
llt:vis(;t Hr¿silt:tit,¡ jt (iettIisic¿. 198'/, Vt¡1. 5,2?5 2J)

V I l'lll N I'l'l,l l',4 l,li(X ; l,lO'l'l I l,lRM l(lS : SOM Ii ASI'li( :'l'S

l ,r\.1()S S'l'h( ìhNA

I itlr'ti.¡ (l¡¡¡y,¿'¡.¡¡t.y. lt 10,\l lltulu¡tt,st, l!ttrtyur¡', Ilun ß. )

'l lrc tltctltrltl of' tlt:lt:rtttrtt¿tlion ol' l);rlcoltc()llrcrnr;rl t:ontlrf iolls using, vitrinilc
rcllccl;tltcc rlal¿t, bt¡r.ial lristrtry iul(l rcccnl llcollrclnri(ìs is rcvir:rvcrl. l)ro¡ros;rls irltr
givcrt l() irrr¡rrovr: llris ¡rrctlrotl . lrrr¡trovcrrrt:nls r,:ttn [rr: ntir(lc in lllc nl(ÌAsur(.nì(:nl
Itcltltic¡ttc f or vitrirritc tcllL'(ìlArì(:(ì. lirll llrt: cllculutiorl ol"l"l'l s, it is sug!1cstrì(l tllnt
lltc lcttt¡rt:t;tltllt: ilttt'tv;tl ¡¡l rvlricll tlrc rcrrcliorr ríltc ()t'llì(. tìtiìlulllion of orgtrnir:
Itì;ttlcr clot¡blt:s, tlr,:llctttls ()n llrc lcnrl)crÍrlllr(Ì. A A l(l) lurrcli,r¡r is ¡tro¡roscrl, rvlticlr
is bitscrl on lllc ¡\lrcnlrrr¡s cquÍttton. I ol lltr: (:¡lcullrtl()¡l ol lltc()rclrcírl l{,, r,itlrtts
llotl¡ tltc I-'l I s, ir'l"l'l vs. lì,, lttttcliort is ¡rlo¡rosccl. Irr tltc l'¡lrrrc, tlr¡ u¡rplic¡liçrr ¡f'
rrrorrornolccl¡l¿tr' brtllltiìr kr:r lcacliorr (isrlrrrcr.iz;rlio¡r ol'slcr.¿u)c;trrtl lro¡llrrrr:) rrr:r1, lc;rcl
I o nlor'(ì ('xlt(ìl l)it lc()lir:ol lrcln url clct cnll i nal i<tn.

Ncslc lltlrtllto Ú r'cvis¿trlo () nt(Ìl()(lr) tlr: rlr:lcl nlirurçlìo tl;rs corrrliçr)cs ¡llrlrto¡1r:otcr rrlris
rrs:rrrtlo rl:r<los rlr: rt:llr:llìnr:ut tlir vilrirrillr, c (lc g,colcl¡lli¡t llisltir.icit r: Icccnlr.. Siio irrtli
t:itrllts ¡lto¡ttlsllts l)iult r¡lcllroliu cs:ic nlúto(lo. Mt:llrorilrs ¡lotlcrn l;cl i¡rllotluzirlls ¡l¡t

lútttit:tt ¡tlttit tttt'tliçt)cs tlit tcllt:l¡ittt lrt tllr vilr irrillr. Srr¡icrc sc (lu(', P;u;t o r:iilcr¡lo I cr¡l
ptr/'l'clttpctlttrtrlr l l l l) tl inlrrrlrlo tlc lcrììl)clrlulit rìo (luitl (lobtit ir l)t()l)otçlro tlc
tt'rtçiìrt tlt: nlrlutitçll() tllr ¡lnrlúrilr olg;ìrric:r sttiir tlc¡rcrrtlt.¡rlr,tllr lt.lrrpcritlutit. A lrrrrçlìo
Al(l)('¡lto¡ror,lltcol¡tlxtscniì('(¡r;r\'¡r(),lt'Â¡rltr'nirrs. I'itriroeirlcrrlorlor,:rlttrtlt:lì,,
It ¡rltttit tlos l"l ls, ttttt¡t lttttçrto'l l l vs. lì,, i ¡rro¡roslrr. A ir¡rlicrrç:lì() (l('t(:it\'()(:ri uì()l()
ttrttlcct¡l¡tlcs tlc "llitlttl¡rttr;ttlor't's lriolo¡ircos" (isorrrcr izrrçlìo tlt' t:slilctto c lloptttto)
p,ltlt:tli ltltllt't'L:t, tl() lrtluro, tlt'lcliltittlrçr)cl; l),ll('ol](Ìol(Ìtntl¡is illlris cxitltts

( l'lrrluzirlo ¡rclir l{t:visllr)

tN I ROt)tic I't()N

I lytlr,rt.rr trolr I csc¡ r oir s lrr t., }icr¡cl.rllv s¡lt:;tkitr¡,,.
rìol itss()ctillc(l lr), rttilr kt:rl ¡it'o1lrcr rrr:tl ¡Ultlrrtltlrcs
l)t'spitc llri:, l:rt:1, geollrcrnti,-s lurs sclvtttl ¡rs lr usclul lool
rtt ¡rclrolt'trrtr rcscltrclrcs. St'r,cr;tl t(:vi('ws orr llris lo¡rit
Itits lrr't'lr ¡rulrlislrctl ilr tllc litttr'¡rlrrt:, ()¡lc of llrt' t.t't.t'nl
irt:ir¡li Slcl'.clrlr l lgll.l). ( )rrc of lllc llosl irrr¡ror t.rrrl
.r¡r¡rlicirliorr ls in llrc tlc¡cllrrirrirl¡on tll lllc lltclnrlrl lrist,rr.l
, rl rr l;lIitlunt ()t :ut lr'(.;ì, iu ottlcr lo cv;rlrltlt: llvrlrtr
r'¡u lrtln llct:;l)cul tv(':ì.

