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Abstract

The use of aromatic steroids in geochemical studies is almost
absent in Brazilian sedimentary basins. For this reason, it is
intended to test the application of these compounds in high-
resolution stratigraphy in the relatively well known Lower
Permian Irati Formation. The Irati Formation is about 40
meters thick. It is thermally immature, and comprise two
lithological distinct members: the lower siliciclastic Taquaral
Member and the upper calcareous-siliciclastic Assisténcia
Member. Based on the whole rock data, mostly total organic
carbon, total sulfur, insoluble residue, Rock-Eval pyrolysis
and aromatic steroids biomarkers, was possible to split the
Irati Formation into seven chemostratigraphic units, named
from A to C in the Taquaral Member and from D to G in the
Assisténcia Member. Each of these units represents: distinct

1. Introduction

The Irati Formation is a sedimentary unit of the Parana
Basin that extends over an area of more than 4 million km?
(South America). It has been considered one of the most
important oil source horizon within this basin due to the
presence of organic-rich rocks (e.g. Milani et al., 2007).
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inputs of land derived organic matter  type
(chemostratigraphic units C and F) and/or; the response of
living organisms to salinity changing of the water system
(chemostratigraphic unit D) and; anoxia (chemostratigraphic
unit E) during sedimentation. The methodology applied in
this work can be used in other sedimentary basins but
considering the lithology and sedimentary environment
particularities.
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Parana Basin covers approximately 1,500,000 km?, from
which 1,100,000 km? are located in Brazil (Fig. 1; Milani et
al., 2007). It contains a stratigraphic record from the
Otdovician to the Upper Cretaceous, with a maximum
cumulative thickness of 7000 m (Milani et al., 2007).
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Milani et al. (2007) subdivided the stratigraphic units of
the Parand Basin in six second order sequences or
supersequences (Fig. 2).

The Irati Formation is included in Gondwana 1
Supersequence (Westphalian-Scythian), at the beginning of
the regressive third order cycle. It is subdivided into the
Taquaral and Assisténcia members. The lower member,
Taquaral, is essentially siliciclastic, deposited in an open
marine environment, and the upper member, Assisténcia, is
characterized by carbonates interbedded with bituminous
shale, deposited in a restricted marine environment
(Northfleet et al., 1969; Hachiro and Coimbra, 1991; Santos
Neto and Cerqueira, 1993; Rodrigues et al., 2010a, b; Alferes
etal., 2011; Gama and Rodrigues, 2011; Reis (2012), Reis and
Rodrigues, 2014; Euzébio et al., 2016).

The use of aromatic steroids in geochemical studies is
almost absent in Brazilian sedimentary basins. For this
reason, it is intended to test the application of these
compounds in high-resolution stratigraphy in the relatively
well known Lower Permian Irati Formation, Parand Basin
(Santos et al., 20006; Gutiérrez et al., 2010; Rocha-Campos et
al., 2011, Euzébio et al., 2016).

e g
=} Pantanal [+

Bolivia

CHACO
d
&
<
g

A U

200 Km

=IJSE

RESEARCH PAPER
2. Material and methods

A total of 29 rock samples previously analyzed for bulk
geochemical parameters were selected from the well SC-20-
RS (UTM coordinates: N 6496095.77 m, E 232067.79 m)
drilled by Companhia de Pesquisa de Recursos Minerais
(Mineral Resources Research Company; CPRM) 6 Km at
southern of the Pinheiro Machado city, Rio Grande do Sul
State, Brazil (Fig. 3). The analyzed interval ranges from 10 m
to 55 m. The upper section was not studied because it was

severely weathered.

The total organic carbon (TOC), total sulfur (S), insoluble
residue (IR) and Rock-Eval pyrolysis data are derived from
the work done by Reis (2012) and Reis and Rodrigues (2014)
jointly with newly acquired from aromatic biomarkers results.

The methodology applied to obtain TOC, S, IR and
Rock-Eval pyrolysis data are mentioned in Reis and
Rodrigues (2013). For aromatic biomarkers the used
procedures are described below.
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Fig. 1. Geological map of the Parana Basin and its geographical location. The sedimentary supersequenses that compose this

