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Abstract

The Neoproterozoic Paraguay Belt in mid-eastern Mato Grosso, western Brazil, records the
geological evolution of the margins of western Gondwana. The lack of absolute geochronology for the
Paraguay Belt has hampered both regional and global stratigraphic correlations. Here we determine the
depositional age for the Peresopolis black slate that belongs to the base of the Cuiaba Group in the
Paraguay Belt using Re-Os geochronometry. We obtain a narrow Re-Os age interval of 784 += 8 Ma and
a juvenile initial "*’Os/"®*0s composition (Os;) of 0.15 + 0.03. These data indicate that the Peresopolis
black slate is Tonian in age and was deposited in a basin strongly influenced by the weathering of
juvenile material, and potentially linked to the early rifting of Rodinia on western Gondwana. These
slates record a time interval that is poorly represented in Brazil and with few counterparts in other
Neoproterozoic basins globally. As such, our work is a foundation for future geochemical correlations
and paleoenvironmental reconstructions of this critical transition of Earth history in Brazil and

elsewhere.
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1. Introduction

The geological record indicates that dramatic environmental changes occurred in the late
Neoproterozoic. These events, which included tectonic reorganization, diversification of life and
periodic swings between climatic extremes (Shields-Zhou and Och, 2011; Sahoo et al. 2012; Lyons et
al. 2014; Knoll and Nowak, 2017; Halverson et al. 2018), are so profound that they mark the end of an
Eon. However, limited chronostratigraphic constraints hamper our ability to reconstruct the complex
paleoenvironmental changes that occur during this period of Earth history (Halverson et al. 2018).

Existing temporal constraints show that the emplacement of large igneous provinces in the
Neoproterozoic between 825 and 717 million years ago (Ma) coincide with the breakup of the Rodinia
supercontinent (Evans, 2009) and global rift-related volcanism (Li et al. 2003; Knoll et al. 2006; Li et
al. 2008; Halverson et al. 2009; Cohen and Macdonald, 2015; Porter, 2016; Cox et al., 2016). This
tectonic reorganization enhanced sedimentation in several nearby marine basins, in particular along the
western margin of Gondwana (Brito Neves, 1999). It is thought that the shallow marine sediments in
the Paraguay Belt in Brazil record this major geodynamic transition.

Although the consensus holds that these sequences were deposited on the southern edge of the
Amazonian Craton, their depositional age remains unclear, hindering their use in worldwide
paleoenvironmental cross-correlations. Detrital zircon U-Pb chronology bracket a maximum possible
age of the source materials between 927 and 653 Ma (Batalha, 2017; Babinski et al. 2018). However,
such a range in ages are problematic because many large isotopic swings and two major glaciations
(Halverson et al. 2005) occurred in this period of the Neoproterozoic Earth.

A prerequisite for the reconstruction of the Neoproterozoic Earth by global correlation of
geological strata is precise age dating. Calibrating the Proterozoic Eon (2500 - 541 Ma) can be
challenging given that there are significant gaps, primarily due to the limitations of the biostratigraphic
record, and the fragmentary and consistently deformed sedimentary strata (Knoll and Nowak, 2017,
Halverson et al. 2018). Therefore, the goal of this study is to provide robust age constraints for the

Cuiaba Group, and with this, explore the potential future use of the Peresopolis slate as an indicator of



paleoenvironmental conditions for the Tonian period. Here we show the application of the rhenium-

osmium (Re-Os) isotope geochronometer to the Peresopolis black slates of the Cuiaba Group.

2. Geological background
2.1. The Paraguay Belt

The Paraguay Belt lies in the heart of South America, at the southeastern edge of the Amazon
Craton (Fig. 1). It consists of a sequence of metasedimentary rocks associated with the collision and
post-collision stages of the Brasiliano/Pan-African Orogeny (Alvarenga, 1990; Trompette, 1994;
Pimentel et al. 1996; Trindade et al. 2003; Tohver et al.2006). The waning stages of this orogeny are
recorded by a series of granitic intrusions between 540 and 518 + 4 Ma in the older units of the Paraguay
Belt (Almeida and Mantovani, 1975; McGee et al. 2012).

