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A!StiACt

s lud i . .  o f  l3c / l2c  . . t16 .  o f  . . r6on

dtor td .  tn . . .o  3 . .€ . . .d  l .  ! . cod . ry  c . rc r t . .

l, tn n1..! pr.n. to c.tbo. dtoxrd.

olrbur.tlna, th. .ourc. of thi. a.. lt

. x t . rn . l  to  th . .o .1 .

2. P.ulr. dr.rnrq r...wotr. of ulultc or

9!in.ry c..bon dlorld.' t.th.r !h.n

tnrru.lv.., .r. rh. tro.t llt.l, polht. of

.ntry o! clrbon dloxtd. l.to orn...

3. ti. hr8h.r .h. .on..ntr.tton of c.lbon

d lor td .  ln . . .n  3 . . .nd  th .  w . t . !  lh .

' tn . ,  rh .  I .e r  th .  I l k . l thood o f

..cond.ry c.lctl. occ!.rln! .. . arllrna

tn  c l . . t . ,  r r . c tu r . .  . ! c ,

t. A ro1. phy.d by c.!bo. dtortd. in

plonolt.g ou!6ur.rt.a !.y b. th.

c6.v...ron of ..1.1.. ro .olubl.

blc.rbon.t.r rh. r.@.1 6f thl. in nin.

e.r.r .nd th. .ub..q!..t w.t.trtn8 6f th.

r . . t ! ! . . c .  o f  th .6 r l t  co . I  ro . ! re ! ! .

\r.rt!tton. ln th. .!tur!! tltlo of rh.

. t .b l .  t .o toD. .  . l  . . .h .n r  ' ' c l  _c '  My r . .u I .

f to  chmic . l ,  phy . t . ! l ,  b to loA lc . l  .nd

r .o lo r lc . l  Droc .8 . . r .  
-C l "C rd t to !  . r .

cmonly rnd .oN.nr.ntly .xpr....a f.1.t1v. !o

th .  ln t . rn ! t ton .1  s t .nd . rd ,  P . .  D . .  & l .m i t .

(PDl) in !r'. follwr.a 16r'

Th... ch!n3.. 1. r.rto tuy lr.qu..tlt h.

t.terDr.t.d tn t.rd oa ah. ht.!.!i.. .nd

.our... .l a€o1o3lc.1 n.a.fl.r. .ndr rn

.dd t ! lonr  . r .  o f  D . r t t cu t . r  v r lu .  ln  p td rdrna

.rh.rrl!. lnobt.tn.bl. tnfo.d!lon ln !h...

r . .p . . ! . .  s tnce  fo . . l l  fu .L  .nd  th . t r

6.rur!tlon tloduc!. .r. l.t!.1, co'prt..d of

. . rbon,  Lh .  h . . .u f . t r . . t  o f  ' - c l ' - c  r . t to .  h . t

D !6 t . .  o f  r ld .  .pp l i c . t ton ,

H44. r r  unr l l  r . c . . t l y ,  co l l  h . .  io . lu .c

. !.n !.IIy unf!.hlon.bl. r6ct, .lrhouah 1t s..

t.clud.d ln rh. tnrri.l uD.!ra. of fu.d!i..t.l

rn t . r . . t  r . . t .b ! .  1 .o t6p .  r l t lo .  A .n . ! . . .d  t !

rh .  l9 t0 ' .  (c ra ta ,  l9 t3 ;  J . t f . ! y  g !_4 . ,  19 t t ) .

Nots t !h . t .nd tna  th r .  t r .na .  . . .h1 .  l .o toD.

.lodi.! o! Aur!r!ll.n .o.1. h.v. b..n conrtnut.t

.t rh. cslf,o Po.l c.o.ct.nc. Lhl! .t No.rh lyd.

Althoqh no l.otoplc tr.!.!r.r..t. h.v.

p f .v tou . ly  b€ . .  a !d .  on  o ! tbu ! ! t ln3  9 . t . . ' .o ' .
r .d t r€c !  tn fo l la t ton  e t th  r .a t td  !6  th .  l3c / l2c

! . !1o  o f  c . lbon  d lox td .  t !  r t ! .

hy .rrl1.r .xDlorrtory 1nv..tla.rto.. of th.

lro.optc conpo€1rton of carbon.t.! a..oct.!.d

v r th  r rqurd .nd .o l rd  fo . . l l  fu€13 (Cou ld  .nd

Sot!h, 1973; srrth, 1973i c.trrd .nd sbr!r',

1. Expertnenral Offrcei! cslRo IEr e.o.cr€nc€

Un1t, Norlh lyde, Nsll.

2. Prlnctpal R€.ea.ch scletrtl.!, CSIRo I!e1 c€o-

sctence Unlt, North Ryd€, NSr.

r.c.n. .tudy th.

d l . r r l bu t t o .  . nd  i . o t op l c  . o rpo . t t 10 .  o f

Th. Aui. I M M. Sourhrn.Ou.cn.l..d Adnch, Th. Occu..n€, Prdclio. tnd Conrd ol
Ourbu6r. In Co.l Min€. svmpo.lum Slpiodbd, lgao



86 K W. GOULD.nd J.  W. SMITH

. a rbona te .  t n  124  coa l  3 .np1 .3  f r oD  bo r€6  and

itn€s tn the Doue., Callle€

ca l c l t e  was  recove .ed  r r ob  63

aanD le .  by  h .ndp l . k l ng  t he  c r { r hed  co . l € .  I r o -

t op l c . na l ys€3  o r  t h€3e  c ! l c1 t . e .ho r . d  r ha t  t n

no .na l r  . ppa ren t l ,  und l t e red  Pe rs i , n  coa l s ,  ehen

ca l c l r e  occu r r€d  t .  h { sh€ r  conc€n t f u t r on8 ,  r t

k s  unexp€c ted l y  anc  i eha . k ,b r y  en . t ched  l n  r he

hedvy cd.bon

ras  f r . q r€n t l y

r . 16 t l ve l y  d€p1 . t €d .  , | h13  re16 t ron6h lp  1 .  shoh

tn  F l r .  I  t ope the ru t t h  r ve r . r .  6_ - c  vd lues  f o r

6 6 r l n € . r r b o n a l e e . n d . o a I 3 .  t n  a d d l t l o n  c o u l d

rnd  sn r rh  ( 19 t9 )  . o t . d  t ha t  c ' 1 . r t e .  f . on  h€ ' t -

6 t t e r . d  . 06 l r  f r on  t h€  n .uen  nd r i n  6ho ,ed  d

d . f 1 . t t .  t r . nd  t oud rds  d€p le t i on  1n  l l c .

