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The Southern Precambrian in Paraguay ~
Geological Inventory and Age Relatons

By ANDREAS KANZLER, Heidelberg

With 3 figures and 1 rable in the text

KANZLER, A. {1987): The Southern Precumbrian in Paraguay - Ceological
Inventory and Age Relations, - Zbl. Geol. Paliont. Teil I, 1987 (7/8):
753-763; Sturtgart.

Abstract: The Southern Precambrian in Kast Paraguay, & basement complex
of 3000 k', may be Jivided from N 1o S in three units. The northern
part comprises granites end rhyolites, which intruded not later than during
Late-Precambrian/Cambrian. Bordering the fault zone in the South, low
grade metamorphic (2), biotite and hornblende bearing rhyolites occur.
The fault zone ar the Tebicvary consists of metamaorphic, magmatic and
metasedimentary rocks as well as of tectonites in narrowly alternating
sequences. Basic dikes of Jurassic to Creraceous age are cutting these
tocks. The southern part is mainly metamorphic. It ferms a plain covered
by Quaternary sediments under which ns predominating rocks ortho- end
paragneises, quartzites, amphibelites, metaaplites, talc lenses and younger
thyolitic dikes are exposed. Preliminary K-Ar dates on minerals indicate
Middle Proterozoic age.

Zusammenfassung: Das Sidliche Prikambrium von Ostpacaguay, ca. 3000
km' grofl, ist von N nach S in drei Einheilen gegliedert. Den Nordeeil
nehmen Granite und Rhyoliche ein, deren mapgmatische Abkiihlung an der
Wende Prikambrium/Kambrium erfolgre. Im Grenzbeieich zur anschliefen-
den  Stoérungseone  [inden sich  schwachmetamorphe (2) Rhyolithe, die
Biotit und Hornblende fGhren. LYie Stérungszone entlang des Tebicuary
umfaflt in engriumig wechselnder Folge magmatische, metamorphe, meta-
sedimentdre Gesteine sowie Tektonite. Sie wurden von jurassischen/
kretazischen basischen Gingen intrudiert. Die Sidione von Villa Florida
bis San Juan Baurtista ist Uberwiegend mertamorph. [n einecr Ebene mit
michtiger Quartirbedeckung finden sich Ortho- und Paragneise, Quarzite,
Amphibelite, Metaaplite, Talklinsen uwnd jingere Rhyolithginge., Hier er-
gaben K-A(-Daten von Mineralen erste Hinweise auf mittel-proterczoische
Alter.
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Resumen: Durante un trabajo de campa de un ahe de duracion, Fueron
se¢ juntaron datos sobte la coanfiguracion del Precambrico Sur, un
complejo eristaling de 3000 km' de extensibn en el sur del Peraguay
oriental. 3¢ presenta un mapa geolbgico detallade y los rtesultados de las
primeras dataciones isothpicas (mbtodo Potasio-A1gén). Geolbgicamente
el terreno se clasifica, desde el norie hacia el sur, en tres unidades:

Lua parte Norie estd constituida de rocas igneas fAcides (variedades de
granitos y riolitas). De acuerdo a dataciones prelimingres asumimos, con
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Fig. 1. A geological survey of the southern East Paraguay. The working
area is enfrumed (A = Jhu-granite, B = DBarrerito-granite). The inset
map on the left shows the major genrectonic regions of South America.



The Southern Precambrian in Paraguay 755

reserva, gue el enfriamiento de estas rocas se produjo entre el limire
Precémbrico-Cambrico. En el limite situado hacia la “zona de fractura"
aparecen riolitas débilmente metamorfizadas (?) que contienen biotita y
hornblenda.

Alrededor del Rio Tebicuary se encuentra una 2zona de fracrura
compuesta de rocas ligneas, metamdrficas, merasedimentarias y tambien
de rectonitas, que camhbian dentto de cortas distancias. [Estes rocas
estin intruldas por diques bésicos de rumbe NW cuya edad Potasio-Argbn,
corresponde al limite Jurdsica-Cretécico.