At I)t'(:scnt, lltt' rrrtrsl rvcll krrorvn lllttlltrltls lo
(lcl ('ul inc ¡rirlt ogtrrlt lrculllrl colrclit rons, iu (' l lurl ¡lir crr lry
K¡trrvcil ( 1956), I olrirlrl ( l()71) rrrrrl W;r¡rlt,s { l()lì()). I'lrc
(l('l(.t ¡tìltìltlt()lt ls trsrrtrljy t lrr rrctl ot¡l ¡ts l()ll()\vs (Stc¡1t.lrlr
t'l lrl. lt)lil, llrrrrlr:lxutll (\, lil(ìg(ìltit l1)li()):

llrrst:tl olr klrorvtr ;t¡"r,ts ol scrlirrrclrllrrv litycts lr ir

Itorcllolt:, llrt'rt:tllr¡rcrrllrry lrislor v fol lllt.sc llr\clr, is
rlctcrrnirrt,tl (lri¡1. llr). 'l lre st'rlir¡rt:lltlrrv llistor.\, is to
bc r:olrcclctl lol lllt'cllt'r'l ol c()llll)itcliorr tlltirr¡1 llrr.
gcolo¡liclrl ¡rlrst (l.i¡,. llr, solirl lirrcs).
llitsctl on l)rr.s(ìtìl(: lrorclrolc l('lnl)(,ltlutcs, llrc
ticolltt'ttn! lrl¡ t'lrcll l{}"t ¡,r'..'r,,1 lrrt'rll;rrvrr irr llrt.
lilrrc-rlclrllr st'clielr (l.iq. Ill). l llr. (()¡sli¡tcy ¡l llt.lrt
llorr'tlttlitr¡l llrc pitlil tloL's il()( n(.c(.ssiililt,rt'*rrll r¡

Il¡tlrtllcl .rrrrl ct¡rrrtlist:ilìt rl(,ofltr.rnr:;; it is ¡ro,;silrlt. lo
lltkc ilrlo ttln:irlt.nrlior¡ {ltc rltirtr¡lr', rrlllr li¡¡lt. ;rntl
tlc¡rtlr ol lllct¡¡¡;rl t,urtlrrtlivitl, ol llrt' lirv..¡s. \Vc

(()nsfru(l s¡rccrrlltlivt. ltt'¡rl llotv ltisl()tics l()(),
rrrcr clrsitt¡.r or rlccr cltsitt¡l lrc;rl l lrlrvr; tlrr¡ ltli l llr
Êcolttrirt:lrl ¡l¡sl (l,r1i. I c)
I lrcrr, rvc t:;rlr'r¡llrlt l irrrc l t rrr¡rel lrlrrrt' ltrtlir.t.s ( | I'l)
;rf lcl Lo¡r:rtin (l()7I):

lll )/,t,,Lrl (l)

rvlrcrc At,, is lllt: (r¡¡¡r: irrlcl vul (irr M \') llrtr luycr s¡rcnl in
llrc lt llr l()'( t('ntl)ctittlltf i¡ltrrvtrl. Ilrc t¡ tlt
Irl¡rl)('nr{r¡lc itrlclvlrl ls tltr: ntrrnlrt.r ol stcps of tlrc 10"('
intclvlrl:; :tl)ovt' or lrt:lorv ll¡c l0() I l0'(' r'lrrrgt. Io¡ rvlrit:lt
n i:; rrr llilr lrr il,v cl¡ost.n :rs 0.

lJsirr¡l Wrr¡rlcs'(l9ll0) corrclrrtron (ltitl. Ì), llrc
r:¡rlt ul:rlcrl r,;rlucs ol 'l'f 'l f or r.ltt'lr lll\cr ol tllt'
lrtlt cltolt' ltr c l ut¡lsl ol rnctl l o t:rlr r t:s¡rotrtlrrr¡t vil r rtrrlt.
r cl ¡('( llurcc lì,, vtrluc:;.
'l l¡t' c:rlctrlrrtctl l{,, rlrlut.s lrrc c()lnl)irlcrl rviflr (l¡c li,,
vlrlr¡cs rrrcttstrrtrtl itr cort.s;ulrnlt.s l¡rkcrr lrolll lllr.
lrorcllolc. IJsirr¡, ¡rllrrr,itrlt. lry¡rolllr.sc:;. oltt. nr¡rkc.
tluurgcs itr Ilrt'ltr';rl llorv lristol\,;ulrl lcl)('lll:; tlr(,
(;()lttl)iuisorr trll it g()()(l l¡l l)('t\\,(:('tì tlrltrrl¡rtt'rl ¡trrtl
tt)(Ìilsurc(l vrll i¡rile rellr't'l.rrrt t' i:; rrr'llrt'r,t'tl (ltig. .l).

