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lhecheRliciilcClllp:)Sitlonofm.1lncdykesincontinental.ueasiSiini~rtanttoolto 

understand the nature of lhe so.bcontlnental (\(IntIe and its possllJle variatlon dth till!e. lhe 
wlOe:;pread occurrence ofhlçf11ymagnesiankcmatiJticlavasintheArchaeanandtheir near l y 
total absenc:e in tlleF'hanerozoicisgenerallyregaràedasthereStJlt or higl'!er geothefWIS 
prevallinçlnArchaeanthaninllQrerecenttillleS. Also, Afchaeanlow.K tholelltes are ..:>re 
enrichecl in Ni, Cr andCO, anel depleted in Tl, ZrandPthantheir nodern COU'lterparts 
(CClN)IE,1965). Ilisst1l1amatterofcontroversy, however, .tletherAfchaeantholeUtes 
represent high extentsofrnelting, COII1)atiblew1ththeas5.UAed high geotherlllS , or thelr 
chmlstry renech h1gh contenls of tlase metais in lhe!t tnantle sources (e.g. hio;t1 abt.ndance 
ofdisseninate(lnickelsulph1des). 

several studies on basalUc rocksfromtheocean baslns have shown that lhe 
$I.bOCeanic mantle is heterogeoeous and ~arlably depleted in incoqlatible trace elements. lhe 
current interpretation is that thhdepletedfoOlB-typeofll\ilntlehasresulted ftCOTlContinuous 
extracUonofbasalticlMQIfI<Is since the Archaean to fot1ll the continental crust. 

Intra-oceanlcislaf"d..arcmagrnasandocean islandbasaltsprovióe,ontheotherhanel, 
e~Jdence for processes that .. lght lead to mantle enrlctvnent as also 00 manDe xenol1ths 
entrained in ~olcanics anel killtletl1tes in continental settlngs (see HA'llKESWCftlH et aI., 1984). 
Enrlct.!ntottheocean1clithosphericmantleinlow_fiel dstrengthell!lllents{LFSEl (e.g.K, 
Rb, Sr, Bal by flulds er.aoatlng trem lhe downgolng slab 1n soi>ducUon-related en~ironments and 
Slt'osequent rnelUng o( lhat mantle pro~ide a good explanation for the geochemical signature of 
IIIOst ishf"d..arc magias. OCean isla.nd basalts are cI'laracterlzed by enrictvnent in ali 
i~tibletraceelementsincluclingthehl!t1_f1eldstrengthelements(1-FSE)M:l,T1,Zr,f', 

aod fh:lst of the rare-earth eleonents. Veiniog of the $I.bOCeanic and 5ubcontinental 
lithosphericl.PPermantlebytraceelenentenrichedmaomas, ..noseCCJlll)Osltiondoesnotdlffer 
slgnificantly frOlllalkalinetlasalh, ha5beenSlJÇgestedorobservedelsell'here (e.g. LeROEXet 
a1., 196J;1oENZ!ESt.HAWKESWCftlH, 1S167 andreferences therein). 

Hldng between se~eral end-melllbers, recycl1ng of continental sediments , degle<'! of 
IlIelting, fractlonal crystallization, crustalcontaminationandnatureofthemantlesourcea nd 
resiÕJe havebeen erwlsaged to explain the cheMical dIffertrJ;es w1thin and between basaltic 
suitesworldwide Itis, tt.Js, noteasytollfaceconstr'"aintsonll1lf'ltlesourcesofbasaltic 
rock$ 1n continental areas, wneremagmasarepronetocontallllnatlon d.Jring the!r ascent 
through the crust ~nd to alteratlon or metaSO'llatiSlll arter their e<I1ll""""""'t a5 15 P05sibly the 
case or IlIOst Brazilian dyke swarlllS. Ne~ertheless, the se~en dyke 5warms stuclied here, ..tlich 
range In age frOlO the early Proterozoic to the Me~ozoic, s.how contrasting corrpos1tional ~aria 
tion wUh tine that appears to be prirrtarily controlled by the nature of their IIIiIfltle sOOJrces.-

~les (rom the earlyProterozolcl.Jauã, GoUsandAroelra swarors, the middle 
ProterozoicParádeHinasandCuraçá,andtheHesozolcAmapá(Casslporédykes)andJarislOaf1llS 
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were analysedforrnajor. trace and rare_earthelemeot!> (REEJ. lhelocationoreach s .... arm. 
field relationshlp!> andaç,eclatingcanoef()V:)(jinSIIl&.. et aI. (1987). Corrparlson with 
basaiticsultesworldwlde • ...nose petrogeneses are relativelywell con!>trainedonthebasisof 
lsotopicandtraceelemeotclata.ha!>beE"ndotleafterexcludlngtheBral1l1an~lesthdt~ .. 
lndications of crostal contamination or post_e~lacement metasornati:;.m. lhe following 
conclusionscanbedra ..... : 

OyI<esr!"OllltheUluo}~formthree~s1tionallydistinctgroupsintermsof 

l1ltttREEenrictment: depletedtholeUte (LalYbn E 0.85), enrichedtholei1te (LalYbn '" 1.4) 
anel I"()rite(LalYbn ",4 . 2). rtlsl"()tclearifthetwotholeiiticgroupsrepresent difrerent 
extents of melt1ngfromthesameclepletedrnantleorlfhethertheyarederived fI"Oln distinct 
sources. lhe I"()rites probably represent a hlltt e~tent or melting from an enriched lHhospherlc 
rnantle sour<:e <lssuggestedbytt>eirstronçnegative~aronalyon rnantle_l"()rm<llized IlUltl­
elementdiilgrams. 

