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S:VPBRVDIGllt hd... .._ G.- ·~ 

mDmlll .OF ·PAOISt, 'd~r S1 , 

SCOPE.AID~ 

ftttt· ~\i.e 1a ·tile t:erkm 1~~U. f4 the 
... 

oap reek or·,.,. ..ad JA:um-. ~ well• -. itlftati&atect 
.• 
~ - . . ~ ~ 

;. .· 

~.. · -··. ·. · · ·· . · · ... . - "t: ......· · · •~- ····. #'A.'1>'\t--:*~ 'tftftaD ~·-... - ··- ·.·,. . . ·.. ·_ - ·~.a ~# •• _.t- _.~ -· . . •...• 	 .· .-.,""" ~-_· ·.··_.· -c~ ~~ v;.£. _ ~-»Wit~..,. ~~Wioiljt, .~~ _,.,..,...."'...-~lfAS'&• 4~ 

·110Cu .• .--~lv lars• ae,l~ 1a.:cl'. Ike taotope 

«epletioa ill t1le d.,_boleJ"l.ai#ite ot ~vle~·· both tw 
Chea\cal.•as ·.afti .,.Wa:..._. -~~ .ana· the isotope 

-aOllpHiU.m ·-•t ·tu ·~ tiod·lle fttle.asect was t:..a .to be 

td·ldl• to that ·.f:i... ' '-· ,oap ·~ ibe ~~ 11· ld._oeC 

tba' tke car...te •~ ·\~ eJlP· ··~ -.y ·~ -~at 87···tlle·. 

predptu.t:imt og·c~ .. dioxide rei--' ta the baet.s.a1 de­

• ·._4 ·.· .•:t;~•• "ft . ~ . ......#Wi. an'b.atrul._·.· _·. • •~J· · . :~• · .--~·· n~~-~*.-V.4...,_ · ~ ¥6.~--'l-,_,. ·. -· .. · -~·W: 	 .... 
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'!fte. &'dllw ---· w ~-· bQ;· ~-­
appreot&tl.-.. to PRt'GIHlr I. G. ~- fw I'd.• 

~· --- e..etiu, a tbls taved!sa-tiOJt. .. 

• ,.,. ~ u• 15\ke to 'but ~Jn~. w. n••• 
B. :r--.!* aftd•I. ~- ffll! the1• •••,w-.t4cm.

and---­
file t'iB'Rlal ---- ., ~J~-­

~11 fit C.~e is g~teftdlF ~eag'Gtl.• 

(Ul) 
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-~ - ·,··--·~- ,•. 
x. c~ l$0\-ope Dlat.J'iblltioa (~ ~,.., 10 

n.. -~ x•••,. ••~t4tm (.r~• ~) n 
IU. C~Ill~·~ Da"a tt~r !Gu aad lS 

~ld~·-w.lb 

n. Rap~uo1llJl;f:t7 "' ~~GJ~ekr 	 J6 

f. ~-te ~~-· .... Sae ~ Ji 
VI. 	 Y~01t a oX) l$0tepe Depletio# Ia #10 37 

Well. C.e­

ftl. ~- ot i._lt.~ _ OM.tlled_bl' •.., 31 
ledmlqae ... ~~.. ~~.. 

nn. Yari.atte s. --UU ~tt:a ..,_. hl· :~a 
~ leadlll LJ,..·taae amt·~te ill 
!djae•t: FO!Illtle 

'D. 	 !&... R:fMI ill,• ._e~la"lla » 
of~o:A.-1-d. 
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LtftflrF­·-- • '• .. . . .. • . . '' . . .. - - ~ . . - -· ·-· ' ~ ...• 

.·~.. •.·.--.. ·L . - t,tae fo.'# Oart.a MwM• -~ 
.,.._.IM!t laapl•a . 

~-

.a. .,,._-. te fl'l'u'fl« Acid Deo~q~iaa 



_ _._.""-- .,._ _......_ _...:...-~---- Q# ···- ,;#-·--~ ..~,,...., --~ Y{IQ'-.,...~-- ""'". v..Q!I# ~- .~ tiitH;f ~~r""".,- !Ill. ·~~~ vy"'"'~,;,;;, 

.-tQg ~··· ft..., ~afft-.•. ret~ t. as l:setope etteou•. 
caa be w~t~ 1l7 ~lJJi.wa -.r mdali'eeUael pNo_.. 

fbt.ls:. a study •f ~d. saaplea oa714« Jat..."taa.\Jo'D ~he 

~~- ....-A: --'&~ -~~--!'t _ ~- ~emt--"1 -'k· . ·.· ·' •.. -~J.· t~.-~o.c­•v·..a.~~ -- ~'ft'\i-Wll>•• rv·~·- ~ ~ " ·.~ ~~~- ~- ~­

materJ.al ~- ia't"~a.... A,~- ot reaal-. ia. -.. labora­

\•-'7 ••• ~&G~e· eft_. eaa be~- in o~ 

ftufttma awl •bel• 'att'eets :._. be ·U$14.• 4~ \he··metlietdSI$ 

ot' dOh. ,.._tflODL 

the~- ot koto,e -~ • 1UlWral.ly ~1)1 

e~ aampla euw -~- ~-. ~~iti-U. Orgaai<J 

~ ....... i-1•- ;) ~- -~ l ,.._,hi~ ... -~ 

atoBa. •-••• m:uantc ••n.u av~lap__Ja t~ ra-tioe 14th . 

•the ~-~ :as ~- r.-,. • tha' a _el~t. tlec'itd.a oa 

the· o:risla of a pu"ti~ ..lloB _aample -~- ._,.. be aad.e oa 

the qJda of tt• ~- cca.Utu'ton :alee. 

~.tao~ ••adSu a \he-~ wen. Gt Wd_.. 

.anct.fesaa po1ri\ to a hac~llll ftdaetia o£ .-lphata to alphv-. aa 

,_· · - · - -_ ·_ _ ___ ·'_· · t · -·· . ··.-- ...' ... . .. · · _- ... ·_.~ '-~­.PN- . • · .~ . - _· - . ': ·--... . . - -·,...'. ' · ,.. . - • ­

.at.U.es on t.b.e ..-ld\lc ~- 4-ap -~ v£_thHe wl.la iat\cah 

tkat·Utis· lime.-. 18 alao or·...... ongt-.. ftue -~­

i8otope ~ have bee r.-~ec~ .ad. .ex;tenctf!d. 

http:1UlWral.ly
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-2­

-~ 
!be 4ueo.., or·laot.ps .. ~tately ~- ... 

th.• 110rk ~ ea .radioaotiut,. •' the ttull ot ·tt•• -~· u 
DeW~-- of the. ;ratUt~aeti.Ye s~s wen fliaeaYeed:~ l\ waa 

Eoa4 iD 88e eases tba\ 6wo ·or ..-e ot the :a... ·ia the aedes 

had aae~r~ tile sae eh·eml.al p~~t• (l). ·fhe poaslMU\7 

·er ~ a sltua~!oa .... ~. aD~~. a.a tar hack as 1186 bY. s,. 
ttU.l.i• ~ku (l)t •x eomt:d"ft thentf'ore that ·vhe.B w trliiT the 

ataa• weight ot, .ff# ~. ealcl•-te hO., we .reall7 ·~ 

~- teot ~hat, while .... majOJ"i\7 of <taloha atome h"''e nomlo 

weight 110, ~ .. net a. fa ilblon .. npretJeated. • , .. u.• 
~- -..plea r4 tbta phen~ vera tmoa a18DI ·t~te 

......a-t ..-&<,.t; · ·-· . ......._ ....ott •. . .. .....····· · . ·- j;,.loo..c4- __.• .__ 111 "'1~
.-~0&\iY~Yft . >:~·· A\1'~·~ ··.· . .... gra.1fa ·~ ~ --~~ · ... ~,. 

name Ssotapee. 

l.l. a.,.aott (S) ill l$13 vu1t.1f.d 8....... c~llaiom~ _. 


i'Olla W44l tireeted mto ~· HelGa. I.. ol tile-•._ man ta 

rr~rae ratio .a;mt ot ttbe sse ~t7 .-dd be toouanl ·• .a spot, 

oa a phetopapld.~ ·plata.. a.,..~t:• ~·· ~e proetu.cecl 

~ with a ap:rea« or 1000 •••· • "hat, the ~~ ·were 4J"'&Wl q1;, 

1n\o a ~ •f prar~aa. In tbia 111\Y ·~iet•~ sa 1<al 

or masa ft IQ~ vhtcll .., e1..._'h emated, ard he concl.tect it ,. • 

toJ'II ot -.. !bta nsnl\• :lfbi.u •• ·t:ontiftlett hT Ada (6) b 

the ome paJ~11 dlowed ·tf!.tat ~topee ..-e preaeat ill the· ligate 

http:j;,.loo..c4
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,.__ ~n--t;o .,.....,.__ ~-.,~ ...,""'_ _. __... ·.· ·_· ·._······ • ·.·· ..u•~,n"" -~ ..;•z --~ .v~-_...~ -~ •~ti._ _. BP~ .·,.,~··· 

~- elac~ .ad mapeti.e ftel.Cs m 8t1CCUAO& • that tlle 

di•pes1• p~ b7 ttlle el.trlc fi..tl vu ~ ......~- ·• 

the di~itm ~aed 1>7 the apetia fteld. All paftiel.M w1Ul 

-. Rlill ....s to ~- ~"•~•• l>& vltll dltt~ Yeleeitiea witida 

a blros4 veloei'h7 ~,_,- -~ -~td ~- ''-' same. ll!te • • 

pho~o ·p:lste. ftd.s. ._,. ·-at a~tu ..__i~ 'by 

Bai:a~ge• ~. lett-. .- otbeJfs. lt .i$ heat s'd.tel frw 

.....t .e aasur..ata et aVmdo .-... 

AD _.,...-. sult-alll.e tor 'llltddltl a~• -~ 

- developed -- ~r. m f4d.a ~-- the ~ ... 
~_-_ .. .•_-_ _ • __ __·_ .• -~- -.·· __ .. __- .... _, _ : ·_ ·· . .... .- -- -,••_· ... ... ft...., . -- - ~ -..:"'i-'l,.. 4~• ..._:'-._·__ .- -..... .......-. - - · ,. _-.·. - _ ~··_,·• -~- .. _
. ..., ._ •.. .•. ·_ __ _. _,_~ - ·-· _ __...--.w¥~i*V~ V# - --~V.I!T4¥ Ji.-~4¥... ilQ"'Y' ,..._ ~~-~ ~· ' 8 

_.."-., tlelfi,. __. ~ -~- 1S00 -am- -~·•a £OVH. 

Dempnar (1ft$) ,..., the fu.t to ._ ttbe f'OCliSGttg ~niee ot 

a *Patle fidll. ·fbe-t.aeDc 'Of ,_\or ~-- ft.ttld• wu 

tiaeuaat br'l.... a DJIJ (?). ·ft4s ·tr"P ot -~was 

tlfmtl9J*l _. Beaber ( a), tate -aud Smith·(9) ..a •'--(.lO.n) 

~anla.l.J', ·W.·boalPlO ~s~-~-~· tm4 

ehJplltleatiou'. 

file v.na.t1tm ta ·t.M ~••• ot -v..w•-.o,_ or • ~-' 
18 ueNllJ' quite small wii* . ot ~\he lighta" Gl:emeda.... ~tia 

In l91S Bdege (U,) was at.le to report a .-lt.p'i ~iat:IOll ill tihe 

at:old.c wlch\; or bora tats .tn• 4Utven\ ~ogieal -~. 

