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Abstract. Pyroclastic levels are descripted in Sierras Alesrautcrops and Claromeco Basin
sub-surface records, interbedded with mudrocks @val beds in the base of the Tunas
Formation sequence that correspond to the PernoathSVest margin of Gondwana. The
pyroclastic levels classify as fine tuff. SHRIMRan ages obtained are 291.7 £ 2.9 Ma in
the outcrop and 295.5 + 8.0 Ma in the subsurfabes& ages are consistent with other zircon
SHRIMP ages of other outcrops tuff of the Tunasnkairon, with Permian flora, and with
tuff ages of correlated Gondwana areas, in therf@atéaroo and Paganzo basins. These data,

in addition with other geological evidences, suppartectonically active and changing



environment during the Permian of Gondwana. Thes agl®wed calculating a northward

latitudinal speed of 2.7 cm/year for Gondwana dythre Permian. This latitudinal movement
is explained as the consequence of the final cogptif several continental microplates,
gradually amalgamated from the southern marginGa@fidwana and from the northern of
Laurentia to configure the final Pangea during Thi@ssic. Since the main accretions in the
southwestern margin of Gondwana could have stalteimhg the Devonian - Carboniferous,

this Permian orogeny (San Rafael Orogenic Phag&rgentina) would be representing the
post - collisional deformation, with a peak of caegsion in the Early Permian that was
attenuating towards the foreland during the Laterian - Early Triassic. With these results,
it is also possible to constraint the age of theeugPaleozoic glaciation up to 295, previous to

the deposition of the Tunas Formation in the S&i@mde Formation.

Introduction

The Sierras Australes Bonaerenses, also knownesigalle la Ventana or Ventania system,
are located between the 37° and 39° South Latitumie61° and 63° West Longitude, in the
Buenos Aires province, Argentina. They are the mtcportion of the Claromecd Basin
(Kostadinoff and Prozzi, 1998; Ramos, 1984; Lestd Sylwan, 2005; Pangaro and Ramos,
2012; Figure 1) that developed on the southwesgmaf the Gondwana continent during
the Paleozoic (Figure 1, Keidel, 1916; Harringtd®47; Suero, 1972; Kilmurray, 1975nd
are considered the South American counterpart ®fGhape Fold Belt in South Africa (Du
Toit, 1927; Zambrano, 1974). Recently, this sectas interpreted as part of the Hesperides
Basin, laterally integrated with the Kalahari, Karand Chaco-Parana Basins in Africa and
South America, with a depocenter of more than 3000n¥ that was active during the Late

Carboniferous and Early Triassic (Pangetral., 2015).



The outcrops of the Sierras Australes have a generthwest-southeast trend. Their ages
range from the Late Precambrian to the Permiarh tliig oldest rocks outcropping at the west
and the most modern ones at the east. Cenozoicitemover unconformable these units
(Figure 1). Ramos (1984), Von Gosenal. (1991), and Tomezzoli and Cristallini (1998,
2004) consider the Sierras Australes as a thrustf@d belt. The vergence of the system is
northeastern, decreasing the intensity of the dedtion from west to east (Harrington, 1947;
Tomezzoli, 2001; Arzadue al., 2016) (Figure 2).

The structure of the Sierras Australes was injtialiterpreted as a system deformed
dominantly by folding (Harrington, 1947). Ramos 49, Chernicoffet al. (2013) and Ramos
et al. (2013) assumed that the Sierras Australes strugsuthe product of an intercontinental
collision between Patagonia and Gondwana duringLtte Paleozoic, and the Claromeco
Basin represents the foreland basin. Other authoggest a system of continental blocks,
which move due a tectonic event producing crustajrhentation through transformed faults
(Kostadinoff, 1993; Alvarez, 2004; Kostadinoff, 20@Gregoriet al., 2003, 2008). Rapallini,
(2005) and Rapallinet al. (2013), suggest a para-authochtonous origin cgeaia. Some
contributions analyzed the structures at diffesaraies and its evolution has been interpreted
through various tectonic models. Rossello and Massgd1981) suggested a coaxial
deformation model and interpreted the structurethagesult of a non-rotational pure shear
deformation. Other authors assumed a non-coaxi@rmation model, with conditions of
deformation dominated by simple shear (Cobbeaildl., 1987, 1991; Japas, 1995a, 1995b,
1999; Rossello and Massabie, 1992; von Gasah, 1990). Tomezzoli (2012) suggests that
the deformation is a combination of the differembgesses that occurs from the Late
Devonian and continuous until the Permian.

The Pillahuincé Group (Harrington, 1947; Lesta a®gdwan, 2005) correspond to the

sedimentary succession of the Late Carboniferousate Permian, situated in the Sierras



Australes and in the Claromeco Basin. Four fornmgtimtegrate this group, called from the
base to the top, Sauce Grande, Piedra Azul, Bametd unas (Figure 1b; Harrington, 1972).
In this work, new pyroclastic levels are reportedthhe Tunas Formation sequence, from
outcrops intercalated in the base and from subseuwfahe outcrops are in the Ruta 76
locality, and the core records belong to the PAN@OWell are in the Claromecd Basin
(Figure 1). In these levels, new radiometric agessvobtained by U-Pb SHRIMP analyses on
zircon crystal, which contribute to understandihgit regional significance and brings out
new information to shed light in the complex caateln of Carboniferous-Permian basins
across the southwestern margin of Gondwana. Duhisgtime, the Late Paleozoic Ice Age
(LPIA) occurs, one of the Earth’s most importanineltic events as represent the longest and
most widespread glacial interval. However, theritistion, timing and size of its events
remains unsolved (Fieldingt al., 2008; Isbellet al., 2003; Franket al., 2015). The
understanding of the LPIA largely depends on thereasing precision of Permo-
Carboniferous chronostratigraphy (Montafiez and $&oyl2013). With these results is also

possible to constraint the maximum age of the Patieozoic glaciation.

Geological setting

The Pillahuincdé Group outcrops at the east of tlerr& Australes, and continue at
subsurface in the Claromecé Basin (Figure 1b). $hace Grande Formation (Harrington,
1947) that is the base of the Pillahuincé Groupg, 100 m of diamictite deposits, sandstones
and in minor proportion mudrocks (Andregtsal., 1989). Coates (1969), Harrington (1980),
Andreis (1984) interpreted these diamictites a<igtearine deposits. The palinological
contain indicate a Pennsylvanian-Cisuralian ageR&squcet al., 2008). In the diamictitic
section of the Puelches well, situated in the Qleod Basin, has be found spores that

suggest a late Carboniferous to early Permian Agghéngelskyet al., 1987). In transitional



contact, is the Piedra Azul Formation with 300 mnuddrocks, heterolites and minor fine
sandstones (Harrington, 1947; Japas, 1986). lespand to a marine environment when the
glacial conditions finished (Lopez Gamundi, 1989déeis and Japas, 1996).

