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Apprehensions for Inappropriate Analogy:
Examples in Discussion of Caldera Formation

Izumi YOKOYAMA
(Received January 13, 2004)

Earth phenomena are very various ranging from micro scales to global ones. Especially
in discussion of large-scale phenomena, we often adopt models on the analogy of small-scale
phenomena familiar to us. Strictly speaking, we should establish laws of similarity
between the models and the phenomena before drawing the analogy, but it is not always
possible. We should be prudential to keep away from inappropriate analogy.

An example of inappropriate analogy in volcanology is modeling of collapses in caldera
formation after those in quarry tunnels. These two phenomena are different in strength of
the media and acting forces. The mechanism of caldera formation is problems of destruc-
tion of the uppermost parts of the crust. Firstly, strengths of rocks forming the shallow
parts of the crust measured in laboratory are compared with those determined in field.
Considering both the results, we tentatively adopt 50 MPa as the crushing strengths of the
crust for 0~5 km deep, and 100 MPa for deeper than 5 km. And the shearing strengths are
assumed to be 10 MPa conventionally.

Thereafter, the two models of caldera formation are examined from the standpoint of
stress distribution in the earth crust. One is “cap-rock model” that assumes a shallow
cylindrical and emptied magma reservoir covered with rocky roof. The mechanical stability
of the cap-rocks is examined under the condition that the ultimate shearing strength of rocks
is 10 MPa, and it is concluded that the critical diameter of the cylinder to collapse is 1.6 km,
independent on the cap thickness; cap-rocks of smaller diameter are stable and ones of larger
diameter are not probable. The diameters of the actual calderas range 10~40 km, and
cannot be explained by this model.

The other is “empty reservoir model” assuming that effects of collapse of a reservoir
reach directly the earth surface to form a caldera. To examine the validity of the model, the
mechanical effects to the earth surface produced by a crushed cavity in the earth crust are
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discussed. It is confirmed that the most important factor for the distribution of stresses
caused by collapse of a magma reservoir is its depth. The distributions of the vertical stress
components are formulated under some assumptions.

Then, the depths of magma reservoirs beneath several volcanoes, such as Long Valley,
Valles, Kusatsu-Shirane, Redoubt, Somma-Vesuvius, Izu-Ooshima, Aso and Onikobe, detected
by seismic methods after 1993 are briefly summarized. These are of relatively high accuracy
and indicate that the predominant depths are deeper than 5, around 10 km.

In the concluding discussion, magma reservoirs are assumed to be located at depths
deeper than 5 km and their diameters are 2 and 6 km. The distributions of the vertical stress
components caused by collapses of the reservoirs are illustrated. It is concluded that
collapses of both the cavities at deeper than 5 km should scarcely produce destructive effects
at the earth surface.

We may conclude that the two models for caldera formation, “cap-rock model” and
“empty reservoir model”, can not explain the formation though we have some ambiguity in
strengths of crustal rocks. Inappropriate analogies between earth-scale phenomena and
small-scale ones prove to be unsuccessful in explanation of the natural phenomena.
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HWERHRIZEARD LM E CIEAEIC > Twd, BERLBRE2MRT 210, HEX7r—)
DR L NVFEHECFEDT S BTN EAVLEZ LRI N5, 2O, 43 L HAEBH %k
LT, KB &R DB W2 ERE L 2T Uk b,

KIFIZ BT 28HEOB L LT, AT
T OMBEBRET 5ICBEL T, FEHOM __Surface
BHFLENDZ E0h D, P2, Wiss  =ogn =
ser(1927) 7kET ) VFOEILOWED SIS e
moM% Fig 1iIc5IH$ 5, Zo#EIE =
150 m 7 #7 T & 4. Scandone(1990) iz ~ —

“Chaotic collapse of calderas” ##L 72 == :
Bic, ZoREZAWT, EX RO 500 feet” -
i3, ZRADRICEANTHRY & B@IEE T, (@ (b)
RO EOIRBEETNELTWD. I Fig. 1. An example of “piston-like collapse” by
&N I L EHRNTESRTH L, HMESS oxidation and shrinkage of ore bodies at

Bisbee, Arizona after Wesser (1927).