The Paraguay Belt (Fig. 1) is composed of the following stratigraphic units. The Nova Xavantina
unit, at the basement of the Cuiaba Group, records the initial stages of sedimentation and the following
metasedimentary units. It is directly overlain by the carbonate sequence of the Araras Group and of the
upper siliciclastic rocks from Alto Paraguai Group in the north. The Nova Xavantina unit comprises a
basal unit of mafic metavolcanic rocks that are overlain by a banded iron formation, carbon-rich pelites,
and covered by metasiltites and quartzites (Martinelli and Batista, 2003) (Fig. 2). The basal volcano-
sedimentary succession is interpreted to record initial seafloor spreading or a retro-arc basin (Pinho,
1990; Lacerda Filho et al. 2004). Despite few chronological constraints, the volcano-sedimentary
succession of the Nova Xavantina unit is thought to form the base of the Cuiaba Group (e.g., Saes et al.
2008) (See section 2.4).

The northwestern Amazonian Craton and the northeastern Brasilia Belt provided the main
sediment source for the Paraguay Belt units, with a minor component considered to have been derived
from the intraoceanic Goias arc to the east (Pimentel et al. 1991, 1997, 2000, Dantas et al. 2009, Batalha,
2017; McGee et al. 2014; Babinski et al., 2018; Pelosi et al. 2017). Deformation and metamorphism
intensity of the belt decreases toward the southern margin of the Amazon Craton (Alvarenga, 1988,
1990), with peak metamorphism (greenschist facies) being reached during the waning stages

Brasiliano/Pan-African orogeny (e.g., Manoel and Leite, 2018 and references therein). Coincident with



the late stages of the Brasiliano/Pan-African orogeny are a series of granitic intrusions (540 - 518 Ma;

Almeida and Mantovani, 1975; McGee et al. 2012; McGee et al. 2015).

2.2. The Cuiaba Group

The Cuiaba Group (Fig.2) is composed of metasedimentary rocks deposited under extensional
conditions leading to the development of a passive margin on southeastern Amazonian Craton (Lacerda
Filho et al. 2004; McGee et al. 2015; Trindade et al. 2006). It is divided into three formations: the basal
Campina de Pedras, the Acorizal, and the upper Coxip6 (Tokashiki and Saes, 2008). The base of the
Campina de Pedras Formation is dominantly carbon-rich pelites that are overlain by metarenites, calcitic
marbles, and feldspathic metagraywacke. This lithologic association suggests a deposition in a deep
lake system in tropical to semi-arid climate conditions related to the rifting and break-up of Rodinia
(Tokashiki and Saes, 2008; Beal, 2013). These rocks are covered by the younger glacio-marine and
turbiditic sediments of the upper units (Alvarenga et al. 2004). The Acorizal Formation comprises
massive diamictites, metaconglomerates, metarenites, and metapelites that are interpreted to represent
a glacial-marine sedimentary succession deposited proximal to the Amazonian Craton. The Coxip6
Formation is characterized by greenish-pinkish metadiamictites with faceted and striated pebbles
intercalated with metaturbidites of a postglacial sequence (Tokashiki and Saes, 2008; Beal, 2013;

Batalha, 2017).

2.3. The Peresopolis slate

The Peresopolis black slate was first recognized during a drilling campaign in mid-2014. It is
composed of a 65 m-thick fine-grained carbonaceous slate located at the northern limit of the exposed
Cuiaba Group (Fig.1). Within the current geological and stratigraphic subdivisions, the Peresopolis
black slates lies below the Coxip6 Fm. (cf section 2.2). The slate trends E-W and crops out as a slightly
folded tabular layer ca. 1,800 m long and 100 m wide. It sits in the northern flank of a regional anticline
conformably overlying carbon-poor slates (Fig. 3), and it is conformably overlain by fine-grained
metarenites. Raman spectroscopy on organic matter has shown that the unit was metamorphosed to low-

greenschist facies conditions, with peak metamorphic temperatures not exceeding ca. 300°C (Manoel



and Leite, 2018). The mineral assemblage includes quartz, muscovite and sulfides like pyrite and
sphalerite. The deposition of these slates may have occurred in a deep marine basin distant from the
cratonic area, probably associated with the E-W extension that started the sedimentation of the oldest

sequences of Nova Xavantina, at northeast of the Paraguay Belt (Dantas et al. 2007).

