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Eastcrn Paraguay lies in an inlercraton ie reg ion
which includes the westernrnost side of the Paraná Basin
of Brazi l. It is bounded by lhe N·S Paraguay river
lioeamenl (Fig. I ), sepa rating lhe Paran á Bas in (cast)
frorn lhe Gran Chaeo Basin (west) . Th e basernc nt roe ks
are mainly Proterozoic lo Early Pal eozoie granitic
intrusions and high- to low-grad e m ctascdiment s and are
represented in rwo structural high s, lhe Ca apuc ú, in lh e
south , and lhe Apa, in lhe north. During Lat e Mesozoic
limes, lhe whole arca was subje cted to NE -SW-tre nding
crust extension, probabl y related lo lhe we stcrn
Gondwana break-up and lhe opening of lhe South
At lantic Ocean, leading lo lhe formation of NW-lrending
grabens (e.g. ASU, Asunci ón-Sapucai-Villarrica), fault
systems and fault -controlled scdirncntary basins . This
extensional tectonics , reflecting bascme nt structures
reactivated and enhanced by Early Cretaccous events ,
eontrolled lhe emplacerncnt of both lhe alkaline
magmatism in Eastem Paragu ay, and o f that in lhe
eastem Paraná Basin (Fig. 2) .

Eastern Paraguay is a region o f parti cul ar interest
eonsidering that: I) it has been the site o f thol eiiti c (Serra
Geral Formation: tlood basalts and dyk e swarms , both
represented by high-Ti and low-Ti roek -types; 133 Ma,
cf. Renne ct al. , 1992 , and Turner et al. , 1994) and
alkaline magmatism; 2) Eari y Crctaceous potassic
alkaline cornplexes and dykes occur emplaced before and
after the tlood tholeiites; 3) pot as sie and sodie alkaline
roeks are closely related in spaee.

On lhe basis of geol ogieal and geophys iea l evidenee
and geoehronologieal data (espeeia lly 40 more recent
high preeisioo Ar/Ar ages), five main laphrogenie eve nts
are suggested for the alkaline magmatism in Eastern
Paraguay sinee the end of Pa leozoic times, th e sev era l
oeeurrenees grouped into six different provinees (F ig. 3) :

1) Triassic sodie magrnatism of the A lto Paraguay
Provinee, I (240-250 Ma, KJAr and Ar/Ar, e f. Gomes et
aI., 1996, and Velázquez et aI., 1996; 24 I. 5± 1.3 Ma,
Ar/Ar, ef. Comin-Chiaramonti et aI. , 2006), widespread
at the southernmost side of th e Amazon Craton (Fúlfaro,
1996; Cornin-Chiaramonti et al ., 2005) with the alkal ioe
intrusions forming a narrow N-S belt along the Paraguay
river;

2) Ea rly Cretaceous pot as s ic a lka line -carbo natitic
eomplexes and dykes a t th e northem area (Rio Apa
Provinee, II; Amamba y Provinee, III), pred at ing lhe
tholeiitie basalt s of the Se rra Ge ral Fo rmation and
showing poorly documcnt ed ages of 138.7±0 .2 Ma,
Ar/A r, for th e firs t roc ks (ef. Comi n-C hiara rno nt i ct al.,
2006; - 142 Ma , K/Ar, e f. Gibso n el a l., 1995) and
137.6±0.7 and 139.3±0.5 Ma, Ar/A r, for the sccond
oee urrences (cf. Com in-C hiaramoru i et aI., 2006; avg.
14 1 Ma, K/Ar and fission-track, ef. Sonoki and Ga rda,
1988, and Eby and Marian o, 1992 . rcspcct ivcly) ;

