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CONClUSOES Com o as rcscrvas do deposito, mcsmo in fcridas, most ram-sc rclati vam cnt c
pcqu cnas, gostar iamos de lern b rar a lgu ns ou u-os pOUlOS q ue scm du vida mereccrao urn a
at cncao espec ial no escla rccimen to real do potencial eco nc mico da ocorrencia :

I. a dis tancia rodo viaria , rela tivamcnte gra nde, dos cen tros consurnidores m ars
pr6xim os : Sao Pa ulo a I 200 q ui lorn et ros e Belo Horizonte a I 400 q uilomctros;

2. 0 estudo compara tivo dos resu ltados das ana lises d isponiveis com as que estao
scudo fei tas;

3. a possibilidade de uma associacao com os rnet ais do grupo da Pla tina .
Qua nt a ao item 3, algumas ana liscs prelimi nares, feitas nos laborat 6rios do U . S. G. S.,

rcvelaram, semiq uan tita tiva mente, a prescnc;a de metais do grupo da Pla tina. Com isso,
c posslvcl qu e, na dcp cnden cia dos tcorcs c da dcfinicao do modo de ocorrencia dos mcta is
nesta associacao, possa hav er, a partir do minerio de cro rno, uma recuperacno economica
de urn sub prod uto plati ni fero, caso aq ue le seja uti lizado p~ra fins qui m icos.
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ABSTRACT T his note pr esents the results of 22 K -Ar ana lyses on 17 rock sa m ples from severa l
magmatic and metamorphic un its of Eastern Par aguay.

The Precambrian in the R io Ap a region is an extension of the Oua po re Craton, which was
defined in the Brazilian side. Based on th e available data , the Precambrian occurrences in the South­
ern pa rt of Eastern Pa raguay cannot be corr ela ted to that tecto nic unit.

The acid vulcanism of Caapucu apparen tly belongs to the Lower Pal eozoic, with a possible
t ime relat ion to simila r Brazilia n occurren ces. The a lka line intrusions are of Eocretacic age, con­
temporaneous to the basaltic vulc anism, but there a re except ions : the M bocaya ty and P~o de Al;uca r
intrusions pr esen ted older results. The diffe ren t ages obtained for the Sapucai Lavas may rep resen t
successive extrusio ns during a long tim e int erval (J-K). Basalt s of the Paran a Basin yielde d ages com­
parab le to those obtained in the Brazilian side (J-K ). For the vulca nism of Asunci6n region a Cenowic
age was obtained .
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RESU MO Esta nota a pr esen ta os resu ltados de vin te e duas a nalises K-A r de dezesset e amostra s
p roveni entes de diversas unidades metam6rfi cas e magrn aticas do Paraguai Orien tal.

o Pr e-Cambria no d a rcgijto do R io Apa co ns titui urn prolongamento do Crato n do G ua pore.
definido do lado brasileiro. Jft. as ocor renci as pre-cambrianas do sui do Paraguai Oriental 0 3 0 pu ­
derarn ser seg ura mente rel acionad as com essa un idade tect nnica, fazendo -se nccessarias nov as analises.

o vulca nismo acido de Caapucu a prescn ta idade aparente paleozoi ca inferior , em CO il co r­
d a ncia com diversas ocor re ncias simila res brasileiras.

As intrusOcs a lca lina s d at adas forneceram resultados que permit em considera-las co n tem­
por aneas as primeiras manifesta coes basal ticas da Bacia do Parana . Duas excccocs fo ra m observadas :
o macico de M boca yaty e 0 do Pao de A~uca r . As lavas de Sapucai a presen ta ra m dois resu ltados
disco rdant es, atribuive is a m a nifesta coes sucess ivas, sendo a ult im a co n temporanca ao magmarisrno
basalt ico . Deste o b teve-se idad es co nco rdan tes co m aquelas do la de brasi leiro (C retaceo inferio r).

U rn vulca nismo ce no zoi co pa rcce ter-se processado na regiao de Asunci6n, a pa rc u te men te re­
laciona do co m 0 di ast rofismo gcrma no ripo moderno da qu ela Area.

INTRODUCTION Precambrian rocks arc exposed in Eastern Paragu ay, cast of the
Chaco Borea l and of the Paraguay Riv er. These rocks are overla in by Ordov icia n and
Cr etaceou s sedimentary formations wit h intru sions and lava flows of pr esumably Me so­
zoic age . The genera l outline of the geology of the region has been esta blished by
HARR INGTON (1950), ECKEL (1959), PUTZER (1962) a nd CO MT E (1968).

