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Abstract 
The Porongos Metamorphic Complex (PMC) is composed 
of supracrustal rocks, predominantly pelitic micaschist, 
quartzite and felsic metavolcanic rocks. It represents the 
remnants of a Neoproterozoic sedimentary basin developed 
in the western Gondwana, now located in the central 
section of Dom Feliciano Belt in southern Brazil. Isotope 
signature comparison and U-Pb ages shows that there are at 
least three main source-areas for the Porongos sediments: 
(i) one that can be related to Paleoproterozoic terrains; (ii) a 
younger component with Mesoproterozoic (1.5 - 1.2 Ga) 
ages; and (iii), a Neoproterozoic source with magmatic 
zircons (0.8 Ga), with relative age distribution mostly 
between 1.7 and 1.0 Ga, TDM ages between 2.58 and 1.71 
Ga, and younger ages of ca. 1.21 Ga, which can be related 

to 1.4 - 1.0 African signature sources. Ten concordant 
analysis obtained in zircon grains from a metarenite rock 
yield 206Pb/238U median age of 802 +26/-33 Ma, which is 
related to metavolcanic samples from PMC and correlates 
with the Neoproterozoic Cerro Bori Continental Arc, 
indicating a syn-depositional volcanism in the sedimentary 
record.  The depositional setting for these sequences can be 
understood as an evolution between a passive margin 
developed after 1.6 Ga and a terrain-collisional setting (ca. 
570 Ma). 
 
Keywords: Porongos Metamorphic Complex. Dom 
Feliciano Belt. West Gondwana. Geochronology. Isotope 
Geochemistry. 

 

  

1. Introduction 
 

Understanding the tectonic evolution of 
Neoproterozoic mobile belts in South America depends 
heavily on accurate and robust geochronological and 
isotopic constraints, since much of the geological record is 

not preserved. The Neoproterozoic Dom Feliciano Belt 
(DFB) was formed by the interactions between the cratons 
Rio de la Plata (RdLP), in the west (Fig. 1A), Kalahari and 
Congo to the east (e.g.  Fernandes et al., 1995a; Frantz et  
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Fig. 1. A: Reconstruction of the Rio de La Plata, Kalahari and Congo cratons (modified from Fernandes et al., 1995a; Masquelin, 

2000); B: Geological sketch map of the Dom Feliciano Belt, including PMC indicated by dotted line; C: Schematic geological map 

displaying the Pan-African belts in the Congo-Kalahari-Rio de La Plata convergence on the Gondwana formation. 
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al., 1999; Chemale, 2000). The tectonic interactions 
between these three cratonic blocks have been intensively 
investigated (e.g. Basei et al., 2008; Saalmann et al., 2010; 
Rapela et al., 2011), and despite the controversies upon age 
of sedimentation, provenance and tectonic evolution raised 
by the different authors, it is clear that DFB represents one 
of the key areas to understand the assembly and evolution 
of west Gondwana during mid to late Neoproterozoic. 

Studies have addressed several different aspects of the 
evolution of DFB, including: structural and geophysical-
based divisions on three domains (Fig.1B), the age of 
deposition of the post-collisional sedimentary sequences, 
age of metamorphism and emplacement of granite 
intrusions and evolution of its calc alkaline arc magmatism 
of Pelotas Batolith (Fig. 1C) (e.g. Fernandes et al., 1995a; 
Phillip and Machado, 2005; Borba et al., 2006; Basei et al., 
2008; Saalmann et al., 2010; Rapela et al., 2011; Chemale et 
al., 2012). The metasedimentary rocks exposed in the three 
domains had also been investigated in various works (e.g. 
Basei et al., 2008; Gruber et al., 2011; Lena et al., 2014; 
Lopes et al., 2015; Pertille et al., 2015a; Pertille et al., 
2015b). 

The lithodemic units of the Porongos Metamorphic 
Complex (PMC) (Fig. 2A) are exposed along the central 
portion of the Dom Feliciano Belt. These comprise mainly 
phyllite, meta-psamites, meta-conglomerates, 
metasandstones, mica schist and quartz mylonite (mylonitic 
quartzites) with interbedded metaultramafic and 
metavolcanic rocks, marbles and minor amphibolites 
intruded by granitoids sheets, all deformed and 
metamorphosed under greenschist to amphibolite facies 
conditions (Jost and Bitencourt, 1980; Jost, 1982; Porcher 
and Fernandes, 1990; Remus et al., 1987, 1990, 1991). The 
sequences of quarzites were designed as Santana 
Formation, with maximum depositional ages of ca. 1.7 Ga 
(Pertille et al., 2015b), coinciding with stabilization of 
Columbia’s supercontinent. The metapelitic sequences 
(Arroio Areião, Cerro Cambará lithodemic units) displays a 
more incongruent maximum depositional age, thus being 
studied here in more detail. 

The depositional age of schists are constrained between 
a minimum depositional age obtained from metavolcanic 
rocks of ca. 780 Ma (Porcher et al., 1999), and maximum 
depositional age (younger detrital zircon ages) indicated by 
Gaussian peaks of ca. 570 - 620 Ma (Basei et al., 2008; 
Pertille et al., 2015b). Previous works considered the 
deposition age as ca. 880 Ma, as suggested by maximum 
depositional ages from Santana Formation (fm.). with U-
Pb detrital zircon ages (Hartmann et al., 2004; Saalmann et 
al., 2006; Pertille et al., 2015a), which could still hold 

significance, taking into account that different lithodemic 
units could have been deposited at different times. 

Uncertainties in these depositional ages have resulted in 
different interpretations about evolution of PMC and, 
therefore, these same uncertainties remain to the central 
part of the DFB, including diachronism of volcanic events 
and sedimentary deposition on the passive/rifting margins 
of Congo/Kalahari and RdLP cratons. 

We present data on whole-rock (Sm-Nd, Pb-Pb) and 
qualitative zircon U-Pb detrital zircon ages of one sample 
from a metarenite, which may help to unravel provenance 
and source-areas already discussed in other works 
(Saalmann et al., 2010; Basei et al., 2011; Gruber et al., 
2011; Pertille et al., 2015a; Pertille et al., 2015b), besides the 
possibility of a syn-depositional volcanism in the vicinity of 
the PMC paleobasin, and its implications to 
paleoreconstructions of DFB. 

