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Numerical Experiment of Rising of Ultramafic and Mafic 

Rocks by Squeezing 

Daigoro HAYASHI* 

Abstract: Two mechanisms for the rising ot plutonic rocks in terms of 

their origins are plausible. One is the rising resulted from the buoyancy of 

acid plutons, e.g. granite and migmatite which are lighter in density, being 

2.67 and 2.76 respectively. The other is the rising due to the squeezing of 

mafic and ultramafic plutons, e.g. peridotite and gabbro which have heavier 

densities of 3.23 and 2.98 respectively. 

· There has been no verification for the mechanism of squeezing so far, though 

the mechanism by buoyancy has already been proposed by such authors as 

RAMBERG (Gravity, Deformation and the Earth's Crust, Academic Press, 214p, 

1967) and KIZAKI (J. Fae. Sci. Hokkaido Univ., Ser. 4, 15, 157, 1972) and 

others. 
The term squeezing signifies that when a pluton is heavier than its surround

ing rocks (crust), the pluton is squeezed out by the pressure of the surrounding 
rocks. The rising of pluton by squeezing is demonstrated numericatJy by a 

computer simulation in the present paper. 

�Ii: � � wO) J:¥f. tr. riin�-t, -t ti, G 0) � !El 1: 2 "? 0)1lm:;1J;;;1g *- ; ti, Q. 1 "? 
f'±Dtt:W-. TfJ:.b't�l;t 2.67 g/cm8 0):7E!511 w� 2. 76 g/cm8 0) � 7'711 } fJ:. 

c:.·O), W..1Jtr.J:Ql::¥f.'"t';ii;,!J, ft!H±, �iii�tttJ:.t,t,iii�ttW, i""fJ:.:b't �I!t 
3.23 g/cm8 O):JJ)/7)/W� 2.98g/cm3 O),o,)/v1Wt.i:.c:.·O), U?!J/±11.,IC.J:G 

..t¥f.'1:'&JQ, n.1JtC.J:G..t�ffi-fi RAMBERG (Gravity, Deformation and the 

Earth's Crust, Academic Press, 214 p, 1967) � KIZAKI (J. Fae. Sci. Hokkaido 

Univ., Ser. 4, 15, 157, 1972) G tr. J:-? "Z"T'"t'IC.�� � ti, "Ct, G :lJ;, l,ff !J /±11., 

J:¥f.0)11m:tc.�-t G�ruH±* t!fJ:.t '· 1.,f? !J /±11., � ti, ��W-mJ fffi:W-f*J: !J 11 

t ,-;IJ;;ib G C �' -tO)���;IJ{f,!ulffl�f*O)fEjJf;:. J:-? t ur !J /±1 � .fl,Q.::. C �� 

�TG. i,:tni::X:'"t'fi, ;:.O)��WO) 1.,;r !J /±11.,f;:.J: QJ:::n�. �1i1!�f;:. Y � ::r. v 
- } 1.,f.:. 
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1 . Vi t: ob vc 

f�$;�·f*;Jf1J5Jt c ;itEAO)pjtftH:tf! ,z J5 o c L-C 7b, �O)J:.#�#Jvi:X t < 2 v::>v::.5Ht Gh 

o -c· Js .:s 5 . 1 v::> vi r"tr :tJ v=-1 o J:.JY. J -c, Js rJ , -: n vi ::tE r�t�:- cw Bit 2.67) � � Jf � t1 1 

r CWJJt2.76) ts:c'O)®tt:¥H=-JI&iffl�ho. fmO) 1 v::>vi rLH� 91±1 Lv::.J: oJ:.:A'·J -c·Js rJ. 

-:.nvtn :.-17 :.-1�· CWm'. 3.23) --?,,---:.-1v1B CWm'. 2.98) ts:c·'O)�m�,�tts:l.,L:liK��:: 

Bv::.;t@Jfl �ho C� 1 $JVD. 

fl-¥:tJv::.J: oJ:.#J O)�JHi RAMBERG (1967) �# (1975) v::.J: 0 7, Jr -1v"E:-7'1v�� 

��fwr�!fds: c''v::. J: ":) -c-t-C't::.�tUA=-C'Js 0. � G v::.-: O)�ffO) J: 9 Jlf*s'-Jts: "E- 'f' 1v{tvt 

FYFE (1970), KIZAKI (1972) te) J: u KIZAKI and HAYASHI (1979) G v::. J: ":) -C 1Jt� �ho 

v=-� ":) -c"', o. 

