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Abstract: Luminescence dating has been applied to volcanogenic outburst flood sediments (Takuma
gravel bed) from Aso volcano, Japan, and tephric loess deposits overlying the gravel bed. The poly-
mineral fine grains (4-11 pm) from loess deposits were measured with pulsed optically stimulated
luminescence (pulsed OSL) and post-IR infrared stimulated luminescence (pIRIR) methods, whereas
the Takuma gravel bed containing no quartz, was measured with IRSL and pIRIR methods using sand
sized (150-200 pum) plagioclase. The loess deposits date back at least to ~50 ka by consistent IRSL,
pIRIR and pulsed OSL ages from the lowermost part of the loess deposits from one section. The ages
obtained from the bottom part of the other loess section are not consistent each other. However, we
consider that the pIRIR age (72+6 ka) which showed negligible anomalous fading is most reliable,
and regard as a preliminary minimum age of the Takuma gravel bed. The equivalent doses (D.) for
the plagioclase from the Takuma gravel bed have a narrow distribution and the weighted mean of the
three samples yield an age of 89+3 ka. This age is in agreement with the last caldera-forming eruption
of Aso volcano (~87 ka) and it is likely that the pIRIR signal has not been bleached before the deposi-
tion. IRSL dating without applying pIRIR using small aliquots was also conducted, however, the
IRSL signal shows no clear evidence of an additional bleaching during the event of outburst flood
from the caldera lake.

Keywords: IRSL, post-IR IRSL, tephric loess, Takuma gravel bed, Aso volcano, volcanogenic out-
burst flood.

1. INTRODUCTION

Aso volcano is one of the largest caldera volcanoes in
Japan and its caldera forming eruptions provided four
large-volume ignimbrites namely Aso-1, -2, -3 and -4 in
the past ca. 270 ka (Ono et al., 1977; Machida and Arai,
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2003). It has been suggested that a caldera lake was once
formed and then drained, after the Aso-4 eruption at
~87 ka (Aoki, 2008), according to the existence of lake
sediments in the caldera (Watanabe, 1998; Kataoka and
Miyabuchi, 2011). To the west of the caldera rim, a large-
scale volcaniclastic apron is distributed along the Shira
River. The apron sediments (Takuma gravel bed) directly
overlie the Aso-4 pyroclastic flow deposits and the Aso-4
lahar deposits, indicating that the gravel bed was formed
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after the eruption of Aso-4. The Takuma gravel bed is
composed of poorly sorted pebble and cobble with sandy
matrix, and occasionally contains large boulders up to a
few metres in diameter. The present Shira River does not
have the capacity to transport such boulder rich sedi-
ments, and therefore the sediment is presumably the re-
sult of a gigantic outburst flood from the caldera lake
(Kataoka and Miyabuchi, 2011).

Volcanogenic large-scale flood sediments which are
associated with caldera lake outburst or failure of volcan-
ically dammed lake have been found in many places, e.g.
Numazawa and Towada volcanoes, Japan (Kataoka et al.,
2008; Kataoka, 2011), Aniakachak volcano, Alaska
(Waythomas ef al., 1996), Laacher See volcano, Germany
(Park and Schmincke, 1997) and Taupo volcanic zone,
New Zealand (Manville et al., 1999). In this study, we
apply luminescence dating for the first time to volcano-
genic outburst flood sediments from Aso volcano (Ta-
kuma gravel bed) and also to the overlying tephric loess
deposits to constrain the age of the possible intra-caldera
lake outburst event.

2. STUDY AREA AND SAMPLES

Partly terraced volcaniclastic apron surface in west of
Aso caldera has been subdivided into the Takuma and
Hotakubo surfaces (Watanabe et al., 1995). The higher
Takuma surface (30-70 m a.s.l.) is a depositional surface
of Takuma gravel bed and lower Hotakubo surface
(~20 m a.s.l.) is presumably an erosional surface (fill-
strath terrace). The latter surface is covered by 1.5-2 m
tephric loess, which contains two horizons of volcanic
glasses concentration derived from two widespread teph-
ra (Kikai-Akahoya tephra, 6.3 ka and Aira-Tanzawa
tephra, 29 ka) at ~0.3 m and 0.8-1.2 m from the surface,
respectively (Watanabe et al. 1995). According to the
thickness of the loess and the stratigraphic horizons of

( soogle

Fig. 1. Overview of Aso caldera and the distribution of volcanic apron
(modified from Kataoka and Miyabuchi, 2011). Location of sampling
sites is shown in black circle. Inset shows a map showing the location
of Aso caldera.

