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Ntttllcricltl crpt'titttcttls ltitrc llcctt e¡r¡rctl orrl lo,rrll-r'zc thc corrtlrtiolts r¡¡ttlcr rvlrich lirrclr rcltrtiortships
ht'lut:rJtt hcll gcttr:tittiott itttd llc¡tt llorr. l¡Lú tlrosc r,[rsclt'ctl ilt tlrc contlnurlitl otusl. rtrirl tlcvclo¡r iril

¡l lltcrtllitl slr(tclttr('cottt¡rosctl [r¡'tlrlce. l] krn tlriclt. llrrizolrt¡rl lr1'els rlivitlctl irrto lcctlngulit¡'llkrcks
slrosc ¡rlt.tsieitl tlinlensitlnr irtc itlcr¡ticirl uitlrlr c¡¡ch l¡rvcr. ljor c¡rcir hlock ir thcnìtitl r,olltlt¡iitivity l¡ltl l
Iteitt p.citeiitturtt r¡tte ¡trc cltrrserutl riuttkrnt liu¡l nrlrttul tlistrillr¡tio¡rs lssoci¡¡tctl rvrllr lhc lly't,r's. l ltc'.sceontl
nl,ltlcl cottsitlc¡'s ¡r slruclrrrc crtttrprtscrl lll thcc llte¡'s rvitlr vlrrlblc tlrickne.sscs ¡r¡rrl hlirck rli¡ltcrrsrolrs.
lirI thc first ttlotlcl. stirtislic;rll¡ sigtrilìcrrrrt li¡lr:lr lclirtions llotrvcc¡r hcl( llorv ar¡cl lrc¡rt gcncnrtion, lt thc
rtlrxlcl stlrlitte. .ttc ¡rtodttectl il tltc vcrtre;rl tlirncnsiorr ol'trhroks in tlre uppcr ll¡crs bloi'ks is cr¡uul to or
Plcitlcrllr¡trrlkrn llrt'('{ltclitli()neocllit'iertt irrul lhcirrrlÌrrlnrcocllìcic¡rlol llrirt ¡cliltiorrtlorrotdc'pcntlort
itttr ttttrlcl p¡tr¿lttlct(:r (tllìct lltilrt thc r cr tteitl tlirnctts¡on ol tlrc lrhrcks ir¡ thc lirst lu1cr. l hc ln¡trrlll cocllicicrrt
(locs rtot ettrtcs¡rtttttl lo lltc hlrrck tlitrcrrs¡r¡ns l hc lrncirl coclliciclrt dcpcruls oír tlrc rnc¡ul-lrc¡rl Llctìurltiorì
lillc lll thc lltrcc lit-rc¡s;¡tul ot¡ thc rcrltulrl tltnrclrs¡on ol lhe lirst l.r¡'ur blocks. l¡r tlrc cirsc ol tlrc sct:ontl
tltorlt:1. it slittrstteilllJ srpttilìcitrtt li¡rcir rclut¡orr is still obsc¡rcd ilt sontc clscs bL¡t lcsr¡lts ol thc rrr¡¡lrcric¡rl
c\llcrlllìclllli sttllgcsl tllitt tt ts ¡ltotltrccrl lrr clr¡rrrcc. lhc crtcnsi()rr ('l'tltc |csr¡lts tlesclillctl itlr()r,c to thc
llllctl)¡elirlrott ()l lltc (lltscrrc,l ll¡tcirI rel¡rtl0lls l)ct\\cerì ltcitt ll(}rr'¡llrrl lrc.;rl iluncr¡tlton ilt tllc siltlitcc ill
scr ut itl ol tltc itlc¡rti lictl ltc¡tt Ilrrrr' l)r'ovirìccs is ¡ cstr ictr:tJ ll¡ rrrotlcl lirrritllio¡rs. I lorrcr cr, thc rcsrrlts srrggcst
tlrirttlristclittiotl isit c(Ìtlse(iltcncconl¡ ol lltclltcllltll sttrrctL¡lcrll tlrcu¡l¡lcrc¡rrst. llrctrn¿lrrllrcocll'rcicrrt
rrl'tltis rcllttiort tlc¡tcrttls ()rr llìe vcrtic¡rl rlinrcnsion ol thc thclrnirl ¡rropr.r'i1 hclclogcrrcitiui. hr¡t it tlt¡cr ¡ull
tìcccs{ilIil\ tcl)lcscrìt it pltl'sicirl tli¡rtc¡rsiorr ol'll¡u lhcrnurl slruclutc trl'thc rr¡r¡lel crust.

litr rtrlrrls: llcitl lìorr tltnrtlr lleltl [ene[,rlron r.rtc lllirt llorr ¡rlorrntrs. llctlrrcctl lrelrt l]orr
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l(r(r I lc;tt ! 'll(lr¡cltolt ¡¡l l(r,lorn Nlerllr ittttl llte I lt'irl I krrr'l le;rt l'totlrtt:ltott l(clitttrltl

r N'r'ROI)tlcl'l'loN

I lc;rt llou' rlctrstIv l)l o\/lltccs. rc¡llolls cllilrllclcrizc(l bY

linc;¡r rclrrtiorìs []çt\\(jc¡t ltc;tt llorv clcttsit\' (t¡,,) ltntl slll'lÌlcc

lrclrl ¡3crrcr;rtr0rr rírtc (^)

duc to isolittctl ¡lltttotts ott tllc itttcrprct¡ltio¡l of'thc rclittiotl

bctrvcc¡r hc¡tt llorv dcusitr' íttì(l ltcitl gcrlcriìliotl ralcs J¿lt¡pilrt

1 I9tt.ì ) lìrrt lrcr tlisctrssctl lhc cffccts of' tlttlioltctit'it\' çolÌlrilsls

irr nrurc conìl)lcx situ¿ttiotts;ts rvot¡ltl bc lltc cltsc irt ttlosl

gcoltlgicirl provr rìccs,

Jitupitrt (l()ttl) ¡llo¡rosctl llrrtt llrc rlllscrrvctl liltcar

rclrrlion trclu'ccil ltcrtt florv clcrtsit! l¡td ltc¿tt g,cllcr¿ltioll rlllc

is it corrsct¡rrcncc ol tllc ¡tvctítllttì[ì cflbcts of'hori¿tlttlltl Itcal

con(hrctio¡r. l lonzorttltl cotxlttcliotl lcltds lo tlutsk diflcrc¡tccs

irr thc tlrickrrcssr;s of'ncighlloring ltc:tt ¡lrotlttcit¡ll t¡lìils Íllltl

lhc ¡rrcscrrcc ol'llrrnctl Itcttt licrtcrirlirtg lxltlics ll1'stttoolltitt¡1

thc lssociltcd Ircr¡t florr' tlcnsilr' \'ÍtIiÍttiotìs at thc stlrfìtcc

itrttl ¡¡cncritlilr¡i rt rclrttivclt' lrrglr ltcltt lìo*'bitckgrorrr¡d. Also,

.lrrrr¡rrrl ( lgttl) considcrcd tltitt thc rcdistribtltion of'

t¡ttliortclir c clc¡nq¡tts bv circrrl;¡lilrg [lrrids. trotlt irr thc

irrtlt¡sircs lt¡rcl in lltc corrttl't rocks. tcttcls to stttootlt tlttt

utditrtctivitv conlr':rsts iurtl llrc l¡rtcr¡rl vl¡rilttions of'thc hcl¡t

¡3crrcrirliorr r¡rlc tlislriltrrliolt. llotlt cflccls rlorrltl ittclt¡cc nlt

llignrrtcrrl ol'llrc: ollscr'\'c(l (l;tllt ilt tltt: ltcitt florv-ltcltt

¡',ctrr:ntliotr r;ttc tlirt¡$;trtr IIr lltis cltsc. tltc obscllctl l)ltrilllìctcI
l) u'orrlrl ltc rttt;tp¡xtrcrrt tlc¡ltlr sc;tlc. rc¡lrcsctltilt¡Ì;t tttcittr

rlcptlr scirlc of tltc lrrrlilttcltsiotutl ltc;tt ¡3cttcrittitln tlistrillrttiott,

;rrrtl t¡, n'orrlrl rcl)tc\çrtl lltc lttcrt¡t ltcirl f'lorv rlc¡rsilt'llclorv l)
Iol l lrtr.¡ic rc¡¡ott itt rcL¡litllt lo tltc tli¡ttc¡rsitttrs ol'ltcltt

¡icrrcrrt i rt¡, lmclics.

(l()¡rt lrsts ¡ ¡t t ltc l llcrtttttl ctllttlttct lvilt' clttt trltldi l'1' l lrc

rrrir¡lrrilrrrlc tll llrc clìccts rtssociitlctl u'itlt littcrttl r';tli;¡tiotts

irr r¡rliouctrvitr' (li¡tltlltnrl cl itl., I 9t't()) s¡tcciltllt i¡t lltc cltsc

of'ln isollrtctl ¡rlrrlurt rttrtrc cotttlttctivc tlutlt tltc ctlttttlrt' Iock.

Nrclscrr ( 19117) consitlcrctl lltc crttsl lts ¡t lltvcr tyillt

c()nst¡urt tltickrtcss rr ltcrc both tltcrttt¡tl co¡tthtclit'itl'lttttl ltc;tt

¡lcrrcnrliott rítlc ¡tIc tcprc:sctttctl bY ttorttr¡tl st¡ttitl¡tltrv

stoclr¿tstic l)tr)ccsscs. 
'l'lrcir clistrrbttliotts \\'crc itsst¡tltccl to

lrirvc snrtll vtriurtccs to ;tllou' lo cottsidcr olth' l'irst ortlcr

rrrrii¡liorts of' tlrcsc l)¡lrittttclcrs ilr tltc ltc;tt co¡ltlt¡c(itllt

c<¡rurliott Irt this lttotlcl. ltc;tl fltlu tlcttsill lt¡ttl Itc¿tt

¡lcncr';rliort rirlc irl lltc srrrl¡tcc slttis[r' thc rcl¡tliort ( I ) llrrt i¡r

rrrosl silrrirtiorrs l) r¡rrtlcrcsti¡tt¡tlcs lltc l¿tvcr fhrckrtcss. llr tltis

c¡rscs. (1, lrttrl l) lt;trc itrr tttlct¡ltetltliotr srllrillrr to lltosc

¡lro¡xlsctl br' .litrr¡lrrt 1I9tt3 )

'l'ltc rcccnt rc!l¡lls tliscrrssctl ltllor c sltotv llr¡tl lltc

l)irritnlelcrs r¡, :trttl l) rll'lltc obscrvc:tl rcl¿¡lirllts bclrvcctl

Itcltt flott'rt¡ttl lrc¿tl ¡1(rttcrítlro¡t r¡ltù ¡tl tlìc sttrfìtcc Itt¡tl ltllvc

diff crcrrt ntcrtttitt¡1s fioltr tltosc ctllttllto¡tlv itccc¡llcd. ltt tllis

l)il1)cr, \\c l)r'csc¡tl tltr: rcsrtlls ()l ¡t Itt¡tltcticltl cx¡lcrirttcttl

tlcsr¡incrl rr itlt lltc oltjcctivc of' r'cri f\'irr¡i t ltc colrtlilio¡rs

rurrlcr rvlttclt rt littcttr rr:lrttitltt likc ( | ) c:ttt llc obscrvcrl ¡tt llrc

(1,, r¡, t l)A

lÌt:tttltt litttttlt tttt tlt'( i,',,li:t,',t, l',¡l I l¡l). !t)t)(t

(l)

s'itlr q, ir¡rrl l) coltst;tttt. lt¡tr c bccrt itlcrttifìctl ilt su'crltl cott-

tlncrìtírl rc¡iions, ilr bollt ¡rlrrlorric lttì(l tllcl¡llllollrlric lctrltitts,

sirtcc lltc filst obscrr';ttiotls tttlttlc bt llilclr ct ill. ( l()(;8) lnd

l.;rchcnblrrclr ( Igrrtt) .l;ttt¡ritrt ( I9l{,1) l)tcsctìls lt colrt¡rilittrott

of thc hcr¡l fìou'¡rrovittccs idcr¡tif icd ttp to l()112, Sirtcc tllclt.

herrt llorr'¡rlolinccs lutvc llccl¡ rcco¡¡ttizctl ¡rt llrc (llrrlrclrill

I'rovirrcc of'lhc ('it¡r¡¡tlilrlr Slricltl (l)rttrt'. lt)l{5). (ltc l)itrtxi

¡r;rlcor if ì zorte rr stlutltr;¿rslcnr ('lri¡lir (Wrrr¡r, & l lrrltlr¡i. l()t{7).

tlrc I)icrlrrrrlrrl ¡rrrcl Âtlrtrtlic ('ottstitl l)litirt irr sottlltcr¡stcrlt

l.l¡rrtccl Stllcs (('osl¡tilt ct ;t1.. l()l{(i), tvcslcrlt litílttcc

1Vi¡llrcrcssc ct ltl . l()l{7) iut(l ;tl thr'Ilkritirri¿trr Slticltl

(S¡rrir rrov ct 'rl . l()q I ),

l{ov ct ll ( lt)(;t'l) inlcr¡rrclccl l) rts lltc tltickrtcss ol'lltc

rir<l¡oirçltvc lltlct rcsprtttsiblc tlv tltc lrcitt lltlu tlcttsilr

r;rriltiorrsobscn'ctl rtl Iltcsr¡rlìtccultctcltst¡,rt'ttsilttcrprclccl

i¡s llrc hcr¡l lklrr lìottt llclon' tlutt lrtvcl. l.;tcltc:ttllrr¡t'h ( I970)

shorvcrl lhlt lrrrl cx¡lottcntiitl vcrliclrl ltcltl ¡lcttcutltt'ltt
rlislrillrrlrorr. rvrlh ;t tlc¡rtlt tlccltt coltstitrrt ol l/l). lc;ttls ltl

rcl;tliort ( I ) cr crt tl lltc: ¡rt.ovittcc ltits tttttlcr¡',orrc tlilìcrcrtttittl

crosio¡r lltrott¡Ìlr ¡icologicrrl ltttte llltsrrtl olt lltc vcrt icltl

er¡xrttettliltl tttotlt:l ;t¡t<l ott llte tllrlltiltctl rrtlrtcs ol l). il

lrcc;r¡uc ¡,,crrcnrllt irccel)lc(1. ¡tl lcítst utttil tììi(l ci¡llrlrcs. llutt

(1, r'cl)r'csr:lrtctl tlrc lrcitl llotv hortr lorvct ctttst tttttl tt¡l¡lct'

nuurllt: (l)oll;rcl< ñ. ('lut¡lttrlttt. l')77. Mot¡l;trt. l()t'|5) llolll
irrlc'r¡rlcllrltons \\ctc ll;tsctl tltt lltc :tssttttt¡tlitllt lll;¡l Itcltl is

tltrrrsfcnctl <llrlv llv vcrlic¡tl colttlttctiott tltrottglt tltc crttst.
'l lrclc rrrrr irr llrt: ltlcr:¡trttc ll ttt¡tttlrcr ol'ltcltt ¡icttcrltltott

nlLìitsrr rcnlcnls rrur<lc i lt llott:lltllc:s lttttl i tl rc¡lirltls itltcr¡lrctctl

irsrcrlicrrlcrrrsl¿tl scc(ioltstt:clortict¡lllcx¡xrsctl trt llrcstrrfitcc

(e lÌ, l.rtcltcttbtttclt &. Ilrrtrkcr. l')71. Stvltltbcr¡i. l()72.

