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Abstract

This study re-assesses the historical records pertaining to the activity of Mt. Baekdu according to volcanic phenom-
ena. We categorized volcanic phenomena into five categories: rumbling, atmospheric abnormality, ash rain, ash
cloud and phenomenon sightings, and investigated historical records (in Chinese) for each phenomenon and identi-
fied their volcanological implications. Among the volcanic phenomena, ash rain had the most abundant records,
and in particular, Goryeosa recorded the ash rain phenomenon 56 times. And more than 90 volcanic eruptions were
discovered from the Millennium Eruption from November 3, 946 AD, to February 7, 947 AD, most of which were
either Plinian or Vulcanian eruptions with volcanic ash dispersed into the regions surrounding the volcano creating
fallout ash. Based on the historical eruptions, eruption precursors, and volcanic unrest of the volcano between 2002
and 2006, Mt. Baekdu is regarded as an active volcano that has the potential to erupt. Therefore, to mitigate the haz-
ard caused by the eruption of Mt. Baekduy, it is necessary to analyze the historical eruption records of Mt. Baekdu
and understand the characteristics of the eruptions through this analysis.
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Introduction

Investigating and analysing historical records that may
indicate the nature and impacts of past volcanic erup-
tions is pivotal in assessing the future volcanic threat.
Such investigation can be particularly fruitful when his-
torical evidence is confronted with interpretations of
natural proxy records, including the proximal geologi-
cal record, tephrochronology, ice core glaciochemistry,
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and tree-ring-based climate reconstructions. In this way,
not only it is possible to establish the record of past vol-
canism but also it can identify the impacts and societal
repercussions of eruptions (e.g., Oppenheimer 2011;
Pyle 2017; Pyle et al. 2018; Pyle and Barclay 2020). The
1815 eruption of Tambora (Sigurdsson and Carey 1989;
Oppenheimer 2003) and the 79 AD eruption of Vesu-
vius (Sigurdsson et al. 1982) would be the representative
example of the approach. Oral traditions also describe
well past volcanic activities, alerting geoscientists to the
volcanoes that were not previously considered as sites
of future eruptions. If the traditional knowledge of Aeta
indigenous group who lived on the slopes of Mt. Pina-
tubo, Philippines, received volcanic risk management’s
attention sooner, the risk perception of volcanic hazards
might be more recognizable through the depth study
before it reached to the climatic phase of eruption in
1991 (Rodolfo and Umbal 2008).
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Since Mt. Baekdu (Figs. 1, 2, 3) is located on the bor-
der between China and DPR Korea, precise field geo-
logical survey research is very limited in reality. However,
by investigating the past eruption interval and eruption
characteristics, we can develop the rough prediction and
understand eruption characteristics of the future erup-
tion period. Therefore, studying the eruption characteris-
tics of Mt. Baekdu volcano from the historical documents
can enhance the overall understanding of the future
behavior of Mt. Baekdu. There is an enduring debate
concerning the activity of the volcano since the so-called
Millennium Eruption of 946 AD (Horn and Schmincke
2000; Zou et al. 2010; Wei et al. 2013; Sun et al. 2017).
This event was only recently securely dated, thanks to a
combination of tree ring and ice core evidence (Oppen-
heimer et al. 2017; Hakozaki et al. 2018). Some inter-
pretations of historical sources suggest minor eruptions
of the volcano occurred in AD 1265, 1403, 1668, 1702,
and 1903 after the Millennium eruption (Soh and Yun
1999; Pak and Rim 2010; Miyamoto et al. 2010; Yun et al.
2013a; Ramos et al. 2016; Li 2017; Sun et al. 2017). How-
ever, Pan et al. (2020) state that no convincing direct
physical evidence was discovered for any eruption that
occurred since the Millennium Eruption. We returned to
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the historical records to shed further light on this issue.
Mt. Baekdu experienced an unrest episode character-
ized by uplift, increased seismicity, and changed in gas
geochemistry between 2002 and 2005 (Xu et al. 2012),
emphasizing the importance of understanding the his-
tory of the volcano.

Methods
Historical records about suggestive of eruptions of
Mt. Baekdu have been previously discussed (Cui et al.
1995, 2000, 2008; Jin and Cui 1999; Yun and Cui 1996;
Cui and Liu 2006; Yun et al. 2013b). The records were
mostly derived from sources such as Nihongiryaku (“H
Z84288”), a chronicle of Kofukuji Temple (“EiEZF41{t
it”), Goryeosa (“IRRESE”), Goryeosa Sega (“‘FEHEsit
%), Dongguk Munheon Bigo (“SRE|ENEZS"), Joseon
Wangjo Sillok (“ZAEf EEHE$%”), Seungjeongwon Ilgi
(“RERPRHED”), Haedongjamnok (“VBEEFEH%”), and
Chéngbiishanjianggangzhilie (‘& B I LEESI8”).
Nihongiryaku describes a Japanese history compiled
in the Heian period from 660 BC to 1036 AD. This
book is kept in the National Diet Library Digital Collec-
tions. Goryeosa and Goryeosa Sega are books describ-
ing the history of Goryeo and Noble Family from 918
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Fig. 1 Location of Mt. Baekdu volcano (also known as Paektu, Baitoushan, Changbaishan, and Tianchi) and localities where the volcanic

phenomenon was observed in the DRPK (modified from Google Earth)
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Fig. 2 Generalized geologic map of the summit area of Mt.

Baekdu (modified from Wei et al. 2013). [1; alluvial sandstone

and conglomerate bed of modern river-bed, 2; fan earth flow

inside and outside the Cheoniji caldera lake, 3; gray trachytic pumice
and debris sedimentation on No. 6 boundary line monument (1903
AD), 4; mid-term fan earth flow inside the caldera, 5; black trachytic
pumice around the Cheonji on No. 5 boundary line monument

(AD 1702 eruption), 6; black trachytic welded tuff breccia of upper
Palgoimyo (1668 AD), 7; black trachytic pumice of lower Palgoimyo
(1668 AD), 8; early fan earth flow inside the caldera, 9; sedimentation
side and top of caldera, 10; black and gray-black earth flow

outside volcanic cone, 11; black and gray—black trachytic pyroclastic
flow (AD 946 eruption), 12; gray-black pumice of the south-side
Cheoniji, 13; Gisangcheomgi clastic alkali rhyolite, obsidian, welded
tuff, 14; light gray and gray—purple alkali rhyolitic cataclastic rock,

15; Baiyunfeng light gray alkali rhyolitic pumice, 16; shanti talus, 17;
Bingchang gray—purple and dark grey welded breccia, tuff (erupt five
thousand years ago), 18; Cheonmunbong gray-orange alkali rhyolitic
pumice, 19; lower orange-yellow pumice, welded tuff breccia, upper
trachyte, alkali rhyolite, obsidian, 21; Laohudong (plateau) basalt
(0.32-0.35 Ma), 22; Baekdusan lower trachyte, 23; alkali rhyolitic dike,
24; trachytic dike, 25; collapse fault, 26; a paddle wheel fault, 27; fault,
28; border, 29; isobath of Cheonji caldera lake, 30; Cheonmunbong].
Cheoniji: Tianch in Chinese, Palgoimyo: Baguamiao in Chinese,
Gisangcheomgi: Qixiangzham in Chinese, Cheonmunbong:
Tianwenfeng in Chinese

to 1392 AD. Dongguk Munheon Bigo is the reference
book of compiled documents of the Eastern Kingdom
(=Joseon Dynasty) from 2333 BC to 1994 AD. It is a
sort of encyclopedia that contains information about
the border of Korea, civilization, and the social system
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Fig. 3 Photos of Cheonji (Tianchi in Chinese) caldera lake on the top
of Mt. Baekdu (upper; summer season, lower; winter season)

until 1770, arranged with the historical method. Joseon
Wangjo Sillok is the Annals of the Joseon Dynasty from
1392 to 1897. Seungjeongwon Ilgi is the Diaries of the
Royal Secretariat from 1623 to 1910 AD. Haedongjam-
nok is a book compiled by Kwon Byul (#2#§) during
Joseon Dynasty, which contains various historical stories
extracted from many books. Kwon Byul wrote about the
people’s history, categorizing the information according
to the family names until the early Joseon Dynasty. Sto-
ries about royal families are written only until Goryeo.
These books are kept in the Gyujanggak Library of Korea.
Chéngbaishanjianggangzhiliie is a report of an on-site
survey of Mt. Baekdu. This book describes the eruption
of Mt. Baekdu in 1903 and is kept in the Jilin Province
Library. Figure 4 shows the list of the ancient references
regarding the eruption records of Mt. Baekdu.

The original medieval and later Japanese and Korean
documents and books written in Chinese were first trans-
lated into Korean by the Gyujanggak Library of Korea
and scholar who is well versed in old Chinese characters,
and then into English in this paper. After then, events
that are closely related to volcanic eruption were classi-
fied and examined according to volcanic phenomena.

