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Region 10: Kamchatka and Mainland Asia

Region 10: Kamchatka and Mainlandafsomprises volcanoes from the ChiRnakistan border in the
west to Kamchatka in the east. Five countries are represented here. The country profiles for China
and Russia include additional volcanoes from outside of this régminle 10.1).

Country Number of volcanoes
China 11 + 3 from Region 7
DPRK 3

Mongolia 5

Republic of Korea 3

Russia 120 + 1 from Region 1

Tablel0.1 Thecountries represented in this region and tihenber of volcanoesv/olcanoes located
on the borders between countries arecluded in the profiles of all countries involved. Note that
countries may be represented in more than one region, as overseas territories may be widespread.

[ | Capital city
A Volcanoes inside of region
. Volcanoes outside of region

| Countries within region

Figure 10.1 The distribution of Holocene volcanoes through Hemchatka and Mainland Asia
region. The capital cities of the constituent countries are shown.

This profile and the data therein should not be used in place of focussed assessments and information
provided by local monitoring angksearch institutions.



Description

140 Holocene volcanoes are located in Kamchatka (Russia) and Mainland Asia. Most of these
volcanoes (120) are in Russia, dominantly on the Kamchatka Peninsula. Volcanismahngedyisilie

to the subduction of the Pacific Plate beneath the Eurasian Plate, with volcanoes of the mainland
being chiefly controlled through tensional processes.

A range of volcano morphologies are present in this region, though stratovolcanoes andangtfeer

cones dominate (74). Shield volcanoes, volcanic fields and cinder cones are also common features.
Although a range of rock types are present, the composition is mostly mafic to intermediate with
basaltic and andesitic compositions most common.

Along with volcano form and composition, a range of activity styles and eruption sizes are recorded
throughout the Holocene, with eruptions of VEI 0 to 7. The most common eruption sizes are VEI 2 to
4, with about 80% of eruptions being designated as suchcatidg that moderately explosive
volcanism is a common feature of activity here. About 20% (107) of recorded sized eruptions have
0SSy tI NBS SELX2aA0S +9L xn SgSyidao ¢KS&asS SNHzLIG.
Changbaishan on the Chi¥PRK border and Ulreung, Republic of Korea. The largest Holocene
eruption in this region was the VEI 7 eruption of Changbaishan about 950 years ago. Large explosive
eruptions are recorded from 22 volcanoes back into the Pleistocene.

Twentyeight volcanoeshave historical records of 337 eruptions, 95% of which were recorded
through direct observations. 16% of historical events have involved the production of pyroclastic
flows and 12% have resulted in lahars. 26% of historical eruptions have records fidhes/a

Just 1% of historical eruptions in this region have resulted in loss of life, largely due to the low
population in this region. Most volcanoes (85%) have low proximal population, and as such are
considered relatively low risk. However, the hazav#Hl) is not classified at 90% of the volcanoes
here.

Of the historically active volcanoes, half have dedicated monitoring systems in place, with
monitoring undertaken by the Institute of Volcanology and SeismolodgyERT in Russia, the China
SeismologicaBureau and Volcano Research Centre in China, and scientists in North Korea in
collaboration with overseas research groups.

Volcano facts

Number of Holocene volcanoes 140

bdzYoSNJ 2F tfSAaG20SyS @2t OF 22

Number of volcanoegenerating pyroclastic flows 26 (136 eruptions)
Number of volcanoes generating lahars 13 (47 eruptions)
Number of volcanoes generating lava flows 46 (227 eruptions)
Number of eruptions with fatalities 5

Number of fatalities attributed to eruptions 20
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Largest recorded Pleistocene eruption The largest recorded Quaternar
eruption occurred at Diky
Greben in Kamchatka at 443 ka
with the M7.6 eruption of the
Golygin Ignimbrite.

Largest recorded Holocene eruption The 950 BP M7.4 eruption of
Changbaishan the largest
recorded Holocene eruption in
this region in LaMEVE.

Number of Holocene eruptions 781 confirmed Holocene
eruptions.