The Bonete Formation (Harrington, 1947) is in codeoce above the Piedra Azul
Formation. It has 400 m of fine-grain arkosic saoxss of green color, with whitish specks,
intercalated with dark gray mudrocks. The sandstom@ve abundant remains of marine
invertebrates belonging to th&rydesma faune” (Harrington, 1955; Rocha Campos and
Carvalho, 1975; Amos, 1980). Archangelsky and CUii®&4) found remains of plants that
belong to the&Slossopteris Zone. The fossils indicate an early Permian age.

The Tunas Formation outcrops in the northeast qortif the Sierras Australes, from the
north in the Sierra de Las Tunas to the south & Sierra de Pillahuinco and continues
eastwards in sub-surface in the Claromeco Basim{Ra1984; Tomezzoli and Vilas, 1997;
Kostadinoff and Prozzi, 1998; Lesta and Sylwan,2@Angaro and Ramos, 2012; Figures la
and 1b). Several authors described small outcreps the Gonzalez Chavez locality, situated
at the east, into the Claromecé Basin area, wissifoplants assignable to the Upper
Paleozoic, similar to those recognized in the Sgedustrales (Figure 1, Monteverde, 1937;
Amos and Urien, 1968; Zambrano, 1974, Llambias Rraxzi, 1975; Kostadinoff and Font,
1982). It has fine-grain to medium-grain sandstoofegreen, gray, red and yellow colors,
with cross stratification, intercalate with siltses of red and green colors (Andreisal.,
1979; Andreis and Cladera, 1992; Lopez GamundiglL99

The siltstones have plants remain@bssopteris and lycopsids, and poor preserved bivalve
remains (Harrington, 1947; Furque, 1973; Ruiz amah&o, 1985). Theslossopteris flora
suggests ages from the Sakmarian to the Artingldanrington, 1947; Furque, 1973; Andreis
et al., 1979; Ruiz and Bianco, 1985; Lépez Gamundi, 1996hangelsky and Cuneo, 1984).

Falco and Arzaduan (2012) describe deformation sires that consist in pseunodules and



flame structures in the upper section of the Tlr@snation and relate them to seismic events
occurring at the time of sedimentation.

Ifiguezet al. (1988) described pyroclastic levels at the Abrakspeniadero, at the east of
Sierras Australes, on Ruta 51 (Figure 1b), at thpeu section of the Tunas Formation
(Harrington, 1947). The petrographic analysis penfed by these authors indicates the
presence of clay minerals such as beidellite,eiléind vermiculite. They consider that
beidellite is a product of the alteration of vitusomaterials of pyroclastic origin, accumulated
in an aqueous environment from the fall of tefrapéz-Gamundiet al. (2013) obtain
SHRIMP ages of 280.8 + 1.9 Ma for these levels, andgest that the volcanism in the
Sierras Australes and Claromeco Basin is the degaivalent of the precursory Choiyoi
magmatic province, which extension exceeds 500kB@0and covers practically all the west
of Argentina during the Permian—Triassic time (Ltdaset al., 2003).

There are several discrepancies about the Tunasa&on thickness. Andreia al. (1979)
measured an outcropping thickness of 710 m in tbst,wvhile Suero (1975) mentions 2400
m in the southeast sector and Japas (1986) meakdd@dm in outcrop. Zorzareh al. (2011)
mention an outcropping thickness of 1000 m for thisnation and a thickness of more than
960 m in subsurface, not recognizing its base.d.asd Sylwan (2005) estimated 600 m in
the “Ventania” sector and more than 600 m in suiaserbased on seismic data and drilling.
Andreiset al. (1989) interpreted the base of the Tunas Formaisthe culmination of the
regressive cycle, after shallow marine conditiofisshe Bonete Formation. Zavakt al.
(1993) reported the presence of fluvial depositkest Mostazas, located towards the top of
the outcropping sequence of the Sierras Austrédiggife 1b). Zorzanet al. (2011) describe
shale facies belonging to a platform and prodeitarenment, sandy platform lobes related to
wave dominated platform bars and river-banks anduaese fluvial channels,

interdistributaries swamp corresponding to alluypiain.



In base to compositional considerationd.opez Gamundi (1996), the Sauce Grande, Piedra
Azul and Bonete Formations share a common cratongin and a sedimentary evolution
integrated by glacimarine conditions (Sauce Grdratenation) followed by a transgression,
represented by open platform sedimentation (Piédidl and Bonete Formationspn the
other hand, for the Tunas Formation, different suafgorovenance are inferred, evidenced by
changes in the detrital modes characterized byttmwnoderate percentages of quartz and
abundant lithic fragments of volcanic and metammarphigin.

These lithological changes would be related tot#dutonic events that would have affected
the southwestern margin of the basin during thiosest

The presence of red strata is attributed to theliped ferruginous compounds, mainly
hematite of primary origin that suggests a quichjyut of sediments rapidly covered by other
detrital material (Andreist al., 1979).

Anisotropy of magnetic susceptibility (AMS) datative Tunas Formation indicate a decrease
in the deformation towards the east. Also, indi@ttress from the SW that attenuated from
the Early to Late Permian, evidencing the migrabbthe orogenic front to the foreland basin
located towards the northeast (Arzaddiral., 2016; Figure 1). The differences in the AMS
data found between Sierra de las Tunas (base)itlesaiind Sierra de Pillahuincé (top)
localities and the differences found in the palegnedic studies are coincident. The presence
of two different types of syntectonic magnetizatairthe base and at the top of the sequence
of the Tunas Formation indicates a magnetizaticquiaed in different stages, during the
folding of the sequence (Tomezzoli, 1997, 1999,120@mezzoli and Vilas, 1999). In Sierra
de Las Tunas area (northwest, Figure 1b), at tise laamd older sequence with the main
deformation, the magnetizations are syntectonith wnfolding values of 32% (Tomezzoli
and Vilas, 1999). In the Sierra de Pillahuincé afsautheast, Figure 1b), at the top and

younger sequence, the magnetizations were acqudtgthg the final stages of the



deformation, at the 90 % of the unfolding sequefic@nezzoli, 2001). On this basis, two
different paleomagnetic poles (PPs) were calculafedas | and Tunas Il PPs, respectively
(Tomezzoli and Vilas, 1999; Tomezzoli, 2001). Thends | PP (Tomezzoli and Vilas, 1999)
is located at the Early Permian of the apparetarpmander path (APWP) of South America
(Tomezzoli, 2009; Gall@t al., 2017) while the Tunas Il PP (Tomezzoli, 2001) iaceld at
the APWP in the Early-Late Permian (Tomezzoli, 20G8llo et al., 2017). Paleomagnetic
and ASM studies, illite re-crystallization ages @gisch, 1987), outcropping different folding
geometry in the shortening values, as well as thegmce of growth strata (LOpez Gamugidi
al., 1995) and deformation structures (Falco and Armac®012) indicate that during the
Permian the region was unsteady. The presencentécgnic magnetizations with different
percentages of unfolding demonstrates that then@cshortening diminishes toward the top
(Figure 2a). Thus, this sedimentation and foldiatfgyn could propagated toward the east to
the foreland basin from the Early to Late Permiagire 2b).