2.4. Lower Paraguay Belt Age constraints

Several U-Pb detrital zircon provenance studies of the Cuiaba Group present ages that range
between 652 + 5 Ma and 2 Ga (Batalha, 2017; Babinski et al. 2018). The Campina de Pedras and
Acorizal formations of the Cuiaba Group contain detrital zircons with a predominance of
Mesoproterozoic (1200 - 1250 Ma) ages. They are thought to reflect an Amazonian Craton provenance.
The youngest detrital zircon with a U-Pb age of 652 +£ 5 Ma was obtained from a diamictite within the
Marzagdo Member of the Coxip6é Formation which has been used to infer a post-Sturtian age for this

unit (Fig.2) (e.g., Babinski et al.2018).

Zircons from metavolcanic rocks of the Nova Xavantina yield Tonian U-Pb ages of 822, 771 and
750 Ma (Dantas et al. 2007, Silva, 2018), with the oldest being attributed to volcanism related to E-W
rifting that predated the Cuiaba basin (Dantas et al. 2007). The latter was followed by seafloor spreading
that triggered the deposition of the first sediments of the Paraguay Belt (Silva, 2018). Recent U-Pb
detrital zircon ages of 721 = 20 have been reported for a CIF (clastic iron formation) layer belonging to
a diamictite facies that lie stratigraphically below the banded iron formation of the Nova Xavantina unit

(Oliveira, 2018).

3. Methods

3.1. Sampling

The Peresopolis black slate is intersected by the drill core Ben03A at 100 m depth (latitude
14°40°49.17°’S, longitude 54°58°26.14’W) (Fig. 1). We selected thirty-six samples for TOC
measurements, with twelve samples between 8 to 40 m, each of approximately 20g, selected for Re and
Os abundance and isotope composition determinations (Fig. 3). The core samples are fresh and show

no evidence of weathering, veining, or secondary (diagenetic) pyrite. This supports that the organic



carbon present in the unit is composed of a mixture of hydrocarbons generated in-sifu by maturation of
the original algal and/or planktonic organic macromolecules, and of macromolecular kerogen
(Vandenbroucke and Largeau, 2007). It means that that the fossil organic materials that contain the Re
and Os have not been remobilized from another, potentially much younger or older, unit. Hence, our
Re-Os dating of organic material provides a robust assessment for the age of the unit. We note that the
organic carbon isotopic data for the Peresopolis black slate is homogeneous, with §*C values between

-28 and -29 %o (Manoel and Leite, 2018), which are typical for Neoproterozoic organic matter.

3.2. Total Organic Carbon (TOC)

Samples (n = 36) selected for TOC analysis from the core Ben03A (Fig. 3) were powdered
using an agate mortar at Laboratorio Multi-Usuério em Técnicas Analiticas (LAMUTA), Federal
University of Mato Grosso (UFMT). The weight percent of TOC content for the slates were determined
from the combustion of powdered samples previously treated by hydrochloric acid using a Leco carbon-

sulphur analyzer at Bureau Veritas Commodities, Canada.

3.3. Re-Os analysis

Twelve samples, ~20g each (> Scm), were polished using a diamond polishing wheel to eliminate
contamination from cutting and drilling marks. The samples were rinsed with MQ and then air dried at
60°C for ~12 hours, broken into chips with no metal contact. Samples were crushed to a fine powder
(~30 um) in an agate mortar at Laboratorio Multi-Usuario em Técnicas Analiticas (LAMUTA), Federal
University of Mato Grosso (UFMT). The Re-Os isotope analysis was carried out at the Durham
Geochemistry Centre (Laboratory for Sulphide and Source Rock Geochronology and Geochemistry) at
Durham University. For sample digestion, a Cr''-H,SO4 solution was employed to preferentially
dissolve the organic fraction of the samples and thus liberate hydrogenous Re and Os, avoiding the
contamination from detrital Re and Os (Selby and Creaser, 2003). About 0.5 g sample powder with a
known amount of a mixed '*°Os + '®Re tracer (spike) solution and 8 ml of 0.25 g/g Cr"'-H,SO4 (4N)
solution was digested in a sealed Carius tube for 48 h at 220°C. Osmium was purified using solvent

