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Secondary Minerals from the Drilling Cores of DVDP 3 (Ross Island) 

and 6 (Lake Vida) 

Hideki MORIKAWA*, Ichiro MINATO*, Joyo OssAKA** and Kunihiko WATANUKI*** 

Abstract: The secondary minerals were collected from the drilling 

cores of DVDP 3 (Ross Island) and DVDP 6 (Lake Vida) and were investi

gated by the powder X-ray diffraction method. In No. 3 core the identified 

minerals are calcite, aragonite, thenardite, milabilite, gypsum, nesquehonite 

and thaumasite. In No. 6 core the identified minerals are calcite, aragonite, 

gypsum, chlorite, laumontite, chabazite, sericite, montmorillonite, prehnite 

snd flourite. The mineral assemblage and the unusual distribution of some 

minerals may suggest the environments of the sedimentation of the rock and 

soil. The evaporites and secondary minerals around Lake Vida were also 

identified and gypsum, calcite, thenardite, halite, sodium niter, prehnite 

laumontite and chlorite were found. No correlation was noticed between the 

secondary minerals from No. 6 drilling core and those around Lake Vida. 

�Ii: DVDP3 (r::z7'�) :toJ::rJ6 (1:�>r 3?"WD O);t;- 1J /"3f":::z7-q:rO)=?X1:.llx: 

�t/w:Z-i*J& L,, �* X ifij@ltJ1}*�c J:: 9 �tjw;fiO) IRJJE'.z'1T·:d-:. No. 3 0) :::z 7-q:r�c 

�:t. calcite, aragonite, thenardite, milabilite, gypsum, nesquehonite, thauma

site /J;�llD G ;h ts:. No. 6 0) :::z 7 -q:r �c . .v:t, calcite, aragonite, gypsum, chlorite, 

laumontite, chabazite, sericite, montmorillonite, prehnite, flourite /J�J�llD G;h 

ts:. ;:_ ;h G O)�tjwO)*Ji.lj.ifh-lt:to J:: Lf1HEi!llilffl J:: 9, �llx:��O)���c --:>\,, --CI!fJE 

:Z,�.lj.J::? c L,k. ik, l:::>( 3tW}m33ZIO)t'i[ffitfrl±lt/w�C"'.)\,,"(i�t/wfiO)jAJ;E:Z,{J 
\,,, gypsum, calcite, thenardite, halite, sodium niter, prehnite, laumontite, 

chlorite i6Je,tl::I � ;h, fqjijf O) ;f- 1J /" �" :::z 7 -r=p 0) lb 0) c �:t� ts:."'.) "C \,, � ::. c iJ;h 
iJ, "'.) ts:. 

* Jl!J?:I**�I:�ttiSl-?iJF'Jt?Jf. Research Laboratory of Engineering Materials, Tokyo Insti
tute of Technogloy, 12-1, Ookayama 2-chome, Meguro-ku, Tokyo 152. 

** Jf!J.RI*:*::�I�fflt Faculty of Engineering, Tokyo Institute of Technology, 12-1, Ooka
yama 2-chome, Meguro-ku, Tokyo 152. 

*** l!:J.R:*::��jl�'i.'.fil. College of General Education, University of Tokyo, 8-1, Komaba 3-
chome, Meguro-ku, Tokyo 153. 
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1. '£ X. iJ� � 

1973-7 4 DVDP itlmi (Dry Valley Drilling Project) 1::'vi 8 :rt!!,i�F'::.;to�,-cfflj!JU;otf.fb;rit-:. 

;o\ �JI!, MH'!Q)]lfff�vi, No. 3 (P.7-�) :toJ:rJ No. 6 (i::'1 3t�) Q)ffl�Uvc�:fJllL, ;t;

Y YY�7-*Q)=������-�Lk. -�Lk�M��,�-F£J!!!Q)-;,,-�J!!!-# 

�Wf��vc:to�,-c, �* x ii@trr�vcJ: IJ�t!efo*IQ)j'qj5:£�f.f'?k. -$Q)�f-+vc0�,-cvt 

*JiHC�'t:>mt--::> k�vc�tjefo*iQ) j'qj5E�fi--::> tc.. i tc., 1::·1 3t�J\lf]Jllvc -ca� L td;'iffifJTllit!efo 

vc-0�,-c t l'qJ:f.tHc��*IQ) j'qj5:£�f.f '? k. i k�Mvc J: '? -Cvt, � G vc���%fJT�{l:�� 

��1* ffl L-CWt5E L, .:5 G �,vt:Ii�� ffi � ,-c5t• L kt Q) vc -0� ,-c j'qj5£ L tc.. 