295

widespread tephra in the loess sequence, Watanabe et al.
(1995) assumed that the Hotakubo surface was formed at
40-50 ka. Therefore, the age of the Takuma surface is
older than 40-50 ka and younger than Aso-4 (~87 ka).

Samples for luminescence dating were taken from two
outcrops in the area of the National Agriculture Research
Center for Kyushu Okinawa Region which is located
about 25 km from the west of the breached caldera rim,
close to the lower edge of the Takuma surface (Fig. 1).
These outcrops are located at the wall of two trenches
which were made for collecting surface water in case of
heavy rain, in order to protect the area from flooding. The
Takuma gravel bed and tephric loess are nicely exposed
on the walls. Altogether, ten samples for luminescence
dating were taken from Takuma gravel bed and tephric
loess overlying the gravel bed. At Site 1 (“Mizuana-4”,
i.e., trench no. 4: 32° 52° 30.3”” N /130° 44’ 38.0" E),
~3 m thick tephric loess covers the Takuma gravel bed
(Fig. 2a). The upper 1 m of the tephric loess comprises
so-called Kuroboku soil (black andisols) which is a typi-
cal dark coloured humic soil found near active volcanoes
in Japan. The Takuma gravel bed here is more than 3 m
thick, and shows crude parallel to low-angle cross strati-
fications which suggest a rapid deposition by a hypercon-
centrated flow process (Kataoka and Miyabuchi, 2011).
Four samples from tephric loess (AS-TL-1, -2, -3, 4) and
two samples from the Takuma gravel bed (AS-TGB-1
and -2) were collected from this site.

Site 2 (“Mizuana-2”, trench no. 2: 32° 52’ 554~
N/130° 44° 40.8”’ E) is located ~700 m northeast of Site 1.
At this site, about 4 m of diffusely stratified Takuma gravel
bed including metre-sized boulders and ~2.5 m thick teph-
ric loess are exposed (Fig. 2b). Three samples from tephric
loess (AS-TL-7, -8, and -9) and one sample (AS-TGB-4)
from the uppermost part of the Takuma gravel bed were
taken for luminescence dating from Site 2.

3. SAMPLE PREPARATION AND LUMINES-
CENCE EQUIPMENTS

The Takuma gravel bed comprises volcaniclastic ma-
terials which were derived mainly from the Aso 1-4 ig-
nimbrites and pre-Aso volcanic rocks (Ono and
Watanabe, 1985) entrained by the watery flow. An X-ray
diffraction analysis of samples from the gravel bed (AS-
TGB-1, 2, and 4) indicates that these samples contain
plagioclase, clino- and ortho-pyroxynes, magnetite, and
hornblende, as well as volcanic glass shards. These min-
erals reflect the typical dacitic composition of Aso volca-
no. The sample TGB-4, taken close to the upper surface
of TGB, also contains short-range order minerals (imogo-
lite and/or allophane) which are commonly developed in
volcanic soils in Japan (Wada, 1987). These samples do
not yield quartz and K-feldspar which are normally used
as luminescence dosimeters. Therefore, a sand-sized
(150-200 pm) plagioclase rich fraction was separated
from heavy minerals using a sodium polytungstate solu-
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tion (d < 2.68) for AS-TGB-1, -2, and -4, after treating
with hydrochloric acid (HCl), sodium oxalate (Na,C,04)
and hydrogen peroxide (H,0O,). For tephric loess samples,
polymineral fine grains (4-11 pm) were prepared using a
standard procedure following Frechen et al. (1996). The
sand sized grains were mounted on stainless steel discs
using silicon spray for luminescence measurements using
either 6 or 2.5 mm mask size. Polymineral fine grains
were settled on aluminium discs using acetone or distilled
water.

