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Uplift history of the Asan Mountains, Shikoku, southwest Japan, based on stratigraphy and
lithofacies of the Plio-Pleistocene Mitoyo Group*

Abstract

FEARES* §EE R The uplift history of the Asan Mountains, Shikoku, southwest
Japan, is recorded in distribution, stratigraphy and lithofacies
of the Plio-Pleistocene Mitoyo Group. The Mitoyo Group mainly
comprises three formations : the Saita, Yamamoto and Yakeo
Formations. The Saita Formation was deposited by a westward
flowing river and contains Sambagawa crystalline-schist
gravels. The Yakeo Formation, on the contrary, contains only
sandstone and mudstone gravels derived from the Asan
Mountains, indicating a northward paleocurrent direction.
Geological history of the northwestern part of the Asan
Mountains since Pliocene is as follows.

In the Pliocene to Early Pleistocene, the paleo-Yoshino River
flowed northward across the Asan Mountains. On the northern
flank of the mountains, the river flowed eastward along a
narrow depression formed by the Ebata fault system and
formed the Saita Formation. At 2.1Ma to 1.2Ma, the paleo-Saita
River flowed northward through a valley formed by the
Kawauchi fault. As a result, the Saita Formation overlay the
lacustrine Yamamoto Formation. Subsequently, the paleo-
Yoshino River could not flow across the Asan Mountains, and
instead flowed eastward through a depression formed by the
Median Tectonic Line. Consequently, unconformity between the
Saita and Yakeo Formation were formed. At about 1.2Ma, the
uplift rate in the western part of the Asan Mountains increased.
Alluvial fan gravels of the Yakeo Formation were deposited.
The paleo-Saita River shifted northward to its present position.
Since Middle Pleistocene, the uplift rate of the Asan Mountains
decreased. Depositional surface of the Saita and Yakeo
Formation were eroded, and strath terrace surfaces were
formed.

The former course of the paleo-Yoshino River has been
deflected by the movement of the Median Tectonic Line.
Consequently, at the crest of the Asan Mountains, the order of
average uplift rate since Early Pleistocene is 0.1 mm/yr.
Average right-lateral slip rate of the Median Tectonic Line
since then is 2.2-3.7mm/yr.
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Fig. 1. Topography and fault distribution of the northeastern part of Shikoku Island. Contour lines represent
summit level at one hundred meter intervals above sea level, by means of burying valleys of which width are less
than two kilometers. Shaded area represents the investigation area of this study. Letters (a~f) indicate following
several interpretations of course of river that transported crystalline-schist gravels. References ; a : Akojima and
Suyari (1989), b : Sangawa (1978), c : Okada (1970, 1973b), Sangawa (1978) and this study, d : This study, e : Okada
(1970), f: Akojima and Suyari (1989). Names of fault (D~®) are as follows. @ : Takeneri fault, @ : Ebata fault
system, @ : Kashihara fault, @ : Ayutaki fault, ® : Nagao fault, ® : Active fault zone of Median Tectonic Line

Abbreviations of place name are as follows. IK:Ikeda, KH : Kotohira, KJ: Kan-onji, KW : Kawashima, MG :

Marugame, NG : Nagao, TM : Takamatsu, TS : Tokushima
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Geological map on the northwestern foot of Asan Mountains. Letters (a~t) indicate localities of fault

outcrop. Names of fault (D~@) are as follows. @ : Takenari fault, @ : O-ike fault, ® : Ikenouchi fault, @ :

Otani-ike fault, ® : Seto-ike fault, ® : Sakase-ike fault, @ : Uchinono fault, ® : Nusutto-dani fault, @ : Okutani
fault, @ : Iridoi fault, @ : Kawauchi fault, @ : Nagano fault, @ : Ebata fault, @ : Tokawa fault, @ : Yokokawa fault.
Abbreviations of locality are as follows. Aw : Awai, Bd : Bodai Mt., Eb : Ebata, Hj : Honjo, Ih : Inohana Pass, In :
Ino, Ir:Iridoi, Iw :Iwanabe-ike Pond, Iz:Ilzeki-ike Pond, Kb:Kubo, Kh:Kawahigashi, Kj: Kijinoo, Km :
Komatsuo, Kr : Korobiishi, Ks : Kasuga, Kw : Kawauchi, Ms : Masamune, Ng : Nagano, My : Miyamae, Oc : Ochiai,
Oi: O-ike Pond, Ot: Otani-ike Pond, Si: Shin-ike Pond, Sk : Sakase-ike Pond, Sm : Shinme, Tk : Tokawa, Ts:
Tsuji, Uc: Uchinono, Yk : Yakeo, Ys: Yakushi Pass. Abbreviations of arkose rich formation are as follows. IR:
Iridoi Formation, KD : Koda Formation, KS: Kinoshita Formation, SY : Shiyota Formation, TS : Tsubakidani

Formation, US : Ushiroyama Formation
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Fig. 3.

Schematic stratigraphy and lithofacies of the Mitoyo Group. Figures in parentheses indicate
thickness of the formations (m
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References | \akayama(1954) | (1978) (1981) (19622) (1984) t This study
Akojima and Suyari(1989)
Suyari and Akojima(1990)
Fig. 4. Classification and correlation of the Mitoyo Group and terrace deposits. Abbreviations are as follows.

C. S. F.: Clay and Silt Formation, F.: Formation, G. F. : Gravel Formation, S. F.: Sand Formation, S. S. F. : Silt and

Sand Formation
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Fig. 5. Geological columns of the Mitoyo Group and terrace deposits. Facies codes are referred to Miall

(1978) .Locality of columns are shown in the inset map. Abbreviations of formations name beside a columns are

as follows.

