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ABSTRACT Phanerozoic tectonic events in southeastern Brazil played an important role in the structuring of the South American Platform
and its continental margin. During the Mesozoic the Pangea supercontinent was affected by rifting and continental separation processes resulting
in the formation of a coastal margin basin associated with the uplift of the continental margin. These tectonic and epeirogenic processes were
responsible for many of the present-day tectonic features and geomorphological characteristics of the region. Apatite Fission Track Analysis
(AFTA) has been used for the determination of thermal histories and cooling ages, together with geological and geomorphological information,
allowing to qualify and to quantify the timing of epeirogenic and tectonic processes. An AFTA study of a northwest-southeast profile, between
the Mantiqueira Mountain Range (MMR) and the Atlantic Ocean, shows well-defined tectonic and thermal reworking. The thermal histories,
of the different studied regions, show a similar uplift/denudation signature with a strong, tectonic controlled, uplift process. The thermal histories
show that uplift started at ~ 121 Ma in the Upper MMR, at ~ 62 Ma for the lower MMR and ~80 Ma for the Serra do Mar Mountain Range
(SMMR). The Continental Platform of southeastern Brazil experienced a series of vertical and horizontal movements between the Cretaceous
and the present day. A sequence of northeast-southeast blocks were uplifted, starting at different times but following similar patterns of evolution.
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INTRODUCTION During the Early Paleozoic, the South Thermal histories were obtained using the empirical model
American Platform experienced a period of stability followed by developed by Australian researchers Greteal. (1986), Lasllett al.
phase of crustal doming (thickening) during the Permian, possibly d{i®87), Duddy et al. (1988), Greenet al. (1989), subsequently
to disturbances considered to be caused by heating and thinning ofdbmplemented and refined by Lutz and Omar (1991).
continental lithosphere. Cox (1989) correlated crustal thickening The methodology was used to define common thermal history for a
(underplating) observed in Namibia, Angola, in Africa, withgroup of samples that possess similar geological characteristics. This
southeastern Brazilian evolution. McKenzie (1984) and Cox (1988chnique can furnish conclusive results using a smaller number of
associated this underplating to a hot spot. Pigeon (1985) ancekimaamples (Amaradt al. 1995, 1997, Hadleat at. 1995, Guedest al
al (1999) related the epeirogenic uplifting of vast continental areas2600). In the studied area (Fig. 1 and 2) the samples were grouped
an isostatic response to lithospheric thickening, resulting from tlaecording to common geological characteristics such as: i) rock type,
intrusion of great amounts of mafic magma, in the lower part of tlig proximity to faults, iii) geomorphology, and iv) apparent age. These
crust. These magmas were also extruded as evidenced by the flodiria were used to classify the following groups of samples: MMR
basalts of the Parana—Etendeka Province above 1000 m (TF-9 and TF-10), MMR below 1000 m (TF-12, TF-13)
Almeida (1967) related this to the Wealdenian reactivation procesad SMMR (TF-21 and TF-22) (Table 1).
ses culminating at the Eoaptinian with the continental separation The thermal histories obtained in each group are given in Figure 3.
between Brazil and Africa. Alkaline magmatism and the large normhlshows that the thermal histories are as follows: Upper MMR begins
faults were associated with the generation of the MMR and SMMt® uplift at ~121 Ma, the lower MMR at ~62 Ma, and the SMMR at
(Asmus and Ferrari 1978). ~80 Ma.
Several authors considered that the MMR uplifted after the SMMR,
gi:n‘,e][]rl]taa?]i%is.lggs) and others considered their uplift to bf%lble 1 - Results of the apparent (Tap) and corrected ages (Tcorr).
During the Eocene, a stable platform developed on the Solth Mean age Test XZ
American or Japi surface, later uplifted and reworked during the
Oligocene (Freitpas 1951, Almeidap1964). During this uplift e%ert Sample Tp | Teor | Formeanapi Formean
brittle faults reactivated preexisting, weaker, fault zones (Hackspachet (Ma)| (Ma) age. corr. age
et al 1999). This is demonstrated by the presence of reactivatipn x\,2 Pyv2 x\,2 P2
features in faults of the MMR during the Paleocene - Eocene. AtthatF-9, TF-10| 86+ 6 121+9| 0.60] 0.45 0.46 0.5
time, the Santos Basin was affected by thermomechanic tilti
creating extensional features in the NN)\/N-SSE direction. A finhll 12, TF-1846+3 62+5| 0.25| 0.60 0.74 04
extensional phase with NNW-SSE the NW-SE direction occurred F-21, TF-2258+ 4 80+6| 0.88| 0.50 1.73 0.1
during the Upper - Pleistocene and Holocene (Riccomini 1989). Later
Neogenic surfaces formed during the Neogene and the lower
Quaternary.
The purpose of this work is to demonstrate differential uplifts of
blocks between the MMR and the coastline by means of their thermal
histories (using AFTA), making it possible to reconstruct the geometric
and temporal evolution of the region. This tectonic history is directISCUSSIONS The AFTA shows that the upper MMR was
linked to the evolution of the South American Platform and continentaffected by an initial uplift at 121 Ma, and underwent a slow cooling/
margin. uplift until the Plio-Pleistocene. The lower MMR did not begin its

METHOD AND RESULTS The apatite samples were collecteo“p."ﬁ process until 62 Ma, but experienced also slow cooling until the
along an approximately 250 km transect, from the western MMR to ;Eg;-Plelstocene. To the east, the uplift in the SMMR and the coastal

