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Abstract

Tar sandstones occur in the Eastern Border of the Paraná
Basin, Brazil. An integrated spatial analys is of these
occurr ences was perform ed according to geologic al
fealu res present in lhe area. Airborne magnetometrics ,
gravimetric dala, field data and remote sensing were
applied. Based on these data the slructural framework
relaled to the occurrences was interpreted. Besides,
based on analysis of region al and field data , a genetic
model for the occurrences of tar sands tones in the area
was proposed . It was concluded that the best model
relates oil generation to the intrusion of Serra Geral sills in
the Permian Irati black shales; migration through faults
and dik e walls and accumulation in Triassic Pirambóia
Sandstones trapped by argillaceous layers and basic
dikes. The most preeminent structure on the area, the
Jacu Structure, is an example of the relationship between
geologic slructure and geomorphologic development,
which helps the understanding the location of the
occurrences.

Introduction

In the eastern parI of the Paraná Basin, tar sandstones
occur at about 15 localiti es. These mostly occur in
sandstones of the Triassic Pirambóia Formation, mainly in
its lower portion . The largest occurrence has about
5.700.000 barreis of oil (Thomaz Filho, 1982), derived
from the organi c-rich source rocks of the Irati Sub-Group
(Assistência Formation) . The tar sand genesi s is related
to Irati -Pirambóia Petrol eum System (Araújo ai ai., 2000).
The reservoir rocks are fluvia l and eolian sandstones of
the Pirambóia Formation. Maturation resulted from the
anomalous heal of basic igneous intrusions of Jurassic­
Cretaceous Serra Geral Formation . Although the tar
sandslon es have not been dated directly, occurrences are
relaled to basic dikes of the Serra Geral Formation. The
majorily of the occurr ences are located near fault zones
or Iineaments and lhere is also a strong relation to
structural highs . Many of them are located near or on
drainag e anomalies and on morphostructural block
bound aries.

This paper deals with the mapping of morphostruclures,
structura! discontinuities in rocks, dikes and their spatial
relation to the tar sand occurrences.

Airborne magnetometry was used mainly for the deteclion
of regional structures. Magnetometric land survey was

applied on detailed areas for the detection of basic rock
dikes . Gravity data was applied for the understanding of
the Jacu structure framework.

Interpreted geophysical data revealed a close relation
between tar sand occurrences and basic rock dikes .
Moreover, the gravimetric data helped the understanding
of the Jacu structure, which is a conspi cuous annular
drainage anomaly in the area . So, an important issue is
the study of the Jacu structure that is characterized as a
morphostructural high a nd a gravimetric low. The tar sand
occurrences are located mainly on the boundaries of the
Jacu struclure, which indicates a migration paltern .

The morphostructural analyses reveal ed a direct relation
between geomorphology and geology with the spatial
distribution of the tar sand occurrences.

Magnetometry

On the sludy area, the airborn e magnetic data were
applied to the detection of basic rocks and linear
structures, which include fault s and geologic block
boundaries.

The used database is part of the Botu catu Project
(Paulipetro, 1980). The survey was done with line spacing
of 2000 m with sampling at every 100 m and f1ying height
of 450 m. The f1ight direction is N-S. The survey was done
in 1980 from June until July .

During the processing of magnetic data it was considered
the geograph ical position of the survey due to the
behavior of magnetic anomalies in relation wilh Earth 's
magnetic field. Firstly , an important considered issue was
the levelling errors on used database. It was tested a
microl evelling correction (Geosoft, 2002) and a co-sine
filler correction. Both methods are suitable for used
database, but the lalter was successfully applied and
easily implemented. For the enhancement and
interpretation of the total magnetic intensity (TMI) data the
following methods were appli ed: reduclion to the pole,
computation of vertical derivatives, analytic signal and
automatic gain control (AGC) . The display of the airborne
magn etic is a pixel-image type, in which a raster image
was created by an image processing system. The grid
data presented was obtained in a projected form, using
Universal Transverse Mercator Projection (UTM) . The
data interpol ation was done on 500 m grid spacing .

