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Scientific Resource
– Two major synorogenic basins now well-dated (Haig & 

McCartain; Aben et al) – plus DSDP 262

Scientific Question
– What can the source (provenance) of syn-collisional 

sediments  tell us about the tectonic development of 
Timor?

– Opportunity to document progressive unroofing of proto-
Timor

• trends in time and space
• relation to uplift history (Nguyen)
• compare with predictions arising from models  of Harris, Charlton, 

Tate etc.



What we think we know…
– Aileu high grade started 

exhuming ~7.1 Ma – (Tate et al. 
’14 and several before that)

– Central West Aileu (CWA) 
started exhuming by 4.5 Ma 
(Tate)

– Syn-collisional basins in West 
and East Timor began uplifting 
~3.5 Ma (Haig, Aben, Tate etc.)

– slow surface uplift became 
rapid at 3.1 Ma (Nguyen)



How to address the question…
What can the source (provenance) of syn-collisional sediments  tell us about the tectonic 

development of Timor?

• Assign numerical ages to samples within each 
section (Viqueque, Marobo, DSDP 262)

– Thin section point counts of clastic units – primarily 
Banda Terrane

– Geochemistry of clastic and muddy/marly units

• Use age plots alongside discrimination diagrams 
to document evolutionary trends



Source
stratigraphy

• Rocks that could 
have eroded 
and been 
deposited in 
basins 

• Large volumes 
of limestones, 
and 
(meta)igneous

• Large volume of 
weak mélange 
and/or mélange 
source rocks

Passive margin 
megasequence

Gondwana
megasequence

Aileu
Metamorphics

Lolotoi
Metamorphics and 
cover rocks of the 
Banda Terrane

Mostly important for 
the point counting, 
not reported here



Three Viqueque sections plus DSDP262



Marobo
biostrat

Age models



Age models

Viqueque
bio & 
magneto-
strat



Age models

DSDP 262
bio & oxygen 
isotope strat

2nd to last full glacial



Organic, CaO and 
Al2O3 stratigraphy

• Lowest chalks are 
cleanest

• muds and organics 
began 
accumulating as 
exhumation of 
CWA began

• Uplift was delayed 
until sudden pulse 
of uplift at 3.1 Ma



Organic, CaO and 
Al2O3 stratigraphy

• That uplift …
– shed clastic 

sediments

– ended pelagic 
carbonate deposition

• Key question… 

• what was happening 
between 4.5 and 3.2 
Ma?



Comparison 
with DSDP 262

• DSDP262 50km from 
land – big increase in 
sedimentation during 
late Pleistocene

• same pattern in 
synorogenic sections

• similar water depths 
to modern trough

• probably located ~50 
km from source area

• Central West Aileu

DSDP262 located 
~ 1 km south of 
trough axis



Mud provenance in Batu Putih

• Roser and Korsch
Sediment
provenance 
discriminant function
plot

• Batu Putih becomes
progressively more 
like melange

Melange

Viqueque mudstones

Marobo mudstones

Batu Putih chalk

Batu Putih evolution



Mud provenance in Batu Putih

• Ophiolite 
discrimination

• Batu Putih
becomes
progressively
more like
melange

• mudstones too!

Viqueque mudstones
Viqueque Sandstones
Marobo mudstones

Batu Putih chalk

Batu Putih evolution

Melange

Cr and Ni enriched in mafic/ultramafic rocks (e.g. 
Lolotoi)



Sm/Nd isotopes  in turbidites/mud
• Sm fractionates from Nd

during mantle melting –
isotopic variations 
through time

• εNd provides indicator 
of bulk provenance age

• sandstones and 
mudstones show a 
mixing between Banda 
and melange-like source

Viqueque mudstones
Viqueque Sandstones
Marobo mudstones
Marobo sandstones

DSDP 262

Banda

Melange

evolved

old/mature

offshore muds have most positive εNd
where they are sourcing young arc or Banda

Mud has a mélange chemistry ever since the first hint of uplift!



Batu Putih Provenance

• Key question… So what happened between 4.5 
and 3.1 Ma?

• All sedimentation between 4.5 and 3.2 Ma was 
derived from a landscape with:
– low topography 

– rapid erosion driving exhumation

–MÉLANGE GEOCHEMISTRY
– Sandstones starting 3.2Ma were Lolotoi

Metamorphics

Exhumation of Central West Aileu resulted from erosion of 
~2km of Mélange and ?? km of Lolotoi!



So why did the island uplift rapidly?

• After 3.2 Ma, the Banda Terrane emerged 
from under the mélange

• Much less erodible – just like this ‘Mesa’ in the 
Navaho peoples’ land in the United States



Scenarios
(same uplift rate)

• differential 
erodibility, 
constant rock 
uplift

• Uniform 
erodibility, big 
jump in rock 
uplift produces 
lesser increase 
in surface uplift



Summary

• Study reconciles sedimentary characteristics 
with independent uplift and exhumation 
histories

• coincidence of rapid uplift with Banda-derived 
sedimentation suggests that surface uplift was 
driven by a transient imbalance between rock
uplift and erosion.
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