Recorded Holocene VEI range 0¢ 7 and unknown

Number of historically active volcanoes 28

Number of historical eruptions 337

Number of  Primary volcano type Dominant rock type

volcanoes

10 Caldera(s) Andesitic (5), Basaltic (4), Dacitic (1)

74 Large cone(s) Andesitic (37), Basaltic (31), Dacitic (3),
Trachytic/Andesitic (2), Unknown (1)

4 Lava dome(s) Andesitic (1), Basalt{@), Dacitic (1)

47 Shield(s) Andesitic (2), Basaltic (45)

38 Small cone(s) Andesitic (5), Basaltic (26), Phonolitic (1),
Trachytic/Andesitic (1), Unknown (5)

5 Submarine Dacitic (1), Unknown (4)

1 Unknown Unknown (1)

Table10.2 Thevolcano types and dominant rock types of the volcanoes of this region according to
VOTW4.0.

Eruption Frequency

VEI Recurrence Interval (Years)
Small (< VEI 4) 1
Large (> VEI 3) 20

Table10.3 Average recurrence interv@years between eruptiongpr small and large eruptions in
Kamchatka and West Asia

The eruption record indicates that on average small to moderate sized eruptions of VEI <4 occur in
this region with an average recurrence interval (ARI) of about a year, whilst the ARI for large
eruptions is longer, at about 20 years.
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Eruption Size

Eruptions are recorded through theamchatka and Western Asizgion of VEI 0 to 7, representing a

range of eruption styles from gentle effusive events to very large explosive erupti&@h events

dominate the record, with nearly 50% of all Holocene eruptions classed as such, and about 80% of
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Figurel0O.2Percentage of eruptions in this region recorded at each VEI tlee@lymber of eruptions
is also shown. The percentage is of total eruptions with recorded VEI. A further 218 eruptions were
recorded with unknown VEI.

SocieEconomic Fact&xcluding North Korea)

Total population (2011) 1,551,803,374
Gross Domestic Product (Ge)y capita (2005 PPP $) 4,178¢ 27,541
(Mean 13,486)
Gross National Income (GNI) per capita (2005 PPP $) 4,245¢ 28,231
(Mean 13,271)

Human Development Index (HDI) (2012) 0.675¢ 0.909 (Medium to Very
High, Mean 0.768 High)

Population Exposure
Number(percentage) of people living within 10 km of a Holoce 415,094 (0.03 %)
volcano

Number (percentage) of people living within 30 km of a Holoce 3,787,660 (0.24 %)
volcano

Number (percentage) of people living within 100 km of a 32,410,044 (2.09 %)
Holocene volcano
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Hazard, Exposure and Uncertainfyssessments
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Table10.4 Identity ofthe volcanoesn this regionin each HazardPEl group. Those volcanoes with a sufficient record for determining a hazard score are
deemed ‘Elassifie@(top). Those without sufficient data ar®&nclassifie@(bottom). The unclassified volcanoese divided into groupstU-NHHR is
Unclassified No Historic or Holocene Record: that is there are no confirmed eruptions recorded in the HeliResdJntlaged with Holocene Record:

that is there are confirmed eruptions recorded during the Holocene, but no historicall@@stevents. #HHR is Unclassified with Historic and Holocene
record.Theunclassified volcanoes Ioold have experienced unrest eriptionssince 1900 5> | yR GK2aS Ay NBR KI @S NBO2NRa
eruption.
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Population Exposure Index

Number of Volcanoes Population Exposure Index
0 7
0 6
9 5
4 4
8 3
119 2
0 1

Tablel0.5Thenumber of volcanoes ikamchatka and Mainland As@dassed in each PEI category.

Risk Levels
Number of Volcanoes Risk Level
0 Il
4 Il
10 I
126 Unclassified

Table10.6 The number of volcanoes in thk@mchatka and Mainland Astagion classified at each
Risk Level.

Hazard

1 2 3 4 5 6 7
Population Exposure Index

Figure 10.3 Distribution of theclassifiedvolcanoes of this region across Hazard and Population
Exposure Index levels. The warming of the background colours illustrates increasing Risk levels from
Risk Level-lI.
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RegionalMonitoring Capacity
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Figure10.4 The monitoring and risk levels thie historically active volcanoes in the Kamchatka and
Mainland Asia. Monitoring Level 1 indicates no known dedicated grbasdd monitoring;
Monitoring Level 2 indicates that some groumd 4 SR Y2y AG2NAy 3 aedaidSvya
seismic statios; Monitoring Level 3 indicates the presence of a dedicated groaseld monitoring
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China

Note that we include Hainan Dao, Leizhou Dao and Tengchong from Region 7 in this profile.