La parte sur se extiende desde Villa Florida hasta San Juan Bautista
y es un terreno metambrfico. En wna llanura con una cubierta cuptctnaris
potente, afloran ortogneis y paragnels, cuarcitas, anfibnlitas, meta-
aplitas, lentes de talco y tambitn diques ce riolita més jovenes. [nvestiga-
ciones K-Ar en concentraciones de plagioclaga y homnblenda de dicha
zona, indican una edad Proterczolca media. El significado geolbgico de
estos indicios debe ser cxaminado.

Introduction

Apart from the big Precambrian shields the Scuth American basement
consists of a number of smaller complexes (ALMEIDA o1 al. 1976),
among them those in East Parapuay (Fig. 1)L

VOGEL (1893), MILCIL {1895) and CARNIER (1911) were the first to
make geological observations in Peraguay. HIBSCH (1891) and GOLD-
SCHLAG (1913} for the first time published petrographic descriptions of
basement racks in East Paraguay. Exiensive sieps teowards a systematic
gealogical investigation of this country were made by HARRINGTON
(1950}, ECKEL (1959) and PUTZER (1962}, First K-Ar data on crystalline
rocks were provided by COMTE & HASU1 (1971). In the years 1978 -
1982 the North American "The Anschutz Cooperation" (T.A.C.) carried
cut a large scale geolngical inventory of East Paraguay, resulting in a
geclogic map in the scale of 1:300.000 (T.A.C., 19R1). BITSCHENE &
LIPPOLT (1986} have geochemically and geochronulogically warked on
single basement rock occurrences, especizlly in Central Cast Paraguay.
The area o¢f crystalline rocks in the north of East Paragpway (Rio Apa
Highland) was analyzed petrographicully and tectonically by WIENS (1986).
ALMEIDA et al. (1975 within the scope of the "Paraguay-Aragudia
Belt" {irst tried to connect the basement rock occurrences in Paraguay
ro the Amazonic Craton in suuthern Brazil

This study presents the [irst results of a one year field work, carried
out for the most pait in the "Southern Precambrian" between Quiindy,
Viila Florida and San Juan Bautistg (Figs. 1 and 2}, So far, this tegion
has hardly been investigated geologically; neither the specirom of the
rock Types nor their contacts had been known in detail. The aims of the
field study were to work out a detailed genlogic map of this region
hased upon field observation and funher 1o collect appropriate samples
for subsequent petrographic, pgeochemical and geochronclogical analyses.
Tirst results were presented by KANZLER & LIPPOLT (1986%.
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The Southern Precambrian in Paraguay 757

General geological sertings

Paraguay's geological structure is characterized by two large basing -
the Parana hasin in the East and the Chaco basin in the West. Between
these two basins in East Paraguay there are cthree basement rock
occurrences. PUTZER {1962) combined them as "Zentralparaguayische
Schwelle", a rise trending roughly north to south.

The northern part of this basement rock belt - the Rio Apa Highland
- lies on the border to DBrazil, comprising an area of aboutr 5000 km?®.
Analogy reasoning connects this area with the crystalline rocks of Marto
Gms;&o in Brazil (ALMEIDA et al. 1976; KADAMBRASIL 1982; WIENS
1984).

In Cencral Eastern Paraguay, about 40 km to the east or southeast of
Asuncion in the village of San Bernadino single granitic as well as in
the vicinity of Ypacaral single rhyolitic cccurrences are exposed. These
are the acid magmatites investigated by BITSCIIENE & LIPPOLT (1986).

The Southern Precambrian of East Parapuay

The present study concentrares on the southern basement occurrence
in Paraguay, the "Southern Precambrian”. HARRINGTON {1950), ECKEL
(1959) and PUTZER (1962) also examined geological features of the
Southern Precambrian when taking stock of the crystalline and sedi-
mentary rocks in Paraguay. 'the granites and rhyolites in the north of
the Tebicuary for the first time were distinguished on the pgeological
map of the T.A.C. (1981). WIENS (1984} devised a geoclogical sketch
map and a first attempt to a stratigraphical subdivision of the rock
groups in the Southern Precambrian (Tab. 1}.