 

1.1. Geological setting 
 

The PMC crops out in the Central Domain (Fernandes 
et al., 1995a) (Fig. 2A) of the DFB in Rio Grande do Sul 
state. The DFB is the southern Brazil part of a long and 
discontinuous Neoproterozoic orogenic belt (Fig. 1B and 
C). It can be resumed as follows: from west (proximal to La 
Plata craton) to east (Atlantic margin) are the São Gabriel 
Block, composed of juvenile calk-alcaline granitoids and 
metasedimentary sequences deposited in a back-arc system 
(Hasui et al., 1975; Almeida et al., 1981; Hartmann et al., 
2000; Saalmann et al., 2005); east of São Gabriel Block 
stands the Camaquã Basin, a late-to-post orogenic fault-
bonded basin with development in the late Neoproterozoic 
(Borba et al., 2006). The most prominent tectonic domain 
of DFB is the Pelotas Batholith, composed of six granite 
suites and small exposures of granitic-gneissic complexes 
and Paleoproterozoic basement (Phillip and Machado, 
2005). 

In the Rio Grande do Sul district, the DFB can be 
divided in three major tectonic domains (Fernandes et al., 
1995a; Fernandes et al., 1995b) (Fig. 1B): (i) the western 
domain, separated from the central domain by the 
Caçapava Suture, is interpreted as a magmatic arc with 
juvenile crust and tectonically interleaved with remnants of 
ophiolites and supracrustal rocks. It is separated from the 
Rio de La Plata craton by the São Gabriel Suture 
(Fernandes et al., 1995b); (ii) the central domain is 
composed by palaeoproterozoic rocks interpreted as a 
tectonically reworked segment of the Rio de La Plata 
Craton. It was separated from the mainland during the 
opening of a marginal basin which widening evolved into 
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the Charrua Sea (Fragoso-César, 1991); and (iii) the eastern 
domain is composed of calc-alkaline orogenic granitoids 
interpreted as part of a Neoproterozoic continental-margin 

magmatic arc and is separated from the central domain by 
the Porto Alegre Suture, a major gravimetric and 
magnetometric anomaly. 

 

 
Fig. 2. A: Schematic geological map of the Porongos Complex (modified from Porcher and Fernandes, 1990) (dotted line in Fig. 1) 
with locations of analyzed samples; 207Pb/206Pb zircon ages from metasedimentary rocks are displayed in the map (from Gruber et al., 
2011); B: Detritic zircon distribution (207Pb/206Pb ages) of Porongos metasedimentary sequences (from Gruber et al., 2011). All analysis 
displayed are less than 10% discordant, with age uncertainties smaller than 20% (2σ). The age of volcanism is from Porcher et al. (1999) 
and Saalmann et al. (2010). Analytical methods used in this analysis can be obtained in Simon et al. (2004) and Chemale et al. (2012); C, 
D: Petrographic features of sample POR 18, showing quartz and plagioclase aggregates with interlayered mica (Polarized light); B, D: 
Cross-polars photograph for the same sample, displaying interlobed contact between quartz grains. 

 

In the southern continuation (Uruguay), the DFB is 
represented by its eastern domain. Following recent works, 
the DFB is considered separated from RdLP by the Sierra 
Balena Shear Zone (SBSZ) to the west, which overprints 
the Porto Alegre Suture in Brazil. The age of low 
temperature of latest stage of deformation in the SBSZ was 
dated by 40Ar-39Ar at 580-550 Ma (Oyhantçabal et al., 
2010). The eastern domain’s oldest lithodemic units are 
represented in the Cerro Olivo Complex (Gross et al., 
2009), intruded by the ca. 800 Ma Cerro Bori orthogneisses, 
interpreted as a Neoproterozoic continental volcanic arc 
(Lenz et al., 2011). 

The PMC outcrops in a NE-SW trending terrain 150 km 
long and 10 to 15 km wide, with minor segments of its 
basement, the Encantadas Complex, tectonically interleaved 
in the west portion. The PMC is composed mainly of 

metasedimentary and metavolcanic sequences intruded by 
granitoid sheets. However, the original stratigraphy is 
poorly preserved due to superimposed deformation and 
metamorphism including high strain zones (Jost and 
Bitencourt, 1980; Fernandes et al., 1992; Fernandes et al., 
1993). 

The lithodemic units comprising DFB are affected by 
syn-to-post accretionary strain of what is interpreted as 
successive subductions and collisions (Fernandes et al., 
1995a; Frantz et al., 1999) or the collision of a microplate 
or terrain on the reworked margin (Tandilla belt) of RdLP 
(Chemale, 2000; Rapela et al., 2011; Chemale et al., 2012). 
This same strain is responsible, at least in part, for the 
obliteration of the original framework of the PMC 
metasedimentary sequences and intrusive rocks. Lack of 
primary contacts, bedding and way-up criteria also cause 
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stratigraphic relationship to be a problematic issue. The 
best constraining regarding the PMC paleobasin fill is 
suggested by lack of Neoproterozoic zircon detrital grains 
in the quartzites of Santana Formation, with a maximum 
depositional age for these quartzites of ca. 1.7 Ga (Pertille 
et al., 2015a). 

The outcropping pattern of the PMC is controlled by 
regional NE-SW antiforms, that folded the main ductile 
fabric, and by late NE-SW strike slip and normal faults.  In 
the PMC central-west portion, the metasedimentary 
lithodemic units outcropping are exposed along the limbs 
of the Santana da Boa Vista Antiform (Fig. 2A). Two 
metasedimentary units are classified accordingly to having 
an autochthone and para- autochthone origin and named as 
Arroio Areião schists and the Cerro Cambará schists, 
respectively (Jost and Bitencourt, 1980). These units are 
interlayered by mylonitic granitoids and quartz mylonite 
lenses. This antiform structure continues to the south, with 
the same conditions of tectonic imbrication (Porcher, 1990) 
in the Serra do Godinho Antiform, where metandesitic 
rocks are observed in the sequence (Chemale, 2000). 
Basement rocks (mainly high-grade gneisses and 
amphibolites of the Encantadas Complex) exposed in these 
antiforms cores are in tectonic contact with PMC rocks by 
folded shear zones with top to NE-SW stretching lineation 
and top to NE cinematic indicators (Porcher and 
Fernandes, 1990). To the central-north of this structure is 
the Serra dos Pedrosas Antiform, whose rocks comprise 
metapelites and metavolcanics from the Cerro Cambará, 
Rincão do Maranhão and Cerro do Facão schists. These 
display a higher degree of metamorphism with P-T 
conditions up to amphibolite facies. The timing of peak of 
progressive metamorphism was estimated with the 
mylonitic fabric that reworked the progressive 
metamorphic assemblage was dated between 507 ± 38 to 
524 ± 17 in mylonitic schists in the western area of PMC 
(Lenz, 2006).  

