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Irecê Sub-Basin (Una Gr.)

S. Francisco Basin
Bambuí Group

Brasilia Fold Belt
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Proterozoic Basins

Una-Utinga Sub-Basin
Una Group
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Distribution of rifting and collisional ages

Rodinia Gondwana (Condie, 2002)
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ProterozoicProterozoic SedimentSediment--HostedHosted
PbPb--ZnZn depositsdeposits ofof thethe São Francisco São Francisco CratonCraton
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STRATIGRAPHIC CONTROLS  STRATIGRAPHIC CONTROLS  
AND CORRELATIONSAND CORRELATIONS

Oolitic limestone

Pelite and marl

Zn-Pb deposits
Dolostone

Laminated limestone

Diamictite

CYCLE 2
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730 to 600 Ma.
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ModelModel ofof fluidfluid circulationcirculation appliedapplied to to thethe ZnZn--PbPb
mineralizingmineralizing fluidsfluids in in thethe ProterozoicProterozoic basinsbasins ofof thethe SFCSFC

NEOPROTEROZOIC

A

1

2

3

4

5

U, Th

Sources: Spirakis & Heyl, 1998; Sangster et al., 1998; 
Fehn, 1985; O’ Connor, 1986 

High Heat Production (HHP) granites:
- Elevated heat flow (>60mW m-2)
- U-Th rich (U>6ppm and/or Th>25ppm)
- Strong negative Bouguer anomalies

MESOPROTEROZOIC

High radiogenic heat liberated by
late episode of fracturing

HHP K-rich granites (below) are
possible sources for Zn and Pb

-Paleoproterozoic and Archean
basement w/ high heat flow
-Paleoproterozoic U-Th-K rich
granites
-Negative Bouguer anomalies

Sources: Iyer & Hamza, 1992; Iyer et al., 1996; 
Misi, 1999; Misi et al., 2005 

Conceptual modelS. Francisco Craton
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basinbasin) ) andand S.do Ramalho (S.Francisco S.do Ramalho (S.Francisco BasinBasin) ) 

sulfidessulfides andand for Lagoa Real for Lagoa Real granitesgranites

Lagoa Real Granites:
U = 4 – 20 ppm

Th = 17 – 76 ppm
(Maruéjol et al., 1987)

HHP granites?

Misi et al., 2004
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A POSSIBLE METALLOGENIC EVOLUTION A POSSIBLE METALLOGENIC EVOLUTION 
MODEL FOR THE MODEL FOR THE ZnZn--PbPb DEPOSITS OF THE DEPOSITS OF THE 

SÃO FRANCISCO CRATONSÃO FRANCISCO CRATON

U, Th

?

1313

?



Aroldo MisiAroldo Misi

Cedro do Abaeté

1

3

4

5

6

7

8

1

9

5

3

6
7 8

PhosphatePhosphate depositsdeposits ofof
thethe S. Francisco S. Francisco 

CratonCraton
N

E

S

W

Campos Belo

Nova Roma

Formosa

Cabeceiras

Vazante

Lagamar

Rocinha

PHANEROZOIC

NEOPROTEROZOIC
(São Francisco Supergroup)

MESOPROTEROZOIC
(Espinhaço Supergroup)

PALEOPROTEROZOIC-ARCHEAN
(Basement)

4

Irecê9

2

2

1414



Aroldo MisiAroldo Misi

20% of the phosphate production of the world comes from 20% of the phosphate production of the world comes from 
Precambrian and Cambrian Precambrian and Cambrian phosphoritesphosphorites..

The formation of The formation of phosphoritesphosphorites is episodic and related to is episodic and related to 
events of global extent. events of global extent. 

During the During the ProterozoicProterozoic the most important the most important phosphogenicphosphogenic
events occurred in the events occurred in the NeoproterozoicNeoproterozoic Era: (i) 700Era: (i) 700--800 800 
Ma and (ii) 620 Ma (Cook & Ma and (ii) 620 Ma (Cook & ShergoldShergold, 1980)., 1980).

Some factual information about Some factual information about 
phosphoritesphosphorites and and phosphogenesisphosphogenesis
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Snowball EarthSnowball Earth

Paul Hoffman: www.snowballearth.org

Marinoan tillite
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Glacial events and phosphate deposits
Neoproterozoic Era
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Phosphoorites

Glacigenic diamictites
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P CYCLE AND PP CYCLE AND P22OO55

CONCENTRATION CONCENTRATION 

Fe, Mn

Fe, MnSW

P Fe-Mn

P Mat.Org.

P A.Mar P A.Mar 

Organic accumulation

P 
P 

Wind (5%)

Rivers (95%)

Cook & Shergold, 1986
1818



Aroldo MisiAroldo Misi

5

2

6

3

8

8 IRECÊ

7

VAZANTE
BAMBUÍ

UNA

Stratigraphic controls of the phosphate Stratigraphic controls of the phosphate 
deposits: related to glacial events ?deposits: related to glacial events ?
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Aragonite ppt.)

Irecê Basin

Dolomite

Fe oxide

IrecêIrecê

?

Cycle 2

Cycle 1

Diamictite Phosphorite

Bebedouro Fm.

