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Preface

This book is the first systematic summary of the volcanic geoheritage of the western margin
of the Arabian Peninsula. In general volcanism is not commonly associated with the Arabian
Peninsula, and rarely linked to the Kingdom of Saudi Arabia as being a country that is rich in
volcanic sites worth to visit. This book hopefully will change this preconception as it will take
the reader to a volcanic wonderland that can be traced over thousands of kilometres length in a
several hundreds of kilometres wide belt that is aligned parallel with the present day coastline
of the Red Sea. While this book provides a summary of the Cenozoic to Recent volcanic
features located in the territory of the Kingdom of Saudi Arabia, these volcanoes are part of a
much larger volcanic system that is probably the largest intracontinental volcanic province on
Earth stretching from the southern regions of Eastern Turkey through Syria, Jordan from the
north across the Kingdom of Saudi Arabia and ending in Yemen in the south. In this aspect
this intracontinental volcanic province is comparable in size to the region commonly referred
in the mainstream scientific literature as being the largest Cenozoic intracontinental volcanic
region on Earth in eastern Australia. Especially the western regions of the Kingdom of Saudi
Arabia host numerous volcanic fields that are called traditionally as harrats or volcanic lava
fields—a synonym for volcanic fields—largely unknown to many of the global geological
community. As these volcanic fields are located in arid climate and the majority of them were
formed in the last 10 millions of years with several Quaternary eruption sites, the volcanic
landforms are preserved exceptionally well. This book intend to provide the first systematic
inventory of the volcanic geoheritage values of these unknown sites with an aim to provide
scientific basis for future research and utilization of the geoheritage values of these volcanic
regions.

The core of the book is a detailed description of the Harrat Rahat that is one of the largest
volcanic fields in Saudi Arabia that hosts two well-documented historic eruption sites with
well-preserved volcanic landforms with high geodiversity. The fresh volcanic appearance of
Harrat Rahat is evident for any visitor. The region is also located in a culturally and religiously
important triangle between Al Madinah, Makkah and Jeddah. As this region hosts one of the
youngest volcanic eruption sites in the western Arabian Peninsula, this area got strong sci-
entific attention from the early 1960s till today, hence a wealth of scientific knowledge were
available to evaluate and catalogue the volcanic geoheritage values of the field. In addition
since 2011, an international collaboration project between the King Abdulaziz University,
Auckland University and Massey University focused on the Volcanic Risks in Saudi Arabia
(VORiSA) and conducted several new researches to understand the volcanism in this region.
This period also provided numerous opportunities to access volcanic sites that have not been
studied before making a strong scientific basis to evaluate geoheritage values of this region
realistically. This project leads for the first time to consider the northern part of Harrat Rahat,
formally called as Harrat Al Madinah to be considered as the first volcanic geopark in the
Kingdom of Saudi Arabia. In this respect the volcanic geoheritage values of Harrat Rahat
became the backbone of this book.
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In addition in this book we tried to sum up the current knowledge of the volcanic geo-
heritage of other regions in the Kingdom of Saudi Arabia. As the size of the region and their
individual harrats are huge, and many of them have rarely been visited in the past, it was not
an aim during the preparation of this book to be able to provide a well-balanced and in-depth
inventory for every volcanic regions of the Kingdom of Saudi Arabia. We were focusing only
on those areas where at least a single field campaign was arranged since 2011 and there were
enough external data to be able to evaluate preliminarily the volcanic geoheritage values of
those regions. As building a volcanic geoheritage inventory is an ongoing process, we hope
that this book will provide a strong head start to demonstrate the high volcanic geodiversity the
Kingdom of Saudi Arabia.

This book starts with an introduction where basic concepts of geoheritage studies are outlined
with various definitions especially the way how these concepts and definitions are used
throughout the book. A geological setting provides a simple but clear summary of the geological
context of the Cenozoic volcanism of the Kingdom of Saudi Arabia. The main part of the book
provides a step-by-step summary of the main geoheritage concepts of the main volcanic harrats
of the region. Each chapter provides a summary of the basic concepts the volcanic geoheritage
values of the specific harrats define prior a detailed inventory style summary of individual
geosites and geotopes are provided. The book consists of two main parts; one of them is
dedicated to Harrat Rahat, while the other chapter summarizes the volcanic geoheritage values
of the Harrat Khaybar, Harrat Kishb, Harrat Hutaymah and Harrat al Birk. These are the harrats
that have been studied from volcanic geoheritage perspective so far. Other harrats such as those
located close to the northern regions close to the Syrian and Iraqi border to the Kingdom has not
been studied in detail and currently accessing them is not easy. Other important harrats such as
the Harrat Lunayyir which hosted a volcano-seismic unrest in 2009 has not been studied so far,
as prior the event in 2009, the region was considered a fairly remote and unknown volcanic
region that has not been included in volcanic geoheritage studies recently.

Overall we offer this book to anyone who would like to expand their horizons on volcanic
regions so far been hidden from many people’s eyes. This book can be used as a guide to locate
the sites and plan geotourism or provide it for tour operators who can use it to design their own
geotouristic and geoeducational programmes. This book also can be very useful for other
geoheritage researchers either in the Kingdom of Saudi Arabia or elsewhere to follow tech-
niques on how to create an inventory for volcanic geoheritage values of a region. The book can
be a great help to develop future geoparks in the region as well as use the identified geotopes
and geosites to scale and evaluate geopark projects elsewhere. We also hope that this book will
be a main push to initiate a concentrated geoheritage work on the region to be able to propose
the western Saudi Arabian intracontinental volcanic province as a unique and the largest
volcanic province in intracontinental settings on Earth for the UNESCOWorld Heritage status.

Finally we would like to thank many people who helped to have this book published
through excellent discussions over volcanic geoheritage values of volcanic fields, direct field
missions and excellent review comments on various versions of the manuscript. Many thanks
for Mohamed Abdelwahed, Essam Aboud, Faisal Alqahtani, Abdulrahman Alsahafi, Kate
Arentsen, Peter Bitschene, Jose Brihla, Jess Cherrington, Shane Cronin, Nabil El-Masry,
Ingomar Fritz, Kurt Goth, Catherine Kenedi, Gábor Kereszturi, Jan Lindsay, Volker Lorenz,
Herbert Lutz, Hugo Murcia, Cecile Olive, Atef Qaddah, Ian Smith, Peter Suhr and Benjamin
van Wyk de Vries. The field work of geoheritage researches was supported by the King
Abdulaziz University (KAU) from Jeddah. This book is also the direct output of Károly
Németh’s sabbatical research stay in Jeddah, which was supported by the Geohazards
Research Center at KAU and the Massey University.

Jeddah Mohammed Rashad Moufti
Palmerston North Károly Németh
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1Introduction

Geoconservation and geoeducation projects are increasingly
popular in many volcanic fields on Earth (Doniz-Paez et al.
2011; El Hadi et al. 2011; Erfurt-Cooper 2011; Ghazi et al.
2013; Guijon et al. 2011; Henriques and Neto 2015; Kwon
2013; Moufti and Nemeth 2013; Moufti et al. 2013a, b; Sang
2014). Such projects not only ensure that future generations
can visit protected and preserved volcanic geoheritage sites
but also ensure that scientific focus will concentrate on
understanding their geological value, especially from a
volcanic hazard education point of view (Erfurt-Cooper
2011, 2014). One of the first steps in developing a suitable
and sustainable volcanic geoheritage site is to establish a
comprehensive database of potential geosites that can later
be grouped and promoted in various scientific and educa-
tional programs under the umbrella of regional and global
geoparks (Ahluwalia 2006; Armiero et al. 2011; Bruno et al.
2014; Hassan et al. 2012; Hwan 2011; Joyce 2010; Sheth
et al. 2010; Strba et al. 2015; Tefogoum et al. 2014; Wang
et al. 2014; Yildirim and Kocan 2008;박종관 2013; 배수경

et al. 2014; 조규성 et al. 2014; 진광민 and Kim 2010). It is
clear, as stated in various reports, that research on geoher-
itage sites, highlighting their regional and global value, is an
emerging geoscience, which is gaining greater respect from
the general end-users, educators and researchers
(Erfurt-Cooper 2014; Errami et al. 2015; Woo et al. 2013).
Identifying and recording the geological heritage of geosites
and/or geomorphosites is based not only the pure scientific
value of the site, but also its regional importance in terms of
understanding the region’s geological and geomorphological
evolution (Guijón et al. 2011; Hassan et al. 2012; Corvea
et al. 2014; Panizza 2001; Petrovic et al. 2013; Pica et al.
2014; Rocha et al. 2014; Ruban 2010; Strba et al. 2015;
Tomic and Bozic 2014; Vujičic ́ et al. 2011). This process is
fundamentally driven by (1) the experts’ categorisation of
the diversity of a geosite and geomorphosite and (2) the
preconception and prevailing attitude of the local population
to the geodiversity and geoconservation value of the specific
site (Brocx and Semeniuk 2007). This two-way approach to
identify geodiversity and therefore establish a sustainable

program to promote specific geosites, which can form the
basis of regional and global geoeducation and geoconser-
vation projects including the establishment of geoparks (both
regional and global), is naturally a complex process (Ahlu-
walia 2006; Avram and Zarrilli 2012; Cardoso and Batista
2013; Godoy et al. 2013; Semeniuk et al. 2000). Geodi-
versity, therefore, can be a relative definition and could have
very different meanings for the experts and the public
(Comanescu and Nedelea 2012; Deraman et al. 2010; Gor-
don 2012; Gray 2008; Henriques et al. 2012; Lim 2014). To
define appropriately a geosite’s or geomorphosite’s geolog-
ical value certainly requires the geological and geomor-
phological expertise of scientists, while to make such
geosites truly embedded in the life of a local community
requires an understanding of the importance of the specific
sites in the eyes of the local communities. This means that to
successfully initiate a geoconservation, geoeducation and
geotouristic project involves not only the promotion of the
scientific value of the respective sites, but also investigation
of the local community’s view on the selected sites. How-
ever, it is clear that there are geological and geomorpho-
logical features that are so strikingly different from their
surrounding areas that the gap between the scientific
appraisal of their value and the prevailing view of the local
community is likely to be little (Erfurt-Cooper 2011; Gordon
2011; Henriques et al. 2012; Moreira 2012; Reynard et al.
2011; Sanchez Cortez 2013). Undoubtedly such locations
are the best places to initiate a geoconservation, geoeduca-
tion and geotouristic project.

Saudi Arabia is among those regions on Earth where the
geological and geomorphological features are so diverse and
so dramatic that to rank them in a hierarchical system is a
difficult exercise. The region’s arid climate and limited,
exotic vegetation can make all the geological and geomor-
phological features very visible, due to their exposed nature,
in a way that is rare in other regions under more humid
climatic conditions. The dramatic weathering and erosional
processes that can produce mass material over large areas
that are seemingly stable over a long period of time can

© Springer International Publishing Switzerland 2016
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captivate the mind of the visitor with views and scales rare
elsewhere.

In the western region of Saudi Arabia, a chain of volcanic
ranges, locally referred to as harrats, form a very charac-
teristic geomorphological feature that can be traced over
2000 km (Fig. 1.1). The majority of these lava-dominated
landforms formed in the past 10 million years, and known
historic volcanic eruptions made the landscape alive and
influenced human society. The volcanic regions of western
Saudi Arabia are unique due to their scientific value for
understanding dispersed volcanism forming volcanic fields;

their aesthetics and the overwhelming number of volcanoes
that exist in the area; and their strong influence on the living
nature that developed over them, including the human
society that has flourished in this region for thousands of
years. Overall, the harrats of Saudi Arabia can be viewed as
forming a special region, with a high geoheritage value
(Fig. 1.2). In this book we present an overview of the reason
why intracontinental volcanism occurred in this part of Saudi
Arabia, evaluate the region’s geoheritage value and provide
a strategy for how this region could be utilized to provide
vital information to the scientific community and general

Fig. 1.1 Saudi Arabia’s volcanic
regions

2 1 Introduction



public to further understanding of eruption mechanisms and
the history of dispersed volcanism.

The book also reflects the current state of geoheritage
research in Saudi Arabia. The majority of geoheritage studies
have focussed on the Al Madinah region in the northern
Harrat Rahat, commonly referred to as Harrat Al Madinah
(Fig. 1.2). A detailed description of the Harrat Al Madinah
will form the backbone of this book, providing detailed
information at the geosite level. The descriptions of the
geosites will be accompanied by photo-documentation to
justify the global significance of Harrat Al Madinah in
understanding dispersed intracontinental volcanism. In the
following chapters, conceptual models of the geoheritage
values of other volcanic regions of Saudi Arabia will be given
(Fig. 1.3). Those areas are equally important as the Harrat Al
Madinah; however, the geoheritage research in those regions
is not at a level yet where geosite-level inventories are able to
be given. Moreover those other volcanic regions are so large
that such research would provide work for many in the
coming decades. Nevertheless, at this stage we can provide a
framework for how our current understanding of their geo-
heritage values could be ordered into a logical and geoedu-
cationally correct system. This could later serve as the
scientific basis for the development of an Arabia-wide
geopark network that could be a strong candidate for

inclusion on the UNESCO World Heritage List as one of the
most graphic examples on Earth of the geodiversity of dis-
persed volcanic fields in intracontinental settings. The book
will culminate in a discussion of the geoheritage values of the
volcanic fields of Saudi Arabia, providing some future
research directions and development suggestions that could
be the basis of sustainable geotourism in the region
(Fig. 1.3).

1.1 Definition of Geosite

A hierarchical system has been established to arrange geo-
logical features for geoconservation, geoeducation and geo-
touristic purposes. The smallest unit in this system is the
geosite (El Wartiti et al. 2008; Fuertes-Gutierrez and
Fernandez-Martinez 2012; Gogin and Vdovets 2014; Joyce
2010; Kazanci 2012; Lansigu et al. 2014) or geomorphosite
(Ahmadi et al. 2013; Bollati et al. 2013; Comanescu 2010;
Coratza et al. 2011; Erhartic 2010; Feuillet and Sourp 2011;
Harmon and Viles 2013; Panizza 2001; Pelfini and Bollati
2014; Pellitero et al. 2011; Pereira and Pereira 2010),
depending on whether it is the geological or the geomorpho-
logical aspect of the identified site that is emphasized. Geo-
sites should be single geologically and/or geomorphologically

Fig. 1.2 General overview of a harrat as a fantastic volcanic landscape of Western Saudi Arabia exhibiting scoria cones and extensive dark
basaltic lava fields [1256 AD historic eruption site near Al Madinah city—photo taken from 24° 21′ 21.05″N; 39° 46′ 55.11″E toward west]

1 Introduction 3



important features that not only deserve protection
(Martinez-Torres et al. 2011; Pica et al. 2014; Pulido Fer-
nandez et al. 2014; Tomic and Bozic 2014 ́; Vujičić et al.
2011), but also are good candidates to be part of a geoedu-
cational program and geotouristic activity (Dryjanska 2014;
Eder 1999, 2008; Farsani et al. 2014a, b; Hurtado et al. 2014;
Lim 2014; Miccadei et al. 2014; Olafsdottir and Dowling
2014; Wang et al. 2014). Geosites are the core features of any
geoeducational, geoconservation and geoheritage programs
developed at geoparks (Eder 2008). Geosites should be
defined in the context (and scale) of the region they are found
in (Brocx and Semeniuk 2007). For example, in some regions
a given geological phenomenon might meet the requirements
to be a geosite, while the same phenomenon elsewhere would
not generate enough attention from experts (and the public) to
be viewed as a geosite. For instance, a sand dune could be
defined, protected and promoted as geosite in Central Europe,
while the same geological (geomorphological) feature would
never be defined and listed as a geosite in the Kingdom of
Saudi Arabia. However, if the same sand dune in the Kingdom
of Saudi Arabia were to have some specific features, or were
globally significant (e.g. by its size, volume, movement,
composition etc.), it could then be defined as a geosite. This
example highlights the importance of the scale and assessment
method applied when evaluating a geosite and listing it in

various inventories at the local, regional, or international level
(Brocx and Semeniuk 2007). Evaluation methods for geosites
are diverse and there is no consensus among researchers on
what method is best. Specific definitions for geosites are
abundant but most of the definitions capture similar elements
of the following definition (Ilies and Josan 2009):

The geosites are landforms with a specific shape, which alone or
in collaboration with other bioecological or anthropic elements
can become objects of heritage.
Scientifically, the geosites are the most clear representation of

the geomorphological processes, of the existent relations
between the numerous factors which lead to their occurrence.

The above definition is based on an earlier view of sites that
are important from a geomorphological perspective; there-
fore, it focuses strongly on the morphological view-point, as
reflected in the use of the terms landforms and geomorpho-
logical processes (Panizza 2001). It is obvious that geosites
are complex features that have the morphological aspects of a
landscape as in the above outlined definition, but they also
have a genetic relationship to the processes that formed the
landform. Geomorphosite and geosite are often used in an
undifferentiated way, although the first constitutes a compo-
nent of the other (Ieleniz 2009). It is an interesting that the
process of defining, assessing and evaluating a geosite is often
heavily dependent on the purpose for which the definition and

Fig. 1.3 Small volcanoes pitted the western margin of the Arabian Peninsula such as the region nearby Al Birk town along the SW corner of the
Kingdom of Saudi Arabia (GoogleEarth satellite image). Top right corner coordinate is 18° 4′ 0.73″N; 41° 52′ 29.56″E
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categorization is needed (Ieleniz 2009). The “scale” therefore
depends on two main aspects: (1) the final purpose of the
activities that request the identification of the geosites (related
to science, tourism, the economy etc.), and (2) on the person
(people) who realize the assessment (Ieleniz 2009). This dual
approach is taken in to consideration with the identification of
volcanic geosites from Saudi Arabia. To date, the research on
volcanic geosites in Saudi Arabia has been primarily con-
ducted to evaluate their scientific value in the context of their
global scientific significance. Ieleniz (2009) mentioned that a
geosite inventory can be slightly modified by different scal-
ing, where the listed scientific information could be taken
further and used to identify key geotouristic or even sustain-
able economic benefit projects in the future. Also, the people
who have, to date, addressed geoheritage questions in Saudi
Arabia have strong volcanological and geological back-
grounds; hence, the listing of geosites and their geoheritage
values will be presented through this perspective. Therefore, a
possible development in the future might be that in the same
region new geosites—even volcanic geosites—could be listed
differently, in accordance to the background of subsequent
evaluators (Ieleniz 2009). However, a thorough evaluation
that follows a standardized procedure, can still and should still
be heavily based on the geological aspects of the region
(Ieleniz 2009). It is evident from the literature that evaluation
methods are diverse and complex (Costa 2011; Gavrila and
Anghel 2013; Ieleniz 2009; Ilies and Josan 2009; Mansur and
Carvalho 2011; Panizza 2001; Petrovic et al. 2013; Tomic and
Bozic 2014; 박준형 and Cheong 2012).

A revised definition of a geosite could be as a location
that can offer some geological features that can help to
understand a geological process, regardless of whether the
location has any significant landform aspects, and/or can
help to comprehend a geohazard feature and its influence on
the natural and human environment. The latter aspect is
particularly important for volcanic geosites, as many such
sites would provide some details of the genetic process
behind a particular form of volcanism, but these are not
necessarily landform building elements. In a very simple
definition geosites are, therefore, geological features with
a specific origin, appearance, and geohistorical attribute,
which alone, or in collaboration with other bioecological
or anthropic elements, can become objects of geoher-
itage. Geomorphosites could be defined in a similar way to
put more emphasis on the feature’s geomorphological sig-
nificance; a definition such as this would follow the concept
of Ieleniz (2009). Overall the distinction between geosites
and geomorphosites is not of great importance for identify-
ing and evaluating the geoheritage of a site, providing it is
measured and assessed from global geological perspectives
and specifically designed scientific purposes.

The Kingdom of Saudi Arabia is rich in young volcanoes
that erupted in the past 10 million years, particularly along

its western margin, which is literally pitted by volcanoes.
Despite their abundance, the individual geological value of
many of these volcanoes (including the landscape-forming
aesthetic value) makes these features stand out as potential
geosites, because their unique geology can further the
understanding of the formation of small-volume intraconti-
nental volcanoes that together form a volcanic field (i.e. a
harrat). If these identified geosites provide a coherent set of
geological elements, they could be grouped together to form
a geotopes. Various geological (volcanic) precincts can be
ordered in a logical set of geotopes containing numerous
geosites; these precincts together provide the basis for a
geopark.

1.2 Definition of Geotope

The definition of a geotope is quite complicated in the lit-
erature. Linguistically it means more or less the same as
geosite as tope means site or place, which suggests that the
word refers to a small geographic spot (or spots) on the
Earth’s surface with a specific geological/geomorphological
feature (loosely after Ieleniz 2009). Ieleniz (2009), therefore,
defines a geotope as an indivisible geographic unit with a
specific makeup, structure and functionality, resulting from a
genesis, evolution and combination of certain environmental
elements, which are differentiated due to their significance.
While this definition appears complicated, it does capture the
main features of a geotope, referring it to a specific geo-
graphic unit and also suggesting that hierarchically it stands
above a simple geosite. A somewhat similar definition can
be read in Wikipedia (http://en.wikipedia.org/wiki/Geotope),
where a geotope is defined as “the geological component of
the abiotic matrix present in an ecotope. Example geotopes
might be: an exposed outcrop of rocks, an erratic boulder, a
grotto or ravine, a cave, an old stone wall marking a
property boundary, and so forth”. The geotope has also been
used as an analogy to a biotope, but applied to a
well-localized portion of the non-living environment.

Other definitions of geotopes also mention that they are
complex geological features that represent numerous indi-
vidual geosites that together define an interrelated and geo-
logically diverse entity (Drandaki et al. 1997; Fassoulas et al.
2012; Ieleniz 2009). In volcanic regions, a volcano or vol-
canic cone can be defined as a geotope (Fig. 1.4), based on
the fact that it is not just a single volcanic landscape element,
but is also a geological site that hosts a great variety of
volcanic rock units formed through a series of volcanic
eruption episodes with multiple eruption phases, commonly
separated by syn-eruptive erosional processes (Manville
et al. 2009). A volcano, therefore, is a very specific geo-
logical element with specific processes behind its formation
that can be linked together its boundary can be delineated
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through the lateral distribution of its associated eruptive
products. In this sense a volcano can be viewed as a perfect
analogy for a biotope and probably is among the most
well-defined geological features that is ideally suited to the
concept of a geotope. The various (rock) facies that form a
volcano (with their distinct 3D distribution controlled by
specific volcanic processes), therefore could be best defined
as volcanic geosites, especially if they can be distinctively
defined in space.

1.3 Definition of Precinct

Many specific geotopes that are naturally linked and/or are of
the same type can be defined as a precinct. A precinct could
be a well-defined group of geological features of a specific
type that can be linked together through some common
ground, such as their rock types, geological age, rock for-
mations with specific linkages to cultural or biological ele-
ments or just to delineate a specific section of an area with
multidimensional geoheritage values. There is no consensus
or common ground for how geotopes are selected for a

precinct, but the following examples can provide some hints
for how some groups have formulated precincts in practical
geoheritage, geoconservation and geotouristic programs. One
of the well-functioning regions where the precinct concept
has been applied is the Kanawinka Geopark in South Aus-
tralia and Victoria (Joyce 2009, 2010). The Kanawinka
Geopark has distinguished five precincts over its large area,
each highlighting a specific geological concept (www.
kanawinka.org.au): (1) Craters and Limestone Precinct,
(2) Plateaus and Falls Precinct, (3) Coast and Caves Precinct,
(4) Cones and Flows Precinct, and (5) Lakes and Craters
Precinct. The definition of a precinct can include the concept
of a visitor gaining experience of a specific geological con-
cept, which could be through exploring the sections of a
specific precinct following pre-designed geo-routes. There-
fore, the precinct concept can be viewed as a practical way to
transmit to visitors information on geosites to geotopes, as
part of geotouristic and geoeducational programs. Naturally
if an area’s geoheritage values are too diverse, the geological
precinct concept can help to define specific regions, grouping
them through naturally developing geological features, as in
the Kanawinka Geopark.

Fig. 1.4 A single volcano as a perfect geotope with numerous
geosites such as their crater region, edifice section and foothill areas.
Between these main volcanic regions deep gullies can expose the

interior of the volcano providing access to see the sedimentary facies
architecture of them. Coordinate of the volcano is 24° 10′ 52.96″N;
39° 52′ 58.84″E
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The precinct concept is potentially the ideal tool to apply
in volcanic regions where the specific geological sites and
their geotopes are far from each other and/or accessed easily
versus by adventure tourism, such as the strato-volcanic
flank and ring plain region versus the crater zones where
adventure tourism is required to visit key sites. While this is
a distinction made mainly for practical reasons, it also can be
designed in geotouristic programs by following fundamental
geological concepts. For example, in volcanic regions the
proximal areas of a volcano can be separated from its distal
sections and can demonstrate the geological concept of
volcanic mass transportation and/or impact of volcanic
eruptions on the landscape (and, therefore, could be included
in volcanic hazard education programs).

The precinct concept is even more valid and useful for
implementing geoconservation and geotourism in areas with
dispersed volcanism. In dispersed volcanic regions—com-
monly referred to as volcanic fields (Connor and Conway
2000; Manville et al. 2009)—volcanoes are commonly
spaced a few kilometres apart over a large region (Boyce
2013; Condit and Connor 1996; Németh and Martin 1999;
Ulrich et al. 1989). In volcanic fields, it is common for
specific types of volcanoes to cluster together, which lends
itself naturally to designating these volcanoes as a volcanic
precinct in a geoeducational and/or geotoursitic programs.
Moreover, volcanic features can also form the basis of the
geoeducational and geotouristic programs developed in a
volcanic precinct. It is also a trend to develop volcano routes
linking volcanic regions together following a basic geolog-
ical concept (e.g. volcanic features, volcano types, eruption
styles, common mineral heritage etc.), such as those pro-
posed across Central Europe (Harangi 2014). The volcanic
regions of Saudi Arabia are dispersed in space over hundreds
of kilometres. Therefore, adopting the volcanic precinct
concept to develop geoeducational programs is a sound
strategy. In addition the diversity of volcanic phenomena
and their spatial distribution also justifies the development of
volcanic precincts in the geoheritage sites of the Saudi
Arabian volcanic regions.

1.4 Definition of Geopark

A geopark can be viewed as an umbrella under which
defined geosites, geotops and precincts can be organised and
their geological values conserved and offered to the public
through geoeducational programs. A geopark in a volcanic
region, therefore, could be organised along a common con-
cept, such as a specific type of volcanism and highlighting
its link to the human society that has been affected by the
volcanism (Erfurt-Cooper 2014; Tefogoum et al. 2014;
Wang et al. 2014; Woo et al. 2013). Geoparks may have a
significant role in the economic development of rural areas

or a local economy through geotourism (Dowling 2011;
Farsani et al. 2012; Farsani et al. 2014a, b). They are also
complex geoeducational sites, where fundamental knowl-
edge can be passed to the general public on how the Earth
works (Eder 1999, 2008; Keever and Zouros 2005;
Mazumdar 2007; Zouros 2004; Azman et al. 2010, 2011).

The separation and definition of the geoconservation-
geoeducation- and geotourism-defined units seem simple,
but there are numerous obstacles and debates, especially
how specific geological and geomorphological features
should be selected as geosites/geomorphosites or how they
could be identified as geotopes and eventually how they
should be grouped to define a geopark (Brilha 2015; Brilha
et al. 2005; Deraman et al. 2009, 2010; Fang and Tang 2010;
Giusti and Calvet 2010; Joyce 2010; Liu et al. 2010; Strba
et al. 2015). The distinction between geosites and geotopes
is debatable and/or their definitions evolve in time as a
reflection of the progress of the geoconservation of the
region and the evolution of the scientific research. This
means that the evaluation and specific grouping of volcanic
features might change over time and different volcanic pre-
cincts may evolve in the future as a reflection of changing
significance with the evolution of Earth Science. A particu-
larly defined volcanic precinct could be expanded, decreased
or redefined in the future, and therefore the later book
chapters should be viewed as a guide to see how such a
geoeducation program could be organized into a system that
is scientifically well-supported and reflects the present day’s
concept of volcanism and understanding of the origin of the
Saudi Arabian volcanism.

1.5 Definition of Geoheritage

The term geoheritage derives from the word heritage, which
means something that has been transmitted from the past, or
has been handed down by oral or written traditions (Brocx
and Semeniuk 2007). The term also carries a notion of the
heritage of features of a geological nature. It axiomatically
conveys the ideal that there is something (valuable or
otherwise) to inherit from the past and pass on to the future
(Brocx and Semeniuk 2007). The best definition of geo-
heritage (Brocx and Semeniuk 2007) can be expressed as

Globally, nationally, state-wide, to local features of geology,
such as its igneous, metamorphic, sedimentary, structural, geo-
chemical, mineralogical, palaeontological, geomorphic, pedo-
logic, and hydrologic attributes, at all scales, that are
intrinsically important sites, or culturally important sites, that
offer information or insights into the formation or evolution of
the Earth, or into the history of science, or that can be used for
research, teaching, or reference.

Geoheritage focuses on the diversity of minerals, rocks
and fossils, and petrogenetic features that indicate the origin
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and/or alteration of minerals, rocks and fossils. It also
includes landforms and other geomorphological features that
illustrate the effects of present and past climate and Earth
forces (Brocx and Semeniuk 2007). Geoconservation derives
from geoheritage, in that it deals with the conservation of
Earth Science features, and therefore the evaluation of
geoheritage directly feeds conceptual models to design
geoconservation programs. Globally, geoheritage has
become important because it is recognised that the Earth’s
systems have a story to tell, and that they are linked to the
ongoing history of human development, providing the
resources for development, and a sense of place, with his-
torical, cultural, aesthetic, and religious values (Brocx and
Semeniuk 2007).

In recent decades, there has been a global drive to pre-
serve the heritage of the Earth (which we term here
“intrinsically significant sites of geoheritage”), and to pre-
serve the history of science embodied in some classic
locations (which is termed as “culturally significant sites of
geoheritage”). This conceptual framework provides the base
to separate main approaches to identify geoheritage values.