ST : Saita Formation, Yk : Yakeo Formation, YM : Yamamoto Formation
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Fig. 6. Lithofacies of the Saita and Yakeo Formation.
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Code on white indicates facies of the Saita Formation

and code on black indicates facies of the Yakeo Formation, respectively. Facies codes are referred to Miall

(1978) . Legend of geological map is the same as Fig. 2.

b B, BEIIBEISKE LTV A, HHAMERRE SO
EREEgT OB E 55, RO TIRMHEEOEREN
AR fo iz, SR EEE - MEEMNER S TE .
ARETE, BEEBCRESTELN, NRBEHOMWEE -
TREB D I el - fhiatg - e e SUBE L ME
BLEHRT 5. ABIKERERINELCHHT 5 THEHE
&, AR NER AT 5 EEHBICS S h 5.
A S E TR o KEFRIETAS M E <, LMk
SEEH 30km, 18K 1km iZh iz 0 HIRICHEE: L THHT 3
JEHi s BRI T E, EEMEET 2 BB T
3. MR Cd 2 EEE T S - Twitvgs, M
B SEIEFHEHC M TR, —> OMEHEZ1EE L
55D TINEMEE & MRS, HEELREH - IIRERHE AR
BLHZAEY, EBESOMEAEDLTWVWS, BREIEIEKTOm
ThbH. MWHITARICE Y 2 BHER LI, 5 25203 Ma
DOFT ERERTF 7 s PHEIhTVWE GEEE 1984).
g O AR S BEEHOHIRK % Fig. 5-1~T7 R d., M
AR, HEEL YV FBRREALED SR, LR
LE2RTF v+ 2 VOEES L AR EORIHBEY TH 3
(Fig.6). <=h U 272137 —a—2WTH 5. FEMICII
B-kE -BEHS OPH0, HEBEAPEENEEONH

B, —BICEIKBEL IR MNF R THD, 4 VT Y
=y yRET S, JLFIC 5 BRIk CHEL BEEDO vV

Mg - R EESED S ABENH 5 (Fig. 5-1, 2, 5). &
BEEREOBHECRIDEREI Y S ML TV 5, BHEITIE
FLUATE7 —a—2W8Eilgl, —fice )7 23R
FTH B, FaH - RS OVERRER /NS {, i
IR TS 5. IUAISEREI T RILABE RESICE > T
5, Toa—XWHEEL, BRI 10m T TH 5.

PRI si & P A1 TR B B O R A 3t #R 9
3. HRANE—RIC P 72 ZFERE A s s L TR 040
LTSS (Fig. 7). VA ) —BREDOFRRIZ 77 RIEH
RONSHISAEREEETHD, EHROVEEII 2% TH
3. PRI B TRIE, SILPE AN E T 5, B
HA ST T 3D SR A 508, W52 E MK
ECERRGEL, AT RsSEREL, $5-o%13
REVWPEFRIE, MHBOMEMRI, Es 50~
0%, TERIEMEDS 20~30%, RHEHEss 10~20%, Eaigss 3
~10% % 5%, EEE X OCRKEE»DEET NS (Fig
8). TN o hEEHTIC A TIRIERIE R OB E L, M
HIMERLA R EgoE&E Y. BEirER cilie
Fralns% b0 5, (LA TSRO &S E\VIEE
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paleocurrent direction and vector magnitude

Fig. 7. Paleocurrent directions and vector magnitude values of the Saita Formation, and roundness of
crystalline-schist gravels contained. Length of arrows indicates vector magnitude values of paleocurrents. Dots
without arrow imply that vector mean values are not statistically significant at the localities. Figures indicate
average roundness values multiplied by one hundred. Legend of geological map is the same as Fig. 2.

B, T—a—-2WKEETEHTH S, LRI ORIET
RIVEOHERZNEEEL BV, BB X CBIKE
MEE SN EAND 5. HEEIL, WEE 035~
0.5, fERIEMEDS 0.3~05, FEHEM 05~065 (Fig. 7), &
A 04~05 TH B, FaMEoMEBE L, ZErREITHEED S
FEETIC 21T 045 5 0.6 12, BAEETF) D 5 LA RE i<
DI TO055 065 IFL 185, FRAMERE, WEEHS
5~25cm, fERIEREDS 3~9cm, HEiss 3~8cm (Fig. 8),
A 2~8cm TH 5. Ao FHR AR, B/
BED S MEITEHEICO T T Tem 2 5 Scm i, HHETAME
Dt 8cm M S d4em k@A d 5, ILAFTELRTIIHNS
cm & REBEERT.

AR/ NMARRE I 2 Fa#EasaN B EEE
(Sangawa, 1978 ; &5, 1981 ; BIF5 - 2H88, 1989) I, <=
FY 2 ROT—a—2W0E L (Fig. 6), {EREEH - &
BAiE< &S ((Fig 8), HHEBOMEEEKOBHTS
3, —7%, BRJIOBERRKICEWTIE, 7—3— Xk kR
A REBREEALETATY B, (AR
TR, BE69%, 185 21%, L% 3%, FE 1% Th0
F - IUARRTEBT I, BE61%, BE 34%, bR 3%, K
E1%, B 1% Th3). Lih-1T, LEOEMBTEE

ZRAINCE > TSN BREMEEEZ 550, L
AHHBO L TH2EELLHBELTH B, BE,
S - BT (1990) I o EWBHEL” SR EBE
TR RAMEEE L LT 5, FRBHOWSEH - BE
BoazEGEWH > RAMBEOESR (Fh, 1981 ;
FIFE - 7868, 1989) EFEL, XWHAER->TWV 3,

L2 JukE

o (1981) st - vov b B, FIT5 - ZH88 (1989)
DUARE - BB %, BERHIILABRRTS 5.
WWARTRNEE O e L, EMEHBCRESICELNR
5. ILARE MBI 72 EIEIRK % Fig. 5-13~1T7 iIZ/RY.
BIREESHELE - vV ESEREL 7 -2 - 2BEE iR X
O, MREHEROWEPLEIIFED STV, BRI 30m L)
e s, dLHI 5 ERIERTEL 25, TRBTBOERS T 25
Eh» o0 EoRAETEHTWS, LIRS RIS 3
(it Ehh o, 21+203Ma D FTHERERT 77 5 hHs
shTws CHEE - FIEE, 1990).

1. 3 BEHEE

W (1981) ORAMEEO—FIcHL ¢ 5. MK
HRITERITH 5 (Fig. 5-18). KEFEETEHEL & KA
HBicsfid 5. HAFRLREE, MRBEHOME4ED, T
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Fig. 8. Petrographic compositions of the Saita Formation and average maximum diameters (cm) of crystalline-
schist gravels contained. Legend of geological map is the same as Fig. 2.