Phenomena indicating a volcanic eruption

Rumbling

January 24, 939 AD The original text of Nihongiryaku
says, “ABE_FIEA _HFREHKIitBME 1t trans-

lates as follows: “The sound of a large drum was heard on
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Fig. 4 The ancient references and other papers including the records on Mt. Baekdu eruptions. a Nihongiryaku (“H A& 488", b a chronicle
of Kofukuji Temple ("BI@ZF4E1LEC"), ¢ Goryeosa (‘B BE5R"), d Goryeosa Sega (‘Ea BB SR 15", e Dongguk Munheon Bigo (‘"R EME "), f
Joseon Wangjo Sillok (‘BRf¥ FEBRE #%"), g Seungjeongwon llgi (‘7&ELBR HEL"), h Haedongjamnok (‘18 3EF#3%"), i Changbaishanjianggangzhiliie (

ARSI (Yun 2013)

January 2 (January 24 by the solar calendar), 939 AD, the
second year of the Tengyo era, which was in Kasuga-Tai-
sha shrine, Nara”.

In the Japanese era, Tengyo (KEE) is the period from
May 938 to April 947. This record is the rumbling by the
explosive volcanic eruption from a long distance away
and it is highly likely that this phenomenon was caused
by the Mt. Baekdu eruption. Interestingly, the follow-
ing event recorded (in 946 AD) also talks of a drumbeat
sound, and the timing of the event does coincide with the

year of the Millennium Eruption. Conceivably, this event
could be related to the precursory activity of Mt Baekdu
but there is no other corroborating evidence. Based on
the descriptions in Nihongiryaku, which is a Japanese
history book, Akaishi et al. (2000) made assumptions that
there had been resonance by the explosion from a long
distance in January 939 AD and considered that it had
been caused by the B-Tm (Baegdusan-Tomakomai tephra;
Machida et al. 1981; Machida and Arai 1981, 1983) erup-
tion. If the January 939 AD rumbling originated from Mt.
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Baekdu and an explosive volcanic eruption had occurred
at that time, the Ainu, who were the native people liv-
ing in Aomori (ie., a city located in NE Honshu, Japan)
and further north in the region of Hokkaido, where both
the B-Tm tephra distribution axis passed through, would
have experienced volcanic ash falling just like rain. This
would have resulted in severe economic damages such
as unexpected cooler or colder weather changes and its
impact on crop failure. Therefore, there are possibilities
that the Ainu rebellion, which began in May 939 AD,
could have been caused by the effects of the B-Tm tephra
(Akaishi et al. 2000). Accordingly, it can be also expected
that the AD 939 rumbling event, which was recorded in
Nihongiryaku, could have been caused by the eruptions
of Mt. Baekdu in 937 and 938 AD (Fukusawa et al. 1998).

November 3, 946, and February 7, 947 AD An original
written record in the second scroll of Goryeosa Sega,
which was written during the first year (946 AD) of King
Jeongjong in the Goryeo Dynasty, mentions “&Zj% X 5215
#i%” which can be translated as follows: “As the sound of
beating was heard from the sky (a heavenly drum beat-
ing was heard) this year, the criminals were pardoned”
(Fig. 5). The original text of chronicle of Kofukuji Temple
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Fig. 5 The original text of the 946 eruption record (from Goryeosa
Sega)
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(“BABFH1LED) also says, “RENF+HLHKBRX
BIENE” which can be translated as follows: “On the night
of October 7 (November 3 by the solar calendar), 946,
white ash fell like snow”.

It may be the eruption of volcanic ash that rained
down on 3 November, 946 in Nara, Japan.

Also, the original text of Teishinkoki (“B1§A 3D a
Japanese history and the journal of Fujiwara Tadahira,
an early regent) says, “RBTTAEERTIIHEFBEZEW
TEI8” It translates as follows: “In the region of Kyoto,
“there was a sound from the sky on January 14 (Febru-
ary 7 by the solar calendar), 947, the first year of the
Tenryaku, also Tenreki, era, and the sound was like
thunder”.

The original text of Nihongiryaku says, “IE H+VJH
FETFHEHZEHRBEZWME" which means, “There was a
sound from the sky on 7 February 947 by the solar cal-
endar, and it sounded like thunder”

Goryeosa is the chronicle of the Goryeo Dynasty,
which was written in the succeeding Joseon Dynasty. It
was altered in texts several times after its first draft in
the beginning of the Joseon Dynasty and finally com-
piled in 1451 AD. The original text of Goryeosa Ji (“
=EEETE”), Volume 7, includes the record saying, “
ERTTEKRELS” which means “the sound of beating
was heard from the sky at 946, and the original text of
Goryeosa Jeolyo (“FERESRERE”, Essentials of Goryeo
History) also includes the following record which says,
“RBx ABRIBH” (Fig. 6).

The fact that the natural phenomenon was recorded
on several different books proves that 946 rumbling
event must have been not only recognized to the peo-
ple of Goryeo dynasty as an important and serious phe-
nomenon but also evoked fear and terror. We cannot
determine whether these records indicate the explosive
eruption of Mt. Baekdu in particular. At that time the
territory of Goryeo was south of Euiju—Wonsan and it
did not reach to the north where Mt. Baekdu was located
in. Considering that the winter prevailing winds used
to come out of the northwest, the Goryeo territory was
beyond the coverage of ash fall. Therefore, even if the
rumbling occurred in Mt. Baekdu, the writer would not
be able to identify the cause of the rumbling.

The analysis of the tenth century eruption products
around Mt. Baekdu through a geological field survey
shows that pumice fall layers erupted before the huge
pyroclastic flow deposits. It is speculated that, at the time
of these Plinian and ignimbrite eruptions, the sound of
the volcanic explosion was conveyed as resonance far
to Gaeseong(Kaesong=The capital of Goryeo) which
was about 465 km away from Mt. Baekdu and even to
Japan which was more than 1,000 km away from Mt.
Baekdu. Hayakawa and Koyama (1998) compared the
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Fig. 6 Another original text of the 946 eruption record (from
Goryeosa Jeolyo)

thunder recorded in Teishinkoki or Nihongiryaku with
the Changbai pyroclastic flow (C-pfl) eruption (Machida
et al. 1990) and speculated that the B-Tm tephra had also
fallen at this time in Hokkaido or Tohoku region.

November 20, 1362 AD An original written record in
Goryeosa which was written during the eleventh year
(1362 AD) of King Gongmin in the Goryeo Dynasty men-
tions “IREXE+—HF+—HBCBEXEIE” which can be
translated as following: “As the sound of drumbeating
was heard from the sky on November 4 (November 20
by the solar calendar), 1362 AD, the eleventh year of the
King Gongmin”. It appears there was an explosive volcanic
eruption and it caused the rumbling sound from the sky
in the capital (Kaesong city) of Goryeo dynasty (Fig. 7).

Atmospheric abnormalities (= atmospheric red and white
glowing)

1014, 1016, 1017, 1018 and 1019 AD  The original text of
the second volume (of a set of three) of Goryeosa (“= B 52

(1)) says, “BSRAF = AEERUGHFRR, tF+=H
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Fig. 7 The original text of the 1362 eruption record (from Goryeosa)

;

TBEVUAERR, NFZARAR[MAITR, +FIERC
FOR& B X" It translates as follows: “One night in March
of the 5th year of King Hyeonjong, Gyeongin, all over the
place was tinged with red. In December of the 7th year,
Jeongyu, all over the place was shrouded in a red tinge.
In February of the 8th year, Gyeyu, all over the place was
shrouded in the red tinge like a fire in the sky. In October
of the 10th year, Eulyu, all over the sky was tinged with
red”

Gyeongin is the 27th year of the sexagenary cycle.
Jeongyu is the 34th year of the sexagenary cycle. Gyeyu
is the 10th year of the sexagenary cycle and also the Year
of the Fowl in the Chinese zodiac cycle. Eulyu is the 2nd
year of the sexagenary cycle.

The original text of the first volume of Dongguk Mun-
heon Bigo says, “BESRAE=RAEEKRIUAGHRR, VIR K
FRRASAROLA, tE+"ATENUGRR N\F_
AREARRMATR,+—ASRERBEARIMRERBE
BiR, NFEEARXBRAORER, +HERCTR
S EX" It translates as follows: “One night in March of
the 5th year of King Hyeonjong, Gyeongin, all over the
place was shrouded in the red tinge. In April, Gyeongo,
a white smoke like a white cotton cloth spread in the sky.
In December of the 7th year, Jeongyu, all over the place
was tinged with red. In February of the 8th year, Gyeyu,
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Fig. 8 The original text of the 1668 eruption record (Yun 2013)

the red tinge like a fire spread across the whole sky. One
night in November, Gimi, the sky was tinged with white,
just like covered by white silks, and then it became tinged
with red. In January of the 9th year, Gyehae, a white-
banded smoke reached the sky. In January of the 10th
year, Eulyu, all over the sky was tinged with red”.
Gyeongo is the 7th year of the sexagenary cycle and
also the Year of the Horse in the Chinese zodiac cycle.
Gimi is the 56th year of the sexagenary cycle. Gyehae is
the 60th year of the sexagenary cycle and also the Year of
the Swine in the Chinese zodiac cycle. The records of the
5th year (1014 AD), 7th year (1016 AD), 8th year (1017
AD) and 10th year (1019 AD) of King Hyeonjong, such as
‘a white smoke like a white cotton cloth spread in the sky’
and ‘at night, all over the place was shrouded in the red
tinge, describe the volcanic ash dispersion and the mete-
orologically unusual atmospheric phenomenon. Cui and
Liu (2006) interpreted them as the atmospheric phenom-
enon caused by Mt. Baekdu super-volcanic eruption. The
record of the 9th year of King Hyeonjong (1018 AD) say-
ing ‘a white-banded smoke reached the sky’ can be inter-
preted in a way that the north or northeast winds flew
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from the Mt. Baekdu region and the volcanic ash clouds
moved to the lower altitudes and advanced southward. In
other words, it implies the production of ash falls.