'ftte -~are- isot-opes o-l the l~lit el~s bad· eseapecl 



- -

-~~ 

- atudtea of m.l•ntar-.,eetra. 1li -1?19. rr1 .....fill ~ dia­

·~ b,. 01~• --and ~~ton <lSl, ·tP _.. .~ _ :_ana BDce <u) .. 
tfS b.7 -Nade ~ (11). -- ••• au! ~ (18) - the f'b.t to P~ 
dtote tbat 1\VcJ.rog.-- -~ haYa·a r.n -is-otO,. -~t -.-tR. ~ 

(l') tn l?Jl'tiaOI)Yeftd deute«ux ard .~Gt!. 1'" Eftll ~-
br ttis\illati-. Xt ,.. .t-eua4 the\ ~ to -~ lar&• •••• 

. ­. . . 

dift__.e between -dwted.nm -awl ~. ~k' el:telldcal ~--

ties _... ¢'• dlttwa-t. a,·the •t.h._ ot·ad-i.Rittal ••bawia• 

lh-.,- -ad B!~ (10) oatc~ tlt• i~lldnm -~far 

tbe- .•._. of ~~- -and.- -deu~enllm -~ S1l I\Oleoular ~- ~alld 

' •! . .; , . . 

-to ••~ itdieaUltl tllatr !a~_ tr:•tt--.ticm _ ~ould be ..-tet. 
' ' ' .

ttd.. ~edie~oa ._._~rlft-' eqt~ ¥ ~--~- -(21.). 
' ' . . ; ' ' . ' · 

lreJ" fl.al hla ..~ 8&\adrd t.he _ ed.~'•latlea ol' ~-~-

oonsteta· ~- ~'••t.• lav~l:d.tig -otker-ltg" el~e• • ..,q 

l1_tld..._. ~-- ~-. td.'ANlgG .al ..lietl (ll)~ -·~-
- ' . ' . 

:relatl.Ye a\Jarldeme •~•• ot -..•• td.tt~gen -ami _.c.n l\v 

Vre.r - Bradley (ll-) am~----... --..S ~- (..) -and fM ~- h,_Unp 

-et 4 {2S) -it}_l931ldl4 BOt .sb+M aft$. ~iatlon W1Mml t.!le ~-

. ' ~ ­

ime ~ -...,;,, -.urate deu-i~7 ... by .Dole (24) ._ $81l.p1U of 
·' ' . . 

water p~~- with ~ tna ·~~- 4.14 r~::how Wlliati..._ 

ia the ~- ·iaotepe •ati-o llP w about It ·per oen\. 

Jo·-~ the-se san a..rterencea it- was nues~ \-o 

http:relatl.Ye
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hM·..a~·. the ~~ 183or c~ ill ~'• fl•i~B ·bf·11Siff1·a 

_ _.ld•J mq1l~ ·f1el4 ...i8 at lan~ltoa ~h is BOW' .of 

Jd~rif'.Jal tfttReS\ ·~. Slealmq ··--·tAsu\he ft-'.~ ue a 

~~ ~•'- .!a wid• aa el~ ·heam wu .~ _, •• tlle -~~~ 

-..tao tl•M• .al.t11D& the ••• of ~~- ia ;~mm:~e slita td.\ll. 

a · a:r¥M~Srns . hie~aae· ·1ll..lnt~t.y. ~· ~pbl ,._ 

dctwl.-. ·a, llw m~- .._ p~~ ·-~· .•~· 

AU. ap~et~ -~~~· te l,uo•._... 180° &etledua 

tu~~ ll.er (U) d~opel a .a.mv..tleld iaa\~t, Ia 

which··the lttaa· ._.. dell~ ~· ·r.• (and. :late' ~ 90° 

u.. Bpple'• (11) taa~ ··t a.. • 
~· ~l&ion d· lfJfl~ ·~a·~- 18 t:he •••• ,._,.of 

tile •Nf ,....,ftll.eD•• •lac• it a...-a ·~ .....ellt: ' 

d!M&si:-. ..a .t,Ja ~a~!u •f (J~.-... l'a. •'Ph•i•el --·­
' , ., . ' 

~· al,st;) \htJ s-. lowYe:ti -u. --"'r .ft.~ 
. 

1a~• have tAe 

.evantage ·tlla'h a·•• ~_.. ~- g,• 'be .-. fhl.a ·«•J• ..._ 
pari\r ott•t q, ..oenaia ~· , ...ol:ems. ·!be.· astor t1-el4 m-rt~-

m•' -.us~• a · ·~ more eri~ieal .u~· e:t ~· .all4..o~u·~~ 

sll'ts ~. ot 'tAe···~ l..U witb re~"·· to: the t~. fke .~ 

~~· an ··-'l.Sa• ~- fteJd ·t• define. \be .el.\~"B..~ 

~ ue .~ . the ~tee'- .~ • t~a field. ~~ al'e ~ 

poifl- .a. ....-..mat•a.•i• 'Of ~ea'··••tp :_. €1t ._. -~ 

tleld .~ !lds ,.,.a\em ·~1.- tll$ ~--' ,,f iaott>pe 

~tlU. ··wi\b an. MQlJ.rUI' ul ! 0.1 per ._•• 

'-'her· r~-- wea made in the .._. ot ~.awl 



C!.t~."t.-~--- ~n''l'1~4~_ •.not~ ~~~~....A ~- ­. .
Q~,~~ ""--~~9~ ~ ~~--~~ ¥'# 

•pe•• In tbla me-\ho4· .tlHf ·"-la~ idme ~- ts. to <be 

~-~-~ted· Gilll\~l.v . -~- dpa1 fRII tt.~e ·-.~.. • 

~tt •htfttope b ~- witll a ~ae:Ucm: Of'_\lle ~ih~• the· 

~- .- ....... . - -A - ~· :M'.t-- l-t•\
-~• abllnda;n;'t; Ot¥e. - .Jr~• _.w "1Atfl UJpil'Qf*iW .,_. w#·· )~- \1#1.;/i• 

-~ et a\ (26) ·,4eveloPfd a 11ew .t.a!~ t$ lta l*IPY --~ 

ptWison. of .~ aamplu ~8 elin~t-~e Tal~ ·fheee ·\wfl·._ 

-~eli--te ·JJaftF of. the ~·-~tid '&i'k ·~ 

ot .-tile~- ---~iona ·a« o~ ·-the aaple -IP• A~- .... £or 

""'-~w~~~ ·-·*'-~-~~--· . , · -.·· _· •· ~ --~.,..- -- ~ ~M.:•,.._.. : tiii!rori~:i4o.u.a..-.-~v~ ~ -- •--~lo..~ ·~vz·._ ·· · ··. . ~~~~. --~~ ___ft""" •1 · _~ ~w4ii':~ . .... . . ¥. .... 

llal_. atd.. thode .(a,). - .a ••..av ._of. : -a.ot-~- oen'h 1$. ·~ 

able .a -~-~ 

Tlte ·htg!l -preeiaiGB .aow -.obtaiMbla ·-itf-Ute ,_.~, ef 

~· •'-•'.._-. ia B.lao -4ue to • la'la• ----t ·lo a.~~ 

ot .tab-l• elao~ ~-· £®-4eteetSG~. ..,. .~li~ U. 

1& il-.-,a~~ ·poWer ~es. -cd..·the. l"eplaoemea\ -d 

ga\'t'~e'N .bt ret~ordilll' ,~....... 

--. 1139 a.lar&e ~- ot·-papera ba.Ye ~- • .·\tie 

Vt#latiot~ o£ ~· ~-.!a· nature. Vtt-., ..-. hla o• 

wojkelre U.Ve s.tudled ···Ute-·~• eqtdliU!a•.ot .0'8 'betwea·-~ 

'boDate toa ard ate~• .--and· c~ dioxide ,atlfl 'W&te&t (lOl. . f'Ol­

..-mp1e. in tile .,Ubli.,. a\ a• ~-"' ~he reaet:loa. 

~~--·VSJJ+-t~· ..+~u.. 

tile f11 cono.aua-tea 1n tl!e l'a u, an ~ ot 1$.6 per .-. tb!• 



(ll)' baa dtli&~el •• ~· eqldl1bfium fit ol1 11t the· ~· 
aipi\atlmt ~f ·~'-• ·. ion to 4e-~Jte .the tap..atv• •t ;H& 

~ .!Jl .remote geoloci.al t~. lo1e (32) !as· oat~ bia 

~WI-s'\~ · oa ell la-~he -~· ·aaJ•· m···~ ·~· (:J)). 

f!H.de ·et a1. {3ft) t._. a J.•s.-·~- Yariatioa· ·ta .._ 

iUHIQ or 'ho.ros. · '!hitt·r.Sutt:.ls •lPit~t: t.'or -.1elw· 
. ­

~--~~--· .ted~...- ued t-•r -~· .-tJ10n 

. . 
t~\t-. 1ft ._boa t•dopea ~·- t&at ...._...._ 

.,..~ricall7 ;bT Iter··ad ea~• (JSl .ift 1939., ami tr tftcr 

._. ~ ·:()6) .In 1Jitl. !lletr Jfftul.t.s ar~ gtv.a Ia ~ ·&r 1tbe 

ra\lG e~ · all i;o o.U. ~ relative·~ -~· ..._ m......t ~e 
. . ....M~iid·,~~ . ·~- the abafa.ll~A ratio . t ·fit~ ......···-..·. 71 " .· ' T4t " ·. ·. . • ... _ ~·~ .'P~ .. ... ...__ ·......... -'W . _ ... ·.... ·.. o . ·vw· ~.. -•• XS· f'W~ 


._.... emw-Utetl\ 'to nter·'he-'Al._ v.,.:_..,. arbl~;r_.,. star~. 

liier ·~taa ·~ ...-~-- c11Jc1J r.tlo..., .....,. (37), 

~ a •atl4• -•~' lo1~ft.m . lim88ioDe. ffi.a ·-~"· ·~ quite 

wen w.lth ' th$· ~- .ile orSciMl]V gave ··:rw · this -~. ia.·1Wf···l9hl 

pape. Fo.. ·ou- ~-~· ift.-• _. ~*:S JtHd,e -.~&a 

pe· ....·fil' depl.cetioa • - . 2 

._ ·be··~._ Au -~•·._ Cftda·'• 4&~-~ -~·· tieJt•e 

atlsiho.te l:Jaet'ta:tl. the ·•·•aal:te ilzf ltLc:~. Vu Uitd,$b. •and 

http:atlsiho.te
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d~~i<an ..of· tlle ~- usad b7 t-~- ~••· · 

·~~. gen•a:t ·~s a.r& ev:bletlt ·-~- tbtd~- wrk• . · - · ·L~ 

13
$tml-s3 ·havea•c ·depletiOl'); ·tn. -~ ~· .O;.;a 'o...O•·'· -·~io: 

~~S't SU~.:t$ .- .~~t: pet,~liU\l---~~ ---- r.~ge, ~- 2. 7 tf#.· 


lt.~- ~~:. ~-· meteorite• -and .a~•.term · ··lb~se - .. ~ 


ff01lt·O-~l ·t9 ).S. S1illte ·of K1tt7*s ~t:a •cG ~· -;~n. ~e I . 


· . Al~. ~-- ta e. :fa147 w.Vle ~· •tn $l\'lh -~up, · : 


eapdall7 the· thim one; -it ~-~·~· -~c ...'tloll .iatt 


;overl:ilpa m.ttt ·t•- v$£~· · t.• ·~·· .,.....: ~-am~ 

pa~tem-. ~e ·~· - ~.t~ by 1-a~-. ~&t!ga'-•• 

· fliebtaa •t -ill_-(10) aav. ·~.- _~lld.e m~ltla. !heir· 

~....- .. work• _.·_~~ _ ·. • ~--·~-~~ -· . . ~ 

~ 84.--'fon -~. (:191 ...: Utai&. ·the e~te •&·..•.:raJ.•.~11 
a• _ dolOJd~• ad ~1~ ba~ the _.. !&~e ~ aa·-tJ.A.e·ll.a···.·. 

~~nn.: ~- ~.lt4lo., fo:.· h_ --- - .. _ .._ A:~..,..,...•..;t~----.·_ _. · ._ , ..~ -.~.,_ __ . . · · 
~.y~ ot.~~ ~w~~ -~ - ....-'Q' ~_,.~4....~• 

. . ~ - . . ~ ..• .. 

•~ ad Blix .(lt,o) ba?e ~~tw~i~ ~,._, -~ -~~-... 

