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Abstract

Over the last decade, studies of natural hazards in Sumatra have focused primarily on great earthquakes and associ-
ated tsunamis produced by rupture of the Sunda megathrust. However, the Sumatran Fault and the active volcanic
arc present proximal hazards to populations on mainland Sumatra. At present, there is little reliable information on
the maximum magnitudes and recurrence intervals of Sumatran Fault earthquakes, or the frequency of paroxysmal
caldera-forming (VEI 7-8) eruptions. Here, we present new radiocarbon dates of paleosols buried under the volumi-
nous Ranau Tuff that constrain the large caldera-forming eruption to around 33,830-33,450 calender year BP (95%
probability). We use the lateral displacement of river channels incised into the Ranau Tuff to constrain the long-term
slip rate of two segments of the Sumatran Fault. South of Ranau Lake, the Kumering segment preserves isochronous
right-lateral channel offsets of approximately 350 & 50 m, yielding a minimum slip rate of 104 £ 1.5 mm/year for the
primary active fault trace. South of Suoh pull-apart depression, the West Semangko segment offsets the Semangko
River by 230 & 60 m, yielding an inferred slip rate of 6.8 £ 1.8 mm/year. Compared with previous studies, these results
indicate more recent high-volume volcanism in South Sumatra and increased seismic potency of the southernmost

segments of the Sumatran Fault Zone.
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Background

The 1650 km (km) long Sumatran Fault Zone is a system
of dominantly strike-slip fault segments that together
accommodate much of the trench-parallel component
of the oblique convergence between eastern Indian
Ocean lithosphere and the overriding continental crust
of the Sunda plate (Fig. 1). At its northern terminus, the
Sumatran Fault Zone links with submarine strike-slip
faults that transform into the active spreading centers of
the Andaman Sea (Curray et al. 1979), and at its south-
ern terminus, it ends within the large pull-apart basin of
the Sunda Strait (Baroux et al. 1998; Bellier and Sebrier
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1995; McCaftrey 1991; McCarthy and Elders 1997; Sieh
and Natawidjaja 2000). While the Sumatran Fault Zone
has produced damaging moderate to large earthquakes
during historical time, since ~1950 A.D. (Anno Domini)
large earthquakes have occurred significantly less fre-
quently than expected. In the absence of a long historical
earthquake record or detailed geophysical characteriza-
tion of the active fault system, assessments of the haz-
ard presented by the Sumatran Fault Zone must rely on
detailed mapping of the fault segments and characteriza-
tion of their rate of strain accumulation by measurement
of Late Pleistocene to recent slip rates (Natawidjaja and
Triyoso 2007). The most reliable geological slip rates of
the Sumatran Fault are determined from lateral offsets of
young, voluminous caldera tuffs and associated igneous
units that were erupted onto the fault trace (Bradley et al.
2017; Sieh et al. 1991, 1994). Previous slip rate studies in
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Fig. 1 Neotectonic setting of the Sumatran oblique convergent margin and locations of three large Quaternary rhyolitic tuffs along Sumatra Fault

Southern Sumatra focused on lateral offsets of products
of the Ranau Caldera (Bellier and Sebrier 1994), which
has been proposed to be much older than other offset
caldera complexes in Sumatra (Bellier et al. 1999). In this
study, we show that the Ranau Caldera is the youngest
such structure in Sumatra, and that the southernmost
segments of Sumatran Fault have significantly faster rates
than those inferred by previous studies.

Active faulting in south sumatra

The active faults of South Sumatra have previously been
mapped using small-scale topographic maps and aerial
photographs (Bellier et al. 1999; Bellier and Sebrier 1995;
Sieh and Natawidjaja 2000). A recent evaluation of earlier
studies shows that significant improvements can be made
using more modern topographic and remote sensing data
(Bradley et al. 2017). We remapped the southernmost 200
km of the Sumatran Fault Zone, consisting of the Kumer-
ing and Semangko fault segments and associated splay
faults (Sieh and Natawidjaja 2000), using digital terrain
data from Shuttle Radar Topographic Mission (SRTM)
1 Arc-Second (USGS 2015) and high-resolution satellite
imagery from Google Earth.