'l lrt' .tlrovc rtltt'ntr' ,,crvts rl¡lly lrr rlcntrlltslt¡tlt, lltc
pri¡ltil'lc:' ol plrlcolltolltcr¡tt.rl r'lltrrl:rlit¡r¡s. Sonrc
lltcott'lit¿tl ,tsl)r'('1., ol lltt st' ¡rr irrt i¡rlt's irrc ¡rol solvt'tl
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228

¡iirlisl'iì(ìtorilv ¡rt l)lL:s(:lll. l ltt: itillr ol llris ltr'{itlt: is ltr
rlisttrss lllt: stllrtt'cs t'l tuo¡ ;ttil,irt¡l itt:

ntLritsur cnr(ll ()l vil l'i tt rtc t cf lcctltllct:
t:¡rlcul¿rtiott ol 'l"l l vltlrttrs

r:¿tlt:rrl;rti,rr ol'lltc tllcolt:liclrl lì.,, r'¿tltrc I'r'or¡t I"l I

;r¡r¡rlirrlttittrr ol :;¡tccilic hiot¡t;ttlt'¡ ttlltt:lio¡l ilt;lt:,ttl ol'
It,, tlcitsil I c¡¡trlllls.

vt I RlNl,. lll,;1,'l,li(:l AN(ll,l lvll,l^st;lll,l¡\tl,,N ¡ s

ll llt:r::rruc rtst¡;tl lo lìsrit¡trìrt llt;rt ittclcltl;cs irl vilriltitt:
rcllc:clltttr:t: v¿tlut:s rvct'r: vlrlitl i¡ttlititloll; ol lllc c)iltlll l()

rvluclt ot¡ltttic tlttttl(ìt tt)ttllltlllctl ittttl oil gt:ltet.tlitrtt

occur t:tl (Wit¡rlt:r,, l gU l). I lolvtlr (ì1 , I lìcl c i:; lttt tlll-
(:(:l litirrly rt srlrttc l{,, tltclrstttt:llrt:tlls, tlt.tiltlY llct;ttlsc tll
Iltc lìrllorvirr¡',s:

- So¡¡rt:lttì('s, ll I'i ltltttl lo iltsltttlitttsll l(Ì\v l('ll(ì(ll
irrg rc:,inilc lrrr.l lri¡1lr tt'llr'clrrtt lttr;trtilr'lttttrt rilri¡rilts
(lln, l()7fì).

l)t¡rirtll llrt'lrt'¡lirrrrirr¡: ol oil l'.r'll('lillit¡rt, lriltlltlt'tt
irrr¡rrt',lrurlions lotr','t Ilrt: vitI ittilt' Icllccllt¡rcc

llr lrll tt'tl tolotttt'rl tt't kl; otlilttric llì;lll('l
i; oritlizt'tl: ilr linr('lilr)¡t|:; r'ilt ilrit, i\ \/r'l V l:ll ¡11' ¡rr c5r't vt'tl

rrrrtl il it ()(, urs, llt( t( ll('r'llrttcc vltltlr' ,lillì:ls l¡tlltt lltt'
u'¡l¡¡1' ¡l vilrir¡lt' i¡t lllt' s;tlttt: t.tttk.

'l lrc tli.;t ittcl rolr lrr'l rr t't'tt I t:t vt lt'tl ;tllrl ;tttl llot lt
lorì()uli orliitri( t¡r;tllt't is,lltcll tlillittlll ill lt'cks,

'l lrc li,, vlrltt,'r lt¡ t' r¡ttilt tvitlc:;¡tlt'tttl
I{()n\iu (l ,t ( )lrt'r'lin ( lt)H,l) str¡111t'sl l lìiìt, tlii n'il ll ;tl¡Y

rrllrct t'lcr'ltotlit l)tol)(:tl\/ ol lt¡ly sttlitl, l('ll('( l:lllc('
tlc¡lt'ttrll; o¡t llltcr' l)ll¡ittllt'l( t:.: t ltc¡tticltl t()ltllr()sili(ìll,
:rltlrttit :.lnlr'lilrt' ;illtl tlli,,t()\llll(llll(:. I lìt' s¡ttttt' vlllt¡c
lor rt llt't l¡rrtt:t r';ur llÌtt; lre tl[,lltirlt',1 lìll lllltlcti,tls
tlillcrr'¡rl ilt tlrt'il llli\'loslltlr'llll( ltlltl t:llt:lltit:ltl
L(ìnrl)():;ilio¡1, rvlrit'lt t'ittt lrc r)l sillrtc or tlitlì'rt:tll t:ltlk:..

'I'lterc;uc lt lol ol 0lltt:t lllt:llttlrl:; l()o, l() t'sll¡¡liìl('
llr(' nrirlur ity lry t'r:rttttttirr¡i tlrt' s,llt¡lllt ot¡lltttit: lttltllcr
(llcl ccutlrS(' tr:il l¡rltl irr [lil tltttctt, citl [)oll l)l ('l ('l t'llt:('

i¡rrlcx, Ilrrrllirt ¡lrrllilt'. l)(ìrccrtlirlic \vct lllts) ¡t¡ltl

t x;rnrirrirrg llrc l.cr',rllt:tt (KAl kctogclt ltllclltliott
irttlt:r, 'l Al tltcllttltl lrllt:litlrtltt itttlt:x, ¡ryrt'lysis,
t'lcrrrcnllrry {'ll{) rttrttlVsis, itlotìlic llr'(' ritlio, liSl{
('lc(:lr()lr :;¡ritt t(ìl,ottÍlll(lc lrrr:rlysis). lllt:st' lilllL
lìíìr'iilrì('l('r's lrorvt'vt:r irt(Ì ttol rr¡l¡tlic,r[tlc itt ¡lctrclltl Iot
rockr; rvilll lirrelv tlis¡rt:r';t:tl otg;rltie ttt:tltct ;t¡ltl ltltvt'

tlrcrr orvrr llrcorclit:rrl rlrll'icrlltics. A; tttt crttrrr¡'lc, lrSl{
rlt'lt:t:lr lllr' llcc t¿ttlteltls ltl kt:tt¡lit'tl lls lllilltllllli()ll
l)ir:urì('l.r lrut lr''lll ';ir'l¡'rls irl(' tt('l ottlv tlt:¡rcttrl('lll ()ll

lcnrl)cnrlrrrr: lrtrl ¡r¡t: itll;tl stll)icct lo vlttiltliotts itt kt:ttl¡it:ll
ly¡rc, tlirr¡lcttclic clllt¡ltit:s itr kt:togctt, rvcttlltctirr¡l ltrttl