HHMHBEEAESICE Y. AR vV NES X UORE
oW EN ST 2Rt ch 5. T—a - 2B
FEEhiv, LNoBECTIMEREOF » x VB & T
RLTW3, KBEIERICBIT 2 v rEhhd, 15204
Ma (GHSE - FIFE, 1990), 1.2+02Ma (X5, 1984) @ FT
FERERT T 7 SPMEEN TV B,

1. 4 7—a—-2h o 3HE

HHEEI SR AREICET — 2 - 2055 8L EESS
ml (Fig. 2), MHAR, AMRB, ®RUB K/ KEE EHE,
BABIMA XN 3. Fig 5-19~24 oM ORI % 5
T, ABBIET (1981 DILUARETR YA & R I ARSI 43
T AWEEICHEYT 5. AMEB WMEBEREAGIE
FrTHh Y, EEEONAED THEEL Tv 5, HEm%
BSTEBO-HEEKT 5. K4 OB REEES XU
FEEOHRMM TS 5. 7— 2 — R ZHIRE~EAL 3L A
FHEShTOWEY, BEKIECEEEY VI EERRSE T
EH B, KA OMEOHBERIAHTH 2. ®RILE, &
HEs L UOBABRBEREBICREATEDLN S,

1. 5 BEER

FEEz, (1962), Saito (1962), & (1982a) DRI
B, o (1984) OfRKEEICHY T 5. KEEITETICE
FEESHEEET S EEOERNICIEMBEERBESSH L
(Sangawa, 1978), %O TALIC 3= EERANMMETE 50

THEEZLNTEL (T, 1982a; FITFE - ZH88, 1989).

L LR SRF& - 58 (1989), FIFEEZA (1991) »%g
W 2LHic, METDEE - BEBO A% ST RFIRAER
BThHo, FEAGBEFZLEDONE L. AHE T, HHE
EREGLBOIEY - BEBOA 2SI HERAZES TV
BEEERE S mERL, FFRE, (1991 2HEL =2
BEIcED 3. Licd->T, RahigEE & ¥ Sangawa
(1978) oENEEEERREB I —FEsh3. XEEd
(1962) PtV ARt % ZRgET IR & 4 5.,

BERE S AT IRETNE 2 B - MERETRE A - SRRy
BERECIES AL, IHoFigcsET 5 (Fig. 2). dt
I 3~4ETHEE, BffshkBRRoEE®HEET 2 -
BEHITZ 2 TRk 3 5. HEREIRE © & 2 EHE B s - T
WIS WA, KEFERTNE 2 BB & OSRITER AT I B W

TR, —OOHEREREHEELS A3 TINSEZNTAH - 5

FEf & P88, FIURIERY - SREAERISHONET 218, BER
BARAOm TH S, MHE, LAR, RUE, EHES L UE
BEEAEGICED.

BEREJE D BRI S BRERIEIRIX % Fig. 5-8~12 1T/R 9. &K

(Fig.6). Y WVIME - -fHTBREBEALEDONEYL, <
D7 2BFER YNV IFTH B, LHEBLERTBERED 5
N5, —ficldr SENZ I >N TERI/NES R, B
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Paleocurrent direction and vector magnitude

Fig. 9. Paleocurrent directions and vector magnitude values of the Yakeo Formation, and roundness of
sandstone gravels contained. Length of arrows indicates vector magnitude values of paleocurrents. Dots
without arrow imply that vector mean values are not statistically significant at the localities. Figures indicate
roundness values multiplied by one hundred. Legend of geological map is the same as Fig. 2.

Yy NBERSTLH 03, EBEHEICTEWEETI
FREEESES, AR SVEMEL TV 3,
WEREA D SR L (Fig. 9, BEOKRLE
FHMTH S, v 1) —REOHERIZ 64 HIEHIE O N 6 il
MERSEERTH > . BPROFEIZ 39% TH D, 1
EOETIZ EEVEE 2D 2, BRI 80% DI
x5y, BEE BIEEAEENE (Fig 10). Fhich
R, TEREH, HEMSESENLN, ChdRMBEFO
BOFHERIC & 3 &0 % 2 3B OTEREE, S S hic
bDEELZONS. WEBOMEEL025~045TH 3
(Fig. 9). ZRaliTHeEs o SRR EMIC T T MBS
0375 045 LiE< Y, KEFFRETRE 2 F il &
BN i onTHBIESE 15, (IHAETHROBIEICIZH
BEREAS 026 DITF &EF L {EVWHIEN B 5. IHEEEONEEHREK
BRI 5~40cm Tdh 5 (Fig. 10). KEFFERTHNE 2 JFU T3
Hns &8N BIchE - T 20cm Pl Ed S 10 cm BLUFIC D
+ MR B 5. EREETHR D O MEEITRE I b T IR
DIERNIE AR T B 5.

2. BEME - BEME
AFEHIBICE T 3BREHORZIIEL, HERIREHE

FIRER, HHBEBLUKRELZAK L T2ERBBETH S
(Fig. 5-25~34). FEHII TR AREFIRATHEM X b TR, B
HHcid M HEETHE TR L © TR, L2311 REREIIBEX
D TSI B VT, BREEE OHSE 5~15m OB i 7
35 (&%, 1956 O T ByA - LBYE ; HFH, 1956 OB
- =F:F ; Sangawa, 1978 O PJHMHE - EHEICHYS S
3), B EMEOREE R Sm LT Th 3. EREIcBY
THNEEBREERERPAH L T0EH, BOAREDHER
MEELL LI,

3. WiEDRE#R

AT B AW O S Table 1 1</R7. 11BHD
g BT ER SS9 H T 5 (Fig. 2). (LHMERE KT
JEHT PN & 2 & ZEEREHTRER & ikt L, JLE-REPural ot
BRI AT 3. MRS ERRTH A LhomlaE
oW ER%FE> L Bbh 3, WEBEICII=AREESED S
N5, (LHIEHEOEME U] > T 3 28 LA O AL IFEE
Honkwv, F£, MHEE NELHE - SEREEOEN B0
5T,

BESHEN S L2 TEHRE B VT, WL WEIZIE 100
m PO E OB R B LN S, (IREE
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Fig. 10. Petrographic compositions of the Yakeo Formation and average maximum diameters (cm) of
sandstone gravels contained. Legend of geological map is the same as Fig. 2.

