<]
TUDelft

Delft University of Technology

Rotation and strain rate of sulawesi from geometrical velocity field

Sarsito, D. A.; Susilo, YO; Simons, W. J.F.; Abidin, H. Z.; Sapiie, B.; Triyoso, W.; Andreas, H.

DOI
10.1063/1.4987070

Publication date
2017

Document Version
Final published version

Published in
International Symposium on Earth Hazard and Disaster Mitigation, ISEDM 2016 - The 6th Annual
Symposium on Earthquake and Related Geohazard Research for Disaster Risk Reduction

Citation (APA)

Sarsito, D. A., Susilo, YO., Simons, W. J. F., Abidin, H. Z., Sapiie, B., Triyoso, W., & Andreas, H. (2017).
Rotation and strain rate of sulawesi from geometrical velocity field. In International Symposium on Earth
Hazard and Disaster Mitigation, ISEDM 2016 - The 6th Annual Symposium on Earthquake and Related
Geohazard Research for Disaster Risk Reduction (Vol. 1857). Article 4987070 American Institute of
Physics. https://doi.org/10.1063/1.4987070

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1063/1.4987070
https://doi.org/10.1063/1.4987070

Rotation and strain rate of Sulawesi from
geometrical velocity field

Cite as: AIP Conference Proceedings 1857, 040006 (2017); https://doi.org/10.1063/1.4987070
Published Online: 25 July 2017

D. A. Sarsito, Susilo, W. J. F. Simons, H. Z. Abidin, B. Sapiie, W. Triyoso, and H. Andreas

Pann .
N

View Online Export Citation

ARTICLES YOU MAY BE INTERESTED IN

Newly velocity field of Sulawesi Island from GPS observation
AIP Conference Proceedings 1857, 040005 (2017); https://doi.org/10.1063/1.4987069

Strain analyis in Banda Sea using grid strain based on GPS observation
AIP Conference Proceedings 1857, 040011 (2017); https://doi.org/10.1063/1.4987075

Study of earthquake potential between two major faults in Buol area Sulawesi
AIP Conference Proceedings 1857, 030005 (2017); https://doi.org/10.1063/1.4987064

72
o
=
O
0
7
%,
o
e
o
©
Y|
c
o
e
L
c
o
O
o
-

Your Qubits. Measured.

Meet the next generation of quantum analyzers

== Readout for up to 64 qubits
== (QOperation at up to 8.5 GHz,

mixer-calibration-free

all ll e |I|
Al

Ill I|| III I||

ill o ||| <l o

H

olle

€~)

||| i
\/z ich e
N\ Instruments .

= = = = "@ 2 - @- . = Signal optimization A Zurich
AI P . with minimal latency / \ Instruments
Publishing
AIP Conference Proceedings 1857, 040006 (2017); https://doi.org/10.1063/1.4987070 1857, 040006

© 2017 Author(s).



https://images.scitation.org/redirect.spark?MID=176720&plid=1085724&setID=379066&channelID=0&CID=358604&banID=519992848&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=c774c814891bac4cceab651b98e304445d9abb9f&location=
https://doi.org/10.1063/1.4987070
https://doi.org/10.1063/1.4987070
https://aip.scitation.org/author/Sarsito%2C+D+A
https://aip.scitation.org/author/Susilo
https://aip.scitation.org/author/Simons%2C+W+J+F
https://aip.scitation.org/author/Abidin%2C+H+Z
https://aip.scitation.org/author/Sapiie%2C+B
https://aip.scitation.org/author/Triyoso%2C+W
https://aip.scitation.org/author/Andreas%2C+H
https://doi.org/10.1063/1.4987070
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.4987070
https://aip.scitation.org/doi/10.1063/1.4987069
https://doi.org/10.1063/1.4987069
https://aip.scitation.org/doi/10.1063/1.4987075
https://doi.org/10.1063/1.4987075
https://aip.scitation.org/doi/10.1063/1.4987064
https://doi.org/10.1063/1.4987064

Rotation and Strain Rate of Sulawesi
from Geometrical Velocity Field

Sarsito, D.A ¥, Susilo ¥, W.J.F. Simons >, H.Z. Abidin ",
B.Sapiie *, W. Triyoso > and H. Andreas "

!Geodesy Research Division - Faculty of Earth Science and Technology, Institute of Technology
Bandung, JI. Ganesha 10 Bandung 40132 - Indonesia
?Geology Research Division Faculty of Earth Science and Technology, Institute of Technology
Bandung, JI. Ganesha 10 Bandung 40132 - Indonesia
Global Geophysics Reseach Division — Faculty of Mining and Petroleum Energy, Institute of
Technology Bandung, JI. Ganesha 10 Bandung 40132 - Indonesia
‘Geospatial Information Agency, Cibinong, Indonesia
JDelft Institute of Earth Observation and Space Systems (DEOS), Delft University of Technology, Delft,
Netherlands

