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e~pl.d '0 ••on othe, bv '.o~'o, Ce'2'-oe,.h•• r •. Th. '-ooa.d,-

oo•• J.'•• thr••-d,••n.,an.' n.two,~ bv en..b,n.n. C.<l'-eh.in.

" •• oltuHClno .'.n••.
Th. e'v.'."a...ph.e d".c',an of 'he Co< 1 >-ehun. ,. ".ll

wh,eh ,. "'0 'h. e-.x,. 0' 'h•••"v.d P"~.o-e.". nr n'­

'horho-b' ••n...onoel,nle 'v...tfv, 'n .o,•• , ••onl'e .'v.t.l.

'h••• ","<"on , •••• ,'y 'OOOOn' ••• " 'h. Ox" of e'on••,.on.

e,no o,'if.e,.'
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, ••,nd'ng 0' ,~a ~ab" 0' n.'y,o, •• '9°'0••°'" .'~ F'."~"n.

N.v ~.,••y, USA .

•• '0.'0'00". wo. hyo,a'h.,oolly .yn'h•• , ••o ,,~ .qY,w.l.n,
ov,da .,x'u,., ., ".o"o'u,., ,.n9'''9 "00 ~50"e '0 noO"C. ~'g­

~.' ' ••o.'.'u,., 00< 0.,n9 <r'.d.

lowor

vO. 00 ".e. o' ••,o.,o••n'"
o~.'.' w.,. 'o'••d.

Syn.b•••• o."o•••d., SSO~ w,.~ v.'y,ng ,un "... .how
<h.< ••,ga,o.an,'. i. no' 'h. <,'., e,y.'.l',.a',o" o,oOue'.
In.'.ad, ganoo."'. ' •• "., 'o,..d. 00' o.,no ',.n.'o,o.d
•• ,g.,o....". Yn<.' ."" .00. hou,. a' ou,a',on.

~.n ,o••odye,od .a"oan••• '0 <h. ovo<'., .~. V'.'d a' •• '00­
,o••n'" v,. eon.o'euou.ly ,.dye.d. To a 0"0< .x,.n< ' ••d w.,
In.'oad eon.uood ,n lb. 'o,"H,on 0' oo<y.;"h, f'boM'(Si,o,I,.
Th. o,•••ne. 0' ba,y•• "'. ond v•• 'ouo O'h.' o~o•• , ,.nd.,.d "

,.

Y., .•pp,ox,ool. "'0'<' 0< .,.e"oo o.erao<ob. ono'Y." or
••po,o'••a'o.'o••n,'. 0'.'00 •••• <0 .od.<a'. 'o., '0•• oeo,_
po,a"on 0' Nn .n'o 'h•• ',oe'o,. ,. 'avou,.d v.<h ,n<,.o•• oO

hooO'a"".'

a' ooOMe .~••0k'OU••uo.','u<.oo or Mn '0' Ca '" ",aund
'Ol<, oa,"o o.."v douol.d at ".O·C.

all ••,oo,o••n". <'V.,., •. oo<••n.d ,n tho p'oo.o' .MpO'._
uo". wo,. d.v"~o.d u ".nd.. 1&'ho. ,0d.p.nd.O' ot ".00­

.. 'u,. of 'o,n"DO.

a" ,~••••p'" <0•• "00 'h. L.nooan o,n.,
n••o 0< <h. 0'00' ,. al.o g,v.n.

,"0
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.3•••• , Rad.a••no I••h. 0' ~n'ou.,•••••••a'O••n.'., 'og••h••
.."h .... - .... ea'e"••nd e.'''.n. ' ..... d,.,.ne' I"." ....u ... '"

'h,n .oek.
"uo,ue..

In .ho.I­

.n .....

•s.,s, Th •• 'a~' o' " .nd co'ou.' 0 -.d_

I.. • ••at 'h .,9ftft ••• and b '."ftC< ••••u••
....v.,onaon' ., • "'c.~oou. a¥G" ••~ ock Th •••a ....o.an.'•
• h4... "'~" .'u ••"-~". " ••••eonc. 'aw, c"a....~ '0 pu.p_

,.." .....
,••". 0'

c' ••• ' ••••oc, •• ad

.. "" ....-, ••• <01<>'., b.'''. ,.,"" a .' .....Ca' n,"o.' • 13"
"",,,_,,.,,••nd p ••"""•••,. 'ound •• f •••",. '''''n•. ,,, ...._
b....n. bfaun"••' •.

