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Trace fossils, microbial mats and sedimentary structures in the Puncoviscana
Formation of northwestern Argentina (Neoproterozoic — Lower Cambrian):
Their record on a varied spectrum of palaeoenvironmental settings

G. Acenolaza & F. Acenolaza

INSUGEO.- Miguel Lillo 205. 4000 San Miguel de Tucuman. Argentina, insugeo@unt.edu.ar

The Puncoviscana Formation (s.l.) (Neoproterozoic - Lower Cambrian) constitutes a thick
siliciclastic succession widely distributed in the NW region of Argentina. Strata are characterized
by a varied spectrum of highly folded and slightly metamorphosed sediments. Schists, waques,
pelagic clays, sandstones, turbidites, conglomerates, limestones and minor volcanics display the
many paleoenvironmental settings represented by these rocks.

Several stratigraphic and sedimentological papers have focused rocks of the Puncoviscana
Formation. They have attempted detailed analysis on strata, with different goals, resulting on an
preliminary knowledge of the unit (Salfity et al., 1975; Omarini and Baldis, 1984; Durand and
Spalletti, 1986; Durand, 1990; Moya, 1998). Jezek (1990) highlights as an integrated proposal of
sedimentological study in the formation, with a comprehensive work in the southern sector of the
Cordillera Oriental of northern Argentina. Well-preserved bedding planes are displayed all along
800 km of outcrops from La Rioja province up to Jujuy province in the north. Few localities
display the strata little affected by cleavage and metamorphic deformation, offering outstanding
possibilities to observe bioturbation, microorganism related and sedimentary structures.

Ichnofossils

Ichnofossils are among the elements better known in the sequences, with an abundant
bibliography resulting after 30 years of fieldwork. This research that started at the INSUGEO
(National University of Tucuman- Conicet) during the 70's, has given an acceptable knowledge
of the trace fossils and the biodiversity of the Puncoviscana sea. Several papers have recently
summarized these data, as Acefiolaza et al. (1999) and Acefolaza and Alonso (2001),
highlighting a proposed zonification of the basin on the basis of ichnoassociations:

a) Beltanelliformis Ichnoassociation, with Helminthopsis isp. Treptichnus cf. aequalternus,
Monomorphichnus isp. and an enigmatic "annelid tube" regarded as Sphenotallus ? sp . Several
wrinkle structures probably related to biomats have also been described in the area (formerly
interpreted as Squamodictyon, Protopaleodictyon, Kinneya and others) (Acefiolaza & Acefiolaza,
2001). This area is represented as well in the northern sector of Tucuman (La Higuera area),
including the southwards La Cébila - Angulos areas in La Rioja province.

b) The originally though distinct "Nereites Ichnoassociation", widely distributed between the
Sierra de Mojotoro and Cachi, in Salta province, may be unified to the first one on the basis on
new findings of trace fossils.

Nereites saltensis accompanying by several ichnogenera: Cochlichnus, Helmin-
thoidichnites, Taphrelminthopsis, Glockerichnus, Neonereites, Dimorphichnus, Asaphoidichnus,
Tasmanadia are some remarkable trace fossils in the association.

c) Lastly, the "Oldhamia Ichnoassociation" is well represented in the Sierra de la Ovejeria of
Catamarca province, and in the western border of the Cordillera Oriental of Salta (Mufiano, Abra
Blanca and San Antonio de los Cobres). Particularly this ichoassociation is integrated by
Monomorphichnus, Dimorphichnus, Cochlichnus, "Scolicia", Neonereites, Helmintoidichnites,
Didymaulichnus and three Oldhamia isp (O.flabellata, O.radiata and O.antiqua). Normaly O.
flabellata is more frequent in San Antonio de los Cobres while O.radiata/antiqua in Mufiano and
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La Ovejeria. This association is generally vinculated to heterolithic and shaly facies interpreted
by Jezek (1990) as intermediate and distal facies of on shore fan.

"Wrinkle" structures are common elements during the Proterozoic-Cambrian marine
siliciclastic sediments. Their knowledge has increased during the last decade, and now their
genesis is mostly regarded as microbial mat related (Hagadorn & Bottjer, 1999) Many elements
recorded in the Puncoviscana Formation are now interpreted as biomat related structures
(Acefiolaza & Acenolaza, 2001). This situation, together with the ichnological record of the unit
display the “agronomic revolution” of Seilacher & Pfliiger (1994). This revolution is reflected in
the Precambrian/Cambrian transition, by the record of microbial mat dominated substrates, or
matgrounds, being displaced by the bioturbated substrates, or mixgrounds. The Precambrian
biotas of the Puncoviscana Formation possibily had microbial mat related life stiles. Normally
represent undertracks of different organism produced above or between sedimentary layers.
Several outctrops of Salta and Jujuy display this situation, represented by the Oldhamia and
Nereites ichnoassociaton suite. In the first one, appendages penetrated and impressed the
bedding planes (as Diplichnites, Dimorphichnus, or Tasmanadia), while in the second are
frequent crawling traces (as Cochlichnus ,Helmithoidichnites).

Varied sedimentary structures produced by a current moving on the muddy bottom are also
frequent elements in the record of the Puncoviscana Formation, alway associated to the different
facial characteristics of the strata. Tool marks may have been caused by the impact of solid
particles driven by currents (inorganic material or sclerotized parts of the biota) in the
Puncoviscana sea. Chevron casts are common in the slates, and they may have resulted by the
hidroplasticity of pelites, that generates a series of crests towards the opposite direction of
current. If the object/animal is light, it is pulled up by currents, resulting on discontinuous and
short crests as recorded in the unit. Ripple marks, rill moulds, linguiform flute casts, crescent
moulds, grooves are common elements in ceirtan areas of the Puncoviscana Formation as in the
Escoipe, Tilcara and Purmamarca creeks.
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C, O and Sr isotope evidence of Sturtian and Marinoan glaciations in Brazil

C.J.S. Alvarenga, R..V. Santos, M.A. Dardenne, E.L. Dantas, E.R. Brod & S.M.C.L. Gioia

Instituto de Geociéncias, Univ. de Brasilia, Campus Universitario, ICC-centro, Brasilia, DF, Brazil
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Introduction

Glacial facies related to the Sturtian-Rapitan (~760-700 My) and to the Varanger-Marinoan
(620-580 My) periods have been identified widely in Central Brazil, respectively on and around
the S@o Francisco Craton and on the southeastern border of the Amazonian Craton, where they
are overlain by thick carbonate sequences (Fig. 1). The older carbonate sequence covers large
areas of the Sdo Francisco Craton (S2o Francisco and Irecé basins) and of the surrounding
Brasiliano fold belts (Rio Preto, Araguai, Ribeira and Brasilia). These carbonate rocks, which are
correlated to the Bambui and Una groups overlie the glacial diamictites of the Jequitai and
Bebedouro Formations (Dardenne, 1978; Misi & Veizer, 1998; Uhlein et al.; 1999; Santos et al.,
2000). These diamictites are considered to be ca. 700-800 My old and were, therefore, attributed
to the Sturtian glaciation.

The younger carbonate sequence, which is recognized in the Paraguay Belt along the
southeastern border of the Amazonian Craton and is described as Corumba Group and Araras
Formation, that overlie glacial diamictites of the Puga Formation and the Fe-Mn banded-iron
formations of the Jacadigo Group (Boggiani, 1998; Alvarenga & Trompette, 1992). In the
Corumba Group, the Tamengo Formation presents an Ediacarian-like fauna with Corumbella
werneri and Cloudina Lucianoi (Hahn et al., 1982; Zaine & Fairchild, 1985), suggesting an
Upper Vendian age (590-545 My) for the late Neoproterozoic Varanger-Marinoan glacial
sediments (Alvarenga & Trompette, 1992; Zaine & Fairchild, 1985).

In this study we present new C-O and Sr-isotope data for samples collected systematically
along continuous limestones profiles of the Bambui Group on the Sao Francisco Craton and of
the Araras Formation on the border of the Amazonian Craton. The main objective is to compare
the isotopic signature obtained for these rocks with the isotopic record available for similar
sequences around the world.

Results

In the Bambui Group, negative 8'"°C values are found only within the lowermost meters of the
sequence, which are immediately followed by positive values (+0.9%o to +3.3%o) within upper
portion of the Sete Lagoas Formation (Fig. 1). Similar results have been obtained by Martins
(1999) and Misi (2001) for other geologic sections in the Bambui Basin and for the Salitre
Formation in the Irecé Basin, where the negative values are restricted to the basal red cap
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dolomites (Fig. 1). The upper carbonate rocks of the Bambui Group (upper portion of the Sete
Lagoas and Lagoa do Jacaré formations) present an extensive positive carbon isotope excursion
(values ranging from +6.9%o to +16%o). The *’Sr/**Sr ratios in limestones of the Bambui Group
range from 0.7058 to 0.7076 are comparable with the data obtained in other studies for the
Bambui and Una groups (Misi & Veizer, 1998).

In the Alto Paraguay Group, the carbonates of the Araras Formation show 8"°C negative
values between —10.5%0 and —2.7%o within a short stratigraphic interval of cap dolomite (12m)
near the border of the basin and between —5.3%o0 and +0.6%0 across more or less 200m of
laminated microcrystalline limestones and clay-limestones overlying diamictites and interpreted
as deposited in a deep shelf environment. In contrast, the deep-water limestones are covered by a
thick horizon of shallow-water dolostones, which present uniform and positive 8"°C values
(+1.9%o0 to +2.4%0) for more than 800m. In the upper portion of the Araras Formation, dolostones
and sand-bearing dolostones have high 3'"°C values (+4.1%o to +9.6%o). This horizon is followed
by an abrupt decrease in 8"°C values, down to —1.0%o. Cap carbonate of the Araras Formation
has ¥’Sr/*Sr ratios ranging from 0.70753 to 0.70803 (Alvarenga et al., 2003).

Discussion and conclusions
The carbon isotope profile of the Paraguay Belt (Araras Formation) is very different from that of
the Bambui Group carbonates, although both carbonate sequences overlie glacial sediments. The
8"°C profile observed across the Araras Formation exibits an approximatively 200m thick section
of carbonates with low negative 8"°C values while in the Bambui Group the negative values are
found only across a few meters of transgressive cap carbonate (Alvarenga et al., 2003).
Strontium isotope evolution curves for Neoproterozoic carbonates show that post-Sturtian
sediments present Sr ratios ranging between 0.7063 and 0.7074, whereas post-Marinoan
carbonates present ratios ranging between 0.7068 and 0.7087 (Jacobsen & Kaufman, 1999). Our
isotopic data support the hypothesis that diamictites underlying the Bambui sequence are related
to the Sturtian glacial event, whereas diamictites below the Araras Formation are related to the
Marinoan glacial age. These conclusions are reinforced by the presence of the Ediacara-like
fauna in the carbonate rocks of the Tamengo Formation (Corumba Group), allowing to suggest a
Marinoan age for the Puga glaciation, and agree with the more recent datation of the basal Sete
Lagoas Formation (Bambui Group), which has furnished a Pb-Pb age of 740 + 22 My (Babinsky
& Kaufman, 2003).
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Provenance studies on Neoproterozoic to Early Paleozoic clastic successions in
Uruguay: first results

G. Blanco', C. Gaucher' & U. Zimmermann®

'Departamento de Paleontologia, INGEPA, Facultad de Ciencias. Igua 4225, 11400 Montevideo,
Uruguay. gaucher@chasque.apc.org
*Department of Geology, Rand Afrikaans University, P.O. Box 524, Auckland Park, 2006 Johannesburg,
South Africa

Introduction

The Neoproterozoic-Cambrian of Uruguay is characterized by a number of sedimentary and
volcano-sedimentary basins (Fig. 1), which represent different sedimentary environments and
geotectonic settings. These successions comprise shelf deposits overlying deeply eroded,
cratonic areas (Arroyo del Soldado Group and Piedras de Afilar Formation), volcanosedimentary
successions (Cerros de Aguirre Formation and probably Las Ventanas Formation); and deep
water sedimentary sequences, with no basement exposed (Rocha Group and Playa Hermosa
Formation). The Lavalleja Group, an important volcanosedimentary succession of southern
Uruguay (Fig. 1) will not be discussed here, due to great uncertainties regarding age of
deposition. Considering the complex structure of the Precambrian basement of Uruguay, which
consists of three (Bossi et al.,, 1998; Fig. 1) or four (Basei et al., 2000) different terranes,
determination of provenance of the mentioned sedimentary successions is key to understand the
palaeogeographic evolution of the region in the Neoproterozoic-Cambrian. A brief outline of the
data obtained so far is provided below.
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Arroyo del Soldado Group

The first provenance studies for this unit were reported by Gaucher (2000). Conglomerate clasts
clearly show provenance from underlying Palacoarchean (3.41 Ga) to Mesoproterozoic
metamorphic and igneous complexes. Bossi et al. (2001) reported an U-Pb SHRIMP dating of
633 £ 10 Ma for the Puntas del Santa Lucia pluton, which is overlain with erosional
unconformity by the Arroyo del Soldado Group. Paleocurrents indicate provenance from areas
located to the W (Gaucher, 2000). Sandstones in the Arroyo del Soldado Group are mainly
subarkoses to mature quartz arenites, except for the Barriga Negra Formation. These
petrographic data point to provenance from a peneplainized craton under tropical climate, as also
suggested by thick carbonate deposits. Ongoing research will focus on: (a) determine the relative
importance of the different basement units as source areas, mainly by means of LA-ICP MS on
detrital zircons, and (b) apply different petrographic and isotopic methods to assess importance
of chemical weathering, specially considering recurrence of colder periods postulated by
Gaucher (2000).

