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Summary

This Global Theme Study examines the position of volcanoes and volcanic features in relation to the World
Heritage List. It was commissioned by the IUCN, following a request of the World Heritage Committee which
observed that volcanic features are now well represented on the List and any future nominations of volcanic
World Heritage propertiest should be limited only to those that fill the most significant gaps in the present
coverage. The study therefore has set out to define what constitutes a volcanic World Heritage property and
establish a technical framework under which such properties might be evaluated in the future and possible
priorities for further recognition. It has also considered the particular challenges that might be faced by a State
Party in the management of a volcanic World Heritage property.

The study examined the records of the 878 properties on the current World Heritage List (including all
properties listed up to and including the Committee meeting in 2008 (32" Session of the World Heritage
Committee, Québec City), as well as 1468 sites proposed for nomination in the Tentative Lists of State Parties.
It was found that while there are 57 properties that have some volcanic geology, 27 of these contain active
volcanoes?. Furthermore, because many of the properties with active volcanism contain more than one
volcano, it is estimated that the World Heritage List may contain over 100 active volcanoes, which is over
6% of all the world’s Holocene subaerial volcanoes. Examination of the Tentative Lists revealed a further 40
volcanic properties, 25 with one or more active volcanoes, these latter properties containing over 70 Holocene
volcanoes.

The World Heritage List therefore represents a most important mechanism for protecting the global volcanic
estate. The volcanic properties on the List display a wide variety of volcanic forms and features, including
single active, dormant or extinct volcanic edifices; complex, large scale, active volcanic groups and landscapes
representative of particular plate tectonic settings; individual volcanic landforms or features, or combinations
of these; eroded remains of former volcanoes; and significant hydrothermal and fumarolic systems. The study
found that the volcanic properties on the World Heritage List exhibit virtually all types of major and subsidiary
constructional and erosional (destructional) volcanic landforms.

While the World Heritage List appears to possess good overall representation of volcanic features, deeper
analysis in the context of plate tectonic setting, landform and geopolitical boundaries has revealed some
gaps that might be filled by future nominations. For example, some important features of basaltic volcanism
not so far included are fissure volcanoes, sub-glacial volcanic edifices and continental flood basalts, while
features of more silicic volcanism that might be better represented are calderas and large ash or pumice flows
(ignimbrites). Also worthy of consideration for nomination to the World Heritage List are some of the world’s
most iconic volcanoes.

In its consideration of the management of volcanic World Heritage properties, the study has discussed the
concept of ‘integrity’ in relation to existing and proposed future volcanic World Heritage properties. This
concept is important in defining and containing the volcanic ‘system’, and the protection of geological values,

1. The World Heritage Convention and its Operational Guidelines consistently refer to World Heritage Sites as ‘Properties’ (i.e., the area
of land inscribed on the World Heritage List is a “property”). The term World Heritage property is therefore used throughout this report
in preference to the term World Heritage site. However, the use of the word “property’ in this context should not be confused with the
use of the word “property” to mean a quality or characteristic (i.e., as in the properties or characteristics of a volcano, or its scientific
properties).

2. volcanoes listed in the database of the Smithsonian Institution’s Global Volcanism Program as having been active during the Holocene
period, or the last 10,000 years.
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both in themselves and as a part of integrated ecosystem management. One other important aspect of
management not usually so dominant in other natural World Heritage properties is the hazardous behaviour
of many volcanoes, necessitating the scientific monitoring of volcanic activity, as well as the preparation up of
Hazard Assessments, Hazard Zone Maps and Risk Contingency Plans.

IUCN World Heritage Studies 2



Introduction

Volcanoes are perhaps the best known and most spectacular of the Earth’s geological features, and the
importance of some as outstanding earth-science features is recognised in their status as natural World
Heritage properties. From the beautiful, soaring cone of Mt Kilimanjaro in Kenya, to the infamous Krakatau, a
part of the Ujung Kulon National Park in Indonesia, or the giant slumbering caldera of Yellowstone in the United
States of America, World Heritage volcanoes provide a diverse range of volcano types, geographical locations
and eruptive activities.

Volcanoes capture the public’s imagination
not only as beautiful and fascinating
landforms, but also features whose
enormous power may threaten society. Not
so widely appreciated is that the formation
of the planet and the existence of life on it
have been dependent upon the activity of
volcanoes throughout geological time. If
the ocean floors are included, over 80%
of the Earth’s surface is of volcanic origin,
while the gases emitted from volcanoes

Plate 1: 1977 eruption of Krafla, NE Iceland, a fissure volcano on

Iceland’s Tentative List (photo: S. A. Thorarinsson)

over hundreds of millions of years were instrumental in forming the Earth’s earliest oceans and atmosphere.
These gases provided the ingredients vital to evolve and sustain life. Volcanoes are therefore true wonders
of the planet and it is appropriate that notable ones have been recognised to be worthy of special protection
through their inclusion on the World Heritage List.

Volcanoes are not randomly distributed over the Earth, but are found over areas where hot liquid rock (magma)
has been able to rise and escape onto the Earth’s surface. As seen in Figure 1, volcanoes occur mainly along
the boundaries of the Earth’s lithospheric (tectonic) plates, or at places in the interior of plates where rising
magma has punctured the crust (a place known as a ‘hot spot’). However, it should be remembered that the
present-day distribution of volcanoes is a reflection of the current arrangement of lithospheric plates, and that
in the geological past the pattern of plates and therefore the distribution of volcanoes changed constantly
throughout time. This means that in addition to present day volcanoes, we also find evidence of ancient
volcanism in the historical, or stratigraphical, record, at locations typically remote from any current plate
boundary or hot spot.

What are volcanoes? To the scientist, they provide vital clues on the internal workings of the Earth. They
represent the places where hot, buoyant magma ascends from the upper mantle or lower crust and migrates
toward the Earth’s surface. The magma’s ascent may be arrested in the crust, where it may crystallize to form
an intrusive body of igneous rock, or it may travel to the surface and break out (erupt) to build a suite of diverse
volcanic landforms. However, the landforms that the erupting material constructs are varied in scale and form,
determined both by the chemical and physical properties of the magma, and the style and environment of the
eruption.

Crucial to the behaviour of any volcano is the rheological, or flow, properties of the magma, the most important
being its viscosity. Viscosity in turn is determined by the magma’s chemical composition, gas content and
degree of crystallisation. The more viscous the magma, the more explosive the eruption, producing a higher
proportion of ejected fragmentary material. Thus, if the magma is relatively fluid (low viscosity), its effusion will
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Figure 1: Map showing the Earth’s tectonic plates and distribution of active volcanoes (courtesy of USGS).
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normally take place without significant explosive activity (unless water enters the system), which is a style of
eruption that will form lava plains, lava fields and low-angled shield volcanoes. If the viscosity of the magma is
high, escaping gases are released explosively, blasting magma and fragments of the pre-existing volcano into
the air, to fall back to Earth as bombs, lapilli, or ash, collectively known as pyroclastic material. Such activity,
combining lava flows and pyroclastic deposits, builds steep conical mountains, known as stratovolcanoes,
surmounted by one or more craters of different types. As a further variant, magma with particularly high
viscosity can be slowly extruded from vents, like toothpaste from a tube, to form mounds of varying sizes,
known as lava domes. However, this is a very simple interpretation, and in reality there is a great diversity of
eruption styles and volcanic constructions.

Given their large scale, and their powerful and unpredictable behaviour, the protection of the heritage values
of volcanoes and volcanic landscapes is a challenging task. To date, their conservation has been rather
haphazard, partly because of the remoteness and apparent barrenness of volcanic terrains, and also because
many conservation agencies have considered that such geological resources are little threatened. However,
this approach is far from the truth and the integrity of many of the world’s volcanic landscapes and features
are under threat from such things as recreational overuse, mineral extraction and encroaching development.
In addition, it should not be forgotten that volcanoes are hazardous environments, and while management
intervention is often necessary to achieve conservation goals, it is also an essential means by which the risks
to communities living on and around volcanoes may be reduced.

IUCN World Heritage Studies 4



The purpose of the study

This report provides a review of the volcanic landforms and landscapes inscribed on the World Heritage List. It
also reviews those included on the Tentative Lists of States Parties to the World Heritage Convention that may
be proposed for nomination in future, and other significant volcanic features that might have the potential to be
added to the List. The report arises following a decision adopted by the World Heritage Committee (Decision
31 COM 8B.17, paragraph 6):

“The World Heritage Committee requests IUCN to evaluate the volcanic systems inscribed on the
World Heritage List and on the Tentative Lists of States Parties and to present a thematic study for
consideration of the Committee.”

This decision was made in response to the advice of IUCN that volcanic features are relatively well represented
on the List, and thus suggesting a decreasing potential for further nominations of volcanic properties related to
the remaining gaps in the present world coverage. Reporting to the World Heritage Committee in July, 2007,
IUCN drew the Committee’s attention to this issue and recommended undertaking a thorough global analysis,
as follows:

“IUCN notes that volcanic systems are relatively well represented on the World Heritage List,
including several properties whose inscription was justified on the basis of arguments that are
considered by a number of experts to be rather narrow. There are a large number of volcanoes
worldwide and at a detailed level every one of these can assert that it is in some way unique. In
1996 IUCN noted that the World Heritage Committee had already asked “how many volcanoes
should there be on the World Heritage List?”

In the interests of maintaining the credibility of the World Heritage List, IUCN considers that
there is increasingly limited scope to recommend further nominations for inclusion on the World
Heritage List. In particular, IUCN recommends that the World Heritage Committee should consider
indicating clearly to State Parties that further volcanic nominations should only be promoted

where:

. There is a very clear basis for identifying major and distinctive features of outstanding
universal value that has been verified by a thorough global comparative analysis;

. The basis for claiming outstanding universal value is a significant and distinctive feature

of demonstrable and widespread significance, and not one of many narrow and specialized features
that are exhibited within volcanic terrains. IUCN recommends that State Parties considering
volcanic nominations carry out an initial global comparative analysis prior to proceeding with the
development of a full nomination, in order to minimize the possibilities of promoting a nomination
that will not meet the requirements of the World Heritage Convention, including those concerning
the conditions of integrity.”

The brief for this study therefore calls for a review of sites included, or with the potential to be included, on the
World Heritage List. Sites to be reviewed have been defined by IUCN as:

a) Landscapes that are formed by the primary action of volcanic and igneous processes and are of potential
Outstanding Universal Value (OUV), but will not include landscapes formed in igneous terrains by secondary
processes.

5 IUCN World Heritage Studies



b) Volcanic and igneous features of outstanding and universal importance in relation to geoscience, including
its accessibility and comprehension by civil society (i.e., does not include sites with values that are only of a
specialised scientific importance), and an overview of the requirements necessary to meet the conditions of
integrity and management at such sites.

The purpose of this study is therefore to advise State Parties on:

a) the scope of volcanic values already represented on the World Heritage List;

b) the potential and priorities for future recognition of volcanic landscapes and features on the
World Heritage List;

c) the requirements for integrity and management that should apply to such sites.

IUCN World Heritage Studies 6



Defining the scope of the study

What is a volcanic World Heritage property?

This report defines a volcanic World Heritage property as one that contains geological structures and landforms
constructed from volcanic, or igneous, rocks (see Text Box 1 for definition). These are rocks derived from a
liquid magma that was intruded into, and often extruded onto, the Earth’s crust. Such activity has been
prevalent throughout geological time, and while eruptions that have taken place in the recent past still exhibit,
or are still building, constructional landforms on the Earth’s surface, the results of older eruptions have been
partly or wholly destroyed by surface erosive processes. Yet, even when deeply eroded, volcanic terrains
may include important landforms, either as features formed by the dissection of the volcanic cone, or by
the complete removal of the weaker material of the cone to leave the hard skeleton of the intrusive features
upstanding in the landscape (sometimes known as inverted topography).

Volcanic features therefore may be divided into:

1. Primarily constructional features - those principally formed by explosive and/or effusive volcanic activity (i.e.,
formed by endogenetic processes, or those geological processes originating from within the body of Earth)

2. Primarily destructional features - those formed by the weathering and erosion of the Earth’s land surface
(i.e., formed by exogenetic processes, or those originating outside of the Earth’s crust, at the

interface of the lithosphere with the atmosphere, hydrosphere and biosphere).

There is inevitably overlap between these two types of features, because even during their construction new
volcanoes suffer some exogenetic degradation, such as landslides, fluvial and even glacial erosion, and one
should consider the forms of many volcanoes to have evolved from a mixture of both types of processes.

This study of volcanic World Heritage properties has been approached from the standpoint of geomorphology,
or physical landscape. It embraces volcanic landforms and landscapes that have been formed by varying
combinations of endogenetic or exogenetic processes. Furthermore, it recognises that volcanoes may vary
greatly in shape and size, ranging from small cinder cones and tuff rings to enormous edifices, such as the
towering stratocone of Sangay, Ecuador, or the gigantic volcanic shields of Mauna Loa and Mauna Kea, on
Hawaii Island, USA, which are the largest individual mountain structures on the planet. It is also important
to note that these larger structures will contain on their flanks a range of subsidiary features, including such
phenomena as calderas and craters, rift zones and fissures, lava domes, collapse scars, scoria cones, tuff
cones and tuff rings, maars, pit craters, lava flows with lava channels and lava tube caves, and debris lobes
produced by collapse or lahars (see Figure 2). A further consideration is that scientists now recognise that
several apparently individual volcanoes may be parts of the same volcanic system, each volcano tapping a
common magma source, as explained in Text Box 1.

The conceptual approach taken here has been to consider volcanic World Heritage properties within the general
term volcanic landscape, and that each landscape is composed of an assemblage of volcanic landforms.
However, it should also be recognised that there are some ‘volcanic’ landscapes that do not have distinctive
landforms, but contain abundant evidence in their rocks and underground structures of former volcanic activity.
Adding further complexity to the definition is the fact that a volcanic landform may be a composite feature (e.g.,
a polygenetic stratovolcano), representing a single landform in its own right, but also containing a range of
subsidiary features.

7 IUCN World Heritage Studies



TEXT BOX 1: Nomenclature and diversity of igneous rocks

Igneous rocks are those that are formed by the cooling and crystallization of a liquid magma. As will be explained
below, magmas have a wide range of chemical compositions, and each may crystallize to produce a variety of min-
erals. Igneous rocks are aggregates of these interlocking mineral crystals, the relative proportions of the various
minerals being dependent upon the unique chemistry of the original magma.

Nearly all magmas are silicate melts, or ‘liquid’ glass (there are a few rare and unusual classes of igneous rocks,
such as carbonatites, that are derived from magmas composed primarily of non-silicate minerals, such as carbon-
ates). On crystallization of a silicate melt, different minerals form when the silicate molecule combines with other
elements. The common families of minerals forming igneous rocks are quartz, feldspars (and feldspathoids),
micas, amphiboles, pyroxenes, and olivines. Silica accounts for 40-75% of most igneous rocks by weight and
modern classifications categorize igneous rocks according to their relative proportions of the silicate minerals.

Thus:

Rocks whose minerals have a high silica content, such as rhyolites or granites, are termed felsic or silicic (the word
felsic is derived from feldspar and silica),

Rocks whose minerals have a low silica content, such as basalts or gabbros, are termed mafic or basic (the word
mafic is derived from magnesium and ferric, or iron).

A further important point is that mafic minerals crystallize at higher temperatures than do the felsic minerals. In
other words they appear earlier in a cooling magma.

Classification of igneous rocks

Igneous rocks may be classified on the basis of their silica content and texture. Texture relates to the size of the
mineral crystals that make up the rock, larger crystals signifying slower cooling, providing a longer time for crystals
to grow, while smaller crystal signify more rapid cooling. Sometimes magma may be cooled so fast that there is no

time for discrete crystals to grow, and the resulting rock has the appearance of a glass.

A simple classifiction of igneous rocks is as follows:

A0 . L Intermediate | Basic (mafic) UItra-basic_:
(Felsic or silicic) (Ultra-mafic)
Coarse Large intrusion Granite Diorite Gabbro Peridotite
Intermediate Small intrusion Diorite Dolerite
Fine Extrusive (lava) Rhyolite Andesite Basalt Komatite
Glassy Obsidian

Black or grey-coloured basalt is the archytypal basic, fine-grained rock (coarse-grained equivalent is known as
gabbro). It has low silica content and is composed primarily of the minerals plagioclase feldspar, pyroxene and
olivine. In contrast, the most felsic fine-grained rock is rhyolite (coarse-grained equivalent is granite). This rock
is light in colour, has high silica content, and consists largely of quartz, feldspar and mica. Intermediate between
these are rocks known as andesites.

For further understanding of the diversity of igneous rocks and their classification, the reader is directed to one of
the standard physical geology texts, such as Press et al. (2004), or Murck and Skinner (1999).

What is an active volcano?

Any volcano, if it is not currently erupting, may be in a period of repose between eruptions, when it is said
to be dormant, or in fact is not likely to erupt again, when it is said to be extinct. The usual assumption is
that an active volcano is one that is currently erupting or has erupted during recorded history. However, the
Smithsonian Institution’s Global Volcanism Program (GVP), the most authoritative source on the activities of

the world’s volcanoes, takes a longer term view:

IUCN World Heritage Studies




“Because dormant intervals between
major eruptions at a single volcano
may last hundreds to thousands of
years, dwarfing the relatively short
historical record in many regions, it is
misleading to restrict usage of the term
“active volcano” to recorded human
memories: we prefer to add another
identifying word (e.g. “historically
active” or “Holocene volcano”).”

On the basis of its database of volcanic activity
around the world, the GVP notes (see Text Box 2)
that at any one time there may be 20 volcanoes
in eruption, while the historical record has shown
that roughly 60 volcanoes erupted each year in
the 1990s, 154 in the decade 1990-1999, about
550 in the historic period, and as many as 1573 in
the last 10,000 years - a period of geological time
known as the Holocene. This review will adopt the
definition of ‘active volcano’ provided by the GVP
as one that has been in activity in the last 10,000
years and will use the term ‘holocene volcano’ as
one synonymous with ‘active volcano’.

Figure 2: Diagram showing eruptive processes and

products (courtesy of USGS).
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TEXT BOX 2: How many active volcanoes are there in the world?

perhaps 20
50-70
about 160
about 550
about 1300
about 1500

Abstracted from Smithsonian Institution’s Global Volcanism Program, Frequently Asked Questions, see: http://

Usage [of the term “volcano”] has varied widely, [and has been] applied to individual vents, measured in meters,
through volcanic edifices measured in tens of kilometers, to volcanic fields measured in hundreds of kilometers.
We have tended toward the broader definition in our compilations, allowing the record of a single large plumbing
system to be viewed as a whole, but this approach often requires careful work in field and laboratory to establish
the integrity of a group’s common magmatic link. The problem is particularly difficult in Iceland, where eruptions
separated by many tens of kilometers along a single rift may share the same magmatic system. A “volcanic field”,
such as Mexico’s Michoacan-Guanajuato field (comprising nearly 1,400 cinder cones, maars, and shield volcanoes
derived from a single magmatic system, dotting a 200 x 250 km area) may be counted the same as a single vol-
canic edifice. Perhaps the most honest answer to the number question is that we do not really have an accurate
count of the world’s volcanoes, but that there are at least a thousand identified magma systems - on land alone

Note: This does not include the large number of eruptions (and undescribed volcanoes) on the deep sea floor. Es-
timates of global magma budgets suggest that roughly 3/4 of the lava reaching Earth’s surface does so unnoticed
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Volcanoes are complex constructions

An important consideration is that volcanoes are formed from repeated episodes of volcanic activity, many
forming over a time span of hundreds of thousands of years, and some remaining active for millions of years
(e.g., the activity which built Jeju Island (Mount Halla), Korea, began about 0.8 million years ago, while the Las
Cafadas edifice, Tenerife, Spain, may have an age of over 3.5 million years). This means that older edifices
may be the complex constructions of a relatively long history of eruption, this activity usually being punctuated
by large sector collapse (landslip), or violent caldera collapse, and suffering from continuous degradation by
weathering and erosion.