l lrrrlkcsrrort lr. l () i-l: l Jttrtkct ct itl . l 
(,)T5. Nrcolltvst:¡r ct ;t1..

l9t{ l. Arslr¡tVsklrYil ct ltl.. l!)tl7l Asltrr';tl ct il1.. l9tl7,

Sclrrrcirlcrcl ll . l()tt7). llrcsc lttcltsttlctltctttstltt ttot sl¡ou'¿t

slstcnrirlr( r'lttu¡lio¡t ol ltc;tl ¡icttcrltlitltt rltlc trrllt tlc¡lllr fìlr

llrc co¡tli¡tcttlill crr¡sl. rtltlrort¡ilt lt ¡ictlcrltl tlcclcllsc tll'tlris

l)írrirnìLrtcI rts li¡rretion of'tlc¡rllr is cotltttttl¡1. its slrottltl lrc

cr¡lccl ctl llt ¡',trocl tt: t n iclr I it rl,.u tt lct I I s.

l;rrgl;rrrtl et rrl. ( l()$0) f irsl co¡tsitlctctl llrc cllccts of'

lrrtcrr¡rl cottlrrsls itr rtrlroitctn'rlr ¡tttcl tltcllttttl ctttttltlclivitt'
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surlÌtcc of a nìcdiunt \t'ill¡ rit¡t(loll lrctcrogcncitics, in thcrrrurl

conductivit\'ilnd in hcat g,ct¡critlio¡r rltc. ¿tn(l lo
invcstigatc llrc rcliltiorrs of lhc p:rr;rnrctcrs q, a¡td D rvillr
lltc thcrr¡ral stntcturc of thc nrcdiunl. 'l'lrc ¡lrrrposc ol'thc
cxpcrinrcrrt is ¡rot lo nrodcl thc contincntal crust or lo
rc¡rroclucc tlts obscrvcd parantclcrs r¡, itrrd f). brrt lo
conlrillr¡tc to tlrc r¡¡rdcrsl¿urding oI thc phvsictl origin
and significancc of llrc rcl¿rlio¡r bcttvccn lrcal florv dcnsitt,

¿trtd hclt gcncration ratc.

.I'I IE N TJM tiRICAI, MODBLI NG

Ilorizontnl Inycrs modcl
Modcling consis(cd, in l¡ fìrst illst¡rncc. of rcprcscnli¡tg

lt ltclcrogcrrcor¡s lncdiunr rvith thickncss DY ancl lcngth
DX. 'Ihis rcgion, or dollurin lì, is lirlritcd bv lrorizont¿rl

lnrrndarics l-, lrrrd [', and vcrtical boulldlrrics f , lrnd 1,.

TIlc clonrain Iì is divrdccl ilr thrcc ltorizontal l:rycrs und thcsc

l¿tl'crs ¿trc fr¡rthcr dividcd irr rcctangular sull-clorrririrrs rvith

tlirnc¡rsions L" nnd L,r. rvhiclr trc cot¡stíutl rvilhi¡l c:¡ch l¿rvcr

(lrig, la)

Assocratcd lo clrclr ol'lhcsc srrb dolltains is n r'¿rh¡c of
lltcr¡¡rirl condr¡ctivit\, 'k' and ¡r vlrhlc o[ r,olunrclric hc¡rl

gcrtcration nrtc 'A' choscrì trl nrndorrr l'rorr¡ ¡ron¡rll
dislribrrtio¡rs rvitlr varia¡rccs o¡ :ltìd o., lnd urcarr r,¡rhlcs k

¡tttd A, rcspcclivcll,. t,¿rlid lor caclt horizo¡rlal ltn,cr, Vrlrrcs

ol k and A arc ollt;rirrcd bv tlrc r¿uldont nuntbcr gcncrittor

cfcscnbcd in l)rcss ct rrl. ( l()tl6).7,cro valucs itrc associltcd
to cvcr¡tuÍtl nc¡jitlivc cNlracttons.

'l'hc tcrnpcr:rtr¡rc clistribution in lhc nrodcl is oblirrncd

fiorrr thc solution o[ thc trvo-dil¡rc¡rsio¡ull slcirtly st¿rtc lrc¿rl

coruluclion cqu;ttron ((ilrrsllrr, & .llcgcr. I959)

l. r-

lr

lb
Figrrrc I - a) I lorrz.ontal l¡rycrs schcnr¡rlic crusl¡ìl ntcxlcl r¡scd

i¡r llrc nu¡lrcric:rl cxpcrirlcnl. 'l'lrc crustltlscclion is lirnitcd bv

Itorizolllal bor¡ncllrics f , and l-, u,hcrc hxcd lcnr¡lcrirlrrrc
artrl ltcat florv ¿rrc inr¡rosctl, rcs¡lcctivcll', and vcrtic¡rl ldilrb¡¡tic
bountllrics I-, :rnd I'',. 'l'lrc crustlrl scction is dividctl in thrcc
cc¡rral thickncss l¡¡ycrs ¡uld c¡tch llr¡,cr is fìrrthcr tlividctl in
sub donrains rvith horizo¡rt¿¡l¿lrxl vcrlic¡rl clirrrc¡rsions 1," lncl
l,r 'lir lvoid cffccts of'hc¿tt rcli¿rction ¿rt :¡cliab¿rtic bountlarics.

only lcnlpcrÍrturc i¡¡ul hcat fìorv f rclds fiorn thc sh¿rdorvcd

rc¡¡iorr rvcrc considcrcd. b) An cxarnplc ol su¡lcrpositio¡r of
tltc thrcc-rrodc lriangrrlar lirritc clcntcnt rncsh ovcr thc
rcctlngular thcr¡¡ri¡l ¡:ropcrtics sub do¡nlins.

Iri¡;uru I - a) Ahtdalo tntslul utm uunarlus horizonlais uli-

li¿tub tto ettù^aìo ttutnúrir:o. O lintittt lutrixtnlul sttpttt'iorl ,ti
tttQttlttht a !entpcra!uttt cttttslQttltt ão p(l,\,tÒ t¡ttt:, tn litnile
Itorizonlul tttfcrirtr l' | ¡tt,p¡t:-,t(,fluxt¡ tlc r:ttlor ttttts!tttt!t', Ol
litntles lularal.r' I 

', c I ' t¡'d(, l..n,,i(:etttt:ttte i,v¡lodtx. () nttxlalo
i tlivitlitb cm lrtilt c:uttttulus ('(,nt d ntast,,(r etp(ssur(t r: t:arkt
catilatlt t :;ubtlivitlitht ctn sttl¡tkunlttios ct¡ttt ditnett,rtfu¡ lutrt-
utrttul 1,, e tlitnattsäo t'er!icul [.,. l'ant rviler o,,; tlt'itt¡r' tlc
t'clittq:íio dc c:alt¡r tut!; limtle.¡ lalcnti,t, elrcnuì- t¡s t:utttlxts tlc
tcntp(rn!,ril e tle flrtxo tlc utlt¡r ¡lu úrcu htr:hurtuht.fitrunt
t:t¡nsithratlos. h) lixutpkt tltr.t'ttpcryt.ril:tkt tlc luttu rcth, lri-
rtttgttlar tlc clciltt:ttltt:i.fittittt:; ¡'ttn lrti,r ttit,s stthrc o:;

.tuh tk tm itt tt ¡,t t ltt.r r:ttttttu lt u ht¡ri ::t ttt ltti,r.

llrvtstu lJru.rilt'tnt ¡lr (ìr,tlì:tcrr litl l.l¡.'!), l9Uú

/t..-
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'l hc hcnt ctltttlttctio¡tcqtttttiott is stllvcd ttsirrg tltc fìrritc

clc¡ncnt rrrctlrotl (l(rkrrclri. lgtl(r). Ihc lltritc clctttcttt tlteslt

rvirs tlclinctl lry rlrvrtlrrrg tltc tlottt¿titl l( rr¡ tlrrcc ¡lotlc ttilttt-

grrlirl clcrttcnts ¡ts slttlrvtl in lii¡. lll. lnsitlc citch lityer. llrc

srrh-rlonlirirts c()ttcsl)()tì(l l() llìc sitllìc tltlllt[rcr tll'clc¡ttcttts.

l¡r this tltt,tlclilt¡1. lt t'cgitltl 510 krn rvitlc lttttl l(r krtt

(lrrck rvls st¡bclivitlctl itt lhtt:c ll kln tlrick lit¡'¿¡'s ¡ st¡rlìtcc

tunll)crlturc tll () "('lìxctl ltt tltt: to¡l (l-, llottrtdltt'y) lttld ir

lrcrrt llorr rlurrsit\'ol 2() lnW/rn'was ltxctl al bolttlrtr (l-,

bourtrlur'¡') ol' tlrc scctiott. 'lir av<licl tlrc cf'lcct tll' hc¡tl

¡clìcction at lhc ¡ttli¿rbltlic [lttttndal ics l', lrtttl f , ortly lltc

trìrììl)cllturc irnrl llcltt lìorv clcttsitl' liclcls ol'tlrc ct:ntt itl lcg,itltr

ol' llrc rkrntiti¡r l(. distarrt tltorc llt¡tl l0() krll liottt thcsc

trorrnrl¿rrics. rvct'c cottsitlcrccl irl thc itltcr¡lrct;ttiotl tll' tllc

r csrrlts. 'l ltc ¡lt ccisiort tll'tltc hc¡lt c.(ltliìlioll itttcgrirtiott scltctttc

rvas vcril'iccl [ry cottt¡litt itt¡Ì tttttttct ie ¿rl ltttl ittlitlytre itl

solrrtiolrs otrtairrcrl lìlr ctlttstit¡tt tltcttlt¡ll crltlcluctivitv lr¡rtl

Ircill ¡.1urtct'uttr)¡ì r¿llc.

I ltc ¡lclr¡ r,trl¡cs lr,l¡lllt.tl lìrr thc llrcl'ltr¡rl r:orrtlr¡c:livill

rlistribrrliorrs \\'clc litlictr lìrlllt tltc litct'tttt¡tt:,'l'hc irrlo¡rtctl

virlucs lìrl granitic (2 fttì W/rtrk). attt¡lhibolitic 12.tiO W/rrrk)

irrrtl glartttlitrc rocks (2.(r I W/¡rrk)(Arrlicnlrcistc¡'. l()81). ¡rlt:

srr¡l¡rosctl lo lrc te pt r'sullittivc ol'tt¡tpcr, ¡tlitlcllc ¡t¡ttl lou'cr

(ìr'u\t. r'csl)cctivtlll', Ilcal Scllcliltlolì Iillcs \\'elc cstirrrltctl ll1'

(rvo tlilli:rctrt rìlctllo(ls. liilsl, thc tltcitn vitlttcs ol'tllc llc¿rt

iÌ(Ìrìctilti,rtt Iittc tltstl illr¡titltt tvclc cstlllìilte(l lrolll tllc
lrlcrirtrrrc (Arttt:ttltcistcr. l()til) lìlr thc sit¡ttc tock tYlx: ils

¡¡r,¡,;(' ltstt:tl itbovc.'l ltrr ttìt:rtlì v¡tlrles tvctc irr tllis t:l¡sc .) 05

lrU',rìì'lìrr (lrt: rr¡rltu l¿nel.0.(r'l ¡tWitrr'lì¡r'tlrc ttlitltlle llvcr.

rrnd 0.50 ¡tW/rrrìlìrl tlrc lotvct litl'cr, lcirtlirlg to lrir.tlr lrcat

¡rlo<lrrcliott rtttltlcls. Sccotttl, tltt' ttlcittt vitlt¡c:; tll' llcltt

ilerrcr;rliott t;ttt'rlisll ihr¡ll()tì\ \\cl(: rtllt¿rinctl tlsillrl thc lclittiotr

hc:trvccrr tlrc lrc¡rt genclirti()tì r';rlc (Â ) ittltl tlttr scistltlc l'-rvitvc

r,,.' l,rc ilr' ( V ¡r ). ¡llo¡losctl bv lìvb¿rck & l ìr¡¡rtcbirlth ( l t)tl'l ) irr

tlrc lìr'nt

(.1 )

llù¡tt ( r)tì(ltr(:lto¡ ¡t l{it(l¡¡ì \'lcrlr¡r lr¡rtl tlrc llerrt l'ltlrr-llr';¡t Itlrttlttctitllt l(clitttrllt

rvith'A' irr ¡tWlrtt' iìtttl'V,,' ttt kttl/s. ittltl rt scltcttlitllc

tlistrihr¡titltt ol'l)-rvavc vclttcitics b¡tsccl rt¡t tlirtlr lì tl¡rr shiclrl

;rrcirs ( Mr.rissncr. lgtl(r) 'l'ltis sccorrtl clttltcc. that lctl to ltrrv

llc¡rt Protlr¡etitIt lltotlcls. ls cllilritctclizctl b1',r tllc¡tll ltcal

tlcttcrttliott ol' I .ì() [tWr¡¡¡r f tlr tlrc trppcr lltl'cr' 0.]0 ¡tW'/rlr'

lìrr tllr: nritltllc l¡n'c¡"ttttl ().0,ì ¡tW/rrrr lìrl tltc ltlrvct la¡'ct.