'.S•• , • e.'e".·••n9an.an p", p,'. ..<k ,. • by
0'.""'<' f' ••u... .f '.'0.....oa.o••n". '.'''' .•cco.p.n,.O by
.... -f ••• <.'e.I•. b••• ,. ' •• ,••••C.,· 0.•• >.....b" ••• v." a.
oanoa-"'•. Th. <._,.",.n•••' ....a'••an' •••nd O.noa-','. " ••
...... ••po , •••• Th. "'o••o.an,'. ,.u.,••<.. .SM,

."" ••••y pa'. ,.d co'ou•.

,?o.... ,.oo,~.•'00'5. ~,•• 0' c., ... ,••• ,••". 0' .....-
' ••anl'•. np <0 ft , '". O<c•••n a •••••••- .... vuoo-

"~kG ~< ,n a Y " atO ".". Tbo ..,.a_
......" u_ , " _f.u cal<"., ...... IS,,""'C"·
o •• '. .p<>phy'h'•• '.'c'.n and b.own,." ....... '.....-auo.'•.
Th. ,"o"-.a 'uo 'ou••• h9 ,.". ou.p"'"
..n' .n .ll , ••.

.....n •••• '.00'." b' ....... • y.~.n•. <.' •••n .nd •• '.n••••• ' •• , ...

•••u' c,.,. ,••••o.....a"" •. Th. e.'.u.'••• oa'o•••••n.'. "uo_
, do .." v'o'.' ,n ."."_vav. u'''.no'.1 i'.IIl.
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Jl~•• , ,,, A .I<A<.c". 4ndrAd"a na'" ,c<k. wh"a n,.__"o&"._
, ••• ,,,~,,d pA"'" •• a~_'h.<k pla"or f •••"r••. 0""" •• <"0-

pu,p, •• h '.d flu"'a"a,,.a

b,,, ••h wh,'•••• ' ••"" 0'

....nHr

<ho".'''. ,,,

.how 'h., 'h... <~,a." 'yp.<al ..u••,," f •••u,. a.".,.' •.•,,<h ••

apc""..,,,,a. """""'. "'."""'. pfOh,,'" a"d "a"v. 'ud, 'hu•
• u •••• L'n" • 'cw 'C a"".r.'. '.apa,.'u,. c, f"rn'.on.

" ~'" .,." b. "c,.d 'h., p",•••• u.~•••• <., •••". no' ••",.,
,.pc".d •• .«cap.".. '''. a.,o.rc••",'a. •• p,•••n' ,n """y
h.'r 0' ,h•••ao'a. h.,•. ~c,,',.r.. 'c p"•••• ,uw_r,.h v."., •••.

pu'. ,a'.,." t. 0'''''''' .. ,,«u"'''O ••• " ••u,a a'na,.' of ad,,­
1."." .f'."" ... ••• ,n ,,,d' •• '.n. • .""a,,'a L••OW"'"'' or

ro'.'''''''.

K••nu••.", .'.30> o"".'dar.d a•••••" ••n.' ••" b. f",.ad dU"".

P.""" ~ ,,' h•• o.r•••na', •• ' .<h•••.

Th••a.u", 0' ,h'.',a' a".'y••• by .l.,'r.", •• <,oprob.....,,­

....nto ,"OS ."dlo' I!X>S> AfO ....a" ." T'bla'. Tha ""'y .'Jor
o.,.po•• ,.o".' v.".'.c" •• ,a,,,,".d '0. 'h••aoun' or ""Oana••

• "b.,.,,,,,o". 'no Mn,'Kn'~" r.t,o v.r .. '". f,oa o."~ '" 0 ".

Tha , •••on f". ,,,•• v•• '."on •• d,""u"
."u'd ba w"na•• '"o "r , •••••••",. v., ••••.",.
,'no 'h. ,v""b".'y of ,."••" ••a ., , ••• of

'0 .... 'u"" "
0' ".pl...ar'a.-

Ko.'
"f'an 'h. •..... ,.,. an ... ron••n,,,r 'ha ••••••".An.'. 0' .."'"
••••• '0 ba da.'atad ,,, Mn.