Schists from both Arroio Areião and Cerro Cambará 
have almost the same mineralogy and textures, with S2 
foliation and main mineralogy of chlorite ± muscovite ± 
biotite and quartz. Provenance U-Pb zircon data indicates 
prevalence of sources of ca. 2.2 - 2.0 Ga (Fig. 2B), with 
minor Gaussian peaks of 1.6, 1.2 and 1.0 Ga (Basei et al., 
2011; Gruber et al., 2011; Pertille et al., 2015a; Pertille et al., 
2015b).  In the northwest of PMC, serpentinites interpreted 
as being of ophiolite signature occur in the Capané 
Antiform, associated with basic to acidic metavolcanic 
rocks, alkaline orthogneiss and metasedimentary rocks 
ranging from metaconglomerates to pelitic schists (Marques 
et al., 2003; Gollmann et al., 2008). The meta-ultramafic 

lithodemic unit is interpreted as a mélange tectonically 
emplaced in the volcanic and sedimentary rocks, which is 
interpreted as a subduction of oceanic crust (Marques et al., 
1998a, Marques et al., 1998b). Ar-Ar ages obtained from 
micas in the Capané schists displayed ages of ca. 600 Ma, 
thus indicating a possible minimum age deposition to these 
schists sequences (Porcher et al., 2010). 

The geochronological data and geological 
interpretations presented in this section are summarized in 
Figure 3. 

 

2. Material and methods 

 

2.1. Samples 
 

Fourteen samples were collected in the western, eastern 
and southeastern limbs of the Santana da Boa Vista and 
Cerro do Godinho Antiforms. Sample location is shown in 
Figure 2A. Samples consist of metapelites, mainly chlorite-
muscovite schists (POR13, POR12, POR06 and POR04 
from the eastern side of the Santana Antiform; and RIP03, 
RIP05, RIP06, RIP07 and RIP09 from the western and 
southern areas of the same antiform, as well as from one 
area to the north of Cerro do Godinho Antiform), 
Chlorite-muscovite phyllite from south of Cerro do 
Godinho Antiform (RIP 15) and quartz mylonites (RIP11) 
from the eastern limb of the same antiform. Two (quartz)-
muscovite-chlorite schists were collected from the eastern 
side of Santana Antiform (POR11 and POR06). Also from 
the eastern Santana Antiform, a fine-grained metarenite was 
collected (POR18). Petrography depicts feldspar-quartz and 
muscovite-chlorite in an oriented matrix. Deformed 
plagioclase are presented with grain size <0.2mm, and 
smaller grains of chlorite and micas in millimeter lenses, 
with plagioclase porphyroclasts in a biotite-quartz-feldspatic 
lepidoblastic matrix (Fig. 2C, D), also displaying iron 
oxides. 

Other metapelitic sample display quartz lenses of 
millimeter to centimeter thickness in schist samples of the 
eastern areas (POR11), with quartz and recrystallized 
plagioclase occurring in centimetric to millimetric 
porphyroclasts (see Supplementary materials 1-3 for 
summary on sample descriptions). Quartz boudins are 
common. Matrix generally displays granoblastic quartz with 
folded pervasive micas. Some quartz lenses occur parallel to 
folding, whereas some occur at high angle (90°). Some mica 
displays augen features with quartz grains. Muscovite 
displays bookshelves with granoblastic quartz. Parasitic 
folds occur marked by asymmetric foliation and 
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crenulation. In some samples (POR 04, 06, 11) occur 
phlogopite in intrafolial fold within the lepidoblastic matrix. 
The lepidoblastic matrix is composed of thin lenses of 

<1mm biotite, interlayered between polygonal granoblastic 
quartz and plagioclase grains varying from 0.2 to 0.6 mm. 
Table 1 presents a summary of analyzed samples. 

 

 

Fig. 3. Summarized comparison of zircon magmatic and metamorphic ages from the main cratons and mobile belts associated with 
DFB and PMC. Modified from Rapella et al. (2011), with added data from Lenz et al. (2011), Lenz et al. (2012), Lena et al. (2014), 
Lopes et al. (2015), Foster et al. (2015) and references therein. 

 

2.2. Whole-rock geochemistry and isotopic analytical techniques 
 

All the isotopic analyses discussed here were carried out 
at the Isotope Geology Laboratory of Rio Grande do Sul 
Federal University (UFRGS). 

Whole-rock major and minor element geochemistry 
analyses were carried out in samples POR 04, 06, 11, 12, 13 
and 18 using a Rigaku RIX 2000 X Ray Fluorescence 
(XRF) at the Geochemistry Laboratory of UFRGS. All 
analyzed samples displayed high loss on ignition values, 
being indicative that these samples were affected by 
alteration. More details on the methodology can be 
obtained in Brown et al. (1973).  

For Sm-Nd analyses (samples POR04, POR06, POR11, 
POR12 POR13, POR18, RIP03, RIP05, RIP06, RIP07, 
RIP09, RIP11, RIP13 and RIP15), sample dissolution was 
carried out in Teflon Savillex beakers, with Sm and Nd 
extraction from about 0.15g whole-rock powders from each 
sample. Conventional chromatography cation-exchange 
methods were used, with dissolution in HNO3 and HF in 
Savillex® vials, with the addition of mixed 149Sm/150Nd 
tracer. REEs were separated in cationic exchange AG- 
50W-X8 resin columns (200 to 400 mesh), and Sm was 
separated from Nd with anionic exchange LN-B50-A resin 
columns (100 to 200 μm). The analyses were carried out 
using a Finnigan Neptune ICP-MS.  
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Uncertainties on Sm/Nd and 143Nd/144Nd ratios are 
considered better than ± 0.1% (1σ) and ± 0.00001 (1σ), 
respectively, based on repeated analysis of BHVO-1 
standard. 143Nd/144Nd was normalized to 146Nd/144Nd ratio 

of 0.7219. The raw data were reduced using Excel macros 
made in house. Details on sample dissolution and analysis 
parameters can be found in Gioia and Pimentel (2000). 
TDM values were calculated using DePaolo (1981) model. 