The northern end of the Kumering segment is separated
from Manna fault segment by a 7-km-wide contractional
bend (Sieh and Natawidjaja 2000). Southward, along the
Komering River longitudinal valley, the linear trace of
the Kumering segment crosses the rhyolitic Ranau Tuff,
other volcanic deposits, and alluvial sediments (Fig. 2).
Several small river branches are dextrally offset along
the fault trace, but due to the complexity of the drainage
pattern it is difficult to measure total offsets. The fault

crosses the Ranau Lake and develops a 3-km-wide exten-
sional stepover on the east side of the Seminung volcanic
edifice (Fig. 3a). Further south, the Kumering segment
crosses the flat plain of the Liwa Basin that is underlain
by thick Ranau Tuff deposits that are deeply incised by
the Way Robok river. The Kumering segment in this loca-
tion was previously called the Ranau—Suoh fault (Bellier
and Sebrier 1994). A second fault trace can be observed
running parallel to the Kumering segment within the
high mountains west of the Liwa Basin. This fault, which
we term the Ranau Fault (Fig. 3a), links the southwestern
wall of the Ranau Caldera to the West Semangko seg-
ment further south. The trace of the Ranau fault is gen-
erally more geomorphically subdued than the Kumering
fault, except in its central part that exhibits sharp lateral
offsets of linear valleys and ridges.

The multiple strand geometry of the southern Suma-
tran Fault means that geological slip rates measured
from single fault traces may only be minimum estimates
of slip rates across the broader Sumatran Fault zone,
and that slip rates estimated from GPS velocity profiles
across the fault zone probably represent aggregate strain
accumulation.

The Kumering segment branches southward into the
West Semangko and East Semangko segments (Fig. 3b).
The West Semangko segment was previously termed
the Semangko Fault (Bellier and Sebrier 1994; Sieh and
Natawidjaja 2000) and the East Semangko segment was
previously called as the North Semangko fault (Bellier
and Sebrier 1994). The Kumering segment is connected
to the West Semangko segment by the 7-km-wide Suoh
pull-apart (Fig. 3b). The normal faults that define the
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northwestern topographic margin of the Suoh valley are
associated with an active geothermal field consisting of
maar lakes, fumaroles, and hot springs, which has dem-
onstrated enhanced activity immediately after historical
earthquakes. Two weeks after the 1933 Liwa earthquake,
a phreatic eruption from Suoh covered the nearby val-
ley floor with ejecta and killed numerous inhabitants
(Stehn 1934). Following the 1994 Liwa earthquake, which
appears to have been limited in rupture extent by the
Suoh stepover, there was sudden increase in geothermal
activity as well as several phreatic eruptions (Natawidjaja
1994; Widiwijayanti et al. 1996).

The Kumering segment is connected to the East
Semangko segment by the 3-km-wide Natarang pull-
apart, on the east side of Suoh (Fig. 3b). The southern
part of the East Semangko fault gradually loses its topo-
graphic expression within alluvial deposits, and appears
to radiate into several branches that disappear before
reaching the Semangko Bay. This structural radiation
pattern, seen along strike-slip faults elsewhere, has been

called a horsetail structure and commonly marks the ter-
mination of a strike-slip fault zone. However, bathymetric
data from Semangko Bay suggest that a strike-slip fault
continues southeastward and forms the northern bound-
ary of the Sunda Strait pull-apart. The West Semangko
segment defines the eastern edge of the Barisan Range,
and continues beneath the sea along the west side of the
Semangko Bay where it forms the southern edge of the
Sunda Strait pull-apart basin (Susilohadi et al. 2009).