¡it'oltlliic litttc.
Iltt'rt' tt'ttrtlrs lltt' vitrirtilt' tr'llt'tl:tllt(' llì('lll()(1,

rvllrtlr is rvcll tst¡rlrlislt,'tl itt ticocltc¡¡litlrl lltlrttlltlolics ol

oil Coilt ¡r;ttt rt'\ l r{ )l l);llr'()¡lt't'l ltct tttltl ntl l l}( )\t s ltt)\t't'\'t'1,

¡ t'sulls tll lt'lt itttlt'llt'tltlt'ttl l;trtt¡'lt': ilr ( ll('('(:' ,ill \' r()l

olrlrrirtirt¡t rclrlrlrlt t'ltltlr':, rrlrilt' t(¡1('lltilll' lltr'
nt(';tsut ('ln( lll ¡¡¡,lllv t ltltt's ()¡l t'¡tr'll :ltttl¡llt:' i:; ¡tlt

:rtlrltltrrlt.rl .;tlr'l'tt;tt(l lr)t ttttrtttttl/rlll' ( l¡ol\.

( /\1.(lLil,A'l lON OI'"1"1'l VAl,tJl'ls

I o¡r;¡1i¡¡'5 fotttlt¡lit is ll;t';ctl oll llttl;ìsslllììl)litltr lltltt
tlrc nlirturittiotì l)t()c('ss ol tltg;tttic lltltttcl ir; it lilst oltlt:l
t:lrcrrriclrl rcltt:liott ltlttl lrt:t ítt¡st: of tllis o[)(]ys lhc

Ar rllt:nitts'lltrv,

Vt t rttt t l¿t Pt ler t¡¡t,rt I lt:r rri r:s

I A cxfr ( lr;'l{'l ) (?,)

(.1)

(.1 )

lllclc k i:, lltt: r',ttc cotlslitltl ol lltt'tc¿ì('liotl, A. lrlc-crlrrl-
¡lcttliltl l;rclot.'l: l(Ìllllìcritttllc, ittttl ll: ¿tclivltli'rtt
(|r)crp,y. lt is clcltr lttlttt t't¡rtitlitllr (2) tllitt lllc lt:itt:lirltl
¡irtc is rì()l it liltcítt ltttteliolt ol l(:lìll)(:lílltllc 'l llll(l
ililrrtrlc:;;rl 'l lt)-l K,lltc rooltl lcrllpclltttlttl, tlttly ftlr lì

50 k.l ¡ rrlolc
'l'lrt' trtlrtt:t:l loltttio¡t Iot llltl l(ìlìlll(ì1,ìltllc ilrtclvitl

/.'l irr s'lliclr lltt' rt:llt:lt,llt I¿ttc tlotltrlcs rs ¡iivt'tt by

(l i:; tlrc ¡rlrs(ìlr¡lt'lctrll)('tittllltì lll tlt:gtc(ìl; Kclvirl,l: 'l?'

k l,'lrtolr', rtr Ilonoscrl lrv Ioll;tlirr, l()7rr)

l;i¡i. ì slrorvrt tltt' vttt i:tlio¡l ol ,'\'l';ls il lllll(lir)ll. ol 'l'

l()r llrc rlonltrtt iu()tttì(l tltc lit¡rlitl rritlrlorv. IJl;t: ttf'
('()nìl)lrlcr, .rllorv c.rs! tvltlttlttiolt ttl tlris lttlttliott,
irl;lt'lttl ot llrt: :r::ìtllltl)lt()tì (ìl c()lì:jlitlll ,", l ll)"(', ltlltl
ttt:tkt's tlrc rt¡r¡rlitltliott trl tlris Itlt'tltotl lr{)l l()()

torrr¡rlir':rtt'rl. ln tlrc vitlrritv ol tlrc lit¡tritl ivilltlorv
tlo¡¡tltirt, r'(lttilli(rlì (.1) , lrrl lrc lt¡t¡rtorillrltl'-'tl llv lilrclrli
;;rli,lt

¡\l

A l o. l()5 'l

/\l o.lol I

uì

0.(X)\(r.ì l''

I ().(X)5(r ì 'l

I l0 () (irr "(')

I /.u (in K)

Ilorvt'vt'r il is lo lrc ttotctl lllul ttlltltltitlto¡t tll
t,r'l'..rrric nrirllcr (iur llrrrlly llr: tlcs.:r'ibccl hy l sirr¡1lc

nlorrorrrolccrrllrr lil;l.oltlct kiltt:lrt: r:x¡rtt:ssiolt.'l'issot
(1969), 'lisrot ñ lispitrrliú (19?5), .lissol t:l ¡rl. (1975),

irntl .l rrrrt p,t'rr .(i K lcirr ( l ().'',5) lrirvc tl¡,rtlt'llt'tl l ltc l ltr:rtlt¿tl

lrllt:ritlion ol kt:rttgt:rt rvillt rt sct ol tltlt' ctltllttit'lls,

(5)

rvlrtlt'lrr l.; Ilrt rrrttttllt't rll li¡¡1','a"..
I lti:. ¡rrott'ss itltlì,)ul'lì 1,iv¡¡¡¡' ;¡ llr'll('r llrt'ort'tiLr¡l

lrplllotit¡l;rlrol, t:r ltlrrtlll' lrlrIlrcltlrlt' lot ll,tlt'rl¡'t'tt
lltr'rl¡ltl tltltttlltli,'rt,.,1,,-",int.;'-'¡rl lltr'tttll..trott'tl ttt:r:.,

lilnr'lir)ilr ilt, ¡rt( ( \l)()il( nll;rl I.ttl0r,,,\, .rrrtl,r( lr\.tl¡()il
(n(rltrr'\ l',. l)t':¡ritt'llrt'llrtl Ill,tt tlrt 'rr'li\',tli')n (n(.'rl',ic\