 

Tab. 1. Summary of samples; samples marked with (*) means analysis published in Gruber et al (2011). ESA – East of Santana da Boa 

Vista Antiform; WSA – West of Santana da Boa Vista Antiform; ECG – East of Cerro do Godinho Antiform; SDP – Serra dos 

Pedrosas Antiform. 
 

Sample UTM Lithodemic Unit Rock Mineralogy Analysis 

POR 04 
0295050 m E 

6570950 m S 
Cerro Cambará (ESA) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

POR 06 

0294500 m E 

6577850 m S 

 

Arroio Areião (ESA) 
Chlorite-muscovite 

schist 
Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

POR 11 
0299250 m E 

6580202 m S 
Arroio Areião (ESA) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb, Sm-Nd 

POR 12 
0303845 m E 

6580950 m S 
Cerro Cambará 

Quartz-muscovite 
schist 

Muscovite, Quartz 
Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

POR 13 

0304250 m E 

6585050 m S 

 

Arroio Areião (ESA) Muscovite schist Muscovite, Quartz 
Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

POR 18 
0303100 m E 

6585650 m S 
Arroio Areião (ESA) Metarenite 

Quartz, Plagioclase 
Muscovite, Biotite, 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) 

RIP 03 
0285108 m E 

6575214 m S 
Arroio Areião (WSA) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz ± 

Carbonate 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

RIP 05 
0285835 m E 

6573864 m S 

Arroio Areião 

(WSA) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz ± 

Carbonate 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

RIP 06 
0285952 m E 

6572869 m S 

Arroio Areião 

(WSA) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz 

± Carbonate 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

RIP 07 
0285999 m E 

6572527 m S 
Arroio Areião (ECG) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb, Sm-Nd, 
U-Pb (zircon) * 

RIP 09 
0287367 m E 

6564841 m S 
Arroio Areião (ECG) 

Chlorite-muscovite 
schist 

Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb, Sm-Nd 

RIP 11 
0286715 m E 

6562808 m S 

Quartz Mylonite 
(ECG) 

Quartz mylonite 
Quartz, Plagioclase, 

Muscovite 
Pb-Pb, U-Pb 

(zircon) * 

RIP 13 
0275535 m E 

6530189 m S 
Arroio Areião (ECG) 

Quartz-muscovite 
schist 

Muscovite, Quartz Pb-Pb 

RIP 15 
0275555 m E 

6527489 m S 
Arroio Areião (ECG) 

Chlorite-muscovite 
phyllite 

Chlorite, Muscovite, 
Plagioclase, Quartz 

Pb-Pb 
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Pb-Pb analyses (samples POR04, POR06, POR11, 
POR12 POR13, POR18, RIP03, RIP05, RIP06, RIP07, 
RIP09, RIP11, RIP13 and RIP15) were carried out with the 
same sample dissolution, and were analyzed in Finnigan 
Neptune ICPMS. Uncertainties on 207Pb/206Pb are 
considered better than ± 0.1% (1σ) and ± 0.001 (1σ), 
respectively, based on repeated analyses of BHVO-1 
standard. Details in sample dissolution and analysis 
parameters can be found at Abre et al. (2012). 

 

2.3. Zircon U-Pb geochronology 
 

Zircon grains were mounted in epoxy mounts. Images 
of zircons were obtained using an optical microscope as 
well as a back-scattered electron detector coupled to a 
JEOL JSM 5800 electron microscope. Zircon grains were 
dated with laser ablation microprobe (New Wave UP213) 
coupled to a MC-ICP-MS (ThermoFinnigan-Neptune) at 
the Isotope Geology Laboratory of UFRGS. Isotope data 
where acquired using static mode with spot size of 25 µm, 
with frequency of 10 Hz and intensity of ~4 J/cm2. 
Analyses were made in 40 cycles of 1 s, with laser-induced 
elemental fractionation and instrumental mass 
discrimination corrected by GJ-1 (standard zircon) with 
the measurement of two GJ-1 analyses to every ten 
sample zircon spots. Details on configuration and other 
analysis parameters can be found in Chemale et al. (2012). 
The external error was calculated after propagation of the 
error of the GJ-1 mean and the individual sample zircon. 
Data were reduced using in-house programs developed at 
the Isotope Geology Laboratory of UFRGS. Age 
calculations were carried out with ISOPLOT 3.0 (Ludwig, 
2003). 

 

3. Results 
 

3.1. Whole rock geochemistry 
 

CIA (Chemical Index of Alteration) values, which 
indicates influence of original weathering on sediments 
composition varied from 65.19 to 85.96. Metarenite 
displayed a value of 77.35, which is characteristic of 
middle to highly weathered sediments (Nesbitt and 
Young, 1982; Taylor and McLennan, 1985). These values 
could also be representing remobilization, since 
hydrothermal liquids from metamorphism could lead to 
alteration of the original composition of these values.  

SiO2 and Al2O3 content indicate sedimentary 
protoliths with granitic composition compared to granite 

and mafic standards. Values of TiO2/Zr below 0.33 were 
found in samples POR11, POR12, POR18, indicative of 
pelitic sources in the original composition. When 
compared to other chlorite schists, quartzites and phyllites 
from Capané Antiform, the values found in Santana da 
Boa Vista Antiform presents a diversity of protolith 
composition, with the metarenite (POR18) composed of 
mature sediments (pelitic sources). 

 

3.2. Sm-Nd isotope geochemistry 
 

ƐNd(T) (Fig. 4A) values were calculated for ca.750 Ma, 
which can be used as average age of deposition for all PMC 
metasediments. 

Samples from metasedimentary rocks of the Rincão do 
Maranhão, Cerro Cambará and Cerro do Facão show less 

variation in TDM and ƐNd values when compared with those 
from the Arroio Areião sequence. For the Cerro Cambará 
rocks, TDM values are of ca. 1.74 Ga in the Santana da Boa 
Vista Antiform, and range from 1.56 to 1.90 Ga in the 
Serra dos Pedrosas antiform. Supracrustal rocks from the 
Serra dos Pedrosas Antiform includes the Rincão do 
Maranhão schists, which display TDM values between 1.71 
and 1.75 Ga, and the Cerro do Facão metasediments, with 
TDM values varying from 1.64 to 2.00 Ga (Fig. 4B). Rocks 
of the Arroio Areião displays a more varied pattern for 

both model ages and ƐNd values, with TDM varying between 

1.40 and 2.58 Ga, and ƐNd(T) at the age of deposition 
varying from -11.5 to 0.7 (Fig. 4C).  