Two main aspects were considered for the interpretation
(Figur e 1): linear and textural fealures. The linear features
were located betwe en high and low elongated magn etic
anomali es observed on the verl ical derivative and AGC
maps. The textural features were divided into two groups.
The first group corresponds to low frequency and med turn
inlensity anomalies related to buried bodies interpreted on
the reduced to pole map. The second textural group
corresponds to high frequency and high inlensily
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anomalies relaled lo oul cropping basic rocks or shallow
magnetic bodies; lhis group was inlerpreled mainly on lhe
analytic signal map.

Gravity data

Senior aulhor acquired lh e gravily dala. This field survey
was developed in lhe Jacu slruclure area. 11 was achieved
more lh an 500 data samp les wilh 1,500 m average
dislan ce bel ween samples.

Gravimetric and res idual maps were produced . The
minimum curvalure algorilhm was considered for dala
inl erpo lalion. The cell size used was about half of lhe
average dislance belw een samples.

For lhe inlerprelal ion of gravimelric dala lhe following
aspecls were laken inlo account: gravim elric highs
(posil ive residuais), gravimelric lows (negative residuais) ,
gravimelric alignmenls and inflection of lhe disconlinuilies
on lhe gravimelric relief.

The inlerprelation (Figur e 2) was performed in a GIS
using lhe gravim elric and residual dala inl eracl ively.

The lola l field map (Bouguer) is cons idered as resull of
lhe cumul aliv e gravimelric responses of lhe various
malerials in lh e crusl, including lh e basemenl and lhe
sedimenlary package wil h lhe basic rocks . For lh e Jacu
slruclure area, lhe 2nd order residual was considered as
lhe mosl suilable for minim izing lhe regional gravimelric
fie ld. In lhi s sense, lhe residua l map illustr ates lhe
responses from lhe basin geology (sed imenlary package
wilh basic rocks) .

In a general view, Jacu slruclure is a low gravimelr ic
area. The area has an elliplical shap e wilh NW axis
bounded by a series of grav imelr ic highs . The majorily of
lar sand occurrences is on gravimelric inf leclion areas ,
belwee n gravim elric highs and lows. The gravimetric
highs are inl erpreled as indicative of buried high -densily
bodies and slruclural highs as well. On lh e soulhwesl ern
porli on lh ere are several oulcrops of lhe Angaluba Sill
and lh e Sobar Slruclura l High . The Angaluba Sill is a
Jurassic-Crelaceous basic rock inlrusion. The Sobar High
is a slru clura l high of Permi an sedimenls (Teres ina
Form alion) in a Tr iassic-Jurassic lerra in (Pirambóia
Formalion) . On lh e easl ern porl ion, lhe gravimelric highs
correspond lo lh e Permian oulcropping area.

The Jacu slruclure is clearly observed on lhe 2nd order
residual map, lh ere is a correspondence belween
inlerpreled lineamenls and lhe grad ienl s of lhe residual
gravimelric map. On lhe same way, lh e Sobar and
Angalu ba sl ruclures correspond lo high residua l
gravimel ric responses . 11 is imporlanl lo observe lhal lhe
inlrusions are localed on lhe borders of lh e Jacu
slruclure. 11is concluded that Jacu slruclure is nol derived
from one large inlru sion bul il is lhe producl of lhe major
sl ruclures oulside lh e Jacu sl ruclu re, which are in a NE­
NW configural ion. So, lhe geomorphologic developmenl
in an area of NW-NE lrend crossing lineamenls generaled
lhe Jacu annular drainage anomaly .

Morphostructural analy si s of the dra inage netw ork

The morpho slruclural inl erprelation was based on lhe
identifi cation of drainage anomalies. This melh od allows

delinealion of geological lerrain flexures. The drainage
anomalies correspond lo geomelric modifications of l he
regional drainage paltern .

Figure 3 - Morphoslruclura l diagram and lar sand
occurrence siles

For lh e sludy area, l he morphoslruclural map represenls
main ly lhe recenl geologica l evenls. However , il is
possible lo recogni ze basemenl, Permian and Jurassic­
Crelaceou s fealu res due lo several reacli valions of older
slruclures .

