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Abstract

This research is based on an execution of two lines of
deep seismic refraction of 300 km of extension (L1-
Porangatu and L2-Cavalcante), crossing over central
sector of Tocantins Province from west to east by using,
in each line, 120 digital seismographs and explosions with
controlled time and explosive charges between 500 and
1,000 kg in each 50 km; GPS receivers were employed in
order to control the time and geographical coordinates
from recording and shot points. Obtained 2D models
represent the final result of seismic velocity distribution
from crust beneath L1 and L2 lines. The gravimetric
model, obtained in this work in terms of seismic model,
adequately adjusts with observed gravimetric data by
using theoretical densities slightly modified, within limits
allowed by the function employed to calculating the
densities based on VP values achieved from this work.

Introduction

The studies were performed in the thematic project, first-
time in Brazil, had the objective of using a combined
geophysical and geological tools for a better
understanding of geotectonic environment of a large
orogenetic Neoproterozoic area, comprising the Tocantins
Province (Figure 1).

Before the seismic refraction experiments of this project,
some attempts were made to deep seismic refraction
survey, using explosions in quarries and analogic
recorders with he number below 20 (Giese & Shutter,
1975; Bassini, 1986; Mignona, 1987; Alarcon , 1989;
Pedreschi, 1989) and a similar amount of seismographs,
but digital (Pereira, 1995).

The deep seismic refraction conducted in Tocantins
Province use over a hundred digital seismograph record
working with both direct and reverse explosions, with
hours of origin controlled by GPS, planned exclusively for
these experiment.

Method

The seismic refraction method uses active or passive
energy sources, geophones and recorders to capture and
store the disturbances produced by these energy after
pass through the layers of Earth interior. We used 7
explosions (active sources) with explosive charge of 500

to 1000 kg in each 50 km, and 120 recording stations for
each seismic refraction line of 300 km.

Initially experiment data, which have been considered of
good quality, allowed the elaboration of 1D models, using
TTinvers program (Figure 2). Successive models were
related to represent layers with similar characteristics in a
preliminary model aiming of modeling in 2D (Figure 3)
accomplished with MacRay program (Luetgert, 2004).
Obtained 2D models represent the final result of seismic
velocity distribution from crust beneath L1 and L2 lines.

To make the gravimetric modeling, initially, the densities
theoretical values of gravimetric model are calculated
using the functionr = a + b.\p, suggest by Christensen &
Mooney (1995), which relates he P-wave velocity with
density through a and b constants that are related for
each crustal depth. Besides these constants, the standard
deviation is provided to estimate the r error in terms of
Vp.

Near the shot EX16, almost middle of L1, there is a strong
negative gradient in the curve of gravity data that
coincides with the interface between the Goias Massif
and fold-and-thrust belt and the deeper crust of the
Tocantins Province. This negative gradient could not be
modeled considering only the features of the crust, in this
case it was necessary to adopt mantle density values ©
satisfy the observed anomalies along the lines L1-
Porangatu and L2-Cavalcant.

These values of density used in the modeling are in
agreement with that proposed by Soares et al. (2006a),
which considers  that the mantle beneath
Archean/Paleoproterozoic cratons are less dense that the
mantle of Neoproterozoic cratons because of the
possibility of being less rich in FeO and cooler, according
Artemieva and Mooney (2001), O’'Reilly et al. (2001),
Durrheim and Mooney (1994) and Hawkesworth et al.
(1990).

For this reason the velocity of seismic waves can be
higher in older cratons, as observed in seismic velocity
models obtained in this work (Figures 20 and 21), where
the Vp beneath Araguaia Belt, Goias Magmatic Arc and
Goias Massif is 8.07 km/s and beneath fold-and-thrust
beltand S& Francisco craton is 8.26 km / s.

Results

Results show crust under central section of Tocantins
Province with thickness varying from 36 to 43 km, and
whose parameters are correlated to main geological
structures existents in surface. VP as well as VP/VS ratio
mean values vary about 6.5 km/s and 1.74, respectively,
with the exception of fold-and-thrust belt, whose values
are 6.3 km/s and 1.73. Those values reach 6.8 km/s and
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1.74 beneath S&o Francisco craton (Table 1). There are
indicia of double subduction occurred in the eastern
portion of Tocantins Province with Sdo Francisco Craton
subducting to west (in ~ 760 Ma), as well as in the
western portion, with Amazon Craton subducting to east
(in ~ 620 Ma). The gravimetric model, obtained in this
work in terms of seismic model, adequately adjusts with
observed gravimetric data by using theoretical densities
slightly modified, within limits allowed by the function
employed to calculating the densities based on VP values
achieved from this work. Adopted mantle densities to
modeling took in consideration Paleoproterozoic age,
beneath Sdo Francisco Craton, less dense (3.31 g/cm 3),
and with higher VP (8.26 km/s), as well as Neoproterozoic
one, beneath Tocantins Province, denser (3.34 g/cm3),
and with lower VP (8.07 km/s)

Conclusions

In this model, there are indicia of double subduction
occurred in eastern portion of Tocantins Province with
Sao Francisco craton subducting to west (about 760 My),
as well as in western portion, with Amazon craton
subducting to east (about 620 My). This situation is in
according to Soares et al. (2006b), that suggest around
500 My when the cratons Amazon, San Francisco and
Paranapanema clash, ending in the form Tocantins
Province

as a double subduction in the Tocantins Province. In the
eastern portion, with the San Francisco craton
subductingo to west, which would have occurred around
760 My and, in the west portion, Amazon craton
subducting to the east, which probably began around 620
Ma This was completed in according to Soares et al.
(2006b), around 500 Ma when the cratons Amazon, San
Francisco and Paranapanema collided, ending in the form
Tocantins Province.