Piedras de Afilar Formation

This unit comprises predominant quartz arenites, which pass up section into pink to dark gray
siltstones (Bossi & Navarro, 1991). At the top, thin carbonate deposits occur. The unit overlies
Transamazonian (2100-1900 Ma) basement, representing the only sedimentary cover preserved
in the Piedra Alta Terrane (Fig. 1). The Piedras de Afilar Formation lithologically resembles the
upper Arroyo del Soldado Group and a correlation between both units cannot be ruled out
(Gaucher, 2000). A correlation with the Neoproterozoic lower Sierras Bayas Group of Argentina
seems probable, in view of lithologic similarity and same structural relationships to
Transamazonian basement (Cingolani & Dalla Salda, 2000). Detrital zircon LA-ICP MS will
provide age constraints for the deposition of this succession, and a detailed palaeocurrent
analysis will allow a better understanding of basin shape and evolution.

Las Ventanas Formation

This thick, mainly conglomeratic unit, shows provenance mainly from a mixed volcanic (basic
and acid) and granitic source area. Both rhyolitic and basic volcanic flows occur in the
succession, with an evolution from basic to acid volcanics towards the top. Intraclasts (pelites,
sandstones) occur mainly at the top, but are always subordinate. Faceted sandstone clasts occur
sporadically and may imply glacial conditions in the basin or immediate source area. K-Ar
datings of 572 + 7 Ma obtained for syn-kinematic muscovites (Cingolani, in Bossi and Campal,
1992) crystallized along the Puntas del Pan de Azucar Thrust, suggest a minimum Vendian age
for the unit (Fig. 1). On the other hand, sinusoidal structures here interpreted as trace fossils (aff.
Cochlichnus isp.) occur in interbedded siltstones, suggesting a maximum Vendian age (Fedonkin
& Runnegar, 1992).

Cerros de Aguirre Formation

It is made up of tuffs, ignimbrites of rhyolitic-dacitic composition and reworked tuffs. An U-Pb
SHRIMP dating of 571 = 8 Ma (Hartmann et al., 2002) of dacitic tuffs allows to place this unit in
the Vendian. Its geotectonic setting, however, markedly differs from that of the
contemporaneous Arroyo del Soldado Group, despite present distance between outcrops of only
70 km (Fig. 1). A possible explanation is the allochtonous nature of the Cuchilla Dionisio
Terrane with respect to the Rio de la Plata Craton (Basei et al., 2000).
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This unit crops out along the coast in the vicinity of Piridpolis (Masquelin & Sanchez Bettucci,
1993; Fig. 1). While conglomerates of Las Ventanas Formation mainly represent alluvial fans,
conglomerates and interbedded sandstones/pelites of the Playa Hermosa Formation represent
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deposition in a slope environment. Mass flow deposits and slumps, represented by breccias and
diamictites, are dominant (Masquelin & Sanchez Bettucci, 1993; Pazos et al., 2003). Downslope
direction was to the NE, as indicated by slumps and convolute bedding. Outsized clasts up to 80
cm in length are restricted to these mass flow deposits, their long axes being mostly subparallel
to bedding (maximum angle measured: 38°). No striated or faceted clasts were be found by the
authors. Interbedded pelites and rhythmites show no outsized clasts, strongly suggesting that
large clasts described above were brought into the basin by mass flow deposits, rather than being
ice-rafted, as suggested by Pazos et al. (2003). The Playa Hermosa Formation is older than the
intrusive syenites of the Sierra de Animas Formation, which yielded a Rb-Sr age of 520 £ 5 Ma
(Bossi et al., 1993). Age of deposition, however, is uncertain due to a lack of maximum age
constraints, which can be obtained by datings of detrital zircons by LA-ICP MS.
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Introduction

The discovery of extreme variation of C- isotope values in Neoproterozoic (~1000 — 543 Ma)
carbonate sequences, first identified by Magaritz (1986), Tucker (1986) and Knoll et al. (1986),
has opened new possibilities for stratigraphic correlations between them. A proposed composite
section for the Neoproterozoic, encompassing data from various successions from different
regions, has been proposed by Jacobsen & Kaufman (1999) and Hayes et al. (1999). Recently,
Halverson et al. (2003) presented a 8°Cppg composite curve using data from only two
stratigraphic successions: Otavi Group (Namibia) and Akademikerbreen and Polarisbreen
Groups (Svalbard). However, none of these composite curves includes South American
Neoproterozoic data.

In order to establish a composite section to improve the correlations among South America
Neoproterozoic sections, we have obtained new *'Sr/*°Sr and 8" Cppg values, derived from
continuous exposures of marine carbonate strata from the Corumba Basin, which have
significant paleontological occurrences (Cloudina) and stratigraphic markes.

Geological Setting of the Corumba Basin

The Corumbé Basin (300-km-long and NNW oriented) was developed along the eastern border
of the Rio Apa Block, in the context of the Amazon Craton (Gaucher et al. 2003). It comprises
Varanger glaciomarine sediments of the Puga Formation (Alvarenga & Trompette 1992) and the
terrigenous and carbonatic sediments of the Corumbé Group (Almeida 1965). The lower units of
the Corumba Group (Cadiueus and Cerradinho Formations) were deposited in a fault-limited,
confined basin. The shallow-water dolomitic and phosphatic rocks of the overlying unit (Bocaina
Fm.) are spread along a larger area, covering the other units and over the peneplaned granitic-
gneissic basement (Pedra Branca erosional surface). Subsequent regression eroded part of these
sediments and re-deposited them as slope breccia. Carbonaceous limestones and shales from the
Tamengo Formation, with Cloudina and Corumbella, cover these deposits. These limestones are
overlain by shales of the Guaicurus Fm., formed under open marine conditions. In this context,
the Corumba Basin is interpreted as associated with the contemporaneous lapetus Ocean
opening.

Associated with the Corumbé Basin, are BIFs of the Jacadigo Group, in the Urucum Massif,
with discrete ice-rafted debris intervals. In the northern Paraguai Belt, there is another carbonatic
section, named Araras Group (Almeida 1964), where Nogueira et al. (2003) described a cap
carbonate over the Puga Formation. Sr and C isotope studies on the Araras carbonates show a
different behavior of 8"°C values than that observed in the Corumba Group.
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Neoproterozoic Chemostratigraphy of Corumba Basin — a discussion

An integrated C and Sr curve using data from the Puga Hill cap carbonate, Bocaina Formation as
well as new C-isotope data from the fossiliferous Tamengo Formation is presented in this study.
The ¥’Sr/*Sr values range from 0.70773 (Puga Hill cap carbonate) to 0.7086 (top of Tamengo
Formation), an interval of 140 meter interval. This increase in Sr ratios is in agreement with the
sharp rise observed in the terminal Neoproterozoic to early Cambrian section (600-535 Ma),
interpreted as corresponding to an enhancement of continental input to the oceans associated
with a Pan-African-Brasiliano continental collision (Jacobsen & Kaufman 1999).

C-isotope values display a large variation, ranging from —5.3 %o to +5.5 %o. Negative values
were on the cap carbonate from the Puga Hill (=5 %o). Dolomites from the Bocaina Formation
present C isotope values close to 0 %o. An increase on the C values is observed at the base of the
Tamengo Formation, followed by a negative incursion (-3 %o), which is abruptly followed by a
strongly positive (+5 %o) excursion, associated with the first metazoan fossil occurrence. After
that, C values decrease to around +3 %o and remain constant upsection (Fig.1).

The presence of metazoan fossils, along with other geological constraints, indicates that the
first negative C incursion is related to the Varanger/Marinoan glaciation. The second negative C
incursion could be related to a second Varanger glacial event (sensu Jacobsen & Kaufman 1999)
or to Glaciation III (Glasckier) of Halverson et al. (2003). According to this latter interpretation,
the Puga Fm. would record the Glaciation II (Marinoan) event. In this scenario, the second
negative peak would be the reflection of the third glaciation, which probably was not of global
extent.

The possibility of a third Neoproterozoic glaciation is proposed by Grey & Corkeron (1998)
in Australia, where in the context of post-Marinoan planktonic blooms flourish, atmospheric CO;
is sequestered and carbonate diminishes the greenhouse effect, implying deposition of carbonate
from cold water, and possibly leading to local glaciation after 574 Ma.According to Saylor et al.
(1998), the first Varanger Ice age would have occurred at 590 Ma and the second Varanger at
575 Ma, while the end of latest positive excursion of 8> Cppg would have been at 549 Ma ago
(Grotzinger et al. 1995).

Conclusion

The C- and Sr- isotope values from the Corumba Basin section (Fig. 1) are consistent with the
post-Varanger/Marionan isotopic record. According to the C isotope values, the Puga Formation
can be correlated with Glaciation II (the first Varanger or Marinoan) while the second negative
shift of 8" Cppp (base of Tamengo Fm.) would be a reflection of Glaciation III (Glaskier or
second Varanger). The close agreement between C-isotope behavior and the fossil record makes
the Corumba Basin a key unity in the South America for correlation with other Neoproterozoic
IIT sequences wordwide.
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It is known that macrocontinents as Gondwana have been formed as consequence of accretion of
small blocks due to plate tectonic action. Although general agreement exist regarding this,
different points of view appear when each area is analysed in detail and the direction of
subduction and collision type are considered.

Today the geochemistry and geochronology methods correctly applied enable one to
determine the geotectonic position of lithological associations and stratigraphic sequences of
metamorphic and igneous rocks. In Uruguay accurate and synthetical geological mapping has
provided valuable elements with palacogeographic implications to the amalgamation of western-
Gondwana. In this way there are plenty petrographical data that support this but there are not
enough geochemical and geochronological data.

This paper is based on more than 300 geological maps (scale 1:50.000, 20 km” each) and a
lot of geologic cross-sections (scale 1:500,000) across the entire country. Likewise, we dispose
with aerial 1:20.000 and 1:40.000 photographs with excellent resolution, topographical maps
(1:50.000) and satellital images. The adequate treatment of all this information has permitted to
establish hypotheses, whose attestation is encouraged to realise a Vendian-Cambrian model of
palacogeographic evolution with many possibilities of succes.