150 m BRE OB A T 5 DIRER 1072
DHTHY, WEEIRL-TPWETHEEEZ LNDE, BEOKREHRIBIED /NS WBIR &
M UBHETES &3 ICIFEH2BEET 5.

FRBDHETIE, TR 7 ~8E NICERPEL T, ZAXRETIUE, FUBEOH
e 570, OBV EENNCHRICEL 2R, XOBPGBRELTCINT 7P BREND LT
. ZOL 5 BRHDRILICIE, BFRORBIC L 2 HBRNDIGH 5, HBGRE % F 8 L 727
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LT TiE, MBROEE, RRmBOBESRW3AEZ2EZ 20T, HBEADIFRBEEE
2D EF S, ZnZOoOWTE, EREROREE T DUIED HHBOERIIEE L KD 5 Dt
PF LS HETIE D v, KB LB DR 5—BITH B, —Rkic, EBRFAFHIK
Bl, BOLWESRIEN L DIH L T, BICHRXIBRITHETH Y, L DPFEEEG.
s, EBENHIEIMEL ) KEVIEEZRTHEAIHLTHS ).

EREOT—%

ZOWEDT— L% OMEER NN F 7y ZIcRbN 5, 22 Tlk Handin (1966) 7t
T & o THi2 OEHE OBIRBIEEE % 772

FHE (phyllite), ¥4 (sandstone), K& (schist), HEi (shale), I/ }& (siltstone),
AEEEKE (lithic tuff) | #5+%# (claystone), 37 v —7 » 4 (subgraywacke), % (conglomer-
ate), k)L 7 =N (hornfels), 1LYk (granodiorite), eIl (andesite), ¥ iH (basalt),
B (diorite), 1EMiA (granite), 7'V —7 4 (graywacke), K% (limestone) % &5
TRIEDKERD b, WIEWEIL FHME 78 MPa (BE#{F2 52 MPa) v bins. F7z, —fic,
BRI NE D IHhEwEEZ LN,

HBHADT—%

HZEIZ A ) HIZROMRE 2 DV T, Rikitake (1975) i3 20 »HIEDRIMER 2 HvC, FEHE
4.7X107° (BHEREZE1.9X107°) %1572, v, HIMEERE L CEREORERE 5X10Pa £ & %
&, BHBETELT2.5MPa 2185, ARG HIZZOEICHMEL WTHA ), —RICEADHE
13 Z DREIBKENTEM & AT 4%, Hko & Hiz, HEN 3 km DI CIEREIBEAIEE I2/)N
B %bNT, ZITEEDOMRELENRT 5. HEREBROBEIX, ZHSTHET, % NH
BhE&dh, IRBNETVRELTHAL) L, aARKDEEL VBN E»EZ L0 5. b,
HRICHE ) AR I F & L CHMBOERT, 2XKTTHEDIIHLT, AT IHEICWS
ﬁi@%ﬁiSkm%?%é P->T, BEEZEHILEREMELY DL EL IHRENTHS