When starting this study the foilowing conception of the geclogical

structure of the Southern Precambrian existed:
The Southern Precambrian is a basement rock complex between the
villages Quilndy and San Juun Buutista with an extension of zabout
3000 km?, 10¢ km from north to south and 40 km from west to east at
the most. The secticn in the north of Villa Florida is characterized by
acid magmatites (granite, rhyolite; according to WIENS (1984): "Grupo
Caapuc("). Remnants of Silurian sediments discordantly overlie these
rocks. In the NE of Villa Florida, near Estancia Paso Pindo, metasedi-
mentary rocks occur ("Paso Pindo" after ECKEL 1959).

The area reaching southward from Villa Florida to San Juan Bautista
displays different metamorphic rocks ("Ric Tebicuary Complex", after
WIENS 1984). The ptevalent rocks to be found here are quartzites, talec
-chist, biotite schist, graphic granitic pegmatites and aplites, the pre-
ferred foliations are between 120° - 130° and 30° - 40°,

Morphology of the Southern Precambrian

Morphologically the Southern Precambrian is subdivided into two parts:
From the south of Quiindy to the Tebicuary a hilly area is extending,
its maximum altitude coming up to 280 m (e. g. Cerro de la Virgen, N.
W, Caapucil). The highest elevations are built up by rhyolites. The granitic
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rocks form a slightly undulatory landscape, parched with some swampy
plains. The geological outcrop conditions in this region are good.

Going southward from the river Tebicuary, a steppe like plain follows,
in which there are no elevations but few quartzite hills nearby San Miguel
and ltayuru, rising up to 60 m above the flat. Hupe Quaternary coverings
and deeply weathered rocks are typical. A swampy area covers more
than 200 km* in the SE.

Geology of the Southem Precambrian based on the field work

The rock identifications, classifications and peneralisations described
in the following have been established merely on field observations and
few microsection studies. After further laboratory studies revicions and/or
refinements are to be envisaged. The coordinates of the type localities
are based upon topographic maps published in the scale of 1:100.000 by
the [.G.M. {Instituto Geografico Militar) in Paraguay.

The southern half of the working area was geologically mapped in
the scale of 1:10L000 (Fig. 2). Relevant field observations in the northern
sector are enclosed in the map of Fig. 1.
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Based upon the observations a subdivision info rhree zones (from NW
to SE} is obvious:

Zone 1: Magmatic rocks in the north of Villa
Florida

Prevailing rocks of this region are: granites, aplites, granitic porphyres
as well as rthyolites and thyolitic dikes,

- (Granites

Two wmain granite occurrences may be distinguished: The Jhu
granite, 10 km NW of Caapuch and the Barrerito granite
between Caapucl and Quyquyd (Fig. 1: A and B, Fig. 2: BL

The Jhu granite {called after a village in the NW of Caapuci)
is a porphyric granite variety with guartz and feldspar phenocrysts in a
medium-grained groundmass. The content of biotite is low. This granitic
complex i1s surrounded by a rhyolitic hill chain on its western and south-
western margins (Fig. 1). Outcrops of this reddish rocks can be easily
detected at (464000mE/7119000mN), about 12 km in the west of Valle
Apua.

The Barrerito granite (called after a ranch NE from Villa
Florida) is spread over a rather large terrain (Fig. 22 B). It is a pink
coloured rock with quarrz, alkali feldspar and plagioclas phenocrysis in a
medium-grained groundmass. Parts of the plagioclases are zonated, biotite
often is intergrown with sometimes large idiomorphic hornblende. The
granite shows evidence of weak tectonic strain. There are numerous
aplite dikes, but only few quartz pegmartites. Well exposed, these granites
ate found in the SE of the Estancia Barrerito at (496500mE/7091300mN).
Because of the porphyric fabric, the Jhu as well as the Barrerito granites
are supposed to be the result of intrusions in high crustal level.

- Rhyolires

The main rocks of zone 1 in terms of their extension are various
thyolites. According to megascopical analyses revealing fabric differences
of the groundmass, & subdivision into two groups seems to be appropriate:
Casualidad rthyolite and Charara rhyolite ({Fig
2: C, D)

The rhyolite of the type Casualidad (pname of a cattle-breeding
company in the centte of the occurrence) is found on the border to
zene 2 (fault zone) in a tract with a maximum latitude of 11 km {(Fig.
2; C). Its character is uniform on the whole. Special features, clearly
differing from these of the Charara rhyolite, are its fine-grained ground-
mass as well as the bictite and hornblende contenrs.