2020

δ13C= -4‰ PDB

δ13C= -6‰ PDB
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Irecê (Una Group)

Stromatolitic phosphorite
Initial reserves: 240 Mt 14% P2O5

Lagamar (Vazante Group)

Banded phosphorite Initial reserves: 5 Mt 35% P2O5

Rocinha (Vazante Group)

Banded phosphorite Initial reserves: 200 Mt 12% P2O5

Fosforito

Calcilutito
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LeastLeast 8787Sr/Sr/8686Sr Sr ratiosratios fromfrom
Rocinha, Lagamar Rocinha, Lagamar andand IrecêIrecê

8787Sr/Sr/8686SrSr

PhosphoritePhosphorite MicriteMicrite

ROCINHAROCINHA

LAGAMARLAGAMAR

5680

Sr (ppm)
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PhoosphoritePhoosphorite

0.70766

0.70767
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-

IRECÊIRECÊ 623 0.71263 0.70762
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P
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P

Misi et al., 2007 (modified)
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S. da Lapa

M. do Calcário

S. do Poço Verde

S. do Garrote

Lagamar

Rocinha

Sto.Antonio do Bonito

P
P

P

Zn

Zn

Re-Os: 1.1 Ga(1), (2)

Re-Os: 1.1 Ga(2)

U-Pb (Zr detritico) max.:

0.93 Ga(1) and 0.95 Ga(3)

U-Pb (Zr detritico) max.: 

1.35 Ga(3)

U-Pb (Zr detritico) max.:

1.95 Ga (SHRIMP)(3)

(1) Azmy et al., 2008
(2) Kaufman et al.,2007 (unp.)
(3) Rodrigues et al., 2008
(4) Misi et al., 2007

87Sr/86Sr (carb. fluorap):

0.70767(4)

The Vazante Group: Ages

Conventional units (Formations)
(Dardenne et al., 2001)

U-Pb (Zr detritico) max.:

0.94 Ga(3)

U-Pb (Zr detritico) max.: 

1.25 Ga(3)

Re-Os: 1.3 Ga(2)
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(1) Azmy et al., 2008
(2) Kaufman et al.,2007 (unp.)
(3) Rodrigues et al., 2008
(4) Misi et al., 2007

The Vazante Group now: A possible interpretation
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Re-Os: 1.1 Ga(1), (2)

Re-Os: 1.1 Ga(2)

U-Pb (Zr detritico) max.:

0.93 Ga(1) and 0.95 Ga(3)

U-Pb (Zr detritico) max.: 

1.35 Ga(3)

U-Pb (Zr detritico) max.:

1.95 Ga (SHRIMP)(3)

87Sr/86Sr (carb. fluorap):

0.70767(4)

Conventional units (Formations)
(Dardenne et al., 2001)

Work hypothesis

Older units

Vazante/Bambuí
U-Pb (Zr detritico) max.:

0.94 Ga(3)

U-Pb (Zr detritico) max.: 

1.25 Ga(3)

Re-Os: 1.3 Ga(2)
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SeismicSeismic sectionsection acrossacross thethe SW SW borderborder ofof
thethe SF SF CratonCraton ((byby Petrobras)Petrobras)
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CONCLUSÕESCONCLUSÕES

�� Os Os eventoseventos metalogenmetalogenééticosticos (Zn(Zn--PbPb) e ) e fosfogenfosfogenééticosticos dasdas baciasbacias
ProterozProterozóóicasicas intracratônicasintracratônicas e de e de margensmargens passivaspassivas do Crdo Crááton ton 
do do SãoSão Francisco Francisco estãoestão relacionadosrelacionados a a eventoseventos globaisglobais ocorridosocorridos
durantedurante a Era a Era NeoproterozNeoproterozóóicaica. . 

�� EssesEsses eventoseventos estãoestão bembem representadosrepresentados no no GrupoGrupo VazanteVazante, , emem
duasduas seseççõesões com com idadesidades distintasdistintas, , separadasseparadas porpor umauma falhafalha de de 
empurrãoempurrão, , queque colocacoloca sequênciassequências maismais antigasantigas
((mesoproterozmesoproterozóóicasicas), ), mineralizadasmineralizadas emem ZnZn--PbPb, , sobresobre outrasoutras maismais
novas (novas (neoproterozneoproterozóóicasicas), ), mineralizadasmineralizadas emem fosfatofosfato. . 

�� Os Os modelosmodelos de de exploraexploraççãoão mineral mineral devemdevem considerarconsiderar a a 
possibilidadepossibilidade de de existiremexistirem outrosoutros depdepóósitossitos econômicoseconômicos de de 
metaismetais--base base principalmenteprincipalmente nasnas baciasbacias de de margemmargem passivapassiva, , porpor
causacausa dada maiormaior espessuraespessura do do pacotepacote sedimentarsedimentar. Os . Os fosforitosfosforitos
podempodem corrercorrer tantotanto nasnas baciasbacias intracratônicasintracratônicas comocomo nasnas de de 
margemmargem passivapassiva, , emem ambientesambientes sedimentaressedimentares ppóóss--glaciaisglaciais.... 29