Chemical changes in the magma chamber

A further consequence of the longevity of some volcanic systems is that the magma chamber beneath the
volcano may cease to be refreshed from its deep magma source and, as the magma cools, it may undergo a
process of fractional crystallization (see Text Box 3) to produce progressively more silicic and/or alkalic melts.
This means that over time the eruption style and therefore the form (shape) of the volcano may also change,
the volcanic edifice having started as a basalt plateau, shield or scattered mafic cones, but eventually being
surmounted by a steeper stratocone built from the more explosive products as the magma evolves.

Degraded volcanic cones and domes

As noted above, volcanic cones are relatively unstable features and easily collapse or are prone to dissection,
particularly by fluvial and glacial erosion. Because these processes are exogenetic in origin, they are often
overlooked by volcanologists, but erosional features may be of significant form and scale, transforming the
shape of the original edifice. They may include immense collapse scars and debris lobes, as on the flanks
of the islands of Tenerife and La Palma in the Canary Islands (Spain), or extensive canyons and gorges
cutting deep into the structure of volcanoes. Volcanic islands in the moist tropics are particularly prone (but
not exclusively so) to such dissection, with ash cones patterned by radiating stream-cut gullies and ravines,
and larger edifices spectacularly dissected by immense amphitheatre valleys, and ‘erosion calderas’. Such
exogenetic volcanic landforms have not previously been the subject of a World Heritage property nomination,
although the impressive valleys and amphitheatres dissecting the giant shield volcanoes of Reunion Island in
the Indian Ocean is a proposed future nomination on the Tentative List of France (Pitons, cirques et remparts
de I'lle de la Réunion).

Exposed intrusive forms

In addition to contemporary volcanic processes and landforms, geologists are interested in the remains of
ancient volcanoes that have been buried within the stratigraphical succession of rocks laid down over time.
Evidence of former volcanic activity may be found in vertical geological sections exposed in cliff faces and
valley sides, or in the patterns made by rock structures on the ground surface. Exposures, or sections, of
volcanic rock sequences from the geological past have not, to date, been considered strong candidates as the
subject of a World Heritage nomination. The exception is when beds of volcanic rock coincidentally form parts
of a larger stratigraphical series that illustrate a particular tectonic event, or when they have become exposed
because of collapse or the explosive disruption of the flanks of a volcano. Such rock sequences are difficult to
identify from the documentation of World Heritage properties and while attempts will be made here to identify
all sites with volcanic bedrock, its significance cannot be effectively evaluated unless the volcanic beds form
recognisable landforms.
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TEXT BOX 3: Reasons for magmas of different compositions

Magma originates in the Earth’s mantle and lower crust as a result of melting of the mantle rock. Such melting

is controlled by three things: composition of the material being melted, temperature and pressure, However, the
generation of magma is complex, requiring understanding of a number of separate processes. The overall term
for the various processes by which magmas are generated and undergo further chemical change during cooling
and emplacement is known as magmatic differentiation. As the term implies, the end products are magmas and
igneous rocks which are chemically distinct one from another.

Partial melting

Magma is thought to be produced by partial melting of the mantle rock. Laboratory experiments have shown that
an igneous rock does not melt completely at any given temperature. This is because the minerals composing the
rock melt at different temperatures. As temperatures rise, at any particular temperature some minerals have melted,
while others remain solid. The fraction of rock that has melted at a given temperature is called the partial melt, and
clearly the magma that is generated by this process will have a very different chemical composition than the rock
from which it originated, or a magma that was generated at a higher or lower temperature.

Processes leading to melting of the mantle rock

The two most important reasons for melting of mantle rock are:

1) lowering of the confining pressure as hot mantle material rises toward the crust in convection currents and plumes
2) the role of water in lowering the melting temperature.

1) Pressure and temperature in the Mantle increases with depth. Clearly, pressure deep in the Mantle is many
thousands of times higher than pressure at the surface, and this pressure at depth keeps mantle rock solid, even at
very high temperatures. It therefore follows that the lower the pressure, the lower the temperature required to melt
a rock.

It is thought that radiactive decay of some minerals and the great heat generated at the core/mantle boundary raises
the temperature of mantle rock sufficient to make it expand. This expansion lowers the density of the rock, causing

it to rise bouyantly, and convect. As the rock rises through the mantle, the surrounding pressure decreases below a
critical point, enabling the convecting rock to melt. Geologists call this process decompression melting, and it is
responsible for the production of the greatest volume of molten rock.

2) Experiments have also shown that volatiles (especially water) play an important role in lowering the melting
temperature of mantle rocks. This is particularly important at convergent plate boundaries where water contained
in ocean floor sediments and rocks may be carried deep into the subduction zone, then released into the mantle
wedge above the subduction zone, inducing rocks there to partially melt. This mechanism is known as fluid-
induced melting.

Magmas generated by decompression melting tend to be of basaltic composition because in the main they originate
from the partial melting of mantle rock, , known as peridotite, which is rich in iron and magnesium. This basaltic
magma erupts in great volumes at mid-ocean ridge and hot spot volcanoes.

In contrast, magmas generated by fluid-induced melting are more varied depending on how much and what kind

of materials make-up the subducting ocean floor. These materials include water, mixtures of seafloor sediments,
and a mixture of basaltic and felsic crust. As they subduct into deeper regions these rocks are exposed to higher
pressures and temperatures, in the process losing water and other materials to the wedge of mantle that lies
between it and the base of the Earth’s crust. This generates magma that rises bouyantly to form magma chambers
in the overlying crust. As this magma rises, its chemistry may be changed as a result of cooling and fractional
crystallization (see below), contamination by the assimilation of wall rocks, the mixing of two or more magmas, or
even mixing with later injected magma. The result is the production of a great diversity of igneous melts, whose rock
equivalents are more felsic (i.e., silicic) than those rocks erupted at mid-ocean ridges and hot spots.

Fractional crystallization

Fractional crystallization is one of the most important mechanisms that contribute to magmatic differentiation. It

is the term given to the segregation and removal from the melt of mineral precipitates. The process operates in

a cooling magma chamber and takes place because different minerals crystallize at different temperatures (we
have already seen that different minerals melt at different temperatures). Thus, as temperature falls in a magma
chamber, early formed higher temperature crystals sediment out, leaving a liquid depleted of the chemical elements
used to build those crystals. The process is very complex, particularly in nature, and some of the early formed
mineral crystal may react with and continue to influence the chemistry of the melt, while other will be lost altogether
from the melt. Nevertheless, because minerals of basic composition tend to be the earliest formed, the process
generally means that melts become progressively enriched in silica and in some cases alkalis. Gradual evolution
of the magma in a magma chamber is the reason for even long-lived basaltic ocean-ridge or hot spot volcanoes to
erupt felsic lavas toward the end of their life.

11
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Figure 3: Diagram showing igneous intrusive forms (abstracted from Press et al., 2004, copyright W. H. Freeman and
Company)

Country Volcano Lava flow Ash falls and pyroclastics ~ Volcanic neck with
rock / radiating dikes

Dikes cut across layers
of country rock...

...but sills run parallel to them.
Batholiths are the largest forms of plutons,
covering at least 100 km~,

One area of debate is whether or not landscapes and landforms representing ancient, degraded volcanic
features should be included in this review. Figure 3 illustrates the range of intrusive forms that may be present
in the Earth’s crust, while Plate 2 Devil's Tower demonstrates the sometimes spectacular and scientifically
significant nature of such landforms. Volcanic necks, dyke swarms, sills, ring dykes, cone sheets and diatremes,
all represent parts of the underground “plumbing systems” of former active volcanoes, and may significantly
contribute to the geomorphological distinctiveness of ancient volcanic terrains. The same may be claimed
for the larger intrusions of rock, such as those technically termed batholiths, laccoliths and lopoliths. These
represent enormous reservoirs of magma that once accumulated in the Earth’s crust, and which, now cooled
and crystallized, have become exposed at the land surface after millions of years of erosion removed the
overlying rock strata. Batholiths and laccoliths are typically felsic (acidic or granitic) in composition and mostly
associated with present and former lithospheric plate subduction zones and large scale mountain building.

In contrast, most lopoliths are mafic
(basic or gabbroic) and while some
are claimed to be associated with
large impact events, others form parts
of basaltic Large Igneous Provinces
(LIPs). Only some of these large scale
intrusions now exposed at the Earth’s
surface may have fed surface volcanic
activity (i.e., as magma chambers
feeding either silicic volcanoes, such
as the Yellowstone caldera, or basaltic
volcanism such as that associated
with the opening of the North Atlantic
basin). Nevertheless, these structures

Plate 2: Devil's Tower, Wyoming, USA, showing spectacular columnar
are exposed over vast areas of Earth’s jointing - the origin of this intrusive volcanic feature is controversial and

it may represent a part of a former laccolith or a volcanic neck.

surface, and granites in particular not
9 P Photo: T. Kusky.
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only form the cores of the world’s greatest mountain ranges, but give rise to a distinctive geomorphology in
their own right (e.g., as recognised in such World Heritage properties as Yosemite National Park, USA, and
Huangshan and Sangingshan National Parks, China). The decision on whether or not to include intrusive
volcanic landforms in this review is therefore a difficult one. The view that is taken is to exclude the exposed
large scale intrusions (batholiths, laccoliths and lopoliths), which provide no evidence of having supplied active
volcanoes on the Earth’s surface, but to include the smaller features, which are more obviously the remnants
of former volcanoes and their subterranean feeder systems.

Hydrothermal phenomena and solfataric fields

Another group of features that require some discussion are hydrothermal phenomena and solfatara fields, such
as hot springs, geysers, mud pools and fumaroles. Hot springs occur where geothermally-heated groundwater
emerges from the Earth’s crust. They are found all over the planet, including on the ocean floors. They are
formed when water percolates deeply enough into the crust to come into contact with hot rocks, although
it should be noted that because temperature rises with depth underground, the origin of hot springs is not
always volcanic. Nevertheless, the most abundant and spectacular hot springs are associated with volcanic
areas, and if water comes close to the magma reservoir at depth it may boil, become superheated, and build
up steam pressure until it erupts as a geyser. At less dramatically explosive hot springs, the acidic water may
dissolve the surrounding rock, thickening the water with muddy clay, which bubbles when steam and other
gases escape through the layers of mud. In contrast, narrow vents that noisily expel gases such as steam,
hydrogen sulfide and sulfur dioxide are known as fumaroles, and areas displaying fumarolic activity are known
as solfataric fields (named after the Solfatara crater, near Naples, Italy). All of these phenomena in sub-aerial
volcanic terrains build distinctive, and sometimes large, shallow, cone-shaped mounds and craters, made of
deposited material and minerals such as sinter and travertine, and coloured by minerals dissolved from the
bedrock, and/or by heat loving (thermophilic) bacteria. In the marine environment, water rich in dissolved
minerals may escape from vents on the ocean floor, building tall chimney-like structures, with predominantly
black mineralisation if the water is very hot and rich in iron and sulfide (known as ‘black smokers’), or white if
the water is cooler and contains compounds of barium, calcium and silicon (known as ‘white smokers’). All
sub-aerial and sub-marine hydrothermal phenomena build important, rare and fragile landforms, and may also
harbour unusual and rare forms of life. They are therefore included in this review.

Volcanoes on the ocean floors

Most volcanoes that come to public attention lie in the terrestrial environment (i.e., on the continents, at
continental edges and on ocean islands). Yet it has been estimated that the greatest number of volcanic
structures and the most active occur in the ocean basins. Recent research has revealed that the ocean floor is
dotted with volcanoes, which one study (Hillier & Watts, 2007) estimates could number over 3 million: 39,000
of which rise to more than 1000m above the ocean floor. The same study found over 200,000 submarine
volcanic cones (seamounts) over 100m high. These facts are important reminders that there are very special
and vulnerable volcanic features beneath the oceans, although the majority of these are not included in this
review, because the World Heritage Convention and other international conservation conventions do not
extend beyond the legal jurisdiction of national territories. Nevertheless, ocean floor volcanoes that do project
above the ocean surface are included in this review. It is also noted that efforts are being made by the relevant
States to consider a trans-national serial World Heritage nomination with the purpose of protecting important
and accessible heritage, including volcanic features, of the Mid-Atlantic Ridge.
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Summary of scope of the study
In conclusion this review is constrained by the following:

1. It defines volcanic World Heritage properties (current or proposed), not solely as properties with active
volcanoes, but as all those containing volcanic, or igneous, rocks.

2. The term ‘active’ volcano is used to refer only to those volcanoes listed in the database of the Smithsonian
Institution’s Global Volcanism Program as having produced some activity in the Holocene period, or last
10,000 years.

3. The distinction is made between younger constructional (endogenetic) landforms and older eroded
(exogenetic) landforms, the latter being dissected and degraded cones and domes, or at a more mature
stage of degradation, the harder rock skeletons (inverted topography) of former volcanoes or volcanic fields.
It is also recognised that the distinction between constructional and destructional volcanic landscapes and
landforms is not clear-cut, and even active volcanoes may suffer significant degradation by exogenetic
processes.

4. While recognising that batholiths and other large scale igneous intrusions may give rise to surface volcanic
activity, this study does not include such features, which more appropriately might be considered as a
separate subject for review, although smaller scale intrusions that result in distinctive landforms are
included.

5. Included here, but with the weakest argument for inclusion in the study, are sites which contain evidence in
their rocks of ancient volcanism, but which possess no distinctive volcanic landforms. These are included
for the completeness of the record and in recognition of the contribution they make to the record of the
Earth’s history.

6. Due to the limitations of the World Heritage Convention in relation to protecting marine heritage beyond
the 200 nautical mile limit of a nation’s Exclusive Economic Zone, only the sub-aerial parts of ocean floor
volcanoes and sub-aerial hydrothermal vents will be included in the review.
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Volcanoes and volcanic features on the World Heritage List

This study has examined the complete World Heritage List, the Tentative Lists of States Parties to the World
Heritage Convention, and a list of nominations submitted for consideration since 1972 that were not inscribed
or were withdrawn. The source of the data has been the lists maintained by UNESCO’s World Heritage Centre
and retrievable from their website (http://whc.unesco.org - World Heritage List and Tentative Lists), and from
unpublished material provided by the IUCN Programme on Protected Areas. More detailed information on any
particular site was also retrieved from the data sheet provided by the World Conservation Monitoring Centre
(although WCMC data sheets were not available for all sites), from published literature and web search. It
was necessary to consider all properties on all of the lists because many important volcanic properites are
inscribed or are proposed to be nominated under criteria other than the geological criterion (Criterion (viii)).
For example, some important volcanic sites inscribed on the World Heritage List under biological, landscape or
cultural criteria include: Ujung Kulon National Park, Indonesia (which contains the famous volcano Krakatau),
Kilimanjaro National Park, Kenya, and the Pico Island Vineyard Culture, Azores, Portugal (on the flanks of Pico
volcano), while on the tentative lists are Mt Fuji, Japan, and the Grenadines Island Group, Grenada (which
contains Mt St Catherine stratovolcano and the active seamount Kick em’ Jenny).

In total, the details of 2349 sites inscribed or proposed to be nominated by State Parties in 2008 were examined,
comprising 878 sites on the World Heritage List, and 1488 sites on the Tentative Lists. The third list, which
was not a public document, contained approximately 750 sites. This last list was only cursorily examined to

Table 3: Analysis of Tables 1 and 2

Description List of World List of sites included Notes
Heritage properties | on Tentative Lists
(Table 1) (Table 2)

Number of actual or potential WH properties with 57 40

significant volcanic geology

Number of actual or potential WH properties containing 27 25
an active (Holocene) volcano (i.e., embraces the whole
volcano or includes at least one active vent - as listed
in the database of the Smithsonian Institute’s Global
Volcanism Program)

Number of actual and potential WH properties located 7 3
on Holocene volcanic bedrock, but not embracing the
whole volcano or including an active vent

Number of actual and potential WH properties located 23 12
on older volcanoes or volcanic bedrock

Estimated number of active (Holocene) volcanoes 101 73 There is large
located within actual and potential WH properties uncertainty in these
numbers, which must
be considered to be
an under-estimate

Number of settlements permanently or periodically 5 0
buried beneath volcanic deposits

Number of actual or potential WH properties noted for 4 0
their important intrusive landforms, excluding large
scale gabbroic - granitic intrusions

Number of actual or potential WH properties inscribed View data from
or proposed to be nominated under: Tentative Lists with
- Category (vii) - all sites 27 18 caution - nomination
- sites with Holocene volcanoes 14 (52%) 15 (83%) criteria often not
- Category (viii) - all sites 19 17 given, so data is
- sites with Holocene volcanoes 14 (74%) 14 (82%) incomplete
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establish if any important Holocene volcanoes had been nominated but not inscribed in the past. Examination
of this list showed that all of the relevant nominations were eventually re-submitted (sometimes with a new
name) and inscribed on the World Heritage List.

Tables 1 and 2 (see Annex 5 and 6) show details of the important sites revealed by this study, while Table 3
provides an analysis of the first two tables. Table 2, which provides details of volcanic sites on the Tentative
Lists, should be treated with caution because the site descriptions provided by some states or entered onto the
UNESCO website are limited or incomplete (for example, many lack the criteria under which they are proposed
to be nominated). Figure 4 shows the current world distribution of volcanic World Heritage properties.

There are several issues arising from this analysis, as follows:

Types of volcanic World Heritage properties

This research for this review began by separating from the World Heritage List and the Tentative Lists all the
sites that were considered to contain significant volcanic, or igneous, bedrock. Such properties may have
been nominated, or may be proposed to be nominated, as natural, cultural or mixed category sites. Further
refinement then sought to establish which of the filtered sites had been nominated, or were proposed to
be nominated, under Criterion (vii) (natural beauty), Criterion (viii) (geology), or other criteria, as defined in
the World Heritage Committee’s Operational Guidelines (2008). The World Heritage properties identified as
volcanic were then grouped into a number of types, as follows:

Type 1. Extensive volcanic landscapes with multiple eruptive edifices and associated features,
e.g., Air and Ténéré Natural Reserves, Niger; Tongariro National Park, New Zealand;
Galapagos Islands, Ecuador.