I lrt'sc lrvo sr'ls ()l'ltcitl ftt:ttct;ttiolt l'¡ltcs (lulillc it¡l¡lt trxittlittclt'

tlru tt¡r¡ro'lltttl loncr lilttits ol'lrc¡rt ¡lttttlttctiott i¡t it coltlittctt-

t;rl sllrcltl. l ltc it<lo¡rtc<l ¡cl¡ttrvc sti¡tttlitttl tlcvi;ttio¡ts ol tllc

lrrÂ ló5-l.7.lV
l)

lit't't¡t,t llt rt.rtlt'trtt tlt ( it'oli.ttt ,t, Iltl I l(.'L l()t)(t

Itcal gcrtct'ittir)tt rittcs wcrc ()9'¡, 20o/t',40'tto itlld 60'l/o of'thc

nrcîrr villucs. lrt the casc tll'thcrttlal colìdtlcl¡v¡ly tlistributiorts

tlrc irrlo¡ltctl sti¡¡trlitttl tlcvi¿ttiorrs rvcrc 0'l'i,, 20'Ì¡ ittlcl 6()9ô <lf'

llrc nrc¿rrr vtlucs.
'l'hc hor.izotttirl clirltcltsiolls 1., tlltltc sttb tlolltititts i¡r

circh lrtycr rvclc kc¡tt al l() klll rvllctt:¡s tht: vcrlicitl

tlinlc¡lsitltts 1., nssutttccl vitltlcs of' 1.5 krl. .l krtr' 'l ktlt. 6 kltl

¡r¡rtl I 2 knr fìlr tltc cusc ol'lltc flrst litycr litlr lhc sectltlcl itrld

tltit'tl laycrs. l.nitssutttctl tlte slttttc valt¡cs ol'1..5 krrr. J ktn,6

krn rurcl lll knr.
'l'ltc nttnlr't'ic¿tl cx¡rcritttctlls consistcd ol lìxirlg a se I of'

trtoclcl pit|itrìctcrs, cxtlactirt¡i lrcat gclìclatiolì r¡ltcs ¿tnd

tl¡crrtrll cortclucl tvil tcs liollt lhcir' ¡rltrcrlt distritrutions.

solvirtg thc hcat cottclttc:tiott cqtlíllion lbr tlrcsc valt¡cs of'

thcrrnal l)irr¿uìtctcr's atttl calctllating hcat fìorv dcnsity at tlrc

ccnlcl of'tltc ¡rrotlcl btlutttlat'y' clc¡ncttt ¡rt thc surficc. A

rrrorlcl rliagliult \vits colìstl'tlctcd rvitll tltc valucs oblainc<l

fill hclt lìorv rlcrrsity - ltcat gcttctatiolt r¡tlc ¿tt thc stlrlìtcc

i¡rrrl tlrc linr:rrt tcgrcssiott pitrittttctcls. c¡,., Íllìd D,,, nnd tlrc

lincru sarrt¡rlc corrclittitltt cocllicicllt'l" weIc cirlctrl¿rtccl,

Sirrcc cach rlittgrattt otrtailtctl is tt¡tc tll'tltc rttttrty ¡rossihlc

outcorìrcs ol'tltc cxpcritìtctìt lbr thc lixs(l sct ol'l''itr¿llìlclcI

v¡rlucs. tltc rvholc proccclttrc rvits re ¡rcittccl lìvc tirttcs. 'l hc

nlca¡r v¡rlrrcs, nn(l statt(lar(l crrors of'thc tttcarts oltltc liltenr

lcg,r'cssion l)lr'íuììclcrs ¡ttttl tll' tltc lillcar correlatiolt

cocf lrc icnt obt¡rirrccl (r¡,,, attd S ",,. [)., and S'i),,, ¡rntl r artd S"').

rvcrc arlo¡rtctl ls cstitttatcs ot'tlrcir cx¡rcctcd v¿tlucs ¿tssociatcd

rvitlr thc sct rll rttoclcl l)itr¡ttììctcrs.
Irt o¡rlcr to ittvcsligatc tltc ittlltrc¡rcc of'thc l)ilrtllììetcIs

of'cnch l11,ç'.,," thc t'clatiolr lrctrvcctt ltcitt llorv tluttsity attd

lrclt gcrrclation r¿rtc at lllc tttoclcl sut litcc. llltr ttt¡ttlcrical

cNl)crirììclrls rvclc i¡ritialcd kcc¡lirrg pariìlìlctcrs tlf'tltc ttricltllc

¡rnrl lorr,cr litvcts cottstnrrt rvitlr o:, nrrcl oi cqrral to zcttl. l:or

thc trp¡rct layu, tltc v¡tri¡¡tcc of tltc thulrlal contlrrctivity

rvirs initiirlll, nutdc cr¡ttal t() zcro. stand¿rrtl tlcviirtioll of' thc

lrcat gr:nct'tttiott ratc kcpt ¿tt 2()'lo ol'tllc tttcatt v¡tlt¡c ¡llcl tltc

llcat con<luclion cc¡ttittiott solvctl f'or lhc scvcritl villtlcs of'

l.\ l'lrccx¡lclitttcttlrvaslc¡rcitlcclrvithtltcstítlldÍìrdtlcviatioll

ol tlrc ltcat ¡icttcrtttion r¿ttc ol'tlrc ttl)pcl lilycr kcpt

succcssivcl), irt 40'),ô ¿rttcl (r0'/o, liollorvirrg lltis stttgc thc ltcat

gcrrcrntion stit¡tdat'cl clcviatiorl rvas lixctl ilt 20'Ìb atlcl thc

tlrc¡rrrul cortrluctivit¡' stittt<litrtl tlcviirtiort rv¿ts f ixctl ¡t( 60o'ir

lnrl lltc lrcrtt colttlt¡ctiott ct¡trttlitttt w¿ls solvc(l fìrr ;rll l,\
valr¡cs 'l'lris 

¡rruccdutc \vits calrictl otlt lì)r btltlt lttrv atttl

lriglrt lrcirt [crtctaliotì títtc tttcittt scts. A stllììlìì¿lI]'of'rttoilcl

l)iuiuìrclcls r¡scrl i¡t tltcsc cx¡lctitttcttls is givcrr irt litll. l.
rvlrt:¡c lll'¿trtrl Âl'ttttltlcls rclcr. r'cspcctivcly. to lorv ¡ttttl
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hi¡¡h hcat g,cncration mcans. Figs, 2a, 2b, and 2c show

cxanrplcs of samplc hcat fìow dcnsity - hcat gcncrâtion r¿¡tc

diagranrs for a particular sct of modcling parancters (scc

nrodcl codc in thc figurc lcgcnd), Thc rcsults obtaincd for

thc mcan valucs and thc standard dcviations of paramctcrs

of thc hcnt florv dcnsity - hcat gcncration diâgrams nrc

prcscntcd in Tab. 2. Thc rcsults obtaincd rvcrc organiz.cd in

cight nrodcl subgroups bascd on thc valuc of L!, Tab. 7

prcsc¡rts this modcl grouping, rvhcrc idcntilication codcs

havc bccn introduccd in ordcr to pcrmit modcl subgroup

compnrisons. For cach subgroup a diagram of q,., D. and r

as fr¡nction of L') wns corìstructcd. Figs. 3a, 3b and 3c shorv

cxantplcs of such diagralns Íor a particular sub¡¡roup (scc

linurc lcgcnd)
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l'igun: 2 - Sanrplc lrcal florv dcnsitl, - hcat gcncratron rfllc

diagranu obtaincd from modcl APl4 (scc modclparamctcrs

in Tab l): a) thc bcst corrclation (r = 0.87) obtaincd in this

particular casc; b) thc rvorst corrclation (r = 0.3(r) obtaincd

in this particular casc; c) an intcrmcdiatc corrclation (r =
0,(r3) obtaincd with this modcl.
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Fìgura 2 - Uma alto$lra ùt:; diagranms laxa de prcduçdo

dc color rlensidadc cle .fluxo dc calor ohtitlos a parlir do

nndalo Alt l.l (o:s porânrclrcs ù¡ nntdelo cstilo clc,scritos na

tahcla l): a) amoslra com o nrclhor corn:lação lincar (r
0,117) ohticlu com c:tse nnde lo; h) annt¡lra com a pior c:or-

rclaçdo lincar (r 0,36) ohtida com etssc nr¡de lo; c) unm

conulaçilo cnlrc csscs tktiì- cxlrcnns (r 0,63) ohlida cont
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I
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r.00
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I
I

020 -
000 400 ô00 t2.00

5^ rrrl

l.'igurc J - f)u¡rcrtclcttcc of'tltc lìlci¡¡1 rcgressiott ¡larlltttctcts

¿urcl ol' tltc rlteatl liltcnl' crlrrclatioll cocflìcicrlt ttl' tltc lrc¿rt

lìorv clcrrsity - hc¿¡t g,cncrilliott t'alc rclatiotl rvith thc vcltical

dirncrrsion ol'thc lìrsl laye r sttb clotltaitts tbr thc cilss of'thc

rrrodcl subglotr¡r CAP2: it) c'¡,n x [.t,: ll) i)., x l.\,, c) i'x l,'\,.

I:iguru ,l - Dcpatnlctr:itt cttlr<: t,.\ l).tt'út,laln¡'¡ tttitlitts fu

l't'gttrs.rcio t' tht c'trcf ìt:ittttl¿ tlc c'ttrrcluçãtt ttttitlio tlu rcluçtitt

L'tttrc ¿(nst¿(ttlt' tlc.fltxrt ,lc' c'ulttr tt ttt.tu dc ¡trtxluç'iitt dr'

c'ttlor c'r¡tn tt dintctt.tíit¡ r'crlicttl dtt.t ttthtlt¡míttitts tltt ¡tritnt'i-

rrt t'tttttrttlu, p(tru o t'ttstt tltt.sttlx;tttt¡tttttrt la ttttxlclt¡:; (ì,11''?

(t) .l ,,,.\'1.t,, h) l,),,.r Lt,; c')l'.r /.r,.

't'uhlc I - Moclcl pítratnctcrs t¡sctl lo ittvcstigatc tltc inllt¡c¡rcc

ol'tlrc fitst litycr. l.\ is itl kllt, l,ri tttlcl l.' itt'c kcpl collsl¡lnt ilt

l2 krl irnrl l.'\. l.Û arttl l,(. at 20 krrt. Also tltc ¡clativc slalttlitrtl

dcviltions of' tltcrlrt¡rl cortdtrctivity alld Itcat gclìcr¡ltiolì r¿ltc

ll,'t t.¡t,t llt ttttlt'trrt rh' ( ìr'ttfi.:rr'tt. lltl I 1t ) )' I 99h

MODtìt, on,, / 4,, o*n / k^ lrr
I

BPl t 0.2 0.0 t.5

uP t2 0.2 0,0 3.0

llP l.ì 0.2 0.0 4.0

BP I.I ().2 0.0 ó.0

BPI 5 0.2 0.0 t2.0

BP2I 0.4 0.0 1.5

ll lr2 2 0.4 0.0 3.0

BP2,] 0,4 0.0 4.0

ll l'2,,1 0.4 0.0 6.0

Blr25 0,4 0,0 r2.0

llP3l 0.ó 0.0 1,5

ßP32 0.6 00 3.0

11P33 0.(r 0.0

ut)34 0.6 0.0 6,0

I] P:J 5 06 0.0 12.0

lll,4 I 0.2 0.6 l._5

ll l"l2 0.: 0.ó 30

I] l)4:i 0.2 0.6 4,0

ll lr,l 4 0.2 0,6 6.0

It l)4 5 0.2 0.ó t2.0

Alrll 0.2 0.0 1.5

Al)12 0.2 00 30

^l)li
0,2 00 4.0

^1, 
l,l 0.2 0.0 6.0

Alr l5 0.2 0.0 l2,0

^P2l
0.4 0.0 l5

Al)22 0.4 0.0 l0

^ 
t)23 (),4 0.0 40

Alr2.t 0.4 0,0 (r0

A1,25 0.4 0.0 12.0

Al):ì I 0.6 0.0 t5
A P32 0.ó 0.0 30

Alr33 0.6 0.0 4.0

A l)34 0.6 0.0 60

A l):ì 5 0.6 0.0 t2.0

^l).1 
I 0,4 0.6 1.5

A l'42 0.4 0.ó 3.0

AP43 0.4 0.6 40

Alr44 0.4 0.ó 60

Al'45 0.4 0.ó t2.0



in thc sccond and thc third laycrs arc kcpt constant at 0%r.

'l'hc ¡uoclcl codcs arc i¡rtroduccd for cross rcfcrcncc
purposcs. BP and ÂP nlodcls rcfcr, rcspcctivcly,, to lorv and

high hurt gcncr¿¡tion nlcans.