Description
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beyond the country's borders shows other volcanoes whose eruptions may directly affect China.

Fourteen Holocene volcanoes are located in China, in three broad coupe in the south, one in
the west and one in the nortkast. These volcanoes are related to ifplate processes. All but the
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are volcanic fields, and sihgpyroclastic and cinder cones. Changbaishan is
whilst the small cones are largely much more mafic, with basaltic compositions.

02NRSNJ gA(K
Trachytic/andesitic,

Twentytwo confirmed eruptions are recorded in China during the Holocene, from ten volcanoes.
These measwed VEI 2 to 7, indicating a range of activity from mild to very large explosive events.
The largest Holocene eruption was that of Changbaishan in 1000 AD, which deposited tephra as far

as Japan. This volcano also has a Pleistocene record of VEI 7.activity

This profile and the data therein should not be used in place of focussed assessments and information

provided by local monitoring angksearch institutions.



Four volcanoes have records of nine historical eruptions, measuring VEI 2 to 3 with over half of these
being of unknown size. No historical eruptions are reported to have caused property damage or
fatalities.

Throughout China about 380,000 people livithin 10 km of a Holocene volcano, with over 23.4
million within 100 km of one or more volcanoes. As such, many of the volcanoes individually have
very large local populations increasing the risk. Changbaishan has a moderate PEI, with about 30,000
within 30 km and over 1.6 million living within 100 km.

The China Seismological Bureau in thstitute of Geology monitoChangbaishan, Tenchong and
Wudalianchi, the former two having experienced recent unrest. Due to the history of large explosive
eruptions, nonitoring is dominantly focussed at Changbaishan, where seismic, deformation and
geochemical monitoring is undertaken. As this volcano borders the DPRK monitoring is undertaken
separately across the border. The China Seismological Bureau is undertakiagsgassments, and
currently grades Changbaishan at Risk LevdigPotential risk to Conceivable threat), Tengchong as
Risk level 3 (Potential risk) and Wudalianchi as Risk level 2 (no risk in the near future).

The Asian Disaster Reduction Center (ApR&Cluced a report on Disaster Risk Reduction in China in
2012 however they do not consider volcanic hazards in this report. They describe the disaster
management system in China, comprising a number of laws and the China National Committee for
Disaster Reaction (NCDR) and the efforts of China to address the Hyogo Framework for Action. For
full details of the disaster management system in China, see the ADRC report.

See also:

Hong, H. Et al.,, (2003) Volcano monitoring and risk assessing in China. IU&@b&0a&ct.
www.jamstec.go.jp/jamstee/iugg/htm/abstract/abst/v11/01621 11 .html

Institute of Geology, China Earthquake Administratioww.egigl.ac.cn/en/index.htm

ADRC China profile:
www.adrc.asia/nationinformation.php?NationCode=156&Lang=en&NationNum=22

Volcano Facts

Number of Holocene volcanoes 14, inclusive of one on the
border with the DPRK

bdzYoSNI 2F ttSAat20SyS @2t 0 1

Number of volcanoes generating pyroclastic flows 2
Number of volcanoes generating lahars 1
Number of volcanoes generatitgyva flows 3
Number of fatalities caused by volcanic eruptions ?15

448


http://www.jamstec.go.jp/jamstec-e/iugg/htm/abstract/abst/v11/016211-1.html
http://www.eq-igl.ac.cn/en/index.htm
http://www.adrc.asia/nationinformation.php?NationCode=156&Lang=en&NationNum=22

Tectonic setting Intra-plate

Largest recorded Pleistocene eruption The M7 Oga eruption of
Changbaishan at 448 ka.

Largest recorded Holocene eruption The 950 BP Baegdusan
Tomakomatephra eruption
from Changbaishan on the
border with the DPRK at M7.4.

Number of Holocene eruptions 22 confirmed eruptions. 4
uncertain eruptions and 1
discredited eruption.