T he existence of ma ny probl ems, specially of geochronologic order, is explained
by the fact that Precam brian and its pr e-Silu rian cover have been studied progressively.
To HARRI NGTON a nd PUTZER, therefore. the Precambrian of the nort he rn pa rt
of Eastern Paragu ay constitu tes an extension of the Cuiaba Seri es, wich is well exposed
in the Stat e of Mato Grosso (Bra zil). Recently, however, ALMEIDA (1965) rest ricted the
Cuiaba Ser ies further to the cas t, and a tt ributed the rocks exposed in the cast a nd center
of the Bodoquena Range to a n olde r crysta lline complex. This complex, wich wou ld extend
southwa rd into Paraguay, was named Guaporc Craton.

Anot her problem consists in correla ting the Precambria n of the southern part of
Eastern Paragu ay with that of the nor thern part with 110 concl usive proofs. In addition,
younger ages a re a tt ributed to the gra nites a nd rhyo lites of Caapucu by the Authors men-
tioned above. .

Discordant an d folded sedimenta ry formations have been described . All exa mple
is the case of the It apueumi Seri es of BOETTNER (1947), wieh has been considered to
be Lower Paleozoic (HARRI NGTON, op. cit.), Eocambrian (ECK EL , op. cit. ) a nd " infra­
-Cambrian" (KARPOFF, 1965). ALME IDA (op. cit.) correla ted the Itapueumi Series
with the Cerradinho Form ation a t the base of the Coru mba Group, which constitutes
the pelit ic-carbo nated sequence of the Pa raguai-Araguaia miogeosyncl ine in southern
Mato Grosso. In the southe rn part of Eastern Par agu ay, ncar Paraguari, the grccnschists
and red silt itcs of the Escob ar Seri es have been thou ght to be compo nents of the T ubarao
Group by HARRINGTO N a nd by ECKEL, and arc att ributed to the Preca mbrian by
PUTZER.

T he suhhorizonta l detrital series which pile up around the Precambria n areas of
eastern Paraguay belon g for the most part to the Parana Sedime ntary Basin , and a rc well
dated, eit her by their fau na (Silu rian ) or by affinities with the type facies of the Go ndw anic
units of the Brazilian side. The Sao Bento Group, with the Botucatu For mation sandstones
a nd the basalts of the Serra Gcral Form at ion, was conside red to be Liassic by correla tion
of the ba salts wit h those of South Africa . Today they a rc considered Upper J ura ssic to
Lower Cre ta ceous, based on pot assium -a rgon dates (AM ARAL et al. , 1966). On the other
hand, the spa rse alkaline intrusions a nd certain basic bodi es were conside red Cretaceous
by PUTZER , witho ut ta ngible proof.
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As it can be seen, man y geoc hronologic problems exist. Regarding the Brazilian
Platform and its pr e-Silurian sed imentary covers, as well as the Mesozoic magmatism of
the Paran a Basin , numerous studies are being published , and several hundred rad iometri c
age dat es exist for the region . In Paragu ay similar studies have on ly lately been sta rted .

In thi s not e are pre sented th e result s of 22 K-Ar determinations on 17 samples from
Eastern Paragu ay . The focus is on th e Precambrian and on the Mesozoic magmatism.
An atte mpt is made to discuss the result s in the light of the la test available geologic data.

EXPE RIMENTAL METHODS The da tin g techniques by the K-Ar met hod used at
the CENTRO DE PESQUISAS G EOCRO NOLOGI CAS of t he Uni versit y of Sao Pau lo,
where the presen t an alyses were made , have been described by AMARAL el al. (1966),
who also discussed their valid ity, re product ibili ty and accuracy .

Essent ially, a fraction of the mat erial (0.2 to 5.0 gra ms of concentra ted min erals,
or whole-rock fragments) is fused by induction heating in ultra high vacuum systems. The
gas is purified in Cu-C uO a nd Ti furn aces a nd mixed with aliqu ots of pure Ar 3 f1 {spikes],
prepared in groups of 400, in order to a na lyse the Ar 4 0 by isotopic di lut ion in a Reynolds
type mass spectrometer by the sta tic method .

The po tassium is dosed out in fractions of 0.15 to 0.30 grams using a Baird Atomic
research flam e ph otometer with lithium inte rna l standard . The chemica l procedure for

the preparat ion of the solution is essentia lly the same to that described by BRAN NOCK
a nd BERTHOLD (1949).