Fryklund et al. (1996), based on seismic and drilling data, meetibthe existence of
Paleozoic sediments on subsurface of the ColoradnBto the south of the Buenos Aires
province, suggesting the extension of the ClaromBasin at the south (Figure 1). The
records are similar to those that outcrop in therr&s Australes. Lesta and Sylwan (2005)
recognized four depositional cycles in subsurfawe they correlated them with “Ventania”
and “Tandilia” through drilling and seismic dataarigaro and Ramos (2012), based on the
interpretation of seismic data and gravimetry, aiaie a thickness of more than 14 km of
Paleozoic sediments for the Claromec6 Basin. Itldvdne comparable to the outcropping

sedimentary column of the Sierras Australes area.

Sampled localities description

Ruta 76



This sampled locality is on the 76 Provincial Roaid2 km at the south of El Perdido stream,
in the Sierra de las Tunas (37° 5315 S, 61° 83 (Figure 1b). Tomezzoli and Cristallini
(1998) interpreted it as a system of drag foldgFeé 3a). This section was also studied with
paleomagnetism (Tomezzoli, 1997) and anisotropynadnetic susceptibility (Arzadiet al.,
2016).

At the northwestern section of the outcrop, thera sequence of 20 m with tabular strata of
fine to very fine-grain sandstones of green cdbat have sharp bases and parallel lamination,
showing concretions and hematite nodules. Theyirdezbedded with medium-grain cross
bedding sandstones of yellow color, with negatieergetries and erosive bases (Figures 3b
and 3c). In the middle part of the outcrop, theme layers of red massive mudrocks, with
tabular geometries and net bases. In the souttemtors there are 1 m thick strata of fine
whitish and orange tuff material, with tabular gextries, net bases, and parallel lamination to
massive structure, normal gradation, and loadirfgrdetion at the tope (Figure 3d). The
strata are northwest-southeast strike with highagigles. There are veins in the sandstones,
perpendicular or parallel to the bedding planes amédnged in the fault planes, filled by
quartz.

Similar levels of pyroclastic material had been timred and described by Ifiguet al.
(1988) in other localities of the Tunas Formatismch as Abra del Despefiadero, Las Julianas

and Las Mostazas (Figure 1b).

PANGO0001 well

The PANGO0001 well is located at 50 km at the noftthe Coronel Pringles locality (37° 34
'48' 'S, 61°6'57.35' 'W), into the Claromecd Bagological area (Figures la and 1b). The
well cores were donated to the Universidad Naciafel Sur by the Rio Tinto Mining

Exploring company for academic purposes. The wedlches 959 m depth under wellhead



(mbw) with a plugs extension of 776 m. In its setuee the base of the Tunas Formation is
not identified, whereas at 191 mbw is the top, @ltih it is covered by discordance with
modern material. This indicates a thickness offtheas Formation greater than 768 m in the
center of the basin (Figure 4).

In the lower section (at the base) of the PANGO@®ll, the Tunas Formation is composed of
fine-grain sandstones and mudrocks with cross-latiwin with net bases, interbedded with
black mudrocks containing pyrite nodules (FigurasaBd 5b). In this section one-meter thick
coal beds are interbedded (Figures 4 and 5c) (Arzeidal., 2017). In addition, there are thin
boundstones levels of (up to 5 cm thick) belondgmgnicrobial algae (Arzaduet al., 2013,
Figure 5d). The mudrocks have sections with impuartaioturbation and prints of
Glossopteris, Gangamopteris, Lycopsids and someezhaoody remains (Figures 4, 5a and
5b). Towards the upper section (to the top), tleeeemedium-grain sandstones with erosive
bases interbedded with lesser quantity of carbanecélack and green mudrocks with
hematite nodules (Figures 6a and 6b). There areesomal and carbonaceous mudrocks
levels, up to 50 cm thick, interbedded in this mec{Figure 4). At the base of the well, at 780
mbw, there are up to 6 m thickness of greenish-griy, with cross and parallel lamination,
normal gradation and loading deformation in thef miosome strata (Figures 6¢ and 6d). In
the upper part, at 255 mbw, there are thinnereroeeding 1 m thick, strata of tuffs (Figure

4). The tuff of the base of the well were datethis contribution.

Methodology

About 2 kg of pyroclastic material outcropping hetSierra de Las Tunas were sampled in
the Ruta 76 locality, and 2 kg from subsurfacetha PANGO0001 well (Figure 1). The
samples were petrographically analyzed by optidataacope using a Nikon eclipse 50i POL

and by X-ray difraction with a Rigaku Denki Geidexf Max Il C equipment with graphite



monochromator, Cu & radiation and 2° per minute sweep velocity. Thedusquipment is
available at the Geology Department, at the UnidadsNacional del Sur.

For SHRIMP analysis, it is necessary at first,¢biave the separation of the zircons. For this
purpose, the samples were initially pulverize aesiesd with # 35 mesh. Subsequently, with a
handheld magnet, the ferromagnetic minerals wetraeed and the sample was process with
the Frantz magnetic separator at 0.5 and 1.0 Anfpem the non-magnetic fraction, 100
zircons were separated in a Petri dish with alcohsihg the binocular glass and photograph
were taken.

The isotopic analysis were carried out in GeolLab-lGP (Centro de Pesquisas
Geocronoldgicas of the Universidad de San PabBrazil), with a SHRIMP lle equipment.
The primary beam analytical conditions are Kohfegréure = 12Qum, spot size = 3@m, and
O beam density = around 2.5 —nA (dependent of brightness aperture). The secondary
beam analytical conditions are source slit =80, mass resolutions fdrézr,0), *°Pb,
207pp, 2%8pp 238y 249 ThO) and™* (UO) ranging between 5,000 and 5,500 (1%), anidues

< 0.020 energy slit = open.

About the acquisition table setup, the raster tsn2— 3 minutes with spot size = pfh, plus
0.5 minutes of burning time fixed at the centergiisition parameters are: Z¥ = 2s;?**Pb =
10s; 204.1 = 10s*°Pb = 10s**’Pb = 20-30s?°®Pb = 10s>% = 10s,**¥ThO) = 5s and
#%U0) = 5s. About the setup conditions of the asijjioin table, primary beam autotune is
systematically carried out in the Source Steeringnd Source Steering Z focus lens and
secondary beam autotune QT1Y and QT1Z are enaBlai. run selector i$>4UO), in
which auto center method is measured at 50% gbélak height. The analytical cycle number
is equal to 5 cycles for Neoproterozoic-Archean @as) and equal to 6 — 7 cycles for
Phanerozoic samples. All raw count rates have lbeemcted for a dead time of 25 ns and

analytical rate among standard and sample is Hatdrio 4 zircon samples.



The acquisition and data processing was made WifPb calibration: the Pbionization
efficiency is about a factor of two higher thar, @nd so thé®®Pb/?%U"* ratio must be
calibrated by a standard material (Ln (Pb/U) x WO(U - slope ~2, Williams, 1998).
MeasuredPb’/?%U* varies with the measured U™ to define a calibration line of known
age, in this case 416,78 Ma for Temora 2 or 57ZdM&L13. The age of an unknown sample
can then be determined by the ratid8Pb’/U" in the unknown to that ratio in the standard at
the common UO/U value. For additional informatisae Williams (1998).