The pre-Devonian basement of Uruguay consists of tectonostratigraphical terranes joined by
continental-scale megashear zones, with different stratigraphy, lithological asociations and
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evolution (Bossi et al., 1998; Fig. 1). The occidental Terrane (Piedra Alta) contains only one
small alkaline A-type granitic body (Oyhantcabal et al., 1990).

The central Terrane (Nico Pérez) has the most complex and abundant succesion of Vendian-
Cambrian events and there has been acquired the most voluminous geological information.
Comprise a multiplicity of granitic bodys, whose Rb/Sr and U/Pb (one) geochronological data
has enabled to identify two important groups of ages: 630 £30 and 540 £20 Ma (Umpierre &
Halpern, 1971; Preciozzi et al., 1993; Hartmann et al., 2002). Between both events of
magmatogenesis an important episode of sedimentation took place (Arroyo del Soldado Group).
The sequence was deposited on a stable, Atlantic-type continental shelf, which deepened to the
southeast, with a palaeo-shoreline roughly N-S (Gaucher, 2000). Although the ages of the
granites are coincident with two episodes of Brasiliano Cycle (Dom Feliciano Orogeny and Rio
Doce Event; see Basei & De Brito Neves, 1992), the Nico Pérez Terrane has not metamorphic
rocks of this age.

The easternmost portion of the Uruguayan Shield, eastward of the Sierra Ballena Lineament,
is considerated as a third Terrane namely Cuchilla Dionisio. Geological evidence, obtained by
the geological mapping outlined above, suggests that this terrane is allochthonous and has been
joined with the Nico Pérez Terrane by a sinistral shear zone.

The geological mapping has made it possible to obtain eight geologic arguments to support
this proposal which establishes that the Cuchilla Dionisio Terrane is an allochthonous block
whose limit is the Sierra Ballena Shear Zone:

I.The Sierra Ballena Shear Zone consists of a band, 4,000m wide, with NNE strike,
integrated by an alternance of proto-mylonitic, mylonitic and ultra-mylonitic rocks whose
kinematic indicators shows sinistral movement (Goémez Rifas, 1995).
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Fig. 1. Tectonostratigraphic subdivision of the Uruguayan crystalline basement.

II. The Carapé Group is clearly curved near the transcurrence conforming a large drag fold
confirming a sinistral sense along this fault.
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IlI.  The Arroyo del Soldado Group covers a great extension of the Nico Pérez Terrane but
does not occur in the Cuchilla Dionisio Terrane, being cut by the Sierra Ballena
Lineament (Gaucher, 2000).

IV.  The Cerro Olivo Complex (sensu Masquelin, 2002), eastward of the Sierra Ballena
transcurrence, is integrated by one metamorphic lithological asociation of granulite facies
which shows thrusts with SE vergence resting over ortho- and parametamorphic rocks of
amphibolite facies and migmatites. The Carapé¢ Group (sensu Bossi, 1983), westward of
the Sierra Ballena Shear Zone, is integrated by lithologies that are radically different.
Pure limestones, BIF, fuchsite quartzites, mica-schists and ampibolites intruded by large
granitic bodys and overthrusting migmatites occur.

V. The Rocha Group consists of low grade metasediments (meta-pelites and meta-arenites)
intruded by the polyintrusive Santa Teresa Batolite, which also represents a unit that exist
eastward of the Lineament only, cropping out in the SE of the Cuchilla Dionisio Terrane
(Bossi & Navarro, 1991).

VI. The Cerros de Aguirre Formation includes volcanic and pyroclastic rocks with a
thickness of 1,200 m and an age of 571 +8 Ma (Bossi et al., 2001). This unit represents an
explosive volcanism located around 80 km from the Arroyo del Soldado Group, which
shows a complete absence of volcanic, pyroclastic and volcanoclastics rocks. It seems
logical to suggest that ca. 570 Ma ago both units were far apart and not in their present
position.

VII. The Sierra Ballena suture zone separates terranes that are isotopically distinct, confirming
the geological and geochronological data. The Sm-Nd results show that there is a
remarkable decrease of the model ages eastwards, with Cuchilla Dionisio Terrane and
African rocks presenting the youngest ages (Basei et al., 2001).

VIII. The age of this sinistral displacement is between 532 +11 Ma, because it cuts the
Guazunambi Granite (Kawashita et al., 1999), and 520 +5 Ma - the age of anorogenic
magmatism of the Sierra de las Animas Formation (Bossi et al., 1993).

This geological evidence is consistent enough to begin a program of detailed geological mapping
coupled with geochemical and geochronological study of the 64 granitic bodys of Uruguay. We
consider that the knowledge of this data and the age of each shear zone and the nature of basic
and ultrabasic body rocks, is the best solution to resolve the Vendian—Cambrian
palacogeography of W-Gondwana.
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For the last few years, one of the authors (C.K.B.) has been engaged in a search for micro-
invertebrate fossils in Neoproterozoic limestones of Namibia, initially in the Nama Group but,
more recently, in the Otavi Group further to the north of the country. Many samples of
limestone from the Otavi-Tsumeb-Grootfontein area were examined in thin section and as acetic
acid-treated residues, but recrystallisation of these limestones from the folded Otavi
Mountainland appeared to mitigate against the finding of well-preserved microfossils there. But,
to the north, on the flat, calcrete-covered plain of the Etosha Basin, several limestone hills make
their appearance, well away from the metamorphic folded belt. These limestones apparently
accumulated on a Bahamas-type carbonate platform on the Congo Craton in Late Proterozoic
times. When C.K.B. examined acetic acid residues of some of these carbonate grainstones he
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found numerous sponge-like objects (referred to here as ‘Otavias’) that proved to have been
phosphatised. Detailed geological mapping of these outcrops had not been done, but it was
clearly important to establish just where within the Group’s stratigraphy the sequence is
positioned. The outcrops were therefore examined in detail in the field by K.-H.H., A.R.P. and
C.K.B. and samples were taken at close intervals for carbon isotope analysis and interpretation
by A.E.F. and A.R.P.

A lithostratigraphic subdivision and correlation of the Otavi Group in the Otavi
Mountainland and eastern Kaokoveld, as proposed by Hoffmann & Prave (1996), demonstrated
the presence of two stratigraphically and lithologically distinct glacial diamictite intervals, each
succeeded by an unique cap-carbonate (Hoffmann, 1989, 1994, Prave & Hoffmann, 1995). Prior
to this, a single glacial interval only, within the Otavi Group had been known for a considerable
time (e.g. Le Roex, 1941) but the presence of the two diamictites is now generally accepted.
Although evidence for severe glacial conditions during Neoproterozoic time has been recognised
for many years (Harland, 1965), and the concept of a “Snowball Earth” was proposed by
Kirschvink in 1992, the application of this scenario to the two Otavi Group glacial episodes is
much more recent (Hoffman et al, 1998). It postulates extreme glacial conditions, even in the
equatorial regions, a cessation of continental runoff and virtual shutdown of biological activity.
Such conditions would have had a dramatic effect on the evolution of early animals, whose
lineages apparently go back considerably further in time on the basis of molecular evidence
(Doolittle et al, 1996; Wray et al, 1996). It is therefore of interest to note that the Etosha
carbonate sequence that we are concerned with here falls within the Auros Formation (or
Ombaatjie Formation further to the west) of the Abenab Subgroup, well below the later of the
two glacial episodes, the Ghaub, which apparently occurred about 590 million years ago.
Lithological details of the composite Etosha profile, together with results of the carbon isotope
analyses of 77 samples, undertaken under the supervision of A.E.F, have been published (Brain
et al, 2001). These values show a sharp rise from initially slightly negative ones to mostly +2 to
+4, while several singular excursions to around 0 punctuate this trend. Further up the sequence
the isotope values rise to +8 and remain constant for the rest of this succession. This overall
trend mirrors that known from the Ombaatjie Formation in the eastern Kaokoveld and the Auros
Formation in the Otavi Mountainland. Thus, the combined lithostratigraphic and
chemostratographic data for the Etosha rocks indicate that these, and any microfossils they might
contain, are pre-Ghaub glaciation in age.

The ‘Otavia’ microfossils, with which we are concerned here, vary in size from 300
micrometers to about 5 mm and are variable in shape, but have several features in common.
When viewed as isolated objects, sorted from acetic acid residues and imaged with a scanning
electron microscope, each Otavia appears as a hollow bag, with several large openings usually
on raised volcano-like mounds. These openings penetrate the phosphatic wall and lead directly
into the internal cavity. The wall is also pieced by numerous smaller openings that generally lead
into a ‘peripheral labyrinth’, made up of a network of irregularly interlinked spaces that also has
openings to the internal cavity. In thin sections, the outer envelope and peripheral labyrinth
appear dark, or almost opaque; the walls of these structures are composed of calcium phosphate
in an amorphous or cryptocrystalline form. Thin sections show the interior of the otavia structure
to be filled with crystalline calcium carbonate, very similar to that of the surrounding matrix,
which can perhaps be described as a sparite.

In view of the superficial similarity in appearance of these objects to small sponges, special
attention has been given to the outer walls for the possible presence of of spicules, characteristic
of many later sponges. Elongate crystals do occur occasionally in the walls, but they are not
convincing as spicules and are more likely to be inorganic with a diagenetic origin.
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In the initial draft of the paper (Brain et al., 2001) mentioned above, it was proposed that
each Otavia represented a phosphatised calcareous sponge, in which the larger openings, on
their raised eminences, were equivalent to the excurrent oscula of later sponges, while the
numerous smaller openings represented the incurrent ostia. These ostia led first into the
peripheral labyrinth, where the flagellated collar cells were presumably housed, and then into the
internal cavity, as is the case in many living sponges. The draft of this paper was then sent for
comment to various specialists and useful comments were received from Andrew Knoll, Stefan
Bengtson and Bruce Runnegar who pointed out some of the difficulties involved in the
interpretation of phosphatised objects preserved in ancient limestones.

In particular, the issue of “microphytolites” must be taken into consideration. These are
clusters of calcareous grains that were held together by a bacterial or algal film, that could
subsequently have been phosphatised. They have often been reported in Proterozoic limestones,
presumably because grazing metazoans, such as molluscs, were rare at that time and the algal
films could consequently survive. If an Otavia had, in fact, been a microphytolite, then the
“internal cavity”, seen in an Otavia from an acetic acid residues had, originally, not been a cavity
at all. Instead, it had been a cluster of grains and Stefan Bengston suggested that each large
opening, on its raised mound, shown by an Otavia, was where one of the clustered grains
protruded through the phosphatic sheath. This possibility has now been investigated in detail
and, although grain-clusters can occasionally be seen in the Etosha limestones they are certainly
not the basis of typical Otavia structures. It is not unusual for an Otavia to be attached to one or
more carbonate grains, but such cases are easily recognisable and it can now be said with
confidence that a typical Otavia originally had a hollow interior within its peripheral labyrinth.

Another point that Bengston raised was that, for a sponge to function effectively, the whole
structure, and the incurrent ostia in particular, cannot be smaller than a critical minimum. For
instance, the force necessary to pump water through a tube is inversely proportional to the 4th
Power of its diameter. This means that very small ancestral sponges must have been much less
efficient than their later successors.But among the Otavia specimens, occasional specimens attain
a length of 5Smm, which is larger than some contemporary sponges living today.

Investigations on the Otavia question are continuing, but it is now the opinion of one of the
authors (C.K.B.) that we are, in fact, dealing here with fossils of small ancestral sponges. If so,
the evidence indicates that some of these survived the second of the Snowball Earth glacials.
Sponges are now known to be part of the subsequent Ediacaran fauna in Australia (Gehling &
Rigby, 1996) and possibly occur also in the Nama Group of Namibia, in the form of
Namapoikia (Wood et al., 2002).
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Introduction

The Neoproterozoic is characterized by extensive diamictite deposits. Many of them have been
regarded as glacial in origin (Hambrey & Harland 1985). This led Hambrey & Harland (1985)
and Hoffman et al. (1998) to advocate worldwide glaciations in the Neoproterozoic, the so-called
“snowball Earth”. However, glacial influence has not been found in all coeval basins. In many
cases, diamictites are signs of gravity processes in unstable slopes of tectonically active basins.
Neoproterozoic diamictites are also found in southern Brazil, namely in the states of Rio Grande
do Sul (RS) and Santa Catarina (SC, Eerola, 2002). This work presents preliminary results of a
survey on Neoproterozoic diamictites in SC.

