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Abstract

We operated a temporary seismic network comprising 10 broadband (Trillium 120P, Univ Liverpool) and 19 
short period stations (CMG-6TD, SeisUK) from December 2007 to October 2008 on the Mentawai islands 
and the adjacent mainland provinces of West Sumatra and Bengkulu (Sumatra, Indonesia) in order to record 
aftershocks of the MW 8.4 and 7.9 megathrust earthquakes of 12 September 2007. 26 of the stations returned 
at least some useful data; the average recovery rate was approximately 70%. In spite of relatively high noise 
levels caused by surf and close vicinity of cultural noise sources, a large number of events was detected, 
including the MW 7.2 megathrust event of 25 February 2008 and its fore- and aftershocks. In total 1037 
events comprising 12,600 P and 6,282 S arrivals were picked. An optimum 1D-model and station correction 
terms were determined based on a subset of 386 high quality events within the network (Gap<180°), and all 
events subsequently relocated with this model. The model shows unusually high velocities of nearly 6.4 
km/s  in  the  upper crust;  the  average  Vp/Vs  ratio  is  1.74.  Earthquakes  occur  primarily  along the  plate 
interface updip of the coseismic rupture zones of the main events, and in two arc-parallel linear streaks of 
seismicity below the central  part  of  the forearc basin and along its  eastern margin.  The data  from this 
network are archived at SeisUK and the IRIS-DMC with network code ZB (valid for years 2007-2009) 
alongside data from the consortium experiment in North Sumatra. 

Instrument deployment and recovery

In  spite  of  rapid  mobilisation  of  the  requested  instruments  by  SeisUK,  the  planned deployment  of  the 
instruments in October 2007 was delayed by ~6 weeks due to a holdup of the instrumentation in customs. 
Finally, in early December 2007, the temporary seismic network comprising of 19 short period instruments 
(Guralp  CMG  6TD  from  SeisUK)  and  10  broadband  instruments  (Nanometrics  Trillium  120P  from 
University of Liverpool)1 was deployed in West Sumatra and on the Mentawai islands (Fig. 1, Table A1 
appendix).  One 6TD station could not be deployed because of instrumental problems. 

The 6TD instruments were placed in a plastic bag and buried at approx 50 cm depth (to base of sensor). In 
order to assist levelling, instruments were placed on a concrete pad, and holes were filled with sand until 
about a third of instrument height was reached, with the remainder backfilled.  Data loggers were placed in 
partially buried boxes; solar panels and GPS antennae were pole-mounted on bamboo poles. At most stations 
there was a risk of livestock interfering with the installation, and there protective fences were erected.

The stations were serviced in April 2008 and recovered in October 2009, except station MLKN on Enggano, 
which was only recovered in February 2009 due to its inaccessibility. For the April service, instrumental 
failure and one case of vandalism resulted in total loss of data from 5 stations, and partial loss of data from 3 
stations.   For the  October service,  total  loss  of  data  occurred for 7 stations and partial  loss for  5.  The 
increased loss rate for the final service run can probably be attributed to gradual degradation of cables and 
connectors in the tropical climate; at recovery, many of the island stations showed visible degradation of the 
plastic mantle of cabling, probably caused by insects. The total data recovery rate is estimated to be about 
70%.  The continuous data were converted to miniseed format and are archived on the SeisUK server; they 
have now been uploaded to the IRIS-DMC with network code ZB for 2007-2009 (sharing this code with the 
North  Sumatra  consortium deployment  -  loan  858).  Intermittent  GPS  problems  were  common  at  6TD 
stations; at one station very frequent timing corrections resulted in highly fragmented mini-seed files.

Noise levels were relatively high, with island stations generally significantly noisier than mainland stations, 
and stations on the SW coast of the forearc islands, which are exposed to the Indian ocean, often noisier than 
those on the NE coast (Fig. 2). However, there were many exceptions to this general pattern The dominant 
noise sources are presumed to be surf for the island stations, which for logistical reasons often had to be

1 Although the broadband stations were not supplied by SeisUK, they form an integral component of the experiment, 
and are therefore included fully in this report. The data from these instruments are also archived alongside the 
SeisUK instruments.
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deployed close to the coast, and cultural noise for both mainland and island stations. Fig. 3 shows waveforms 
for a local event. Clipping of arrivals at the closest stations was common due to the many large events in the 
aftershock sequence.