FREAFCBVT, X2y rANBRIVHEO—MELM s &
T3, MHETFE/ITCRE, EHEW 685 80°N oWl LT
5°EIC 75 v IVTREEN AR, 60°EICT 5 v VT B
B2 A, B NSO°W Al 40°N OWiEH LT 45°S w75

YOFTBEEMN I ARDON, Liks->T, FIWEDRE
AT RS R EOBET RS OB I~2 fERE VW E
Zzonhb, BEETERICE T 2ILMBEOEE W, BH
BicREEREMAE LTV 30hEEshi. BEESZOD
EEB->TWEY, EMNEZTLELEIPRBAHTHS. i
FEETAR G LW I L b IRERSMHEBIcH Lo
% (h¥y - S5, 1950 OALE FiciEY g 3). i (1984)
EnE, EBEELCB LTS R AEM S ¥
W3,

PRI 12 AR ER LA 0 S B EILBICIR » T
FRICHU 2, BMBREPERIRTH 32 L oaARDOHE
HExH->LEbh s, WBRICITAKREISRED G5,
AETASIc B TRRER S ERBO - 2EMN S &
T3, HHEEBERERIC TS 2mE 5 o/NE» 5
2B WHEMMTEL B B, T BB AR 2 FEAL A RO
WRWE, FAINMEIE &03h 5, BHETAMELIEE T 3 iR
Mt DILAN BB IR TR T & 1 - 72,

& EC ]

1. ZE2EMOERBIERIN-ER

TEEBLSAGT A BRI, (LR oWE & ER
ICEILE - PRI o Ak 2 B b (Fig. 2), FIREBEOBS
SR bTEER S TV B (Fig. 11). F 72, HuEeRINHES
OFRBE I, TEPWHEZBLALZITVRY (Fig
11). Hestiewim (Fig. 12) wRsh s &k i, HDEEE
(LR A O ER > SHRF S W 2 BE X D bEVALEII
b5, IhoOHEED, S, NMFREHONRSSERIZIRE
SN L& D HIERRIME £ OB RESTER S N &

1989) BEHEh 3.

AT IR - Fie (1960), I (1973) © g%
L, =8I0 9 5 M KUIH S LT SR Ok Eh i< £F
WERE N EEZ S, $RLD, FRLMHLRIc BT 5]k
5 OWEIC & - TR L, B RR RS Lo
BOWEIc L b 7oy 7RIk L. = L TILHERIC
10 5 MR RIS I U HSTE R s e, BAHET ARERIR 12
B BHERRDMIE, FEROAZIMBERIC L DRL N
WEREZHTHZ EELSNS.
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Table 1. Fault characteristics on the northwestern foot of Asan Mountains. Letters (a~t) indicate fault

outcrops shown in Fig. 2.

No [Fault name Certainty Length|Strike Evidence of fault Index of displacement vertical component |Dip and strike of fauit plane
of existence | (km) (upthrown side) (a~t are fault outcrops shown in Fig. 2)
References, Other features
1| Takenari fault I 4|ENE triangle facet, fault saddle hill slopes N
fault outcrop Izumi G. /Granite a:NS0° W, 40° N
fault outcrop lzumi G. , YakeotogeF. b:EW, 60° S, Sangawa (1973)
fault outcrop lzumi G. c:N80° W, fractured zone
2]0-ike fault n 1.5|NNW__|alignment of fault saddles hill slopes £
3|lkenouchi fault n 1.5|NNE fault saddle hill slopes E
fault outcrop lzumi G. /Fukudahara F. d:N30° E, ?, fractured zone
4| Otani-ike fault L[} ? NE offset of summit plane hill slopes w?
fault outcrop Izumi G. e:N40° W, 70° S
fault outcrop Izumi G. f:N45° W, 65° S
5{Seto-ike fault I ? ? offset of summit plane hill siopes N?
fault outcrop Jzumi G. g:N15° W, 60° N
6{Sakase-ike fault [} 4|ENE fault scarp, fault line vailey, alignment of fauit saddles hill slopes N Sakase fault(Sangawa, 1973)
fault outcrop Jzumi G. {h:70° E, 90° ?
7{Uchinono fault 1 2.5|ENE offset of summit plane, triangle facet mountain slopes S Sangawa (1973)
fault outcrop lzumi G. i:N55° E, 65° N
fault outcrop Izumi G. j:N70° E, 80° N
fault outcrop izumi G. k:N75° E, 60° S, fractured zone
8{Nusutto-dani fault | 6|ENE alignment of fault saddles, fault line valley mountain slopes S
fault outcrop lzumi G. /Saita F. N65° E, 80° S
9|Okutani fault 1l 2|NW fault line valley mountain slopes ? Sangawa (1973)
| 10|Kawauchi fault i 2.5|NNW __ |fault line valley, fault saddle mountain slopes w?
i 11|Nagano fault 1l 4|NE offset of summit plane mountain slopes S Sangawa (1973)
12|lridoi fault I 2|ENE alignment of fault saddles hill slopes N?
fault outcrop izumi G. /Granite m:?, ?
13|Ebata fault ] 18|NE~ENE|triangle facet mountain slopes S
fault outcrop lzumi G. n:N40° E, 60° N, Saito (1962)
fault outcrop lzumi G. o: fractured zone
fault outcrop lzumi G, p: fractured zone
fault outcrop Izumi G. /Saita F. q: Kubo Thrust (Nakano and imamura, 1950)
fault outcrop izumi G. riEW, 90°
fault outcrop lzumi G. /Saita F. s:N70° E, 50° S
14| Tokawa fault (] 8|NE fault line valley, fault saddle mountain slopes S
fault outcrop lzumi G. t:N80° E, 80° N
15| Yokokawa fault I} 2.5|NE fault line valley, fault saddle mountain slopes S

Certainty of existence (not concordant with criteria of Research group for active faults, 1991)
| :Large-scale displaced landforms are clear and continuous. Fault outcrops are found.

11 :Displaced landforms are clear, but small-scale.
Ili :Displaced landforms are unclear.

2. MHEEBLEINhIBRAEROER

MHBOmFER IR A sl 5 (Fig. 7). &g
MR S EmMETE RS SMFERTIcr T, 2MEETE D
SILARETREIC AT Tl AP WEL 85 (Fig. 7). FE
DS R I B RUTIEE» SRR » I T, &
F B ERETABELIFE I B CHEAIE» WEDT 5 (Fig. 8).
BEMITEETRBOAEEA 8% SEThTVEY, 2hiDd
PEHOHIATIZIZEA LD SNB W (Fig. 8). Thbd ok
o & AR HIE I B8 1) 2 B IEPRIR 3 3 AR ORI 1HE
BUIThALEZ N, FEBINZT - #FF=EFHEd» 5
BT amiickodsni& v AR GITE - 8
1989 ; JE8A - PIFE, 1990) REESN 5. hfmt Bt
OHHRELDTHRL, BERHPERCET 2RHECE
TN EROEA R 1% UTTh B, FEEIETWER
EHTHD, MHABICEEN L5 BRHENERED S hT,
ZOMELS5cmUTTH S, i, MHEBIHERIO
EHIcRSHLTHWEYL, Cho0BEEREP L, MHBIKES
NARERBITHEBR SNBSS THERL
v R (BH)IL 1992) bEEEN S, Lih-T,
MHEBIcE T A, FRRILHEES O =), o4t
mahic Vi EEmIcET 5.