Considering the nature of the fabric and the simultaneous occurrence
of prehnite and chlorite, the type of formation of the Casualidad rhyolite
may be altributed to a consclidation under Lhin covering and/or to a
low-grade metamorphosis.
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Among the few inclusions are metasedimentary fragments. Typical
outcrops are situated nearby the Estancia Casualidad (477000mE/
7085000mN} and in the region adjoining in the west. o

Under the term Rhyolite of Charara (Fig. 22 B, name of
a2 settlement 12 km WNW from CaapucQ), different varieties with a
dense groundmass are comprised. Only very few of them display biotite
crystals. The rhyolite has good outcrops at (466000mE/7101800mN) in
the west from CaapucQ. The overwhelming majority of rhyolites in the
Southern Precambrian are rocks of this type. At present time a further
subdividing of the Charara rhyolite seems to be premature.

Generally contacts between granite and rhyolite appear distinct. but
in many cases they are marked by zones with altered material. In some
cases, under bad outcrop conditions, megascopical distinction between
certain varieties of the Barrerito granite and the Casualidad rhyolite
clearly cannot be made.

Zone 2. Fracture z2one around Villa Florida

In a 10 km wide NE trending fracture zone near Villa Florida, mag-
matic, metamorphic and metasedimentary rock units are lying side by
side. The majority of rocks found here are acid magmatites (granite,
granodiorite and rhyolite) as well as metamorphites (quartzite, gneiss,
amphibolite). [n the NE sector of the fracture zone, a metasedimentary
rock series extending to about 12 km* is found (ECKEL 1959: "Paso
Pindo" group). There are further small occurrences of marble and
scrpentinite and several basaltic dikes. On the eastern village boundary
of Villa Florida (4@300mE/70@00(]mN], a nearly 1 km long and more
than 100 m wide basaltic dike is found trending NW. The few granitic
deposits of this area are taken to belong to the DBarrerito type. [n the
southern part of zone 2 sporadic occurrences of dark, mylonitic rocks
were cbserved

At present different granodiorite outcrops (Fig. 2: F) are summarized
under the term Matadero granodiorite (name of a slaughter
house in the south of Villa Florida). ‘Lhey occupy the east and south of
Villa Florida, and mainly te be seen in artificial outcrops (fourtain
shafts). The only outcrops shove ground lie in the NE of thc Matadero
(489000mE/7078999mN) and in the nver-bed of the Tebicuary at (487750
mE/7080000mN).

Further deposits are found in the vicinities of two countryside resorts
{Parador Centu Cué&, 8 km E and Parador Las Mercedes 5 km NE of
Villa Florida).

Contragting to the Barrerito granite, the granodiorite Maradero is a
black-white colored rock partially with spots of cm-large alkali-feldspar
megacrysts. The amounts of biotite and homnblende are high; in some
cases only hornblende as mafic mineral frequently is found. The rocks
have been subjecl to tectlonic aclivity, especially in Villa Florida. In the
north of Villa Florida, at the shore of the river, a NE trending amphi-
balitic lens of some 100 m is conspicuous. It is cut through by crossing
swarms of small granitic dikes,

The metasedimentary rock complex in the NE of this zone was found
tc consist of weakly metamorphic conglomerates, sandstone, siltstones
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striking about 1304°/30° to 40° NE, and further of conspicuocus clay schist/
conglomerate or clay schist/arcose-sandstone interbeddings, which were
already mentioned by ECKEL (1959).

tn few cases, these lavers are concordantly interlain by mm-thick
hematite strata. The whole metasedimentary block discordantly superposes
Frecambrian basement rocks. Thin iron ore and copper ore deposits are
connected with fault zones on the periphery of this complex. This rock
complex possibly may be correlated with the metasediments of the
Escobar series near the village Paraguarl {KARPOFF 1965), with the
"San Luis series" in the "Rioc Apa Highland" described by PUTZER (1962)
or with the Urucum tormation in Mato Grosso do Sul in Brazil (RADAM-
BRASIL 1982). The ages of these rocks are still controversial, The
question is to be investigated whether isotopic dating on the metasedi-
mentary material will be possible.