Analysis

Arrival  times  of  the  compressional  (P)  waves  and  shear  (S)  waves  were  manually  picked  using  the 
GIANT/PITSA software code (Rietbrock and Scherbaum, 1998). In total 1037 events comprising of 12,600 P 
and 6,282 S arrivals were picked. A high quality subset of 386 events with a GAP (largest observational 
range without any observations) ≤ 180° and more than 10 P picks were selected for a simultaneous inversion 
to obtain accurate hypocentre locations, 1D velocity model and station corrections using VELEST (Kissling 
et al. 1994). For the high quality events an average Vp/Vs ratio of 1.74 was derived from Wadati diagrams; 
picks that were more than +/- 1.8 seconds off this ratio were removed from the dataset for the inversion. This 
high quality dataset then contained 5,552 P Picks and 1,741 S picks.

First, the P picks were used to invert for the Vp model using a wide range of initial starting P velocity models 
with a varying number of layers, thicknesses  and velocities, and a constant Vp/Vs ratio of 1.74. Next, using 
the final Vp model and varying the Vp/Vs ratio for each layer to obtain a large number of starting models, 
inversions to obtain the Vs model were run.

The final 1D velocity model (Fig. 4) consists of 9 layers with a high crustal Vp of 6.36 km/s found at the 
surface. At 20 km depth there is a sharp increase in the Vp to 7.66 km/s which marks the oceanic Moho . The 
Vp/Vs ratio increased from from 1.70 at the surface to 1.76 between 25 km and 30 km depth and then 
decreases to 1.71 before increasing to 1.75 at 40 km depth. The stability of the 1D velocity model was tested 
by randomly shifting the hypocentre position by 10-15 km and performing the inversion again. The 1D 
velocity model and station corrections did not differ significantly from the final 1D velocity model and 
station corrections. The average error in hypocentre location was latitude:1351 m, longitude: 997 m and 
depth: 2934 m.

All earthquakes with more than 8 P picks and GAP of  ≤270° were relocated using the final 1D velocity 
model and station corrections, resulting in 838 relocated events.

Seismicity

The observed seismicity occurs  between 0 and 100 km depth and  will be described from the southwest to 
northeast following the path of the subducting Indo-Australian plate (Figures 5, 6).

The first events with well-located epicentres are found 50 km from the trench with eight events  detected at 
depths of  20-40 km  (Figure 6, area A).

Seismic activity increases abruptly 85 km from the trench (Fig. 5, Fig. 6, area B) forming a trench-parallel 
band  below  the  outer  arc  high,  with  onset  of  activity  approximately  coincident  with  the  500-1000 m 
bathymetry contour. Shallow thrust mechanisms determined through modelling of teleseismic waveforms of 
selected earthquake within the band (Grevemeyer, 2009) indicates that most of the larger events are likely to 
be  on the  plate  interface.  Within  the  band,  activity  is  particularly  intense and extends further  landward 
between the islands of Sipora and Pagai, including fore- and aftershocks of the  7.2 event on 25th February 
2008. These aftershocks also extend further landward, and appear to 'fill in' the gap in the rupture zone of the 
7.9 event of 12 September 2007, a pattern similar to what is observed in the Banyak islands region following 
the 28 March 2005 Nias event (Tilmann et al, 2010).