extraction (CHCI3) and micro-distillation methods. Rhenium was isolated from the osmium purified



acid solution using NaOH-C3HsO solvent extraction (Cumming et al., 2013) and anion bead
chromatography (Selby and Creaser, 2003). The purified Re and Os fractions were loaded onto Ni and
Pt filaments, respectively (Selby et al., 2007). We measured Rhenium and Os isotopic composition by
negative thermal ionization mass spectrometry (N-TIMS) (Creaser et al. 1991; Vilkening et al., 1991)
in the Arthur Holmes Laboratory at Durham University. Total procedural blanks during this study were
18.0+2.5pgand 0.12+0.05 pg (15 S.D., n=3) for Re and Os, respectively, with an average '*’Os/'**Os
value of 0.20 = 0.03 (n = 3). The "®"Re/'®0s and '*’0s/'**Os uncertainties are determined through full
propagation of uncertainties, including those in weighing, mass spectrometer measurements, spike

calibrations, blank abundances and reproducibility of standard values.

3.3.1. The Monte Carlo Simulation

The Isoplot program calculates an age through the regression of all the Re-Os isotopic data
together with the error correlation, rho (Table 2) (Ludwig, 2012). Applying the Isoplot approach, when
the probability of fit is lower than 15 %, a Model 3 age solution is automatically used and assumes that
the degree of scattering of the data about a line of best-fit cannot solely be attributed to by the assigned
analytical uncertainties. In such case, a best-fit of the data is achieved by accounting for an unknown
but normally distributed variation in the initial "*’Os/'**Os composition of the sample set.

An alternative method used to assess the Re-Os data is a Monte Carlo simulation, whereby
without assuming the sources of scatter, the method not only propagates the analytical uncertainties,
but also uncertainties arising from model uncertainties (i.e., difference in initial isotope composition,
varying ages, and/or isotopic disturbance within the sample/sample set) (Li et al. 2019). This method
critically avoids subjectively utilizing a cut-off value for the probability of data fit that is the
fundamental underlying approach of Isoplot Model 1 versus Model 3 methods (Ludwig, 2012), and

notably distinguishes between analytical and model uncertainties (Li et al. 2019).

4. Results — TOC and Re-Os data of the Peresopolis slate

The TOC of the sample set ranges between 0.3 and 16 wt%, with the upper 60 m of the

Peresopolis slate possessing > 8 wt% TOC (Table 1; Fig. 3). The twelve samples analyzed for Re-Os



geochronology possess 78 - 121 ppb Re, 1671 - 4113 ppt Osyora and 442 — 1328 ppt '*?Os (best estimate
of hydrogenous Os) (Table 2). The '®"Re/***Os values range between 160 and 436, which exhibit a
positive correlation with the '®’Os/"**Os compositions (2.26 - 5.90; Table 2). The regression of all the
Re-Os isotopic data together with the error correlation, rho (Table 2) yields an Isoplot Model 3 (see
section 3.3.1) Re-Os date of 783 + 10 Ma (2 sigma, n = 12, MSWD = 10.5), with an initial '*’Os/"**Os
isotopic ratio (Os;) of 0.16 = 0.04. When applying the Monte Carlo approach both date and its
uncertainty (783 + 10 Ma) as well as the initial '*’Os/'**0Os composition (0.16 + 0.04) (Fig. 4b) are
identical to those derived using the Isoplot v. 4.15 (Fig. 4a), which should be the case when the scatter

about the best-fit line of the data is significantly large (see table 2) (MSWD >>2.5; Li et al. 2019).

