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A bs ll'llCl

Many yea rs ago the d ose relationship bctwecn tectonism and sedimentation was estab lished
by severa l a utho rs, However, unti l lhe recognition of associated sedirnentary deposits, in con­
tinent al southern Brazil, lhe occurrcnce of Cenozoic vertical rnoverncnts was only suspected by
so me geo logists in o ur country .

Du ring lhe lasI ten years, man y papcrs have shown a strong tcctonic control on Ccnozoic
sed imenta tio n. Frequ ently the tecton ism is related to the reactivation of ancient Prccambr ian
fault lines.

Introduction

During th e last d ecade seve ra l review papers
o n C enozoi c deposit s in so uthe rn Brazil gave
rise to a geo logic problem pr eviously no t
m entioned in th e country, a problem relat ed
to th e field of ' neotecto nism', as nam ed by
Brazili an geologists .

As the South America n Pla tfo rm is situated
in a hu ge cra to n ic arca , recent movernent s were
even suspected by a lmost a li of the previous
investigators. Bjornberg, G andolfi and Para­
guassa (1965) studyi ng th e State of São Paul o's
easte rn tecto n ic pa ttern, were the Iirst to deal
wit h th e m agnitude of th e Cenozoic tecton ics.
Bjornberg (1969) a lso presented a global
review o f Cenozoic sedi mentat ion pointing out
th e grea t amoun t of ev idence for the Ce nozoic
tectonic ins tabi lity o f so utheastern Brazil.
With th is po in t of view, severa l pa pers on thi s
problem were pu blish ed during the last ten
years th a t a na lyse Ce nozoic sedi rnenta tion
in cont inenta l Bra zii , a lmost a lways as re lated

to synchronous or previo us vert ical move­
ment s (Fulfaro and Sugu io, 1968 ; Fu ifaro ,
1974 ; Fu lfaro an d Sug uio, 1974 ; Fulfaro and
Lan dim. 1976, etc.).

Regional S truetural Pattern

T he area in discussion here is locat ed in
the Bra zilian portion of So ut h American
Pla tform with outc ro ps of Precambrian rocks
to the east and Paieozoic, Mesozoic and Ceno­
zoic rocks of the Paran á sed imentary basin ,
a huge 150,000 km 2 intracratonic basin, to
the west .

Fu lfaro and Pon can o (1974) summarized
the main tecton ic evcnts oft hc So uth Ame rican
Platform . The Precambrian rocks were reju­
venated dur ing the Brazilian folding cycle
(900 to 550 my), which rep resent s the end of
the geos syncii na l-type tecionic evo lution in
the Brazilian territo ry.
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Fig, 1. Structural cvo lution of the Brazilian plat form (modificd from Almeida, 1970)
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The Brazilia n portion of the So uth Ame rica n
Platform (Fig. I ) underwent a peri od of geo­
cra tic character wit h a ra ther prolonga ted
tect on ic calm from lhe end of Pr ecam bria n to
th e end of th e Jurassic (Almeida, 1967).

AI the end of lhe J urassic a strong basic
vo lca nism began wh ich had its maxirnum
intensi ty in lhe Ea rly C retaceous (Amara l,
Cordani a nd Ka washit a, 1965) and extende d
until the beginning of lh e T crtiu ry with th e
em placemen t of seve raI alkaline bodies
(Amaral and coll eagu es, 1967). Associ at ed

with thi s vo1canism, a new period of rigid
tect onics sta rted th at is vcry well documenled
by diabase dykes in th e region (Fulfaro and
Suguio, 1967).

During the rigid tectonic phase, the Santos
sedimentary basin, situated on the continental
shelf, sta rted to su bside by means of st rong
tec to nics. Its main tect on ic fea tu re is the
San tos Fault, whic h defines th e wes te rn lim it of
th e basin. This fault passes a bou t 40 km east o f
th e present st ra nd linc and is northeasl ­
sou th wes l o riented , with an easte rn downfaul -
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1975)

ted block. The Santos basin was ac tive from the
C re taceous to th e T ertiary, with intense tecto­
nic movements d uring ali this time interval.