Yor <o_•• , ••"n, .a<.n" ..."b".n.d .".'..... "r a.ro••" ••n.'••
f,o_ Y"""",, 'Ou"n. '085' .... ba <>lad. "'.y .now. Mn"Kn'~"
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n~' • • C"..«al <o.poo,l,on '" ." "' n.,~<al • ...oa'coan"u
rca.. L.n~b.n.

sa..pl. 3>634' 308'0 7>0'05 1&00'5 9'70'66 10'65 '.6&8 6'09' '»00

S,O, ".16 .. " ,".H .. .. " " .. .. ".52 ".00 ".OS
.1,0, ". d . " •• n.d. " •• " • • .. O. OS n.d. " •'0' 20.06 .. .. 21. '" .. •• U.J2 '0 . ., 2'- 06 16.10 .. ..
~. 0.", • .. O. '0 • " 1.67 1.07 '.70 '.a , ..
"" " • " • " • " •• n.d. 0.07 O. OS " • " •
"" " .. .. .. " .. .. .. .5 . I , • 1.86 .. .. .. .. .. ..
'0' " • " • " • " • • • •.•0 0," n.d. • •.. " • n.d, " • • • • • " .00 0,00 n.d. " •
To,"' ... .. U.S, ,.. " .. " '00. ., 0' .60 •• .. 90.", .. .,

Fo,"",l. p<opo"lon. ~"O. ". • OW>'OOn 0<"••

.. ,.90 , .. >.0' 3.0' ,.09 , .. 2 ••• '.97 2.97.. • .. O.• ,

0- 1.D> l. 95 1. 04 1. '9 1.81 , " 1. 93 1. .6 l.a
~ 0.04 0.0. 0.06 O. It 0.13 o . IS O. '0 • " O. "

"' o.0' 0.0'

'0 1. 00 l. °I • ., 1. 00 1.0. 0.09 O,OS 1. 00 1.09.. " .•0 0.0'.. D." 0.00

Ilnl'"n'C,> 0.0' 0.02 • " • .. O. O' 0.00 • .. 0.11 0.11

". ." O.'., .. ,n••
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,.L,o n.v., .xe••d,ng 0.0' .~d .0•• eOnL.n' o' .,n< vh,eh •• no'

'0 ~ round ,n 'h. L~n.b.n •• ,.".1.

P.f'n.d un,'-c.'I p.,•••"" '0' .0•• n.'u,.' ~_b•• "n•••,­
o.,o••n,'•••• v.,, a. <0' • Mn-t, •• ph••• • r. o,v.n ,n T.b' ••

<Oo,n •• ,-HaoO pho'og,.ph•. CuK., •• n'.,na' .t.ndard'.".

Ho' ~b<LophyJ1, ..

$YR'"''''

S.n.. 1

,,,lh.,•• , .yn'h.....

... 'y....ophyll'C.. by hyd­

".o.,.tur•• '>OO_.OOGC >

v.. '".d •• vall •• va<y.ng <h.-'co' .nv',o"..,,' <'.0. o""n<.

0< <.,bon.'. ,on,>. bu' 'n no <••• 'o,•• "on 0< .olyodoohy",t.

<ould b. o,,,nd.

'''0·''''''''
.h. 0'••*0<. of 'h,n ".K•• v'th • co.oo.,t,on c,o.. '0 ao'yb_

doohy'"'' but th. yh'd v.. too ,.,.. to .lIov "n.' ,d.n'''"._

',on. Th••• ,n 0." o. 'h. '.'c"On oroduc" <on.,a' 0' v.riou.

h.'h."" un"novo oh••••.

a" .h. a••o'" und., ,,,y.a', •• '.on .,. 'ro. L'''o••n. th. on'y

,o<a'"y ., vh'<h 'h••,n.,.' v,th ••,t.'nty n •• b••n round '0

'a< _

021U, 070.. S ...... , Co."•• co,'''',,.,, fl .... 0' .o'ybdo."

hy"'" ,n <.'c't.-b,...n," ,ock. v,'h ...bo'd.n.'. do'oa,'••nd

..'p.nti ..... In •••p'. 0.,., 'b••O'ybdophyl"" flak•• or. '0"­
••d '" c.'e,'. vuo' wb'eh "'0 eon'.'n .,no, no,••th.,.. Th•
• o,yodoony"". or •••0'. ".,, <onl.'n•••• " ,n<'U.'Ona of

n•• ,'y Mo-',•• ph'o."p".'.