WHHITFN AL TRERMOE 5> EB8KRE L (Fig. 1),
FERFNCHRIE 7 7 v R L (Fig. 6), RaozEik
KREEESAREL 5 (Fig. 10). Lia-7T, FE (1970),
Sangawa (1978) #5f&fi L - & 9T (Fig. 1), BOEIEEE
B UM EETF NS E 2 LR IS EE L, 20l HE) &

Eiond, EEIERICBOTIZEL - BB
HHES 8% aE N (Fig. 8), % OMFEEINE VT &AURE X
05, i, BE»SHEHICED VA SO RHEE S
NEL BT EMD, HEBINBERERGFEOROEEE
BALIERL TV EEZEZ 05, ILAITERED BT
R EEO TR REENP PR X HEER TS (Fig. 8),
iEe HEBES & OfEEE RS oh g (Fig. 7), A
IeE#REH T 2 MR (Sangawa, 1978) ZREMRMICZF;T
BRRBBLNEL - 1.

FIFE (1980) IdFBEHMOREMBEICH EHNEEINIT VIR
DEMTFOEERED SNV ETIELTVWS, LaL,
MWERIRICHHT 5L RWE - 518 (hE, 1953) £, H
EHAESUBEIEORIES X UBEORICBWTEELRL
M3, MRS bedrock channel Th b RSN &
AERVEDEIFEhTLE-72EEZ 5N B,

3. BHEBOHEREBE ‘

MHEEAREORBETH Y, BikkoHEY =& 12
W (Fig. 6). T &, MHENHESZEIIPELEN O X
IRAFHORIC & » TR E NI EE2RET 5. B
BOMBE, VEORRKERONHENS v FLAThb I L,
WD SEEHAB T Th N ch EEZL SN D, EE, (AR
EFEAR Ay PRBLIUOMNEITRHICBVT, BEEBLEHE
UBHEZRTHEE L MHBMIER L TV AREANSD 5. AHF
FTIBWTEERE I L g ohT, [LHETgmE L
DO S O ITHE & FIREM Th 2 RHEMES B 5 75,
FERERERL HBHICE - TEEBIIED I 345281
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E] Alluvium

Yakeo Formation

Lithology

[ conglomerate .

O alternation of sandstone and mudstone(sandstone rich)
(P alternation of sandstone and mudstone

@ alternation of sandstone and mudstone(mudstone rich)

E Fukudahara Formation
E Yamamoto -Formation
:] Saita Formation

Iridoi Formation

lzumi Group

Ryoke Granitoids

Dip and strike ~ A2¢0

Degree of fractured basement rocks
(referred to Hasegawa, 1992)

.7 VAN, /EDD/
/ ~ ~ § Qﬁ A?DQ%
A B C D

Fig. 11. Lithofacies, degree of fracture, dip and strike of basement rocks in and around isolated hills on the
outskirt of southern Saita Town to Onohara Town. Straight lines indicate situation of profile shown in Fig. 12.

2. Iridoi(Saita T ) <Legend>
i (m) . Iridoi(Saita Town
1. Mt Bodal ¥ ¥y Gravels of present river beds
r 1000 1000 _
NW SE NW SE Yakeo Formation

Saita Formation
1500 Iridoi Formation
oy lzumi Group

(alternation of sandstone and mudstone)

Ryoke Granitoids

500

0 <

Fig. 12, Profiles of isolated hills. Situation of those are shown in Fig. 11.

h otz 20% OEFHTRIEHAIC X 3EM AKX L (Fig. 8), —f%kicH

FT-E - JESE (1989), ZESE - BI+E (1990) &, 7—a—
A& FrELRCEENS DI, JIIZIL - #FFEE
FD S OEFEAERE T 2IBEREL L TREES
BWEEELA UL LESs, (LB EmEHT 20
tHOEED SXHEOTLRE® - 7— o~ 2B EEh
FEEINTIORAENTH S, $MTFE - J888 (1989)
&, AR NAR O HEES OILARNTRE & » & atgod]
BUBWC Eh o, IZI - BFF=EHED SR 28]
DEAE LA, BHBCE M5 HEOEIS 1 10~

JUHEREY B O RIAEEDE L wicy, DEORE S
B AEHEBROERDO A ICESWIFTE - 2558 (1989)
DERIIFUS TR 5.,

MBI 2 TP R oAREREcH D, MEHEE
ARSEHSFKECTH 5. BHmOEKE, Ll cRiEg
DI R E Wi ic 2 omEiddbR S IcEF L, Brsh
TEEMESER S 1, BWHEEEFcHBBDOR I
B v bEodthicucnwaa iy, 722y s RE
Rick 32 &%5EWT 3.
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AR MR 0S 5 LI HE R, £ OsilahiR
FDBIEARTH Y, FNEEOEEICHEVERS hichfz
IARHTREI A St 2 A i L O RS o & &
A6N5. o MElT ALY SHH BT 2 HHEO R
BILARSEEL, THENORED 5> bIkRd 2850 T
HotcbELoNS.

4. LXEOHREERE

IIARSE AT OTEENC LY, L& B DR IIEREIR I
s ncEipoMEN o 5. MTEIBOEEICEVS
BB T 2 LItk - T, KB - v bERIbRE
KEE L b0 EZLONS. 73— AW REABO EBE»
SR I N b0 TH D, ABRIXUHIHBRILARELE
KR TH 2AlRetEn H 5. FIREEHTREOM LB D
SRRV &, AR IFA DA REEE oK
EODTNEP 72T EERBRT 5. L L, ILAREEEER
BIcREATELNE &0 0, IABHER®GIC 3O
DEERDPEAL, MRBHOWEK - Bamhriitsnri &
ELbNB,

5. EEBEOMREBRE

BEERRRMEOMEcH 5 (Fig. 6). HREIZIL,» 5
e~ G E B Ed 5 (Fig. 9. [Liih o#inzicon
T, WEBONBEIRE B EGERBRIINSL D
(Figs. 9, 10). Th o oR#E, mEAHOILMD IR 35K
I L v BERESER S o C L ABRT 5. WA
M - BERHEB L 2 0hoRs 1B & bicdbhic 5 ERiEE
WTWAZ EpD, HHEBLCILABERABECENSIEIL
ORI L IER X ICEE Lt EA SN 5.

AERETRAR AL T, BHEELREBEEDOF + %
WVHERMI TR L T 5. BHER E¥» 5 1.2Ma O FT
ERERTF 7 5BHMESNTVS (B 1984) T &b,
W B o HERS BAESEF B 1340 120 FAERT L HEE S N 3. &%
(1963a, b) MHEMHELI-L S, ZEETH SRBERTICH T T
&, BEREHERER o & B U T L o FREGEEE ASK
ERMRDPER L Icic), ZEOESHIBI NI EELI LN
3.