SHRIMP softwares are LabVIEW 8.5 and SHRIMP SW,swar 2.90. Data was reduced
using SQUID 2.5 and ISOPLOT 4 (Ludwig, 2009). Conmmead corrections usually use
209pp according to Stacey and Kramer (1975). Temdsaused a$*Pb®U age reference
(416.78 Ma, Blaclet al., 2004), and 26266 (903 ppm, Stern and Amelin, 2098sed as U

composition reference. Analytical uncertaintiesiargé-c error for each analysis.

Tuffs petrography

Ruta 76

The Ruta 76 samples are composed of rounded grimsartz, feldspars and lithic fragments
corresponding mainly to volcanic rocks and less mocks and polycrystalline quartz, with
100um average sizes and 2(th maximum. They contain micas (muscovite and |esistd,

the last one chloritized) and epidote, both mirsevéth similar size to the grains. The matrix,
which reaches up to 75% of the rock in a matrixpsuped texture, is composed of sericite,
silica and minor quantity elongated devitrified ggashards (ash fragments). The cement is
composed of brown color iron oxides (Figure 7). Baeples have moderate selection and

classify as fine tuffs according to Fisher (1961).

PANGO0001 well



PANGO0001 well samples are composed of rounded gm@iirquartz and, in minor quantity,
feldspar and plagioclase, with averageu®® sizes. It contains micas (biotite and chloritized
muscovite) oriented and bended and elongated pélteayand brown glass shreds, devitrified
and replaced by clays. The matrix, which reacheeertttan 75% of the sample in a matrix-
supported texture, is composed of sericite andsasiliThere is locally replacement with
carbonate cement (Figure 8). The samples havetwelloderate selection. They classify as

fine tuffs according to Fisher (1961).

The X-ray analysis in both samples show peaks bletdnging to quartz, muscovite and

smectite (Figure 9) as a product of glass altemgflaiccker, 1981).

Zircon separation

The zircons, separated under binocular glass aicgptd their shape and size, were classified
into different groups (Table 1). There are thregytations of zircons from the Ruta 76
sample with a total number of 317 zircons. Theariecof population R1 have euhedral shape,
R2 have rounded shape and R3 are euhedral shaparaiier size (Figures 10a and 10b).
The sample from PANGO0001 well have 245 zircons wials size, classified in three
populations: P1 are zircons euhedral and elong&2dre rounded and P3 are subhedral and

have less brightness (Figures 10c and 10d).

U-Pb ages

The obtained ages indicate that Ruta 76 and PANGO@€ll samples, situates both at the

base of the Tunas Formation, are almost contempota) with 291.7 + 2.9 and 295.5 + 8.0



Ma ages, respectively, belonging to the Sakmaiiamer Permian, according to the time
scale of Ogget al. (2016) (Figure 11). These mean ages are contrbijagtie youngest grains
that are predominant in both samples and have ynairttedral shapes. Nevertheless, in less
quantity, there are zircons with rounded shapeshhae older ages (Table 2). The Ruta 76
sample has zircons from 1200 to 1800 Ma (Mesopoatec) and the PANGO0001 well sample
contains zircons of 1200 Ma (Figure 11 and TableTRese zircons could come from other
sources as they have rounded shapes and the sdrapéeslastic components. The edges and
cores of the grains were separately dated andasimges were obtained in both, so it can be
deduced that these zircons come from parental ssufithe Ruta 76 sample presents lower
standard deviation than the PANGO0001 well sampteabse of the minor dispersion of the

data (Figure 11 and Table 2).

Results analysis

Due to the alteration degree of the pyroclasticemal; especially in rocks of fine grain sizes,
it is difficult to analyze their original composii and determine their provenance. In the
analyzed samples, there are significant percergagithic grains, corresponding to volcanic
rocks considered as epiclastic fragments. On theerohand, vitreous fragments are
considered as pyroclastic fragments, generate&jplpgve eruptions.

In the outcrop samples, the percentage of epiclasdgments is higher than in the
PANGO0001 well samples. The fine granulometry of tk@mples and their vitreous
composition indicate that an acidic volcanic evaetted this material and it was transported
and deposited away from the source area (Walckedames, 1992). The presence of certain

sedimentary structures in these fine tuffs, suchnasmal gradation, parallel and cross



lamination and deformation by load, as well asghesence of net bases, are indicating that
they were deposited in a low energy subaqueousa@maent.

The tuffs founded in the Claromeco Basin correspndltered volcanic ash layers with a
certain sedimentary rework, as they have roundathgy lithic fragments and present some
poor sedimentary structures. The tuffs are exterfdedong distances from the Sierras
Australes to the Claromec6 Basin, where they alerbedded with coal layers (Arzadén
al., 2017).

The obtained ages indicate that the Tunas Formdimre been deposited between the
Sakmarian and Kunguriano (lower Permian), or earlide ages of the outcrop tuffs at the
base of this formation are similar to the tuffssitbsurface in the Claromeco Basin: 291.7 +
2.9 Ma and 295.5 * 8.0 Ma respectively (Figure The mayor standard deviation in the well
tuff is because they have more dispersion dataléT2kh maybe due the mayor distance from
the source as it is situated at the center of tlsinb Zircons with older ages
(Mesoproterozoic) are considered inherited fronep#ources. This study allow to assign the
same age to the interbedded coals in the subsséapence.

The fact that the obtained ages from the outcrBoga( 76 with 291 Ma; Figure 1) are similar
to those of the subsurface (PANG0001 well with R&%) implies that the deposition occurs
almost contemporaneously in both sectors or thatsgdimentation rate during the Lower
Permian was high (Andregt al., 1979). This is common in passive margins ancefrorarc
basins (Doglioniet al., 1998), that could be the case of the ClaromecginBaince it is
considered as a foreland basin from the Late Dewota the Permian (Tomezzoli, 2012).

The ages obtained are agree with the fossil firglinf§ Glossopteris (Archangelsky and
Cuneo, 1984), with the palynological contain repdrbby Balarino (2014), and with the

reverse polarity isolated from the base to the adbphe Tunas Formation (Tomezzoli and



Vilas, 1999; Tomezzoli, 2001), assigned to the Kaamnsuperchron (Irving and Parry, 1963),
ranging from 318 Ma (Opdyket al., 2014) to 269 Ma (Lanet al., 2013).

In the Sierra de Pillahuincg, in the Abra del Désukero locality, where is the upper outcrop
section of the Tunas Formation (Figure 1b), Lépean@ndiet al. (2013) obtained ages of
280.8 £ 1.9 Ma. In this locality, detrital zircoges from two samples, record youngest and
most important peaks of 291 and 281 Ma respecti(iynguriano;Ramoset al., 2013; Sato

et al., 2015).