Lil� Lts:iJ� G, 1 US: 91±1 Lv::. J: 0 J:.# J O)�mv=-� L -C vi, l., i f.:Wsfflivi 7b c J: 9 '.:;J� 

�B'-Jv=- t ��i � h 0 v=-vt� ":) -c"', ts:"',. r Lr! 91±1 Lv=-J: 0 J:.Jr-J O)��vHi ,,� Js 0 iJ;, 

-: -: -C'viJ:.Jr--t 0 �$;Bf*--: hviHHt-c, t fifilf*-C' 7b .& "',-iJ\l\lrJ lffl O)Bf* J: IJ t Jtm:h;it 

"',�it�t� L -c"', 0. -: 0) J:.Jt-(if.lL'mJWJ lffl O)Bf*il� G 0) EE:tJ (J;t:tJ) v::. J: ":) -c ml. 'Bf*n� 

Lvi 9 lli �;ho-: c �;m:*-t 0. -: O)�*iJ� G l., 5 c, P]ltj(!lfJub 1 tiffO) Lvi 91±1 Lv=- J: 

o � ;"'� O)J:.�. c J;,,_ ts:� .n 5 o -C'J57.=> 5. 

Serpentinite 

Granite 

Gneiss 

Granodiorite 

Anorthosite 

Charnockite 

Migmatite 

� 1 tfill-z O)�JJJZ:£f,f:$:O)ireJ.'.lt (CLARK, 1966 fC. J:: 6) 
Table 1. Densities of various plutonic rocks (CLARK, 1966). 

------

2. 6 -2. 8 g/cm3 Granulite 
2.67 Gabbro 
2.69-2.84 Amphibolite 
2.72 Peridotite 
2.73-2.77 Dunite 
2.74 Eclogite 
2.76 

2. 93 g/cm3 

2.98 

2.99 

3.23 

3.28 

3.42 

:it!!.n!Us:l., LJ:.t�� :.-1 t- 1v··eW:;:J;;:ts:f*lii��-t0 c �h0�W:Bffi, -ttd-:>'0#4:EtB, n 

:/7:/B�1r1re�BO)n\t��-�Kic�-c�<. 

#4�Bvinlt�Ef'-Jv::.vi 2 v::>t::.5Ht Gh0. JI tit :1( AB f*�� L !J ;( � ';/ !7 v1 -v !J :.-1 !l' 

(rhythmic layering) �ffv::> t 0) c, ,,� 'J !! 7-. (batholith) i't��-t 0 Adirondack ifil#4:et 
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. � c Jl'fvihG t OY-C:'tb Q. t&�vi � G v::, ::t c L "t ,,, / v-1 ;fiJ{i4�;fii.l• t::d.i: IJ Mtto)� 

:m.JUJt.i: Labradorite � c F - A tt'ia:' t.i: L{E�;fi�-r --i-, - / ,y -JJ ,1 r 'ia:'#? Andesine ml c 

qC.7.1\. vf G n Q. Jitt1tA;fi1*'ia:'fili" Q t 0) vi, ,,, / v ,1 ;fiJ{"?' Jl 7 iJ• G O)Mfan\.1tf'FJIH:: 

J: I) il� E iJ; i!tffl L "t Jf� nit � ;h, Q . Labradorite ml 0) t 0) vi, ::k jt ;fi Ji"' �,· � 0) 1t At:: J: 

'J � r., Andesine �O) t O)vi, -1t1tA Lt-:"' �,·"'iJ�f�v::�-tt-G;h,, $ 5-} 1a ML "t"J < 

L:>;rt,Q. 

-JJ / 7 /;five. t j°AJ�v:: 3 ff!O) nltlzsliJ;tb Q. � 1 viJitt:t(ABi*'ia:'f'F Q t 0) ·r::, .:. hvi:k 

JI:tBjgf"' Jl 7 O)Mfa5t1tf'FJJH:: J:: IJ -JJ / 7 /'::f:ii.l�itfff Lk t O)""f:·tb Q. "".) �·vij°A}1L,,f9tttl 

1:rBf*'ia:':fili'°G t O)""f:·, -'r-:Mv::a\lli Lt-:-JJ / 7 /'::f:iiJ;i:p1t.,tmv::r,,IUf�i"Q, 1.,,t.JvpGvftibn\. 