K



,, I . llrt lcrrr¡rL r,rlll( illlr vlrl'¡r u ltillt llrl rr it( li()n r,tl, (,1

llr( tìrirlrrr,tlr(,rr ol ,rt¡,.rtttt lilitll(:t (lolll)l(:,..ti lt llilt(lt(r¡r
rìl li rrtlr rirlLilr' I

?2e

(()n(luclivilrcs l()r cvcr! llc()l()pic¡ìl tirrrc, urtirr¡', llrc
r.c(lirììr'rìlirrv lristoly c()r'rcclc(l lry ( onìl)ít(ìlron lrntl llrkirr¡t
irrlo (ìiìl('lrl¡ìtr()n tlrt: rlriìrìlÌ('s ol l)tr,srnt tllcllnlrl
t tl¡rtlrrt lir,il r('s l lìr ()ulilr gc()lotiiclrl l inrcs. l'llc vlu urt lrLrr

ol ltc;rl llorv rlcttsil¡'itr tlrc ¡rrrst luc lro\\,cvcr unkl()\\,1t.
¡\ll tlrt'r,'(:ilr\'(Ì:, ('l lri¡i. -l \\'('t('(ì¿tl(:Ulill('(l ()¡t (ltc

itssilil¡l)lr()il llrítl lllt' l)r('s('il1 ltt'trl llorv rl(ilstly ll]

rcl)l('scnllllivc ol ltc;rl ll0rv ilr llre ¡.)lrsl. Sy:;tclilitllc eilr)ts
;rlirirr¡t l'¡ ont :iuell ln ir:;r,urnlli(rn ,r(' I'rol)itl)lY it

nìrrirìlurìr in lltr' t:rrrrt's ol l i¡1. .1, sirrte ¡tlrlislic:rlly
sr¡l licit:rrt (litlir \\crt' r¡scrl ltr¡rl il clur Irç 51¡¡r¡roscll llurl
irlcir:i (l)()r'clrolcs) *itlr irrctcrrsi¡ll', irnrl (l(crcirsirì!'ll(rrl
llrlr\' lti:;l,rt ic':i ('()ilìl)('nl.iill( (::ì('lì ()llrr't. I llr: rìì('iilì ()l llr(' l
rtttr't:s liivt'¡r, ts ¡rt'tlllt¡ts lltt'lrcsl lt¡r¡rrortrrnrliorr lìrr llrc
I I I (lì,,) lurrttiolr llrirl \\'r'r';rr¡ rr';rclr ill lìrc:;('nl.

lltot\t A llK l,,R lt t,.,\( t't'¡t )Ì\s

S\)n)(' r)l llrt' ¡tt()l)l( ilì:. ilt lll( rt:l| ol rt'l¡rliolr:;
:.ul'1,('. l('(l l,t l o¡r1¡¡ i¡¡ ( I r)7 I ), \\';1¡'l¡.; ( I !)¡i0) :rrrtl
olltr'1.; r'oltlrl lrr'lrvoirltrl il t lt, lttir':tl tr':t( trll\ iltrolvlltl
()lìlV r)tt(', r'ltt'tttiL¡rllt' rrtll tl,'li¡rttl rl¡oltrrrlt .u('
ro¡lsirit'tt'rl rtlrttlt otr'ut tltrril¡r, lltt' t¡tilllrtittrorr of llre
or',lur( lrt.tlt'rirtl. i\,lrttkt'nzi,',\ i\'ltIt'rrzit' (l()]{ì)
lt;ì\r' ttì\,'.til':rt,',i llt,' t:t1,". rrl lltr,'r' rr':tr lÌ¡tr' \\lìrr lt

()( ( rtt lllolt' ltttrl tlttrittlt lllc llrtl¡ 'l;ti'(', rrl otl
l()rr¡rirlron, l,ro ol tltr' t,';tLlio¡¡1,,,t il,,'lnr'ri,;rli,,ll
r ( iti lt()nl-i, ol ( .)() rt it :,1{ tiltr' iilt(l ol ( --.1 it¡ ;r lro¡r;¡¡¡q'

l¡1,rì¡o,¡1¡l'1r¡¡ llt,. tlrirrì 1,,',ttliorr r',rrì\'t',1, ( l)¡l'
lil{)il()iil (ìnilll i( l(ì l t riil, )l¡titl ¡r :,f ( t r ìt(l ltvtlt rl, ;tt llrlllr.,\ll
llrtr't' rt';lt liolt:; \\,'rr' ir.;:,unr,'(l lo lrt' Iirrl oltlr't,
trton(ìrlìillr'til1,il: lltt i,,,ltttri/.tli,rll lr'.t(lioll', :llr'
rcr,'t:;illlt. rr'¡llt lr ¡irl(' ()l ( (,n\t'l:,io¡¡ rll llt,' lÌ l() llì(' S