2. DVDP 3 ( P 7--!lh) ::z 7 -tj:tc7)=?j{�JiX®!!fm 

2. 1. liiJ� � ntdlt� 

DVDP 3 vi 19731¥- 9 JI 21 B J: I) 10 JI 19 Bi 1::·, P 7' � �? � - F£:rt!!-;,, -1vJ!!!.f4 

�Wf��Q)� < ··t:-f.fbtLkffl�U1::·, 381 m Q)�� vc� L-C�'G. -:::. Q)ffl�UviA,@lf.f--::> tc. No. 

1 b'-G No. 8 i1::'Q)8*Q)ffl�UQ)*1::·-:ffi:��,tQ)1::·c:f:>G. 

KYLE and TREVES (1974) vc J: G c, -:::. Q) ;t;- Y Y �-· � 7 -�i :E":01¥Jvc�t * � < %�--C 

4 0vc%ffi� ;rtG. �oc 9. 4 m J: IJ 64. 40 m i 1::-�1, 6 JIQ)�:fivfE J: IJ ts:. IJ, -'i:"tL G�t 

i"�-C hawaiite 7J" G ts:.--::> -C �, G. 64. 40 m J: I) 95. 16 m i ""c'�i augite-kaersutite basalt 

7J" G ts:. I), 95. 16 m J: I) 166. 83 m i 1::-�1, olivine-augite 7J'-G t.s:. G 4 }IQ)�:fivfE c 2 JI Q)� 

W!:E"J: l)t.s:. l)tc.--::>-C�'G. 166.83m J: I) 381.00m i""c'�i hyaloclastite J: l)t.s:.--::>-C�'G. 

C Q)f1=1ivc 220 fflQ)�M�-� L tc.. 

�* X *!@tfr�vcJ: IJ j'ql5£�tLtc.�4efoQ):E":0�1JQ)ffi0C�� 1 vc�i". hawaiite ll*vc�t 

thenardite (Na2S04), calcite (CaCOa), nesquehonite (MgCOa•3H20), gypsum (CaS04• 

2 H20) ;otf�6bGtLk. C;tLGQ.)��(7)? 't:> nesquehonite c gypsum �i.CQ)]lvc..Q)dj.r,t6b 

Ghk. ik, nesquehonite Q)lfHi.1::·Q)ff::fBi, A,@]f)J6b-C�tf��tLtc.tQ)1::'c:f:>G. augi

te-kaersutite basalt Jli:pvUi, b-f;o,.vc calcite;ot��6b0tl,Q;ot, *fffi?t�i. thenardite c-'i:" 

Q) I07J(tt{1::·c:5G milabilite (Na2S04•l0H20) 1::'.:5--::>t-:.. olivine-augite basalt ll*vcvt, 

thenardite, calcite Q)ftjHc, �kvc thaumasite (CaSi0a•CaS04•CaC0a• l5H20) :to J: rJ 

caliite c j'qJJ{JHiQ) aragonite (CaCOa) ;ot��6b GtLk. hyaloclastite ]lvc�t, J::Q))I c j'qJ 
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Fig. I. Histogram of secondary minerals from DVDP 3 core. 

25 

r, < thenardite, thaumasite, calcite, aragonite il;!�6b Ghk.il�, 300 m Ur--c-vi calcite c 

aragonite O)�iJ�!�6b Gnt-:. 