The consta nts used in the calcula tions were :

A., Olal = 0.530 X 10 - 9 yea r - I
A.k = 0.586 X 10- 10 yea r -I

K 4 0 in total K = 0.0119 a tom %

T he accur acy of thc method is around 5 for most ana lyses. T he experimenta l error
is larger in those cases where there is a ver y low potassiu m content, or a large correc tion
for a tmospheric Ar . This 5 % accu racy is a litt le higher rela tive to the usual acc uracy at
the CENTR O DE PESQUISAS GEOCRONOLOGICAS, and it is du e to a larger er ror
in the Ar 3 8 concentration for the spike system which was used (E Series).

RESULTS Twenty-two a na lyses were mad e on 17 sa mples collected in various localities
from different geologic units. The samples arc described in the Appendix. Sa mple locations
a nd their K-Ar ages ar c pre sented in the figure. T able I exhibits the analytica l results.

DIS CUSS ION OF RESU LTS The significance or the K-Ar dates for a lka line a nd
basaltic rocks of Souther n Brazil was discussed by AMARAL et at. (1966) and AMARAL
et at. (1967) . Their conclusions ca n be extended to simila r rocks in Paraguay, as there is
a simila r geologica l situa tion.

For the post-Baikalian eruptives a nd acid intrusives of the Caapucu reg ion, which
did not un dergo rehea ting or lat er metamorphism, it is assumed tha t the K -Ar dat es a pproach
the age of the volca nism, since there has been no occa sion for apprecia ble argon loss.

There has been mu ch discussion conce rning the metamorphic rocks and gra nites
related to orogenesis [v. g., MOORBATH, 1965 a nd 1967). The probl em is fonnd pr in­
cipa lly in the argon reten tion by the minerals a nd rocks, being a fun ction main ly of the
crysta lline structure, gra in size, a nd temperature. The influence of temperature has been
shown by HA RT (1964). It is known tha t differ ent minera ls only reta in argon when they
are placed below specified isot herm s, which ca n happen in time periods qui te different
from that of crystallization or recr ystallizati on , a nd a rc relat ed to the rising of the rock
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Table I
"._._-~-_..

ANALYSED
Ar4 0 rnd %Ar 4 0

N. SPK- ROCK TYPE LOCALITY K 10- 5 cc/g K-Ar AGE' IO"y
MATERIAL

STP
atm.

·-,'··;;;:::;::~==:-=::::~~::;.::::~;:;.c.:~~_-==-..~,=_=cc
--- _.----_..~--_._.,,---~._~----- - _.- .....__..~..~.. ----._---_._~.._._.- ....•_.__.------ ........... _._._---..-----

I 1410 Whole rod; Amphibolite Rio Apa 1.[06 6.2X 1.8 1056±55
2 1 411 Muscovite Pegmatite Rio Apa 8.45 59.7 4.6 1250±65
3 1405 Kcfcldspnr Granodiorite San Bernardino 5.43 17.0 8.9 786 ± 40
4 1417 Plagioclase Amphibolite Villa Florida 1.602 3.(14 40.1 424 ± 25
4 J 414 Amphibole Amphibolite Villa Florida .]96 J.21 59.l 539 ± 40
5 J 418 K-feldspar Granodiorite Villa Florida 9.94 24.5 1.4 535 ± 30
6 1473 Kcfcldspar Granite Caapucu 8.2] 18,] 1.9 468 'i; 25
7 1400 Whole rock Microdiorite Mbocayaty .544 2.22 17.8 820 ± 85
7 1470 Whole rock Microdiorite Mbocayaty .545 2.71 8.7 960± 100

" 140" Biotite Microdioritc Ccrro Coni 6.95 4.13 ]0.3 143 ± 8

" 1412 Whole rock Microdiorttc Cerro Cora 7.11 3.99 117 135 ± 7
9 1409 Biotite Diorite Cerro Charara 725 3$6 45.8 129 ± 7
9 141'3 Kcfcldspar Diorite Cerro Charara 5.23 3.24 10.9 149 ± 8