Sangawa (1978) i3, BAHE, BEEE, BEMEONRICH
bifbd 2 SR L, HAEE cliMioBEEEIAILEL L TV
5EEZ I, —F, B -WTE (1974, 1990), FITFE -
JESE (1989) 3, MHELEEBIEABEGRTHEL, Bo
R 50 g, L oMK I HEHERERE» 52
LTV EERLTWS, L LEBSHHEEEREE
DOARBEBRIZZ L O TED o h (Fig. 5), FEREICE
TN A WERO PR AR I AB IS Mok E L
B2, WBETUC 3 2 Ao R AR, M
JETid 10~15cm, BERETIZ 20~50cm THB). DI &
i3, MHEHRISIC 3T - RS A UA U 7o SRR
DHBLHHEL, PRI OER IR BRI /D&
ofcl EERELTVS,

6. EBEHMEOHERRE

MEEITHT E > SABRCE I MBNERCE, MEB, BE
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[EeBiicd 2 RBEOLOFET 5. BEEIEREBEEY) -
TEEEh Ty, BEFNERShicEEZ 6N 3.
7o, AREHEBOBREEONHBEENTH D, EViEE
AREOHRBEREELTV, s OB RRE O hil]
EHMLE EZE 2N, FHERHLR LD S5 BB O™
HHRINd LR Br o EELONE, BRETEHOEN
R b D s 5~15m &/ha <, ATt DI it ok
REEBRER TR WERbNR S, $/, BET OB
154, FERBEHRERME MoK IE T T s HEmicd - 12

LHEESN B,

7. MW OE RS

MHE - SEEB R AEAMRTHY  BEB SN
EEOBRRMABICHRTELIREL, Lad->1T,
WD) D TSI £ S B O MR T & LR DBk I
o BERIEOHERBIS E Ticld, DIFoEHIck hD &
b 20~30 TAEDHE RIS S 5 EEZ 5N 5, (LA
iF % LRI S O HEREHEHE & 7 0% 0 LT A8 Liith & T
TEEL I - 2, ILIARBHRER ) O RS %
TOMITH 5. IIAEEH» S 210 FIERID FT 4R AR T 7
SHEIN TS CHEE - BIF5E, 1990) &, FEEEOD
HEREBRARS IS0 120 HERITH 5 T & 5, HFHNL
HA RN T & 72 < 15 - 225 210 JFAERTD 5 120 JF4ERTD
MTh 5. W)L R T & 78 78 - el 2
FINE D ddH0A, HEdERIERIETS 5.

8. PUSEILMPEERILEEIC & (3 B WIE oSN EA

Sangawa (1986) (3VLAHNT/E OVEEHBARGIT % B Fr i
EEZ e, ULk LS SWBERIC L WIEER & hu 7o MR
HICH AR L T0E T &5, (LHEROIEEIRS
W i Y B HERE LI, S % V8L & bRl ch 5 &
EAoND, BREEMSIMFBICL - TEMLTHWEhES
PRAHTH 20, WBEORITAFEL VI &5, TR
R P E T DSBS R SR Th - EEZ SN B,

AR & DHERE U e P B IR T H 545, M
RS JEAIC 2 b B D3 FE & &3 L TV 2B HEETFE
TG, M I5km BADRF ETh % (Figs. 4, 6). O
FRRE LT, MHEEKEILMETESR OGRS NEEC X
b, HEHINC X OHERE L cBHEBES LHTE L TEA I
L5km ZAr L= HJREMEDSEZ B, LS~ T, ROk
Wil ) D IS IR s 210~120 FERITH B &5 5, LA
WrBR ORIAEFH LGOS A T N EMEE 13 0.7~1.3
mm/ FE L5,

VIS OTEEIRE IR i3 LARBHERR IR O S SR B HERR R %
TThHBo, 210 FEFLEID» O 120 FEFLIHRE 25,
TE[ T O TS BB 3 LA B HERR % L3RR T HERE AR
Thbh5, 210 FEL®K TS 5. BAWEOESIBHERI
BAREFFRITAMEL I 8O CHRBEEN SRS 52 &0 50,
AT A OB EREHELAIT 20 b 210 TERH» 5
120 FAER O EEZ 6 5.

RIAEE R I bR i B 3 A EEIEE IR RIS
b, FF (1969) HHER L 72 & 2 il o hREBER OILE)
WREOPTRILA Ak M X il B L e & FA oNh b, 20
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Table 2. Average lateral slip rate of faults on the northern and southern flank of Asan Mountains since Pliocene.
Fault name Area Criteria  of displacement Direction and amount of Period of displacement fAverage slip rate
iateral displacement (><1O6yrs)
Northern flank of the mountains |Ebata_fault Saita_Town |Lithofacies discontinuity of the Saita Formation R/1.5km 21~1.2] 0.7~1.3mm/yr
Southern flank of the mountains |Median Tectonic Line Jlkeda Town |Offset of the Ayukutani River R/4.5km 21~12] 2.2~3.7mm/yr
\\ \
\
N e S NG
1
! akenari fault CH
T + >

T T T \&L A
\,+/§+ + N G
YM

Stage.3 2.1~1.2Ma

S V=5 Al SN SN S S
Ol A+ +\+1?H
/e R

Stage.5 Middle-Pleistocene~Present

Fig. 13.

EEE LT, MELUMOSKERELSEAIE>TVE0
THASH (Fig D).

9. HEHIMBFEOR KRR

EHE NI EE LM AT A EfTHEITH b, FHEI
g DA & P L 2R U ki 2 581 - 18
NOEERML LBV, g0k iz, BHEBCEENF
SR ER - BRI X RSN I EBP ST
b BHH 5, PERMAET BT 5 E8 ORI R
T s L wHEZL CEE - TR, 1972; M¥E - 7888,

Z

A

Stage.4 1.2Ma~

<Legend>

E} Ryoke Granitoids

Basement rocks

lzumi Group (alternation of sandstone
and mudstone)

@ Sambagawa Crystalline-schist

Paleogeographical maps in and around the

Mitoyo Group
o Saita Formation

_0 Yakeotoge Formation

Fault 1.
R

— Yamamoto Formation

== Fukudahara Formation

western part of Asan Mountains since Pliocene.

