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The concept of tectonic stability has long prevailed for
most of the Brazilian platform and, because of this fact,

investigation of Que_ltemary tectonics in Brazil has beggn Major positive geoid anomalies in Brazil are recognized in the Bor-
to develop only during the last decade. From the two pio-borema province (+ 10 m), the southeastern part of the Sdo Francisco
neer groups at the end of the eighties, there are noweraton (+ 8 m) extending eastward along the Abrolhos bank and the

. . L . Vitéria-Trindade chain (+ 5 m), and over the Gaudcho shield (+ 9 m)
active groups studying neotectonics in almost all regions, g adjoining Pelotas basin (+ 6 m) (Ussami et al., 1999). Although

of Brazil. A clear demonstration of this progress is the mainly related to thermal reactivation associated with alkaline mag-
fact that during the 7th Brazilian Symposium on Tectonic matic activity during the Late Cretaceous-Tertiary, these anomalies

. . .- L correlate well with uplifted areas of neotectonic and seismic activity
Studies, held in Lencois, Bahia, in May, 1999, of the 14 in both the Borborema province and the southeastern part of the S&o

papers presented more than 20% were related to heotecFrancisco craton (Ussami et al., 1999). Jardim de S& et al. (1999)
tonics. References to faulting and other geologic featuresassociated the erosion of the Eocene-Oligocene Serra dos Martins

directl lated t ¢ tectoni ; . Formation and the high sedimentary influx into the offshore Potiguar
irectly related to Quaternary tectonics are increasing basin during Miocene-Pleistocene with the uplift of the Borborema

and now available for many areas in Brazil. In this paper province. The general ENE elongation of the geoid anomaly in SE

the geological record of Quaternary tectonics in Brazil is Sao Francisco craton are in accordance with the present-day regional

. d d . ith ilabl hvsi Idirection of SHmax (maximum horizontal stress) in the region. The
reviewed and a comparison with available geophysicalgj scarce neotectonic structures recognized near the Brazil-

data on stress orientations is presented. Uruguay international border are situated over the uplands of the
Galcho shield.

Geoid anomalies and uplifts

I ntroduction : :
Liquefaction features

The South American plate encompasses four main geotectonic units: ) o

the Andean chain, the Brazilian and Patagonian platforms and theClastic dikes were described by Sant'/Anna et al. (1997) within the
domain of oceanic crust comprising its eastern half. The Brazilian Quaternary rudaceous deposits of the Chapada de Canga Formation
platform is composed of shield areas of Archean to Proterozoic cra-In the southeastern part of the S&o Francisco craton. Convolute folds,

tons surrounded by Neoproterozoic orogenic belts, and Paleozoic tdiduefaction pillars and sand dikes were recognized in Quaternary

Cenozoic sedimentary basins. Reactivation of basement faults, sheaicdiments overlying the Barreiras Formation near Acu and Natal,

zones, different types of foliations, and cratonic boundaries, amongnortheaSt Brazil _(Bezgrra, .1999)' In bOth regions these seismites
. . . have close relationship with Cenozoic faults. Etchebehere et al.
other structures, played a major role in the origin and the structural

) . : . .~(1998) recorded sand dikes, sills and blows in Late Pleistocene
and stratigraphic development of Phanerozoic sedimentary basin 27,000 yr BP) fluvial terraces along the Peixe River in the Parana
(Cordani et al., 1984), including neotectonic activity (Riccomini et ¥

h ) basin (S&o Paulo), but their relationship with major tectonic features
al., 1989; Hasui, 1990; Saadi, 1993). Recent stress models of th(?emains unclear.

South American plate, calculated from finite element modeling,
included plate-boundary forces (ridge push, collision with the Nazca
plate and a balancing asthenospheric drag) and internal spreadin@uater nary faults
stress due to large-scale lateral density contrasts along the conti-

nent/ocean transition, in order to explain the plate-driving forces
(Meijer, 1995; Coblentz and Richardson, 1996). For the Brazilian
territory, these models show a regional compressive stress field ori
entated roughly E-W to ESE-WNW.

Figure 1 shows the estimated SHmax orientations obtained from
geological data, mainly slickenside inversion of Quaternary faults.
For each site only the youngest stress indication is represented and
therefore most of data results from analysis of Holocene faults.