'0'$0'. 'O'U. " .... "'3•. oMUO, .00.. , L.ro•. <o'ou" ...

,,.k•• or ""ybdophy'J,'. in c.le".-h......nn,', rock. of
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Toh). S, ~t,n.d ~~,<_,o" d,~.n.,an. fa, na<~ral Kn-b.ar,n~

~a,~o,o.an,<•• r,~ L.ngbon. ana on. Mn-', •••yn'h.C"
va"*CY. Th••0C,••C.a ."or ,. ~.n.,olly b.,ow 0.5~.

"..p'. KnI'Kn'Co> " " '. , • • Vo'r"

'" '" ," ", ,., ,.. " ,
30&,0 O.O~ 6.7,7 • .., 6.7'" 110." '" " " ,. ,g•. ~O
301 •• 0,0" ...... • ...6 ..... "'." '" " " " '9>.16

",0. • " 6.no , '" ..""" "'.I" ," " " .. loo. )7

0.00 '.0.04

Tob'. ". K".oorob. ona'yo.o 'w,~) 0' <o~~ ~olybdophy",C.

'.o~p'. '.'$"". 00_.00'.'.0 .0lybdoohyll,C. '.o~p'. '0''''''
and -," '~~olvbdo.hy"".- ("MO'. 7.0.aS' r,o~ L.n~ban.

S••• ,. '."0' '0'''' HOga'
0<, ". ." ••• "....

'"
,,,.,~ .. ," " " 0." , 2 .'2 • "",,0, 0.32 0.02 • .. ..., •••• • "." 11.04 0.11 " .. O. '0 '."6 • "". • " O.Oa • " 0.00 o.ol 0.0'

Oo' • " 0.01 • " o . 0' 0.02

••• "g,,, 0,"2 • •.•a • " 7 •. 9> • .Og,.. 0." " , 11 ..., • " "... o .OS

" 0.00
O. '" • " O.•7 • .02• 0 • 0 • 0 .•' • .• l

Tohl " " " .. " ..
0.' 0" d.'.,~,n.d.
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and ••• p.n"n•. Aann~ nt"•• a'n"'" n •••••nn."y found c'n•• 'y

a ••n<,.t.d vi'" an'ybdnphY""a ..y b•••n"nnad .o•• ,.nd" ••n

••apl. ,g'~81. ".u.". ,n •••pl. '0'88 .nd ba.y'n•• '." ••nd

b..... .n •••p'. 3'2'8. Th.,. ,. nn nbv,ou. ,."d.n<y rn, ~'yb­

dophy' ",. '0 fo •• d,.'.ne' r ••• u ••• w"h ••••pt,on ro. ' ••p'.
"828.

V,'h ••g••d '0 .od. or O••u"."•• of 'h.

dOony", ..... , ,. a g...... , ro"u,. th.'

,nY."'g.t.d .o'yb­

tn... '_.d"'....",-
'0......' •• d.o,.t.d 'n .angan••••n '0" ••f th. I •• , ,,,.. '''.y

ua .ll ho."d ,n .oeh doh , ......g ...... o.'d", B... d •• ca'_

e". th•••n."" ao., <'oa.'y "'o••• 'ed '0 .0'ybdoOhy"" ••,.

ocl ..doOl'y hU.u.~ ...dlo•••8n.........o.oound•. 8n.... of ."wo•
•• y , ..d ••• ,. 'ov.r '0 and••••• ' ••p.ra'u,., of <0•••••0 ..