1989 ; EAJIl, 1992) WEEISh 2. Lichi-><, FigibHA
W B 3 RIEERR OTERNIC AL > B ORI, I
DA REWT X 75 & 18 - BT IS b b 210~120 FTAERT
Th 5. FELHEROEIA/I - BRI, SITe%ER
B L TR LR E I ENT WA Z Eh D, HEE)lsdk
WL TOWIHc R T ciEBTAMI B W THIEMER S
Tk &EEZ NS, BT AR 50 km ORI ST
AT ARILED S 23Ma @ FTHEREZRT 7 7 7 058
Exhntnwg (TE - J888, 1989) < &ab, HE I
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Takenari Ebata
fault  fault zone

Stage.2 ~2.1Ma

Ebata fault zone MTL

Stage.1 Early~
Middle Pliocene

tilting

Takenari Ebata MTL
fault  fault zone

Stage.4 1.2Ma~
~Present

Takenari  Ebata MTL
fault fault zone

Stage.3 2.1~1.2Ma

<lLegend>

Mitoyo Group
@ Yakeo Formation
" _ Yamamoto Formation

~~(‘) Saita Formation
Basement rocks

Izumi Group

(alternation of sandstone and mudstone)
Ryoke Granitoids

e Sambagawa Crystalline-schist

Stage.5 Middle Pleistocene

Fig. 14. Schematic cross-sections indicating uplift history of the western part of Asan Mountains around

Yamamoto Town since Pliocene.

13 230 TR BETAHE £ TR S h, REERALHE
& 210~120 JFEERTICPE AT BE L & EX 5h 5.
10. FIgBHAMAICE T S hREBEROBTNEMEE
dEEINE, P2 BT L <o 7B BBt AT i
BOTERIFEGEHCIERL W EEZ SN B, BHERED
Bilgd bR Y 285N & HH | OAF S M pA O
HHI45km TH B (Fig. 1). TOERIE, HEISEET 3
& DS o 1R R R OVEENIT X © PR Lt s U Lt
XL CTHBSRNC AT R LR TH B EEZ ONTEBY
(FFIH, 1973b : Sangawa, 1978, 1986), AW L% OfER %
YT 26D TH B, Lo - THIEEGFHLIE (210~120
THEERD O rh SRR O I A TN 13 22~3.7
mm/ i, [HHHEEE I B 5 B O LERE 12 b
N3 TH B (Table 2). T OEALEEZ, MHEH (1973a)
Ik DS NcBERGEBOME 6~9mm/ F) X0 b
NEL, ENBEEBEOEND» SHES N/ E 375~4
mm/ ) ITEV, L7edi- T, hRiEERoEan g g
oLz & wH5EL (FHE, 1973a) LFMNTH 5.
11, HEEL ORI
FENBFRKIC B 5 58O R AEER I 30 cm L)
tehrz BZE, FMEBEDLC=MEcE) 3 A
SR ABRIIZNEF N 42cm - 33cm TH 3) 48, HHBI
BOTEI0cm PR TH 5, F Ao HEE 2 MHITE
JNEBETRIE—ETHY, FEMmES X =K oEEH I3

FRICBIT 2HEBE (0638X00064) LZERUCTS 3.
o RIERHEWC B 5L OREILIEIZF 8km TH b,
S B 8L 2 BEHT 3 2 ]I A S B O S i KR Hs B
RIBDLEREZLIW, Tho0FEEI S, MHEHR
i 3Pt AT o B W CEERANS  HEBESE VRS
EEPER LT Wi EARIEN S, Lz - T, HEHI
R AR MRS U SR o AL I BRI VNS <, B
FEHEREIRR 1 (VA Lt DS R B BRAE & T2 0 (B -
fEEZLND.

12, PaBILhEeERIbEIC B 1T 2 HHMBEDOEE

P bosmeRad 2 &, MELHpEHRItEI B 551
BHOZLEIE Figs. 13, 4D XS5 LHonB,

AAREET T & s i 3P Lt DRI RE L
SIS D o fe, EHFHI &85 11k A R U
FREAEICILR LTz, TLNER OEEICLE S Higsk
M & SRR IR S HIBR 2R S L Thisn,

% ORITHWBROIEE AT 0, [ b gk
MHASTERR = e, HEARNNEE ST B L OH L8 oW
BESEL, [LHBEROTEENCAEOIEZER & 17 HIFEIR I H
DA IR - TER L TW . MAOZEIED S
RFEMPEHE S BB AHER U/, chouddiicn > s
FHEBEIBE{HEE TERsh, FUBHSHER L, 210
TEERILEID SATEMrB ORI sta v, 1 LARBTER L D4
HEFEEO R L, bR oI IR S i BE o LA b
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2-1. Ochiai(Onohara T.)

m  1-1. Iridoi(Saita T.) 0 é;g’
‘ ® : 360m(0.17~0.30mm/yr)
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» 200
\ (am) o |__
@ : 60m(0.05mm/yr)
m 4.2 Nagano(Yamamoto T.) I
A . 100
0 500 000 T m
5001 .
(m 2-2. Yakeo(Kotonami T.)
a0
@ | Saita Surace @ : 180m(0.09~0.15mm/’
—_—— ¢ 09~0. yr) Yakeo Surface
NI o © ® : 70m(0.03~0.06mm/yr) d
?.— 5Y000 %]
(ke ® hd N + . »
0 1 2 3 4 (k)
Saita R. .

(m) 1-3. Gomo(Manno T.)

@ : 200m(0.10~0.1 7mm/yr)
@ : 140m(0.07~0.1 2mm/yr) @ : 80m(0.07mm/yr)

500 ® : 40m(0.02~0.03mm/yr)
@
® 100 +
: 2050 strath surface 0 560 1600 = (m)
® Manfd-ike Pond
Kanakura R. o~
0 1 ) 37
1. Average uplift rates since Early Pleistocene 2. Average uplift rates since Early Pleistocene
based on tilted depositional or strath surface based on base-level of the Yakeo Formation
of the Saita Formation
@ [nohana Pass <Legend>
10004 Talus
@: 470m(0.22~0.39mm/y) Gravels of present river beds
® {  Inohana Pass Yakeo Formation
5001+ . .
Saita Formation
Yoshino R. <~y lzumi Group
[ saiaR m (alternation of sandstone and mudstone)
0 — - ) Fe—g(an) Ryoke Granitoids
Kan-onji C. Yamamoto T. Hashikura keda T.
3. Average uplift rate since Early Pleistocene
based on deformed profile of the paleo-Yoshino River
(T;) Maeyama(Chunan T.)
400 +
300 1
200 strath
surfa
- <»°®®
®I 5050 .
@ : 25m(0.05mnmvyr)
LA saita R . .
1007 ‘ Fig. 15. Average uplift rates of the western part of
0 50:0 000 >(m) Asan Moun-tains since Plio-cene. Figures in circle
i X . . represent difference of altitude between each topogra-
4. Average uplift rate since Middle Pleistocene phic surface and present river bed, and average uplift
based on strath terrace surface of the Saita River retes esti-mated are in parentheses.
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Table 3.

