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Outline

® Why we went so far away to study Sumatra?

©® Structural, tectonic evolution and volcanism in Sumatra.
® Geochronology and geochemistry works in NW Sumatra.
® Migration of volcanism with time in NW Sumatra.

® Present and future works.
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Geochemical variations along-/across- arc

Along-arc geochemical variations can be found in the Northern Luzon Arc.
(Chenetal., 1990, GCA; Song, 1990)
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Other examples

NE Japan Arc

irr]ura and Yoshida, 2006, JP)

Izu-Bonin Arc
ochstaedter et al., 2001, G3)

Northern Luzon Arc

sDermott et al., 1993, CMP;

Fourcade et al., 1994, CG)

Southern Luzon Arc
(de Boer et al., 1980,

Tectonophysics)

Banda Arc
(Vroon et al., 1993, JGR;
2001, GCA)
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Structural map of Sumatra
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Tectonic evolution in Sumatra

0

T

41_‘_\_‘

¢ he!

Accretionary and
Collision Complex

50°
.
=
e

~ _‘ //’ =
: /
SIBUMASU ‘ CATHAYSIA \\!?Vi?r'c"u‘é’i?éﬁ’

LATE PERMIAN

Collision of Sibumasu
with Indochina

Indochina
Block

\\\

X i
«._ . PALAEO-PACIFIC
R

' - Sgld.r 5
e / :‘ i Bird's H‘ea‘d / \K
WMF\SO—TETHYS e e

T

Permian

255 Ma

Ancient Lanorass @i
Modern Landmass (73
Subduction Zone {uri

direction of subduc

- JT
Sea Fioor Spreasing Rigge 41

www.scotese.com/Default.htm

o EARLY TRIASSIC
Strike-slip movement of
West Sumatra against
o \\\_ East Sumatra
oo e
S .. g . ; \'\_
o ST PALAEQ-PACIFIC_
Iﬂlﬂmﬂds .. _. .
€T e / 3
e
k Sula’
I Vs )
: (% SiieE §
‘MESQJETHYS B o0 GonDuiAN
z \_\7\ B‘lruai 4 &Aru
s 7/ Tantmbar
Barber et al. (2005) [ o
% L e, be. i
1

East Malaya
Block
(Cathaysia)

A-A. Sunda Trench

B o The coastline

Toba area and




Tectonic evolution in Sumatra
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Quaternary volcanoes
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Quaternary volcanoes
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Sample collection

| Geureudong volcano (GV)

Seulawah volcano (SV)

— East Sumatra Block

— West Sumatra Block

| Tertiary volcanic rocks (TV) — Woyla Nappe
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Zircon U-Pb geochronology

The U-Pb system

238U —_— 234U —> 230Th— 226Ra—> ___210|:)b_> 206|:)b

45x10°yrs 2.5x10°yrs  7.6x10%yrs 1.6x103 yrs 22 yrs
235U —_— 231Pa—> 227AC—> N _207Pb

0.7x10°yrs  3.4x103yrs 22 yrs

Why zircon?

widespread

robust

emplacement temperature
low common Pb

high U, Th contents

(Cherniak and Watson, 2003)

Cathodoluminescence image (CL image)

Age + structure = history (Corfu et al., 2003)
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Results: Zircon U-Pb dating (Quaternary volcanoes)

0.03 to 0.24 Ma
(magmatic zircons dating in Beijing)

CL images of zircons



TAS diagram

Results: Major elements
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Results: Trace elements
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Results: Trace elements
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"*Nd/*Nd

Results: Nd isotopes
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K summary

°E . 95°E 96°E 97°E 98°E

5°N

4°N

3°N

w5 Volcanoes located on three different terranes, i.e., Woyla, West Sumatra
and East Sumatra from SW to NE. They are island-arc volcanic rocks
belong to basalts to andesites.

Y% They erupted at different ages from Tertiary (TV), Quaternary to
Recent (SV and GV).

v The concentrations of K,O, incompatible elements and LREES increasing
while éNd values decreasing from TV, SV to GV.