Two clusters  of  activity  are  seen  175  km and  200  km from the  trench.  Activity  can  be  found  in  the 
continental crust and extends through the forearc crust  into the oceanic plate until 30 km depth (Figure 6, 
area C and D, respectively). The cluster 175 km from the trench (Figure 6, area C) is ~30km wide between 0-
20 km depth but beneath the plate interface activity narrows to a 10 km wide zone. The activity from this 
cluster begins at the southern end of north Pagai and continues northward towards Siberut. It is likely that 
this linear cluster links to the Mentawai fault (Diament et al, 1992), which has recently been interpreted as a 
backthrust based on seismic reflection profiles (Singh et al, 2010).  The second cluster (Figure 6, area D), 
200 km from the trench, is 30 km wide at the surface, continuing through the forearc into the plate interface 
and the slab. This activity stretches almost continuously along the subduction zone, parallel to the trench 
from 2°S to  3.5°S.  It  does not correspond to a previously mapped structure but first  motion polarities 
suggest another large thrust fault (Fig. 6, top).
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East of the forearc basin (Fig. 6, area E), seismic activity occurs predominantly below 30km depth within 
the subducting Indo-Australian plate and possibly along its interface. Activity is seen continuously to 60km 
depth but at depths greater than 60 km depth seismic activity is very sparse. Using a straight line fit,  the 
events  indicate the subducting plate is dipping at 36° at distances greater than 200km from the trench.

Summary of completed, ongoing and planned work

Initial processing and quality control of the data is completed, with the data now available through the IRIS 
DMC (an access restriction is still in place).  Picking of straight-forwardly locatable events is completed, 
with a total of 1037 events picked and located. A subset of these events was used to constrain the one-
dimensional velocity model and station corrections terms, with subsequent relocation of all events using this 
model.  The  distribution  of  seismicity  alongside  a  few  first-motion  polarity  based  on  focal  mechanism 
solutions of selected upper plate events has been interpreted in terms of the tectonics of the margin with a 
particular focus on structures within the forearc of the overriding plate. A manuscript presenting the locations 
and interpretations  is  currently  in  review (Collings  et  al.,  in  review).  The dataset  also contributed to  a 
publication  focused on the intermediate depth intra-plate Padang earthquake of September 30, 2009; the 
Mentawai network data helped to provide information on the seismo-tectonic environment in which this 
event took place.

The next step in the analysis is a creation of a tomographic model for the study region and relocation of 
events in a 3D model.  Further analysis planned includes an analysis of shear wave splitting from local 
events;  teleseismic shear wave splitting information will  be added if  the signal quality  permits.  For the 
mainland stations, teleseismic receiver functions will be calculated to determine crustal thickness and mantle 
structure; noise levels will probably preclude this for the island stations.

Some events form highly correlating clusters (Fig. 7), which will be used to determine high accuracy relative 
locations.  Additionally,  we will  compare  inter-event  intervals  and magnitudes  with GPS observations  of 
afterslip.  Additional events have been picked just before and after the MW 7.2 earthquake of 25 February 
2008, and represent a detailed recording of the foreshock and aftershock sequence of a major subduction 
zone earthquake, for which we are planning to document in detail the spatio-temporal evolution.

Publications

McCloskey, J., D. Lange, F. Tilmann, S. S. Nalbant, A. F. Bell, D. H. Natawidjaja, A. Rietbrock (2010): The 
September 2009 Padang earthquake, Nature Geoscience  3(2), 70-71, doi:10.1038/ngeo753.   

in review:
R. Collings, D. Lange, A.Rietbrock, F. Tilmann, D. Natawidjaja, B. Suwargadi and M. Miller, Seismicity 
Within the Mentawai Region of the West Sumatra Subduction Zone, submitted to GRL

Training

The project  provided the primary dataset for an undergraduate research project at the University of 
Cambridge (Peter Chamberlin: Aftershocks of the Bengkulu earthquake sequence, Final Report, Part III 
project, 2009) and constitutes the main dataset for Rachel Collings' PhD research.
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Figure 1: Station distribution of the Mentawai 
aftershocks  network.  The  stations  were 
located on the Mentawai Islands and on the 
mainland  of  Sumatra.  All  but  one  station 
(TIKU) were deinstalled in October 2008; the 
sites SWLT and UBTU were reoccupied with 
seismometer  installations  within  the  project 

„ Seismicity and deep structure of the Sumatra  
subduction zone“ (loan 828).  Stations marked 
by a white symbol (MLKN, SRBN) did not 
return any usable data. 
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Figure 2: Noise probability density plots calculated according to McNamara and Buland (2004) for one station on the 
mainland along the volcanic arc (DPBR), one on the landward side of forearc island South Pagai (MAKA) and one on 
the seaward side of South PAGAI (MLKP). The BHN component of MLKP was stuck at endpoint. 