1n  t h .  t eo top t .

conpos l t l . n  o f  ca rhona t . s ,  p . r t t c r l . r l y  t n  h€ r r -

. l ! . r €d  zo . . 3 r  ! o r s . . r ed  t ha t  r l n l l 4 r  l so rop l c

v i r l a ! 1 .n3 ,  d .pend€n t  d .3o t r r ce ,  n l sh t  h€  f ound

1n  t h .  . a rbon  d l . x1d .  t n  3edn  s . . .  T te r . f o r€

th l i  i t udy  u . .  co .n .nc .d  1 .  t h . . i pec t . t l on  t h . r

3 .3  n l r h t  po . s . r s  ! p€ . t  f  t c

l 3o t . t l c  p rop€ r t t ee  ch . rac t . r r r t l c  o f  t r r  8ou . c€

.ou Id  b .  u t i ! l zed  1 .  conb . t t ns

the  o ! t t u r . r  p rob l€n .

NFFII'ITIO OF PROsLE}4

tu tbu r . t l nA  t n  . o r l  n l n€3  cou ld  p .es rn ,b l y

h .  i J€ r c r t b .d  6 l sp l y . r  t he  v ro r€n t  €Je . r t on . f

. 6 . 1  r nd ld r  q r3  t n  u rde l y  v . r y l ns  p ropo . t t ong

In i r  de r l n t l 6n

r cu rd  n .3 t  p rohab ry  no t  f r nd  un l ve r ss r  d . . ep r -

, nd  ood t r l c . t i 6n i

n r s h '  b c  r c q u r r c d  r o  s a r r s l y  a  

ove . cone  t h t s  d r l t t . r l r y  t .  de -

r l n l t t on  r€  r eco8n l re

v h r r . 6 r U F . r € v e r t l r e r d n . q e -

o f  '  61ne  r . po r t  r hd t  such  a

!o  bc  pend tna .

on  t h l s  Lnd€ rs t , . d t ns .nd  on  rhe  b r . 13  o f  da ta

co l l €c ted  30  f r r ,  l t . ppea r .

l u . t r a l t an  n l n€s  su f f e r l nR  f r on  6u thu rs t r ns  1e  a

lttc t*.porr

I l r ,  I  -  6_ -C  v . l u€3  o f  . . r 6ond tes  asdoc l . r €d

r l r h  f o r3 l l  f ue1 r .  Ad .p ted  f r on  sd t t l r  ( r 973 ) ,

D . r .  p r€3en led  by  co r l d  6nd  Sn t t h  ( 1979 ) .

h l sh  con .en t . d t r on  (1 .e ,  >22  and  o f t €n  i p  t o

702 )  o f  ca rbon  d l o r i de  6y  vo16e  l n  t he  r . . i  Fa t

cha r r c te r t . €d  b r  a  6  
- c  

v . l oe  o f  - 7  t  ?  f -

o . I y  co f r non  f r . t o r3 ,  r . d€ .d  da6o . l a t €d  tFneous

. c t l v t t y  and  f . u l r t nS  . €€ '  . 1h I  l d r l y  . e ra ted .

s d s . o n p o s l ! t o n  t i

a  c r t t l c ' 1  f . c t o r ,  6u t  a .  . 33d . t i t l on  o f

h l sh  conc . . t . 6 t t on3  . r  . a rbon

e r l r l  r . ! . . sed  l n  t he  €a r l t . i t  s t ages  o f

v r t h tn  t h€  co . l

1 s  t t ,  r . l 5 t l v . 1 y

6 t l on  p roduc t?  I n  vh1 .h  sen€16 t l on  o f  c , r 6on

d lox l d .  do  ca rbon . t .  i r n€ .a l s  have  t he l r

, dd1 ! l on ,  i f  t he  coa l  1s  l n t . uded ,

! r I r  co51 /nagh . / ua t . r  r n t € . -

ac t10n6  a l t e r

o r  . 5 rbon  d l o r l d€  and  c . r bona tes  v t t h t n  t he

3c !u?  l r l . t  u11 l  b€  t h€  e f f €c t s  o r  . ee to .a I

and  . r .  l he re  poss tb re

A l t housh  Ha rs raves  (1973 )  h .3  l nvoked  a

o r13 ln  f o r  h l eh

t ! o
I

t 1 0

i ' "
t

Thd Aus I M M. Sourh.n Ouooruland 8E.ch, Th€ oocunencs. Pr€dicrion and Conr@l
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c.lton dloxtde tn 3€6n a.., on.qulvocal .vld€nc€

r.aaral.a lhe .otrc. of lhe c.rbon dro'td€ 1.

stllt r.qulr€d. Tner€fo.. .tt.ntron tEr b...

and dturr.gut.ht.A h.lEen th.

aourc.d of c.rbon dlorrd. tn co.l !..N,

t .  p . r t t cu l . r  t h . t  . . . o . t . t . d  d !h

6rtbur.tin3, r.d

2. the 00..151. ro1. 6f c.rh.n dtdrld./

rnt.r.clton In plohotlra

l.otoD1. '...u!o.n!. h.v. b..n

n .d€  o .  B ! . €o ! .  hyd roc . f t on .  t n . e ! i  8 r . . . ,

prlnctp!1ly n.ih.n.r rn o.d.r th.! lny oth.r

v.lu.bl. r.t.tlon.hlp. 6ttht 6. ob..acd.

l . c . o . .  v . r y  l t t t l .  d t r €c r  l n f 6 r  r t . n

.xl!r. on th. .our... lnd th. l.ototrc

.o.9o.ttron of ...o.d.ry c.r6on.t.. ltr co.1

ror c.rbon dtortd., . bro.d

lutu.y of th. .ttudtlo. h!. b..n com.n..di It

i .  . r p . . i ed  t h . r  r h1 .  r t l l  ! l t d  ! . r n l . g f ! t

cop.!t.on! to b. dr.h b.t*.n t.. .nd

,nd  t . o l op t c  . . ! t o !  1n

!1.b1. nin€3 .nd In tho.. nln.. $.r.

o r t hu r . . r n t  t r  r  r . c6 !n l . ed  o !  po . r t b l .  h . r . r d .

EXPERII'ENTAL

or th13 .un.y l4 rrn.. firv.

,nd r,. lnd carbo.lt. a.npl.. ..k.n

flm dor. rhd 30 lo..t16n. cov.!lns a !.!tr..

c!..! e.r. .oIr.ct.d wh€..ver Dor.rbl. fron

ho l . .  f r e rh l y  d r t l l ed  t o .  d . p !h  o f  3  t r  t n

viral! c..I. I,J,t.r o.clrrtnB ,tth rh. 8.. v..