Type 2. Individual active, dormant or extinct volcanic edifices, e.g., Hawaii Volcanoes National Park;
Kilimanjaro National Park, Tanzania; Yellowstone National Park, USA

Type 3. Particular features of larger volcanic edifices, e.g. Teide National Park, Spain (as the
summit vents and caldera of the Las Cafiadas edifice, Tenerife); Jeju Volcanic Island (lava tube
caves and tuff cone of Mt Halla volcano), Korea

Type 4. Identifiable landforms or landscapes which represent the erosional remnants of former
volcanoes, e.g. Giant's Causeway, UK; Pitons Management Area, St Lucia; Old and New
Towns of Edinburgh, UK.

Type 5. Properties with significant volcanic deposits, but without particularly distinctive
volcanic landforms, e.g., St Kilda, UK; Vallée de Mai Nature Reserve, Seychelles.

Type 6. Significant hydrothermal systems and solfataric fields, e.g., Yellowstone National Park,
USA; Volcanoes of Kamchatka, Russian Federation.

Types 5 and 6 sites require some further explanation.

Type 5 sites are properties on the World Heritage List identified because they possess volcanic or igneous
bedrock, although they may not contain notable landforms. There are 23 sites in this category. The identification
of such sites is problematic - and potentially inconsistent or incomplete - because there is a lack of relevant
information in the data sheets and the geographical area of search is so immense (i.e., because volcanic
rocks cover extensive tracts of the Earth’s surface). Finding such sites therefore has involved considerable
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Figure 4: World map showing the distribution of volcanic World Heritage properties
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detective work and inevitably some within this category may have been missed. Sites in this group contain
notable volcanic deposits, and their importance lies in the stratigraphical evidence they provide of volcanism
in the geological past.

Type 6 sites are significant hydrothermal and solfataric systems. Once again the numbers that are present
in World Heritage properties is extremely difficult to estimate, because there is minimal information in the
data sheets. The term ‘significant’ has been used here because, by definition, all Holocene volcanoes and
many older ones have hydrothermal and solfataric systems and it is only the scientifically important or public
noteworthy that may be identified from the literature. The World Heritage properties that contain the best
developed hydrothermal systems are Yellowstone National Park, USA; The Volcanoes of Kamchatka (Valley of
Geysers), Russian Federation; and Tongariro National Park (representing a part of the Taupo Volcanic Field),
New Zealand.

Number of active (Holocene) volcanoes in World Heritage properties

The analysis has shown that 27 properties on the World Heritage List and 25 properties on the Tentative Lists
contain volcanoes that have been active in the Holocene and are listed in the GVP database. In addition there
are another seven properties on the World Heritage List and three on the Tentative Lists that are located on the
flanks of, or deposits from, Holocene volcanoes (in total 34 inscribed sites and 28 tentative sites lie on Holocene
volcanic deposits). However, because many World Heritage properties contain more than one volcano, the
actual number of Holocene volcanoes is a minimum of 101 located in properties on the World Heritage List and
73 located in properties on the Tentative Lists (amounting to a minimum of 174 separate Holocene volcanoes).
Identifying an exact number of Holocene volcanoes on the World Heritage List and Tentative Lists has not been
possible because maps of the boundaries of World Heritage properties were not available during this review.
For example, the UNEP/WCMC (World Conservation Monitoring Centre) datasheet claims that the Kamchatka
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Peninsula has over 300 volcanoes, although only 114 Holocene volcanoes are listed in the GVP database.
This discrepancy may have arisen because the UNEP/WCMC data may include pre-Holocene volcanoes,
and/or counting all vents and cones as individual volcanoes (when in fact many will represent subsidiary vents
of larger volcanic systems). Furthermore, many of the 300 ‘volcanoes’ mentioned on the WCMC datasheet
possibly lie outside of the boundary of the Kamchatka Volcanoes World Heritage property - as indeed do some
of the Holocene volcanoes listed by the GVP.

Other examples of sites with multiple Holocene volcanoes are:

World Heritage List
Virunga National Park, Democratic Republic of Congo 5

Galapagos Islands, Ecuador 12

Isole Eolie, Italy 4

Tongariro National Park, New Zealand 3

Sangay National Park, Ecuador 2

Tentative lists

Las Parinas, Argentina 2-15
Ogasawara Islands, Japan more than 12
Great Rift Valley Ecosystem, Kenya over 20

The Sublime Karsts of Papua New Guinea 3

Archaeological sites and settlements periodically buried beneath volcanic products

There are a small number of cultural sites on Tables 1 and 2 (see Annex) that are either important archaeological
sites or are exposed to repeated burial beneath fall deposits, pyroclastic flows, landslides or lahars. The most
notable examples in the World Heritage List are The Archaeological Areas of Pompeii, Herculaneum and Torre
Annunziata, Italy; the Joya de Ceren Archaeological Site, El Salvador; and Antigua Guatemala, Guatemala.
These sites have been included in the 33 Holocene volcanic World Heritage properties, but not in the list of 27
sites containing Holocene volcanoes.

Atolls and reef-fringed volcanic islands

One type of landform that has not been included here, but is usually built on a volcanic basement ( a seamount)
and therefore should at least be acknowledged, is an atoll. This category might also include other ocean
islands which have a volcanic basement, but are capped with carbonate deposits and with some fringing reefs.
Thus, while atolls are not volcanic landforms, they are very often formed around volcanic peaks that may once
have protruded above the surface of the ocean, but whose sub-aerial part has since been eroded back to
sea-level. There are many atolls or reef fringed islands on the World Heritage List. Most of the world’s atolls
are in the Pacific Ocean and Indian Ocean, with just one group in the Atlantic Ocean and one in the Red Sea.
They have not been included in this study because: 1) the sub-aerial exposure of volcanic rock is frequently
limited, and 2) atolls were identified as a separate group of geological phenomena in the IUCN’s theme study
Geological World Heritage: A Global Framework (Dingwall et al., 2005).
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Technical framework for gap analysis

Before undertaking evaluation of the volcanic sites on the World Heritage List and Tentative Lists, a reasoned
framework must be established that will enable sites to be grouped and compared. There are a number of
different ways that volcanoes and volcanic landforms have been classified, and it will be impossible here to
identify or devise a single scheme that will provide adequate grouping of the World Heritage volcanoes, so an
evaluation framework will be devised from one or more of the established classification systems. For example,
volcanoes may be classified on the basis of their monogenetic or polygenetic origin, the scale of their explosive
activity, the chemistry of their magma, their plate tectonic (or geotectonic) setting, or their landform. Below is
a brief description of the principal classification systems.

Figure 5: Classification of volcanic landforms after Bloom (1998), modified from Rittman (1962).
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Genetic classification

The varying chemistry and volatile content of magma is the driving force in the diversity of volcanic activity and
form. Francis (1993) identified the chain of cause and effect as follows:

‘1. the chemical composition dictates the melting temperature

2. temperature, volatile content and degree of polymerization dictate viscosity

3. viscosity and volatile content dictate ease of vesiculation and degassing

4. ease of degassing dictates the explosive potential of an eruption

5. explosiveness of an eruption dictates whether lavas or pyroclasts are produced’

Thus, at one end of the range volcanoes that effuse basaltic, usually fluid, magma from which the volatiles
escape relatively easily have low explosive activity and therefore produce abundant lavas and only limited
amounts of pyroclastic material. These volcanic eruptions may emanate from fissures or central vents, and

form extensive lava plains or low-angled ‘shield’ volcanoes. In contrast, at the other end of the range are
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Figure 6: Volcanic Explosivity Index (Source: www.volcano.si.edu)
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volcanoes that erupt more silicic and therefore viscous magma (such as andesites and rhyolites), meaning
that their volatiles may only escape explosively. In so doing the magma and older rocks around the vent are
fragmented into abundant pyroclastic material, and the effusion of lavas is more limited. Such activity builds
cones with steeper slopes. There are of course gradations between these extremes, while it should be also
noted that the larger central volcanoes tend to be polygenetic (involving a number of different phases and
modes of construction), frequently having evolved over hundreds of thousands of years. It is also notable
that the presence of water interacting with rising magma may cause an eruption to be violently explosive
(phreato- or hydro-magmatic). A well known scheme showing these variations and resulting volcanic forms
was constructed by Rittman (1962), and modified by Bloom (1998) (Figure 5).

Styles of eruption

As explained above, volcanic eruptions may be differentiated by the power or explosiveness of their activity.
This was quantified by Newhall and Self (1982) and their Volcanic Explosivity Index (VEI) is shown with
modifications in Figure 6, as it appears in the GVP website (www.volcano.si.edu).

Related to the VEI is an older scheme of grouping volcanoes according to their style of activity first introduced
by Lacroix in 1908, but developed subsequently by other volcanologists. This is an observational scheme that
identifies the different eruption styles of historic ‘type’ volcanoes. This scheme has been summarised in Figure
7, also abstracted from Bloom (1998).

Afurther type in addition to those noted in Figure 7 is the group of explosive phreatomagmatic, or hydromagmatic,
eruptions (i.e., those that occur when external water is in contact with magma). At the less intense end of this
range is the “wet” variety of Strombolian activity, known as Surtseyan (named after the eruption that formed a
new island in 1963-67 off the south coast of Iceland), and more recently it has been recognised that Vulcanian
and Plinian eruption styles may also have phreatomagmatic varieties (for example, phreatoplinian).
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Figure 7: Types of volcanic eruptions after Bloom (1998), modified from Short (1986).

Types of Voleanic Eruptions (modified from Short, 1986, Table 3-1)

Type Characteristics

1. Icelandic Fissure eruptions, releasing low-viscosity basaltic magma; non-
explosive, gas-poor; great volumes of lava issued, flowing as sheets
over large areas to build basalt plateaus.

2. Hawaiian Fissure, caldera, and pit crater eruptions; mobil basalt lavas, with some
gas; quiet to moderately explosive eruptions (VEI: 0 or 1); occasional
rapid emission of gas-charged lava produces fire fountains; only minor
amounts of tephra; builds lava domes.

3. Strombolian Summit crater with lava lake; moderate rhythmic to nearly continuous
explosions resulting from spasmodic gas escape (VEL:1-3); clots of lava
ejected, producing bombs and scoria; periodic more intense activity
with outpourings of lava; light-colored clouds {mostly steam) reach
upward only to moderate heights.

4. Vulcanian Stratocones (central vents); viscous lavas; lavas crust over in vent
between eruptions, allowing gas buildup below surface; eruptions
increase in violence until lava crust is broken up, clearing vent, ejecting
bombs, pumice, and lava flows from top of flank after main explosive
eruption; dark ash-laden clouds, convoluted, cauliflower-shaped, rise to
moderate heights depositing tephra along flanks of volcano. (Note:
Ultraplinean eruption has similar characteristics but results when other
types (e.g., Hawaiian) become phreatic and produce large steam clouds,
carrying fragmental matter.)

5. Vesuvian More paroxysmal than Strombolian or Vulcanian types; extremely
violent expulsion of gas-charged intermediate-composition magma
from stratocone vent; eruption occurs after long interval of quiescence
or mild activity; vent tends tc be emptied to considerable depth; lava
ejects in explosive spray (glow above vent), with repeated clouds
(cauliflower) that reach great heights and deposit tephra.

6. Plinian* More violent form of Vesuvian eruption (VEI: 3 or more); last major
phase is uprush of gas that carries cloud rapidly upward in vertical
column for kilometers; narrow at base but expands outward at upper
elevations; cloud generally low in tephra.

7. Peléean Results from high-viscosity silicic lavas; delayed explosiveness; conduit
of stratovolcano usually blocked by dome or plug; gas (some lava)
escapes by lateral blasts or by destruction or uplift of pluy; gas, tephra,
and blocks move downslope in ane or more blasts as nuées ardentes
producing directed deposits.

8. Katmaian Variant of a Peléean eruption characterized by massive outpourings of
fluidized ashflows; accompanied by widespread explosive tephra;
ignimbrites are common end products, also hot springs and fumaroles.

*named for the Roman scholar, Pliny the Younger, who wrote a detailed narrative of the Vesuvian erup-
ti nof A.D. 79.

While the VEI and type volcano classification schemes are not synonymous, they are often used together to
describe the activity of any particular eruption. Furthermore, although the different degrees of explosiveness
influence the type of deposit and landform produced, different eruptions of the same volcano may have different
eruption styles and VEIs, and so these schemes do not assist in the classification or grouping of the World
Heritage volcanoes.

Plate tectonic setting

The geochemistry and petrology of volcanic rocks are closely related to the tectonic environment in which they
originated, since ultimately the chemistry of magmas is related to plate tectonic processes. Volcanoes from
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different plate tectonic environments are therefore distinct in terms of the composition of their source magmas,
their eruptive behaviour, the characteristics of their volcanic deposits and the morphology of their volcanic
landforms.

Figure 1 shows the boundaries of the world’s tectonic plates and the distribution of the world’s major active
volcanoes (not necessarily World Heritage volcanoes). It is clear from the map that the highest densities of
volcanoes coincide with plate boundaries. Such boundaries are defined by geologists as either constructive,
where two plates separate (such as along the Mid-Atlantic Ridge or Juan de Fuca Ridge), or destructive, where
plates converge in regions known as subduction zones (such as those within the Pacific ‘Ring of Fire’, or the
islands of the Caribbean). There are also volcanoes that occur within plates (i.e., beyond plate boundaries).
These are associated with ‘hotspots’ over plumes of rising magma in the Earth’s mantle, and are called
intraplate volcanoes. Volcanoes also occur in areas of plate collision and in rare instances are associated with
transform boundaries (where plates slip past one another in a horizontal movement along faults). As explained
in Text Box 3, the relationship between plate tectonics and volcanism is fundamental: the mechanisms of plate
tectonics influence the formation of magma in the mantle, either through decompression of hot, solid mantle
material at constructive margins and mantle plumes, or the lowering of melting temperature of mantle material
by the addition of volatiles (mainly water), as at destructive plate margins. These different processes give rise
to variations in the composition of magmatic melts.

Thus, in simplified terms, magma erupted at mid-ocean ridges (constructive margins) are typically basic in
composition, producing fissure volcanoes, extensive lava fields and lava shields. Most of these volcanoes
are underwater, so they are not visible, but where the ocean ridges coincide with rising mantle plumes, large
volcanic islands, such as Iceland, may be formed. It should also be noted that even in this setting, the magma
beneath a longer-lived volcano may fractionate to become silica enriched, resulting in more explosive activity
and the building of a composite cone. A similar form of volcanism exists where intraplate (as opposed to ridge)
volcanoes are built on the ocean floor over hot, rising mantle plumes. Intraplate mantle hotspots may also
penetrate the crust of a continent, but here the crustal rocks are partially melted and assimilated by the rising
mantle plume. This produces a wider range of magmas, with higher silica and alkali content, in turn influencing
the eruption styles and products. In the past, mantle plumes have caused eruptions on both continental and
oceanic crust at a much greater scale than anything experienced in the historic period, resulting in enormous
outpourings of basaltic magma. These gigantic eruptions are known as Flood Basalts and are to be found

Figure 8: Diagram showing the plate tectonic settings of volcanoes, after Perfit and Davidson (2000, modified from
Pearce 1996
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today in areas of the world known as Large Igneous Provinces (LIP). For example, in India the Deccan Traps
are the remains of a late Cretaceous (60-65Ma) flood basalt event, and comprise piles of lavas nearly 2km
thick, the remains of which still cover an area of 500,000 km? .

Volcanism is also associated with active rifting of continental crust, such as at the African Rift Valley. Such
volcanism is produced because of extension (stretching) of the crust, and it may also be associated with mantle
plume activity. One product may be outpourings of basalts, but on a lesser scale and with lava more chemically
diverse than that of flood basalts. Assimilation of continental crust by the rising magma gives rift volcanoes some
of the characteristics more generally associated with subduction volcanoes, such as having a wider range of
rock types and explosive habits, including rare types of magmas such as carbonatites and highly alkaline melts.

Figure 9: Surface volcanic forms and features, after Short (1986)
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The great majority of sub-aerial volcanoes are located at convergent plate boundaries, also known as
subduction zones. Subduction may take place where two ocean plates, or an ocean plate and continental
plate, are driven against one another and one bends and sinks beneath the other. The descending plate
releases volatiles (principally water) as it gets heated, and these lower the melting temperature of the mantle
wedge above the subducting slab. This process causes, magma to be generated, which on rising to the
surface of the overriding plate creates a chain of volcanoes, known as a volcanic arc. Where two ocean plates
converge, the line of volcanic islands produced is called an island arc system (e.g., the Lesser Antilles island
group of the Caribbean, or the Aleutian Islands of the Bering Straits, USA); where an ocean plate subducts
beneath a plate with continental crust, a continental volcanic arc will be formed (e.g., along the eastern side of
South America). Partial melting of the mantle wedge above the subducting plate and fractional crystallisation
of the ascending magma produce magmas generally richer in silica and alkaline minerals, so that andesites,
rather than basalts, are more characteristic of island arc volcanoes. At continental margins, while andesites
are produced, assimilation of continental crust may make the magma even more silicic, erupting as rhyolite or
dacite in composition.

Figure 10: Classification of volcanic landforms with emphasis on volcanic mountains, after Thouret (2004).

Monogenetic hills and small mountains

(1) pyroclatic landforms: cinder or scoria cones; hydromagmatic tuff cones and tuff rings, maars and diatrmes
(2) lava-made landforms: endogenous and exogenous domes, crater row and fissure vent

(3) Mixed landforms of intra- or subglacial volcanoes: tuya (table mountains) and mobergs

(4) submarine landforms: seamounts and guyots

Medium to large, high composite volcanic mountains

(1) stratovolcanoes: simple cone with summit crater; composite cone with sector collapse scar (summit amphitheatre),
composite cone with a caldera or a somma

(2) twin cones; compopund or multiple cones with elongate ridge; cluster of cones

(3) shield volcanoes with shallow-sloped flanks and caldera in summit region: Hawaiian shields and domes;
Galapagos, Icelandic, and scutulum-type shields

High plateaux with altitudinal range and dissected relief

(1) continental flood basalt plateau

(2) dissected plateau of ash flows and ignimbrite sheets

(3) Intermediate-silicic multivent centres that lack a central cone; rhyolitic centres; silicic volcanic lava field with
multiple domes and calderas

Calderas on stratovolcanoes or on uplifted basement

(1) collapse and explosion somma

(2) collapse on Hawaiian shield volcano

(3) collapse in basement and resurgent caldera
(4) very large and complex resurgent calderas

Landforms resulting from a combination of eruptive and/or ersoional processes on volcanic mountains

(1) horseshoe-shaped avalanche caldera from a flank failure or magmatic (Bezymianny-type), gravitational
(Fugendake) or mixed origin (Bandai-san, La Reunion cirques)
(2) amphitheatre-shaped, erosional calderas (Haleakala, Maui)

Landforms resulting from denudation and inversion of relief

(1) eroded cone; inverted small-scale landforms: necks, culots
(2) much eroded cone, inverted lava flow and planeze
(3) roots of palaeo-volcanic mountain: dissected cauldron and hypovolcanic complex
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The large amount of melting that takes place in the lower crust produces great volumes of silicic magmas,
which migrate upward to accumulate in great intrusive bodies known as batholiths. If these come close to the
surface, such magma bodies may cause volcanic eruptions of enormous magnitude, ejecting thousands of
cubic kilometers of pyroclastic material over vast areas (seen in the rock known as ignimbrite). In some parts
of the world (e.g., in Argentina and in the Colorado San Juan volcanic field) there are expansive ignimbrite
plateaus, representing a scale of eruption not seen in the historic period. Associated with this activity may be
collapse of the roof of the magma chamber, forming a gigantic caldera (e.g., Cerro Galan in Argentina).