Initially geoheritage sites were exclusively assigned and
measured by the outstanding scientific importance or pure
aesthetic beauty, and only recently have new scaling methods
emerged to develop a more objective and gradated system to
evaluate a geological feature’s geoheritage value. Conser-
vation sites of geoheritage significance are frequently found
in regions where geological processes have created excep-
tional aesthetic or tourism values, or where the geology has
created vegetation cover with high biological importance.
From this perspective, volcanic regions are good candidates
to have geoheritage values with high significance, as they
equally can show how historic eruptions affected the human
population to various degrees, influenced our agriculture and
can help understand the complex volcano-petrologic pro-
cesses that form various type of igneous rocks and associated
pyroclastic successions. In addition, volcanoes can develop
in a great diversity of geotectonic and sedimentary settings,
providing a unique window in to the interaction between
various geological processes. These facts make volcanoes
attractive geological features that can capture the imagination
of many, and can be primary tourist destinations, as stated by
Erfurt-Cooper (2014).

The past two decades have seen a global effort in
numerous countries to develop an inventory where every
geological feature is listed and evaluated using various
methods to express their geoheritage significance on various
scales (Comanescu 2010; Deraman et al. 2010; Fang and
Tang 2010). Geoheritage values traditionally evolved in
different pathways in different regions, following the major
trend of the development of Earth Science in the region and
the utilization of the resources the Earth can provide. In
areas such as Europe, where the industrial revolution

occurred hundreds of years ago, and overpopulation and
reduction of natural habitats became a burning issue, geo-
heritage studies attempted to classify and list in various
inventories the geoheritage significance of almost every
geologically interesting location, with an aim for such sites
to be excluded from further destruction (Brocx and Seme-
niuk 2007). Behind the development of such inventories,
there is always a geoconservation motivation (Brilha et al.
2005). In contrast in regions where the exploitation of nat-
ural resources is still at its maximum, geoheritage studies are
driven by resource-exploitative ideas, and the progression of
such inventories is strongly dependent on natural resource
exploitation processes, such as is the case in Australia
(Brocx and Semeniuk 2007).

In general, the evaluation of geoheritage values is
arranged around the key aspects of the scope, scale and
significance of the identified geological feature (Brocx and
Semeniuk 2007). One of the most important aspects of
geoheritage and geoconservation is the identification of the
scope of the geology. Geoheritage and geoconservation are
concerned with geology and therefore the evaluation of
geoheritage values should be based on the identification of
the scope of the geological scientific attributes (Brocx and
Semeniuk 2007). For volcanic geology, this would mean that
the main driving force of the identification and grading of
the geoheritage values of volcanic regions should be driven
by the level of in-depth information provided by a volcanic
geosite in order to understand the causes of the volcanism
that created the identified site. Therefore, the evaluation of
the significance of a site would be strongly driven by the
level of available knowledge on the identified geosites. In
the case of lack of sites that lack scientific research, because
they are out of the mainstream research regions, the evalu-
ation process would be strongly dependent on the level of
scientific understanding and experience of the evaluator.
This is a situation commonly faced when identifying the
geoheritage values of the volcanic regions of western Saudi
Arabia. The scientific research on many sites was limited,
and the evaluation of the sites’ volcanic geoheritage values
was strongly controlled by the level of knowledge of similar
volcanism by the group of researchers who carried out the
evaluation.

Geology as science fundamentally follows two main
directions: one focuses on the geological history of the Earth
(time-dependent), and the other is strictly associated with
casual processes (time-independent) (Fig. 1.5). This means
that anything on the Earth’s surface could either be linked to
the way that feature formed through the Earth’s history or
provide a unique example to processes that take place even
today (ie. are time-independent). When identifying volcanic
geoheritage, these two approaches can be illustrated well.
Time-dependent features can be any volcanically significant
geological remains that can be linked to a specific volcanic
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Fig. 1.5 Time-dependent (a) and time-independent (b) geoheritage
values. Time-dependent values commonly associated with known
volcanic eruptions such as the 1256 AD eruption site (a) [24° 21′
31.86″N; 39° 46′ 13.52″E] while time-independent values are

commonly related to stratigraphy or volcanic process-oriented sections
such as the tuff ring succession near Harrat Hutaymah maar crater
(b) [26° 59′ 41.14″N; 42° 14′ 46.90″E]
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eruption (e.g. commonly to a historic eruption that had some
influence on human society and cultural development), while
time-independent features could be any geological form that
can tell a significant story on the formation of that feature,
which could occur any time in the future if the conditions are
favourable (Fig. 1.5). There are occasions when the two
approaches meet in a single geotope and its geosites; this is
the case with the 1256 AD volcanic eruption site in Saudi
Arabia (Fig. 1.6). This site provides a unique window to the
latest and historically well-documented eruption that

resonates through many written documents, but also pro-
vides a spectacular site where the results of basic volcanic
processes can be observed; these include lava fountaining,
lava flow formations and widespread basaltic ash eruptions.

Geoconservation involves the conservation of sites with
geological significance, but also deals with matters of envi-
ronmental management, geohazards, sustainability, and nat-
ural heritage as it relates to maintaining habitats, biodiversity,
and ecosystems in general (Brocx and Semeniuk 2007).
Geodiversity, as understood by geoscientists, defines the

Fig. 1.6 1256 AD volcanic eruption site near the city of Al Madinah on GoogleEarth image. Note the young surface texture of the lava flow field
just east from Al Madinah city and the well-preserved chain of cones in the right bottom corner of the image
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diversity of geological features on the Earth’s surface, and
connotes the variety of features within geology (Brocx and
Semeniuk 2007). A different definition is sometimes used,
which considers geodiversity to be a site-specific or
region-specific term denoting the natural variety of geologi-
cal, geomorphological, pedological and hydrological features
of a given area. Combing these definitions gives a broad
definition of geodiversity (Brocx and Semeniuk 2007) as the
natural variety of geological, geomorphological, pedologi-
cal, hydrological features of a given area, from the purely
static features at one extreme, to the assemblage of products,
and at the other, their formative processes. It is also impor-
tant to emphasize that, while biodiversity can be viewed as a
signature of the health of an ecosystem, the same cannot be
applied to geodiversity. Low geodiversity is not a parallel to
low biodiversity and does not carry the same negative con-
notations. Low geological diversity can be as equally
important as high geological diversity and can have as good a
case to be ranked as a geoheritage site with high significance.
For instance, in a sedimentary geology context, a succession
of a great thickness of otherwise “not too exciting”, mono-
tonous turbidity sand-silt-and-mudstones in a flysh belt

(Alexandrowicz and Margielewski 2010; Ballance 1974)
probably has low geodiversity. However, if such deposits
accumulated over millions of years, its geological setting can
tell a fantastic story and the site can be assigned a high
geoheritage value in specified scales. In a volcanic context,
such as the western Saudi Arabian Cenozoic volcanic region,
the vast amount of lava flows can form a region with rela-
tively low geodiversity, composed of dark monotonous lava
fields (Fig. 1.7). This low geodiversity does not mean the
region has a low geoheritage value. On the contrary, the total
volume of magma that erupted and formed the lava flow
fields provides a conceptual model for the formation of the
Saudi harrats, and therefore such lava fields can be graded as
geoheritage sites with high significance.

In a geotectonic sense, a complicated geological setting
(e.g. collision zones of continents) have often scored highly
in estimates of geodiversity, on the basis of the diverse
nature of the geological features that can be identified in
such regions. Consequently such regions are often consid-
ered to have the higher geoheritage values than any other
relatively passive geological region (e.g. intracontinental
basins). This is not a sound approach and should be avoided.

Fig. 1.7 Low geodiversity of monotonous lava fields of the harrats of
Saudi Arabia still carry high geoheritage significance as the vast
volume of the flow fields can provide an exciting and scientifically

important story for understanding the formation of intra-continental
volcanic fields [24° 23′ 20.78″N; 39° 46′ 4.31″E]
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When evaluating geoheritage significance, it is important
to define the scale of observation and evaluation. These can
be regional, large, medium, small, fine and very fine. The
identification of the scale is important; a region can have a
very high geoheritage significance at a microscopic scale
(e.g. a rare mineral associated with a volcanic deposit), while
on a medium, large or regional scale the same site may be
insignificant. In general the scale could be best defined as a
mountain range being regional scale, while the very fine
scale could be a single crystal or fossil.

For evaluating the geoheritage values of a geological
feature in a specific scale, its significance must be identified
(Brocx and Semeniuk 2007). This is a difficult task. The
level of importance normally attributed to a given feature of
geoheritage significance is related to one of two factors:
(1) how frequent, or common, the feature is within a scale
of reference, and (2) how important the feature is intrin-
sically or culturally. Putting this system in a volcanic con-
text, the first point refers to how common the volcanic
feature is. For instance, a scoria cone is a very common
feature in every intra-continental geological setting and is
described as the most common volcanic landform not only
on the Earth but also in the entire Solar System (Németh
et al. 2011). Hence, a scoria cone would be downgraded in
this aspect. However, if we look at the number of scoria
cones on a regional scale, a volcanic field, where there may
be hundreds of scoria cones that erupted over a relatively
short period of time, the same volcanic feature (in their
groups) would be graded as a geologically rare feature and
the scoria cone field would score highly in the significance
table on the regional scale for the second factor above.
Furthermore, a scoria cone, which has specific beds abun-
dant in a specific size of xenoliths carried great variety of
fragments from the upper mantle, would also be defined as
being a volcanic feature that is reasonable rare and thus
would score highly in terms of its intrinsic importance. This
highlights the relative, and probably time-dependent, nature
of the evaluation of any geological feature and it should be
viewed as a value that can change over time and scale. The
evaluation is also strongly dependent on the evaluators’
background knowledge and research intensity and thus
ability to explore and measure the geoheritage value against
the best possible broad scale and consider the latest devel-
opments of the specific geoscience fields in which studied
geoheritage sites fall.

Five levels of significance are used: (1) International,
(2) National, (3) Large regional, (4) Small regional and
(5) Local. These significance levels can be defined in various
ways. For example, (Brocx and Semeniuk 2007) state that
something has international significance if it is “only one, or
a few, or the best example of a given feature occurring
globally, hence it is globally unique, rare, or uncommon; or
performs a function in a global network”. Brocx and

Semeniuk (2007) also define something with local signifi-
cance as “the natural history feature is important only to the
local community”. Anything between these two
end-members has a connotation to the frequency of the
geological feature and to the scale of the observation.

1.6 Dissemination of Geoheritage
Information and Geoeducation
Strategy with Special Relevance
to Saudi Arabia

1.6.1 Web-Based Information Sites

The most effective method to disseminate information today
is to utilize internet-based resources, which have been
widely used in many recent geoeducational, geoconservation
and geotourism projects (Yan et al. 2008, 2009, 2010). To
promote the geoheritage value of the volcanic regions of
Western Saudi Arabia, a new website, called arabiageop-
arks.com, is planned to be launched soon. This website will
act as a resource center for visitors and/or end users (e.g. tour
operators) of the volcanic geoheritage sites, providing easy
to understand information on the volcanic processes and the
individual volcanic geotopes’ geosites that form the
well-defined volcanic precincts that will be the basis of the
proposed volcanic geoparks in the region. The utilisation of
electronic resources is cost-effective and easy to access, as
well as serving as a hub that links to geographical sites
elsewhere on Earth that are relevant to the volcanic features
and/or geoeducational purposes of the geoconservation and
geoheritage sites of Western Saudi Arabia. In addition, the
website will provide links to further material for visitors or
researchers wishing to access more in-depth information on
the geology and volcanism of the geoheritage sites. Such
websites can be maintained easily and easily updated to
include information on the listed geosites that may emerge in
the future.

1.6.2 Educational Leaflets

While educational leaflets are considered by some to be
“old-fashioned”, they remain effective tools to provide basic,
accurate information on specific types of geological features
at any geoheritage site in the world, including geoparks.
Preparation of such leaflets is strongly encouraged; however,
it is important that they contain up-to-date information and
procedures should be put in place to ensure this, especially
in areas where scientific research is active, such as in
Western Saudi Arabia. Leaflets should contain basic maps,
GPS-coordinates, colour images, and very short descriptions
of the expected geological features that a visitor may
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encounter. Such leaflets have been successfully prepared for
the Kanawinka Geopark in Australia and provide
easy-to-access, map-based information that any independent
visitor can use. These leaflets can also provide basic health
and safety information, which is especially necessary for
independent geotourists wishing to visit the remote areas of
the volcanic geoheritage sites of Western Saudi Arabia.

1.6.3 Educational Boards at Entry Points
to Sites and Main Regional
Transportation Hubs

Educational boards are widely used in many geoparks and
nature conservation sites worldwide and they are considered
an effective tool for transferring knowledge to visitors
(Kazanci 2012; Moreira 2012). This form of information
dissemination is particularly effective for ad-hoc visitors.
While such resources are desirable, they are generally costly,
require regular maintenance, and they are difficult to update
as new information becomes available. In addition educa-
tional boards are susceptible to damage due to weather or
vandalism. While vandalism is rather rare in the Kingdom of
Saudi Arabia, the weather is a major issue since Western
Saudi Arabia is located in an area where the summer tem-
peratures commonly approach 50 °C, and flash floods and
strong sand storms and wind blasts are also not uncommon.
In the first phase of the development, educational boards
should be established only at the main entry points to major
geoheritage sites, particularly at the sites expected to be most
visited. A similar set of boards to those on-site could be
placed at major transportation hubs, such as airports and bus
stations, where visitors are expected to arrive to visit the
region.

1.6.4 Smart Phone Applications

Smart phones (and web-capable tablets, notebooks) are
widespread, and increasingly accessible for the general
public. In the Kingdom of Saudi Arabia the mobile phone
network is well-developed, and in many major centers cur-
rently being upgraded for 4G capability. Mobile internet
hotspots and/or free or low service charge WiFi internet
access are common in many tourist accommodation spots, as
well as in specific parts of towns. Mobile network coverage
is good, in spite of the large distances and low population
densities outside of major urban areas. The territory of sig-
nificant volcanic geoheritage sites is well covered by mobile
networks, in spite of the general remoteness of many of
those sites. Internet access at geoheritage sites allows the
visitor to download maps, and other information about the
volcanic geoheritage sites when they are there. On the basis

of this developed technological background, it is a logical to
put most of the information on the volcanic geoheritage sites
at a geopark onto a mobile-compatible website (as discussed
above). The information should be in a form that is down-
loadable to enable visitors to download the information to
their mobile devices prior to their visit, should they not wish
to access the internet while in the park. The development of
smart phone applications is also suggested. Such applica-
tions could include interactive maps, geosite descriptions,
and a volcanological dictionary that are closely linked with
real-time weather forecasts, sunset/sunrise times and moon
phase information, as well as information on what to do in
an emergency. These smart phone applications could be
accessed at a nominal low fee, and should be available
through mainstream application stores.

1.6.5 Organization of Information Flow
Through Local and Global Travel
Agencies

One of the most important aspects of the success of the
geohertiage projects recently proposed in Saudi Arabia is the
link between information providers and end users. This can
be coordinated and achieved by working closely with
responsible governmental agencies. To increase the number
of international visitors, licenced designated travel agencies
need to be linked with the activities offered at the proposed
geoparks. To facilitate this, regular training sessions and
workshops, with field visits, could be held, where, beside the
geological information specific to the areas, basic training
could be given on volcanology, nature and specifically
geoconservation. These workshops should be designed,
organized and provided regularly by an expert educational
institute preferably linked to a university, such as the King
Abdulaziz University in Jeddah, as Jeddah is a gateway to
the Western Saudi Arabian volcanic regions. It is anticipated
that a geoeducational program for tour operators as descri-
bed here will ensure a slow but steady increase in the
numbers of participants in nature conservation and geoedu-
cation programs.

1.6.6 Global Links

The geoheritage sites of Western Saudi Arabia have many
complementary features to those found in many other vol-
canic geoheritage sites (many of them organised in regional
or global geoparks) around the world and therefore there is a
unique opportunity to link the Saudi sites (and the associated
geoheritage, geoconservation and geoeducation programs)
with other geoconservation sites in similar volcanic fields
worldwide. Examples of possible partner regions where
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established geoparks (on various levels) already exists
include the Kanawinka Global Geopark in Australia (www.
kanawinkageopark.org.au), Jeju Island Geopark (www.
geopark.jeju.go.kr), Nograd/Novohrad Geopark on the bor-
der of Hungary and Slovakia (www.nogradgeopark.eu),
Bakony-Balaton Geopark in Hungary (www.bakony-
balaton-geopark.eu), and Vulkaneifel Geopark in Germany
(www.geopark-vulkaneifel.de). Not all features of each of
these geoparks are relevant to each of the geoheritage sites
and proposed volcanic geoparks of Western Saudi Arabia,
but many of them share similarities with the style, extent,
age, impact and cultural relevance of the volcanism on show
in the majority of the volcanic geoheritage sites of Western
Saudi Arabia.

The 1256 AD and 641 AD historic eruption sites near Al
Madinah City, as part of the Harrat Al Madinah, and its
proposed geoeducational programs, could be easily linked to
other similar sites around the world, such as the
Bakony-Balaton Geopark in Hungary, and the Wudalianchi
Geopark in China (http://english.wdlc.com.cn). The chain of
well-exposed volcanic cones in the Craters of the Moon
National Monument in Idaho (www.nps.gov/crmo/) also
shows similar volcanological features to the 1256 AD and
641 AD historic eruption sites. In addition, a similar volcanic
eruption scenario to that inferred to have produced the 1256
AD and 641 AD eruption sites in Western Saudi Arabia is
known from a few volcanic cones on natural protected areas
in Lanzarote (Carracedo et al. 1992; Kervyn et al. 2012) and
Tenerife (Kereszturi et al. 2012; Paez 2010), both in Canary
Islands, Spain, or Laki Fissure in Iceland (Thordarson and
Self 1993). Scoria cones and similar intracontinental mono-
genetic volcanic landforms are organized and arranged in
geoparks in the Eifel, Germany (www.geopark-vulkaneifel.
de) and in the Kanawinka Geopark in Australia (www.
kanawinkageopark.org.au); however, these sites are gener-
ally covered with dense vegetation or grassland and, while
the original volcanic landforms are young and
well-preserved, the accessibility and visibility of the
syn-eruptive volcanic landforms are more difficult than in the
proposed volcanic geoheritage sites in Western Saudi Arabia.
In addition, the Nograd/Novohrad Geopark on the border of
Hungary and Slovakia (www.nogradgeopark.eu) has vol-
canic features associated with monogenetic volcanism, but
these can only be seen on eroded volcanic landforms, where
the core of a scoria cone, lava spatter cone or tuff ring core
has been exhumed due to erosion. Similar connections to the
volcanic geoheritage sites of Western Saudi Arabia can be
drawn from the protected volcanic sites of the Auckland
Volcanic Field in New Zealand or the UNESCO World
Heritage Site of Jeju Island in Korea. However, these sites are
also heavily vegetated and the syn-eruptive volcanic features
are commonly obscured. Links between these sites and the
Saudi volcanic geoheritage sites would allow awareness to be

raised in visitors spending time exploring similar, but
vegetation-covered, volcanoes in more humid climatic
regions. Many of the Western Saudi Arabian volcanic geo-
heritage sites can be linked to protected volcanic regions,
such as those in Hawaii or in the San Francisco Volcanic
Field in Arizona, which are considered by the scientific
community as the type localities to illustrate the conse-
quences of lava fountaining, pit crater formation and lava
spatter cone evolution. The Western Saudi Arabian volcanic
regions can provide a great abundance of such volcanic
landforms in exceptionally well preserved conditions. Other
volcanic features, such as explosion craters, silicic lava
domes and various silicic lava flows, in Western Saudi
Arabia could be linked to geoheritage sites located in globally
well-known sites, such as those in the Unzen Volcanic Area
Global Geopark in Japan (www.unzen-geopark.jp). While
the geological setting is strikingly different between the
volcanic regions of Western Saudi Arabia and Unzen, the
resulting volcanic landforms and associated volcanic erup-
tion styles are very similar. A more suitable link could be
promoted between the volcanic regions of Western Saudi
Arabia and Jeju Island in South Korea, which hosts the Jeju
Island Geopark and UNESCO World Heritage site (Sik et al.
2013; Sohnyoungkwan et al. 2009; Woo et al. 2013). Jeju
Island is the home of numerous silicic lava domes and scoria
cones that together make an extensive volcanic field that
formed in the past 1 million years (Brenna et al. 2012).

1.7 Volcano Types and Volcanic
Geoheritage Relevant
to the Volcanic Regions
of Saudi Arabia

The establishment of volcanic geoparks and geoheritage
sites is becoming increasingly popular worldwide (Armiero
et al. 2011; Bitschene and Schueller 2011; Erfurt-Cooper
2011; Joyce 2009). In addition, UNESCO Global Geoparks
(www.globalgeopark.org) and the European Geopark Net-
work (www.europeangeoparks.org) have numerous geop-
arks that have primarily achieved their status due to their
volcanic geoheritage (e.g. www.geopark-vulkaneifel.de;
www.bakony-balaton-geopark.hu; www.nogradgeopark.eu).
Among these sites there are locations where the main
attraction of the geopark is the large number of
small-volume volcanic edifices in various geotectonic set-
tings, often with strong interactions with human societies.
Here we provide a summary of the volcano types, their
eruption styles and significance with relevance to the iden-
tified volcanic geoheritage sites of Saudi Arabia.

Small-volume volcanoes are commonly defined as
monogenetic, which is a reflection of (a) their short-lived
eruption styles that are commonly associated with the arrival

14 1 Introduction

http://www.kanawinkageopark.org.au
http://www.kanawinkageopark.org.au
http://www.geopark.jeju.go.kr
http://www.geopark.jeju.go.kr
http://www.nogradgeopark.eu
http://www.bakony-balaton-geopark.eu
http://www.bakony-balaton-geopark.eu
http://www.geopark-vulkaneifel.de
http://english.wdlc.com.cn
http://www.nps.gov/crmo/
http://www.geopark-vulkaneifel.de
http://www.geopark-vulkaneifel.de
http://www.kanawinkageopark.org.au
http://www.kanawinkageopark.org.au
http://www.nogradgeopark.eu
http://www.unzen-geopark.jp
http://www.globalgeopark.org
http://www.europeangeoparks.org
http://www.geopark-vulkaneifel.de
http://www.bakony-balaton-geopark.hu
http://www.nogradgeopark.eu


of a single magma batch to the surface and (b) their generally
small volcanic edifices (edifice size ranges are normally
between 0.001 and 0.1 km3) (Kereszturi and Németh 2012;
Németh 2010; Németh and Kereszturi 2015; Valentine and
Gregg 2008; Walker 1993). The small size of these volca-
noes makes them relatively easy to access; their eruptive
products are on a “human scale” (Fig. 1.8) and therefore
they can be used to demonstrate fundamental volcanic pro-
cesses without major logistical challenges for education
program designers or for visitors.

A common small-volume monogenetic volcano is scoria
(cinder) cones (Fig. 1.9); these are constructional volcanic
edifices and normally result from the mild explosive eruption
of magma, which is triggered by the bubble coalescence of
volatiles in the upper conduit of the cone at moderate magma
discharge rates (Kereszturi and Németh 2012; Vergniolle
1996; Vergniolle and Brandeis 1996; Vergniolle and Manga
2000). At high magma discharge rates, when bubbles travel
together with the magma, lava fountaining can occur, which
can build up lava spatter cones (Vergniolle and Manga
2000). In scoria and lava spatter cone building events, the
volcanic eruption is primarily governed by the so-called
internal controlling parameters, which are characteristic of
the magma itself (e.g. viscosity, volatile content, chemistry,
discharge rate etc.) (Vergniolle and Manga 2000). The

resulting volcanic edifices are constructional and form ran-
domly or systematically distributed vents over a volcanic
field (Connor 1990; Connor and Conway 2000). Their sizes,
edifice structures and deposit characteristics are primarily
linked to the magma internal parameters and the structural
elements of the lithosphere the magma encounters en-route
to the surface (Fig. 1.9).

Near the surface (<2 km), the basement rocks are fractured
and commonly filled with water-forming hydrologically
active zones and/or sedimentary basins that are filled with
unconsolidated water saturated clastic material. If the hot
magma reaches and encounters these water-rich regions, it can
interact at various levels with the water hosted in the country
rock and deposits, leading to phreatomagmatic explosive
eruptions (Lorenz 1986; White and Ross 2011). Alternatively
magma can reach the surface, where shallow sub-surface
aquifers charged with water and/or surface water bodies
(and/or water-saturated sediments) are abundant (White and
Ross 2011). The magma can interact with the water, pro-
ducing phreatomagmatic explosions that can form strikingly
different deposits and volcanic landforms to those formed
purely by the internal parameters controlling the explosivity
of the rising magma (Fig. 1.10) (White and Ross 2011).

Phreatomagmatism has been widely recognized across
many volcanic fields, even among those dominated by

Fig. 1.8 A typical landscape with small-volume volcano from Western Saudi Arabia [view taken from 24° 12′ 8.54″N; 39° 52′ 42.46″E toward
SSE]
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volcanic landforms typical of explosive eruptions triggered
by the magma’s internal physico-chemical conditions (Risso
et al. 2008). Typical phreatomagmatic landforms are maars
and tuff rings (Fig. 1.10) in intracontinental settings
(Kereszturi and Németh 2012). Maars are the result of
explosive fragmentation of magma due to contact with
ground-water, while tuff rings are more typical of eruptions
where magma interacts with shallow sub-surface water
and/or surface standing water bodies (Vespermann and
Schmincke 2000). The resulting volcanic landforms are
different from the constructional landforms of scoria (cinder)
cones. Maars have deep craters and potential diatremes
beneath the crater (the crater cuts deep into the syn-eruptive
surface and therefore pre-eruptive lithologies are exposed in
the crater wall), while tuff rings are broad volcanic craters
with low crater rims that normally sit on the syn-eruptive
landscape (White and Ross 2011). While phreatomagmatism
is the largely accepted mechanism for the formation of maars
and tuff rings (White and Ross 2011), there are ambiguous
cases where maars and tuff rings may have been formed due

to an extreme volatile content of alkaline-rich melts (Stoppa
and Schiazza 2013). In basaltic systems, however, there is a
wealth of field evidence to demonstrate that phreatomag-
matism is the main force generating these volcanoes (White
and Ross 2011). Therefore, recognizing maars and tuff rings
in a volcanic field can have significant implications in terms
of understanding the hydrology and environmental (external)
conditions at the time of volcanism (Agustin-Flores et al.
2014; Kereszturi et al. 2011, 2014; Németh et al. 2012). The
balance between the external and internal forces and the
resulting differing eruption styles, producing different erup-
tive units, is particularly important in the evaluation of the
geoheritage values of volcanic geosites in Western Saudi
Arabia. The potential geoheritage sites in this region could
be the centre of global research effort to understand link
between volcanic edifices and the potential eruption styles
that formed them.

In addition, the general longevity of many of the volcanic
fields in Saudi Arabia (in the range of thousands to millions
of years) means that the volcanic regions have likely

Fig. 1.9 Monogenetic volcanic landforms associated with “dry” eruptions and their basic features relevant to small-volume volcanoes of Saudi
Arabia after Kereszturi and Németh (2012)
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experienced environmental changes. The period when vol-
canism was commonly phreatomagmatic, for example, could
be interpreted as a more humid climatic period to the other-
wise dry and arid conditions of today. Thus such geoheritage
sites in Saudi Arabia could be used for very important
geoeducation initiatives to demonstrate to the visitors that the
climate can change dramatically over a long period of time

(Moufti et al. 2014). There are several examples worldwide
where there are volcanic landforms that can be connected to a
period in the evolution of the region when more humid cli-
matic conditions were common (Kereszturi et al. 2011).
While the overall type and structure of a monogenetic vol-
canic edifice is the result of an extremely complex process,
the general abundance of phreatomagmatic volcanic edifices

Fig. 1.10 Monogenetic volcanic landforms associated with “wet” eruptions and their basic features relevant to small-volume volcanoes of Saudi
Arabia after Kereszturi and Németh (2012)
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in a volcanic field is indicative of wetter, and/or a hydroge-
ologically more active, period. Volcanic geosites where such
eruption style variations can be detected could be key vol-
canic geoheritage sites in Saudi Arabia and provide excellent
geoeducational material.

In general, the increase in research targeted at under-
standing small-volume volcanoes globally and the wealth of
new knowledge on such volcanism can be directly chan-
nelled to the general public through geoeducational projects.
In this respect Saudi Arabia has an exceptional supply of
globally significant geosites, which will be demonstrated in
this book.