The two units distinpuished by WIENS {1984/86) in this area, shown
in Tab. 1 as "Grupe Ramos" (limestones) and "Grupo Villa Florida"
(basic mcia-volcanites, probably represented by the amphibolitic complex
in Villa Florida) in our opinion cannot be considered as units of their
own. Occurtences of limestone have not been obgerved A marble lens on
the area of the fermer Dstancia Ramos and the amphibolites of Villa
Florida are rather to be associated with zone 3 unless further gec-
chronological analyses will disprove this.

Zone 3: Metamorphic rocks in the south of
Villa Florida

The rocks of zane 3 adjoining the fracture zone (zone 2) still display
features of tectonic acrivity. In zone 3 ortho- and paragneisses, guartzites,
metaaplites, metatexites, amphibolites, epidote gneisses, talc, iron-ore
impregnated gneisses as well as non-metamorphic rhyolite dikes are
prevailing.

The main rocks in the northern part of this zone are light, fine-
grained quartz-feldspar pavagneisses, quartzite lenses, epldote gneisses
and amphibolite lenses. Characteristice of the paragneisses are elongated
cm-long highly flattened quartzes. Mafic minerals like biorite and horn-
blende megascopically are not detectable. Tectonically superimposed dike
granites (also without mafic minerals) are cutting the gneisses. Younger
rhyolitic dikes run NW and are intensely jointed.

More o the centre of the metamorphic complex light metatectic
gneisses are observed more frequently. In the neighbourhood of the
quartzite hills, epidotebearing and amphibglitic gneisses are found. Seldom
talc lenses, hematite and magnetite mineralizations are observed.

About 7 km in the E of San Miguel, an independent homogeneous
locking gneiss complex has been mapped, which in the following will be
referred to as Loma Poty gneiss (Fig. 2). It is a tectonicly
overprnted hard, reddish and fine-grained biotite gneiss, the minerals of
which arc parily recrystallized. Good exposures of these rocks are at
(503000mE/7060800mN) on the broock San Roque. Field investigations and
thin-section observations lead to the assumption that the Loma Poty
gneiss is of paragene nature.
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At its SE margin, the Loma Poty gneiss is separated from the adjacent
Fugenia gneiss by a lault. The Eugeniz gneiss is a 200 km? -sized
arthogneiss complex on the SE border of zone 3. The gneisses are grey
to white coloured, rarely reddish, beating hornblende and/or biotite. The
fresh locking rocks are medium- 1o coarse-grained and in some 2ones bear
almost cm-thick alkali feldspar megacrysis. As lenses quartz-pegmatites
and pegmatoids occur. In the eastemn part {close to Estancia Graciella),
the otthogneisses are intruded by rhyolites. On the terrain of the Estancia
Eugenia at (502000mE/7054000mN) =z typical cutcrop of the Eugenia
gneiss is exposed.

Tectonics

The lineations in the area of the Southern Precambrian, mainly
revealed by acrial and satellite photo imterpretations, are running NE and
NW (Fig. 3). These tectonic directions where appearing in thc adjoining
northern basement of East Paraguay (WIKNS 1986) as weil as in the
crystalline units in Brazil (ALMEIDA & HASUL 1984) are considered to
have existed already in Protecrozoic times. Subseguently they have been
reactivated during the thermotectonic cycle between 1000-450 Ma (“Bia-
siliunu’™) and again during Mesozoic 1imes close tn the Jurassic/Creraceous
transition, These directions are also found in studies catried out by
DRUECKER (1985) and DEGRAFF (1985) who examined mafic dikes and
the assoclated crustal extension in kEast Paraguay during the Mesozoic
petiod.

All the basaltic dikes, which have been discovered during the field
work in the fracture zone of the Southern Precambrian, are striking NW.
The main direction of the fazulis in the acid magmatic 1ocks of the

northern working nrea (zone 1} is in the range of 149°-150°, a secondary
maximum 1§ at 30°,

A=

.;hlilunc,:
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Fig. 3. Main courses of photo-
lingations in the area of the
| Southern Precambrian in Paraguay

{Interpretation of orbital photo-
graphy).
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The main strike of the s-planes of the gneisses in the central part of
metamorphic zone 3 around San Miguel is NE with inclination to the
NW. The same trend is observed [ur the rhyoiltic dikes.