Geological setting of the Neoproterozoic diamictites in Santa Catarina
The oldest Neoproterozoic diamictites of the SC are found in the deformed metamorphic
sequence of the Brusque Group, part of the Tijucas Belt. The group is characterized by schists,
quartzites, marble, phyllites, metalimestones, minor felsic and mafic metavolcanic rocks and
metaconglomerates (Krebs & Lopes 1995, Silva et al., 2002).

Presently, there are no reliable geochronological constraints on the depositional age for the
Brusque basin, but a coarse estimation from ca. 1000 Ma to ca. 650 Ma can be preliminarily
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assumed (L.C. Silva, pers. comm. 2003). The same author interpreted the evolution of the basin
in terms of a continental margin succession with late felsic volcanics dated at ca. 640 Ma (Silva
et al., 2002). This thrust and fold belt is related to the SW-NE trending Dom Feliciano Belt. It
was intruded by several granitoids during the Brasiliano Orogeny.

Neoproterozoic diamictites are also found in the Itajai Basin, with age of ~600 Ma (Basei et
al., 1998). It was installed onto and between the Brusque Group and Luis Alves Granulites, in
the final stage of the Brasiliano Orogeny during the Vendian-Cambrian (Gresse et al., 1997,
Krebs & Lopes 1995, Basei et al., 1998, Caruso et al, 1998). The Itajai Basin is one of the
molassic Neoproterozoic basins that are found in SC and Parana State (Basei et al., 1998). It is
correlative with the Camaqua-Santa Béarbara Basin in RS. Gresse et al. (1997) interpreted the
Itajai-Camaqua deposits as foreland basins correlated with the Nama Group in Namibia.

Metadiamictites in the Brusque Group

Metadiamictites that belong to the Brusque Group were recently found by the author at the
Cabegudas Beach, near the town of Itajai. They are folded pebbly phyllites, with eventual
metasandstone lenses. Quartzites and marbles occur nearby. The sparse clasts of the
metadiamictite are of quartzite, phyllite, dolomite, and granite, oriented parallel with the
schistosity (N60°E). The size of the clasts varies from some centimeters to 25 ¢cm in length. They
resemble lonestones. However, the deformation makes it difficult to determine their origin. The
metadiamictite may be glacial, but may also represent gravity flow. Their total extension is
unknown and the sequence is under investigation. Metadiamictites associated with
metarhythmites are also found in the Botuvera region (Krebs & Lopes 1995).

Similar rocks are found in the Chuos Formation of the Damara Belt in Namibia, where they
represent the Sturtian glaciation (750-700 Ma, Germs 1995). The Brusque Group is also coeval
with the Agungui Group in the Parana State, where Sturtian glacial deposits were described by
Perdoncini & Soares (1992). However, no glacial influence has been observed in the Brusque
Group.

Diamictites in the Itajai Group

The Itajai Group is composed by shales, sandstones, turbidites, conglomerates, minor
diamictites, and local occurrences of felsic volcanoclastics, deposited in alluvial fan, fan delta
and marine/lacustrine and subaqueous fan environments, associated with acid volcanism (Krebs
& Lopes 1994, Basei et al., 1998, Caruso et al., 1998). Diamictites are composed by sandy and
muddy matrix, with quartz, granulitic, granitic, volcanic and sandstone clasts. Some of the
diamictites present crude stratification, fining upward, and local imbrication, but are mainly
disorganized. The clast size varies from granule to boulder size. The diamictites are regarded as
having been deposited by gravity flows in subaqueous and alluvial fans and in some places they
form channel structures (Krebs & Lopes 1994, Basei et al., 1998, Caruso et al., 1998).

The Itajai Group was deposited during the Varangerian glaciation (~600 Ma, Basei et al.,
1998), roughly coeval with the Gariep Belt and the Nama Group in Namibia, where there are
glacial deposits (Germs 1995). In fact, there are some suggestions on glacial origin in the Itajai
Basin (e.g. Guimardes 1933, Carvalho & Pinto 1938), but those were contested by De Freitas
(1945). Rocha Campos (1981) mentioned the Itajai Group as having conglomerates of uncertain
origin. However, no glacial evidences were observed in this preliminary survey.

Discussion
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During the deposition of the Brusque and Itajai Groups, there was glacial influence in closely
located areas, including Namibia. It seems that southern Brazil formed an anomalous ice-free
area in the middle of this record during the Sturtian and Varangerian glaciations and there are
some possible reasons for this paradox (Eerola 2002): 1. Location in low paleolatitude, where
tropical climate dominated (Hyde et al., 2000); 2. Restriction of the glacial influence in high
altitudes; 3. Non-preservation, or 4. Unfinding or unrecognition of the glacial influence.

Together with tectonics, the Neoproterozoic climates must have influenced the deposition. If
there was glacial influence in the case of the Itajai Group, it may has been restricted to high
altitudes at the borders of the basin, where this record was not preserved. So, the deposits in the
basin may be only its distal expression. In this case, a possible glacial influence might be
difficult to recognize, as the sediments are strongly reworked during the transport, and resemble
those of common alluvial, fluvial, deltaic, and marine deposits (Eyles & Kocsis 1988, Martini
1990, Lenne 1995, Fort 2000).

Conclusion

Neoproterozoic diamictites are found in the Brusque and Itajai Groups in the Santa Catarina
State. They seems to have been deposited by gravity flows in slope settings, where most of the
Neoproterozoic diamictites are found, including those with glacial influence.

Although the diamictites of the region were deposited during the Sturtian and Varangerian
glaciations, and there are some suggestions on glacial influence, no such evidences were detected
in this preliminary survey. However, the study is in its beginning and new data will be collected
in a further work.
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The most representative fossil record of the Late Precambrian multicellular animals (Metazoa)
has been documented in the siliciclastic succession of the Vendian in the White Sea region, north
of the East-European Platform (Fedonkin, 2003). Sandstone, mudstone and clay members with
rare volcanic ash beds represent the regressive sedimentary succession which has been formed in
the relatively shallow water conditions of the open marine basin, predominantly below the wave
base and under influence of active transportation of the sediments from the former land on the
north-west and north-east of the Russian Plate. Essential part of the regional Vendian succession
corresponds to the vast deltaic system that gradually developed southwest from the Kanin—
Timan foreland. Total thickness of the Vendian deposits in the region is about 550 m, though it
may reach 1000 meter in the Mezen' Depression. Most part of the succession is exposed in the
natural outcrops. Neither Varanger tillite at the base of the succession, nor Cambrian sediments
stratigraphically above the Vendian rocks have been identified in the region yet. Radiometric U-
Pb dating of zircon from the ash beds of the section shows that the potential time range of the
regional succession of the Vendian may reach 20 Ma at least. Comparative study of the
stratigraphic distribution of the metazoan species and U-Pb radiometric data (though still poor)
from the major Vendian sections worldwide shows that the Ediacara-type biota included both
long-life taxa that persisted about 10 Ma and some short-living species.

In spite of a presumably narrow time range of the succession it contains the faunal elements
that are known separately in the Vendian rocks of SW Newfoundland, NW Canada, Great
Britain, Namibia, South Australia, north of Siberia, Middle Urals and Ukraine. This shows high
potential of the Ediacara-type fossils for biostratigraphy and paleogeography. The faunal
distribution over the regional succession shows taxonomic diversity growth in time (including
diversity inside some clades and in bioturbations), stepwise character of this process, changing
faunistic connections of the paleobasin in time, strong paleoecological and taphonomic control
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over the composition and abundance of the metazoan communities. Biodiversity growth in time
may reflect the overall evolutionary explosion in the eukaryotic realm during the Vendian.
Appearance of the species known from the other regions of the world may reflect the change in
the faunal connections of the paleobasin due to the paleogeographic or/and climatic change.
Reappearance of some rare species (such as Charnia and Rangea) in the stratigraphically distant
fossil assemblages may reflect the episodes of expansion of the natural habitats of the species
with different climatic preference. Decreasing biodiversity and body size of the metazoan fossils
and bioturbations in the relatively deep sedimentary facies may indicate to low oxidation of the
deeper habitats. No metazoan fossils have been discovered in the sediments that have been
deposited in the brackish waters. Active colonization of the deep-sea habitats and the terrestrial
environments by the metazoans seemed to begin later in Early Paleozoic time.

At least six faunal assemblages named after the dominating fossil are identified in a
sequence: Calyptrina-Beltanelloides, Ventogyrus, Pteridinium, Charnia, Yorgia, and
Dickinsonia lissa. The faunal succession demonstrates the potential for establishing the globally
correlatable biostratigraphic units (stages and biozones). A uranium-led zircon age 555.3 Ma for
a volcanic ash by the top of the Charnia fossil assemblage in the sea cliffs of Zymnie Gory
(Martin et al., 2001) indicates a minimum age of the triploblastic metazoans because the
bilaterian body fossils (such as Kimberella) and trace fossils occur stratigraphically below.
Biodiversity dynamics through the Vendian stratigraphic succession reflect the evolutionary,
paleoecological and paleogeographic events but it has not any evident connection to the carbon
isotope excursions in the Vendian ocean. This study is supported by the Russian Fund for Basic
Research (Grant 05-02-64658).
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Introduction

Ever since Du Toit’s (1937) visionary recognition of the former amalgamation of South America
and Africa, geologists have been engaged in establishing tectonic and stratigraphic links between
the eastern part of South America and the western part of Africa. While the correlation of
Phanerozoic units, such as the Cretaceous Parana and Etendeka flood basalt provinces, is not
being questioned anymore, that of older, Precambrian, pre-Gondwana units remains enigmatic. A
major obstacle in the correlation of individual units across the South Atlantic has been the
fundamentally different nature of the Dom Feliciano Belt and its counterparts in southwestern
Africa: the former consists predominantly of magmatic rocks that bear the mineralogical,
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lithological and geochemical characteristics of a magmatic arc, whereas the latter are dominated
by metasedimentary successions and contain only few or no arc-related magmatic rocks. The
problem of correlation across the South Atlantic has been even more exacerbated by the
recognition that the Dom Feliciano Belt is not a single coherent tectonic belt but contains
remnants of several independent Neoproterozoic basins and Palaco- to Mesoproterozoic
basement fragments, which were juxtaposed during at least three orogenic phases that are related
to collision events around 700, 640 and 530 Ma (Basei et al., 2000). In contrast, only one
continental collision event around 545 Ma has been recognized in the Gariep Belt (Frimmel &
Frank, 1998).

Recent age data obtained on the various basement blocks within and around the Dom
Feliciano Belt indicate Palacoproterozoic ages throughout the region (summarized by Basei et
al., 2000), except for the Punta del Este Terraine in eastern Uruguay. The latter consists of high-
grade metamorphic rocks yielding ages around 1.0 Ga (Preciozzi et al., 1999) that are overlain
by supracrustal rocks of the Rocha Group. Considering the dominance of late Mesoproterozoic
rocks in the basement rocks of southwestern Africa (summarized by Frimmel, 2003), this
fundamental difference in the basement ages offers a good opportunity to test the extent, to
which the various Neoproterozoic units of the Dom Feliciano and Gariep Belts can be correlated.
We therefore are engaged in a provenance study of the clastic units within the Punta del Este
Terrane and the Marmora Terrane (Gariep Belt) in order to assess test whether the crustal blocks,
from which the various clastic sediments in the Neoproterozoic successions of the Dom
Feliciano/Gariep Belt were derived, are of different age and possibly also different composition.
Here we present first results on the Rocha Group of the Punta del Este Terrane and the
Oranjemund Group of the Marmora Terrane. Both units are lithologically very similar in that
they are predominantly composed of siliciclastic successions of turbiditic character and chlorite
phyllite. Both follow a similar structural trend and display a similar deformational history and
both are of similar low metamorphic grade.