North of the Santos basin, along the coast
of the States of Rio de Janeiro and Espirito
Santo, th e Cam pus basin, a lso on the conti­
nental she lf, shows a simi la r evo lutio na ry
pattern with tecton ic moverncnt s docu men ted
as rece nt ly as 1972 (Veloso and Ladeira, 1973).

The Serra do Mar is another major tectonic
feat ure o f the a rca that formed during this
stage (Fig. 2). It s evolution began in the Creta­
ceous a nd last ed to the end of the Tertiary or
evcn lh e beginning of lhe Quaternary (F rei tas,
1951 a nd Ab' Sa be r, 1969 ). T he Serra do Mar
scarp is co nsi de red to re present a n erosional
fau lt line assoeiated with the Santos basin.
Adding the thickne s of the sediments in the
Sa nt os basin, about 8000 m, to the alti tude
of the Serra do Mar, around 1000 m, a 9000 m
vert ica l d isplacem ent wo uld thus be ind ica ted
for this region.

T he effects o f the Cretaceous tecton ic
movements were st ill present d ur ing the
Tertiary, perhaps as a stage of thc continenta l
d r ift and rift tha t led to the origin of the

Paraiba do Sul antecli e and also to lhe graben
that cuts it (Fig, 2). Th is gra ben, the Taubaté
edimentary ba in, is filled by a sed imentary

scqucnce deposited between the end of the
Tertiary (Neogene) and the beginning of the
Quaternary and has, indubitable tec tonic
o rigino The Ta ubaté bas in sedirnents are cut
by penecontemporaneous and pos t­
depositional faults (Suguio, 1969).

Studie carricd out on Cenozoic tectonics
in the State of Sào Paulo, including deta iled
study of the coa ta l arca, indicare that Iaults
of probabl e Quatern ary age are prescn t. an d
are characlerized by shca r sur faces with
slicke n ides in econ dary minerais.

O ther tectonic line or fracture zones that
have been described in southern Brazil in the
pa I few yea r include the Torre Syncl inc,
the Ponta Grossa Arch, the Paranapanema
Fracturc Zone and the Central Pa raguayun
Arch. Ali these tectonic feature were reju vcna­
tcd during the Cenozoic. with vertica l move­
ments giving ri c to the a ppeara nce of ills in
thc rivcrs of lhe initial drainage net . Thcsc
mo vemcnts rcsultcd in the format ion of larger
sedimentary ba ins in the upper part of the
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sill s. Their boundarics a re always structurul
lincs, as excmpl ified by the São Paulo scd i­
mentary basin . Also, thc hea dw at cr s of the
grea t South Arncri can hyd rogra phica I basin s,
the Amazonas a nd thc Rio de la Pl a ta , had
th cir origin in th is period .

T he Uptif! of t he Morqina] Arches of t h e

Paran à Basin

A structura l fract ure zo ne o rie nted ESE­
WNW named Pa ranapan em a F ra cture Zone
(F u lfa ro, 1974). had a strong influ ence du ring
the tectonic evolution of the Pa raná sedi ­
mentary ba sin at least since Late Carboni­
ferous time. Onlap of stratigraphic units
indicat es th at thi s region d ivid ed th e basin int o
two sub-basin s having different tectonic be­
hav iour. Cenozoic react ivation of the ancient
fault lines with concomitant sedi mc nta tio n in
isolated basins indicat es th at the sa me process
has cont inued up to present times.

At the end of Paleozo ic times the Para ná
basin lost its su bside nt characte r a nd began a
dep osit ional per iod marked only by subaeria l
sed ime nta tion a nd increasing ari d ity. Cha nne l
sa nds, floodplain clayey deposi ts in an inter­
mittent drainage partem, a nd sa nd dunes were
the sed imenta ry res ponse (São Bento Gro up)
to these changes. From the Lat e Jurassic to the
Early Cretaceou s the basin was inu ndated by
ex tensive basalt ic lava Ilows th at covered an
a rea larger th an 800,000 krn" ; these were
foll owed by alka line intrusions th at conti­
nued into th e beginning of th e Tert iary
(60 my ago ).