Recorded Holocene VEI range 2 ¢ 7 and Unknown

Number of historically active \@anoes 4

Number of historical eruptions 9

Number of  Primary volcano type Dominant rock type

volcanoes

1 Large cone(s) Trachytic / Andesitic (1)

13 Small cone(s) Basaltic (9), Phonolitic (1), Trachytic / Andesitic

Unknown (2)

Table10.7 Thenumber of volcanoes in China, their volcano type classification and dominant rock
type according to VOTWA4.0.

SocieEconomic Facts

Total population (2012) 1,376,569,000
Gross Domestic Product (GDP) per capita (2005 PPP $) 7,418

Gross National Income (GNper capita (2005 PPP $) 7,945

Human Development Index (HDI) (2012) 0.699 (Medium)

Population Exposure

Capital city Beijing
Distance from capital city to nearest Holocene volcano 336.6 km
Total population (2011) 1,336,718,015
Number (percentage) gieople living within 10 km of a 381,848 (<1%)

Holocene volcano

Number (percentage) of people living within 30 km of a Holoc 2,745,202 (<1%)
volcano
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Number (percentage) of people living within 100 km of a 23,492,100 (1.8%)
Holocene volcano

Ten argest cities, as measured by populati@md their population size

Shanghai 14,608512
Taipei 7,871,900
Beijing 7,480,601
Hong Kong 7,012,738
Wuhan 4,184,206
Chongging 3,967,028
Chengdu 3,950437
Tianjin 3,766,207
Shenyang 3,512,192
Harbin 3,229,883
Infrastructure Exposure

Capital city

Cities > 100 km from volcano '
Ports

Airports

Volcanoes inside of region

O
®
®
P
A
A

Volcanoes outside of region
100 km buffer zone
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Ports, airports and the major cities are just some of the infrastructiua¢ may be exposed to
volcanic hazards.
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Number ofairports within 200 km of a volcano 1

Number ofports within 100 km of a volcano 4
Total length of roads within 1200 km of a volcano (km) 12,059
Total length of railroads within 100 km of a volcano (km) 2,645

The volcanoes of China are widesprehbughout the country. Those volcanoes in the west of the
country are inland, away from the coast and ports, and distal to the largest cities in China which are
concentrated in the east of the countrfhe Hainan Dao and Leizhou Bandao volcanoes in thth so
have ports and an airport within 100 km radius. Further airports are located in the radii of the
northern volcanoes, though none of the ten largest cities are exposed. An extensive road and rail
network falls within the radii. Some of the volcanoes éheare located on the border with
surrounding countries, with their 100 km radii extending into these countries including Myanmar,
the DPRK, Mongolia and the Tibet Autonomous Region.

Hazard,Uncertaintyand Exposuré\ssessments

The eruption record for thevolcanoes in China are not sufficiently extensive or detailed to enable
assessment of the hazard through the calculation of the VHI without large uncertainties, and these
volcanoes are therefore unclassified. Out of the 22 confirmed Holocene eruptions didyeseven

have a known VELI. Four volcanoes have a historical eruption record, two of which have erupted since
1900 ADx Kunlun Volcanic Group and Changbaishan. Changbaishan has a record of three Holocene
SNHzLJGA2Yy & 2F 9L xnHB1080ADf dzZRAY 3 | 9L T SNMUzLIWIAZ2Y

The PEI in China ranges from low to very high, with over half the volcanoes havingPPEh8& risk
levels are unclassified as hazard is not known.
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Table10.8Identity of/ K A ydicénaes in each HazaREI group. Those volcanoes with a sufficient

record for determining a hazard score are deeried £ | a(tp). THo&: Rvithout sufficient data are
Wnclassifiefbottom). The unclassified volcanoese divided into groupdJ-NHHR is Unclassified

No Historic or Holocene Record: that is there are no confirmed eruptions recorded in the Holocene. U

HR is Unclassified with Holocene Record: that is there are confirmgtibesurecorded during the
Holocene, but no historical (pe$b00) events. YHHR is Unclassified with Historic and Holocene
record. Theunclassified volcanoes bold have experienced unrest eruptionssince 1900AD, and

those inred have recordsof & &G 2y S | 2t 20Sy S +9L xn SNUzLIIA2Yy @

National Capacity for Coping with Volcanic Risk

Four Chinese volcanoes have historical records of eruptions. At the time of the writing of this report
no information is available to indicate the presence of dedicatedigd-based monitoring aHainan