lhe Goiás swum can <lIso be separated lnto two tholeiltic grcqls ..t11ch .. ere derived 
rrom distinct IJIiIfltle soun:es- group 1 frOlll iI less enriched source (La/Vbn 1.2-1.3) and 
grt::4lZ fromalnQreenrlchedone (La/Vb E4 .7_5.51. 

lhe Aroeira .swwn is rr()re ~geneous (LalYbn : 2.4-2.6) anel lnter-dyke variatlon 
CiIfl be e~plained eHher by fractional crystalllzation or d!fferent e~tents of rnelting fcom a 
garnet_bearinglherzollticsourcelnthes.tx:ontinentallHhosphericrnantle. 

lhe Pará de Minas swarm has tleen divided into two maln groups according to their 
l~atibleelementat:..Tdances(espedallySaandSr). namelyhi<;t>-tlaril..11l-strontiUl!l(I"BaSr) 
anel 10w-barhrn-stronU .... (LBaSr); different extents of meltlng, fracticnal crystalllzation 
anel source heterogene1ty can expla!n the chel'nical vartation .... Uhl .... each group - both gcoups 
arel1kelytohavebeenderIvedfromd!sUnctpartsoranenr1chedsuDcOrltinentall1thospherlc 
rnantle (LalYb n : 2.6-Z.8 for LBaSr anel 5.6-7.6 for fIlaSr) - the fIlaSr source is IJfIlqJe. 
however. anel appears to have <.ndergooe an enricment event by fluids that are not very 
differentincOI'IllOs.ltlOO'lfromthosesuggestedforlsland-arcmagnaasaslnel!catedby the hiltt 

K20/liOz • ~11-~~~V:/~~ea~ ':;~~~iI!!~~ i::::~~~na=l~lr~: !~~i~~~;rms; their 

cl"lel1l1stry shares rroanyfeaturesincOI!WIIOO'l .. Hhocean_islanelbilsalts(OIBJ. with some trace 
element ratios (e.g. Ba/Zr. BalLa.andSa/tfJlbetwee-nthoseforll.PlII..<l"dnon-Il.PALOIB.lhe 
Cura.çádykesarealsoheterogeneousregardingothertraceelernents(e.g.Zr/tfJ=3.5_9.0.lr/V 

~y 2~ 7~;~t~~~i~90~:~~ia::i;;~~E m:~~~!i~~~~~ (L~:;~~ ;~~:-~~~) p~~:~l~v~=l~~ 
ll\agM chantler processes .. 1t111ntra~d)ll<ec~1tlonalvariationsinellcaUngfeedinç of the 
dyke COO'lduit byprOQresslvelymoreprillliUve l1quids. Chilled rnarglns, therefore, danat 
necessarlly represent "theparentalliquld". lheCuraçádykesappeartobetheprOÓJCt of 
hot_spot magmaUsm ..... ichinturnonayberelatedtotheEspllYlaço-Ch<!oada OI"""""Uoa rifting 
event in thes:loF"ranchcoCraton (CL1VElRA. i .... prep.). Artongoing researchprojectonother 
maric dykes along the Espinhaço cordillera wUl!>how how hr to the south thls geocherllical 
slg>ature can be tucedand ..... ether there isa relatlon~ipbetweentheParáde Minas anel 
Curaçáswarms. 

lhe ~ and Jari dykes are related to the openlng of the Atlantic Oc:ean d..oring the 
sepaution of Arrica from South Amerlca. Sa~lesfrornbothswarmscanbeas!>efltlled into two 
JIIiIin grcqls_group 1 f tom each swarm 15 less enrlched i .... LFSandI-FS elements th<!ngrcql 2, 
andarelessREEfractlcnatl!d(La/Vb = 1.8-2.46 for Alllapá 1. J.5_4.6 for AIrIiIPá 2. 2.J-2.5for 
Jari 1 and 2.7.J.6 for Jari 2J. nlhetWOJarigrcqlScanllnkedtoeach other by either 
fracUonalcrystallilationordifferente~tent!>ormeltinçfromarelatively~ 

mantlesoucceofthel~type. Thesameis notval1dforthe/Wapádykes ..... lchsho .. wIder 
varlaUon intraceelementratios, such as lr/Jol) (19_11 for group 2i11"1d 18_14 forgroup 1). 



Bol.IG-USf', ~r.Clent., 2O:J}-)6, 1989. 

whlc1'l suggests sourceheterogenelty. The~áykeslllilyhilveorigin.atea t'rOllallilntle sourte 
si"'Uar to T..../4;A8 posslbly .bea w1th, or a1so óefived frOrl, an enrithed part of lhe 
SIbtontinentallHhosphericmantletoacCCU'1tfofSOllletraceelernentratibsthiltapproactlbulk 
contineotalcrustvalUl!s. 

Overall, early ProtecozoicdyKeshilvehighecNlandCr, and lQ101ef inconpatible 

~;~~,~~~t~e.~!~ !~te:;oi:l~esP~~i: =~~ :~~inr ~~~!~~~ ~=~ 
iIII'CII'lgst alI studied swaCIIs, whereas the Mesazole áykes have ab..ndances between lhe least 
eI'lrlched .1ddlePrgterozolca.ndthe~stenrichedeaclyProterozoie~les. 

It is suggested that thellilntle~rcesforenly Proterozoit dykes are /IIOre 
refractorythanthosefor'jO.l'gerdykesandthatthegeochelnlealsl!1'<lturesoflll.lddle Protero 
zole dy\<es record posslble influence of IIIiIntle pllllles associated with lhe IIIldclle Proterozoi; 
EspinllaÇQaulacogen. 
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Figurl! la, b - mg* (mg-nunbI!r in mol e propor tton) versus fi! (a) and J.fJ (ti) for the Brazlllan 
dyl<e swarms. 