ƐNd values of the Arroio Areião near the eastern flank of 
the Santana da Boa Vista Antiform suggest mafic source-
rocks, possibly those from northern part of the belt. 

Variation of Nd (ppm) vs ƐNd (T) suggests mixture between 
detrital sedimentary and volcanic rocks in the source of the 
Arroio Areião schists (Fig. 4D). Considering f(Sm/Nd), 
there are at least two end-sources (POR18 – similar to 
metabasalts from Antiform Capané; and RIP11 – close to 

negative ƐNd, Gneisses from Encantadas Complex) and the 
rest of samples plotting in between these (Fig. 4E). 

 

3.3. Pb-Pb isotope geochemistry 
 

Although Pb is a more mobile element than Sm and Nd 
during secondary processes, comparisons between 
thorogenic and uranogenic Pb may be used to help 
distinguishing between different tracts of sialic crust and, 
therefore, source rocks of detrital sedimentary rocks (Kay 
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Fig. 4. A: ԐNd vs. time diagram of the analyzed samples. Metabasalts Arroio Capané data from Gollmann et al. (2008); Encantadas 

complex from Chemale (2000); B: Plot of the TDM ages for ƐNd (T=0) for analyzed samples; samples from Arroio Areião 

metasediments have a stronger dispersion, whereas metasediments from Cerro Cambará, Rincão do Maranhão and Cerro do Facão 

have TDM and ƐNd less variations; in comparison, metavolcanics of Capané Antiform displays a trend similar to the metasediments of 

Arroio Areião, with the exception of sample POR 18; C: Variation of TDM ages for ƐNd (T=750Ma), with Arroio Areião 

metasediments showing a broader occurrence of ƐNd(t), with the more juvenile sample being the metarenite sample from east of 

Santana da Boa Vista Antiform (POR 18); metasediments from other units displays negative ƐNd values, with the more negative being 

sample from quartz mylonite localized at south of Santana da Boa Vista Antiform; D: Diagram of Nd (ppm) against ƐNd(t), where 

Arroio Areião samples displays again large variations; samples from Cerro Cambará and Cerro do Facão displays almost the same 

quantities of Nd; E: f(Sm/Nd) displaying mixture between two end-members (POR18/ metagabros from Capané Antiform – green 

circle -  and RIP11 /metavolcanics from Capane Antiform – red circle). Rincão do Maranhão and Cerro do Facão data from Lenz 

(2006); data on metavolcanics of Capané Antiform from Gollmann et al. (2008). 
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et al., 1996; Tosdal, 1996; Loewy et al., 2003 Schwartz and 

Gromet, 2004; Oyhantçabal et al., 2011).  

The samples investigated in this work, from both the 
Arroio Areião and the Cerro Cambará schists, have 
uranogenic 207Pb/204Pb ratios higher than 15.50, and 
206Pb/204Pb values higher than 18.55. Samples from 
Cerro Cambará plot near values for the Kalahari 
granitoids and Cerro Bori orthogneiss, with values 
varying from 206Pb/204Pb of ca. 19.0 and 207Pb/204Pb of 
ca. 15.75. Both thoranogenic and uranogenic values plot 
above the SandK (Stacey and Kramers, 1975) curve of 
evolution of crustal rocks, indicating sources that were 
highly radiogenic compared to average crust. 

Regarding the metasedimentary sequences described, 
they should be useful as an indicator of possible mixtures 
between strongly different source-areas. Basements like 

those of Laurentia display 206Pb/204Pb ratios below 19.0, 
and 207Pb/204Pb below 15.5, whereas these values for 
both Kalahari and RdLP cratons are substantially higher. 
The analysis of orthogneisses from Cerro Bori (in the 
Uruguayan eastern domain of DFB) has provided values 
comparable to those obtained in granitoids from Fafa, 
Africa (Lenz et al., 2012). 

Samples from Arroio Areião do display a broader 
pattern, plotting between those values typical of the 
Kalahari and RdLP cratons (Fig. 5A). Samples RIP 03 
and 05, located west of Santana Antiform, displayed very 
high radiogenic Pb content. Thoranogenic values 
suggests a variation on terrain sources from West and 
East of Santana da Boa Vista Antiform (Fig. 5B), 
although these metasediments probably have a common 
source. 

 

 
Fig. 5. A: Uranogenic 207Pb/204Pb vs. 206Pb/204Pb diagram displaying large compositional variation for samples from the Arroio Areião 

sequence, while samples of the Cerro Cambará display values within a narrower range; comparison with possible source cratons shows 

that there is no participation of sediments with Laurentian affinity (Eastern North America and Canada) and strong resemblance with 

African and RdLP sources, particularly Nico Perez and Punta del Este terrains (Modified from Oyhantçabal et al., 2011). Data from 

Cerro Bory presented by Lenz et al. (2012); B: Thoranogenic 208Pb/204Pb vs. 206Pb/204Pb, displaying metasediments from east and west 

of Santana da Boa Vista antiform; C: Median age calculated from zircon 238U/206Pb analysis on POR 18; D: Sedimentary rock 

classification (Herron, 1988), with faded fields indicating data from Petry (2014). 
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3.4. Geochronology 
 

Aiming to constraint possible depositional age and 
syn-depositional volcanism in the metasedimentary units, 
ten zircon grains of the sample POR 18 analyzed were 
selected to be studied here.  The Neoproterozoic nine 
concordant analyses resulted in 207Pb/206Pb ages varying 
from 765 ± 19 Ma to 796 ± 19 Ma (Fig. 6). Samples 
from schists of the same lithodemic unit have older 
zircon grains, ranging from 1113 ± 42 Ma to 2195 ± 31 
Ma (Gruber et al., 2011). The prevalence of ages 
clustered between 821 and 710 Ma, with a median age 
calculated with Isoplot (Ludwig, 2003) of 802 +26/-33 
Ma (Fig. 5C). 