3) Ea rly Cretaceo us porassic alka line cornplexes and
dykes with subordinare silico-ca rbo natite flows and dykes
(Central Province, IV), main ly widcs prca d in lhe
Asunci ón-S a pu cai-Villa rrica grabcn, Ag e spa n va ries
from 115 to 132 Ma, K/A r and Rb/Sr (cf. Bit schcne,
1987 ; V cl ázquez, 1992 ; Co rnin-C hiaramo nti and Gomes,
1996 ; Co rnin-Chiara mo nti ct aI., 1997 , 1999) , wit h lhe
high est co ncc ntra tion of new A rlAr result s clust cring in
lhe 126-12 8 Ma inte rva l (Gomes et a/., 2003); an average
va lue of 126.4±0.4 Ma is suggcstcd by Co rnin­
Chiararnonti et al.(2 006);

4) Early Cretaceous so die a lka line plugs and dykes
of the Mision es Provin ce (V) oce urr ing at lhe so uthern
arca close to lhe San Juan Baut ista town. Similarly lo lhe
Asuneión occurrcnces, these roc ks contain spine l
pcridotite rnantl e xenol iths. A preliminary age of 120±5
Ma (cf. Corn in-Chiaramo nti ct al ., 1997) is eonfinne d by
new ava ilable A r/A r data (Vclázquez et aI., 2003),
plaeing thi s magm atism in th e 116-120 Ma interva l, wit h
an average va lue of 118.3±I.6 Ma (c f. Comin­
Chiaramonti et aI., 2006);

5) Pa leocene sod ie alka line compl excs, plugs and
dykes of lhe Asuneión Provinee (V I) cro ppi ng out in lhe
neighborhood of the Paraguayan capita l at lhe westcrn
side of lhe Asunci ón-Sapucai-Vi lla rriea gra be n and
hav ing as rnost signifiea nt fearure lhe presence of rocks
bearing mantle xe noliths . Previou s geoehro no log ical
dat a, mo st1y based on KlAr determinat ions (Cornte and
Hasui , 197 I; Bitsehene, 1987; Cornin-Chia ramo nti et aI.,
199 I), indicated for this rnagrn atism a larg e age span of
39-6 1 Ma, which was red efined by Gomes et aI. (2003)
using on ly new Ar/Ar results , wi th lhe hislogram
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showing a dominant class at 56-58 Ma; an average value
of 58.7±2.4 Ma is proposed by Comin- Chiararnonti et aI.
(2006) .

Geochcmical characteristic s of the alkalinc
associations highlight systcrnatic Nb-Ta positive
anomalies and Sr-Nd isotope s trcnding lo lhe dcpletcd
mantle components for lhe sodic roc ks, contrast ing with
lhe potassic rocks and lhe asso ciatcd tholci itic basal ts that
display negative anornalies for Nb-Ta and Sr-Nd trend ing
lo lhe enriched mantle components (Fig. 4). Th e Pb

iSOlOpC vs. Sr-Nd systcrnatics confirm lhe distinc tion,
with lhe sodic rocks ranging from dcp letcd compo nents
to Bulk Earth , and transitional lo lhe Paraná tholciit es,
and thc potassic rocks enriched in "high radiogcnic" Sr
and low in " lcss radiogenic" Nb- Pb, The occurrence of
alkalinc, both sodic and potassic (and carbonatiuc), and
tholeiitic magrnat ism in lhe whole Paran á-Angola ­
Namibia Province seems to imp ly lhe cxistcnce of
appropriate lithospheric source to gencratc lhe ditrerenl
magmat ic rock-typcs.
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Figure 1. Geo logica l rnap of Eastern Paraguay (afler
Cornin-Chiaramonti and Gomes. 1996) . 1) Quaternary
and Tertiary sedimentary cover; 2) Tertiary sodic alkaline
rocks ; 3) Late Earl y Cret ace ous sodic alkaline rocks; 4)
Early Cretaceous potassic alka line rock s (post-thol eiites);
5) Early Cretaceous tholeiites of the Paraná Basin; 6)
Early Cre taceous potassic alkaline rocks (pre-tholeii tes);
7) Paleozoic sedimentary rock s; 8) Perm o-Tri assic
alkaline rocks ): 9) Carnbro -Ordovician platforrn
carbonates: 10) Archean and Neop roter ozoic cry stal line
basement: high- lo low-grade metased irnentary rock s,
metarhyolite s and grani tic intrusions; 11) Faults.