June 5, 1668 AD There is a record from the 14th vol-
ume of the Annals of the Joseon Dynasty, revised version
of King Hyeonjong, April 26 (the day of Gapo; June 5 by
the solar calendar) of the 9th year (1668 AD, the year of
Mushin/the 7th year of Emperor Kangxi, Qing Dynasty)
(Fig. 8). The first article of the book says: “BR4~/ Effl#&
O, BIRKRE - B/RsE. ESRRER: “BlREMK.Z
g, ZEWESH. shRERFEZ: AR THRERN, &
MESFEC T, FHaEE: “BREN. EAKIF X
BAGR, BEARRMEEZIR EREES. RE, LFEF
R, XRH, BARZE KM, K¥FZ 5%, RIF, BaAZI
Z” It will be translated as follows: “The King said, I went
to Yangshimhap and had a speech to the ministers and
many officers from Biguk. I talked to the ministers, “I was
surprised at the extraordinary phenomenon of the ash
falling in Hamgeyong Province. Park Seunghu reported
me, about 20 places around the skies were opened”. So,
I asked to the first vice-premier, “Have you heard such a
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thing when you were staying in the country?” Then, Heo
Jeok replied, “I've heard about that. The eastern sky broke
up and the light was like sun ray from a burning glass. I
also heard that there had been the scenes looking like the
red horses fighting against each other. Many people said
the same thing. The next day, the north was tinged with
red, and it was tinged with strange white the following
day. People say that the opening of the sky is the sign of
peace and its breaking up is that of uproar”

Yangshimhap is one of the separate buildings of Dae-
jojeon of the Changdeok Palace. Biguk is the synonym
for Bibyeonsa, the Border Defense Council of the ear-
lier Joseon Dynasty, and later it played the same role as
Uijjeongbu. Based on the record from the Annals of the
Joseon Dynasty that about 20 places around the skies
opened and the light was like sun ray from a burn-
ing glass, it can be inferred that there was an explosive
magmatic eruption and the high-temperature eruption
products were illustrated as the scene of red horses fight-
ing against each other. From the record that the sky was
later tinged with strange white and the volcanic ash rain
fell in the Hamgyeong Province, it can be inferred in the
same manner from the 1403 AD, 1405 AD and 1406 AD
records that the volcanic ash erupted from Mt. Baekdu
flew by the western winds, moved to east, and fell down
to the Hamgyeong Province regions. In other words, the
Plinian eruption following the explosive magmatic erup-
tion caused the volcanic ash clouds to move eastward,
and consequently, the ash falls fell down.

Ash rain (= dust rain)

March 25, 1124 AD  The original text of the second vol-
ume (of a set of three) of Goryeosa says, “I1_F “#F=HA
Rt = H” It translates as follows: “March 8 (March 25
by the solar calendar), 1124 AD, the second year of King
Injong, earth (=soil including volcanic ash) fell down like
rain 3 days”.

We cannot determine exactly whether it was the vol-
canic ash caused by the eruption of Mt. Baekdu or the
yellow sand (or Asian dust) (Chun et al. 2002). How-
ever, when we interpret this record with the other mate-
rials which will be mentioned later, it is very likely that
this record indicated the ash fall event. According to the
Seounkwanji(ZZERE, 1818), +i “HEEEEIAS
5= T’ it is described as “It is recorded that at some
point in time, it’s dark and hazy everywhere, and the dust
seems to fall like drizzle”. When Asian dust blows, it looks
cloudy in the state of suspended dust in Korean penin-
sula, but as in this article, it fell like rain, which means
that it was in the state of solid particles affected by grav-
ity. Therefore, it is interpreted that the ash falls caused by
Mt. Baekdu volcanic eruption.
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1199, 1200 and 1201 AD The original text of the second
volume (of a set of three) of Goryeosa says, “##5E _F 1
AmabtH kR EMEB LR “HRFE TR
FEFBHBMAIZR P EBLRMEEES H B KT R BIER
MEER THRRARA “@R=FEl_AkEllA
FEML _HERFRLIUASESH, IUFIUA ERHA
17 It translates as follows: “In May of the second year
of King Shinjong, the water in the well was turned into red
and made the boiling sound just like a cow cry for 10 days.
And “in October 2 (October 23 by the solar calendar) of
the second year of King Shinjong, Shinyu, the thunder
suddenly filled the air and the blackish-red gas arose in
Gongnyeong(£5%8 = older name of Songaksan, Kaesong).
It continued to fill the air and filled the capital (Kaesong
city) with hail falling down. It was getting dark, so no one
even an inch ahead was to be seen”. “In February (the leap
month) 22 (April 7 by the solar calendar) of the third year
of King Shinjong, Mushin, it was dark all around, a light
rain fell, and a dust storm or yellow sand blew. And on
March 15 (April 29 by the solar calendar), Gyeongo, a dust
storm blew. It was dark and drizzled all day long” “In April
1 (May 4 by the solar calendar) of the fourth year of King
Shinjong, Gyeongjin, on the first day by the lunar calen-
dar, an earth fell down like rain”.

Shinyu is the 58th year of the sexagenary cycle. Mushin
is the 45th year of the sexagenary cycle. Gyeongo is the
7th year of the sexagenary cycle. Gyeongjin is the 17th
year of the sexagenary cycle. This can be interpreted in
a way that the explosive vibration caused by the explo-
sive eruption from Mt. Baekdu (Cui et al. 2000; 2008)
was transferred as a form of resonance, followed by the
clouds of hot black volcanic ash flown to the south by the
north or northeast winds, and then the volcanic gas and
ash clouds which were produced from the crater by the
Plinian eruption moved by the prevailing wind effects
and finally fell as ash falls, in other words, a dust storm.
This record has also been included in the first volume of
Haedongjamnok (“YB3RF#k(L)”).

April 15, 1265 AD 'The original text of the second vol-
ume (of a set of three) of Goryeosa says, “JUR/NFE=H
T X B 20E#)” It translates as follows: “In March of
the sixth year of King Wonjong, Jeonghae (April 15 by the
solar calendar), some particles from fine solid materials
like leaven powder fell down like fine rain”

Jeonghae is the 24th year of the sexagenary cycle. That
the fine particles of solid materials were falling like rain
indicates that ash was falling down. As mentioned earlier,
it can be interpreted in the way that the ash clouds which
were produced from the Mt. Baekdu crater moved south-
ward by the north or northeast winds and the fine ashes
fell down from clouds.
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June 24, 1373 AD The original text of the second vol-
ume (of a set of three) of Goryeosa says, “JREXE —+—
FURATEML” “NEE-+"FIYRTERANHE
ERITH=ZP0HEMES. kERNAR, TF &
*, T, AERFRZ” “*'%E“I_—l“ @Iﬁ SONATE
WEEERTRASHEREMMZIBEEZN,ER
T ETAFERRNE" It translates as follows: “In April of the
22nd year (1373 AD) of King Gongmin, Jeongyu (June
24 by the solar calendar), the earth fell down like rain”.
“One night in April of the 22nd year (1373 AD) of King
Gongmin, Jeongyu (June 24 by the solar calendar), some-
thing white like horsehair, 2 chon (=6.06 cm) or 3—4 chon
(=9.1-12.1 cm) in length, fell from the sky. One night in
Muin, something like white fur fell down. It did so in Imo,
Gyeyu, Jeonghae, and Byeongshinil, too” “In April of the
22nd year (1373 AD) of King Gongmin (June by the solar
calendar), Gimyeoil, some things like pieces of white fur
fell down like heavy fog and rain. All the people in the
country mentioned that they looked as if the scales of the
dragon were blowing like the hair of the white horse. On
the first day of May, Iminil, hairs fell like fog and rain”.