The developing trend in volcanic geoheritage research
and associated geoeducational programs through protected
volcanic geosites and landscapes is clearly visible in the
increasing number of studies on volcanic geosites and geo-
morphosites (Erfurt-Cooper 2014; Joyce 2009), with addi-
tional proposals for, and establishment of, of regional and
global geoparks that intend to protect volcanoes and promote
our understanding of monogenetic volcanism (Armiero et al.
2011; Joyce 2010). Currently the European Geopark Net-
work has 52 official members from 18 countries (www.
europeangeopark.org). Of these 52, at least five have a
strong emphasis on volcanic geology, including geoparks
located in Germany, Hungary, Iceland, Slovakia and Spain.
Of these volcanic-oriented geoparks, three include volcanic
features similar to those that form the volcanic regions of
Western Saudi Arabia. Worldwide, there are at least five
additional geoparks located in volcanic regions, of which
two are located on monogenetic volcanic fields. Around the
world, there are many heavily populated regions that occupy
areas of active volcanic fields, such as Auckland in New
Zealand (Bebbington and Cronin 2011), Mexico City in
Mexico (Agustin-Flores et al. 2011; Guilbaud et al. 2009,
2012), or the Bay of Naples in Italy (Orsi et al. 2004).
Relatively young volcanic fields are also located in culturally
significant areas, where some of the fundamental concepts of
monogenetic volcanism were discovered, such as those in
Central France at the Chaîne des Puys (Camus and Vincent
1973), Eifel in western Germany (Lutz and Lorenz 2013),
Eger (Ohre) Graben in Czech Republic and Germany (Cajz
et al. 2009) and in the Pannonian Basin, mostly in Hungary
(Martin and Németh 2004). With the growing population on
Earth, it is becoming increasingly important to develop
geoeducational programs in these regions and others to
disseminate our current understanding of this type of vol-
canism, with an aim to pass on information about potential
eruption scenarios, volcanic hazards, and available volcanic
crisis management to the general public. Similar educational
projects, in conjunction with geoconservation strategies,
have been developed around other natural geohazards, such
as faulting (Zouros et al. 2011), and a growing number of
methodological studies have been reported that combine

geoeducation with effective geoconservation, an objective
that underpins geopark projects (Coratza and De Waele
2012). In volcanic areas that have not experienced volcanic
eruptions in the recent past (e.g. no living memories, oral
traditions or written documentation are available), such as
many regions in Western Saudi Arabia, the usage of geo-
heritage sites is especially important to establish a link
between the preserved volcanic landforms and their potential
link to specific volcanic hazards. Such projects are also of
particular importance in areas where the societal structure of
the local communities is such that memories of recent vol-
canic eruptions can quickly vanish. An example of this is the
young volcanic island of Western Samoa, where there is
limited information available on the volcanic origins of the
landscape, in spite of the last eruption taking place only
about 100 years ago and many eruptions occurring in the
3500 years since human occupation (Németh and Cronin
2009). The Kingdom of Saudi Arabia is a region where large
areas of land are volcanic fields that have been active in the
past 10 million years (Moufti et al. 2013a, b), leaving behind
nearly every volcanic feature possible in a dispersed
intra-continental volcanic field. These regions have not
experienced a volcanic eruption since the last event in 1256
AD (Camp et al. 1987). However, there is evidence, based
on the morphologies of many of the volcanoes, that indicates
that other historic eruptions may have occurred, but have
gone unnoticed because of the low population density of the
region in the past. It is evident that many of the volcanic
regions in Western Saudi Arabia can be regarded as poten-
tially active volcanic regions and they should be considered
to be regions where the volcanic hazard is not negligible
(El Difrawy et al. 2013; Runge et al. 2014). In this respect,
research on volcanic geoheritage and the development of
geoeducational programs through various activities and the
involvement of geotouristic organisations can serve a vital
role in volcanic hazard education in the region. Therefore,
this should be viewed as an important research field that can
form the basis of activities in the region that can even bring
economic development and change the general view of
volcanism in the minds of the local population and visitors.
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2Geological Setting

In this chapter the intraplate volcanic fields of the Arabian
Peninsula will be presented in a global context through
comparison with other intraplate volcanic fields, focusing on
those with special relevance to known and/or planned geo-
heritage, geoconservation and geotouristic programs and
geoparks.

2.1 Cenozoic Volcanic Fields of the Arabian
Peninsula

The Red Sea Rift forms an active deformation zone between
the African and Arabian continental plates, stretching about
2000 km from NNW to SSE (Fig. 2.1). The rifting along the
Red Sea started about 30 million years ago, leading to the
separation of the Arabian Plate from Africa (Avni et al.
2012; Bohannon et al. 1989; Bosworth et al. 2004, 2005;
Camp and Roobol 1992; Corti 2009; Ghebreab 1998; Gir-
dler 1991; Zeyen et al. 1997). The evolution of the marginal
areas in reference to the axis of the Red Sea Rift was
complex and consisted of a combination of (1) extension
along the Red Sea basin (Bellahsen et al. 2003; McGuire and
Bohannon 1989; Voggenreiter et al. 1988; Wernicke 1985);
(2) a pronounced continental collision between Arabia and
Eurasia since the middle Miocene about 13 Ma (Dewey
et al. 1986; McKenzie 1978); and (3) the development of
left-lateral strike slip zones in the northwest margin of the
Arabian micro-continent (Garfunkel 1981; Garfunkel and
Ben-Avraham 2001; Garfunkel and BenAvraham 1996).
This geodynamically complex situation provided mantle
melting and shear that fed magma rising to the surface,
especially in the western and northern margin of the Arabian
plate, to form volcanic fields close to the plate boundaries
(Bord and Bertrand 1995; Camp et al. 1987; Camp and
Roobol 1989, 1991, 1992; Camp et al. 1991, 1992; Harlavan
et al. 2002; Ibrahim and Al-Malabeh 2006; Kaliwoda et al.

2007; Moufti and Anonymous 2004; Moufti et al. 2012a, b).
As a result of this intracontinental volcanism, a thick pile of
sheet-like lava flows and associated networks of shield and
fissure-fed volcanoes formed in the past 30 million years
across various harrats.

These lava flow dominated fields are generally known
locally as harrats (Fig. 2.2). The word “harrat” is the pos-
sessive form of the singular Arabic noun “harra”, which
means “stony area, volcanic country, lava field” (Wehr
1976); it is related to the adjective “harr”, meaning “hot”
(cross-referenced from Camp and Robol 1989). The term
harrat is commonly used and understood as a synonym for
volcanic field. The generation of names for specific harrats is
commonly locality driven, and refers to a nearby settlement
or geographical marker. In this respect, especially for harrats
that cover large surface areas, the boundary between
specifically named harrats is fairly undefined or at least ad
hoc. Here we follow the traditional naming of specific har-
rats, and will express a harrat’s potential volcanological
significance through its association with a potential volcanic
field, as defined in the volcanic literature (Barde-Cabusson
et al. 2014; Brenna et al. 2012; Cimarelli et al. 2013; Connor
and Conway 2000; Hernando et al. 2014; Le Corvec et al.
2013a, b; Németh 2010; Németh et al. 2011; Runge et al.
2014; Valentine and Gregg 2008).

Among these harrats, the largest (both in eruptive volume
and surface area) is Harrat Ash Shaam (Fig. 1.1), which
covers an area of 50,000 km2 (Al Kwatli et al. 2012; Ibrahim
et al. 2003; Ilani et al. 2001; Shaw et al. 2003; Trifonov et al.
2011; Weinstein et al. 2006). While Harrat Ash Shaam is the
largest harrat in the Arabian post-30 Ma volcanic regions,
the majority of its area is outside of the territory of the
Kingdom of Saudi Arabia. In addition this harrat is difficult
to access and no geoheritage studies have been performed on
it; therefore, it is not included in this work. The largest
harrats by occupied surface area, number of vents and
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estimated erupted volume in the territory of the Kingdom of
Saudi Arabia are the Harrat Khaybar (20,564 km2) and
Harrat Rahat (19,830 km2), which were both formed by a
succession of volcanic eruptions at least 10 million years

long that produced several hundreds of individual volcanoes
ranging from those with basaltic compositions to rhyolites
(Camp and Roobol 1989; Camp et al. 1991). The majority of
the harrats produced volcanoes erupted from alkaline

Fig. 2.1 General geotectonic framework of the Cenozoic harrats (red dots) of the Arabian Peninsula, concentrating volcanic fields mostly in the
western region of the Kingdom of Saudia Arabia

Fig. 2.2 A typical view to a harrat in Saudi Arabia characteristic as a dark basalt-dominated rock desert such as shown in the picture from Harrat
al Birk [17° 59′ 46.32″N; 41° 42′ 23.65″E]
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magmas, such as alkaline basalt, mugearite, benmoreite and
trachyte typical for intracontinental volcanism (Camp and
Roobol 1989, 1992; Camp et al. 1991; Coleman and Gre-
gory 1983; Moufti et al. 2012a, b). In regions such as Harrat
Kishb the volcanism was bimodal and produced phonolitic
lava domes and colees (Camp et al. 1992; Coleman and
Gregory 1983). Harrat Kishb is also the region where
abundant deep seated mantle and deep crustal-derived
xenoliths (Fig. 2.3) are known in the eruptive products,
including various peridotite lherzolite nodules (McGuire
1988). A similar trend is documented at the Harrat Hutay-
mah in the NW edge of the region of harrats of the Arabian
peninsula (Thornber 1990). The volcanic fields are erupted
over old lithospheric fragments that are composed of various
Precambrian rocks. The vents in most cases show strong
parallel alignment with older, potentially reactivated, struc-
tural elements of the basement, often forming dorsal zones
of volcanoes in the harrats, such as in the case of Harrat
Rahat (Fig. 2.4). While patterns in the vent distribution are
apparent (El Difrawy et al. 2013; Runge et al. 2014), the

geological reasoning for them is not yet fully explained by
detailed geological work and evidence.

2.2 Geological Setting of Harrat Rahat

The main subject of this book is to describe the geoheritage
values of one of the largest harrats: Harrat Rahat. This
volcanic region is located between the cities of Al Madinah,
Jeddah and Makkah (Fig. 2.5) and, due to its good logistical
position, its young volcanic landforms and numerous access
points to its interior, it provides the perfect starting point to a
develop volcanic geopark on the basis of defining its vol-
canic geoheritage sites.

The Rahat Volcanic Field defined by the Harrat Rahat
consists of at least 500 individual volcanic edifices, many of
them with typically complex edifice structures suggesting
their prolonged volcanic activity (months to years) and
common bimodal alkaline chemical nature (basaltic and
trachytic) (Camp and Roobol 1989; Moufti et al. 2012a, b).

Fig. 2.3 Peridotite lherzolite nodules (about 10 cm across) from the Harrat Kishb alkaline basaltic lava flows and pyroclastic deposits near Aslaj
volcano [23° 14′ 18.16″N; 41° 16′ 1.26″E]
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The region located in the proximity of Al Madinah city is
referred to as Harrat Al Madinah, and this region is exten-
sively used as the main subject of this book. Due to logistical
reasons, the dominant proportion of the detailed geological
and stratigraphy information presented in this book comes
from the Harrat Al Madinah region that then was extrapo-
lated to the broader Harrat Rahat region.

The age of the volcanism of the Harrat Rahat was con-
strained dominantly by conventional K-Ar ages from whole

rock samples from various lava flows (Brown et al. 1989;
Camp and Roobol 1989; Coleman and Gregory 1983), as
well as ages derived recently from Ar–Ar incremental
heating techniques on groundmass separates from different
volcanic lava flows from Harrat Al Madinah in the north-
ernmost part of the Harrat Rahat (Moufti et al. 2012a, b).

Early K-Ar age determinations allowed the volcanic
rocks to be divided into three major stratigraphic units for-
mally defined as: Shawahit basalt (*10–2.5 Ma), Hammah

Fig. 2.4 Dorsal zone of the
northern part of Harrat Rahat
(Harrat al Madinah) shows high
vent density and strong
alignments of cones in small
(edifice-scale) and large (field
segment-scale) scales. Outlines of
the youngest lava flows shown by
thick coloured lines. The urban
area with the harram in its centre
is shown on the map in respect to
their position to the volcanic field
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basalt (*2.5–1.7 Ma), and Madinah basalt (*1.7 Ma—
Recent) (Moufti et al. 2012a, b). Geological field mapping,
aided by K-Ar and recent Ar–Ar dating, subdivided the
Madinah basalt into the lower and upper Madinah basalts
(Moufti et al. 2012a, b). From a lithostratigraphical per-
spective, the lower Madinah basalt comprises three strati-
graphic (mapping) sequences labelled Qm1 to Qm3 (Qm1:
*1.7–1.2 Ma; Qm2: *1.2–0.9 Ma; Qm3: *0.9–0.6 Ma);
while the upper Madinah basalt includes four sequences
defined as Qm4 to Qm7 (Qm4: *0.6–0.3 Ma; Qm5:
*0.3 Ma—4500 B.P.; Qm6: *4500–1500 B.P.; Qm7:
*1500 B.P.—1256 A.D.) (Camp and Roobol 1989).

Intensive geoheritage studies were conducted in the
region of the Harrat Al Madinah where a proposal to
establish a geopark, called the Harrat Al Madinah Volcanic
Geopark, was put forward recently (Moufti and Németh
2013). This proposed geopark is located in the area covered
by eruptive products grouped into these various lithostrati-
graphic units and represents the youngest volcanic episode
of the Rahat Volcanic Field (RVF). There is an apparent
northward migration of volcanic events, at least in the last
10 Ma, which has been linked by some workers to the age
progression of the lithospheric up-doming of the Western
Arabian Swell and the northernmost extremities of the lar-
ger, regional up-doming of the Afro-Arabian Dome

(Almond 1986). This swell is inferred to be linked to the
Ethiopean mantle plume, as its lobe reaches far north (Camp
and Roobol 1992). Recent Ar–Ar dating has refined the
previously proposed volcanic stratigraphy, providing evi-
dence of far more evenly distributed volcanic events across
the Harrat Rahat (Moufti et al. 2012a, b). Specifically, the
longevity of volcanism in the northern section of the Harrat
Rahat has been found to be greater than previously thought,
suggesting less characteristic uni-directional migration of
volcanic activity and challenging the idea of a fixed mantle
plume over a steadily moving Arabian Plate as the source of
the volcanism over the past 10 Ma (Moufti et al. 2012a, b).
Instead, the NNW-trending distribution of the volcanic
vents, i.e. nearly parallel to the Red Sea and its fault system,
suggests that their origin is related to periodic extensional
episodes along the reactivated Red Sea fault system (Moufti
et al. 2012a, b).

The Harrat Rahat hosts numerous and diverse volcanic
landforms that are well exposed and lack vegetation cover,
offering a perfect site to see nearly unmodified volcanic
landforms that are inferred to represent the syn-eruptive
volcanic morphology of monogenetic volcanoes, as defined
in (Kereszturi and Németh 2012). The most common vol-
canic landforms of the harrats in general are the basaltic
scoria and lava spatter cones associated with pahoehoe and

Fig. 2.5 GoogleEarth satellite image of the region of northern Harrat Rahat commonly referred as Harrat al Madinah. Al Madinah city is in the
top left corner of the view
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a’a lava fields. Many of them show a complex eruptive
history with multiple craters and nested crater rims. Lava
domes of mugearite, benmoreite and trachyte compositions
are particularly common in the centre of the Harrat Rahat
(Camp and Roobol 1989) and Harrat Khaybar (Camp et al.
1991) and form a spectacular scene of circular (in map view)
and steep sided lava domes, many of them crowned with a
characteristic solidified spine a few tens of metres above the
main lava dome body, as seen at the “White Mountains” of
Harrat Khaybar (Moufti and Nemeth 2014) (Fig. 2.6). In
addition to constructional volcanic landforms, there are few,
but large in diameter and crater depth, volcanic craters
commonly surrounded by tuff rings or steep sided pyro-
clastic constructs closely resembling tuff cones. Such vol-
canic landforms are most common in the Harrat Hutaymah
(Fig. 2.7a) in the north, but there are also fine examples at
the Harrat Rahat (Fig. 2.7b), Harat Kishb (Fig. 2.7c) and
Harrat Khaybar (Fig. 2.7d). Large areas are covered by
trachytic tephra blankets that are the result of pyroclastic
surges, block-and-ash flows, and fallout and commonly form
extensive coloured surface regions in many of the harrats
(Fig. 2.8).

The proposed Harrat Al Madinah Volcanic Geopark
(HAMVG) can provide a holistic geoeducation and geo-
conservation program in a location where the diversity of
intraplate dispersed volcanism in a long-lived volcanic field
in an intra-continental region can be demonstrated. Volcanic
fields can provide vital information on magma generation
and ascent, on the style of volcanic eruptions and on the
interaction between volcanism and the surrounding terres-
trial basins in which the volcanoes erupted. This information
can be related to the number and eruption styles of indi-
vidual volcanoes (White 1991), the timing and frequency of
eruptions (Conway et al. 1997, 1998; Kereszturi et al. 2011,
2013 Kiyosugi et al. 2010), the distribution pattern of vol-
canoes (Connor et al. 1992; Connor and Conway 2000;
El Difrawy et al. 2013), and the relationship of the volcanoes
to tectonic features, such as basins, faults, and rift zones
(Connor 1987, 1990; Le Corvec et al. 2013a, b). Here we
will present the major geoheritage values of the Harrat Al
Madinah, followed by a comparative summary of geoher-
itage values of other harrats and demonstrate that the Saudi
Arabian harrats can provide world-class sites to promote our
understanding of one of the most common types of

Fig. 2.6 Lava domes are common in the Harrat Rahat and Khaybar. Many of them are silicic and they have a very hight aesthetic value such as
the “White Mountains” of Harrat Khaybar [25° 39′ 28.36″N; 39° 58′ 13.69″E]
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Fig. 2.7 Negative volcanic landforms such as explosion craters and
maars are most common in Harrat Hutaymah (a 26° 59′ 22.07″N;
42° 14′ 24.17″E]) but nice examples are known from the Harrat Kishb

(b 22° 53′ 28.23″N; 41° 8′ 31.08″E), Harrat Rahat (c 24° 11′ 16.03″N;
39° 52′ 24.37″E) and Harrat Khaybar (d 25° 39′ 13.01″N; 39° 56′
16.35″E) as well
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volcanism on Earth and in the Solar System. In addition, the
Saudi Arabain harrats together can form the geological basis
to develop geoeducational programs for both the general
public and the research community.
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3Harrat Rahat: The Geoheritage Value
of the Youngest Long-Lived Volcanic Field
in the Kingdom of Saudi Arabia

3.1 Introduction

Harrat Rahat is a volcanic field that consists of over 500
individual volcanoes (Fig. 3.1), many of them with multiple
vents forming compound edifices (Camp and Roobol 1989;
Coleman and Gregory 1983; El Difrawy et al. 2013; Moufti
et al. 2013a). Harrat Rahat was formed over the past 10 mil-
lion of years (Moufti et al. 2013a), and it is still considered to
be an active volcanic region as it has had at least two historic
eruptions (Camp et al. 1987; Moufti et al. 2013a). The vol-
canic field consists of extensive lava fields (Murcia et al.
2014) and various types of volcanic cones and explosion
craters (Camp et al. 1991; El Difrawy et al. 2013; Moufti and
Hashad 2005; Moufti et al. 2011), each of them is perfectly
exposed due to the arid climate and lack of vegetation, and
many of them are relatively easy to access (Fig. 3.2). The field
is located nearby one of the holiest cities of Islam—Al
Madinah—and also hosts the youngest volcanoes in the
Kingdom of Saudi Arabia, which have historical and cultural
significance (Fig. 3.1). Harrat Al Madinah is the northern part
of the Harrat Rahat and the best studied in the Harrat Rahat.
The distinction between Harrat Rahat and Harrat Al Madinah
is loosely constrained and it has a traditional and geographic
connotation rather than geological reasoning. In a similar
way, different parts of Harrat Rahat have local names that refer
to nearby settlements or other geographical features.

In this chapter we will present a detailed summary of the
geoheritage value of the geological features that form the
backbone of the geoheritage of Harrat Rahat. The most
extensive geoheritage research in Saudi Arabia has been
undertaken in the Harrat Al Madinah in the northern part of
Harrat Rahat, and that is the basis of a proposal to establish
the Harrat Al Madinah Volcanic Geopark. As in other har-
rats in the Kingdom, the geoheritage research is rather
fragmental so far; in subsequent chapters we will provide a
brief summary of the geoheritage value associated with other

harrats. In describing subsequent harrats we will refer
heavily back to the identified geoheritage value of the Harrat
Rahat, which will provide a firm scientific basis to justify the
high geoheritage value of all the harrats of the Kingdom of
Saudi Arabia. The harrats could thus be promoted as a
continent-scale world heritage site on the basis of the uni-
versal value of observing and studying volcanism.

UNESCO promotes conservation of geological and geo-
morphological heritage through protection of world heritage
sites and development of educational programs under the
umbrella of geoparks (Dowling 2011; Farsani et al. 2011;
Gordon 2012; Henriques et al. 2011; Joyce 2010). In this
chapter we identify significant volcanic features that could
be organized and promoted as the first geopark, the Al
Madinah Volcanic Geopark in the Kingdom of Saudi Arabia
(Moufti and Németh 2013a). The Harrat Al Madinah Vol-
canic Field has numerous volcanic geosites (Moufti and
Németh 2013a, b, c) relevant to broadening our under-
standing of the evolution of volcanic fields dominated by
Hawaiian and Strombolian style volcanic cones and lava
fields (Kereszturi and Németh 2012a, b).

The proposed geopark includes the location of the last
historically erupted volcanoes in the Arabian Peninsula
(Moufti and Németh 2013a; Moufti et al. 2013b). An historic
eruption site in the proximity of Al Madinah City formed a
chain of lava spatter and scoria cones formed in a
52 day-long eruption in 1256 AD (Fig. 3.3). This eruption
site is located about just 10 km SE of modern Al Madinah
city (Fig. 3.1). The violent eruption formed a *2 km long
NW-SE-aligned fissure that produced at least seven volcanic
edifices with multiple vents that is now a globally unique
volcanic landscape with easy access from a major city of
Saudi Arabia. Any geoeducational and geoconservation
program designed or proposed for this region in the future
must take this location as the core of the project (Moufti and
Németh 2013a, b, c).

© Springer International Publishing Switzerland 2016
M.R. Moufti and K. Németh, Geoheritage of Volcanic Harrats in Saudi Arabia,
Geoheritage, Geoparks and Geotourism, DOI 10.1007/978-3-319-33015-0_3

33



Fig. 3.1 Overview map of Harrat Rahat on GoogleEarth image. Arrows outline the boundary of Harrat Rahat. Blue dot marks the 1256 AD
historic eruption site near Al Madinah City

Fig. 3.2 General view of Harrat Rahat with cones and flow fields [24° 20′ 14.91″N; 39° 51′ 6.33″E]
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Harrat Rahat consists of excellent geotopes that illustrate
fine details of explosive and effusive volcanism of mono-
genetic volcanic fields. Thus this is one of the most acces-
sible places on Earth to see the geological context of the
birth, evolution and erosion of lava spatter and scoria cone
complexes and their associated lava flow fields.

Because Harrat Al Madinah is located so near to Al
Madinah city the proposed geopark is easily accessible
through highways (and by train in the near future) and it
would provide significant economic benefit to Al Madinah
city. The park could provide a cost-effective volcanic
geoeducation program to pilgrims who are in the city visit-
ing the holy sites.

Through the creation of a world network of natural parks
with significant geological features, labelled UNESCO
Geoparks, UNESCO promotes conservation of our geolog-
ical heritage (Dowling 2011; Erfurt-Cooper 2011; Farsani
et al. 2011; Joyce 2010). The first step in developing a
geopark is to identify geotopes, geosites and geomorphosites
which are the key geological features in a region that are
easy to access, significant in the global geological sense and
that could potentially serve as a basis for broader geocon-
servation projects (Deraman et al. 2010; Moufti et al. 2013c;

Petrovic et al. 2013). Volcanic geoparks are increasingly
popular projects worldwide and play a substantial role in
geohazard education, including facilitating the dissemination
of current research results on the volcanic processes that the
ever increasing human society faces (Erfurt-Cooper 2011).

In addition, volcanic geoparks can serve as a geotouristic
base that can generate significant economic benefit. Geo-
sites, geomorphosites and geotopes are the smallest “units”
of intact geological features that are identifiable through their
uniqueness or because they are graphic examples of specific
volcanic phenomena or form a vital landscape representative
of a specific volcanic processes (Armiero et al. 2011; Erik-
stad 2013; Fassoulas et al. 2012).

Here we identify significant volcanic features that bear
not only regional, but global, volcanic value in a confined
area that could be organized and promoted as the first vol-
canic geopark in the Kingdom of Saudi Arabia: the Al
Madinah Volcanic Geopark (Moufti and Németh 2013a).
Harrat Al Madinah has many volcanic geosites including the
last historically erupted volcanoes in Arabia (Camp and
Roobol 1989). Overall, the proposed geopark would provide
significant economic benefit to the nearby city of Al Madi-
nah. Pilgrims arrive from every corner of the globe,

Fig. 3.3 Overview of the 1256 AD eruption site from the SE [24° 20′ 35.04″N; 39° 46′ 38.49″E]
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including countries where volcanic hazard is an everyday
aspect of life (e.g. Indonesia); therefore, the proposed
geopark would serve as a significant geoeducational hot spot
(Moufti and Németh 2013a, b, c).

A major geotope with distinct geosites/geomorphosites
has been selected to demonstrate the diversity of volcanic
phenomena associated with the intraplate volcanism of the
Harrat Al Madinah. Hawaiian to Strombolian type eruptions
created lava spatter and scoria cones (Kereszturi and Németh
2012a, b) visible from major highways, allowing visitors to
stop near the AD 1256 historic eruption site just 10 km SE
of Al Madinah (Fig. 3.4). The 52 day-long eruption formed
a *2 km long NW-SE-aligned fissure which emitted mainly
a’a lava flows and lava spatter-dominated pyroclastic cones
(Camp et al. 1987) (Fig. 3.5).

At least seven vents have been identified, which made
nested lava spatter cones (Camp et al. 1987; Murcia et al.
2013, 2014). The main central cones had more energetic
explosive eruptive episodes that generated pyroclastic fall
deposits, forming an ash-plain (Fig. 3.6) (Murcia et al.
2013). The vents are inferred to be hosted lava lakes and
lava lake outbreaks initiated crater wall collapses, as traced
on circular fissures along the crater margins (Murcia et al.
2014). The growth of the individual cones was repeatedly
interrupted by lava flow outbreaks in the tip of the fissures
by rafting away large pieces of the cones that were subse-
quently rehealed, resulting in a nested and complex volcano
morphology (Murcia et al. 2014). The geotopes form the

1256 AD eruption sites as part of the Northern Harrat Rahat
(or Harrat Al Madinah) is probably the best exposed and
accessible site on Earth to show the diversity of volcanic
features a fissure-eruption can produce (Moufti and Németh
2013a).

The recent increased seismic activity in 2009 in the
region just north of Harrat Rahat in the Harrat Lunayyir
region (Duncan and Al-Amri 2013; Hansen et al. 2013;
Mukhopadhyay et al. 2013; Pallister et al. 2010; Zahran
et al. 2009; Zobin et al. 2013), also justifies the establish-
ment of an educational site that could play a significant role
in the dissemination of scientific knowledge to the public,
which could help the population better understand the
potential outcome of any volcanic unrest the region may face
(Moufti and Németh 2013a; Moufti et al. 2013b, c, d and e).

An historic review of seismic and volcanic events in the
Arabian Peninsula, based on English translations of original
documents, reveals that an earthquake occurred in 641 AD
that destroyed houses in Al-Madinah (Ambraseys et al.
1994). It has been suggested that this earthquake is linked
with a volcanic event outside of Harrat Rahat that occurred a
year before, in 640 AD (Ambraseys et al. 1994). The loca-
tion of this event is generally accepted to be a chain of four
small cones west of Al-Madinah City (Camp and Roobol
1989), but on further examination the evidence justifying
these four cones as the site of the 641 AD eruption is lacking
(Moufti et al. 2013b). This volcanic event is associated with
one or both of the following eruptions mentioned in historic

Fig. 3.4 The 1256 AD eruption
site on a LiDAR image shows the
complex nested scoria cone
structure of the eruption site.
Highway is in the bottom left
corner of the image about 600 m
from the foothill of the cone
complex. The top left corner of
the map view is about [24° 21′
39.72″N; 39° 45′ 57.75″E]
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Fig. 3.5 The 1256 AD eruption site fissure aligned nature obvious feature visible for an untrained eyes. View looking toward NW

Fig. 3.6 Ash plain around the 1256 AD cones. View is looking toward the 1256 AD cones in the background from the point of about [24° 20′
37.33″N; 39° 46′ 54.83″E]
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records and occurred near to Tabuk (about 300 km NW of
Al-Madinah City): the Hala’l-‘Ishqa (27.58° N, 36.80° E)
and/or Hala’l-Badr (27.25° N–37.20° E) (Ambraseys et al.
1994) in the Harrat Uwayrid (Fig. 3.1). Indeed there are
young volcanic landforms located in this region judging
from their morphological appearance but their historic age is
questionable.

Camp and Roobol (1989) report references to a volcanic
eruption in 641 AD located in the vicinity of Al Madinah
that were reported in the manuscript of “Khulasaf Al-Wafa”
which was written in 1568 AD by Nour Al-Dian B.
Al-Samhoudy, commonly identified as the historian of
Al-Madinah. Interestingly, Camp and Roobol (1989) agree
with a report connecting this event to a volcanic eruption in
641 AD associated with a specific harrat called Harrat Layla
(Simkin and Siebert 1994). Confusingly, Harrat Layla has
been mentioned as the location of a fire (eruption?) in 640
AD—not in 641 AD—to where Umar, the ruler of
Al-Madinah, ordered a man to go out, but in the meantime
the “fire” was gone (Juynboll 1989a, b), suggesting a
short-lived event at a distance from Al Madinah that could
have been travelled in a single day (e.g. <100 km). As a
conclusion, the eruption of 641 AD and its location are
poorly constrained; however there is no doubt that the four
small scoria cones that are located about 13 km to the SW
from the Holy Mosque are very young cones (Fig. 3.7).

These cones are the likely locations of a young volcanic
event that could be the result of the 641 AD eruption (Moufti
et al. 2013b).

3.2 Volcano Types and the Geoheritage
Value of the Harrat Rahat

Harrat Rahat is one of the most diverse volcanic regions of
the Arabian Peninsula in respect of the presence of
well-preserved, young volcanic landforms and their eruptive
products. While the Harrat Rahat is viewed as an intracon-
tinental volcanic field with numerous monogenetic (short
lived and small volume) volcanoes, its volcanological
diversity is far greater from that. The most extensive vol-
canic features of the region are the various types of lava
fields (Murcia et al. 2014). Many of the lava fields are
associated clearly with point sources such as scoria and/or
spatter cones or they have emerged along fissures defined by
some sort of lineaments of relatively small size of cones. The
majority of the lava flows are partially confined forming
narrow branches of flows following gentle sloping low
rimmed valleys (Fig. 3.8) (Murcia et al. 2014). It seems that
the lava flow distribution has been strongly controlled by the
landscape inundated by successive flow units gradually
shifting younger flows side by side. As a result, a

Fig. 3.7 641 AD cones on GoogleEarth satellite image [24° 24′ 42.82″N; 39° 29′ 50.98″E]
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characteristic flow pattern can be seen in many places, where
older lava flows acted as obstacles for younger flows,
especially in the northern side of the Harrat Rahat. Lava
flows that outpoured along north to south aligned fissures
tend to form distinct lava lobes from the north to south
trending dorsal ridge of the Harrat Rahat.