Corresponding Authoreodesy Email: dsarsito@gd.itb.ac.id

Abstract. One of methods that can be used to determine the tectonic deformation status is rate estimation from
geometric rotation and strain using quantitative velocity data from GPS observations. Microplate Sulawesi region
located in the zone of triple junction (Eurasia, Australia and Philippine Sea Plates) has very complex tectonic and
seismic condition, which is why become very important to know its recent deformation status in order to study neo-
tectonic and disaster mitigation. Deformation rate quantification is estimated in two parameters: rotation and geodetic
strain rate of each GPS station Delaunay triangle in the study area. The analysis in this study is not done using the
grids since there is no rheological information at location that can be used as the interpolation-extrapolation
constraints. Our analysis reveals that Sulawesi is characterized by rapid rotation in several different domains and
compression-strain pattern that varies depending on the type and boundary conditions of microplate. This information
is useful for studying neo tectonic deformation status and earthquake disaster mitigation.

BACKGROUND

Microplate Sulawesi region located in the zone of triple junction (Eurasia, Australia and Philippine Sea
Plates) has very complex tectonic and seismic condition, which is why become very important to know its recent
deformation status in order to study neo-tectonic and disaster mitigation. Sulawesi and surrounding tectonic
reconstruction associated with active tectonic plate boundaries as well [1 - 2], especially for the areas of Banda.
In the western region of eastern Indonesia, the process of shortening trending EW that occurred in SW Sulawesi
and Makassar Strait is expected active since the Middle Miocene [3] or the Early Pliocene [4]. This compression
caused by collisions between Sulawesi with the westward migration of the micro-continent Tukang Besi and
Banggai-Sula [1, 3, 5] and still be active based on observation seismological and geodetic [6, 7, 8, 9 10].

One of methods that can be used to determine the tectonic deformation status is rate estimation from
geometric rotation and strain using quantitative velocity data from GPS observations. Deformation rate
quantification is estimated in two parameters: rotation and geodetic strain rate of each GPS station Delaunay
triangle in the study area. The analysis in this study is not done using the grids since there is no rheological
information at location that can be used as the interpolation-extrapolation constraints. We use 1994-2015 GNSS-
GPS velocity rates at ITRF-2008 from [11] to deduce the latest deformation rate of Sulawesi Area.

METHOD AND DATA

The type of data obtained using GPS-GNSS observations are in the form of discrete values of a position.
Known from two sets of observations at two different epochs, wewill get displacement vector magnitude or
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velocity vectorof the station observed. Since vertical componentprecision of GNSS-GPS observations is 3 to 5
times lower than the horizontal component, so in this geometric modelingwe will only use the horizontal
component (2-dimensional). The time series example of continuous station data and campaign station data are
shown in Figure 1 and the 1994 to 2015 velocity rate at ITRF-2008 of Sulawesi Area [11]that we use in this
research are shown in Figure 2.
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FIGURE 1.North-East components of station time series position for PALP-continuous type (left) and PL08-campaign
type (right)

If ai set stationsare known to have horizontal velocity components: 1}, (northern component of velocity) and
V, (eastern component of velocity) relatively to a reference point j which has a velocity as well, then the velocity
gradient tensor L obtained from the following equation

dvVe OdVe d
Vel _ [Ve e on ei]’]
Vn]i N Vn]j + ovn aﬂ] [dnij M
de on
or
Ven; =Ven; + L den;; 2)

dn;;and de;;are the difference between the coordinates of the stationi to reference station j in the northern
and eastern component. Ven;;and den;; is the velocity matrix and coordinates difference matrix between
stationi to reference station j. Furthermore, to determine the continuously velocity field, it were estimated using
interpolation-extrapolation method of discrete velocity values mentioned above. There are various interpolation
methods such as collocation; interpolation based on basic functions and interpolation method of finite elements
for each triangle. This research applies finite element method to perform linear interpolation in a triangle drawn
by Delaunay triangle criteria. The characteristics Delaunay triangle is no one side of a triangle which is truncated
by the other side of a triangle and each triangle has three points compilers that are unique and not to be
duplicated that identical in other triangles [12].
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FIGURE 2.1994 to 2015 velocity rate of Sulewesi Area at ITRF-2008(Left) and Delaunay design (Right)

Gradient tensor of velocity rate are calculated at the center of each triangle Delaunay by
,de._
J
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The velocity gradient tensor can be furtherdecomposed into two components, namely the symmetric strain
rate tensor Sand not symmetric strain rate tensorA.

e 1(ove avmy)
_1 T _ de 2\ on de __[€ee €en
§=p0+l= L2y ovey o =lere el @
|2 \ de on on
and
1(dve 9vn\]
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From the strain rate tensor matrixS and Acan be furtheranalyze about how large the effect from normal strain
of eastern component €,,, normal strain of northern component €,,,,, the shear strain €,,and rotation wfrom any
point of the triangle center Delaunay.

RESULT AND DISCUSSION

Two types of GPS measurement are used to quantify motion at the interest region since 1994 to 2015 at ITRF
2008. After velocity field estimation, deformation rate quantification is derived into two parameters: rotation and
geodetic strain rate of each GPS station Delaunay triangle in the study area.The results shown in Figure 2.