Oor o O

coast, close to Ilhabela-SP (Fig. 1). The separation and concentra k was initiated at 80 Ma, also followed by slow cooling until the

; haira? : ot i0-pleistocene.
of the apatite followed Ribeiro’s method (1996) and irradiation was'9-P'€!S .
done as described in Bigaztial (2000). Analysis of fission tracks __1 1€ difference in the corrected ages of the upper and lower MMR

; ; ; ; d the SMMR can not be explained by the difference of altitude
gﬁmgetdh?n (_)I_ghlgetllsr;ggrolsgc;gp)earv]\éeﬁagltzrrfzzrgﬁd(lgsgg gzyoeo)r.nethogj one. A tectonic process (Hackspacher et al. 1999) must have initiated

S

1 - Instituto de Fisica “Gleb Wataghin”, Universidade Estadual de Campinas, 13083-970 Campinas, SP, Brazil
2 - Instituto de Geociéncias e Ciéncias Exatas, Universidade Estadual Paulista, , 13506- 900, Rio Claro, SP, Brazil. E-mail: phack@rc.unesp.br
3 - Departamento de Fisica, Instituto de Ciéncias Exatas e da Terra, Universidade Federal de Mato Grosso, 78060-900, Cuiaba, MT, Brazil



108 Revista Brasileira de Geociéncias, Volume 30, 2000

46°30° LEGEND
22°00° @ CITIES
| — FAULTS
A SAMPLES

MMR = Mantiqueira Mountain Range

SMMR = Serra do Mar Mountain Range

w“(’% ~

\ ./
o ~"TAUBATE /
W -
23900 CAMPINAS

7
(/'/JACAR Ei a{P

-
NM

16°28°

SCALE
0 10 20km
= 24°00

45°00°

Figure 1 - Schematic regional sketch map with sample locations and main physiographic features. Modified after the geological sheets 1:250 000 c
Guaratingueta, Sao Paulo, Campinas and Santos, (DAAE/UNESP 1984)

eroded (Hackspachet al 1999) over the entire region.

A Mantiqueire B The data above demonstrate the occurrence of several tectonic pul-
.\4;:-;11-.;.” S‘ﬁ\q‘ﬂ An Mar ses, associated with epeirogenic processes.
_ paig Mauntain The results obtained by the AFTA method, leads to conclude that
CA=121Ma Range

1000m —p - - oo AR A CA—H2Ma the MMR is a structural feature of a half-graben fordmed during con-
Taubaté tinental rupture, with a complex subsequent evolution which included
Jundliai e At tic N'j‘““‘ isostatic phenomena, denudation and uplift related to fault reactivation
Plalgau \ Platean \ \ = in a transpressional stress regime (Ribeiro 1996).

A N A The analyses of paleosurfaces can be quantified through AFTA,

0 10 20Km \ defining a new tool for geomorphological and erosional studies.

Jundiuviry Fault
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ONCLUSIONS The Meso-Cenozoic morphotectonic history

ayed an important role in the shaping the current configuration of the
platform and continental margin. The upper and the lower MMR, the
SMMR and the coastline record different initial tectonic histories,
the uplift process in the different regions at 121, 80 and 62 Ma. A sloelated to the thermal histories, followed by a similar morphotectonic
cooling/uplift following the tectonism is probably responsible for thduistory, of the different blocks. At the Upper Cretaceous/Lower
actual morphology. Tertiary the lower MMR suffered a tectonic reactivation

The regional uplift process was recognized by Freitas (1951) anbronocorrelative to the sedimentation of the Taubaté Basin. The

Almeida (1964), and related to the concomitant South Americdmeaks in the inclinations of the thermal histories reflect a common
peneplanation, registered through some preserved geomorphologieatonic reactivation in all three regions during the Plio-Pleistocene.
surface at the MMR and SMMR. Both authors also suggestedThe result of these processes has representatives in the Brazilian con-
progressive peneplanation of the entire region, related to thieental margin, place of natural deposition of the eroded material.
structuring of the Taubaté Basin.

Figure 2 — Topographic section with values of the corrected ages (C
obtained by AFTA

Freitas (1951) described the peneplanation above the SMMR . . -
. . ) : ; talogenia, IGCE/UNESP and Departamento de Cronologia Raios

happening just after it (SMMR) formation, which he denominates smigos, IFGW/UNICAMP for tt?e use of it Iaboratoriges. To
level “B", :In éheh_uplper MMR it surface was later reworked. AlmeidgApESP for the financial support of Carlos A. Tello S. (Proc. 98/
(1964) called this level “Japi” and King (1957) South American.  198g-8) and grants for field work (Proc. 95/4417-3), to CNPq for the

From the Plio-Pleistocene (2 Ma) a strong regional, common, Uplhancial support of Luiz Felipe Brandini Ribeiro (Proc. 143422/96-
process was registered by the different thermal histories obtained@). To Fabiana C. Silva and Fulvia Codazzi for assistance with
AFTA in this work. The strong change between the thermal historig@Ristrations. To the anonymous referees of RBG for the suggestions
before and during the Plio-Pleistocene, around 2 Ma must be relateditd criticism of the manuscript. To Allen H. Fetter for his review of the
a common tectonic event. About 1.8 km must have been uplifted agaglish.
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Figure 3 - Temperature versus time diagram with accepted thermal histories for each sample group and each corrected age. a) Upper Mantiqueira Mountai
Range (upper 1000 m)- samples TF 9 and TF 10; b) Lower Mantiqueira Mountain Range (lower 1000 m)- samples TF 12 and TF 13; ¢) Serra do Mar Mountai
Range- samples TF 21 and TF 22
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