Figure 2. Schernatic d istribution of the magmatism in lhe
Paran á-Ango la-Namibia Pro vince (South Arneri can and
Afri can pla tes, Western Gondwana, arranged at abou t 110
Ma ; mod ified afier Co min-Chiara mo nti et a l., 1997. 2005).
and location of lhe main alkaline -car bona titic occ urrences : la,
Jacupiranga: l u. Juqui á; Bdl, Barra do Itapirapuã; MP, Mato
Preto ; RA, Rio Apa; C-S , Certos Ch iriguelo and Sarambí;
ASU, Asun ci ón-Sapucai . Other abbrevia tio ns: RGR. Rio
Grande Rise ; \VR, Walvis Ridge .
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Figure 4. lnitial " SrlS6Sr (Sr,) vs.
14JNdl I44Nd (Nd,) co rrelation dingra m for
magmatic roeks from Eas tern Paraguay
(after Comin -Chiammonli et al ., 2006.
modifie d). Sodie rocks: Late Early
Cre taceo us co rnplexes from the Misiones
Province MIS; Paleocene corn plexes
from the Asuneión Prov ince (it a lso
includes mantle xen o liths , X). Pot assic
ro eks: Early Crctaceous co rnplexes pre·
and post-da ting the tholeiitie basa lts of
the Serra Geral Formation, K-l and K-II.
respect ivel y ; Early Cre taceo us tholeii tic
basalts showing II -Ti and L-Ti, high and
low Ti, respe crively, roc k-typ es. DMM,
IIl MU. EM I and EM II ar",
approx imations of mantle end -rnembers
taken from Hart et al. ( 1992l.

IOO l m

~1is ioncll> Prc vincc, V

• v ..; M.:)()z",jl:' b.lSólhs

~MCM>zo i..: s C'd i n1CI1 I~

:·:-:iPalcozoic scd imcnt s

L~J Prccamb rian bascmc nt

l!.l .4,lkatinc rock cccurrcnces

r
I

~

_ Ccnol.OICscdimcms

Figure 3. Genera l distri bution of the alkaline magmatism in Eastern
Paraguay (modi fied and sirnplified after Comin-Chiaramonti and Gomes,
1996 and Velázquez et al ., 1996). lnserts show age histograms on the
basis of Ar/Ar determinations for each provinee.

REFERENCES

Bitsehene, P.R., 1987. Mesozoischer und Kanozoiseher
anorogener Magmatismu s in Ostparagua y: Arbeiten zur
Geologie und Petrologie Zweier Alkal iprovinzen. Ph.D.
Thesis, Heidelberg University, Germany, 318 p.

Comin-Chiaramonti, P. and Gomes, C.B. (eds .), 1996.
Alkalin e magmatism in eentra l-eastern Paraguay­
Relationships with coe val magm atism in Brazil.
Edusp/Fapesp, São Paulo, 464p .

Comin-Chiaramonti, P.; C íveta , L.; Petrin i, R.; Pieeirillo,
E.M.; Bellieni , G.; Censi, P.; Bitschene P.; Dernarchi,
G.; De Min, A.; Go mes, C.B.; Castilho, A.M.;
Velázquez, J .C., 199 1. Tertiary nephelinilie magma tism in
Eastem Paraguay: petrology, Sr-Nd isoto pes and genetie
relat ionships. Eur . J. Mineral., 2:687 -709.

Comin-Chiaramonti, P.; Cundari, A. ; Degraff, J.M.; Gomes ,
C.B.; Piccirillo, E.M. , 1999. Ear ly Creta ceou s-Tertiary

magrnatisrn in Eastern Paraguay (Western Paraná Basin):
geo logica l, geophysical and geochemical relationships. J.
Geodyn.,28:375.39 1.

Comin-Chiara mon ti, P.; Cundari, A.; Pieeirillo, E.M.; Gomes,
C.B.; Castorina, F.; Censi, P.; De Min, A.; Marzoli, A.; Petrini,
R.; Speziale, S.; Vel ázquez, V.F., 1997. Potassic and sodie
igneous roeks from Eastem Paraguay: their origin from a
lithospherie mantle and genet ic relationships with the associated
Paraná flood tholeiites . J. Petrol., 38:495-528.