Since a regional point of view, tuff levels similar those of the Tunas Formation were
recognized in several basins along the southwestemgin of Gondwana (Figures 12 and
13a). Guerra-Sommeat al. (2005, 2008) obtained U/Pb ages of 296.9 and 28@lin
zircons oftonsteins interbedded with the Candiota coals, located enRhrana Basin in Brazil.
They correlated them with the Paganzo Basin se@sefwith ages of 302 and 288 Ma), the
top of the Dwyka tillite (302 and 299 Ma; Matesal., 2001) and the lower section of the
Ecca Group (288 and 289 Ma) in the Karoo Basin.li@agt al. (2014) obtain U/Pb ages of
290.6 and 281.7 Ma in zircons tinsteins from the Rio Bonito Formation in the Parana
Basin, corresponding to the Sakmariano and Kungarand also temporally correlate them
with the Dwyka Group, Karoo Basin in South Africadawith the Patquia Formation,
Paganzo Basin (Gulbransenal., 2010), in the northwest of Argentina. Ticlgtjal. (2010)
obtained U/Pb ages of 276 + 11 Ma in lava flow tedato the predecessors of the Choiyoi
Group, in La Pampa province, Argentina.

The ages obtained by Cagliatial. (2014), Guerra Sommet al. (2008), Tickyjet al. (2010)
and the ages obtained in this work are similar,vaadld be suggesting that the same volcanic
event was the source of the volcanic ash fall.dditeon, the most modern radiometric ages
are similar to those published by Matial. (2012). According to Lopez-Gamundi (2006),

Santoset al. (2006), Guerra-Sommet al. (2008), Moriet al. (2012) and Satet al. (2015),



the ash fall layers in the Parana Basin are parthef same episodes located along the
Gondwana margirthe U/Pb ages obtained in western Argentina (Fidgajeindicate that the
volcanic activity extended by approximately 30 Ntam 298 to 251 Ma (Rocha-Campets

al., 2011) and 286 to 247 Ma (Satioal. 2015). Before this period, during the Carbonifeou
the magmatic arc was active in the west and albedPaleo-Pacific margin (Lopez-Gamundi
et al., 1995; Kleiman and Japas, 2009; Tomezzoli, 20IBe Permian event is associated
with the San Rafael orogenic phase (Azcuy and Ca$niri987), which according to
Tomezzoli (2012 and references cited there) ihes result of the final coupling of several
continental microplates assembled to the Gondwhaa would have previously collided,
possibly during the Late Devonian in the Chaficagenic phase (Turner and Méndez, 1975).
According to the anisotropy of magnetic susceptib{AMS) studies, there is a variation of
the magnetic signature from the SW to the NE,fian the base to the top (Arzadénal.,
2016). The k4, axes of AMS, which are arranged along a NE-SO decteé, move from
horizontal positions at the most western siteth@base of the sequence, indicating a tectonic
fabric, to vertical positions at the eastern sitgshe top of the sequence, indicating a fabric
with more sedimentary features (Arzadgiral., 2016). This imply a deformation, generated
by efforts that come from the southwest decreasimgard the northeast; thus indicates a
tectonically active environment during the Permmahgre the tuff layers were deposited in
some sectors associated with the deposition oflmeds.

The paleomagnetic study, carried out in the Tur@sngtion, yield that these rocks carry a
very stable characteristic magnetization with ayvgood internal consistency inside each
sampling site. Although the type of magnetizatisrifferent at Sierra de las Tunas (base of
the sequence) or in the Sierra de Pillahuinco ¢fape sequence) (Figure 13b, Tomezzoli and
Vilas, 1999; Tomezzoli, 2001). From the average¢heffinal paleomagnetic mean directions

per site, with structural corrections, a paleom#égneole (PP) of each locality were



calculated. They were grouped into the Tunas IH®P represents the magnetizations for the
base (Tomezzoli and Vilas, 1999) and Tunas Il PRichvrepresents the magnetizations for
the top of the sequence (Tomezzoli, 2001) (FiguBk).1Both PPs are consistent with the
polar wander path of South America proposed by Taaoie (2009) and Gallet al. (2017),
occupying different positions (Figure 13b), andytlaee concordant with the structural field
differences. Thushe Tunas | PP (Tomezzoli and Vilas, 1999) remdated in 291.7 £ 2.9
(in this work) and integrating these results witlode of Lopez Gamundt al. (2013) and
Alessandrettet al. (2013), it is possible assign to Tunas Il PP (Taroéz2001) an age of
280.8 £ 1.9. The differences in the ages of theaSurand Tunas Il PPs are consistent with all
the mentioned geological evidence (sedimentaryrofogfic and structural). These data
allowed to calculate a northward latitudinal speé®.7 cm/year for Gondwana during the

Permian (Figure 13a).

Discussion

In this work is reported the finding of pyroclasti@aterial in the base of the Tunas Formation,
classified as fine tuffs with some lithic conta#t,the outcropping base of the sequence and at
the subsurface into the Claromecé Basin. The lass @re interbedded in a sequence that
includes coal beds. The radimetric ages obtainaa 8HRIMP analysis are 291.7 =+ 2.9 and
295.5 + 8.0 Ma respectively, corresponding to taeyEPermian (Sakmarian to Kunguriano,
according to Oggt al., 2016, Gradsteimt al., 2004). This age can be considered the older
possible age of deposition of the sedimentary seopiand the coals that are interbedded in it.
This would be indicating a synchronous pyroclastrent with the deposition of the Tunas
Formation in all its extension, associated to aml-age volcanism, probably due to a

surtseyan or freatoplinian type eruption (Walcked dames, 1992), in a sub-aqueous low-



energy environment. As the Tunas Formation reptesen culmination of the regressive
cycle after the carboniferous glaciation, it isoagssible to constraint the age of the upper
Paleozoic glaciation (represented by the lower pkttie Pillahuincé Group).

In the Sierra de Pillahuinco, in the Abra del Désakero locality, where outcrop the top of
the Tunas Formation, Lopez Gamurdi al. (2013) obtained ages of 280.8 + 1.9 Ma
(Arstinkiano, according to Gradsteet al., 2004). In addition, other authors described and
dated similar and contemporaneous pyroclastic sevientifferent basins that belong to the
southwestern margin of Gondwana, which indicatesganal character of the same one.

The radimetric data was integrate with other geickigcharacteristics, such as syntectonic
sedimentation (Lopez Gamundi al., 2006), two distinct paleomagnetic syntectonicepol
(Tomezzoli and Vilas, 1999; Tomezzoli, 2001), difieces in the structural and AMS
patterns (Arzaduset al., 2017) and deformation structures related witkrea activity (Falco
and Arzadun, 2012). All these data indicate a tactlly active and changing environment
during the Permian of Gondwana displayed on theafuRormation environment. This
deformation event is known in Argentina as the Raiael orogenic phase (Azcuy and
Caminos, 1987). On a regional scale, Lopez Gamuwdal. (1995) interpreted this
deformation and the coeval foreland basin phaseadiashronously affecting the entire
Panthalassan margin, ranging from the Early Periiavestern Argentina, to slightly later in
South Africa, to Late Permian in eastern Austr@iaeverset al., 1994).