Figure 3 shows lhe morphoslruclur al DEM for lhe enti re
sludy area wilh lhe main lar sand occurr ences plolted .
The sludy area comprises mainly N-NE regiona l
directions . The Jacu structure region is characle rized by
an annular morphoslruclure. This annula r
morphoslruclure is composed of minor blocks wilh
relative higher and lower posilioning . 11 is bounded by a
series of morphoslruclural highs . Th is configu ralion is
recognized in gravimelric and magnelometric maps . Its
genesis is inlerpreled as relaled lo inl rusions (dikes and
sills) of lhe Serra Gera l Formalion. It is imporlanl lo
consider lhe condil ional geolog ical faclors responsible for
lh is spalia l dislribulion of basic rock inl rusions: inleracl ion
of basemenl weakness areas and Jurassic leclonic.

The lar sand occurrences are localed mainly on
inlermediale porlions, i.e. belw een high and low
morpho slru clu res. These high slope portions are
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inle rpreled as boundary areas of leclonic blocks , which
are defined by faults and dikes Ihal were inslalled over
weak areas . So, Ihese disconlinuilies were considered as
paths for hydrocarbon migralion .

Results

The slral igrap hic posilioning of lhe occurrences leads on
lo lhe consideral ion of lhe lar sandslones as exhumed
reservoirs. The hydrocarbon possibly migraled inlo the
sandslones under buria l condil ions. Due lo lhe direcl
relal ion belween dikes and lar sandslones, probably Ihere
was a horizontal migral ion of lhe hydrocarbon in lhe
Triassic Pirambóia San dsl ones. These dikes acle d Iike
verlica l barriers.

The explanation of lhe migralion and accumulal ion
processes is relaled lo lh e presence of basic rock dikes,
faull lrends and slratigraphical positioning. The primary
migralion occurred due lo lhe inlense fracluring of lhe Irali
black shales (Araújo et ai. 2000). The secondary
m igralion is relaled lo lhe leclonic block boundaries: more
precise ly faults and dikes . These disconlinuilies are
inlerp reled on magnelic and gravimelric data.

The Serra Geral magmalism is relaled lo the generalion
(Simon eil et ai. 1978), migralion and accum ulalion .
Considering an inlerval of 10 lo 12 Ma for lhe Crelaceous
magmalism (Slewarl el ai. 1996) il is possible lo consider
Serra Geral as responsible for lhe enlire process of lhe
lar sand gene sis. Diabase sills from the beginning of lhe
magmalism caused anomalous healing of lhe organic rich
beds of the Irati Group. The beginning of lhe magmatism
reacl ivaled older Iineamenls, which fracl ured lhe black
shales providing primary migralion. The reaclivaled faults
and lh e new faull s formed palhs for secondary migra lion
(Figure 4) . Th is mode l considers a close lim e frame
belween generalion and migration proces ses. The enli re
process is almosl conl empor aneous from lhe generation
lo lhe accumulalion. Finally, lhe hydrocarbon
accumulatio n on lh e dike wa lls and under arqillace ous
layers occurred laler when lh e basic rocks were already
crysla llized.

The Irati-P irambóia pelroleum sysle m is Permian
accordi ng lo lhe source rock . 1I is imporlant to consider
not only lhe Mesozoic reaclivation bul also the Permian
lecl onic events as relale d lo lhe lar sand genesis. The
Cabo- La Ventana Orogeny caused the reaclivat ion of
basemen l slruclures and lhe developmenl of new
fraclu res over basin sediments . This event caused a
fracture network on lhe source rock, allowing primary
migration. Moreover, wilh lhe beginning of Mesozoic
reaclivalion, Ihese olde r weakness lerrains worked as
avenues lo hydrocarbon migra tion . It was not found any
occurrence on lhe Jurassic Bolucalu Sandslones, so il is
considered that lhe main migration palhs were developed
unlil lhe Lale Triassic, including Permian leclonic
slruclures. Allhough, il is slill considered Ihal lhe main
migration eng ine is lhe Jurassic-Crelaceous magmatism.

""'".,

Figure 4 - Schemalic model of hydrocarbon migralion and
accumulalion. (1) Pirambóia Formalion; (2)Teresina
Formalion; (3) Irati Calcareous; (4) Irali Black Shales ; (5)
Tatui Formalion ; (6) Tar sandslones; (7) Crystall ine
Basement.