J&J:Jl···c-t5 G hawaiite Jlvcf?tE-t G nesquehonite �i, 'ffi'ml.'ffi'EEr--c- �M'"7 !J'' ;:r- � 17 A 

:fittJt7J(ffi£7&J:: 9fJTlli-t°G�vc�fG�t/efo--C't5G. "ik., k. c x.vft.n� 200°C, 35kg/cm2 

0)5R{lj::--c- 70 :5}Fs57..KWMl1��fr? c, nesquehonite vi hydromagnesite ( 4MgCOa•Mg (OH)• 

4H20) �m?E""C, magnesite (MgCOa) vc�1t-t°G.:: c iJt*oG;t-L--C\.,,Q (IwAI, 1960) . t.O) 

J::? vc�5EiJi�O)�\.,, nesquehonite i]t-l-0)"£ "itttEl,""(l..,,Q.:: c �i, t.0)}1--c-:lj[ffiiJt;ifrlli 

L t-:�vc, -tO)fflmvc*� tJ:�1t�m?EG.:: c tJ: L vcA, B vc� '? k..:: c �ffi L --c 1..,, G. 

augite-kaersutite basalt JI J:: 9 rO)Jlq:r--c-!�6b Ghk. thaumasite �i, 71 iv 7-:/ F, 1 

7-. 7 .::C./v tJ: c'--C'.@:lli-t° Gt. c i]t�E� h ""C \.,, G (KNILL, 1960; BENTOR, 1963) . i:. tL GO)� 

E vc J:: G c thaumasite vi, okenite, stilbite tJ: c.' 0) �E t5 G 1..,, �i gypsum, al unite tJ: c.' 0) Wit 

M:lit�!/efo c ��1..,--c1..,,G. ffiffi--c'O).i£:/±lvc�1..,--cvi.=. ;i -::- 7 / FO) BRowNE (1973) vc 

J:: 9 DVDP2 (DVDP 3 J:: 9 3m i¥jO):tlg}�vci;vtGffl�U) O);f;- � Y f-::i 7-i:f::tvc1ftE-t 

G.:: c tJt�-e� ;h, ""C 1..,, G. m G;h,k. thaumasite O)�;f4vc V)t, ,--c, 1, 000°C "i --C'ffi&��:5};ifr 

�fit,,, -tO)*a*�� 2 vcffi-t. 123°C, 147°C, 690°C VC-t;h,..f;h, g&�O) l::0

- !l i]tg�6b G 

;h,k.. il!IJ5E�0)�*4-��* X �@Jifr-l*vcJ:: 9 ��G c ,  CaS04 c CaSi04 vc �1t1..,--c1..,, 

tc.. "i tc., .:: O)ffiJO)m:i:ffehi:vi 51% --c-, thaumasite tJt7J( c �M 7l .7-.'a:':tit/±11.., tc.�itO)H1i 

{i(--c-s G 49% c v�H!-� L k.. .:: ;h, G 0)*5* c thaumasite 0)1Ji*ala X ti:Jw;@mifrO)*a* 
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200°c 400°C aoo
0

c 1000°c 

ii 2 DVDP 3 :::i 7-i:pC7.) thaumasite C7.)ffi��Eln*! 

Fig. 2. DTA curve of thaumasite from DVDP 3 core. 

(EDGE, 1971) C ��ll-t QC' Jth.:Z:h 123°C <l) 1::
0 

-J �i, 151Jgj<l)*51f'a7..K<l)? '0<1) 12 ffl 

<l) H20 <l)Jm7..K, 147
°C <1)1::°-J�i. Si j](-=J-<l) lffll_H:. Si(OH)a2- <l)M--C'�i:,{ft.L"Cl.'G�9 

<l) OH <l)Jm7.,K, 685°C <l) 1::°-J �i.Jml!R®vc. J: G <b <l) '15'� G c � x. G:rtG. 

2. 2. @t�O)�;(jifnlffl 

Ll����ttk=�����<l)%,fp·lffl��3 K�-t. �$K&•-tGh�ili��J:� 

augite-kaersutite basalt Jl�i thenardite �±f* c l,'-C, calcite, nesquehonite, gypsum "/J� 

1¥1£-tG. olivine-augite basalt }lvc..i\.G c, 110m #}lfJ: 9 aragonite iJ;lliffl.-tG. thau

masite �i 95. 16m "/J:.G 99.60m i'15'1ftE-tG�WtE<l)$%, �J:� 109. 14m "/J:.G 153. 17 

m i "c' <l). lffl VC.1f;(E-t G basalt flow <l) :lll r $ <l) 5 m VC. <l) .;_ 1ft£ i"° G . KYLE and TREVES 