'lhhela I - I'ar¿ime ln¡r- do.r ntodclos usados para tnves!igar

o influènciu du prinrcira r:omacla. À unicladc da dimensão

vcrticol L't,,ú km. .,ls ditttuttsõcs verlicuis Lìr,c l,(:r,.litram

./ìxndns cm l2 km <: as tlimctt:¡Õcs horizottlois L't,, Ltt,a L'',

,/bram ./ìxtttltt:; t:ttt 20 kttt, 0s dcst,it¡s pudrîu rclalivtx da

c:ondutit,itlntlc tërmica c ilo laxo tla podução de color tlrt
slgtrnda c tla lcrce iru cutttada./itrom Jixada¡' cm 094. Os

códigts thts rrttnlelos.fìtrotn in!nxluzitk¡¡- para p(nn¡l¡r unm

t:onparoçäo mois/ücil e ntn: nt¡¡dclos. Os códtgos lll) c tllt
.rtt rv.fi:tvm a motlclo:t <:oroclcrizadtts por volotvs múdios

åai.to,ç c allos du l¡tx¡t dc pxtduçärt tlc calor, rcù-p(cliva-

nttttlttt,

'l'hc crpcrinrcnt continucd varying tlrc sccond litycr
rnodcl purarnclcrs in lhc st,slc¡rri¡tic rvity.iust dcscribcd, In

this casc, horvcvcr. pitrliculir r valucs of thcrnrll
corrduclivity irnd hc¡rt gcrrcratiorr ratc lor thc uppcr llycr
rvcrc lixcd. 'l'llcsc v¡rlucs rvcrcobtar¡tcd, rn lhcc¿rsc ol'lorv
hcat production rììodcls, f'rorn ll¡c hcat ¡3clrcralion r:rtc and

tlrcr¡nal condr¡ctivity distribrrtions *,ith o,, arrd ou ol2llt/,,,
ln thc casc of high lrcnt ¡lroduction rnodcls. tlrc adoptcd

\,¿rlucs u'crc 40rZ¡ for on and 60"1¡l'or or llr bolh cascs ¡t

\,¿rhrc o[ (r knr rvrrs l'ixcd for L^ rvhcrcas thc v¿rrianccs of
llrc thcrrn¡rl cor¡duclivitv and hcat gcncration r¿ltcs of thc

tltird lavcr rvcrc kcpl i¡t 0(Zr, Â st¡nrnrarY of modcl
pirr¡lnrclcrs uscd in thcsc cxpcrirrìcrìts rs givcn in 'lirb. 3

rvlrcrc BS nrodcls ¡rnd AS nrodcls rclbr. rcspcctivclv lo

lorv ¿rnd high hcat gcncration tnc¡tns, Fig, 4 shorvs an

cxanr¡llc of sarrrplc lrcat florv dcnsity - hcat gcncration râtc

diagranrs for n particular sct of nrodcl parantclcrs (scc fi-
grrrc lcgcnd) ¿rnd Îrb. .l ¡rrcscnts thc rncan valr¡cs and thc

standard dcvintions of paralrrclcrs of'lhc hcat florv dcnsitv
- hcat ¡¡crrcratiorr diirgrlrns. I'hc nrodcl rcsults obtaincd

rttodcls \vcrc Írlso org,lrniz.cd in ci¡;,lrt nrodcl subg,roups on

lhcbasis ol'llrc vlluc of l-rr, (scc'I¡rb. 7). For cach subgrou¡l

;r cliagranr ol qu,, D" and r íìs frurctio¡r ol'Lrj u'as constntctcd,

l"igs, 5:r. 5b ¿rnd 5c shorv cxnrnplcs of thcsc diir¡¡rÍ¡n¡s for it

¡nrticular subgrou¡t (scc fìgurc lcgcltd). Finallr,, thc samc

proccdurc rvirs rcpcntcd for thc third lavcrs, lì.ring parti-

llavi,ttu llnnilt,ittt dt (irtli:;it'u, lòl I'l(2't, 1996
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'luhlc 2 - Mci¡¡r a¡¡d stand¡rrd crrorol'nrc¿tn of thc plrantctcrs

of thc l¡cat florv dcnsily - lrcat gcncration ratc diagrarns

obtiri¡¡cd u,itl¡ ¡¡¡odcls listcd in T¡rb. l. rî,, and S"',,,,, arc in
rnW/nt2 ilnd D,, ¿t¡ìd Su'r)n nrc irt nl.

MODEL {,. t'n". D. J.,r. t $r,

BPII 37.90 0,113 tl30 330 0.38 0.12

BPt2 37,.55 0.17 t020 180 0.3tttr 0.093

BP13 35.9r 0,64 2120 430 0.576 0.0e1

BPl4 33.51 0.78 3850 550 0,7.sfl 0.038

llP 1.5 32,03 0.4(r 41190 430 0.ll0tt 0.030

BP2 l 37 .57 0,27 I 090 240 0.449 0.074

BP22 3(r tìtl 0 (r0 1530 330 0 49 0 I I

BP23 3(r.4tl 0.ltt 1730 310 0.521 0.0(¡(r

BP24 31.69 0.t15 3090 7(X) 0,621¡ 0.075

BP25 32,47 0,9.5 48t0 590 0.tì08 0.050

BP3 I 37,119 0.19 9tl0 2(t0 0,4 17 0,096

BP32 36.09 0,21 2100 510 0.577 0.086

BP33 36.12 0.10 l7ll0 2tt0 0..5(r I 0.0t17

ilr.14 34.77 0.48 I ilO 100 0.715 0.045

llP3_5 33,7 I I 4190 370 0.75-s 0.038

BP4l 37 .75 0.1 I 930 240 0,3fi I 0,079

llP12 3(r.l4 0.1I 2190 24ll 0.(il1 0.039

llP13 35.3n 0,2tr 2220 t90 0.51ì2 0.058

Bl'44 36,(X) 0.15 2230 I l0 0.(r 17 0.055

BP45 32.00 0.3(r 5050 240 0.1t47 0,012

^P 
I I 55.27 0.{7 tl90 l(r0 0.3t13 0.042

APl2 53.4(1 O.slt 1750 240 0.521 0 061

AP 13 -50,96 0.(r4 24110 250 0.60t1 0.07(r

APl.l 51 2 I 3 27Ít0 (ilO 0,('12 0.092

AP 1.5 4tt.2 I 3 4 190 (160 0,7t17 0.036

AP2 I 54..17 0.94 930 .s t0 0.43 (). t7
AP22 5 t.7 t.-s 24ti0 670 0.544 0.09.t

AP2l 51.51 0,73 2390 29ll 0.(¡77 0.0(15

^P24 
50.9 1.7 2930 (rtl0 0.7211 0 0.12

AP25 46..1 l.l 4910 390 0.1122 0.01(r

AP3l 54.1ì 1,3 t250 ..ìt0 0,5il 0.042

AP32 51.12 0,77 l7(X) 690 0.51(1 0.094

AP33 52.3 I 6 25(¡0 170 0.7411 0 0l2
Al'34 52.1 l.(r 3140 310 0.(¡74 0.030

AP35 45.2 I I 5fi30 -560 0,tì43 0.03(¡

APl l 54.17 0..19 I l(r0 230 0.44 0. l0
41'}42 53.(r 1.0 ltì20 .140 0.5(r 0.10

^P43 
50,11 I .0 24 l0 3tl0 0.(123 0.093

AP4.t 51.(, l, I 2340 .t50 0.(t2 0, l0
AP15 .16.0 t.l 52{0 690 0.tr.t5 0 025



l7 .l I lcirt ('olrtlrrcliolt ilr lì;uloll ltlcrliu untl tllc I lr:l¡t lrlorr-l lc;rl l'totlt¡etiotl lìcllttiott

'tithcla 2 - lttttliu r'tlt'.rt'itt ¡xult'ítt¡ du ntl¿liu tlos ptttútrrclnt';

(¿' ,t'g/i',Ì.rrio tltt:i tliugt'tttttu.\ lu.ru ¡l¡: ¡tnxlttçtitt ,1,: .'ttlrtr '
tlcttsttlurlr' lr' fltt.t'tt ,lr' cttltt t¡bltdtx L'ot,t os ttttxlcltn tlt:,t-

t t tt (,.t t tt t'tùh. I . .1 tt tt iJttt lc,lr' t¡,,, rt,9",,,,, t: tttll" ttt: t: d tttt iJu-

l,' ,1, l),, c .)' ;,,, i' ttttttt'tt

culiu' vulucs of'thcnnnl conducti!'ily alìd lìcat gcllcriltiolì

ratc fì)r tlte rrp¡rcr'¡rt1cl tltc ttìicldlc layers, 'lìrb. .5 st¡tltttl¿trizcs

thc rnorlcl l)¡u'llnclcrs ttsc(l itì lhe se cx¡rcrirtlctlts ( lìtr llìoclcl

sul)groul)s sce 'l'itl).7). lrt this table llI'¡ttotlcls irntl Â'l'

rlotlcls rcl¡r', r'csl)cctivull to lorv ¿rncl lriglt lrclt gclìcl'atiotì

tììc¡uìs. ltig ó is ltttirlogous to liigs. I arrcl .1. itttcl lrig, 7(tt.

lr. c) is iurll()g(ìtt\ trr l;it I atlrl 5 'lìrb 6 prcsclìts tlìtr lllc¡ttt

vllucs artcl tltc slitttrl¡rrtl clcviittiorts of' l)atíìtììc'tct's ttf' thc

hcirt llorr rlcnsitl - lìc¿rt gctìct'atiott clia¡lritnrs

aa

a

61 00

00 00

t0.00

52 00

48.00

t
¡

t

a

o

a
a

' .a o

)
oo

'

t,00 2.00 300

\ (10'' t/D!t
¡l 00

l,rgure .l - 5ilrrr¡tlc lrcal llo$ (lctìstt\ - llc¿rt qcllcliltlolì riltc

tliuullrtts o[ltitittetl fì <lnr ¡ltotlcl ÂS] I (scc ttlodcl l)ilt'¿rllìctcls

in 'lìrb .l , lrr this slrr¡llc r 0 tl,l

l;iguru 4 - lltnu dtttoslt'(t (l().\ ¿¡(tg,t'.ttìttt.t l.t.r-Lt ,lt ¡tnnlu-
,,'tirt tlt' (ttlttr - tþttsidtu/a tlr'.flttrtt ,lr' ,'ttlttt' ttlttiLltts t'ttttt tt

tttt,,lt lo .f.\l/ /o.ç ¡r¡¡¡'¡i¡¡¡¡'l¡'¡t.s ,lo nt,,,h'l¡t t'.tltitt tlt'.tt'rilt¡.t

,l¿r'l:t[r, -li, ,\ì',tl¿r (ttìtt)\lt'ít ¡¡ 1.'¡¡¿fìt'it'tttt' tfu L't¡t'tt'ltt\'ùtt li-
ttt',t liti l),,\'l

000
l'------f-r'--l-'t'--l

'f¡¡ble 3 - Motlcl pilrlrììcturs usc(l to invcstigatc thc i¡rllucrrcc

()f'llìc sccorìd laycr. l,r!, is in knr. [.^, artcl l,(" ale kept nt (r

knl ¡rntl l2 krn, respcctivcly. l,'\., l,rì. ¿rntl l,(. alc kcpt at 2()

krtt l'lrc rcl¡rlivc st¡rntl¡rrrl tlcvi¿rtiorrs ol'tltc thct'tttal

cortcluctivit¡' ¿uìd lìeat gcrìcratiorì r'ate ¡rì tlìc firsl laycr itrc

kcpt at 20r)ir, lor tlrc cirsc of'nrode ls llS. l¡trl i¡t (r0r)ir rutrl

.109i, rcs¡rcclivcly f'or tlre ÂS nlodcls. ljor thc third litl,c¡5

thcsc valr¡cs arc kcpt irt 09,o. 1'hc rnoclclcodes arc inlrodt¡cccl

lbl cross lcl'clcrìcc pulp()scri. []S anrl ÂS ¡ttodcls rcl'cr.

rcs¡rcctivcly', to l<lrv lnrl higlr lrcat g,cncr¡rt¡orì rìrcarìs

Ihheh,l - l'tu'tittttlt'tt.s tlo.s ttttxltlt¡,¡ tt.t,trl,¡,r p(tt'il ¡tlr'r.\lig(tt'

rt tttfltttittt'itt tht ,stgtttul,t (:(ttrtt,i-l(t. ,1 ttttitlutfu tlu tlintctt:;ùtt

I,l,'rtrt,t llt'ttttlt'tt'tt ,lr ( i,'t,list' ,t. lltl I Jt -'t. I 99h

MODIIL o,rr / A, ouu / liu LI
I

BSII 0.,1 0.0 t.5

tìsl2 0.4 0.0 3.0

BS I] 0.4 0.0 6.0

tìs t.r 0.4 0.0 D.0

BS2 I 0.ó 0.0 t5
ßs2l 0.6 (),0 .1.0

B523 0.6 0.0 ó,0

B52.t 0,ó 0.0 l].0
ßs3 I 0.2 0.0 1.5

lls:ì2 0.2 00 3,0

lrsl-ì 0.1 0.0 6.0

BS:ì4 0.2 0,0 t2.0

BS4 I 0.2 0.6 t.5

B542 0,1 0.6 :ì.0

BS.t3 0.2 0.6 ó.0

1ì544 0.1 0.6 ll.0
ASll 0,2 0,0 1,.5

AS l2 0.2 0.0 3.0

AS I] 0,2 0.0 ().0

^s 
l4 0.2 0.0 r2.0

AS2 I 04 0.0 t.5

A522 0.4 0.0 3,0

ASI-l 0.4 0.0 6.0

ASll 0.4 0,0 r2.0

ASi I 0.6 0,t) 1..5

^s.i2
0.6 0.0 _1.0

ASlS 0.6 0.0 (,.0

AS34 0.6 0,0 l].0
A54 I 0.4 0.6 r.5

A542 0.4 0.6 i.0
A54 j 0.4 0,6 (r.0

A544 0.4 0.ó 12.0
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verllcal L,té km, As dlmensões vertlcais LAre Lcrloram

tlxadas em 6 km e em l2 bn, tespectlvamente, As dlmen-
sões horizontals LA, Lt , e Lc ,þram tlxadas em 20 km, Os
desvlos padrão rclalivos da conduttvldade lérmica e da taxa
de prcduçdo de calor da primeira camada þram !ìxados
em 20%, para o caso dos modclo.r IJS, e em 60% e 40%,

rcspeclivamenle, pard o caso dos ¡nodelos AS, Para a ler-
celra cantada os valorcsþramlìxados em 0%, O.s códigos
dos modelosþram lntruduzìdos para permitìr uma compa-
raçdo mals/ácil entrc modelos. Os códigos ßS e AS se rcfe-
rem a modclos caraclerizados por valorcs médlos haixos e

allos da laxa de prcdução de calo4 rcspectiva¡nenle.

t,00

tc

?