Geochronological Results

The K-Ar dates of COMTE & HASUI (1971} sugpested that the acid
piutonites of the Southern Precambrian at Caapucl and Villa Florida are
associated with the youngest stage of the Brasiliano epoch. A similac
age was found for an amphibolite near Villa Florida. This resuit, however,
may be due to thermal resetting. Age estimates for the stratigraphic
sequence of the rocks of the Southern Precambrian introduced Dy WIENS
(1984) are based on lithological comparison to rocks of the Precambriac
in Brazii and ro their age sequences (Tab. 1) and ate preliminary.

BITSCHENE & LIPPOLT {1986}, applying the “"Ar/*® Ar-techninque, con-
firmed the Late-Brasiliano age of the granite at Caapuch in zone 1
(544 +/~ 11 Ma).

In order to promere the field wotk, some [irst age determinations
using the conventional K-Ar method have been carried out (LIPPOLT et
al., in preparation). Total rock samples from two basahis in the fracture
zone (zone 2) yielded ages cn the turn jurassic-Cretaceous. Plegioclase
and hornblende entichments of metamorphically superimposed meagmatic
rocks of the same zone yielded age values at the twin between Pre-
cambrian and Cambrian. The question has yet to be clarified whether
these results are due to resetring older values by thermal action of the
acid magmatism in the northern zone 1.

In the metamorphic zone 3 of the Southern Precambrian discordant
Middle-Proterozoic K-Ar data on plagioclase and hornblende congentrations
were measured. The reasons for the discordance are not yet understood.
Two unpublished Rb-Sr dates from Brazil {CORDANI, pers. comm. 1986)
suggest that in this zone rock ages ranging from 2,5 to 1,8 Ga may
occul.

Conclusion and Perspectives

Bascd upon field observation, the Soutbern Precumbrian in Paraguay is
subdivided into three zones. In zone 1 with acid magmatites in the north
of Villa Florida according to mineral rontents and the character of
their groundmass twe granitic {(jhu und Barrerito granire) as well as two
rhyolite units (Casualidad and Cherara chyolites) have been distinguished.

[n the fracture zone 2 on the Tebicuary river magmatic, mstamorphic
and metasedimentary units are lving side by side ip aiternating sequences.
The majority of these rocks has been subject to inrense tectonic activity.
Zone 2 also comprises granodiorites of the Matadero type and several
basaltic dikes. K-Ar total rock analyses on the basalis yielded ages on
the turn Jurassic - Cretacevus. Dates of plutonic rocks from chis zone
indicated ages on the turn between Precambrian and Cambrian times.
Zone 3 is characterized by metamorphic tocks (S from Villa Flerida} of
varying metamoiphic grade, Independent lithologic units are fine-grained
paragneisses {type Loma Pory) and a orthogneiss complex (type Eugenia)
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extending over moere than 200 km?, K-Ar determinations on mineral
concentrates of metamorphic rocks in this zone yielded Middle Proterowoic
ages. Further investigations, in particular by the *"Ar/?*Ar method, the
zircon-lead method and by Rb-Sr analyses, will have to reveal the time
span documented by these rocks.

There is clear evidence of a number of differing plutonic stages in
the Southern Precambrian which are characterized by the original rocks
of the orthopneisses, by the granodiorites of the fractrure zone and by
the granites in the northemn sector of the working area.

These studies, being primarily based upon field observations, will be
foilowed up by petrographic and analytical laboratory investigation.
Furthermore crystalline and metasedimentary samples from Central East-
Paraguay and from the Rio Apa Highland as well as from the Brazilian
Urucum area in the north will render possible comparisons of these
areas and their rocks. The samples taken from the Paraguayan Southern
Precambrian seem tu be suitable to reveal the genesis of this complex
by petrographic, geochemical and geochronological means. Thus conclusions
about their possible association with the old shields of South America
may be drawn after further investigations. On the basis of the forth-
coming r1esults on the rocks in the Southern Precambrian, in particular
the meaning of the temporal term '"Brasilianc event" will be defined
more precisely.
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