.r.m tbe same l1leal,:tt.y. . ~- ft.td tbat tt11t ~va _ pai~ . or- -~­

the l!'l~Phite t• d$pl.~ted tn 3 ._. 11p i#o. J.•.s·per eeut.• 

tfittlman (hl) .au·al$0 -~~ 3.00· plata of vadO\te . ' 

ape~ . ~ ~anga -~ J,. l .tn-'2.8. Craig (lit),: ill a ~_.. -'• 

of ~boa - vari.ationa~ a..~- ad: -~- .,... ~ft -~ · 

eras t - ,__._."'":t·< -· ·.·•··-·· . ~ . -......-~-.....~~ ··_._-.· --·.. .··· ~:_.....: . ·.- .·- ~ 8 s 4~~·• were·. · · -to~~~ on a ~­
~- . ,_. ­



tell ill the J<age ...0.,1' w +O,•.Q. (fab1e II}.. loeve.- limestaea 

m g-.ral 8011 a raqe !Yo• --1.0 to .-.o.~t,* f!d.s. reee eoaeldea 

.fair}¥ ·.n with ·tba~ t_. 't\Y H~. Also ~-- (ilJ) baa 

·~~h NeD~ lla r•.at• rarcect £~• abull' -o.) s. 

A._ftiittt~ ·t:tt C~aig ( :~· land plD'~- ~· .1111'1 e.al tall 

irt.·tt.· ~~· 1.1 lo 1.1,* •..--~ pla~a atd meft.ne iDYe•~ 

ltn.\8 ..~. lower. ~ o.i to 1.8. 

A.ltJtouga the ~t4's ot l'ie'falan (Ia.) ,ad Craig c~•• aa 

to tthe ·~... ot tile deple"tta f!• plat•~ tlte: -~• ~laee 

dJtt~ in'l·•~•"at1-. oa the 4&\L. Wiobaa ~atfJ• • 

~at 4arl»a QY419 11h1~ alae an extc~a rrut:1oaati.. to ·tile ••· 

... ra\l'G in ~-· Vhe,._ t\im:tdt,l.oa _.. ·Stll\abla. IDs~ 

pl.aat:J &a4 plattls ~· l• v~~q ·~ .areu ·~ a s:rP.allw 

depl-'iOll. in • Wlckmart n~rt,s this. 'theo17' by da'ta • ~~ 

dHen plants Which are.1.:. in .rfJ .a· D7 rata loft~Jt tnea whidl 

_. hi1ll b thie taot•,e. Gftig f._) maJ•Was tllere u 1'10·· ..a 
oo.r7elatioa ad tkat · lae~ata ...hat._ ·ir!U.Mt won. 

I'peou neka appeiW' w be ~t 1,.$ p9:r ~· 4eple\td 1rt 

.lJ ...C 1d.'ih ~ to M\Wq• llmeato.ae. It 111 tifficult ta ·tlscida 

what ··u.. pri.lloMi.:l. •tie ·••uld •• Die igneous rot.lka a~ 

~lllhl7 the e.- $:&\it.la aa ·do· oqaBtc··~. '!he peasib11!.1v tbal 

t~he lw ell val-. tJf: 1gn-. rock• is due to orgplc impv1\:les ·~ 

be c.-a.-, ttillae \he oarhoa coatt.• r.J£ tile ~- l$ 1• (i.e.? 

1•• ·than O.l per oea•). 

http:peasib11!.1v
http:e.-$:&\it.la
http:llmeato.ae
http:t\im:tdt,l.oa


~··=~--.-..,~~~­
amu ~· ~. . ...~.·~·· ..~ 
~ .10 ttt~• · .o.1 .. q.o.,6 . o.J 

• Hnif4C coal · .. 2.1· - l.S . J-3 

Orgcd.c 7 . Wood . 3.0 • 3./'1 ··. ].) 

·6 l~l... J.s·... k.k tt.l 
. ·• te··.,_I . ~ .. 1.1.,.. l.:S l •.!i. 

r~ . 	 1 ·~'­ 1.0 ... J.S 1.1 

1 ~ 

* ~p-~· .A.~ c._e\ -~- ~~. -A~ c. s. -~~ $1 f J. 
atd R\Va. -.v. at, 711 (lih1)4. . 

~ ValtleS rec.-4at. ._.._- tift~ f,.a ;-.daJnt 
--~ _._:_tP__ 	 _•. _ ·-· _- -.. DO_·.-. ._-- .·_._ -.-. . ._ D_- -· ._· 

~- · u-.,.,7'.., 8 
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Geol~ at ~-~ do llOii. ~ ,...• lftlat, .rep~mt:a true. 

p~:tal ~- eanm e. -~ ipeOll$ -~ iJl thl• 

....\ioa paphttea ·*- e. raage ·c£ ~itia ~- ).S per·ceot 

whleh. t. ceDsiderablr' ~elf~ 1JJt1 .._. pollp-. !bta~ ..,--·be 

the t. tile d'Wlvatio» ot aoma·~tea -~ ..ante c~ wh!le 

-o~ CG~te ~~tee. ltlch ;a ~Juwia u -~ b7 

. _ ..· • - _.··_.• ., e. ... ~· _~""-.·. ·_ ..... -~-_,.,.._ A:* ~·.l!·d .dft~,.,._. ·-~- -~·"-' ~.........,~ ._to._. _.........._· ....,........_ ~­
WJU- ~~~~ v~ ¥'*~ ""' _.~~(Q-..t ·~;c. ~~ 'Q.._¥ .0.-~-.~ ~•"WJJJ. 

,.mtats ._... l11Ub -~ t-bsn .grapbiiwu f*J:om gaet.au· ad ~­

t~ta. Qrpnie -~ wiJl reaot wta both -~ atd c~ 

d. i_·_. ft:....,•~ · • .-•:& .. _~. ..... a'._ - .- · --~~~~-•a- ~~- ~9W-.- • · __ QU.U-""""4. _-­_- ; 4 +: _ ..._...~- ··tt ~·~t..·u~ .VWQ.JP,.¥«~ •-~":-:• ~'t;§•a_ ~""'-.•v -~~J,j~~ --· \Q.f.. 

rutd.~ laotopte. ~aiiile of the. Fl~Phlte .ul depllftd oe the 

teli.P•a'hr• SUI the &fg• to tlftich eqtdlibda -~~ tile 

s.~s.a• .• 
·a. pcuibt·lJ,..at~~--~ -~b-y 

........~ .e: . _· ......u.,~.r., - ,.,..., ·~- ..~"''lt 1;..:_, ,....,.,. ~-..4:' •• '~-• .-.. ,.__ •'kd .. """'-_..,

·~Q~ -~~ ·=-~ '·. -··...··-....-~- ~ .-~- ·.U ~ ....-~ -~- -~·- ~...... 

-------~:~· --.-~:.·;···~!-~~­
fb.Me .&ltd t~....-rirei1J •• pablJaltH .._dve ~ls&tirma 

ol: .... vari.a"ou of ~ S.otopu.. the _..,.., ·at Yu..a -ia a.lmG 

9.0 per eeat 1ft ·the ~aUo of sll. to all. Ia g~:•· ~- ._.. 

elU'"1cbfl in -. ~ l-'epe•- while sulpld-4ee ·and. f~ee aulp~ are 

4eple~ Ul s'L.. fte. t-atto ol all'/~ m -~u. JMl~ talJs. 

Vtf117 COR to tt. -e-en&e value t.f>r t,ekTed,~u adptm,r .all4 le Vf11f1! 

aesrl.7 eonatat ill aJl. -. sRilPle• e~udie4 te da~ fte ~alia of; l.B 

-~ ot aeteorit. '8i ~ aDd !llo4e (4S) 1N1'8· iflen\ieal wi\h:la 



Thode. n~ and 1'&11~ (h6) t&Und a 1•0 per ._••,~-.. 

or·a~ m·• t~ae nv~~·· p~.t by· the.bacterial~ 
of: d.pnat.. Al.sO* Matl'flMn ·aua ~· (47). ·bve ,studi~'d ·the 

"""'•••:w.- -A -"~;~~'*'- ·· · ~~ted .. . · · "-'h-. ia ~t-.ho-=··· '~ ~,._,.48~u1.~.tc' ~ aWt._p.....,..;wv &~.....- ·._. .:ul ·fl ~~ ... . ~:~r•O& ..:U ~~ 

baotwial·~-l ·is ]t$:.Vll- to t.a.ke pl~ · ·~ restti:ta s~t:ow the 

sulphv to be<deple~ --b$' 3.-1 rm•· :~ ~---~ u -~- ta the . 

~--
~, lianl~-. 884 W.ll~eb (hi) •~taYe • ._i.ed the -~· 

ot· I;Ji; hi ~iYe aUlphiW eposi~a :tt~ !f$DS· .-d.. Louis!._. -at• c._.. 
~ ' -~ 

~ s'ioh·••wl.r'·~•~ lBJ"e~ _ of &JP8'Ul aaf. a_.ri:t•, 

an or Whi~ £•• \he eap·--~~a Hl" ·dom&., .·htta ·sat'l ..._ 
. .. ,-· . . I 

ue eonsl~ to he ot~~- ot ~ddetl J~att · depMdtta ~~ an4 

~·up~ •&7" PM8.... ia Pl•id~ 1;imes. !brt ~-,e 

cap ia of l'lO~ ...-u. ~t&lllu.ti.cm and is though~ by sAae to 

~lave -..£•~ ·up·ahead -ot· ·the salt. a-n.alflOWtrs r4 calctt• 

_.. anl~ o~ m the~--~ tnea•deol1ftae ~- w!tk 

depth. the tree-~- m tbe ·Jit:;;s1dttc limepone ..... temad. to ­

depleted by·).9 pe:~ c•t oa· ··ttte· average with ~~\ to· the ~. 

~\s:,. taken ilith taos• tor the h-"erial ·- ~tt~-oa e~ au1phtn1 

suppoK tile- ~hU!$ ~t bao~a ha1rt.l been ~eaptmaible re .. tb$ 

produotton -O:t -•tne .w.~ ifi ·tnese 4epo;dits~ ·ftle..:alf. ~tt• 
tar the asa~lat:ed. . ~ -aDd _.,.ri.te shows ltt\1• e~e of 

stllp_. isot-epe lJf.aolir.ma:tioa,. 'fbeir rati-os _., 'higher wd in the 

http:t&lllu.ti.cm
http:8~u1.~.tc


~lli--

..~ o,t sea wa"\er sttlplmte. ~vari.a'ti~ ·a th.e· Js3k 
-ra\io were .found 'Withb a~· ~ill -cure. This apia poJJJ.ts 

to ·1oe4.lw t~Fature ·B1>ion-. --~ b7 hac~ ~· 

eri~e lOJ> the bacterie1 ~thuia· ea.·be obt~ f"r&a ·a ·~ 

•t ~~Jt teO\tlpU of the calcite in wbich 1ite tne ·~ 1• 

~. t he a~te ·~~b~a ~(Vtl;)rip> -~~ · ..· .....) 

r~ a substl'ate c.~ •~ lt*ed~ c~n et3mp;lm:ttl~ _whim 

U: Olddiaed to obtain ~- erteJ"'lf tor t.he·· auJ..plate r-.ua. 
In ~-to~ ~l.med$1. Vtb~~cg ~h~&~~ ·cao.be 

~· ou lao-tic or· ~nvtc acid~. 1'Jle. ~1~ is:. oleldimd w 
~n dl'Oldde ·and aeetti~ aat4. the til~ dio~ wbtch ia ~ 

41lee4 ~4 ~=atYably tllfm the ao~ ·:um.t~ 1thi:eh is 

flllll'd a.QO£~ ·lititth the sulphur~ tile ~-- coultl ·be 

-~--· - f•llwat 

t OJd.dattve . 
. ... c ...... (~ (~ .W}., f!ll14~~ + .,.,. 

oo2 * fftO + ·.~· ---+ caeo, + u_,
11 

If ~lOt ~a 1-.tae: lf111 ha'Ye· a ,;a eo:nrt-' o~tvaaten.s'tie ..r 
o~rg.ude c~n ra\h• tha \!tat ot ordi~•U"T liaestoae, i . e.•. 1\. ·w:Ul 

lte -•--' ) ._o ~ -..a 4eple'-1 ·a cl'. hel!ld..., reatllt• 

-~ b,y thed.e,. Werfles• ..14 VaU.ueh l48) !Otr the analy~~~~ ·~ 

a.-.-~· r4 cu~ .trom. -~ 'dlla do .~ .a.·a .clJ 
daPJ.etto• ot ). 3·. to ).S .PR ·cent· .,.r- tlle value· for fth8 l5me._. 

a~ 'Qed. bV Craig. the l~-' depleti:a £or· limu~ 

http:poJJJ.ts


·' ' 

r~ned bT·c~ is· l •. lt ~ cent. · fte $\11~ well .1~~­

~- - appea* to ha?e .hacl · a tift~t_.~e .f'Jt' ternatia or ·tt.: . 