0,t0

0,t0

0.¡10

0,20

I
I

t0.00 3¡
o'æ 

' 
oo ''t ç ,rr, 

t2'oo

f'lgurt 5 - Dcpcndcncc of thc nìcan rcgrcssion paråmctcrs
and of thc mean linear corrclation coeflicicnt of thc heat flow
density - hcat generation rate relation with the vertical
dimcnsion of the sccond layer sub domains for the casc of
thc model subgroup GAS3: a) Ç x LDr; b) D, x L'rr; c) lx LBr,

Figura 5 - Dependência enltt os pardnrctnts médios de rc-
grcssão e de do coe./ìciente de corrclaçdo médlo da rclação
enl¡e densldade de tluxo de calor e taxa de prudução de
calor com a dimensdo vertlcal dos subdomlnlos da segun-
da camada, para o caso do sahconjunlo de modclos GAS3:
a) I*x Lû; h) D"x La r; c) F x Lo 

r,

t
t

?a

IJ
t0.00 I I

¡10.d,

t0,00

0.00 t.00 t.00 r2,00
t¡|,00

Ly
I (rrl a

t.6

tI
a

t5b t0.00

tc,00

02.00

It.00

a
a

!
rd a a

a
1,00

¡I i
aa

ao

2.00 a

0,00 t,00 2.00 !.m ¡1,00

0,00

ro lro-. r/.tl
Flgurc 6 - Samplc hcat flow dcnsity - hcat gencratron ralc
diagramsobtaincd from modcl ATI I (scc model paramctcrs
in Tab. 5). In this sample r = 0.f14.

0.m 4.00 ô.00

5r rr.r

llevista ßra.tilclru de (ìeotlsica, lbl. l4(2), lgg6

.l2.00
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I'lgura 6 - IJmtt (uno.\lru tlos cliag,rantus t&ra dc prcxluçtio

tle calor - densitlctde dc.fltuo tlc culor obtidos com o modelo

ATlt (os put'dnrcuos do modelo esttb dcscrito,s na Tah. 5).

Ncslu amostra o coc.ficientc de correlctçdo lincar foi 0,84'

MODEL Qr" s"'q,." f)n s"',rn r su' I

us I I 14.06 0.09 3612 4tl 0.67114 0.0075

BS r2 33.ett 0,08 3645 4tl 0.684 0.016

BSl.l 33.93 0.08 3755 8ll 0,692 0.017

BS I4 13.52 0. l2 3e27 82 0.6880 0.0022

BS2 I 33.92 0.09 3695 4't 0.68 I 0.026

I]522 33.óó 0.09 3925 75 0.707 0,024

BS23 33.ó0 0,29 3940 I 70 0,678 0.020

BS24 33.83 0. l2 3785 86 0.ó34 0,044

lts3 I 33.93 0,0 I l6e8 12 0,6899 0.00ó8

B532 33.87 0.03 3693 le 0.6ti83 0.0074

BS33 33.ti6 0.08 3728 só 0,6978 0.00e4

BS34 34.00 0.09 3708 54 0.6594 0.0084

BS4 t 33.91 0.03 3óe l l2 0.6918 0.003ó

BS42 34.00 0.03 3ó53 3l 0 ,692e 0.0093

B543 33,e7 0.06 3661 3.5 0.ó620 0,0095

us44 l.l.lt I 0.0 l0 3745 46 0.683 0.013

AS I r 4e.53 0, l2 3635 33 0,8236 0.0062

AS t2 4e.52 0. l3 3652 36 0.8253 0.0046

AS r 3 4e.4 I 0.23 37 54 84 0.8326 0.0074

ASl4 4e.77 0 30 3566 83 0.8127 0.0091

AS2l 4e.32 0.08 3650 44 0.82s 0,01 I

AS22 .50.01 0 I I 3.5.s7 66 0.8057 0.0082

AS23 4e, l5 0.25 3704 87 0.815 0.01 I

AS24 4e.56 0,26 3840 I 50 0.832 0.010

AS3 I 49.67 0.20 3668 53 0.8 156 0.0098

AS32 49.40 0.40 3637 99 0.807 0,021

A533 49.60 0.41 3600 120 0.8255 0.0067

AS34 49.lll 0,64 3600 280 0,786 0.02e

AS4 I 4e.40 0,19 3ó78 34 0,8266 0.0036

AS42 49.34 0,09 3769 44 0.7931 0.0064

A543 49.53 0,35 3730 150 0.8184 0.0099

AS44 49.86 0,5 I 3540 240 0.838 0.014

MODEL o^c / Ac o¡c / k. LcI

BTI I 0,4 0.0 1,5

BTI2 0.4 0.0 3.0

BTI3 0,4 0.0 6.0

BTI4 0.4 0.0 12,0

B'l'21 0.6 0,0 t.5

BT22 0.6 0,0 3,0

B't"23 0,6 0.0 6.0

B't'24 0.6 0.0 t2.0

BT3 I 0,2 0.0 1.5

B'r32 0.2 0,0 3,0

u'l'33 0.2 0.0 6.0

BT34 0.2 0,0 t2,0

B'r4 t 0,2 0.6 1,5

B't'42 0.2 0.ó 3,0

B1'43 0.2 0.6 6.0

B't'44 0.2 0.6 r2.0

ATt I 0.2 0.0 t.5

Al'12 0.2 0.0 3,0

AT I3 0.2 0.0 ó,0

^'f 
t4 0,2 0.0 r2.0

At'21 0.4 0.0 1.5

t{22 0.4 0.0 3.0

AT23 0.4 0.0 6.0

AT24 0.4 0,0 r2.0

Ar3l 0.6 0.0 t.5

AT32 0.6 0.0 3,0

At'33 0.ó 0.0 6.0

AT34 0.6 0.0 t2,0

A1'41 0,4 0,6 t,5

Af 42 0.4 0.6 3.0

AT4] 0.4 0,ó 6.0

AT44 0.4 0.6 t2,0

Tablc 4 - Mcan âttd standard crror of the nlcan tlf the

paranìelers ol'tlre heal fìow density - hcal gcncratiotì r¿ìtc

cliagrartts obtained rvith rrlodels listetl irl'lhb 3 0 arrd S'u

are in ¡nW/¡ll: and D,, ittld S"'r)" are in ln

fithelu 4 - lt4écliu c dc:¡t'it¡ l¡utlt'ãtt du tnëcliu dos pardntetrus

tlc rc¡4rassãtt tltx elia¡4runrus !u^*u clc pntduçãtt dc calor -

tþnsiclude dc fluxo dc culor ohticlos ctotrt os uodelos des'

c','itos nu lith. 3, ,l unidqtlc tlc r¡,,,e ,9',r,,ë mll//ttt: c tt ttniclu-

dt' da D,,c S'",u,1 nrclro,

lltt'i,tlu lJrtt.stlairu dt' ( ìtrtfitrr'tt, l'¡¡l I l(21. lQ(.)h

Thbtc 5 - Modcl parameters used to investigate the influence

of the third layer, l-,! and L']are kept at 6 km, Ll, LB, and L(* are

kept in 20 krn, l'he relative standard deviations of the thennal

conductivity attd hcat generation ratc in thc first and second

laycrs are kept at 2096, fbr the casc ofntodels BT, and at 60%

and 40Yo respectivcly for AT ntodels. The model codes are

introdt¡ced fbr cross rcference purposcs. B'l' and AT models

refer, respectively, to low and high heat gencration llleans,

Tithclu 5 - l'urúmetros dtts nrcelelos usudos paru investigar cr

intluêttcin clu tarceiru cutttuda. '4 unidadc du dinrcns[lr¡ vcili-

cal L' ,ë km. ,'ls dimcnsões verlicttis LA,c Ltt,.lbrcutt.fìxada.s enr

ó km. A:; dinensílas h¡tt'ix¡n!uis Lt,, I.t',a I.( ,.|ìtrum./ì.rctdus ent
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20 ku. ()s desvios pulrîut rclutivos da condutividacle lérmica

tt ¿lu !¿rvt de pnxluç:ão cle cctlor du prineira c da segunda

c'ttttttulu,i lit'ttn .llrudos cnt 2 }t'zl, puttt o t'u,u¡ dos modeltls ß'[,

c am (t|o,í e 10'%t, re,r¡tcctirutncntc, po'e o cu:;o dos modelos

,4T {)s cúdi11os dos ntoclelo.r.f'oram intxtduzidos para pernr¡l¡r

un,Lt Lo,t,pet'eç[io muis.fäcil cnlrc modelus. Os códigos ß7'e

,4T se rclerem u nt¡xlelos curucterize(k)s ¡tor wilorus méclio.t

huuos c ultos du tøu clc pntdução de (ulo,i tvspeclivunrcnte,

Ihbela 6 - M¡ldiu e desvio pudrão da média dos pqrdntetros

dc rcgrc.rsão dos diugrartas laxa de produção de c:alor -

densidadc de.flu^"o de culor obtidos cont os modelos cles-

critos na'fuh. 5. A unidu¡le cle Ç'n,e S,',,n,é mll/n: e ct unida-

de de D,, e S" ,n, ë ilelro.

t0.00 --

t
¡
c

IJ

7t

50.00 * a a

¡0.00 -

10.00 - I

400
I

r.00
I

t2.00000

5" rr.r

0.00
7b

!
lo

¡.m

I I

2.00

Tnble 6 - Mean and standard crror of mcan of'lhc pariìnrctcrs

ol'the hcat fìow density - heat generation rate diagrarns

obtained with nloclels listcd in Tab,.5. c[,,, and S"',,,,, arc in

nlW/ml and D, and S"'t),, nrc in nl.

MODEL o s"'rÌl 0rt t) sttto, r Slll
I T

BT I r 34, r0 0,0 r 3336 t0 0.787 t 0,0008

BT t2 34. r0 0.0 r 3340 4 0.7887 0.001 5

B"n3 34.08 0,02 3338 e 0.7879 0,00t3

u]' t4 34.0ó 0.02 3356 5 0.7880 0.003 I

BT2 r 34.09 0.0 t 3329 4 0,7861 0,0013

BT22 34.0e 0.0 t 3348 7 0.783 I 0.0016

u1'23 34. t3 0.02 3322 l0 0.7881 0.0050

B',t'z4 34.09 0.04 3339 l9 0,7875 0.0036

B1'3 r 34. r00 0,005 3333 2 0.787 r 0.0004

BT32 34,II 0.0t 333r r 0,7873 0.0004

B'r'33 34. r t0 0.005 3332 4 0.78ó r 0.0004

u't'34 34.1 I 0.02 3334 I I 0.7852 0.0002

B1'4 r 34, t0 0,0 t 3333 2 0.7874 0.0006

B'r'42 34. r0 0.0 r 3338 3 0.7869 0.0007

BT43 34.t2 0.0 t 3322 .5 0.788 I 0.0007

B'r44 34.090 0.005 3338 4 tJ.7862 0.0009

AT r I 49.90 0,02 1376 23 0.8372 0.00 r3

ATl2 49.75 0.08 3425 l8 0.8.144 0,0012

AT I 3 4e,95 0.09 3392 34 0.840ó 0.0037

Al't4 49.76 0.07 3367 26 0,8 t76 0.0042

A',r2l 49.54 0.06 3344 22 0.8378 0.0054

Af22 49,8e 0.23 3376 69 0,83 r0 0,0064

A1'21 4e.5e 0.2 r 3423 74 0.829 0.021

Nt24 49.63 0. t9 3560 100 0,833 0,020

AT3 I 50.03 0. l4 3407 tt3 0.8436 0.(X)49

A'f32 50. t3 0.1 I 3359 58 0,8260 0.0050

A'f33 49,83 0,28 3230 I t0 0.8050 0.0084

A'f34 49.72 0.5 t 33 t0 240 0.807 0,038

AT4 I 49,73 0, l5 14 l6 47 0.8370 0.0044

^T42 
49.98 0.07 3415 49 0.8309 0.0043

A r43 49,73 0.2 I 3494 87 0.82e6 0.00 t4

AT44 49,58 0.30 1484 83 0,8367 0.0085

llevi¡'tu llntstltiru dc (ìe¡úisit'(t, l'ol. l1(2), 1996

000

0.00 4.00 c.00

r.u" rr.t
r2.00
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T(r) > c orT(r) ( +, rvitlr

r(') JN-3 Itt
2

I

¡.." tr.l

!'igurc 7 - Dcpcndcncc ol'tltc nìcalt rcgrcssion paratnctcrs

and o[ thc nrcan lincar corrcl¡ttion cocf'l"tcicttt of lltc hcat

florv dcnsity - lrcat gcrtcritlio¡t latc rclatiolt rvith thc vcrtical

dinrcnsion of thc third l;tycr sub do¡ttitrlls for tltc casc of thc

rnoclcl subgroup (iAI'3: a) Q,, * t,"r. b) D" x L'',: c) f x l,('r.