1tf'F J.fH:: J:: Q t 0) -c tb Q. itl:1� 0) ib 0) vi, Alpine � 0) -JJ / 7 /'Effi""f:·, .:. ;h, 0) $:lz;;I vi 3 "'.) 

l':t: 2:·� x. Gn "t 1.,, Q. 1 JHHi:k�EJtt.i: 1.,, L �
0 
1 7 -1 r Ji"'�··"' O)Mfa5t1tf'FJ:JH:: J:: IJ 

-JJ / 7 /'::f:ii.l�itfffi" Q.:. c v:: J:: Qt 0). 2 :m: § vi, H20 'ia:'1!it.s-JJ / 7 /�"' �··"'iJ;"' / 1-

1viJ• GJ::n L "tj{A Lt-: t 0). 31ft f.Hi; �EE--r:-� t:.t-:�t!wffi.ir-tt-'ia:'�i".:. c b• G�x. G 

;h,k t O)""f:·, .:. hvHlEiJ��_;_O) AbOa 'ia:''Eidi-.::f:i + 7. �
0 

* 1vO)ffi_it-tt-'ia:'�"".). @l{*O) "! 

"i��-�J::nLjfALktO), i"�b��-1-v��J:ff�tbQ. 

1E�EO) nltlzslv::vi 2 "".)tb Q. 1 "':)vi, ::k�:t-m•tJq;,am L "t --r:- � t-:1E�EJi"' �··"' i.l�fifil 

*a L ts: c i" G , 1., , b vp G anatexis v:: J:: G t 0) • L iJ • l.,, .:. ;h, vi 7' r 1=1 /' -r 11 A j°AJ & 1* 0) 

M�iJ· G vi� IE 1¥]� tb G. ft!! 0) 1 "Jvi, 1., ,t.Jvp G Ringwood .:r: -r 1v --r:·-r:: � ts: -JJ 1v 1 7 1v 

-JJ V Ejgf"' �·"' iJ��-�--r:-miM L "t --r:· � Q c i" Q ib 0) --r:·tb Q. 

· .:. n G 3 ff!O) Ef::kEf*O)J$tfz§ O)� < vi, "'�·-"' iJ;J:ff L "t m!M L ts: c i" Qt 0) --r:·tb Q . 

.:. n G O)Ef*viJ:tiB"' / 1- 1v--r:·J:ff L:t<a� Q c Ii!lhn Q. ·1., ,f nv:: L "t t, J: ff 0) � '1 

vi, -l-niJ��f*--r:·tb.:s? cmif*--r:·tb.:s? c�:1Jv::J:: GittttEO)J:ffc, ut IJ lli Lv::J:: Q 

�:!ii£ttt.i: 1.,, L:!ii£ttBO)J:ff c v::5Ht Gh Q --r:-tb 0 ? . 

3. lA� 0 t±i Lt ?';t,, c �� 

Lvt IJ lli Lv:: J:: QJ::n'ia:'�fu'il¥Jv::��i" Q�ir. rp,� c t.i: Q O)v1:J::n£f*O)Wlt c :f�tt 

$:toJ::V,l-O)�fiij}f�tt. 0 Gv::mltmE�O)Wl!tc;f�tt*-C:'tbQ. Lt-:iJ�-?'""C, Ltsf IJ l:B� 

;rt,GE�iJ�"'Jl"' (��) iJ•, crystal mush (¥��) iJ•, 37·,1-v�1v (¥111t1�t.i::t.,,Ll11tJ 

f*) iJ·O) 3 "".)O)tt�O)cnn•, "if-:cO)J:: :> v::tbGtt!L�n·GfffiO)ttJL��cfi IJ�:hGO)iJ. 