~ft~t bl~ tro=· .~ l.bte~ · e1tam!tt~ bJr ail ~ 

.mv~$'tigators•. A ~tber etlldy o~ · these ~~~- .!e 

~.· 1D .tJ48 ~ ··B1e -~-~' qt~&tfd· by~ 111··Ute 

~· et _. t¥~e l~es is· 'or a ~a:phtte s.chist ,of L~ramie. 

~.,.. ~Jo:ng. 

· !h!s ~!guion ·was. _.~. to pm~ ~~~· ~w­

matien ·~ •tha ;$top1o constt~i,Dft · ·of -~ vel'la. ' !be r) 
tiepletit.ms or ).J to S·.O -~ • e~ ~. · ._, Cbtaine4 bJ" ~e ··at.- (il&) 

Jfage llP ·to a ~e.~ - een~ ·~- ·tJIJ8 '~·e~ pre11iw., 

~porie41 sc tha,t .._. JJee!lMl.sm ts ~- ·to.· .~~ l-oY ·thf.a 

ex.ts-a ~~·~- . 
Is~pe eft•'- in ...~ti.al oheldccl/4 ~t-iona hcf'e 

~-~---- aveatigahtl 1ft .. ttte··.put to ~·· Iti -. de­

c11 ~lxi.y1et1_. ·or ao:tda a d_,le~itm .,, . _h.'l \.he t.m.tlal t~\ion . 

;ot Ute ~n. •~• Im• been f'~. b.l' sw~ i~ir•~•· For 

--.le, ·the lntel-,.leoul~« ia~ ·dteet tfJJ! mal~o uid .&\ 1)1° 

was t>M4 to be· l.Olb-bJt t~. ~~- ana ._. (IJ9). ·fhe ~ 

qtto\ed is the .• io o£ tile r.....t:anta k1/ta of 'he ~eacua. 

http:JJee!lMl.sm
http:tiepletit.ms


rld.s 4ffriation .£.1f ~hlt ~atio- 'Of the 'l~te constar!t$ .~0- ttrd:by is 

~~terrett to..as an isot-ope effect ·~*'ld 1\s phif4d.ed signifi~ 

o-t ·w~·uvata wu.. mea,~ •end.:~ ·ell ··U. ~~~at.l~ \U4.·~~g a 

onltMn ot ~~--~~~~~ 

~· · 

x..tope tr~1onatt~ ·Dim be 'b~ s.boi$ .,....by ch~ 

eqdli'bri.a whitll .rave.-. • ,.,.. •in· ·a parlie1tlar ~· o.r h7 

un!JBr~oDal ~·•·• 

<•> ~··~--.~~ 
~~ aad Gri.ert (SO) in: !flit tthOttted '*' the eqt,d1l•l• 

...~ ,,. .tscape ~· W'.-ia.. ~Bwl'ri.Rc tlle l1&ht e~...ntta 

difte .b-oll umt,,- •..a.tl:ld illeftfG.re .t~u:"'• ., .. ~-... 
~ • ~··~a ~-~tuat·pfte,..._ •vr-w (Sl) 'm.a~ 

,._.ball· pres~ a ~'~· ot tltese.~•ul.atflo•. 

c~er .._ iaetope -~· ~•t• ~+ =u1 -t- ·bl\ (1) 

whf~R \he .ubMr!pta 1 aul• I r.tt:W to llaltt ad Ilea.,- t.sotepea pres~ 

in the•t'IOl.t~edt~·· Ill• 1~: lie ~ibrium ~•*• ls .gt._ IJT.t 

http:illeftfG.re
http:Bwl'ri.Rc
http:phif4d.ed


~·«1-ie&l., -··• &d-­

t~•ln I• •D.'I11 

-..~. JP ts \8 ~ ....,... or a .eoft8U:wai# at 1$11 p~ Ia 

1\B~ata'h. 

!he ,,... ea~S.. oaa be waluat.t r... &la"18\1cal 

r.• 10 • Wllt •- ar 1a. ·Q. 

.._. ll • AYGgati~'• ual•»er 

t. ·the pa:nl,ioa ~·•· is &tv. -. 
... t;; g'l. . .. ~ . 


as· ._.....,. ., ....··date ••tt ea:,.·~. 
! ···~'·~--

~-·hl·----···----it• 8 ·GR'IJ' ..... of "he liOl.eculll 

ftttl·. a~Uoa ia to be '*• .··ovwr ell .... ~·_,. ·~~ 

('V~t~. ~td!onal, 'f1brattoual. •leeUor4c .IJ'l4 ~... ~""··· 

B0• ·~ paint. ,.el*l:f &t •• •1.W..e 

&tb81~~ (k) !n ()) fAtd ~l~~- 18 ,., 

O!!ti\ •• ··. - • . . + •· ..+ bE. 
....-:_ - -tlAI - ..J . .. 

..... 
--------

fJB1 
" ·- - ·--· -~~ ..-- ' · , .·. _ 

•(.. ..•r!!. . ·., _ __ _ , ---
... •_ ~_-_r ___ ...: :::_ .ut_ . ~ .... · -- .. 

..· ··fJil•.:I~·_ ;;1· · :1"•., 



Itt this ease l't ia ·co~eltl to Uke tlle nferaoe point. ,-., the 

-.rg- a th Pdtd.- or \u potan\14 euru ...... •• ae$lil1VJ 

this ..... 1a th• see tor l$0'\Gplc apeo1•~ so tae ~ 

tu\or ~-• utt¥·-.aid 

(6) 


-~ > ·. l-d.-..1 ..-.. · o ·. ·..-... •. ·~·-:&, .t.<L..-. A t,· .··. ·.. .t>.l....-. --' · .. ...."'i-. is •t....-."~:-,..-o:mJ ~~s ~ ener&r1- • w ..... -~ -. ._.• r ~ "~•~ . .. ~.. 
. - - . 

e ' 

-~~--...... _.,,-~ 1tD1;aa ~ ft._.
~~-- . --~· ~~ ll!flr-r' -".. ' .,__,- ~-.- -~ 

~- bl a e~llde81 ~~1• .._,. •• be t~•l•'-' 111. ealelllatiba 

the· _.,\1\ciori ~loa atioe.• 

!be ~- te the 'lranel•\1~ ~ level• (E1) _. 'be 

•·Ob\atud h7 aolft.ng U. S~tDtfer .equau.. _for a particle ta a ­

'"-• llwilarlr:. -~- 70'-t:i..U. .aid "d.W&td~l 1••1• arte ..-.. 

!Q'lmd fnJm \he sO:k~ ~or $he Ji.gld ro~ aM; ._ -~ 

http:aolft.ng


~· u • .£-..\al "flbl'st,iGil ·~~eDCJ'' 

"~*~·.. 
It\ 


.·~ .atld. 1··.....,...--'• of U.r\la 


1\..Jitl4 ~ ar• the ao1~-~ 

fittt tema la tM brackets arise· .t-. .,he trade1d.01la1.• ~--1. 

4ltd. ~bra,l._l. ~- ~t1ve17. ··<¥ r.fiR'a to tile·~ 

.~,... x. aa~• .- polyatflll4• tml~ea -~ •'- ...,-· 

D8 :ttlentttcal.. w. •~tbl• ._.S!fllll'8t'Y ~ f1 -. ·'the ~ ·fit 

1.f47B ·.irf.· ·trhiah a mol•lll• ·_, be ,_at.t ~ pMitlollS ·ddca ·110'Ul4 

be difteat, ·it· tbe Y.Ucd a~ ·~ 4~1bpi.-ule. If 

--..!s: a C:_,...li~ ~-·~ of retati.Sal leftl.s" the 

~·· · ·dll be alp ·: u __,. ·.-sa m \he s;Dt~t.no u 1ft '*' ._. 
fl 

~~. ~!~~t•~-the-torw.8 
•ktlOl'ld ~\ia. .tanoUODldll ~~ ._, ~ ~~a,taal . :par• 

' . - . ' ' 

ttti..a 1\Ieotta •St be iilvtttecl W' tile •e••tv ~. 

·rw a pol.ya'UJ4c 
. 

1101~• W. 
' 

-... · 

wken A., B ..a I are ·u. prim::1pal ~ ·1'4· ~t•'* fte pro-

4U.a u t:ak• eve···••-~· .tJf:.··nWd1ma1 ~-. . ftle. 

....ts of ~ia ea ·-.. el:itliM~ by ·a tileoftln da ·tct f'fllleP 

aad. Bedltcll ate atatea• .frsr ·t!le ·tia--.o ._.._ 

http:s;Dt~t.no


~ (()l/2 (~)"'- ~-1 

·..·. . · >· · ....· ... · . .... ··•. ·•·· ··. ·...... . .•.•• .. )/tilVemd~ ...tla (1). (~\ • When ''\ ........... 

atOJd~ wet-- at· the t~ot--~ .-haqgei. ,._ rlgbt G.4e 

et ~t:loa (?) is .altlplled .and tiindecl by ""1~· We delfae 

• _. ~\imt twte5iOltJI • .a·f\* _. ..._. 

~~l/1 ~ 
.- .(~... -·.~..-.·..·.·.• .··· , '1. 


Ike ~ltrtwa c~~ oan..aow be ealc'tlatal &s a lmowl._. or 
the ~tal '\l'l'bratl.-.f~· el~. l:rey na..~ .­. 

••h ca14111at:toaa. ('Sl) .a fbds t.Srl,J' ..- qrumeatr. wltb e&JlR"i• 

•· · . .· .. .. ...~.: ·... · ··· . : .. ....(b).. .Ud·.. · :.d·1 ..·.·· ..·.··· .·. • ·· ..:.... ..·~· · ..· · ...· -·· . ....· 1l · 1 •· · .....1 · g · · · · •· rr · ..._. · . '·, u 

lae theoi? ~ttu -...ptt Jat. ttta ~ .sat:laf'ac\.oq atate: 

wl!.celele• .a,nd lfar'• (Sl) _. ~-·• ( ). Coui4.e a 

•~al r.-tla tn wld.olt 'l.,B,C,.'*'.. aft..-OM'f'eri'f.d to ·.: -.C•••,., 

••• ·':1 ad A2 are ~topic ~-. ·fhe •-· -.~s -. 

give. b1' ·lite ·~· rata tihet:t~7•· 



u give» 'tV Glad~,. Lafdler au4 ~· (StJ}. Wbel\9 

I • t~uioa ...ttl~ 

c • '08eert'b'atlcl 

* • refe~ra to ZMJtd:~atefl ~l.ec 

# • .tt.Uw •ua of' ·a.~· alG~tg the 

--~ate of decsllrpoa11timl.. %It \bl~t ~.. 1'* 18 ll~ tuea 

u tke ~- man ot ·u.e a~ a\ 'he an4a tJt tbe bold bal-.: 

Ere·.:~..!. l/1~· .·. ···. •. .·•.. •··. • . · · .· ·· · · ...·.· Oi··. •...••••.•·.· .. ....·····.·.·. ····· .···· •··· . (·· •·. · ·•· ·.••·.•· .. ·. · .·· ······'J. .·... ··.. ·• .. ........ .· •. . )· · ·· ·.· . · ·....········ •...L··••.·.····· ··· .. .·•·. ·.· .. · ··•·. •. · • ...I 2 rJ11 O.ix 'llil* 

~ .. ~ ;..•....·.· ·· ( ·. ··· · · · · ..: ...•••....) 1/2··· .. ·• ··· ·· ·.:... (1))~.•·.·kl ~ ~-· 'illl'W 

r······-.<V:t •.· · • .llt.. A ustr ..................··.· · ·~:....L....···...·•..J·l• L;t-e ...... .····· . . ·~ J (lhl 
1lJ. .fo A.. (1- e-ttt) 



A ~· SpPUS.iou. <Jl4aills fe f?. 

tt A1lJ. .Is ~,, equatlca (lJ) can ba written eat 


..,. • 't¥/ Ill ·. . * 1/l [ ...3&4 . .·.. ll1-6 .. .·.·. ]
W .c; (~.) ·..·LJ. + f G("l) AVS .. F~'t*) o -,.* (1S) 

*-•G(:~) • i --~· *: .~ · : ..- . l,~rw•_. to tw"tigeleteen aa 
.. : . ..11£ .· . elllwl . 

the-free -~- .f'lUlOtle. 