basin are mapped (adapted from Milani et al., 2007).
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Fig. 2. Stratigraphic chart of Parand Basin, with the indication of the six sequences (supersequences), according Milani et al. (2007). The
Irati Formation is included in Gondwana I Supersequence (Westphalian-Scythian). Legend. ALG = Alto Gargas Formation; IAP = Iap6
Formation; VLM = Vila Maria Formation; FUR = Furnas Formation; PGR = Ponta Grossa Formation; JGR = Jaguariaiva Member;
TBJ = Tibaji Member; SDM = Sio Domingo Member; ORT = Ortigueira “diamictite”; ITA = Itararé group; LAZ = Lagoa Azul
Formation; CMO = Campo Mourio Formation; TAC = Taciba Formation; RSL = Rio do Sul Member; AQU = Aquidauana Formation;
DRD = Dourados Formation; RBN = Rio Bonito Formation; PLM = Palermo Formation; IRT = Irati Formation; TRS = Teresina
Formation; SAL = Serra Alta Formation; CBT = Corumbatai Formation; RRT = Rio do Rasto Formation; SCB = Sanga do Cabral
Formation; PIR = Pirambdia Formation; SM = Santa Maria Formation; BOT = Botucatu; SGI. = Serra Geral; AR = Aracatuba
Formation; UB = Uberaba Formation; VP = Vale do Rio do Peixe Formation; GE = Goio Eré Formation; RP = Rio Parana Formation;
SA = Santo Anastacio Formation; MS = Serra da Galga Member of Matilia Formation; MP = Ponta Alta Member of Marilia Formation;
ME = Echapord Member of Marilia Formation; TU = Taitva volcanic rocks; PP = Presidente Prudente Formation; S] = Sio José do
Rio Preto Formation.
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Fig. 3. Location of the studied well and other wells under analysis, in the Southwestern Parana Basin. Modified from Reis (2012).

The powdered rock samples were extracted using
dichloromethane and fractionated in alkanes and aromatic
hydrocarbons. The aromatic biomarker analyses were
performed using a GC-MS (Agilent Technologies 6890 GC
coupled to an Agilent 5973 Mass Detector) and Mass
Spectrometry Agilent 7000 GC-MS-MS System with a triple
quadripole analyzer system. The attempt to identify the
organic compounds was performed by comparison with
literature mass spectra, retention time and elution order

(Peters et al., 2005).

Geochemical analyzes were carried out at the Laboratério
de Estratigrafia Quimica e Geoquimica Organica
(Chemostratigraphy and Organic Geochemistry Laboratory),
of the Universidade do Estado do Rio de Janeiro (LGQM/
UER)).

3. Results and discussion

The studied samples presented a great variability of valuesTOC
(0.08-16.90%), S (0.01-4.07%) and IR (14-96.40%). The results of
Rock-Eval pyrolysis also vary greatly: S2 ranged from 0.04 to 72.4
mg HC/g rock; hydrogen index (HI) varied between 7.78-516
mg HC/g TOC and; Tmax oscillated between 401-426 °C.
The detailed distribution of these parameters as well as the
aromatic ~ biomarkers  identified in  the  different
chemostratigraphic units is presented in the following sub-items.

3.1, Chemostratigraphy —and High-Resolution  Stratigraphy

Characterization

The Irati Formation is about 40 meters thick and is
thermally immature. Based on whole rock data, mostly TOC,
S and IR, as well as Rock-Eval pyrolysis data and aromatic
biomarkers, it was possible to split the Irati Formation in
seven chemostratigraphic units, named from A to C in the
Taquaral Member and from D to G in the Assisténcia
Member. Based on these data, was proposed a high-
resolution sequence stratigraphic for the Lower Permian Irati
Formation section of well SC-20-RS, where the maximum
flooding surface is characterized by the higher TOC and HI
values according to Reis (2012) e Reis and Rodrigues (2014).

3.2. Distribution patterns of demethylated and methylated
triaromatic steroids

3.2.1. Taquaral Member

Units A, B and C are essentially siliciclastic, as shown by
the RI data (85-96%). Units A is characterized by the
presence of C26(R)+C27(S) and C28 (S+R) demethylated
triaromatic steroids occurring in equivalent proportions. The
predominance of C28 (S+R) can be observed in the interval
B (TOC >2%), whereas higher abundance of
C26(R)+C27(S) was detected in unit C (Fig. 4).
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Fig. 4. Mass fragmentograms (/3 231, m/ 3 245 of aromatic fractions) showing distribution of demethylated and methylated triaromatic
steroids in the Taquaral Member (Chemostratigraphic Units A, B and C), respectively. Peak numbers represent the number of carbon

(C) atoms.

Methylated triaromatic (M/z 245) steroids in units A and
B can be distinguished by the higher proportion of C29
steroids mainly in unit B where TOC is also higher, whereas
in Unit C an increasing of C27+C28 steroids were observed
in the top session (Fig. 4).