7J;vi '? � I) L t.i: \, \ C .:f: T 1Ht.vi� L \, '· C t i.l· < ' t ... r-F 0) .:f: T ;V-Cvi Ltf' I) l:B 0 ;h, Q :'s� 
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iJ � crystal mush 0) �lfiltc- Zt> 0 c &5£ 1..,, -t 0) ;¥�It$ � 1015 :to J: U 1010 
� 7 ;;( c \., , ? {� 

t- ,frnfvc. c '? -c ZD {). � G �=-. U! 9 !±I� .tL 0 �fJ)ttt[£1ttJ: t-, U�tt[£1tB-C:' ZD 9, Ro lffl 

B1*: J: 9 It< tJ:vt.tL�itJ: G tJ: t. ,. ::. 0) L�f' 9 !±I� .tL0 Itt. 'Bf*� SQB (squeezing body) 

c �#vt, k-O)WJ.t�rtfilO){Er�EO) 2.50 g/cm3 J: 9 It<. RolfflE-f* (:tit!�) c IFtJ t: 2.10 

g/cm3 qC.{&JELt-:. it-: SQB O);f�lt$flJtf!�O) 1021 �7;(, 1E�EO) 1020 �7;(, -z 

:/ �1v0) 1022 �7;qc.,1::t�-C�b00-C1J\�1., 1010 �7;(t 1010 �7;<'c&JEL, -th 

.f n0)--1::--r 1v� -l: T. 1v Bts, -l: 7' 1v BIO c Lt-=. :::. 0)-l: 7' 1v B t J::ttci" 0 t-:00v=., ur 

20 km 

� 2 3 -:J OJ -=c r ;t.,{c.ffl �, G ntcWJ5U:: *1!i1ti$. J::fjOJ{liJJi im1f!t (g/cm3
), 

rfjl±*1!i'f:i$ (;f-'7;(). ,i,Wl±-=E:rJ[., A OJ1iiU ::fR]t1ii 
Table 2. Densities and viscosities used in three models. Upper value is 

density (g/cm3) and lower is viscosity (poise). Symbol* means 
the same value as in model A. 

trii., A t?';t., BIO -=t 7·;t., B15 

2.7 2.7 
SQB 

1010 1015 

2.7 * 
Crust 

1021 * * 

2.5 * * 
Granite 

1020 * * 

3.0 * 
Mantle 

1022 * * 

C 
C 

G 

20 km 

M M 

C 

----- 281cm----- -----28km----

� 1 -=c 7•;1,, A OJ;fffi;�rill. C; :tlliff&, G; 1t 
�;s-, M; '? >' � JL, 

� 2 tr ;t., B OJ;fffi;�rill. SQB; L-�� !J ti:! L
;s-�. C,G, Ml±rilllOJmOOx�� 
!ffl 0):::. t Fig. I. Simplified diagram of model A. 

C; Crust, G,· Granite, M; Mantle. Fig. 2. Simplified diagram of model B. 
SQB; Squeezing body. Other sym
bols C, G and M are referred to 
the caption of Fig. 1. 
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IJ 1:11 � ;rt, Q :\:if* (SQB) 0) ts:",� T 1v A � t tt• L ts:. ;: ;rt,�i. � 7 1v B tr� G SQB � J& 

1J *"'.)ts: t 0)-e, @. 0) � flf:�i. � T /V B c "i "'.)ts:< [A] 1.: -(· � Q. ;: ;rt, GO)�#�� 2 K .. ffe 

-t. � G v:.� T /V A c B c O)!:t9\'.�flf:ffl:���IZJ 1 c � 2 v:.ffe-t. IZ!v:.ffe Lt-: J: ? v:., 

:li!�lt:\'.if* (SQB) 0)%�� < � �%v:. L --c � Q 0) �i.. B iW1J5£n!Uif-c·O) .,, Y i0f :\:i0)%� 

vc{t(-l:tts:fs:�-(·�Q (KIZAKI and HAYASHI, 1979 O)IZJ 5, 8, 10 ���O);: c). ;:_ O)� 

-tr. ;ffl.tf O) s �5£nxJifO) .,, y v 1 :\'.i0)%l��i.. ;: O)fifl(I��O)tJJJtl3!:tW-�#-c·�i.ts: < . Jc 

0)*5:!f: (200 75��) 0)%v:.><1�-t"-"' � -c·� Q. Jc L "Cfi!u�O)M��i.-�rifillJe.i""-"' � t 0) 

c,�b;rt,Q. 