. bbb, 1000MPaicitvt#E2 515,

ERZBNT-FEENDOT— s OMBEBLAFERL T, HZLEH (0 ~5 km) OBIE®REZ 50

MPa, 5 km PIRIZH L Tix 100 MPa L {ET 5. %8B, WEHEHEL 10 MPa &7 5,

M. AT SHRDNEHET IV

AL THT 5 ANT 713, BRENRENVHEETTLIONOT, RENRELRTLOLKIT
5. INLMHIZLRMTHEENIRL Y, BREEDL B2 5 (Yokoyama, 1963). mENRE %
RTANT 7308 T, FERERNTAKUDENLTHE., REAREOINT I, Fh
LOMESD 5 IFBEDOHES, 6, —RICHEBIRERIGEED 5 L EZ ONIHEVENZ o5,
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EFEEIANT TIIHEBEORNEKIEYEL, HAHESERL B> BRTCHEEEL D, S
FTHUE, ALTZ7ERKODARTH D, —ICINLDKREAE, BTHLVERIZL > Tk
BB TEEWE B L TAkODART 2. ROBRETIE, A3 k00 5 BB %
BAIZE > TRBLGHETHEBHEZHRBL T, PATI0REIrTEREINDG., 2Dk ) ZEENX
AOFEEL T, BEAROMIC, BE, BECI->C REIZHEXA ABLLT BRizwio
TEEZLNS,

ZI2T, BEF TIIREINLZITENET NN DI OV, FORLELZERT 5.

(@)X vy 7 0v7Z (cap rock i\ 3 roof rock) 7N
IHIRERF ROMEELEZ S, ZOETANHEIE LT, Druitt & Sparks (1984) #%
ANT IR DT 2EREETLRm BT R oS (Fig. 2). HEIz L, B 1B
T, 27 2REITVIIEAEREBIN TV T, =7 RGO KOP LKL T35, F2EK
FECit, MEVORENHPTHELRER BENOXRFHIBELT HLkOXNTEL LTS,
WE, ZOITTNT, w7 eREVDEFEBENERELT, F0okicx Yy T -0y 752EZ
5. ZDOEIFHEWE B, FUBEEOMRBRE L EH, &VICHCWESIRAENTE(, 7,
RN IECHE BB ERIFAANRIF E L TR) JTHRTH S, T2 TEENLNHHE
NDE2%EZSH, Y4bbFig 2lcREn
559 T NTH B, HFIA < (LFERE, STAGE I
BHTH 20, LT TIIIEEICHELL T

EZibE, X% 7 vy 70OMEIZFD W
BEEICLVEMEN 2275 . )

_nar*oDg _rog .
="m2sD " 2 (1)

ZZTC, DidxvyTay JOEE, ri
AE, 0IITE, sIEITMEEZRT. X
X7 1y JORITTHEIG I ZDE STAGE IT
JICEBRTH B, KoEHIZONT
< 7B E NV ICRIA>ET 554, ZBiRAZ
ek, N7 microcavity S8 5. #
DIEHDEEE r BRI & »C, 7 AR
BEICEFTHEATEE, XYy T uy 7
BEAIZHEET S, 22T, SA0OHEH
E% 10~50 MPa & 55 &, BBEZRNE

p Fig. 2. Two stage model for caldera formation
ZlZ1.6~8kme&% s T4bb, . .
= ©%. Tubbh, MEE (Druitt & Sparks, 1994). This also belongs

KELLE-TL, EES km L D/AZ Wz to cap-rock model.
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WIZEEL v, BEREDANT 7 DB 10~40km OHEICH L, ZDET NV TIZBERES
km B EOKECHNLTZDEBIIHHATE v, 1272, ZOBER 1.6~ 8 km DA NLT T2
%, RFICOLLLERA, RABORECL > THRTHZ LIZHNES.

22T, MNEEoRHEDOBlIzX ey T w7 ETAERBL TAS

=£85 200046 A, BE1.5km DIWEKOES—EKE 2 - TH300m MR L7z, RDic k-
T, KNEDHELKD B &, #110MPa &% 5. ZOKOEITEER, ER, KWL &0 56
s TWENDTHS).