In outline from Figure 2, showed that Sulawesi is still characterized by a pattern of rapid rotation in 5
different domains. North Arm has a pattern rate of velocity that is slower from west to east, it causes changes in
the rate of clockwise rotation increasingly faster from the west toward the east from 1,250 / My around TOLI to
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3,750 / My in KEMA with linear evolution trend. In the western part of the region is the Central Sulawesi is
cleaved by Palu-Koro Fault. The area is dominated by a different pattern with North Arm, namely counter-
clockwise rotation pattern, where this indicates that both of these areas lie in different blocks. The rotation rate in
the Central Sulawesi is divided into two parts where the northern part rotates much faster than in its southern
region (from 120 / My becomes 2.50 / My). It is made possible by the activity of Palu-Koro Fault that can move
faster in the north than in the south due to the constraints of the collision and friction with blocks in the southern
part. Compression of the northern part of Central Sulawesi, namely along the neck connecting with the North
Arm, indicating subduction Minahasa role in curbing the rate of rotation of Tomini Gulf region.

In the eastern part of Central Sulawesi, which is in the Gulf of Tomini, rapid clockwise rotation pattern seen
that may indicate the involvement of Tomini Gulf Fault that conveniently accommodate differences among
them. Rotation in Tomini Gulf itself changed significantly from 8,750 / My at the end of the southwest became
2.50 / My at the eastern end above the Batui Thrust. This suggests that the reduced rotational rate in the eastern
Gulf of Tomini accommodated by Batui Thrust. Batui Thrust itself is located in East Arm that the entire area is
experiencing a counter-clockwise rotation rate from 50 / My diminished toward the west that is expected to
connect Palu-Koro Fault and Bone Gulf.

Southeast Sulawesi Arm and South Sulawesi Arm is still characterized by a pattern of counter-clockwise
rotation. From rotation pattern, can be seen small differences of rotational rate between both blocks that divided
by Bone Gulf. This indicates the possibility of involvement of the Bone Gulf as boundary zones, considering the
geological structures and reconstruction studies paleo-tectonics that the Bone Gulf is boundary between Western
Ophiolite Belt of Sulawesi and continental terrain in eastern Sulawesi.

The largest extension pattern is located in Central Sulawesi zone precisely at Palu-Koro Fault and Tomini
Fault. This pattern is due to the dominance of fault activity of left lateral Palu-Koro Fault and the possibility of
Tomini fault activity. The pattern ofthese extensions in the south decreases as the turning east direction
approaching toward the Matano fault, and in the northern part of the shrinking follow Palu-Koro Fault lines
prediction in the direction of Minahasa subduction zone.

In this last part, the pattern changed rapidly in a narrow zone near the Toli-toli area with northeast-southwest
compression and peaked in the middle zone of the North Arm as a result of compression from Minahasa
subduction. Compression pattern looks back transformed into an eastwards extension towards Halmahera double
subduction zones. For the record to the zone, this extension dilatation pattern in this study are likely due to its
minimal effect GNSS-GPS station in the eastern part of this zone used in the interpolation process, the only
station are : AMBO, TERN and SANA. Thus further analysis to double subduction zones Halmahera in this
study cannot be done.

Extensions zone are formed in the Gulf of Tomini only covers part of the southern region of the gulf and
ended up in the middle of the gulf. This pattern turns into a north compression toward Minahasa subduction and
east toward Batui Thurst. Compression in Batui Thurst zone (East Arm) continues to the south at Tolo Thurst
(East Arm). Compression pattern is clockwise further toward the South Arm and then increased toward
Lawanopo fault, Kolakafault and rift zones in the southern part of Makassar Strait. Highest compression rate in
South Arm and East Arm is precisely formed in the Bone Gulf with northwest-southeast direction. In the
northern part of the Bone Gulf, showed visible changes in the pattern of compression to the extension in the
narrow space toward spatial extension zone in Poso (Tomini bay).
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FIGURE 3. Rotation Rate (Left -Up) with its zoom at Palu-Koro Fault (Left-Bottom), and Strain Rate (Right) with its
zoom also at Palu-Koro Fault (Right-Bottom) from geometric modeling

CLOSING REMARKS

Two types of GPS measurement are used to quantify motion at the interest region since 1994 to 2015. After
velocity field estimation, deformation rate quantification is derived into two parameters: rotation and geodetic
strain rate of each GPS station Delauney triangle in the study area. The analysis in this study is not done using
the grids since there is no rheological information at location that can be used as the interpolation-extrapolation
constraints. Our analysis reveals that generally Sulawesi is characterized by rapid rotation in several different
domains: counter clockwise rotation in the western and southern part, and rapid clockwise rotation at northeast
part. In central Sulawesi, very complex rotation pattern came from Palu-Koro Fault activity that observed using
specific transect monitoring network. Compression-strain pattern that varies depending on the type and boundary
conditions of microplate. Western part of Sulawesi shows smaller compression from north to south direction.
Palu Koro Fault System also shows the same complex pattern as combination from high compression and high
extension.
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