;:tLG 3 '00)�71v (�7·1v A, �71v B15, �7·,i- BIO) v:.-0","(, ff�O)!m§eLts: 

o-i--����,i.-���--,�--.... 

I 

0 

I 

5 

I 

10 

!i n 1c5u1 b· ; ab 15rtu�c. § 1B 

km 

Fig. 3. Initial boundary condition and parti
tion in model A. 

ttlf/11 ,· perfectly restricted 

//IUl/lb- fi l .a a ; ree a ong ab 

km 
20-a--'l"'"-:::li:---r�--r-""""""-r-,��--,-�-o 

0 

�4 ���B��-ft���W�# 

Fig. 4. Initial boundary condition and parti
tion in model B. 
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;fi1itt 7
° 

P !/ 7 A 'a: ffl \,, --C �t� L k.. :: (J) 7
° 

P !l' 7 A �i, �l:jit£pti:(J)�fSJ_f�*f* 7
° 

P !f' 7 A 'a: 

�H�EE�tt Newton mEPfi:'a:M < t-.:.c:ovc.MJi � ht.: 7
° 

p �·=;A ··e:-25 tJ, '"t-evcff :tn:. J: Q ::fEf/i\l 

E1=1'fEPfi:(J)J:: � rRi Jmvc�ffl � .tiJl!�c5 G*s*'a:�--C 1.,, Q (:ff, 1975). :fJ.AAato J: tf;E:'.:i:Ut 

(J)�*ra�11:ic�ifrx'a:�� � .tit-=- 1., ,. 

� --c, icf [��*i* 'a: ffl 1.,, Qt-.:. ob vc, :: h G 3 v:J (J) -'E- -r· 1v 'a: 2:· (J) J: '.5 vc�* 5t*ij Lt.: 7J" 'a: 

� 3 c � 4 vc�'"t. :: .ti G �ii'°""--C 3 �ID�* 206 ffi, t@: in,�� 125 fflvc:5tiij Lt.:. 'i 

t-.:., 1 75 � (J) � F1=19 tU dj. -c· -t" .ti ..f h 200 @1 Bz :fl � .ti, 200 75 � F1=19 vc b t-.:. Q � ID �� h; §}j G h" 

vc � .tit.:. :: .ti G (J)�;ifj'a:, -t"h..f ,n(J)-'E- -r· 1vvc v:Jt ,--c5075� ;:::· c vc� Lt.: (J) h;� 5 7J" G 

� 16-C· 25 Q . :: .ti G (J) � vc J: 0 --c , Uf � /:B � h Q =EPfi= � JWJ fffi =EPfi= (J) -15-fffi (J) Jf!HitM; w'c c7;,,_ I& 

;rLQ. 

� 5 -'Ef'';L, A 0)507.f$�0)�Jf;� 
Fig. 5. Deformed diagram of model A after 

0.5 million years. 

� 7 -f: :r'JL, A 0) 150 7J$�0)�Jt;� 
Fig. 7. Deformed diagram of model A after 

1.5 million years. 

� 6 -'E:r'JL, A 0) 1007.f:$�0)�%� 
Fig. 6. Deformed diagram of model A after 

1.0 million years. 

� 8 -'E :r'';t, A 0) 200 7J${fO)�Jf5� 
Fig. 8. Deformed diagram of model A after 

2.0 million years. 
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lg) 9 -'f:: :r·Jv Bl5 0) 50 7J$�0)�%� 
Fig. 9. Deformed diagram of model B15 

after 0.5 million years. 

lg) 11 -'f:: :rJv B15 0) 150 7J$�0)�%� 
Fig. 11. Deformed diagram of model Bl 5 

after 1.5 million years. 

lg) 13 -'f:: :r· Jv BlO 0) 50 7J$�0)�f�� 
Fig. 13. Deformed diagram of model BIO 

after 0.5 million years. 
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lg) 10 -'f:: :r·Jv B15 0) 100 7J$�0)�%� 
Fig. JO. .Deformed diagram of model Bl 5 

after 1.0 million years. 