Far northeast of Ranau lake, we observe two second-
ary fault lines that run parallel to the Kumering segment,
which we term the Sukarena and Pauh Faults (Fig. 2).
Field observations indicate that while these faults do
exist in outcrop, there are few geomorphic indications of
recent fault motion. A fresh road cut exposes the south-
ern end of Sukarena Fault outcrop on the main road
between Ranau Lake and Muaradua town (Fig. 4). There,
the fault cuts tilted Tertiary sedimentary rocks but is
sealed by the Ranau Tuff, indicating inactivity since the
last eruption.
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Fig. 3 Revised map of active faults in South Sumatra, showing the main fault traces and the areas where we have determined slip rates from offsets
of channels cut through the Ranau Tuff. a Between Ranau Lake and Suoh. b Between Suoh and Semangko Bay. Digital elevation map is from SRTM

Age of Ranau Tuff

The remnant of the center of the paroxysmal eruptions
of Ranau Tuff is a 14-km-long and 8-km-wide rectan-
gular caldera that is filled by Ranau lake (Fig. 2). The
southeastern edge of this lake is defined by the apron
of the conical Seminung Volcano, which exhibits fresh
flow and crater morphology indicating Holocene activ-
ity. The rectangular shape of the caldera lake may reflect

structural control by strands of the Sumatran Fault (Bel-
lier and Sebrier 1994). The Ranau Tuff blanketed a wide
area within a ~70 km radius of Ranau Lake (Amin et al.
1993; Gafoer et al. 1993). In the proximal area, south-
east of the lake, thick tuffs with large pumices and lithic
fragments filled the Liwa Basin (Fig. 5). In more distal
areas, the Ranau Tuff bed is finer and thinner (Figs. 6,
7,8,9).
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Fig. 5 Examples of exposures of the proximal Ranau Tuff within 10 km of the eruptive center. a South of Ranau Lake within the Liwa Valley, b North

Sumatra is well known for its unusually high number
of large caldera systems. Paroxysmal eruptions from
these systems have produced enormous rhyolitic tephra
deposits that blanket large portions of the Sumatran
Fault. These outflow sheets include the Young Toba Tuff
in north Sumatra (Chesner et al. 1991), the Maninjau
Tuff in central Sumatra (Alloway 2004) and the Ranau
Tuff in south Sumatra (Hochstein and Sudarman 1993;
Westerveld 1952). Rapid emplacement of huge volumes
of tephra causes immediate obfuscation of pre-emplace-
ment landscapes. The new river drainages rapidly evolve

from early disconnected streams into dendritic networks
via deep incision of the thick, non-welded tuffs. These
networks of rivers, in several locations, cross the active
trace of the Sumatran Fault Zone, producing systematic
right-lateral offsets of nearly isochronous river canyons.
The average fault slip rate since eruption is simply deter-
mined by dividing the average offset by the eruption age
(Bradley et al. 2017; Sieh and Natawidjaja 2000).

The eruption age of the Ranau Tuff corresponds with
the regional resetting of the geomorphic landscape,
and has previously been estimated from *°K—*°Ar
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overlying a layer of charcoal on top of alluvial sediments. a At site 1 (Lat,lon: —5.34028, 104.34593). b At site 2 (lat,lon: —5.34319, 104.34687) about

(Kalium—Argon) dating of glass and phenocrysts sepa-
rated from pumice (Bellier et al. 1999). Bellier et al.
(1999) reported “°K—*°Ar ages of 1 g whole rock sepa-
rates (0.73 + 0.13 Ma), 0.7-0.8 g groundmass sepa-
rates (0.66 £ 0.18 Ma), and 0.6-0.8 g feldspar separates
(0.55 + 0.15 Ma). These authors interpreted the feldspar
age as best reflecting the eruption age, although they
noted that the significantly older whole rock and ground-
mass ages probably reflect contamination by excess (non-
radiogenic) “’Ar from an unidentified source. This age
appears to be too old to reflect the eruptive age of the
geomorphically fresh Ranau Tuff, which is the young-
est eruptive unit in a volcanically active region. Given
the bulk separate preparation methods, it is likely that
this age is affected by excess argon contained in abun-
dant melt inclusions within phenocrysts and along grain

boundaries (Owens et al. 1999). Due to the low propor-
tion of radiogenic versus atmospheric argon within the
Ranau Tuff (~10% for plagioclase feldspar, <5% for whole
rock and groundmass), even small amounts of excess
argon would result in a significant overestimation of the
true eruption age.