HSNTRHEE (Galapagos Islands) Filson et al. (1973) iz k#Us, 7= nF>FA4F 7
AT T (Fernandina caldera) #ET, 8 km? (3.3kmX2.5km) DN »MHE»5% 350 m K
BLZ, WE, ZORBENEREE 3 km & 9UL, AT 7EDMEEIL 20MPa %5, ZHfE
BEBBAOELDKREWDY, ZHEBALTIENFEE L TEERP LML EICHELNTH
59.
KERFEAE WARR) IHEREOPIE LT, REAERESEOMREREZID BT 5. KEHITH
BEAOBEAEKE T, 200m MLENE X T 100 km? YL EOEREICHAH L Twb, BIFR= (FL
Bz ki, KEARAGHICBIT 2MEILOERIZ 100~200m THAHH, 57, WE, Fh
BEEZ10m & LT, KO2HEHT 2 L, KEEORBNTCANMEII#H 1.8MPa tB51 5,
ZOEWEEIAREEICEIN B L EOBPEOMETHES .

UETEH, vy 7 vy 7 - TR 22, BEMKRE Tk, RREXET 5
DIIHWBROANLE, £ N5, WHOEPLETHS ).

(D)BIZH 1w/ VBEYICIUENREZELAL EWVWSIETNL

ZNETNEEGERY 728, HBAOHE2 DRI DRI LIES NIz & EDMBNDIG T
Ai, FHCHFRICHEZE L BIEHOKREDHLZBEKT 5, €K, WBRAORRKREDEII5
e E B> CELIMERNTMIBFERSINTEL, LrL, ERoBEIBERICE LIZT
BRI DT ORI T,

HELN O ZRRAFERE DG J10A5 12 D T3, BEIC Nishimura & Takayama (1932) #%3L Tw»
T, BWREMOISHIZEHTH Y, BERKETIHEED15ETHLEL TS
HWEPOEMIFAENT D, BB LNVRAITIEFETEL Y, E, WEEROSH
DEHEEE % 100 MPa & 3#UE, ZiZH2.7km L VRO TIREINS. ZOBEIIZHIRME
EXREHcE T, 72, BEIZI-TRLLNT, WO GENWTH . 2 ZiThhsks FEH
DR 2T OEEH 5, KEA (1989) i3 BHARBEH O BT THF 5 Wz 8141 7 D iFHI 2 71z
DWC, ZNIHEREER L OBFREE Fig 30 L )ionL 77z, ZoBlicBWT, £2.5km L D&
(e bk, BHAOILBERIZ 01A0<., 2.5 km BOFEEIZH 61 MPa T ), ZOfEIFZETHR®
RENFDOEROBBIHE (#1100 MPa) &FUHITH S, ZhiY, HhZERIE2.5km B
DRV TIRFETE v, i, 3kmBEINERVEIITE, Bloh-7=7/=EBENi3BELIC
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ENHTHSH., bL, BENr»MEZH
e 7= TillINTwiLE, <7 <iiH
LEA & ) DR TR EICEE
WEMIN, v 7/BEN LU
BEEICIHZ 5 ThH ). &Y ROVHEEE
ricxt L Cid, 5 E % 100 MPa Ll ki
EoTEWTHAH,
Timoshenko & Goodier (1970) =% o
7 % A } "Theory of elasticity” # T,

Porosity %

“Force at a point in an infinite solid” %
LET, EREZD L TRANEGH 5 &
&N, WHEGDGHEROTNB, TR
FEERRE S NS, &2 TG
BREEL L BNT, BEFEEKDBLEND
5. VE, BNHOHEDREEEZ D
&, WWHBGHIEER (R, 6, ¥) TOIZH -

S Y, B OIRk Laplace D% Fig. 3. Porosity of drilled cores from geother-

mal areas in Japan plotted against depth
BEREWE TS . after Yano et al. (1989).