Figure 3: Local event south-west of Sipora Island as recorded by the short period stations of the array (24 February 
2008 08:53:37, 2.34°S,  99.95°W, 27 km  depth, 5.4 Mw). 
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Figure 4: Left: Final minimum 1D velocity model. The final Vp and Vs model and Vp/Vs ratio are shown with green 
lines. All models with a RMS within 5% of the final model are indicated by the grey lines. The range of input models 
for Vp and Vs is indicated by the light brown lines. Right: The P wave station corrections. The reference station, which 
has a zero correction term by definition, is shown with a star (Collings et al., in review).

Figure 5: Comparison of local earthquake 
locations with satellite-derived bathymetry 
(Smith&Sandwell,  1997)  and  coseismic 
slip displacements for the MW 8.4 and 7.9 
events  of  September  12,  2007  (contour 
interval  1m)  (Konca  et  al.,  2008).   The 
depth of events plotted as coloured circles 
is well constrained; events plotted in grey 
have a larger uncertainty in depth.  Black 
dots represent events recorded at less than 
5  stations  or  far  from  the  array 
(GAP>270°) where location uncertainties 
are potentially high. Focal mechanisms are 
determined  from  teleseismic  waveform 
modelling  with  the  epicentral  location 
determined  by  the  local  network.  Stars 
show  epicentres  of  events  with  MW>7.0 
since 1976.
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Figure 6: Along-dip cross section and rotated map view of  415 
earthquakes that had 8 or more P picks, 4 or more S picks and a 
GAP of ≤ 180°. On the map view the events that were located 
within 145km of  the trench and had a GAP of 180º-270º  are 
shown with open circles. The projection has been rotated by 55°. 
Events within the central Mentawai region are shown as filled 
circles and events south and north of the region are open circles. 
The  focal  mechanisms  shown  are  based  on  first  polarity 
measurements  (dots  indicate  polarity  measurements).  The  red 
stars indicate the PDE events  of   12 September 2007 and 25 
February  2008.  Middle:   Events  from  the  central  region  and 
GAP<180° are projected onto the line A-A'.  Bottom: Detailed 
cross section between  115 km and  240km and 0-40km depth 
(Collings et al., in review).

Figure 7: Left: Example of waveform correlation in cluster of 8 events found using 0.65 correlation threshold. Numbers 
denote amplitudes; note that amplitudes differ by factor 10 and more.  Right: Map of cluster centres. The size of the 
circles scales with the number of events in a cluster, with small circles without outlines representing doublets of similar 
events.
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Appendix
Table A1:  List of all stations showing station name, instrument type, sensor serial number, location, 
start  and end times and the sample rate.  This list  was derived from the file  “stations.txt“ which is 
needed for uploading the data to IRIS.  

SOBS 6T T6109 DM6TDMK2 6109 -02.19150 99.72900 29 2007:347:00:00:00 2008:112:03:00:00 50
SWLR 6T T6072 DM6TDMK2 6072 -01.25890 100.47300 28 2008:304:00:00:00 2009:050:00:00:00 100
SWLT 6T T6097 DM6TDMK2 6097 -01.25890 100.47300 28 2007:335:00:00:00 2008:295:23:00:00 50
TIKU 6T T6203 DM6TDMK2 6203 -00.39900 99.94420 34 2008:103:10:54:23 2008:299:00:00:00 100
TIKU 6T T6203 DM6TDMK2 6203 -00.39900 99.94420 34 2008:028:00:00:00 2008:103:10:54:22 50