Figuru 7 - l-)cpendc¡tcto anlrc os ¡tnrrìmclrrts mttlt¡ts dc

l'rr.rÌltslr¡I¿r c rlo c:oc.fìc'it:¡tlc tlc corrclaçùo tttttlitt tlrt n:laçfut

anlrc tle n¡'idtde tlc .fluxo rlc r:nlt¡r e tnxa tle prttdução rlc

r:alt¡r cottt a dincnsíit¡ varticul tltts stthtloníttttt:; dn len:cirtt

t:omodu, pero o cù,u¡ dtt:;uhcort¡ttttlo tlc modalrts (ì.4'l'3; u)

i¡,,,x [,'',; h) t),,x l,'',.; c)Tt l":,,

"l-lrc rcsults prcscntcd ilr lÌrbs 2, .l l¡¡rd (r cit¡t bcltllah'zctl

in tcrnrs of stalistical sigttilìcartcc o[ tltc lincar corrclatio¡t

bclrvccn thc hcat fìorv dcnsitv artcl tltc ltcat gcrtcratiotì ratc

i¡t lhc surfacc. 'l'lrrs srgnificaltcc cittt bc t'criltcd bv appll'tn¡¡

¡r lincar corrclatiott sigttifìcíuìcc lcst (Bcndat & Picrsol. 197 I )

lhnt dcf'rncs as null hypothcsis tltc abscttcc oI lincar

corrclation bclrvcc¡r p¡trcttt distribttliolts of ltvo r¿¡¡t(lo¡tt

varrÍ¡tllcs (.r, t,) rvhcrr sarnplc l¡lrcar corrclltliott cocl'ficicnt

írssunrcs a pitrticulitr valuc'r'.'I'ltc tcst is dclìrtcd by thc

¡rrrll a¡rd allcnlativc hupothcsis

H (4)

ll,: p r 0.

rvhcrc p is thc lincrtr corrclaliol¡ cocflìcictrt llctrt'cclt tltc

pirrcnt po¡rrrlations. Tltc null ln¡rotltcsis is rc.icclcd, rvith a

signifìclncc lcvcl tr. u'ltcrt

llct'i.tlu llnt.rilt'int tlc (;(('li:;tc(t, l?tl. l.l¡)), 199{t

tH)
and

'(;)

rvhcrc z.(o) is tltc thc slaltdardiz.cd nornral variablc (l3cndat

& Picrsol, 197 I ), Thc sigrtilìcancc lcvcl of thc tcst rvas fixcd

ïl 5(%. Sincc thc ¡tt¡lnbcr of data pairs (qn x Âo) in caclt

sarnplc hcat florv - ltcat gcncration ratc dia¡¡rattt rvas kcpt

constant at sixtccn, tllc lincar corrclation prcsc¡llcd in Tabs.

2. 4 arrd 6 can bc considcrcd significant, rvith n of 5'Zu, it r
is grcâtcr than () 4957,

[,nyers with variablc thickncsses
To cvalrratc tl¡c cll'ccts of a morc colttplcx distribt¡lton

of tlrc volu¡¡¡ctric ltcat gcncration ratc and of tl¡c thcrntal

corrductivity. a nrodcl u'ith variablc laycr lltickttcsscs wâs

co¡rsidcrcd. [jig. [ì prcscnts thc itrbitritry dil'isioll o[thc ntoclcl

do¡rrai¡t l{ nl thrcc laycrs and I'ig. 9 prcscttls tltc arbitrary

divisiorr of'cltch laycr in rcctattgular sttb dotllaills. l'hc

soh¡lion o[ hcat condr¡ction Eq (2) rvas oblaittcd itl thc sa¡nc

nì;rnrìcr and rvith thc sar¡tc bot¡Itd¡try conditions:rs:rppliccl

i¡r tl¡c c¡tsc of horiz.ontal laycrs, 'l'lrc ¡ttcil¡t vltlttc o[tltcrnlal

condrrctil'ity and o[ ltcitt gcrtcralion ratc distributions l'or

thc uppcr. lnidcllc lt¡ttl lorvcr l¡tvcr itrc thc salnc its lltat t¡scd

lor tl¡c c¡¡sc of high hcat production lnodcls co¡tsidcrcd

carlicr.

Tlrc nunrcricitl cxpcrrntcnt bcgan, in this citsc, rvitlt

varianccs ol'llrcr¡lral conductivity distributions sct cqual to

z.cr<l and thc standard dcviatio¡rs ol'ltcat gcttcration ratc in

tlrc thrcc laycrs sct st¡cccssivcl)' al 201'l', 40tl¡, itttd (t0t'l¡

'l'hc nunrcrtcal cxpcrttttctìts tvcrc rcpcatcd rvitl¡ diflcrcnt

cor¡¡bi¡taliotts of varianccs of ltc¿tt g,ctìcr¡ìlion ratc nnd

tltcrnlal cortductivit)' tlistribtrlio¡r,'lhb. tl sttmntarizcs (ltc

p¿lrílrnclcrs ol' tltcsc cx¡rcrinrcnts.

Figs. l0a, l0b, l0cshorvcxarnplcsof'sattt¡llc hqtt florv

dcrrsity - hcat ¿icncratio¡t ri¡tc diagranrs for a ¡larticular scl

ol ruodcl pÍrr¿rnrclcrs (scc ligrrrc lcgcnd). Thc ¡ltcan vitlt¡cs

oI tlrc lirrc¡¡r rcgrcssion p¿lr¿tnìctcrs itttd of thc lincar

corrcl¡tl iolt cocf'llcic¡tt obt¿ti¡tctl rvi t h I ltc Illodcls dcscribccl

in ti¡bcl 5 arc givcrt i¡l l'ab. 9. 'l'lrc ¡ttc:tlt littcitr corrclation

cocfficicnts rvith r'¿iltrcs g,rcitlcr thall 0.49-57 l¡rc crt¡tsidcrctl

si¡.ytif ìcltrrt.
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MODIL
SUBGROUP

MODEI.SIN'I'HEGROUP VARYINGPARAMETDR

INTIIESUBGROTJP

BPI I, BPI2, BPI3, BPI4, BPI5
BP2I. 8P22, 8P23, I3P24, BP25

I]P3 I, 8P32, 8P33, 8P34, BP]5
BP4I, T]P42, 8P43, 8P44, 8P4.5

APII, API2, API3, API4. API5
AP2I, AP22, AP23, AP21, AP25

AP3I, AP.]2. AP]3, AP34, AP35

AP4 t, 
^P42, 

AP4:ì, AP41, AP45

BS I I, RS t2, BS 14, tls l1
BS2I, I]S22, 8523. BS2.I

BS3I. BS:ì2, IJS33, BS34

BS4r, BS.l2. IlS13, BS4.r

ASlt, ASt2, ASt3, ASt4
AS2l, AS22, AS23. 

^S24AS3r. AS32, AS33, AS34
AS4r, AS42. AS43, AS44

B'f r I, BTt2, BTl3. BTl.l
BT2 l, B'r22, 8T23. BT23
BT3 r, 8T32, U1'33, BT31

BT4l, IlT12, Il'l'43. BT44

^Tll. 
ATl2, ATl3. AII¡l

Ar2r, 
^T22, 

AT23. AI'21
AT3l, Ar32, 

^T33. 
Ar34

AT4 r, At'42, AI43. A1'44

GBPI

GBP2

GBP3

GBP,I

GAPI
GAP2

CAP]
GAP4

GDS I

GB52

GBS3

CB54

GASI
CA52
GAS3

cA54
GBl'r
CBT2
GBT3

GBTl
c^Tl
CAI'2
CAT3

GAT.I

L^
L^

v

v

v
L^

L^
v

L^
v

L^t
L^

v

L^
v

LI
v

I-D
v

LD
v

l-rì
v

LI
v

Lrl
v

t.ß
v

LD
v

L('
v

L.:

[.c
v

t,(:
!

l,(l
v

[,,'
v

L,t
v

[,.,
v

1,. C, K, M l;crmri & li. l]. lìihciro t77

'Iìrblc 7 - Divisioll of'crustal modcls that cliflcr onll'b1,tlrc
tltick¡rcss of onc of thc l¿rvcrs.

'lbhelo 7 - I)itti.são dos m¡¡tlclos qua dife rcm epcnas na cs-
pessura dc uma det,ç camadus.

'I'ablc tl - Modcl píìt'ârììclcrs of thc variablc thicklrcss laycr
rnodcls, Thc nlodcl codcs arc i¡¡lroduccd for cross rcl'crc¡rcc
pltrposcs.

T'uhclu 8 - I)arûmclx¡,y dt¡:¡ moth:lo,r anil (:onmtlar- rrt,rt (spcs-

s t t r o,t v or i år<: i,s. 0s cti d i gt t s d t ¡.t m o da ù t,s ./it ro u ¡ n I t o du z i cl os
pera penn¡ltr unn coil,put'ttç[fut mai::.fät:il cnlrc nuxlelos.

Tnblc 9 - Mcan and sland.rrd crrorof nrca¡r of thc paramctcrs
of thc llcat florv dcnsity - hcat gcncration ratc diagranrs
obtaincd rvith nrodcls listcd in Tab. tl. 8,. and S,",,," ârc irì
InWlll2 Í¡nd D, atìd S'n,," ¡trc in In.

'lhhelu 9 - llli:clia c dc,çt,io padrão da média tht.s partînrclxts
dc rcgrc.r.tão clos cliagranros laxa de: produçiltt tlc c:olor -

MODtsL o^^/^,r or,,/kn on,,/A, o¡r/k, on,./A,. o*./k,

MOSI 0.2() 0.00 0.20 0.00 0.20 0.(x)

MOS2 0.4() 0.(x) 0.40 0.(x) 0,40 0.(x)

MOS3 0.60 0.(X) 0.(r0 0.00 0.(¡0 0.00
MOS4 0,f¡0 0.40 0.60 0.40 0.60 0.40

MOS5 0.(r0 0.(¡0 0,60 0.60 0.(r0 0.60

MOS6 0,60 0.00 0.40 0.00 0.20 0 (x)

MOST 0.(r0 0.60 0.40 0,60 0.20 0.(r0

MOSS 0.60 0 fi) 0 40 0.40 0 20 0.20

MOS9 0.60 0,20 0.40 0.40 0,20 0.60
MOS l(l 0 20 0.(r0 0.40 0.40 0.(r0 0.20

MODEL ü $,n Drt¡ tlr¡ a
st,r. f st

MOSI 52.s 3,s 3400 1800 0.23 0. t5
MOS2 51.0 1.9 3910 560 0,1¡06 0.078

MOS3 52,3 2,4 36 t0 770 0.45 t 0.09s

MOS4 60.8 4.6 100 1400 0,l4 0,l9
MOSs 49,9 2,6 4000 il00 0.56 0.15

MOS6 52,0 2,t 3570 680 0.491 0,094

MOST 52,8 1.5 2990 630 0.580 0.078

MOStt 55,7 2.2 4100 ll00 0..53 0.13

MOSe 55.4 2.5 2700 1500 0.843 0.036
MOS ¡0 56.0 2,e l(n0 t600 0.0tr 0.16

llrvi.tlu lJru.vlt:int ilr ( ìttli:;icu, I'tt!. I 1(2), t99ó
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tlattsttlade tlt: lltxo ¡le c:ttlt¡r ttbtidtt,t (:ottt ():i tttodcltt:; tlc.¡-

critos rtu'lhb ¿J, .l ttttitlarlc rlc rl ,,,t: ,9",,,,,t| tnll' tttt t: tt tttti¡ltt-

tlc tla I),,,, ,T",,,, t: t¡tt:lxt.

Ilcrrt ('o¡ltlrrtrlrorr in l(¡rrkrrlr Mctliir rrlrrl tlrc llr:11 l;lorv llcttt l'toJt¡cliolt l(cl¡tlltlll

5ro kh

l'igurc ll - Àrllitrarr clivision of thc crusl¡tl ¡ttotlcl i¡r litt'crs

r.vi I h lirnlrblc lhickncsscs.

I,'iguru 8 - l)ivt:;ùt¡ (trb¡lt'úrtù tht tnr¡¡lclt¡ ('rtt.\l(tl ('otìt cn-

t t t a r I t t ¡ (' t ) r r t (,\ l,(: ;,\ r r t'r¡.r t'rll'l¡i t'rll.,',

fìorv dcnsitl'- lrcat gcncratiort r¿ttc ¡¡l lhc surf,tcc \.vlth tlìc

\/crtical di¡nc¡rsio¡ls of'lhc l¡rycr sub-donrains, tltc lincar

corrclalio¡ì bct$,ccn thcsc paramclcrs a¡ld tltc vcrttcal

dinrcusiorr oI lhc sub do¡¡t¿tirt of citclt liì1,cr rva. initially

lcslcd.

In all crg,lrt srrb¡¡torr¡rs rvlrcrc tltc rttotlcls diflcr orrly by

l,'\, thc null hl,pothcsis \\'äs rc.jcctcd fbr thc cltsc of tltc
(lcl)cndcrìcc trctrvccn (,,, ittrtl I),, u'illt t,',) rrrrd i¡t ltvc Inodcls

it tvls rc.icctcd lor thc c;rsc ol dcpcnclcncc of r rvillt 1,1) AII

rnodcl subgroups rvltcrc thc rc.iccliort of thc null hypotlrcsis

fìrilcd (GRPl, C^P2. G^Pl) ¿trc clutraclctizcd bt hxcd

virlucs of thclnral conductivitics in thc lit1,ç¡5 (ntrll v:triancc

in tlrc tl¡cnrìÍrl corìductrvity distributio¡r). ln:rll cigltl

srrtl¡¡rorrps rlhcrc thc nrodcls diflcr only lrv Lf. tlrc rttrll

lll ¡

-L-i [r.
_J'I

t__f- tÈ LI l6 kn
J-l o

LL-, l-rl _j r-'1,
L

t:
tr

i
ill

t0.00

,i
ilrfI

il:L,li'irlti¡i
l:i-L J-

¡
I

t aa'
t0.00

a
a

t ¡

r1;l
00 00

5000 -

I "-'---l
200 400

aa

a
a

Í-rI -J

70 00

0ã 00

55 00

a5 00

000

000

l0b

I

2.00 ¡ 00 6.00

rn lro-. r/^tl

Higurc 9 - Arbitrary clrvision of laycrs rvith variablc

thickncsscs and rcclangular sub-tlo¡ttai tts.

Fìguru 9 - Dit,isilo orhitrária clas camula.s cottt (,\Pc,\surus

v a r i /tv c i s c m,r u h ck t m I n i os rc I a tt gtt I a rc :;,

IN'TERPIIE'IA'I'ION OF T'IIE RTISTJL'I'S

The horizorrtal lnycr ¡nodcl
'l'hc rcsults of nr¡mcrical cxpcritttcttls, prcscntcd in Thlls

2, 4 ¿r¡td 6 and Figs, 3, 5 ¿t¡rct 7, srrggcst tlìat q,,,, D' antl r

dcpcrrcl rnainly on nrodcl pÍrranlctcrs ol'thc fìrst lltvcr llt

orclcr lo cst¿ttllislr tlrc tlc¡rcrttlcttcc ol' lirtcltr rcgrcssiort

l)írnrr¡rctcrs and of li¡rcar corrcl¿ttion cocflicicttt of'lltc ltcltt

llt'vt.tttt llnt.silr'int ttt ( itttfi:rt'tt, litl. l.l¡)), I 9I)(t

a
¡

i,

a

60.00

a

a
a

a

a

ã0 00
a
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r¡ lro'' x/nt)



l, ( K N4 l,cn¡rrr ñ. I l', l(rbcl,r

a

si¡;nilìcirncc lo'cl ol 5'Z' (ciglrt subgroup tcstcd for thrcc
diffcrcnt dcpcrrdcnccs), l-lou,cvcr, thcsc fivc nìodols do not

scc¡n lo havc any cotìtnton spccial charactcristic suggcstinli
tlrat thc vcrticâl dintc¡lsio¡r of thc sub domains in thc scco¡ul

;¡nd in thc third laycr do not havc significant influcncc olr

thc hcat florv dcnsity - hclt ¡¡cncration ratc rclatiol¡ at tlrc
surfÍrcc.