(1974) vc.J:GE::fi<l)7'JtiifHc.J:G c, ;:<l)�EVTE�il,tla\�i olivine(15 %), augite(12%), 

rhonite �:±f* c-t G ����� (7 %) <l)jUIHMrPs J: 9 � 9 ft'? "C � 9, r$ J: 9 5. 35 m 

<l)•lffl--c'�i, {J&�<l)�7J(��f'FJfl �'.:fvt"C 1., G ;: c "/J;�6b Ght.:. 

hyaloclastite JI --C'�i, thenardite �i.�$*9 10 m vc.<l) .;.1f;(E Lt.:. i k, thaumasite �i 

m!�*9 200m "/J:.G 300m <l)F1=1ivc.J:t<%1nL"C� 9, Jt<l)F1=1ivc calcite� aragonite tJ\¥!f±! 

�hk. iUIHI.tlrPa<l) rhonite �i 216m i'15'ff6bGhtc .. 300m Llr--c,�i calcite �J:� 

aragonite <l) .;_71t1f;(E L, "CI., k. 

100 m Llr--c,�7..K��f'FJfl�'.;fvtt-: c � )�:.1:::>:rtG .lffl c thaumasite <1)%,fp c�i.5H,-!z 

�� L, k. ;: <l)#}lr<l)E::fi--C'�i, thaumasite <1)1f;(EiJ;�7.,K�JH'FJfl �;tvtt.:•lffl<l)}�� c 

t.r. 9ffiG c�x.G:rtG. 
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Fig. 3. Mineral distribution in DVDP 3 core. 

DVDP 6 vi 1973 if.12 }.J 10 8 J: 9 12}.J2081-e i:.:· !7 r Y 7'.fr-0) i:.:·1 jlrNJO)r§Yiro '"c-fih 

ti., t.:tl/iH�U--c:· 304; 80 m 0) 1* � vc..� L, --c i..,, Q . 

KuRAsAwA et al. (1974) vc.. J: Q c c. 0) ;f- Y / :l :::z 7 -v'i £::fiEfJvC..v'i* � < 5.Ht--c 3 "'.)vc.. 

:B-ffi�;h,Q. 10. 52 m 1 --c:·vi permafrost sediments, 155. 96 m 1 --c:·v'i biotite gneiss, 304. 80 

m "£ --c·v'i Vida granite J: I? ts:--:, --c i..,, Q. "£ t::_, gneiss }it/ vU'J:. 88 m vc..®r � iJit5 I?, -t ;h, J: 

91:$--c:·v'i filf1--c:·25 9, -f ffil--c:·viPJr 4 vc.. biotite granite 0) J( AiJ��ob � ;h, k.. 

=?}(1:J»t�tlmv'i:±.K-:WE 0)1fU;h, § 0)�$ !7 i:i 71 r 11: L, tdf�:lJ'VC.fftE L,, t"J 260 {@JO)�;f:4 

�1*!& L.t.:.. t):t* x *!@Jtfrt*vc J: 1? lmJE� ntdi1-:tlm0):E1-n21JO)fftEffi!Jt�� 1 vc.7.K-t. "£ 

k., lmJE�;h,k.�tjmO)fftEfi���4K7.K'"t. 



No. 58. 1977] 

�1 DVDP 6 ::z7-i:pO)!Af:fi�IJ���OC 
Table 1. Secondary minerals from DVDP 6 core. 
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Vida granite ( 155.96-304.80 m) 5 12 18 14 16 3 20 

Om 
Permafrost Sediments 

P:PREHNITB 
F:FLOURITE 

r. 

100m 

200m 

300m 

Upper Gneiss 

Lower Gneiss 

Vida Granite 

� 4  DVDP 6::z7 -i:p0)=�����0)���� 
Fig. 4. Mineral distribution in DVDP 6 core. 
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.,He. calcite (CaCOa) i.J:�lli � ;ht-:. 

gneiss O)J::{ITTvc.vi, ±JC. calcite c gypsum i.J:�c1�:>L::>:hG i.J!, @O)=?Ji:�nJt�!lm c L --ni 

chlorite ( (MgAIFe) a ( (SiAl) 20s] (OH) 4) c �:fi 0)-f.1 ""(-� G laumontite (Ca (AbSi4012] • 

4H20) 7.):�2ioG;hk . .::::.O)}i"c'li2ibG:ht-:4 fiO)�!jmvi.::::.;h, J: iJ r-$0)1.t,f;h,O)}i""('ili 

2ib G:htc.. 