Muin is the 15th year of the sexagenary cycle. White
fur fell down depicts the long, flat pieces of pumice 6 to
12 cm in length, and the volcanic ash fell from the sky
in June. It can be interpreted in a way that the scales of
the dragon are the crushed and broken pieces of pumice
and pieces of white fur, or the hairs of the white horse are
Pele’s hair which were erupted from Mt. Baekdu moved
southward by the north or northeast along with the vol-
canic ash clouds. It seems that they described the pieces
of pumice as shaggy horsehair. As white horse’s fur is so
thin and long, it resembles Pele’s hair. Considering the
movement of the crushed pumice or Pele’s hair, we can
infer that the Volcanic Explosivity Index (hereinafter
“VEI”) was much higher than that of the time when the
yellow sand blew.

May 8, 1401 The original text which was written on
March (the leap month) 25 (Gapin) (May 8 by the solar
calendar), the first year (1401 AD: Shinsa) of Taejong Sil-
Iok (KSR E ¥k, Annals of King Taejong) (Fig. 9) says, “fN
TFimp-RACEREMER: ImRACH, Rk, &
X%Ha, Bieiaith” FBUEA L It translates as follows:
“The coal-black rain fell in Danju (¥#}H). The officer who
had been sent to govern the Northeastern District, called
Dongbukmyeon Challisa (ACEZE ), reported as fol-
lows: In Danju, something neither smoke nor fog covered
and darkened the whole sky. Charcoal (black pumice or
scoria) has been laid on the floor. So, I sealed a couple of
pieces of the charcoal and I am sending them”
The year 1401 is called Gapinnyeon. Gapin is the 51st
year of the sexagenary cycle and the Year of the Tiger
in the Chinese zodiac cycle. Danju is the old name of
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Fig. 9 The original text of the 1401 eruption record (Yun 2013)

Dancheonsi and Heocheongun in Hamgyeongnamdo,
North Korea, during the Goryeo and early Joseon
Dynasties. This can be interpreted as the volcanic ash
fall in Hamgyeong Province and can be inferred that
the ash clouds moved to the east by the Plinian erup-
tion and the VEI was higher than that of the time when
the Asian dust blew. It seems that the black pumice that
erupted simultaneously was misunderstood as the char-
coal, and the sample was taken. This record has also
been included in the first volume of Dongguk Munheon

Bigo (“SREIEMEZHS(L)").

February 18 and April 13, 1403 AD The original text
written on January 27 (Eulsail) (February 18 by the solar
calendar), the third year of King Taejong (1403 AD)
says, “C B BN B1E. 175 £5 MPEER, F—
~F EHME” It translates as follows: “In Younggoe and
Ira of Gapju (Gaju was renamed Gapsan), half burned
and half dried ash fell like rain. A layer of ash on the
ground was about 1 chon (=3.03 cm). The falling ash
continued for 5 days”

The original text which was written on March 22
(Gihaeil) (April 13 by the solar calendar), Joseon
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Wangjo Sillok Taejong Sillok (BRE¥EEAE% AFE
$%, Annals of King Taejong of the Annals of the Joseon
Dynasty), the fifth volume, says, “© % SEACE/MK” It
translates as follows: “The ash fell down like rain in the
Northeastern District”.

This record (the fifth volume of the Annals of King Tae-
jong of the Annals of the Joseon Dynasty) indicates that
the volcanic ash fell in Hamgyeong Province, east of Mt.
Baekdu. It can be inferred from this record that the ash
clouds moved to the east by the Plinian eruption, and the
ash falls fell down. This record has also been included in
the first volume of Dongguk Munheon Bigo.

March 23, 1405 AD  The original text written on Febru-
ary 23 (Gichukil) (March 23 by the solar calendar), the
fifth year of King Taejong, says, “C It Bk It trans-
lates as follows: “The greyish rain fell”

February 27, 1406 AD  The original text written on Feb-
ruary 9 (Gyeongo) (February 27 by the solar calendar) of
the sixth year of King Taejong (1406 AD: Byeongsul) says,
“fF =ALmimM, i+ ML 1P9H" It translates as follows:
“The earth fell down like rain in Danju of the Northeast-
ern District for 14 days”.

The 1405 record from the Annals of the Joseon Dynasty
indicates that the volcanic ash fell in Hamgyeong Prov-
ince, east of Mt. Baekdu. It can be inferred from this
record that the ash clouds moved to the east by the Plin-
ian eruption, and the ash falls fell down. This record has
also been included in the first volume of Dongguk Mun-
heon Bigo.

The 1406 record indicates that the volcanic ash fell
in Hamgyeong Province, east of Mt. Baekdu. It can be
inferred from this record that the ash clouds moved
to the east by the Plinian eruption, and the ash falls fell
down for 14 days. This record can be the one indicating
that the volcanic activities lasted for 2 weeks.

March 4, 1573 AD  The original text written on February
1 (March 4 by the solar calendar) of the sixth year of King
Seonjo (1573 AD) says, “fi 1" It translates as follows:
“The earth fell down like rain”.

This record from the Annals of the Joseon Dynasty,
like the 1403, 1405, and 1406 records, indicates that the
volcanic ash fell in Hamgyeong Province, east of Mt.
Baekdu. It can be inferred from this record that the ash
clouds moved to the east by the Plinian eruption, and the
ash falls fell down. This record has also been included in
the first volume of Dongguk Munheon Bigo.

June 5, 1668 AD  The record of 1668 AD (the 9th year of
King Hyeonjong, Joseon Dynasty, the year called Mushin,
and the 7th year of Emperor Kangxi, Qing Dynasty) indi-
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Fig. 10 The original text of the 1673 eruption record (Yun 2013)

cates that volcanic ash fell like rain throughout Gyeong-
seongbu and Buryeong in Hamgyeong Province (Fig. 5).

The original text written in the 14th volume of the
Annals of Great King Hyeonjong of the 37th volume of
the Annals of the Joseon Dynasty says, “J$%i&E #5735
1§ Wk, EE BH MIX” It translates as follows: “The
volcanic ash rain fell in Gyeongseongbu, Hamgyeong
Province. On the same day, the volcanic ash rain fell in
Buryeong, too”.

May 20, 1673 AD The original text written in 1673 AD,
the 14th year of King Hyeonjong, Joseon Dynasty (Fig. 10)
says, “BAJI[Z5#th FRJK” It translates as follows: “The vol-
canic ash fell down like rain in Myeongcheon, Hamgyeong
Province”.

The April 28 (May 20 by the solar calendar), 1673 AD
record written in the Annals of the Joseon Dynasty, just
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like 1403, 1405, 1406, and 1668 AD records, indicates
that the volcanic ash fell in the Hamgyeong Province,
which was located on the east of Mt. Baekdu. From this
record, it can be inferred that the Plinian eruption caused
the volcanic ash clouds to move eastward by the eruptive
event of the Cheonji Volcano, and consequently, the ash
falls fell.

Except for the aforementioned, there are records of
ash rain as follows; the ash rain continued for 3 days in
Sakju in 1417 AD (“BAM £ MMN.=H"). And it is recorded
that on February 5 (March 7 by the solar calendar), 1470
AD, ash rain fell in Jeolla Province and Gyeongsang Prov-
ince(“Z%E, BEfEIMIE L"), On April 21 (May 21 by the
solar calendar), 1470 AD, ash rain also fell in Gyeongsang
Province, Jeolla Province, and Chungcheong Province(*
B T =3&1”). In 1528 ash rain and hail fell two times;
on March 14 (April 2 by the solar calendar), ash rain and
hail fell at night(“7&, £, f&”) and on May 13 (May
30 by the solar calendar), in Danyang, ash rain and hail
fell(“FHP5rE, £ F”). Therefore in Goryeosa, a total of
56 times, including those mentioned above, were writ-
ten about ‘ash rain(fJ 1)’ —1412, 1417, 1419, 1421, 1425,
1470, 1475, 1478, 1480, 1494, 1496, 1501, 1502, 1516,
1518, 1520, 1523, 1524, 1525, 1527, 1528, 1529, 1530,
1531, 1538, 1544, 1548, 1550, 1551, 1555, 1558, 1563,
1565, 1575, 1609, 1619, 1640, 1643, 1662, 1675, 1681,
1695, and 1724 AD.