. . l l . c t . d ,  d r  e€ . . . ! np l . .  o l  co r l  . nd  c r rbo . l t .

f l on  t h€  l nn€d l . t e  v l . r n r t y  o f  t h .  ho ! . r ,

D.t.l1. of th. rerhod. ua€d 1. .h.'r..1 'no

t.otopt. rn,ly..! of th.& Drodlct. ,r.

d . . . r 16€d  . l se l n . r e  (Sn r t h  . nd  c . r l d ,  1930 ) .

Co l l . c r r on  3 r t . 3 ,  r . l a . n t  n . l y t t ca !  ! € ru l t €

..d b.l€r t€nerrl d..crlptton. of c,rhon!t.

n l ne r . l .  . r e  t r v€ .  l nT rb l €  l .  t o . .  d€ r ! t l €d

!n.lF.. or th€ c.lbon.te .r€

.a  . i  - lO

ltc ol k o.r .rb c.rid.(t toa,

FIa. 2 - l.oropic chlnl€. .ccmp.nylna th.

d t lo t ion  o f  .o r f r . l  . . rn  g r  by  . r t . .n .1 ly

d . r tv .d  n !Bm. t tc  c . rbon dror rd .  . !  x . . t  C l l f f

.lor vr.t.r!on. @r. ob8.rv.d ln .h.

l .o to ! tc  conpor l t to .  o f  3 . .h  3 .a€ .
v l rh l .  lndrv ldua l  s t . . . ,  0n .n  th t .  ra6  €o ,

3 . !e !  s . ! .  a rb i t ra r l l y  c r . . .1 r r .d . .  ( ^ )  .nd  (3 )

on  rh .6 .11 .  o f  th . l r  c . rbon d lox td . :n .1 r . . . .

Tn€ s . . . .  f ron  l le r r  C l l f f . r .  c l . r . I r l .d  ln  th l r

r .y  ro r  rh .  purpo !€ !  o r  ! tmDI€  .mp. i r .on .nd

1 lh3 . r . t lon .  I .  f rc ! ,  d ln3  to  rh .  . x t i . r .

v . l ld t l l t y  o f  3 .s  .onDo. t t ton . r  I&r !  C l t f f  .nd

o l tb l rs t lna ,  th t .  .o t l te ry  $ .

a  d€r , t l cd  ! !udy .  f i l r  b rk  h r .

rn d.latl .l€erh.r€ (s'rth .nd
con ld ,  1930)  .nd  r .  p r . . .n r€d  h€r .

d l . r r 'mat tc . I ry  ln  F ls .  2 .

r\Ithough l.cluded rn the orlgtnal 8!w.yr

fr.n th. lr.b: S..te dnd l,ldd.tt

I

i

tr ,
!

Th. A!!. l.M.M. Sodh.m Ou..n.l.nd Brdnclr Th. Oe!rcna. Pr.diclion .nd Conrol ol
Odbu6! in Co.l Mims Svhporium S.pl.mb.r,lgao
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St't€ dn€8 ar. not r€por..d h.r.. Tt'c 3'3€.

.ol1.ct.d .! !be!. tuln1y of llr

!.d oth€rrl3. co.t.t..d onlt

dtorld.t pr€lnn,bly ..aulrln! fro' tn. ortd.r1o.

of 1on3 expo.ed coll !u!fac.!.

r\l 6hoh ln th. foor.ot€ ro T!bt. t,

..v.ful of th. oth.r a.. !.opl..l

8.iple!, .l& co.t.tn.d .tanlftc.r! q@.tttr..

c . u . r on  l n  1n i . r p ! . t 14 .h .a .  d . t !

ur. !.qutr.d b.c.u.. tt y.. not .1hy. po..1b1.

ro ,...rt.ln r6.th.! rh. .1r

dlrinr th. coll.c.ton p!oc.du!.r or 6.th.r 1t

r.p....nt.d .tr ti.! r.! p.rn..tt.t ih. co.1 ..d

tlvl.a rt.. to oitd.lld productr. tlh.n re:i

Ar!.. co..t!t.d !.rt.ly of ..rbon diortd. t.

l dd t t l o .  t o  ! t r r . nd  16 . .  t h .  n l r r oS .n /o rnen

r r r16 .DDro : i f r . . . d  t h . t  l n  t h .  ! ho .ph . r . ,  . .

fou.d fo! tfi. col1rnrvtl1. (l), C.1lt.rt I .nd

Pr€!ron Ert.nd.d (t) ..rp1..' tt s. ...uh.d

..1. ro .c.epr thri !ht! c.rbon diorld. h.d not

! . € ! I r . d  f r n  . . r t . l  o x rd . t l . n  o f  i h . . o . 1 ,

|lo{.v.t, ,ltholAh lh. llunnorrh' N.v.t.n !.d

Pr.rton lrr..d.d (A) ..np1.! con.l.t.rl l.rt.ly

o f  r l r ,  16 .  . .E . r nd . r  r . .  . l ' o . .  . n t l r . 1y

ruti.n. et!h only r tr... of clrbo. dloxld€,

Con . . qu . . t l y '  t n  v r . e  o t  t f i .  d r l l l cu l t r . .

norF.!lt ...oun..r.d tn ..p.!.tlng ..d .n.ly!lna

.o.h . Bull cofrpon.nt lndr tn .ddlttonr th. loe

t.v.1 of c6nfrd.n.. rh.r il8ht b. .rr..h.d !o

.nt r..!lt, no !tt.!pt $. n.d. lo !n.1y.. th.

c . r bon  d l o r t d .  I n  xundo r .h  . . 4  N .h t . n  . . np l . r .

Drscusslon
Soorce ot c.!bd. dtorrdc

c.rbon dlorld. t. r.l.!..d h lrprdly

d16t.t!hln3 qurntrtt..

throu8hout th. .nltre hld.ory of !h. Mtlr.tton

or pr.'.*.d lrtrd pl.nt r..tdu.. to hlgh 8!!de

titlol.oo! co.l!. on thi! wld.nc. rron. .om

doatt tu.. erllt dtb r.t.rd !o th. pr.ct.e

orlatn. rnd htltort.8 of ou.bur.rt.e

.on..ntr!tlon. of c.!bo. dlo!!d. and or

c.rbo..t.. ln

The l.oropic dlta ln T!b1. I coaeth€r rtth

prarou.ly pubIlshed tnform.tton on c..bon.re8

tn  Au . t r . l t an  . o , r .  ( sn r t h ,  1973 i  co r l d  dna

s'lth, 1979) .xclude s.ny of ch. rnoh po..lbl€

!ourc.! of urhon droxlde dnd 6y .o dor.e .Ilot

th. do6t prob.ble rolrc€ of ootbur.tlne

conc€.tr.!1o.. or ...bon dtoxrd. to 6. deftn€d.

rn dt.c$8lon of !b. lourcc. of c.rbon

aloxrd. .nd ..rbo.!t€! ln coll ..m. .nd or

t h . t r  po . . r b l €  r o l . .  t n  ou t6 ! r . t t n3 ,  1 .  1 .

p.rhrDs tln€lr !o mpr'..tr. !h.r !h. c....tt.l

o ! 19 t .  o f  . I l  co .1  1 .  . l e l ph . r1c  c . r bon

dloxtd.. Ttr. s106.l ..r6on .ycl. ,nd th€

.xch.h8e of c.rbo. dlortde b.tre.. th€ rtnoa-

ph.r. and th€ oc.:na h.! L.pt th. l.otoplc

conpo.itlon of .h... !€€€rvoi!! con...n! ..