Geochemistry

The samples from the Oranjemund Group have relatively low CIA values, namely 67 and 73 for
respectively arenite and argillite of the upper part of the group, and as little as 58 for the chlorite
phyllite of the lower group. Theoretically, the finer grained rocks should show a stronger degree
of chemical weathering than associated arenite, but the opposite is the case in our sample set.
The siliciclastic samples from the Oranjemund Group deviate somewhat from the modern
weathering trend of continental clastic material, but follow a trend that points to a source rock
with extremely low K,0O/(Na,0O+CaO) ratio, as can be expected for gabbroic or tonalitic material.

The low CIA values would indicate a very low degree of chemical weathering, but a certain
distortion due to post-depositional Na-metasomatism, as evidenced by the growth of
metamorphic albite porphyroblasts, is indicated. As no significant correlation exists in the
analysed samples between CIA values and Th/U ratios, the variability in CIA is ascribed mainly
to variable Na-metasomatism and not to variations in the intensity of source rock weathering.
The source for the post-depositionally introduced Na is suspected to be palaco-evaporite deposits
that have been documented in the Chameis Subterrane (Frimmel & Jiang, 2001).

When compared to the immediate vicinity, i.e. the oceanic within-plate mafic rocks of the
Schakalsberge and Chameis Subterranes, the Oranjemund Group rocks show remarkably similar
Zr/Y ratios and REE abundance and distribution. In terms of their La-Sc-Th-Zr distribution, the
Oranjemund Group arenite and argillite samples conform to a continental island arc and/or
passive continental margin environment. The Sc/Cr and La/Y ratios of the Oranjemund Group
rocks cover the entire data field for passive margins, but extend to La/Y of as much as 4.5. These
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ratios overlap entirely with those obtained for the mafic rocks of the adjacent Schakalsberge and
Chameis Subterranes.

The Rocha Group argillite displays, in comparison, a similar degree of chemical weathering
but derivation from a even less potassic source than its equivalents from the Oranjemund Group.
Furthermore, it was not affected significantly by Na-metasomatism.

Detrital zircon geochronology

Single zircon U-Pb isotope analyses by SHRIMP revealed very similar age patterns for detrital
zircon grains from both the Rocha and Oranjemund Groups. Most of the detrital zircon grains are
derived from a 1.0 to 1.2 Ga source, which can be located in the Bushmanland Terrane of the
Namaqua-Natal Belt (Frimmel, 2003). A few grains have ages between 1.7 and 2.0 Ga, which
corresponds to the age range of the Eburnian Andean-type arc material that is widespread to the
northwest of the Kalahari Craton. A further zircon population yielded ages between 600 and 800
Ma, thus highlighting that these sediments must have been deposited after 600 Ma. This is in
agreement with an earlier study (Frimmel and Folling, 2003), in which it could be shown that the
Oranjemund Group sediments were laid down in a syn-orogenic basin during the closure of the
Gariep Basin some time between 600 and 550 Ma.

Conclusions

Lithological, geochemical and geochronological comparison between the Rocha and the
Oranjemund Groups revealed that both units can be correlated and most likely formed in the
same basin. Thus the Rocha Group is considered the westernmost part of the Gariep Belt. The
lower part of the respective group seems to reflect a direct erosion product from oceanic islands,
whereas the upper parts reflects a wider source area that spans from a passive continental margin
to oceanic seamounts of within-plate character. Considering the proximity between the
depositional environment for the upper Oranjemund/Rocha Group turbidites and the eastern
basin margin, the inferred passive margin as source area was most likely located along the
western flank of the Kalahari Craton. The oceanic within-plate basaltic source presents itself by
the nearby Schakalsberge and Chameis oceanic islands. The youngest ages obtained on detrital
zircon in both groups indicate derivation from the magmatic arc of the Dom Feliciano Belt,
which must have existed already at the time of Oranjemund/Rocha sedimentation. Consequently,
formation of the Dom Feliciano volcanic arc cannot be explained by the closure of the Gariep
Basin. The latter is regarded as a narrow oceanic basin, possibly in a back-arc position relative to
the Dom Felician arc, and the major suture between the South American cratonic masses and the
Kalahari Craton was most likely not within the Gariep Basin but further to the west, possibly
reflected by the Sierra Ballena Shear Zone along the western margin of the Punta del Este
Terrane.
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Lithostratigraphy and age constraints
The Cango Caves Group (CCGQG) is exposed as a basement inlier along the core of a mega-
anticline of the Permo-Triassic Cape Fold Belt (Le Roux, 1999, 1997). The succession,
previously named Goegamma Subgroup, is part of the Pan-African Saldania Belt, which marks
the southern margin of the Kalahari Craton. From base to top, the CCG comprises (Fig. 1) the
Matjies River, Groenefontein and Huis Rivier Formations (Le Roux 1997, 1999). The succession
is made up of interbedded siliciclastic and carbonate deposits at the base, which pass into
siliciclastic turbidites up section (Fig. 1).

Carbonates of the Kombuis Member yielded a Pb-Pb double-spike isochron age of 553 + 30
Ma (Folling et al., 2000; Fig. 1). While detrital zircons of the CCG yield ages around 1100 Ma,
those from the overlying Kansa Group also contain a 518 = 9 Ma component (Barnett et al.,
1997). These datings suggest a Vendian age for the Kombuis Member of the CCG, and a late
Cambrian or younger age for the overlying Kansa Group. On the basis of C, O and Sr isotope
chemostratigraphy, and a difference of 100 °C in thermal overprint between the Nooitgedagt and
Kombuis members, a pre-Vendian age for the Nooitgedagt Member and a Vendian age for the
rest of the CCG has been postulated (Frimmel et al., 2001; Folling & Frimmel, 2002). We report
here the occurrence of organic-walled microfossils in the Cango Caves Group. 32 samples of
organic-rich shales and limestones of the CCG were studied following standard palynological
methods, 22 of which yielded identifiable remains.

Micropalaeontology
While microfossils occuring in samples of the Matjies Rivier Formation are mostly opaque and
carbonized, microfossils of the Groenefontein and Huis Rivier Formations are predominantly
middle to dark brown in colour. Corresponding thermal alteration index (TAI, Hunt, 1996)
values imply temperatures in excess of 250 °C for the Nooitgedagt Member, between 170-250
°C for the Kombuis Member (with local variations), and 120-170°C for the Groenefontein and
lower Huis Rivier Formations. Metamorphism temperatures calculated by Frimmel et al. (2001)
using carbon isotope geothermometry are considerably higher for the Nooitgedagt Member (388
+ 8 °C) but comparable for the Kombuis Member (<270 to 289 °C).

The assemblage recovered from the CCG is characterized by its low diversity (12 species),
high abundance of fossils and dominance of Bavlinella faveolata, Soldadophycus bossii and
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Leiosphaeridia spp (Fig. 1). In the Nooitgedagt Member, Bavlinella faveolata strongly
dominates the microflora and becomes rarer up section, the assemblage of the Kombuis Member
being dominated by mainly spheroidal and saucer-shaped colonies of Soldadophycus bossii
(Gaucher, 2000). This Soldadophycus-dominated assemblage is replaced up section
(Groenefontein and Huis Rivier Formations) by an essentially Leiosphaeridia-dominated
microflora. The only acanthomorphic acritarchs found in the CCG are rare Micrhystridium cf.
M. tornatum Volkova occurring in the Kombuis Member. Acritarchs are small (<150 pm),
largest sphaeromorphs (up to 200-400 um) occurring in the upper CCG. Occurrence of fossils in
the different units of the CCG is partly controlled by palacobathymetry and facies. While in the
shallower deposits of the Matjies River Formation filament mats and larger spheroid colonies
occur, the assemblage occurring in the turbiditic Groenefontein and Huis Rivier Formations is
composed of planktonic sphaeromorphs and small Soldadophycus bossii-colonies. Spherical to
flask-shaped bodies 20-60 pm in diameter, consisting of agglutinated, fine-grained rutile crystals
occurring in palynological macerations of the Matjies River Formation are regarded with doubts
to Titanotheca sp. (Gaucher, 2000).

Biostratigraphy and correlations

The depauperate palynomorph assemblage preserved in the CCG is typical for the Vendian. The
microflora matches the Kotlin-Rovno assemblage of Vidal & Moczydlowska (1997), which is
characterized by low diversity, abundance of Bavlinella faveolata, rarity or absence of
acanthomorphs and absence of large (> 500 pum) sphaeromorphs (Volkova 1985, Vidal &
Moczydlowska 1997). Neoproterozoic, pre-Vendian assemblages are more diverse and distinctly
different from Vendian assemblages (R3 and R4 of Vidal & Moczydlowska, 1997; Knoll, 2000).
According to the stratigraphic scheme of Grey et al. (2003), the assemblage of the CCG matches
the simple leiosphere palynoflora characteristic for the late Vendian. Occurrence of
Micrhystridium cf. M. tornatum in the Kombuis Member and absence of acritarchs attributable to
the Ediacaran complex acanthomorph palynoflora (Grey et al., 2003) suggests a latest Vendian
age for the unit (Volkova 1985), in accordance with a Pb-Pb age of 553 I" 30 Ma (Félling et al.,
2000). As for the Bavlinella faveolata-dominated assemblage preserved in the Nooitgedagt
Member, it can be confidently assigned to the Vendian because no Bavlinella-dominated
assemblages pre- or postdate this period.

There is a striking similarity between the palynomorph assemblages preserved in the CCG
and those recovered from the Nama, Arroyo del Soldado (Uruguay) and Corumbd (Brazil)
Groups (Gaucher et al, 2003). Almost 70 % of the species recovered from the CCG occur in the
Nama Group (Germs et al, 1986) and Arroyo del Soldado Group (Gaucher, 2000). This implies
that apart from being roughly coeval and having similar lithologies, these units were deposited in
basins that had ample connection and similar climates. The available data suggest correlation of
the CCG with the Nama Group, but we cannot definitely rule out a correlation of the
Nooitgedagt Member with Vendian, pre-Nama units, eg. the Holgat Formation of the Port
Nolloth Group.
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Fig. 1. Generalized stratigraphic column of the Cango Caves and Kansa Groups modified after Le Roux
& Gresse (1983) and Frimmel et al. (2001), showing biostratigraphic (Gaucher & Germs, this work) and
chemostratigraphic data (Folling & Frimmel, 2002). Pb-Pb dating (Kombuis Member) after Folling et
al. (2000).
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Recently an accurate sedimentological study of the Las Ventanas Formation was carried out.
According to this one proximal and one distal facies associations were recognized and
characterized. The first one, is integrated by clast-supported conglomerates, diamictites and
massive sandstones. The second one, contains laminated siltstones and rhythmites (sandstone-
pelite). However, sandstones and conglomerates also occur. These deposits are interpreted as
product of sheetflood-dominated alluvial fans (Pecoits, 2002). Although this unit was defined as
an Ordovician sedimentary sequence (Midot, 1984), intercalated basalts and rhyolites have been
found. Since well rounded clasts of conglomerates and sandstones are practically unweathered, it
is inferred that arid environmental conditions prevailed at the time of deposition (Pecoits, 2002).

Based on detailed geological mapping of the Las Ventanas Formation in its type area it was
possible to recognize that this unit has been affected by the Puntas del Pan de Aztcar Thrust
(Pecoits, 2002). Next to this thrust, located to the east of the study area, the sequence shows a
more intense deformation, no cropping out towards the east. This suggests that the sedimentation
of the Las Ventanas Formation is older than the thrust. K/Ar age of 572 £7 Ma (Cingolani, in
Bossi & Campal, 1992) was obtained for synkinematic muscovites crystallized along this thrust-
plane.