Dao or Kunlun Volcanic Fieldowever, the Institute of Geology, China Seismological Bureau monitor
three: Changbaishan using at least one permanent seismic station, deformation and gas
measurements; Wudalianchi using seisnsitations; andthe Holocene agelenchong using an
integrated monitoring network.
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Figure10.7 The monitoring and risk levels of the historically active volcanoes in China. Monitoring

Levell indicates no known dedicated groubdsed monitoring; Monitdng Level2 indicates that
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Description

d e W 1™
[ ] Capital city
- A Volcanoes inside of region
- Volcanoes outside of region
@ Cities < 100 km from volcano
- @ Cities > 100 km from volcano
200 km buffer zone

Figure10.8[ 2 Ol GA2y 2F GKS 5SY2O0N}FGAO tS2L)X SQa wS Lz
largest cities. A zone extending 200 km beyond the country's borders shows other volcanoes whose
eruptions may directly affect the DPRK.

Three Holocene volcanoes are recorded in the DPRK. One lies on the border with the Republic of
Korea, whilst two others are located in the north of the country, on the border with China. These
volcanoes are related to ird-plate processes, although this is not confirmed.

Changbaishan (the Chinese name for the volcano) is a large stratovolcano on the border with China.
It is also known as Baektu, Paektu, Baegdu and Baitoushan, amongst other names. This is the only
volcanoin the DPRK to have a Holocene record of confirmed eruptions. The other two are suspected

of having Holocene age activity.

Eight eruptions of VEI 2 to 7 are recorded at Changbaishan between 2160 BC and 1903. In 1000 AD
the Millennium Eruption occurred.iA 9L T GKAA& Aa 2yS 2F (G(KS g2NI
depositing rhyolitic and trachytic tephra as far as northern Japan and forming the present caldera.

This caldera, measuring 5 km wide and 850 m deep is now filled by Lake Tianchi.

This profile and the data therein should not be used in place of focussed assessments and information
provided by local monitoring angksearch institutions.



The eruptivehistories of volcanoes in the DPRK are limited, and further research is required to
better understand volcanism in this country and the hazards posed.

The China Seismological Bureau has installed monitoring equipment on the China side of
Changbaishannl2002- 2005 this began to show seismic activity and deformation of the flanks.
Following this, scientists in the DPRK reached out for international collaboration to install monitoring
equipment in the DPRK to more fully understand the workings of theamol A network of
seismometers has been installed in collaboration with scientists from the UK and US. Ongoing
collaboration with scientists in the DPRK should permit further understanding of the volcanic

LINE OS5daSa KSNB | yR ¢ A 6 dbilinkte rhafitbramdiresearShEvaltanyicRactivinKk S 5t v
using techniques and research not otherwise easily accessible to them.

See also:

Stone, R. (2013) Sizing up a slumbering gieience6 September 2013: 10601061.

Volcano Facts

Number of Holocen&olcanoes 3, inclusive of one on the borde
with China and one on the
border with the Republic of
Korea

bdzYo SNJ 2F tfSAad20SyS @2f OF 1
Number of volcanoes generating pyroclastic flows 1
Number of volcanoes generating lahars 1
Number of volcanoes generating lava flows -
Number of fatalities caused by volcanic eruptions -
Tectonic setting Intra-plate

Largesrecorded Pleistocene eruption The M7 Oga eruption of
Changbaishan at 448 ka.

Largest recorded Holocene eruption The 950 BP Baegdusan
Tomakomai tephra eruption
from Changbaishan on the
border with China at M7.4.

Number of Holocene eruptions 8 confirmed eruptions. 5
uncertain eruptions.

Recorded Holocene VEI range 2 ¢ 7 and unknown
Number of historically active vcdnoes 1
Number of historical eruptions 4
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Number of  Primary volcano type Dominant rock type

volcanoes

1 Large cone(s) Trachytic / Andesitic (1)
1 Shield(s) Basaltic (1)

1 Unknown Unknown (1)

Table10.9Thenumber of volcanoes in the DPRK, their volcano type classification and dominant rock
type according to VOTWA4.0.