We surveyed distal areas (>20 km from the caldera
rim) where the basal contact of the Ranau Tuff was more
likely to be exposed in road cuts and quarries (Figs. 6, 7,
8, 9). Radiocarbon dates of charcoals and organic-rich
soils that are preserved along the basal contact of the
tuff provide a maximum age of the emplacement, if the
possibility of contamination by younger carbon can be
sufficiently ruled out. AMS (Accelerator Mass Spectrom-
etry) radiocarbon ages were determined by the BETA
Analytic Laboratory and are corrected for variations in
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tive center, where samples RAN-10A was collected from a thin, brown paleosol

atmospheric CO, reservoirs over time using the SHCal13
calibration (Hogg et al. 2013). We examined five expo-
sures where the basal contact of the distal Ranau Tuff
overlies buried paleosols.

In the Semangko River valley, just south of Suoh pull-
apart and 70 km from Ranau Lake, the Ranau Tuff bed
is several meters thick and mantles the surface of the
present landscape (Fig. 6). Along a fresh road cut in an
ongoing construction of a new hydroelectric power
plan, there are two exposures exhibiting thick layers of
charcoal, located on top of paleosols and immediately
beneath the ash flow deposit (Fig. 6). We sampled RAN-
23A from a half-meter thick layer of charcoal that was cut

by an active fault strand (Fig. 6a). The result yields a con-
ventional carbon age of 29,440 + 140 radiocarbon years
BP, corresponding with a corrected calendar-year age of
33,830-33,450 cal year BP (95% probability) (Table 1).
On the cliff exposures at the quarry along the main road
near Muaradua town, 40 km northeast of Ranau Lake, a
4-5-m-thick Ranau Tuff bed overlies moderately tilted
Tertiary sedimentary rocks (Fig. 7). Between the tilted
sediments and the tephra is a few tens of cm thick of
organic-rich paleosol. This dark-gray soil, however, is not
as black, rich, and pure in organics as that of RAN-23A
charcoal sample. We carefully avoided carbon contami-
nation from modern plants and roots during collection of
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Fig. 9 Exposure of the distal Ranau Tuff along the trace of the Pauh Fault, 20 km from the eruptive center near Sukabumi village (Lat,Lon: —4.61433,
103.88004). a Top of Ranau Tuff overlain by old alluvial deposit. b Base of Ranau Tuff overlying the Tertiary sandstone. RAN-06B sample is collected

this sample. The AMS analysis of this sample (RAN-14A)
yields a conventional carbon age of 26,830 + 140 year
BP, corresponding with a corrected calendar-year age of
31,085-30,805 cal year BP (95% probability) (Table 1),
slightly younger then the RAN-23A date.

Two other basal outcrops of the distal Ranau Tuff
exposed only lower quality carbon materials. A cliff at a
quarry, located 10 km west from RAN-14 site, exposes
Ranau Tuff overlying gravels and sands in a weathered
outcrop, covered and infiltrated by some modern veg-
etation and roots (Fig. 8). Organic material carefully
separated from brown paleosol (RAN-10A) vyielded

a conventional carbon age of 18,160 £ 70 year BP or
22,145-21,810 cal year BP, significantly younger than that
of RAN-14A and RAN-23A, clearly because of contami-
nations by modern carbon. Another site at an old road
cut heading to a proposed water dam, located 20 km to
the southwest of RAN-10, exposes the Ranau Tuff over-
lying a thin gray paleosol layer developed on top of Ter-
tiary sandstone (Fig. 9). Organic material separated from
this paleosol (RAN-06B) yielded a conventional carbon
age of 11,750 £ 50 year BP, much younger than others as
expected because of appearance contaminations of mod-
ern carbon.
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Table 1 Results of the AMS radiocarbon age analysis, on paleosols underlain Ranau tuffs, conducted at BETA Analytic