6  - c  - 7  ' L  PnB  .nd  6  
- c  

. . r o7 -  m l  r .Bp . c t l v . l y

f o .  Do . . r b l t  . t no . t  2x l 0 -  y . . r ! .  Pho to r yn lh . t t c

f l r t ! t o .  o l . t n6 .Dh . ! l c  . . 6on  d tox td .  p .oce .d !

Drtnctp.lly vt. !fi. c.lvtn c,.1. .nd thua' .t

' 13h r  b .  . xD . . t . d ,  vho l .  I l nd  p l . . t a  . r €

a .n . r . l l y  o f  r  l n t f o r t r  t l o l op i c  cmpo . l t l on  r l t h

. 6llc ".tu. n..! -25 7- PDr. ri. d.ct.€se ln

t t .  
l 3 c  "on t . n t  6 f  l . nd  p l . n ! .  r . l . t t v€  r o

rttu.ph.rr. car6o. dtortd. reatlt. flos

dllcrttrln.!10. "e.rn., 
l3co2 dtrtlns photo-

olr th. d..th of . plrnr .nd 1r. depo.lrlon

rn .n ..tly .6.I-rohitra .r.dD! ib n.lo!

r . . . t r on .  vh l ch  . h t . f l y  r f f . . t  t h€  l . r 3 -

! . ! 1 . t r n t  p r . n t

. t : r ch ,  my  occ l r .  I f  r he  s . t . r  cde !  1 !

oh , I l oy ,  . . t d t .  ox l d tB rna  co .d r t r o .E  p r . v . t I  . . d

t h .a€  co 'Don . . t 8  . r .  ox i d13 .d  t o  p roduc r . ,

r nc l ud rns  c . r bon  d tox l d€  o f  6  
-C  

v . l u€  o f  - 2 t  1 -

PDE thrt 1. loat fron !h. ..dtftnhry .y6r.D.

rh.tr th€ y.t.r cov.r r. d..pe!, r€du.in8

. . nd t t t on .  6u r t ab l .  f o . 'Me rob t .  f e rn .n t , r r o .

6.y b€ e.!dbll!h.d. !n thls rttnatlo. Dtha.€

lnd c.rbo. dtoatd. !.. c6-prodk.d, prob.bly vl.

, .t!te .prolchln3 l3ot6Prc

.qltllbrlu (Rd.nr.ld .nd srlvc.r.n, 1959; 0!n.

and  D . . vey ,  l 95o ) .  n ' .  n . t h . . .  ( 6 r3c - t o7 -  PDB)

Th3 Au.- LM.M. souihm olsnrl.nd Bdnch, Tho O@udna. P..dcrlor .^d conid or
ourb{rri j. cdl Mino Syopqluo S.pr.mbr. 1960



t! l6.t fror rh€ .y.t.n r! ur.h 9.. !.d tt.

tr., b. d.po.rt.d .. ..!ly
.uthla..tc !ld.rt.1c md!1.! (6'-c +4 t 3 !/@

PDB) ...lor€d rrrhtn rh. co.1 .u6.r..c€ (could

xtlh d..p.r blrt.t .nd lncr...iq r.dln.n!

hor.-f ..t.t.n.r pr...*.d Dl.nt
!..rd!.. ptotr.r. throqh !h. p..t .t.3. ao
ttM co.1. no l.ot6ptc ch.q.. ..coq.ny rh.

or l.nd pl.nr. !6 bron co.r .nd

ttr al3c vatucr 6f ror.I t.nd pl..!. ..d broh

c6.r rh.ln ....nrt.lly tndr.rtnlul.h.5I. n..r
-25 7- PDt, Pr.vro!. !..1y... .l rh. flncttomt

aroup dl..rttu!ron 1. Au!i.lirn 6roh collr
(lro.lo !trd sl.!nh.ll, l9t7) h.v. .hm c.rborrl

alouD. ro b. ech tn ald.n.. .t rht. .!q. ol
dl.t.tr.!1r. ft... aroup. ... r..dlly d..otrpo..it,
r . l !h  th .  r .1 . . . .  o f  c . rbon d tor ld . , . t  r . l .G-
tv.ly 1o, t€np.!.ror.. .nd th!. r.tr....t .

Do.t!lv. .6u.c. ol ..rbon dtoxtd. ,trh rn.!..r-

ttr! ..ditr..! t.oD.r.rur.. .n.t utur.rron.

t bor.tory .xp.rt0.nt., 1n rl'lci th. c.rbon

dloxtd. ltb.r.r.d fro! Y.llorr. b.06 .o.1.

h..!.d to lTtoc a.. cott..r.d, .hd !6!. c.!bo!
d l6 r ld .  to  d l l f . r  l t t t l .  t .oaor lc . t l y  f r6  th .
p . ! . n t  c o . t . n d . o  h . v . . 6 l ! c  v . l u . 6 r  - 1 4  ? -
PDE (Strtlhr Goold .nd nttbyr u.D!bl1.h6d d.t.,

1160), $..€fo!., lf thr. c.tbon diorld. t. rh.

!pD..!tn! r. co.l. of

a r . . t . r  ! .n1 ,  th . . . . . rbon. t . .  r t l l  b .  r .o lop lc -

.1 ty  .1 ! i l . r r  o r  r . l . r .d  ty  !n  . . t .b l1 .h .o

a .c !6 r  ( r r l .d rm lnd  0 'N.1 l r  t177) r  !o  th1 .

c.rbon drorld.. In l.ct, .. o.ntt.n.it t!d-
i6u.ly, .rlclt.! rtttr 5l3C val,cr urk.dly 1...

th.n ..ro 7. PDI .r. r.r. tn !oro.1, .pp...ntly

un.lt...il Au.tr.1t.! co.I. (.lrhoush th.y .!.

c6aon t. loc.lly h..!-.lr.i.d .on..). Ilu. t!
!pD. .n  t f i r t  1 t t !1 . ,  t f :n r ,  o t  t r , .  l3C-  ac-
p!.t.d c..bon dloxla. r..!lttng flotr d.cr.ho-

ryr:tlo. r.!c!ton. 1€ d.D6.l!.d .. .!lclt. .nd,
.n tht. aid..ce, lt r. a..ur.d th.t rer.trrro!