5. Discussion and Implications

5.1 Sources of age and '*’0s/"**0s composition uncertainties

The samples were selected to avoid any visible aspects that could lead to disturbance of the Re-
Os systematics (e.g., alteration, veining, etc.), although this cannot be entirely ruled out. We note that
sample BEN0O3CX08 at ~25 m yields a slightly more radiogenic initial '®’Os/"**Os composition
calculated at 783 Ma (0.21 + 0.01) and exhibits almost double the maximum deviation from the linear
best-fit of the entire data set (1.57; Table 2). Removing this sample yields a much better fit for the Re-
Os data (n = 11; Isoplot Model 3 — 784 £ 7 Ma, initial "*’Os/"**0s of 0.15 £ 0.03; MSWD =44, n=11;
Monte Carlo simulation — 784 + 8 Ma; initial "®’Os/"**Os of 0.15 £ 0.03), and suggest that the uncertainty
in the date is mostly caused by analytical (68 %) uncertainties rather than by model uncertainties (Fig.
5¢).

Both analytical and model uncertainties may be present despite refined measurements and careful
sample selection. A last critical issue is how isochronous the sample set is given that it encompasses
~32 m. For example, if a duration of 1 Myr is considered between each sample then the 32 m of the
sampled stratigraphy would represent ~11 Myrs. Calculating the initial '*’Os/"**Os values for each
sample according to a possible 1 Myr duration between samples, the initial '*’Os/'"®*Os values show

greater variation than the initial "*’Os/'®0Os at 783 Ma and exhibit a slight increase to more radiogenic



compositions stratigraphically (Table 1). Also, there is no positive relationship between the '*’Re/'**0Os
with the initial '¥’0s/'**Os, implying that the determined Re-Os age is not a function of mixing samples
with different ages and Os; (see table 2). The latter is further illustrated by the Re-Os data of the
stratigraphically youngest (CX3 and Ben04) and oldest (Ben03CX14 and Ben03CX10 —
stratigraphically highest samples with distinct "'Re/"**Os and '®"0s/'®*0s values) samples that
independently yield Re-Os ages that are identical within uncertainty (785.8 £ 7.3 Ma and 782 + 8.2 Ma,
respectively). Therefore, considering all sources of analytical, model and sample uncertainties, we
consider the best estimate of the depositional age of the Peresopolis black slate is 784 + 8 Ma [9
including the decay constant uncertainty of Smoliar et al. 1996], with an initial '*’Os/'**Os composition

of 0.15 £ 0.03 (Fig. 5b).

5.2 A pre-Sturtian age

To date, the uppermost unit of Cuiaba Group, the Coxipé Formation, is thought to represent a
postglacial sequence associated with turbidite deposition in a passive margin setting (e.g., Alvarenga
and Trompette, 1992; Batalha, 2017). Previous constraints from detrital zircon in a diamictite in the
upper Coxip6é Formation yields a maximum depositional age of ca. 652 Ma (e.g., Alvarenga and
Trompette, 1992; Batalha, 2017; Babinski et al. 2018), i.e., post-Sturtian (<660 Ma, Rooney et al. 2015).

Our pre-Sturtian depositional age of ca. 784 Ma (Fig. 5b) for the Peresopolis black slate suggests
that the unit may either be an extension of the stratigraphically lowest unit of the Cuiaba Group, i.e. the
Campina de Pedras Formation (cf section 2.2), or that it sits below the Cuiaba Group altogether.
However, our data does not permit the further evaluation of the potential stratigraphic position of the
Peresopolis slate. Regardless, the pre-Sturtian age of the unit offers a unique window into the Tonian
period and the pre-glacial Neoproterozoic Earth. Indeed, climate modelling suggests that global
temperatures decreased by ca. 4°C between 780 - 720 Ma (Goddéris et al. 2017), and this global climatic
event has been causally linked to the breakup of Rodinia and associated drawdown of CO; by basalt
weathering at low latitudes (Goddéris et al. 2017). The Sturtian glaciation (717 - 660 Ma, Rooney et al.
2015) marks the apex of this long-term cooling event. The Peresopolis black slate is a direct witness for

this transient period to a Snowball Earth system. Other rocks of the Cuiaba Group such as the BIFs of



Nova Xavantina unit may also be representative of the Sturtian glacial pericontinental sedimentary

environment.