A quick summary

95°E 96°E 97°E 98°FE

Tertiary volcanics

: i
1 Quaternary-Recent :
: volcanics \
I 1

|

5°N

4°N

3°N

Y% Crustal contamination occurred before magma erupted on the Woyla
terrane.

Y% Source contamination changed the source compositions and formed
different magmas to erupt on the West and East Sumatra Block.

Y% Volcanic chains overlapped with the Sumatra Fault Zone in central
and SE Sumatra, but separated at northern of Toba with different ages.



Across-arc geochemical variations in other arc systems

Example 1. The Southern Luzon Arc
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Across-arc geochemical variations in other arc systems

Example 2. NE Japan Arc
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Across-arc geochemical variations in other arc systems
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Geochemical variations in double arc system

Example 4. The Northern Luzon Arc .
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(Pesicek et al., 2008, GRL)
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Mlgratlon of volcanlsm W|th time In NW Sumatra

Older lithosphere
— Colder and denser
—+ Subduct easily

Eurasian
Plate

Younger lithosphere
— Hotter and lighter
— Resist subduction

Slow spreading crust I
» Serpentinization
—+ Weaker rheology

Ninatyeast Ridge

Oceanic plateau

TV

do-Australian

NE —> NE —>
Wharton
Fossil
Ridge

— Tertiary vlocanics (TV)

— Concentrations of K,O, LILEs and LREESs are low.

— €Nd values of these volcanic rocks are between +4.5 to +2.3.

— Crustal contamination occurred in magmas before they erupted.




Mlgratlon of volcanlsm with time in NW Sumatra

e o ilisgien — Source contamination changed the

Eura3|an eNd values to +2.5 (SV) and 0 (GV).
Plate

— The different concentrations of K,O,
Incompatible elements and LREEs
due to different degrees of partial
melting at different depths.

Indo-
Australian
Plate

TV sy~ Gy — Magmas of these

; Quaternary volcanoes
stayed in different
magma chambers and

went through
/ | individual fractional
Q eNd = +2.5 and 0 crystallization before
. % 4 their eruption.




Conclusions

1. Migration of volcanism with time in NW Sumatra may be as
a result of changes in the subduction angle which caused by
ridge subduction.

2. \olcanic rocks in NW Sumatra located on three different
terranes, 1.e., Woyla, West Sumatra and East Sumatra from
SW to NE. According to the geochemical analyses, they
belong to basalts to andesites and mid- to high- K calc-
alkaline series.

3. The ages of volcanics on the Woyla terrane were Tertiary and
changed to Quaternary to Recent on the West and East
Sumatra terrane.

4. Crustal contamination occurred before magma erupted on the
Woyla terrane.



Conclusions

5. Magma formed with higher concentrations of potassium,
Incompatible elements and LREEs at the deeper depths by
lower degrees of partial melting than another shallower one, and
then erupted on the East and West Sumatra terrane, respectively.

6. The tectonic evolution in NW Sumatra could be inferred. The
Indo-Australian plate subducted before Tertiary and produced
volcanoes on the Woyla terrane, then the Wharton fossil ridge
resisted to subduction and caused the subducted slab angle
became gently and formed the Quaternary volcanoes on the
West and East Sumatra terranes.



Present and future works
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| — Toba lake

Why Toba?
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Tectonic setting
van Bemmelen (1949)

Plate tectonics
Hamilton (1979)
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Barisan Mountains
Backarc region

T T L T
\ 96°E 98 100 102 104 106

I";B

A Active Volcano

N Sumatran Fault System

A |

0 100

\ BACKARC

Deformation Front of the
Sumatran Subduction
Complex

200 300 400  500km

0
lines of sections in
Figs 13.6(a) & (b).

lines of seismic

profiles in
Figs 13.3(a) & (c)

INDIAN
PLATE

Quaternary-Recent volcanics

Tertiary Sediments and volcanics “3Enggano &

(Barbex and Crow, 200%)