. f  c . t to .  d lo r td .  a . . . . .uch  t !  !b€  . . !h  r .

.1.o otnln.l. th. l.otoptc cG

K. W. GOULDand.,. W. SMITH

Do.ltio. of tht. carbon dtorldc (613c -26 7-
Pdt), r! !o f.! r.!d.d fr@ th.t ol clrbon
dbr rd .  r . . . c i ! t .d  " r rh  ou tuur . t rog  la l l c  - l

! 2 'L 
PDs) th.r rh€ contrituti.n rrc rht.

.outc. c.n.ot b. l.ra..

oth.r po..ib1. .ourc.. of ..rbon dlorro!

co.t ...u, !og.rh.r rilh d.t!tl.
o l  ! . .o . t . r .d  c . rbon. . . . ,  . r .  ! t ' oh  1 .  l t t ,  ! ,
rn  d . ru r l lon  o f  rh .  .o1 .  o f  c . lbon  d lo r td .  f ro r
tfi.r. .our... In prftotiq o!thu..ttn!
con i l i ! ton .  f .1 lN. .

l .  ln  o ld . .  t r ln .  s r l tn3 . r  rh .  c6 . t  I t
fr.tu.ntly p.rE!r.d wtlh !t!. S.rpl.. of !..
dr.h lro! fr..h drtll hol.r tn !6... .o.1.
mtnly r.al.ct th. hl8h .rr corr..t bui .r. .1.o
l l t . l y  !6  cont .1 .  t r . . . . .1  c . rbo .  d to r ld .  r . -
.urat.! fron th. oxld.iro. ol lo.g-.xpo..a c6.l
f!c.!. tnt. ...bon dloxtd. trl e fuqc or 6l!C

v .1 ! . .  r rd  -167-  to  -247.  pDl  .nd ,  rn  v rd  o r

bo th  t t .  t .o top lc .o lpo t l r ton .nd .o . t l .b !o to r .

volu!.r cln.ot b. r.t.rd.d .. . t.rlou. .ontrt-
b ! .6 i  !o  !h . .u tbu ! . r t .g . i ru . ! to t r .

2. Cr... lrd nom.tr .pp.r..!ly-un.lt.!.d,

r.dtu vol.rll.r blturlnorr co.l ...r. .r.
.o4r l . .d . . . . . t t . l l y  o f  r . th .n . .nd  ! r .c . .  o l

hlth.! hyd!o..6on. to!.ih.! rtrh 2 i .. 1... ol
.!rbo! dtortd.. llil. c.tbon dloxtd. t. hlthlt

d r tc lca  tn  l l c  to  6 l !c  v r lu l  o t  + to  t  t? -

PDl ,  por . rh ly . . .  ! . !u l t  o l  l .o lop tc .x .h .n ! .

rlth 6.th... dsrt.g lorqrlon. S..ond.!t

. . l c t t . .  f l l l l ns  . l . r t !  ! .d  D. ! r tn3 .  tn  .uc t r

...r. rr. couonl], qcn mrr cnrtcta rn l3c ena

.pp..r to b. 3.n.rl.:llt r.l.t.d !o th. .!.!

c . rbo !  d tox td .  (c6urd  and Sr t th r  l9?9) ,

tn€ dt.D.rtty bct*en etrc l3c cortcntr ot
th. ..rbo! dloxld. in no.!.! !.u B!... .nd th.r
of rh. c.rh6n dtoxld€-rt.h !...., r..oc1.t.a
h.r. {r!h outblr.t1ng, pr.clud.. . .rrntftc..!

conrrlbuton of rh. 1.!t€f, h
.ddltlon, rlnc. c6rDrt..d l.r8.ly
of a..h.n., . .ub.t.nr1.1 .otrrrtbutton of rh.
fo!!.r k !l.o p!.htbat€d 1f th. outbor.tlnt

3...6 d. to ..t.ln .h.rr $no.r.lly ht8ft crlbo.

9 t

th.46. l.M M. S!!rh.n Ou.dn.kn., a6nch. Th. O..umn6, tu dctro. lnd Co.trlt ol
o!rb{.r. in cdl Mln..6ymro.lu6 slrt mb.r,,t960
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llthou8h th. .xr a.... ..d th. burk or

th. c.l.tt.. .t blcnhard! hd. tror.ptc

b. .tD.ct.d tn un.lt.r.d

bttutrtnou. co.l., crlctt.. rhtch

crtttna v.rn. n..r f.rl!. rr. .tr.n!ly d.pl.r.d

tn  ' -C  to  .  6  -C 
v . lu .  o f  -9  7 -  PDl ,  C I . . ! l y

th... hrv. drff.r.nt !.n.r.. lrd th. bulL ot

th. ..rboo.t... rh.t .r. nor i.l...d to th. ..&

ll. c.rbon dt6xrd. ..d . .ou!c., po.ttbly

t ln .o ! ! ,  bu i  . . r t . l . l y .x ! . rn . l  to  !h .  . . . !  & . t

t. rn.ru.rv.. ..r.....! .tro!h.. po..1bl.

.ou ! . .  o f  c . rbon i l to r td . r  . r ! l | . !  . .  1 r . .3 . .

.cconp.nyl.R th. lntrudl.A mg!.' ot .. a..
r..ulttna frm th. lnt.!..!lon b.tE.n n.a!.1

v.t.r !6d th. co.l. Dylc c.rbon.t.r h&. t..n

.omonly ..counr.r.il .nd .on.t.! .tth.r ol

..tcl!. .nd/or .ld.rlt. :nd/or dolorrt..

I.oaopi. .n.Iy... of !h... (App..dtx) alv. .

r..n 6'-c v.l!. ol -4.9 i 6.3 7- PDB ,.t

c.lct!.. In f.c!, !r..t.r d.pl.tlon. tn l3c

Er. .4..t.d odn8 !o .n .Nl..i.d tr.Jot

tn!.!..tton lnd t.otoDt. .*ch..a. 6.rh.n !h.

n.ro .nd ti. co.l (6'-c -25 t 2 TAPDE). Tnt.

d.pl.ltou w.. .ot a.!.!rlly ob..ry.d .nA .hu. rr

.pt..t. !h.t th. d.ar.. of p.!tt.tp.!ton of co.l

tn th... r...tlon. i. a.n.r.llt lltrl!.d. Il

. 6136 yltur o! -t t 2 ?- pD! .nd .n .!!.rtr.1

n .ar . t t c  !our . . . r .  ! I .o . .c .p r .d . .  ch . r .c ! . t -

l.tt. of !h. ..ibon dtorid. ...o.ht.d vlth

tnt!u.iv.., th. v.ri.tton. ol ar6 -10 'A ."