The relationships between volcano types and tectonic region are shown schematically in Figure 8, abstracted
from Perfit and Davidson

Classification of volcanic landforms

The literature on the geomorphology of volcanic landforms or landscapes is very limited, and there are very few
classifications of volcanic forms. A good review was provided by Short (1986) in a paper prepared for NASA
(the context for this was therefore volcanic forms viewed from space, as analogies of landforms observed on
other planetary bodies). He noted that while there have been many standard reference and text books on
volcanology, the treatment of landform has been subsidiary to that of petrology and process. Nevertheless, two
works that were written specifically to describe volcanic landforms are Volcanoes as Landscape Forms (Cotton,
1952 - important text, but problematic in its restricted geographical references) and Volcanic Landforms and
Surface Features: A Photographic Atlas (Green and Short, 1971). More recently, Francis (1993 - subsequently
revised by Francis and Oppenheimer, 2003) provided a chapter on landscape forms in his book Volcanoes.

In view of the shortcomings in the literature relating to the classification of volcanic landforms, Short (1986)
attempted his own classification (Figure 9). The present study finds this classification unsatisfactory in that: (1)
it is more of a list than a classification; (2) it confuses landforms with processes and tectonic structures. These
shortcomings are acknowledged by Short, who comments that his classification is nevertheless valuable as a
listing of the common larger surface features attributable to volcanism. It is on this basis that Short’s table is
included here.

Geomorphology textbooks also provide poor or limited consideration of volcanic landforms. There is usually a
chapter or sub-chapter on volcanoes, but typically it is rather cursory. Bloom (1998) provides one of the best
treatments of volcanic landforms, basing descriptions on a classification adapted from Rittman (1962) (Figure
5), while Summerfield (1991) usefully places landforms associated with igneous activity in their global, plate
tectonic setting (his text also includes the landform classification provided by Bloom).

Most recently Thouret (1999) published a review of the geomorphology of the volcanoes on Earth, and as a
part of the review recommended that classifications of volcanic landforms should be improved to take care of
the complexity of their formation, because varied magmatic systems, styles of eruption, and the nature of the
erupted material allinfluence morphology. Thouret noted that the traditional classifications of volcanic landforms
are based on types of activity, magmas and erupted products. He states that improved classifications might
also be based upon geomorphic scale, constructional versus erosional origin, mono or polygenetic form, types
of activity, and type and volume of magma and erupted material. In his 1999 paper he proposed six main types
of constructional and erosional landforms, and in a subsequent paper (Thouret, 2004) he further developed
his classification with a view to better definition of the different types of volcanic mountains. Thouet's 2004
classification is reproduced in Figure 10.
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Conclusion: A framework for gap analysis

The brief for this report calls for a general framework within which to place the World Heritage volcanoes
and as a basis for undertaking gap analysis. It also demands that any such framework must not be an over-
complicated taxonomy of volcano types and forms. This study finds both Short’s and Thouret'’s classifications
too detailed for the purpose of this review and instead groups World Heritage volcanoes on the basis of
their plate tectonic, or geotectonic, setting, while providing a simplified combination of Short's and Thouret’s
classification as a checklist for assessing the variety of landforms in the World Heritage volcanic estate.
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ldentifying the gaps

Gaps in the range of volcanic World Heritage properties

With 57 inscribed volcanic properties, containing a minimum of 101 Holocene volcanoes, it can be claimed
that there already is adequate representation of the world’s volcanoes on the World Heritage List. However,
Tables 4 (Plate tectonic setting of World Heritage Volcanoes), and 5 (Volcanic World Heritage properties by
Geographical Region), do reveal some gaps in the plate tectonic and geopolitical settings of these volcanoes.
Furthermore, while it has not been possible because of shortfalls in the basic data to establish the complete
range of landforms in each of the 57 properties; it is known that some important landforms types are not
represented. This section will examine if it is necessary to fill all the gaps and if so how this might be done from
sites proposed in the Tentative Lists, or ultimately by suggesting suitable new sites that might be added to the
tentative lists of relevant State Parties.

Figure 7 provides the basis for classifying volcanic sites on grounds of their plate tectonic setting and Table
4 indicates the number of sites in each setting. The table shows that the 57 volcanic properties on the
World Heritage List are relatively well distributed through the various plate tectonic settings, with 14 sites
representative of divergent plate boundaries, 17 of convergent boundaries, 6 of collision zones, and 14 of
intraplate volcanism (6 sites are pre-Tertiary - too old to sit in this scheme). Volcanoes of continental and
island arc systems, plate collision zones and mid-ocean ridges are well represented, while least represented
are flood basalts and back-arc basin volcanoes. Nomination of examples from these latter groups might be
encouraged from sites already listed on Tentative Lists, whilst new entries to the Tentative Lists might include
examples of continental intraplate and flood basalt volcanoes (e.g., Columbia River Basalts, USA; Deccan
Traps, India).

Scaling-up the view to regional plate tectonic environments and volcano groups, the Volcanoes of Kamchatka
World Heritage property is a good representative of an ocean subduction environment, although the addition
of the Ogasawara Islands from Japan’s Tentative List as a trans-national serial extension would enhance the
range of volcanic forms represented within this tectonic group. In contrast, Holocene continental arc volcanism
is not well represented on the World Heritage List by any single large group (although some smaller sites do
lie in this environment), and Las Parinas on Argentina’s Tentative List is one possibility that could enhance
this category. Larger representation of continental and oceanic rifting (divergent margins) may eventually be
realised through the current proposals for serial trans-national nominations covering the Mid-Atlantic Ridge
and the Great Rift Valley of Africa.

When the geopolitical distribution of volcanic World Heritage properties (Table 5) is examined, it is clear that
because of the haphazard process of site selection and nomination of World Heritage properties by State
Parties, the distribution of volcanic properties on the World Heritage List does not necessarily conform to priority
global conservation sites that might be determined purely on scientific grounds. The Table also illustrates
the fact that volcanoes are not distributed evenly across the Earth’s surface. Thus, Table 5 shows poor
representation of sites in Africa beyond East and Central Africa, South-Central and Northern Asia, Australia,
and Eastern Europe, principally because these are relatively stable areas of the Earth’s crust. While there are
some Holocene volcanoes on the mainland of Europe (Germany, France, Spain) the high number of volcanic
World Heritage properties in this region relate only to those in the Mediterranean and overseas (mainly ocean)
territories. Most surprising is the lack of any sites in Melanesia and Polynesia (although these will have some
sites which are overseas territories of European countries), and the relatively few sites in North America, which
has many excellent, well studied and accessible examples. On regional grounds, there does appear to be
some need to consider representation from Oceania and North America.
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Table 4: Plate tectonic setting of World Heritage volcanoes

Plate tectonic setting after Perfitt and

Number of sites

Examples of volcanoes from the

Davidson (2003) WH List  Tent. Lists | WH List
Divergent plate boundary
- mid-ocean ridge 7 8 Surtsey, Galapagos
- continental rifting 7 2 Nyamuragira
Intraplate
- oceanic islands 6 9 Teide, Mauna Loa
- continental volcanoes 5 0 Kilimanjaro, Yellowstone
- flood basalt provinces 3 0 Iguazu (Parana FB), Giants
Causeway (Antrim FB)
Convergent plate boundary
- continental arc 8 5 Sangay, El Misti
- island arc 9 12 Shiretoko, Qualibou
- back arc basin 0 0
Collision zones 6 0 Vulcano/Stromboli
Pre-Quaternary volcanic sites 6 4
Total sites 57 40

Table 5: Volcanic World Heritage properties by geopolitical region

World Regions (UN Macro regions)

Number of WH sites

Africa
- Northern Africa
- Eastern Africa
- Western Africa
- Middle Africa
- Southern Africa

P NRP~NO

Total: 10

Asia
- Eastern Asia
- South-central Asia
- South-eastern Asia
- Western Asia

Total: 7

Europe
- Eastern Europe
- Northern Europe
- Southern Europe
- Western Europe

wWw~NN

Total: 15

Latin America
- Caribbean
- Central America
- South America

oo w

Total: 17

North America

Total: 2

Oceania
- Australia and New Zealand
- Melanesia
- Polynesia

= o

Total: 6
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The most difficult gaps to identify are in the range of landforms contained within the 57 volcanic World Heritage
properties. On the one hand, with a minimum of 101 Holocene volcanoes covered by these sites across
the range of plate tectonic settings, it is likely that most of the features identified in Bloom’s and Thouret’s
classifications will be covered. On the other hand, while it is possible to classify the larger volcanic structures
at any volcanic site, identification of the full suite of subsidiary landforms on these structures is not possible
because of negligible or at best limited local information.

Table 6 lists the main types of volcanic landforms and examples of inscribed properties in which these features
may be found. The table is a much simplified adaptation of Short's and Thouret’s classifications and the
examples are based on the author’s and reviewers’ knowledge of particular World Heritage properties (which
is far from comprehensive). It is clear from the table that the two main forms of large volcanoes - shield
volcanoes and stratovolcanoes - are well represented on the World Heritage List, although Icelandic type
shield volcanoes are missing. With so many island arc and continental arc stratovolcanoes (Kamchatka,
Philippines, Indonesia, South and Central America), it can confidently be claimed that simple and composite
structures, with craters and calderas of different types are adequately represented. Interestingly there are
no fissure volcanoes, although the proposed Myvatn-Laxa site on Iceland’s Tentative List contains the active
volcano Krafla (Plate 1). Furthermore, while the newly-inscribed World Heritage property of Surtsey represents
a style of shallow water phreatomagmatic eruption that constructed a tuya-like edifice (table mountain), fissure
and central volcanoes erupted beneath water or ice forming hyaloclastite ridges and tuyas respectively are
poorly represented. These could be covered in a proposed extension to Iceland’s bingvellir World Heritage
Site, which incidentally might also include the classical Iceland shield Skjaldbreidur, and the Herdubreidarlindir
and Askja site from Iceland’s Tentative List, as a potential serial property with Surtsey.

There are many examples of smaller scale monogenetic vents (scoria and tuff cones, tuff rings, maars - e.g.,
Air and Ténéré Natural Reserves, Niger; Jeju Volcanic Island, Korea), and all of the different types of lava
flows (pahoehoe, aa and block, couleés, etc) are present. The current volcanic World Heritage properties also
contain the full range of subsidiary lava landforms, including lava tube cave systems (Hawaii Volcanoes NP,
USA, and Jeju Volcanic Island, Korea). There are fine examples of lava domes, including emergent domes on
active stratovolcanoes (e.g., Sheveluch Volcano, Kamchatka) and eroded remnants of historic features (e.g.,
the Pitons Management Area, St Lucia). While two flood basalt provinces are represented (Paranéa at Iguacu,
Brazil/Argentina and North Atlantic at pPingvellir, Iceland) there may be scope to consider a more classical
example of this phenomenon, such as the Columbia River Flood Basalts, USA, or the Deccan Traps, India
(neither of these are on the USA or Indian respective Tentative Lists). Not so well represented are large scale
ash flows and ignimbrite sheets, although the site, Las Parinas, on Argentina’s Tentative Site might eventually
provide some good examples.

There are a range of different types of calderas on the World Heritage List. This could be enhanced by the
inclusion of the Taal Volcano Protected Landscape from the Philippines Tentative List, which is a complex,
historically active, Holocene resurgent caldera, designated a Decade Volcano by the International Association
of Volcanology and Chemistry of the Earth (IAVCEI) because of its large, destructive eruptions.

Poorly represented are intrusive landforms, and in fact none appear to have been ever specifically put forward
for nomination (for example, the Air and Ténéré Natural Reserves, Niger, which contain the largest ring dike
structure in the world, were not inscribed under the geological category (viii)). There is scope also to consider
proposals that reflect some of the world’s outstanding intrusive landscapes (options to consider might include
the Shiprock volcanic neck (a diatreme) and dike complex, New Mexico, USA; the Great Dyke of Zimbabwe,
or the classical Scottish Tertiary Igneous Province, U.K., etc).
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Table 6: Landform types in volcanic World Heritage properties

Type of volcanic landform Represented Example from the World Heritage List
(Yes or No)
Monogenetic landforms and fields
- cinder or scoria cones Galapagos Islands, Hawaii Volcanoes NP
- tuff cones and tuff rings Y Jeju volcanic Island
- maars and diatremes Y Jeju volcanic Island
- monogenetic volcanic field N
- tuya Y Surtsey Volcanic Island (but not classical sub-glacial
- moberg ridge N table mountain)
- lava domes N
- lava flows and lava fields Y Pitons of St Lucia, Kamchatka
pingvellir NP, Hawaii Volcanoes NP, Giant's
- lava tube cave systems Y Causeway and the Causeway Coast
- continental flood basalts Y Rapa Nui, Jeju Volcanic Island, Hawaii Volc. NP
- ash flows and ignimbrite Y Giant's Causeway, lguazu/lguacu NPs
sheets, plains and plateaus Some in Yellowstone NP
Polygenetic volcanoes and
calderas
stratovolcanoes: Sangay NP, Kamchatka
- simple with summit crater Y Teide National Park, Kamchatka
- composite with sector collape scar | Y
and/or caldera Volcanoes of Kamchatka
- compound or multiple volcanoes Y
- rhyolitic centres N
- silicic volcanic lava field with N
multiple domes and calderas
caldera: Volcanoes of Kamchatka
- explosion (somma) Y Krakatau
- collapse-explosion (Krakatao) Y Hawaii Volcanoes NP, Galapagos Islands
- collapse-shield Y Yellowstone NP
- resurgent caldera (Valles) Y
- large and complex (Toba) N
Shield volcanoes
shields and domes- types
- Hawaiian Y Hawaii Volcanoes NP
- Galapagos Y Galapagos Islands
- Icelandic N
Volcanic landforms resulting
from eruptive and/or erosional
processes Teide NP
- avalanche caldera from a flank Y
failure of magmatic, gravitational,
or mixed origin
- erosion caldera and amphitheatre N
valley
Volcanic landforms resulting from
denudation and inversion of relief
- eroded cone, eroded pyroclastic- N
flow deposit and sheet
- inverted small scale forms: Y Old & New Towns Edinburgh, Frontier Roman
necks, culots, dykes and sills Empire
- eroded lava flow, inverted relief N
and planeze
- roots of palaeo-volcano, cauldron, Y Air and Ténéré Natural Reserves

and hypovolcanic complex
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Missing iconic volcanoes

Interestingly, the World Heritage List does not contain many of the volcanoes that might be commonly
recognised by the general public. The best known inscribed sites are probably Kilauea and Mauna Loa, on
Hawaii Island, USA; Krakatau, Indonesia; and Mounts Kenya and Kilamanjaro, Kenya. Although not inscribed
specifically, Vesuvius is represented by the Pompeii, Herculaneum and Torre Annunziata archaeological World
Heritage property, which lies on the slope of the volcano. Not on the List are such iconic or world-renowned
volcanoes as, for example: Mt Etna, Italy; Thera (Santorini), Greece; Mt Fuji, Japan; Paracutin, Mexico; Mt
Mayon, Philippines; Mt St Helens and Crater Lake, USA; Laki, Iceland; Mt Pelée, Martinique, and Tambora,
Indonesia. Mount Fuiji is particularly significant because the volcano and its surroundings receive more public
visits in a year than any other on the planet.

Just because these volcanoes are well-known and used as examples in classroom teaching it does not mean
that they are necessarily scientifically important. However, those that have come to the notice of the general
public, and have been instructive to science because of their recent historic eruptions, have been Mt Pelée,
Martinique; Mt St Helens, USA; and Paracutin, Mexico. Mt Fuiji is the only volcano mentioned above that is on
a Tentative List (of Japan).
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Filling the gaps

This analysis has shown that there is already good representation of the world’s volcanoes and volcanic
landforms on the World Heritage List, but that there are some gaps that might be filled in the future to make
the list of World Heritage Volcanoes more complete, balanced and comprehensive. These volcanic sites are
shown in Table 7, with the reasons for their choice, and whether or not they are already listed in the Tentative
Lists. In compiling this list of sites consideration was given to plate tectonic setting, world geopolitical regions

and landforms.

Table 7: Possible future candidate volcanic features or areas for inclusion on the World Heritage List

Name of volcanic feature

Comment and suggested action

Volcanic features

Fissure volcanoes

Hyaloclastic mountains (tuyas)
and ridges

Icelandic type shield volcano

Continental Flood Basalts

Resurgent calderas

Large ash flows and ignimbrite

sheets/plateaus

Intrusive landforms

Not represented - potential properties: 1) extension of bingvellir NP WHS,
Iceland, 2) future inscription of Myvatn-Laxa area, Iceland, tentative site (this will
include the volcano Krafla - cover picture).

Not well represented, just Surtsey Volcanic Island - potential properties: 1)
consider a future nomination tuya from type-area in Canada; 2) extension of
pingvellir NP WHS, Iceland

Not represented - potential properties: 1) extension of bingvellir NP
WHS, Iceland, to include Skjaldbreidur, 2) future inscription of extended
Herdubreidarlindir-Askja site on Iceland’s tentative list (boundary to include
appropriate shield(s)).

Not well represented - potential properties: consider new nomination of Columbia
Flood Basalt Province, USA and/or Deccan Traps, India

Yellowstone NP, USA, is one example - other potential site: 1) Taal is a good
example on the Philippines tentative list; 2) other posiblilities not on existing
tentative lists are the Valles Caldera, New Mexico, USA; Toba Caldera, Indonesia;
and Cerro Galan Caldera, Argentina.

Related to the above. Not well represented, but requires more detailed
investigation of existing sites - potential properties: Las Parinas tentative site,
Argentina; consider alternative new nominations from, say, USA or S America.

Not well represented - potential properties: will require new nominations, e.g.,
Shiprock, New Mexico, USA; Scottish Tertiary Igneous Province, UK

Whole landscapes

Basaltic plains

Silicic volcanic field
Mid-ocean ridges

(may also incorporate some
aspects of ocean floor)

Continental rifts

Not well represented - potential properties: new nomination, for example, Snake
River Plain, Idaho, USA, or extension of Herdubreidarlindir-Askja tentative site,
Iceland, to include the expansive lava plain known as the Odadahraun.

As for resurgent calderas and ignimbrite plateaus, above

Existing proposal for a Mid-Atlantic Ridge transnational serial nomination

There is an existing proposal for an African Great Rift trans-national serial
nomination

Iconic sites

Not well represented - to be considered on indivudual merits on basis of notoriety,
scientific importance, and cultural and educational value - some possible
properties: 1) Mt Fuiji is on tentative list of Japan; 2) others such as Mt St Helens
and Crater Lake, USA; Mt Pelee, Martinique; Laki, Iceland; Mt Mayon, Philippines;
Thera, Greece; Mt Etna, Italy.
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Requirements for integrity and management that should apply to sites
with volcanic geology

This discussion will focus on the concept of integrity as it applies to the geological values of a volcanic World
Heritage property, even if the property was not inscribed under the geological criterion (Criterion (viii)).

