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roughl y corresponding to the dis tribution of the whole
population (Fig. 2A). Namibian carbonatites (Dicker
Willem, Kalkfeld, Okurusu, Ondurakorum c, Osongombo
and Otji saku, cf. Milne r and Le Roex, 1996; Le Roex and
Figure 1. Schematic distribution of lhe magmatisrn in lhe
Paran á-Angola-Narn ibia Province (South Ameriean and Afriean
plates, Western Gondwana, arranged at about 110 Ma; modified
after Comin-Chiaramonti et al., 1997. 2005), and loeation ofthe
maio alkaline-carbonatiiic oeeurrences: la, laeupiranga; lu,
luquiá; Bdl, Barra do ltapirapuã; MP, Mato Preto: RA, Rio
Apa; C-S, Cerros Chiriguelo and Sarambí; ASU, Asunci6n­
Sapucai. Other abbreviations: RGR, Rio Grande Rise; WR,
Walvis Ridge. Inset: linearnents aeross Afriea and Brazil
eorresponding to the main lineaments of the alkaline complexes,

Lanyon , 1998; Kurszlaukis et aI., 1999; Bühn and
Trumbull , 2003) are represented by ferrocarbonatites and
sca rce calciocarbonatites (Early Cretacco us, Fig. 2A) and
by magnesiocarbonatites (Late Cretacco us, Fig. 2B). ln

The Paraná Basin is part of the Paraná-Angola­
Na mibia (Etenkeda) Province (PAN; PAEP cf. Cornin­
Chiaramonti et al., 1997) characterized by Early
Cretaceous tholeiitic flood basalts and dyke swarms ( 133
Ma; cf. Renne et al., 1992, 1997) occurring in close
association with alkaline and alkaline-carbonatitic
complexes that range in age from Mcsozoic to Paleocene
(Comin-Chiaramonti and Gomes, 1996, 2005 ; Comin ­
Chiaramonti et al., 2006). Spec ifically, the carbon atite
occurrences can be placed into three main chronogroups:
Early Cretaceous, Late Cretaceous and Paleocene, the
latter only represented in southwestern Namibia (Dicker
Willem carbonatite, 49 Ma, cf. Cooper and Reid, 1998).
The emplacement of the alkaline and alkaline­
carbonatitic complexes is c1 ear ly controlled by main
tectonic lineaments of the South American platform (Fig .
1), active at least since Early Mesozoic and rcaching up
to present times, as suggested by the distribution of
earthquakes in sou thern Brazil (Berrocal and Fernandes,
1996) . A simi lar tectonical situati on is recognized for the
Angol an (e.g. Moçâmedes Arch ) and Namibian (e.g.
Damara belt) occurrences in Africa .

ln general, the alkaline-ca rbona titic complexes
display intrusive/subintrusive, circ ular/subcircular to oval
shaped structu res, whe re the carbonatites are roughly
found at the core of the intrusions, testifying their high
upwelli ng energy. The South Arneri can carbonatites are
rarely "effusive" (lava flows , single and dyke networks)
with the associated extrusive rocks poo rly exposed,
probably as a result of the intense erosion responsible for
their removal. Weath ering pro cesses led to the form ation
in some complexes of large supe rgenic and residual
deposits of economical importan ce, part icularly as sou rce
ofphosph ate, niobium and vermiculi te.

Brazilian carbonatites (San ta Catarina Province:
Anitápol is and Lages; Ponta Grossa Arch Province: Barra
do ltapirapuã, Ja cup iranga, Juqui á and Mato Preto; Alto
Paranaíba Province: Catalão, Salitre and Tapira) are qu ite
variable in major elements composi tion, ranging from
calcio- to magnesio- and ferro carbonatit es (Figs. 2A-B),
although these three rock-types are not commonly found
in the sarne complex. Angolan carbonat ites (Bailundo ,
Langonjo, Lupungola, Sul ina and Tchivira-Bonga, cf.
Alberti et al., 1999) sho w a compositional variatio n wider
than that of lhe Brazilian analogues for eac h complex,
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ge neral, ferrocarbon at ites appear to be sys tema ticaIly
related to low-temperature hyd rotherrn al stages.

