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1. Introduction

Sakurajima, located on the southern volcanic front in
Kyushu, is a very active volcano in Japan. Tephra beds
from Sakurajima volcano are collectively designed as
the Sakurajima-tephra (Sz) group (Kobayashi, 1986).
The eruption history of Sakurajima volcano is classified
tephrostratigraphically into the following three stages:
0Old Kitadake, Young Kitadake, and Minamidake
(Kobayashi and Ezaki, 1997). The first eruption of the
Young Kitadake stage is designated as Sakurajima-Sat-
suma (Sz-S or P14) tephra (Kobayashi and Ezaki,
1997), which is volcanic ash of the largest eruption of
the Sz group (e.g. Moriwaki, 1992). Sz-S derived from
Sakurajima volcano is a key marker for volcanic stratig-
raphy, palaeoenvironmental studies (e.g. Moriwaki,

1992), and archaeological studies (e.g. Kodama, 2001) in

Table 1

southern Kyushu and surrounding marine regions of
Sakurajima volcano because this tephra, with the larg-
est volume (ca. 11 km® Kobayashi and Tameike, 2002)
of Sakurajima tephras, is widespread throughout south-
ern Kyushu. Therefore, age determination of this key
tephra layer (Sz-S) is expected to contribute greatly to
studies in many fields.

Regarding the ages of Sz-S, Machida and Arai (1992)
reported a radiocarbon (MC) age of 10500 BP as an
average of several charcoal ages obtained using the
beta counting method. Okuno (1997) obtained accelera-
tor mass spectrometry (AMS) “C ages of charcoal
samples from tephra beds of Sz group, and soil materi-
als related closely to the tephra. The reported “C ages
are presented in Table 1. Okuno (2002) estimated it as
12,800 cal yrBP based on the "C dates shown in Table
1.

Reported “C ages of samples related to Sz-S (Okuno, 1997)

Calibrated age

Stratigraphic horizon Material C date (yrBP) (cal yrBP) Lab no.

In Sz-S Charcoal 10,670+£100 12,700-12,400 NUTA-4634
In Sz-S Charcoal 11,050+120 13,100-12,700 NUTA-4642
Below Sz-S Soil 10.910+ 80 12,990-12,690 NUTA-3784
Below Sz-S Sail 11,280+ 80  13,300-13,000 NUTA-3878
Below Sz-S Soil 11,330+ 90  13,370-13,050 NUTA-4025
Below Sz-S Soil 11,660+100  13,700-13,300 NUTA-3868
Below Sz-S Soil 11,850+ 90  13,940-13,460 NUTA-3561

Calibrated ages were estimated using the IntCal13 data set (Reimer et al., 2013)
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Because of charcoal that is present in or below soil,
the possibility of contamination of the volcanic ash layer
by old charcoal or a humic fraction from exotic materi-
als cannot be eliminated completely. For such samples,
"C dating sometimes misrepresents the true age.
Therefore, other dating methods are useful to confirm
the "C age. Thermoluminescence (TL) dating is a can-
didate method for such an investigation because the TL
age, obtained from the tephra itself, is the age of the
latest heating.

The TL dating of quartz has clarified the history of
young (quartz-bearing) silicic volcanisms (e.g. Gillot et
al., 1978; Guerin and Valladas, 1980; Ichikawa et al.,
1982). Recently, Toyoda et al. (2006) clarified much of
Japanese Quaternary silicic volcanisms by dating of
Isothermal-TL and ESR ages of quartz in several
tephra layers. Ganzawa et al. (2007) estimated the
eruption age of Toya pyroclastic flow as 113-114 ka
using the single aliquot regenerative-dose (SAR) proto-
col for quartz analysis (Murray and Wintle, 2000). The
TL dating of feldspar is a candidate for age determina-
tion of young quartz-less volcanic rocks (Aitken, 1985).
However, the applicability of TL dating of feldspar
remains controversial because the feldspar readily
causes anomalous fading of luminescence signals (Win-
tle, 1973).

Shitaoka et al. (2009a) reported that polymineral fine
grains (PFG) have great potential for use as targets of
TL dating of quartz-less volcanic rocks. Shitaoka et al.
(2009a) reported that TL age obtained from PFG anal-
ysis, within error, to that obtained from quartz analysis.
Consequently, TL dating of PFG in quartz-less tephra is
a powerful tool for establishment of details of the young
volcanic stratigraphy (e.g. Shitaoka et al., 2009b; Oishi
et al., 2011; Buvit et al., 2014).

Palaeodoses estimations have used traditionally mul-
tiple-aliquot protocol (Aitken, 1985) or mainly single-
aliquot protocol (Murray and Wintle, 2000). The tephra
sample deposited near the source vent collected from a
thick and less-altered layer provides the most probable
age of the tephra because it is a nearly closed system
(Shitaoka and Nagatomo, 2011). In this case, it is rea-
sonable to use the multiple aliquot additive dose
(MAAD) protocol (Aitken, 1985) because measure-
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ments of SAR take much more time than measure-
ments of the MAAD protocol.