Amazonas basin

The geOI Og|Ca| record of Quater nary In northern Brazil (Amazonas basin) indications of Quaternary tec-
i i i tonics are mainly in the form of structural lineaments along segments
tectonicsin Brazil of the Amazonas River valley (e.g., Costa et al., 1995). Fernandes
Filho et al. (1997) described Pliocene-Pleistocene laterite profiles
Faults and fractures affecting dated sedimentary deposits comprisgilted by NE-trending listric and planar normal faults and right-
the principal indications of Quaternary tectonics in Brazil. Other evi- |ateral strike-slip faults. Analysis of a population of NNE-trending
dence includes geoid anomalies related to regional uplift and seismidistric normal faults (with up to 5~7 m of individual vertical offset)
cally induced liquefaction structures. affecting Pleistocene laterites in outcrops located between Manaus
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. - — . NE-trending right-lateral strike-slip faults near Cuité (Morais Neto

g and Alkmin, 1999) and normal faults with a left-lateral component
of movement in S&do José do Pilar (Brito Neves et al., 1999) indicate
an ENE direction for SHmax.

Farther to the south, in the region north of Xique-Xique (N part
of the S&o Francisco craton, Bahia), an E-W direction of compres-
sion (SHmMax) was obtained by Barreto (1993), using regional frac-
tures affecting eolian sediments ranging from 10,990 to 2,190 yr BP
in age (Barreto, 1996).

Pantanal basin and eastern Paraguay

Reverse faults affecting the Pliocene-Pleistocene sedimentary fill
were recognized in seismic section across the northeastern part of the
Pantanal basin (Milani et al., 1990). Along the southeastern border
of this basin a population of faults and shear joints cutting Holocene
~~ colluvium deposits have furnished an WNW direction for
(Gesicki and Riccomini, 1998). Rabelo and Soares (1999) described
an Holocene, probably active NE fault zone across the central Pan-
tanal basin related to the reactivation of the Transbrasiliano linea-
ment, in the basement. In the Asuncioén rift (eastern Paraguay), neo-
tectonic strike slip-faults at the Cenozoic Nemby alkaline plug indi-
cate an approximate N-S direction for (Riccomini et al., 1998),
whereas Quaternary, probably Holocene oblique normal faults of the
southern border of the Ypacarai graben, with more than 40 m of ver-
tical displacement, show an approximate E-W directiomwfor

-30°

Figure 1 Maximum horizontal stresses from geological data Parana basin
(mainly slickenside inversion of Quaternary faults). Symbol size
indicates data quality. Short bars denote preliminary
determinations of SHmax. Close and open symbols indicate
reverse/strike-slip and normal faulting (or stress regime),
respectively. Main geological provinces: Amazon basin (AM),
Guiana shield (GS), Central Brazil shield (CBS), Parnaiba basin
(PB), Borborema province (BP), Tocantins province (TP), Sao
Francisco craton (SFC), Chaco basin (CH), Pantanal basin
(PTB), Parana basin (PR), Ribeira fold belt (RBF), Galcho shield
(GAS), Vitoria-Trindad chain (VTC).

Quaternary faults in the eastern part of the Parana basin indicate two
orientations for SHmax. A NW orientation was obtained by the
analysis of populations of NE reverse and NW normal faults, at
Ipetna and Aguas da Prata, respectively (Riccomini, 1995), and
strike-slip faults of the Serra de Itaqueri (Riccomini, 1997a). The
same NW direction for SHmax was obtained by Saadi (1991) from
reverse and right-lateral strike-slip faults near Arcos (Minas Gerais),
just within Precambrian terrains, about 130 km from the NE limit of
the Parana basin. On the other hand, strike-slip faults of the Marilia
and Cerqueira César-Avaré regions indicate a persistent N-S direc-

and Itacoatiara revealed an ESE direction of extension, with NNE- tion for o (Riccomini, 1995, 1997b).
orientated SHmax. Ribeira fold belt

Borborema province and the northern part of the S&o Fran- The best defined Quaternary tectonic features within the domain of
cisco craton the Ribeira fold belt are those of the Cenozoic basins of the conti-
nental rift of southeastern Brazil (Riccomini, 1989). These structures

Because of the relatively high seismic activity within the Borborema e resyited from the most recent manifestations of the successive
province and adjoml_ng CO"’.‘StaI areas of northeast B_ra2|l NUMErOUS e, tivations of old ENE-orientated structural lines that have
structural and tectonic studies have been carried out in an attemptt(E

tablish the relationshins bet tecton d seismicity. A ccurred intermittently ever since the Neoproterozoic Brasiliano or
establish the relationships between tectonics and SeiSmicity. A 90054 african Cycle, including the generation of new faults (Ricco-
number of high quality determinations of SHmax using different