10 J 398 Whole rock Diabase Sa plical 183 l.n\ 8.1 113 ± 6

" 1399 Whole rock Diabase Sapucai 3.41 2.39 27.0 178 ± 10

" 1471 Whole rock Diabase Sapucaf 3.41 2.56 9.5 179 ± 10
12 1401 Whole rock Basalt Sapucni 3.9n 1.75 39.7 109 ± 6
13 1404 Whole rock Andesite Sapucal 5.78 2.68 10.7 113 ± 6
14 1406 Whole rock Diabase Ybytyruzu .675 ..153 20.7 127 ± 10
15 1396 Whole rock Din base Ybytyruzu .535 .237 4"7,9 108 ± 10

16 1407 Whole rock Basalt Asuncion 1.{)43 .195 82,0 46 ± 7

17 1475 Whole rock Phonolite Pilo de Acuoar 4.72 4.17 7.0 2{)9 ± II
, .." .._....--------- - .._-----_...~.~......._-._----- . ... ~..........._.--_.

in the crust. In cases of polimctamorphism or re-heating, the K-Ar dates tend to reflect
the last event. Regarding the structure of the minerals, it is accepted that. amphiboles
have great argon retention and furnish older dates than micas, while feldspars, specially
the potassic ones, are not good rctentors (CORDANI and BITTENCOURT, 1967). As
a function of grain size, micas from pegmatites generally yield good results, and in general
the more developed minerals furnish more consistent results than the fine grained ones.

The Precambrian in the Northern part of Eastern Paraguay The Guapore Cra­
ton is hounded by the Paraguay-Araguaia orogenic belt (Brazilian Cycle, 500-650 m. y.)
on the cast. The Parana Basin overlies it in the southeast, the Amazon Basin overlies it­
in the north, and the Chaco Boreal overlies it in the west and southwest.

The Guaporc Craton is still very poorly known. Other than the ages determined by
PRIEM et al. (1966) for the tin-bearing granites of Rondonia (960 m. y.), some analyses
were made on rocks from Mato Grosso, Para and Amazonas (HASUI and ALMEIDA,
1970; G. AMARAL, unpublished), but the data are not yet sufficient to elaboratea general
outline. A very old basement, affected by the Trans-Amazonic event (2000 rn. y.), seems
to exist, as well as younger sequences of rocks, partly of magmatic origin (tin-bearing gra­
nites of Rondonia, Uatuma Series, and others).

The northern part of Eastern Paraguay is essentially made up of quartzites, quartz­
-schists, and amphibolites, cut by granitic intrusions, and aplite and pegmatite dikes.

The muscovite analysis of Sample 2 and the whole-rock analysis of Sample I yielded
results of 1250 and 1056 m. y., which are enough to ascertain that the Precambrian of the
Northern part of Eastern Paraguay is an extension of the Cuapore Craton to the south
of the Apa River.

Although the existence of an orogenic belt of the Uruacuano-Minas Cyde (900-1 300
m. y.) in the Guapore Craton could be assumed to exist from the above data, at present
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it seems more reasonabl e to conside r them only minimum ages, keeping in mind the very
spa rse number of a na lyses, the deficiences of the K-Ar met hod s a nd, a bove all, the lack
of adequa te knowledge concerning the tectonic evolution of the craton.

The Precambrian of the Southern part of Eastern Paraguay The Preca mbrian
in the Southern part of Easter n Paraguay is exposed :

1 - in a sma ll area 50 km cast of Asunci6n, where the San Bernardino gra niti c bod y
is exposed,
2 - south of the T eb icuary River, as gneisses, micaschists, a mp hibolites, quartzites,
and marbles, cut by small g ra nitic or gra nodiorit ic a pophyses, freq uently ca tac lased.

The result s obta ined for sa mples 3, 4 a nd 5 refer to these areas. The potassium feldspar
of the San Bernardin o gra noc-l iori te yielded a relat ively high result and suggests a correlation
with the Gua pore Cra ton, bu t additiona l ana lyses are necessary . T he granod ior ite of
Villa Florida yields a younger age . The amphibolite, loca ted near the granodiori te , seems
to be concorda nt, perha ps reflecting therm al contact influence. T he plagioclase of the
amphibolite yielded a lower age a pparent ly d ue to inci pient a lteration by wea ther ing .