On the other hand, the late orogenic Pan de Azucar Granite (Preciozzi et al., 1993; renamed
El Renegado Granite by Sanchez Bettucci, 1998) has defined intrusive relationships with the Las
Ventanas Formation. This granitic body was dated by the Rb-Sr method at 559 + 28 Ma
(Preciozzi et al., 1993). The trachytes and synites of the Sierra de Las Animas Formation intrude
the study sequence and were dated by the Rb-Sr method at around 520 + 5 Ma (Bossi et al,,
1993).

In Uruguay have been documented an important Vendian magmatism, related to extensional
events. Indicative volcanism of this episode is represented by the Sierra de Rios and Cerros de
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Aguirre formations. The former consists of ignimbritic and rhyolitic flows and dykes which were
dated at 575 + 14 Ma (Bossi et al., 1993). The Cerros the Aguirre Formation is composed of
pyroclastic and rhyolitc rocks with an age of 571 + 8 Ma (Hartmann et al., 2002). The outlined
above enabled to suggest an important tectonomagmatic activity during this period.

By contrast, the Arroyo del Soldado Group was deposited on a stable continental margin
with a composite thickness of approximately 5000 m and no volcanics and pyroclastics rocks
occur (Gaucher, 2000). This would be indicating tectonic quiescence during the upper Vendian
(Valdaian)-lowermost Cambrian. This unit has been correlated by Gaucher et al. (2003) with the
Corumba Group in Brazil. According to this scheme the Arroyo del Soldado Group would be
younger than the Las Ventanas Formation.

The Las Ventanas Formation occupies a strategic location in order to correlate
Neoproterozoic successions of Uruguay and Brazil. In this sense, the Las Ventanas Formation is
correlated with the Cerro do Bugio and Bom Jardim allogroups from the Camaqua Basin, located
in Rio Grande del Sur, southern Brazil. This correlation is based on very similar ages of
magmatogenesis, deformation and lithologies.

The Camaqua Supergroup was deposited on a long lived (620? to 470? Ma) basin named
Camaqua which is made up, from base to top, of the Marica (ca. 630-610 Ma), Bom Jardim (ca.
592-573 Ma), Cerro do Bugio (573-559 Ma), Santa Barbara (559-540 Ma) and Guaritas (470-
450 Ma) allogroups (Paim et al., 2000). The Camaqua Basin has been commonly associated with
a late- to post-orogenic system of basins, related to the final stages of the Brasiliano-Pan African
Orogeny.

The Bom Jardim Allogroup is composed of basic to intermediate volcanic rocks (Andesito
Hilario), alluvial conglomerates and turbidites (Paim et al., 1995). SHRIMP dating of the
“Andesito Hilario” by Remus et al. (1999) yielded an age of ca. 580 Ma. The Cerro do Bugio
Allogroup consists of acidic and basic rocks (Acampamento Velho Alloformation), alluvial
conglomerates, rhythmites (sandstone-pelite) and pelites (Santa F¢é Alloformation).
Geochronologic studies on acidic fuffs of the Acampamento Velho Alloformation yielded a U-
Pb age of 573 + 18 Ma (Paim et al., 2000). Finally, these units were deformed by a sinistral
transcurrence with an age of ca. 570 Ma and intruded by granitic bodys of 559 +£7 Ma (Sao Sepé
Granitic Complex; Remus et al., 1997) and 565 + 14 to 561 £ 6 Ma (Cagapava Granitic
Complex; Remus et al., 1997; Leite et al., 1998).

Taking into account this new geological evidence the tectonosedimentary models proposed
at the moment and the depositional age of the sequence change substantialy. Although more data
are necessary, the available information facilitiates in future Vendian palaeogeographic
reconstructions of SW-Gondwana.
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Stromatolites and stratigraphy of the Precambrian sedimentary succession of
the Verdian Hill, Minas, Lavalleja Department, Uruguay

D.G. Poiré', P.D. Gonzdlez', J. M. Canalicchio’ & F. Garcia Repez,‘03

'Centro de Investigaciones Geologicas. UNLP-CONICET, calle 1 n° 644, 1900 LA PLATA, Argentina
’Cementos Avellaneda SA, Paraje San Jacinto, Olavarria, Argentina
3CUCPSA, Minas, Uruguay

Columnar stromatolites in limestones from the Precambrian sedimentary succession of the
Verdun Quarry have been recently reported (Poiré, et al, 2003) as one of the products of a very
detailed mining study. This quarry, owned by the Compafiia Uruguaya de Cementos Portland
SA, is located on the basal eastern side of Verdun Hill, 3 km to the west of Minas, Lavalleja
Department, Uruguay. The stratigraphic position and the composition of this sedimentary
succession used to be uncertain (Bossi & Navarro, 2000) and the limestone unit from the Verdin
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Quarry was alternatively considered part of the Lavalleja Group (Caorsi & Goiii, 1958), Minas
Formation (Mac Millan, 1933; Midot, 1984), Barriga Negra Group (Preciozzi et al., 1985), or
“Fuente del Puma-type Limestones” (Bossi & Navarro, 2000) from the Fuente del Puma
Formation (Midot 1984; Sanchez Betucci, 1998). The aim of this contribution is to deal about the
stratigraphic framework of the quarry and the sedimentological significance of these
stromatolites.

From the base to the top, this succession consists of (Fig. 1): Don Mario Formation (40 m
thick, base not exposed) composed by black shales, metashales and slates, which pass
transitionally to the La Toma Formation (15 m thick) formed by dark green marls and
heterolithic facies, which is conformably covered by the El Calabozo Formation (150 m thick).
This unit shows grey and black stromatolite limestones, grey and grey greenish laminated and
massive limestones, with some collapse breccias as resulting of probably karstic phenomena.
The Gibraltar Formation (60 m thick, top not exposed) covers unconformable that limestones,
and it is consisting of light yellow, green, black and grey dolomites, pink limestones, and black
marls and shales). The unconformity between the El Calabozo and the Gibraltar formations is
interpreted as a karstic palaeorelief. These four stratigraphic units are informally grouped in the
Cucpsa Group, which is overlying by red polymictic conglomerates and sandstones of the Del
Camino Formation (Fig. 1).

This sedimentary sequence is affected by diagenetic features (stylolites) and a fragile
deformation (cleavage foliation, shears zones) which are slightly hiding the stromatolites
morphologies, but the main features of the stromatolites from El Calabozo Formation are still
well preserved. Columnar stromatolites assignable to Conophyton fm. is the most abundant
group of these organic sedimentary structures. This Conophyton fm. consists of unbranching
subcylindrical columnar stromatolite with strikingly conical internal laminae whose apexes
define a distinctive axial zone and their horizontal section display a conspicuously and regularly
concentric structure. The internal laminae are commonly continuous from one column to
another, in which case vertical sections show upward as well as downward laminae apexing.
Their profile is angulate to geniculate and their plant outline could be round circular to oblong, in
which case the axes are strongly orientated. The attitude of the columns is usually straight but
sometimes they adopt a recumbent and sinuous posture. The column height is up to 70 cm and
the column weight is 5 to 20 cm. However, scarce bud preserved dendroid branching style
stromatolites have been recorded on the field, as well as small, rounded plant outline columnar
stromatolites have been observed in cores, which could represent digitate branching stromatolite.

In a sedimentological point of view, the group Conophyton has been assigned as a deeper
subtidal stromatolite by Poiré (1987, 2002) based on Precambrian stromatolite cycles from Villa
Monica Formation, Buenos Aires province, Argentina, and Logan et al. (1974) and Donaldson
(1976) ideas. In this sense, the low biodiversity, Conophyton abundance and the plant view axes
orientation allow to suggest a subtidal marine environment for the El Calabozo Formation, with
tide current influence.

The age of the Cucpsa Group is Precambrian but there are not major precisions about that.
The quartzites of the Cerro Espuelita Formation on the top of the Verdun Hill is considered as
Vendian (Gaucher, 2000), but the contact between the Cucpsa Group and Cerro Espuelita
Formation is covered, so, it could be normal, unconformable or by faulting. In the first two cases,
this succession could be considered as pre-Vendian Unfortunately, the group Conophyton has a
wide range during the Precambrian, from Early Proterozoic to Vendian, being not possible to fit
the age of this limestones. More detailed future studies about microstructure of this Conophyton
could be useful to distinguish the taxonomy and to determinate the possible age.

Pre-Vendian stromatolites have also been described 30 km to the north by Sprechamn et al.
(1994) and Gaucher et al (1996) in the Villalba Formation of the Basal Group (Gaucher and
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Sprechman, 1995), but their morphologies are completely different. They have recorded
stratiform, nodular-stratiform (LLH-C, LLH-V) and columnar (SH-V) stromatolites associated
with stromatolitic breccias, which were interpreted as intertidal to supratidal deposits. It could
represent shallower stromatolite assemblages than the stromatolites from the Cucpsa Group.
Unfortunately, there are no radiometric data to prove this idea.

Very well developed Conophyton ?ressotti and Conophyton fm. have been also recorded in
the dolomites of the Villa Monica Formation (Poiré, 1993) companied by Colonella fm.,
Cryptozoon fm., Gongylina fm., Gymnosolem fm., Inzeria fm., Jacutophyton fm., Jurusonia
nisvensis, Katavia fm.., Kotuikania fm., Kussiella fm., Minjaria fm., Parmites fm., Parmites cf.
cocrescens and Stratifera fm. (Poiré, 1989; 1993), which radiometric age for diagenesis is 795
My. This sequence could be correlated with El Calabozo Formation but this one shows a poor
biodiversity.
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Quantitative constraints on the post-breakup evolution of the high-elevation
Namibian passive margin shoulder: combined use of apatite fission track and
(U-Th)/He geochronology
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ZC.R.P.G., Nancy , France

High elevation passive margins are first order geological structures that arise from continental
breakup, rifting and ocean basin formation. They are generally characterized by the presence of
an escarpment, a remarkable macrogeomorphological feature that abruptly divides a low relief
upland plateau from a usually low relief, low altitude coastal plane.

A complete understanding of the formation and evolution of escarpments is a crucial key to
a better definition of the mechanisms and timing of rifting/drifting processes and landscape
evolution. Low-temperature geochronometers such as apatite fission track analysis and (U-
Th)/He dating provide invaluable data to constrain tha amount of denudation occurred since
breakup time across the margins.

In this contribution we report the preliminary results of an ongoing project. We investigate
the evolution of the Namibian passive margin by combining fission track and (U-Th)/He analysis
along three roughly east-west trending, coast-perpendicular traverses.

Cretaceous fission track ages (in good agreement with the existing literature) indicate that
erosion at the time of breakup was rapid. Cretaceous (U-Th)/He ages confirm that denudation
was very high during the immediate post-breakup evolution and that it reached its maximum at
the present coast line. Minimum amount of denudation are instead detected in the internal
plateau.

The Tandila System, Buenos Aires, Argentina
P.E. Zalba' and R.R. Andreis’

1Comision de Investigaciones Cientificas Prov. de Buenos Aires-CETMIC. Facultad de Ciencias
Naturales y Museo (UNLP). Camino Centenario y 506 , (18979 M. B. Gonnet, pezalba@netverk.com.ar
2Museo Paleontologico “Egidio Feruglio”. Av. Fontana 130, Trelew, Chubut (9100), Argentina,
renatito35@hotmail.com

The Tandilia System (Fig. 1) is a discontinuous NW-SE range, which extends 300 km in the
Province of Buenos Aires. Its maximun width is 60 km in its central part, with heights varying
from 50 to 490 m over the sea-level. It comprises Paleo- to Neoproterozoic crystalline basement
rocks (2200-600 Ma; Stipanicic and Linares, 1969), named Complejo Buenos Aires by Di Paola
and Marchese (1974), which are covered by different sedimentary cycles of Neoproterozoic to
Early Ordovician age (Ifiiguez et al., 1989).

Located near great consumer centers, Tandilia is the first mining area of the Province of
Buenos Aires, being limestones and shales the principal mining commodities. The crystalline
basement rocks have experienced hydrothermal overprint, weathering and diagenetic processes,
whereas the detrital deposits have undergone weathering and diagenetic processes which led to
different clay assemblages. The main interesting feature of the clay deposits is that they have
preserved the necessary physicochemical characteristics for their industrial application.

