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A reasonable estimate of the time when a particular mate­
rial was incorporated from its mantle source into the con­
tinental crust can be achieved by examining its "signature"
in terms of radiogenic isotopes. Natural processes can not
modify isotopic ratios in order to "clean" a rock unit of its
acquired radiogenic components, and a complete isotopic
rejuvenation of Sr, Pb and Nd is unrealistic. Thus, ancient
continental crust cannot be completely concealed, whatever
its geological evolution. Moreover, from isotopic evidence
its age of formation can be usually revealed or estimated
within certain limits (e.g, Moorbath and Taylor, 1981).

As in the case of Pb and Nd isotopes, Sr isotopes are thus
very important, for they may help in determining the type
and intensit~ of accretion and reworking processes. The
initial 87Sr/ 6Sr ratio for a suite of cogenetic igneous or
metamorphic rocks has long been used as a petrogenetic
indicator of source material, and when applied to granitoid
rocks, it can be of significant value in determining their
tectonic setting and origin. In general, values below 0.703
are indicative of mantle-derived juvenile material, and
values above 0.710 indicate anatexis .or metamorphic trans­
formation of a crustal protolith, Intermediate values are
more difficult to interpret, since they may be due to mixing
of different source materials, derivation from crust with
relatively low Rb/Sr ratios, crustal contamination of
mantle-derived magmas, or formation from anomalous
mantle sources with higher radiogenic Sr (Faure, 1986).

In recent years, with the increasing evidence from isotopes
of Sr, Pb and Nd, the evolution curves can be estimated
separately for each continental mass. Calculations
employing especially Nd isotopes have indicated crustal ages
younger than those that would be derived from such curves.
For example, a growth curve for Australia was presented by
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Figure 1: Crustal growth curves, adapted from
Taylor and McLennan (1985).

would be essentially juvenile, whereas that formed in later
times at much lower rates would be dominated by recycling
of previous crustal material.

Introduction

Granitic rocks in the broadest sense are the main constit­
uents of the continental crust. They include not only the
common magmatic suites ranging from granodiorites and
tonalites to real granites, but also medium to high-grade .
regional metamorphic terrains, which are granitic in
mineralogy and which make up the gneissic-migmatic­
granulitic complexes so common in all shield areas. Their
geological evolution can be tracked, in part, through the
study of the Rb-Sr systematics.

There is general agreement that a regime of global tecton­
ics has governed lithospheric processes since at least the
late Precambrian, about 900 Ma ago (e.g, Kroner, 1981).
For older terrains, where the diagnostic features of the
present regime such as ophiolites and blueschists have not
been found, two main schools of thought have developed.
One postulates uniformitarian development right through
geological time by inferring some type of a "primitive form"
of plate tectonics since the Archean, and the other accepts
possible changes in the internal behaviour of the Earth and
suggests that the mechanisms governing crustal formation
and growth may have changed through time.

The Growth of Continents

It has been widely accepted that growth of continental crust
was faster in the Archean than in later time, and also that a
major part of the present crustal material had already
separated from the mantle by the end of the Archean.
Figure I shows model curves of several authors relating
continental crust production to time. Excluding extreme
cases involving entire reworking of a primitive sialic crust
(Fyfe , 1978; Armstrong, 1981) or a very large accretion in
the last 1000 Ma (Hurley, 1968, Hurley and Rand, 1969), the
general preference is for models in which a large proportion
of continental crust was formed in Archean times but sig­
nificant crustal growth also occurred during Proterozoic and
Phanerozoic. For example, recent textbooks by Windley
(1984) and Condie (1982) estimate that around 70-80 % of the
continental crust was already formed in Archean times.

The curve by Reymer and Schubert (1984) was based on an
extrapolation back to the Archean-Proterozoic boundary of
the rate of production of continental crust at modern mag­
matic arcs (e.g, Japan) and in the late Precambrian Hijaz
magmatic a rc (Saudi Arabia). For these authors, continental
growth during Archean times was indeterminate and could
have started right at the beginning of geological time. In
any case, the crust formed in the Archean at fast rates and