+47- PDI .... t. dyk ..l.tr. ..n h. .rDl.rn.d

ln t.m. of ....pt.b1. .qulltbr.rlo! !.!p.r.!-

ur.. (lrt.d!.n lnd o'N.il, l9tt). onlt .t

*.. ro.. .ol...n.r.rry l3c

d.rl.t.d dyL ..rbd.t.. !..! (6"c -16.0 7-
?DB) .

x6ratly, d.j.r v.rt.rlo!. ttr A.r
corpo.trton rnd sr. lot ob..*.d

o f  dyr . . ,  ln  th t .  r . .D .c t ,

h..t6 Ext.nd.d .l!rn .pp..r. to b. .nd.lo!!

.. tt i. r.port.d rh.t !13nlf1..nt'a.. fld. rn

K. W- GOULDmdJ.  W, SMITH 9l

th. d.. oc.!r .!r, t'||.tr dyt.. .!. 6r...h.d

durrnl rhha op.r.rtou!, I.olottc tr...ur6.nt.

c.rbotr dlortdltlcr' g.t ..opl..

t.L.o .! Pr..ton lxtead.d .hoEd !h... to b.

v . ry  . t rong ly  d .p l . t .a  tn  l3c  (613c  v . lo .  -2 r .6

ro  -2c .17-  PDD) ,  po ! .16 Iy  in  rh r .  c . . . r  . .  th .

...ult or .r!.n.lv. p.rttclp.tton of .o.l tn th.

Irru. rh... a.... .PP..r !o b.

9...ttc.11, r.l.r.d .o rh. dyt. c8bon.t.r bt!

rouic. of !r'. c.rbon dtorld.

r.8.fd.d rn tht. p.p.r .r prdottna ourbrf.cr.!.

oth.r l.otoptc.llt d1.tt..rtv. c.rb.n.!..

.r. th. th.rn.1ly .lt.r.d c.!.tt.. .nd .td.!tr..

r.porr.d tn bor.. fro. rh. lonr !..tn (could

.nd s.rrr'. 1979). v.rl.bl. 6'-c v.l!.. .on-

.ld.r.bly oor. n.a.!!v. th.n ,.ro 7- PDI r1.o

a.n.r.lly cnlr.c..rrr. ih... ...bon.t.., but

,h.rh.r !h., .r. tn .ny r.y r.l.t.d Lo th.

l .o top tc . l l y  .h l l . r  v . lo  c . .bon. i . .  . t

L.tchh.rdt or to tho.. c.rbon.r.. norullt

...oct.!.d vlth dyt.. r6.tn. u.t.oftr

rr .t.i.d pt.vtot.ly htah co...n!..tlon.

of ..rbon drorld. ln ...n 9.., rh.rh.t !h. ...!

b. r.B!!d.d .. ou!b!..!ttr!

ct'.r.c!.rl!.d ly 6l3c vetu:r or -t t 2 7. PDE'

. .a ,  c6 l l r . ry  I ,  D . .L . .  ro r . . t  (A)  .nd  ( l ) ,

Co l l l . ry  2 ,  { . . t  C I t f f  ( t ) ,  Co l l l . r t  3  ( tu l l t

..d nont.vlll, ...!.) ..d CoIIln.vlll. (l),

o . l y  Co.1  C l l f f  $ . r . .h .  c . rbon d todd.  i . .

r  6 l3c  va tuc  or  - lo ,o  ? -  to  - r2 .5  7 -  pDB .ho ' .

.nt .ta!lfl.!nr d.p.!tut. Iro. thl. l.o.optc
p . . . . r . .  on  th .6 . . t .  o f  !h i .  1 .o .oprc .v td .nc .

lnd th. 1@.d1.t.1, pf.c.dlu dt..u..ton. on !h.
po..rbr. 6rrtrn. .f c.rbon dlorrd. tn coll

cir r.!.ln llM. dolbt !h.! rn.

co.l tt!.lf l. no. rh. .ourc. of th... ntgh

.onc..rr.!16.. .a c.lbon dloxtd. bur !t.t rtry

.r. produc.d .xt.rn.lly t. !h. ...!,

I. !h. sourh.h c..lft.Id. of !h. sydn.t

n .rn ..d rn th. norrh.rn .xrr.'ttt.. of rh.
Eo{n E!.!n, 1g..ou. .ctrvtty .nd ...ocr.r.o

f .u l t rna  . r .  p .d ln .n t  3 .616!1 . .1  f . . ru r . . .

...ocl.t.d vtth l|8u ..d

Th. Au.. LM.M. Sourh.m Ou..n.Lnd Adnclr th. Ooaomncq Pr.dl.dd .nd Conrr.t ol
Ou6od. i. Co.l Mind Syrlpdlum S€tt.mhr. l90O



94 K. w.  GOULDmdr.  W. SMITH

votc.61.! t. 8.n.r.lly cr.dlted vlth a

6l3c !.1r. .DDro"t'.ttn3 -7 ?- PDB, .1tho!3h

.ub.t.nrt.1 v.rtlrto.. hd. b... r.port.d

(H..f., 1973). Or !ht. *td.nc.' r '.3.!tlc

.o!tc. for ih. out6!rrtt.8 clrbon dt6xtd.

.pp..r. io 5. io.! ..c.Dt.!l.,

lr dtrcu...d ..!lt.!' iniru.r6 of ugd

tnto co.l ..!h. !r. no! g.n.r.lly . r.lor .ourc.

6f .lrbon dtortd. but, 1l .o, .. .t Pr..ton tr-

t.nd.d, th. l3c cont.nt of th. c.rbo. dl.rtd. i.

v . ! ,  d l l f . r .n !  116 th . t . rp .c r .d  fo r  @t ! ! r . r -

t.3 t... vt.n t. htSh or h.r.rdou. con...t!r-

tton., ..6on drortd. t.nd. to p.rn..t. th.

s6ol. ..m ..ctio. r.rh.r rh.n to 6. ...ocl.t.d

r.ith .D.ctft. rnir!.ton.. lh!1!. n1... d, 6.