As pigmented, either detrital grains or both coultry the magnetization in the Tunas
Formation and these rocks have not a significantamerphism (Cobboldt al., 1986;
Buggisch, 1987), the magnetization is mainly sypedgtional to syn-diagenetic. Thus, this
magnetization and folding pattern indicates thatrtitks were remagnetized during a relative
short period of time (Figure 2b), as folding motewdy propagated towards the eastern

foreland (Figure 2a)Thus, the Tunas | PP (Tomezzoli and Vilas, 1999) remalated in



291.7 + 2.9 (this work) and PP Tunas Il (TomezZ0i01) in 280.8 + 1.9 (Lopez Gamureti
al., 2013; Alessandrettt al., 2013). The differences in the ages of the Tureasdl Tunas I
PPs are consistent with all the mentioned geolbgicalence (sedimentary, petrologic and
structural). These data allowed to calculate ahweatd latitudinal speed of 2.7 cm/year for
Gondwana during the Permian (Figure 13a). This Rertatitudinal movement would be the
consequence of the final coupling of several camial microplates, gradually amalgamated
from the southerns margins to Gondwana and frormtéinthern to Laurentia to configure the
Pangea. The Pangea continent started its amalgamas a B-type during the Early
Carboniferous and Early Permian to reach its f&&ype configurations in the Late Permian
(Figure 13b; Gallat al., 2017).

Since the main accretions in the southwestern marfgGondwana could have started in the
Devonian - Carboniferous, this Permian orogeny (Bafael Orogenic Phase) would be
representing the post-collisional deformation, wdhpeak of compression in the Early
Permian that is would have attenuated towardsdheladnd during the Late Permian - Early

Triassic.
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Figures

Figure 1. A. Location of the Sierras Australes thrust and foddt (orange and green) in the
southwest of Buenos Aires province, Argentina, tigyed in the southwestern margin of the
Gondwanides belt (in violet) and other surroundjeglogical provinces (Carapacha Basin, in
pink, and Choiyoi magmatic province, in light blughe studied samples are on the Ruta 76
locality and on the PANGO0001 well in the Clarom&asin, in yellow (Kostadinoff and Font
de Affolter, 1982; Fryklundt al., 1996, Alvarez 2004, Zillet al., 2005, Pangaro and Ramos,
2012).B. Geological map of the Sierras Australes, southwéshe Buenos Aires province,
Argentina, modified from Suero (1972). The Tunasnation (orange) outcrops in the Sierra
de las Tunas (north) and in the Sierra de Pillatwifsouth). Location of the most important
outcrops of the described tuffs: Ruta 76 and Alelaliespeniadero. The paleomagnetic pole

Tunas | correspond to the Sierra de las Tunas andsTll to the Sierra de Pillahuincé.

Figure 2. A. Diagram showing the shortening percentage for theas Formation. The
highest values are at the west, in the base osé¢lgeence (Sierra de las Tunas, Figure 1b),
and the smaller values are at the younger andraagtsition, in the top of the sequence
(Sierra de Pillahuinco Figure 1b)B. Relationships between stratigraphic levels,
magnetization and deformation of Tunas Formatiornengas the base strata shows
simultaneous processes, data at the top strataatediectonic magnetization (Tomezzoli,

1999).

Figure 3: A: Schematic structural profile of the Tunas Fornmratmtcrops, on the Ruta 76

(see more details in Tomezzoli and Cristallini, 89B: Regional view of the outcrop. The



red square is the sample positi@. Detail of the lithology with yellow sandstones)(ss

intercalate with red and green mudrocks (Br)detail of a polished tuff sample.

Figure 4. Simplified sedimentological profile of the PANGIDwell, showing the lithology,
structures, fossils and facies. To the left, phphg of the different lithology. In red, tuff

sampled level.

Figure 5. Detailed lithology and structures at the lowertisecof the PANG0001 wellA:
Mudrock with sedimentary structure obliterated bgtirbation. B: Black mudrock with
pyrite nodule filling a fossil trackC: Coal sampleD: Microbial algae, composing by lamina

of carbonate and dark mudrock.

Figure 6. Lithology of the PANGO0001 wellA: Medium-grain sandstone with erosive base.
B: Green mudrock with hematite nodul€andD: Greenish-gray tuff material with parallel

lamination.

Figure 7. Microphotographs of fine tuffs outcropping on thet& 76 locality A andB: With

parallel nicols.C andD: With crossed nicols. Matrix-supported texturehnlteterogeneous
grain sizes and composition, with shards of glasshe matrix. Qz: quartz. Fv: lithic
fragments of volcanic rocks. Ms: muscovite. Tr: relsaof glass. Ff: lithic fragments of
mudrocks. Bi: biotite. The matrix is composed mpsit silica and sericite. The cement is

composed of iron oxides (Fe).

Figure 8. Microphotographs of fine tuffs of the PANGOO0O1 IlweA and B: they are

composed of micas, quartz, shards of glass andtebititat is oriented and flexedC:



Carbonate is observed as a replacement for thaakigiineralsD: Matrix-supported texture
and non-homogeneous size grain. Qz: quartz. Mscowite. Tr: shards of glass. Bi: Biotite.

Ca: carbonate.

Figure 9. X-ray analysis of tuffs corresponding to the Tainisls: muscovite, Sm: smectite,

Qz: quartz. All localities present a similar mirlegacal composition.

Figure 11 Ages of the samples based on#feb /2% and®*’Pb /238U ratio with their error
ellipsoids in & for each measurement (in orangk).76 Road sampld3: PANGO0001 well

sample.

Figure 12 Simplified stratigraphic chart showing the Pemnfarmations in different basins
that belong to the southwestern margin of Gondwaie. levels of tuffs and tectonic and

volcanic episodes are detailed (LOopez Gamundi 2006)

Figure 13. A. Paleogeographic reconstructions of Gondwana duhed=arly Permian along
the South West Gondwana margin (modified from Gellal. 2017). Botton, plate accretion
during Permian time®B. Apparent polar wander path of the South West Gam@wproposed
by Tomezzoli (2009) constructed from the paleom#gn@oles (PPs) selected from South
America between the Carboniferous and Triassich whie ages of both PPs Tunas | and

Tunas Il.

Tables



Table 1 Description and quantity of zircons from differggmoups in the samples belonging
to the Ruta 76 locality and the PANGO0001 well.
Table 2. Sumary of SHRIMP U-Pb zircons of the tvamnples of the Tunas Formation. In

orange, the older zircons that are considered tagicle
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L ocality L ocation Group Characteristics Size (um) | Quantity | Total
. R1 eu_hedrals, translucent, high 180 100
Sierra de las brightness
Ruta 76 Tunas, Sierras| R2 | rounded, translucent, high brightness 167 102 317
Australes i i
R3 small size, euhedrals in appearance, 115 115
high brightness
P1 small size, elopgateq, euhedrals in 70 21
Claromecé appearance, high brightness
PANG0001 Basin P2 | small size, rounded, high brightness 90 155 245
P3 | subhedrals, less brightness 50 69