All luminescence measurements were carried out by
an automated reader (Rise TL/OSL-20) equipped with
blue and IR LEDs for optical stimulation and a *°Sr/*’Y
beta source (1.48 GBq) for irradiation. Infrared stimulat-
ed luminescence (IRSL) signals were detected through a
combination of 2 mm thick Schott BG-39 and 4 mm thick
Corning 7-59 filters (detection: 320-460 nm). Pulsed
optically stimulated luminescence (OSL) signals were
measured with 50 ps on- and off-times, and only the off-
time signal starting at 2.5 ps, after the pulses switched
off, was recorded. A 7.5 mm HOY A U-340 (280-360 nm)
was used as a detection filter for pulsed OSL measure-
ments.
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4. LUMINESCENCE DATING

Dose rate

High-resolution gamma spectrometry with an N-type
coaxial detector was used for the estimation of external
dose rates. For each sample, homogenised material of
50 g was used for gamma spectrometry measurements.
The activities of ***Th, *"*Bi, ?"*Pb (for U), **Ac, 2**T1,

(b)
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Fig. 2. Graphic sedimentary
logs at (a) Site 1, so-called
‘Mizuana-4" and (b) Site 2,
*Mizuana-2”. The positions of
luminescence samples are
shown.
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12pp (for Th) and *°K were converted into U, Th and K
concentrations to calculate annual dose rate using the
conversion factors by Guérin et al. (2011). Natural water
contents (water/dry sediment) were measured for all
samples soon after sampling, however, as mentioned
above, the studied sections are the walls of water reser-
voirs to collect surface water, and some of the measured
contents were very high (up to 104% and 37% for tephric
loess and the Takuma gravel bed, respectively). These
measured water contents are probably much higher than
the water contents for the samples averaged over the
burial time. Therefore, we used a water content of 15%
(assuming an uncertainty of £10%) obtained from the
Takuma gravel bed outside the National Agriculture
Research Center to calculate dose rates for all Takuma
gravel bed samples. A water content of 60% (£20%) was
used for tephric loess samples, which was measured from
a wall from another trench wall in the research centre
under a relatively dry condition. Alpha efficiencies
(a-values) of 0.09+0.02, 0.11+0.02, and 0.035+0.03 were
used for IRSL, post-IR IRSL, and pulsed OSL signals,
respectively (Kreuzer et al., submitted; Lai et al., 2008).
The cosmic dose rate was calculated according to the
altitude and geomagnetic latitude from the sampling sites,
and the sampling depth from the surface based on Pres-
cott and Hutton (1994). The total dose rates are summa-
rised in Table 1.
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Post-IR IRSL (pIRIR) and pulsed OSL dating of
tephric loess

For dating of tephric loess, the luminescence from
polymineral fine grains were measured using two differ-
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ent methods, i.e. post-IR IRSL (pIRIR) to measure feld-
spar luminescence and pulsed OSL to measure to quartz
signal. Tephric loess in Japan has been considered to be a
mixture of air-fall tephra from small-scale volcanic erup-
tions, loess from the Asian continent, and local dusts
from adjacent non-vegetated areas (Suzuki, 1995; Tsu-
kamoto et al., 2003). It has been reported that OSL dating
of fine grain quartz from Japanese tephric loess is often
problematic (Tsukamoto et al., 2003; Watanuki et al.,
2005), because volcanic quartz has undesirable OSL
characteristics (Tsukamoto et al., 2007). Such problem
does not exist when the pIRIR protocol is applied (Thiel
et al., 2011b). Since the study area does not have any
source of quartz, it is expected that the pulsed OSL from
quartz works well only if there is enough amounts of
aeolian loess from the Asian continent.

For pulsed OSL luminescence signals are stimulated
by pulsed LED light instead of normal continuous wave
stimulation (Denby et al., 2006; Lapp ef al., 2009). The
lifetime of feldspar OSL signal is much shorter than that
of quartz OSL, i.e. the feldspar signal decays quickly
after the LED pulses switch off, and therefore when a
luminescence signal from a mixture of quartz and feld-
spar is measured, the off-time signal should be dominated
by quartz OSL.

Table 1. Summary of dose rate.

IRSL and pIRIR

A single aliquot regenerative dose (SAR) protocol us-
ing a post-IR IRSL signal at 290°C (pIRIRyq) after pre-
heated the samples at 320 °C for 60 s and bleached with
IR at 50°C for 100 s (Table 2) was applied for D, meas-
urements. This protocol, first introduced by Thiel et al.
(2011a), has been successfully applied to both poly-
mineral fine grains and K-feldspar without a fading cor-
rection (e.g. Buylaert et al., 2012). The pIRIR,g, signal
was measured for 200 s, but the IR LEDs were switched
on 5 s after the temperature reached to 290°C, in order to
monitor thermally stimulated signal if any. No significant
thermal signal was detected. The integrated intensity of
the initial 5 s minus the last 25 s signal as background
was used for the D, calculation. The D, values from the
IRSL signal (IRsy) prior to pIRIR,g were also calculated
using the integrated intensity of the initial 4 s signal mi-
nus the last 10 s. The second regenerative dose (74 Gy)
cycle was repeated once again after measuring the highest
regenerative dose cycle, and the recycling ratio was cal-
culated for all measured aliquots. The D, values were
calculated only from the aliquots which gave the recy-
cling ratio within 10% from the unity.