T he ages present ed , then , do not positively expla in the relati on of the Precambria n
in the south to that of the north. T he age values, on the othe r hand, could indicat e a n
associa tion of the gra nitic rocks with the Brazilian Cycle, to which the Cuiaba Group is
associated. Nevertheless, important rejuvenations, as in the res t of the world, hav e been
sho wn to exist in Preca mbria n areas of Brazil. Su ch is the case of Goias Stat e, wh ere there
is a ra nge of ages explained by rejuvenation a nd remobili zation (HASU I and ALMEIDA).
Similar regions have been sho wn to exist by ALMEIDA et al. (1969) in the Brazilian Nor­
theast, a nd by PFLUG (1967) in Mi nas Gerais State. It is possible, the refore , tha t the
southern Pa raguaya n zone has un dergone a na logo us rej uvena tion, being located on the
border of the Guapore Cra ton.

Th e Caapucu granit e s a nd rhyoli t es Nea r Caapucu small gra runc intrusions are
found, surrounded by rhyo lites. T hese acidi c rocks were not affected by folding or meta­
morp hism rela ted to the Brazilian Cycle.

Acid volcanic rocks associa ted to molassic beds in Southern Brazil have been dated
(K. KAWASHITA, unpublished) and result s wer e obtained simila r to that of Sample 6.
As the analysed mat erial from this sa mples was a feldspar, we ca nnot yet establish cor­
relat ions.

ALME ID A (1965) correla ted the Ca ap ueu gra nites an d rh yolites with the Amogu ijil
(Southwest of M ata Grosso State) quartz-porphyries. T hey bot h have the sa me pet rographic
nature, a bsence of metam orphism, a nd pericrat on ic loca tion . T he qua rtz-porphyries,
however, have not yet been dated .

The PAo de Ac,aicar a lka line mass if Some isolat ed massifs of nepheline syenite and
simila r rock s occur close to (he Paraguay River in southwestern Ma to Grosso State. The
pr incipal on e is the Pao de Ac;ucar. loca ted north of Porto Murtinho, which sta nds out
in the subd ued relief of the Paragu ay River valley.

T he massif bas been dated by AMARAL et al. (1967), who obtai ned an age of 239
m. y. from biot ite a nd 207 m. y. from feldspar. An a na lysis mad e on Sa m ple 17 yielded
209 m. y., concorda nt with the latt er result.

It would seem, therefore, that the Pao de Acucar massif had a t least on e phase of
intrusions of the oldest type known 011 the margi ns of the Parana Basin.
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Th e M eso zo i c alka l ine intrusions Several stocks of csscxi te a nd simila r roc ks have
penetr a ted the Escobar Series and th e sa nds tones of th e Caacu pe Se ries in th e Par aguari
region .

For the Cerro Charara stock (Sample 9) we obt ai ned an age of 129 m. y. from biotit e
a nd 149 m . y. from feld sp ar. For the Cerro Cora stock, which penetrated th e Aquidauana
Sa nds tone, th e age obtai ned wa s 143 m. y. from biotite a nd 13.1 m . y. from who le rock
(Sample 8). The occurr ence s a rc 400 km apart from eac h other a nd yield ages of th e sa me
ord er of magn itude. It seems possible, ther efo re, that a t least some of the numerous intru ­
sions of Eastern Pa ragu a y were co n tem poraneous to the first basalt flows of the Parana
Basin. They are contained in what AMARAL et al. (1967) ca lled the " oldest group" of
M esozoic a lka line in tru sion s of the Brazilian Plat form, an d are rel at ed to th e w ealdc an
Reactivati on (ALMEIDA, 1967).

R ad iomet ri c dat es ar c still few in n um be r, which ma kes it necessa ry to ob tai n ad d itiona l
a nalyses in orde r to verify the ex istence of you nger in tr usions, and di fferent phases of
magmati sm. This has been done in Southern Brazil (AM ARAL et al., 1967 ; CO RDAN I
and I IASU I, 1968 ; HAS U I and CO RDAN I, 1968).

Fo r th e small m icrod iori te a nd sho nkin itc massif of Mboca ya ty, in a repeat ed a na lysis
of Sa m ple 7, we ob ta ined very old ages. The d isco rda nce between the two resu lts seems
to be d ue to th e lack of ho mogen eity of the a nalysed ali quots, since fragme nts of abo ut
3 m m were used . It has been sa id tha t the massif is in trusive in to the Tu barao Gro up (Upper
Ca rbonife ro us). If th is is true, th ere wo uld be a n excess of a rgo n, the ca use of which Sh()llid
he iuves rigau-d.