Ash cloud

1199, 1200 and 1201 AD The original text of the sec-
ond volume (of a set of three) of Goryeosa says, “t#85K —
FHRAMBAHKRBENFELHERE" R T4F
TRAFEEHRMAIRR T B URMEEES L RXIRHR
WEMBERR FRRARN @R =FE_Hikep
U5 EETE D RFMLASEED, ENAE
JRUARN 1.7 It translates as follows: “In May of the second
year of King Shinjong, the water in the well was turned
into red and made the boiling sound just like a cow cry
for 10 days. And “in October 2 (October 23 by the solar
calendar) of the second year of King Shinjong, Shinyu,
the thunder suddenly filled the air and the blackish-red
gas arose in Gongnyeong(£8%8; older name of Songaksan,
Gaeseong). It continued to fill the air and filled the capital
(Gaeseong City) with hail falling. It was getting dark, so no
one even an inch ahead was to be seen”. “In February (the
leap month) 22 (April 7 by the solar calendar) of the third
year of King Shinjong, Mushin, it was dark all around,
light rain fell, a dust storm or yellow sand blew. And on
March 15 (April 29 by the solar calendar), in Gyeongo,
a dust storm blew. It was dark and drizzled all day long”.
“On April 1 (May 4 by the solar calendar) of the fourth
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year of King Shinjong, Gyeongjin, on the first day by the
lunar calendar, an earth fell down like rain”

Shinyu is the 58th year of the sexagenary cycle. Mushin
is the 45th year of the sexagenary cycle. Gyeongo is the
7th year of the sexagenary cycle. Gyeongjin is the 17th
year of the sexagenary cycle. This can be interpreted in
a way that the explosive vibration caused by the explo-
sive eruption from Mt. Baekdu (Cui et al. 2000; 2008)
was transferred as a form of resonance, followed by the
clouds of hot black volcanic ash flown to the south by the
north or northeast winds. Then the volcanic gas and ash
clouds which were created from the crater by the Plinian
eruption were moved by the prevailing wind effects and
finally fell as ash falls, in other words, a dust storm. This
record has also been included in the first volume of Hae-

dongjamnok (“1BERF#R(L)”).

March 15 and April 8, 1550 AD  The original text writ-
ten on February 27 (March 15 by the solar calendar), the
fifth year of King Myeonjong (1550 AD) says, “TREfrR 1
It translates as follows: “The earth fell down like rain in
the capital(=Seoul)” And another original text written on
March 22 (April 8 by the solar calendar) says, “IR %N 1,
25EE 2N, m/R, BENE, BENE EFREM BFE
B2 B, Eomel E=+aH, EA B It translates as
follows: “The earth fell like rain in the capital. In Jeonju
and Namwon, Jeollado, everywhere was filled with fog like
smoke after rain, and tiles, grass, and trees were all yel-
low and white when swept, they became dust, and when
shaken, they flew away. It was not clear until the 25th”.

November 18, 1654 AD The original text written in the
13th volume of the Annals of King Hyojong of the 35th
volume of the Annals of the Joseon Dynasty says, “ZE A2
@, BIEFRE Bt AT, SIEHE, BmE,
2 R, LSRR, §§EEZKE ML, EE=t, R
RARYE S, 7R R S F BUfES, BT 2, BB R
E2R, BETRARZ It translates as follows: “I saw the
air tinged with black myself. It was something that looked
like rain, but it wasn’t rain. It was something like smoke,
but it wasn’t. It came from the north. It sounded like the
gusting wind and smelled fishy. It filled the air in the valley
within a very short time and shaded light, so not a cow nor
a horse even an inch ahead could not be distinguishable.
Oh, what a strange thing it is! I've heard that it happened
in places as close as Jeokseong (40 km north of Seoul) and
Jang-dan (40 km northeast of Seoul) and as far away as the
southern border of Hamgyeong Province as well”.

It can be inferred from this record that the volcanic ash
and volcanic gases which were erupted from Mt. Baekdu
in October, were flown by the north or northeast winds,
and transferred southward, having lower altitudes. In
other words, it can be interpreted as the production of a
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Fig. 11 The original text of the 1702 eruption record (Yun 2013)

wind-modified fall. The fact that the affected area ranged
as far as to the south borderline of Hamgyeong Prov-
ince can confirm that the wind-modified fall was pushed
southward from the north, namely, Mt. Baekdu (Yun
et al. 2013b; Yun 2018).

June 9, 1702 AD The original text written in 1702 AD
(Fig. 11) says, “BuiREE &, AR FUHFE, X3
REEEE, bR E A, BRIEN, ERRE, EERIED, A
THEER, VUEHHE L, T E8iil 2, BREF MK, ta1IL5E
wix % R Ry R AR g, %2R, BEPEIL,
R EEE, IEIEC R, AR, BERZR, W HBHE A
BER, RITRE, RIRBTENE, EHRFEF, RMRZ,
RIBRARZEIE 1[EH#E, TENR, NRSFER.
It translates as follows: “In the Buryeongbu, Hamgyeong
Province, on the 14th day of the month, between 11 a.m.
and 1 p.m., called “Oshi’, the sky and the earth suddenly
became dark. It was sometimes tinged with yellow and it
seemed that smoke went up and flames were burst into,
and also something fishy filled the air in the room. The
people could not stand the heat as if they were staying
inside a furnace. The heat did not cool down around the
4th Gyeong, called “Chukshi (between 1 a.m. and 3 a.m.)".
The next morning, I saw the whole field covered and piled
with ash and it looked like the shells burned. Later on the
same day of the same month in Gyeongseongbu, some-
thing like smoke and fog suddenly came from the north-
west, and the sky and the earth became dark. The people’s
clothes were saturated with the smell of fish and the heat
was severe, as if sitting inside a furnace. Therefore, all the
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people took off and threw their clothes and they were
sticky with sweat. The wind-blown ash was falling like
snow in all directions. The thickness of the ash piled was
about 1 chon (=3.03 cm). Walking through and watching,
I thought it looked like charred tree bark. Many towns
along the riverside were in the same situation and some of
the towns were worse”.

AD 1702 was the 28th year of King Sukjong, Joseon
Dynasty, and the record was written in the 36th volume
of the Annals of Great King Sukjong of the 280th volume
of the Annals of the Joseon Dynasty (the record written
on the day of Shinchuk, May 1702, the 28th year of King
Sukjong: May 20 (June 15 by the solar calendar)). Based
on this record, the volcanic eruption occurred on May 14
(June 9 by the solar calendar).

This is the 1702 AD record which is presumed to be the
eruption from the Cheonji, Mt. Baekdu volcano. It was
a large Plinian eruption with VEI 5 by setting up an ash
fall isopach at the location 140 km away from Mt. Bae-
kdu, the location of the eruption, and using empirical
formulae. The minimum amount of eruption products
calculated by the empirical formula was 1.2 km? and this
1702 AD eruption from Mt. Baekdu was a large eruption
corresponding to VEI 5 (Yun and Lee 2011). The record
describes well that the high-temperature volcanic ash
by the Plinian eruption was transferred to the lower alti-
tudes by the winds, namely, the wind-modified fall was
produced and deposited.
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Phenomenon sighting

October 6, 1597 AD 1597 AD is the 30th year of King
Seonjo of the Joseon Dynasty, Jeongyunyeon, and it
is equivalent to the 25th year of King Shin of the Ming
Dynasty, the Wanli era of China. This year’s record
included realistic descriptions regarding the earthquakes
and volcanic eruptions throughout Samsugun in Ham-
gyeong Province, which is also the volcanic field of Mt.
Baekdu.

This record describes the volcanic activities which
occurred in the region of Samsugun, south of the
Amnokgang (Amnok River) which was the southern end
of the Mt. Baekdu volcanic field and it indicates that the
earthquakes preceded the small explosive eruptions (Li
etal. 2012; Li 2013).

The original text written on October 2 (Gimiil)
(November 10 by the solar calendar), the 30th year of
King Seonjo, Jeongyunyeon (the 93rd volume of the
Annals of Great King Seonjong (Seonjo) of the 29th vol-
ume of the Annals of the Joseon Dynasty) says, “B$5 18
BimERSEER /AR HAHRE, =KkEHRHIE,
Yismik —+EBXRE XEME, 5T _Bific, ma
HIEERER, FHRATE RERE=KRET)IIKEEER, —
+/A\HEZERE (CEBIMEREBRESN, HRBLKEL
#gHTE ARZHAHRE, DRESREIEEEE
BEATRES AEAMRCE, MREMERER, K
MU b, BERIRH, R@AILE, TAEE —+t
HEGE, 7R, FikEE, ERIFE R HXE T, tES"
It translates as follows: “Hamgyeong provincial governor
Mr. Song Eon-shin wrote a letter. On August 26 (Octo-
ber 6 by the solar calendar), between 7 a.m. and 9 a.m,,
called “Jinshi’, an earthquake occurred in Samsu-gun
(county) and it stopped shortly afterward. On the 27th
(October 7 by the solar calendar), between 1 p.m. and 3
p-m., called “Mishi’, when another earthquake hit, two
places of the castle collapsed, and half of Steamer Rock
across town crumbled. The stream, called Samsudong
Jungcheon, running beneath the Rock, turned white,
and it turned yellow on the 28th (October 8 by the solar
calendar). Where the red muddy water was bubbling up
five li (about 2.1 km. According to the Korean traditional
standard measurement, 1 li (B) is about 420 m) at east of
Inchaeobo ({Z3E4MZ, one of the small castles in Samsu-
gun, which was built to defend the border) and it stopped
in a few days. On August 26 (October 6 by the solar
calendar), during Jin-shi (between 7 a.m. and 9 a.m.), I
heard cannon firing twice from Deokjaicheon Cliff (f&
% B i&42ET), which was located across Sonongbo (/)
= 1%, another castle in Samsugun) and where there was
no place a person can keep his/her feet on and looked
up to it. Smoke was going up into the sky and the rocks
(volcanic blocks) which can be the size of several arms’
stretches were blown and ejected along with the smoke.
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Having their tracks covered up, the ejected rocks crossed
a large mountain. On the 27th (October 7 by the solar
calendar), during Yushi (between 5 p.m. and 7 p.m.), an
earthquake occurred and the Cliff collapsed again. On
the same day, there were earthquakes during Haeshi
(between 9 p.m. and 11 p.m.) and during Jashi (between
11 p.m. and 1 a.m.) as well”

The Annals of the Joseon Dynasty include the records
of a series of volcanic activities that occurred in the
region of Samsu, Hamgyeong Province, in the vicinity
of Mt. Baekdu, for three consecutive days from October
6 to 8, 1597 AD. The records of the Samsu earthquakes
also included presumptive activities related to volcanic
explosions. Therefore, the series of earthquakes in this
region can be interpreted as volcanic earthquakes. It may
be the eruption from Wantiane of the southern part of
Baekdusan Volcanic Field. The major earthquakes around
Mt. Baekdu caused the change in the dynamic stress and
the movement of magma, and it consequently became
more active. It is presumed that the triggered earthquake
created the favorable conditions to occur the volcanic
eruption of Mt. Baekdu. It should be explained that the
eruption style could have been Vulcanian if the eruption
produced such large volcanic blocks with cannon-firing
noises.