The majority of the lava flows fields are transitional types,
representing surface textures carry features typical of aa
lavas that composed of pieces of broken partially developed
cooling lava crusts (Fig. 3.9), commonly defined as rubbly
or slabby pahoehoe (Murcia et al. 2014) similar to those flow
fields documented in Cameroon (Suh et al. 2011; Wantim
et al. 2011), Deccan in India (Bondre and Hart 2008;

Duraiswami et al. 2003, 2014) or in Krafla in Iceland (Rossi
1997). The lava fields commonly engulf obstacles such as
pre-flow cones (Fig. 3.10). In medial to distal areas, the lava
flow fields are commonly littered by pieces of rafted cone
material as a sign that the flows might have either emitted in
a time when their source cone gradually collapsed or the
flow itself bulldozed through pre-existing older cones
(Németh et al. 2011; Riggs and Duffield 2008).

The most common types of volcanic edifices in the Harrat
Rahat are the scoria cones and spatter cones. While no
systematic study has been done on their morphometric
parameters some preliminary study documented that their
parameters range from the full spectrum of sizes known from

Fig. 3.8 Confined lava flows occupy narrow valley systems in the Northern Harrat Rahat [24° 22′ 38.38″N; 39° 55′ 37.12″E]

Fig. 3.9 Slabby pahoehoe in Harrat Rahat [24° 25′ 5.73″N; 39° 51′ 4.40″E]

3.2 Volcano Types and the Geoheritage Value of the Harrat Rahat 39



such cones on Earth (Kereszturi and Németh 2012a, b).
There are a large number of relatively small lava spatter
cones closely resembling large hornitos (Wentworth and
Macdonald 1953) many of them with very steep slope angles
(Fig. 3.11) (Moufti et al. 2013e).

On the other hand, very large scoria cones are known
mostly from the dorsal zone of the Harrat Rahat (Fig. 3.12),
that are closely resembling small stratovolcanoes with
complex pyroclastic stratigraphy, suggesting their longer
activity and larger eruptive volumes as a scoria cone gen-
erally considered for (Kereszturi and Németh 2012a, b). In
this respect the larger scoria cones are better to view as long
lived, small-to-medium sized stratovolcanoes, similar in
eruption style and size as the active Cerro Negro in Nicar-
agua (Hill et al. 1998; McKnight and Williams 1997;
Roggensack et al. 1997). In general the majority of the scoria
cones of Harrat Rahat are dominated by pyroclastic deposits
and demonstrate evidence of intense heat effect, agglutina-
tion, welding and accumulation of pyroclasts typical of
eruption through vigorous lava fountain events. In many
cases, the cones have well-preserved crater rims composed

of welded pyroclasts (Fig. 3.13). These features together
indicate that the eruptions must have been dominated by lava
fountaining that produced spatter-like pyroclasts aggluti-
nated and welded together upon landing (Head and Wilson
1989; Kereszturi and Németh 2012a, b; Martin and Németh
2006; Sumner et al. 2005). As a consequence of such
eruption mechanism, the Harrat Rahat scoria cones are
commonly associated with clastogenic lava flows that form
upon heat retention of landed pyroclasts that then melt
together and form a new melt on the proximal areas of the
cones. Harrat Rahat is rich in such volcanic features and that
makes the field special in this respect. In some occasions the
cones show evidences of lateral spreading as a response to
the high heat in their proximal areas and the underlying melt
that can function as a lubricant to be able to displace large
sectors of cones (Fig. 3.14). Cone rafting is also prominent
volcano-morphological features in the field (Fig. 3.15) and it
has been commonly accompanied with explosive
ash-emitting eruptions that then partially covered the still
moving lava flows gradually displaced part of individual
cones (Murcia et al. 2013; Riggs and Duffield 2008).

Fig. 3.10 Engulfed pre-flow cone in the Northern Harrat Rahat [24° 22′ 36.68″N; 39° 49′ 26.03″E]

40 3 Harrat Rahat: The Geoheritage Value of the Youngest …



3.3 Volcanic Precinct Concept and Its
Benefits

The proposed Harat Al Madinah Volcanic Geopark
(HAMVG) (Fig. 3.16) is based on a holistic geoeducation
and geoconservation philosophy in order to demonstrate the
diversity of volcanism associated with the evolution of
long-lived monogenetic volcanic fields in intra-continental
regions (Moufti and Németh 2013a). It has been suggested
that volcanic features that would form the core of the

geoheritage value of the Harrat Rahat should be arranged
into a hierarchical system based on the systematic evaluation
of each of the geoheritage sites selected on the basis of their
value (Moufti and Németh 2013a). Such a system of the
volcanic features and landforms preserved in the territory of
the proposed HAMVG could emphasize the scientific
(geological—volcanological) entity, the level of importance,
and the conditions of access to those sites (Moufti and
Németh 2013a). This system therefore would be able to offer
a self-explanatory guide for end-users to develop alternative

Fig. 3.11 Small and steep lava spatter cone in the volcanic chain of the 1256 AD eruption site in Northern Harrat Rahat [24° 20′ 43.06″N;
39° 46′ 32.13″E]

Fig. 3.12 Large scoria cone with complex stratigraphy potentially represents an eruption site that was active over prolonged time and better to
view it as a polygenetic small-volume stratovolcano [24° 21′ 16.13″N; 39° 48′ 49.43″E]
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geoeducational programs that are easily linked to specific
geological-volcanological topics the designed system can
offer (Moufti and Németh 2013a).

Geological (and/or geomorphological) sites have just
been started to be catalogued in Saudi Arabia with various
level of success and/or detail following the geosite (geo-
morphosites), geotope and geopark concept that has been
successfully used elsewhere (Fuertes-Gutierrez and
Fernandez-Martinez 2012; Kazancı 2012; Pulido Fernandez
et al. 2014; Vujičić et al. 2011). Recently initiated projects in
the Kingdom of Saudi Arabia have identified and docu-
mented many volcanic geosites that are significant in their
context, such as significant in comparison to the host vol-
canic region where they are located, as well as carrying
value that make them internationally important volcanic
features to contribute to the global understanding of specific
volcanic processes.

Initially an attempt was pursued to establish the first
geopark with a volcanic theme near the culturally important
regionofAlMadinah city (Moufti andNémeth2013a, b and c).
An idea to establish a geopark near AlMadinah was argued on
the basis of the high scientific, aesthetic and economic

potential the volcanic regions near Al Madinah can carry.
A proposal is in consideration currently to evaluate the feasi-
bility to go ahead with focused work to establish such
geoparks.

Here we provide the geological and geographical scien-
tific information to provide enough background to show that
the region is suitable to develop a volcanic geopark. The
scientific research recently intensified on understanding
dispersed volcanic systems along the western margin of the
Arabian Peninsula that brought a new global interest to
explore the volcanic fields abundant in this region (El
Difrawy et al. 2013; Murcia et al. 2014; Runge et al. 2014;
Wahab et al. 2014; Zobin et al. 2013) many of them was
triggered by recent seismic unrest likely been caused by
dyke intrusions to a very shallow level of the crust (Baer and
Hamiel 2010; Duncan and Al-Amri 2013; Koulakov et al.
2014; Mukhopadhyay et al. 2013; Pallister et al. 2010). The
fact that Harrat Rahat also host one of the youngest eruption
sites (1256 AD) that are exceptionally well-preserved and
located nearby Al Madinah city justify clearly that with the
abundance of scientific research that can offer a
well-designed volcanic geological model a geopark concept

Fig. 3.13 Lava spatter dominated cone with characteristic “collar” in the lip of its crater as a sign of strong welding that preserved the crater rim
[24° 11′ 43.74″N; 39° 52′ 51.14″E]
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can be developed and distinguish these volcanic areas sig-
nificantly from others on the global scale while can be linked
easily to other similar fields elsewhere in the globe along
their scientific as well as landscape aesthetic and accessi-
bility value (Moufti and Németh 2013a).

The above outlined logical set naturally offer that in a
large area such as any of the harrats in western Saudi Arabia,
particularly the Harrat Rahat, the best way to follow some
sort of “precinct” concept to link geoheritage sites along
their common geoeducational value, and of course their
geographical locations (Moufti and Németh 2013a). The
“precinct” concept naturally groups together the main and
most representative volcanic features (including landforms
and associated geotopes) to form at least three distinct pre-
cincts as the basis of a proposed volcanic geopark (Moufti
and Németh 2013a). The HAMVG’s volcanic landforms
naturally offer a three-layered precinct hierarchy with an
additional extra level which could be linked to more
adventure style geotourism as the site located far from the
others and can offer a true remote arid region experience to
anyone who would visit those locations, in spite that geo-
logically it is not offering anything significantly different
than the other precinct (Fig. 3.16). The precinct concept has

been applied to geoeducational programs as the core of a
geopark concept in other regions, such as the Kanawinka
Geopark in southern Australia and Victoria (http://www.
kanawinkageopark.org.au/). In comparison to the Kana-
winka Geopark’s precincts, the proposed HAMVG’s pre-
cincts are not only thematically but also geographically
well-separated, allowing distinct geotourism projects to be
designed around them (Moufti and Németh 2013a).

3.4 Volcanic Precincts Versus Volcanic
Heritage Routes

Volcanic precinct are favoured against volcanic heritage
route design in the case of the Saudi Arabian harrats. Vol-
canic precincts can offer more than a linear path to explore
geoheritage sites along a well-designed route. A precincts
can group geosites that are by some reason can be associated
with similar geological or geomorphological concept,
information or state of research and therefore can be used to
target specific audience to visit that sites. In case of the Al
Madinah region, the volcanic precincts follow an order that
link to the level of adventure tourism needed to explore the

Fig. 3.14 Collapsing cone of Mosawdah [24° 14′ 13.30″N; 39° 47′ 48.74″E]
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grouped geosites with the level of complexity of the vol-
canological knowledge that could be achieved by a visitor
just by completing the specific precinct tours. Near Al
Madinah, the 3 + 1 precinct is designed to follow a natural
logical path (Fig. 3.16).

Precinct 1 is all about the historic volcanic eruptions that
affected the life of the people in the region in the past several
centuries, and also had some influence on the cultural
development of the region (Fig. 3.16). These sites are easy
to access, they are well-preserved, and together they can
provide a very good introduction to understanding volcanic
processes.

Precinct 2 would involve a little bit longer trip to com-
plete and offers a more detailed understanding of the type of
volcanic eruption most common among the harrats, lava
spatter cones and extensive lava flows.

In Precinct 3 visitors explore unusual volcano types that
formed lava domes, explosion craters, and even produced
pyroclastic flows that covered vast areas in the central part of
Harrat Rahat, visible on a satellite image (Fig. 3.17). Visit-
ing the selected geosites in Precinct 3 will provide anad-
venturous geotouristic experience, including evidence to
demonstrate the destructive force of explosive volcanism.

Precinct 4 is a more adventurous version of Precinct 3,
offered as an alternative for those visitors eager for adventure
tourism. The geosites of this precinct are deep inside the
interior of Harrat Rahat, and to visit them requires prepara-
tion and experience.

Harrat Rahat is appropriate for developing geoeducational
and geotouristic projects arranged in precincts rather than in
geoheritage routes. Within the precincts, geosites are arran-
ged along routes that link geosites with specific geological
value.

3.5 Lava Flow Features and Their
Geoheritage Value
for Understanding Lava Flow
Field Evolution

Harrat Rahat is probably the most accessible harrat in the
Kingdom of Saudi Arabia and it is home of a great diversity
of lava flow morphotypes (Murcia et al. 2014). The arid
climate and the relatively easy access of many of the sites
can allow visitors to see most of the lava flow surface tex-
tures in their pristine status. The arid climate offers

Fig. 3.15 An older rafted scoria cone near the young Al Anahi scoria cone and lava flow field [24° 16′ 38.54″N; 39° 46′ 6.11″E]

44 3 Harrat Rahat: The Geoheritage Value of the Youngest …



well-preserved lava flow surface textures to be seen. Espe-
cially nearby Al Madinah city the extensive road network
that are linked to dirt roads across the harrat form an ideal
logistic set to select specific lava surface sites to promote and
include in various precincts to be listed as key geosites.

The phrase “lava morphotype” refers to the characteristics
of the surface morphology of any lava flow after solidifi-
cation. The lava flow surface morphotypes carry significant
information on the cooling history, rheology and the
dynamics of the lava flow during its molten stage (Anderson
et al. 2012; Duraiswami et al. 2014; Njome et al. 2008;
Solana 2012; Suh et al. 2011; Woodcock and Harris 2006).
In the Kingdom of Saudi Arabia, young and well-preserved
mafic lava fields display a wide range of these morphotypes
(Murcia et al. 2014).

At Harrat Rahat a framework of lava surface morpho-
types for describing changes in morphotypes down-flow has
been proposed (Murcia et al. 2014). The gradual changes of
lava surface morphotypes can be traced very clearly along
the 23 km long 1256 AD historic lava flows (Fig. 3.18).
The changes over distance provide an important scaling
aspect for the visitor to appreciate the lava flow emplace-
ment mechanism. The abundance of small-volume and short
lava flows can also be used to develop geoeducational pro-
jects to demonstrate the variability and the unique nature of a
silicate melt to flow on the Earth surface.

Implications of demonstrating the variety of lava flow
surface textures through a well-designed geoeducation pro-
gram can contribute significantly into the volcanic hazard
education of the local population. The lava fields of the

Fig. 3.16 Volcanic “precinct” regions as the core of the provisional volcanic geopark of Al Madinah in the Harrat Rahat
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Fig. 3.17 Satellite image in the Precinct 3 showing visually different (light coloured) regions in the central part of Harrat Rahat. The top left
corner of the map view is about [24° 14′ 46.07″N; 39° 39′ 48.11″E]

Fig. 3.18 Lava surface morphotype change across the 1256 AD lava flow main axis [24° 23′ 2.38″N; 39° 46′ 13.77″E]
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recently proposed Al-Madinah Volcanic Geopark, and other
harrats are commonly mentioned as continental flood basalts
or large igneous provinces (White et al. 2009) and they carry
important geoeducational value (Fig. 3.19).

Overall, the Harrat Rahat lava flow fields extend up to
23 km from the source, and vary between 1–2 and 12 m in
lava flow thickness (Murcia et al. 2014). The lava flow fields
cover areas between *32 and *61 km2, with individual
volumes estimated between *0.085 and *0.29 km3

(Murcia et al. 2014). The lava flow surface textures exhibit
shelly-, slabby-, and rubbly-pahoehoe, platy-, cauliflower-,
and rubbly-a’a, and blocky morphotypes roughly in this
order to downflow (Murcia et al. 2014). The specific lava
flow surface textures are linked to both intrinsic (i.e. com-
position, temperature, crystallinity and volatile-content/
vesicularity) and extrinsic (i.e. emission mechanism, effu-
sion rate, topography and flow velocity) emplacement
parameters and their changes over distances (Murcia et al.
2014). In many places along the 1256 AD lava flow one
morphotype transitions to another in individual flow-units or
lobes and that they dominate zones (Murcia et al. 2014).

Pahoehoe morphotypes (Fig. 3.20) are more related to the
simple mechanical disaggregation of the solidified crust over
an inflating lava flow body that under mechanical stress
gradually disaggregating and carried away by the moving
mass (Murcia et al. 2014). A’a morphotypes in the contrary
are related to the transitional emergence and posterior fading
of clinker, and blocky morphotype to fracturing and
auto-brecciation. a’a morphotypes (i.e. platy-, cauliflower-,
rubbly-a’a) are those that dominate the lava flow field surfaces
in northern Harrat Rahat, which suggests that core-dominated
flows were predominant during flow movement (Murcia et al.
2014). Lava structures may be related to some morphotypes
once they were well-developed and they are well-preserved.
In particular, down-flow changes exhibit key illustrative and
easy recognizable features in the lava flow fields and might
provide insights into real-time monitoring of future flows in
this region. From geoeducational point of view Harrat Rahat
offers probably the most accessible and the greatest diversity
of lava flow types, and therefore these flow fields can help to
show evidence and consequences of potential lava flow
eruption event in the future.

Fig. 3.19 Lava surface texture changes in proximal areas through cascading lava flows (dark centre of the flow) over steep slopes [24° 21′ 5.00″N;
39° 46′ 31.09″E]
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3.6 Volcanic Cones and Their
Geoheritage Value

Volcanic cones are abundant in the territory of Harrat Rahat
and they range from a very small (*10 m high) to cones
that are over 100 m above their surroundings. Cone mor-
phology reflects some degree of their age, and potentially
could be used for relative age datings such as it has been
suggested and trialled elsewhere (Porter 1972; Settle 1979;
Wood 1980a, b). Relative age dating of the volcanic cones
based on cone morphometry is, however, in arid climate
might not work in a way how early studies predicted as the
cone geometry modification is a very slow process and cones
can appear in a very youthful appearance after significant
time as demonstrated in many scoria cone fields (Kereszturi
and Németh 2012a, b).

Erosion of scoria cones show a great variety of trends that
are commonly linked to relative age (Doniz-Paez 2015;
Fornaciai et al. 2012; Inbar et al. 2011; Inbar and Risso
2001; Kervyn et al. 2012) (Porter 1972; Settle 1979; Wood
1980a, b; Hooper and Sheridan 1998; Doniz et al. 2008;
Inbar et al. 2011; Fornaciai et al. 2012), but recent studies
also show that especially in cases when cones are dominated

by lava fountain-fed spatter eruptions, the cone erosion, and
cone geometry-modification more commonly linked to the
cone genetic history or the substrate morphology than to the
time passed since its eruption (Favalli et al. 2009; Kereszturi
et al. 2013; Kereszturi and Németh 2012a, b). While scoria
cones in Harrat Rahat show a great variety of erosional
stages, e.g. common gully formation on their flank, the
majority of the cones are easy to recognize and they are
spectacular (Fig. 3.21). Young cones are relatively smooth
surfaced and their craters have no aeolian dust infill. Their
craters are rarely breached however crater breaching across
the central part of the Harrat Rahat is common as response to
the edifice instability caused by the extensive lava flow
outpouring in their flank region.

While the youngest scoria cones are easy to recognize in
the field and in satellite imagery, to use their morphometry
parameters for relative age dating can be misleading and
likely cannot provide high resolution of ages to be able to
distinguish even a Pleistocene cone from a Holocene one.
An excellent example is the 641 AD four cones just SW of
Al Madinah city. The four cones are only inferred to be the
eruption sites of the 641 AD historical eruption however
their morphology cannot be distinguished from other

Fig. 3.20 Pahoehoe lava surface morpfotype [24° 21′ 8.66″N; 39° 46′ 32.74″E]
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Pleistocene to Holocene cones. This problem is partially due
to the fact that this cones are dominated by lava spatter
eruption, similar to many other cones in the Harrat Rahat,
that formed collar-like spatter ramparts in their crater rim,
that acted as a preventing shield in top of the cones, lowering
significantly the erosion speed, and change the style of
erosion as predicted in recent studies (Kereszturi and
Németh 2012a, b).

3.7 Lava Domes and Explosion
Craters as the Results
of the Potentially Most
Hazardous Volcanism
in the Region

Results of silicic volcanism are clearly visible as spectacular
volcanic landforms in three of the harrats in Saudi Arabia; in
Harrat Rahat (Moufti and Németh 2013a), Harrat Khayber
(Moufti and Nemeth 2014) and Harrat Kishb (Moufti et al.
2013c). Harrat Rahat however is the location where these
volcanic features are relatively young, about 0.3 to 0.7 Ma
(Camp and Roobol 1989; Moufti et al. 2012), therefore

well-preserved and in addition they can be accessed through
dirt roads by a relatively short highway drive out of Al
Madinah city. The centrally located position of these silicic
volcanoes can provide a great opportunity to both adventure
and eco-tourism as the sites are remote and commonly provide
unique landscape forms with unique ecosystems (Fig. 3.22).

The central part of the Harrat Rahat is covered by various
silicic (mostly trachytic) pyroclastic deposits forming an
extensive ash plain landscape that are surrounded by steep
and high lava domes. The lava domes are interestingly
commonly associated with older scoria cones and it seems
they erupted through pre-existing volcanic landforms. Their
composition ranges from mugearite through benmoreite to
trachyte (Camp and Roobol 1989).

The volcanic landforms are diverse, and can be seen
simple lava domes, lava dome complexes, and lava dome
complexes associated with explosion craters commonly deep
as over 100 m (Fig. 3.23). The presence of the silicic
eruptive centers carries a significant volcanic hazard aspects
putting the Harrat Rahat among those volcanic regions
where violent explosive eruptions and associated lava dome
formation was far more common as it is considered, and in
spite of the relative older age of these sites, such future

Fig. 3.21 Typical, moderately erosion modified large scoria cone in the Harrat Rahat [24° 23′ 0.45″N; 39° 49′ 59.20″E]
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eruptions cannot be excluded. In this respect to develop a
geoeducational program around the silicic eruption centers
of Harrat Rahat bears a very important aspect of the pro-
posed Al Madinah Volcanic Geopark design. The sites are
not only exotic, exciting and visually outstanding, but also
offer a different angle to demonstrate the volcanic eruption
styles formed the landscape at Harrat Rahat.

From the scientific perspective, the common presence of
small to medium volume silicic lava domes in a volcanic
field suggests that some degree of crustal storage network
must exist beneath the Harrat Rahat to form chemically
evolved magmas in spite of the general dispersed, volcanic
field-forming nature of the volcanism. The relatively
small-volume and simple architecture of the lava domes of

Fig. 3.22 Matan lava dome complex is a unique geotop [24° 13′ 26.43″N; 39° 50′ 22.23″E]

Fig. 3.23 Typical explosion crater of the Gura 2 in the central region of the Harrat Rahat [24° 12′ 22.95″N; 24° 12′ 22.95″N]
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Harrat Rahat makes them different from those lava domes
commonly associated with major central (composite and
strato-volcano or caldera) volcanoes such as Merapi,
Indonesia (Abdurachman et al. 2000), Unzen, Japan (Fujii
and Nakada 1999) or Soufriere Hills in Montserrat (Bourdier
and Abdurachman 2001; Carn et al. 2004). The lava domes
of Harrat Rahat are single, individual sites that were prob-
ably grown over decades, but their eruption was likely
controlled by a single or low number of eruptive phases that
make them closer relationship with typical monogenetic
volcanoes than to those complex and long-lived lava domes
commonly developed on top of major long-lived polygenetic
volcanoes. In this respect, Harrat Rahat’s lava domes can
offer a unique opportunity for scientific research to under-
stand how dispersed lava dome field evolve, and how they
contribute to the geological record of volcanic fields.

The silicic lava domes of Harrat Rahat are similar to those
lava dome fields documented in association with dispersed
small-volume volcanic fields such as those in Central Mexico
(Blatter et al. 2001; Guilbaud et al. 2012; Hasenaka 1994;
Hasenaka and Carmichael 1985; Riggs and Carrasco-Nunez
2004) or in SWUS (Riggs et al. 1997). Similar dispersed lava
dome fields have been documented across the Miocene to
Pleistocene Carpathian Volcanic Arc (Lexa et al. 2010) that
highlight the significance of such small volume lava dome
systems in regard to understanding their origin as part of a
dispersed volcanic region or volcanic field. In scientific
perspective the lava domes of Harrat Rahat are significant
features, and can offer key sites to study lava dome formation,
their geomorphological evolution and their effect on the
surrounding regions through block-and-ash flow eruptions.

In addition to lava domes the Harrat Rahat also host
numerous explosion craters (Fig. 3.23). These craters are
diverse in their size (crater diameter and depth) and exclu-
sively located in the central part of the field. In the crater wall
of these craters commonly half section of older silicic lava
domes are exposed indicating some link between lava dome
growth and sudden disruption and crater formation. The
smallest craters are surrounded by coarse pyroclastic breccias
inferred to be explosion breccias. These deposits are rich in
accidental lithic fragments and deep crustal origin xenoliths.
The juvenile pyroclast content of these pyroclastic rocks are
relatively low. The juvenile pyroclasts are low vesicular
microlite-rich rocks indicating potential magma-water
explosive eruptions as a cause of their fragmentation.

In larger craters such evidence to support potential
magma and water explosive interaction is less clear, and the
deposits surrounding the craters are more typical
block-and-ash flow deposits typical for moderate run-out
distance pyroclastic flows. In this respect Harrat Rahat’s
explosion craters can be classified as small maar volcanoes
to more typical broad craters with even moderate caldera
collapse features in their summit. The important aspect of

these explosion craters beside the gradual trend from
phreatomagmatic to magmatic explosive types of eruption as
a driving force to their formation is, that even the largest and
most complex craters are relatively simple in comparison to
a long-lived silicic volcano. This fact again offer a unique
scientific background to establish a scientifically
well-established geoeducation program to demonstrate the
full spectrum of eruption styles and volcano types associated
with a predominantly dispersed, volcanic field building
volcanic system such as Harrat Rahat.

3.8 Organisation of Precincts
of the Proposed Harrat Al
Madinah Volcanic Geopark
(HAMVG)

TheHAMVGthree precincts (Fig. 3.16) are proposed as based
on their scientific aspects, level of exposures, geoeducational
value and logistical aspects (Moufti and Németh 2013a):

Precinct 1 Historic Eruption Precinct—1256 AD and 641
AD Historic Eruption Sites;

Precinct 2 Lava Lakes, Lava Fountains and Volcano
Spreading Precinct—The Mosawdah Volcano
and

Precinct 3 From Silicic Lava Domes to Explosion Craters
Precinct.

Precinct 4 An additional Precinct has been outlined as an
alternative or extension of the Precinct 3 to
provide a stronger adventure touristic aspect to
fundamentally the same geological processes
Precinct 3 can demonstrate.

Precinct 1 groups volcanic features and associated
geoeducational and geotourism programs that demonstrate
the eruption sites that have been historically documented and
are probably the most relevant to the inhabitants of Al
Madinha city. The key to establish this precinct is the direct
relevance of the demonstrated volcanic features to the life of
the locals. This precinct hosts numerous geosites dealing
with extensive transitional pahoehoe-to-aa lava fields with
world-class examples of lava flow surface textures, lava
spatter and scoria cone (Murcia et al. 2014).

Precinct 2 can be viewed as an expansion of the first,
offering the visitor a more in-depth understanding of the type
of volcanism very common in the Harrat Al Madinah. Pre-
cinct 2 is centered around the main volcanic geotope, the
Mosawdah Volcano and its lava flows, and its numerous
geosites that provide superb examples to understand the life
of a highly active effusive volcano that formed lava foun-
taining. As a result the volcano under its own erupted hot
material gradually collapsed and signs of the edifice
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spreading and collapse are evident. It is more difficult to
access the geosites of Mosawdah volcano than the geosites
of Precinct 1 and therefore it would involve some “adventure
tourism” style trip which makes this precinct available only
to those visitors who wish to go deeper into understanding
volcanic processes. Precinct 1 and 2 fundamentally cover the
majority of the volcanic features that can be located in the Al
Madinah Volcanic Field (Moufti and Németh 2013a).

Precinct 3 offers the most adventurous trips for visitors
and some unique additions to understanding the full spec-
trum of volcanic processes in the AMVF. Precinct 3 volcanic
features deal with silica-rich volcanism that formed various
lava domes (e.g. trachytic), as well as deep explosion craters,
many of them at least in their initial phase were formed due
to magma and ground-water explosive interaction. Precinct 3
is located far from Al Madinah city, and only well-equipped
geotourists with trained guides can visit the sites. While the
volcanic features in Precinct 3 can be seen to have a very
high aesthetic and scientific value, they are rather an extra
addition to the full picture of the volcanism of the AMVF,
than something without which the visitor would get a dis-
torted image of the field. However, those who decide to
invest energy to visit Precinct 3 would be well rewarded by a
truly dramatic volcanic landscape. Precinct 3 could be
expanded toward the south (provisional Precinct 4) as an
alternative geoheritage site, where a great variety of pyro-
clastic flow deposits and associated volcanic craters can be
visited. These sites have a very unique landscape value.
However, visits to these sites can only be done by
well-prepared adventure tours.

3.9 Precinct 1—Historic Volcanic
Eruption Sites

The largest historic eruption at 1256-AD that lasted
*52 days produced about minimum 0.29 km3 lava forming
a maximum of *23-km long and 8-m thick flow field
(Murcia et al. 2014). This complex semi-confined to
unconfined lava field is dominated by transitional flow tex-
tures typical for fast moving, open channel lava. Gradual
transition from a shelly-, slabby-, and rubbly-pahoehoe,
toward platy-, cauliflower-, and rubbly-a’a, reflects lava flow
rheology changes (Murcia et al. 2014). The resimulation of
the 1256-AD flow with MAGFLOW code (Bilotta et al.
2012; Cappello et al. 2011; Del Negro et al. 2008; Herault
et al. 2009) suggests also a complex flow evolution,
including late stage ponding of lava around the emission
points (Nemeth et al. 2013). Flow inflation/deflation features
such as lava rises, tumuli, lava blisters, pressure ridges and
evidences of cone rafting are common in proximal areas
(Camp et al. 1987; Nemeth et al. 2013). The cones of the
1256-AD eruption are dominated by flattened lava spatter,

ash, lapilli with Pelee’s hair and tears, and reticulate sug-
gesting lava fountain-dominated eruptions as well as
Strombolian style explosive eruptions (Murcia et al. 2013).
Textural features are common for lava lake level fluctuations
and lava outbreaks inferred to cause edifice spreading
(Nemeth et al. 2013). Other historic eruption took place in
641-AD forming four small cones—recently named as
Al-Du’aythah volcanic cones (Murcia et al. 2015)—aligned
in NNW–SSE in the western edge of Al-Madinah City
(Moufti et al. 2013b). Three out of the four cones has basal
phreatomagmatic deposits indicating initial phreatomag-
matic explosions (Moufti et al. 2013b; Murcia et al. 2015).
This is the only location in the younger (<10,000 years)
eruptive centers in the northern Harrat Rahat where evi-
dences of phreatomagmatism are known (Murcia et al.
2015). The 641-AD cones’ upper sequences inferred to be
produced by typical lava fountain and moderate Strombolian
style explosive eruptions that produced small clastogenic
flows reaching less than 300 m from their source (Murcia
et al. 2015).