Iotlll ol l.l'l-l lttltl 1.5(rl tt\l)c!liv('l\,, u'lrllt lllc
llt()nlltli/.tlir)il t('ll( lì(ìil \\,1\ lt5:,ililtc(l lrt lrt rr ¡ cVcrsilllc.
IIri'r tut'lIrrrl rs ruott'tt:li¡tlrlc ir:i it is llt:;t'rl ()n r'l(rr¡'
lltr'orrlit,tl ¡rritt.r¡rl,s,lì(l llì(,\rtlt,¡rit¡:, (rll¡,rli()n ii
ccr lirinly r'.rlitl lìrr lltt'.c rcircli()ns. I lrc ¡rtolrlt'ttt,
llou,cvcr', is llrlrl llrc lrtr¡rrctruy lrrctor lr¡ttl ll¡e lrtlivlrtion
(]ll('r'lly (rilrì()l llt' rlt'lt:ilDinctl irr lllt: l:rlr0r'rrl0ly or' ()rìlV
!(|l\, ¡llit\.(.ilrirl(:lv, l)(:\¡rlrsr: 0l' lltt' ¡lotvltt:s ()l lltt:
rcrrttior¡s. Ilr'clrr¡:;c ()l llris, IVltrKc¡tzic's (l()7S) ¡notlcl
()l slrclclliill.l ¿uÌ(l clustirl c.\lcilr;i()il f tlr tlrc c\,()luli'.)n ()l'

r;crlirrrtrrl;rry birsin:r s,¿rs lrsc(l lo c;llil)r'irlc llrr: rc;retiolr:;.
'I ltt: irtr,t:t:,r' nr('lltotl sl¡or¡lrl ltorvt'r,t'r Irt: rlt'sit,rlrlr:: lu

lìr'ov(Ì llt( sl rt:lr'ltitt¡i ¡¡lotlt'l lry l)illc()ltc()lllft ilti( \.
Sirlllti & l,elllcr (l9ll(r) slutlicrl ilt rlr:t;til tlrc

i:;onrcr izlrliorr lcircli()n:, ir ¡r (',,, stcr.ur(' ;r¡rtl in (',, ltttl
( ,/ lìol):urc lrytlloc;rrborrs:urtl lr tlrirtl rctrclion in rvlriclr
l\vo ( r,, ('-rirtg nt()noitrr)nìíìlir: :;lt:roitl ltytltocrtttlotts
c()tìvcll l() it (',,, lriitr(lrtlltlie t,¡lc. t]sitt[ï (:()r'(: silllll)lcs
lrtlrrr llolcltolt's ol llrc l]rurnolriit¡r ll;rsin, \\/lr(Ìti' lltc
sc:rlilttt'lllluV lu\l()f y lttrl¡leolltcnnitl l(Ìlll)(:tillltl('s \vlìiclì
iuc klr()\\lt \vitlr rr ¡',ootl irLculircy. lltt:v tlt'lt:rll¡lttt'rl lllc
t cltr liort r irlc ()l lltc isonlcr izltliott l c.tt l itllrs ttt(:tìl i(Ìtl( (1,

I ltc ¡ltc c\l)()nL'nlilrl liìcl()rs lttrl irclivitliotl t'tlct¡itt r lrtt'
l..l r lO'' s' :t¡ltl ()1.(') l..l,'tllolc lot tsrttltt'tl/illl()lì ()l

sl('llilt('s $,llllc lltt'c0ttt'sp()rltlitl¡l rttlttt's Iot lttlllltltrs lltt'
'1.5 r lO s'r llltl l'l7.tl k.l,'nl,rlt'. 1 ltcst'rttt'itt lt¡it('(nl('rìl
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l()l llr'(ì(lì('llìit;tl lL'lttlilrtll ¡;.ltllt l tll ;t t:t¡tt't lltlttl l lrr

lO( ) l' l. ¡tlolt ll.irr.lt)'il, lt)li l), ,t¡ll ll;t¡ lo :ltlislittl *itll
rlr( r'rìrlìir ¡ritl "tlr('illì" 'l-' k l, lltolt' (l o¡r;tltlt, l()/(r).
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ol, llll,, Illl,()lll,]ll(..\1, lt
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lllt,,t'tl on .ll)-l :;;t¡rtìrlc:, ltt'n' ll'.toiltlurtlt' s'r'llr,.
\\lr¡rl1 ', (l()fi0) :,lrotvt'rl il ,ottt'l¡tllolt l)r'l\\,r'(lr L:tltttl;rlr'rl
I I I r:¡l¡¡t ,:r¡rrl ntr'rr:,rrri'rl vrltnltlr'r, llitl,trtr'L (li"). I rl
| '.lto*", \\/;r¡rl,':, ( l()¡ìr)) r'rr vr', ili rvr'll ;r:, l:rlt't

(l(l, tlttttì;rli'rll', I'y l';',lr'l l')li.l, llrrtt:tlll t'l ltl. l()\(r,
tt,ittl tnrlt ¡,t'r(l('nl (lirl:t it l:.. I ltt rrilrt't'tttt'ttt (',1)(( irllY
lr,ltrt, ¡t tltt lir(r t(Lr¡¡l tltlt¡tt¡¡tt.tliolt.., ¡((t¡l:, lr, l)(

rr'rt ;turtlrlt'.
lior llr,'r'lllr'ulilli('rr ol l;r¡elr curvr')i, orrt'nt'erl tlrt'

llrcrrn.rl lu:,lorV rrl llrt: l,tVtrs, lronr llrt'lrtllirrrrirrrr ol'
rttltrtt:¡tl,rli,r¡ till lltt ¡rttscrtl. l'ltt lrrtt¡rtt,rlr¡¡c ol,r
l:tyt'r rlcIertrls l'irsl ort ils trr¡nlrl rlcPllr. orr llrc tlrcrr¡url
t¡rtttlrrelivitv ol llrc lrrycrs lrbovc llrc llrycl uortsitlcrctl
:rtttl olr llrc llt'rrt llorv tlcrrsily. lrr rrr:rrry (:rsc:;, rt rs

¡rossilrlt: lo tlt'tt:¡nrrrc lltc lrrrrilrl tlt'¡rtlr iurtl tlrerrrirl
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wlritlì tllc vlltr(Ì (lcrivctl try Mltckt:¡rzic & lvlcKcrrzitr

(l9tll). 'llrc ¿ttotlt¿tlizatiott s(:cllls to llc it ¡¿tlltcr
(ìorììl)lic¿llc(l I c¡tt:l iolt, lcss it¡r¡lliultttlc itt ¡rt t:st:ttl lìr¡

palcogcolhcrrrutl irtvcslig{lliolls. lt is lro¡rctl , llrltl lly
nrcasril ittg lltc cxtcttt ol tltt: lw() l(Ìiì\ìliolls ltrcltliotltltl
c¡rrlicr its wcll ¿ts otltcr lcitctiolls itl it litlgt: llttl¡ttrct ol'

l:rycrs, rt uill bt: ¡r<rssiltlc to clctctttttltc lll(: l(:llll)cl¿lttllLr-
tir¡rc lristory rvitlrirr I [)(ìll(Ìt accttr¿t(:y.

