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Pb i s o t op e behavior in carbonate rocks from Barnbui Group, Brazil,
during post-deposit ional events : A s tudy case
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Th i s s tudy was d one on more than ninety carbonate samples collected from 1 0
ou t c rop s (Fig . 1 ) . The samples b elong t o the Neoproterozoic Sete La goa s and Lagoa do
Jacare fonnations, Bambui Group, f r om the sou t her n part o f t h e Sao Fr anc i s c o basi.n- ,
Mi nas Gera is State , Brazil . Based on the structural studi es2, 3 t h e sout hern part o f
the bas i n i s divid e d in thre e d omains (Fig . 1 ) : t he cen tral, eastern and western
domains. Fi v e outcrops are l ocate d in the c entral part o f t h e bas in where the rocks
are undefonned, on e ou t c r op i s from the d omain where the r oc k s ha v e been defonned by
the Br a s ilia f old b elt (western d omain), and f our ou t c rop s are in the domain a f fec ted
by the Aracuaf f o l d belt (eastern d omain) .

Ba s e d on Pb isotope a n a l yses and U and Pb c oncentrations d etermined o n the
carbonates , f ou r dif ferent types of Pb were identified and they we re classified by
Babinski4 as Pb Type I , 1 1 , I II and IV . Type I Pb was f ou n d i n samples with l ow Pb
concentrations (0.10 - 0 .88 ppm) a nd r elatively high U concentr at.i.ons (0 . 17 - 0 .95)
with U/ Pb r a t i os g r eat e r than 1; i t r epresents in situ g rowth of radiogenic Pb and i s
able to y ield pb-Pb i s ochron ages. Type 11 Pb i s presen t i rt samples with relatively
high Pb concen t r a t ions (0. 76 - 35 .0 ppm) and low U concentrat ions (0. 01 - 3 .9 ppm) ;
it i s non-radiogenic crustal Pb showing Pb isotopic composition s that c ould r epresent
e i t h e r average crus t al Pb at t he time of deposit ion or, as interpreted here , the
deformation of t hese rocks . Type III Pb is a lso f ound in s a mp l e s with high Pb
con c e n t r a t i on s (1. 8 - 50 .0 ppm) and l ow U c onc entrations (0 .19 - 1.22 ppm) but it i s
r a d iogeni c crustal Pb . This Pb c a n b e divided in Type I lIa, IIIb and I IIc a c c ording
to their Pb isotopic compo s i t i ons ; it i s Pb from the Archean/Paleoproterozoic basement
that wa s inc orpo r a t e d i n t o the Ne oproterozoic c a r b on a te rocks during the Bras i liano
orogeny . Type IV Pb occurs in samples wi t h U/Pb ratios lower t han 1 and is intennediate
i n c ompos ition b e t we en Type I I I and Type I Pb ; it represents a mixture of thos e two
t ypes . Although most outcrops contain on ly one t ype of Pb , three ou t of f our types
o f Pb were found in rocks o f ou t c rop MF-7 l oc a t e d i n t he central, undefonned part of
the basin (F ig .I) .

The Pb-Pb isochron ages obtained f rom mesoscopically u ndeformed carbonates
c ontaining Type I Pb range from 686 ± 69 Ma t o 52 0 ± 53 Ma. Because the age of 686 ±
69 Ma was detennined on t he same outcrop (MF-7) where other types o f Pb we re also
detected (Types I I I a nd IV , which were inc o rpora t e d i n t o the carbonates during the
Brasiliano orogeny ) , this a g e is cons idered as the mini mum deposi t ional a g e f o r t he
carbonate r o c k s from t he Se t e Lag oa s Fonnation . The younger age may r eprese n t r e ­
h omogen i zat i on o f t he U- Pb sys t em dur i n g t he late s tages of t he orogeny .

Sampl e s with Type I pb and dis p l a y i n g defonnat ion a l f eatu r e s (c ol l ec t e d in t h e
we s tern and e a ste rn d omains ) yielded regressions of 872 ± 290 Ma (MF- 9 ) and 842 ± 240
Ma (MF- 3 ) . Al though t hese could represent t he approximate t ime o f d epos i tion o f t he
c a r bonat e s , the err ors are t oo l a r g e to a llow precise interpr e t a t i on .
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I s otopic c ompositions from Type I II Pb define a straight line; the Pb isotopic
composi t ion s of Type 11 Pb f all on the lower end o f this line , wh ich intercepts the
Sta cey & Kramers5 Pb growth cur ve at about 52 0 a n d 21 00 Ma, suggesting that old Pb
from t he basement wa s incorporated in the carbonat e rocks at about 500 - 550 Ma. This
l i n e i s interpreted as a S&K third s t a ge 500 - 550 Ma geochron . This o l d Pb from the
b a s emen t was probably inc orporat e d i n to the carbon a t e s through a large scale fluid
perc o l a t ion e v ent that cou l d hav e b egun before 5 0 0 - 550 Ma, but it is not possible
t o d efine, with the available data, the precis e time that the process started. The
path s o f these fluids may have been a l ong the old basement faults that were reactivated
dur i ng the Brasiliano orogeny.

Ac cor d i ng t o these data, i t is s uggested that the carbonate rocks from the Sete
Lagoas Formation were deposi ted b e f ore 68 6 ± 69 Ma . Rocks from Lagoa do Jacare
Formation (MF-6 and MF-5) contained only Type 11 Pb, which does not permit determination
o f a Pb-Pb age . During the inte rval from 690 and 500 Ma, the Pb isotope system of the
c a r bon a t e r ocks from the Sa o Francis co basin was disturbed, and in some areas it was
tot a lly reset. The imprecise U-Pb age s of ca. 550 - 600 Ma obtained from some of the
car b ona t es reflect this dis turb a n c e. The a ges d etermined in this study are in
agreemen t with most of the publ ishe d ages of the tectonism from the Brasiliano f old
bel t s marginal to the Sa o Francisco c r aton, showing that the isotopic s ystem o f the
c a r b on a t e rocks from the Sao Francis co bas i n were largel y affected b y the Brasiliano
t e c ton ism, even in areas were n o me s oscop i c deforma t ion can be observed .
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Figure 1. Simplified geologic and structural map of the southern part of the Sao Francisco
basin (after Chemale et a1.3 ), with sample location. SFC = Sao Franciscocraton; Cl and
C2 = undeformed domains; E = domain affected by the Aracuaf fold belt; W = domain
affected by the Brasflia fold belt. BR =Belo Horizonte; BA =Bambui; PI =Piurnbi;
TM = Tres Marias; PC= Paracani, JQ = Jequitai; JA =Januaria; MC =Montes Claros;
RJ = Rio de Janeiro.
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