With its several orogenic belts spanning the entire Proter­
ozoic, the Brazilian Shield is one of the best places to study
late Precambrian tectonic regimes and the role of accretion
versus reworking in crustal growth. In this review, the
authors draw on a huge volume of data, many as yet unpub­
lished, to show that ·some 45 %of the present continental
crust in the Shield was formed at the end of the Archean
and about 80 % by the end of the Early Proterozoic. (Ed.)
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Figure 2 : Cr us t al domains of the Bra zilian Shiel d.
1: Sao Francisco Cr aton (E- Eastern, C-Central,
W-:rvester n ) , 2: Amazoni an Cra t on (CA-central Amazon­
i an, MI-Maroni-It aca i unas, RNJ-Rio Negro Juruena,
RO/ S-Rondoni an/Sun s as) , 3: Rio de la Plata and Luis
Alves cratonic f ra gmen ts, 4 : Sao Luis Cr aton , 5 : Rio
Apa c ra toni c fragment ; 6 : Cen t ral Goias Complex,
7: Borborerna Pr ovince (E- East , rv- West, C-Central,
including NE Goias State ), 8 : Curi t iba crustal frag­
ment , i ncl udi n g Sao Roque Bel t, 9 : Araxa , Al t o Rio
Grande belts, including Ampar o Compl ex , 10: Par a­
guay-A raguaia/Tocantins bel ts, 11: Dom·Feliciano
Belt , 1 2: Brasilia Belt, 13: Je quitinhonha Belt .

• !

Page and others (1984) in which Proterozoic crustal
ac cre tion was considered sign ific ant. In Canada and in t he
Bkltic Shield also, Nd isotope studies are demonstrating that
t~e cr ust can be generally younger t han previously thought
(I?e Paolo, 1980, 1981; O'Nions et a l. , 1979). As shown in
the following, Sr isotopes indica te t hat for Sout h America
Proterozoic crustal evolution was predom inan t, wit h t he
addition of juvenile material in this period even exce edi ng
the crustal materia l produced in t he Archean.

Precambrian Geologic Evolution in South America
The I::lrazilian Shield can be divided into crustal domains
.wit h internall y coherent structural evolution and geochron­
ological pattern (Fig. 2) using se veral c ri te ria. First , the
principal tectonic provinces can be distinguished followin g
the work of Almeida and others (1981), and Hasui and
Almeida (1985). The Sao Francisco and Amazonian cratons
can be further subdivided using the boundaries suggested by
Bri to Neves and others (1980), and Cord ani and Brito Neves
(1982) respectively. Within the late Precambrian tectonic
provinc es; crustal domains follow the areal extent of asso­
cia te d folded belts and exposed re juvenated basement (e.g,
Schobbenhaus et al. , 1984). Where Precambrian basement is
concealed beneath Phanerozoic sediments, primarily in the
Amaz onian, Parnaiba a nd Parana basins and below the
ex te nsive Tertiary-Quaternary cover of central Brazil"
crustal domains can be extrapolated into "basement" areas
with the help of drill-core data (Brito Neves e t al., 1984).
The westernmost outcrops of t he Brazilian Shield . were
taken as the western limit of t he area covered . by thi s
study. The extension of th e Precambrian basement beneat h
the Andean foredeeps (Llanos, Beni, Chaco, Pampas) was
thus excl uded from our esti mates, becaus e of complete lack
of information. To the nort h and east, t he present coastline
was used as a bounda ry, since t he t hinning of t he cont inen tal
crust at the shelf areas is not completely known. The area
conside red in Figure 2 (9.3 x 106 km2) includes the whole of
Brazil, Fre nch Guiana, Guyana and Surinam , a large par t of
Vene zuela, significant areas of Bolivia and Uruguay, and
small a reas of Par aguay and Argenti na.
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Figure 3: Th e geolog i cal evol ut i on o f the mai n geotectonic domains of t he Brazilian
Shiel d . Radiometri c control mainly by Rb-Sr whole rock isochr ons. See text for expl an at ion.
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It must be emphasized that in these calculations, significant
weight is given to the very large domains of the Amazonian
craton (e.g, Central Amazonian 2CA, MaronH tacai unas
2MI, Rio Negro-Juruena 2RNJ, see Fig. 2), where geological
information is very preliminary, and geochronological con­
trol is far from adequate. Nevertheless, the results of these
calcula t ions are plotted in Figure 5. For comparison, the
Reymer and Schubert (1984) curve (from Fig. 1) is also
indicated here.