� 12 -'f:: ?'Jv B15 0) 200 7J${it0)�%� 
Fig. 12. Deformed diagram of model B15 

after 2.0 million years. 

lg) 14 -'f:: :r·Jv BlO 0) 100 7J$�0)�%� 
Fig. 14. Deformed diagram of model BIO 

after 1.0 million years. 
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� 15 -'l:7';[; BIO 0) 1507j*f&0)�%1:RI 
Fig. 15. Deformed diagram of model BIO 

after 1.5 million years. 

20- ······-···············-

15-

10-

s-

o-
I 
0 

I 
·S 

I 
IG 

I 
14 

�-1-WAl 
I \ i I 

,0-1 \j ) ' 

5- F .:::.::::::.·.:·.:=.cL==::::.::::.:.: 

•- l�� 
I 

10 
I 

14 

� 18 .:i: 7•;1, B15 0)1I��-Wl:RI � 200 7j1f 
1&0)�%1:RI 

Fig. 18. Initial diagram and deformed dia
gram after 2.0 million years of model B15. 

� 16 -=c 7· Jl,, BlO 0) 200 n*f&0)�%1:RI 
Fig. 16. Deformed diagram of model BIO 

after 2.0 million years. 

� 17 -f:7··;t, A O)fJJ;!tll!i-W�I � 200 n*f&O) 
�%1:Rl 

Fig. 17. Initial diagram and deformed dia
gram after 2.0 million years of model A. 

I 
10 

I 

14 

fBI 19 -=c 7' ;[,, B 1 o 0) MW:!� -W 1:R1 � 200 7J £J:: 
f&0)�%1:RI 

Fig. 19. Initial diagram and deformed dia
gram ofter 2.0 million years of model BIO. 
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*�<�QC, lA! 9 lli�.hGEf*�J::�0)$ihc'°tG><tiliEn�Jeit l,-Cl,,Q . .:.;h,GO)� 

;lf�O)*s* � -r:-7' /V .::· c v(. '! c 2ib-Cff- L, t-=. 0) ;a;� 17 ;6\ G � 19 --c:· � G. 

-r: :Y 1v A f;t, i-¥ 1J vc. J:: Q :fE/gijEO) J::� --c:· � 9 , J:: � vc J:: 9 TE /gij E O)Mm%vi � 0).:. W. c 

nx: 9, .:. .nvi1* (1975) O)M* c-Iz 1.., -c 1., Q . 

-r: :Y 1v B15 vi, � 18 n\ G §J:l Gn\tJ: J:: :He �QB n�J::fmvc Lv! IJ lli �.nQ c iPJfR¥vc.7J(3f 

JJfril��lb L, -c I,' Q. 

-T:71v BIO (�19) t, -r:-y·;v B15 ciPJ�O)l,vf9lliL�:Ht-Cl.,Q . .:.O)-r:71v0) 

tJHtvi-r::Y1v. B15 J:: 9 t7J(f�I/J:l:n�*.�1,,0);a;�;c--c:-�Q. 

-T:-7';1,, B15 :toJ::� BIO vi, -t:-.hGO)Wntcf�tt�n\G�-Ct§J:JGn\tJ:J:: 5vc.fim{*O):$l. 

,{ -v 1.::.0 1v"t:'vi tci: < crystal mush � Lv! 9 lli �.n Q4?zj� c Lt-: t 0) --c:·� Q. c 1,,? O)vifflt 

lzsl O)�--C:· t jzj!�t-.:n�. fimf* :$l'' 1" -v 1.::.· 1v 0)�!%--c:· Lv! 9 lli � .n -C J::��lb-t Q c � x. G.n "C 

1, , Q :lil£ttE vi, n :,; 7 :,; =B-0)- {ITT t!_ vt --c:·, ftl! vi crystal mush tci: 1, , L, -ct t,· -ct 0) � m% --c:· � 

Q c�x.G.n-c1.,Q;a"G--c:·�Q. 

C tn•<' .:.;h,GO)-T:-71HCJ:: -:,-Cl!h,4?zJ:'N ;a� g1,,4m � rp�J::�-j-Q.:. cn;�ruE�.n 

t-=.. 

L,;6\ L,, t-.:.f!_t-.:.lv vC.jpl\, ,4?zJ�rpvc::i:I. ,4?zj�;a�� "'.)-ct, m I,' 4m � vi f:t�-t Q f,:_vf""(:'� 
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