In the context of this study, integrity is an important idea that provides an intellectual framework for considering
the scientific values and management of properties containing whole or major parts of volcanic systems, or
specific volcanic landscapes or landforms. However, the concept is much less relevant in those sites that
contain only limited volcanic deposits, are isolated from source vents, or have volcanic deposits from the deep
geological past. These latter sites will be predominantly managed to protect the biological and cultural values
for which they were inscribed, and therefore lie outside of the subject of this discussion.

Meeting the condition of Integrity

In order for it to be inscribed, the World Heritage Committee must be satisfied that a nominated property is of
Outstanding Universal Value (OUV), meets the Condition of Integrity as set out in the Committee’s Operational
Guidelines for the Implementation of the World Heritage Convention (UNESCO, 2008), and is effectively
protected and managed.

Integrity is a most important concept developed in the Operational Guidelines (2008, Section lle, paras 87
- 95), where it is defined as:

‘Integrity is a measure of the wholeness and intactness of the natural and/or cultural heritage and
its attributes.

Examining the conditions of integrity, therefore requires assessing the extent to which the
property:

a) includes all elements necessary to express its outstanding universal value;

b) is of adequate size to ensure the complete representation of the features and processes which
convey the property’s significance;

c) suffers from adverse effects of development and/or neglect.’

Further definition of integrity has been provided in the Operational Guidelines for each of the four criteria
relating to natural sites. For example, properties nominated under Criterion (vii) (natural beauty) are required
to ‘include areas that are essential for maintaining the natural beauty of the property’, which include all of the
factors which may influence change to the visual or aesthetic quality of a site. Similarly properties proposed
under Criterion (viii) (geology) should ‘contain all or most of the key interrelated and interdependent elements
in their natural relationships.” Ensuring that a site has integrity is therefore of fundamental importance, and
relates to the completeness of the scientific case for inscription, as well as for its management. The need
to ensure integrity also explains why the area of a World Heritage property should be of a scale adequate to
contain and protect the essential parts of the system for which it was inscribed, and why accurate determination
of the boundary of the site is so important.

For a volcanic World Heritage property to have scientific integrity means that the scientific justification and
protection of all of the essential features that distinguish that particular volcanic system are complete. Thus,
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with respect to a Holocene volcano, it will be essential to protect the vent(s), as well as its range of lavas,
pyroclastic deposits and subsidiary landforms. Care should also be taken to include features that demonstrate
the geochemical and petrological characteristics of the volcano, which may have changed during the lifetime
of the volcano (for example, through progressive fractional crystallization in, or zonation of, the magma
chamber).

One problem in volcanic sites is the nested scales of the systems to which scientific integrity should relate.
For example, in referring to the integrity of volcanic sites, the Operational Guidelines specifically recommends
(Section lle, para. 93) that “...in the case of volcanoes, the magmatic series should be complete and all or most
of the varieties of effusive rocks and types of eruptions represented.” This statement is rather confusing and
does not mean that all sites should contain all volcanic products and forms known to science: that would be
impossible, because as we have seen, eruption style and therefore products and forms are dependent on the
particular tectonic setting of a volcano. Nevertheless, scientific integrity does mean that all components of the
volcanic system to be managed, whether a single volcano or a volcano group, are adequately represented,
and the area of the property is sufficient to ensure the effective protection of that resource.

There are also practical challenges in delineating and protecting the entire scientific system of a volcano or
volcano group. For one thing, as explained in Text Box 1, volcanologists now regard a ‘volcanic system’ as
encompassing all of those eruptive phenomena fed by a common magma source. Then, even if the system
is represented by just a single volcano, the size of any area required to protect it may be very large. A
further difficulty in defining boundaries is that volcanoes and volcanic fields are frequently lived in and farmed,
and economic activity may compromise the choice of area that could be protected. Nevertheless, creative
solutions to these problems have been found on many existing World Heritage volcanoes, as explained with
the following examples.

Example 1 - Jeju Volcanic Island, Republic of Korea

Jeju Island represents the
sub-aerial part of the Mt Halla
volcanic edifice, a basaltic shield
volcano that developed on the
floor of the Yellow Sea. The
island is oval in shape, 74km
long and 32km wide, with a
central volcanic cone rising to a
height of 1950m above sealevel.
As an autonomous province of
the Republic of Korea, Jeju has
a well-developed economy that
is largely dependent on tourism,
and a population of nearly one
million people, approximately \
half living in Jeju City. Plate 3: The Jeju Volcanic Island World Heritage Site contains many large lava
tube caves (photo: K. S. Woo)

The volcano was built in ¢.100m deep water on the stable continental shelf, over a hot spot probably caused
by decompression melting of the shallow asthenosphere. In its initial stages, the volcanic activity involved
extensive hydromagmatic activity, followed by sub-aerial effusion of large volumes of basalt, and ultimately
the building of a central cone by lavas and pyroclasts from a more evolved (basaltic-trachytic) magma source.
There has been no activity of the volcano since the eleventh century. Especially noteworthy are the many
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well-developed features illustrative of the volcanic history of the island. These include a variety of rocks
demonstrating chemical evolution in the magma chamber beneath the island, and a large number of well-
developed subsidiary landforms and other features. These latter include 360 cinder cones, tuff cones and
tuff rings, excellent coastal cliff exposures of pyroclastic deposits and columnar jointing, trachytic domes,
basaltic lava flows and many long lava tube caves. Unable to nominate the whole island because of difficult
land ownership and management problems, Korean scientists came up with two solutions to demonstrate the
outstanding universal value, complexity and variety of the Halla volcanic system: either protection by means of
several discrete sites scattered over the island (a serial approach), or the protection of one or more radiating
wedge-shaped (more correctly keyhole-shaped) slices, each originating at and encircling the summit area
of Mt Halla and widening toward the coast to contain important scoria cones, lava flows and cave systems.
Eventually it was decided to develop a serial approach with three key elements of the volcano included: a tuff
cone demonstrating the hydromagmatic mechanism of formation of the early island; a subsidiary vent, with its
associated scoria cone, lava flows and lava tube caves, to indicate the scale and method of emplacement of
the main body of the lava shield; and the summit area of Mt Halla showing the volcanic products and forms
developed from a more evolved magma towards the end of volcanic activity.

Example 2 - Teide National Park, Tenerife, Spain

Teide National Park is located
at the summit of the Las
Cafadas volcano, which
forms the main part of the
island of Tenerife, Canary
Islands, Spain. Like the
Jeju example, Tenerife is
a holiday island, with large
settlements, but because
the Las Cafadas volcano
rises to 3718m, settlement
and economic development
does not seriously encroach

onto the higher slopes of the Plate 4: Pico Teide viewed from the Roques de Garcia in the Las Cafiadas caldera,
edifice. The boundary of the Tenerife, Spain (photo: B. Bomhard)

park encloses an 18km long, oval-shaped caldera at about 2100m, and from the floor of this rise the imposing
subsidiary stratocones of Teide and Pico Viejo. The Las Cafiadas edifice is broken by three radiating rift
zones in the shape of a Mercedes star centred on Teide, and while evolved magma of phonolitic composition
has erupted in the caldera to build the stratocones, basaltic lava has erupted along the rift zones outside of
the caldera to form significant groups of scoria cones. This phenomenon is thought to demonstrate some
stratification of different magmas within the magma chamber. The last recorded eruption was from Teide in
1909.

The minor landforms within the caldera include an interesting range of silicic and basic lava flows, while
pyroclastic deposits and structural features are exposed in the inward-facing cliffs of the caldera wall. Scarring
the north slope of the Las Cafiadas edifice is a large sector collapse (landslip), a feature that was possibly
associated with the formation of the summit caldera.

It was found in this case that the integrity of the volcanic system could be demonstrated and protected within
the boundary of the national park. Here there was evidence in the volcanic deposits and landforms of the
varying chemistry of the magma, representatives of all the important landforms to be found on the larger
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edifice, the upper part of the sector collapse, and of course the caldera with its important pyroclastic and
structural features that provide evidence of the caldera-forming processes.

Site management

Although this discussion is concerned primarily with the protection of volcanic geology and landscape, it is
important to remember that volcanic sites have other natural values that are frequently dependent upon the
special factors of volcanic terrain. Thus, the ecology of a volcano will be influenced by, or in some cases be
dependent upon, the rock type, soil, geomorphology, and such features as micro-terrain, aspect, altitude,
aridity and sometimes even volcanic disturbance. Indeed, as exemplified by the Surtsey World Heritage
inscription, active volcanoes are about the only places on Earth where new land is created - a clean slate, or
tabula rasa - and their protection and monitoring over time enables insights into the processes of biological
colonisation.

In general, because of their large size, long eruptive lifetimes (usually spanning many hundreds of thousands of
years), and inherent dangers, the most active volcanic systems are relatively undisturbed and little influenced
by human behaviour. Indeed, on many occasions the interaction between humans and volcanoes is the
reverse of that influencing other natural systems, because volcanoes can and do pose substantial hazards
to life and property, and indeed to the conservation of important geological, biological and cultural features.
Nevertheless, human activity does pose threats to many volcanic World Heritage properties, and include
illegal dumping, pollution of ground water, inappropriate highway development, erosion of wilderness quality,
commercial tourism (including ski development), recreational overuse, off-road driving, mineral extraction
(removal of scoria and ash cones for construction aggregate and road ballast, and quarrying of lava flows
for building stone) and the choking, pollution, and trampling of hydrothermal systems and their tapping for
geothermal energy. Older volcanic structures and rock exposures also suffer damage from many of the
above.

Geological conservation is an area of nature conservation that has received little attention until very recently,
and the discipline remains relatively lightly developed at the world scale. There persists a view among many
field managers that conservation of geological systems does not require management intervention. This is
demonstrably not so when one considers the type of threats now seen to the World’s volcanic estate, including
those listed above. It is therefore of great importance that volcanoes and volcanic areas that have been
inscribed, or are seeking inscription, as World Heritage properties, have management plans that consider the
protection of their geological values, and those other values dependent upon the geology as key priorities.
It is also important that site management plans are linked to regional plans, such as Minerals Plans and
Development Plans, to ensure they fit within an effective regional and national planning and conservation
framework.

A discussion was provided above on how sites might fulfil the Condition of Integrity in defining and embracing
the complete scientific system. The maintenance of integrity should also be a goal of site management, and
its pursuit will ensure that all important conservation values are protected. Prior research and a spatially-
based resource database are important in determining what should and should not be included in a World
Heritage property and particularly will help determine where the boundary should lie. The use of a buffer
zone is less important in protecting a property inscribed solely for its volcanic geology, than for say a karstic
or ecologically-important site. This is because, unlike the last examples, the energy and matter feeding the
volcanic system are input from central or peripheral vents within the property, as opposed to inward and
outward flows across the site boundary. However, a buffer zone will be appropriate if it is important to protect
the associated biological, hydrological and hydrothermal values of a site, to provide some degree of control of
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encroaching urban development, or economic activity (such as farming, mineral extraction or tourism), and in
hazard management.

Education and interpretation

Management objectives can also be achieved through education and interpretation programmes. Volcanoes are
some of the world’s most visited tourist destinations. For example, the Fuji-Hakone-lzu National Park, Japan,
(i.e., the area around Mt Fuji) may annually receive as many as 100 million visits, while an estimated 300,000
people climb to the volcano’s summit each year (source: Japan Ministry of Environment, National Park Service).
The most visited volcanic World Heritage property is Teide National Park, Tenerife, Spain, with 3.2 million visits
a year. All volcanic World Heritage properties provide some access for tourists, and on Kilauea, Hawaii Island,
USA, and Stromboli, Aeolian Islands, Italy, casual visitors are able to safely view active volcanism as it is taking
place. The educational value
of the experience of viewing
either a dormant or active
volcano is immense, because
like no-where else on Earth
they demonstrate the power
and importance of geology and
the magmatic processes by
which the planet was made.

Excellent interpretive facilities
are now being developed in
many volcanic World Heritage
properties (andin many other of Plate 5: Visitors experience views of active lava flows on Kilauea volcano, Hawaii

the World’s volcanic protected (Photo: USGS)

areas), notable examples being at Thingvellir National Park and the Vestmann Islands (for Surtsey Island),
Iceland; Hawaii Volcanoes National Park and Yellowstone National Park, USA; Teide National Park, Tenerife,
Spain; and Tongariro National Park, New Zealand. At the very innovative Stone Park on Jeju Island, Korea,
superb graphical, 3D and interactive exhibits explaining the volcanic geology of the island are also linked with
artistic interpretation of the basaltic rock and the island’s folklore. Such exhibits, and associated interpretive
publications and guiding services, fulfil an essential role in raising awareness, understanding and appreciation
of the beauty and interest of volcanoes, and the importance of protecting this geological resource.

Monitoring

Itis important that any protected site is monitored to assess whether or not the values for which it was established
are threatened and undergoing change. Monitoring is a fundamental part of conservation management, but
in volcanic World Heritage properties it is also important in assessing change in the behaviour of a volcano, as
an indicator of a potentially hazardous event.

The methods available to monitor the behaviour of a volcano may be quite sophisticated and involve both
remote sensing, and measurements on and around the volcano to detect movement of magma at depth.
Instrumentation willmeasure underground seismic activity, geophysical and thermal profiles, ground deformation,
the geochemistry of emitted gases, hydrological data, and the chemistry, heat and viscosity of lava. While
volcano monitoring will not be undertaken at every Holocene World Heritage Volcano, most volcanic regions
of the world have several volcano observatories that can at least provide some warning of impending eruptive
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TEXT BOX 4: Preparation of updated volcanic hazards map for El Misti volcano, Peru
Abstract of paper by Marifio J, Rivera M, Thouret J-C, Salas G, Cacya L, Siebe C, Tilling R.
(http://www.cosis.net/abstracts/)

Digital elevation model showing El Misti volcano towering 5822 meters high above the city of Arequipa, Peru.
Arequipa is a World Heritage property. (Image by Mike Abrams, NASA/GSFC/MITI/ERSDAC/JAROS, and U.S./
Japan ASTER Science Team).

The city centre of Arequipa — second largest city in Peru (about one million people) — is located 17 km away from
Misti Volcano (5822 a.s.l.) and about 3.5 km vertically below it. During the last 50,000 years, vulcanian and sub-
plinian eruptions at Misti have produced about ten sizeable pyroclastic flows and twenty tephra falls (Thouret et
al., 2001). However, numerous ash falls, pyroclastic flows, and lahars from prehistoric sub-plinian eruptions, as
recent as 2,000 years ago, have affected the region of Arequipa around the volcano. Misti’s only well-recorded
historical activity consisted of small eruptions during the mid-15th century (Chavez, 1992). The Chili River and
the main ravines (Pastores, San Lazaro, Huarangal, Huarangueros, Agua Salada) drain the W, S, and SE flanks
of the volcanic edifice and cut through Arequipa city. Channelled through them, numerous pyroclastic flows and
lahars have reached 12 to 25 km distance from source. Should EI Misti Volcano awake in the future the volcanic
and hydrological hazards associated with renewed eruptive activity and rainstorms would pose a serious threat
to the people, infrastructures, and economy of Arequipa and its environs. Even though a number of volcano
hazards maps and assessments have been made in recent years, these have not been entirely satisfactory due
to the required detail or appropriate scale for use by decision makers in the preparation of contingency plans and
risk reduction measures. In recognition of El Misti’'s enormous potential volcanic threat, the national geological
agency of Peru — Instituto Geoldgico Minero y Metallrgico del Per(i (INGEMMET) — recently initiated a project to
make a detailed geological map and updated volcanic hazard map of El Misti Volcano.

This new map was published in 2007 (Marifio et al., 2007).

activity (a full list of volcano observatories is published by the World Organisation of Volcano Observatories
(WOVO, 2005)). In addition, many Holocene volcanoes now have undergone a Volcano Hazard Assessment
(see Text Box 2), which is a descriptive summary of potential hazards, complete with a map showing areas that
might be affected by future volcanic activity. The latter is useful to site managers, scientists, civil authorities
and people living on or near the volcano to judge for themselves the relation between potentially dangerous
areas and their daily lives. The Assessments are also critical for planning long-term land-use and effective
emergency-response measures.

The city centre of Arequipa — second largest city in Peru (about one million people) — is located 17 km away
from Misti Volcano (5822 a.s.l.) and about 3.5 km vertically below it. During the last 50,000 years, vulcanian
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and sub-plinian eruptions at Misti have produced about ten sizeable pyroclastic flows and twenty tephra falls
(Thouret et al., 2001). However, numerous ash falls, pyroclastic flows, and lahars from prehistoric sub-plinian
eruptions, as recent as 2,000 years ago, have affected the region of Arequipa around the volcano. Misti’'s only
well-recorded historical activity consisted of small eruptions during the mid-15th century (Chavez, 1992). The
Chili River and the main ravines

Assessment of environmental change in any volcanic World Heritage property is also important, and calls for
monitoring of such environmental factors as air and water quality, hydrology, ecology, soils, and visitor impact.
As a management tool, monitoring should comprise intermittent structured measurements set against indicators
or targets in the management plan. Results should therefore feed back into the management strategy so that
policies and programmes may be developed to halt, reduce, divert or repair detrimental change.

Risk management and contingency planning

Perhaps the feature that most attracts public interest in volcanoes is their great power, as exemplified in the
well-publicised 1980 eruption of Mount St Helens, Washington State, USA, and the 1991 eruption of Pinatubo
in the Philippines. Such events remind us also that volcanoes are hazardous, and in the past have taken many
lives and extensively destroyed property. There are some particularly dangerous and threatening volcanoes
on the World Heritage List (e.g., the eruptions of Krakatau 1883, Taal 1911, Pinatubo 1991, Stromboli 2002,
Nyiragongo 1977 and 2002 - see Text Box 3), and as a part of the management planning process in World
Heritage properties it should be obligatory to map hazards and potential impact zones, and to prepare hazard
reduction schemes, including community preparedness programmes.

A good example of a successful hazard reduction scheme in a volcanic World Heritage property has been
in New Zealand’s Tongariro National Park. Threat of lahars (mud flows) caused by water spillage from Mt
Ruapehu’s summit lake has been of particular concern for the safety of skiers and ski infrastructure on its
slopes, and for surrounding roads, farmland and settlements. A sophisticated crater-lake monitoring system
and lahar warning system have been installed, and these proved to be of vital importance in reducing loss of
life and property damage during a recent lahar event.

Volcano hazard maps are the most common methods by which scientists communicate risk to local authorities
and citizens. In recent years new techniques and tools have been developed in order to improve the quality
of such maps and especially to improve the way they are received and understood by land-use planners and
decision-makers. Both static and dynamic maps are usually produced to aid prevention and crisis management
respectively. Maps are based on field mapping and mathematical modelling, and different graphical techniques
may be used depending upon the target audience of the local volcano hazard communication. Recent
international initiatives have attempted to standardize some of the key issues that should be addressed by
hazard maps.

In addition to working with scientists to document the possible threats from a volcano, managers must also
work with the civil and emergency authorities and the local communities to prepare a contingency plan in the
event of a serious incident happening (see Text Box 4). Risk contingency planning is now recognised to be
very important in safeguarding the public in a wide range of risk situations, although in addition to public risk,
managers of volcanic protected areas will also wish to understand and mediate against the risks to natural
assets of high conservation value. Currently risk contingency planning in volcanic World Heritage properties is
limited and further work in this area remains a major challenge for site managers in the future.
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TEXT BOX 5: Volcanic hazards from Nyiragongo volcano, Virunga National Park, Democratic Republic of
Congo
Abstracted and adapted from flyer: World Conference on Disaster Reduction, Kobe, Japan, 2005.