A dose recovery test was conducted after bleaching
aliquots using a solar simulator (SOL2) for 4 hours and
giving a beta dose of 123 Gy, in order to test if the ap-

Dose rate for Dose rate for Dose rate for

u Th K Cosmic dose rate
SR (ppm) (ppm) (%) (Gylke) o) T
AS-TL-1 3.96 +0.04 15.0 £ 0.11 1.25+0.02 0.19+0.02 2.93+0.21 3.11+0.21 242 £0.17
AS-TL-2 4.24 £0.04 17.2+0.11 1.37 £0.02 0.17 £0.02 3.21+£0.22 342+0.22 2.65+0.17
AS-TL-3 3.77£0.04 15.0+0.10 1.23+0.02 0.16 £ 0.02 2.85+0.21 3.03+0.21 2.35+0.17
AS-TL-4 3.27+0.04 12.4 £ 0.09 1.22 +£0.02 0.14 +0.01 252+0.2 2,67 £0.20 210 £0.17
AS-TL-7 4.16 £0.03 16.6 +£0.08 1.36 £ 0.01 0.17 £0.02 3.14+£0.22 3.34£0.22 2.59 +£0.17
AS-TL-8 3.62+0.04 13.3+0.09 0.95+0.02 0.16 £ 0.02 252+0.2 2.69+0.20 2.07 £0.17
AS-TL-9 2.57 £0.04 10.1£0.08 1.07 £0.02 0.16 +0.02 211+£0.19 224 +£0.19 1.78 £0.16
AS-TGB-1 2.25+0.04 9.30 £0.10 1.68 +£0.03 0.13+0.01 259 +0.17 262+017
AS-TGB-2  2.45+0.03 9.58 £0.09 1.74 £0.02 0.11+0.01 2.68+0.17 271017
AS-TGB-4  2.40+0.04 9.24 £0.10 1.37 £0.02 0.15+0.01 2.38+0.17 241+£017
Table 2. IRSL and post-IR IRSL protocols used in this study.
a Polymineral pIRIR290 b Polymineral pulsed OSL c Plagioclase pIRIR30 |d Plagioclase IRso
Step  Treatment Observed |Step Treatment Observed |Step Treatment Observed |Step Treatment Observed
1 Dose 1 Dose 1 Dose 1 Dose
2 Preheat 320°C 60 s 2 Preheat 220°C 10 s 2 Preheat 340°C 60 s 2 Preheat 280°C 60 s
3 IRSL 50°C 100's Lx 3 IRSL 125°C 200 s 3 IRSL 50°C 100°s Lx |3 IRSL50°C 200s Lx
4 pIRIR 290°C 200s L« 4 pulsed OSL (50 ps on/off) 125°C 200 sLx |4 pIRIR 300°C 400s Lx |4 Test Dose
5 Test Dose 5 Test Dose 5 Test Dose 5 Preheat 280°C 60 s
6 Preheat 320°C 60 s 6 Cutheat 200°C 0's 6 Preheat 340°C 60 s 6 IRSL 50°C 200 s Tx
7 IRSL 50°C 100's Tx 7 IRSL 125°C 200 s 7 IRSL 50°C 100's Tx
8 pIRIR 290°C 200s  Tx 8 pulsed OSL (50 ps on/off) 125°C 200sTx |8 pIRIR 300°C 400s  Tx
9 Back to 1 9 Back to 1
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plied protocol can recover the known given dose. The
residual dose after the 4 hour bleaching was also meas-
ured (Table 3) and subtracted from the recovered dose
when the dose recovery ratio was calculated. However,
the residual doses were not subtracted from the D, values.
Sohbati et al. (2012) and Buylaert et al. (2012) reported
an increase in measured residual doses with D, values,
after a 4 h SOL2 bleaching. They interpret that the SOL2
bleach could not reproduce the sunlight bleaching before
burial. The residual doses for the pIRIR 9 signal obtained
from our loess samples are plotted against D, values (Fig.
3). There is a clear increase of the residual dose with D,
value, although the two bottom samples (AS-TL4 and -8)
have a different trend. The fitted line using 5 data points
excluding AS-TL4 and -8 goes close to the origin, sug-
gesting that there was no residual before burial.