(:oNc],Usl()Ns

I)cs¡ritc il's Iltt'otclit'¡rl tlil'l'icrrltics, Iltt: vilrirrc
lcllct lancc dclcn¡tittittiotl is ítl I)lcscllt tllc lll()sl sl¡ilill)lt)

nrctlrtltl ltlr ¡rr;rcticitl ¡lllt:o¡¡cotltt:llllill sltldics' L¿tI8lc

<l¿rl¿r sc(s ttlttl rc¡'rcittctl llltìillitlrclltcllls ¿tl'c lttlrvc:vtf

il(ì\rcssiu 1 lo rtlitlitlrizc cxl)('l illtcltl:tl cl'rors.

__ lror tlrc c¡rlcr¡liltiorr ol'f'l'l s, u t(:nìl)(:r¿tlurc

irrtcr r rtl is ¡rt o¡rosctl fìr¡ tlrt: tlorlbling trl lltc t citr':lici¡l

r¿rlc, rvlricll tlc¡ltrtttls olt lltc lc¡lìl)ctiltt¡r(: (l'ìr¡tr;rtiorrs,ì

lrrrrl .1, ¿urtl scc rlstr lri[Ì. ]).

lior tlrc r:itlculírli()tl oI'Iltctlrcticitl R,, valt¡cs I'l oltt
'l"l'l-s, ¿r'l l'l (1{,,) l'ttllcliott is ¡rro¡.rosccl (lritl.'t).

.- Str¡tl.y ol elrcrlrie¿rllv rrcll tlcl'i¡rc<l ltttlll<llllolcct¡
l¿rr bionr¿rrkr:l r t:itt:liolts (isorrtcriz.ltliotl ol' lìol)alìcs alltl
sl(ìr'¿urcs) is r cconutlt'lttlctl as ¿t \\'tty lìlr ltttlLc t:x¿tcl

I (:lrìl)cr'Íll lu c-l ilttc tlctt:t lttitl:ll i()lìs.

Vt t r i n t te P¡ I et ¡qutt ln:r nt i cs

ll l,)ltl,lll l,lN( ll'lS

lltlNllllt^R'lll. (i. Ñ SIll(ìl:N^, 1.. l()tl(ì l)lllt:tt¡cttlht:rttttc;.
l,t(tlurc Not(s ltr li:rrllr Screrìtt:s:i, t)t). I l.ì.f. li¡rrirt¡itl Vttllr¡¡.

ll(), l. I .\'. l9l¡ lvl;rtttl;tl ol ()tllit¡ìlc lÌ(:{)(ìlì(:lìttt;tl ttttcl¡tt, l;,ti,rtt
( onor'o, l'orìe;r ('ily, ()kl:tltorrrit.

l l( )RVA l l l. lr., :iZ^l.A\', /\., l)OV[ìNYl, l'. & l{l'Ìvll'l.l.l't, l.

l9l{(r StnrrÌllrirl .ilrrl'llrcl¡ttttl Iivt,lt¡lr()tl ol tllc l':tltttoltiitrl ll,t

sirr: ¡ut()vc¡r'icrr.lrr: lìllRRtJS, l.(cil.): lltcrrrrirl lvlrlrlt:llingrnSc-

tlirrc¡rlirry lItsirrs, ¡r. ll9-.15¡,|. litl.'letltrti¡r, l'ltrts

l:iSl.liR, l).R. lt)ll.l t itlcttlltlitltt ttl ot¡;ttttc lll;lltlrilll(llì l(ìv('lli li)r
ollsllorc cir!lcrrt ( it¡lrtrlrt ittt¡rlic:ltiott:; lì)l ticlìrl¡rl lìl)l)lic:lll()ll r)l'

l,o¡rittitt't tltr:tlìo(1. ('ittt;ttllitt .lotrtlt, I;ltttlt Scl, 2l('l) {l/ 'ltì8.
lllNl(il N, ll ñ XllrlN, I -- l()75 I'01 ilr¡ili¡ril 0l ¡r;rlu¡lrl 

'l,tslrrtrrt t'oirly sctlinlcttls. l:rtlill Lr. Ktthlt: lll, (r5 7.1.

K¿\l{Wllll.. .1 . l!)5(' l)tc lvlclittttot¡rltoic,h't Ktlltlclt volt Slit¡ltl-

¡rrrttkl rlt:r ¡rhysikirlistlrctr ( ltt'trlie. Z l)ct¡lsclttl (i(ol' (;cr.,

107:l ll l,ì().

l.r\S¡\(ìÀ, ,\. ' lgltl l{itle l,¡rr'r; ol cl¡clllitl:ll lc:tctio¡ts. llli Hill(:li(l:'

ol (icoclrettrc¡tl l)l,tccsscs, Rcvicrvs irr lvlillerrlklgl', ll l-(rtl.