The objective parameters involved are the areal extent of
the tectonic units under examination, and the variations
observed in Rb/Sr ratios and initial 87Sr/86S r ratios. 'In
several cases, the' choice is between a tectonic model of
lateral accretion (e.g. magmatic arc-type regime) and one
involving vertical growth (e.g, rift-type or ensialic orogenic
regime), with obvious consequences for estimates of volu­
metric proportions of crustal material. In other cases it was
necessary to estimate from Sr isotope evidence alone
(occasionally, with Nd model ages) the possible ages and
relative amounts of juvenile protoliths in regions of re­
worked crustal material. Finally, and again from isotopic
evidence alone, some estimates had to be made of the pro­
portions of juvenile material added to a granitoid-migmatite
terrain with a mixed origin.

The main periods of crustal growth in the Brazilian Shield
are immediately evident. As expected, Archean (A2 to A3. ­
3100 to 2500 Ma), Early Proterozoic (EP2 - 2100 to 1900 Ma
- the Transamazonian Orogeny) and mid-Proterozoic (MPl!­
1800 to 1600 Ma - the Rio Negro-Juruena magmatic a rc s)
stand out as the main periods for continental cru st
.accret ion. On the other hand, even if they are very
important tectonically, the Late Proterozoic orogenie's
were mainly ensialic in character, bringing only a minor

Growth of the Brazilian Shield

Assuming a uniform crustal thickness for the Shield, the
relative areas of the doma ins can be taken as representing
crustal volumes. From the estimated proportions of
accreted material for each domain, the relative amounts of
continental crust accreted in each time interval can be
obtained for the entire Shield (Fig. 4). Three time intervals
were attributed to the Archean (with boundaries arbitrarily
chosen at 3100, 2800 and 2500 Ma), and six to the Proter­
ozoic (with boundaries at 2100, 1800, 1500, 1200, and 900
Ma), The nine resultant time-intervals (Ar. A2' A3; EPl,
EP2; MP r. MP2, LPr. and LP2) were employed for t he
crustal growth calculations (Fig. 4).

Figure 4: Growth of the continental crust for the Brazilian Shield. Domains keyed to
Fi gure 2 and time even t s t o Figur e 3. The numbers wi t hin ~e columns for each domain
indicate the percent age of crustal gr owth during tha t t i me period.

EPISODES, Vol. 11, No. 3,September 1988 165

The information used in compiling Figure 3 is, of course,
extemely varied, and it is not possible to refer to all the
sources employed. In general, the work is based on about
10,000 Rb-Sr determinations of individual rock samples, and
the examination and interpretation of more than 500 iso­
chron diagrams. Part of this material is included in some
100 scientific publications, many of which are regional
works primarily of local interest. Comprehensive syntheses
also exist (e.g, Brito Neves et al., 1980; Cordani and Brito
Neves, 1982; Cordani et al., 1985; Litherland et al., 1986;
lyer et al. , 1987; Dall'Agnol et al., 1987; Tass inari, 1988;
Teixeira et al., in press).

Also used was unpublished data from on-going work at the
Institute of Geosciences of the University of Sao Paulo.
Most of the U-Pb, Pb-Pb or Nd isotopic work referred to
was carried out in collaborative research projects at foreign
Iaboratories. . More importance was given in this compilation
to isochrons with good geological control, such as cogenetic
samples collected at single.outcrops, or clearly related and
nearby outcrops of the same rock units. Nevertheless, we
must emphasize that in such a compilation and synthesis it
is not possible to avoid SUbjective and personal bias.

The principal regional "orogenic" sequences, tectonic units,
main granitic intrusions, and regional events (metamorphic
episodes, cratonization and regional cooling) are shown on
Figure 3, with emphasis on episodes of crustal formation.
Initial Sr ratios were used to estimate the main periods of
accretion, low values being assumed to indica te direct
mantle derivation. Intermediate to high values, together
with the average Rb/Sr ratios were used to estimate either
the possible age of juvenile protoliths, in case of reworking,
or the relative proportion of added juvenile material, when
mixing and crustal contamination processes were involved.
When available, other radiometric data was also used, and in
most cases concordant or nearly concordant apparent ages
were obtained, thus supporting the Validity of the Rb-Sr
measurements.