NvrJlvOi aragonite (CaCOa), laumontite, chlorite i.J:�2io G:ht-:. aragonite vi;:. :h J: 

iJ r 0) JI ""(-�2io G h k. 

r-$0) gneiss "c'vi, calcite, aragonite, gypsum, chlorite, chabazite (Ca(AbSi4012J • 

6H20) (�:fiO)-fi), sericite (KAbSiaAI01o(OH)2), montmorillonite ((KNa)1;a(Al•Mg)2 

Si4010 (OH) 2), prehnite (Ca2AhSiaO (OH) 2), flourite (CaF2) c � < O)fi�O)=?Ji:�,g,lt&Jl: 

tlmi.J��2ibG.:hk • .::::.0)? 'b sericite vi 109.60m J: iJr$"c'g;Z2ibG:hk. it-: montmoril

Ionite, prehnite � J: t}\ flourite vi.::::.O)}l""(-O)�g;Z2ibG:h,t-:�tjm""(-�Gi.J!, montmorillonite 

vi 135. 71 m J: iJ 14 1. 80 m i "c'O)iffifttl"c', prehnite vi 102. 26 m � J: t]\ 102. 36 m 0)¥f 

JI*q:i J: I), it-: flourite vi 127.35m O)i*�O)�vc.--C�2ibG:h,t-: . .::::.:h,GO)f�±�!Jm�O) 

f¥tBi, .::::. O)}li.J!�*vc.�7.](��ftJW1:�vtt-:;:. c �i.r-L --C 1.t, G. 

Vida granite 0) i:pvc.vi, calcite, aragonite, gypsum, chlorite, chabazite, laumontite, 

sericite i.J!�2Jb Ghk. calcite vi 180. 60 m, aragonite vi 197. 54 m, gypsum � J: t]\ lau

montite vi 203. 72 m, sericite vi 216. 87 m .L;J,r"c'vig;Z2ib G:htt:.i.J� "'.) k. i k 231. 52 m i 

-c- chlorite i.J!g;Z2ib Gh t-:i.J!, ;:. :h J: iJ r$"c'vi=<1i:�,g,1t�!Jmvi Vit: c !u c·g!3.2ib G:h t;r:.i.J� "'.) tc.. 

4. 1::· 1 � .. itR Ro ill 0) :liliHfrl±F!efo 

DVDP 6 O)in£�Ui:p0) 1973 if 12 J3 15 8 i.J� G 18 Eli ""(·O)r13,VC., 1::' :7 r Y 7� t:: 1 }i'''W]gg 

W:mJuJO)��tfrllit!m�=?x�,g,!t�!Jmvc. v:>1.t ,--c, � 7011810)�fl�:1*I& Lt-:. �flvi1:.vc. dia

base � dolerite �O)�O)rjjjvc.#� L, '"(\.,,Qi 0), � J: t)\±tli:pvc.tfrtH L, '"(\.,,Qi 0)�3* 

J&L t-:. 1P:tfl:f*J&iffiftl:lvi, DVDP 6 O)�t*-$ (A), ffi*fffl (B) � J: t]\ ffiggfffi (C) 0) 3 

j:-fB:fwcvc.bvtG;:. ciJ!""(· �Gi.J!, \.,,f:h,i-rO):/m�vi permafrost sediments -c-�v::>t-:. �fl 

O):f*J&�fiv::>k�ftl:lcm*xa@��K J: iJ���:ht-:�!lmO):Jm:fwc�O)•B•��5Ki.r

--t. 
DVDP 6 O)�t*fffi (A) : i b iJ O)B:fivi Vida granite -c-, :f*l& L k�flvi± c L --C dia

base 0) rffivc#� L k i 0) -c·� G. .::::. ;:. -c-!!3,oo G:ht-:�t!mvt., calcite (CaCOa), thenardite 
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A) Northeastern Area of DVDP 6 
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B) Southeastern Area of DVDP 6 
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Fig. 5. Distribution of evaporites and secondary minerals around Lake Vida. 