While lava spatter and scoria cones are among the most
common volcanic landforms on Earth (Németh 2010;
Valentine and Gregg 2008; Vespermann and Schmincke
2000), to see perfectly exposed and unmodified landforms is
becoming increasingly difficult because they are either
remotely located, have suffered from significant anthro-
pogenic modifications or they are in areas where the vege-
tation cover inhibits views of the original landscapes. The
Precinct 1 “Historic Eruption Precinct—1256 AD and 641
AD Historic Eruption Sites precinct” of the proposed
HAMVG comprises volcanic landforms that are well
exposed, easy to access and record a unique volcanic process
associated with a sustained fissure-fed volcanic eruption,
considered to be one of the last major volcanic eruption in
the Arabian Peninsula (not counting on those volcanoes
erupted recently in the axis of the Red Sea (Xu and Jonsson
2014). Volcanic phenomena represented in this precinct
include the results of prolonged lava fountain fed eruptions,
such as cone rafting and associated lava lake infill and
drain-back, as well as lava flow outbreaks at various points
on the fissure-axis edges of the developed volcanic cones.
The variety of volcanic features associated with lava foun-
tain type volcanic eruptions is great and ranges from iden-
tification of traces of lava-lake level fluctuations in the inner
crater walls and clastogenic (rootless) lava flow formation
through rapid accumulation of lava spatter in the inner and
proximal outer flank of the volcanic cones, to rock records
that document fully developed and established volcanic
conduit conditions promoted by Strombolian style magmatic
gas bubble outburst-driven explosive dispersal of pyroclasts,
forming extensive tephra blankets (Hintz and Valentine
2012; Keating et al. 2008; Valentine 2012; Valentine and
Gregg 2008; Valentine et al. 2007).
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The 1256 AD eruption site with its complex cones along
a 2.3 km long fissure form a complete volcanic geotope
(Moufti and Németh 2013a; Moufti et al. 2013d and e;
Murcia et al. 2013), therefore, it is a significant educational
site, where visitors can learn about the complexity of mag-
matic effusive and explosive eruption styles that may occur
along a long lived and evolving fissure, the interaction
between effusive and explosive stages of eruptions, as well
as the link between changes of eruptive rate and the resulting
volcanic landform (and landscape), and the dynamic pro-
cesses that may take place in volcanic craters. The proximity
and easy access to the Precinct 1 “Historic Eruption Precinct
—1256 AD and 641 AD Historic Eruption Sites” to the Al
Madinah city, coupled with the young age of the eruptions
and the historical documentation, make this site the perfect
location to provide eye-opening evidence of the style of
eruptions the region may face in the future.

3.9.1 Geotope of the 1256 AD Historic
Eruption Site and Its Lava Flows

The 1256 AD eruption produced Hawaiian and Strombolian
style volcanic activity through a *2.2 km long fissure that
created seven individual and nested volcanic cones
(Fig. 3.24). The individual cones are aligned along the fis-
sure and some are partially destroyed. The smallest cone is
less than 0.1 km wide and 10 m high, while the biggest cone
is 0.7 km wide and 90 m high. The smallest cones are
typical lava spatter cones with steep flanks and agglutinated
and welded banks of spatter and clastogenic flow lobes
(Moufti et al. 2013e).

The 1256 AD eruption site is a perfect geotope in the
sense of its geological heritage. It is composed of individual
volcanic cones erupted in similar style and produced over-
lapping pyroclastic rock units as well as multiple lava flows.
The link between individual geosites are along the fact that
they have been produced by similar geological processes
slightly differs from each other as the controlling parameters
for each eruption was a little bit different. As a result, it is
very clear to define the boundary of the geological feature
(as the cones along the fissure), easy to link them together
along a common geological process (the Hawaiian to
Strombolian style eruptions), they are easy to distinguish
from other parts of the volcanic field, e.g. they form the
volcanic edifices and their proximal areas, that are different
geologically then the inter-cone regions where extensive ash
plain formed from pyroclastic falls (tephras).

This distinction and separation of these volcanic land-
forms from others also logical and scientifically valid as they
follow the boundary between the volcanic edifice and the
surrounding volcanic ring plains and their deposits as it has
been outlined in many other areas and many other type of

volcanoes (Kereszturi and Németh 2012a, b; Manville et al.
2009; White 1989, 1990, 1991). The 1256 AD eruption site
as a geotope offers a great variety of geoeducational sites to
be presented. The individual geosites were identified on the
basis of their scientific information they can provide, their
preservation potential and attractiveness for both profes-
sional and general audience.

Pyroclasts that were ejected beyond the 1256 AD cone’s
(medial-to-distal pyroclastic succession), forming a tephra
cover composed of angular-to-plastically shaped pyroclasts
including Pele’s tears, hair and basaltic reticulate (Kawabata
et al. 2015; Nemeth et al. 2013). Recent study of the dis-
tribution pattern of the ash plain around the cones reviled
that the eruptions that produced the pyroclastic fall fed from
multiple eruption plumes each representing individual
eruption phases (Kawabata et al. 2015). In proximal areas
such tephra sections are particularly well-exposed and can
offer great geosites to define where visitors can see that even
predominantly effusive and mild explosive
eruption-dominated volcanoes such as the 1256 AD eruption
sites can be associated with extensive tephra fall-producing
eruptions. Such researches are recently been conducted in
other places on Earth (Németh et al. 2011; Valentine and
Gregg 2008; Valentine and Keating 2007; van Otterloo et al.
2013) and therefore the 1256 AD eruption site geotope can
be easily linked to those front-line researches and can offer a
new aspect to understanding mafic explosive eruption pro-
cesses and their volcanic hazard aspects.

Besides the volcanic processes that built the cone and
“ash-plain”, cone rafting, as well as central crater floor
subsidence, took place frequently, leaving behind truncated
cones and pyroclastic raft-covered lava flows to complicate
the volcanic landforms. Medial-to-distal ash and lapilli were
accumulated on and below lava flows, indicating coeval lava
effusion, pyroclastic fall producing explosive eruptions and
lava flow outbreaks in cone-flank regions. Horseshoe-shaped
cones, multiple rafted cones and nested cones create a
diverse and complex volcanic landscape along the fissure.
Each of the volcanic cones shows evidence of crater floor
subsidence, crater wall collapse (Fig. 3.25), and some degree
of rafting of the cone’s outer flank through lava outbreaks in
the foothill of the cones, suggesting that the craters of these
cones were filled with lava lakes with fluctuating levels. The
lava spatter-dominated proximal volcanic successions are
interpreted to be deposited from Hawaiian style lava foun-
taining and Strombolian-style explosive eruptions. Lava
spatters erupted through lava fountains accumulated along
the vents, where the freshly deposited hot material formed
agglutinate that commonly fed clastogenic lava flows
(Fig. 3.26). The heat from the lava lakes and from the fast
accumulated lava spatter piles favoured the perfect physical
conditions for the freshly-landed pyroclasts to coalesce and
form increasingly steepening cone morphologies. Slope
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angles are commonly higher than the angle of repose of any
granular material, due to the agglutination and coalescence
of individual pyroclasts on the flank of the growing lava
spatter cone.

The complex semi-confined to unconfined lava fields of
the 1256 AD eruption are dominated by transitional flow
textures typical for fast moving, open channel lava (Bretar
et al. 2013; Duraiswami et al. 2003, 2014; Wantim et al.
2011). The gradual transition from a shelly-, slabby-, and
rubbly-pahoehoe, toward platy-, cauliflower-, and
rubbly-a’a, reflects lava flow rheology changes (Murcia et al.
2014). Flow inflation and deflation features, such as lava
rises, tumuli, lava blisters, pressure ridges and evidence of
cone rafting, are common in proximal areas. Textural fea-
tures of solidified lavas in crater settings are common for
supporting repeated lava lake level fluctuations and lava
outbreaks inferred to cause edifice spreading.

In the following section a summary of individual identi-
fied geosites are listed with a short description. The selection
was conducted by a scientific evaluation of the sites ranking
their scientific importance, uniqueness and their location.
While similar features selected and listed below are abun-
dant in the Harrat Rahat, the selected geosites are those that

can be easily accessed and/or linked to a broader educational
program including the previously introduced precinct
concept.

3.9.1.1 Geosite 1—Southern Cone and Hornito
Field [24° 20′ 28.37″N;
39° 46′ 39.97″E]

This geosite is located in the southern margin of the 1256
AD fissure aligned cone chain (Fig. 3.27). It is slightly offset
from the main cone edifice which has been partially
destroyed by lava flow rafting and the engulfment of flow
lobes initiated from the interior part of the crater of the
southernmost cone of the 1256 AD eruption site. The
southern cone itself is a partially destroyed volcanic land-
form. Its crater still preserved but its outline difficult to trace
due to the thick lava flow covers that truncated its margin. It
is relatively well preserved in its eastern side, where it is the
highest. In the highest point a large hornito can be seen with
a deep cavity as a pipe along magma was squeezed out
forming lava spatter-dominated ramparts. In the southern
side of the cone, in the outer flank of the edifice a chain of
hornitos form a spectacular set of volcanic landforms. Each
of the hornitos is around 5 m tall and few metres wide. The

Fig. 3.24 Overview of the 1256 AD eruption site looking from the NW
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lava spatter forms a chain of steep and narrow cones that has
a large cavity supported by the agglutinate wall of the hor-
nito (Fig. 3.28). The significance of this site is to demon-
strate the fact that lava lake level fluctuations took place
along the 1256 AD fissure eruption, and sometimes lava was
squeezed out along marginal structures forming chain of
hornitos. While similar geosites have been named elsewhere
(Gao et al. 2010, 2013) and such processes can be observed
in their stage of formation in Hawaii, this site is significant
due to its easy access, large geometry and important message
to understand late stage volcanic hazards such an eruption
site can produce (Ort et al. 2008).

3.9.1.2 Geosite 2—Southern Cone and Lava
Tube Field [24° 20′ 37.01″N;
39° 46′ 37.12″E]

This geosite has been defined in the NE section of the
outer edifice margin of the southern cone of the 1256 AD
eruption site geotope (Fig. 3.27). In this site thin crusted
lava flows forming a complex network of lava tubes
(Fig. 3.29). The lava tube are clearly inflational features of
low viscosity and fluidal, but gas rich lava as suggested by

the high vesicularity of the tube-forming rocks. The tubes
are about a meter wide, box-shaped in cross sectional view
and surrounded by about 5 to 20 cm thick porous (vesic-
ular) chilled crust. The interior of the tubes are rich in
small-scale (cm-scale) lava stalactite and stalagmite. The
individual lava tubes are cross-cutting each other and seem
to form a positive relief on the landscape indicating that
the low viscosity melt outpoured and quickly run down on
the emitting cone flan. The significance of this geosite is to
demonstrate the effect of low viscosity of lava on the
resulting lava tubes. Similar features are common else-
where in the Saudi harrats, but this site easy to access
nature makes this location a valuable geosite. This geosite
also highlight the need of nature conservation projects in
the region, as these sites are fragile and easy to be
demolished.

3.9.1.3 Geosite 3—Steep Lava Spatter Cones
[24° 20′ 42.23″N; 39° 46′ 32.01″E]

This geosite [24° 20′ 45.53″N; 39° 46′ 30.55″E] is the third
distinct cone (Fig. 3.27) of the 1256 AD Al Madinah Vol-
canic Eruption Geotope. This geosite is located between cone

Fig. 3.25 Evidences of crater wall collapse along the crater wall of the 1256 AD cones [24° 21′ 7.64″N; 39° 46′ 21.26″E]
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2 and 4 (Fig. 3.27) and its morphology differs significantly
from the morphology of the cone 2 and 4 (Fig. 3.30). It has a
very steep slope angle, being almost 60° along the crater rim
and over 35° at its base that makes this cone among the
steepest known cones on Earth (Moufti et al. 2013e). These
slope angles are higher than the angle of repose of any
granular material, and account for the agglutination and
coalescence of individual pyroclasts on the flank of the
growing lava spatter cone to maintain these slope angle value
(Moufti et al. 2013e). The cone has a crater about 20 m deep
with vertical wall that is drapped by lava spatter suggesting
some drainage and refill of the crater by repeated lava injec-
tion. While steep lava spatter cones are common features on
Earth, this site is unique as this cone probably would fit to the
largest of such cones on Earth. In addition its architecture
closely resembling a large hornito and raises an important
question how it was fed. Was it directly connected to a feeder
dyke below, or was it just fed from sideway, as a response to
the changes of the physical conditions of the lava lakes hosted
in the nearby large cones? The existence of such questions
ensure that the location indeed can provide valuable infor-
mation to our common understanding of lava spatter cone
formation particularly to their plumbing system. Such

questions and aspects of a geosite can just make stronger why
this location been selected as a geosite (Fig. 3.31).

3.9.1.4 Geosite 4—Ponded Pahoehoe
Proximal Lava Fields and Lava
Caves [24° 20′ 48.06″N;
39° 46′ 16.35″E]

In the western side of the main central cone of the 1256 AD
eruption side geotope is a proximal area of lava flows
erupted from the 1256 AD fissure (Fig. 3.27). This location
is one of the most diverse and easy to access in the entire
Harrat Rahat in respect of the variety of lava ponding types
one can visit in a relatively small area. Its diversity is great in
regard of the variety of lava surface textures the visitor can
explore as well as the numerous evidences of inflation and
deflation of ponded lava flows. The site is an easy walk
distance from a sealed road from where with a less than an
hour walk the visitor can explore the effect of lava ponding
and formation of various features define significant time
(days to weeks) when magma was just ponded in the
depressions surrounded the growing cones.

The area is best defined as a large silver, grey smooth
surfaced region where hummocky surface of the lava flow

Fig. 3.26 Clastogenic lava flows in the edifice building succession of the 1256 AD eruption site [24° 21′ 22.18″N; 39° 46′ 15.53″E]
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Fig. 3.27 Overview map of the location of identified geosites
associated with the 1256 AD eruptions site’s geotope. Geosites
numbered as listed in the text. Note that the upper image shows the

northern distal lava flow sites while the bottom image shows the
geosites identified in the proximal area of the 1256 AD eruption site.
Cone numbers are also shown on the bottom image
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can be observed (Fig. 3.31). The lava surfaces are smooth
with some pahoehoe surface texture marks. Large blocks of
smoothed surfaced lava flow fragments are separated by
fractures along some dm-scale displacements are common,
where the internal texture of the lava crust can be studied.
The lava crusts are normally in a dm-scale in their thickness
but nearly 1 m thick crusts are also known in the interior of

this field indicating that lava ponding must have been taking
place over several days or weeks (Holcomb 1981; Polacci
and Papale 1997). This observation fits well to the known
longetivity of the 1256 AD eruption and this geosite can
provide some graphic insight how such historic account
could be justified by pure geological observations, which
made this geosite an important addition to the

Fig. 3.28 Chain of hornitos in the southern edge of the southernmost cone of the 1256 AD eruption site [24° 20′ 27.83″N; 39° 46′ 40.27″E]

Fig. 3.29 Lava tubes forming a complex network of small and narrow lava tubes in the NE sector of the southernmost cone of the 1256 AD
eruption site geotope [24° 20′ 36.70″N; 39° 46′ 36.75″E]

Fig. 3.30 Steep lava spatter cone (right) as a geosite along the fissure aligned cones of the 1256 AD eruption site geotope [24° 20′ 44.74″N;
39° 46′ 30.72″E]
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geoeducational programs the Harrat Al Madinah Volcanic
Geopark could provide.

This geosite also show fantastic examples of lava infla-
tions and deflations in the form of lava tubes (Fig. 3.32). One
of the largest and longest lava tubes has been found in Harrat
Al Madinah area. Complex lava tube network as a main
artery of the proximal feeding system of the 1256 AD

eruption main lava flow is suspected to be located in this
area (Murcia et al. 2014). The geosite is a unique and an easy
to access location where the visitors can get an immediate
insight how the proximal feeding system of major lava flows
can function. This site has a very high educational value as it
provides evidence that magma can stay hot and fluid long
time beneath the growing and thick crust. Such information

Fig. 3.31 Hummocky surface of ponded lava flow region west of the main cones of the 1256 AD eruption side geotope [24° 20′ 44.50″N; 39° 46′
18.70″E]

Fig. 3.32 Large lava tube exposed just west of the main cone of the 1256 AD eruption site geotope [24° 20′ 49.00″N; 39° 46′ 16.05″E]
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is very important to convey as it carries important volcanic
hazard aspects to the local population.

The evidences of lava ponding, inflation and deflation
also provide better understanding how large volume of lava
be able to accumulate prior it can break out and feed long
lava flows. The evidences of the inflation and deflation in
this geosites are the large tumuli (Fig. 3.33), collapsed and
displaced lava tube roof blocks and abundant occurrences of
lava marks in the tubes. This geosite potentially could
function as a main site to educate the public about volcanic
hazards.

3.9.1.5 Geosite 5—Pressure Ridges, Flow
Channels and Convection Zones
[24° 21′ 4.74″N; 39° 45′ 46.32″E]

This geosite is located right next to a sealed highway, and
therefore it is very easy to access (Fig. 3.27). It shows lava
surface features indicating for the lava flow field dynamics
and mechanical properties. The elongated, “pathway-like”,
slightly twisted zone shows that lava flow must have been
fairly viscous to form some squeezed zones in what the still
molten lava formed draping features as well as the degassing

formed a highly vesicular but chilled outer margin of the
flow (Fig. 3.34). An almost 50 m-long spreading ridge with
a central crack is exposed and ready to be examined by the
visitors that form the core of this geosite (Fig. 3.34). Such
spreading ridge indicates that the lava crust has formed by
lateral spreading from a convective plume similar to other
open channel transitional flows such as those located and
documented from Krafla in Iceland (Rossi 1997). The rug-
ged vesicular surface of the lava was fed from the crack in
the middle as an up-flow of the cooling viscous melt along
the ridge. The asymmetry of the features (in map view) can
be associated with the differential shear acted upon the entire
lava flow field. Along this location abundant evidences can
be observed to see, that the lava flow field was time to time
fed by newly arrived open-channel fed melt that cut through
and just gradually mingled with the ponded interior of the
lava. This location provides insight into the dynamic nature
of a large ponded lava zone in the proximal areas of a vol-
cano. In addition this geosite contributes to our under-
standing of the unstable nature of a ponded lava body that
can collapse and cause catastrophic flow inundation down-
hill from the crater.

Fig. 3.33 Tumuli on the surface of the smooth pahoehoe lava flow field just west of the main cone of the 1256 AD eruption site geotope [24° 20′
45.24″N; 39° 46′ 15.63″E]
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3.9.1.6 Geosite 6—Reticulite Field
[24° 20′ 51.22″N; 39° 46′ 17.88″E]

In the western foothill of the central cone of the 1256 AD
eruption site geotope red scoria with dark glassy lava spatter
bomb fields together provide the location for this geosite
(Fig. 3.27). This location is part of the transition of the cone
edifice and the surrounding ash plain. The presence of reti-
culite (Mangan and Cashman 1996; Powers 1916) in this site
is an important indicator that this eruption erupted very low
viscosity magma that was able to produce highly vesicular
glassy pyroclasts that are very light and ready to be carried
away for long distances (Fig. 3.35). This physical property
of a pyroclast is important to constrain the potential that such
eruption is capable to produce eruption cloud that can be
carried away far and produce ash plain such as in the case of
the 1256 AD eruption. The presence of reticulite and Pelee’s
tears and hair also indicates that the magma fragmentation
was largely controlled by sheer of the low viscosity melt
upon exiting the crater, and likely to be associated with a

lava fountain fed eruption (Mangan and Cashman 1996).
This geosite therefore plays an important role to explain the
explosive phase of the 1256 AD eruption and carries key
volcanic hazard aspect the local community could learn here.

3.9.1.7 Geosite 7—Cone 3—Pit Crater
[24° 20′ 45.82″N; 39° 46′ 30.32″E]

Pit craters form due to sudden withdrawal of magma below a
crater through flank eruptions leading to a fast collapse of
the crater floor (Carter et al. 2007; Harris 2009; Németh and
Cronin 2008). As a result the internal part of the crater wall
will be mantled by draping lava and spatter. The outflow
points are commonly marked as “boccas” in the outer edifice
lower flank. Recognition of pit crater formation bears an
important role to establish the eruption mechanism a volcano
followed.

The sudden withdrawal of melt likely means that the
crater was filled with active lava lakes and that was com-
monly acted as point source of low lava fountains (Okubo

Fig. 3.34 Rotational feature as a pressure ridge in just west of the main cone of the 1256 AD eruption site geotope suggesting dynamic picture of
the lava flow movement in the proximal areas [24° 21′ 4.05″N; 39° 45′ 45.99″E]
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and Martel 1998; Rymer et al. 1998). The 1256 AD eruption
site along the 2.3 km-long fissure shows numerous evi-
dences of active lava lake formation then pit crater devel-
opment. The repeated nature of pit crater formation attests
the drainage and refill of magma to a crater. An example
provides an ideal geosite to be defined as Cone 3 (Fig. 3.27).
This crater is in a short walk from the main access point to
the 1256 AD geotope and it provides a perfect view into a
twin pit crater. In the inner wall of the crater lava spatters
form ramparts and multiple layers of lava lake level markers
suggest that the lava lake hosted in this crater changed its
level more than once. This geosite has a high educational
value to demonstrate that craters can form in a passive way,
and explosive activity is not the only way to form a crater
(Roche et al. 2001).

3.9.1.8 Geosite 8—Cone 4—Large Scoria Cone
with Complex Crater [24° 20′
52.39″N; 39° 46′ 26.66″E]

Cone 4 is one of the large volcanic cone of the 1256 AD
volcanic geotope (Fig. 3.27). It is a complex scoria cone that
exposes edifice sections dominated by lava spatter beds,

while other sectors are more typical to pure scoria ash and
lapilli accumulation. In the crater of the cone is complex and
provides a good view to understand the gradual step-like
growth of the cone commonly accompanied with magma
withdrawal (Stovall et al. 2009) and small pit formation in
the center of the cone (Fig. 3.36). The core of the cone is
welded, and agglutinate layers tend to show slow plastic
deformation features indicating that the heat of the high level
lava in the crater and upper conduit welded the edifice sig-
nificantly (Martin and Nemeth 2006; Sumner et al. 2005;
Vespermann and Schmincke 2000). In the crater, large
cracks suggest that the cone was slightly spread and tend to
fall apart due to the hot base it was sitting on. The top of this
geosites are ideal to have a look out on the 1256 AD
eruptions and its extensive lava fields. The significance of
this geosite is to demonstrate the potentially explosive nature
of an eruption this type of volcanoes in the Harrat Rahat
functioned in the past. The dominantly Hawaiian style
eruptions in combination with the more typical Strombolian
style eruptions suggest that this volcano was a complex
volcano with complex eruption styles where the physical
conditions in the upper conduit determined the style of
eruption (Stovall et al. 2011).

3.9.1.9 Geosite 9—Inter-cone Ponded
Pahoehoe Lava Field [24° 21′
2.09″N; 39° 46′ 26.84″E]

Just NW from Cone 4, a very special area defines the geosites
where ponded lava and its surface features can be studied
(Fig. 3.27). This area is located on the eruptive fissure of the
1256 AD eruption site and it is a question if it is underlain by
a feeder dyke or it is just a ponding feature in a depression
between cones. Currently there is not enough data to decide
this. The inflational features however are evident. The center
is composed of shiny, smooth surfaced pahoehoe lava fields
that are partially cracked and rotationally and/or vertically
displaced. The cracks are commonly healed by more viscous
lava (Fig. 3.37). The center part of the ponded zone is about
1–5 m below to its margin where dragged lava forming
rampart like feature like a skin over an area indicating
deflational force that collapsed the dm-thick crust of the lava
pond (Harris et al. 2009; Head and Wilson 1989; Patrick and
Orr 2012; Stovall et al. 2009). This region can be accessed by
long walk through a rugged lava field and is only recom-
mended to those can handled such conditions. The geological
and educational value of this geosite is illustrating lava
ponding, which is a common event with this type of vol-
canism (Anderson et al. 1999; Ball et al. 2008; Crown and
Baloga 1999; Hoblitt et al. 2012; Parcheta et al. 2012; Self
et al. 1998). Moreover lava ponding can host large volume of
magma that can quickly be released that needs to be viewed
as potential volcanic hazard (Patrick and Orr 2012).

Fig. 3.35 Reticulate and Pelee’s hair and tear are abundant in
the western edge of the lower section of the 1256 AD main cone
flank [24° 20′ 51.92″N; 39° 46′ 17.31″E]
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3.9.1.10 Geosite 10—Lava Flow Cascade
and Lava Flow Termination
[24° 21′ 5.04″N; 39° 46′ 31.13″E]

A spectacular lava flow cascade is defined as a geosite just
N-NE from the intra-cone ponded lava field explained above
(Fig. 3.27). The geosite represents an about 500 m long
confined lava flow that shows a perfect transition from the
ponded pahoehoe lava flow textures to a typical slabby and
rubble pahoehoe textures. The steep slope and the magmatic
pressure from the ponded lava together are inferred to be
responsible for the formation of a high speed cascading lava

flow that broke apart the earlier formed lava crusts and
carried them away from their original position (Duraiswami
et al. 2014; Guest et al. 2012; Peterson and Tilling 1980;
Rowland and Walker 1990). As a result a typical small-scale
rubble pahoehoe lava unit formed. The geosite is unique
because in a relatively short distance and easy walk the
visitor can access the entire lava flow and see the flow
transition very clearly. An extra speciality of this geosite is
that the visitor can walk out to the end of individual lava
flow units and examine the flow termination of this type of
flow (Fig. 3.38).

Fig. 3.37 Ponded lava in between Cone 4 and 5 showing exceptional inflational and deflational features [24° 21′ 1.82″N; 39° 46′ 25.69″E]

Fig. 3.36 Crater zone of the Cone 4 demonstrate complex intra-crater processes in a growing edifice [24° 20′ 52.27″N; 39° 46′ 25.62″E]
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3.9.1.11 Geosite 11—Lava Flow Ponding
and Draining Effect
[24° 20′ 59.47″N; 39° 46′ 19.87″E]

In the other side of the ponded lava flow between Cone 4
and 5, another fine example can be seen to demonstrate the
drainage effect of ponded lavas (Fig. 3.27). In this region the
visitor can trace the lava tube that connected to the central
ponded region, which has a collapsed and ripped off roof,
probably caused by the mechanical erosion by the cascading
lava flow already carried large rafts of lifted and rotated lava
crusts. Along the open lava flow channels’ margins, spatter
levels mark previous lava level stages (Fig. 3.39).

3.9.1.12 Geosite 12—Cone
5—Bomb-Dominated Cone
[24° 21′ 5.21″N; 39° 46′ 21.72″E]

Cone 5 is a cone nearly entirely composed of cannon
ball-like bombs and lapilli slightly agglutinated in the flank
of the cone (Fig. 3.27). The abundant lava cannonballs
indicates that lava must have left the crater in larger packets
and travelled through a significant length in the air, where
surface tension and rotation of the bombs that formed the
clasts now cover the entire flank of the cone (Fig. 3.40). The

cannonball bombs and lapilli can be interpreted to represent
the complex origins of the particles. The spherical shaped
bombs and lapilli are commonly smoothed surfaced with
textures indicate some rotational movement of the clast prior
to solidification, resulting some degree of textural separation
of the core and the rim of the particle closely resembling
some sort of armoured lapilli or bomb texture. These can be
interpreted as a sign that these pyroclasts originated when
degassed magma ejected as separate fragments that tended to
be pulled into lava spheres due to mechanical rounding upon
rolling down fast in a semi-molten state on the growing
edifice flank (Francis 1973).

However, cannonball lapilli and bomb with more uniform
and smoothed rim and more dense core with entrapped
vesicles or older (different textured) lava can be interpreted
as recycled colder particle that were ejected subsequently by
younger melt from a relatively stable lava lake constantly
digested rolled back material and erupted them out through
discrete explosions and/or fountain (Alvarado et al. 2011;
Bednarz and Schmincke 1990).

The cone flank shows a spectacular view. This geosite
can provide information to the visitor that active lava lakes
must have existed in this crater, where recurrent bubble

Fig. 3.38 Typical lava flow terminus of a small, transitional lava flow [24° 21′ 4.44″N; 39° 46′ 32.28″E]
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coalescence exploded the degassed magma that then formed
cannonball-like fragments. This is a more calm explosive
processes in comparison to those where reticulate formed
and therefore this geosite can provide a reference to two
end-member style of explosivity a future eruption would
likely cause in the Harrat Rahat. The crater of the cone is
also well-exposed and provides further evidences for pit
crater formation and crater floor subsidence by drainage of
the lava lake.

3.9.1.13 Geosite 13—Cone 6–7—Main
Cone [24° 21′ 17.45″N; 39° 46′
18.82″E]

Cones 6 and 7 are considered to be the main cones of the
1256 AD eruption (Fig. 3.27). This double cone is the lar-
gest by volume, and it has a deep, elongated crater that can
be traced over 400 m (Fig. 3.41). In the crater floor of the
cones coarser crystalline lava represent the base of former
lava lakes that solidified and crystalized slowly. Accessing
the crater floor is challenging but not impossible and not
necessary becausecircling the crater rim can provide insight
to understanding the eruption mechanism of the main cone

of the Al Madinah 1256 AD eruption. It is evident that that
the elongated craters functioned as host of lava lakes. The
lava lakes commonly changed their level, and they were
likely drained in the NW outer flank of the cone edifice,
where a small “bocca” looks as an initial point of the major
long lava flows. The highest easterly crater rim and edifice
composed of step-like crater rims that are separated by
faulted zone of flank blocks suggest a gradual subsidence of
the central part of the cone accompanied with some tendency
to rebuild the cone through subsequent eruptive activity.
This is a similar process as documented elsewhere and it
seems that it is a common feature for a long-lived scoria
cone that gradually emitted lava flows which is the case of
this cone (Németh et al. 2011; Riggs and Duffield 2008).
This geosite therefore can be used to demonstrate the causes
and consequences of the edifice growth, rafting and lava
flow initiation associated with long-lived scoria cones.