!o p.rNrt.d ..d th. .onclo.t6 t.tn.d lr6i

th . . . . ! r l t . rud t . .  t .  th . r  tn  th . . .  c t l cur

r . ! . ro t r .  o l  u . ! r . ! l c . . .b .n  d r -

orid. .r. t.lnB &.in.d vt. l.!lt .t.t6.. !i.n

tht! i. !6, r.91.c6..t ol i.rt... bt ..rhon dl-

oxtd. lnd . !r.d!.l chrna. ln th. chat..l .nd

i .o lop tc  cdp. . t t to .  o l  rh . . .e  a . .  oc .u r . . .

rh. .rr.rnrl .ourc. 6l rh. c.rbo. dtoxid. tr

.DDrolch.d, such . ch.n!. t. p.rtt.ol.rly .v1-

d .n ! . r  { . . t  c l t f f  d r . r .  € r t .n . tv . . . !p t t . l  o l

th. r.6 t.r.. h.. t.t.ltl.d . d.t.rbd .uw.t

6t !h. ch.n8t.! codpo.ltto. ol th. c.r!o! dl-

ortd. ro b. n.d. (sitrh .nd C6u1d, l9lO). lit.

2 . l . . r l y  dao. . t r . t . .  th . . l f . . t .  o l  ln . t . . .h !

flm of .!t.tn.11t d.rlv.d c.rbon dto:td. on

th. !.....1 .oipo.trlon of th. ..e t...

c!.b.n atorra./c.rbon.t. tnl.!!ctt..

ap.rr frd !h. pu!.ly pht.t..l .ff.ctr m

.o.l ..a .r.Atlrq d htth vol6.. rnd p!.r.-

ur.. of ..rbon dtortd.' ..rly ob..w.!1o'.
(srirh .nd corld, 1930) .!!a..t.d !h!t ch.!tc.l

r.rctron. nltht .lro b. of !t!rtftc.nc.. At-

thorlh rh..''t.r ol irn.. vl.it.d .o f.! 1.

.!.ll .nd .!rDlln! vllhin rin.. t. 1.tr.!.!lt tF

.d.qu.r., rt tltu. b.tng r..trlct.d lo . .1r!1.

lo.!tto.r .d. Ell-d.ft!.d !r.nd. @t!..

rll.!. hiah.o.cat..tion. or c..bd dr-

oxtd. rra found ln 6..n A$.. ! rrh.r. th. dm

r..tton. .r. ct, ...ond.ry cat-

.1 t . .  . r .  s .n . . r1 l t  .h t .n t ,  . .a .  co l l t . ry  l t

D.rt.. !or..t (l), l|.t Cllff (l)' collr.rt 3

(!trl1r 3..6)' col11..vtll. (t). ttt. ..ctton

r!.01.d .! collt.ry 2 r.. dly .nd .e!t. .o

.!3.tf tc..t ..cdnd.ry c!.bon.t. ntn.r.ltzrtr6n

r ! .  . . .6 ,  ho tw. t ,  1 .  o th . r  a r t . . c l lon !  ! ! .1

Co l l in .v l l l .  ( l ) ,  Co. l  C l t f f  $d  co l l t . . y  3

Oront.vtlly s..o) ..lctt. occ!r!.d. Itotoplc

cn!.!1.... b.tE.. 1b... c.rbon.!.. .nd rh.

s .m s . .  . . rbon d tox ld . .ho{d  t ro !  on ly  th r t

rh.y ar. nor r.l.t.d bot rh.t !h. c!rbon.r..

h r .  t yp l . . l  m! ! r . t ton  produ. t .  o i  b t t@1.ou.

corl lnll.t rh. c.r6on dtortd. h.d 6...

tnlrodk.d fron .6 .*r.r..1 .orr.. pr..slbly !!

6..ond.ry ..rbon.t. !tn.r.ltr.tton r.!

.1.6 D!ort...t tn no.t 6f rho.. ...!!on. ..rpl.d

,h.!. th. c.r6on dloxtd. co.t.trt ol th. ...! 3..

r . !  1d , . .8 .  ADDln ,  & tchh. rd t  lnd  lo  .  l tE t ! .d

. r ! .n t  lb . t  C l t f f  (A) .  h  t i . . .  . . . t io . . .

. . *o . . t . . t rd  c . rbon d lox td .  r r .  g . . . t t . ! l l y

r . t . t .d ,  b6 th  b . tn r  .n !1ch .d  l r  ' -C .nd  bo tn

r.pt...ntina norul .o.l druf.rron Drodtc!..

A..oidrn8l, ih. .Eraln! trdd r. !h.i th.

hlsfi.r rh. con..nt..t1or oa ..rbon dtorld. tn

...n 3!r lnd th. h!l.r th. .tn.r ti. 1... rh.

llt.llhood of rh. occ!rr..c. of ..cond.ry c.r-

.ir.. Althoust ftrtrh.. .n.It... $. r.qutr.d to

conf tm t t ' l !  r .1 . r l .n .h rp ,  .  l l l . l y . rp l .n . t lo .

of ih. pr...nt .trulttor .pt..t.

!b . . . c .  o r . . l . t t .  dy  co@nly  t .  ! . . r lb .d  to

rh. ..tton of c.rbo. dlorldFrtch v&.r, 1r..

cllbontc .cid. rh.n rht. .ctd t. Dr...nt tn

.llntlt...r .d..ntr.!lon .t!h.r c@dlttor! l6t

. ! l c l l .  p t .c lp i l r !16n

€. r l l . t  d .p6 . t t .d . . l .1 r .  k  .od . r r .d  to  rn .

.6 lu6 l .  b t . l rbout . .nd  t [n .por ! .a  l rd  th .

!. . .tut. l.bo tort .:p.tir.trt th.

r.ptdt!t elrh stich ..l.tt.r ftlltnA fr..t!r..

h co.1 fld th. Yodg Bor.hole s.u, {t b.

Th. a!.. l.M.M. Sodh.n Oc-nJ..d Br.dn. ft. Oc.ud@, Prqlcdd .nd Co'titol ol
O'nbo'* {n Cdl Mltu sympo.lun S.ol.mb.. lgao
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t t3 .  4  -  I l tu . t r . r lo .  o l  r . rov . l  o f  v . t .  c r rbo . . te  by  th .  rc t to .  o f  c . rbon ic .c ld  on .or l  f ro t r  rh .
c . t r rn t  s . !a .  . )  un ! . . . t .d  co . l  b )  x t . .o r  id .3 . .11c .  o f  th . . .n .  co . I  . r . . t .d  r r r i  c . .bonrc .c ld .

dt..olv.d by ..rbont. !cld h.. .tr.rdy b...

d . t un . r r . t . d  (Ss i r h  . nd  Cou td ,  l 980 ) ,

I .  !  . l n l l . !  . xp . r t r € . .  u . t n3  . o ! l  f r o t r

r h .  r r r .  . l  . ! ! . cL  o .  c . r b6n ! c . !

e.. not o.ly B...r.Ily tru.h rlo0.. bu! .pp€.r.d

t .  b .  h l 3h l y  . . 1 . c r i v . .  How . !  . h .  3 . n . r . l
. f f . c r  y . r  dch  t h . . . r . ,  ! . . hoh  t .  p t g .  4 ,

.nd pr..!i.hly r..ctton vlth carbo.r. rc:o

lhourd prdce€d und.raround, Do..16ly d€. oor.

i f  t h I .  t . . o , . n d  c . l c l r .  f l I l t n a  c l . . t . ,

l o1n t . ,  f . . . t u re ! r  . r . .  l n  t h .  . e ! h  co .1  ! .

rhov.d by thl, .fir.s. 1. !h.

phy . l c . 1  p i op . r t l e .  6 f  t h€  co .1  ' ay  be

cxp..r.d. rr coltd b€ .rsu.d !h$ ..nov.l ol

..rbotut. elll tncrer.. lhe D€tu.lhrltly of th.

co.1 .nd d.c!e.!. .he oulburstrns h!'.rd by

. r l o ' t ns  r h .  f . . t € .  d r . l n r s .  o f  o . h . r e r ! .