 

4. Discussion 
  

4.1. Source areas 
 

Since practically all PMC samples analyzed in others 
works displayed detrital ages of ca. 2.2 and 2.0 Ga, 
Encantadas Complex, with magmatic crystallization zircon 
ages of 2.2 Ga; metamorphism of 2.0-1.8 Ga (Chemale, 
2000; Phillip et al., 2008) should have acted as a main 
source to all formations in the PMC. The Encantadas 
Complex displays negative εNd values (Chemale, 2000), 
reaffirming its contribution to the PMC metasediments 
displayed in Figure 4A. 

Similar detrital zircon ages (see Fig. 2B) occur in both 
the Arroio Areião and Cerro Cambará schists, although the 
younger ages obtained are from the first lithodemic unit 
(Gruber et al., 2011). High 207Pb/204Pb vs 206Pb/204Pb 
values (15.94-15.68 and 20.01-18.55) obtained in Arroio 
Areião schists indicate mixture between African sources 
with Elzeverian zircon ages with reworked RdLP 
sediments. Mesoproterozoic detrital zircon ages from Cerro 
Cambará displays the same U-Pb ages compared to Arroio 

Areião, although the ԐNd(0) value of -13 indicates evolved-
crustal sources. The Arroio Areião samples displays variable 

values both in ƐNd vs Nd (ppm) and in TDM vs. ԐNd (t), 
plotting next to values obtained in metavolcanics of Capané 
Antiform analyzed by Gollmann et al. (2008) (Fig. 4A). 
This suggests a tectonic setting where the sediments of 
Arroio Areião where deposited along volcanic rocks of ca. 
800-760 Ma (Porcher et al., 1999; Saalmann et al., 2010; 
Lenz et al., 2012). The presence of detrital zircon grains 
with the same ages from that obtained in zircons from 
metavolcanics rocks dating of ca. 780 Ma corroborates to 

the suggestion of Arroio Areião unit being a mixture of the 
older detritus, probably composed of quartz milonytes, 
with younger and juvenile volcanic local sources. 

Metabasalts with OIB-MORB geochemistry from 

Capané antiform displays slightly negative ԐNd (Gollmann et 
al., 2008), and TDM ages varying from Paleo to 
Mesoproterozoic, compatible with those of POR18 sample 

(ԐNd -0.6 and TDM 1.21 Ga) (Fig. 4A), which could argue 

favorable to the hypothesis of the less negative ԐNd 
metasediments of PMC having the same source as the 
material that generated the metabasalts. If they indeed have 
same source, the OIB-MORB characteristic of these 
metabasalts could represent consumption of oceanic crust 
in a collisional setting. In this case, another source could be 
argued to the Neoproterozoic record, as part of the Dom 
Feliciano arc (Chemale et al., 2012). These characteristic 
OIB-MORB metabasalts can argue favorably to an arc or 
back-arc setting to this PMC section, now localized in the 
northeastern section of the belt. Comparison between 
metasediments and metavolcanics from the Capané 
Antiform (Gollmann et al., 2008) suggests a strong 
similarity between the metasediment source rocks and 
Porongos metavolcanics, but volcanic zircon ages obtained 
in metatuffs from the Capané Antiform displayed younger 
ages than those obtained in Santana da Boa Vista Antiform, 
ranging from 601 ± 2.6 to 578 ± 1.6 Ma (Kohlrausch, 
2013).  

All samples from east and southeast of Santana da Boa 
Vista Antiform displays Pb/Pb values comparable to those 
of Nico Perez and Punta del Este terrains, with 206Pb/204Pb 
varying from ca. 21 to ca.18, and 207Pb/204Pb from ca.15.7 
to ca.15.9 (see Fig. 5A), nearer to the La Plata craton. Since 
there is less indicators of RdLP sources for 
Mesoproterozoic detrital zircon ages, and evidence for an 
agglutination of Braziliano terrains of Dom Feliciano and 
Nico Perez only in Neoproterozoic (Oyhantçabal et al., 
2011), the sources with ages younger than 0.9 Ga are 
probably derived from RdLP craton, principally the 
accreted terrains of Nico Perez and Mar del Plata, explained 
by the mixture between RdLP and African sources 
obtained in the metasediments of the PMC. 

 

4.2. Syn-volcanic deposition (ca. 780 Ma) 

 

The zircons dated in sample POR-18 could be implying 
a syn-depositional volcanic event. Following Congo-
Kalahari rifting phase (780-740 Ma), Adamastor Ocean 
begins consumption on its active margins until final stages 
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Fig. 6. BSE images from analyzed zircon grains presenting less than 10% discordance, 207Pb/206Pb ages are displayed in the spot 

positions.
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of Adamastor ocean basin closure (ca. 550 Ma, Gray et al., 

2006). The event of rifting could be marking here the initial 

development of an active margin at RdLP craton (Basei et 

al., 2011). 

 

4.3. Tectonic setting and evolution 
 

Paleoproterozoic (ca. 2.2 – 2.0 Ga) sources from 
basement, like Encantadas Complex (Fig. 3), hardly serves 
to constraining maximum and minimum timing of 
deposition of PMC metasedimentary rocks. The age of the 
agglutination of Encantadas Complex in the RdLP margin 
can be estimated between two models. One possibility is 
the age of deposition of PMC supracrustal rocks and the 
pos-depositional metamorphic fabric dated as a minimum 
age of Braziliano tectonic transcurrency of 540 Ma. The 
other possibility is a maximum age of subduction of an 
oceanic plate in a continental crust and subsequent 
metamorphism in the Paleoproterozoic (Phillip et al., 2008), 
with this continental volcanic arc opening the paleobasin 
after this tectonic event. Deposition of PMC quartzite units 
in the Santana da Boa Vista Antiform (Pertille et al., 2015a) 
occurred after developing of this margin (ca. 1.7 Ga). In the 
other hand, considering the data presented here, we can 
assume that the analyzed metarenite of PMC registers the 
continental arc volcanism of ca. 800 Ma. The deposition of 
this system should be younger than Paleo to 
Mesoproterozoic but older than the Braziliano 
transcurrency. Thus, the PMC paleobasin opened at ca. 0.9 
Ga, in a passive margin or rifting system in the Adamastor 
Ocean. The central section of DFB does have a rifting 
system active in the Tonian-Cryogenian that could 
corroborate this model (ca. 840 Ma, Basei et al., 2008), 
although these ages are not registered in the southern DFB. 