3.9.1.14 Geosite 14—Collapsing Cone Zone
[24° 21′ 15.61″N; 39° 46′ 16.78″E]

In the western margin of the Cone 6–7, there are good
examples to demonstrate the cone’s instability during the

Fig. 3.39 Unroofed lava tube with lava level markes in the preserved channel margin [24° 21′ 0.12″N; 39° 46′ 21.48″E]
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edifice growth (Fig. 3.27). In this crater rim, large (tens of
metres wide) radially fractured zones can be traced, where
agglutinated lava spatter beds tend to be displaced forming a
mosaic-like pattern in map view (Fig. 3.42). This geosite is

excellent to demonstrate the mechanical response of a still
hot and semi ductile spatter bed to deform in a rigid fashion,
and collapse towards the center of the growing pit crater.
This geosite is unique and easy to access, and visitors could

Fig. 3.40 Cannon ball-like lava bombs littered on the flank of Cone 5 [24° 21′ 5.03″N; 39° 46′ 19.64″E]

Fig. 3.41 Elongated crater zone of the main cone of Cone 6 and 7 [24° 21′ 21.70″N; 39° 46′ 23.93″E]
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learn a lot how the edifice growth and destruction can play
together in the shaping of the cone morphology.

3.9.1.15 Geosite 15—Lava Flow Field Slope
Angle Changes, Flow Transitions
[24° 22′ 30.41″N; 39° 46′ 5.46″E]

In proximal areas it has been demonstrated clearly in a rel-
atively small-scale (hundreds of metres) that lava ponding
and sudden break outs from the ponded zones can form
transitional lava flow morphotypes. In more distal areas in
the main artery of the 1256 AD 23 km-long lava flow there
are very graphic examples to explore this phenomena in
large scale. This geosite is one of the best examples to
demonstrate that lava ponding can take place en-route along
the main long lava flows, especially when morphology
barriers or depressions are common. This geosite shows such
ponded lava zones, that then quickly cascaded through an
about 20 m drop in the topography, leading to form a
channelized rubbly pahoehoe texture to develop on the fast
moving lava flow. This geosite has an important role to
demonstrate to the visitors that lava behaves very differently
in comparison to water, and unexpected inflational events
and ponding can occur frequently. When such ponded zones
break out, fast moving transitional type lava flows tend to
form. Thus this geosite provides a fine example of the
paheohoe to aa lava flow transition as strongly controlled by
the viscosity of the melt due to cooling and the slope angle
on the flow move (Duraiswami et al. 2003; Kilburn 1981;
Peterson and Tilling 1980; Rowland and Walker 1990).

3.9.1.16 Geosite 16—Lava Flow Squeeze
Outs in Distal Areas
[24° 26′ 23.07″N; 39° 46′ 17.45″E]

In the most distal areas of the 1256 AD lava flows uncon-
fined lava terminus formed (Fig. 3.27). In these areas there
are numerous small to medium-scale lava flow zones where
squeezed out lava can be seen (Fig. 3.43). These squeeze out
zones are important geosites as they provide some insight to
the visitor that lava flows can be active long after the main
flow body was emplaced (Rowland and Walker 1987; Sheth
et al. 2011). This information is also important to volcanic
hazard aspects of similar lava flows telling us that lava can
stay in molten stage long after the emplacement of the flow.

3.9.1.17 Georoutes
The above listed geosites of the 1256 AD Al Madinah
eruption are best to visit by following three suggested study
paths (Fig. 4.44). There are three levels of study paths rec-
ommended to be developed. Two of them can be done by
walking off from a general starting or access points, while
the third one offer an introductory dirt road experience that
follows a full circle around the 1256 AD cones and the
medial part of the main lava flows of the eruption.

Northern Circuit Walking Path
The Northern Circuit walking path takes the visitor to the
main cones—Cone 6 and 7—through a near complete circle
(Fig. 3.45). Its access point is located in the northern edge of
the main cones. The main goal of this walking path is to link

Fig. 3.42 Radially jointed agglutinated spatter fragments gently dipping toward the pit craters provide good evidence to imagine the pit crater and
crater wall collapse formation event [24° 21′ 14.78″N; 39° 46′ 16.80″E]
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geosites demonstrate the eruption mechanism of the main,
most obvious cone(s) of the 1256 AD eruption site. In
addition this walking path provides unique vantage points to
explore the proximal lava flow region that fed the 23 km
long lava field.

Southern Circuit Walking Path
The Southern Circuit walking path is a slightly easier
walking track in comparison to the Northern Circuit one
(Fig. 3.46). The visitor by completing this study path will
see the geosites demonstrate features associated with the
lava inflation and deflation, formation of lava tubes and their
collapses, and provide some information on the lava flow
initiation through ponded lava regions. Because the access
point for this walking track is nearby to a sealed road, this
walking path can be separated into smaller segments that
general physical condition visitors or school children can
also complete.

Cone and Lava Field Car Route
The Cone and Lava field car route (Fig. 3.44) follows dirt
roads that completely circle the 1256 AD eruption’s 7 cones
and their proximal to medial lava flow fields. This trip can be

offered to visitors who are not interested in exploring the
proximal areas by foot, and/or have limited time. This trip
can provide multiple vantage points to the main cones of the
1256 AD eruption. En-route the circle provides short stop
options to examine specific geosites, especially those asso-
ciated with the lava flow surface textures. This study path
also recommended as a test trip to those wish to explore the
Harrat Rahat in its more remote geosites in the Precinct 2, 3
and 4.

3.9.2 Geotope of the 641 AD Historic
Eruption Site

Al-Madinah City is located in a basin that is filled with thick
alluvial deposits derived from the higher basement rocks
standing as horsts blocking the western and northern side of
the basin (Fig. 3.1). An historic eruption that took place in
this basin in 641 AD is inferred to be sourced from four
small volcanic cones (Fig. 3.47), aligned NNW—SSE
(Fig. 3.48), located west of Al-Madinah City (*12 km from
the Holy Mosque) (Camp and Roobol 1989; Moufti et al.
2013b; Murcia et al. 2015; Nemeth et al. 2013). This cones

Fig. 3.43 Distal lava squeeze outs in the margin of the 1256 AD main lava flow [24° 26′ 33.07″N; 39° 46′ 24.28″E]
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Fig. 3.44 Suggested study pathes across the 1256 AD eruption site of Al Madinah

Fig. 3.45 Northern Circuit walking path
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recently been named as the Al-Du’aythah volcanic cones
(Murcia et al. 2015). Three out of the four cones have basal
phreatomagmatic deposits indicating initial phreatomag-
matic explosions (Fig. 3.49). These are the only centers of
all the younger (<10,000 years) volcanoes in northern Harrat
Rahat where evidence of phreatomagmatism is known.

The four cones have young volcanic morphology, such as
steep cone flanks, near angles of repose slope, intact crater
rims, and limited gully formation on its outer flank, all of
which is suggestive of young eruption ages, when their
geomorphology features are compared to other young cones

elsewhere (Murcia et al. 2015). Each of the four cones is
similar in size, with a base diameter of about 200–250 m and
relative heights of about 30–50 m. The tallest, but simplest,
volcano is the most southern and is composed of a conical
shaped edifice with an enclosed single crater. The other three
cones are somewhat more complex and exhibit multiple
craters and complex volcanic stratigraphy, ranging from a
basal tuff ring abundant in accidental lithic fragments com-
monly cored in lapilli and bombs to various types of scoria
cones, lava spatter cones, small lava coulee and short lava
flows. The upper sequences of the cones are inferred to be

Fig. 3.46 Southern Circuit walking path

Fig. 3.47 Overview of the four cones of the 641 AD eruption site nearby Al Madinah city looking from the point of [24° 24′ 20.65″N;
39° 29′ 21.68″E] toward N
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produced by typical lava fountain and moderate Strombolian
style explosive eruptions that also initiated small clastogenic
lava flows reaching less than 300 m from their source.

The thickest tuff ring sequence has been recorded as a
5 m thick succession of lapilli tuff that is inferred to have
been formed by an initial explosive eruption triggered by the
interaction of rising basaltic magma and the shallow
ground-water table, and the resulting pyroclastic rocks are
defined as a basal phreatomagmatic succession. While
phreatomagmatism is inferred to be the cause of the initial
explosive, vent opening stage in many older (0.3–0.7 Ma
old) volcanoes of the Harrat Rahat (Moufti and Németh
2013a), such records in association with small basaltic vol-
canoes are not known in the vicinity of Al-Madinah City,
especially not in other young or historic eruption sites.

The basal tuff ring deposits also expose numerous cored
bombs that are the spectacular results of the interaction
between cold country rocks and low viscosity basaltic
magma, capable of engulfing particles and being ejected as a

cored bomb (Fig. 3.50). The fact that three out of the four
cones have a basal tuff ring indicates that during this erup-
tion, at least in the initial phase, magma interacted with
shallow ground-water and triggered base surges that accu-
mulated a relatively thin tephra unit (Rosseel et al. 2006).
This also indicates that, if a future eruption were to occur in
the area of the Al-Madinah basin, there is a chance that the
initial stage of the eruption could be phreatomagmatic and
therefore to promote and preserve this location as an intact
volcanic geotope is important for volcanic hazard education
(Moufti et al. 2013b).

The 641 AD volcanic geotope can host several individual
geosites that are each can be used as a standalone geoedu-
cational location to promote several aspects of mafic
explosive and effusive volcanism. The proximity of the
location to Al Madinah city, the site relatively small size and
the complexity of volcanic features well preserved and
exposed make this geotope a unique location future geoed-
ucation programs could use, and as proposed could be the

Fig. 3.48 Map view of the four cones inferred to be the source of the 641 AD historic eruption near Al Madinah city on GoogleEarth image (a),
on LiDAR (b and c) and on a schematic cross section (d) with calculated eruptive volume values after Murcia et al. (2015)
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gateway to the great Al Madinah Volcanic Geopark (Moufti
et al. 2013b). This geotope also contains the majority of the
volcanic features the visitor can come across by visiting the
greater Harrat Rahat region, and therefore it can be used as a
jump-desk to develop any further geoeducational programs
to a remote and fairly large region of Harrat Rahat.

3.9.2.1 Geosite—Cone 1—Intact Scoria
Cone [24° 24′ 33.44″N;
39° 29′ 56.10″E]

Cone 1 is the most southerly cone of the four cones and it is
also the simples (Fig. 3.51). It has a circular crater that is
well-preserved. In the crater lava spatter banks exposed. In
the flank of the cone is steep, typical to a scoria cone in spite
that the majority of the edifice is composed of agglutinated
lava spatter. To access the top of the cone needs some care as
there is no path and the flank is steep. The geosite educa-
tional value is that the cone is still intact, its shape demon-
strating a young volcanic landform and its pyroclastic rocks
units indicates a relatively simple and short lived eruption
mechanism (hours to days).

3.9.2.2 Geosite—Cone 2—Thin Veneer
of Phreatomagmatic Base
and Spatter-Covered Crater
Interior (S3–4) [24° 24′ 42.18″N;
39° 29′ 51.17″E]

Cone 2 is a smaller cone than Cone 1 and its flank is not as
perfect as Cone 1 (Fig. 3.52). The base of the cone in its
southern edge are composed of a thin lapilli tuff succession
indicating that the eruption of this cone must have started by
an initial mild phreatomagmatic explosive phase that quickly
evolved to be magmatic explosive with some intermittent
lava fountaining events. The geosite educational value is to
see clearly how an initial phreatomagmatic explosive erup-
tion can turn to be more magmatic explosive and eventually
build a scoria cone over the course of the eruption.

3.9.2.3 Geosite—Cone 3—Scoria Section
(S1–1) [24° 24′ 49.63″N;
39° 29′ 48.40″E]

Cone 3 is a complex scoria cone (Fig. 3.53) with a
phreatomagmatic lapilli tuff base that is covered by typical

Fig. 3.49 Basal phreatomagmatic tephra indicates phreatomagmatic explosive eruptions three out of the four cones formed during the 641 AD
eruption [24° 24′ 48.47″N; 39° 29′ 44.88″E]
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scoriaceous ash and lapilli upsection. The scoria section is
important as it composed of vesicular typical scoria indi-
cating that the eruptions were controlled by regular bubble
outbursts in the upper conduit of the growing scoria cone.
The black scoria contains numerous cannonball lapilli and
bomb suggesting that some recycling must have been taken
place in the crater where ejected bombs and lapilli fell back.
The scoria section also shows some exhalation minerals that
make the scoria deposits colourful in places. The geosites
educational value is that it can help to the visitor to

understand the nature of magma fragmentation and provides
good evidence that ash can be produced in such small
eruptions.

3.9.2.4 Geosite—Cone 3—Lava Dome
(S1–2) [24° 24′ 51.50″N;
39° 29′ 49.08″E]

The top of the Cone 3 is covered by a lava dome and spine
that fed a very short blocky lava flow. The lava flow is rather
a lava dome that uplifted the internal part of the scoria cone

Fig. 3.51 Cone 1 has an intact and simple cone [24° 24′ 33.44″N; 39° 29′ 56.10″E]

Fig. 3.50 Cored bombs from the 641 AD eruption sites

3.9 Precinct 1—Historic Volcanic Eruption Sites 73



and partially protruded through the edifice sliding fragments.
This location provides a good example that volcano desta-
bilisation and collapse can take place in such small volca-
noes and they can pose a syn-eruptive hazard. This geosite
also provides a good introduction to an intra-crater intrusive
process that can be explored in large scale in the remote parts
of the Harrat Rahat.

3.9.2.5 Geosite—Cone 3—Exposed
Phreatomagmatic Base (S3–2)
[24° 24′ 48.03″N;
39° 29′ 45.25″E]

The base of the Cone 3 is composed of about 4 m thick
exposed lapilli tuff and tuff that is bedded, well-bedded to

cross-bedded and contains abundant country rock fragments.
Many of the country rock fragments are partially or fully
covered by thin lava coat, indicating a low viscosity melt
that entrapped them. The cored bombs are inferred to have
been derived from the alluvial fan filling a basin nearby the
bounding Precambrian horsts. The phreatomagmatic base is
the thickest at the Cone 3 suggesting that the initial phase
might have been short, but it has been excavated significant
portion of country rocks that ended up in the accumulating
basal pyroclastic succession.

This geosite bears with a very significant educational
value to be able to show the differences of the pyroclastic
succession formed due to explosive magma and water
interaction. As phreatomagmatic successions are rare in the

Fig. 3.52 Cone 2 has a broad crater mantled with lava spatter [24° 24′ 42.18″N; 39° 29′ 51.17″E]

Fig. 3.53 Cone 3 is a complex scoria cone with a phreatomagmatic lapilli tuff base that covered by scoria beds and lava spatter [24° 24′ 49.63″N;
39° 29′ 48.40″E]
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Harrat Rahat, the presence of them in relationship with the
small cones of the 641 AD eruption site can keep the public
attention on the fact that in low-land and in more humid
periods, phreatomagmatism can take place in an otherwise
arid region. This fundamental volcanic hazard aspect cannot
be underestimated.

3.9.2.6 Geosite—Cone 3—Exposed Transition
Between Phreatomagmatic Base
to Scoria Deposits (S3–3)
[24° 24′ 47.41″N; 39° 29′ 47.58″E]

A transitional section in the southern flank of the Cone 3 can
provide another unique geosite where the visitor can explore
how continuous the transition between the phreatomagmatic
and magmatic eruption driven pyroclastic succession. This
indicates that the eruption were likely continuous (e.g. no
break) and the eruption style must have changed during the
evolution and growth of the cone. This geosite therefore can
convey important messages such as (1) initial phreatomag-
matic explosive eruptions can change to be more magmatic
gas-driven if the water supply drops or vanishes in the course
of the eruption and (2) if the magma eruption rate is large
enough, the initial phreatomagmatic pyroclastic successions
can be completely covered by a large scoria cone. This later
message is important as other scoria cones, especially in the
Al Madinah basin where ground water is available, might
have had the similar thin phreatomagmatic base.

3.9.2.7 Geosite—Cone 4—Exposed
Phreatomagmatic Base (S3–1)
[24° 24′ 52.48″N;
39° 29′ 40.59″E]

Cone 4 is the most northerly cone of the four 641 AD cones
(Fig. 3.48). The base of this cone similar to Cone 3 and this
geosite demonstrate similar features but in different volca-
noes as the previous geosite. The significance to of this
geosite is that such thin phreatomagmatic veneers can form
very irregular base of this cones that can be partially or
entirely covered by subsequent eruptive products. Probably
the Cone 3 and 4 are those cones where the magma eruption
volume and rate were too small and the basal phreatomag-
matic pyroclastic unit were not covered completely, and
therefore we still can see that initial phreatomagmatic
explosive eruption took place.

3.9.2.8 Geosite—Cone 4—Short Lava Flow
Terminus (S2–1) [24° 25′ 1.91″N;
39° 29′ 40.92″E]

The Cone 4 is the source of a short lava flow that poured out
toward the North (Fig. 3.54). This lava flow is short
(<200 m) but still showing typical flow morphological

features such as rubbly pahoehoe texture as it can be seen in
many of the Harrat Rahat lavas. In this respect this geosite
has geoeducational significance because it can be used as an
introduction site to the lava flow emplacement processes
common across the harrats of Saudi Arabia.

3.9.2.9 Geosite—Cone 4—Partially Collapsed
Cone (S2–2) [24° 24′ 58.58″N;
39° 29′ 44.21″E]

The top of the Cone 4 is composed of a double crater. It
seems that an initial crater has been truncated by the out-
pouring lava flow that partially rafter the flank of the cone
away. As a result, the surface of the lava flow is littered by
cone flank remnants and large pyroclasts such as fluidal
bombs and blocks. This geosite therefore is important to
demonstrate that the crater of a volcano is an active play-
ground where gravitational collapse, rafting by outpouring
of lava flows and explosive eruptions can act and shape it to
their final form. This is again and important aspect to
introduce in this geosites, because similar processes but in
larger scale are very common across the Harrat Rahat, and
therefore this geosite can be used as a starting point for such
geoeducational programs.

3.9.2.10 Geosite—Cone 4—Crater of Cone 4
(S2–3) [24° 24′ 55.74″N;
39° 29′ 45.47″E]

The Cone 4 has a well-developed crater from where the
visitor can have a nice view toward the short lava flow. From
this point as a geosite the visitor can get an insight to the
dynamic processes of how volcanic craters evolve.

3.9.2.11 Georoutes
Along the four cones of the 641 AD eruption site four study
paths (Fig. 3.55) are recommended (Moufti et al. 2013b).
These study paths are linked together and following the
above described geosites. The basic concept suggested is
that these four study paths combined with a visitor center
could act as a gateway visitor center for the Harat Al
Madinah Volcanic Geopark. Beside that the visitor center
could act as a geoeducational center, the four study path can
provide all the details in a short distance walk or drive that
can give to the visitor a very good start to plan their more
adventure-rich trips to the interior to the Harrat Rahat.

Walking Path 1
Walking path 1 is the shortest and easiest walking path
exploring the Cone 4 (Fig. 3.55). The main goal of this study
path to provide a first-hand easy experience to the visitor to
see the conditions of a lava field, cone flank and the potential
features they can come across in the harrats.
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Walking Path 2
Walking path 2 requires a little bit better physical conditions
from the visitor as it explores the Cone 3 (Fig. 3.55). It takes
the visitor up to its summit and it also provides a good way
to connect the basalt phreatomagmatic successions to the
capping magmatic explosive and effusive units. From the top
of the Cone 3 a perfect view can be enjoyed toward Al
Madinah city. This walking path can emphasize the volcanic
hazard aspect of the proposed geopark as the visitor will see
clearly how much the city expanded since the 641 AD
eruption, and today its outskirts are located in the harrat.

Walking Path 3
Walking path 3 takes the visitor around the Cone 3
(Fig. 3.55). Instead of walking up to the cone, the visitor can
stay in level and just complete a circle to see the
phreatomagmatic successions and the overview of the
complex scoria cone that is capped by a lava spine.

Car Touring
For an easy overview, a driving tour can be arranged that
takes the visitor around the four cones allowing stops at key
geosites focussing on the basal phreatomagmatic succession

Fig. 3.54 Lava flow terminus of the Cone 4 [24° 25′ 1.91″N; 39° 29′ 40.92″E]

Fig. 3.55 Study paths of the 641 AD eruption sites. Green start marks the potential information center from where the walking pathes can be
started
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(Fig. 3.55). The car tour option also can provide opportunity
for families to stop by and explore the volcanic features with
good options for picnicking.

3.9.3 Scoria Cone with Ottoman Fortress
Geotope [24° 20′ 17.47″N;
39° 35′ 13.14″E]

Just south of Al Madinah city around the ring motorway a
complex scoria cone form an intact volcanic geotope
(Fig. 3.56). This scoria cone seems to be a young scoria
cone complex capped with historic site of an Ottoman for-
tress, and therefore it has a complex geoheritage value. The
scoria cone was used as a perfect lookout point for centuries,
and the fortress constructed on the top of the cone used the
natural crater rim as a wall. The complex scoria cone also
show evidences that it is a relatively young volcanic land-
form as based on its stratigraphy position in comparison to
basal and capping lava flows nearby.

3.9.3.1 Geosite—Cone Base
The base of the complex cone demonstrates a fine example to
examine the erosional processes of a scoria cone. The thick
reworked scoria fan resulted from the gradual erosion of the
cone itself, and its base now covered by modified grain
flow-dominated volcaniclastic sediments. The way up to the
cone follows the gradual transition from the reworked part of
the cone to the more primary volcanic explosive eruption
dominated scoria and bomb beds in the top of the cone. The
geoeducational value of this geosite is based on its good

exposure and graphic examples, that the scoria cone edifices’
base are dominated by volcaniclastic deposits that were
formed due to the mass movement on the flank of the cones.

3.9.3.2 Geosite—Cone’s Double Crater
and Fortress

The top of the geotope is an ideal place to see the volcanic
craters of a scoria cone (Fig. 3.57). The crater rim is com-
posed of agglutinated scoria especially around the lip of the
crater. The agglutinated spatter-dominated beds of the crater
rim were used to form the natural base of an Ottoman for-
tress upon the construction was based (Fig. 3.58). The
collar-like crater lip also show a graphic example that the
erosion of a scoria cone in such conditions are likely con-
trolled by rock falls due to the undercutting of the softer
scoria layers below the agglutinated more stable beds
(Kereszturi and Németh 2012a, b; Martin and Németh 2006;
Németh 2010; Németh et al. 2003, 2005).

3.9.4 Al Madinah Water Management
Geotope

Around Al Madinah, water management in early history
produced some spectacular and less known water manage-
ment systems. Especially in the northern side of the greater
Al Madinah region (Fig. 3.59), such remains are common,
and they can serve good understanding on the water avail-
ability of the Al Madinah basin. This geotope plays and
important role to demonstrate the ground and surface water
is available, and probably was more abundant in the past
historic time. This information can be connected well to
demonstrate that phreatomagmatic explosive eruptions are
likely eruption scenarios in areas where shallow aquifers are
common. In this aspect this geotope fits very logically to the
geoeducational concept of the Precinct 1 educational concept
particularly to the demonstration of the formation of the 641
AD volcanic cones.

3.9.4.1 Geosite—Water Dam 1
[24° 26′ 34.15″N; 39° 55′ 8.38″E]

A large water dam form this geosite with a fantastic archi-
tecture constructed in a narrow gorge of old, Proterozoic
rocks (Fig. 3.60). The water dam demonstrates that surface
water can be captured and used for water management. In
addition it is also an important site to appreciate the fact the
in more humid climatic conditions even surface water can be
abundant in the Al Madinah basin, that then can be diverted
by lava flows and or trigger phreatomagmatic explosive
eruptions at least in the initial stage of the eruptions as it has
been demonstrated in the 641 AD cones just west of Al
Madinah city.

Fig. 3.56 GoogleEarth satellite image of the complex scoria cone host
an Ottoman fortress [24° 20′ 17.47″N; 39° 35′ 13.14″E]
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3.9.4.2 Geosite—Water Dam 2
[24° 26′ 28.80″N; 39° 55′ 2.74″E]

A second major water dam show a smaller construct with
lower but wider dam. The presence of this dam highlight the
fact that in early time water management was fairly advanced

in the region and surface water availability was great enough
to invest to build such complex structures. This also indicates
that especially in humid conditions, the potential to have
phreatomagmatic explosive eruptions in the future if new
vents would be opened in this region cannot be excluded.

Fig. 3.57 Double crater of the complex scoria cone indicates vent shifting during the eruption [24° 20′ 9.84″N; 24° 20′ 9.84″N]

Fig. 3.58 Agglutinated spatter collar functioned as a foundation of an Ottoman fortress demonstrates well the natural base of human
developments on a scoria cone [24° 20′ 11.27″N; 39° 35′ 18.82″E]
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Fig. 3.60 Overview of one of the ancient water dam (1), part of the greater Al Madinah water management system [24° 26′ 34.15″N;
39° 55′ 8.38″E]

Fig. 3.59 GoogleEarth maps of water dams just north of Al Madinah city
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3.10 Precinct 2—Collapsing Cones,
Lava Spatters and Lava Flows

This proposed precinct focuses on a single location that can
be accessed only by 4WD tours. It is relatively far from Al
Madinah city, but a well maintained 4WD track leads straight
to the crater rim of a spectacular volcano (Fig. 3.61). On the
way to the geosites of this precinct, the visitor will be able to
see other lava spatter cones and extensive lava fields with
tumuli, surface features and flat ephermal river and lake beds.
The main geosites can be visited as a single full day trip or
can be combined with a short morning visit to the Historic
Eruption Precinct—1256 AD and 641 AD Historic Eruption
Sites and then a visit to the Lava Lakes, Lava Fountains and
Volcano Spreading Precinct—The Mosawdah Volcano.

Mosawdah volcano (24° 14′ 10″N; 39° 47′ 51″E; 1010 m
asl) is a complex nested lava spatter cone with multiple
crater rims, spreading fractures across the eruptive products
surrounding the main crater (Fig. 3.62) and an at least 30
meters deep, perpendicular walled pit crater exposing a
welded and rheomorphic lava spatter rim. The volcanic cone
of Mosawdah volcano itself represents a single well-defined
geotope where several individual geosites can be defined in
accordance with the visible volcanological details. Each
potential geosite is within walking distance of the other.

The volcano has been assigned to be *0.6 Ma and 4500
BP in age (Camp and Roobol 1989), based on relative
stratigraphy relationships with nearby volcanic landforms.
At least three concentric nested crater rims can be identified
around the main pit crater (Fig. 3.62). Each crater rim has a
steep, near-perpendicular crater wall and relatively flat out-
ward dipping outer rim. The entire volcano appears as a
large (about 700 m wide) nested volcanic landform with
multiple craters. Mosawdah volcano shows some similarities
to the 1256 AD nested volcanic cones and logically can be
connected to the geoeducational programs developed for the
1256 AD cones as part of the Precinct 1 of the proposed Al
Madinah Volcanic Geopark. Mosawdah volcano however
can provide a much more graphic example of an eruption
that produced fast-moving, large-volume lava flows, high
eruption rate driven lava fountaining and a complete rheo-
morphism of the accumulated pyroclasts along the active
vents, similar to those that have been described during the
Izu Oshima eruption in Japan in 1986 (Sumner 1998;
Sumner et al. 2005). The Mosawdah volcano is open toward
the northwest, from where a *10 km long lava flow initi-
ated toward the SW at about the same elevation from the
outside flank of the cone as the base of the central pit crater.

The lava flows are relatively thin (few metres) tube fed
pahoehoe flows and channelized a’a lavas that spread

Fig. 3.61 Overview of the Mosawdah volcano and its surroundings on a GoogleEarth image [24° 14′ 10″N; 39° 47′ 51″E]. GSM1 and GSM2
refer to the location of the two geosites documented from Mosawdah volcano
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broadly across the low lying areas around the cone. The lava
fields are clearly visible from the top of this geotope and
provide a spectacular view of a lava flow field that partially
engulfs the central cone, leading to its gradual spreading and
rafting. The main volcanic cone is about *0.6 km in
diameter at the base, with a maximum height of *50 m,
suggesting some sort of gradual spreading of the cone on top
of a hot and fluid lava base.

Large lava spatter cones are common volcanic landforms
associated with extensive low viscosity basaltic eruptions on
intra-continental to ocean island settings (Kereszturi and
Németh 2012a, b). There are numerous, well described
examples of active lava spatter cone formation from Hawaii
(Lefevre et al. 1991; Parfitt and Wilson 1995, 1999; Parfitt
et al. 1995) or Iceland (Ilyinskaya et al. 2012). Lava spatter
cone remnants are common volcanic landforms among many
of the Miocene to Pleistocene European or western US
intra-continental volcanic fields (Carracedo Sanchez et al.
2014; Valentine et al. 2000); however, they are commonly
heavily vegetated and only sporadic outcrops of preserved
rocks are visible. The Mosawdah volcano offers a perfectly
exposed, non-vegetated, large volume example of the result
of lava spatter eruptions. Mosawdah volcano also has a

regional significance in terms of understanding the full
spectrum of volcanic processes in the Harrat Al Madinah.
The volcanism that created the Mosawdah volcano repre-
sents an end-member of the eruptive style spectrum, char-
acterized by continuous and prolonged activity of relatively
low lava fountains that provided fast accumulation of lava
spatter around the active vent(s), promoting the formation of
localized agglutinate and clastogenic lava flows.

The high heat source and the fast accumulation rate of
lava spatter, in concert with a stable lava lake in the center of
the volcano, created a ductile, partially molten base of the
volcano, promoting gradual spreading and repeated lava lake
drain-back and infill associated with extensive lava flow
outbreaks. In this respect, the Mosawdah volcano is proba-
bly the best exposed and easiest to access site in the Harrat
Rahat to provide an insight into the active lava fountain and
lava lake driven eruption style that was common in the
eruptive history of many of its volcanoes. Therefore,
Mosawdah volcano and the proposed precinct around it bear
significant geoeducational value to demonstrate the highly
effusive, moderately explosive style of volcanism the region
has experienced in the past and could experience in the
future.