SocieEconomic Facts

Total population (2012) 24,763,000
Gross Domestic Product (GDP) per capita (2005 PPP $) -

Gross National Income (GNBrcapita (2005 PPP $) -

Human Development Index (HDI) (2012) -

Population Exposure

Capital city Pyongyang
Distance from capital city to nearest Holocene volcano 157.2 km
Total population (2011) 24,457,492
Number (percentage) of people living witHio km of a 23,737 (<1%)

Holocene volcano

Number (percentage) of people living within 30 km of a Holoc 406,248 (1.7%)
volcano

Number (percentage) of people living within 100 km of a 2,430,099 (9.9%)
Holocene volcano

Ten hrgest cities, as measurdy populationand their population size

P'yongyang 3,222,000
Hamhung 559,056
Kaesong 338,155
Wonsan 329,207
Ch'ongjin 327,000
Sinuiju 288112
Haeju 222396
Kanggye 209530
Sariwon 154,942
Hyesan 97,794
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Infrastructure Exposure

Number ofairportswithin 100 km of a volcano 0
Number ofports within 100 km of a volcano 1
Total length of roads within 1200 km of a volcano (km) 4,147
Total length of railroads within 100 km of a volcano (km) 829

The volcanoes in the DPRK border China to the north and the Republic of Korea to the south, thus
exposing parts of these countries to the volcanic hazard. Two of the largest cities in the DPRK are
located within the 100 km radif Kaesong and Hyesan, thegposing an extensive road and ralil
network. Pyongyang lies at over 150 km from a Holocene volcano.

Capital city s )
Cities < 100 km from volcano .
Cities > 100 km from volcano :‘y
Ports

Airports

Volcanoes inside of region

»prH+ oo e

Volcanoes outside of region
100 km buffer zone

Figure10.9¢ KS  20F A2y 2F GKS 5twYQa @2t O0ly2Sa |y
them. Ports, airports and the major cities are just sorhthe infrastructurethat may be exposed to
volcanic hazards.
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Hazard,Uncertaintyand Exposuré\ssessments

Only Changbaishan on the border between the DPRK and China has a Holocene eruption record

KSNBT

- A Iy 2 A yyBrig have: nb Ronfirnie@ Hzidbhe eruptions. Without a detailed

eruption record, inclusive of eruption sizes, hazard assessment through the calculation of the VHI is
not viable without large uncertainties. These volcanoes are therefore unclassified. Changbaishan,
though unclassifiedsiknown to have a record of large explosive eruptions, including two Holocene
VEI 4 events and one VEI 7 eruption in 1000 AD. This volcano also has erupted, on a smaller scale,

since 1900 AD.

Changbaishan has the lowest PEI in the DPRK, at a PE| of@3AX/aR | 2

larger local populations.
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Tablel10.10Identity of5 t w VYalz@noes in each HazaREI group. Those volcanoes with a sufficient
record for determining a hazard score are deerted f | a(p). THos Without sufficient data are
Wnclassifie@bottom). The unclassified volcanoase divided into groupdJ-NHHR is Unclassified

No Historic or Holocene Record: that is there are no confirmed eruptions recorded in the Holocene. U

HR is Unclassified with Holocene Record: that is there are conferaptions recorded during the

Holocene, but no historical (pe$b00) events. YHHR is Unclassified with Historic and Holocene

record. Theunclassified volcanoes bold have experienced unrest eruptionssince 1900AD, and
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National Capacity for Coping with Volcanic Risk
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Only Changbaishan has a historical record of activity. This volcano is monitored on the China side of
the border by the China Seisfogical Bureau using both permanent and mobile seismic stations and
mobile deformation stations. In the DPRK, a seismic network comprising six seismic stations was

installed and is monitored by scientists at Imperial College London and Cambridge Uniitéigit

along with scientists in North Korea, in a collaborative effort that began in 2011.
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Figure 10.10 The monitoring and risk levels of the historically active volcanoes in the DPRK.
Monitoring Levell indicates no known dedicated groubdsed monitoing; Monitoring LeveR

indicates that some ground 8 SR Y2y AG2NAy3 &aeadsSvya |NB Ay LI I
Monitoring Level3 indicates the presence of a dedicated grodmaded monitoring network,
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