(Na2S04), gypsum (CaS04•2H20) ··es G. 
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DVDP 6 0)1¥JJl: ftfB (B): �b 90)E:fi�:t Vida granite ""c', �l&Lt-:�fH:t:±.cL'-C 

dolerite O)rffiqc{tff-Lt-:tO)""c';bG. CC""c·�:t DVDP 6 O)�t*{fB""c·g,:g2lbG:h,t-: calcite, 

thenardite, gypsum qC:hll ;:t "( halite (NaCl) iJ{J! '0i.l�-:> k. 

DVDP 6 0)1¥Jgg{fB (C): �b 90)E:fi�:t Ferrar dolerite '""c';bG. �l&Lk�fH:t, ±. 

qC±4t J: 9 :i;'gffl��'[J7j(iJt, l,�t±\"( l.' G �]9r{tJl[O)�:;fiO)r{}lijqc{tfr l.., t-: "4) 0) '""c'tf) G. C 

C '""(:·g,:gcsl) G:h,k���:t, calcite, thenardite, gypsum, halite, sodium niter (NaNOs), 

prehnite (Ca2AbSis010 (OH) 2), laumontite (Ca [AbSi4012] •4H20) $; J: rJ chlorite ( (Mg 

AlFe)s[(SiAl)20s] (OH)4) '""c't-f>G. sodium niter �:t �qc halite c�ffl,"( �2lbG:h,t-:. 

sodium niter c�ffl,"(t,G halite��< c, ='.fiffltLl::O)��iJt�ffl,"(l.,G�qc�:t, 

2{71J (thenardite c halite, laumontite c chlorite) ��t,-r�:t, &';-f gypsum iJ{fftfl, 
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dolerite O) BJlJiHcvi , 5 -t�§, 0) prehnite, laumontite, chlorite, gypsum, calcite iJ�i� 

ob G nk. t. O) �t/t,O)*Jl.7,,_ii':b-ttvi , MORIKAWA et al. ( 1 975) iJ; 5 1  r ft O) /�  Y 3l™ 0) I§ 

1J!U vc tf> G 3l 1 7. .n: O) dolerite O) EJJ* ··r:-�� ob t-: t 0) c v�UtlAJ C "C:'tf> iJ ,  t. O)jfu� t> 1!£/!tO) � 

7J(§£j{f'fffl �'.3l:vtk. t. c �ffi L -C \.- ' Q .  tJ: �, 5 1  r ft "c'i�ob G ;h, t-: epsomite (MgS04 • 

7H20) vi 4-@JO)�f} i:p voiggc;b G .tdi::iJ:, ":) t-:.. 

t. 0) 1 5 � �1 Yffl t Y 1 7. E: O) l 5 �Mnk 2 � 0):lfu��. �� O)ffi.7,,_-k:n-ttO)ffi�tt 

i)�ggc;b G :h G  t. c vi , }t O) gitfz;j�Jl5E-t G k_ c;b O) �  t, ,cf.M:� iJ vc t.i:: iJ 5 G "c'S 0  5 . 

t. 0) 1 5 vc1 n , vc.Mnk�Flr "f:'O) 2 *O) ;f - !J :/ !/ ::i 7 - i=pO) =tkit.JJX:�� O);flffi, � 1 

tY--tO)fii.7,,_ii':b-ttvc :tcn , -c ,  Mftl,sU:: fflit ,� O) tf> Q  t. c vi ,  :!fu� l iJ O)�� vc. 1  ":) -c 'ii3.ti �  

nG 1 ,  t.i:: �J11B'�t.i::�1t t ,  -tn.fnO)�mvc 1 G ffim�1tO)it t, , �i':* L -c �  IJ ,  t. n G 

=tkit.nit�ti'kJ O) §��iJ\ }c 0) :jt5Evc��-t Q t  0) c � x. G h G . 'i. t-: , i::' 1 j(''™ vc � vt G :1-tiz 

�O) =tkit.nit�t/tT O)it:ffftlU5Lvi ,  :!fuT 0) -tn c vi , !!Jj G iJ"vcit ":) -c � i? , t. n G=tk�ni<:11: 

ti'kJO) �ni<;iJ�, ml lfflO)ffim�{Lf: vc��vcM� L -c t, ,  G t. c iJ�fU!!Jj L t-:..  
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