The dose recovery ratio was satisfactory (£10% from
the unity) for most of the samples for the pIRIR,9, signal
except the two bottom samples from each section which
yielded lower dose recovery ratios, ~0.8 (AS-TL-4, and-
8; Table 3). The mean dose recovery ratio for pIRIRy is

Table 3. Equivalent dose and ages.

15

10 1

Residual dose, Gy

0 50 100 150
D,, Gy

Fig. 3. Relationship between De and residual dose for IRs and
PIRIR290 signals from tephric loess samples.

. " oop Residual dose Dose recovery g-value Fading uncor- Fading corrected
Sample  Signal De (Gy) (%) (Gy) ratio (%/decade) rected age (ka) age (ka)
AS-TL-1  IRso (pIR) 443108 1.5+0.1 0.97+0.03 1.6+0.3 15.1£11 17.3+14
pIRIR2g0 55.0+0.7 3.9+0.1 0.98+0.02 1.0£0.1 17.7£1.2
pulsed OSL 46.4+1.3 0.90+0.01 1.0+0.2 19.1+£1.4
AS-TL-2  IRso (pIR) 59.4+15 2705 0.79+0.05 16104 185+1.3 212+16
pIRIR2g0 95.5+15 79402 0.98+0.02 1.0+0.2 279+1.9
pulsed OSL 68.7+4.7 1.00+0.03 1.0+0.6 258+2.4
AS-TL-3  IRso (pIR) 72.8+2.1 3.9+0.3 0.80+0.08 14+0.3 256+2.0 294424
pIRIR2g0 124 £1 10.0+0.2 1.09+0.05 1.3+0.2 409+2.8
pulsed OSL 109+3 1.04+0.01 -0.2+1.6 46.0+3.5
AS-TL-4  IRso (pIR) 95.0+1.9 2102 0.73+0.07 1.9+0.7 37.8+3.0 45.0+4.7
pIRIR290 12847 5.1+0.2 0.78+0.05 04+0.2 478144
pulsed OSL 75.3+6.3 0.90+£0.14 39+15 35.9+4.1 50.3+9.1
AS-TL-7  IRso (pIR) 53.8+04 1.9+0.3 0.82+0.01 1.8+£04 17.1£1.2 200+1.6
pIRIR2g0 85.9+0.7 6.1£0.3 1.00£0.02 0.8+0.1 25.7+£1.7
pulsed OSL 458+1.6 0.91+0.01 0.9+0.4 17.6+1.3
AS-TL-8  IRso (pIR) 719425 2716 0.91+0.21 1.7+£05 285+25 33.0+3.2
pIRIR2g0 1111 72107 1.00£0.10 1.0+£04 41.1+341
pulsed OSL 84.1+£11.2 1.04+0.05 20+15 40.6+6.3 472489
AS-TL-9  IRso (pIR) 1497 22%07 0.84+0.06 21404 70.5+6.9 86.8+11.1
pIRIR2g0 1615 5.6+0.1 0.79+0.03 05+0.2 71.9+6.3
pulsed OSL 72.0+6.9 0.92+0.01 1.6+0.3 40.5+5.4 46.2+6.3
AS-TGB-1 IRso (pIR) 177+£12 29 40+09 1.32+£0.14 68.3£6.5
pIRIR300 235+10 17 8.1+13 0.94+0.09 0.7+£0.7 89.9+7.1
IRs0 1396 28 0.95+0.04 53.6+4.2
AS-TGB-2 IRso (pIR) 18110 23 2004 1.03+0.15 67.5+5.7
pIRIR300 221+8 15 6.9+0.38 0.87+0.03 04+0.3 81.7+6.1
IRs0 130+6 30 0.93+£0.04 48.6+3.8
AS-TGB-4 IRso (pIR) 223+9 16 3.7+£1.0 1.09£0.16 93.6+7.8
pIRIR300 2417 10 7.31£08 0.87+0.07 0.7+0.4 1018
IRs0 158+6 22 0.94+0.04 66.5+5.4

* De values were calculated using arithmetic mean for AS-TL-1-9 and the Central Age Model for AS-TGB-1, 2, and 4.
Only the aliquots with a recycling ratio of +10% from the unity were used for the D, calculation.
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0.9540.04, but tended to underestimate for the IRs, signal
(0.81+£0.03; Table 3). The IRsy and pIRIR,g D, values
were measured using 6 aliquots for each sample and
ranged from 44 to 149 Gy for IRs, and 55 to 161 Gy for
pIRIRzg().