EarIy Cretaceous ca rbo na tites from An gola (A lberti et
al., 1999), Braz il (cf. Gomes et a l., 1990; Co mi n­
Chiaramonti et al., 2005), Eastc rn Paraguay (Rio Apa
Prov ince : Valle-mí ; Amam bay Prov ince: Cerro
Chirigue lo and Cerro Sara m bí; Ce ntral Provin ce:
Sapucai, cf. Ce nsi et al., 1989 ; Comi n-Chiaramo nti and
Go mes, 1996) are usu all y asso ciated wi th potassic
alka line rocks of " plag io lcucitic" affiniry, foIlowing
Foley ' s (1992) clas sifi cati on. ln N arnibia , they are also
related to lamp rophyr ic rock -typcs, bo th o f potassic and
sodic filiati on (Le Roex and Lanyon, 1998) . On lhe other
hand, the Brazilian Late Cretaceous carbo na tites are
cha racterized by kamafugitic-k imb erlitic assoc iatio ns
(Gi bso n et al., 1995; Travcrsa et al., 1994, 1996; Brod et
al., 200 5). Less evolve d roc k-types (gab bro-basa lt clans)
and cumulatic assemblages (e.g . dunite, cli no pyroxenite ,
phoscorite, etc.) are relati vely common to both Early and
Late co mplexes . The Eocene Dicker W illem carb on atit e
in N amibia is associatcd with alka line so dic roc ks
(melanite ijo lite; Cooper and Reid, 1998).

ln ge ne ra l tcrrn s, ther e are lar ge variations in the
norrn al ized va lues from on c carb onatite co mplex lO
anot he r for any give n inco mp atib le and rar e earths
element, with the remarkabl e scatte ring mainly due to: I )
the co ntro l of accessory phases, e.g. apatite, pyrochl ore,
fluorcarbonates and flu orite , and 2) the rep eated
overpri n t in~ of hyd rotherrnal over magmat ic processes.
Ox ygen (/)1 0 %0 V-SMOW) and ca rb on (/)IJC%o PDP- I)

isotope data for some ca rbona tites (Fig. 3) ma inly range
bctwccn 5.5. and 24%, and bcrwecn -8.5 and + 1.5% ,
respcctivcly, with va lues typical of "primary
ca rbo na tites", such as thosc displayed by the Jaeupiranga
rocks and believ ed to represent a primary isotopic
signature of the mantle (Huang et al., 1995), along with a
number of sa mples with higher /)180%0 and /)lJe yoc

va lues . Two trend s ranging from magma lic to
hyd rotherrna l ternperaturcs, at va riable COz/HzO rat ios,
are sugges ted in the belo w figure. The cnrichrnent in
heavy isotopes is probably rel ated to post-rnagrnatic and
deuteric-groundwater processe s. As evidenced by field
re lat ionsh ips and geochemical charac teristics, pro cess es
of liqu id immiscibi lity from trachytic-phonol itic liqui ds ,
sta rt ing frorn paren ta l a lkaline mafic magmas, are
beli eved to have generated the PAN carbon atit es.

Th e bulk of the geochemical data indicate that mo stly
of the alkaline-ca rbo natitic associations have an enric hed
isoto pic signature (Fig. 4) and th at, on the whole, they
sho w a we Il-defined array, with lhe Earl y and Late
occ urr ences varying fro m close to the Bulk Earth to the
enriched quadrant, resp ect ivel y, Th e data also
dem onstrate that those associations, even in lhe late
stages of flu id-rock inte rac tion (i.e. hydr othermal
env iro nme nt; cf. Ca storina et al., 1997 ; Speziale et al.,
1997), have the sa rne iso topic 81Sr16 Sr (Sr.) and
14JN d/ l" Nd (N d.) ini tia l ra tios in comparison to lhe
assoc iated silicate a lka line rocks. Sr-Nd -Pb sys tematics
highlight the irnportance of the HlMU and EMI mantle
components to the genesis ofthe PAN magmatismo