(http://www.radiocarbon.com/)

Sample code Field Measured 8'3C (%0) Conventional Calendar age calibration (cal year BP)
descriptionS radiocarbon radiocarbon age
Field BETA age (rcy BP) Median 20-95% Prob.  10-65% Prob.
modeled age
RAN-23A  Beta-396325 Charcoal, black, 29,230 £ 140BP —119 29,440 £ 140 33,650 33,830-33,415  33,740-33,545
no sign of con-
tamination
RAN-T14A  Beta-423698 Dark-gray, very- 26,630 +140BP —12.9 26,830 & 140 30,960 31,085-30,805  31,025-30,885
rich organic soil,
possibly some
contamination
RAN-10A  Beta- Gray, organicsoil, 17,990 +70BP  —14.9 18,160 & 70 21,915 22,145-21,810  21,990-21,860
423,697 evidence of
more contami-
nation
RAN-06B  Beta- Lighter gray, less 11,650+ 50BP —186 11,750 & 50 13,545 13,585-13,445 13,565-13,470
423,699 organic soil, evi- 13510
dence of much '
13,495

contamination

The calibration used mathematical approach developed by Talma and Vogel (1993) with reference to SHCAL 13 database (Hogg et al. 2013)

Based on our assessment of the quality of preservation
and degree of modern contamination of the carbon-rich
sediments underlying the Ranau Tuff in four locations,
we interpret that the best estimate of the Ranau Tuff
emplacement is the resulting age of RAN-23A sample,
because it was collected from a thick layer of charcoal
with no outward signs of contamination. The samples
of the other three locations indicate that the ash flow
deposit at RAN-23B is the same Ranau Tuff layer as
observed in the northern part. This is best demonstrated
by RAN-14A that yields the most similar age to RAN-
23A. Another purpose of this exercise is also to show that
the appearance contaminations of modern vegetation
significantly affect the results.

While the dated tephra appear to correspond with a
single eruptive unit based on field comparisons, the large
distance between exposures means that it is possible that
we have sampled separate eruptive units of different age.
To test this, we measured major and minor element com-
positions of phenocryst phases and glass for four samples
collected from three distal outcrops of tephra believed
to be the Ranau Tuff (RAN-23B, RAN-14B, RAN-21 at
Fig. 2), and one outcrop near Liwa (RAN-20 at Fig. 2).

Compositions of individual phases were determined
using a JEOL JXA-8530F Field Emission Electron Probe
Microanalyzer (EPMA) at the Earth Observatory of Sin-
gapore employing a 10 nA beam current, 15 kV acceler-
ating voltage, and 10 Aum beam diameter for counting
times of 10-40 s. Results were quantified using well-
characterized natural and synthetic calibration standards.
Background intensities were empirically calibrated to an
absorption-corrected continuum based on mean atomic

number (Donovan and Tingle 1996). Oxygen was calcu-
lated by cation stoichiometry and included in the matrix
correction. An interference correction was applied to Fe
for interference by Mn. Analytical uncertainty at the 99%
confidence level was less than 1% of all reported values.

The mineralogy of pumices separated from these sam-
ples is consistent with the previous descriptions of the
Ranau Tuff (Bellier et al. 1999). Glass shard SiO, ranges
from 75 to 79 wt % (recast to a volatile-free basis). All
plagioclase feldspars are andesine (An,,—An,;). Glass,
biotite, titanomagnetite, and ilmenite from all samples
have comparable major element compositions (Fig. 10).
Sample RAN-23B yielded additional phases with distinct
major element compositions compared with other Ranau
Tuff samples (Fig. 10e), which may represent contami-
nation of the very distal tephra during emplacement or
reworking. Of the large Late Pleistocene rhyolitic tephras
of Sumatra, the Ranau Tuff is most similar in composition
to the V-6 tephra (Fig. 10) sampled via drill core within
trench slope sediments north of Enggano (Salisbury et al.
2012). The age of this tephra is not directly constrained
from the drill core, but is estimated at 27.53 + 0.48 ka
based on extrapolation of slope sedimentation rates cal-
culated from '*C ages of planktic foraminifera from other
drill cores located far from the V-6 sampling site. The
compositional and age similarity of the Ranau Tuff and
the V-6 tephra suggest that they are likely correlative.