Fo_ 200 1 1 &0
8R2+R8R Rz ¢a¢ yar T

2T, HEEE (r,0,2z) 2HAWT, BEETzAARE IFIRE > TET 3 BB DL
SFERDE I ITRENS,

Depth km

0:=—B{(1-2v)z(r*+ 227324+ 32(»2+ 2%)~%'%}
or=B{(1—2v)z(#?+ 2532 —3r22(»2+ 2%) 757}
Go=B(1—2v)z(r*+2%)"%"
Tre=—B{(1=20)r(#*+ 2%) %24 3922( 12+ 2%)~%%)

ZZT, BiiRkENL i FIcBET 28T, vid Poisson K THh 5. TXTCOBEHIZERHFD
B BEERSTRHRETHL, 22T, ﬁﬁ’éd‘?‘ WERIRZEHAGFLET 5, ZOBRKRERICET
BIRRFEDFESEGEH &

B=F/8z(1—v) e (4)

#%%% (Thomson, 1882). Z 2, FiZEEICECEFTHNAKNETHE, ZOBRIIVWIHR
BIcBERATE S, MBRPOERAOBBIIENERE CEELMRZRIZTS? ZBREEZDL DN
BELT, £FH0REIFHEINDLTHAI)H, ZIZTi3, HEL TOEIDH OB KD
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T LRI T 28& . 4L
5L EHMET S,

V7R ENIIHEETICHY, KEZ2BL Ce/>WEHEHEB LR 20—8H 23
SR L 2L HET S, Z L CHFE=7<8Z ) OKENEICE  BEENEREREN
EE5,

RO BWTr=0 & BT, BE#H =012 TESBECHIPBLNS

Ozroo={F/87(1—)HQ—-2v+3) /A e (5)
WE, v=0.25 LT
Onr=0=F/87 0.75-3.5/2=1.03F/z> e (6)

BEREBERICE S NFIIFEE p(Pa)ice /<8 % ) OKFHE#EZ R DN THE. i, <
TeBE ) 2R RaDIREMEL, FOBRE A ETIUE, FDKEWEICE  BEEDpA3 0gd &
%5 (p IIHWEFE), Z L TFidpad®(N) e EbE N, ZNida dOBKTH 2. Z0FERTII,
2/ PEBENNREIBFERHLLHIZFICHCLN, FIREAICEDT 2, BEHICIIHERE,
KEDFAEZIENGAIHEL2 52 2ZETHDBD, I TRBIDKESOBELZHBEL T
ENT, TNLDYEBLIMT 5, i, HRADHFATEREENMREICK T 20T, HMERE
ZBWTIR, SHEIET, BEIGTAIRIZ 0 & v ) FAEZEKRL TA S, @), GITLiu, &hH
BATIE T NTe 7 2% )0 b DEROHRFICHEFIL THRP TS, RKiornd L, w7
WEOVOWEH'5 km & D RCGFHEIIMKREICHS T 5 BT, AN E 2D
T, ZOBAICIIMRADFEADFEIT 1o\,

AONc LY, 27 2EENOEEe=1 kmBLIU3 km D 2HAICOW T, FBRIICH L TE
LTI %2 K>, 205 H % Fig. 4 12RT, 22 Ta=3 km OIROEEIIH 110 km® T, LT 7
Bz - 12 KK OEEOEEDON TH 5. Fig. 4 icBWC, ZEhiF= /< E ) iz
EERL, FEMEIZZZICE EFI pord® (BALN) 2773, HEICHE > TS BEIZERE (0
~10km) 2 BT BEMIET 0zr=0 (B MPa) #R3F. A v > 2 $HBUIEMEIG 127 100 MPa B
L+, E1HifEIRIZ 50~100 MPa, AKWEEDFEEIZ 50 MPa LT 2573, K6z kg, FEHIEH
DGAIRED L ERFEB L T HRICHERITH 5. Fig. 4z~ Y NBEE 10km F
TERTY, LDRCBEICLZOBEMIEZIHETE S, =7 ~HBE ) DEES 2 km %
4 (Fig.4a), 2 kmBTIIHEICPPEET 55, 5 kmBTRIAEHEL v, BERH 6 km
D& (Fig.4b), 5 km RTIIHRICORHET 205, HEIIRI N L) LEEEIRE 2 8, &
££6 km, 10km BT, MWREZHBEICDHICRIEHEZRITS 0\,