The gravimetric model, obtained in this work based on
this work seismic model, adequately adjusts with
observed gravimetric data by using theoretical densities
slightly modified, within the limits allowed by the function
employed to calculating the densities based on modeled
Vp values. Adopted mantle densities to modeling took in
consideration Paleoproterozoic age, beneath Sé&o
Francisco craton, less dense (3.31 g/cm3), and with
higher Vp (8.26 km/s), as well as Neoproterozoic one,
beneath Tocantins Province, denser (3.34 g/cm3), and
with lower Vp (8.07 km/s). See Figure 5.

Acknowledgments

Thanks to FAPESP for funding this research in Brazil and
to CNPq for the support during sandwich PhD in Menlo
Park, CA, atU. S. Geological Survey (USGS).

Thanks to Dr. Walter D. Mooney, to supervise this work at
USGS; to Shane Detweiler for technical support, as staff
and other employees of the USGS who cooperated with
me during the internship; to Prof. Dr. Robert Mereu,
emeritus professor fom West Ontario University, for his
excellent advice during the interpretation stage.

Thanks too Dr. Simon Kemplerer and Dr. Jerry M. Harris
for receptivity in the Department of Geosciences at
Stanford University.

References

ALARCON, S. Modelo Preliminar de Estrutura Crustal
com Dados da Linha de Refracédo Sismica Caraiba (BA)-
Trindade(PE). 1989.

ARTEMIEVA, |.; MOONEY, W. Thermal thickness and
evolution of Precambrian lithosphere: A global study.
Journal of Geophysical Research, v. 106, n. B8, p.
16,387-16,414, 2001.

BASSINI, A. M. Levantamento Sismografico na regido
Sudeste do Brasil. Dissertacdo (Mestrado) — IAG/USP,
1986.

CHRISTENSEN, N. I.; MOONEY, W. D. Seismic velocity
structure and composition of the continental crust: A

global view. Journal of Geophysical Research, v. 100, n.
B7,p. 9761-9788, June 1995.

DURRHEIM, R. J.; MOONEY, W. D. Evolution of
precambrian lithosphere: seismological and geophysical
constraints. J. Geophys. Res., v. 99, n. B8, p. 15,359—
15,374, 1994.

GIESE, P.; SHUTTE, J. Preliminary report on the results
of seismic measurments in the brazilian coastal
mountains. Copia com Prof. Dr. Jesus Berrocal -
IAG/USP. 1975.

HAWKESWORTH, C. J. et al. Continental mantle
lithosphere, and shallow level enrichment processes in

the earth’s mantle. Earth and Planetary Science Letters,
v. 96, n. 256-268, 1990.

LUETGERT, J. MacRay is a general purpose two-
dimensional seismic ray-tracer for Macintosh. [S.l.], March
2004. Disponivel em:
<http://quake.wr.usgs.gov/research/software/index.html#
Ray>.

MIGNONA, T. C. Modelo preliminar da estrutura da
porcdo superior da crosta entre Sorocaba e Barueri — SP.
1987.

O'REILLY, S. et al. Are lithospheres forever? tracking
changes in subcontinental lithospheric mantle through

time. GSA Today, p. 4-10, April 2001.

PEDRESCHI, E. S. Modelo Regional Preliminar da
Estrutura Crustal na Regido do Reservatério de
Sobradinho com Dados de Refragdo Sismica Profunda.
1989.

PEREIRA, M. R. S. Perfil Sismico na Regido de Formiga
— MG utilizando o Método de Refragdo Sismica Profunda.
1995.

PEROSI, F. A. Crustal structure of central sector of
Tocantins Province by using P and S waves as well as
reflected phases with deep seismic refraction data. 2006.
160 f. Thesis (Doctoral) - Instituto de Astronomia,
Geofisica e Ciéncias Atmosféricas, Universidade de Séo
Paulo, 2006.

Eleventh International Congress of the Brazilian Geophysical Society



FABIO ANDRE PEROSI & JESUS ANTONIO BERROCAL

Contrurn Fanarozics
Falcss doaguain o Farsgusi
-ﬂlq:-na.u dobiseas

b =l smbasamanin

Fixa Braaita
B socuercins sulcsmo-secimantanes
I criogreis

T coberten dobrads
Complercs Mafcos & Wirpralfcos

. "

! E Equdl Oresraione ¢/ Oricgnelss

T By o B T P P
s Palec il

£ Faixas de greenstone / Griogrniss
I Grupc Siraxa + melango ofiobsca
[ Geanuino e Omogneiss

Craten S Fruncico
S cobartum
F ™ Embasamenio

LA, LE LY M- Linhas de Acircao Sismice

# ENMoS0cs sonlrolndes pans o
eapeirifnenio o refraced diamtd

Longitude

Figure 1 —. Geological map of Tocantins Province showing the seismic refraction lines in central sector. (Perosi, 2006)
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Figure 2— Example of 1D model obtained with TTInvers. (Perosi, 2006)
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b) travel-time curve and the ray tracing for S wave (speed reduction 3.46 km / s) (Perosi, 2006)

Table 1 — Average P-wave, S-wave velocities and Vp/Vs ratio. (Perosi, 2006)
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Figure 5 - The structural model for Tocantins Province obtained by MACRAY, from top to bottom, gravimetric modeling,
elevation curve and the structural model. Numbers in red are the values of P-wave velocities and in black, values of the
densities. Dotted lines probable failures or discontinuities. Red rectangles indicate anomalous values of density obtained in
modeling. (Perosi, 2006).
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