Fig. 3.62 Overview of the crater of the Mosawdah volcano looking from the SE
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3.10.1 Mosawdah Volcano Geotope

3.10.1.1 Geosite—Pit Crater, Lava Outflow
and Spatter Rampart
[24° 14′ 13.80″N; 39° 47′ 48.37″E]

The Mosawdah volcano proximal crater rim forming suc-
cessions are typical for fast accumulating lava spatters that
locally form welded and clastogenic zones that squeezed
re-melted material between individual lava spatter clasts
(Sumner et al. 2005). The outline of lava spatters can be
recognized; however, their recognition is becoming
increasingly difficult toward the centre of the volcano
(Sumner et al. 2005). This facies architecture indicates that
the volcano erupted dominantly lava fountains, which must
not have been very high (in the range of up to tens to few
hundreds of meters) in order to be able to retain enough heat
upon landing to allow the lava spatters to agglutinate and
weld together locally, feeding clastogenic lava flows (Wolff
and Sumner 2000). The near continuous section exposed in
each of the preserved inner crater walls suggests no time
break or interruption in lava fountaining (Fig. 3.63). The
fast accumulation of lava spatters and the ongoing clasto-
genic lava flow formation must have generated an inferno in
the proximal areas of the volcano, providing a soft, molten
base to slowly slide and spread apart the cone itself, pro-
moting repeated lava lake drawbacks, refill, volcanic sector

dilation and partial cone rafting (Wolff and Sumner 2000).
This geotope also shows a fantastic example to see how lava
outpouring and pit crater formation can be connected. The
central crater of the volcano is very deep and show evi-
dences of plastic deformation of the accumulating spatter.
The geoeducational value of this geosite is to highlight the
fast rate of spatter accumulation needed to be able to form
clastogenic lavas and therefore it provides a very important
location to appreciate the significance of eruption rate in the
formation and growth of scoria and spatter cones.

3.10.1.2 Geosite—Collapsing and Spreading
Section of Cone
[24° 14′ 12.73″N; 39° 47′ 53.48″E]

Due to the fast accumulation of hot pyroclasts and their
agglutination and remelting to form clastogenic lava flows
has a strong implication on the volcanic edifice stability
(Németh et al. 2011; Sumner 1998; Sumner et al. 2005;
Wantim et al. 2011). This geosite provides a graphic
example to demonstrate this process and show how the
volcanic edifice slowly spread apart along fractures
(Fig. 3.64) over a hot still ductile deforming lava pond
partially forming the lava lake in the growing crater. This
site also poses another important aspect to form disinte-
grating scoria cones by potential bulging of shallow intru-
sive bodies due to the gravitational instability of large blocks

Fig. 3.63 Lava spatter dominated section of the crater wall area of the Mosawdah volcano [24° 14′ 11.31″N; 39° 47′ 51.55″E]
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of the core of the cone that can be uplifted by some upward
moving melt packets in the base of the cone.

3.10.2 Al Anahi Volcano Geotope
[24°15′34.03″N;39°47′18.51″E]

Just north from the Mosawdah volcano, a remote scoria cone
form a remarkable landform. The Al Anahi cone is a large
scoria cone with complex crater and an extensive lava flow,
all showing young morphological stages. The Al Anahi
volcano can be defined as an intact geotope and can form an
alternative site to visit for those wish to have adventure style
geotourism.

3.10.2.1 Geosite—Al Anahi Cone
[24° 15′ 34.03″N; 39° 47′ 18.51″E]

Al Anahi cone is a scoria cone that is among the largest
cones in the Harrat Rahat (Fig. 3.65). The scoria cone is

unique and it can be defined as a geosites on the basis that it
has fairly high amount of fine ash and fine lapilli as an
edifice building pyroclasts, and therefore suggests that its
eruption was likely more explosive Strombolian style than
pure Hawaiian lava fountain-dominated. The cone has an
elongated crater that is easy to access by a short low grade
ascend to the top. Around the crater rim the visitor can make
a full roundtrip by walk, and see above the outflow point of a
long lava flow partially rafter away small part of the cone.

3.10.2.2 Geosite—Al Anahi Flow Field
[24° 14′ 51.53″N; 39° 45′ 3.01″E]

The lava flow of Al Anahi is defined as a geosite where the
visitor can explore a thick and long lava flows with aa-type
lava flow surface textures. The Al Anahi lava flow is one of
the best examples in the Harrat Rahat to show typical aa lava
surface textures. The lava flow is steep walled, contain
abundant rugged lava spines, collapsed blocks and have
milled cauliflower textures all indicative to more viscous

Fig. 3.64 Fractures likely formed due to the gradual spreading of the core of the growing volcanic edifice due to gradual outpouring of lava from
the central lava lake and to the hot and plastically deforming base of the cone itself [24° 14′ 12.62″N; 39° 47′ 53.88″E]

Fig. 3.65 Al Anahi scoria cone [24° 15′ 34.03″N; 39° 47′ 18.51″E]
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lava to be emplaced. The flow itself acts as a major barrier to
cross the harrat, and visits to this geosites are only recom-
mended along its margins. In the marginal areas this lava
flows show lots of evidences of late stage squeeze outs and
collapse of the lava fronts exposing sheared conchoidal
shape lava surfaces with pressure ridges. This geosite has a
high educational value to demonstrate the lava morphology
type varieties the lava viscosity can create, and also provide
graphic example to demonstrate the volcanic hazard caused
by a fundamentally aa-type lava emplacement.

3.10.3 Fissure Vent and Five Fingers Flow
Field Geotope

One of the enigmatic locations in the Northern Harrat Rahat
region is a chain of volcanoes along some visible surface
fissures that look like a fissure source of some young lava
flow field cited as “five fingers lava flow” (Fig. 3.66). The
fissure oriented scoria and spatter cones are spectacular
examples of a proximal source region of a major lava flows
that initiated fine major lava flows filled valley networks in
the NE side of the volcanic field. This region can be defined

as a single major geotope on the basis of the unique link of
its volcanic features demonstrate the evolution of a fissure
aligned volcanic chain that emitted significant volume of
fluidal magma through pahoehoe to aa lava flows.

3.10.3.1 Geosite—Fissure
[24° 15′ 41.63″N; 39° 51′ 34.99″E]

An open fissure exposed in a lava flow field just west of a
sealed road that can be defined as a key geosite to demon-
strate the ground movement and fissure formation associated
with volcanic eruptions (Fig. 3.67). The fissure is 2-10 m
wide, deep, and exposes half section of whaleback type lava
flows. The fissure can be traced over kilometres of length in
satellite images and likely associated with some regional
tectonic features along dyke movement took place. This
geosite is very significant in geoeducational perspective as it
can be shown to visualise the failed eruption took place in
2009 in the Harrat Lunayyir that caused seismic unrest and
forced to evacuate thousands of people due to the fair of a
volcanic eruption (Duncan and Al-Amri 2013; Jonsson et al.
2010; Koulakov et al. 2014; Mukhopadhyay et al. 2013).
While the origin of this fissure is unknown its presence and
its location in relationship with other fissure aligned vents

Fig. 3.66 “Five fingers” lava flow system on GoogleEarth image
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indicates that it had some link with dyke intrusions and
eventual fissure eruptions that formed and shaped of the face
of this part of the volcanic field.

3.10.3.2 Geosite—Southern Fissure Cones
[24° 17′ 52.80″N; 39° 50′ 59.83″E]

The region commonly referred as the fissure vent zone
(Murcia et al. 2014) can be divided into a southern and
northern segment. This division is purely based on practical
sense by the accessibility of the area. The southern segment
is a very rugged region and to access this part needs great
deal of orientation and potentially to visit this geosite would
require organized tour. The fissure region when the visitor
passing through, difficult to see due to the great variety of
lava surface textures, and small spatter cones littered the
terrain. The southern segment of the fissure aligned vent
connected well with the exposed fissures explained in the
previous geosite. Along a zone of about 7 km length what
this geosite defines numerous individual scoria cones can be

identified. Many of these scoria cones are rather chains of
cones, and many of them have elongated craters. The
southernmost part of this geosite is difficult to access, and
only a look out can be taken from its southernmost locations
toward a rafted and partially collapsed fissure network that is
the inferred source of the southernmost arm of the five fin-
gers lava flows. Further in the north the fissure aligned cones
can be accessed on dirt roads, however, to navigate in the
harrat in this rugged terrain needs lot of attention. Along a
dirt road a spectacular spatter cone that looks like a giant
hornito can be seen (Fig. 3.68), that acted as appoint source
of lava fed from the southernmost arms of the five fingers
flows. Along the fissure small lava flows forming a
ribbon-like network of flow surfaces indicating the running
nature of the low viscosity melt that must have just out-
poured along this fissure (Fig. 3.69). Further to the north a
complex and well-developed large lava spatter cone chain
forming a fantastic landscape showing the dynamic nature of
the entire fissure network feed lava over tens of km2 areas.

3.10.3.3 Geosite—Northern Fissure Cones
[24° 20′ 49.16″N; 39° 49′ 56.73″E]

The northern sector of the fissure aligned vent system in the
Northern Harrat Rahat is the apparent source of the northern
two arms of the five fingers lava flow (Murcia et al. 2014). In
this location older cones form an obstacle for the outpouring
of the lava however some remains of the original lava spatter
cones can be recognized alongside with a great variety of
collapsed pits and lava tube roofs. This geosite has a geoe-
ducational value because it shows clearly that the rejuve-
nation of volcanic activity in a same place can form
amalgamated volcanic landforms that overlap each other.
The interaction of the vents emitted the lava flows with older
cones aligned to the same direction than the fissure suggests
that the region was common area where volcanic eruptions
took place. This site therefore can contribute significantly to
our understanding of the volcanic hazard aspect of a
long-lived volcanic field.

3.10.3.4 Geosite—Five Fingers Lava Flow Field
Proximal Section—South
[24° 20′ 49.16″N; 39° 49′ 56.73″E]

The proximal section of the lava flow fields of the five finger
lava flow is an important geosite. While on the satellite
image and on the field the region is an area where only thin
lava flow preserved, it can provide a very important eruption
mechanism aspects to the visitors. Interestingly in these
regions only the marginal chilled crust of a former inflated
flow system is preserved, and scattered lava crust rubbles,
that form a field with thin obscured lava blocks (Fig. 3.70).
The preserved lava crusts and marginal fragments with some
squeeze out flows suggest that the majority of the flow must

Fig. 3.67 Open fissure cut through a thick lava flow field aligned in
the same orientation as the scoria and spatter cones nearby [24° 15′
41.63″N; 39° 51′ 34.99″E]
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Fig. 3.68 Giant hornito-like spatter cone feeding fluidal (low viscosity) lava flows [24° 20′ 0.08″N; 39° 51′ 2.59″E]

Fig. 3.69 Low viscosity lava formed amazing lava network on the surface of a fissure-fed spatter cone. Individual lava tube is about a meter wide

Fig. 3.70 Proximal region of the southern segments of the five finger lava flow
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have been removed gravitationally. Such situation can be
envisioned that a ponded lava flow formed nearby the fissure
that inflated, and then when it has reached a threshold vol-
ume value it has been collapsed and emptied its fluid interior
fast, that has carried away the broken crustal regions. This
geosite provides a very graphic image for this potentially
dangerous process we need to consider in eruption scenario
developments for future lava flow eruptions in the region.

3.10.3.5 Geosite—Five Fingers Lava Flow Field
Proximal Section—North
[24° 21′ 12.61″N; 39° 49′ 14.15″E]

In the northern sector the proximal lava flow regions of the
five finger flows show large scale hummocky surface mor-
phology (Fig. 3.71). These features can be interpreted as an
inflated flow field that has been partially preserved, e.g. they
have not been removed by gravitational collapse and drag of
the fast emptying of the ponded lava. In this respect this
geosite is an important one to compare the lava pond emp-
tying processes that can be seen in detail in these sites.

3.10.3.6 Geosite—Five Fingers Lava Flow Field
Median Section [24° 24′ 56.11″N;
39° 50′ 56.18″E]

The medial sections of the five fingers lava flows show
typical transitional lava flow morphotypes (Fig. 3.72). This
geosites all along the middle sections of any of the five
fingers five arms can be visited with an aim to demonstrate
the nature of the pahoehoe to aa flow transition in the form
of ripping off solidified lava crusts that then homogenized
and mixed with the moving lava flow main body. This
geosite can provide a very insight to the visitor about the
flow transition and the gradual ponding and breakout as an
important movement mechanism of transitional type lava
flow movement.

3.10.3.7 Geosite—Five Fingers Lava Flow
Terminus [24° 23′ 42.79″N;
39° 59′ 18.36″E]

The terminus of the five fingers lava flow five arms provide a
good example to envision how a transitional, more aa type
lava stops in the end (Fig. 3.73). This geosite also very
graphic example to imagine the momentum of such a long
(over 10 km) lava flow can have and how it come to a rest
by forming an unconfined fan in its end that hit the
pre-existing topography.

3.10.3.8 Geosite—Five Fingers Lava Flow
Field’s Rafted Cone Material
and Northern Flow Terminus
[24° 26′ 42.78″N;
39° 50′ 23.48″E]

One of the most intriguing textural feature of most of the
lava flows in the Harrat Rahat is the potential of this type of
lava flows to carry bulldozed flow material as well as
pre-existing cone material as rafted debris (Fig. 3.74). This
geosite has a significant message for volcanic hazard of large
lava flows inundate inhabited human built environment, as
they can move building fragments far, and apparently they
cannot be stopped easily by obstacles (Fig. 3.75).

3.10.4 Zargat Abu Zaid Geotope
[24° 16′ 32.83″N; 39° 50′ 25.16″E]

Zargat Abu Zaid is a large scoria cone just west of the
fissures fed five fingers lava fields. The cone is very likely an
older cone as its flank has extensive gully network in spite of
its steep cone flank. The crater rim is well-preserved as a
collar-like feature as a result of the preservation of softer
scoria beds capped by lava spatter banks. This scoria cone is

Fig. 3.71 Whaleback style lava morphology of a large inflated and preserved flow part of the source region of the northern sectors of the five
finger lava flows [24° 21′ 12.61″N; 39° 49′ 14.15″E]
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a perfect example to demonstrate the syn-eruptive eruption
style influences on the volcanic facies architecture that then
controls the post-eruptive erosion style of the cone
(Kereszturi and Németh 2012a, b). The scoria cone also has
an extensive lava field that partially rafter away its northern
sector that have been partially rebuilt by the ongoing

eruption. This scoria cone with its lava field can demonstrate
the cone rafting processes that took place in a time when the
cone was still erupting and producing ash and lapilli that
then partially covered the moving lava flow. The cone with
its lava field together is a geotope due to the intact geological
features they can demonstrate.

Fig. 3.72 Pahoehoe to aa transitional lava flow morphotypes in the medial sections of the five fingers lava flow [24° 24′ 56.11″N; 39° 50′ 56.18″E]

Fig. 3.73 Lava terminus of a nearly 15 km long lava flow [24° 23′ 42.79″N; 39° 59′ 18.36″E]
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3.10.4.1 Geosite—Crater Infill
[24° 16′ 30.02″N; 39° 50′ 17.88″E]

The crater of Zargat Abu Zed scoria cone is partially filled
with reworked volcaniclastic material as a sheet wash deposit
accumulated in the crater of the cone (Fig. 3.76). The crater
rim composed of agglutinated and partially welded lava
spatter that acted as an erosion resistant cover protecting the
cone from significant erosional lowering. Along the crater
rim outer margin the erosion is dominated by rock falls due to
undercutting of the solid and erosion resistant agglutinate. In
the inner part of the crater steep dipping agglutinate beds
forming the upper section of the crater that gradually covered
by volcaniclastic sediments in the lower section of the crater.
The northern edge of the crater rim is truncated and repeat-
edly rebuilt during rafting event of lava flows exited the
lower northern flank of the cone. This geosite has a high
geoheritage and geoeducation value because it is an easy to
access location where the visitor can learn great variety of
volcanic processes. In addition the geosite also can provide a
good reference to show to the public that the final shape of a
volcano can be the result of a combination of primary, edifice
building and secondary, syn- and post-eruption related ero-
sional processes.

3.10.4.2 Geosite—Rafted and Ash-Covered
Flow Field

The northern sector of the Zargat Abu Zed scoria cone has
been partially destroyed and partially rebuilt by subsequent
eruptions. The northern sector of the cone composed of
hummocky surface that is primarily a lava flow (Fig. 3.77)
field initiated from the lower sector of the cone flank through
a lateral “bocca”. The lava flow is nearly completely covered
by thick ash and lapilli nearly in its entire length making
difficult to see the original surface and texture of the lava
flow. The lava flow is initiated from the lower part of the
cone and its movement is likely rafted part of the cone away.
Larger cone sections on top of the lava flow is supporting
this idea however the thick ash cover on the lava flow hinder
further, more detailed interpretation. The fact that the lava
flow field also covered by ash and lapilli suggest that the
time the lava flow was still moving the scoria cone still had
an explosive ash- and lapilli-producing eruption. This geo-
site has a high geoeducational value because it helps to link
the cone (edifice)-building eruption styles with those form-
ing the lava flows. Visiting this geosite and the entire Zargat
Abu Zed geotope can help the visitor to recognize the link
between explosive and effusive processes associated with the

Fig. 3.74 Rafted nearly completely homogenized cone material (lighter textured fragments among darker coherent lava clasts) incorporated in the
aa lava in the distal facies of the five finger lava flow arms [24° 26′ 42.78″N; 39° 50′ 23.48″E]
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harrats’ volcanism. A geotope like this can serve well to
develop a realistic volcanic image in the mind of the visitor
in what the various volcanic processes are linked and not
presented only as individual singular events and processes.

3.10.5 As-Sahab Geotope
[24°21′16.42″N;39°48′48.00″E]

As-Sahab is large and complex slightly older scoria cone that
is in the region where the five fingers lava flow fields erupted

along the main fissure system (Fig. 3.78). The cone complex
has no assigned lava flow fields or at least it is too difficult to
link the many old lava flows located nearby this cone
complex to be able to say confidently which one belongs to
the cone. The cone together however can be looked at as a
complex geotope due to its special location. The cone acted
as a barrier and obstacle for the five fingers fissure eruption
and its lava flows were diverted by the cone itself. This
location can show a perfect site to the visitors to appreciate
the effect of a pre-existing topography in the potential path
of subsequent lava flows. This geotope also poses a

Fig. 3.76 Complex volcaniclastic sedimentary infill in the Zargat Abu Zaid scoria cone’s crater looking from the point of [24° 16′ 30.02″N;
39° 50′ 17.88″E]

Fig. 3.75 Zargat Abu Zaid scoria cone rafted cone and ash covered lava field. Photo was taken from the point of [24° 16′ 32.70″N; 39° 50′ 19.38″E]
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fundamental question the visitors could see clearly, that
older cones exists in the area where young fissure-fed lava
flows erupted, moreover they are aligned in the same way as
the young fissures and flows, and seemingly erupted in the
same style. This has a significant message and high geoed-
ucational value as this geotope can show very graphically
that the NNW—SSE dorsal zone of the Harrat Rahat was/is
one of the main eruption site of the volcanic field, and it is
very likely structurally controlled as modern fissures and
associated cone chains indicate it.

3.10.5.1 Geosite—Cone Complex
The As-Sahab scoria cone is a large cone in its advanced
erosion stage (Fig. 3.78). The cone southern side is open and
the cone has been eroded and lowered significantly. The
geosite can be accessed by foot through the southern open
crater. In the interior of the crater the inner crater wall is

filled with lava spatters forming hanging lava drapes on the
agglutinated steeply crater-ward dipping beds. Large clas-
togenic lava zones can be seen from below, however, access
to those sites and in general to the crater rim’s higher part is
not advisable due to high potential for rock falls. The crater
internal part is partially filled with volcaniclastic deposits
mixed with aeolian dust. In spite of the infilling, the crater is
still forming a shallow depression suggesting that its original
depth and geometry must have been dramatic, and likely
hosted a lava lake that have been drained laterally by
“boccas” feeding the older lava flow fields located in this
area. The significance of this geosite is that it can show a link
between young and older volcanic landforms and demon-
strate clearly that similar volcanic processes must have taken
place over thousands and thousands of years. This geosite
also provides a good example to compare the older and
younger volcanic landforms.

Fig. 3.77 Rafter lava flow field of Zargat Abu Zaid with ash cover looking toward Al Madinah City (north) from the crater rim of the cone

Fig. 3.78 As-Sahab scoria cone complex on a GoogleEarth image. Top left corner of the map view is [24° 21′ 47.07″N; 39° 48′ 6.99″E]
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3.10.5.2 Geosite—Interaction Between Fissure
Flow and Cone

Jabal Al Malsa cone northern and eastern sector is partially
covered by the five finger fissure-fed lava field (Fig. 3.78).
Previously the cone was under debate as a potential main
source of the fissure fed young Quaternary lava flows
nearby. Recent fieldworks however suggest that Jabal Al
Malsa is an older cone due to its morphological appearance.
Along the contact between the young fissure-fed lava flows
and the cone it is perfectly visible how an obstacle can divert
and interact with a pahoehoe to aa transitional lava flow
field. Along this contact zone the visitor can see complex
lava surface textures while in the distant regions the proxi-
mal lava flow fields show a stunning volcanic landscape with
open channels, pressure ridges, inflation features, tumuli and
large rotate blocks of ripped up lava crusts. The geosite
geoeducational value is high as it is also provide a very good
vantage point to demonstrate that the older scoria cones in
the region are also aligned to the same fissure orientation
along the younger extensive lava flows were emitted.

3.10.6 Halat Khamisah Scoria Cone
and Lava Flow Field Geotope
[23°55′25.18″N;39°54′38.53″E]

The Halat Khamisah scoria cone is defined to be a young
scoria cone located near a major trans-Arabian gas pipeline
(Fig. 3.79). The cone and its lava flows are remote and only
dirt road access is available that might change in the future
when a service road along a major gas pipeline is con-
structed. It is located in the central part of Harrat Rahat, and
it can be selected as a type locality to demonstrate that Harrat
Rahat had some other young volcanic region where scoria
cones and lava flows erupted probably in the same time as
the five fingers lava flows near Al Madinah. The cone and its
single lava flow are together defined as a geotope on the
basis of its volcanologically common features that can tell a
unique story to the visitor. The geotope has a great educa-
tional value as it can demonstrate that young eruptions are
not restricted to specific northern regions of the Harrat Rahat
but they are known elsewhere. This geotope also can show
that extensive ash-producing eruptions are also not restricted
to the 1256 AD eruption but similar eruptions took place
elsewhere. This geotope also can provide insight to under-
stand the complexity of the evolution of Harrat Rahat and
appreciate its volcanism’s time and space dispersion.

3.10.6.1 Geosite—Ash Plain
[23° 55′ 39.00″N; 39° 54′ 48.01″E]

The Halat Khamisah scoria cone forms a fairly large scoria
cone that has steep cone flank indicating its young age. The
edifice is covered by dark (black) scoria ash and lapilli that is

littered by well-developed spindle bombs especially in the
proximity of the cone. Where the cone slope angle reduced,
black ash plain can be traced over few kilometres away from
the cone foothill. This ash plain is exposed in cross-sectional
view in few wadis about a km away from the cone, pro-
viding unique window to the internal texture, thickness and
vertical variations of a scoriaceous ash and lapilli succession.
The ash plain as a geosite beside its aesthetic value provides
an important insight to understand the explosive eruptions
associated with the cone building. The extensive nature of
the ash plain suggests that at least in few stages, the eruption
of the Pipeline cone might have been more violent than a
normal Strombolian style explosive eruption, and it has been
able to produce large volume of finer grained pyroclasts that
were dispersed across the landscape as documented else-
where (Kawabata et al. 2015; Németh et al. 2011; Pioli et al.
2008; Rowland et al. 2009). This geosite has a great geoe-
ducation value as it demonstrates that in Harrat Rahat violent
Strombolian style eruptions took place and we have every
reason to assume that such eruptions might take place in the
future.

3.10.6.2 Geosite—Cone Crater
[23° 55′ 11.93″N; 39° 54′ 28.45″E]

The Pipeline cone crater can be accessed relatively easily
from the cone southern foothill. The walking path to the
crater is a gentle ascending path going through various
lithofacies of the edifice building pyroclastic units. There are
large spindle bomb-rich parts and fine grained more scori-
aceous lapilli- and ash-dominated successions suggesting
that the eruption style of this cone through its growth has
changed many times. The crater of the cone is partially open
toward the west and it is occupied by an outflow of a major
blocky—aa lava. In the breaching point of the lava flow the
cone flank is destroyed and displaced by rafting, however
rafter materials cannot be traced long from the breach point
suggesting that the crater rim might have been originally low
in the west. The proximal zone of the lava filling the crater is
typical aa lava with spines, large lava columns and lifted and
rotated angular, crystalline lava blocks (Robert et al. 2014;
Wantim et al. 2011). This geosite has a reasonable geoed-
ucational value as this is among those rare sites where typ-
ical aa and block lava is exposed from their proximal
section. Pahoehoe lava surface types are rare in this lava
flow field.

3.10.6.3 Geosite—Block Lava Flow Field
[23° 54′ 58.21″N; 39° 53′ 3.59″E]

This geosite refers to a lava flow cross sectional point about
3 km from the crater down-flow. Going up to the crater and
follow the lava flow down is a very challenging track and it
is not advised as the danger of injury is high due to the
numerous steep and deep fissures between lava blocks. In
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this geosite however it is clearly visible how a typical
aa-lava looks like. The lava is composed large blocks, and in
places it closely resembles block lavas rather than aa. The
lava flow interior has numerous large rounded cauliflower
type lava balls, and vertically oriented spines as typical
features of aa lavas. This geosite geoeducational value s to
demonstrate that a seemingly block-dominated lava that is
generated from a higher viscosity melt (more crystalline for
instance) can produce lava flows that can travel over 10 km
from their source even in a relatively flat surface.

3.11 Precinct 3—From Silicic Lava
Domes to Explosion Craters

Explosive volcanic processes are typically the most haz-
ardous aspect of volcanism to human life and associated
built environments of the modern society. Explosive vol-
canism registers on a broad scale from weak to highly
explosive eruption styles.

The Precinct 3 at the proposed Harrat Al Madinah Vol-
canic Geopark named as “From Silicic Lava Domes to
Explosion Craters precinct” offers a very dramatic insight for
the visitors into the eruptive products that result from various

types of explosive volcanism from different magma com-
positions (Fig. 3.16).

Explosive volcanism associated with monogenetic
intra-continental volcanic fields is typically caused by mag-
matic gas expansion of volatile-rich magmas, commonly
more silicic in composition, and/or by magma-water inter-
action, causing phreatomagmatic explosions that form
base-surges and other pyroclastic density currents and con-
struct maars and tuff rings (Valentine and Gregg 2008). The
central part of Harrat Al Madinah contains the best closely
spaced examples to see the results of explosive volcanism in
the form of extensive pyroclastic density current deposits and
broad and deep explosion craters (Camp and Roobol 1989).
These violent types of volcanism are inferred to be several
hundreds of thousands of years old (Camp and Roobol 1989),
seemingly forming a concentration of specific volcano types
in a remote but accessible region of the proposed volcanic
geopark. As it is the furthest precinct from Al Madinah city,
as well as it contains some of the oldest volcanism in the
Harrah Al Madinah, it is logical to offer this precinct as the
last for the visitor. The logistical difficulties in visiting this
precinct also make this location suitable for the more
adventurous tourist with higher levels of fitness (Moufti and
Németh 2013a). However, visitors to the precinct will be

Fig. 3.79 Halat Khamisah scoria cone and lava flow is a young volcanic region in the southern central part of Harrat Rahat clearly visible by its
young lava flows shown up with different textures on a GoogleEarth image. Top left corner of the map view is [23° 56′ 43.04″N; 39° 46′ 45.92″E]
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rewarded with probably the most dramatic, and one of the
most unique, volcanic landscapes anywhere on Earth.

As is typical of arid areas with limited ground and surface
water availability, the Al Madinah Volcanic Field has
dominantly produced scoria cones, spatter cones and large
lava flows, all derived from “dry” magmatic eruptions as
presented in the previous two precincts (Moufti and Németh
2013a). However climate changes over the lifespan of a
volcanic field (millions of years) can dramatically change the
hydrology and hydrogeology of the region, and an otherwise
“dry” eruption style-dominated field can quickly can be
switched to a “wet” eruption dominated system, even
without requiring dramatic magmatic composition changes
(Kereszturi et al. 2011). As a result such volcanic fields can
produce phreatomagmatic volcanoes such as maars and tuff
rings.

Beside the dramatic volcanic landscapes of the explosion
craters, the Precinct 3 includes truly unique volcanic land-
forms that record silicic lava dome formation and associated
features. It is an interesting aspect of the Harrat Al Madi-
nah’s volcanism, which has global significance, that silicic
(mostly trachytic) lava domes have been produced in the
same region where basaltic scoria and lava spatter cone
forming eruptions were dominant (Moufti and Németh
2013a). There has been a diverse range of silicic volcanism
through non-explosive lava dome eruptions to block-and-ash
flow generating violent eruptions (Moufti and Németh
2013a). Seeing these features coexist with features from
basaltic and trachytic monogenetic volcanism is one of the
most geologically intriguing aspects of the proposed geop-
ark, in terms of understanding the origin of the evolved
volcanism in dispersed, intra-continental systems commonly
referred to as monogenetic fields.

In the proposed precinct, three well distinguished and
easy to access trachytic lava domes as individual volcanic
geotopes are included in the selected list of high value
locations. However, from these lava domes such as local
high points of the region, further distant lava domes can be
seen toward the east and northeast as completing the picture
for the visitor to appreciate that the region is very rich in
silicic lava domes (Fig. 3.80). The geotopes and their geo-
sites of the Precinct 3 provides very graphic insights to the
physical processes associated with lava dome formation to
be compared, with cryptodomes through to explosion cra-
ters, and complex volcanic structures showing evidence for
multiphase, and commonly multi-chemical (basaltic to tra-
chytic), eruptions.