] h . . mini, 1989; 1992). Inversion of striae from Holocene faults shows
types of faults affecting Quaternary deposits are available for th'sdiﬁerent stress regimes which varies with time (Riccomini, 1989;

region. Along the coast of northeastern Brazil, Holocene beachrock,salvador and Riccomini. 1995: Mancini. 1995: Hiruma et al.. 1997
with age ranging from c. 7,250 to 1,150 yr BP (Bezerra et al., 1998; ;103 “ 1999). The oldest movements were related to a NW-SE
Bez_erra, 1999), constitute an exce”e_“t me}rker for dating Recent tec'compressive stress field, during the Late Pleistocene-Holocene. The
tonic movements. This beachrock is mainly cut by ENE- t0 NE- ¢, i velated to this phase affected a paleosol dated at 18,580 yr BP
trending right-lateral _stnke-sllp faults (Coriolano et al., 1999; Dantas (Hiruma, 1999), colluvium and stone line deposits (Figure 2), which
etal., 1999). According to Bezzera (1999), along the NW Boa Cica 50 often overthrust by blocks of basement rocks along faults trend-
fault, south of Natal, beachrock dated at 7,250-5,840 yr BP was; g NE to ENE; along the ENE Queluz fault (Sd0 Paulo-Rio de
downfaultedd4fm bende%th mrt]aanlf%a Ie:j/el bgfﬂ%ttllesaz%cumggtllc\)ln O%aneiro border) right-lateral horizontal displacements of more than
)équngBer,tunde ’(\)lrmte eac _r(:cd ?ttﬁ that E’NE (_: ' t))/r_ f. Itea&O m are observed. During the Holocene the stress regime changed
a0 5ento do Norte, associaied with the £l arnaubais Tault, g, g E-W (WNW-ESE) extension (Figure 3), locally responsible for
beachrock shows a rapid, possibly coseismic vertical dlsplacemen}he generation of N-S-trending grabens with syntectonic sedimen-
of 4 m between 4,000-2,800 yr BP (Bezerra, 1999). The ENE ‘Jun'tary filling. Sedimentary deposits in these grabens reach more than

diai fault, which crosses the city of Natal, shows two generations of30 m thick, ranging from 10,240 to 8,630 yr BP in age (Salvador and
striae, the earlier ones indicating a right-lateral strike-slip and a later, g omini ' 1995: Mello et al. 1995"Hiruma 1999). A new change
dip-slip component, and contains sedimentary fill dated at in the stress field is recorded by E-W normal and N-S reverse faults,

4,860-4,570 yr BP (Bezerra, 1999). Next to Jodo Camara the NE- ; ; " e i
trending Samambaia seismic fault, about 40 km in length, exhibits and by conspicuous and widespread families of shear joints, system

. . ; atically orientated ENE and WNW, indicating an E-W direction of
Holocene to present-day right-lateral displacement (Coriolano et al., y g

1999). All described cases show a consistent SHmax directioncompression. These structures affect colluvium, alluvium and a
' . X organic-rich deposit dated at 3,410 yr BP (Hiruma, 1999). The same
around ENE to E-W. In the inner part of the Borborema province, ganic-n post y (Hiru )
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Vitéria-Trindade chain

Analysis of the pattern of orientation of the Pliocene-Pleistocene
(0.17 to 4 Ma) dike swarm of the northeast portion of the volcanic
island of Trindade pointed to a NW direction of SHmax (corre-
sponding in this case tmy) during the emplacement of the intrusive
bodies (Ferrari and Riccomini, 1999). The direction determined for
o1 on the island is parallel to the larger axis of the volcanic buildup,
suggesting the same tectonic control throughout its formation (Fer-
rari and Riccomini, 1999). In the Abrolhos bank, along the high-
angle, left-lateral strike-slip Urussuquara fault (offshore Espirito
Santo basin), it was possible to recognize recent deformation based
. on seismic sections (Sobreira, 1999), indicating an E-W direction for
SHmax.

Gaducho shield

: T The only available data for the Gaulcho Shield correspond to shear
; : el i s & fractures near the town of Bagé (near the Brazil-Uruguay border),
Figure 2 N-S-trending oblique-slip reverse fault related to Holoceneand furnished a preliminary WNW direction for.

NW-SE compression near Cacgapava (Sao Paulo, southeastern Brazil).