At this time, th e Serra do Mar Arch and th e
Canastra Arch started a period of upwarping
that was responsibl e for sed ime ntary deposits
located to the north of the Paranapanema
Fracture Zone, th at had acted as the basin
lim it to sou th. Renewed upl ift of th e Serra
do Mar Arch during the Tertiary was followed
by a decr ease of su bsidence in the Paraná
basin th at wa s directly relat ed to th e ax is of
subside nce to th e coastal Santos bas in.

The uplift of the margina l arches wa s re­
presented in th e Paraná basin by sed ime nta ­
tion of mass m ovement deposits with a poorly
dcfin cd, un confo rm able contact with underl y-

ing Bauru Forma tion. These deposit s com prise
large fan glomerate deposit s located near th e
ma rgin a l arches. The previo us ly me n tio ne d
La te C retaceous arid ity see ms to ha ve conti ­
nued. During the Terti a ry, in th e M iocene,
grca t ma rine tr ansgressions a long the coast­
line a re correlated in th e contine nta l in terio r
with the previous ly mentioned reactiva tion of
ancient fault lines that gave rise to severa l
iso la ted basins, such as th e São Pau lo, T a ubaté
a nd Rio Cla ro basins, among ot hers.

It is pro bable th a t th is time represents th e
beginning of the Peripheral Depress ion
(De press ão Periférica ) that formed by ero­
sion al ca rving a nd wh ich is limited by th e
Paranapanema Fracture Zone to the sou th
and the region of the Canastra Ar ch to th e
no rth (Fi g. 2). South of the Paranapancma
F ract ure Zon e the topographi c reli ef is re­
presented by three di stinct plateaus, The
di ffere ntia l tilt ing of th e coasta l and in terio r
regions caused a convexity th at gave origin to
fractures that wer e subsequently excava ted by
d ra inage, thus pr oducing the presen t reli ef.

At pr esen t, the ge ne ra l p icture of this
reg ion is represented by a continued uplift of
the continent in te rior with the r ivers pre­
dominantly in a sediment by-pass processo
T hese La te Cenozoic tectonic movements are
respon sible for formation of the sou theaste rn
Brazil geomorphological pa ttern : a coast a l
mou nta in region with small iso la ted sed i­
mentary basin s a nd a Peripher al Depression
(Depressão Periférica) adjacen t to th e Serra
G er al basaltic sca rp with th e basalti c plateau
gently tilted to the P araná ri ver va lley.

Dowufault il/9 of th e M arqinal A rclies

Petri and Fulfaro (1976) prescnted a papcr
on the Ce nozoic tecton ic mo vernents a lo ng
the wcs tern margin of th e Paraná ba sin ,
di scu ss ing also the limi t between th is basin
and the Amazonas basi n. The As unción Arch,
the weste rn limit o f th e Pa ra ná basin, was
depressed 46 my ago by normal faulting move­
me nts of suc h magnit ude tha t they were
accompanied by the extrusion of o livine
basa lts co ntai ning mant le materia l.

T o better understand th is Ce nozoic move-
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ment, a wider a rea sho uld be geo logically
a na lyse d includi ng th e Pareeis Pla tea u region .
Th is region, loca ted between parallels 110 S
a nd 150 S a nd meridi an s 560 W and 60·' W
of G reenwich, co nsists of a 650 ru -high platcau
tha t is the wa tersh ed di vide for the Amazonas
and Plata fluvia l basins, two of the grea test
hydrogra phical basins in the worl d . Th e
headwaters of the Paraguay river d ra inage
(Pla ta basin ) a re situated on the southern
slo pes of th e pla tea u, while the hea dwatcrs
of th e so u thern Amazonas basin are loca ted
o n th e north e rn slo pes. T he pla teau co uld bc
dcfin ed as a 'cu esta' with a gcntlc northward
d ip . Thc plateau is stro ng ly dissected by the
headwaters of the two hu ge basin s so that the
limits between two rivers of the different
basins may be less th an 3 km a pa rt.