Fault slip rates

Slip rate of the Kumering segment

Bellier et al. (1999) proposed a collection of geomorphic
features that are right-laterally offset about 2.5 km along
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the Sumatran Fault on the south side of the Ranau Lake.
The features include a tectonic lineament, the southeast-
ern rim of the Ranau caldera, the Robok River channel,
and several tributaries of a dendritic river system that
flows northward into the lake. Hence, based on their K-
Ar dating of plagioclase of the Ranau Tuff that yielded
an average age of 0.55 £ 0.15 Ma (Million years ago),
and assuming those geomorphic features were formed
right after the paroxysmal eruption of Ranau Tuff blan-
keted the old topography, they estimated a slip rate of
5.5 £ 1.9 mm/year (millimeter/year) for the Kumering
Fault (or they called it as the Ranau—Suoh fault). We disa-
gree with the K—Ar dates as discussed above, and we also
dispute the offset by the following arguments. First, the
eastern edge of the caldera is not offset by 2.5 km east
of Gunung Seminung, but is identifiable as a topographic
escarpment that continues across the Sumatran Fault and
is buried by the active caldera rim volcano. Second, the
Way Robok River is not offset by ~2.5 km (kilometer),

as there is no remnant of a fault-crossing channel near
its proposed northern truncation. Instead, several river
channels south of the Lake i.e., Way Rekuk, Way Men-
jadi, and Way Heni do have a right-lateral offset where it
crosses the fault but with a much smaller amount of off-
set as described in the following paragraph.

Southeast of Ranau lake, the straight Kumering seg-
ment runs through the thick, flat-topped Ranau Tuff
that fills the Liwa basin. The fault trace coincides with
a sequence of five right-lateral deflections of deeply
incised river canyons of Way Rekuk, Way Menjadi, Way
Heni, and Way Robok (Fig. 11). The similar amounts of
deflection indicate that the canyons developed isochro-
nously. Three of the displaced canyons cross the fault
at a nearly orthogonal angle, and together yield an esti-
mated total fault offset of 320-380 m, where the offset
uncertainty is equivalent to the width of the displaced
canyons. Two offset channels cross the fault trace at a
lower angle and therefore yield less accurate estimates
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of total offset; however, the magnitude of the offset is
consistent with the three orthogonal channels. The
average of the three best offsets is 350 £ 50 m (meter)
(Fig. 11). The estimated eruption age of the Ranau Tuff,
33,830-33,450 cal year BP (or 33,640 £ 190 cal year BP),
is considered as the approximated time of the initial
incision of the valley since after the eruption and depo-
sition of Ranau Tuff. Taking into account error propa-
gation due to uncorrelated and random uncertainties of
the offset measurement (8d) and time of initial incision
(8¢), the slip rate, v, can be calculated as follows:

v = d/t, and uncertainty in slip rate,

By = v x [((Sd/d)z + 6t/

Hence, slip rate on the Kumering segment is
10.4 £ 1.5 mm/year.

Slip rate of the Semangko segment

South of the Suoh pull-apart basin, the west Semangko
fault runs parallel to the Semangko River. At one local-
ity, the river course turns and crosses the fault trace at a
right angle. Taking advantage of fresh road cuts built to
support a hydroelectric power plant, we conducted a
Ground Penetrating Radar (GPR) survey together with

geological-outcrop observations aimed at locating the
principal active strands of the Semangko segment (Fig. 12).