'lb bcttcr invcstigatc thc dcpcndcncc of thc lincar
rcgrcssion cocfTicicnls lrncl lincar corrclation cocflicicnt of
tlrc hcat florv dcnsity - hcat gcncration ratc rvitlr thc vcrtical

dintcnsion of thc sub donrains in tltc first lal'cr a tcst, b¿rsctl

on thc X2 distribr¡tion, rvas applicd to thc subgroups that

shorv signihcant corrcl¡rtio¡r bclrvccn tlrcsc paramctcrs, 'f hc

purposc has bccrr to t,crify if thcir dcpcndcncc c¿rn bc

rcprcscntcd by simplc lincar rclatio¡ls. Thc significancc lcvcl
of thc tcst rvas fixcd at .l%,,

Thc rclation bctrvccn D. and L,\, of all modcls diffcring
only by lhc vcrtical dinrcnsiou of thc sr¡b-domains in thc

lirst In1'cr is rvcllndjustcd bv a sinrplc Iincar rclation whcrcas

only irr fivc modcl subgroups thc dcpcndcncc of q," u'ith Ll
is rvcll rcprcsclltcd by sinrplc lincar rclations. Also only i¡r
fivc sub¡¡roups lhc dcpcndcncc of r rvith l,^ ¿¡rc rvcll
rcprcscntcd by sinrplc lincar rclations. Thc nlodcl subgroups

rvhcrc tl¡c rclalion bctrvccn Q,n and L^ is not rvcll fìttcd by

sinrplc lincar rclations havc hcat gcncration r¡ttc standard

dcviations ol 201Z¡ (GBPl, (;UP4. GAPI). Thc standard

dcviations of tlrc tlrcrmll conductivity distributio¡ls in this
c¡rsc arc 0t'Á lor subgroups GUPI a¡rd GAPI ¡¡nd (t0.% lor
GUP.l. 'l'hc r¡¡odsls that havc r x L,\ not rvcll ñttcd by simplc
lincar rclations (GBP l, GIIP2 and G^P3) havc in conìnlon
thc nullvarirncc in thc thcrmirl co¡lductivity distribution in
tlrc fìrst laycr. Thc standlrd dc\,intions of thc hcat gcncration

ratc distrrbutions ;¡rc 2012, (GBP l), 40%, (GBP2) and 6012,

(GAP3). Although thc rnodcls that do not lcad to simplc
lincar rclations bclrvccn q,, itnd r ând L^, hitvc sonrc comnìon

clnraclcristics. thcir inlh¡cncc o¡r thcsc rclations arc not clcar.

ln sunrnurry. a sirnplc lincar rclationship rvith Lf can only
bc cst¡rblishcd for thc casc of D_. For thc othcr two hcat

fìorv dcnsity - hcat gcncration pararnctcrs a simplc lincar
rclationship rvith thc vcrtical dimcnsion of thc uppcr laycr

st¡b tlonlains can rrol bc clcarly cstablishcd.

Thc clcpcndcncc o[thc lincar rclatio¡l of lhc Í¡pparcnt

dcpth scalc D. rvith thc vcrtical do¡nain o[ thc uppcr laycr
L^ rvilh thc othcr nrodcling pârânìctcrs of lhc uppcr laycr

can bc tcstcd conrparing thc simplc lincnr rclations fittcd to

(L1, D") pairs gcncratcd by diflcrcnt nrodcling paranìctcrs

othcr than L^. '['hc tcst (Grccrr & Margcrison, l97tì) dcfi-

l^')

a
a
a

t

c0 00

70 00

l0c

r00

a
a
a

a

'a

a

a

-*-t
200

80 00

50 00

10.00

a

a

a

0.00

t'
!,00

ro lro'' v/rtl
400

['igurc lll - Snrnplc hcat flon' dcnsitiy - hcut gctìcrittion

ratc diagrarns obtaincd from modcl MOS5 (scc rnodcl

puranìclcrs in'ftrtl, tt)t a) thc bcst corrclation (r -. 0 tt3)

clbtitirtcd in this pnrticr¡lar casc, b) thc rvorst corrclation (r .=

-0 1'l) obtaincd in tlris particulitr casc: c) an intcrntcdiatc

corrcl¿rtion (r == 0 6l) obtaincd rvith this lnodcl,

I"iguru I0 - t lttta anþstre dol; dtogrotnas tuxo de pnxluçittt
ilc culor - densidodc dt,flttxo de color ohltdo:; n parlir do

tttodclo i/(),\5 (o.r' purritnalnx dt¡ ttntdclt¡ e:;tão tla.ç<:rilos

tta'lhh. U): o) otttostro cottt tt tnclhor correlaçcio littcar (r
0,éì3) ohtidu cont csr¡a tnotlclo; h) ùtu()¡^lre ctnn tt pirtr tttr-
rclnção littt:ar (r -0,1.1) ohtido c()tìt (ssa tntxlclo: t:) urtttt

corrclaçùo cr?/r'r: rr.r',sc.r (lo¡.\ c.y!rcnt()s (r 0,ó l) ohlitla t:ottt

tssc nttxlelo,

Itvpothcsis \\,års rc.lcctcd trvicc lor thc cnsc of thc dcpcndcncc

bctu'ccn Q,. (srrtrgrorr¡ls GBSI nnd CAS4) i¡nd only ollcc
l'or lhc clcpcndcncc bctrvccn D. (subgroup (;Lls l) rvitlr this

nrodcl ¡rlranrctcr. ln lhc casc o[ dcpcndcncc of r rvith Lrj thc

lrull hvpolhcsis rvas ncvcr rcjcclcd, Finirllyl lor thcsubgroups

difl'crirr¡¡ only by L'{;, thc null h¡'pothcsis rvas rclcctcd onlv

oncc for thc dcpcndcnccs bctu'ccn Q,,, itnd L'; (subgroup

CBT l). bctrvccn D. nnd Lf (subgroup GAT2) nnd bctrvcc¡r

r :urd Lc (subgroup CBTS ).

Thc numbcr of subgrou¡ls of ¡noclcls diffcring only bv

vcrtici¡l clirrrc¡rsion o[ tlrc sub dontains i¡r thc sccond and

third l¿rt,crs th¿rt havc thc uull hvpothcsis rc.icctcd (thrcc for
lhc casc of [,rr¡r¡rd thrcc lbr tlrc casc of L!) arc largcr tharr

lhc 1.2 faultl' rclcctiolls f'or cach laycr cxpcctcd by thc

llevi.tlu llnt:;ilt:ira da (ìttli:tit'a, I'ol. l1(2), t,996
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rìcs, ¿ls null lry¡totltcsis, tlil¡t tltcr itll lillc¡rr cocl'fìcicrlls (ir,)ol'

'¡rr'linc¡rrrcl¡ttiotrsittcct¡tritlrttttl itllittr¡¡ttlirrcocf'fìcicrlts(tl,)

it¡e ¡tlso ct¡tritl. 'l lrc lllt:lll;tlivc lry¡ltltltcsts ls tlrlt ttot ¿tll ll-

rtcitl tocllicicttls ¡¡tttl rrot rrll ittt¡itllitt t:ocf'flcictlts itrc ct¡ttitl.
'l'hc tcst is tht¡s tlclirrctl bv

I lctrl ('o¡tlr¡t:tiorr in ll,rtlont \lttlilt urtl lltt: I lt'rtl l lorr'-l lr:;tl I'lotlltcltott l(tl¡¡ltot¡

I l,: tlrc ncg;ttivc ()l' l l,

'l'ht: rlullhv¡rotlrcsis is rr.'icctt:tl rvitlr tr si¡lrtilìc¿lllL:c lcvcl

(r il'

l'l'(S.,, ,S, n, rrr)l i:: c

rv ith

'l irb. f slrorvs tlrirl tlrc tltctttt littc;tr crlrrcl¡ttio¡t cocl'lìcic¡rt

l'tlt.lrvccn tllc lrcrrl fìorv tlr:ttsily irtttl tltc lìcill |,cllcl¡lli()ll lillc

1rr'o\\,s \vltlì l,\. l'rlt vcllicill .liltlc¡tsittlt ol'tlrc tt¡r¡rt:r' litycl

r;ub-rlonurirrs cr¡turlor lat'gt't lltitrr .ì krrl, thcrc is ir sigrriltt:lrrt

lirrcru cor lelrttirltt lrr:trvccn lhc ltcirt llorv tlcrrsity ittttl tht: ltcirt

i¡crrcnrliorr rirlc (notc tlrlrt tltc cliticrtl vitltlc of'r lirr lhc lltlll

lry¡rotlrc:sis lc.lcctrott rvith tr ().0.5 rr is ().'l()57).'l'hc olllv

ç¡1:ç¡rtiott tlccttts lìrr tttotlcl 1ìl)l'f, l;ol itll vtrrticll
tlinrcrrsio¡rs ol'thc rr¡l¡rct lityrrt stttr clotrl¿titts ct¡ttitl to L5 k¡u,

rvitlt tllc orìl), c.\ccl)tiott ol'ntotlcl Âl'-ì I. tlrc tcsl lìrilccl ill

lrrjctrtitt¡1 tlrc rrr¡ll lr¡rolltc:;is. l l¡t¡s, it t'ittl lrc cotlc:ltttletl thal

fìrl l,' c<¡ttirl to or gr'cittrrt' llt;ttt I k¡lt tlrcrc is a siqrrificnrlt

li¡lclr'cor'¡ clrttio¡l be lrvcctt tltc ltr.ritt lìorv rlcnr;ity ¡rrltl tllc ltcat

rltrncrirlion ¡¡rlc itt tltt: strt f ¿rcc. irttlc¡lctttlcrrtlv ol'otltct' tt¡lpct'

lrrycr rrrotlcl l)itt íltììclct s.

'l'lru tle¡lcrrtlcttt:t:s trl tl,, ,trrtl l' rvitlr l,' lìrl tlif'fc¡'crlt

rrrotlcl ¡r;rlitllctcrs ol'(hc Iirst lityct rvt:tc tcl;tctl rvilllotlt

rrssrttttitt¡1 it ¡rittticttlitr lìrt ttl ol'tltc tlc¡tt:tttlctlcc. (lottsltlt:t itlg

lllc lcsults olll¿tinctl rvillt lltt:';itttìc t;cl rlf tllt:;ttl llcitt

l1c:¡rtrrirtioll t¡rtc itt tltc tlrrcc ll¡cts, tlìc rvt:irllllctl tllc¿tltri, ttsitìt]

llrc i¡tvcrsc ol'tltr: v¡ttiitttt:t:s ol't¡,,, lrtttl t lrs lvciulll. lìrt t:¡tclt

l,t rurtl ltlr tlillc¡r'rrt o, ittttl cJr \\/rÌt(ì cltlt:r¡littcrl.'l lrc irrtlivi-

rlrr¡rl vllrtcs \\crt r:()tul)itlr:tl rvi(lt lltc:;t: rtciqlttt:tl ¡llt:ittl:;

tlrlottglr lltt: a¡r¡rlir:;rliott ol it Xr tlistlitltr(ioll tcst. l lìc ¡tlclllotl

t:orrsi:;tctl irr vcril'yirrg, rvrtlt ir si¡lrrilìc¡tttcc lcvcl ol'.5')r,, if'

tlrc trtrlivttltl¿rl v¿tlt¡cs ¿tt't rvcll lttlctl [ry lltt: r.:llt:trlitlctl lltcittts,

rvhit:lr lrirp¡rcrrs n lrcrt llrc ci¡lc:ttlttte tl Xr, ¡livctr trr (l'trglt &.

Winslttrr.l()(r(r)

r)

bt)

it
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ll
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((r)
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rvlrclc S,,,.. is tltc u,r:igtltctl sttttt tll'tltc st¡ttitrc tt:sitlttirls ol'irll

n (lirtir lx)irìtri littctl to ir sirrglc liltcitt ¡clitliotr, S is lhc stttlt ol'

llrc ttt rvciglttctl srtnts ol'tltc st¡ttittctl rt:sitlrlirls lir¡ citclr lirrc-

¿rt I(ìlal¡()rì rttttl c is liivcrt lt1,

Ir llcirrg tlrc ljrlistlitrulitln (( ilccn,t, Mitt'¡lcrisotr, l()7tl). l lrc

atrovc tt'sl rvir'; ;t¡r¡rlictl rvitlr ir sigrril'ic¡ttrcr: lcvt:l ol'5tr,,.

l'lrc ir¡l¡llic;rtiott ttl'lltis lcsl lo tltc l),, x l,'\,,. litlcirt'

lclirtionr; fìrilctl i¡r rr:icctirrg tlrt: ttt¡ll lt1,¡lrltltcsir; ittttl tlttts, irll

lincirr rclirtrons riL:r:rìuì to [lr: sitttt¡rlc:l of'lllc:;it¡ltc tlistritlr¡tiort

ol' linciu rcl¡rlio¡ts rlclìrrcrl [ly

| 
.tt,,, t1,,,((I),

l) Â1.\,ll

/r'r'r'r,r/¡¿ llt(tvlt u(t rl,'()t0fi,ttt'rt, I ttl. I l(.'), l')')('

(7)
o

s¡rlisllc:ì

0.()1.\ {¡rlobirbrlitv tlrirt Xr,,, x,) 0.() 7 5 (8)

rvlrcrc, ¡t is llrc nttnttrcr'ol'x, i¡rrlivitlt¡¿rl vitltlcs rvitll

stlrrtlirr'rl rle:viitliott o, (tìotc tlr¡¡t irr l'irtr. .l tllc sl¡trltl¡trtl

e¡tots ol'll¡t: tttu¡rr:, ¡trttl ttol tlrt: rtitt¡tlrtttl tlt:viitlio¡ts ¿tlc

lirrnislrctl ) ittttl ¡t,,, is tlrc clri-sqtt;tt'c vrrrirrtrle lol lt- |

tlct¡ ccs ol' lì cctlotrr.

lrr llrt' lrvcrrl¡, tonrprrtisotì'l sirlct'tl lt;tvc lltc X; irr tlrc

i¡rlct vul tlt:l ittctl lt1, ( tl ) irrrtl :;¡x lritvc tlrc Xr lrt llrc lc:fi sitlc ol'

lll¡tl inlcrv¡rl, i¡rtlicrrtirrLl tltitt irt lllr: t:ottcs¡ttttttlittg ttttttlcls

tlte strttttlitttl tlr:villiotts tvctc ovclc5tiltt;tlt'tl b1' 1¡'"

cx¡rctitncttl. 'l'lrtr cotrlllitt'isotìti, lltltt't't't'r. llitvtl sltott'tt lltl

cvitlcttcc tlrirl t¡,, irttrl t tlc¡rctrtl tttt o, tttt,l o,.