'n h'. pa ' ••a' ••h ".gnu••on "810' aa"8n.d ao'yb_

dop"y"". '0 ••".d C. <0••••o.nd' .. 8 '0 po.t-p•••••'a.o.oh.c

<nnd"'o", <"••a.'."'.d by "uo f"'.no'·

n •• h.ndboo. fo ••ula 01 ..n'ybd.p"y'''t. ,. u.u.Jly

Pb,,..,,slzO>«>l),. Th••'".''' v.. r d.... 'b.d

,180ll v"o lound 'ho' 'h. Pn,".,'ll ,."n <10•• '0

"'0 .la'ed t". "."........ , .",,,,,., of ,,, 'n."'.

.i...n ••

by""".

""I. H.

t"•• Lh••'n.,a' w•• '''ooobo''.d •• ,. b.'"".,,,. t" L". d •••••ona'_

duca'.n.h.d •• , «y"" ., Mo ou.uufu' c.y.'a' .truetu••

d.'•••'na".n h•••0 f" b o.p".had duo '0 d'fr,.ul', ••

,n .bto'",.....no'. «yololo 01 p.op•• qu."'Y. Th. "'uel.....

p Or ao'yhdophy"'" •• '''u••,." unknown 'K••p' <0. 'h.

I •• , 'h.L " .hou'd b. ba.ed up"" • 'ay.. ,.t".. 'n ....v ~f

'h. hi.... , •• t,< f' ••,b,'ity <h•••<,•• ,., ... ,,,•••n ••• ' " ••••.

vb.<h ••• n~t aueh ..... b.,'t'. 'h.n .'e•.
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~ajvbdophy'j,C" jOya.I'~'I.d h.,. <••••baya> .•~e.pl 'a, "'1'­
1. 101&& vhleh , ••v'<a••'v d.pI.I•• ,n ",.' Th. , ••Uj'. or Ih.

'~"d' ,

p.,.Iu" 0< .~ ...c 'h. v.io'h

'h.n ,.p,d'y .••p.c"".,n 'h.
,u,,'an a' lh. aoI,l>dophvlI'h

~iIh d ..1-

I.II,c. ,od ro,••I,on or n'h.,

ph.... or u...kno~n .a.po.;"on. Th. ~"oh' '0" or .pp<ov... '.Iy
0... ,.ca,dod dunno Ih'. b<..k-do~n 1"0..... d.h.,.. ,,,, "v,­

.~. hyd,oxyl v.," con,.oC or Ih. ,,0"'"

Tn ob'.'n '0'••I,ue'u," d.I••••• " e'v.I., r ,.k. or Ch.

51 "h-

,.r,n.d 'roo Gu.n,.,-Hooo

S,> 0' paY•• ,.d .. '.r,.I.

.pp'o.....,.""vh,.h woo
lIOO) .,Ph" '1" ""

b. ='''n''',
phO'OO""'" <c"xo " .oU,,,.I at ....d... d •
o,vino .ha •• " 1'.,•••••, ••;0 .•2<.' , .nd .;'7 10'7' A.

'Iy h'Oh., v.IU". 0 .•7 .nd '7.0 .. , •• p••I'v"v .•,. r.po".d by
p."o.... , ca..un>c.IJan. '907)••

An ,nd.vad X- ..v 1'0""0< d,,,,.Hian p.".r" 0' 'h. *,00<" ,.

.hown '" T.b'. 7.

Ihd Ih. 'd.. 1 .alvPdophyI'.,. '0""" ,. _",,1,0,. (Oil,. '2·~'.

"'''''''0 'h.I 'h.r••,. no o,h., .0.0.... p ••••". <'·0 ••<ba".,.

hoyov*,. .ll

dol ,,>on' In

"'.n "0•

'n """on '0 .h. p,oPO"d 'd•• 1 oo.po.,I,an.

Ih. 'nv••" ••,.d ,o'yl>dophy""" .,. '0" 0' , •••

I..d, ....p....n'd'v. 'a..u', 0' ""., ...pIv. 'oo
• ho 'h"V'" or •••pI. IOI~d'> could chua b•• ,v.n ••
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Tabl. ,. X_••y _., ..'rr ..... on ... <h.~ ,,, _ly.... o ....yll" •

"- !.MOUn '.....,. ...05Ul.
,~,_." ... ....<a'~.... v,."a"y.