. o 06 208 /pp /Py, 2Bpp 27pp /Py, 2Bpp, 27pp
Gsrp%tr" (pgm) (pr?n) ThiU /2315‘ gf’r /ZSBPS g"r /232FT’$] % | U |16 | 20U | 16| 20U | 16 | P®Pb | 16 | /PTh | 16 | PPTh | 16 | PPb | 1o
err Age |er| Age |er| Age |er | Age | er Age |er | Age |er | Age | er
Ruta 76
11 1126 | 150 | 0,24 | 0,24 | 0,72 | 0,062 | 1,8 | 0,021 | 2,7 | 388 | 7 388 | 7 390 7 374 | 41 310 | 19| 318 | 18| 511 | 27
21 1047 | 471 | 046 | 0,46 | 015 | 0,084 | 18| 0031 | 20 | 500 | 9 | 499 | 9 513 | 10 | 562 65 310 | 16| 295 | 10| 1221 | 22
31 472 537 | 1,17 | 1,17 | 0,18 | 0,048 |1,7| 0,015 | 20 | 301 | 5 301 | 5 302 6 300 63 294 | 7 294 | 6 | 454 | 107
41 140 140 | 1,04 | 1,04 | 0,32 | 0,058 | 18| 0039 | 40 | 275 | 8 274 | 5 289 9 282 | 864 | 196 |40 | 196 | 27 | 1472 | 329
51 783 150 | 0,20 | 0,20 | 0,85 | 0,067 | 19| 0,023 | 48 | 411 | 8 | 411 | 8 | 415 8 | 448 59 205 | 25| 279 | 21| 702 38
6,1 508 157 | 0,32 | 0,32 | 0,63 | 0,047 | 1,6 | 0,016 | 2,7 | 292 5 292 5 294 5 314 78 253 | 15| 249 | 8 536 | 33
7,1 535 299 | 058 | 058 | 1,13 | 0,066 | 16| 0,025 | 24 | 401 | 6 | 400 | 6 | 404 7 | 423 | 109 | 368 | 17| 364 | 10| 658 | 46
81 408 343 | 0,87 | 087 | 217 | 0,047 | 16| 0,017 | 48 | 293 | 5 293 | 5 293 6 301 | 126 | 294 | 16| 294 | 14| 282 | 216
91 228 145 | 066 | 0,66 | 096 | 0,342 | 22| 0,118 | 2,7 | 1895 | 36| 1910 | 41| 1865 | 39 | 1781 | 12 | 2256 | 58 | 2452 | 93 | 1479 | 32
10,1 281 9 1035| 035 |146|005 |1,7|0021 | 43 | 335 | 6 33 | 6 338 6 35 | 252 | 292 | 36| 288 | 36| 581 | 152
111 200 76 | 039| 039 |037|0066|25|0028| 48 | 403 | 10| 402 | 10| 402 | 11| 457 | 149 | 419 | 32| 408 | 29| 375 | 105
12,1 442 306 (071 071 | 039|0,069|18| 0024 | 44 | 419 | 7 418 | 7 426 9 | 456 | 157 | 353 | 21| 348 | 20| 959 | 93
131 151 202 | 1,39 | 1,39 | 092| 0,049 |24| 0019 | 40 | 293 | 7 293 | 7 290 | 10| 287 | 421 | 302 | 18| 302 | 16| -39 | 976
141 485 866 | 1,84 | 1,84 | 0,18 | 0,058 | 2,7| 0019 | 29 | 35 |10| 35 | 10| 363 | 14 | 388 | 156 | 338 | 11| 337 | 10| 926 | 303
151 225 138 | 063 | 0,63 | 0,36 | 0,050 | 1,7 | 0,015 | 50 | 308 | 5 308 | 5 316 6 339 | 171 | 229 | 19| 226 | 13| 1052 | 54
16,1 319 157 | 051 | 051 | 462 | 0,204 | 21| 0,043 | 9,7 | 1182 | 23| 1180 | 24 | 1219 | 25 | 1218 | 66 646 | 79 | 615 | 69 | 1781 | 55
171 400 465 | 1,20 | 1,20 | 0,27 | 0,058 | 20| 0,019 | 42 | 348 | 7 348 | 7 363 9 360 | 342 | 274 | 21| 274 | 14 | 1415 | 209
18,1 281 136 | 050 | 0,50 | 0,34 | 0,051 |1,7| 0,018 | 56 | 316 | 5 316 | 5 317 6 339 | 149 | 308 | 22| 305 | 21| 408 | 97
191 305 195 | 066 | 0,66 | 1,35 | 0,089 | 19| 0,017 | 35 | 542 | 10| 543 | 10| 573 | 11| 538 | 105 | 252 | 20| 253 | 12| 1675 | 31
20,1 163 150 | 095 | 0,9 | 032|0045|18| 0011 | 73 | 276 | 5 2716 | 5 293 6 269 | 254 | 170 | 17| 170 | 15| 1625 | 123
211 167 143 | 088 | 0,88 | 0,35 | 0,047 |1,7| 0016 | 30 | 291 | 5 291 | 5 294 6 301 | 225 | 270 |16 | 269 | 9 645 | 105
22,1 157 67 | 044 | 044 | 0520048 | 18| 0,017 | 48 | 297 6 297 6 300 6 310 | 288 | 256 | 29| 255 | 29| 620 | 163
231 347 76 | 023 | 023 |070|0062|20|0025| 32| 38 | 8 38 | 8 387 8 384 | 138 | 349 | 33| 350 | 37| 490 | 96
241 508 387 | 079 079 | 1,37 | 0053|16|0015| 29 | 325 | 5 325 | 5 336 6 362 | 170 | 241 | 14| 238 | 9 | 1212 | 63
251 234 73 1032)| 032 |040|0067|1,7|0024 | 70 | 415 | 7 414 | 7 414 7 | 434 69 423 | 33| 418 | 30| 399 | 50
25.1b | 179 165 | 095 | 0,95 | 0,34 | 0,047 | 24| 0018 | 33 | 284 | 7 283 | 7 285 8 317 | 345 | 276 | 19| 274 | 14| 462 | 209
26,1 270 403 | 154 | 154 | 0,24 | 0,046 | 26 | 0,015 | 30 | 284 | 7 284 | 7 287 | 10| 270 | 214 | 273 | 10| 274 | 10| 623 | 344
27,1 221 117 | 055 | 055 | 0,71 | 0,237 | 1,7| 0,071 | 3,3 | 1363 | 21 | 1361 | 23| 1373 | 23 | 1391 | 33 | 1221 | 48 | 1192 | 47 | 1540 | 30
28,1 223 53 1 025| 0,25 | 1,05 | 0,048 | 23| 0,018 | 54 | 300 | 7 300 | 7 302 7 303 | 164 | 232 | 38| 231 | 19| 581 | 58
29,1 185 137 | 0,77 | 0,77 | 1,29 | 0,046 | 1,8 | 0,018 | 32 | 283 | 5 283 | 5 284 6 297 | 283 | 273 |18 | 272 | 15| 457 | 176
30,1 735 281 | 040 | 040 | 0,270,053 |20| 0016 | 27 | 320 | 6 320 | 6 336 7 262 | 154 | 633 | 23| 722 | 7 | 1432 | 21
311 118 127 | 1,10 | 1,10 | 048 | 0,064 | 36| 0,017 | 80 | 366 |14 | 366 | 13| 412 | 17 | 412 | 644 | 127 | 41| 124 | 26 | 2312 | 136
32,1 377 63 | 017 | 017 | 044 | 0063 | 20| 0,024 | 79 | 391 | 7 390 | 7 392 8 | 421 68 349 | 40| 335 | 31| 511 | 45
331 201 120 | 062 | 0,62 | 0,88 | 0,305 | 20| 0,085 | 29 | 1711 | 30| 1711 | 33| 1721 | 33 | 1718 | 14 | 1589 | 46 | 1578 | 65 | 1812 | 24




