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RESULTS AND DISCUSSION
The 40p.J:139Ar step- heating dating here

presented indi cated that the co mplex crusta l
evolutio n of the Paragu ay bel t rocks requires high
ana lyt ical precision and impro ved spat ial resolution.
The biot ite grains were irradi ated at the IP EN/CN EN
lEA-Rl nuclear re ac tor. T he analysis we re done
usin g the M ass Analyser Products (U K) MAP-2l 5­
50 mass spectro meter at USP 40Ar/ 39Ar laboratory.
Blanks were mea sur ed between each step of the
step-heating procedures. T he apare nt age (Ma)
versus cumula tive % 3 ~Ar re leased diagrams show
co mplex patte rns and their interpretation s need
acc urate ana lys is .

Th e sa mple AR-l 05 had two grains analysed
and yielde d two different cumulative % 39Ar
released versus aparent age (Ma) spec tru m. Th e first
grain yielde d a 40 AJ.i9Ar plateau age of 53 1 ± 0.6

M a and an in tegrated age of 539.3 ± 0.5 Ma (Figure
2). The pl ateau age may be interpre ted as the
metamorphic peak age of the analyse d roc k. The
second grain of sa mple AR -l05, by the othe r hand ,
yie lde d a disturbed Argo n step-heating spectrum
mark ed bya a "sad le" shape (see Fig ure 2), in which
ano maous ly hi gh ages arc obtained at both low and
high temperatutes of the gas re leased. This excess
Argon may oc urr during crys ta llization and
subse quent cooling of the min eral or durin g some
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allowed to co nc lude that the prot oliths of the
metamorphic un its observed in the st udied area are
che mica l sed ime ntary rocks as ph yll ites, graphitic
ph ylli tes, cherts and band ed iro n for ma tio ns'
silic iclas tic sedime ntary rocks such as quartz­
ph yll ites , qu ar tzites and co ng lo mera tes; and volcanic
units co mpr ise d of ul tramafic, mafi c and
intermediate rocks. The prim ary structures (such as
parallel band ing) of the vo lcanosedime ntary rocks
are mainl y obse rve d in the BI F' s, qu art zites and
phyllites. Subparall el to the sedime ntar y bedding
occ urs the pen etrative foli ati on, which is ro ughly W­
E/3 3S . T his foli ati on is interpreted as res ult of a
shear zo ne (Araes shear zo ne) activity durin g the
reg ional metam orphism. The main fo liatio n and the
sedi me ntary bedding (both locally W oE) me
deform ed by ope n folds with NW-trending.

GEOLOGICAL SETTING
The Paragu ay belt and its corresponding

crato nic cover we re for med on the southern margin
of the Amazonian Craton (Fig ure I ) and
subse quently metam orphosed in gree nchis t fac ies
co ndictio ns. The sedime ntary seque nces co mpr ise
limestones, lam in ated siltstones and sands tones
(C uiaba Group), carbo nates (Co ru mba Group), and
siliciclastic rocks (Boquira and Alto Paragu ay

Gro ups) . A Rb -Sr isochron at 568 ± 20 Ma as
reported in the litera tura for sha lles fro m the top of
the Alto Paraguay seq uence , interpreted as
diagenet ic age . Ho wever , the stra tigrap hic position
of the metavolcanic roc ks obse rved in the studied
area is still deb atabl e, being co nsidered , on the other
hand , is representa tive of the Cuiaba Group
basement.

The metamorph osed vo lcano-se dime ntary
rock s in the studie d area outcrop in a structura l
window which lim its are : sedime nts of Alto
Paraguay Group (north); Pont a Grossa Forma tion
(De vo nia n of Parana Basin) (west) . T he eastern limit
of the fold belt with the Goiano Complex of the
Brasilia Be lt is hampered by Qu arten ary/Terti ary
sedi mentary co ver. Detailed petrographi c studies

INTRODUCTION
This wo rk presents 40Ar/39Ar data determi ned

on the Parag uay belt metam orphic rocks related to
the Br asi lian-Pa nafrican event, in the region of Nov a
Xa vantina, Ma to Grosso State, Brazil , with the
purpose of bett er constrain the timing of
metam orphic event and discu ss the tectoni c
implications. Th e orig in of thi s fold bel t is
correlated to the Neop roterozo ic co llisio n of the
Amazonian craton, the Paranapane ma cratonic
frag me nt and the Rio Apa block and the

Neoproterozoic geo log ical evo lution of the Paraguay

belt may be included among the orogenies correlated

to the Go ndwa na assembly. Th ese orogenies were
diachron ic, man y of which were coeval with
taphrogenic pro cesses elsewhere , and the plurali ty of
processes co nverged to the closure of many oceans
and to the co llage of the contine nta l frag me nts
(terranes or micro- continents).
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later thermal/metamorphic event, du e the pr esence
of an external high parti al-pressure of Argon. Since
such excess Argo n was not observed in the iso topic
ratios obtained during the ex perime nt (no 39Arr OAr
> 295.5) each step-heating gas fraction is likel y to
have sampled a disti nct Ar reservoir in the
amphibole gra in. Con sequen tly for the sa mple AR­
105 (second grai n), the ca lculated int egrated age is
anomalously high and geo logically meaning less.

From the second sa mple (97- 107), the tw o
grains analysed by 40Ar/39Ar step- heating technique
produced two different spectra. In the first grain, 10
steps were performed, yie lding a forced plateau age

of 531 ± 0.6 Ga and an integrated age of 53 9 .3 ± 0 .5
Ga (Figure 2). Th e spectrum sho ws high er ages in
the first 5 steps where ages reach 700 Ma , indicating
partial argon-loss in the biot ite gra in. Th e obta ined
spectrum, in the studied case, may be interpret ed as
mixing of two Ar reservoirs: one olde r, which

isotope composition indi cat es the pre-metamorphic
crystalization of the biotite grai ns; and the second
probably prese nts the Ar isoto pic composi tion of the
last thermal event. Consequentl y the ste p-heating
fraction with young ages may be interpreted as the
closer age to the metamorphic pe ak.