·Xu this tom tile rat!~ ot· the. :rate .eoiiet&t,a ·art ·'be tie'\_. 

~ U ·\be Yib:Yetim.Jal ~~taa <~t the~--· - . • ~- .-e 

--. S!-. these are a~ Uttel )F ~ 8lle estilatl-. .a.be ...._ 
- . 

'to'~- • ·~· -.tt ·a• ,. .... as w the.,....~- at u. 
-~ 

XQ..:a ft~ papa· (SS):• ~&elelSSll .-~-- -~-~" 

between theoq ad ~ts -~ to that. 4ate t .In view 

0, , •• -~ti~ llMJ~. -~. ~-....*PM­

... ia ~te · -~ I'~ tl'··ett~- at l.eut.. 



!!:!er!t.l.~ --~__c,..~.~~ --!•~~--;lf~ -.'!~"-
fhe· -.x. -lldltd• ealet.U# lilttu~ c~tain'iD& OQ:s\ala 

ot P1~1 •av a the--cap rM't.·ot the -salt~~ •t Loui.lliau 

~ lfsas. 'the a~J~Ple• wwe obluned holt sul~ ·.U dril-l 

~-. Wiilh the ·sc:aptle ·of well• -3 -a.l· 71 tie s..llllt u.etl 

were small Jd.ee• -o-1 .... it'be\ 'IS Pf• in welib'• ftle Sat~Jpld 

~ wella· ) .aJ14 1 wen .:traadJ' ~po-.1~. 1.. g-..:1.1 \w 

m'lalJ"$U WWB ... ·G· e&ea well,. 1lid.ag ·two $tlp&rate pi-. of' ~ 

~.ldd.eft. · w -»~· ___._ umplea. 

!he· mahn.-1 wu-tint ~~ -~ a~- l.flt.h a-~ -atd 

p•tl• _.t&ftd the enlfU~ wl:tli --~ ~pld4e ~ ~~- the 

sul~. ·ftte lt•at-. wu - lil~ed us ..,a .....w!ta t:..... 

di$)1ll'~- 'leavJ•s a .... ,..- a eQ1~ froa ~- ...i .. 

&~t ISO Dl•• o1 lba p:talel' samp;lu .as plecel ·m • -Jd~ _M8\ 

.tbod se·to -·TS •· t~t· , .. eample 'I:TM pJ.uei b\,a. mtP· in 

net •• ,•• na. 1)$< wblOh ·-~ )0· 14. ot ·......... St4~ 
plai:J!'l• acid,. ~ \he -~ wu·paped . -01R fOr' one ~- fiG. 

~--- ...,. 1••· prue'lt .\be.· ~- wu ~tated to plge _·the- .s~le 

.1D ... :aul:~c- at!d. two-~Jaroplf!s 'ii'ldeh ..... p~ai qt.rag 4e­

~•1U.ort ''~•• ot li a1ld .a no-. gave i4:edaal i~ ••F-· 
X. 'fiew o~ tid$, 3.~•~ alloni t;-or ·u. -4~t10JJ, aal. d 





placed .arcnam Ute· t~ atd. ·tim ~w flask .-· ..ft81lltJ4 cent.lv 

W ~- .tiUU·hom tk$ ff41itioa. &•op eoclt·1.1 WIJ•dios,lll .ami 
' . -· . ' " -

'the Uq\lid atr ·~· flask was :l...,kced tttlth a>dq i~ac~ 

~lU'e .... ,.~- diodde 1fU tlllcwei "' .,••$.]], mto • 

sample tube ~ l• l.lqdd atr so as to ~ve 4fll vats- fttoa .. 

tn ·· cu-'ba dioldile .. att~Jlea• 

:A....- . .•.,. t~..-- ..._.Ac_ ._....... ····- .~-.....t -~-.4' 100 rt ....
~car~~~ s~ w'l!!liP )1..~~~ < pG . ·.... .. ·. · 

........~'k~-. ....-:il.,. ......-.~.... . · .. · · · · wt.Jo.t<.: ,-& .. - '~··,& tm• ,...._ ...,.41!
~· a ~.··.. · -~~ ·•~ •A-~· '1.
~~,._.. __ ~-~--~~~~ ., .. .:~ ·~ ~--- - -~ --- - - ~~ l#,.&J9 ~ ~~~ ~ 

. .. ­

~~- 1IP ~- $\llpllvio aSsJ.. lhtf -.... aal,._ tren· 

·the..·see. ll!thl.a \holtmta ot tl» .~11 ~r•'• 

Sampl.-~.• .-e ~lei m ·u...,_~. 414 a., 
abw :a.rss ~i:Uee in ·t~te. ~i.n ~eat w ......_ ltk ·ad··~· 

-. GltOep\loa e~r .~ IJ ~the ..... tala« ·dome. It vl':ll 

,. ·~- m the·... awtt.._ 

~t!,.e:~!S:l«l~ .f!~:.rxm&•_ A~fl 

,.,~ ...... to purii) ... .~ ..s,tt;- ·.~ 

~ IDI blf ~· 4!s~il1·a~~ but it wG_fQ\IDCI -.~ · \he. · t.r. 

acld 1JOlUd ·-~ . so ifi ..-~- -~ tile -­...... •at*'· 
ftle. ad« 1f&·. 41saol:'f84 m 10 '"'~ _.r 9S per. ·cent eth... •·aai v. 
SQlu"ioa w!ta ~~at~~n~i&ed ·~the slGW 

aadtU. tAt a ~utto.a coatailda& 11A'4Ulle of ~~-- .-... 

~de 1G 10·. whlYtes ._ 'S pel'· can• ·•-1• Ike ltld.te 



~tate 1'Jhi;ch ~ed was.fil~•• aal lal.U.atel.r' nftsslll,_ 

ill a ~ t>f t.o\ wakr. !he eeluttoa lfU: ·~• ati4 f.me· 

vollllle ··of ••ld 9S .,.-·••• .tbeolwas·.dded to rep~pita't~- tile 

.PJrume Whioh ·was ft.lterei ott, dJ4-,. .afd; stored 1ft ·tile 

~igeatt.r. 

the «.-~ttoa was ...-rle4 .a ill th• ~atus 6oa 

in 111... n. fDa ~Ta.H wu :tisaolvtd .S# a tw milltliina· of 

holl.t.ng watel" .,. plaoecl D. .. tlle -~ioa tlask whbdl was thea 

~ dlDX:hte _t-ree JtiV'o&e o~ae4 by paseiq ·taftk rd.\~ 

·'k-~ aoltlt,;f:".,.__ of . .·__-,..."l"t ....l _.o ___.,.._ _.. ·-·-..If ~'1~--.t .· .-,;t.::t .......... ·wq-~ - --__ -~ - wr~~- ...~----~vr~ -·~"'~~~~c a~ ~ 

~ia u,d".xld.e tort five ~'k.. A tafold. aeus o~· 

~- ,enodat e !a boiled water ·wu edd.t tfta tlle tlt•Ml.• tl~J.'U8iag 

\be li'Vldtm!.QG ot carbolt dionde which ._. twept thftugh a s..-ubbhiJ 

-eol.UIIl ·~t:ar~ tree ~um~·· Aft 1Uidit-1«tal 

'~ .-tai~tift& pMaaia iW-t*"''• WM plu.t aft~ ·the ~bing 

col.lDift 'o be s»re U.l ao ~dt~.de .:ould dit£ae i.Btct Ute 

~.-

cal.vla'--. --~ p. . . .· . rMA' ' . - -(· ~'#:\ ~-~ -·- ,;-.~ ·1;,.-. ""'...~-., -._- ·. .~ ..... ~ -·· ..... _···· ~ed-, ... · · -· ~;;( ~-A, _ .· . ~ ~.... · ._ · . · f#~ j_.-'Ji~~p..L~.J.Wri:~i 

~·· ·fte aodiutA ~·· at>ld-iQII wu p~ 19' .Wbg 
-AA4,__ 'k~~A- -a'1'i · ~-- <~o.- •.- .t. ,-- * -. ,' ·. ..• ·.ii<.<I. · · ..·· ,J.lt. ].···· t.· ..··. ~ 

-~· ~.,.'V....~ ~·· ~ •~ m a ra.~o 04 ·.· .-o 4• 

heat was evolvecl vbieb -all~ \be. ~- bf'd~l«e ·w 41•so1V:S. 

Oa cooli:q• f;JOBte· o£ \lle socU• ~de .am.\ .... .,t \u ••houle 

pl'eetpita\ed, :a.ld. the 101at1on .waa ftltered. on a ~'C:bl~ _ 

~ible di~ly ia\o, t• elllfltoa flask ita.whloll it: was atw.ed. 

http:li'Vldtm!.QG
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When s-odium ~e WI!$ ~ tor use,. ~he air' n~ • . 

n~ the· ~tttiGn was all~wed to ent8' tbfot~b the .... aftl -.ta. 

a dl7bg tube. Witll these p~icma.• U.: "~'- blaflk 1ifa8 

toUid ttl be ..&Do~ 1 .q.,/mtllSwole ef 8041• ~-.. 

the~ ttiod.de ull·eo:kd ill V.· sodina ~· trap 


. . : _ : · .·.· •- ·-~~--.&l<- ~~- 11-~iP~~ t• fl ~A -""~ · _
~-1• · uloh111AY8' ~aaltu Q~~ ·~·~yp ~ · ...· ..·. ··· ..t.•l . . . . ¥ •. . Jfi..';}V #14. -~ . . Ai.. • 

by ·\lie ·.addt•t• of • ~l&\~ ot ~ius ~ori.de -84 a . 

t..to.1d ._.•• ot -~ cbl~t~. file flask ._. tha ~ 

and·~- air al:love :the eQl.ui• ·~'fed b7 suctioa. After ~ 

all.,.. \0 ·~ .~tilt l'ifteell ~-~r tile · preoipi:~ wu KU\eei 

or& &.larg-e:.-. eia\twed glas t'umt•l ..._·•'**' ·ld:Mt be1lbg 

tiM ~1\UI c~te -~- ~- tJ!l,s -e~..,. -dd~ at· l.l(j• 

.aa.t \be ,-telti 4ce~. It·wu ~r'be<l ttt -~ 41•nU. lD 

the ... -~- .. the rock ~-. 