June 5, 1668 AD The record of June 2, 1668 AD, contains
not only atmospheric abnormalities but also phenomenon
sightings. In the 14th volume of the Annals of the Joseon
Dynasty, the first article of the book says: “BRT~/ L fH1 &
D, Bl RKRE ~ ERF%E. ERAEHE: “BiREmKZ
g, AUEN. shRERFEZ: AR RN, &
MESEH T, HaHHE: “BREM. EHKIF, X
BksR, BAEREMEZIK, FER¥ESZ. KH, €58
iR, XRH, BERZE. KB, KFZ2%, KiF, Ral
ZIKZ Tt translates as follows: “The King said, “I went
to Yangshimhap and gave a speech to the ministers and
many officers from Biguk. I mentioned to the ministers,
“I was surprised at the extraordinary phenomenon of the
ash falling in Hamgeyong Province. In the appeal submit-
ted by Park Seunghu, he said, ‘About 20 places around the
skies opened: So, I asked to the first vice-premier, “Have
you heard such a thing when you were staying in the coun-
try?”. Then, Heo Jeok replied, “I've heard about that. The
eastern sky broke up and the light was like sun ray from
a burning glass. Besides, I've heard that there had been
scenes looking like the red horses fighting against each
other. Many people talked about the same thing. The next
day, the north was tinged with red, and it was tinged with
strange white the following day. People assumed that the
opening of the sky is the sign of peace, and its breaking up
is that of uproar”.
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At the end of the translation, there is a part about what
people witnessed and observed regarding the volcanic
phenomena.

May or June 1903 AD The 1903 AD (the 29th year
of Guangxu, Qing Dynasty) record of the Cheonji
Volcano eruptive process has been described in
Changbaishanjianggangzhiliie written by KIf1#9#% Jian-
feng Liu as follows: “Yg 5|8 ARKNEZ, i —+ 4
R HAEIR PEEE RIESA ERBKTIKD B
RmEEIR—(PI)— S ALENTIE ERF FTEES
BT AR SABIEIR ME R AWMAMBRHWER—(F
) —TRRFBMRM REFTHE ERXAR RifiF=
RAEBRTE G HR—E BIEPiE—KkAu
i OKEBTIEXERBDE-—WEHRE SOEE KR
REEAF ANABERETHBE—(PIR)—FiER BiF
MR KREFEF AAZEAT REEIRIAE ML AR
* w2 XmiER RABE EWEE MRS Rk
RS Z #EZELEZ" It translates as follows: “Seo Young-
soon, the guide, said that his siblings Boksoon, Okliang,
and Yubok and a couple of others saw two deer going up
to the mountain from Du-pa-goo beneath JeoSeokpa in
May of the 29th year of Guangxu. (Omitted). These six
people were lying or sitting around the lake. When the
night came, the icy wind pierced their bones and they felt
hungry. So they could not easily fall asleep. They ate up
their grains. When some time went by, the sky was light-
ened and it was still foggy. (Omitted). All of a sudden, the
lightning flashed, and it began to rain. People were crying
in terror. When the night grew older, three to five stars
came up and went down to the lake. When there was a
sudden explosion sound, fireballs as big as a wheel fell
from the air, and a shower of sparks on the surface of the
lake looked as bright as the light of the day. The sound of
cannon firing filled the air with the roll of thunder, and the
waves rose as high as the sky. These six people could not
move in trembling. (Omitted). At midnight, the six peo-
ple took shelter under rocks. Yu and Boksoon got hit on
the head, had bleeding, and pressed/wrapped their head
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with wet clothes. After two hours, the sun came out in the
east. The clouds cleared away, the winds died down and
the mists were hovering only around the mountain peak.
Seo Youngsoon’s words are true and that is why I write
down here”.

The eruption record of the Cheonji Volcano (a small
phreatomagmatic eruption) realistically describes the
volcanic eruption which occurred within Cheonji, a cal-
dera on the top of Mt. Baekdu. The fireballs as big as a
wheel can be interpreted as volcanic bombs, and from
this record, it can be inferred that a lot of hot volcanic
ash and eruption products were emitted over the lake
and then sank. The 1903 AD eruption products could be
identified on the northern side of the Cheonji caldera. It
indicates that there was small Vulcanian or phreatomag-
matic eruptions.

1898 AD and 1925 AD  According to the field trip logs
of a Russian explorer, there is a record that an eruption
occurred in the caldera of the volcano when he reached
the summit of Mt. Baekdu in 1898. The volcano began
to erupt in front of his eyes, and smoke and volcanic ash
rose (Garin 1949). The eruption was small and momen-
tary, and the eruption products did not cross the somma
of the caldera. Another record that indicates an eruption
occurred in Mt. Baekdu in 1925 AD has been also found
in the book, titled Volcanic Belts of Eastern Asia, which
was written by the Far East branch of the former Soviet
Union Academy of Sciences and published by Nauka pub-
lishing company in 1984 AD.

Discussion

After the Millennium Eruption, there have been more
than 90 intermittent eruptions on small and medium
scales at the Mt. Baekdu volcano (Fig. 12). Although
some have been observed in the Hamgyeongdo region,
shock waves from explosive eruptions have reached far
more than 500 km away from Mt. Baekdu and fallout

3 | T » VEIL 5
Y | il VEI 2
R 4
| 939 946 1?02 19[03
|
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1960 %2%()]
047 L 1018 l 124 1201 12685 1878 1408 16781887 1678 L1025
1018 - 1200 L1362 - 1405 ——1650 1668 L——1808
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Fig. 12 The eruption records of Mt. Baekdu. The figure shows three eruptions which is represented their VEI. These VEIs are the estimated values