(.r 
,

x

l'lrc rttitxittttt¡rr likcliltrlotl cslirtr¿ttcs tll'A itttrl ll itrc

olrl¡ri¡rcrl arlirtstirr¡', ¡tll(l),,, Ll)¡ririrs ol'itll ttlotlclsttbtr,rott¡rs

rvrtlr urorlcls tlil'f ering orrly by L'\, rvlticlr givcs

A (0..ì70 I0,019) l¡ttl ll (0.i7 |().10).

N,rtlì l),,. 1.t,, lntl ll irr kilorrrctcrs.
'l'lris 

¡,,c¡1c¡,,¡ ¡cl¡ttiort lrclrvce tt [),, ¿ttrtl l , \ sllorvs tltll
tlrc u¡l¡lnlcrtt tlc¡ltlr scalc is ¡clltctl lo llrc vc¡'ticirl tlittlt:tlsiott

ol tlrc ttpper lirycr sttl'r tlorttititts lrrtl is itttlcpctltlc¡tl ol lltc
otlrcr rt¡r¡ltr'lrryt:r'tttotlt:l Ititrittìtclcts itrttl ol tllc tltuillì viìltlcs

ol llrc lrclt ¡,.crrcrirtiorr ri¡tc in tlrc llrrcc litycrs



'I'lrc cllbcl of ntcalt v¡rlucs of tltc hcat gcncralior¡ rållcs

in thc thrcc hycrs on q,., Ítnd r rv¿ts cx¿tnrincd contparing thc

rrrcarrs ol'lhcsc pitranrctcrs lor cach vah¡c of L,\ rrsilrg lhc
Sludcnt's t distribution for tlrc casc of'dilTcrcnt varianccs

(Crccn & Marycrison, l97tl), rvilh a significancc lo'cl of
5r2,. Tltc Q,,, r'Ítlrrcs tvcrc. its should bc cx¡:cctcd. ctifl'crclrt

flor thc nlodcls u,ith high and lorv lrcat production. For thc

cÍtsc f, tlìc hypothcsis of cqual nìcÍlìs \r,¿ts ncvcr rc.jcctcd.

Tlrus tlrcrc is no cvidcncc llìíìt r t,i¡lucs nrc diffcrcnt for lhc
lorv and high lrcat procluction rnodcls.

Thc linc;lr rcgrcssion pÍrntntclcrs and tl¡c linclr
corrclation cocflrcicnts prcscntcd in T¿rbs. 4 arrd ó sug¡¡cst

tl¡¿rt (lrc sccond and thc tlrircl laycrs h¡lr,c ir snrall. il'anì,.
inflrrcncc o¡r thc rclatio¡r bclrvccn thc ltcat florv clcrrsit¡, lnd
tltc hcat gcncration rittc nl thc surfacc. Also. prcvious rcsr¡hs

Itavc srrg¡3cslccl th¿rt llrc vcrlic¿rl tlirrrcltsio¡rs of tl¡c sub

donrai¡ls in lhosc l¡rvcrs do not i¡rlìucncc thc rclalion. 'l'o

tcst thc inllucncc of thc rlrodcl pararnctcrs of tlrc sccond

laYcr. rvcightcd ¡rrcitns, rrsing lhc st¿¡nd¿rrd dcvintion lrs

ryci¡.¡,lrt. rvcrc rcs¡rcclivcly c¡¡lculatcd for nll vlrlrrcs of q,,. D.
and r. prcscntcd in'lirb, .1. 'Ihcrr thc 1: tcst, rcprcscntcd by

Eqs. t7) and (tl). rvas:rpplicd. 'l'hc rcsr¡lts obtaincd shorv th¡rt

thc inclividrurl r'¡rlrrt:s of'r¡,,,. t),, and r arc rvcll lìltcd by thc
rvciglrtcd nrciuls. llthorrglr in sorrrc c¿tscs thc ,(r tcst indic¿¡tcd

tlr¡rl thc sttndlrd dcvi¡rliorrs \\,crc ovcrcsli¡rratcrl bl thc

cxpcrirncnl. Silltrltrr rcsr¡lts rvcrc otrlaincd rvillr llrc valucs
prcscntcd in't'irb, (i. ln srrnrrnltrv lhc rcsrrlls shorycd rro
cvrdc¡lcc th¿rt D,, and r clcpcrrrt o¡l thc ¡r:rranrclcrs of'lhc
sccorrd antl tlrird lt¡r'crs. Âls<1. thcrc is llo cvidcncc lhat q,,,

dcpcnd on thc pirrirruclcrs of thc scco¡ld a¡rcl tlrird lavcrs,

othcr tlìíur tl¡s ¡rrc:ur hcat ¡¡cncrnliorl rÍttcs.

l,nyers with variablc thickncss
'l'hc intcrprctirtion of thc lcsulls obtai¡rcd u'ith thc rnodcl

ryitlr laycrs of r,¿rriirblc tlrick¡rcss cÍuìtìol f'ollorv thc saluc
svstcrttatic as that rrscd ltbovc si¡rcc thc sub clolrr¿rirr

dinrcnsions, llr¡rl irrc lìrnd:rnrcntal in thc intcrprctation of
tltc prcviorrs rcsulls. lìo\r,tycrc choscn lt rÍutdont. l-lorvcvcr.

sorrrc gcrrcrirl conclrrsions can bc oblirirrcd 'l'lrc D,, r'ahtcs
oblairrcd lrc alrvays lcss llri¡¡t 7 k¡n and Q,,, ârc rnrrch highcr
tlrln thc hc;rt llorv ilt thc lo\t,cr boundary o[thc nrodcl. 'l'hc

t¡r¡rlicatiou of lhc corrcllrtion significÍ¡rrcc tcst. u'ilh u o[
5(Z¡, shorv thitl tlìc l¡t¡ll corrcl¿rtion lrupothcsis rvas rcjcctccl
itt fìr,c of thc tcu ltrodcls. O¡r lhc othcr harrcl tlrc l¡lottcls rvith
significnnl corrcl¿rtioll bclu,ccn hc¡¡l flon,dcnsitv a¡rcl hcal
gcrtcration at thc surûrcc (MOS2. MOSs, MOS7. MOSIì

lund M()S9) do ¡tot sccnt lo sh¿r rc lnv ¡l;rrlicrrllr r

lìt¡'i.¡tu lJnutlt'trtt tlt ( ìattli:;rtu, l?l l.l¡2), 1996

l. C: K. M. l;crnrri ,l li lJ ltibcuo Irìl

cl¡¿¡rirctcristic. 
.['hus. i¡r llrcsc nrodcls, si¡3,nilìcant linclr

rcl¡rtiorrs bclrvccn hcat florv dcnsity and surfircc lrc¡¡t

gcncration sccrn to havc bccll produccd by chirncc.

DISCI.JSSI()N AN D CONCLTJSIONS

'llrc rcsulls ol'tl¡c nunrcrical sintulalior¡s shorv that thc
li¡rc¡rr rclations bctrvcc¡r llrc lrcat florv dcnsitl, (Q,,) ;rnd thc

hcal ¡¡crrcration ratc (A,,) cÍuì occur lt lhc surfacc of thcr¡lri¡l
structurcs rnorc cornplcx than thc structurcs ol'thc classicnl

tttodcls by llirch ct al. ( l9(rtt) ;¡nrl [.achcnbnrch ( 1970).

Irr thc clsc of nrodcls rvith thrcc horizontal laycrs.

rvlrich still rcprcsclìt ir higlrlv or¡;aniz.cd thcrnrill slructurc. ¿t

stÍttislicÍ¡lly signifìcarrt lincar corrcl¿rlio¡r bctrvccll q0 ;uld A0

in thc lorrrr of'(l) is ¡rlrvirys obscrvcd rvhc¡r thc structurc
havc ¡r rrrilrilnunr vcrlical dirncr¡sio¡r lor a fixcd l¡orizo¡rt¿¡l

climcnsion. 'l'hc corrclation cocflicicrrl (r) ¿tnd thc lrngular
cocfficicnt (D) of lhat rclation do not dcpcntl on au!'
ntodclin¡¡ pitritnrctcr othcr llra¡¡ thc vcrtical dinrc¡rsior¡ ol'
lltc lrctcro¡;cncitics i¡r lhc ljrsl lay,cr. 'lhc lincirr coctficicrrt
(q,) dcpctrds only olt thc lttclttt ltcitl ¡¡cncratiorl ralc itt ll¡c
lltrcc laycrs and is alry¡rvs hi¡¡lrcr thirn thc conslÍtnl hcat florv

dcnsitv inrposctl irt thc lrasc o[ tlrc lrrodcl.

In thc msc ol'lhc ¡¡rodcl rvith vtri¿rblc li¡l,cr thickltcsscs.
rvhiclr rc¡lrcscnts a nruch lcss orgitnizccl thcrnral slntctrtrc. ít
statisticill corrcl¡rliorr coclficicnt bctrvccrr q,, :rntl An in tltc
l'orru of (l) is still obscn'ctl i¡r sonrc clrscs lrut rcsrrlls of
rrr¡nrcriclrl c\pcritrìctìls suggcst llutl il is produccd lry chlncc.
In tlrcsc c¿rscs. D docs rrol scc¡lì to shorv:rnv rcllrtrorr rvillr
thc thcrnr¡rl slntcturc lnd q, is rrruclr lrighcr tluln tlrc hcat
florv dclrsity irrrposcd ¡rt tlÌc b¿rsc of tlrc ¡Iodcl.

J'lrc cxlcnsiorr of'thc rcsults dcscribctl ;rbovc to llrc
ittlcrprctltion olthc obscrvcd Iiucar rclalions l)cl\t,cclt ltcitt

florv dc¡rsily ¡rnd hcnt ¡¡crrcmlion r¿rlc ¡rl ll¡c surfìrcc in so,cral
of'thc idcntificd hcal llorv provinccs is rnthcr rcstrictcrl br,

tltc lrrodcl linrittrtions. I-lorvcvcr, lhc rcsr¡lts su¡lgcst llurt llrc
Itcat llorv clcnsit,t, - hcal g,cncrÍttiotì r¿tlc rclirtion is ¡l

colrsc(lucncc onlt' of lhc lhcnll:rl stntclurc of'tlrc u¡lpcr crrrsl.
'l'hcrrrurl condrrctrr,il¡, ¿rrrtl hc¿rl gcncr:rliorr rirlc virril¡tiorrs
fionr i¡ltcrnrcdiatc ancl lorvcr crusl prohrtlly do not conlrillutc
to tlrc lrc;rt fìorv vlrriltions rvilhirr tlrc hcat llou, provirrccs,
'f'hc lrr¡;ular cocfljcicnt D is rcl;rlcd lo lhc vcrtic¡¡l di¡ncnsior¡
of tltc thcrnurl conductivitì, and hcirt ¡;cncnrtion r'¿rtc

Irclcro¡¡crrcitics. Prcviorrs rvork h¡rvc shorvn (Jitrrpitrl. l 9ll3)
lh¿rt it is also rclatcd to thc lrorizonllrl clilrrclrsion. tlut it clocs

l¡ol ltcccsç¡rih' rcprcscnl ¿t llht,sic¿rl diruc¡rsion of'llrc thcrnral
slnlctrrrc of thc ul)pcr cn¡sl. Onlì, lr dcl¿¡ilcd gcologic;rl strrdl,.



I rJl I lci¡t ( rrntlrrctio¡l in l{trtlor¡r Nlctlrit l¡ttl tltt I ltitl lrlorr'-l lcirt l'lotlt¡ctio¡t l(clirtio¡r

),r¡clì ls thc rvork tlottc by l)ccket ct ill, (l9fllt) itl tltc lrrotlt

l(irng,c rcgion. pcntìits to establish lhc cttrrcct tclaticl¡t ol'l)
\!rtlì thc thcrtnitl structure ol cach lrcat llow ¡rtovrttcc. 

-l'ltc

rcclrrccrl lrc¿tt llrlrv tlcrtsitl'(1, scetns to Icprcsclìt it tltcatl hcat

lìorv tlcnsity litlrtt clcptlrs gre¡ttcr thlll lf .

AC' IiN OW L E I)C; RM RN'TS

'l lris wolk wls cítrriocl ot¡t \vitlì liltarlciitl su¡l¡rtlrt lìottt

tlrc (lonscllto N¿tcional tlo Dcscttvolvitltettt<l (-iclttrlìco c

I'cc rro lt'rgico dcr lJ tas i l ( Proc. .i 02.l tl ti/ll3 -9 artcl lì i00 5.ì/t)2-

l) I'hc luthors \vould also likc trl tlrlrrrk l'rtll'. ll. N, l)ollack

lirr his suggcstiotrs,
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