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Quadrilatero Ferrifero
n Mineral endowment

u World class Fe
u World class Au (~100 MOz)



Party endowment
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Time-Stratigraphy-Events



Starting point
n Sea of siltstone; 

u minor mafic and ultramafic; local BIF
n CPRM map (1994/96): dominated by thrusts and tear faults

u Abundant cleavage data; very little bedding data
u Very shallowly inclined ‘tubular’ Au deposits



• Prevailed for >10 years
• Highly stretched and sheared 
km-scale sheath folds elongate 
parallel to the Transamazonian 
(D2) tectonic transport direction

Sheath fold model



Model is rubbish
1. Bulk strain way too low

n (~45% shortening)
u well preserved bedding
u common high angle bedding-

cleavage angles
u well preserved younging

(graded bedding; minor x-bedding)



So what are these tubular folds?
n ‘Tubular folds’ aren’t really 

tubes
u i.e. don’t close as shown on maps

n Dominant cleavage is a 
crenulation cleavage (S2)

n \ probably Type 3 F1/F2 
fold interference structures S0 S2

S1

…but where are the F1 folds?



F1 folds obscure – but 
occur at all scales
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F1 folds in core (Lamego)

n Younging change with no vergence change

Younging

Younging

downhole

View of continuous core looking down-plunge

F1

S2
S0

S2
S0



Structural analysis approach
n Problem: 

u monotonous expanse of 
siltstone

u few markers

n Solution (really basic stuff):
u Measure: 

« bedding orientations (lots)
« vergence (lots)
« younging (lots)
« map a SS marker unit

n From these constructed:
u form-line maps
u fold-facing maps….

1km



Fold facing: the key tool
n F2 fold facing changes define the 

axial surfaces of major F1 folds

n Reversed F2 fold facing
u implies an F1 fold

n Constant facing
u continuous sequence
u all folds F2



Final map structure
n Major F1 fold traces 3-5km apart



Present structural orientations
n Regional macroscopic reclined folds

u fold axes pitch down-dip in axial plane
n Type 3 fold interference pattern

u F1 folds parallel to F2 

So what was the original orientation of the F1 folds…

n=1102

F2 fold axis 
lineation

n=736

Bedding



Original S1 orientation
n F1: Shallow-moderate SW plunging, steeply inclined

u i.e. tight overturned plunging folds
n Many with reverse faults along axial planes

•Original AP reverse faults have ~60º dip 
•Too steep for thrusts – but ideal for inverted 
normal faults…



Inverted rift scenario…
n Rio das Velhas rocks as rift above old granitic basement

Maquiné
(syntect sed?)

mafic/BIF

unknown?
(syntectonic 
seds?)

unknown
(mafic/ultram?)

Gneissic 
metagranite

siltstone/mudstone

siltstone/SS/
minor cgl

talc schist/mafic

~2730

~2600 (may be distal syn-orogenic)

~3000



Inception of D1 inversion ~2600
n Old basement 

rift faults 
nucleate 
antiformal folds



D1 detachment and continued 
contraction

n Basal detachment on 
granitic basement

n Further contraction by 
folding and propagation of 
accommodation faults

n Fluids along faults…

~25% contraction
(final contraction ~45%)



Probable timing of FeQ events

n What about the fluids….

D1

D2

D3

extension (core complex 
exhumation of granite domes)??



Over to Nick…
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