Figure 3 illustrates, with the aid of available isotopic deter­
minations, the geotectonic evolution of each domain thus
defined. Since episodes of crustal accretion or crustal
reworking in a given tectonic domain are generally spread
over an interval of time with durations of up to a few
hundred million years ("orogenic" episodes), some kind of a
conventional time-scale had . to be employed for our
exercise. The Precambrian in Figure 3 has, therefore, been
divided into nine time intervals in order to report the
sequerice of orogenic events in each of the crustal domains.
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This analysis and similar ones produced for oth er continents
all show a limited amount of continental crust formed prior
to 3.5 Ga. This is in line with the fact that outcrops of
ea rly Archean rocks are very rare on all cont inents. It does
not necessarily mean that continental crust was not being
formed then, but most prob ably that th e extremely active
Arc hea n mobile regimes allowed complete recycling into the
mantle, precluding the survi val of stabl e continental crust.
Moreove r, our estimates for the Archean continental growt h
of the Brazilian Shield appea r to be subs tantially lower than
those of other models for the Arc hean (see Fig. O. This
predominantly Proterozoic a cc ret ion may be a situation
peculiar to South America, or it may be, in part, due to th e
different ways in which crustal growth is assessed.

Finally, if the ar ea we have synthesized (see Fig. 2) is
extrapolated to include the whole of the South America n
continent, three main addit ional crustal prov inces must be
tak en into a ccount . For th e foredeeps of th e Andea n
mountain chain, their basement is an extention of th e
Brazilian Shield and should not modify significantly the
proportions indicated in Figure 5. However, th e crustal
substratum of Patagonia seems to have had a very sig­
nificant Phanerozoic orogenic history, and, of course, in the
Andean chain itself juvenile material in substantial pro­
portions was added to the continent during the present
tectonic regime, act ive since Jurassic times, and connec te d
with typical subduction processes. Thus, a growth curve for
t he entire South American continental crust would differ
fro m Figur e 5 essentially in that Archean and Prot er ozoi c
proportions would be somewhat reduced, to allo w for
significant accre tionary components in Phanerozoic tim es.

.
0.5 Present

day

..•... :<.'''' ''l~':.

1.03.0 2.5 ' 2.0 1.5
Geological time (Go.)

3.54.045

(%) ,-------------------

100

Figure 5 : Hi s t ogram and c umula t ive c ur ve i l l us t r a­
ting t he growth of t he continental c r us t o f the
Brazil ian Shield .

contribution to th e growth of continental crust. Moreover
th e growt h curve does not show significant early Archean
contributions, perhaps re flecting in part the lack of
appropr iate (U-Pb, Sm-Nd, Pb-Pb) radiometric data on
a ncient material.

It appea rs thus that about 45% of the present cont inenta l
cr ust was already formed at th e end of t he Archean, and
about 80 % a t the end of the Earl y Proterozoic Trans­
a mazonian Orogeny. Accretion' during the Proterozoic was
cl earl y more important in quantitative terms (55 %) than
during the Archean.
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Late Proterozoic-Early
Paleozoic of South America

- a Collisional History
by Victor A. Ramos
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The sout hern portion of South
Ame rica is a complex collage
of cra tonic blocks that were
brought tog ether along t he
southwestern Gondwanaland
margin in late Precambrian to
e?rly Paleozoic tim es. An
enor mous amount of recent
work espec ially in northern
Argentina and Chile, revie wed
here, has led to many new
ideas and models for the
development of this region in
terms of plat e interactions
and orogenic cycles. (Ed.)

!
Introduction

The hypot hesis that continen­
tal drift ca used th e destruc­
t ion of Gondwanaland was ac­
cepted ea rly on by many Sout h
American geologists because
of t he striking sim ila rities and
correla t ions bet ween the Pal e­
ozoic history of South Ameri­
ca and southern Africa (e.g .
Keidel , 1917). Most t ectonic
studies have ass umed a fixe d
ensialic or ensimatic origin for
the orogenic belts t hat pre­
dated the breakup of Gond­
wanala nd. Howeve r, in­
creasing evidence on the dis­
t ribut ion of mafi c and ult ra­
mafic ocea nic roc ks, ancient
magmatic arc s, and t he meta­
morphic and sedimentary
sequences of t hese old oro­
genic belts suggests t hat a
complex collage of earlier
collisons and amalgamations
betwee n lit hospheri c pla t es
for med Gondwanala nd in Lat e
Prot erozoic to early Paleozoic
t ime's.

Ma ny workers on th e Phanero­
zoic Cordillera of Sout h
America have long avoided the
vast and complex Precambrian
prob le ms of t he contine nt.

Figure 1 : Nai n cratonic
blocks and al lochthonous
terranes of southern So uth
Ameri ca . Hori zontal lines
i ndicate the ex t en t o f the
Al to Paraguay Terrane .
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