NGNS 6T T6122 DM6TDMK2 C018 -01.79962 99.26833 65 2008:301:00:00:00 2009:059:00:00:00 100
PDRK 6T T6025 DM6TDMK2 6025 -01.44000 101.35960 320 2007:343:00:00:00 2008:293:23:00:00 50
PKNN 6T T6223 DM6TDMK2 6223 -01.58430 101.14530 925 2007:342:00:00:00 2008:293:23:00:00 50
RTMD 6T T6064 DM6TDMK2 6064 -02.96160 101.47280 39 2007:351:00:00:00 2008:293:23:00:00 50
BSAT 6T T6100 DM6TDMK2 6100 -03.07660 100.28460 17 2007:343:00:00:00 2008:290:23:00:00 50
BTPP 6T T6142 DM6TDMK2 6142 -01.32510 100.94010 862 2007:337:00:00:00 2008:293:23:00:00 50
BURI 6T T6013 DM6TDMK2 6013 -03.14510 100.45410 35 2007:342:00:00:00 2008:293:23:00:00 50
DPBR 6T T6172 DM6TDMK2 6172 -02.12600 101.56220 815 2007:340:00:00:00 2008:293:23:00:00 50
DSAO 6T T6224 DM6TDMK2 6224 -02.34990 99.83940 43 2007:350:00:00:00 2008:289:00:00:00 50
LAIS 6T T6110 DM6TDMK2 6110 -03.52910 102.03470 29 2007:352:00:00:00 2008:293:23:00:00 50
LIKU 6T T6196 DM6TDMK2 A826 -01.74570 100.80030 27 2007:355:00:00:00 2008:293:23:00:00 50

LUNG 6T T6035 DM6TDMK2 6035 -02.28530 101.15560 53 2007:334:00:00:00 2008:293:23:00:00 50
MAKA 6T T6120 DM6TDMK2 6120 -02.85200 100.27540 19 2007:340:00:00:00 2008:293:23:00:00 50
MLKP 6T T6019 DM6TDMK2 6019 -02.95930 100.19460 22 2007:344:00:00:00 2008:116:10:18:53 50
MLKR 6T T6029 DM6TDMK2 6029 -02.95930 100.19460 22 2008:116:10:18:53 2008:288:00:00:00 50
MLKN 6T T6184 DM6TDMK2 6184 -05.35260 102.27150 27 2008:016:00:00:00 2008:293:23:00:00 50

UBTU TRIL120P TTRIL120P DMTAURUS 1083 -01.50593 100.63127 40 2007:335:00:00:00 2008:300:00:00:00 100
SRBN TRIL120P TTRIL120P DMTAURUS 1028 -02.61565 101.28792 58 2007:348:00:00:00 2008:300:00:00:00 100
ATTB TRIL120P TTRIL120P DMTAURUS 1078 -03.18735 102.16715 676 2007:351:00:00:00 2008:300:00:00:00 100
PPNG TRIL120P TTRIL120P DMTAURUS 1070 -01.99397 99.60370 52 2007:343:00:00:00 2008:300:00:00:00 100
PRKB TRIL120P TTRIL120P DMTAURUS 1081 -02.96660 100.39962 27 2007:340:00:00:00 2008:300:00:00:00 100
PSKI TRIL120P TTRIL120P DMTAURUS 1009 -01.12473 100.35335 44 2007:350:00:00:00 2008:300:00:00:00 100

NGNG TRIL120P TTRIL120P DMTAURUS 1082 -01.79962 99.26833 65 2007:345:00:00:00 2008:300:00:00:00 100
JSLT TRIL120P TTRIL120P DMTAURUS 1031 -01.00640 100.71173 1622 2007:331:00:00:00 2008:300:00:00:00 100
SDRM TRIL120P TTRIL120P DMTAURUS 1066 -01.89813 101.29898 989 2007:340:00:00:00 2008:300:00:00:00 100
SKAP TRIL120P TTRIL120P DMTAURUS 1024 -02.77623 100.21275 54 2007:335:00:00:00 2008:300:00:00:00 100
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