ankerite. For data source see Cornin-Chiararnonti et alo (2005.
2006 ).
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Figure 2. Classifica tion of the carbonatitic ass oc íations (after
Woolle y and Kemp e, 1989) in lhe vari ous complexes and
regions frorn the PAN. Abbreviations : Doi , do lomit e; Ank,
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figure 3. Plot of Ó"O%O (V-S MOW) and óDC%o (PDB-I) for
lhe carbonatites from lhe PAN. For comparison lhe fields
relati ve lo sedimentary rocks, groundwa ter calci te and marbles

are also shown (for data source see Comin-Chiaramo nti et al.,
2005). "Primary carhonatites" field, PC, after Taylor et aI.
(1967) and Hoefs (1987).
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figure 4. Initial I7 Sr/86Sr (Sr.) vs. initia l '....Ndl l· JNd (Nd.) correlation diagrams for alkali ne and tholeiitic asso ciations fro rn Easte rn
Paraguay, Brazil and Afriean occurrenees and basaltie roeks of oceanie islands. For general data souree see Comin-Chiararnonti et ai .
(2006). A) Easern Paraguay Ear ly Cretaceo us: K· I and K·II potassic alkaline eomplexes , pre - and post -tholeii tes, respectively; H­
Ti and L-Ti, high- and low-Ti thole iitic hasalts, respectively ; La/e Early Cretaceous : MIS, sodie alkaline cornplexes from lhe
Misiones Province ; Paleocene: ASU , sodie alkaline eomplexes from the Asuneión Province and associ ated rnantle xenoliths (X); B)
Brazil. Early Cretaceous: H·Ti , L-Ti and ECA , tholeiitic and alkaline complexes, respectively: La /e Cretaceo us: LCA, alkal ine
eompl exes and Rio Grande Rise rock-rypes; Paleocene: alkaline eomplexes from the Serra do Mar Province . C) Angola and
Namibia. Early Cretaceous: Th and ECA, tholeiit ie and alkaline cornplexes , respectively; La /e Cretaceo us: LCA, alkaline
eomplexes; WR, Walvis Ridge rock-types; Paleocene: D, Dieker Willem alkaline-carbonatitic co rnplex; D) Ala ntc Oc ean volcan ic
associations, WR·RGR, Walvis Ridge and Rio Grande Rise; MAR , Mid Atlantie Ridge; TdC, Tristan da Cunha (Inacessible and
Gough) ; TR, Trindade; AB, Abrolh os. DMM, I1IMU, EM I and EM II are approximations of mantle end-mernbers taken from Hart et
a!. (1992); oceani e earbonati tes aecording lO Hoemle el a!. (2002) .
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RESUMO

o magmatismo alcalino-carbonatitico da Província Paran á-Angola-Namibia (PAN) ach a-se distribuído ao longo de
alin hamentos tectônicos reativados do embasa mento, seja no continente americano quanto africano. Os carbonatitos
ocorrem principalmente nas porções centrais de complexos exibindo forma circular a ova lada e encontram-se
com umente associados com rochas si licáticas mais evoluídas. Processos de imiscibilidade líqu ida parecem ter sido o
fator responsável pela forma çãodo carbonatitos em toda a proví ncia.

As grandes variações nas con centraç ões dos elementos incompatíveis e das Terras Raras parecem estar relacionadas
com processos hidroterm ais, como sugerido pelo comportamento dos isótopos de C e O. O conjunto dos dados químicos
obtidos indica que a maioria das oco rrências alca lina-ca rbonatíticas investigadas ap rese nta-se enriquecida em Sr
radiogênico e que os carbonatitos, mesmo aqueles atingidos pelos últimos estágio s de intera ção rocha -fluido , mostram
razões iniciais de Sr e Nd similares às das rochas si lic áticas associadas. Os dados para Sr-Nd -Pb procuram chamar a
atenção para a contribuição dos componentes mantélicos HIMU e EM I na geraçã o do magmatismo da prov íncia.
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