-

variation in the stress field was reported by Silva and Ferrari (1997) . . .
and Silva (1998) in the regions of Macaé-Ponta do Retiro (Rio de Compansonswﬂh geophysca] data and
Janeiro) and Pilar do Sul-Votorantim (S&o Paulo), respectively. Intheor etical models

the region of the Ribeira de Iguape River valley, Melo (1990)

obtained an NE direction for SHmax from normal and reverse faults _ . . .
cutting Quaternary sedimentary deposits. Figure 4 shows maximum horizontal stresses from geophysical data,

The rapid variation of stress field during the Holocene in the including earthquake focal mechanisms, in-situ stress measurement
region may represent the surface relaxation (with extensional fault-(hydraulic fracturing or overcoring) and average SHmax direction
ing) within a regional compressive stress regime (Riccomini et al., from breakouts in different wells (Assumpgéo, 1992; Lima et al.,

1989; Salvador and Riccomini, 1995; Assumpc&o, 1998). 1997; Assumpcgao, 1998a; b; Ferreira et al., 1998)._According to
Assumpcéao (1998a, c), away from the local flexural disturbances of
Southeastern part of the S&o Francisco craton the continental margin, the observed stress regime in southeastern

Brazil (strike-slip with E-W SHmax) are in good agreement with

Gallardo et al. (1987) studied short-lived geological phenomena thepretical stress models of the South American plate, derived from
(intermittent sounds associated with the opening of cracks and fault-

ing in terrain) that occurred in Nova Venécia (Espirito Santo) ai
determined an ENE-WSW direction of compression. E-W-trendir
normal faults, fractures and clastic dikes described by Sant'/Anna 0
al. (1997) in the region of the Fonseca basin (Minas Gerais) indic

an E-W direction for SHmax. Along the Doce River valley, Mellc

(1997) recognized a variation of stress regime similar to that of t .5’
continental rift of southeastern Brazil in faulted sedimentat
deposits ranging from 9500 to 7500 yr BP in age. The N-S-trendi
Cedro-Rio Doce fault represents the western onshore border of

.. _SHmax, geophysical data

- - . T - -10°
Espirito Santo basin. On the basis of seismic sections, Sobre
(1999) recognized extensional fault reactivation up to recent time
15’
-20°
-25° —e- -
-30° g

-60° 55" 50" -45° 40" 35" -30°
Figure 4 Maximum horizontal stresses from geophysical data.
FM.inv. = stress inversion of several earthquake focal mechanisms
(solid bar and open arrow denote S1 and S3 directions); FM =
estimate of SHmax from a single focal mechanism. IS = in-situ stress
Figure 3 NNE-trending normal faults affecting colluvium (upper measurement (hydraulic fracturing or overcoring). BO = average
left and right) related to Holocene WNW-ESE extension near SHmax direction from breakouts in different wells. Data compiled
Taubaté (Sao Paulo, southeastern Brazil). Scale bar =2 m. from Assumpcéo (1992), Lima et al. (1997), Assumpgéo (1998a, b),
Ferreira et al. (1998).
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finite element modeling (Meijer, 1995; Coblentz and Richardson, Brito Neves, B.B., Riccomini, C., Fernandes, T.M.G., and SantAnna, L.G.,
1996). Lima et al. (1997) proposed that flexural stresses caused by 1999, O sistemantafrogénico _terciério do sa]iente oriental _nordest_ino: um
sediment load in continental shelf produced the observed coast- |egado proterozoico: 7th National Symposium on Tectonic Studies and
parallel stresses, as indicated from breakout data along the Brazilian Ntérnational Symposium on Tectonics of the Brazilian Geological Soci-
t In NE Brazil t of P iba basi d th of 7°S. th ety, Lencgois, 1999, Anais, Sesséo 4, pp. 21-24.
coast. In NE brazll, €ast of Farnaiba basin and nortn o ) eCoblentz, D.D., and Richardson, R.M., 1996, Analysis of the South Ameri-
stress-field is strike-slip resulting from a superposition of a regional = ¢ap intraplate stress field: Journal of Geophysical Research, v. 101, pp.
uniform E-W compressional stress with local extensional stresses in  8643-8657.
the upper crust (spreading stresses from the continent-ocean trans€ordani, U.G., Brito Neves, B.B., Fuck, R.A., Thomaz Filho, A., and Cunha,
tion and sediment loading at the continental shelf) normal to the F.M.B., 1984, Estudo preliminar de integracéo do Pré-Cambriano com os
coast (Assumpgao, 1992; Ferreira et al., 1998). eventos tectdnicos das bacias sedimentares brasileiras: Petrobras, Ciéncia
Stress directions from the youngest geological faults of Bor- __Técnica Petroleo, Secdo Exploragao de Petréleo, no. 15, 70 p.
borema province, N and SE S&o Francisco Craton, Ribeira fold belt,C0"0!ano, A.C.F., Lucena, L.F., Jardim de Sa, E.F., and Saadi, A., 1999, A
Gaticho shield and Pant | basin (Fi 1) al h d deformacdo quaternéria no litoral oriental do Rio Grande do Norte: 7th
auc c_)s 1e an_ antana a§|n ( '9““? ) also show a goc_) agree- \ational Symposium on Tectonic Studies and International Symposium
ment with theoretical models. Discrepancies between geological and o, Tectonics of the Brazilian Geological Society, Lencéis, 1999, Anais,
geophysical data, as well as with theoretical models, may be  sesszo 4, pp. 67-70.
explained by the age of analyzed geological data (Trindade island)Costa, J.B.S., Hasui, Y., Borges, M.S., and Bermeguy, R.L., 1995,
interaction of regional and local stresses (Amazonas and Parana Arcabougo tectonico mesozéico-cenozéico da regido da calha do Rio
basins), and even the scarcity of data (eastern Paraguay). Neverthe- Amazonas: Geociéncias, v. 14, no. 2, pp. 77-103. » _
less, theoretical models have improved to the point that they nowPantas, E.P., Jardim de Sa, E.F., and Castro, D.L., 1999, Analise de linea-

