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Table 1. Various methods of characterization of tephra

Lithostratigraphic method { Stratigraphic position (including ages determined by various methods)

(Field work)

Morphology (thickness, grain-size, color, grading, degree of weathering, etc.)

Texture of essential materials

Petrographic method
(Laboratory work)

Mineral assemblage
Rock level { (phenocryst/glass ratio, light mineral/heavy mineral ratio, etc.)
Bulk chemistry

/ Morphology of specific mineral and glass
(crystal habit, shape and color of glass)

LMineral level J Refractive indices of specific minerals and glass

Thermomagnetic properties

Chemical composition of specific minerals and glass
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Table 2 Representatlve very w1despread tephras during the last 70, 00) years in and around Japan
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Fig. 1. Columnar section of Southern Kyushu
origin tephra
1. humic soil, 2.soil including ash particles
3.silt, 4.sand, 5.debris, 6.basement
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Photo. 1. Microscopic features of K-Ah and AT ash are found in Korea. 2Ah, K-Ah ash; 2,3 and 4, AT
ash Number 2,3, coresponds to Fig. 1; Scale bars are 0. Imm.
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Fig. 2. Geologic sketch map of Nari caldera in
Ulreung island
1. cinder cone; 2. younger lava; 3. pyroclas-
tic flow deposit; 4. older lava; 5. alluvial
fan; 6. mudflow; 7. lacustrine deposit; 8.
valley; 9. caldera rim
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Fig. 4. Thickness{solid and broken line),
mum pumice size(dotted line), maximum
lithic size(dash dotted line) for the U-2
pumice deposit and localities of columnar
sections shown in Fig. 3(cm)

AEFRE RS A= DEEEe 9

&L.3-1

[0 R 1

il
< U

3
T

ctu-6

hu-7

",
&7

Fig. 3. Lithostratigraphic correlation of tephras in Ulreung island
1. blackish humic soil; 2. brownish soil; 3. pumice; 4. scoria; 5. lithic fragment; 6. vitric ash;
7. lithic and pumiceous ash; 8. pyroclastic flow deposit; 9. accretionary lapilli; 10. basement;

Localities are shown in Fig. 4.
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Photo. 2. Microscopic features of the Ulreung tephras and related ashes

1. volcanic glass of the Aira-Tn ash between U-4 and U-5 at Sokpo-dong(82.7-2); 2. volcanic glass of
Kikai-Akahoya ash between U-1 and U-2 at To-dong(81.8-11); 3. micropumice of the U-Oki ash in the
piston core KH77-3-M3; 4. micropumice of the U-Oki ash in the piston core KH-77-3-M2; 5. micropumice
and phenocrysts of the U-Oki ash at Torihama; 6. SEM image of tephra clasts for U-Oki ash; sp, sponge
spicule; sg, spongy pumiceous glass; af, alkali feldspar; bi, biotite; Scale bars for photos 1 from 5 are 0. 1mm.
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Table 3. Petrographic characteristics for Ulreung tephras and related ashes

Refractive index

Max
Sample diam Mineral composition . [ . .
eter volcanic glass ; alkali feldspar amphibole
(min) (n) | (m) (n2)
Loc 82.7-1,2
U-1 2 fine lithic clasts. am, bi; af 1.512~1.524 — —
K-Ah 0.5 — 1.508~1. 512 — —
upper 130 am_>bi, cpx>mt; af 1.518~1.523 1. 522~1. 524 1.728~1. 740
U-2 { middle am>bi, cpx, mt; af 1.518~1. 524 1.522~1. 524 1.726~1.737
lower am>bi, cpx, mt; af 1.518~1.523 1.522~1.524 1.725~1.740
upper 60 bi>cpx>am>mt;af 1. 520~1.523 1. 522~1. 524 1.71E~1.726
U-3 { middle do 1.519~1. 523 1.522~1.524 1.722~1.736
lower do 1.518~1.523 1. 521~1. 524 1.723~1.736
upper cpx>bi>am>mt; af 1.519~1.523 1.522~1. 524 —
U-4 { middle 130 cpx >am>biz>mt; af 1.519~1.523 1.522~1. 523 1.730~1.738
lower cpx=am_>bi, mt; af 1.519~1. 523 1. 520~1. 524 1.726~1.735
AT 0.5 — 1. 498~1. 501 opx 7 1.730~1.734
U-5 — am_>mt >cpx, bi; af — 1.522~1.524 1.728~1. 740
U-6 40 am>mt, bi; af — 1.522~1.524 1.718~1.723
U-7 — am >mt; af — 1.521~1. 524 1.728~1.740
Loc. 81.8-11 |
upper | 100 cpx >bi>am, mt; af 1. 522~1. 525 1.521~1. 524 1.729~1.734
U-2 { middle am_>bi>cpx, mt; af 1. 520~1. 522 1. 521~1. 524 1.730~1.739
lower am>cpx, bi, mt; af 1.520~1.522  1.521~1.524  1.728~1.736
U-Oki
KH 77-3-M3 1.6 bi, am; af 1.514~1.525 | 1.522~1.524 —
KH 82-4-23 5.0! do 1.518~1.523 1.523 —
KH 82-4-15 0.6 ‘; do 1. 519~1. 524 1. 522~1. 524 _
KH 82-4~17 0.5 : do 1. 518~1. 523 1.522~1. 524 —
KH 82-4-25 0.5 do 1.518~1. 523 1. 523 —
KH 77-3-M2 0.5 l do 1.517~1.524 1.521~1. 524 1. 730~1. 741
KT 79-6-19 0.3 l do 1.516~1.524 1.522~1.525 —
P-124 0.2 : do 1.518~1. 524 ; 1.521~1.524 —
KH 79-3-C3 0.2 1 do 1. 516~1. 523 ! 1.522~1. 524 -
U-Oki | | |
Torihama 0.2 | bi,am; af Ls20~1524 | 1523 -
Yogo-ko 0.2 do 1.521~1.525 ‘ 1.522~1.524 | —
Mizorogaike 0.1 do 1.522~1.525 | 1.523 | —
Osaka |0 1 do 1.522~1. 525 . 1. 522 ‘ —