The genelic model for lh e lar sand occurrences of lhe
area has lh e following characle rislics:

?? Anomalous healin g of lhe source rock due lo the
inl rusion of basic rock sil ls;

?? Migrali on Ihrough older zones of weakness and
disconlinuilie s generaled during lhe earlier
slages of lhe Mesozoic reaclival ion; Ihere is a
slrong leclonic conlribulio n due lo lhe
devela pmenl of slr uclural highs allawing lhe
hydrocarbon migrali on from lhe cenle r of Ihese
slruclures lo Iheir borders . The lar sandslones
are always on lhe border of a slruclura l high.
Moreover, lhe source rock is closer lo lhe
reservoir rock in these sructures and Ihere are
faulls acling like block boundar ies and migrali on
palhs .

?? Accumulalion on lhe bollom of Pirambóia
Formation under argillace ous beds and on dike
wa lls;

The migralio n process occurred at earlier stage s of the
Mesozoic reaclivalion, lhe NE faull l rend was lh e rnost
imporlanl for lhe migralio n and accumulalion.

Eighlh Inlernal ional Congress of The Brazilian Geophysical Sociely



An integrated analysis of tar sand occurrences in Paraná Basin, Brazi l 4
Conclu sions

The gravimetric and magne tometric surveys helped the
definition of lhe tectonic framework on the area. So, Jacu
area is characterized as a low grav imetric region with
thick sedimentary package bounded by volcani c
intrusions . This resul ts in a well-defined annular drainage
anomaly. The morph oslructural method employed
allowed the mapping of lhe main leclonic blocks and lheir
boundaries . It also allowed the analysis of lhe .acu
structure, which is a geomorphologic featur e, relaled lo
the NW and NE crossing trends.

Spat ial dist ribution of the tar sand occurrences on the
study area is directly relaled lo lhe conditional geological
elements . These conditi onal elements are recog nized on
the geomorpholog ic features of the area. The genesis of
the tar sand occurrences is direct ly related to the
slrati graph ic and slructural conditions but the denudation
process is also consid ered fundamental to the spat ial
posit ioning of the outcropping occu rrenc es.

On a general view, lhe main elemenls of lhe stratigraphic
Iactor are related to the struc tural contour map: the
occurrences are locat ed on f1a nks of structural highs .
Major occurre nces are located few meters from the
Teresina-Pirambó ia con tact, whic h is an imporlanl
strat igraphic parameter. On the outcrops, the presence of
the argillaceous beds in lhe botto m of Pirambóia
Formation act like a horizontal barrier for hydrocarbon
migration. Bes ides, the horizonta l migratio n followed the
bedd ing of the Pirambóia Sandstones (eo lian cross­
bedding).

The structural factor is related to the Iineaments: the
occurrences are located near the major structural
Iineaments , espec ially those of NE trend and strong
magne tic response . These discontinuities acl Iike palhs
for oil migration . The faul t generation is related to the
older weakness zones inciuding basement structu res,
Permian tectonic events and the Mesozoic reactivation.

The key elemenl in lhe study area is lhe presence of
basic rock dikes on the tar sand oulcrops . Moreover, the
occurrences are associated with areas of high magnetic
responses. This magnetic signature is interpreted as the
presen ce of igneous intrusive bodies of basic rock
composition. The magmatism acted as on lhe generation,
migration and accumulation stage s.
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Figure 1 - Interpretali on on airborne magnetic data. Al i maps are prese nted as pseudo-colors (red high - blue low) and
gradient enhancement using sun-angle roulin e with azimuth from northeast. (A, upper left) TMI reduced to pole; (B, upper
right) Analytic signal of the TMI; (C, bottom left) TMI 1 verlica l derivative with automatic gain control; (O, bottom right)
interpretalion of airborne magneti c data: (1) Magnetic Iineaments; (2) Edges of shallow magnetic bodies; (3) Buried magnetic
bodi es.
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Figure 2 - Gravimetric images and interpretalion on Jacu structure area. (A) Total lield; (B) 151residual; (C) 2 nd residual ; (O)
Interpretalion.
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