Fig 4 i3 bz o L, w72 VOWEHFEETH 5, BRI TIE, 4T 7
FEEREn- 7B E ) OMEE, BENEXLUDEINEREVENELZWIDEHET S, 22
T, BEOKUND7<BE ) DBRIICDWTKRETEZ 5.
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(F =5.4PN)

10—
km deep (F =800 TN) (b)

(@)

Fig. 4. Distribution of vertical stress components due to collapses of magma reser-
voirs, up to the earth surface. Unit is MPa.
(a) Magma reservoir is 2 km in diameter, and (b) 6 km.
Meshed parts indicate the stresses being larger than 100 MPa and blank parts
indicate the stresses ranging between 50 and 100 MPa.
F-values show concentrated forces(=p.na®) at the origin (unit: Tera Newton or
Peta Newton).

(F =7.2PN)

IV. HEBHEETES VI TBE ) DRE

B ki, WTo=/ -8B ) 2#RMT 5 I3HEOMBRYESN L HTENH 5, ZoHf
T, BAERLEETELHFEEBBRICEIZINTHL). 2NETY, ELDARDOE I L
N, B X3k, H0ES, B BEOBRIC L - T, FOBROME, EHEEMRELTE
2. 22T, 1993 ELBICHE SN L DR T, £MREISRE, Ao L )i, R
TREEAREHROANT I7E2MRELTHENT, FERBEZEIE LT, ANLT7IMEEN
BEL L) EIF7,

OrZ 574+ ALFS5 (Long Valley caldera), #') 7+ L=7 ;32kmX17 km

Romero et al. (1993) i3 4 ~ 8 km BRICHBHCHEAI TE 2=/ <IN, PETT 74—k
TI3HER T & %oh» 72, Ponko & Sanders (1994) 2 SIERELBUL C, V)Y —Y 2> b F—
LDTF, T~8 kmBizer/<ROBMEKM L 72, Steck & Prothero (1994) i3 P-S izl
&> TH 10 km Bic= 7= ) OB H 5 & L7z, Sanders et al. (1995) I3HRES
B, IEHBEEIIEE 7~ 9 km BICESD, EH5 TNt~/ ~(2F0THAH L LT,
TrFrALR - ANTS (Valles caldera), ==z—+ A%+ 3 ;32kmX18km
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Roberts et al. (1995) (3EMMED P HEEBES 5, 6 ~12km BICEEEHEEZ KHT, T
LEERICH L D E LT,

ByxERiL, BR

Matsumoto & Hasegawa (1996) (3R b €777 4 —2 5, 8§ ~15km #iZ 15 km X 15 km
DWIE D S WIFHERE b iz,

1) & bkl (Redoubt volcano), 7 J A #

Benzetal. (1996) 1% 3R P W KU S BEEBEL I T, 1~ 6 km BRI 2 {HHE
WEE2RALLT, Iz~ <o@k e @R ¢, 3o LEHT7 ~ 8 km BIZIF R E W{EEE
HARBEEL T E LT,

AT 47 RKIU (Somma-Vesuvius), 15 1) 7T

Zollo et al. (1996) X7 F 7T 7 4 —H 5, 12~14km BFORFIGH TICIEFICRMENIE
WEE O FFIE R FERE L 72,

FEREHNT S, BEE . BEEY3 km

Mikadaetal. (1997) 38EE L €77 74— & D, 9 ~10km BIZAKFIZ 2 ~ 3 km OF
BRI Mg I BCELIS % BR e 72,

MEEHNTZ, W 18 kmX25km

Sudo & Kong (2001) i3T5 74 —ic k- T, P, SEHEED 3 KTTHE % 7>,
ZOFER, 6 kmBEEHPLEL T, 10kmBICE LEBIRKBO- 7@ FE ) 28, ZRiE~7
PEEDBAENTLTH S & LT
BEHAALTZ, ®, EEH 10k