by our previous and this research



Page 15 of 20

(2023) 10:30

Yun et al. Geoscience Letters

ulwbuon
BS09AI0D)  AYS 91 WOl pieay sem buiesq Jo punos ay| uondnis aaIsojdx3 Bury Jo 1K Y1 | 9Y3 Z9€ | ‘07 J9qUISAON /
(S]1e4 Ysy) "urel auy 1| ||94 Jamod usnea| x| Kiseukg oakio9) ay3 Jo
(9UWINJOA PUOI3S DY) PSOIKIOD) S|elalewl pljos auy wolj sadiiied awog uondnis ueluld Buoluop buryf Jo 1eak Y19 ay1 5oz | ‘g | |Udy 9
S||B} YSE ‘SPNOJD DIUBD|OA ‘S95eH DIUBD|OA A1seUAQ 034105 aU JO
©MIIQ WOIS 1SNP Y uondnis ueluld Buolulys Bury Jo Jeak Yy aYl 107 L ‘v Ae
Buoj Aep |je Aiseukg oak109 ayy Jo
P3|ZZIIP PUE 3Jep SeM 1| ‘M3|g WI01S Isnp e~ uondnis ueluld Buoluiys bury Jo Jeak pig ayr 00z L ‘£ |udy
U935 9 01 Sem peaye youi ue
USA3 9UO OU 05 “yiep bumab sem 1| ‘umop bul
-Ileg 1ey yum [eded au1 pajjy pue e au |y o3
pPaNUNUOD 1| "BUOAUBUOD) Ul 9501e Seb pal
-Yspoe|q oyl pue die syl paf|y’lspunyl syl
sKep uay 1oy A1 Buj
-Mmo| e 31| buljlog JO punos ayl spew pue pal KiseuAq 0ak109 ays jo buofulys bury jo
(dwnjoAlsiy ayy) (R2gk ek &h) I6de(buopae  pauIN) Sem [[aMm Ul Ul Ja1em 3yl 'Yinos ayl U uondnis uelulld 1B2A PUZ 91 661 | ‘€7 1990100 pue Key S
uouswiouayd |fe} ysy K1seUAQ 094105 a3 JO
(3WIN|OA PUOD3S 3Y31) BSORAIOD  SABP 931U1 1SB| SU1 JOJ UMO|] SBY WIOIS 1SNP uondnis uejuld Buofu| Bury jo Jeak puz a3y 21 1 'Sz Yosew ¥
K1seuA@ 024105 a3 Jo buofuoaAH bury Jo
1B} ysy 1e3A Y101 Y1 6101 412903120 pue Atenuer
K1seUAQ 09410D) B3 JO
A4S 9Y3 paydeal 9OWS PIapURG-21YM BuoluoakH Buly Jo 1Bk Yig ay1 8101 Alenuer
K1seukq 024109 ay3 Jo buofuosAH bury jo
21U 1| PaJ Yum pabuly sem Ays ajoym ay | 1e9A Y18 9Yl /10| J2QUISAON pue Alenige-
uoI512dSIp YSe DIUeD|OA JO uouswouayd ay | KiseuAq 0ak109 a4t Jo Buof
abul pal e ul papnolys sem 22e|d ay3 190 ||y -UOSAH BuIy JO Jeak Y1/ 941 9101 Jequiads(
(dwinjon1s1y au) 0big uosyunA yNBBUOQ pal yim f1seuAq 0akion) ay) Jo BuofuoakH
‘(3UWN|OA PUODSS 3Y31) BSO3AI0D) pabun sem adejd ay3 190 |8 ** T ybIu suQ uondnua uelulld +uondnis ueluednp Bury Jo 1eak Yig a1 101 [udy pue ydiepy ¢
Japunyy | Ki1seukq oak109 ays jo buof
nyeAJIBUOYIN  PIPUNOS 1 “*"AYS 94l WO} pUNOS B Sem 219y | uondnis aaIsojdx3 -buoar Bury Jo Jeak puz 9yl /16 '/ Alenige
nyeAlibuoyIN
ployulysiel (ueder ‘o301 ) fiseukq 0akion) au Jo Buof
ebH3G BS0aAI0D)  AYS 9yl WO} pieay sem Bulleaq Jo punos ay | uondnia aaisodx3  -Buoar Bury JO IBIA S| BU1 96 ‘€ J9GUISAON I
uondnia
S1ued[oA Y1 Ag uouswouayd bulquini ay |
nyeAlibuoyIN pleay sem wnip able| e Jo punos ay| uopdnis aaIsoldx3 6€6 'z Aenuer |
S3dUIDYBY S9I1IAIIDR DJUED|OA JO SPI0IDY (s)odAy uondnig (av) (s)aeqg -oN

SDLAIIDR DJURD|OA NPXIRY I JO SPI0J34 [BOLOISIY DU 10} 3|ge) [ed1bojouoIyD Y L djqeL



Page 16 of 20

(2023) 10:30

Yun et al. Geoscience Letters

(u1ys-uo3 Buog | Joulanob e

Aiseukg  -uinold buoakguieH) unb-nswes 1Inoydnoiyl ayenbyales djued A1seukQg uoasor ayi Jo
U03SO[ 83U} JO S[PUUY 343 JO SWIN|OA YIGT 9Y L Pa1InN220 suondnla |jews pue ssyenbyiey -lop+uondnia aaisojdx3 +uondnia diiealyd  ofuoas Bury Jo Jeak YI0E 9Yl /651 ‘9199010 91
obig uoayuniy YnbBUOg  3DUINOId BUOSABWRH Ul M3|Q WIS ISNP Sy |
K1seuAQ uoasor ayi Jo
A1SBUAQ UO3SO[ 243 JO S|euuy (S|1ey Ysy) ‘Ma|q WIS 1snp 3y uondnia uelulld 0[uoas Bury Jo 1eIK Y19 Y1 €/G1 ' Ydley Gl
BuoluoaAN
A1SBUAQ UO3SO[ Y3 JO S|euuy [euded ur utes 31| UMop |19 Yy1ea ay | uondnia ueulld  Bury Jo 1eaA Y1G 3yl 0551 ‘g Udy pue G| udiely |
134 |ley pue utes yse ‘buekueq uj
©509K10D) yBiu 1. |94 1By pue ules yse 3y | uondnia uelulld 8751 '0€ Aoy pue g judy
S9DUINOIG Buoaydbuny) pue
B||03( ‘BurSbUOAD) Ul [|9) OS|e ulel yse Y|
SIDUINOIJ
25094100 BuesbuoaAn pue ejjoaf ul |94 Ules yse ay | uondnis ueruld 0/ 'LT ey pue / ydiepy
niyes ui
©s09A10D)  sAep 9ai1y) BuuNp panuIUOD sem ulel yse ay| uondnis uelulld /vl €1l
(S§29M 7 o) paise|
SOIUAIIDR DIUBD|OA 3] ) SABD 7| 10} UOIAW K1seuAQ uoasor ayi Jo
-{ngbuoq ‘nl-ueqg ul majq WI03S 3SNP Y| uondnia ueulld  buofae] Bury Jo J1eaK Y19 Y1 901 | ‘/Z Alenigaq 7L
Aiseukg uoasor ayi Jo
(dWnjoA 151y 3Y1) 0big uosyuniy ynbbuog (Uoakw-ngbuoQ) *||24 Utel ysikaib ay | uondnis ueluld Buolae] BuIy JO 1BIA YIS BYL SO | ‘€T YdIe ||
A1SBUAQ U050 43 JO S|euuy ayi jo buolae| (9ou1n0Id BuoaAb
Bury 18319 JO S[PUUY DY JO SWINJOA U1G 3Y]  -WeH) UoSAW-yNgbuoQ Ul utes 3| |94 Yse oy
(Wd €0°€) UoYd | INoge sem punoib ayi uo
S JO JaAe| B pUR SABD DAL} 10} Ul ]| KiseuAg uoasor ayi Jo buoloe] bury jo
(dwinjoA 151y ay3) obig uoayuniy snbbuog 12} Yse paup Jjey ‘pauing jjey ‘nl-deo uj uondnia uejulld 1eak pig ayr €0rL ‘| [udy pue gl Ateniga4 0L
92UIA0Id BUOIAD
(dwinjoA 151y ay3) obig uoayuniy nbbuog -WeH ‘'uoayd-ueq Ul |13} Yse dIUedJOA 3y |
(esljleyD uoakw-yngbuog Ag Hodal ayi uo K1seuAq uoasor ayi Jo buoloe] bury jo
Buofae] bury jo sjeuuy paseq) nf-ueq Ul ||94 ulel ¥2e|g-eod ay | uondnia uejulld 1eak 151y 3y ‘(Yruow des| ayd) Lov | ‘g Aey 6
A)S 9Y) WO || Yyse dlued
-|oA 341 pue Y3bu3| Ul wd 0| 01 9 d1wnd jJo
sodald 1e} ‘DUO| a1 101dSP SPI0dAU 3S3Y |
9510y 31IYM 3y1 Jo
11ey 2yl Y1 buimolqg 219m uobeip ay3 Jo
S3|BDS DY) JI SB PIYOO| 1 “UleJ pue
B0} 91| UMOD |34 INJ SUYM JO saDa1d 21|
(SWIN|OA pU0d3s aU1) eSOAI0D sBuIy} SWOS "M|q (S][ef Ysiy) WOIS Isnp v/ uondnua ueluld  ulwbuoD Bury Jo Jeak pugz ayi €/€L ‘yzaunr g
S3DUIDYDY SDIIAIIDR DIUBD|OA JO SPI0IDY (s)adAy uondnig (av) (s)?e@ -oN

(panunuod) L ajqey



Page 17 of 20

(2023) 10:30

Yun et al. Geoscience Letters

#3861 Ul $92U312G JO AWapedy uojun
191A0S 12ULIO) 3} JO YdURIq 15eT Jeq 3yl Aq Us)