5.3 Initial "*’0s/"*Os (Osi) composition and depositional environment

Our data provide additional insights into the depositional environment of the Peresopolis slate
which were not available before. The inferred '*"Os/"**Os values for Neoproterozoic seawater derived
from the initial '*’0s/'**0Os (Osi) compositions of organic-rich sedimentary rocks exhibit considerable
variability (0.12-1.44; Fig. 6). Post-Sturtian and Marinoan glacial deposits immediately following
deglaciation are typically characterized by radiogenic Os; values (ca. 1.0 and 1.2, respectively) in
response to extensive continental erosion during deglaciation (Fig. 5; Rooney et al. 2014, 2015, 2016).
Elevated Osi values may also reflect a decline in a juvenile mantle-like source and/or an increase in
continental input. For example, the moderately radiogenic Os; values (ca. 0.67) for the ca. 890 Ma
Shaler Supergroup, NW Canada, are attributed to continental erosion during amalgamation of Rodinia
(vanAcken et al. 2013). Radiogenic Os; values may also reflect specific basin conditions, such as spatial
restriction and/or a transition of non-marine (lacustrine) to marine settings (e.g., ca. 757 Ma Chuar
Group, North America, Os;= 1.13; Rooney et al. 2018).

In contrast, the non-radiogenic Os; values for the Peresopolis black slate (0.15 + 0.03) are more
typical of the Neoproterozoic pre-glacial values and notably similar to the low Os; values from the pre-
Sturtian Coppercap Formation (ca. 732 Ma; Os;= 0.15 £ 0.002; Rooney et al. 2014) (Fig. 6). As such,
the non-radiogenic Os; composition of the Peresopolis black slate suggests that a significant fraction of
the continental crust being eroded was mafic in composition. Although, the nature of this source can be
debated, the breakup of Rodinia was associated with intense mafic volcanism and the emplacement of
large igneous provinces (LIP) at low latitudes between 850 - 717 Ma. The major mid-Proterozoic LIP’s
are the Arabian-Nubian (ca. 850 Ma, Ernst et al. 2008), Guibei and Willouran (ca. 830 Ma, Ernst et al.
2008) and Gunbarrel (ca. 780 Ma, Harlan et al. 2003). Although weathering of all these LIPs could have
provided non-radiogenic Os to neighboring oceanic basins (e.g., Li et al. 2003; Halverson et al. 2007b;
Goddéris et al. 2003, 2017; Rooney et al. 2014, 2015, 2016; Cox et al., 2016), the Gunbarrel LIP is
more relevant as the source of non-radiogenic osmium given its geographic location and that it is

broadly contemporaneous with the deposition of the Peresopolis black slate. An additional source of



non-radiogenic osmium could also be the mafic lithologies of the Nova Xavantina Sequence (ca. 8§22,
771 and 750 Ma, Dantas et al. 2007; Silva et al. 2018) or the juvenile intraoceanic Goias arc (ca. 900 —
800 Ma Pimentel and Fuck, 1992). However, the latter is considered to have only played a minor role
in the supply of detritus to the basin (Pimentel et al. 1991, 1997, 2000, Dantas et al. 2009, Batalha,

2017; McGee et al. 2014; Babinski et al. 2018; Pelosi et al. 2017).

6. Conclusion

Our work provides the first direct age for sedimentation on a segment of the Paraguay Belt. A
Re-Os age of 784 + 8 [9] Ma for the Peresopolis black slate (Cuiaba Group, Paraguay Belt, western
Brazil) suggests that these rocks formed during the Tonian period of the early Neoproterozoic. It also
indicates that the deposition of the Peresopolis black slate coincided with the onset of a long-term global
cooling transition that ultimately led to the Sturtian glaciation (ca. 717 - 660 Ma), the first major global
glaciation of the Neoproterozoic.

The pre-Sturtian age and non-radiogenic '*’0s/'®0s compositions (0.15 + 0.03) of the
Peresopolis black slate suggest that the slate was deposited in a marine basin associated with rifting of
the supercontinent Rodinia, with the non-radiogenic osmium isotope composition most likely inherited
from weathered LIPs nearby: the Gunbarrel LIP, and/or the mafic lithologies of the Nova Xavantina
unit, and to a lesser extent the Goias arc. However, our data cannot discriminate between these potential
sources.