L()l'^l'¡N, N.V. - l97l 'lcttl¡lct:tlttrt'lttttl g,ct'lo¡licitl litrte .ts

lirelor:; r'l cirt)()tlil¡(ì¡lliolt. Aklt,l. N¿ttrk liSSlì lzv St:r. (icol.,

.ì:t)J l(Xr.

l.()l'AllN. N,\'. l(l/() - llllltlcllcc ol ttllll,clllllllr: lttttl ¡¡cttlogtc:tì

litrrt: tttt e;tl:tgcttclic ¡rttrcc:,set tll toltlillc.ttitttl ittttl ¡rcltolcttttt 14ctttr

tali0n itt slrttly,ll (tlliítl¡ic ltìllttcl ilt ¡ccc¡¡l lttttl il¡rt:it:ltl sctlitltc¡tl:
(irr lìrrssi.rn), N,ll. V^:'i:j().JlrVl(:ll (c(1.), .l(rl -16('.

McKllNZllì. I) l'. l()?ll --- Soiltc rc¡trir¡ks ()¡r tl¡c tltrvt:ltlplllt:ttl ol

sc(lirììcnl¡ry b¿rsi¡rs, Llilr lll I'l¡t¡lt:t. Sci. I.cll., .l0:2-5--l).

M^( KtìNZf [i, A,S, .! McKIiNT.lli, l).1'. l9tl-] lr.rt¡¡rcriz:tliort

:ttr(l ¿u()ilritli¿itlitttt trl ltyclrocltrbotts itt sctlittlctrlltt y bltsills lìtttttctl
hy t:xtcnsiorr. (icol lVll¿t2., 120:41'7-5lfl.

It()NSAI{l), l.N, & ()ltliRl.lN, ¡\, - l')tl.l -.(ì)lrtributio¡r ol higlr

Ir.¡0lttli0lt t'lc.:ll,llr ¡ilter¡)sc{rl)) 10 r)IlÌillli( ttt¡¡lclii¡ls
..lr,il,retc¡iz,rliL¡il.ilr!l iill(rIrel,rlii)rì ol lllcir rcllccl:r¡lcc. N,l.S.

SA l(;(), ('S. ,t I lrlilrl,lll{, .1. l(.,11(' A tcittliott kittclitr:t¡r¡rro:tclt
lo llrc l(nrl)crirlurr l¡rìre ltistrlry ol stxltlttcttl:tty ll¡tsitts. lr¡:

ltUN l lilì;\l{ l Il r¡nrl S l'lr(il:NA (lltl's.): l,itlc(,gc('tlt(:r'nli(:s, I l¡)

I 52.

Sllr(ilrNA, 1,., ll()RV.\lll, l'., \('l.All:R,.1 (,.. R()Yl)lrN, 1,.

It)ll I - l)clcr illi¡ritli()¡r 0l l)itlc()l(:rt¡l)cr¡tll¡tt: lly vitr irtc rcllccl:tttcc
rlltrr. liirrtll I vol. Sri. I 4. l9l-.ì(X).

S I ll(;liN¿\, 1., l()fì,1 {ppltc¡rliotts ol (ictllltc¡lltits itl l}cllolct¡¡tl
ll*r:rrrcllcs. lllc ().(i.S. Silvtt Altltrve ls¡ttv Vtllt¡lltc l95lt-l9tl.ì,
lloll. tli (;e()lis¡(:ir'lt:tttit:¡r t:tl A¡r¡rlic:rtit, XXVI. 10.ì: lìoll. tli
()t'r:rtttolo¡ii:r'l col tcit ttl Â¡r¡rlieitlir, ll,.ì. ¡r. l tl9 l{)tr.

'l l:;S()'l', lì. l9(,', l'tcttticres (lt)¡ìllccs stll lcs lllcc¡tlislllcs (:l l¡l

cittctit¡tte tlc llt Io¡ltl¡tltolt tltt ¡rctlolc tllt¡l:, lt:s sctlirttcllts. lttsl.

l,rîrìc. l)ctr()lc llcv.. 14:47() 501.

'llt;:i()'l', ll,, l)l1R()(), .l ,v l:Sl'llAl.lf., .1. 1975 I ltrrlc
(ìonll)¡rrcc rlc I'c¡r0r¡trc tlt' lt't ttt,tlititl ct tl'r'r¡lttlsiott tltt ¡rctrolc tlittrs

tlivr¡sts l)r()vrr(ìcs ¡qrolo¡¡ir¡ttcs Nirrtlr Worltl I'cll, ('olì8r. l'rot: 1,

I 5()- I tt)

IIS:i()l', 1ì.ñliSl'l'l Âl,ltr,.l. 1975 l.'tv()ltll¡()ltlllcrlttir¡ttctlcla
nrirtcrie ()r¡,.illtit¡ttc tlcs st:tlitttr:ttls ¿tIl)ltel¡li(tlls tl'tttlc silttttlitlitlrl
nt¡rt lì(:nr¡rl ¡(¡¡(:. I rtsl. lit.tttc. l't:tt olc Rtv,, ll):74-ì 777.

W/\l'l,ljS, l).W. lgtlo linrc ¡¡¡tcl lcnrlìcrit(ulc itr ¡rcttolcttttt
for¡ru¡tion: ,\¡r¡rlic:tliott ol l,o¡ratitt's tìì(Ì(lìo(l to ¡lt'lrolcttttt
c,r¡rlor irl irrrt. lltrll, Arllcr'. Assot:. l)cl¡ ol. ( ìcol., ó.1:9 1(''929.

W.\l'l.lrS, l).W. l!)tt.ì I'hysicltl-thcrrtical l¡lodcls lìrr t'il
llcrìcrill¡()rr. ('olot¡trlo Schttttl ol Mirrcs lJttartclly 7ll, '1.
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