Comin-Chiararnon ti, P.; Gomes, C.B.; Censi, P.; Gasparon. M.;
Ve1ázquez, V.F., 2005. Alkaline eomplexes from
the Alto Paraguay Provinee at the border of Brazil (Mato
Grosso do Sul state ) and Paraguay. ln : Mesozoic to Cenozoic
alkaline magmatísm in lhe Brazilian Platform (P. Cornin­
Chiararnonti & C.B. Gomes, eds.). Edusp/Fapesp, Silo Paulo,
pp, 7 1-148.

Comin-Chiaramonti, P.; Marzoli, A.; Vel ászq ue z, V.F.; Gomes,
c.B.; Man tovani, M.M.S ., Renne, P.; Rieeomini, c.; Tassinari.

384 ----------v South Americao Symposium 00 Isotope Geology • April 2006 --- - - - - - - -

-



Isotopic studies appl ied to petrology

C.C.G. 2006. Age of the Eastern Paraguay magma tism:
geochemical characteristics , compari son wi th the Paran á­
Ango la-Etendeka sys tem and geody na mics implications (in
preparation).

Comte, D. and Hasui, Y., 1971. Ge ochrono logy of Easte m
Paraguay by the potass ium-argon method, Rev. Bras.
Geoc., 1:33-43.

Eby, N.G. and Mariano, A.N., 1986 . Ge ology and
geochronology of carbonatites peripheral to the Paraná
Basin, Brazil -Paraguay. Carbonatites Sympos ium, Otawa,
13p.

Fúlfaro, V.J., 1996. Geology of Eas tern Paraguay. ln :
Alkaline magmatism in central-eastern Paraguay ­
Relat íonsh íps with coe va/ magmatism in Brazil (P . Comin­
Chiaramonti & C. B. Gomes, eds.). Edus p/Fapesp, São
Paulo, pp. 17-30.

Gibson , S.A.; Thompson, R.N.; Leonardos, O.H.; Dickin,
A.P.; Mitchell, J.G ., 1995. The Late Cretaceous impact of
the .Trindade mantle plum e: evi dence frorn large-volu me,
rnafic, potassic magrnat ism in SE Brazi l. J. Petrol. , 36:189-
229. .

Gomes, C.B.; Laurenzi M.A.; Ce nsi, P.; De Min, A.;
Velá.zquez, V.F.; Cornin-Chiaramont i, P., 1996. Alkaline
rnagmatism from northern Paraguay (Alto Paraguay): a
Permo-Triassic province. ln : Alkaline magmatism in
central-eastem Paraguay- Relationships with coem/
magmatism in Brazil (P. Comin-C hiaramonti & C.B.
Gomes, eds .). Edusp/ Fapesp, São Paulo, pp. 223-230.

Gomes , C.B.; Milan, A.; Velázquez, V.F.; Riccorni ni, c. ;
Cornin-Chiaramonti. P.; Vasconcelos, P.M.; Tassinari ,
c.c.G., 2003. Magmat ismo alcal ino na porção centro ­
oriental do Paragua i: novos dados geocrono lógicos para as
rochas das Provín cia s Central e Assunç ão. 7° Congr. Geoq .
PLOP, Mapu to, Moçam bique, Resum os, p. 39.

Gomes, c.D. ; Milan, A.; Velá.zquez, V.F.; Riccomini, C.; Comin­
Ch iararnon ti, P.; Vasconcelos. P.M.; Tassinari, C.C.G., 2003.
Mag matísmo alcalino na porção centro-o riental do Paraguai:
novos dados geocro nol6gicos para as rochas das Provincias
Central e Assunção. 7° Cong ro Geoq. PLOP, Maputo,
Moçambiq ue, Resum os, p. 39.

Hall , S.R.; Hauri, E.H.; Oschrnann , L.A.; Wbitehead, l A.. 1992.
Mantle plume s and entrainement : isoto pic evidence. Science,
256:5 17-520.