Slnce !h€ Mlo! 3ourc€s of c.rbon dtoxrd.

a r€  l ecogn rz€d  a .  b€ lna  €x te rn . !  t o  r he  a€m,

the  ! n ! r i a1  e f f ec to  o f  l n re r , c ! t on  u l t h  c . r bon l c

a . l d  a r€  l t ke l y  t o  be  d€€p  w t t h l n  t h€  v l r s t n

co6 l  l n  t he  v l c t n t ! y  o t  3  f . u1 r .  F l l t d  f t oy !

induc€d by llnlns 1M be tovard6 ih. sean

vo rk l na  f . ce . .  l f  n t n l na  1 .  rw . . d .  t h€  f ao t r ,

rruid lld rorards th€ lork1n3 fac€ vtll be

l hc  bu l k  o f  v l r 3 r .  co6 l  be t re€n

the rault dnd the fac€ ls d€creased. Th€ resulr

o f  t h&  l nc re66ed  r l ov  , 111  be  i he  so lu t r on  o f

Dlne calclr€, partlculdly alona rho p.ci. of

1...t r€8l.t.nce ro fld. n rlan of rhere
phyrtcrl ch.na.. d€€p ,tthh .he co.1 need b.

ob6€nab1. at .he frc. othe! lhsn p€rh.pr .n

1ncr.a6€ 1n th€ f1o' ot ,&... Th€tefo!., .

cr lL lca l  e t .u r lon  uy  be

potenrr.lly ollbur8.r.s a..e..
thi. n.y b. ro. conv€r8.ly the

.c.ton or .!.bo.tc 'crd o.y be r..n .. cre.ri.s

. mre har.!do$ llt!.ttod as follors.

partlcularly sb.n th. r.t. of co.l cltttng t.

fd8t, 'ie!e buA€ vot@e€ of qrlon dtoxlde uMer

hlsh pre..trrer ale betlA con.!..i!ed by
h.dequare thtcknesser of cod1, pbystcatLy

arr€red, !f not d€lon€tr.bly reakened, by lhe

Th€ Au. LM M South.r. Ou.on3t.nd Bianch. Thd Oeur€n6, pr.dtcrion.nd Con(rol ol
OlrbuBr. in Co.t Min.. Symp6ium S.Dbmb.r. t96O
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i €nov6 l  o r  ca l c l r € .  t h€  8udd .n  d r . h t4 r r t l on

or ttls pr.cttlour systo by .rttri.l or l.d!.'d

.tr.33€s ftu1d r€sult 1. th. el..tton of car6o.

dlorld. .nd co.! tnto nt.. op.trlna.' lnnn€l-

I i ke  c6v i t t es '  po ! . t b t t  f o11o ' t na  l r n . .  o r

phyric.r ves*n..! cr..r.d by flttd flos' 6tsht

Acco rd l 4 l y  l t  r .  t o33 . . t . d  t h . t  . n

. dd t r t on r l  f . c l o r  t o  b .  con . t d . r . d

th€ outburlttn3 chlr.ct.t of ! coll ...n 16 th€

€ r t . n t  o f  t n t . . r c i l 6n  b . tw . .  c . r b .n . ! .

n t n€ r . 1 r ra ! i on  . nd  P6 ! . n t t . l l y  ou thu rs t r nB

collc LUs roNs

t t i h  c . ncen t . . t l on .  o f . . . bon  d l ox td .  r n

co r l  a€$  F . . e . ,  vh . t h€ .  t h .  . c . n

i n  . . t r c . t  . r r € t . r r  t o  t h .

cort .nd lre g€nerally chtr6ct€rlzed bv

e l3c  va tue "  o r  - t  i  2  ? .  PDs .  r du r t .  d ra l n r . s

r€3 . r vo t . r  o f  P t t n . .Y  c . t bon

d tox l d .  a re  pod tu l . r . d  , .  t h .  aou rcc  o f  t h l 3

In te ra . l t on .  b . r ' . en  . , r bon  d l ox l dc .  { . t € t

' nd  c . l c t ! .  f i l l l n ,  r t . . t u r . t !  l o rn ! . '  . t c .  i n

t h .  co r r  . . su l !  l n  t h€  co . v€ r l t on  o f  r he  c . I c1 t .

t o  oo lub !e  h i . , r hon . t . .  I n  t h1 .  f o .F  i h€

nln..rr hay h€ r€roved f.oi th. co.r bv wrt.t

r tw  rnd ,  r ! ,  r eau I . ,  l h c  co r r  n . y  b . coh .

w . . l €n .d .nd  s .d .  no .€  p ron .  t o  60 tb l r r t r n t .

l o r k t ns  co . l  n i n . !  6hou ld

r.s.rd.d ,. dyn.ttc aell .. tha

b . t t e r  d . cm .n t€d ,  r nd  o f t . .  i o . .  . 6 t t r v

oba . r ved ,  i . ch . . { ca r  . t t e3 r€ !  . nd  phve l c . l

ch.ns.. induc.d

t . t e r r . r l o . .  b€ t t €€n  v . t . . ,  . a t bon  d tox i d€  rnd

n1n .n l .  shou ld  r l so  b .  non r t o red  . nd  t h€ r r

. f r . . t .  upon  e .an  3 t ' h i l r t y  . v . 1u t . d .

rrm th€ 3co.henrc.l vl.4otnt! obvloosry

un3 t s61€  . t t ua t t on .

nigh concen!r.tlons of c.rbon dloxrde occur rn

drer€ e,trlet d.poal.ed c31.lt.'

t n v . r t db r y  d r f r e . r ns  n . r ked l v  1n  t . o l op i c

. onpos l t i on  f r on  t h€  c . t bon  d tox td€ ,  p . r 613 te  r r

r t r l l t r a .  t n  c l . r t . l
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