An anomalous fading test was conducted using a pro-
cedure following Auclair et al. (2003) by repeatedly
measuring regenerated (L,) and test dose (T,) signals
with various durations of delay (0.2-50 hours) between
the irradiation and the L, measurements. The fading rate
(g-value) for IRs, is between 1.4 and 2.1%/decade and
that for pIRIR,¢, signals is between than 0.4 and
1.3%/decade, confirming that the fading is negligible for
PIRIR,y, signal and therefore, there is no need for a fad-
ing correction (Buylaert e al., 2012). Such small fading
rate of < 1.3%/decade has been almost always measured
from the pIRIR,g, signal, which has been considered as a
laboratory artefact (Thiel ef al., 2011a, 201 1b; Buylaert et
al., 2012). The resulting pIRIR,y ages for tephric loess
are ranging from 18 to 44 ka for Site 1 and from 18 to
72 ka for Site 2 (Table 3). The IR5, ages were corrected
for anomalous fading using the method of Huntley and
Lamothe (2001), and the fading corrected ages are still
underestimating the pIRIR,qy ages for 4 samples (out of
7). This could be because of the low dose recovery ratio
of IRs, signal (Table 3), and therefore we conclude that
our IRy ages from the tephric loess measured as a part of
the pIRIR,gy protocol are less reliable than the pIRIRyq,
ages.

Pulsed OSL

Pulsed OSL D, values were measured by pulsed blue
LED stimulation (50 ps on, 50 ps off) for 200 s using a
preheat of 220°C for 10 s and a cut heat of 200°C (Table
2). An IR bleaching for 200 s was always inserted before
the pulsed OSL stimulations to bleach feldspar OSL sig-
nal as much as possible before stimulating with blue
LEDs. Although pulsed OSL is a powerful method to
obtain quartz dominated OSL signals from a mixed
quartz/feldspar sample, its effectiveness depends on the
contribution of quartz OSL in the bulk OSL signal. If
there is too little quartz in polymineral fine grain samples,
the pulsed OSL can be still dominated by feldspar OSL
signal. Interestingly, the intensity of pulsed OSL signal
(measured as a test dose OSL after 48 Gy beta irradia-
tion) decreased significantly with depth for both Site 1
and 2. Fig. 4 shows the test dose OSL signals for 4 sam-
ples from Site 1. This suggests that the amount of quartz
in the loess have been increased with time. Such a differ-
ence in the luminescence intensity was not observed in
the IRSL and pIRIR signals.

A dose recovery test was done by bleaching natural
OSL signal using blue LEDs for 500 s twice then giving a
dose of 72 Gy as a surrogate of natural dose. A fading test
was also conducted with delays between 0.2 and
26 hours, because it is possible that not all pulsed OSL
originates from quartz, as mentioned above.
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The dose recovery ratios for all samples are within the
acceptable range (0.9-1.1, Table 3). The fading rates are
negligible for samples (AS-TL-1, 2, 3, and 7:
0-1.0%/decade). However, the g-values are larger for the
other three samples whose signals are dim (AS-TL-4, 8,
and 9: 1.6-3.9%/decade), and the ages of these samples
were corrected for fading using the method of Huntley
and Lamothe (2001). The final pulsed OSL ages (fading
corrected or uncorrected, depending on the fading rate)
are listed in Table 3.

Comparison between IRSL, pIRIR and pulsed OSL ages
of tephric loess

The luminescence characteristics of different signals
suggests that all pIRIRyy ages and the pulsed OSL ages
for 4 samples (AS-TL-1, 2, 3, 7), whose signals showed
negligible fading, are more reliable than all IRs, ages and
rest of the pulsed OSL ages which needed fading correc-
tions. The pIRIR,9y and pulsed OSL signals have good
dose recovery ratios for most of the samples whereas IR,
dose recovery ratio underestimates from the unity. There-
fore, we exclude the IRs, ages (as measured part of the
pIRIR,9y protocol) from our interpretation.

The difference in the characteristics of pulsed OSL
signal between the samples presumably reflects the
change in the dominant source of loess. The pulsed OSL
signal from AS-TL-1, 2, 7 are in particular, much brighter
than the other samples, probably because the samples
contain more aeolian loess component from the Asian
continent, rather than the local origin.