The volcano Nyiragongo is an important stratovolcano towering at 3,470m. It is well known for the permanent
activity of a lava lake in the main crater. This lava lake emptied during a lateral eruption in 1977 and then later
refilled in 1982 and 1994. The latest eruption occurred in January 2002, once again emptying the crater. Activity
re-appeared some months later, and at the current time the lava lake is refilling.

The January 2002 eruption of volcano Nyiragongo deeply impacted the city of Goma: 18 % of its surface was
destroyed, forcing the evacuation of some 300,000 persons and leaving 120,000 people homeless. About 110
people died as an immediate consequence of the eruption and approx. 80 % of the local economy was destroyed.
Renewal of activity in the Nyiragongo crater occurred In November 2002, with the re-appearance of the active lava
lake. Since then the level of activity has been growing, putting at risk an estimated population of some 460,000
people.

The permanency of the volcanic activity has also had a very deep impact on the environment. A huge volcanic
gas plume is constantly emitted by the crater with sulfur dioxide quantities ranging from 12,000 to 50,000 metric
tons per day. This represents approx. 50% of the total volcanic SO2 emitted by all volcanoes around the world.
As a consequence, acid rains are burning forests and crops and very high concentrations of fluoride are polluting
drinking water.

This constant volcanic activity could last for years or decades, exposing the population to direct volcanic risks.
There is the constant possibility of a new eruption that would impact on the same population, with additional
indirect risks, such as damage to crops, and pollution of air and water.
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Conclusions and Recommendations

This study has reviewed all 2349 sites on the World Heritage List and the Tentative Lists to establish the extent
to which volcanic values are represented, including all records available to December 2008. It has identified
that 57 sites on the World Heritage List and 40 on the Tentative Lists are notable for their volcanic geology,
while 27 sites on the World Heritage List and 25 on the Tentative Lists currently contain active (Holocene)
volcanoes. Comparison with the Smithsonian Institution’s Global Volcanism Program database revealed that
World Heritage properties may contain over 101 Holocene volcanoes (6.4% of all the active volcanoes in the
world); while a further 73 Holocene volcanoes may be present in sites on the Tentative Lists. However, an
accurate estimate of the number of Holocene volcanoes in inscribed or tentative sites has been difficult to
make because maps of sites showing the location of named Holocene volcanoes were not available to this
study.

The study identified six types of volcanic World Heritage properties as follows:

volcanic landscapes with multiple vents

individual active, dormant or extinct volcanoes

particular features of larger volcanic edifices

identifiable landforms or landscapes which represent the erosional remnants of former volcanoes
sites with volcanic bedrock but without any particularly distinctive volcanic landforms or landscapes
significant hydrothermal and solfataric systems
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The volcanic World Heritage properties were also analysed on the basis of their plate tectonic setting, landforms
represented, and geopolitical location, in order to find gaps in their representation. This analysis showed that
most volcanic phenomena are represented on the World Heritage List, although some gaps were identified,
as follows:

Poorly represented are:
- intrusive landforms
- certain popularly-known or iconic volcanoes
- flood basalts
- basaltic plains
- back-arc volcanoes

Missing are:
- fissure volcanoes
- Icelandic type shield volcanoes
- hyaloctastic mountains (tuyas) and ridges
- Silicic volcanic fields
- large ash flows and ignimbrite sheets and plateaus,
- resurgent caldera

Strategies for enhancing the List are identified and it is considered that there is potential for a number of
these gaps to be met by possible inscription of some properties currently included on Tentative Lists, or from
extending established sites. A limited number of new sites (i.e., not on the existing Tentative Lists) might also
be considered.
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In regard to the management of volcanic World Heritage properties, attention is drawn to the importance of
protection of the complete volcanic system, including evidence of its eruption styles, products and landforms.
While there is recognition that volcanic geology is generally quite robust, there are human-made threats to
geological values that may require management intervention. In most cases, these threat also impact on the
site’s ecology and possible cultural values, and where these values are strong such sites should be managed
as integrated systems. An important aspect of management of sites containing active (Holocene) volcanoes
is risk reduction from hazardous eruptions. The World Heritage List includes some notably dangerous
volcanoes, and the monitoring of volcanic activity and risk contingency planning should be essential parts of
the management process in all potentially active volcanic World Heritage properties.

Specific recommendations arising from this study are:

1. Reinforce to State Parties the message originally communicated to the World Heritage Committee in July
2007 that there is increasingly limited scope to recommend further nominations of volcanic sites for inclusion
on the World Heritage List, and that any future nominations should seek to fill the gaps in the List as identified
in this Theme Study;

2. In association with site managers, undertake further research to establish:

a) A definitive list of named active (Holocene) volcanoes currently included on the World
Heritage List;

b) A list of the most hazardous volcanoes and an assessment of the risks they pose to their
respective communities.
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Figure 7 Types of volcanic eruptions, after Bloom (1998), modified from Short (1986)

Figure 8 Diagram showing the plate tectonic settings of volcanoes, after Perfit and Davidson (2000),
modified from Pearce (1996)

Figure 9 Surface volcanic forms and features, after Short (1986)

Figure 10 Classification of volcanic landforms with emphasis on volcanic mountains, after
Thouret (2004)
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Annex 2 : List of Tables

Table 1
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Table 3

Table 4

Table 5

Table 6

Table 7

Sites with volcanic geology on the World Heritage List (see Annex)
Sites with volcanic geology on the Tentative Lists (see Annex)
Analysis of Tables 1 and 2

Plate tectonic setting of World Heritage volcanoes

Volcanic World Heritage properties by geopolitical region
Landform types in volcanic World Heritage properties

Possible future candidate volcanic features or areas for inclusion on
the World Heritage List
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Annex 3 : Data sources

Data sources drawn on for this study were:
UNESCO World Heritage List, accessed March/April 2008, available from: http://whc.unesco.org/en/list

UNESCO World Heritage Tentative Lists, accessed March/April 2008, available from: http://whc.unesco.org/
en/tentativelists/

Database of World Heritage property nominations withdrawn or not recommended for inscription, provided
March, 2008, by the Protected Areas Programme, IUCN

Database of Holocene volcanoes, Global Volcanism Program, Smithsonian Institute, available from:
http://www.volcano.si.edu/

World Conservation Monitoring Centre, Natural Site Data Sheets, accessed March/April 2008, available
from: http://www.unep-wcmc.org/sites/wh/
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Annex 5: Glossary

Aa lava:

Batholith:

Block lava:
Caldera:
Cinder cone:

Composite volcano:

Collapse scar:

Collision zone:

Cone sheet:

Continental volcanic arc:
Coulee flow:

Country rock:
Crust:
Diatreme:
Dyke:

Dyke swarm:

Erosion caldera:

a lava flow with a rubbly or clinkery surface

a composite, intrusive, igneous rock body up to several hundred km lin extent,
formed by the intrusion of numerous large packages (plutons) of magma in the
same region

a lava flow with a surface broken into angular, smooth-faced blocks

a large circular depression with steep walls and a fairly flat floor, formed after
a violent eruption when the centre of the volcano collapsed into the partially
drained magma chamber.

a cone made of fragments of glassy rock, known as tephra, that were ejected
from the volcano

a stratovolcano with a complex history, built-up of layers of lava alternating

with beds of ash and other pyroclastics, with collpse scars, some whooly or
partially covered by newer erupted material and material eroded from the higher
slopes of the cone

a hollow left in the side of a volcano after a sector of it had collapsed

a type of convergent plate margin in which two continents or island arcs have
collided

an igneous intrusion, represented by a dyke shaped in cross-section like a
cone dipping inwards to a central pluton.

a long chain of sub-aerial volcanoes on the margin of a continent adjacent to
a convergent plate boundary

a very thick, and relatively short, blocky lava flow, usually highly silicic in
composition which has been extruded from a volcanic cone or fissure

any older rock into which magma is intruded

the rock that makes up the outermost layer of the Earth

a narrow, conical-shaped volcanic vent typically cut through non-volcanic
basement rocks, that has formed by explosive action, often filled with angular

fragments injected by gas fluidization

a sheet like intrusion that cuts across the stratification of the country rock,
formed when molten magma is injected into a fault

a collection of many radial dykes around a central intrusion, or many parallel
to sub-parallel dykes occurring over a large region

an erosion induced or transformed large depression on a volcano

Fissure: a linear fracture in the Earth surface

Flood basalt: expansive effusion of basaltic rock erupted from fissures, extending many
tens of kilometres and covering a vast area of land in flat, layered lava flows,
forming a lava plateau
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Fumarole:
Fumarolic field:
Geotectonic setting:
Geysir:

Hydromagmatic:

Hydrothermal field:

Hot spot:

Igneous melt:

Igneous rock:

Intrusion:

Ignimbrite:

Ignimbrite plateau:

Intraplate volcano:

Island arc:

Laccolith:

Lahar:

Lapilli:

Large Igneous Province (LIP):

Lava:

Lava Channel:

Lava dome:

Lava flow:

Lava tube:

Lavatube system:

a vent that releases volcanic gases

an area rich in fumaroles, sometimes also known as a solfataric field
setting in relation to plate tectonics and structure of the Earth

a vent that periodically erupts a fountain of steam and hot water

a violent eruption style caused by water entering the volcanic vent and
reacting with the hot magma

an area underlain by rocks through which circulates hot water

name given to the place where an ascending plume of hot mantle
material penetrates the Earth’s crust

magma, a liquid igneous rock

a rock formed by the solidification of a magma, before or after it reaches
the Earth’s surface

a body of igneous rock that has been emplaced within, or intruded into,
pre-existing rocks of the Earth crust

a rock formed when when deposits of pyroclastic flows settle and solidify
extensive plateau made up of a succession of ignimbrite sheets

a volcano that has formed in the interior of a lithospheric plate, remote
from any plate boundary, thought to be a product of an underlying mantle

plume.

an arcuate chain of islands rising from the deep ocean floor and located
where two ocean plates converge

a type of magmatic intrusion in which a sill-like magma body domes up
its roof to form a circular or oval lentitular body.

a torrential mudflow of wet volcanic debris produced when pyroclastic
deposits mix with rain or the water of a lake, river or melting glacier

fine-grade pyroclastic material

a voluminous emplacement of predominantly mafic extrusive and
intrusive igneous rocks

magma that has been extruded onto the Earth’s surface

an open channel usually contained between two parallel levees (retaining
walls) that conveys an active lava river down the axis of a lava flow

rounded or bulbous secondary volcanic dome that develops within a
caldera or blown-out crater from slow extrusion of very viscous lava

elongated, active or solidified outpouring of lava, with distinctive form
depending on how viscous the fluid material is

a conduit formed within an active flow lobe that transports fluid lava

an integrated system of connected lava tubes that conveys fluid lava
between the vent and the advancing flow front
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Lava tube cave:

Lava shield:

Lithospheric plates:

Lopolith:

Maar:

Magma chamber:

Mantle:

Mantle plume:

Mid-Ocean Ridge (MOR):

Mineral :

Hyaloclastic ridge:

Monogenetic:

Pahoehoe lava:

Phreatomagmatic:

Petrology:

Pit crater:

Plate tectonic setting:

Polygenetic:
Pyroclastic deposit:

Pyroclastic flow:

a lava tube or lava tube system from which the active flow has partially or
wholly drained after the close of vent activity

a low-angled cone composed predominantly of thick accumulations of
mafic lava flows

alternative name for tectonic plates - the lithosphere is the rigid crust
surrounding the Earth

a large-scale, commonly mafic, bowl-shaped shallow intrusion

a broad, low-relief explosion crater - may be surrounded by a tuff ring
and underlain by a diatreme

a magma-filled cavity below ground thought to form as bouyant packages
of melted rock rise to accumulate in higher regions of the Earth’s crust

the thick layer of rock below the Earth’s crust and above the core

a column of very hot rock rising up through the mantle that may originate
near the core/mantle boundary

a sub-marine mountain range that may be more than 2km high that forms
along a divergent plate boundary

a naturally occurring, solid, crystalline substance, generally inorganic,
with a specific chemical composition - all igneous rocks are composed of an
assemblage of different, interlocking minerals

a volcanic ridge formed from a fissure eruption that took place beneath an
ice sheet or on the ocean floor - composed of pillow lavas and hyaloclastite
- an aggregate of fine, glassy debris formed when hot magma is rapidly
chilled with water, ice or water saturated sediment

built from a single eruptive event

a type of low viscosity lava flow characterised by a surface texture of
smooth, glassy rope-like ridges - composed of accummulations of

thin sheets, tongues and lobes that are fed by internally-formed distributary
lava tubes.

as for hydromagmatic, a type of violent eruption caused when water
interacts with magma in the volcanic vent

the study of rocks, their nature and origin

a depression formed by the collapse of the ground surface of the flanks of
a volcano lying above a void or empty chamber

the setting of a volcano or volcanic system relative to the Earth’s tectonic
plates and their structural features

built of many discrete eruptive events
any deposit of fragmental material violently ejected from a volcano

a fast-moving avalanche that occurs when hot volcanic ash and debris mix
with air and flow down the side of a volcano
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Resurgent caldera:

Rift zone:

Rift valley:

Ring dyke:

Seamount:

Scoria:

Scoria cone:

Sector collapse:

Shield volcano:

Silicic:

Sill:

Solfataric field:

Stratovolcano:

Subduction:

Transform boundary:
Tuff:

Tuff cone:

Tuff ring:

Tuya:

Vesiculation:

Viscous:

a caldera on a much bigger scale than one associated with collapse of
the summit of a central volcano, but similarly overlies a shallow magma
chamber into which the crust has collapsed - characterised by a

broad topographical depression with a central elevated area formed

from post-collapse upheaval (resurgence)

a series of fissures cutting a volcano and caused by inflation - a volcano
may have several rift zones that may radiate from the summit, any one of
which may at some time allow lava to be erupted from the volcano’s
flank rather than from its summit

a long narrow trough bounded by parallel normal faults and inward-facing
fault scarps

subvertical cylindrical sheet intrusion where magma has been intruded
along a ring fault - the surface expression of the dyke is circular

a submerged volcano, usually extinct, built on the deep abyssal plain of the
ocean

highly vesicular mafic glass - solidified lumps of frothy magma thrown out
of fountains of lava in the vent

cone built of scoria and lapilli over the vent during a Strombolian or
Hawaiian style eruption

collapse or landslide of a segment of a volcano

a sub-aerial volcano with a broad, gentle dome, formed either from
accumulations of low-viscosity basaltic lava flows or from large pyroclastic
sheets

magma which is rich in silica

a sheet intrusion formed when magma penetrates between the strata of
the country rock

an area rich in fumaroles

a large cone-shaped sub-aerial volcano consisting of accumulations of
lava and pyroclastic material

the descent into the mantle of a lithospheric plate at a convergent plate
margin

a boundary at which one lithospheric plate slips laterally past another
compacted volcanic ash or tephra

a cone made up of very fine volcanic ash or tephra, formed after a
hydromagmatic eruption

a ring of volcanic ash or tephra

a term given to flat topped mountains produced by sub-glacial eruption of
a central vent volcano

cavities by formed by gas bubbles trapped and ‘frozen’ in a lava

a term for the ‘stiffness’ or resistance to flow of a material.
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Volcanic landform:

Volcanic landscape:

Volcanic neck:

Volcaniclastic:

Volcanic system:

a physical feature with an identifiable form (shape) formed by a volcanic
process

an expansive area made up of different landforms of volcanic origin

the rock that solidified in the throat of an ancient volcano, now exposed as
an upstanding column because the softer flanks of the volcano have been
removed by erosion

synonymous with pyroclastic

all the volcanic phenomena originating from a single magma source

51

IUCN World Heritage Studies



logy on the

ith volcanic geo

1es wi

Table 1: Properti
World Heritage List

Annex 6

ebalg pue
1ZNyey| SB0UBI|OA JoUIXd Jejnaeloads om|

086T

obuo)
jo olgnday
Jneloowsd

sied reuonen ebaig-iznyey

T

‘ouedjoN0lRNS
aAnoe ue si obuohelAN 8jIym ‘oued|on
A1 }SOW S,BolJY S| ‘OUBD|OA PIaIYsS
onjeseq able| e ‘esbeinweAN ‘8ua20|0H
Y} ul 8Anoe usaq aney yaylm jo

¥ ‘saoued|on ablie| G sureluod als

6,67

obuo)
jo olgnday
Jneloowsdg

sied [euoneN ebuniin

(0]

'SaU09 pajeiaban pue papola

JNoj JO J91SN|O B ‘IS0IQ Suleluod os|y
'Sa.1udd aAndnis 6 1ses| e sasudwod
yoiym "efaIA €| ap ugdury Buipnioul
SO0UBI|OA JO SBII8S B sulejuod als

X X1

666T

oIy ©IS0D

ajseoeUERN
UQIDBAIBSUOD Bp BalY 8y

*uIBLIO DIUBD|OA JO pue|S] D1UBS0 JlIoed

X XI

1667

©IIY ©ISOD

led [euoneN pues| S0009D

‘plo sreak 0002

uey) ssa| ‘sauod anse|oolAd Agq paddes
OUBD|OA PIBIYS peoIq € S| Nyenalal
"19JeJ0 WHT Pawonog Jej} e surejuod ney
ouey ‘SJUBA Alelpisqns 0/ uey) aiow
pue saoued|oA jediouud g jo pasodwo)

G66T

3lyd

Mied [euonepN InN ndey

uesoO
alj10ed UISpUR|S] 21UBD|OA Jo obejadiyoly

X1

900¢

elqun|od

Arenjoues
®lo|4 % eune- ojadie

SauoISpuUeS YIM pappagalul Seae| 1jeseq
Alurew aJe 300y ‘8A0ge YlIM SNONUNRUOD

986T

Iizeig

sied [euonen noenp)

‘urewal Jjeseq pue auolspues Jo siake|
paAes|Ialu| "Uasap JIssell| ejeanjog
ay) jo uoniod peolq e Buuanod ‘neasreld
1jeseq pooj} J10Z0SaN eueled Jo Ued

861

eunuabiy

sled [euoneN nzenbj

OUBD|OA
aAI1o® AJUO S.BI[RNISNY SI UOSMEBIA IA

X1

1661

elfelsny

spue|s| pleuogoIN pue piesH

‘sjjeseq
neare|d paloassip ourd|oA uoibullieg
‘elap|ed UOoIS0Ia pue 408U JIUBd|oA
Buiurepn 1IN ‘OUBD|OA PIaIYS Mead [eoH
‘xa|dwod aAlsnnul Asuleg IN Sapnjoul -
JuswdJieosy 1eals Buofe uoireuiwou
[elas "solued|oA Alenual Ajureiy