There is a low input of U-Pb provenance ages from 765 
to 690 Ma in the detrital record for schist samples to the 
north and south of the Santana da Boa Vista Antiform (see 
histogram data presented in Gruber et al., 2011; Basei et al., 
2011; Pertille et al., 2015a, 2015b, for more details), 
suggesting a non-deposition time span, or absence of 
source-areas of this age, and therefore can be interpreted as 
a change in tectonic setting. Since usually collisional settings 
produces low volumes of magma (Hawkesworth et al., 
2010), the final setting of Porongos paleobasin can be 
considered as a continental orogenic accretionary setting, 
considering the very low input of ca. 700 Ma or younger 
detrital zircons (see Hartmann et al., 2004; Gruber et al., 
2011; Basei et al., 2011; Pertille et al., 2015a, 2015b for 
more details in U-Pb provenance aspects of PMC). Sm-Nd 

geochemistry corroborates the hypothesis of a continental 
arc, since there predominance of negative to highly-

negative ԐNd in the analyzed samples. 

These ca. 820-760 Ma ages are about the same ages 
verified in metavolcanics from Santana da Boa Vista 
Antiform (Porcher et al., 1999; Saalmann et al., 2010), in 
metarenites from Punta Mogotes borehole (Rapela et al., 
2011) and in the Cerro Bori orthogneisses, interpreted as a 
continental volcanic arc (Lenz et al., 2012), which suggests 
a link between the U-Pb geochronological data obtained 
here and the evolution of continental margin in the RdLP 
craton. It’s important to note that there is registry of ca. 
780 Ma in SHRIMP U-Pb zircon ages obtained in a 3m-
sized tonalitic xenolith (Silva et al., 1997a), with granitic-
gneisses intruded in metasedimentary sequences of Pinheiro 
Machado Complex dated at ca. 631 Ma, interpreted as high 
grade metamorphism (Silva et al., 1997b). This tonalitic 
xenolith could be remnant of a ca. 800-780 Ma continental 
arc in the vicinity of PMC paleobasin. 

Varied profundity of some portions of the paleobasin 
inducted by differences in size of local basement also could 
have influence on the metamorphism occurring at some 
portions of PMC while others remain as an open basin in 
the Ediacaran (ca. 0.57 Ga), thus explaining some of the 
zircons displaying ca. 620-580 (Basei et al., 2008; Gruber et 
al., 2011; Pertille et al., 2015b). These detrital zircon ages 
are younger than some metamorphic events dated in the 
PMC, with ages obtained by Rb-Sr and Ar-Ar methods of 
ca. 600 Ma (Lenz, 2006; Porcher et al., 2010). In the case of 
a continental-collision tectonic setting, we should expect 
some degree of variability. Nonetheless, the geologic 
framework of the Complex does not permit a classic 
solution to the question of what was the environmental 
setting at time of deposition. 

 

5. Conclusions 
 

The metasediments from PMC presents remarkable 
geochemical and geochronological characteristics. Arroio 
Areião and Cerro Cambará schists in the east of Santana da 

Boa Vista Antiform displays less crustal-contaminated ƐNd 
factor (Arroio Areião) and Pb-Pb analysis trending to those 
obtained in rocks of Rio de La Plata craton. They are 
distinct from metasediments of Arroio Areião (Southwest 
of Santana da Boa Vista Antiform), Cerro Cambará (in East 
and Southeast of Santana da Boa Vista Antiform), Rincão 

do Maranhão and Cerro do Facão, with negative ԐNd and 
highly evolved crust in the sources. The quartz mylonites at 
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Santana da Boa Vista Antiform were originally sediments 

with very negative ԐNd, and Paleoproterozoic to Archean 
Nd model ages. 

PMC paleobasin should be localized somewhere 
between Kalahari, Congo and RdLP cratons, but Pb-Pb 
geochemistry suggests that RdLP was not a main source-
area in the Mesoproterozoic. More detailed studies in this 
aspect should provide a better understanding of the 
boundaries of RdLP craton with DFB.  

The PMC tectonic depositional setting of the Santana da 
Boa Vista Antiform schists (between ca. 780 Ma and ca. 
590 Ma, with maximum depositional age of ca. 570 Ma) 
evolves from a passive margin, probably related to the 
rifting system of Adamastor Ocean, into an accretionary 
margin basin, ending with the consumption of Adamastor 
ocean plate and continental collision between accreted 
terrains of Kalahari, Congo and RdLP cratons. The clastic 
mature lithodemic units (metarenite) were deposited at the 
same time as the volcanic rocks dated of ca. 780-800 Ma, 
thus indicating syn-depositional volcanism acting on the 
vicinity of PMC paleobasin. The same age interval (ca. 780-
800 Ma) is registered in other sections of DFB (Porcher et 
al., 1999; Saalmann et al., 2010; Rapela et al., 2011; Lenz et 
al., 2012; Pertille et al., 2015b), and were interpreted as the 
result of a continental volcanic arc (Lenz et al., 2012). 
Detrital record (from PMC and Punta Mogotes fm.) display 
concordance with those volcanic sources, indicating 
another evidence for the ca. 780-800 Ma continental arc 
acting during the pre-Gondwana amalgamation registered 
in the DFB. 
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Supplementary material 1. Laser Ablation ICP-MS U–Pb analyses. 