am, amphibole; bi, biotite; cpx, clinopyroxene; opx, orthopyroxene, mt, magnetite; af, alkali feldspar
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FEEL B RBCKILIKS R 2 o2
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A AEL—E B LKA A = FEiEE
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AL IR oAM= MIEITRAR A U
A = vl & o}, Table 30 A= TiO,, MgO,
Ca09 37t woaEel A AddiA U-29 o
£ 2 tephras} HEIT %7t slv A2z Hold
=3 Fig. 530148 B} ERMABOTHREGEA &
7 de Ao 2t 2y #HIE#RAEY
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“AARRE tephrao BRBITEMAR, ” B 57EE MHBRAESHEE, HA7E R0 B
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Table 4. Average glass composition of Ulreung-Oki, Kikai-Akahoya, Aira-Tn and Baegdusan-
Tm ashes by the microprobe technique, (weight per cent).

f | i

total y N:

| Si0, | TiO: | ALOs | Feo* | Mg0 | ca0 | MnO | KO | NaO f

Ulreung-2 i : ‘f
upper 60.19 | 0.38 | 19.83| 3.09 | 0.22 | L3l | 0.14 | 6.48 | 7.24 | 98.87 | 22
middle 60.16 | 0.36 | 19.33 | 3.11 | 0.20 | 1.37 | 0.16 | 6.18 } 7.12 1 98.01| 10
lower 61.09 | 0.25 | 20.29 | 2.89 | 0.11 | 143 | 0.15 | 5.17 | 767 | 99.66 | 30

Ulreung-3 ! i
middle 60.21 | 0.60 | 19.07 | 2.92 | 0.35 | 1.59 | 0.15 | 7.0l | 6.02 @ 97.92| 1l
lower 60.92 | 0.49 | 19.84 | 2.76 | 0.26 | 1.45 l 0.13 | 6.83 | 6.75 ! 99.44 | 27

Ulreung-4 i : !
middle 60.35 | 0.42 | 19.62| 2.97 | 0.24 | 1.47 | 0.14 | 6.49 | 6.69 | 98.40 I3
lower 50.74| 0.10 | 20.35| 3.41 | 0.0L | 0.82 | 0.24 5.2l | 9.90 \ 99.80 | 2

Ulreung-Oki ash | “

KH77-3-M3 | s59.87 | 0.58 | 19.37| 2.88 | 0.36 | 1.83 | 0.11 | 6.8 | 6.69 | 98.37| 10
KH82-4-17 ‘ 60.31 | 0.49 | 19.55| 263  0.26 | 149 0.13 | 6.65 | 6.8 | 9839 26
Torthama | 59.30 | 0.47 | 19.00| 2.94 | 0.36 | 145 0.16 = 590 | 6.3 | 96.02) 3
Osaka | 50.77| 0.51 | 19.69| 2.8 | 0.37 | 1.56 | 0.14 | 616 | 6.31 | 97.38 | 14

Kikai-Akahoya ? \ | :
ash | ‘ r‘ ’

KH82-4-17 | 73.78 | 0.51 | 1293 2.39 | 0.49 | 2.00 | 0.07 | 276  3.54 | 98.48| 22

KH82-4-14 ! 73.56 | 0.53 | 13.11| 2.41 | 0.51 | 2.09 1 0.08 I 2.67 i 3.29 ‘ 98.23 1 19