Reune, P.R.; Ernes to, M.; Pacca, I.G.; Coe, R.S.; Glen, J.M.;
Prevot , M.; Perrin, M., 1992. The age of Paraná flood
volcanisrn, rift ing of Gondwana land, and Jurassic-Cretaceous
boundary. Science, 258 :975-979.

Sonoki, I.K. and Garda, G.M., 1998. Idades K/Ar de rochas
alcalin~ do Brasil Meridi onal e Paraguai Oriental: compilação
e adaptação às novas constantes de deca imento . BoI. IG-USP,
S ér, Cient ., 19:63-85.

Turner, S.; Regelous, M.; Kelley, S.; Hawkesworth, c.J.; Kirstein ,
L. ; Mantovan i, M.S., 1994. Magmatisrn and continental break­
up in the South Atlantic: high prec ision ..,Ar/ J9Ar
geochronology . Earth PlaneI. Sei. Len ., 121:333-348.

Vel ázquez, V.F., 1992. Provincia Alcalina Central, Paraguai
Oriental: aspectos petrográficos, tectónicos e geoc ronol6gicos .
Ms.D. Dissertation, University of São Paulo, 119p.

Velázquez, V.F.; Gomes, C.B.; Laurenzi, M.; Teixeira, W.;
Comin-Chiararnonti, P., 1996. Contribution to the
geochronology of the Permo-Triassic alkaline magmatism frorn
the Alto Paraguay Province . Rev , Bras . Geoc ., 26:I03- 108.

Velázquez, V.F.; Gomes, C.B.; Riccomini , C.; Comin­
Chiaramonti, P.; Brumatti, M.; Vasconcelos, P.; Tassinari ,
C.C.G., 2003. Características isot6picas e idades Ar/Ar para as
rochas alcalinas da Província Misiones, Paraguai Sul -Orienta l.
7° Congr. Geoq . PLO P, Maputo, Moçambique, Resumos, p. 34.

RESUMO

Magmatismo alcalino, variando cm idade do Mesozóico ao Paleoceno, oco rre em muitas regiões do te rrit ório
paraguaio associ ado a zonas de subsidência tectônica de orien tação NW. Ocorre também em associarão com derrames
de basaltos da Formação Serra Geral, mostrando formação ante rior e posterior à dessas vulcânicas, alem de composição
extremame nte variada, que inclui rochas sódicas e potássicas de gran ulação fina a grossa e carbo nat itos maciços, estes
últimos restritos à porção nordeste do país (Cerro Ch iriguelo e Cerro Sarambí). Com base em ev idências geo lógicas e
geofi sicas e dados geocronológicos (novas tdades Ar/Ar), é possivel distinguir-se cinco eve ntos magmáticos distintos
no Paraguai Oriental , com as numerosas ocorrências alcalinas enquadradas em seis dife rentes províncias (Alto Paraguai,
Rio Apa, Arnamb ay, Central, Misiones and Assu nção) e vari ando em idade do Triássico ao Paleoceno. .

Geoquímicas evidências permi tem distinguir as rochas alcalinas sódicas, apresentando anomalias positivas em Nb­
Ta e concentrações de Sr-Nd tendendo para o campo empobrec ido, das po t ássicas e dos basaltos toleíticos assocíados ,
ambos carac terizados por anomalias negat ivas em Nb-Ta e tendência de Sr-Nd no sentido do campo enriqueci do. A
relação dos isótopos de Pb com Sr-N d co nfirma essa distinção, co m as rochas sódicas variando do campo empobrecido
para a Terra Global e as potássicas mostrando-se enriquecidas em Sr radiogênico e contendo menos Nd -Pb radiogênico.
A ocorrência em toda a Província Paraná-Angola-Namíb ia de magm altsmo alcalino, represent ado por associações
litológicas sódicas e potáss icas (e carbonatiticas), ao lado de toleíticas pa rece implica r na existênc ia de fonte litosferica
adeq uada para gera r a grande diversidade de tipos petrográ ficos magmáticos.
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