The Sz-S tephra does not contain the quartz. There-
fore, we addressed age determination of the sample
using the TL method of PFG with the MAAD protocol.

2. Stratigraphic positions of tephra samples

We collected samples of the Sz-S tephra bed from
two locations (Fig. 1) on the Osumi (Loc. 1) and Sat-
suma Peninsulas (Loc. 2). Loc. 1 is on the Aira caldera
wall at ca. 12 km east of Sakurajima volcano. Loc. 2 is at
an archaeological site in the campus of the Faculty of
Medicine, Kagoshima University, ca. 13 km southwest
of the volcano.

At Loc. 1, a sequence of most Sakurajima marker
tephras and two tephras from other volcanoes overlie
the Ito pyroclastic flow deposit (Aramaki, 1984). The
five tephras were identified as Sz-Sy (P11), Sz-Ub
(P12), Sz-Tk3 (P13), Sz-S and Takano base surge (Tn-
bs) from the upper to lower (Kobayashi and Fuku-
shima, 1984; Moriwaki, 1994). Of these tephras in this
section, Sz-S tephra is identified as a distinct tephra
occurring stratigraphically in the middle part of the
sequence based on several distinct units including a

fine-grained phreatomagmatic ash fall, in contrast to
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Fig. 1 Locality map of sampling points:

Loc. 1 is 31° 35" 18"N, 130° 47" 35”E:
Loc. 2 is 31° 32" 53"N, 131° 31" 45"E.
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Fig. 2 Geologic logs around Sz-S tephra and TL

samples at Loc. 1 and Loc. 2. Sz-Sy (P11),
Sz-Ub (P12), Sz-Tk6 (P17) and Tn-bs
(Kobayashi and Ezaki, 1997) are Sz group.
Arrows indicate sampling horizons.

other tephras (Kobayashi, 1986; Moriwaki, 1992, 1994)
(Fig. 2, Loc. 1). This tephra overlies the Tn-bs deposit
(Kobayashi and Ezaki, 1997) derived from the Aira cal-
dera, of which the facies differ distinctly from those of
other fall tephras. The Sz-S tephra, which is 70 cm
thick, consists mostly of pumice grains (Fig. 2, Loc. 1).
The sample analyzed in this study was collected from
the lowermost coarse pumice fall unit (Fig. 2, Loc. 1).
At Loc. 2, three marker tephras overlie the Ito pyro-
clastic flow deposit (Fig. 2, Loc. 2). Each tephra bed
shows distinct lithofacies: the upper consisting of a fine-
grained vitric ash bed, the middle one with many
tephra units, and the lower one consisting of brown
pumice with bluish accidental lithics. Based on these
features, together with stratigraphic positions, the three
tephras were identified as Kikai-Akahoya tephra
(K-Ah; Machida and Arai, 1992), Sz-S, and Sz-Tk6
(P17) from the upper to lower (Kobayashi and Fuku-
shima, 1984; Moriwaki, 1994). Of the more than 13 units
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for Sz-S (Moriwaki, 1994), more than 6 units occur in
this section. A base surge deposit and two fine-grained
ash falls are intercalated with pumice falls. An analyzed
sample was collected from the lowermost coarse pum-
ice fall unit (Fig. 2, Loc. 2), because these fall units

were heaped up during a short period of eruption.

3. TL measurements

Sampling sites were covered with an opaque cloth.
All samples were collected after the top surface layer
of ca. 5 cm thickness was removed.

After PFG (ca. 4-10 um) were separated by suspen-
sion in acetone, they were treated with 10% hydrogen
peroxide for 16 hr and with 10% hydrochloric acid for
90 min. Then TL measurements were performed using
a Daybreak TL reader (model 1150; Shitaoka and
Nagatomo, 2011).

A standard MAAD protocol was used to determine
palaeodoses. For each sample, three added doses (10,
20, and 30 Gy) were applied to sets of natural TL ali-
quots (generally five in each set). The equivalent dose
(D.) of the sample can be estimated by fitting the data
assuming linear dose-dependence. Consequently, for cor-
recting the nonlinear portion in the low-dose region
(nonlinearity correction (Aitken, 1985; Shitaoka and
Nagatomo, 2011), A in Table 2), we measured the TL of
the samples annealed at 350C for 60 min and added
irradiation at 20, 30, and 40 Gy.

The dose rate was estimated from uranium, thorium,
and potassium concentrations measured using a high-
purity Ge detector (EGSP 8785; Eurisys Mesures). The
dose rates (alpha, beta and gamma) were calculated
using the dose-rate conversion factors (Adamiec and
Aitken, 1998). The dose rates were corrected using the
present-day water contents (Zimmerman, 1971). Con-
tributions of the cosmic dose rate to the dose rate were
assumed as 0.15 mGy/yr by following Prescott and Hut-
ton (1994) and Shitaoka et al. (2009a).