Aira-Tn ash | | | “ Z ‘ ‘

KH82-4-17 | 7440 0.12 | 1172} 117 | 0.13 | 1.03 | 0.04 | 3.23 | 3.17 ' 95.04| 33
KH82-4-14 | 75.00 | 0.12 | 11.76 | 1.18 | 0.13 | 1.06 = 0.04 | 3.16 | 3.36 | 95.85| 27
82.7-10 i 74.15} 0.12 11.40i 119 | 0.13 | 1.03 | 0.05 } 3.01 1 307 | 9417} 29

Baegdusan- i | | 1 | k |
Tm ash 1 i ! ; l 1 j
St. 6913 | 74.07| 0.21 | 10.20| 3.97 | 0.01 | 0.20 | 0.06 | 4.11 ‘ 437 97.20| 7
KH79-3-C2 | 73.62 | 0.22 | 10.44 | 4.17 } 0.02 | 0.25 . 0.06 | 414 | 4.61 ' 97.53| 12
Ulreung-2, 3 and 4 tephras are sampled at Loc. 82.7-1.
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Fig. 7. Columnar sections of piston cores shown in Fig. 6
K-Ah, Kikai-Akahoya ash; U-Oki, Ulreung-Oki ash; AT, Aira-Tn ash; Ym, Yamato ash; Aso-4, Aso-4 ash
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Late Quaternary Volcanic Ashes of Southern Kyushu
Origin and Widespread Tephras in Ulreung, Korea

Hiroshi Machida,* Fusao Arai,** Byong-sul Lee*** and Hiroshi Moriwaki*

Summary

This paper mainly gives an overview about
the findings of southern Kyushu origin of wide-
spread tephras in the South Korean peninsula,
and the late Quaternary eruptive history of
Ulreung volcano based on tephra studies in
Ulreung island.

The two time-marker tephras of Kyushu
origin, the Aira-Tn ash (AT, 22,000—21, 000
YBP) and the Kikai-Akahoya ash (K-Ah,
6,300YBP), are found within the soils in the
southeastern part of the peninsula and in Cheju
island.

Kikai-Akahoya ash is recognized at the two
outcrops in the southeastern part of the Korean
peninsula and in Cheju island. It’s stratigraphic
relationship is shown on the columnar section
number 1 and 2 in Fig. 1. Aira-Tn ash(AT)
is found at four localities in the southeastern
part of the Korean peninsula and in Cheju
island, and its stratigraphic relationship is
shown on the columnar section number 2,3
and 4 in Fig. 1,

As a result of microprobe technique, the
reflective index of K-Ah volcanic glass flakes n
ranges from 1,508 to 1.509 (mode value), And
that of AT ranges from 1.498 to 1. 509 (mode).
The finding of these two tephras has a great

significance in volcanology as well as Quater-
nary research on the sealevel change, the vegita-
tion evolution, the loess stratigraphy and the
archeological chronology etc. in Korea.

Ulreung island is a large Quaternary strato-
volcano situated 130km off the eastern coast of
the Korean peninsula. Though the volcano has
been considerably dissected, it has a remarkable
caldera with a longer diameter of 3.5km and
a central cone. The caldera has had a series
of silicic tephra eruptions, forming a sequence
of airfall and airflow deposits in late Quater-
nary. At least seven coarse grained airfall units
are discriminated and named from upper so
lower as U-1,U-2,... and U-7.

Approximate dating of these tephras is possible
because the two timemarker tephras of Kyushu
origin are found within the soils between the
pumice falls: the Aira-Tn ash between U-4
and U-5 and the Kikai-Akahoya ash between
U-1 and U-2.

These Ulreung tephras are trachytic in com-
position, containing considerable amounts of ‘
alkali feldspar, kaersutite, biotite and clinopy-
roxene as phenocrysts. Chemical composition
of pumiceous glass for these tephras is comple-
tely different from that of such subalkalic teph-
ras as AT and K-Ah, etc. However, compo-
sitional variation from layer to layer is too small
to be distinguished.
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In the late Quaternary age before ca. 22, 000
YBP, many plinian type eruptions took place
producing such pumice falls as U-5,6 and 7,
which are not well preserved in the island due
to erosion but in abyssal sediments in the East
Sea (Japan Sea). The three pumice falls,
U-2,3 and 4, recognized between the AT and
K-Ah ashes were respectively formed by plinian,
phreatoplinian and plinian eruptions. The latter
two are associated with pyroclastic flow deposits.
These multicyclic explosive volcanism should
result in the formation of caldera.

Of the younger three tephras, the U-2 seems

to represent the largest recent eruption of the

cal dera. Distribution and stratigraphic position
of this tephra indicates that the U-2 can be
correlated with the U-Oki ash. Three radiocar-
bon dates of ca. 9,300 YBP were obtained at
the Torihama site and south port of Osaka for
this ash. The U-Oki or U-2 is used as an
excellent time-marker in analyzing paleo-sea
level and paleo-oceanographic environments in
the Japan Sea.
The youngest activity of Ulreung volcano
took place several thousand years after 6,300
YBP, forming the U-] scoria falls, Albong

cinder cone in Nari caldera and lava flows.