The seco nd gra in from the se cond sa mple
(97-107) had only two steps anal ysed , yie lding an
integrated 40Ar/J9Ar age of 684 ± 12 Ma (F ig ure 3) .
The spectru m obtained is equiva le nt to 40Ar/39Ar
total-fusion or K-Ar dat ing tec hnique . As discussed
above about the first grai n fro m sa mple AR- l 07, this
sample probably presents tw o 40 Ar reservoirs: on e
has 40Ar/39Ar age of ca . 54 1 Ma and the second ha s

I 40 139age about 700 Ma or older. Con sequent y AI' Ar
total-fusion age is meaningless in th e studied case ,
since it is the mixture of two Ar reservoirs .

The 4° Ar/J9Ar spectra here obtain ed suggest
completely or partiall y-ov erprinted biotite grains .
The Ar loss closure temperatue for biotite is ca.
350°C. Therefore, the greensc hist fac ies grad e
rearched in the Paraguay belt metamorphic event
was not enough to rese t completely the Argon in
biotite minerals. Su ch hyphoth esis, however, is
based on the ass umptio n that the ope ning
temperature during reheating is the sa me as the
closure temperature during cooling, and this may not
be true. Furthe rmore, biotite grains here ana lysed
were obta ined fro m me tabas ic rocks which prob abl y
went throu gh deforma tion and fluid int eract ion
rather than simple heating. In this env iro nment the
argon-loss closure-tem per ature co ncepts has no
validity.
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Con sequently, the disturbed spectr um sho we d
in sa mple AR-107 gra in 2 and sample AR-105 grain
2 provide useful geochronological data fro m
diffusiv e-lo ss p rofil es and suggest a co he re nt
therm al history o f both metab asic sa mples .
Altogether, the four 39ArrOAI' step-heating data

suggest metamorphic ages in the range fro m 54 1 ±
0.7 M a to 531 ± 0.5 M a re flec t the tim e of a late
therm al event, proba bly lin ked to the region al
ther ma l event rel ated to A mazonia n crato n and
Paranapa ne ma block co llis io n.

As tectonic imp lications upo n the isotopic
data here presented, we may sugge ts that the
co llision of the southe rn region of the Amazonia n
craton probabl y occurred not on ly with the
Paranap anem a cratonic frag me nt. At that mo ment
(54 1-53 1 Ma) imp ort ant terranes and microp lates
had already assemb led. Pro babl y the Sao Francisco
cra to n had j oi ned to Rio de La P lata cratonic
frag me nts . In th is way the Amazonia crato n co llid ed
at 54 1-53 1 Ma wit h th is co nti nuo us co nti nenta l mass
(Sao Francisco-Rio de la Plata-Lui s Alves) . In
addition, the Rio Apa block co llided to the
Paranapa ne ma crato n and orig inate d the
so uthe rn mos t branch of the Paragu ay belt; and the
co ll iso n between the Rio Apa block and Amazo nian
craton origina ted the western branch of the Paraguay
belt denominated as T ucavaca. Pra tica lly
simultaneous ly to these colli sion s, there OCCUlTed the
collision of the last accretion of Ribeira bel t in SE
Brazil (Buz ios orogeny), correspo nding to the
co llis io n of the Con go cra to n and the Sao Franc isco
craton. And pro babl y at the end of this two last
orogenies, the Gondwana supercontinent was
formed .

CONCLUSIONS
The 40Arr Ar data here reported may suggest

impo rtant co nstraints in the geological evolut ion of
the Paragu ay belt as we ll as tectonic implications .

40 139 I d hBased upon these Ar Ar resu ts an t c
di scussion above we may sugest the fo llo wing
co nc lusions:

1) The age of the metam orph ic peak of the
Paragu ay belt may be co ns trai ned betwee n 54 1 Ma
and 531 Ma.

2) This metam orphic event probabl y is result
of the collis iona l pro cesses between the Amazonian
cra ton and the Paranap an ema cra tonic block (Rio de
la Pl ata cra ton), and comprises late co llis ion of the
western Gond wan a co llage.
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Figure 1. Genera l overview of the Paraguay belt. Th e rocks of the Paraguay belt may be divid ed in undeformed
sedimentary rocks (cratonic cover) and deformed sedimentary rocks, corresponding to the orogenic externa l and

internal zones, respectivelly.
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56



r .

Integrated Age = 553,] ± 0.6 Mo

M -lD] Groin 1

l ~ ·!

~ ...
~ ,,,J
r :
~ ~ FAI -- ~1 . It.o.1 Ik;- - - ·' ·1

I i '--.-~--"'--...;..._ -x-r- _----rd,.-~ ;
A 6o)J ·1 ( F H i t

g""
M
a""

Integrated Age = 684 ± 12 Ma

M · l 05 Grain 2

"J" " 00 if. ", 0
dr---- -:,.,

,

',"",

A ra»P
P
0
r ""e In
1

A "' Ig
e ,

"" I
M I
0 .. ,

"" I

c ;~--,,--. ~ ;;;_--,,--_.,--~-_ ' - 6OJ~ ~ °t---U;-·--;o-~,,--~--"'-" --,;---;--;, -----l~

Ct..rN.JatMl "'3 9AtRe'ecsed CunubtiYe %3QAtRoleo1ed

Figure 3. Apparent age versus cumulative %39Ar released diagram for sample AR- I07.
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