Fig. 5 shows IR5,, pIRIRy9 and pulsed OSL ages for
all tephric loess samples. All pIRIR,g and pulsed OSL
ages from 4 samples from Site 1 are consistent within 1-c
uncertainty, ranging from ~18-19 ka up to ~48-50 ka.
However, the ages from Site 2 show larger scatter in ages
obtained from different methods. For AS-TL-8 the
pIRIR,9y and pulsed OSL ages agreed and yielded similar
ages (41-47 ka). However, the pIRIRy9 and pulsed OSL

Pulsed OSL, counts/0.4s

40 60 80 100

Time, s

0 20

Fig. 4. Pulsed OSL decay curves for AS-TL-1-4 from Site 1.
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ages are significantly different for the lowermost sample,
AS-TL-9 (7246 ka for pIRIR,9, 46+6 ka for pulsed OSL
after fading correction). The pulsed OSL signal from this
sample was very dim, suggesting the sample contains
very little amount of quartz, and therefore, pulsed OSL is
not a suitable method for this sample. The pIRIRyy, age
of 72+6 ka should be more reliable, despite the lower
dose recovery ratio (0.79+0.03). We therefore regard
72+6 ka as a preliminary minimum age of Takuma gravel
bed.

IRSL and post-IR IRSL dating of Takuma gravel bed

Plagioclase originated from Aso volcano is relatively
Ca-rich (between Anz; and Angs, according to Hunter,
1998). This type of feldspar has been only limitedly ap-
plied to luminescence dating for estimating ages of vol-
canic eruption (e.g. Tsukamoto ef al., 2010; 2011), but
has not yet been used for dating sediments containing
volcaniclastic materials settled by water processes. From
the luminescence studies of basalt including Ca-rich
plagioclase, very high fading rates of up to ~30%/decade
were reported by Morthekai ef al. (2008) and Tsukamoto
and Duller (2008).

Since minimising anomalous fading is a critical issue
in dating volcanic plagioclase, a post-IR IRSL protocol
with a preheat at 340°C for 60 s and pIRIR stimulation
temperature of 300°C (400 s) was selected for Takuma
gravel bed samples (Table 2). The higher preheat tem-
perature reduces the number of possible recombination
centres, and therefore reduces the chance of anomalous
fading (Jain and Ankjergaard, 2011). Fig. 6 shows IRs
and pIRIR;y, decay curves and dose response curves for
an aliquot of AS-TGB-1. The IRs, signal is very dim
compared to the pIRIR;y signal after applying the 340°C
preheat. A dose recovery and a fading test were also
conducted for all three samples in the same manner as
with the tephric loess samples. The integrated intensity of
the first 4 s minus last 10 s was used for the IRs, signal,

O corrected IR50
AS-TL-1 1 L ® uncorrected pIRIR
B uncorrected pulsed OSL
AS-TL-2 1 O+ O corrected pulsed
o AS-TL-3 1 HeHEH
a
£ AS-TL4 1 Hoeo—
@®©
D AS-TL7 | O i
AS-TL-8 1 FO-H-&+1—
AS-TL-9 1 —o— —+H—0—1
0 20 40 60 80 100
Age, ka

Fig. 5. Summary of IRso, pIRIR290 and pulsed OSL ages for all tephric
loess samples.

and the intensity of the initial 20 s minus last 80 s was
used for the pIRIRjq, signal. The dose recovery ratios
after subtracting the residual doses are ranging from
1.03£0.15 to 1.32+0.14 for the IRs, signal and from
0.87+0.03 to 0.94+0.09 for the pIRIR;y signal. The
measured anomalous fading rates were negligible for the
PIRIR3 signal; 0.68+0.72, 0.44+0.32, and
0.6940.42%/decade for AS-TGB-1, -2, and -4, indicating
that there is no need for a fading correction. However,
there was a significant scatter in the fading rates between
aliquots for the IRsy signal. Some aliquots showed clear
increase with the delay time after irradiation. Thiel et al.
(2011b) also reported minus fading rates from some of
their samples from Japanese tephric loess; the reason has
not been understood. Therefore we did not apply a fading
correction for the IRs, ages from the Takuma gravel bed.
The D, values were measured with using 6 mm aliquots,
and were calculated with the Central Age Model (CAM)
by Galbraith et al. (1999). The pIRIR;y0 D, values have
tight and normal dose distributions of the pIRIR D, val-

(a)