X ‘X1

9861

elleASNY

eleasSny
10 SISalojurey BUBMPUOD

spue|s| o1ued|0A Jo obejadiyoly

X

86T

elfensny

dnouo pue|s| amoH pio

PaxIN

[eanynd

[einieN

suoleAlasqo

saliobared

18410 Japun paqliosu|

ABojoab

(ma) L1obared
Japun
paquiosu|

Aneaq ol1uaos
(nn) Kiobared
Japun
paquiosu|

uonduosul
10 81eqg

ouBd|oA
(ennoe)
9Ud90|0H
ueluosylws

Anunod

aweN

19y dls

52

IUCN World Heritage Studies



3w [eanoIsly ul uondnia 1sabie| puodss

s,eIsauopu| sem uondnia £88T showejul sy ‘pue|s|
nejexesy| Jo uonewlio) ayl Ul paynsal asde|jod pue
plINgal SNONURUOYD “eIdP[ed SPIM W/ © pawIo) AV9TY
Ajerewixoidde ur ainjonais jeuibuio ay) jo asde|j0d
‘nerexely| Jo 9AI8Sal [einfeu syl sapnjoul uoneubisaqg

T66T

rISaUOpU|

Sred [euoieN uojny Bunln

(44

“WISIUBD|OA SAIJ0R
oN "obejadiyole ueisauopu| ay) JO 811U32 Y} Ul ParedoT

T66T

rISBUOPU|

ied [euoneN opowoy|

x4

‘uondnua Jo 9jA1s uekasuns
0] aweu aAIb pue eAn] pawioy Ajleaisse|d /9-£96T
suondnia onewlewolealyd wolj ulog puesi JIULI|OA

X1

800¢

puejao|

Aasung

0c

‘'SeAg| onjeseq

[e1oe|b-1sod Ajaaisnjoxa sI ABojoab s pue waisAs

3 INyelBue-InBBAIysaueAay ay) uo parenus sii|
abpiy onuepy-piN 8yl Buole sare(d reisnio Jo aouab
-I3AIp 8y} 01 anp Buiyll ayensuowap aus JjjAbBuld ay L

¥00¢

pue|so|

sed [euoieN JieABuIY L

6T

‘sieye| enby ‘YN Ag pakonsap 82im) usaq sey Ao
sy ‘obeusyeay pue enby ‘0bang - SSOUBD|0AOTRNS AN
-oe ‘abie| 9a1y) usamiaq AajeA e ul parenis si Ao ayL

6,61

elewsalens

elewsarens enbinuy

8T

‘sijeseq pue sajjoAyl
‘sAiAydiod - abe uelwiad JO S320. JIUBD|OA BWOS

€861

aouelH

9AI9S9Y BlOpURIS
‘erejollD JO JInD ‘eueld Jo
ayoue[e) :01od Jo JIno

LT

neaje|d jjeseq paoassiq

8.6T

eidoiyig

>ied [euoiieN usiwis

9T

"OUBD|OA
rIap[ED BUNBET 8y} WOl uondnia ue Japun palng
SeM UMO} B "SMOJ} 21ISe|00IAd eury 8y Uo parenis

€66T

lopeAjes |34

9IS [ed
-1Bojoaeyaly ualad ap ehor

ST

"9Ud20|0H

a1 Ul 9A1I0€ U93(Q dARY SS0URD|OA T pue ‘sieak
00¢ 1| ay} ul suondnia Qg 1sea| Je uaaq aney alay L
'S90URDI|OA PIBIYS JO SHWWNS 8y} ale yaiym jo 1sabire|
ay) ‘spuejsi £ Jo Bunsisuod obejadiyare o1Ued|0A

XX

8161

lopenog

spuejs| sobedejen

14

‘SeIap[ed 90YsasIoy OM}

yum paddo) pue Jaioe|b HwWNS € Yyum ‘ouedjonolens
pajejos! ue s Aebues "AJIAOe SNONURUOD JO SPI0dal
1sabuoj s,pjiom ayy Jo auo Buiney Jane| ayy ‘Aebues
pue 18]y ‘entenbun] ‘SSOUBD|OAOIRNS € SUBIU0D SIS

X 'XI

€861

lopend3

3red [euoneN Aeybues

€T

“aye| Buljloq 1sabie| puodas spliom

B} Surejuod Yolym jo ajosawny abie| e s| uone|osap Jo
As|en ayL ‘shAsjfen pasioul Aidaap pue sajid Jluedjon
Aq pasuaioeleyd adeaspueT ‘ULl pue suolid
SI01] SUIO JO saxa|dwod awop eAe| abie| omy
SUeIu0D "OUBD|OA ISWIOJ B JO Surewsal ayids onjeseq v

X

L1661

eOIUIWOQ

Aled
[euoireN Suolid SIoJ] SUIO

¢t

PaxIN

[einiing

leinyeN

SU0IBAIBSIO

salobared

19410 J2pun paqliosu|

ABojoab

(111A) A1obared
lapun
paquiosu|

Aineaq 21uads
(11n) Kiobere)d
Japun
paquiosu|

uonduosul
Jo areq

oued|oA
(annoe)
9Ua20|0H
ueluoOSyyws

Anuno)

aweN

'J94 8us

IUCN World Heritage Studies

53



"096T Ul pareneoxs sem A110
3yl "amasal 0} sjuengeyul Buisnes oquolowon I

Jo uondnia OT9T 8yl Aq pakonsap sem ANo [euiblio ay N N 0002 A enberediN olaiA uoaT jo suiny Ge
‘puels| sapodiuy uo ‘Aemojes N
S| OUBJ|OA dAIOE Jsow pue julod 1saybiy syl "puels|
[leqdwe) pue pue|s| puepony ‘pue|s| sepodiuy - Spue|s| Jn2Jejuy-gns
JIUBD|OA 3Je Spue|S| d112Jeluy-qNS ZN dAlL 3yl JO 9aly L X‘XI N N 866T A | puereaz maN puejeaz maN ve
‘nyadeny
pue aoyninebN ‘olirefuo] ale SB0URI|OA Urew aaiy L
‘uoiisodwod ul dnISapue Ajurew aJe SaoUBd|oA 3y}
‘neaje|d o1UBD|OA pue|S| YLION [BJluUdd 8y} uo payeny IN A A 066T A | puereaz maN Mled [euoneN oilrebuol ce
nadayesodod
‘nedsresodod Jo sadojs 10 sado|s ay) Uo sallsISeuo\
9y} uo a1 axs ayy Buisudwod sapsiseuow Ussunoy ||y N N 66T A 02IXa\ AImua) YigT 1saley z€
‘uoibal eljesoy elues-eiaped
BUWIOY BT pue BBNnIOo] B|S| UsaMIag parenis ale 02IX3IA 40 JINS 3y} Jo
‘abpry o1ueajon ebnuol ayr Buipnjoul ‘sabpi oluedjoA X‘XI N A 5002 N 0JIXaN | Sealy palosloid pue spuels| 1€
adeos
e|nsuluad aulop 87 UO urelunow Jjeseq pale|os| N N 8002 N nunew -pueT [einynDd aulo a7 o€
'S9OUBI|OA 8UBI0I|d / dle YINos 3y} Ul 9|Iym ‘syeseq
pooy} Sey BuBXIN| UIBYHON ‘pUB|S| YINOS pue YuoN
‘lellua) ‘spuejsi J1UBI|OA 93y} Sey axe| ayL ‘Asjfen
11y 18319 UeAUDY B JO PUS UIBYLIOU By} Te pauonisod X A N 166T A eAuay | ied [euoneN euexin] axeT 6¢
ROV Ul yead 1saybiy puo
-08S Y} pue OUBD|OAOTE.]S JOUNXd Ue S| BAUSY JUNON X| N A /66T N eAuay | ed [euoneN eAuay Junow 8z
‘N0 "IN pue nsney
"IN Buipnjoul sxead d1uedjoA Jo abuel e Jo pawio4 X‘XI N N 5002 A ueder [ OEIIS 12
*olignd sy} 01 elelzunuuy auoL
9|(ISS929® BpewW pue pajeArIXd U9a( aAeY Salis Ulog pue wnauenaiaH ‘lledwod
"SNIANS3A JUNOA JO uondnia 6,aV 8ui Aq paung sealy AN N N 166T A Ay 10 sealy [edlbojoaeydly 9z
"AlIAIIO® UeljogWoAIS pue uelued|nA ylog jo Aloisiy
e sl alayl wsiuedjon Buiobuo pue uononnsap pue bul
-plINg pue|s! d1UedjoA Jo plodal Buipueisino ue sapinoid
alIs 8y ‘ouednA pue Ledi] ‘ealeued ‘lloquions
S90UBI|OA BUSI0|OH BY} UIBIUOD SPUE|S| UBI|03Y 3y L A N 0002 A Aey | (spuejsi ueljoay) a1j03 a|0s| (o4
"OUBD|OA UBWIBINS
9-Uepuaz Juew.op ay} JO Wi 18Jeld ayl uo pajedso N N £002 N uel| uewAa|os a-1yeL vz
‘aye| Jaresd |jews e Aq paj Aped J1arelo
nwwns able| e sureluod 3 "elrewns ul aAnde 1sow ayl
JO BUO pue oued|oA 1Saybly S.e1sauopul Si 1| ied [euol elRWNS JO
-eN 12UlId) 8y} Ul PaYen)is 19uld) JUNOJA SUIRIUO0D 3)IS X‘XI N A 002 A eisauopu| | abejsaH 1saiojurey [eaidoil ford
paxiN | rednynd | reinieN
ABojoab | Aineaq oi1usos oued|0A
(i) A1obayed | (11n) Alobared (annoe)
sallobaled Japun Japun | uonduosul 9Uad0|0H
suoleAlasqo 1ay10 Japun paquosy| paquosu| paquosu| jo areqg uejuosylws Anunod aweN | 'joy aus

54

IUCN World Heritage Studies



‘s1a10e|B pue WSIUBD|OA SAOE USBMIS( uonoeISIUl

Jo Apnis ay) Joy [elarew Buipiroid ‘exyeyowes ur uonerd
-e|b Jo 9.ud2 1sabie| 8y} Jo Bale By} OS[e S| SBOURI|OA
Jo abuel eABYSABUYINA|Y BU) UonIppe Ul 'Sainyes) olued
-|OA 1310 Auew pue Selele)|os ‘spialy Japuld ‘sweans
©eAg| ‘selap[ed ‘Sau0d BAe| pue 9eliods SHJIYXS OS[e SIS
9y "eISein3 Ul WISIUBD|OA SANJOE JO Bale Pajeliusduod
1saybiy ayy 1 Bupjew saouedjon BunoA og Aleau sey
abuel AlUIYD0ISOA UIBISEd BU]} IS|IUM SS0UBD|0AOTRNS
pue pjaiys wewlop jo pasodwod si abues Aluuipals
uia1sam ay | ‘sebuel urelunow |ajjesed om Jo SisIs

-U0J B|NSUIUSd Bxleydwey] ay) Jo jley uisyinos ay

9661

uonelapaH
ueissny

e)Ieyowey| Jo SS0UBD|OA

114

‘suondnua adA) ueAasuns Jo Apnis ay)

1o} @2UapIAS [euondadxa s)gIYxa auod yny Buogqinyj|
uesbuoas ayl "plom ay} ul sajdwexa 1sauly ay} Jo dUo
se papJlebal S| WalsAs agnl BAR| WNaIouNWoas) ay |
'S90URD|OA pIaIYs 1sabie| SplIoMm ay} JO aUo S| elleH N

200¢

©al0)]
j0 oignday

sagn}
©BAR| pUB pue|s! dIUBI|OA Nlar

ov

'sodld oinbuip

pue Z|UO dwlay|ing ‘0}y 0dld ‘eleqreq BIUES : du0z
aInssly e aA0dge }|Ing saouedjonolels Buiddejiano

1IN0} JO SISISUOD YDIYM ‘pue|S| BII9213] UO PayedonT

IN'A

€861

rebnuod

salozy
ay) ul owsl|oiaH op elbuy
JO UMO] 8Y} JO BUOZ [eJUdD

6€

'SMOJ} BAR| d)[eseq Uo paledo) sl als ay L
'S910ZY ‘pue|S| 0014 ‘OUBD|OA 021d dAIRDE Jo sadojs uQ

00¢

rebnuod

salozy ‘ainynd prekauin
puejs| 021 jo adeaspuer]

8¢

3001 Je|[IS 21UBD|OA 01Ul }|INg SI BAUSD DLOISIY BY |
‘onse|o0lAd uaaq sey AlAnOe JUSJal ISOW S} “pajusW

-noop uaaqg aney sysodap |e} ansepolAd snotawnu
pue susodap |je} eiyda) aiow Jo Auam) Ajrewixolddy
"0UBD|0AOTRIIS DNISapUE U ‘ISIA [T JO 100} 3y} 1e }ing

000¢

niad

edinbaly
jo AnD ayy jo AuQ [esuoisiH

A

juasauid

OS[e ale SauU09 Ueljoquiols onfeseq 00T 1oA0 pue sbBuul
1Ny onewbBewolealyd ‘pPlIoOM 3yl Ul sainonns ayAp Buul
1sabue| ay Jo auo Buiaey 10} snowrey ISow Si INg ‘salny
-e9) olUBI|OA Areularend) pue Alenua] Jo SISISU0D a)Is
YL "SyISSeW Jejnalid 6 JO 1SISU0D SUMIUNO I 8Y L

XX

1661

190IN

sanIasay
JeinyeN a1aua) pue Iy

9€

‘AIAnoe ueljoquiol}S pue ueluedNA yiog jo A1oisiy
® sl aidyl ‘wsiuesjon Bujobuo pue uononisap pue Hul
-pling pue|s] 21UBD|OA JO pI02al Buipuelsino ue sapiaold

als 8yl ‘ouednA pue Led] ‘eareued ‘lloquons

SB0UBJ|0A BUSI0|OH BY} UIRIUOD SPUE|S| UBI|03Y ay L

000¢

Arey

(spueyst ueljoay) 1|03 8|0S|

14

"OUBD|OA UBWISINS
9-UepUSZ JUBLLIOP BUj JO WL ISJRID BY} U0 ParedoT

€00¢

uel|

uewAa|os a-yyel

ve

"3y Jajelo |rews e Ag pajy Apted Jereld

jnwwins afe| e sureluod 3| "elfewns uj dAIoe 1sow ay)
10 BUO pue oUed|OA 1SBYBIY seIsauopu] Si 1| Med feuon
-BN 10ULI33] 8} Ul PaJenyIs 1oULISY JUNO SUMeIU0D 3)IS

X‘XI

700¢

rISaUOpU|

elewns jo
abeiuaH 1salojurey [eoidos

jor4

PaxIN

[eanynd

leinyeN

suoleAIdsqO

sallobared
Jaylo Japun paguosu|

ABojoab

(ma) A1obared
lapun
paquiosu|

Aineaq 21uads
(nn) Aiobared
Japun
paquiosu|

uonduiosul
Jo a1eq@

oued|OA
(snnoe)
9U820|0H
uejuosylws

Ainuno)

aweN

J9y 9IS

IUCN World Heritage Studies

55



puejal|
N pue urejug
183l Jo wop andw3
[IIS UIYAA 1D Y213 WOE 8Y3 UO NG S! |[eA\ S,uelpeH N N 5002 N [ -Bury psuun uewWOy 3u Jo sIsnuold 2s
pueal|
N pue urejug
1eal9 Jo wop puepoos ‘ybing
OUBJ|OA SN0JBJIUOGIED B JO SjueuWwSal 8y} Uo Jjing N N G66T N | -Bury pauun | -uip3 Jo SUMoL MaN pue p|O 1§
epnuiag
'sysodap (suoisawl)) are ‘suoneoliio parelay pue
-uogJed yum padded Junow eas JIUBD|OA B S| epnuwiag Al N N 0002 N 961099 1S JO UMOL DLIOISIH 0S
"OUBD|OA plaIys papols alow ‘Iebie e jo pueal|
jueUWSaI BY) SI puUR|S| 9|qISSaddeu| "abpl dnuBRY-pIW N pue urejug
8y} Jo ado|s 1Sea 8y} U0 SJUNOW-Bas JJULd|OA JUeY 1eal9 Jo wop spuejs|
Umnos jo ureyd ay} jo yed swioy spuels| ybnos ay L X N A G66T N | -Bury panun 9|qISsaddeu| pue ybnos 6t
pueal|
‘neare|d N pue urelug
pageas e wouy Buisil OULBd|OA OUBD|OAOIENS JOUNXD 1eal9) Jo wop
Buoj e jo sueuwsals ay) suasaidal obejadiyore ay | /NI X‘XI N A 986T N | -Bury panun ep|iy 1S 8y
"saxAp anajoyy
Ag yBnouiy) 1nd osje si aulpseod ay ‘adoin3 ul neareld puejal|
eAe| Bulurewsal 1sebie| ay) Jussaidal seae| Areial wuy N pue urejug
-uy 8yl -pouad Arenua] Apea ayl Buinp Alanoe olued 18819 JO Wop 1se0) Aemasned
-|oA Juasaidal ydIym suwnjod dnfeseq 3oe|q aAISSeN A A 986T N | -Bury panun |y} pue Aemasne) sjuel) VA4
"WdISAS 21ued|oA ainjew pue xajdwod Ajjedibojoab
‘Buinow mojs pjo Ajaaireal e jo ajdwexa reuondaosxa
ue SI9j0 apIal Junoy ‘Buljjepowas pue uondNIISUod
JO saseyd Juaiayip MOYS Jey} Sainyesy dIUed|OA JO Uol}
-09]||02 8SISAIP pue Yol B SIayo dled syl ‘ainponis
2lUed|0A 1S3yBIY PJIY} S,plIOM BY} S| OUBI|OACTRIIS SIY L A A 1002 A |jlIsus] Jled [euoleN apiaL 14
‘oued|oA nogiend pasde|jod
8y} Jo syusodap yse pue adiwnd pue SMoj) eAe| ‘siareld
uoiso|dxa Aq papunouins are yoiym ‘sbuuds inydins
ay) sal| uoissaidap [esjuad ay) U] ‘SB0UBD|OA SWop
BAg| 21)19ep papIs dasls juewlop oM) ale suolld syl A A 002 A B|onT jures ealy Juswabeue|y suold (=14
ABojoiq 1s8 EINES
-10} 1o} wenodwi - susodap anjeseq olul papola Aajlen X‘XI A A €86T N s9||ayohas -9y ainyeN e\ ap a9|[eA 4%
“191e10 8y}
upjuasald ale sajosewny dANJY ‘SMOPNW pue SMOoj}
anseoolAd paonpoud obe sieak ooz uondnia Juadal
1SOW 8y "181eld apiMm Wy T B SUIBIU0I YdIYM OUBI|OA SINSN pue Mred [euoieN
-ojens e ‘efinwer Juno jo sadojs ayy uodn pajenis N N 666T A SNIY Jures SSaJL04 [|IH suoiswig [
‘abues ay} ul ureunowl uonelapa-
1saybiy 8y} SI OUBI|OAOTRI]S JUBWIOP © ‘Snug|3 JUNOW X‘XI N N 666T A ueissny snseaoned ulaisan b4
paxiN | [esnynd | einreN
ABojoab | Aineaq o1uaos oued|OA
(1mn) A1oboren | (11n) Alobared (aAnoe)
sallobared Japun Japun | uonduosul 8Ud20|0H
sSuoleAIasqo 1aylo Japun paqliosul paquasu| paquosu| J0 areq ueluosSyHwWS A1nunod sweN | ‘Joy aus