In outcrop, we observed the fault zone as several widely
spaced (50—100 m) vertical zones of sheared and striated
clay stones juxtaposing different stratigraphic units. The
principal fault strand is located on the western edge of
the broader fault zone and is associated with a narrow
valley. The GPR radargram (Fig. 12) clearly shows these
three fault strands. The major fault strand is associated
with right-lateral offset of the Semangko River where it
flows at almost right angle across the fault (Fig. 13a). Else-
where the major river runs parallel or cut the fault strand
at low angle (Fig. 13b). The estimated total right-lateral
offset of the Semangko River at this site is 230 &+ 60 m,
taken the width of the river valley as the uncertainty of
the offset measurement. Restoration of this lateral offset
yields reasonable matches for surrounding geomorphic
features (Fig. 13c). Using the similar approach, the long-
term slip rate estimated from this single river offset is
therefore 6.8 £+ 1.8 mm/year.

The M 7.5 June 25, 1933 Liwa—Kota Agung earthquake
was one of the largest historical events produced by rup-
ture of the Sumatran Fault, and caused significant dam-
age over a region stretching from north of Ranau Lake to
Kota Agung in the Sunda Strait (Berlage 1934). The great
extent of reported damage indicates that fault rupture
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extended both north and south of the Suoh pull-apart
basin, which occupies a ~7 km right stepover between
the Kumering and West Semangko segments that should
present a significant barrier to rupture propagation. If the
West Semangko segment did rupture during the 1933
earthquake, then we must conclude that the rupture
propagated across the Suoh segment boundary, implying
that multiple segment ruptures of the Sumatran Fault are
possible and should be included in hazard assessments.
However, if instead the East Semangko segment rup-
tured, then there would have been no significant barrier
to the propagation of the rupture from the Sunda Strait
to Ranau Lake. Further paleoseismic investigation of the
1933 rupture will therefore be important for understand-
ing the rupture mechanics of the segmented Sumatran
Fault Zone.

Conclusions

The new '*C age for the Ranau Tuff indicates that it
was emplaced during the youngest known large rhy-
olitic eruption in Sumatra. This increases the number
of known Volcanic Explosivity Index (VEI)7 + events in
Sumatra over the last 100 k year (kilo year) from two to
three. At present, there is little information about ear-
lier possible eruptions from the caldera (as at Toba), or
whether a stratovolcano existed at the location of the
caldera prior to its collapse (as at Maninjau). While the
main strand of the Sumatran Fault currently cuts straight
across the caldera edifice, the position of the caldera
between two active fault strands suggests a strong struc-
tural control on its formation (Bellier et al. 1999). Fur-
ther studies of the relationship between active faulting
and volcanism in this area are critical for understanding
regional geohazards.

The Kumering segment has slipped at an average rate
of 10.4 £+ 1.5 mm/year over the last ~33 k year. South
of the Suoh pull-apart depression, the Sumatran Fault
Zone branches into the West and East Semangko faults.
The West Semangko Fault has a measured slip rate of
6.8 £ 1.8 mm, then we can infer that the East Semangko
Fault slip rate is about 3.6 mm/year. These slip rate val-
ues, however, can be viewed as a minimum estimate due
to the uncertain period of time between eruption and ini-
tial incision of the offset channels.

The slip rate of the Sumatran Fault Zone has been
postulated to increase significantly from south to north
(Baroux et al. 1998; McCaftrey, 1991; Sieh and Natawid-
jaja 2000). However, the slip rate data that support this
model are highly unreliable (Bradley et al. 2017). Our
revised slip rates for the Kumering and West Seman-
gko segments are significantly faster than previous
estimates (Bellier et al. 1999). GPS velocities from the
SuGAr network (Bradley et al. 2017) and campaign
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GPS data (Amin et al. 1993) indicate ~15 mm/year of
right-lateral slip across the integrated Sumatran Fault
Zone in South Sumatra. These rates suggest that we
should expect more frequent large strike-slip earth-
quakes in this region than have been suggested by pre-
vious studies.
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