3.2.2. Assisténcia Member

The lower carbonate, interbedded matls and shale section
(unit D; RI values ranging from 14-94%), deposited in
hypersaline conditions, based on alkanes biomarkers
according to Reis and Rodrigues (2013), are characterized by:
higher abundance of C28 (S+R); absence of C26 (S) and; low
proportion of C21-C22 short chain of triaromatic steroids
(Fig. 5). Similar results were also obtained by Riolo et al.
(19806) in the same sedimentary conditions. In the oil shale
section (unit E; RI: 80-95%; TOC: 1.51-16.90%; IH: 203-516
mg HC/g TOC), deposited under lower salinity and
strongest anoxic conditions, according to Reis and Rodrigues
(2013), there is a predominance of C26(R)+C27(S) with
increasing of C26(S) and C28 (S+R) in equivalent proportion
towards to the top, along with a corresponding increase in
TOC (Fig. 5). In the siliciclastic unit F (RI values ranging
from 90-96%), there is a predominance of C28 (§+R), lower
C27R, and a relative increase of lower homologues C21-C22
(Fig. 5). The upper carbonate and matl section (unit G)
deposited in oxic (RI: 24-34 %; TOC: 0.53-1.02%; IH 39-132
mg HC/g TOC; S2: 0.7-0.91 HC/g rock) and less restrict
sedimentary conditions, according to Reis and Rodrigues
(2013), display different demethylated steroids distributions

compared to the lower carbonate and marls (unit D) (Fig, 5).

The chemostratigraphic Units D and G (carbonate,
interbedded marls and shale as revealed by the RI data
ranging for the Unit D between14-94% and for the Unit G
between 24-34%, display equivalent proportions of C27/28,
C28/29 and C29 steroids, as also observed by Li et al. (2012)
in the same depositional conditions. An important variation
in the oil shale section (Unit E; RI: 80-95%; TOC: 1.51-
16.90%; IH: 203-516 mg HC/g TOC) occurs, related to the
predominance of C27/C28 and C28 steroids, and absence or
low proportions of C27 and C29 steroids (Fig. 6).

In the shale interval (RI values ranging from 90-96%), of
low TOC content (Unit F), deposited in oxic conditions
(TOC: 0.24-0.82 %; IH: 9-55 mg HC/g TOC), there is a
predominance of C29 steroid, which is quite similar to that
observed in the siliciclastic section of Taquaral Member (Fig.
0).

3.3. Distribution patterns of monoaromatic steroids
3.3.1. Taquaral Member

The siliciclastic units A and B are characterized by the
strong presence of rearranged structures, but in greater
relative abundance in unit A, probably related to its more oxic
depositional conditions (Riolo et al., 1986). Nonetheless, a
slight reduction of these isomers and a decrease in C28
steroids can be observed in unit B. However, unit C is
especially enriched with C27, C27+28 steroids, and
rearranged structures are absent (Fig. 7).
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Fig. 5. Representative mass chromatograms=M/z 231, showing disttibution of demethylated triaromatic steroid in soutce rocks extract
in the Assisténcia Member (chemostratigraphic units D-G). Peak numbers represent the number of C atoms.
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Fig. 6. Representative mass chromatograms. M/ 3 245 showing distribution of methyated triaromatic steroids in the Assisténcia Member
(chemostratigraphic units D-F). Peak numbers represent the number of C atoms.
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3.3.2. Assisténcia Member

In the marls and carbonates of chemostratigraphic units D and
G, deposited in a hypersaline restricted marine environment
according to Reis and Rodrigues (2013), C28+29 and C29 steroids
predominate, and rearranged structures are absent (Fig. 8

In the oil shale interval (Unit E) deposited in an anoxic marine
environment, there is an increase of C27 compounds and no
rearranged structures are observed. Instead, the siliciclastic Unit F
is characterized by the presence of rearranged structures (Fig. 8).

4. Conclusion

In the siliciclastic Taquaral Member, deposited in a
normal marine environment, the steroid compositional
variations observed are mostly related to the changes in oxy-
reduction conditions of the depositional environment.

In the Assisténcia Member, characterized by a siliciclastic-
carbonate sedimentation deposited in a hypersaline marine
environment, the bituminous shale intervals were deposited
in lower salinity conditions. The observed steroid
compositional variations are related to changes in the
lithology (carbonate-marl versus shale), oxy-reduction
conditions and salinity of the depositional environment.

The fingerprint of the demethylated triaromatic steroids
normally shows much less variation than their methylated
counterpart. However, compositional variations could be
obsetved in the oil shale interval, in which occurs a net
increasing of Cy e Cz7 homologous compared to the
composition of other chemostratigraphic units.

On the other hand, the methylated triaromatic steroids
have shown the best possibilities to be applied as a source
parameter: the predominance of Cz homologous in the low
TOC siliciclastic intervals C and F; the increasing of Co7 and
Cos homologous in the interbeds of shales, marls and
limestones (interval D) and; predominance of Cg
homologous in the oil shale interval E.

Variations in the relative amount of different homologous

of monoaromatic steroids are another geochemical

parameter difficult to be considered because of the co-elution
of the different isomers and homologues.

Up to now, the best parameter corresponds to the higher
amounts of rearranged structures in the low TOC siliciclastic
intervals (Taquaral Member and chemostratigraphic unit F of
Assisténcia Member), compared to the other intervals where
practically no rearranged structures were observed.
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