A 'hlank run Qil \his apparatu gave a.bo\1, a114•"• which 

repruen~ leas thaJ!l 3 _per cent r>t ,. ~d. Pelt 'blt& complete 

4,..~lati.oa1 Ji.elds- or 101 ,_.. eent. ·to lOS ,_,.••t .-.. 
--~ -

""'"'-- -~ :_a~·...-....-~ -~- ~-~. ~~ -- latlJJ ·1~ .4~ ...······. ··...·..···_··_ -. &'ft .. ~ . ._.... 
. utiJ ~...~ . ~ .,~ ~~ ~~-· ~- . .·.· .. . ~~ 1TJ! ~ -- ­

..,.rltre (oal.ctu.~M),.. -~ lea• \baa 2 ,.., ~tat 

calctum ~. It -. p:r~.t tlllce l1y tile ·me\11G4 4esed.'be4 

toJ: ·ttl& !"OOk S81JPles, b11\ was· load. '-• be con.kldu-ted -eae ~., 

http:ttiod.de


,.uldiug a ve:q ·· l.ow c11Jo13·rat!o. About ·S P• ot thlJt -~ 

waa•plaeet .in-the ~. llftd. tor 'he: ·d~lutoas. SO 111. e:t 
-~'1-~~~ ·.··._- · *~~ .. . · .,_· ..:.Ad~ _ ..,_,_ .&;llo. ; A-~ piftg. ~~~'1 . · ,...-Ai the -~-.w.~ ....o aG. waa -~ A--~ -~e \,UVP .--. . ........~. ~- '. .• 

~iot1 ._. alJ-.ed t. p~eecl tw tbree h~s. ·tlrJ17 aboa~ 100 Ill• 

ot ·prec1pitak vas. ~. eo that lbe blat tor ttda ~ -. 

about 1:0 per .... 

!he f'l~~· .4le~e~~ s~rain -..- 1a tm other suiphv 

1~ ~!menta ·of thode aud ~r:rcen· waa ~ oa a ~­

~- a ·~mowa amotmt. ot PJNVa:le. plus tmwcanto salt•· !he. 

bao~a wem ~wn b a 11-. ·.t.l.a$k..·keld· ill· a eou'tant ~·'-'• 

ha'h •t 2tt'. !he qetem ws fMlpt with ~ tiawMe .bee 

nltega .... tne ...oa a£tmJtl·e 1dd.dl ~vea wu •U.tea m 

--..:~__ - ··__ _- - - ..· ·.· ..· ..... · ·d· .... _._ < · n.·_·-. .~.-· n"""nc___ "'f.4!.-••-- · · ... --~~ -· fte ~d~t,u.•_ 1: ~~· · ·· ·. ····~. . a -:~ _ · ·.• ·· _ _ - ·A •• ~ -··_·':~•7'_._ ,.,~ < ·· . . •• · ... u.a~ -.. ~-v-.- 'CII\lJ« r'*~~~~ -w ~ " ' . 8 6 ;-w-a ·· · • ....:· 

identloal wlth ~ u..a .~or the d...beqla'l10ll,.. -~ that the 

t»~olmd .tl.a.$k anti. ~tJaer ~ nplae.t with a ltve 

elrl~er .flaslt cont:a'Anlltg tihe buteri.a Clllt~. 

t• mass apectl"._'ier was-a ao4tt:1~~iw, ·ot· ·"tu· as 


d.e.ori:bect by Wanl.ss dcl. fhode {It). ft VU • •QtmYent4enal. fJd' 


i~ llOdiflat to ~t~ ool.lecftiOll ..~-­
. , , ' i· ; ; .. l . 

.-t.of t'lftl tsctopes b;' a mall -~ a ad3BJJtable •att qdea 

the .&ab1ed ·. the ooUeot10..14 · ·.... paira· of 18•,.,_• 11/2!#,. 

http:ve:q��l.ow


WltS.·awl col'~.,_,~~ to .rd.trogoo ·C~ .atJi··S"dphV 

anal7aes. !ile· coUecto.. ·aesembll' was e:ol'ltft~ u ttat ODl)' 

th~·· iW! ®lTertt'S fJf the .. \he ·eo~....... m cpeation .s•l?'t4.ot ·


'k ~ •OtJ rite.g•ke'U ·og natval ru~. -· 

~ ...& proddtd wl'UI • wa~lJI)g &sate& to~­

~ ol ·tne tube. 

fla·iJm -~ fnaa ..._ ...... ,a~ peak• ~ br 

1s,t··-let amplifltd \W' a DO·.•plift.., ·aatt ~lie o-'~ of ·tbla· 

.aap11ti• ap,Uerl -m:~ a 11.000 ~ ·~ ·ana• tde potenu-~.• 

!he. o."~ 'a· ~~· -'luar ··~ is ampl.itl«d by a 'd.brat:b'tg 

·ned ·etee~ter i1fid. tl:da· ~~- l$ ·ua1aa:u ·by a fl!'aet14m.l ot 

the 'ftlt•• · tt~ope4 acr011s tlle put ·•ad -kle· ~~if ·fttua. 

tor·a bal.~ tllere 1t~ ~· ~t to tho vib:rt~\ittg ~~·· !1• ou'­

put ett the ~ is fetl in~ • ·~· .aa:rton~p ~.,~. ~or 

~ sig~~al btpu.t to the·~~- the. pea 1a .... at ... .._,1\l cd 

idw eban by· a t~d Vl>llal;e. Wi'b 1l1e .,~ d bal.aaoe·tt. 

p.e -~.._ m i;~m cartf!e ct the o~. •~• •~·· the 

c~ u e'Jtpres•el as an isowJ'$ Jt~ati1o tBt£~ tv' ·~~ 

potat1011eiiel" ·ott the bal.-. Ya111e. A·•'~ -..ple of..... 

d1u14e -1s _.. t<l p~4a ·'tbe IJd;t.Jal ~·· !he d~ 

ant, ob~ed 'b-7 --~ I w some .new v.:t-. ~ 1a ~1,.,. !bU. 

41sttanoe 1s ·~~ed ·~ an ia~ ~·•-· dit.feJte»R •J-s ·~ ..-ue 
11 * ·BI 1 ae · •g~vea DT W.O..--ad.· !hod•• .._..,. .......... 
 ~ 
t 1 1\ 1 

http:s�l?'t4.ot


-~- _· . : ' -&4.. . •# ~~~ ~--.a~~ .r .....Q Q4 ~ --~~-- .••

'I . . 

-, -----~~tor . 

·1:1 • piA. leak ~-- Gt ~- ·JI':I·· ampl!.fietr 
'• . 

·f)$ ·n0W $e\tbg oir .the-potel\ti-olle~ ·x~· ~ CQJ'JI.M lrlitJt· •• 

~t:het:leal rat;;io· 

. _ j -~-· ·: 1 . _-·. 

·J.,....-_ _ _ , ___ ·_--.- . .·~~4 1 
-~ -~ ~ 

' _it '; .·. SJ., X 

':-' 

~•. len _bpd :~ -$.8:'~ -••-·•·etft~e .ln·--•tote ~lo _wtth
' :' • - ' ' • ' ~ . -_ . -, - . ' ~- - .. .. ' . .'• . ' 

~ · · .....~.. .... .-. ...~ ...-.a ~ -~-_- .__ .. : · . -. ---~--_.. _,;,..0.----__·· __····. ·- ..____ - __ ...___ ·_.. ·__ _-.. -..--__ d. - __- --- ·-,_·- __ .. ·.- ·.·.~- - -. __ _-_ · -~ -.-. _- ·._ ~,-4: -"' _. _-- ----_. ·--_.-- ____ __- . -- ._ · ... ;_.· · ~""~~"" -·w -~ -~~~v· S·~•- -~~v w~·~~" :J·Na: t.~V- :u~~ . • ..,.,.: . ' . . ' . ' ' ' ' ·_ ·-. ' . -· . . ._, . ~; 

thtl_- ·. r-eaomer__· '_ -- · . Y~te ~- ~"- · m ·e'fd:tabett - tile.__.-_ ----_- char'tt_ __ :-. - - iftto·_ -_­ .. ---- -· ·:·" , ·_ ,··~· --- ·--- ,-· ·· ::· · ·-·- · . · . ··· · -

~--------an el~u._,._. ;ftl1ve~ ·c.~ a new d!.ap~ 
~ -Si' tl.:!k..- _ .... ___... ..-1 

•_._., ~ ....... -~~-·- -~ .. 




!Ids tae'Ul<d is 80\ .,..,.. !t the. sample •41ffer• by ..,... 

the abou.t. «~e per eeat . . ~ tate .· '~• In tlda oase \he 

a7Mta mus\: ....r~.-ed ea the aample 1• ~. 

!1\e Ume aeeena17 tor •Ubri• to &\at• wnau a _,., 

ftl~Ple 1a ...t'\ch$4 a d.epftia' mt the· speed ot th$· ma1lt pump· aDd 

011 the wa.ste· sample · a .en • · · ·~ . · ·1sne PlDIP• • the dee of ga 

iDle\ :tea«. V•iag a large ~~· ·pump wltll .a o~tr .t 

67 litres per· .-~, tbe ~!me wu .10 .:ta;ec:on«s- whtle with a 

smaller puap i'h was P"•\17 ~nased. 

It. waa aot- Ph&il.Ue to ~ve <:<t~ ·\,_ ,.. and··t.S 

~~.· peaks. !kls·~ Jaave ·Mea ·lltw ht .,_. te U. \tW!lM of' 

gU'kda. A Sliall o~e -. ._... ~~ Ute reatdnel .•~ 

then: waa ~ a l ....e ~h~ u. val.•• ·•f tu Oi'd• ot .-•. 

JJW ••'• ~r,. ~ all saplee·~- o'l:tt eed bJl.S ..,_ 

ottB$ or·leas £a :a~ ~.-. rau, .._.• _.Nets.• to'; 1~ wu 

o.o:J pea- ••t ·~ less. 

file repro4'ui'b.tlilt7 ~ tor tala· ~~ ! o.oe 
per .... It, • ...,.. on \he aet-.1 pea ·~ ,... staoe tdd.a 

eonttrols t.:a ft11111t:i:t'J.ty• i . e .• ·u..,.~ --~ 1~ asrr.... 
,_. oeti.ltaetre 41eplaoemeflt.- oa the ~. In mas\ of the Wt#k 

8RJtl•·were .~ llslJll 'k• Jd•e; JN~f~P• fte.__,le ~­

·~ had .. - ·~ ani ·the ·~Ufd.td.lity.. ·~ 

!c.oSper..a. 

In tt48.tll'Oft· .....~- ...·~~ . hlv\5.. 

http:aot-Ph&il.Ue


ftetf1 ~-- 4eteNi:ueil by lile,.. (lT) ·ta·O.OJJIJ per ..... 

ll •~tt1oa fa~ .... • t.tds value wu app-Ual M all 

Yal;-~ DMel)t \Jtat, tile --~ Y&t.•• .....aulttipliel by 1.061. 

(A .d~ttlar -~ w. ~U. 1>7· G7!ail {lt-1)). 



.:~~~:~~ 

lae fP./t/ll at!u tor ~- --.a. t • ._.from tive ·~ 
' . . . . 

••..,."~- . aa ~~ .a~•""......a --.11 .-A ··.. ·___- •"1.. _.··_··. _ ,.~_11 ...,.,.,e.·~~- --~-.... _ _ _ · -- _ , - ,• ·_.-~- -_ ·_·_ _ _·. ....._._,.--A ...____--...· _ \-. :. __ _ - _ ·_ ..,.- ~, 'i!'ll --- : .._·· . ~·~ ~··9 •:~~ ~ ~~~-- . ~~ Jl.:•v ~· ·•• ~~J'J,:-.~ 

wells ••~• au~ .aa4 tale Hal.ta ._.. ahewA in 1!_.1., li:I. tlla 

reaulta are ta~ u pe ·«att> ,pi ·aep:\eti.Gft -~~- lillfttono 
.. .. ~ . .• ··~ 

-~~- b7 _ _,{hi;)•._ -~- -.&lves _tb!e ~a 

value G£·as•• haec · ··-··d~l- •~' aa~ota 1!~ 
..... ••• ~- era~~•• -~- ,...~., _._but- bad.• •.,.. 