T he Sap ucaf l avas The in trusive com plex of Sa p uca i a nd neigh horing reg ions is
com posed or va rious d ikes and stoc ks relat ed to an im po rta n t ex pa nse of volca nic rocks.
T hese rocks a re exposed between Sa p uca i and San ta Isa bel, a nd see m to be a com plex
laccolith 8- 10 km lon g , 3 km wide a nd 200-25 0 m thic k. T hi s co m plex , no w exposed by
erosion , would have been form ed between the Gondwa nic pe neplanat ion su rfac e which
am..cted the Caacu pe Series sa nd stones, a nd the a lready erode d Gondwa nic for ma tions.

The varie ty of rock types (po rphyritic basal ts, nep heline ba sa lts, phonolite s, a nd esit es,
rh yol ites) seems to resu lt from successive inj ect ions of materia l of different com posit ion s
rather than from in situ d ifferen tiation . This wou ld expla in th e ir reg ula r loca tion of the
d ifferen t pet rographic facies as we ll as the ages of IHOto 110 m. y. obta ined on who le rock
sa mples (Samples 10, I I, 12 a nd 13).

Al th ou gh the basic magma tism of the Para na Basin has a Lower C re taceo us to Upper
Jurassic age, some analyses from Southern Brazil have yielded olde r results, as shown by
AMARAL et al. (196G). The age of 179 m . y. of sa mple II , th erefore , is not strange.

Th e Basal ts from th e Para na Basin T he easter n po rtion or Eas tern Pa raguay is
covered hy basal ts or the Parana Basin . O n the Brazi lian side these basa lts have been su b­
j ected to rad iome trie studies undert aken by AMA RAL el al. (1966), M ELFI (196 7),
CR EER et at. (1965) a nd M C DO UGALL and R UE GG (1966) .

T wo a nalyses we re made. One sa m ple (14 ) comes front th e base of the basalt flow
wh ich overlies the Botucatu Sa nds tone in th e grea t erosion outlier of the Ybyt yr uzu Ran ge.
It yield ed an ag e of 127 m . y., which is co nco rd a nt with the va lues for Sou ther n Brazil.
Sa m ple 15, from Ca pi tan M iran da , sligh tly a ltered by wea the ring , yielde d an age of lOB m. y.

T h e Oliv in e -Basal t s f r om t h e n eighborh ood o f A sunci o n V ario us olivi ne basalt
necks with the ap peara nce ofirreg ular. isola ted , covered do mes ap pear in the neighborh ood
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of Asun cio n . a ligned alo ng the ba nks of the Pa ragu a y Ri ver. T hey sta nd o ut in rel ief as
elevat ions or ien ted NE-S \V and N\V-S E. T he basa lt flow of the Caaua hc Arroyo valley,
as well as the di abase di kes that cut through the red fluvio -Iac ustrinc sa nds to nes ofprohabl e
T riassic agc on the pla teau cast of Asuncio n, ca n proba bly be rela ted to th is volcanism .
The in trusion would have been favo red by fractu res which pa ra llel the fa ults tha t del im it
the Ypacara i Depression .

O ne olivin e basal t sa m ple (16) yielde d a mininum ag e of 46 m. y. Althou g h other
a na lyses arc necessa ry, a Cenozoi c age is suggested for the ge r ma no ty pc tect onism of th e
Asuncio n regio n , respo nsible for th e fracturings to whic h is related the vo lca nism.

CO N CLU SIO NS T he first resul ts of the K-Ar analyses which a re here present ed permit
the follow in g g('nc ra l co nc lusions rega rdi ng the Paragu aya n portion of th e Bra zil ian
Pla tform :

1 - The Preca m bria n in the nort hern pa rt of East er n Paraguay is an extensio n of th e
O uaporc Crato n .
2 - T he n um ber of age d a tes ava ilable for the So uthe rn pa rt of Eastern Paragu ay is
not sufficien t to ena ble corre la tion s with the no rthe r n part. It is not possib le to say, the­
rcfore, whet he r it is a region or Bra zili an age 0 1' if it is the Gua po rc C raton rejuvenated .
:1 - The acid vol ca ni sm of Caa pucu is po st- Haikalia n , having a n appa rent Lower )la-.
leozoic age, a nd seeming to have a t im e relation with th e volcan ism of Ca st ro , Ca maq ua.
Amog uija. e tc , ill Brazil.
4 - T he a lka line intrusions which were da ted presen ted d ifferent ages. T he M bocaya ty
massif yie lded an a no ma lou s age which ca n be explained by excess argon if we accep t
the st ra tigra phic relation which wa s point ed out. The Pao de Acuca r intrusion had its
age confirmed , be ing olde r tha n the intr usions known in Bra zi l at the m argin s of the Pa rana
Basin . T he other occurrences a rc of Eocretacic age , con tem po ra ne ous to the basal tic vol­
ca nism of the Serra Geral Fo rma tio n.
S - The lava s of Sa pucai yield ed two d iffere nt results, suggesting successive occurrences
during a relatively lon g time inter val. T h is shou ld be ascerta ined with ad ditiona l analyses.
6 - T he Paran a Basin basalts in Paragu ay yie lde d age s comparable to th ose ob tai ned
in the Brazilian side (J-K).
7 - A single an alysis on a n oliv ine basa lt from th e Asuncion region sugg ests tha t the
volca nism in tha t region is Ce nozoic.
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AP PENDI X A brief descript ion of the sa m p les an a lysed