The regiona l geomorphology is structura lly
conditioned . Lower Pa leo zoic rocks (Alto
P aragu ay G roup) occupy the lowlan ds and
are arranged in al most symme tr ical E- SW
str iki ng fold s form ing wide syncl incs an d
anticli nes. Ba sa lts of Mesozo ic age (Ta pirapuã
Forma tion) in this region con st itut e the front
o f the 'cu est a' , a nd the top is covered by sand­
sto nes and conglomerate o f the sa me age
(Pa recis Formation) and Cenozoic deposits
as yet unnamed (F ig. 3).

T he mos t im portan t Cen ozoic ed ime nts af
this p lateau, with respect to the present pa per,
occur o n th e southe rn Ilan k, They co mprise an
ex tens ive co nglo meratic sedi menta tion a t the
foot o f lhe plateau . T he co nglo rneratcs,
com posed o f pebbles and co bbles, from the

second step a t the scarp edge between the
Parccis Sandstones and the fl at to p of the
Ta pirapuà Basalt , although in so me cases
they occ ur direct ly a bove the Alto Paraguay
Group. Th e hape of the lithosorne ugge ts
alluvial fans but their th ree-dim ensiona l fea­
ture, a well a the pre ence of gradations to
sandy component , indicates fanglom erates of
Post- Parecis age.

Th e Tap irapuà Ba alt ha a rad iom etric
age of 135 my and constitutes a n isolated ba ic
igneous bod y rela ted to the huge basaltic lava
flows of the Par an á basin with an a rea of
occ urrence of 800.000 km '. Th e Parecis
Fo rmation is con ide red to be Lat e Cretaceo us
in age bascd mainl y on corrcla tion with the
fossiliferous Bauru Formation tha t occurs
ab ove the basalt in the Paran á basin.

Paleoeur rent direction s during sedimc nta­
tion of the Parccis Forrnat ion were d irec ted
to ward NNE and TNW. These d irect io n were
ob ta ined from cross-stra tilica tio n measure­
ments and from the th ree-dimensio nal hape
of the format ion. Th e fo rmat ion had a north­
em de pocentre, and this sugges tion is
reinforced by increase in thickness that conti­
nue as far north as a fault system located at
11 030' S. The forrnation is 50 m thick at lhe
front of the plateau and reaches 210 rn thick
adjoi ning the fault y tem. Thc ource area fo r
these sedimen t would have been located to
the sout h, in the regio n of outcro ps of the Alto
Par aguay Group.

Paleocurrent measurements ar outc ro ps of
the Cenozoic fanglom erates gave directi on of

NW

Ter t i or y
do wn foull i ng

Fig. 3. Mcsozoic- Ccnozoic tcctonic evolution of lhe Parccis platcau region
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sedimenL LransporL Loward Lhe SSW anel SSE.
These directions were obtained by cobble
imb rication measuremcnts but also agree vcry
wcll with lhe fan sha pcs.

Thc Serrana P rovincc. lh e ouicrop arca of
lhe Alto Paraguay Group in lh e wat c rsh ed o f
Lhe P aragu ay a nd C uiabá Ouvia I sysiems, was
th e source a rca elur ing Lhe Lat e C re taceous fo r
both scdimcntury basins (Parecis F ormation
and Bauru Formation ). During lh e Cenozoic,
vertical movements upl ifL eel lh e basin margins
in relation to lh e old source a rca, whi ch is
presently in downward faul t movcmcnt (F ig. 3),
initiating lh e excava tio n IhaL Icei Lo lh e presenL
re lief.