56

IUCN World Heritage Studies



spue|si o1ued|oA Jo obejadiyole uy A N N 8002 N nyenuep urewoq s.ele| 104 Jaiyd 1S
‘sreak 1 10} 1se| sey eane|y Jo
uondnia 1sale| 8y ‘suolewlo) Mojy eAe| anbjun pawloy
sey yaiym Ananoe aandnia Aq pabueyd Bulaq Apueisuod eolBaWyY
s yred ay} Jo adeaspue| ay| "eane|iy pue o7 eunep 10 sarels
‘S90UBI|OA SAIIOR 1SOW S,PlIOM BUj} JO OM) SUIRIUOD A N /86T A pauun siled [euonenN llemeH 9G
‘AiAnoe ewsayloab jeuondaoxa pue eiap[ed Mojleys
‘abue| su 10} ajgeiou Alreinonted si yed ayl suondnia
umou| 1sabe| s,plIoM 8U} JO SWOS JO 3dUBPIAS Sapinold BoLBWY
1 'sleaA uol|jiw oM} JBA0 S8[9AD dlUBDjOA 831y} ybnoiyl JO sajels
padojaAsp pjal JIUBD|OA NesIe|d BUOISMO|BA B L XX A A 8.6T A pauun Jied [UONEN SUOISMO||SA g
elueZUR]
'S90URI|0AOIRIIS 931U} jo olgnday
Jo Bunsisuod ‘ureyunow 1saybiy s,eoalyy si oreluewi|iy N A /86T A pauun siied [euoieN osefuewi|iy ¥S
‘obe sreak uoj|
-llw g-z Ajerewixoidde papojdxa ouedjoA juelb e uaym elURZUR]
pawlo} 1] 'PAPOO0]} J0U AR JSUNBU SI YJIYM PIIOM 3y} Jo olgnday ealy
ul Jareld uaxoliqun isablie| ayl si Jareld olobuolobN ayL X‘XI A A 6.6T N panun uoirensasuo) osobuolobN [}
PaXIAN | [ednnd [ [einieN
ABojoab | Aineaq olusos oued|0A
(imn) A1obared | (11n) Alobare)d (annoe)
sallobared Japun Japun | uonduosul 9U890|0H
SUOIBAIBSUO Jaylo Japun paguosu| paguasu| paqguasu| J0 81eQ ueluosylws Aluno) aweN | 'joy 8us

IUCN World Heritage Studies

57



ive Lists

logy on the Tentat

Table 2: Properties with volcanic geo

Annex 7

'selap[ed UoIsoia pue sA3)
-leA papeay-aieaynydwe
asuawiwi Buiwlo} ‘sassa
-00.d eian} Agq uonoassip
daap J1ay} Joy a|qelou

0S[e aJe S90URI|OA 8SaY |
‘Aianoe yuanbauy ul s1 asreu
-ino4 g| ap uolld - yaiym
O BUO ‘SB0UBD|OA PIBIYS
onjeseq abe| om jo pasod
-wod S| pue|si uolunay

[eimeN

Xi

200¢

ajueld

uolunay e| ap 9|i| sp
suedwal 18 sanbuid ‘suolid

0T

‘pueys!
21ued|oA padeys [eAQ

[eanynd

IAA AL

6661

i

nefeAQ ‘exnAsT

‘syead olued
-loA Ag pajadioua si uiseg

[eanynd

AN

6661

i

uiseg In0S

'au0Z J1UBD|OA Npyjaed
9y} Jo syo01 anndnia ayy
JO uolsoJa awin Buo| ayy
Aq pawuio} s)o01 padeys
A|SnoLeA S} 10} UMOU
Sl ueUNO  |ednreN

leinieN

X1

000¢

©al0Y
jo olgnday

sa|doad
oneloowaq

oqiyd N

ueadQ uelpu|
ul obejadiya.e Jlued|jon

PaXIN

A X'X|

1200¢

SsoJowo)d

salowo) sap [adiyaly,|
ap [21nno abesAed 18
S91159119) SWaISAS00]

ueadQ uelpu|
ul obejadiyo.e olued|on

[eimeN

100¢

S0Jo0Wo)D

sajowo) sap |adiydiy,|
ap suLep SawaisAsoo]

eulyd N Ul
SMOJ} BAR| PBJRIDOSSE puR
S9UO0D T JO Pal} DIUBD|OA

leinleN

Xi

T00¢C

euyo

10ds 21UBS IyoURIEPNAA

ueasQ alioed yinos
ur obejadiyoe oluedjon

[einyeN

7661

ayd

Yied reuoneN obejad
-1yoI1y zapueusaH ueng

aye| Jaued
19WIOY B UIYYIM SHIOM Jes

PaXIN

¥00¢

apJiap aded

awinT elpad ap auijes e

‘plOM

ayy uri1saybiy ayy ‘ oued
-|oAOYRIIS BANOR SAISSEW
es| -opefes |9p solo
‘susodap eAe| pue sauod
yum pareulwop si Abojoyd
-low 9|ued|oA SN

PaxIN

X'X|

T00C

eunuabiy

seuled se

feanynd | |einren

SU0IeAIBSqO

(jeanyno
10 [einyeU ‘paxiw)
A1obaie) [eisuan

©1IBMID
18410 Iapun paisiT

ABojoab
(inn) A10Bared
Japun paisi

Aineaq o1uaos
(un) Aiobared
lapun paisi

uoissiwgns
jo areq

ouBd|OA
(annoe)
9U890|0H
ueluoSYIWS

Anunod

aweN

19y 8lIs

58

IUCN World Heritage Studies



"OUBD|OA

JuBWIOP ® ‘BNnJ OpBeUB|A SUIRIU0D YIed 8yl
"1Jn] 21ULD|OA JO susodap aAIsuaIxa Aq pasuap
-IA® WsIued|oA aAIsoldxa Jo Alolsly |ea1bojoas)

EEIN

X'XI

500¢

eISauopu|

sled [euonen uayeung

0¢

‘Buipooyy ajeas abue|

asneo ued Yolym Jo suondnia ‘walsAs oluedjon
UIQASWIIS) PaIaA02-321 3y} Jo Led S1an02 0S|y
"puUB9I] Ul OUBI|OA [eAJUSD 9ANJe 1sabire| ayy
‘Inxofejeei0 sapnjaul sied [euoireu Jaioe|b siy L

PaXIN

T00C

puejao|

|I9felyexs

6T

sBunds 10y yum eale ewiaylolpAH

feamnd

T00¢

pue|ao)

yoyxhay

8T

"OUBD|OA [BJIUSD B pUR SBINSSI) J1U0}
-09) ‘seale [ewlayloab ‘ene| Jo sadAl snolep

PaXIN

T00C

puejao|

IngelssdnN

LT

“UIY 2IUBDJOAOSN 8yl Jo ued ui
-ULoU Ul Pa1eo) ‘SWo) JIUBIJOA 9SISAIP Auew
UNM ‘WSIUBD|OA SAIOR JO SUOZ € S| eale ay L

leinjeN

X'XI

T00C

pue|ao)

exeT - UleMN

9T

"eAn) 10 UreUNOW 3|ge] PALLIO)-||aM &

sl JeglaigneinH -uondnia [eioe|bgns 01 anp aq
Aew uoiyew.o} 1| ‘selapled buiddepano aaiyy

Aq pareoun; si 3| “Hissew |jofiniBuAg ay) swiioy

ey} oued|OA [eNUad dnjeseq able| e si elsy

leinieN

X'XI

T00C

pue|ao)

ebisy
pue JipulreglaignelaH

ST

Juasald ale

S9)IS [eWIaY10ah [elaAss pue SOIUBDJOA JUSJ8I
2I0W BWOS "suoneloe|d Buunp papols uaaq
sey Jey) eAg| onjeseq Aseius) Jo SISISU0d ealy

PaXIN

T00C

puejao|

ingioljegiaig

VT

"uelyoNS pue ewijol

‘UB[IY S80UBD|OAOTRAS BU) AQ PAPUNO.INS S|
aye| ayL ‘esdejj0d pue pjing Jo $3J0Ad alel
-edas INoJ J0 1NS3J & Sk PaW.o) axe| Ja1eld

leinieN

X

¢00¢

elewsleno

uepny
9)e Jo eale Pajdaloid

€T

"SOWIOP BAR| [RISASS

yum Jarelo padeys aoysasioy e yium oued
-JoAOYRAIS B BuLIBYIRD 1UreS WNOoW Buipnjoul
$311U82 JIUBD|OA BAI} JO PESOdWOD S| BPRUBID
10 pueysi 8y sarejd ueoLaWY YINos pue
ueaqgue) ay} Jo Juawanow BuioBuo ayy 0}
1S91R YoIym Auusr Wwa oIy Buipnjour syunow
©aSIapun SANOR [RISASS SapNjoUl BlIS 8y L

leinieN

¥00¢

epeuals

dnoio
pue|s| saulpeualo

4%

uess0
alj19ed YINos ayy ul obejadiyare olued|on

reanynd

966T

aouelH

sasinbrey sa)| se

T

feanyng

leinieN

SU0NeAIBSqO

(reamyno
10 [einjeu ‘paxiw)
Alobaie) [elaus

©LIBIO

18410 Jopun paisi

ABojoah
A) KloBare)d
lapun paisi

Aineaq 21uads
(1n) Kiobared
Japun paisi

uolssiwgns
Jo aleq

oUBd|OA
(annoe)
9U820|0H
ueluosylnws

Anuno)

aweN

194 31s

IUCN World Heritage Studies

59



adeospue
"OUBD|OAO)E.IS [EILIBWIWAS VY [einyeN X‘XI N N 9002 A sauiddijiud | paosloid wnine 1IN Te
“BI9P[ED JWWNS [[ews e sure} sied [einyeN
-U0J YdIYm oued|oA0IeilS B S| Buepulie 1A [feinreN X‘XI N A 9002 A sauiddijiyd abuey Buepuiey "IN os
‘Imegey oued|oA plalys
onse|oolAd ayy pue ejibue] ouesjon xajdwod
3y} ‘Unme|n ouBd|oA0YRIlS BU) apn|oul abuel
3V} Ul SS0UBD|OA SANDY "Ulelig MaN Jo pue|si Bauing eauino maN ended
9Y} UO SUIeIUNO|A IUBXeN 8y} Sapn|oul 9)S paxiIA A X‘XI A A 9002 A| MmaNended | josisiey awigns ayl 62
"asde||02 991Ipa auohiapun sey yoiym
OUBD|OAOJRJIS B 0YIB]WIO SUIeIU0d 0S|y "ou
-B2|0A pIaIys ansed0lAd adayiyd ays jo ued si
yolym ‘ejnsuiuad adayiyd ayi saidnaso yaym juswiuolIAUg [elnjeN
‘xa]dwod o1ued|j0A dnbaokody 8yl sureuod paxiN é é é é €002 A enbeledlN | sy pue epeuei Jo QD 8z
‘pue|S| SIUND OUBJ|OA dulrewqns ay}
pue |noey OUBd|0AOTR.IS BU} SapN|oul 8IS ay L
‘|Jona] Bas yoeal Jou Op 8y} ureyd ay} uj Saoued
-|OA 18U10 [eJaA8S aJe 818y ‘|9Ad| BaS anoge
yb1y asu reyr saoued|oA Jo syead ayy ase SaAIasayY auLe
Spue|s] Urew Inoy ay) yoiym jo obejadiyoe uy JeinreN X 'XI A A 1002 A | puejeaz maN | pue spuejs| oapeway) 12
'S9U0J BLI0IS pue Sp|aIYs eAe| [ews ‘sbull yny
‘sieew JO SalIas B SHIYXa alS “exnd 10unxa
ay1 pue ojo1buey OUBIJOA PIBIYS BY} SAPNoU| splai4
'sanuad uondnia onjeseq Qg Jo pasodwod aNs paxi A N 1002 A | puereaz man JIUBD|OA puEPINY 9z
"LIIPUIN OUBD|OA 0} Juddelpe pue oued|OA pIalys
211se|00JAd selaIS sk aAIssew ayl ulyum Sied [euon
BulA| ‘elapled onjeseq anoe abie| e s| eAese feanreN é é é é G66T A enbelesiN -eN eAese|\ UBD|OA (14
'uob|3 wno pue
eAuay| Juno|y ‘1ouobuo] Buipnoul SBoURD|OA JO walsAs
S9118S B SUIeIU0d YU [eluaunuod Buipealds siy paxiN é é é é 1002 A rAua) -003 A3|jeA Uiy 1ealo e
‘saoued|on Buiddeiano
Jo dnoub e anoge paionisuod si uesiing yead
1saybiy s,ueder s| oued|0AOTRNS SNOWE) Y | feanynd | In A AL N N 1002 A ueder uesiing ford
'0Je pue|sl Ueado Ue Jo 8942 ymoih
ainua ay) Buimoys uaas ag ued sjonpoud olued
-|OA [eUORISURI) PUB 8)UOC SI3UM PIOM BU} Ul
aoe(d Ajuo 8yl S11| 'Spue|s| pale|os] [eIdaAdS Se
J1om se ‘obejadiyoly eremeseb O 8yl JO 1SISUOD
U2IYM Spue[S| JUBSI0 JIUBI|OA JO SBIIBS [feinreN X‘XI A N 1002 A ueder spue|s| eremesebO 22
'au0d
onIsapue payesunsy ybiy e ynue Jo pue|si ayl
S Juasald 0S|y "OUBD|OAOIRI]S DANJR DAISSeW
e Jo ywwns ayyidy Bununo surejuod aus
ay} obejadiyose uekee-opul 8y ul pajeny [einreN X N A 5002 A BIsauopu| spuejs| epueg 12
reanynd | reinreN
OUBD|OA
(jeanyno ABojoab | Aineaq ojuaos (annoe)
10 [elnjeu ‘paxiw) eua1d | (ina) A1obared | (11n) Aiobayen | uoissiwgns 9U820|0H
suolrealasqQo | Alobare) [elauss | 1aylo Japun paisi] Japun paisi Japun paisi Jo 91eQ ueluosyyws Anunod aweN | ‘oY 81S

60

IUCN World Heritage Studies



‘uondnis Jusday 1ereys IN

"JOA BUSJ0|0H JWIWNS UO 8)e| 1ayeld JIUed|oA [eineN X'X| N A 7002 N nyenuep sela axe or
‘annoe Apuadal uaaq sey Jajeld onisered jews
V J81eI0 WWINS S Ul 9.l apIM WQY [[ews Sled [euonen
B UM 0URD|OAOIRAIS B S| BINARYNIA JUNO [einieN XX A A 1002 A epuebn e|j109 ebuiyebiy 6E
'SBUO0I YN} [BISEOI PUB SBUOIJ BLIOJS ‘SBU0I
J8puId sainjes) puelsi 8y “wiopeld suuewqgns
paddo} Te}j e A0Qe 3SH Jey) SS0URD|OA pIaIys
BunoA omy Ag pswo} Sem 3| "0UBI|OA BAIIR Spueys|
Alreauoisiy Ajuo s;eaujy yinos si puelsi uoLen [einyeN XX A A 7002 A| BV yinos pJemp3 adulld syL 8¢
auoz
UOIBAIBSUOD Banel |
oued|oA pjalys njodn sadojs uo ‘puels| njodn paxin A X N A 9002 A eowes | orejen - Aeg eojefe /€
'S90UBI|0NOIRIIS (O1red [euonen areis
Aurely "oJe spue|s| Ueiina|y ay} JO UOISUSIXd uonelapa4 | Ayslopuewo)) spue|s|
1sowularsam ayy buiaq ‘obejadiyare oluedjop [einieN XX A A 5002 A ueissny Japuewwo) ayL 9¢e
'SBU0I OM] UJIM OUBD|OA UBIJOqUIO)S B
‘e1192J3] JO 91)UBD BY) ‘eArlg eUI8) Jo uondnia
ue JO Jueuwsal ‘aned dlued|oA Buoj wooT vV feanreN é é é é 966T A febnuod oeAre) op Jefly Ge
‘syead 21UBI|OA JO Surewal ay} JUas
-a1dal S19|SI 8y "SPUB|SI 21UBIO JO SIS Y [einieN X N N 2002 N febnuod suabenjas sey|| ve
‘pliom sy} ur suondnia
auoIsIy [npamod 1sow 8y} Jo swos padnpoid
sey | "sauiddiiyd ay} ui SSOUBRD|OA dAIIIR sebuereg ‘adeospue
1SOW 8Y} JO BUO SI [eB] ‘OUBD|OA BISP[ED Y [eanieN X A A 9002 A sauiddijiyd | pa1osioid ouedjon [eel ce
‘18119 BPIM WQQS
e Bulureluos syead € yum nwwns paddol 1e)
e sey ) ouedjonolens abie| e st ody Junop [eanieN X‘X| N A 9002 A sauiddijiyd sled [einyeN ody 1IN z€
reanynd | reinren
OUBI|OA
(reamyno ABojoab | Aineaq oluaos (annoe)
10 [einyeu ‘paxiw) elo1lo | (1na) A1obared | (11n) Aiobayed | uoissiwgns 9U920|0H
suonealasqo | Alobare) [elsus9 | J8ylo 1spun paisi Japun paisi Japun paisi Jo areg ueluosylws Ainunod aweN | 'j9y 8us

IUCN World Heritage Studies

61









World Heritage Studies

1. Outstanding Universal Value: Standards for Natural Heritage: A Compendium on Standards for Inscriptions
of Natural Properties on the World Heritage List, IUCN World Heritage Studies N° 1, Tim Badman, Bastian
Bomhard, Annelie Fincke, Josephine Langley, Pedro Rosabal and David Sheppard, 2008.

2. World Heritage Caves and Karst, A Thematic Study: Global Review of Karst World Heritage Properties:
present situation, future prospects and management, requirements, IUCN World Heritage Studies N°2, Paul
Williams, June 2008.

3. World Heritage and Protected Areas: an initial analysis of the contribution of the World Heritage Convention to
the global network of protected areas presented to the 32" session of the World Heritage Committee, Québec
City, Canada, in July 2008, IUCN World Heritage Studies N° 3, Tim Badman and Bastian Bomhard, 2008.

4. Natural World Heritage Nominations: A resource manual for practioners, IUCN World Heritage Studies N° 4,
Tim Badman, Paul Dingwall and Bastian Bomhard, 2008.

5. Management Planning for Natural World Heritage Properties: A resource manual for practioners, Interim
version, IUCN World Heritage Studies N° 5, [IUCN Programme on Protected Areas, 2008.

6. Serial Natural World Heritage Properties: an initial analysis of the serial natural World Heritage Properties on
the World Heritage List, IUCN World Heritage Studies N° 6, Barbara Engels, Phillip Koch and Tim Badman,
20009.

7. World Heritage in Danger: A compendium of key decisions on the conservation of natural World Heritage
Properties via the list of World Heritage in Danger, IUCN World Heritage Studies N° 7, Tim Badman, Bastian
Bomhard, Annelie Fincke, Josephine Langley, Pedro Rosabal and David Sheppard, 2009.

8. World Heritage Volcanoes: a thematic study: a global review of volcanic World Heritage properties: present
situation, future prospects and management requirements, IUCN World Heritage Studies N° 8, Chris Wood,
20009.