34,1 142 106 | 0,78 | 0,78 | 0,38 | 0,047 | 28| 0018 | 39 | 286 | 8 | 286 | 8 | 288 9 | 292 | 322 | 271 |21 271 | 17| 515 | 184
351 207 68 | 034 | 034 | 062|0077|28|0046 | 99 | 451 | 13| 449 | 13| 453 | 14 | 576 | 426 | 410 |110| 374 | 97| 715 | 220
1.1b 407 236 | 060 | 060 | 030 | 0,056 |17| 0041 | 44 | 307 | 6 | 307 | 6 | 308 7 | 293 | 617 | 298 | 42| 299 | 51| 398 | 430
251 234 73 1032|032 | 040 | 0067 | 17| 0024 | 70 | 415 | 7 | 414 | 7 | 414 7 | 434 | 69 423 | 33| 418 | 30| 399 | 50
3.1b 433 355 [ 085 08 | 024|0046|20)0013 | 28 | 284 | 6| 284 | 6 | 293 7 | 294 | 120 | 223 | 10| 223 | 7 | 1115 | 46
PANGO0001 well
11p | 1218 | 127 | 011 | 0,11 | 200 | 0,065 | 16| 0,048 | 39 | 395 | 6 | 395 | 6 | 397 6 | 410 | 68 295 | 46| 284 | 35| 541 | 39
21p | 2025 | 1705 | 0,87 | 087 | 1,14 | 0,081 | 1,7 | 0067 | 25 | 373 |10 | 373 | 7 380 | 11 | 353 | 844 | 326 | 68| 328 | 27| 881 | 217
31p | 1361 | 308 | 0,23 | 0,23 | 1,10 | 0,072 | 16| 0,086 | 26 | 401 | 7 | 401 | 6 | 406 7 | 391 | 325 | 251 |105| 254 | 47| 785 | 88
41p | 1882 | 1409 | 0,77 | 0,77 | 1,010 | 0052 | 16| 0,025 | 42 | 303 | 5| 303 | 5| 305 7 | 288 | 375 | 287 | 23| 288 | 24| 515 | 263
5.1p 648 271 | 043 | 043 | 064 | 00471210027 | 39 | 279 | 6 | 279 | 6 | 281 7 | 277 | 209 | 246 | 26| 246 | 14 | 547 | 62
6.1p | 1209 | 1070 | 091 | 091 | 0,75| 0,050 | 16 | 0,019 | 20 | 296 | 5| 296 | 5 | 304 6 | 279 | 178 | 242 | 12| 243 | 5 | 1052 | 50
11 1073 | 2125 | 2,04 | 2,04 | 0,18 | 0,088 | 52| 0,054 | 63 | 268 |30 | 267 | 20| 321 |50 | 292 |4007| 143 | 88| 142 | 58 | 2737 | 1548
21 681 405 | 061 | 061 | 331 | 0054320044 | 77| 275 | 9| 275 | 11| 286 | 13 | 264 | 966 | 164 | 43| 165 | 82| 1276 | 418
31 843 | 1024 | 125 | 1,25 | 1,23 | 0063 | 18| 0045 | 24 | 268 |15| 267 | 5 | 283 | 10| 277 |1968| 199 | 78 | 199 | 11 | 1569 | 176
41 1467 | 804 | 057 | 057 | 120|008 (33| 0,108 | 51 | 384 |14 | 384 | 15| 380 | 21| 375 | 889 | 431 | 71| 433 |118| -73 | 973
51 711 111 | 016 | 0,16 | 257 | 0,209 | 1,8 | 0,079 | 3,6 | 119 | 20 | 1196 | 21 | 1215 | 21 | 1196 | 45 297 | 98| 296 | 94| 1514 | 24
6,1 591 610 | 1,07 | 1,07 | 444 | 0,085 |44 | 0042 | 78 | 440 | 21| 439 | 20| 470 | 29| 464 | 896 | 275 |64 | 273 | 60| 1792 | 330
71p | 1210 | 735 | 0,63 | 063 | 0,25 | 0,063 | 23| 0054 | 92 | 325 | 8 | 325 | 11| 326 | 14| 321 | 961 | 314 | 50| 314 |111| 436 | 847
81p | 1160 | 1759 | 1,57 | 157 | 065 | 0,102 | 1,7 | 0,099 | 24 | 217 |16 | 213 | 8 | 228 | 20 | 821 |2040| 184 | 69 | 166 | 42 | 1659 |1508
91p | 1267 | 840 | 0,68 | 0,68 | 905 | 0,063 | 32| 0,048 | 170| 324 |12 | 324 | 18| 334 | 23| 381 |1633| 233 | 72| 228 |173| 1179 | 933
10.1p | 454 402 | 091 | 091 | 404 | 0,060 | 1,7 | 0,023 | 50 | 347 | 7 347 | 7 365 8 | 339 | 528 | 236 | 33| 236 | 27 | 1476 | 189
11.1p | 520 262 | 052 | 052 | 1,80 | 0,057 | 22| 0050 | 32 | 305 | 7 305 | 7 302 9 | 311 | 586 | 346 | 48| 345 | 48 | -151 | 550
12.1p | 923 772 |1 086 | 086 | 1,22 | 0,081 |16| 0038 | 22 | 459 | 7 | 459 | 7 | 466 9 | 458 | 191 | 410 | 21| 410 | 13| 892 | 81
13.1p | 1375 | 1222 | 0,92 | 0,92 | 0,22 | 0,060 [ 22| 0,028 | 26 | 331 | 8 | 331 | 8 | 349 | 10| 325 | 487 | 209 | 23| 210 | 27 | 1577 | 161
141p | 1127 | 743 | 068 | 0,68 | 3,86 | 0,068 | 20| 0055 | 53 | 33 | 9| 335 | 7 348 | 11| 317 | 736 | 213 | 63| 214 | 43| 1313 | 195
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The radimetric ages obtained from SHRIMP analysithe Tunas Formation, in outcrop
and sub-surface tuffs, are 291.7 + 2.9 and 295&0+Ma, corresponding to the Early
Permian. This age can be assigned to the deposititie sedimentary sequence and to the
coals that are interbedded in it. This new findimguld be indicating a synchronous

pyroclastic event with the deposition of the TuRasmation in all its extension.

As the Tunas Formation represent the culminationthaf regressive cycle after the
carboniferous glaciation, it is also possible tmstoaint the age of the upper Paleozoic

glaciation.

The data, combined with another data, allowed toutate a northward latitudinal speed of
2.7 cm/year for Gondwana during the Permian and ialdicate a tectonically active and
changing environment during the Permian of Gondwahé latitudinal movement would

be the consequence of the final coupling of seveastinental microplates, gradually
amalgamated from the southerns margins to Gondaaddrom the northern to Laurentia

to configurating the Pangea.