The Serrana Province is a part o f a huge
struc tural zone tha t cxtcnds fro m Lhe m outh
of Lhe Amazonas rivcr to lh e Asu nción region,
sou thwu rd of th e Pa recis arca. named Centra l
Pa raguayan A rch o r Asunci ón Arch . T his arc h,
as expla ined abovc, was Lhe source arca for th e
Paran á basin sed imc nts from Lh e Pa leo zoi c
to Mesozoi c when lt wa s a highl and .

lt subsid ed by downfaulting m ovement
about 46 rny a go wh en lh e Ypacarai rift va lley
in Paraguay origina teel. This a ge is based o n
radiomet ric detc rminat ion in o livine-basalts
that were extrudcd pcn ccontemporancously
with lhe Iault moverncnt (St rorncr, G omes
and Torq uato, 1975). To Lhe north, th e low­
lands of th e St at e of Mato Grosso (Panta na l
Mat cgrosscn se ) a re th e na tura l con iinuat ion
of those P araguayan depressed a rcas. a nd so
a n identical age can be infe rred for th e Serra na
Pro vince d ownfaulling mo vern ent, which is in
good agrce ment with lh e Cenozoic sediment á­
tion pattern.

As pointed out by Petri and Fúlfaro ( 1976),
th e existe nce of di amonds with in th e sed iments
of the Parecis Forrnation, th e Ceno zo ic eonglo­
merates a nd lh e presen L deposits o f th e river
systcm give great economi c importance to
thi s model of geologi c even ts.

Other Relat ed Features

Fúlfaro and Suguio ( 1974), a na lys ing th e
Siate of São Paulo's C énozoic.deposiis, presen­
ted a tectonic a nd pal eogeographical evo lu­
tionary model th at included southern Brazil.

Corre luting e pis o des of se di menta t io n o n th e
coas t and in th e co n Line n ta l interior during
this peri od, th ey say that th e existe nse o f
roughly E- W orien te d fracture zones dete r­
m ined th e Cenozoic pattern of se d imen ta tio n
in tect oni c com partme nts ex h ibit ing different
ver tica l behavi ours. During th e Cenozoic,
some o f th ese restr icte d a reas received se d i­
mcntation, for exa m ple in th e SE, while o thers,
comprising a lmos t a lI th e sou the rn Brazil ,
were in uplift and thus exposed to erosio na l
pr ocesses.

Some alkal ine rock intrusions occurre d
at th e beginning o f the T ertiary, s uch as in th e
Lages area (65 m y ago) a nd so me of th e
yo unger episode s of Pocos de C a ld a s (64 my
ago). Vertical movements asso cia te d w ith th ese
intrusions are of high magnitude, a ltho ugh
most o f th em a re located along the coast al
zo ne and probably re la te d to s pread ing rates of
th e eontinents.

Origin of Vertical Movements

Sloss (1972), analysing th e synch ro ny o f
sed imenta ry- tectonic even ts o f th e North
America n C ra ton a nd th e Russian Platform
po inted out th at vertical oscilIations eve n at
sign ilica n t di st ances fro m con tinenta l margins
a nd plate in te rfaces co uld have an o r ig in in
se pa ra te, lat eralIy moving litho spheric plates.

F aure (1976), describing th e vert ica l move­
ments originating from the fracturing o f a wide
co nt ine ntall it hosphe ric plate eithe r as a result
of drift ing on a non-spherical ea r th o r o ve r a
persist in g bulge in the rnantle, es tima te d th at
total vert ical d ispla cement can be over 10 km
during th e rift and subsidence stages. This is
th e order o f magn itude o f th e total d ispl ace­
ment of th e Santos bas in as pointed ou t in the
pa per of Fúlfaro and P oncano (1974).

It is th e a u tho rs' opini on th at th ese ve rt ica l
movements a t th e continental ma rgin ha ve
had a n influen ce in the rea cti vat ion o f a ncien t
fault lines a nd fraeture zones in th e continental
in te rior, at least in so u the rn Brazil. For eac h
sed imentary- teeto nic even t in th e coa st al
basin s, a co rrela ted sed irnen ta ry e pisode adja­
cen t to upl ifL of some tectonic features in th e
continent interior can be det ect ed. Cons ide ra-
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tions of lhe mechanism in vol vcd in th is proccss lhe cor rclati on of this tccto-scdim cnt ary cvents
is beyond the objective ofthis pa per: howcver , sho uld be pointcd out,
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