4. Results and discussion

Fig. 3(a) presents TL measurement results. Minerals

of PFG samples were mainly plagioclase, as inferred
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Fig.3 TL glow curves (a) and TL growth curve (b) (Loc. 2). The equivalent dose
(De)and the nonlinearity correction(SPR, A in Table 2)were estimated using
the TL growth curve. The plateau area (Integrated area) is 280-320C (c).

from TL signals shape and intensity, and from results of
XRD analysis. The D. of each sample can be converted
to an apparent dose by extrapolation using a linear
model of TL growth (see Fig. 3 (b)). The TL growth
for each sample was obtained from each plateau area
(Loc. 1 and Loc.2 were 310-330C and 280-320TC (see
Fig. 3 (c)), respectively), as determined using system-
atically performed plateau tests (Aitken, 1985). A lack
of fading of TL signals within each plateau area was
confirmed using plateau tests. The method of estimat-
ing nonlinearity correction (A in Table 2) is analogous
to that of D, (Aitken, 1985; Shitaoka and Nagatomo,
2011). The TL growth for nonlinearity correction was
obtained from each plateau area (e.g. 280-320C). The
palaeodose of the sample is the sum of the D. and non-
linearity correction (A).

The dose rate was obtained as the sum of alpha,
beta, gamma, and the cosmic dose rates. The palaeodo-
ses, dose rates, and TL ages are presented in Table 2.

The respective palaecodoses of Sz-S samples of Loc. 1

32

and Loc. 2 were 195 £ 18 Gy and 169 = 24 Gy. The
respective dose rates of Sz-S samples of Loc. 1 and Loc.
2 were 141 = 0.03 mGy/yr and 1.26 = 0.07 mGy/yr.
We obtained the TL ages, 138 = 1.3 kyr in Loc. 1 and
134 £ 20 kyr in Loc. 2. Uncertainties of each TL age
were ca. 9-15%; they were mostly attributable to scat-
tering of the glow curves of each aliquot and sensitivity
changes of annealing samples for nonlinearity correc-
tion (A).

We calibrated the AMS-*C data (Okuno, 1997) tenta-
tively in relation to the Sz-S bed using the IntCall3
dataset (Reimer et al., 2013) (Table 1). Okuno (2002)
obtained a calibrated age of 12,800 cal yrBP for Sz-S.
The newly obtained TL ages in this study, 138 = 1.3
and 134 = 20 kyr, are fairly consistent with the seven
calibrated-"C ages in this study (Table 1) within the
error limits (Fig. 4).

Judging from the results and inferences presented
above, age determination using TL method of PFG with
the MAAD protocol is a powerful tool for quartz-less
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Table 2 Results of TL dating of Sz-S

Locality Equivalent A Paleodose U Th K.O Water
dose (Gy) (Gy) (Gy) (Ppm) (ppm) (Wt%)  (Wt%)
Loc. 1 17.1+1.2 2.4+1.3 19.5+#1.8 1.04+0.08 7.16+0.36 1.04+0.07 81+1
Loc. 2 17.8£0.97 -0.9+2.2 16.9+2.4 1.05+0.14 7.32+1.29 0.85+0.10 79+1
Alpharay Betaray Gamma+Cosmicray Dose rate TL age
(mGylyr)  (mGylyr) (mGylyr) (mGy/yr) (kyr)
0.37£0.01 0.53+0.03 0.51+£0.01 1.41+0.03 13.8%1.3
0.32+0.04 0.45+0.04 0.48+0.04 1.26+0.07 13.4+2.0
' ' Acknowledgments:
TL age (This work)
| | We wish to thank Drs. Keiji Takemura, Tsutomu
! harcoa] ==t TL age (This work) Soda, Shinji Ohsawa, Masayuki Oishi, Tsuneto Naga-
charcoal == tomo and Hiroaki Kamada, who provided us many use-
” SO — ful comments and data. This study was financially
C?gE;ﬁ;??gg%age .ﬂ; supported in part by research fellowships from the
S S0 Institute for Geothermal Sciences, Kyoto University,
—
e and a Grant-in-Aid for Scientific Research (A) and for
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Comparison data (ka)

Fig. 4 TL age of Sz-S compared to calibrated
“C age of samples related closely to the
Sz-S layer.

tephra. However, the anomalous fading of PFG samples
should be checked for each sample by plateau testing or

fading testing.

5. Conclusion

We measured TL ages using PFG at MAAD protocol
for Sz-S tephra of Sakurajima volcano to confirm esti-
mates of their ages based mainly on the “C dates. The
TL ages obtained from the tephra itself were 138 *
1.3 and 134 *= 2.0 kyr, which are fairly consistent with
the calibrated age for those "“C dates of charcoal and
soil samples closely related to the tephra layer.

Results show that TL ages obtained from the present
study are useful for accurate estimation of the Sz-S

eruption age.

JSPS Fellows from the Ministry of Education, Culture,
Sports, Science and Technology, Japan (No. 15200059
and No. 18-2078).
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