25000

—e— IRy,
© 20000 1 —e— pIRIR;,,
o)
c
3 15000 A
(&)
>
% 10000 A
C
9
£ 5000 1
0 4
0 20 40 60 80 100
Time, s
(b)&0

pIRIR3qg regen
pIRIR3qq recycling
IRs5g regen
IRsq recycling

Normalised IRSL, arb
P

1.0
0.5
0.0 ‘ — — : :
0 100 200 300 400 500
Dose, Gy

Fig. 6. (a) Decay curves of IRSL signal at 50°C (IRso) and post-IR
IRSL (pIRIRs00) signal at 300°C from one aliquot from AS-TGB-1.
(b) Dose response curves for IRso and pIRIRs00 signals from the same
sample.
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ues (Fig. 7a) with overdispersions of between 10 and
17%. The pIRIR;3y, ages were calculated to 90+7, 82+6,
and 10148 ka for AS-TGB-1, -2, and -4, respectively,
which are comparable with that of Aso-4 (86.8-87.3 ka,
Aoki, 2008). These data suggest that the pIRIR;qy signal
was not bleached at all at deposition, but probably reset
by the last caldera-forming eruption event (Aso-4). This
is not surprising because it is thought that the Takuma
gravel bed was probably deposited in a very short period
of time rather than normal fluvial sediments deposited
under a perennial streamflow condition, and pIRIR sig-
nals are known to be very difficult to bleach (Buylaert e?
al. 2012). Nevertheless, the three pIRIR;(, ages from the
Takuma gravel bed can be used as maximum age of the
deposition of the bed. Since all the three pIRIR;3y, ages
are likely to indicate the same resetting event, the
weighted mean of the ages was calculated to be 89+3 ka.

It is known that the IRs, signal bleaches faster than a
high temperature pIRIR signal (Buylaert ez al., 2012). We
measured the IRs signal as a part of the pIRIR;y proto-
col (Table 3), but as mentioned above, it was not possible
to calculate g-values for each sample and therefore the
fading corrected ages were not calculated. In order to
investigate whether the IRs, signal had been bleached at
deposition, D, values from a number of small aliquots
(using 2.5 mm aliquot size) was measured using an IRSL
SAR protocol (Table 2) with a preheat at 280°C (60 s).
The same preheat temperature as we used in the pIRIR ;4o
protocol (340°C) could not be used, because the high
preheat temperature reduces the IRs, signal intensity, and
the signal is almost undetectable if a small aliquot is
used. The dose distribution of IRs, signal (280°C preheat)
shown in Fig. 7b are not skewed as expected from an
incompletely bleached sample. Thus it is likely that the
IR, signal has also not been bleached before the deposi-
tion of the Takuma gravel bed. However, it is also possi-
ble that there were small portion of grains which had
been bleached at the flood event but our multigrain meas-
urements could not detect such grains.

One interesting phenomena was observed from the
fading test of the IRsy. The g-values were calculated us-
ing the same integration limit as we used for the D, (ini-
tial 10 s minus the last 20 s) and then very high fading
rates were obtained. It is impossible to correct the anoma-
lous fading accurately with such high fading rates
(7-12%). The g-values were also calculated at different
integration limits (10-20 s and 20-60 s) and interestingly
the values were drastically decreased (Fig. 8a). Similar
reduction of g-values was reported by previous studies
(Thomsen et al., 2008; Novothny et al., 2010) and was
also expected from the model of feldspar luminescence
production (Jain and Ankjergaard, 2011; Jain et al.,
2012). The reduction of g-values is expected to be ac-
companied by an increasing D, values towards the latter
part of the decay curve. We calculated D, values for the
all three integration limits (Fig. 8b), however, the D,
value did not change with the integration limit. We there-
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Fig. 7. De distributions of (a) pIRIR300 signal using medium aliquot and
(b) IRs0 signal using small aliquots from AS-TGB-1.

fore could not select a g-value for fading correction for
the IRs, ages, and it was not possible to calculate fading
corrected IR5, ages.

SUMMARY

The pIRIR,9y ages from loess deposits overlying the
Takuma gravel bed suggest a minimum age of the Ta-
kuma gravel bed of ~72 ka. The pIRIR;(, signal from
plagioclase showed negligible anomalous fading. How-
ever, pIRIR3y D, values showed a tight dose distribution
and the age is indistinguishable from the Aso-4 eruption
age. The age of the Takuma gravel bed is likely to be
constrained between ~72 and 89 ka from the result of this
study.
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Fig. 8. (a) Variation in g-values of IRso signal from Takuma gravel bed
samples with different signal integration limits. (b) De values at corre-
sponding integration limits as in (a).
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