38


mailto:renatito35@hotmail.com

39

The effects of horst and graben structures developed during Tertiary time led, for more than
a hundred years, to the wrong idea of the existence of a unique basin and a solely sedimentary
cycle named La Tinta Formation by Heusser and Claraz in 1863. In the last 30 years, most of the
evolution story of the Sierras has been enlightened. Yet, some stratigraphical problems are still
to be solved. The old basins, only preserved in Tandilia as “patches” of the original ones are,
however, well developed and preserved in South Africa and Namibia (Nama Group), after the
continental break during Mesozoic time.

The first Neoproterozoic sedimentation occurred after a slow sea-level rise which permitted
the deposition of the Villa Ménica/La Juanita Formation (quartzites), that covered a probable
embayment at Sierras Bayas locality (near Olavarria) and extends to Barker and San Manuel
areas. Poiré et al. (1984) defined two associations in this unit: a) quartz-arkosian (16 m) and b)
dolomitic and pelitic (36 m). The first one (Cuarcitas Inferiores) is mainly compossed of
quartzites. The dolomitic deposit is biogenic (stromatolitic) and pelitic to the top. Green illitic
clays ate interbeded between the dolomites and the succession culminates with red laminated
clays. Borrello (1966) and Poiré (1987) recognized the presence of Cruziana ichnofacies.

In the Barker area, Poir¢ (1987) found littoral and platform “nearshore” environments. The
dolomitic unit is related to a progressive lowering of the sea level with the development of
biostromes in subtidal to supratidal environment in an extended platform (800-900 Ma, Tonian
to Cryogenian).

Poiré (1987) described a quartzitic succesion (Cuarcitas Superiores), 22 m in thickness, with
ripple-marks, trough beds and bioturbation of the Cruziana ichnofacies, deposited under a second
transgression. He also described claystones and siltstones in this unit deposited under nearshore
to tidal conditions (Cerro Largo Formation).

Andreis and Zalba (1996) separated the quartzites of the Cerro Largo Fm. from the
overlying clays, which they recognized as deposited by a renewed third sea-level rise, allowing
the deposition of a single parasequence, the Olavarria Formation (Cryogenian). Later on, with
the progressive lowering of the sea-level, the deposition of laminated or rippled marls and
massive black micrites, with minor lenticular, dark gray or black calcipelites (Loma Negra
Formation), took place. Iiiguez et al.(1989) gathered the Villa Ménica, Cerro Largo and Loma
Negra Formations in the Sierras Bayas Group (Fig. 1).

Sea-level fall allowed the development of a karstic paleorelief on these carbonate rocks
(dolines). A fourth transgression allowed the deposition of the Cerro Negro Formation over the
calcareous sequence, including shaly, heterolithic and sandy facies (Cryogenian, 680 Ma). The
successions deposited in an epeiric-sea under subtidal conditions followed by an open-sea
sedimentation. The Las Aguilas Formation (Zalba, 1979), correlated (with doubts) with the
previous unit, includes cherty limestone breccia, reddish claystones and an heterolithic cycle
affected by longshore and tidal currents. (The Las Aguilas and the Cerro Negro Formations are
not represented in Fig. 1 due to scale problems).

During Early Ordovician time (Dalla Salda e Idiguez, 1979), a fifth discontinous
transgression occurred with the deposition of cross-bedded quartzites and minor massive
siltstones and claystones, recognized as the Balcarce Formation (Fig. 1). The sediments covered
a regolith already weathered to kaolinite (Ifiguez and Zalba, 1974). The maximun sediment
thickness of this unit, between Balcarce and Mar del Plata areas, is abount 90 m. (claystones and
scarce siltstones), with several ichnofossils corresponding to the Cruziana and Skolithos facies
(Poir¢ et al., 1984).

Weathering processes occurred in the basement rocks which supplied the material for the
Villa Ménica Fm. (Tonian-Cryogenian) and Olavarria Fm. (Cryogenian), reached the stage of
illitization and, consequently, illite is their main component in the clayey fraction, with detrital
micas (IM and 2M polytypes) attesting to inherited material. Illitic material (ISII) found, with
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less than 15% expansive layers, formed during diagenetic processes in both units. Clays of the
Cerro Negro Fm. are also illitic in composition (Md/1M polytypes), but with irregular chlorite-
smectite (Zalba et al., 1984; Zalba and Andreis, 2001). The Las Aguilas Formation is still a
problem in the stratigraphic column. The presumption of its correlation with the Cerro Negro
Fm. is based on the stratigraphic position of the two units. The clay composition of the Las
Aguilas Fm. is different from any other Neoproterozoic deposit, being mainly kaolinitic, with
pyrophyllite, illite, ISII with < 15% of expansive layers and thin, distinct levels of alunite,
halloysite and dispore, considered of diagenetic origin. Pyrophyllite and kaolinite are detrital,
derived from the erosion of crystalline basement rocks. Finally, the clays of the Early Ordovician
Balcarce Fm. are kaolinitic and illitic, (1M/2M polytypes), with ISII of similar characteristics
and with traces of detrital pyrophyllite at the base of the deposits. (Zalba and Andreis, 2001).

The recognition of the Olavarria Fm. suggests an important transgression which modifies the
classical stratigraphical scheme of Iiiguez et al. (1989). Moreover, in addition to the three major
paleosurfaces recognized by Zalba et al. (1992): a) between Precambrian crystalline basement
rocks and Neoproterozoic sediments (Olavarria area); b) between Neoproterozoic sediments
(Olavarria) and c) between Precambrian basement rocks and Early Ordovician sediments (Chillar
area) it is necessary to add a fourth paleosurface between Neoproterozoic sediments (Olavarria
and Barker areas), which precisely separates the Cerro Largo Fm. from the Olavarria Formation.

Paleosurfaces and related paleoweathering records studied are important in the
understanding of the resulting clay mineral composition of the sedimentary deposits. In fact, the
basement rocks underlying Neoproterozoic sediments of the Sierras Bayas Group are always
weathered to illite, while the saprolite underlying Ordovician sedimentary deposits (the Balcarce
Formation) was weathered mainly to kaolinite. The basement rocks of the Barker and San
Manuel areas (Fig. 1) are the only ones bearing “in situ” formed pyrophyllite and also kaolinite.
(Zalba et al., 1992).
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Provenance study on Neoproterozoic rocks of NW Argentina: Puncoviscana
Formation — first results
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Introduction

Since more than 20 years the western border of Gondwana is object of controversies related to
the basic question if crustal growth is related to terrane accretion or to “recycling” of the same
crustal rocks during the Vendian and Lower Paleozoic. One of the key elements to understand
the crustal evolution, is the Vendian to Lower Cambrian so-called Puncoviscana Formation
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(PVF) (e.g. Aceiolaza et al., 1988). Turner (1960) described rock successions in NW Argentina
of Pre-Ordovician age comprising greywackes and sand- and siltstones, but dominated by pelites
as the PVF. Widely distributed medium- to high-grade metasedimentary rocks, those rocks were
interpreted as exhumed deeper crustal levels of the PVF (Willner, 1990). Other authors deny this
opinion and interpret the different metamorphic rocks related to different events of different ages
(Mon and Hongn, 1991). Few publications interpret the entire formation as a product of an
evolution from passive margin to back-arc deposits (Omarini et al., 1999), or as foreland deposits
(Kraemer et al., 1995; Keppie & Bahlburg, 1999). This contribution reviews new and published
petrographic and geochemical data, based on modern approaches to provenance studies,
including the modelling and quantification of alteration, rock composition and tectonic setting
(e.g. McLennan et al., 1993).

Problems

The difficulty of understanding the metasedimentary deposits of the Puncoviscana Formation
and equivalents is based on mainly four complex problems:

1. A complete lithostratigraphic column is lacking: The PVF is composed mainly of shales,
siltstones, rare coarse-grained sandstones, greywackes, conglomerates and few carbonates.
However, it is not clear if these lithofacies are repetitive or not.

2. The depositional and diagenetic age of the formation is controversial: Intrusive ages of mainly
felsic plutonites pre-date the PVF to Lower Cambrian to Uppermost Vendian 500-530 Ma
(comp. in Rapela et al., 1992, 1998). K/Ar data on whole rock samples of the sedimentary
successions (Adams et al., 1990) coincide with trace fossil interpretations in some outcrops (e.g.
Durand and Acefiolaza, 1990) ,and point to a similar depositional age. However, Do Campo et
al. (1999) argue that their K-Ar age dating on authigenic single grains (K/Ar on mica) reflect an
older age for deposition (630 Ma) and diagenesis (580 Ma).

3. Relation between medium- to high-grade and low-grade metasedimentary rocks: The Sierras
Pampeanas s.l. contains a high amount of medium- to high grade metamorphic rocks, associated
are gneisses and migmatites. Willner (1990) presents arguments that interpret those rocks as
deeper crustal levels of the PVF, whereas Mon and Hongn (1991) find reasons to favor a
different tectonic evolution. However, an unresolved problem, are the occurrences of low-grade
(PVF and equivalents) metasedimentary rocks in the high grade terrains.

4. Unresolved geodynamic and paleotectonic setting of the Puncoviscana basin: The rocks of the
PVF were interpreted using petrological, sedimentological and mainly major element data (e.g.
Willner et al., 1985; Rossi Toselli, 1997) and sparse trace element data for the region in the Puna
(Bock et al., 2000; Do Campo and Ribeiro Guevara, 2002) as passive margin deposits. Kraemer
et al. (1995) and Keppie and Bahlburg (1999) interpret the same deposits as a foreland basin
infill, evolved syntectonically during the collision of Pampia with the western border of
Gondwana. However, the petrological, geochemical and isotopegeochemical dataset is too
preliminary to model a provenance for the whole formation.

Sampling localities and description

Samples were taken from several localities in the southern region and combined with published
geochemical data of outcrops in the central part and northern part (Willner et al., 1985, 1990,
Bock et al., 2000) as well with data from Precambrian formations of the Famatina Range (Rossi
et al., 1997, V.U. Zimmermann, unpubl. data) The sampling areas are: (i) Puna and Cordillera
Oriental: Campo Volcan, Purmamarca, El Mufiano, Rio Taique, San Antonio de los Cobres,
Quebrada Randolfo, La Pedreda, El Corralito and Quebrada del Toro; (ii) Sierra Ambato and
Ovejeria: Sijan, Concepcion, Poman, La Cébila and Suncho; (iii) Sierra Famatina: Negro
Peinado and La Aguadita Formation; (iv) Valles Calchaquies: Cuesta de Obispo, Sierra de
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Amblayo, Cachi, El Escoipe, Quebrada Don Bartolo, Seclantes, Molinos; (v) Tucuman: Sierra
San Javier, Rio Choromoro, Rio Gonzalo and Sierra de Nogalito close to Tucuman.

Results and conclusions

Different outcrops of low-grade metamorphic rocks of the PVF were sampled to model the
provenance of and leads to following preliminary conclusions: Representative data for the entire
PVF from sandstones using the quantifying petrographic method after Gazzi-Dickinson are not
possible to carry through, because (i) of the low abundance of coarse grained sandstones and (ii)
the immaturity of the rocks. The few petrographic data points to a mixed provenance, related to a
collisional (?) orogen.

Major element geochemistry shows a high chemical index of alteration (CIA) between 70
and 82, which reflects a substantial K-metasomatism. The pronounced mobility of alkali and
earth-alkali elements yield provenance discrimination diagrams based on major elements
problematical.

Trace element geochemistry could define the rocks of all formations as mostly upper
continental crust related with only a slight recycling component, and no significant geochemical
trend in N-S or E-W directions. The siliciclastic rocks of the different formations were not
deposited close to a volcanic arc setting. Three samples of the La Aguadita Formation are
interpreted as probable retro-arc volcanic rocks or rift basalts in an arc related tectonic setting.
This does not coincide with data of the siliciclastic rocks. These basic ashes could have been
derived from an adjacent volcanic arc, probably the Sierra Cordoba.