SA M PLE 1 - Very fine gra ined a mphi boli te with ncma toblnstic texture, cons titucd of la rger
a m phibole crysta ls in a ground mass of a m phi bole, pla gioc lase, bio tite . ti ta nite and qua rt z.
l ncipicnt chl ori tiza tio n of bioti te a m i a mphi bole is observed .
Sample location - Esta nci a Ar rcc ifc, :JO kill \ V of Sa il Ca rlos a lit! I kill S of th e Apa River.
Collector - D. Comte
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plagioclase phenocrysts up
orthoclase, biotite, apatite,

with poikilitic
micropcrthitic

SAMPLE 2 - Plate of muscovite from a granitic pegmatite.
Sample location - 70 km 'AT of Cerro Cora.
Collector - A. Carrillo

SAA1.PLE 3 - Fine to medium grained rose granodiorite with allotriomorphic granular texture,
composed of quartz, plagioclase, perthhic Kcfcldspar, chloritized biotite, some muscovite and
opaque minerals. Drill core sample.
Sample location - 50 ill from the Hotel du Lac, SW of San Bernardino.
Collector - D. Comte

SAMPLE 4 - Amphibolite from drill core, fine grained, composed of amphibole, plagioclase, apa­
lite and opaque mineral. Amphiboles occur as slightly oriented prisms. Incipient plagioclase
alteration observed.
Sam/lIe location - Villa Florida" banks of Tebicum-v River.
Collector - G. Vera Mcrinigo.

SAiWPLE 5 - Porphyritic granodiorite from drill core,
10 2.5 em in a matrix of quartz, plagioclase, some
zircon and opaque minerals.
Sam/lie location - Villa Florida on the banks of the 'I'cbicuary River, less than 200 m from
Sample 4·.
Collector - G. Vera Morinigo.

SA,HPLE G Medium to coarse grained rose granite with allotriomorphic granular texture, com-
posed of pcrthitic (poikilitic) orthoclase, quartz and some plagioclase. Accessories are biotite,
opaque minerals, zircon anel rare apatite.
Sample location - Enterprise Hoschrieff 2 km NNE of Caapucu.
Collector - D. Conue

S/IA1PLE 7 - Gray porphyritic lcucc-microdioi-itc with porphyritic texture due to phenocrysts
of amphibole, pyroxene and opaque minerals, up to 2 111m, in a trachytic groundmass of plagio­
clase, amphibole, opaque minerals, titanite, apatite and carbonate.
Sam/lie locality - Ybvtyruzu Range, 10 km from Villa Rica.
Collector - D. Comte

SAMPLE 8 - Light gray microdiorite with porphyritic texture due to clear and zoned feldspars
up to 2,5 cm , and biotite and opaque minerals up to 2 IHm, in a u-achytic matrix composed of
the same feldspars, plagioclase, biotite, opaque minerals, titanite, apatite and rare quartz.
Sam/lie location - Arroyo Gasory, I;) km WSW or Cerro Cora.
Collector - D. Comtc

SAA1PLE 9 - Gray diorite, medium grained, with hypidiomorphic granular texture, composed
of plagioclase, orthoclase, biotite, opaque minerals, clinopyroxene, some olivine and apatite.
Sample location - Enterprise Hoschticff Cerro Charara, 5 km from Paraguari.
Collector - D. Comtc

SAMPLE' 10 - Porphyritic holoci-ystallinc diabase with phenocrysts of pyroxene, olivine, plagio­
clase and opaque minerals in a vcry fine grained groundmass of plagioclase, pyroxene, biotite,
chlorite and opaque minerals.
Sample location - 1·km from Sapucai towards Santa Isabel.
Collector - D. Comte