Finally, our work improves the existing chronostratigraphic constraints for the timing of
continental breakup on the western margin of Gondwana and further provides insight into the pre-
Cryogenian osmium isotope seawater record. As a geological and paleoenvironmental archive, the
Paraguay Belt provides insight into a poorly understood, but critical transition of Neoproterozoic Earth
history that predates the major glaciations. Based on our new Re-Os age constraints, further

geochemical study and global correlations will be explored.
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Figure Legends.
Fig. 1. Geological map of the Paraguay Belt with the main divisions based on geochronology and

lithostratigraphy. The yellow star represents the location of the core Ben03. Modified after McGee et



al. (2015). Units 1 and 2: intercalated pelites and carbon-rich pelites, marbles and metagreywacke; Unit
3 and 5: meta-conglomerates, metarenites and graded phyllites, meta-arkose and quartzite; Unit 4:
metadiamictites (Engenho Facies) and arenitic to pelitic meta rhythmites with dropstones (Cangas
Facies); Units 6, 7 and 8: phyllites, metadiamictites, quartzites (Mata-Mata Facies) and marbles (Guia

Facies). Undivided unit: quartzites, phyllites and metarenites.

Fig. 2. Possible stratigraphic column for the northern segment of the Cuiaba Group, modified after
Beal (2013). The unit numbers correspond to the subunits of Luz et al. (1980). Units 1 and 2: intercalated
pelites and carbon-rich pelites, marbles and metagreywacke; Unit 3 and 5: metaconglomerates,
metarenites and graded phyllites, meta-arkose and quartzite; Unit 4: metadiamictites (Engenho Facies)
and arenitic to pelitic meta rhythmites with dropstones (Cangas Facies); Units 6, 7 and 8: phyllites,
metadiamictites, quartzites (Mata-Mata Facies) and marbles (Guia Facies). The red star represents
horizons possessing U-Pb detrital zircon ages, with the youngest concordant age interpreted as
maximum depositional age: "’ Babinski et al. 2018. ® Batalha, 2017. The yellow star represents the Re-

Os age ® This work.

Fig. 3. Stratigraphic interval of the Peresopolis slate in the drillhole Ben03A showing the TOC values
and the sampled areas for Re-Os analysis and initial *’Os/'**Os (Osi) composition of the analyzed

samples.

Fig. 4. Re-Os chronology results of the 12 samples using the Monte Carlo based method and the Isoplot
program. (a) traditional isochron diagram using the algorithm of the Isoplot Program; (b) Monte Carlo
age simulation contour plot. (c¢) Monte Carlo results illustrating the analytical only and analytical +
model uncertainties contribution to the calculated age uncertainty at the 2-sigma level. See text for

discussion.

Fig. 5. Re-Os chronology results of the 11 samples using the Monte Carlo based method and the Isoplot
program. (a) traditional isochron diagram using the algorithm of the Isoplot Program; (b) Monte Carlo

age simulation contour plot. (c¢) Monte Carlo results illustrating the analytical only and analytical +



model uncertainties contribution to the calculated age uncertainty at the 2-sigma level. See text for

discussion.

Fig. 6. Compilation of the Neoproterozoic seawater '*’Os/"**Os composition derived from organic-rich
sedimentary rock analysis. References: (1) Rooney et al. 2010; (2) Gibson et al. 2017; (3) Bertoni et
al. 2014; (4) vanAcken et al. 2013; (5) Cohen et al. 2017; (6) This study (0.15+ 0.03); (7) Rooney et al.
2018; (8) Rooney et al. 2015; (9) Rooney et al. 2014; (10); Rooney et al. 2011; (11) Kendall et al. 2006;
(12) Zhu et al. 2013; (13) Kendall et al. 2004; (14) Kendall et al. 2009. The red bars illustrate the major
Neoproterozoic LIP’s and their relative magnitude: ca. 850 Ma Arabian/Nubian (A-N); ca. 830 Guibei
and Willouran (G-W); ca. 780 Ma Gunbarrel (G). The blue stripes represent the majors Neoproterozoic
glaciation: Sturtian (717 - 660 Ma), Marinoan (650 - 635 Ma) and Gaskiers (ca. 579 Ma). See text for

discussion.