- Pre-Tertiary Basement

QIB E '-).Iu 1?0 1(:2 1[111 1{:6
NIAS
INDIAN OCEAN APr%s;gant BARISAN MOUNTAINS pE“{\"f,\rL‘émLA
ccretionary
Sunda Complex ~ Sumatran Fault MALACCA STRAIT
SW Nicobar Fan Trench Ridge Forearc Basin Toba Caldera Backarc Basin NE
o o e % - 0
—— . - _ \ Earlier accretionary compiexes’ o lS;U:N:DI A'L] AINDI =
km : ] km
. | PLATE
50 Lengt

(Hamilton, 1979; Karig et al., 1980)



_ate Devonian

”

\\

Lat
Car

(b) LATE CARBONIFEROUS - EARLY PERMIAN
Separation of Sibumasu from Gondwana

Transient Ice Shelf

: i ; Ocean-floor  Transient Ice Shelf 1
Sopirone, Pogsdg Contnnial - Syeed rogadg Conrna Sotnent
lce Sheets Bonaparte, Tanamurra ~ Opening Gul p Ice Sheets

and tiies with icebergs Bohorok (tillites), Alas

Pt

MESO-TETHYS

w

\
\_? Warm wate
N circulation

~

amb > PALAEO-PACIFIC

Baber and Crow (2003)

EARLY PERMIAN

- Subduction of Palaeo-Tethys
and

Opening of Meso-Tethys
(Barber et al., 2005)

[Early Permian]

Bird's Head

(a) EARLY PERMIAN
Palaeo-Tethys subducting ben

h th rgi

Palepat Magmatic Arc
volcaniclastics and carbonates

Continental block

Gondwana including Indochina and

Palaeo-Tethys Silunkang and Mengkarang East Malaya
e 1 8
LILELURE 1 ET | B

HLWEST SUMATRA CATHAYSIA

A o i B o

EEEEE NN FEErTEE

strike-slip fault

{ Site of future
(Medial Sumatra Tectonic Zone)



MIDDLE PERMIAN
Closing of Palaeo-Tethys

\\ ? Warm watel
circulation

[Middle to Late Permian]

Here is the first arc system:
the Permian arc.

LR et _ LATE PERMIAN
: ! 2wamwater  CoOllision of Sibumasu
L circulation with Indochina
\\\
PALAEO-PACIFIC
Sounves] (Barber et al., 2005)

Borneo

re

T

ision Complex

Bird's Head

/ o AESO-TETHYS

Lo BenGkLLL //'BA i
7 Y- / HHH
0 100 200 300 400  500km 7 ?EE
> ///
102°
1

& 96°E ol 100°

(Hutchison, 1994; Barber and Crow, 2003)

“104%
a4




[Early to Late Triassic]
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[Late Jurassic to Late Cretaceous]
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[Late Jurassic]

Woyla arc formed at
late Jurassic.

Here is the second arc system:
Mid Jurrasic
to Mid Cretaceous.
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' (McCourt et al., 1996)
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[Early Cretaceous]

MESO-TETHYS

Banda

[E Embayment : = :
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# AUSTRALIA

(Hall et al., 2009)
In early Cretaceous:

1. Woyla arc, Argo, Banda moved toward northern.
2. India separated from Antarctica and Australia.
3. The direction of subduction changed at about 110 Ma ago.
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Methods

SIMS (Secondary lon Mass Spectrometry)

SHRIMP (Sensitive High-Resolution lon Microprobe)
fistion: O,  beam size: 10 to 50 um (~5 um)

Cameca NanoSIMS 50 30+ 20 micron spot size oo S
beam Size- 1 to 2 m :azgt‘lﬂrcrlri?:fledseg;hranalysis SIMS ::g;ﬂ&jgsgzrd:g;?ysis
. l[,l 0.5 - 5% 2 sigma precision \ 1-10 % 2 sigma precision
high sensitivity, high precision e
more expensive, much time Zircon crystal
0 25 50
1ICP-MS Microns

(Laser Ablation-Inductively Coupled Plasma-Mass Spectrometer)
Laser beam: 40 um

measure: Pb, U, Th isotopic ratios
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