LIT. "'-' .. ... ,.. • •
•• '4.U. ".716 • • ,.. •. '00 .."' , • •.. a .... ..- , , •• a.410 4.413 , , ,.. 4.U' 4.OS7 , • •
• 4 .••• a_,,~ , • ,
• 2.01. '.010 • • •.. 2 .... '.272 , , •.. 2 .•n • ...7 , , •.. 2.'ao ...'" , • •

2_". , , ,.. ..... ..... , , ,.. , .., 2.85S , • •
" '.70' '.7OS • • •" 2 .••• .-... • • ,

•.•77 , , •• 2.01. ....0 , • •,.
2 .• " '.41. , , ,.. '.U. '.2" , , •.. ..... • .••7 • • "

• '.U, '.>50 • , •.. ..no '.211 , , ,.. •. 0U ..0 •• , , •'.011 • • ,.. , .•eo 1 ••• 0 • • ,
• ' .•n 1 .... , • .... 1,.81 ..... , , •• 1,01. l.U. , • "'.81' , , "... 1.71. 1.1>1 • , •
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....,.•1:>1>,._. ,"lO.2)St•• oO"lctll ".'

Th•• oo~Oo.,'.on ••00 ••••• ~o,•• con'.n' or 5.5 ~,-,.. o~_

p •••d lO lb. ob.~,~.d w••gb'-'O'O .'K'au. v.lo' 0< .' ond lb~

,pp,o~""h nl~. g.>,••""..&,.d by th. oh.~><., _".Iy'''' Th~

.. I<~'ot~d d~n"ty .. 4.50 •• oo"po ••d lo tb d nl~..

• dul

<O••~'o. Th. <b••• <., .~po•• I'~" or •••",. ,.,60••"" g'v,ng

• typ.o.1 .o'ybdophy"'l. ~_ •• y "o" ••n .••••• to b~ lb. "'o'l

or .n .KI •••• I ••<h'''g or , ••d. Th~ .o •••• po"d'ng ro••~l. <oo'd

b. "",.,8&o.l (>0,........,. ""-<. ,I S1 •• 00>.lctll ... ,c!O.l v, th 0 '~oo••~d

~.,.. .ont~n' or o.s wC-' O. <0."&'" '0 'h••n"y'.c.1 -d.r­

r •••no. by w"gh'- wo,~. 0' Y.".

Th••w',." loy•• 'ot, ••••h •••• , •• Q< aOlybdophy"'" 00010

.xp, •• n .o.y ,._ovo' or 'OQ"'y bOo"d l"t•• ,_y•• '.'0 .on•. Th•
••" ... , .. wo••••n .. <iv. '0 '.u,.o"t of .von o.lot.o hyo-o.h­

'0"< o<.d '0.' K'. vh.<h ,. ' ••n.rO'.,no Ih. t.on.pa••nt fl., ••

• nto chalk _h". op.ou. by g.O<'P''"'''''' or 'oad .hl"..d~ bU'

v.thool <oapl.'~'y d~'l'¢y'''g 'ha ao'ybdoghy'I.,•• l.o<'u.a. a,

.ooh • ' ••otMon' ."0'''.' .on•• 0" ob•••y~d '0 ~o."l.,,, ,n.,.

«''''p..anoy. ~b..b aa. d.pand <>n on ,... g.".' 'dg.-_"••nova'

or '~a' .on. r.o- ,n. c.y.'a' •.

wn.n <o.ga,ing th. g,•••nt d.l••• ,n 'h. v.t_<h••io.' .naly•••

D.won '" lb~ Q"D'nO' .olyb(lopny,,,,, ''''''p''on '''h,,". 100"

h .. "ng rurth•• "odi ••• " ao. b••aph....d. 'ha' In. "~al

ro.aula .,w.n .b"y~. r.Q. vn'<h th. n.tu•• ' .o'ybdQphy"". ro.­

..u ... nov' bUn d~'iv.d. ;. b>~hly .g••ulat.v~.

A«ord,ng 10 p. B. Koor. 'Vn'v•••• ty of Chi<ogo. p •••on.' <Q"­

,"uoHation. ,gO" 'h••• ~x'''a 0 ..,no<hn.. poly.o.gh of .olyb­

dophy"". _h.<h ~o. no' lo b. 'ound a ..ono 'h. p,••on' .oapl ••.
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