The upper crustal composition combined with their low recycled component and the
immature mineralogy does not support a passive margin setting, and instead suggests
depositional areas like continental rifts or foreland basins. A strong argument against a rift
interpretation is the absence of a typical rift sedimentation sequence. The rocks are characterized
mainly by monotonous turbiditic sequences of different, but mainly fine, grain-sizes, more
typical for deeper shelf regions. The introduced foreland basin model would favor the collision
of Pampia and Western Gondwana during the Uppermost Neoproterozoic and the syntectonic
evolution of the Puncoviscana basin.

Acknowledgements
This is a contribution to the IGCP 436 “Pacific Gondwana Margin” and 478 *“ Neoproterozoic-
Early Paleozoic events in SW-Gondwana”.

References

Acefiolaza, F.G., Miller, H. & Toselli, A.J., 1988. The Puncoviscana Formation (Late Precambrian-Early
Cambrian). Sedimentology, tectonometamorphic history and age of the oldest rocks of NW
Argentina. In: H. Bahlburg, C. Breitkreuz and P. Giese, (Editors), The southern Central Andes:
contributions to structure and evolution of an active continental margin. Lecturer Notes on Earth
Sciences, v. 17, p. 25-38.

Adams, C., Miller, H. and Toselli, A.J., 1990. Nuevas edades de metamorfismo por el método K-Ar de la
formacion Puncoviscana y equivalents, NW de Argentina, in: F.G. Acefiolaza, H. Miller & Toselli,
A.T. (Eds.), El Ciclo Pampeano en el Noroeste Argentino. Correlacion Geoldgico, Tucuman, v. 4, p.
209-219.

Bock, B., Bahlburg, H., Worner, G. & Zimmermann, U., 2000. Tracing crustal evolution in the southern
Central Andes from Late Precambrian to Permian with geochemical and Nd and Pb isotope data.
Journal of Geology, v. 108, p. 515-535.

Do Campo, M., Nieto, F., Omarini, R. & Ostera, H., 1999. Neoproterozoic K-Ar ages for the metamor-
phism of the Puncoviscana Formation, northwestern Argentina. III South American Symposium on
Isotope Geology, Villa Carlos Paz, Abstracts, p. 37-42.

43



44

Do Campo, M. & Ribeiro Guevara, S.R., 2002. Geoquimica de las sequencias clésticas de la Formacion
Puncoviscana (Neoproterozoico, NO Argentina), proveniencia y marco tectonico. XV Congreso
Geologico Argentino. Calafate, II, p. 234-238.

Durand, F.R. & Acefiolaza, F.G., 1990. Caracteres biofaunisticos, paleoecoldgicos y paleogeograficos de
la Formacién Puncoviscana (Precambrico Superior-Cambrico Inferior) del Noroeste Argentino, in:
F.G. Acenolaza, H. Miller & Toselli, A.T. (Eds.), El Ciclo Pampeano en el Noroeste Argentino,
Correlacion Geologico, Tucuman, v. 4, p. 71-112.

Jezek, P., 1990. Analisis sedimentologico de la Formacion Puncoviscana entre Tucuman y Salta, in: F.G.
Acefiolaza, H. Miller & Toselli, A.T. (Eds.), El Ciclo Pampeano en el Noroeste Argentino,
Correlacion Geologico, Tucuman, v. 4, p. 9-35.

Keppie, J.D. & Bahlburg, H., 1999. Puncoviscana Formation of northwestern and central Argentina:
Passive margin or foreland basin deposits? in: V.A. Ramos & J.D. Keppie (Eds.), Laurentia-Gond-
wana connections before Pangaea. Geological Society of America, Special Publication, v. 336, p.
139-144.

Kraemer, Escayola, M.P. & Martino, R.D., 1995. Hipoétesis sobre la evolucion tectdonica neoproterozoica
de las Sierras Pampeanas de Cordoba (30°40°-32°40°), Argentina. Revista de la Asociacion
Geolodgica Argentina, v. 50, p. 47-59.

McLennan, S. M., Hemming, S., McDaniel, D.K. & Hanson, G.N., 1993. Geochemical approaches to
sedimentation, provenance and tectonics in: M.J. Johnsson & A. Basu, (Eds.), Processes controlling
the composition of clastic sediments. Geological Society of America, Special Publication, v. 284, p.
21-40.

Mon, R. & Hongn, F., 1991. The structure of the Precambrian and Lower Paleozoic Basement of the
Central Andes between 22° and 32° Lat.. Geologische Rundschau, v. 80, p. 745-758.

Omarini, R.H., Sureda, R.J., Gotze, H.J., Seilacher, A. & Pfliiger, F., 1999. Puncovisca folded belt in
northwestern Argentina: testimony of Late Proterozoic Rodininia fragmentation and pre-Gondwana
collisional episodes. International Journal of Earth Sciences, v. 88, p. 76-97.

Rapela, C.W., Coira, B., Toselli, A. & Saavedra, J., 1992. El magmatismo del Paleozoico en el Sudoeste
de Gondwana, in: J.G. Gutiérrez Marco, J. Saavedra & 1. Rabano (Eds.), Paleozoico Inferior de
Ibero-América. Univ. de Extremadura, p. 21-68.

Pankhurst, R., Rapela, C., Saavedra, J., Baldo, E., Dahlquist, J., Pascua, I. & Fanning, C., 1998. The
Famatinian magmatic arc in the central Sierras Pampeanas: an Early to Mid Ordovician continental
arc on the Gondwana margin, in: R.J. Pankhurst & C.W. Rapela (Eds.), The Proto-Andean Margin of
Gondwana. Geological Society, London Special Publications, v. 142, p. 181-217.

Rossi, J.N., Durand, F.R., Toselli, A.J. & Sardi, F.G., 1997. Aspectos estratigraficos y geoquimicos
comparativos del basamento metamorfico de bajo grado del Sistema de Famatina, Argentina. Rev. de
la Asociacion Geologica Argentina, v. 52, p. 469-480.

Turner, J.C.M., 1960. Estratigrafia de la Sierra de Santa Victoria y adyacencias, Boletin de la Academia
Nacional de Ciencias, Cordoba, v. 41, p. 163-196.

Willner, A., 1990. Divisién tectonometamodrfica del basamento del Noroeste Argentino, in: F.G.
Acefiolaza, H. Miller & Toselli, A.T. (Eds.), El Ciclo Pampeano en el Noroeste Argentino,
Correlacion Geologico, Tucuman, v. 4, p. 113-159.

Willner, A., Miller, H. & Jezek, P., 1985. Geochemical features of an Upper Precambrian-Lower Cambria
greywacke/pelite sequence (Puncoviscana trough) from the basement of the NW-Argentine Andes.
Neues Jahrbuch fiir Geologie und Paldontologie, v. 56, p. 498-512.

44



45

Black Sands as tracers of provenance: A heavy mineral case study of the
Early Paleozoic Haribes Member (Nababis Formation, Fish River Subgroup)
of the Nama Group in Namibia — first results

V.U. Zimmermann & G.J.B. Germs

Department of Geology, Rand Afrikaans University, Johannesburg, South Africa, uz@na.rau.ac.za,
gagerms(@global.co.za

Heavy minerals include various silicates and oxides that are found in small quantities in sandstones,
the total quantity of such constituents rarely making up more than one percent of the rock. They
range from tourmaline and zircon which do not occur in large amounts in any source rock, but are
resistant to mechanical and chemical attack, to the amphiboles and pyroxenes, which may be
abundant constituents of some source rocks but show little resistance to decay. To the extent that the
heavy minerals survive the hazards of weathering, transport and diagenesis and to the degree that
they occur in a restricted range of provenance types they are most useful as indicators of provenance
(Pettijohn et al., 1973). Since hydraulic controls at the time of deposition can cause modifications
the most effective method is to examine the varieties of a small number of mineral species because
this minimizes density and stability contrasts (Morton, 1985). The first step in a heavy mineral study
is to quantify the heavy mineral composition followed by cathodoluminescence analysis. The
interpretation of the data is considerably enhanced by determining the composition of individual
detrital grains by geochemical studies (Morton, 1991). We selected the black sands of the Haribes
Member of the Nababis Formation of the Nama Group on farm Narubis (Namibia) as our first heavy
mineral case study of the “provenance” research project of the IGCP-Project 478. The reasons are
that the stratigraphic position and depositional environment of these sandstones are well established
and that it is also known how they fit in the overall Neoproterozoic to early Paleozoic geotectonic
framework of southwestern Gondwana. The Haribes Member of the Nababis Formation forms part
of the Fish River Subgroup, which represents the youngest subgroup of the Nama Group (Germs,
1983). The Nama Group was deposited in a foreland basin and is subdivided from old to young into
the Kuibis, Schwarzrand and Fish River Subgroups (e.g. Germs, 1983). The detrital sediments of the
Kuibis Subgroup are generally white and quartzitic, those of the Schwarzrand Subgroup greenish
and less quartzitic and those of the Fish River Subgroup reddish and at many places feldspathic.
Each of the subgroups can be subdivided into formations and members. The sediments below the
unconformity at the base of the Nomtsas Formation (uppermost Schwarzrand Subgroup) are
Neoproterozoic in age and those above the base of the Nomtsas Formation early Cambrian in age
(Germs, 1983). The black sands of the early Paleozoic Haribes Member generally accumulated in a
braided fluvial environment. Although they occur in the large-scale trough cross-bedded facies, they
occur predominantly in the overlying flat-bedded facies (upper flow regime) of this member. The
sediments of the Haribes Member were transported from the north, i.e. from a provenance area
occurring in the rising orogen (the Khomas Orogenic Belt), which formed by the collision of the
Kalahari and Congo cratons (Germs, 1983, 1995). The framework mineral assemblage is
heterogeneous in the layers that host the black sands. The minerals occurring in the black sands are
well sorted. Quartz (rarely undulose) is generally the most abundant mineral and is generally well-
rounded. The feldspar content varies from 5 to 30%. More plagioclase (anorthite content <20) than
K-feldspar occurs. In some layers microcline and anorthoclase predominantly occur, whereas other
layers are dominated by sanidine. Albite is rare. Both feldspar types, plagioclase and K-feldspar are
altered, interestingly the K-feldspar in some layers more than the plagioclase. The grain size of
plagioclase is generally smaller than that of quartz and K-feldspar. Rock fragments are abundant (<
30%) and mainly of sedimentary or metamorphic origin. Sedimentary fragments are small-grained
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(siltstones). Metamorphic clasts can be divided into two groups: polycrystalline quartz-rich grains
and gneisses. Biotite is very rare, whereas detrital muscovite is quite abundant and large (< 3 mm) in
size. Some layers show a new growth of small mica minerals. Zircon and different Fe-oxides are
accessory minerals. In some cases calcite occurs. The percentage of the matrix is generally lower 5
%, but some rocks show a pseudo-matrix caused by the alteration and decayment of lithoclasts.

The black sands are mainly deposited in small layers of 0.5 to 1.5 cm, in some samples they can
be 5 cm thick. Hoever, an overgrowth of hematite in thin layers over an so far unidentified minerals
causes mainly the black colour. Furthermore, altered magnetite grains to martite are observable,
where the alteration can be determined as pre-depositional. Hematite-ilmenite segregation is
abundant in thin layers, as well as goethite-hematite paragenesis.

The main aim of our heavy minerals study of the Haribes black sands is to determine the
mineral composition of the source area (the Khomas Orogenic Belt), which supplied the detrital
material. Preliminary results show that zircon occurs relatively abundantly and that staurolite and
sillimanite (derived from metamorphic rocks) also occur. Rutile and turmaline are abundant, as
expected. Further analyses for identification of the heavy minerals are in progress.

The results of this study will allow testing of the existing paleotectonic models for the Khomas
Orogenic Belt and also serve as a test to find out if there is a possibility to combine heavy mineral
data with a modern quantitative provenance analysis including geochemical and isotope geochemical
studies.
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