Nakajima & Hasegawa (2003) 2B 2777 4 —lck->T, PHEEE (V,), SHEKE

(Vo) BLU V[V 3 KTTEE 2 Ked 72, Vp, VeIERFIZ 10 kmBRE VRVANCH Y, HE
BEORWENDE L WHIBIIEREERE 48 T, MEOFELELZERT B L L7

Z BT D TR, FERXIUDOBREDEEICHIGT 2w/ < D IMHMENE Z A2
HBH, Mok, HANTFTIICOWTL, RAOMERFEEREICL > T4 kmBE ViRV~ <8
FNRBRHIN T,

DlEicED, TREVBOBERTIE, <7 ~BEYOLEAORI & LT, 5 km L DBENY
BEMNBRETHIEICT S,

TIYEBEY OBREORIZTHRE TORR
HBRDIEREREIL £ ORI LI WRT 2, Bo2ETHRLEZ L1, 5 kmBE DiRWFT
1250 MPa, 5~10km Ti3 100 MPa ¥ ¥ 3. 2k ) L HEROMEE S/ 2% E L € Fig. 4 0%
T5A R RBE, KDZENEZ D,
a) e/l F ) OEREY 2 km D4 (Fig. 4-a) !
2 /2L W OFEEH5 km LR TR, WHERBOBEOTEEMEIZEY,
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( n no2~3 km T, WBERBIIZHHBL LW.)
b) =/l E ) DEES 6 km D4 (Fig. 4-b):
< /W NV OBEH5 km Tid, WERERBOBBOTMRRMEIZE,
" no 7.5km TiE, AAEOFREMIZIEFE T,
n n 10 km IR TiE, BEOWEEMIIE §2 v,
PE#BEHT 2L, MBREROAFEZEL L T/l IN0RIZKFT L, w7/ <HEY
25 km & Y BAEA, ZIICHEFELTY, HRRBRESHBEL WEEZ N5,

V. #& B

HANT THBUCBET 2RERDIHNE2 5 b D& FEMICHIR L 72, Zalzoic, ¥, sk
FEOBRDREY F 1. AL TIE, 5 kmEF TORBRDIEMLIEHRE 2 50 MPa, 5
km LIZRTiE 100 MPa & L 7z,

PER, A D LICL THENTWRIODE TN NEICKRH L2, —2ikxvry 7oy
J7-®TNTH B, NEMICRUSE, E2 L RBFERZZOBREICIZEBERT, BABEREIZ 8 km
BT, WREDHINLTIOERIZI0~40km DEREICH2DT, TDETFTNLTIEAINT T
A S TE o,

MOET AL, B ->7ee /BT ) 0BET S L, ZOMRIVEENICHES TRAL
R, MEBCMBEL CHNVT 7R END, EWITTLTHE. ZhewmT s, 7,
HEIRECE 0 1 BB H B 25 E& o F o am 2 8RL L 72, £ LT, it 10 /i
HWEEOBH» LEO LN 7B ) NRE (W10kmATE) 2&9, MENOBEE»2 B
L6 km DA DWW TRET L2, 20K, HTERITO~ 728 E ) P HaEic k- THE
LTH, ZOBRIHFBITNLE, BEORRIIMES TR W LRI N,

B TR L R L LD ANT ZHEBRICET 2 2 HERET L 2RR, s a 0
Etcouxfﬁﬁ’&ﬁfﬁéﬁ , HICELEIE & v RERIEL 2.

B KEAREBHBICOVWTHEBR 2 HWICAMERRSH O HFBR R = E i EH#HEL %
T, Zo/NGEE, REOBRK, WHFEREFOEFRER AL ¢, AFEFCEEHL 7.
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