(#861) BISY UI91SET JO S}[3C DIUBD|OA  -1LM 300g U3 Ul PIOI3I 3Y} JO 9dUISIXd 3y uondnia dpewbewlolealyd uondnia dneaiyd G561 €C
uondnia ueljoquIOAS |[euwS
Kep Jo 1ybi1| ay3 se ybuq se
P3%00] %] 33 JO 22e4INS Y} UO Syjieds Jo
J9MOYS B puUE JIe Y3} WO} [[9) [99Ym e se
an|lyzbuebbuelfueysieqbueyd  Biq se s||egaiy ‘preay sem uoiso|dxa 3yl Uy uondnia diewbewolealyd |jews €06l aunfio ey 7z
OUBD|OA 34} JO BIDP|ED 3Y3 WO
uo;dne Ue JO 92Ua1IN320 9yl PSP 1eyl
sboj diiy play Siy 210im pue npyaeg I Jo
1UWWINS 3Y1 paydeal JaJojdxa uelssny v uopdnia JluedjoA Ifuoay) 8681 1T
Buolng
Buly 18319 JO S|PUUY 3Y1 JO SWIN|OA YIQE 9y
(WD €0°€) uoyd | Inoge sem pajid yse ayy Jo
SSaUNDIYY 94 "1eay aYi puels 10u pjnod 3(d
-0ad 3y "wool ay1 Ul Jie 3yl paj|y Aysy Buiya
-9WOS pue 01Ul 1SINQ 219M SaWe|) ‘dn Juam
AiseukQ SYOWS S{IBp SWRII] Y1 a4l pue Ays 9yl Aiseukg uoasor ayi Jo
U0S3SO[ 3Y3 JO S|euUY 941 JO SWN|OA YI08Z SYL '9dUIN0Id BuoakbuleH ‘ng-buoaking sy uj uondnis ueluld Buong bury Jo 1eaA YIgZ 81 20/ ‘6 3Unf 0T
BuofbuoaAH Bury Jo J1eak yuy| auya ul 92UIn0ld PuoakbuwieH ‘Uoaydbu Aiseukg uoasor ayi Jo
UMM ‘AISPUAJ UOSSO[ 93 JO S[eUUY -09A Ul UIJ 91| UMOP ||} YSe DIUBD|OA 3y | uondnia uellld  BuofuoaAH Bury Jo Jeak Y| Y1 €/91 ‘07 ke 61
puofuoaky
Bury| 18319 JO S[PUUY DY) JO SWIN|OA YW/ | Sy
Aiseuig 9oUIn0ld BuoaAbuieH Ul buosAing pue ng uopdnis uelulld +uon A1seUAQ UO3SO[ 3Y1 JO
UO3SO[ 943 JO S|BUUY DYl JO SWN|OA YI/ZE 9Y]  -Bu0asbuoako) ur utel 91| |19} YSe DIUBD|OA 3y | -dnis ueluedNA+ uondnis ueljoquIoONS BuoluoakH bury Jo Jeak yig ay1 899| ‘saunf gl
puofoAH
Buly| 18319 JO S|PUUY Y3 JO SWN|OA UIE | Sy
paysinbunsip ag pjnod peaye ydu ue bul
-Yl0U pue yiep awedaq 1 ‘A3|jeA ay1 Ul Jle 3y}
P3||Y [[WS AYSL 34} pue 9504 YOS ‘Paules J
AiseukQ oe|g yum pabuiy sem Jre oy ‘uep-buer pue AiseuAQg uoasor ayi jo buof
UO3SO[ 943 JO S|BUUY DY JO SWN|OA YIGE 9y]  BU0as-303f ‘9dulnold buoabwAeH 1noybnoiy| uondnia uellld  -OAH BuIy JO 183K YIS Y1 591 ‘8| JOQWIDSAON /|
ofuoag
Bury 18310 JO S|PUUY 2Y] JO SWIN|OA PIEH SY |
FERITEYETEN| S9I3IAI}DR DIUBD|OA JO SPJ0ddY (s)2dA3y uondniz (av) (s)aeq -oN

(panunuod) | sjqel



Yun et al. Geoscience Letters (2023) 10:30

volcanic ash has fallen like rain about 1000 km away,
indicating that there were mainly Plinian eruptions.

After the Millennium Eruption formed the Cheonji cal-
dera, a caldera lake was created at Mt. Baekdu, storing
freshwater. It is assumed that this water flowed under-
ground and met with rising magma, facilitating the cata-
clastic action and further enhancing the explosive power
of magma. The historical eruptions on record mainly
describe the fallout volcanic ash caused by the Plinian
eruption.

The pyroclastic flows and lavas that historically erupted
are distributed in the area around the Cheonji caldera of
Mt. Baekdu, as verified by geological field surveys. The
pyroclastic flows are widely distributed over the tra-
chytic or the basaltic lavas. On the stratovolcano outside
the Cheonyji caldera rim of Mt. Baekdu, the trachyte and
alkali rhyolite lava and pyroclastic rocks slope steeply,
developing a V-shaped valley. The upper part of these
mountain slopes and valleys is composed of fallout vol-
canic ash, pumice layers, and pyroclastic deposits of
historic eruptions; moreover, vegetation development is
sparse.

In addition, the prediction characteristics on the advec-
tion and diffusion of volcanic tephra from the explosive
eruption in Mt. Baekdu (Lee et al. 2012) were already
examined. The movement of volcanic ash was analyzed
for 48 h after its release from the synoptic observation
site on October 21, 2010 AD (Lee et al. 2012). From this
study, it was determined that it is mainly composed of
particles with an emission altitude of 2 km or less, which
can move to the south and deposit on the ground of the
Korean peninsula. However, volcanic ash mainly moves
to the east. Some of these can change their diffusion path
when the northeast air flows into the Mt. Baekdu area,
causing volcanic ash to fall and deposit on the southern
part of the Korean peninsula (Lee and Yun 2011).

In this case, the size of the fallout volcanic ash flow-
ing into the Korean peninsula is less than 0.05 mm (or
50 um), and larger particles are less likely to flow into the
peninsula as its migration is not significantly affected by
diffusion (Lee et al. 2012). When the volcanic ash from
Mt. Baekdu eruptions advances and spreads towards
Hamgyeongdo or South Korea due to the inflow of the
northeast air flow, volcanic disasters may occur. Such
disasters are caused by the fall of volcanic ash and dust
storms in the area along the volcanic ash cloud move-
ment path, as recorded in historical records.

Many scholars conducted research to identify volcan-
ological characteristics and the existence of a magma
chamber beneath Mt. Baekdu. Zhang et al. (2002) stud-
ied the magma system of the Changbaishan-Tianchi Vol-
canic region with the 3D deep seismic sounding (DSS)
technique. According to the results, the magma system
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of BVE, mainly characterized by the low velocity of P
waves, can be divided into four parts in terms of depth.
Song et al. (2006) present velocity models determined by
inverting refracted and reflected arrivals along two active
source lines in the BVF (Changbaishan volcanic region).
They interpret the low-velocity zone (LVZ) beneath Mt.
Baekdu, which locates about 30—60 km to the north of
the summit of the Mt. Baekdu volcano (the most recently
active volcano in the region), about 30-75 km in north—
south extent, at most 35 km in east—west extent, and to
the depth of around 10-25 km below the surface. They
suggest that the LVZ indicates a residual crustal magma
chamber. The recent study by Ri et al. (2016) presents
receiver function results from an unprecedented seismic
deployment in the DPRK. These are the first estimates of
the crustal structure on the DPRK side of the Mt. Baekdu
volcano and, indeed, anywhere beneath the DPRK. The
results show high values of VP/VS, which suggest that
partial melt is present in the crust beneath Mt. Baekdu.
They suggest that the region of melt represents a poten-
tial source of magma erupted in the last few thousand
years and may be associated with an episode of volcanic
unrest observed between 2002 and 2005.

According to the results of seismic and geophysical
studies on Mt. Baekdu, Mt. Baekdu is an active volcano
that has magma chambers under the volcanic edifice, and
there is a possibility that Mt. Baekdu might erupt in the
future. Therefore, it is necessary to find and analyze the
historical eruption records of Mt. Baekdu and recognize
the characteristics of eruptions to prepare the future
eruptions and reduce potential hazards.

Conclusion

In addition to the current study, for the better under-
standing of the historical eruptions of Mt. Baekdu,
further volcanic studies can be conducted through dis-
covering and analyzing records that infer the eruptive
events from the Korean historical documents.

These historical records could provide data to help
understand the volcanic characteristics of Mt. Baekdu
during the Quaternary period, with a geological survey
on the volcanic tephra of the historical era around the
Cheonji caldera. Table 1 shows a comprehensive sum-
mary of the historical eruptions by year.

The volcanic ash diffusion to the eastern side of Mt.
Baekdu appears to be caused by the volcanic ash which
was sprayed like rain as volcanic ash clouds. Ash plumes
formed by explosive Vulcanian or Plinian eruptions
which was moved to the east by the westerlies. If each of
these 90 volcanic activities is considered an independ-
ent event, the average eruption interval is 45+ 72 years.
When the period of frequent volcanic activity is grouped
into eight (939-347, 1014-1124, 1199-1201, 1265-1373,
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1401-1406, 1573-1597, 1654-1702, 1903-1925 AD),
the eruption interval of Mt. Baekdu is calculated as
138+ 70 years.

If the eruption period is divided into five groups,
10-11th, 13th, 15th, 16-18th, and twentieth centuries,
the eruption interval can be calculated as 230 £ 24 years.
Therefore, the last small-scale eruption occurred in 1925,
and a geophysical investigation has identified that magma
chamber exists 10 km below the ground, that is, below
the average sea level of the Cheonji caldera of Mt. Baekdu
(Zhang et al. 2002). It has also been confirmed that there
is a magma chamber 5 km below the ground from the top
of the Cheonji caldera of Mt. Baekdu (Chae et al. 2013).
Therefore, there is a possibility of an eruption at Mt. Bae-
kdu in the future; thus, close monitoring will be required.
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