1998—4

Average uplift rates of the western part of Asan Mountains since Pliocene.

Period of uplift

Criteria of uplift Area Amount of uplift (x106yrs) Average uplift rate

Northern flank of the mountains Saita Surface Saita Town 120~170m 2.1~1.2| 0.06~0.14mmyr
Yamamoto Town 70~180m 2.1~1.2] 0.03~0.15mm, “yr

Manno Town 40~200m 2.1~1.2]- 0.02~0.17mm/yr

Uchinono Surface Onohara Town 60m 1.2 0.05mm “yr

Yakeo Surface Kotonami_Town 80m 1.2 0.07mm“yr

Middle Pleistocene terrace Chunan Town 25m 0.57 0.05mmyr

Crest of the mountains Saita  Surface Saita Town 360m 2.1~1.2] 0.17~0.30mmyr
Deformed profile of the paleo-Yoshino River {lnohana Pass 470m 2.1~1.2} 0.22~0.39mm “yr

HRIL 72

210 JTEERIA & 120 FAERTICIE, AHKEBA O % L iiH
Masdesi L, REMHBEMLIABERS LS -k, KE
JEET L Tt N & 2 EAHA TR L, EHIEBHE
FL 7, RS OTEIC L S B R =IRET A ©k
U, HEBNORBEIFESNREST 5L 5187 20D
%, thouREEEcin S Mg R £ TE L, 5o
TR IIFEINERT 5 L5108 -7, Lk ick T 35
HBOHRE IR T L, EEBOHREE S citBic i) 25
DOHHE DS S RBEATHTER S e,

120 FFEERTLIRR I, KEFRITNE 2« Bk 510
PEEEEISIERAL L, MEE SEHRBSER L . 20k,
BT L DR DI KIHE » TR O s L Eic it
e s h, KREEETEUB & OSRNTA O RN E L T 1
BESIE #RE L 2 (it ot v B o FEg ik
HueBHl, BFBFEEECIKE -7,

AT LI E L ORRIIAER TH b, BRIk
DBOEHEIZEEA LR B - Fe. BERIC BT 2 hRpER
OTEBOTERALL, (IS E s & @B L. BHE
WS 2 - BEREA LA & B L EEHESTER S i,
MBS L UBREBEAER L T 2RABRRAESERS N
fo. BAHI O WS A3 AT B8 & CRABETAHT IC BV CEAL
U, BIEDOKEHMBEILL 2.

13, FPASBILMPELRIC & (3 2 SEETIH LI O REATEE

EHil (1990), il - #IH (1995) &, FEHEEERH O/
BEBORHFEIC > WTHLER L, BREDKIRE
FER S R EBFR & O HE R, 02 h ORKAE A
SEfRRERICE L TR S s SET L, F ORI KE
ZRe. ENOtEE» S ERICHT TR, SRR R K
KB IC R & n - HERE B . 0 BT 978 h B R A E I
95 (Fk - B3, 1986 ; HEK, 1987 ; &1l - ¥IH, 1995 7%
O Fie, WGEWTHRE T, BIKEO MR B i
TERHBKEASBORKEEZEL Z LN TE S (ETH,
1973 ; 1l - #IH, 1995). BIFITsR & 7B i o pese
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iR P LA & B L2 il U TR L T e
HEFNOTHTSH %, WL R B HEESER S
h, HHEHEROHEKENRELHELUTH L LIKET S
&, AbFENCHEED L T B BT & BEEERRER & o M 50
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0, 0.02~015 mm/FE LWV S FHBEEEIF SN B
(Fig. 15-1). BAFW] ARERG S B & OTSEBITIIAIRE A i3, B
HEIC R & — 2108 L BIRPKRDOFEEN &b D TR
HE A S N REORMEE S S 5 A4S H 5. FlD
FHEEREIC S ORI RESETL, HREEE R L— 2
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THBIEHDS, FHERIIERZROLEREEE IS L2
0.17~030mm/ FE &5 3 (Fig. 15-1-1). HEHIlic->vT

SEHPHEINTCE VR c IR LR & Ao FEEERT 5 2 &
DHRETH D, £8)I|HEER & MEE & OHE 200m 2 5,
PHEANTER B3 1 2 W) | THiR % o SEYS R 14 0.10~
0.17mm/ £ & 755 (Fig. 15-1-3). —7F, BEEE M LH
2 SALFRT BRI & » TR S e BRIERE TH 5.
BEREE ORERO B & AR OKUR T TS h, X0
KEZBALFEUTH 2 LREST 5 &, HREBREEREFiH
N3 &K O T2 BURIK  Hus 60 m~80 m 2> &, 1835 120 75
FERE O S BRAT BT 13 0.05~0.07 mm/ 275 3 (Fig. 15-
2)

BIfE, Pt LI I 81 2 SH) I EARITT 258178
L, PHEILMORRRIVNS 2 - 7B HRIEfTL TV
LHRBEERELTWE EEZ NS, b0k i, HHE
RN I U EN L O #R R BAE & T D B - o &
HESH, SEIORKMNEOAEISRELD bATH -
feEEALCS W, T, BERTEIITEEZ O Lo pk
WHDRIRIBRADOSEICEZEL/., Cho0BH, S, [
Wi B 2 EH AR S ORI E ObEmzEd, Ml
H)ITHER OREROB/MEART C LISy, ZolEE
470 m > S KW R THE B2 O SE R 3 1 0.22~0.39
mm/ EERKD SN B (Fig. 15-3). v T28) 113 24 RF O R RHE
Wi ZHEETEBVOT, FHIIOBEEKEEOROLSE
DORISHEEA RO A T LETERY, MEMcBYY 2H
Hig - stEE+ R T 2 BAR R OTERENRE 50 FHE
AiEROET 2 &, MHENBEKRE OMhEZ 26 m 2 53835 50
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P b oEgy O piiEG LI 3 ) 3 EEBIEEE I,
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T3 0.02~0.15mm/F &Y, WFhd 0.01~0.1 mm/F
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B EVSOBRIEE /DI & 6 2500m 2z 2 EEX 5
hTsh Gl - L%, 1989), = ORIEEE 3K 14 mm/ 4
L7185, chifHss ol & LB U < B Lt o PSR EE 1
A== —Hyh& K, Zo#BO—D & LT, hEEGH
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