~"te pftridld. ~ani _.n~e ~Gil~_..-~- 1I8ft 

u.- u -• rer~ -~ thes~ --~-~'bee_... by 

•1.17 .p.er-.-t, telhia·sat9le--(··· ). 

ftlfle\endae the ·l'ep~~Wl!tJ' _ of · -u. {~~t. a 

allPle ._ bp\ •ad.-~•• _..rat "Utes· fke resul\a' •• ahclfa 

!a fable tt~ The-~~ibU'l\7 of -a sapla pr.-.-- -. 

aet~ bJ' makillg up tu ~- at<af,ae ~l~ t.- l.he ;•••• 

rock -..plea. !he--~tB- •e -~ 1a fable 11-. J\ u --- tihal· 

tlte vat•• -.... -about u -ol-.ekv a the-- ~pro4wlb£U_.·ot the 

tas:tr~ wUl ~.. 



A series ,of samplw vu p~ trcm lbe flO ·ewe h: 

~e ·tu vsd.~ ~ugh ·the l.iRatra. ~ (l&b1-e VI.). 

(Jt.mstd~&g ~ the .tiatfl 1a tattle I lt, ·~· the lll;O a.M. 16 trell$ 

show ·• ~bl.,• vad.atiOD ~ isot.pe re't1ott. 

I• tile pl'el-fatlla!7 liOrk o.t fliMl••·~ atad \fall.~h, 
; 

~J.es .-e ~· by ~a «Uterat, ~lmlque itlvol.~ eoA,..$1011 

to ·~ amt ftp~tedpitat:ioa., .~- tit' .car-. 4\~ ·-..n 

llde trtft it~ Ba.CO, ~al()DS ..-.~«1 wltil ~·· l'na 

the··nspecti"ftl .wells F~ h7 the ~~~· It u 
._. ~~- ~.n.· ~- 1'1,.. M~ .1-"le ··wn. tlla\ the ttStfe8~ 

he\~ the ,two uta ot 'flll~ are wigreater than ·tm ·~· 

tO'W¥l ·'-'•• 4ltf'erea& samp1s from.a ~~0\11~ ~~ ·~ 

wn...- -~"'·~~ » ....,-~:~ "!f4',...._...,.._,.._ ~~ . 'ftl&l• .-. ...·······.··.. 
.· .1..~ ~~·· ·. ·~""""~ ~~~ '"""l'r'l''""'~- U'· ~·· V4. & IJQ 

__.,.,.. ~... ..f;;t..-..., --"'1:\i 'l.l!!I.'W'AW& 

,..~~in··.... ~.··~· .·~ · ~·~:o• 

~. ~~. o,psum..ad. adt~«d••h¥tm~· are lMlllal]¥ 1!~. at-

3.-t to tile ~ lltT•• Lia~ ·ia •!lese M3aestt 

la#en ld.ilt\ be expeet.~ to·baY$ a btg~t ·•"' aap~fflitm. 
·to·dew~ ld1etller tilts 16 'he "0~. ~ ·eitre ·~• 

~• obtainecl ~ 'two ·~. .c~~ ·flt corea boa ~ren ..l:ble­

the"batJte•,• ~ .- ~1'•~ •.ru. o:·sulpar.. 

J'rom. ...... ...· '• 0 ...~-- , ..... . .... ,~'"P"'~ . . ' ..W1liiW ' . ·.· ···•..•.. , 'l\'·~"":~ ··· .•~ ·.·.. ·.. · ~- ~~ -~'-~f~ · .-. .. ·..·· .· . . . : .. ..r$~~·~·..e~~e 

~. ·e•b ~~. 1\-om the a~a 4-. '-.$8l9les ... pr... 

pand. •~ ee.ch ~- ~·• •~""• 'iaken boa ~1te ·emte 0-r 



-J&­
tbe ey~e4 core IJMP1•1, ,. ftat_.e _of ~d 1S .-..• ·to •• 

if tura was e varktion •.,._ ·Ute ~•· Xr1 adA~•.. a sasple 

_. IJ.lde up fro• gpaa tro. well. ·fbese f"fiSulta ..._. eh0'8 

.la 'ta'*le niL Tae realllta boac~ Ielad ~'- -~ 

~... ltd.• ~ waa pari.ft«< tv ~Jdtatt• • aaco, 
&Dl~· 4ue ·to ~•• v•rr .1011 ,-tela ·,fit'· carhoD. ~de ~~~ 

ssmpl~ ti> ~be ~'ted ldtb 19 tel.O per -~ •~' -~ 

diod.de ~ ·\he a~phere•. 

J.l~S;laii~~--~!!U!tt•:..-~ 
!hr&e ·mas weJte ..Se of' 'h.• tot al «.-apo$1tt1W1 of 

_-A: i"_ _ · _ •·-~·.; ·-__··· tha- all - ; _- - . -~_ ..a . ; ~- .... ~ •A·- - •~- _·_ - _.___ .."- --- - ~--_ ·~-- -- · ...., . _- _ - ·•~ nr•-..re; -~ .._.. .:¥~~:B;.t:.J>;JS wu~~"'~• ¥£- ~ . . --.. .. ~~..., ~•~~r 

't'eettion \o g• 'lo ~~-.. ·fhe l'iel.ds· ad ra~us _.. • 

:._ ia !atll.e U. Jte ~~oait!oa ~- ~e.Uoa.,. 

all~ t& go t«" tbfte to tt• ._,.. !be Jlel.ds ami \he 

ratios are aa showa itt I ble ll;. 

·~~~~-~ 
4 .-ple ·.Z QG'ba 418WJ~ -~ ·file· bu\eda _~,~. ·tattea 

~-$·- -~- -~~~sit-., tile ......, ... .. -~···· 
lite ~enl:t ap~a ill !.-.le 11.- Ike ~ ·Ut:d .... .at'-'1*._ 

\o ~•'"'* t2Mt -oa PFU:de aoid .-..,....aadttJ..• 

http:l'iel.ds
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. . :_ .'.~- ---··(~··.· .· ID·._·· ·. ·.·.ll&I, .. --·--- ·· - -. 
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~· ··~. -~ •••, 
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. .,.,. 
~· ~. Caloadea Padsh• 
:Lolli~ 

Pl~ 'Pklta•~;··~ Oo••,,.. 
~ .Poiai ~.·· ft:• ..~.eo•.,

··rruu. 

...,aurr .._,...Li..~ eo., 
- ~··· . 

Bolins 'Baa. Whl1ton eo~-~ 
.r-. 

teke~.a~ 
. .fcum• .t.U~ana 

~~a... P.t. 1e4 eo.~,... 
1. 

1 
. .....-. 

l 
•• 

1 
2 

1 
a 

.l 
I 

' 1 
2 
) 

1 
l 

1 
I 

1 
I 

l 

-~~ 
.,J ·•·•·.·.•• .· •.. . _..• , . .f;k: .~ .. 

'lt ' 

4,.$)
a.ao 
a•.k~•.•, 

J.lt7 
, ••1 

J.:ts 
].02 
~3~e:~2 

.k•ul 
4.1, 

-~18•. 
h.
••• 
,. 
ll 

....so). 

tt.lk 

* Yal-. 11WOR"e4 . .rbaa\e filltriJ.3•.88.89.-. S dit£e~ f"fttm a~ 
1. A._apof· ..... .~ 
2.·.···· 

Samples ·pre~. by 1ni:\tal JW80ip1ilabioa u lNiri.Uill ••MD&te, toU~ 
u, d~sitle .!.D at4~ atd.d 



••• 

t~...•:tY. 

!!l~~~~'l·.·.·fl~-:--~~ 

alB tlf DI!.Jilll'tiOI oJ3..~~-~ 

* ~~ ..r -~l· -···...U,
• falaea ":: •• - 411'--•• .fa. ~ 
~.. ., ..,,.., 


l'.IJUJ 


!sl~..'-J'~--~""-~~~~ 


SOtltGI -~~~lOB~•. 

·wan.111 


Wdl#U 
(~-~--> 

l 

' •••• 

1 a.ae 
! :2.14 

l l.fJ 
2 ).f$•. 

k.tJ
,•.,. 

1,.91 

'·'' 



P .

..•,. 

. u._... 

WeU.~. 

~ 

... 	: . 

·it Sample• ~-- a 1"aedta ~. lfOClt ~ .10 em. J: l$ a~~ 

w. Yalau r.-r«e« ·u:e·- dlf.fel'anc.- .~· -.ctard ~ 
~- fll ' , ••••., 

~.· . · ..·.. ~•. ·.·...· ~· ·•. · ·~.~· .. .· ..·. ··.·.•.....~~~~~:~~; 

~~·~-; ' . 

·w.u .fl. ' ..Tt --~ 
lf.U (16 ).DJ :1.01

'·"'•.,W.:U.#? !4.11 
WeU.ifJIJ •••• ..., ·td) ••68 

~ - -­ - -· - . <- -· ·­ - - -­ .' .. _. - · · - . - - ­ - . - . ~ . ·-··· . - - - ­ - -­ . -- ," ~- • . - ­ ·-· · • - ­ - ·­ - .•., -. . · ' • • ­ ··-- -·· . ­ . -­ - · - - • ' . -· ·. ­ · - - . •­ . - • - · . _.•• - · ,- -­ ' " . -- - ­ . .... . " • . ' -· - • .. - - -· ___,. __ ·-· " ' . • ­ - · ·- ­ . - ­ -

1 ~t.fteetton .~ tm.ti.al pntcij)ltati.Oil aa BdOJ 
toUowetl by «•~si"la te 10a· 11..~th adphuri.fl ardd 

I JtDitlea'tlt.Wl by ut~t:inc wiih c•-. at.aul.phlda, 
1'0~ 84 Oec~lDI wltb ..U.pl:iurlo aGid 

• 	 'lalaee ... J .d:tff..-.ea ~al~ ._.. 
~,. -·al.89 
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.StaJ....>·. ~be 
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fl.SI 
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1 J.Jf 
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ll'fll' OF DAft 
IOJtl!dU I .......
,~ l.OS~o- 11.a3 

ht1oa 111~- "·"1QS.t>5S ··B.IP 
,1~1)1 to.,. (-.·4.) 

L.OlkY · 1~01$1 
l&ti.oa 
P-'lal4ec~­

~OJ$t 1.01?8 
1.0. ' 1.016) 

J..oi66 !o .•ooa~ 
.:; " •· -l•~d.·t 
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~11!!!!!~ 

-~ 
lbB .~ bearirts limea\tmee vaJrT. ~:der.a~ m~ 

-.1.'t ~-· ~ ·. · ... ·~-- . ._.._"' .... . · ~ -~ ~.. .· ·.,,· ... .: : .. ...... . . ,.. · A>*'~~ · .. ft;· .--A.J ~ ..·· · · ~·-·... . ._.~· ~~.....~.. ~-~ q. ~~ ·~·~ •• c.• .. ¥''- ' ~~.. ~~ 

a'V'W'ce depletia .., h.n per·· ~. All Ule ~-••ftlu .~ 

.a~ .a s~ea• .fi13·...~-. b;··o.i ,. • ··«: ~· tJa~. _.,_ 

l~~-~ t.o llate. 

·~Jda tu\ po!Bte to • ~· ·or!d;.D ·t-.-, +Ala l!J!'•-'-· 

~~, .~ ·Dicb.. iiave ~·.~~ tftm \be·~itatl.oa 

.tftt··~te leD. hml aolllti• ~ala nfA. a... _.11 a ~·· 81'· 
• ; ~ # o> 

d.,a.U.o_a. llMf td.th:ift th.e.fllP 1$ll .t ...'1flli• .a ~r~f 

ditf~ sample~· -~ anal,..ei ····<••-·!'attle ·nJ. ••• is a Vlir1• 

aide .at .-. 0.) p& -.• u tb$ ·· Sat91aa. . ~t• (,.) ..,l1e 

•"-'ie• a .l.itae~ ~- re!a.W .• _... 4e .am,. itbow a •• 

~e .. v~iort .am~._. .,.. in ~. ~p1ta\loa. d ._ ~-- · . 

or:.~~tu , .... .soltlt1... 