SAA1PLE 11 _.. Porphyritic holocrystalliuc diabase, with phenocrysts of pyn)x(~ne, opaque minerals,
amphibole, biotite and apatite .in an aphanitic groundmass of plagioclase, opaque minerals
and biotite.
Sample location - 2 km from Sapucai towards Santa Isabel.
Collector - D. Comte

SANIPLE 12 - Alkali basalt with porphyritic texture, composed of phenocrysts of" clinopyroxene,
opaque minerals, pseudolcucite, apatite and olivine in a fine grained groundmass of plagioclase,
chloritizcd pyroxene, opaque minerals, apatite and some dcvitrificd glass.
Sample location - 2.5 km from Sapucai towards Santa Isabel
Collector - D. Comte
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SA.\! Pl.E 1:1 - Oriented gray andesite with porphyritic texture. Masses of pert hi tic orthoclase up
. to I ern, carbonate, amphibole, biotite, and opaque minerals, up to 3 mm, occur in a trachytic
and feldspatic matrix with some carbonate, quartz, apatite, opaque minerals and titanite.
Sample location - 3 km from Sapucai towards Santa Isabel.
Collector - D. Cornie

SAMPLE 14· - Diabase with ophitic texture, composed of' plagioclase, pyroxene, opaque minerals
and some chlorophcirc.
Sample location - 7 km from Colonia l ndcpcndcncia, N of" Ybyrvruzu Range.
Collector - D. Comic

SAMPLE I5 ~ Very fine grained holocrystallinc diabase, ophitic texture, composed of plagioclase,
pyroxene, opaque minerals and some chloropheite. Slightly weathered.
Sam/J!I: location - Capitan Miranda, 22 km NE of Encarnacion.
Collector - D. Comte

SAA1PLE 16 - Porphyritic basalt with phenocrysts of pyroxene, olivine, opaque minerals in a vcry
fine grained ma trix of' plagioclase, opaq uc minerals, pyroxene and some glass. Olivine is partially
serpentinized.
Smn/Jle location _. Cerro Tacambu Highway, Asuncion.
Collector - D. Comic

SAMPLE 17 - Dark gray very fine grained holocrystallinc phonolite, with porphiritic texture due
to nepheline phenocrysts up to 2 nun, pert hi tic feldspars, amphibole, opaque minerals and
biotite in a non-oriented matrix or the same minerals, besides apatite and titanite.
Samp!o location ~ Pan de Acucar, about 2.t ) kill '\ «f PrHII\ Murtiuho. ill the Paraguay River
valley.
Collector - F. F. M. de Almeida (field number: M'1'-I:-$2).

OS ANFIBOLITOS DA REGIAO MORRETES-ANTONINA (PR)

VICENTE A. V. CIRARDI
Departamento de Mineralogia e Petrologia

do Insti Iuto de Geociencias e Astronomia da

Univcrsidade de Sao Paulo

ABSTRACT Two metamorphic zones have been established for rocks of' the Mcrrctcs-Antonina
area, State of Parana, Brazil. The first one is composed chiefly of oligoclase-andesine gneisses inter­
bedded with gondites, oligoclase-andesine amphibolires, and andesine-labradorite amphibolires.
The second, which has been affected by retrograde metamorphism exhibits albite gneisses, albite
amphibolitcs, magnesian schists, chlorite schists, and magnetite quartzites. The mineral assemblages
for those zones are consistent respectively with the amphibolite Iacies and greenschist facies of me­
tamorphism.

The andesine-labradorite amphibolitcs, showing no evidence of retrogressive metamorphism,
arc composed essentially of' brown hornblende and plagioclase An 4 0 _ S '" The oligoclase-andesine
amphibolites exhibit plagioclase An 2 5 --:~:)) as well as brown and green hornblende.

Albite (An o _ 5)' epidote, and actinolite are major minerals on the albite amphibolite group.
Mineralogical breakdowns from hornblende to actinolite, or to biotite plus chlorite, and from calcic
plagioclase to sodic plagioclase plus epidote, are common features of these rocks.

No significant chemical variations have been registered for the low and high-grade amphibolitcs.
The Niggli numbers sf, alk, and k are only slightly greater for the albite amphibolites than for the
andesine amphibolitcs, whereas the mg value is lower for the former. The chemical data for major
clements indicate that the amphibolitcs are of igneous parentage.