: - : - : mentos na porcdo central da Bacia Potiguar, e sua reativacédo
adequately explain _s_tress orlen_tatlons Qerlved from geological data neotectdnica: 7th National Symposium on Tectonic Studies and Interna-
for most of the Brazilian geological provinces.

tional Symposium on Tectonics of the Brazilian Geological Society,
Lengdis, 1999, Anais, Sesséo 4, pp. 86-89.
. Etchebehere, M.L., Saad, A.R., Thomazella, H.R., Batezelli, A., and Fulfaro,
Concludi ngremar ks V.J., 1998, Feicdes de ligiiefagdo em sedimentos cenozéicos no Vale do
Rio do Peixe, regido ocidental paulista: implicagdes neotectbnicas: 400.
. - . . Congresso Brasileiro de Geologia, Belo Horizonte, Sociedade Brasileira
This summary indicates the existence of Qu_aternary, par_tlcularly de Geologia, 1998, Anais, pp. 80.
Holocene faulting in almost all geological provinces of Brazil and a Fernandes Filho, L.A., Costa, M.L., and Costa J.B.S., 1997, Registros neo-
close relationship of geoid anomalies with uplifted areas of neotec-  tecténicos nos lateritos de Manaus - Amazonas: Geociéncias, v. 16, no. 1,
tonic and seismic activity. For most of the country, stress directions  pp. 9-33.
from Holocene faults indicate a mean E-W-trending of SHmax, in Ferrari, A.L., and Riccomini, C., 1999, Campo de esforgos plio-
good agreement with geophysical data and theoretical stress models Pl€istocénicos na liha da Trindade (Oceano Atlantico Sul, Brasil) e sua
of the South American plate. The interaction of regional and local relacdo com a tectdnica regional: Revista Brasileira de Geociéncias, v.

stresses may explain some observed discrepancies, but much mor 29, 1o. 3, in press.
y exp p ’ rreira, J.M., Oliveira, R.T., Takeya, M., and Assumpc¢ao, M., 1998, Super-

structural and geochronological data are needed for a better under-  yosition of local and regional stresses in northeast Brazil: evidence from
standing of Quaternary tectonics in Brazil. focal mechanisms around Potiguar marginal basin: Geophysical Journal
International, v. 134, pp. 341-355.
Gallardo, C., Serrdo, M., and Munis, M., 1987, O intemperismo dos gnaisses
ACknOWIGdgernentS do sistema montanhoso do litoral sudeste: um exemplo de atividade
tectonica atual no Municipio de Nova Venécia, ES: 1lo. Simpoésio de
Geologia RJ-ES, Rio de Janeiro, Sociedade Brasileira de Geologia, 1987,
This work was carried out with support from FAPESP and CNPq  Anais, pp. 210-226.
(Brazil). An early version of this paper benefited from the contribu- Gesicki, A.L.D., and Riccomini, C., 1998, Neotectonica da borda sudeste do
tion of Thomas R. Fairchild (University of S&o Paulo - USP). Pantanal Matogrossense: 400. Congresso Brasileiro de Geologia, Belo
Horizonte, Sociedade Brasileira de Geologia, 1998, Anais, pp. 84.
Hasui, Y., 1990, Neotectdnica e aspectos fundamentais da tectdnica ressur-
gente no Brazil: 1o. Workshop sobre neotectbnica e sedimentacéo
cenozoica continental no sudeste brasileiro, Belo Horizonte, Sociedade

= . . N . Brasileira de Geologia, 1990, Boletim no. 11, pp. 1-31.
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