.•!be 110rk ·- · !tale e\-14. (}J8) ..... -~phl!r ~ 

f'a,vnd. m 'thue velia indt•tes ·~ .,he St4pliJJ:r baa··bee ~..S 

.....tb' .· ~''-' ot 8lllpha~_ ··:r ~--tal .•u.. •... $biB ·pro-.• 

eeas le lmtnm to iMolYe 'he p~\ia ·'J~· ·~· tU.wte_. ·the 

aomat_. t.t.,e c.au.-. ~a f•r 'these~· •• bet 

readilp 'Giplained • ~- tllat. ·thtr .a.e·bee to•·met~ &om 

._.,,._A~ Ubel-atCld 1a Ut.• d~tla Of:' Ill -~• eub­

Alt'ete bJ'·. these - ~. flt.&.or'getd.t~ :o~ .• , - ·tlle· ~ 

dl•id• .•wmWt 1$tld 118 to, ~ tlte r:IJ 'tkwletioa et 'Ute lJ~tea~ 

http:itatl.oa


to a •£ the o~er :or ) pw··-'· Sa ltuptnc wttll $he •alus 

t... bJr ._.alg t• wa.se ~. 
the ell depl.etiaa .,.,..._.,lu take al atf:tue~tt de~ 

(ue , .....nn) .... .a detkd.t.-4•~ .Ia the bal'J'. u.... 

a\one abcwe the .U.ptar bewi,q Iqu. HGw~•Jc ~ ~~-­

_.. attll !a ttt. r•s• •t tilma ~~ .tor V~atdr~ ~. A 

dillltioa f~t· •• -=~'- h7 _..!a. Jl'8i.plt&tltm allllt he apealt:ll 

1ft tile 'D8re l:i.me~ ~te,. ad. this' walt~ .~ ~ l-.1' ·Ute 

.clJ depl•••·· 
tllere appe&N to he a:o ewHkU.. ,...... -. ~ 

~Y401d.-tt• •-.~· -.. wa11s •.-the~- .~.u...•t• 
~rtlrl • ~- at Ill. '11'48 b .....~lsiJl& -~ ....... 

\ftll:!og tu•• tor tlle ·~ 1Gatope ._ is ~ tJie 

~·· .,.a t.ge ~erwoil" o~· orcato ·~. u • ~M\&vate, 

. a.._.,. t• "a• ~ ._tile l'.aido Bill 4~ the~· 

ot a'd.pha"e ,r...t. &ad· tiiea taetwa .-.. tmrf.ll.a'-1 ..... ·tt. 

-.~. 1dl1 ~ grow wttltoa't ..,.ta belt~~ P~".-'• .r··~ .,.. 

1.... (S8) ht ~i.ng w. e:igia ott~ •U•· 

bell••·til&\ ._ ._ f•• .a ~'-7l$81~ ~17 ul\ 

aedes. lt _. 1-- t-.\ ·up··wlta ~..,t, t. \lie---~­

.-liaa'*­

fae 1~ t~es tfl.f! \ba .rlgla. ot \:he· •ap ....k _. a 

tou-.. 
1) a •• 4epuit«d • ptl't •t Ute ~tBal •a.tt ~-· :am~ .,. 



pulte4 ~ ·til~- --~~ - t~_ .Pr...' .pGdUo•-. 
I) Oldy \he··..u~-. vae p~ ,,., ~JPSua;. - ltllld·tOJJII,, 

• ~---- ----~-_,.....,. -~ · ·the~--­
l) t».e cap was pr~ltat.S o.a tlte salt: -·ce.· baa bt~iag 

.of dre~ldd~ -~- - -'' 
II) -~te ·ta.· t-. aa:l:t eu7eilll8 been_.~tal a\. ,.-.put­

..~'iiliW"~ Q;l.~• - ""'' --'-• -~-i.U'~~·.·.-,. W,•_· · . . __-t __, -· · ·_,· _ · . .. -. _ aol.. ··-- •·--·l.\1: -.- · ""'- -~.. : _ ..• ." s_" ·. b~fo· Jugb_.- · a.:boutf .-~Ylf · . tlta_. _.. - . _4 
!Ail_ _· 

· lo·.,_., l:!JI.a-., et e..... 

ftteedea 11 -lllld ft .-.•ltel4 _·ta he _ 1l~:lf•1r -~-._ ., ~­

ia---.. bT *.** • "' '•' thblc _a;talt ot _._g*it. eolli·d h.t ~ 
ao,coo to 30.000 ,_.,. ~· •.,,~ lF :the aa1•. - Ill-le~r.r 

~tsc._tea 'b7 ~•: __.at1la ·~- -~'• ·~- ·t-ua · _.ls~o~ 

aittoa ~• uS\ _.._ ~bttliia«d fftm _a«f!.,.~ -17/iJ-1• . 

al89 -~t.t a -.. &Jll8: 1rtsaia. "'"b -~Cfti tAt l~r,_ ~~- --~ 

•ttJ•U•• _.. lrd~ ~there~· __,.__... ~--~ u 
• a.:lt ~• ~. ,_...., tor· tile t6ieJmesa ot·~~'~ and ~' 

a -.fftci•• ~ f6.~~ill*"' arta11!00.~e- k 

•~~ water . ·wl.th_.t\Ura_.
' '. 

&tal\ ia _touai la ~.ctioa . wltll ~\ d-. (Sf) IIJd sal\ ~--­
···-.. -'t- ...____, ·.".......4::---•....a *',.,.4.&;)0.. , · .· · - .> ___,._ .A.-.._._ ,... , ,t.-.;114f~w.- \~· 

-· - -~ .t.'t.-~ . -~~ __.VA_.~ ~;lit~~- ~~~- ~- & 

pteat, deal- of aalt hair _. ~- in solv:\18. 

o..w ~$ul\it 
• 
~._

- - - • 
, the.,---~

• • 
.the.~ 

' , ' • - • 
••

' 
--­

- · • • < - 0. ~ 'L • • ' • ' 

·~ bF pedpi'tattoa iftll solution. 'the ~· -~ .._ 

•• be vta a ~Ga~fo~1tm o-t.tae ~-,. lfQe~ !flt'Wiate et 



•U. 

.a.\\ ... peWt4og ·~aYe·· acuepled ·the·.·~· ot aihraU.• fe 

\he..~· fft· the .~.·..a lims._. ·cap· ~. 8aJ ._..· ::tao~ 

attKU• ·auppot-\ tlda ~. 

~-¥\l~~!'~t1 ··~· 
·~. ·u. da'-.1D fall• m tale laDe~ •lf'-' ... ...

readily oal•ulateft . 

••• r · - ~-u.· fit c'i11i!J 't"4uea.for ~i&\ ·~·· ~--~ deo~ti­
f .• ~e14 tor petlel .4~dt1oa 

~· apeettto rat• ~t 10'1! the 4~_,!4,1.& fit 

·G .... . 

ca,-i - c'1ot~ 

If ·.· .· . ·· .··.···· · ~.l.OJSI 
~· .· . 

•ta. 

#liMe \he buteli.. lt'S~ ·is.· ·~der&lf)V .._. ...,18 

·W'14·tke•4ete.Suatita sullleo1i t.luc...•·erl"'OI'$•. tbe ~k··llet..­



.__two-r 'eAl'- b tairl.y goorl•. 

-~- '-• ike Bigel~ ~- tke #dill' 1tJtcz 
u .p..-•• 

G(UJ.*) ill efta ad-G<l\1d to suo 1lkea _•till U4a -...,. at•• it ­

~ • th• t._.e ooulat- ot ·tlle-_-~aid u 0. a~1Y&t.el o-. 

pla is -•~ to._,..,_•• u a ~ ot to t'tnt TllU'atifRI 

4 :cma: the ftafltiG~t ..,.-a• ._ tate tw. •one~ llim\ e. -...,. 
.-ll. the-ld.a1- ~- ol -~~ .-ld•be ...... it tile '-­.,_, 

·~ :... ¥1 _ ·.·_ , -· ...... ~; • 1.010. 
--~ .,.,. 

'O&i~S. tua• lr~ the ....... ot -~· flO· fQ1!a a~• 

., eDalC~~1d.th lWild ..~- ~., Ia ~'- ,,., t1le ~~-: 

mar ~--· ~,.. a-.,.u. m\el~-. (eo)•. 

http:eDalC~~1d.th
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- G• I 

\ 

!he t!.I'B\ .a s~. 11teps •• aa.•-tli~um l'eaoti.ou ao U.fi ao 

1Ptopefilfte-dle··~ted~ · :fbe. ~at• 4...,d.n~ng .'•tep lnYolves-; .. 

.a .-u~- mt~t~atte.,whtoa -~tl _ d~":a:ta .De .-~ .•_.._ W 

aid· tlltla-~--• e(,.). -~ • •~at.· a~. ol.oa w l.OS 

:m:t-··-be>-~. · Jlo.-~- - it-40.•.ACt ·ueJJ - -~~ thf," _-9.tf_-f..,_ 
..· ........"':" ~ ....._-... --a. _. ·····... ~'14; .t .~;-,....:~.• ..... . ·..·· .. _ ..... ,.,~.....- .., -.;1;.1....- t~~ 
-~ ~ -tm.~ a ~~C J<.D~"'~· WO~ ~~-~- ·•~ .--~.j1"9 • 

elf'~ -t. a val.,.• :below '1.010. 

1b ·fiae-,bl-'-'cal ·(taae. -·:tl1e ~•on t>t pynd,o ·Md4­

tn ..~ ,_.le -p~-- -~\ · ·· ttJl1f11f$·(61)t 

' (f 
I( 

o-, - c- CGUJI • 

. . ·~ 
If I ·I 

~ -7 ., ,... • ,... $ .- .., • • - .,c 
..._ 

I 

B- 8- ·<Jia-

CoMB atuda ~- ......,_ A. a s~ tor (GBI)J..-Cbll~: ._ .-tva 

egett ~ ltpot-. ait. 

http:l'eaoti.ou


We-~ -. al.1ftJ tllat aua a ~ioa ~· ..,,... .sa 

_....b1o ~ria. !he --*.W. ·of 'Ute Ndti.cOil .1$: •'" •••• 

.a~ p~u.-. irdteate it, o~ \1e a ai·mp1e ll.wl·~ 

~·• ltfwle the~ effeetta are .,.q tll& .-, .·oae­

.., lle • ._ to postllla\e a ·voll~ U.~:ah. 

I I 
..,, - -~ - c. ­

l 

Ike -~ -~ •"-~••~ • ·u. oddicatas: -s•' a 
plue ·ot. ·tile '-· ~- •'-: a \1te p~'OU reaotiea. 

~1 group or
·, 

·· ·w~ll~ add .._._. to a d:epl.UGD e~- · ).M fW' 

c81\ 14th -~- ~o- >~be a'-di'N lt-.hlle. It tile ~thlcllJJ 

..... ~! "'--••-_.-~ ~~-·~ .,.._.···. ··---.~- · · - -~._,...:"fA ~.. tba:t Jt- ti··~- ~liitDr~ • ~~ ~- ~~-:.~.~*.J .......~ -r-- . · ~ ·.fl a 


d:llDU.oa •*··~-~-- \he deple"i• ~4 ~·~- a 
v~ llel.011 ).00 pttlf ~t• ._. ....... ol'dta.,- ••~'Me t. a 

+ · . . 
~ app...l!i~C ••1 • O. l ,_- ..-,. ftla' thi.s Ia \he-.. 8aB 

........ ~~ -eal7U:• ~~-- , . 


-and #10 walla -an J'U'i abfJYe 'Ull• Jl..-. 
ftle •••al. ~atJrate tOt! tha baeteft.a ~teed .., t. -aa«.·aoat 

P~ibll' .._ 110t ..Si'WB wnvate_. • 't:bat; a c~ _,.., cOIIpia\e 

http:d:llDU.oa


..,,_ 
apt...... ~ ~,. l t ...~- ~- itha\ . ta ,.t 

'to Obtala e~tli~ ti'Oa 'lle 4~'imt •t ~ 

matft. whJeh ldll have a clJ dapl#\1011 u h:igh as $.1 .,_. ...... 

Yllb:-c.._ tliodle tJOlil4 ~law. t~ -~ ~107 ·~ 

~" U1 thse wlls b7 al~.a- ot ... c--..• pJ:Opold. 
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