 

Sample POR 18   
Isotope ratios 

     
Ages (Ma) 

     
206Pb/ 

Th/U 
207Pb/ 1 s 206Pb/ 1 s 

Rho 
207Pb/ 1 s 206Pb/ 1 s 207Pb/ 1 s 207Pb/ 1 s % 

Spot number 204Pb 235U [%] 238U [%] 206Pbd [%] 238U abs 235U abs 206Pb abs Conc 

Zr-111-F-VI-01 2992 0.02 1.23789 2.90 0.13704 1.51 0.52 0.06552 2.47 828 13 818 24 791 20 105 

Zr-111-F-VI-02 3147 0.32 1.18410 3.36 0.13227 1.48 0.44 0.06493 3.02 801 12 793 27 772 23 104 

Zr-111-F-VI-03 2818 0.23 1.16344 3.36 0.12876 1.60 0.48 0.06553 2.95 781 12 784 26 791 23 99 

Zr-111-F-VI-04 5802 0.34 1.01296 3.27 0.11067 2.13 0.65 0.06638 2.49 677 14 710 23 818 20 83 

Zr-111-F-VI-05 5319 0.25 1.20014 2.89 0.13274 1.65 0.57 0.06557 2.37 803 13 801 23 793 19 101 

Zr-111-F-VI-07 9343 0.36 1.16708 3.65 0.13007 2.21 0.61 0.06508 2.90 788 17 785 29 777 23 101 

Zr-111-F-VI-08 3977 0.24 1.24506 2.81 0.13953 1.42 0.50 0.06472 2.43 842 12 821 23 765 19 110 

Zr-111-F-VI-09 5169 0.57 1.22760 3.45 0.13599 2.39 0.69 0.06547 2.48 822 20 813 28 790 20 104 

Zr-111-F-VI-10 3318 0.32 1.14121 3.30 0.12662 1.90 0.57 0.06537 2.70 769 15 773 26 786 21 98 

Zr-111-F-VI-11 3462 0.34 1.20104 3.10 0.13263 1.94 0.63 0.06568 2.42 803 16 801 25 796 19 101 



Journal of Sedimentary Environments 
Published by Universidade do Estado do Rio de Janeiro                                      
1(2): 196-215, April-June, 2016  
doi: 10.12957/jse.2016.22722 

RESEARCH PAPER 
 

 

214 

 

 

 

Supplementary material 2. Whole-rock Sm-Nd analyses. 

Sample Sm(ppm) Nd(ppm) 
147Sm/ 
144Nd 

143Nd/ 
144Nd 

Error (ppm) Epsilon Nd (0) Epsilon Nd (t) T DM 143Nd/144Nd (t=750) f(Sm/Nd) 

POR 04 6.37 32.03 0.12031 0.51197 43 -13.0 -5.7 1.73 0.51138 -0,388335689 

POR 06 0.74 3.81 0.11822 0.51208 56 -10.9 -3.5 1.53 0.51149 -0,398971572 

POR 11 5.18 27.45 0.11398 0.51212 40 -10.1 -2.2 1.40 0.51156 -0,420514416 

POR 12 7.26 35.58 0.12343 0.51201 39 -12.3 -5.3 1.73 0.51140 -0,372492077 

POR 13 15.15 75.93 0.12061 0.51199 13 -12.6 -5.4 1.71 0.51140 -0,386842886 

POR 18 2.52 12.53 0.12165 0.51231 65 -6.5 0.7 1.21 0.51171 -0,381542281 

RIP 03 4.14 18.12 0.13809 0.51176 13 -17.1 -11.5 2.58 0.51108 -0,297964718 

RIP 05 7.42 33.49 0.13399 0.51200 35 -12.4 -6.4 1.98 0.51134 -0,318817227 

RIP 06 0.51 2.58 0.11923 0.51173 24 -17.8 -10.4 2.11 0.51114 -0,393873079 

RIP 07 6.97 31.88 0.13212 0.51199 94 -12.7 -6.5 1.96 0.51134 -0,328303425 

RIP 09 5.02 23.40 0.12983 0.51195 13 -13.4 -7.0 1.97 0.51131 -0,339937685 

RIP 11 0.55 2.70 0.12307 0.51138 3 -24.7 -17.54 2.80 0.51077 -0,374314446 

RIP 13 8.19 37.44 0.13219 0.51182 83 -15.97 -9.80 2281 0.51117 -0,327966771 

RIP 15 8.56 40.65 0.12731 0.51195 57 -13.41 -6.77 1916 0.51132 -0,352767253 
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Supplementary material 3. Whole-rock Pb-Pb analyses. 

Sample name 
2 0 6 Pb/ 

2 0 4 Pb 
SE (%) 

2 0 7 Pb/ 

2 0 4 Pb 
SE (%) 

2 0 8 Pb/ 

2 0 4 Pb 
SE (%) 

2 0 8 Pb/ 

2 0 6 Pb 
SE (%)  

2 0 7 Pb/ 

2 0 6 Pb 
SE (%) 

POR 04  19.37561  0 .0083  15.74699  0 .0075  39.83039  0 .0075  2 .05567  0 .0023  0 .81272  0 .0016  

POR 06  19.19231  0 .0042  15.73182  0 .0054  39.89286  0 .0040  2 .07867  0 .0017  0 .81973  0 .0015  

POR 11  19.88524  0 .0078  15.78905  0 .0062  40.35159  0 .0072  2 .02918  0 .0038  0 .79399  0 .0014  

POR 12  18.81813  0 .0049  15.72727  0 .0049  39.05199  0 .0051  2 .07522  0 .0010  0 .83575  0 .0007  

POR 13  19.13910  0 .0009  15.74474  0 .0018  39.54444  0 .0024  2 .06614  0 .0019  0 .82263  0 .0015  

POR 18  20.01847  0 .0258  15.82259  0 .0260  39.95011  0 .0246  1 .99565  0 .0030  0 .79038  0 .0040  

RIP 03  19.61483  0 .0029  15.93771  0 .0026  40.84595  0 .0042  2 .08257  0 .0003  0 .81244  0 .0002  

RIP 05  20.01148  0 .0018  15.94995  0 .0016  40.31886  0 .0026  2 .01493  0 .0002  0 .79694  0 .0002  

RIP 06  19.01235  0 .0017  15.74994  0 .0016  38.79429  0 .0025  2 .04064  0 .0002  0 .82814  0 .0002  

RIP 07  19.71898  0 .0017  15.78861  0 .0015  39.60218  0 .0025  2 .00847  0 .0002  0 .80058  0 .0002  

RIP 09  18.55247  0 .0013  15.68252  0 .0012  38.68988  0 .0020  2 .08561  0 .0002  0 .84525  0 .0001  

RIP 11  19.27950  0 .0018  15.74303  0 .0017  38.48995  0 .0027  1 .99657  0 .0002  0 .81649  0 .0001  

RIP 13  19.78336  0 .0030  15.79877  0 .0027  41.59954  0 .0044  2 .10292  0 .0003  0 .79849  0 .0002  

RIP 15  18.60428  0 .0015  15.74809  0 .0014  39.55200  0 .0022  2 .12615  0 .0002  0 .84641  0 .0001  

 

 

 