The variety of trachytic lava domes exposed in is precinct
are spectacular and they offer a good geoeducational pro-
gram to build on them to link this geotopes and geosites to
other well-known, recently erupted silicic lava domes,
including Unzen in Japan (Kaneko et al. 2002; Yamashina
and Shimizu 1999) and Mount St Helens (USA) (Anderson

et al. 1995). The similarity in size, volume and eruptive
products of the trachytic lava domes of the Harrat Al
Madinah to those lava domes generally associated with
subduction-related strato- and/or composite- volcanoes,
makes the HAMVG truly unique and globally significant;
and can make the proposed Harrat Al Madinah Volcanic
Geopark as a potential “Makkah of Volcanologists” (Moufti
and Németh 2013a). The scientific value of this precinct is
self-defined. The perfect exposures, the lack of vegetable
cover, the great visibility and the numerous longitudinal
sections along gullies offer great research potential in these
locations to scale the physical parameters of pyroclastic flow
forming eruptions. In addition, the availability of pyroclastic
deposit-engulfed scoria cones and other morphological
obstacles can help to calibrate the energy budget of pyro-
clastic flows and therefore the precinct could serve as an
important study location for such scaling volcanological
work. Considering the “monogenetic volcanism” on display,
this precinct offers a dramatically new view that will enable
visitors to appreciate the complexity of such volcanism and
see the link between focused (strato- and composite
volcano-producing) and dispersed (purely monogenetic
volcano-producing) magmatic plumbing system-associated
volcanism, which will potentially make this volcanic geop-
ark globally very significant (Moufti and Németh 2013a).

3.11.1 Matan Lava Dome Geotope
[24°13′31.71″N;39°50′23.56″E]

In the NW entry to the precinct, a dirt road follows a dry
valley that connects to a broad alluvial fan which is bordered
by the large Matan lava dome (Fig. 3.81). It is a complex
volcano with a basal diameter of about 1.8 km. The dome is
clearly a composite lava dome (Fig. 3.81) recording multiple
styles of silicic magma emplacement that range from rigid to
more plastic emplacement. Lava dome rock facies are diverse
as a reflection of variously degassed and viscous trachyte
being emplaced in a relatively confined area. Lithological
domains can be seen in outcrops and they are commonly
reflected by colour differences in the exposed rocks. The lava
dome itself is dominated by coherent lava dome cores with
some rock-fall and lava dome carapace breccias, some short
run-out distance (<500 m) and relatively thin pyroclastic
flow deposits can be traced around the main body of the lava
dome complex all typical for a lava dome anywhere (Brenna
et al. 2012; Costa et al. 2012; de Vries et al. 2014; Fink and
Griffiths 1998; Miallier et al. 2010; Riggs et al. 1997). On the
SW side of the lava dome, a volcanic crater with a flat crater
floor suggests some initial explosive volcanic eruptions prior
to the emplacement of the main Matan lava dome complex.
This explosion crater is the source of at least two pyroclastic
flow units traceable over a kilometre from the preserved
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crater rim. This location not only provides a graphic example
of trachytic lava dome formation, but it also links the tra-
chytic explosion craters with trachytic lava dome forming
events, giving an example of the interplay between dramat-
ically different eruptions styles.

3.11.1.1 Geosite—Matan Lava Dome Side
[24° 13′ 12.97″N; 39° 50′ 2.40″E]

This geosite is the base of the lava dome complex in the
southern side of the volcano. To access higher portions of
the lava dome require some rock climbing skills and still it
would be a difficult and demanding climb. In the base of the
lava dome however a great variety of large blocks are ready
to be observed and they can provide enough information to
understand the lava dome-forming processes. Large blocks
of flow banded trachytic rocks are the most common rock
type among the debris apron. These type of rocks are typi-
cally representative for the lava dome growth and they can
form zones across the original cliff faces representing
specific parts of the lava dome complex. From the distance
the shape of the lava dome is noteworthy especially its steep
upper segment (Fig. 3.82). There are no obvious pyroclastic

rock units exposed around the lava dome complex sug-
gesting that lava dome collapse and associated explosive
eruptions were plazed just a minor role in the evolution of
this volcano. The geoeducational value of this geosite is that
the visitor can get an immediate insight of the highly viscous
nature of the magma formed this volcano. This view can be
contrasted by nearby basaltic spatter cones and lava flows
which are much smaller and more flat volcanic landforms. In
addition, this location is in easy access from a sealed road.

3.11.1.2 Geosite—Matan Lava Dome Side
Crater [24° 13′ 11.75″N;
39° 50′ 5.15″E]

In the southwestern side of the Matan lava dome complex a
shallow, broad crater is visible that is surrounded by a low
pyroclastic rim. This location can be accessed by walking
track from the previous geosite through a gentle ascending
path that take the visitor to the southern crater rim’s
top. Along this walk, the visitor can examine the debris
apron surrounding the main lava dome, a typical volcani-
clastic debris apron that is composed of short run-out dis-
tance block-and-ash flow deposits mixed with fluvial and

Fig. 3.80 Distant silicic lava domes dominate the horizon in the
southern margin of the proposed Harrat Al Madinah Volcanic Geopark
demonstrating that the visitor has entered to a region the

intracontinental volcanism produced a great variety of volcanic
landforms [24° 13′ 19.65″N; 39° 50′ 59.90″E]
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aeolian deposits and rock falls from the main dome region.
The crater itself hosts voclaniclastic debris from the western
segment of the Matan lava dome suggesting that it was
formed earlier than the main lava domes. The crater rim is
composed of welded pyroclastic rocks interbedded with
some unconsolidated trachyte fragment-rich pyroclastic
succession interpreted to be small-volume block-and-ash
flow deposits. There are no clear indications to support

magma and water explosive interaction as the main process
to be responsible for the formation of the crater in spite the
fact that the flat-floored crater and its broad shape very
common among tuff rings. The significance of this geosite is
to demonstrate that explosion craters can be common fea-
tures in association with lava dome-dominate eruptions. The
easy access and the rewarding fantastic view can be used as
main promotion features to attract visitors to this site.

Fig. 3.81 The Matan lava dome geotope from the air showing a superb complex lava dome easy to access

Fig. 3.82 Matan lava dome complex from the geosite located in its southern foothill. Photo was taken from [24° 13′ 12.97″N; 39° 50′ 2.40″E]
toward the NE
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In addition from this location the visitor can see the
Mosawdah volcano and its extensive lava field just north of
the Matan lava dome.

3.11.2 Mouteen Lava Dome Geotope
[24°12′51.79″N;39°50′38.82″E]

Along the 4WD road to the heart of the Precinct 3, just about
3 km from the Matan lava dome toward the SE, the visitor
can view the Mouteen lava dome (Fig. 3.83). The lava dome
seems to be smaller than the Matan lava dome with an about
800 m diameter. It also seems simpler than the Matan lava
dome structure by having a simple flat toped lava dome
(Fig. 3.84). The very unique nature of this lava dome
however in comparison to the Matan lava dome is, that the
silicic lava dome nearly completely intruded, invaded and
truncated an earlier basaltic scoria cone that is exposed in the
SE side of this volcanic complex.

3.11.2.1 Geosite—Mouteen Lava Dome Hosting
Cinder Cone [24° 13′ 3.80″N;
39° 51′ 11.35″E]

From the 4WD road taking the visitor to the interior of the
Precinct 3 a short walk the visitor can access the Mouteen
lava dome. Prior reaching the lava dome itself, the walking

track pass through the flank of a cinder cone that has been
truncated and invaded by the lava dome. The cinder cone
composed of black to red scoria that is littered by large
spindle bombs especially in the region of the crater rim
(Fig. 3.85). The contact between the lava dome and the
cinder cone is covered by debris apron however it is clear
that the more viscous lava dome truncated the host cinder
cone. It is difficult to constrain what timeframe the lava
dome extrusion took place, e.g. how long after the cinder
cone formed the lava dome grown in its crater. However
there are no strong evidences to support that the lava dome
formation was immediately followed the scoria cone for-
mation and it is more likely that there was significant time
gap between these two strikingly different eruption style and
magma composition to reach the surface. This geosite
therefore has a great geoeducational value as it records
rejuvenation of volcanism in the same place where previ-
ously different composition magma formed volcanoes
through a very different eruption mechanism.

3.11.2.2 Geosite—Mouteen Lava Dome Main
Dome Complex [24° 13′ 3.55″N;
39° 50′ 50.37″E]

This geosite can be accessed by further walking to the top of
the Mouteen lava dome. The visitor can examine the lava
dome material with great detail and in the end of the track

Fig. 3.83 GoogleEarth image of the Mouteen lava dome complex showing its complex geometry. The top left corner of the map view is [24° 14′
5.32″N; 39° 49′ 29.02″E]
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the top of the lava dome can be explored where spines, rock
falls and inter-dome aeolian silt pans can be seen. From the
end of the track in the North of the Mouteen lava dome top
perfect view shows the Matan lava dome and in the distance
the Mosawdah cone and lava field.

3.11.3 Jabal Al Malsaa Matam Volcanic
Complex Geotope
[24° 12′ 18.43″N; 39° 51′ 6.65″E]

Jabal al Malsaa Matam is a large volcanic complex with
multiple vents and cone segments. From the top of Mouteen
lava dome a perfect view shows its full extent as sitting on a
large flat region covered by various pyroclastic density
current deposits, lava flows, inter-cone stream valleys and
accumulation zones of aeolian dust in lee sides of landforms
(Fig. 3.86). The cone itself is large, and its volcanic archi-
tecture indicates that it must have been active long time, and
it is likely represents a transitional volcano type between
pure monogenetic and polygenetic volcanoes. This com-
plexity of the volcano is apparent in its SW sector where
various lava flows, craters, and pyroclastic rock units pro-
vide a complex set of volcanic edifice.

3.11.3.1 Geosite—Benmoreite Lava Flow
[24° 11′ 35.78″N; 39° 51′ 21.37″E]

In the SW foothill of the volcano a spectacular benmoreite
lava flow is exposed. The lava flow shows intensive flow
banding and a very unique flow top morphology closely
resembling clastic rock textures. In several places the flow is
partially cross cut by wadis where the rock surface is more
polished exposing the coherent texture of the rock. This
geosite is important as it shows a graphic example to the
visitor that the distinction between clastic and coherent rock
textures is not easy when we deal with silicic rocks (McPhie
et al. 1993). The disadvantage of this geosite is that it is
difficult to access.

3.11.3.2 Geosite—Explosion Crater and View
to theMainCone [24°11′41.26″N;
39° 51′ 21.13″E]

Just slightly above the benmoreite lava flow geosite, a low
rimmed explosion crater exposes a thin pyroclastic suc-
cession indicative for magma and water explosive

Fig. 3.84 Lava dome top of the Mouteen lava dome (middle view). Matan lava dome is visible in the right side of the view

Fig. 3.85 Spindle bombs form ballistic bomb region in the crater rim
region of the cinder cone hosting theMouteen lava dome [24° 13′ 3.80″N;
39° 51′ 11.35″E]
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interaction (Fig. 3.87). This crater is flat floored and filled
nearly completely with voclaniclastic debris eroded from
the southern flank of the southern cone of the Jabal al
Malsaa Matam volcanic cone complex. The broad crater is
partially surrounded by accidental lithic-rich silicic lapilli
tuff and tuff beds. The significance of this geosite is that it
provides some evidences to support that phreatomagmatism
took place in the formation of this crater. In this respect

this crater can be contrasted with that located in the west
of the main Matan lava dome. It also highlights the fact
that small and single silicic craters (e.g. just more west
from the Matam lava dome complex) can likely be resulted
from single and short-lived phreatomagmatic explosive
eruptions similar to those reported elsewhere
(Herrero-Hernandez et al. 2012; Németh et al. 2012;
Zimmer et al. 2010).

Fig. 3.86 Jabal al Malsaa Matam volcanic complex is a volcano with multiple vents and compound volcanic edifice [24° 12′ 18.43″N; 39° 51′
6.65″E]

Fig. 3.87 Exposed phreatomagmatic pyroclastic rock units surrounding a single explosion crater in the southern sector the Jabal al Malsaa Matam
volcano [24° 11′ 39.75″N; 39° 51′ 28.15″E]
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3.11.4 Um Junb Lava Dome Geotope
[24°11′59.43″N;39°53′27.63″E]

Um Junb is a lava dome complex with a 1.5 km diameter
volcanic cone and lava dome structure (Fig. 3.88). The
pyroclastic cone forming the base of the volcanic edifice has
been invaded by benmoreitic magma that formed explosive
and effusive eruptive products. The pyroclastic record of this
volcano indicates an initial explosive eruption that produced
pyroclastic flows that engulfed nearby obstacles, such as
pre-existing scoria cone that lower flank is partially covered
by the pyroclastic flow deposit. The pyroclastic flow
deposits from Um Junb volcano are restricted and hardly
traceable further than 500 m from the preserved, otherwise
eroded volcanic edifice (Fig. 3.89). The volcano is only
accessible by intensive walking. The geotope itself has sig-
nificance that its crater has been filled by a lava dome, while
the silicic tuff ring is still reasonable intact. In this respect the
volcano represents a stage of volcano development where
the subsequent explosive eruptions and intense lava dome
emplacement has not reached that degree that the initial
volcanic edifice suffered significant truncation of its
geometry.

3.11.5 Dabaal Al Shamali Lava Dome
Geotope [24° 13′ 20.02″N;
39° 54′ 19.07″E]

Dabaal al Shamali is a well-developed lava dome easy to
access from a sealed road (Fig. 3.88). The lava dome has an
asymmetric shape from side view (Fig. 3.90). The lava
dome is surrounded by a rampart-like feature that is an
earlier stage lava dome remnant truncated by the subsequent
extrusion of further lava. The volcano southern side exposes
large and deep fractures. These fractures are inferred to be
related with the gravitational dilation caused by the
extruding lava in the centre of the lava dome. While this part
of the volcano is spectacular, and the cone flank in spite of
its steep slope fairly stable it is not recommended to be
visited alone and without proper gears due to potential
collapse of some of the rim of these deep fissures. This
geotope has a significant geoeducational value as it can
show clearly that a lava dome can be gravitationally instable
and such instability can cause a collapse (de Vries et al.
2014). It is also evident from this geotope that such collapse
can take place accidentally during the lava dome growth or
well after the growing ceased.

Fig. 3.88 Um Junb lava dome on GoogleEarth satellite image. Top left corner of the map view is [24° 14′ 40.01″N; 39° 49′ 6.05″E]
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3.11.6 Gura 1 Explosion Crater Geotope
[24° 13′ 5.58″N; 39° 53′ 29.36″E]

The Gura 1 volcano in the northern part of the Precinct 3
(Fig. 3.88) is a typical example of a “simple” explosion
crater, which is a low-rimmed crater of 600 m diameter that
has been partly overlapped by later a’a lava flows with
abundant tumuli (Fig. 3.91). The crater rim of Gura 1
exposes pyroclastic surge-dominated sequences and poorly
sorted explosion breccias that are dominated by a range of
country rock lithologies. The deposits of the Gura 1 crater
are confined to the rim around the crater and quickly pinch
out over a few hundreds of metres from its crater rim. There
are no widespread pyroclastic deposits (neither fall nor flow)
associated with this crater, indicating that its formation was
dominantly controlled by the explosive interaction of rising
magma and ground water where the explosions generated
ground-hugging base-surges that travelled a few hundreds of
metres from their source (Austin-Erickson et al. 2011; Lor-
enz 2007; Németh and Cronin 2011). The basal deposits of
the tuff ring are dominated by dense, angular trachytic
lithologies, indicating the presence of silicic lava dome
associated rocks beneath the vents that were disrupted by the

explosive eruptions through the formation of Gura 1. Gura 1
can be interpreted as a shallow maar volcano, and highlights
the potential effect of the presence of ground water on the
resulting volcanic landform.

3.11.7 Gura 2 Explosion Crater Geotope
[24°12′11.68″N;39°52′42.02″E]

Gura 2 volcano is a large volcanic crater (Fig. 3.88) that has
produced the one of the most widespread pyroclastic flow
deposits in the area of the proposed Precinct 3 (Fig. 3.92).
The widespread pyroclastic deposits cover the surrounding
low lands and climb over small obstacles, and can be traced
high up on distant and tall volcanic cones (Fig. 3.92). The
pyroclastic flow deposits’ light colour provides a dramatic
landscape to the area that the visitor cannot miss. The
pyroclastic flow-forming eruption style and the silicic (tra-
chytic) composition of the magma involved in this eruption
make Gura 2 volcano a unique place where a devastating and
significant landscape-modifying volcanic eruption can be
demonstrated to the visitors. This is a fundamental concept
in the design of the geoeducational program of the proposed

Fig. 3.89 Um Junb lava dome complex from about 3 km distance. Photo was taken from the point about [24° 13′ 20.22″N; 39° 52′ 42.24″E]
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Precinct The general preconception for the eruption style and
eruption effect of a mafic intra-continental volcanic field is
generally mildly explosive and largely effusive. While this is
certainly the case for the youngest eruptions of the Harrat
Rahat—presented in the area of Precinct 1 and 2—Gura 2
volcano provides a graphic example that highly destructive
and explosive eruptions took place in the Harrat Al Madinah
in the not too distant pass (about 0.7 Ma). Gura 2 is also a
spectacular volcanic landform with enormous aesthetic and
adventure volcanic tourism value. It consists of a crater of

500 m diameter within a tuff ring of 700–800 m diameter
(Fig. 3.93). The inner crater wall at the eastern edge of the
volcano exposes an earlier constructed evolved basaltic cone
and lava flow complex, which was cut in half by the
explosion and potential crater floor subsidence (Fig. 3.93).
While the crater gives the impression that its floor is below
the syn-eruptive landscape, and therefore it should be
defined as a maar volcano, the reality is different. The crater
floor is about 100 m above the base of the volcano and
therefore the entire volcano forms a broad lensoid shape

Fig. 3.90 Dabaal al Shamali lava dome from the distance at a point of about [24° 12′ 6.21″N; 39° 54′ 58.36″E]

Fig. 3.91 Look out to the Gura 1 explosion crater from the distance looking toward Dabaal al Shamali lava dome. Photo was taken from a point
about [24° 13′ 1.82″N; 39° 53′ 22.43″E]
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positive landform. The tuff ring surrounds the main crater
dissected the pre-tuff ring scora cone and lava dome forms a
low angle outward dipping rim that is gradually transforming
into a pyroclastic flow deposit-covered landscape mantling
successions traceable over several kilometres from the crater.

The primary pyroclastic deposits further form reworked
pyroclast-fans entering into neighbouring valleys, providing
a valuable, perfectly exposed volcanic facies association
traceable from the source to its reworked fans (Fig. 3.94).
Gura 2 volcano in this respect gives an opportunity to study

Fig. 3.92 Gura 2 volcano produced block-and-ash flow deposits (light coloured cover over landscape) covered the older cones and inter-cone
regions up to 10 km from the source. Photo was taken from the southern crater rim of Gura 2 [24° 12′ 16.42″N; 39° 52′ 31.50″E] toward south

Fig. 3.93 Crater of the Gura 2 volcano exposes older lava domes and half sectioned scoria cone segments suggesting complex eruption history of
the volcano
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the interaction between pyroclastic flows and pre-existing
topography, as well as post-depositional reworking pro-
cesses and therefore this geotope has a significant geoedu-
cational value rarely visible such clearly elsewhere (Brown
et al. 2003; Brown and Branney 2004; Edgar et al. 2007).
The accumulated pyroclastic successions are perfectly
exposed and the lack of vegetation cover makes it a perfect
playground for experts and general public to investigate the
effect and style of pyroclastic flow deposit accumulation.

3.11.7.1 Geosite—Western and Northern
Crater Rim

The crater rim of Gura 2 volcano can be accessed from the
south. To the southern crater rim a 4WD track can take the
visitor then a westerly round trip can be taken by foot to the
northern rim. On the way to the southern crater rim lookout
the path follow a typical block-and-ash flow fan surface
littered by moderately vesicular trachyte lapilli and block
hosted in a fine ash matrix. This rock texture is evident in the
crater rim where proximal sections of the block-and-ash flow
deposits exposed. Toward the north it is clearly visible how
the pyroclastic flow deposits mantle over the disrupted tra-
chytic lava domes as an older volcanic landform dissected
by the explosive eruptions of Gura 2. This geosite has a high
geoeducational value as it demonstrates clearly how crater
formation, pre-existing volcanic landforms and the deposit-
ing pyroclastic successions from the disrupting explosive
events form together the volcanic landscape.

3.11.7.2 Geosite—Eastern Gully
[24° 12′ 11.33″N; 39° 53′ 4.83″E]

Gura 2 volcano provides a more violent and complex
eruption scenario in comparison to Gura 1 that can be clo-
sely examined in a deep incised gully network in the eastern
margin about 1 km from the crater rim that can be defined as
a key geosite. In this gully a at least three major pyroclastic

flow unit is exposed in their proximal facies that initiated
from the Gura 2 volcano suggesting major explosive erup-
tion that give birth to this volcano (Fig. 3.95). It is inferred
that the explosive eruptions were initiated by an explosive
interaction of trachyte intrusion with groundwater, leaving
behind the basal dense, green tuff breccia. The initial vent
opening was quickly followed by eruptive phases producing
pyroclastic flows that travelled up to several kilometres. The
initial cratering and un-roofing that was likely triggered by
phreatomagmatism was followed by volatile-rich trachyte
magma emplacement, triggering a series of explosive erup-
tions, generating dense and particle-charged, “heavy” erup-
tion clouds—probably about 3 to 10 km tall—that quickly
collapsed and inundated an area of about 20 km2 by pyro-
clastic flow and surge deposits.

3.11.8 Gura 3 Explosion Crater Geotope
[24°11′22.71″N;39°52′24.36″E]

Gura 3 volcano is another volcanic crater in the Precinct 3
(Fig. 3.88); it has a crater diameter of about 500 m
(Fig. 3.96) and similar geometry and deposits as docu-
mented for Gura 1. The crater rim exposes pyroclastic surge
deposits and consists of rare dense trachyte-dominated
juvenile pyroclasts that are predominantly accidental lithics
clasts of altered syenite and meta-sedimentary rocks. A small
spine-like trachytic lava dome occupies the centre of the flat
crater floor and indicates that in the late stage of the eruption,
after the crater formed, some degassed melt was able to
squeeze through (Fig. 3.97). The laterally restricted deposits
of the Gura 3 volcano are covered by pyroclastic flow
deposits derived from the Gura 2 volcano, providing a rel-
ative stratigraphic age; however there is no evidence of
significant erosion and/or soil formation on top of the Gura 3
and below the Gura 2 deposits. Similarly to Gura 1, Gura 3

Fig. 3.94 Gura 2 volcano forms a positive landform with a deep and
wide crater on top. Block-and-ash flow deposits derived from Gura 2
volcano cover the landscape several kilometres away from the volcano

(light cover over landscape). Note the crater of Gura 3 volcano in the
left side of the view
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is also the result of an explosive interaction between rising
trachytic magma and ground water. The volcano can be
accessed directly by 4WD car, and a short walk can com-
plete a perfect view of a well-developed maar volcano, that
is unique feature in the Harrat Rahat and therefore it has a
significant geoeducational value.

3.11.9 Al Shaatha Volcanic Complex Geotope
[24° 8′ 39.75″N; 39° 53′ 35.62″E]

The Al Shaatha volcanic complex is a difficult to access
region in the centre of the Harrat Al Madinah (Fig. 3.98).
A poor quality 4WD dirt road need to be followed leaving
the Gura 2–3 volcanoes that made a circle toward the
southern edge of the Al Shaatha volcanic complex. It seems
that the volcanic complex erupted through an older mafic
(basaltic) volcanic chain and the trachytic eruption(s) par-
tially destroyed the pre-trachyte cones leaving behind a
moon-like landscape very difficult to travel and be oriented.
The Al Shaatha volcanic complex seems to form a large

broad crater that is filled with trachytic pyroclastic deposits
that leap over the crater rim largely defined by the
pre-trachyte volcanic morphology. Toward the south a major
block-and-ash flow fan similar to those reported elsewhere
(Freundt et al. 2000; Siebe et al. 1993) filling a flat floored
wide valley, while toward the east fine grained pyroclastic
debris covers a large area in the centre of the Harrat Al
Madinah.

3.11.9.1 Geosite—Pyroclastic Flow Fan
[24° 8′ 50.34″N; 39° 52′ 4.31″E]

This geosite is a unique place as it preserves a 500 m wide
block-and-ash fan (Charbonnier and Gertisser 2008; Freundt
et al. 2000) proximal to medial section that is gradually
feeding into a normal volcaniclastic fan accumulating in a
wadi (Fig. 3.98). The block-and-ash fan can be accessed
easily from the dirt road and a short walk can take the visitor
to the region where more than a metre across pumiceous
trachyte fragments can be seen close (Fig. 3.99). From the
access point the visitor can view the proximal areas of the
block-and-ash fan as the deposits leap over the crater rim of

Fig. 3.95 Proximal pyroclastic flow units in the eastern sector of the Gura 2 volcano about 1 km from its crater rim [24° 12′ 11.33″N;
39° 53′ 4.83″E]
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the volcano about 150 m above the wadi floor. The geosite
has great geoeducational value as it demonstrate the
valley-confined nature of the dense block-and-ash flows that
can fill valleys (Gertisser et al. 2012; Schwarzkopf et al.
2005; Sulpizio et al. 2010; Suzuki-Kamata et al. 2009).

3.11.9.2 Geosite—Trachytic Ash Plain
[24° 7′ 50.00″N; 39° 53′ 56.61″E]

In the eastern side of the Al Shaatha volcanic complex, the
terrain is covered by light coloured, pumiceous deposit
forming an extensive ash plain that shown up clearly on the

Fig. 3.97 Typical pyroclastic succession of the Gura 3 maar geotope’s western crater rim and the small toloid in the middle of the crater.
Picture was taken from [24° 11′ 30.52″N; 39° 52′ 14.02″E] toward SE

Fig. 3.96 View of the Gura 3maar [24° 11′ 28.50″N; 39° 52′ 23.97″E] from the south showing its deep crater with a small toloid. View is toward NE
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Fig. 3.99 Large pumiceous trachyte block with radial jointing pattern typical for a block-and-ash flow that generated by a lava dome collapse and
associated explosive event [24° 8′ 54.32″N; 39° 52′ 6.25″E]

Fig. 3.98 GoogleEarth satellite image of the Al Shaatha volcanic complex geotope (GSAS—Geosite Al Shaatha). Top left corner of the map
view is about [24° 9′ 37.86″N; 39° 51′ 8.83″E]. Note the white tone of the image representing trachytic ash plain and block-and-ash flow fans
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satellite images (Fig. 3.98). The ash plain is soft and aeolian
remobilisation of pyroclasts is intensive. This geosite has a
high geoeducational value as it can demonstrate the potential
aftermath of a silicic eruption that covers large regions with
fine, light coloured pumiceous ash. The frequent sand storms
and the aeolian remobilisation of this sediment can provide
valuable ideas to scale the devastation a large silicic
pyroclast-producing explosive eruption can cause through
block-and-ash flow inundation and airfall (Major et al. 2013;
Pittari et al. 2006; Vernet and Raynal 2008). Also, the silicic
ash plain shows numerous sedimentological features to
better understand the resetting of the landscape after a major
silicic ash-producing eruptions through various fluvial and
aeolian processes similarly to those regions commonly
experienced recent silcic eruptions (Aceves Quesada et al.
2014; Cuitino and Scasso 2013; Umazano et al. 2014). In
this respect this geosite provide a complementary site to the
basaltic ash plain sites such as those documented near the
1256 AD historic eruption site (Kawabata et al. 2015) as part
of the proposed Precinct 1.

3.11.10 Gura 4 Explosion Crater Geotope
[24° 6′ 47.80″N; 39° 55′ 56.70″E]

Gura 4 explosion crater is a large and deep crater that can be
accessed from the Al Shaatha volcanic complex by a truly
adventure style trip. The Gura 4 volcano sits in a middle of a
major block-and-ash fan region where trachytic
block-and-ash flow deposits from various sources covered
the region (Fig. 3.100). The crater is nearly 700 m wide and
its shape is fairly irregular with some scalloped surfaces and
rock falls (Fig. 3.101). In the crater wall red scoriaceous
pyroclastic rock untis are exposed that are mantled by silicic
tephra partially originated from the Gura 4 vent. The exact
stratigraphy order of the pyroclastic rock units in this region
is not established yet, and therefore it cannot be said more
about the relative timing of events formed the major craters
and major block-and-ash flow fans in this region. This
geotope is significant not only by its spectacular landscape
but also the deep crater in what the pre-crater scoria cones
are half-sectioned indicating that pre-eruption volcanic
morphology has some effect on the volcanic landform an
explosive, crater-forming event can create.

3.11.11 Gura 5 Explosion Crater
and Block-and-Ash Fan Geotope
[24° 6′ 14.86″N; 39° 57′ 9.94″E]

Gura 5 is a relatively small crater which is located relatively
far from other craters (Fig. 3.100). The crater is unique by its
appearance as being separated from other craters as indicates

that it might represent a single explosive event that occurred
in this region without any major development of lava domes.
The peculiarity of this volcano is that it forma a rather
positive landform and therefore it differs from the Gura 1
single explosion crater where the crater is clearly wide,
broad and the tephra ring surrounding it inferred to have
formed by phreatomagmatic explosions. Gura 5 is inferred to
be a positive landform and probably erupted through mod-
erate explosive eruptions of trachytic magma. There is no
clear evidence to support phreatomagmatism in the forma-
tion of this volcano. This region also hosts another unique
geological feature that has great geoeducational significance.
Just west of the Gura 5 crater a deep canyon exposes a thick
(30 m +) complex pyroclastic flow successions clearly
deposited from multiple eruption events, and potentially
from multiple sources. The landscape forms a flat surface
that cut through deep box canyon where the typical
block-and-ash flow units are exposed. The landscape is very
unique in volcanic fields and it is more common feature in
areas where long-lived silicic volcanoes exist, and produced
multiple pyroclastic flow (e.g. ignimbrite) sheets that cov-
ered the landscape such as those in Tenerife (Brown and
Branney 2013; Bryan et al. 1998; Garcia et al. 2011; Smith
and Kokelaar 2013), or Central Anatolia (Aydar 1998; Le
Pennec et al. 2005). This well-preserved “ignimbrite land-
scape” in spite its remoteness can provide a very unique
view on Harrat Al Madinah and therefore this geotope and
its geosites bear a major geoeducational value. This geotope
shows clearly that on a volcanic field that is largely com-
posed of basaltic volcanoes that erupted small-volume
eruptive products that resulted mostly scoria cones and
lava flows, extensive sheet like ignimbrite eruptions can take
occur. This has a fundamental geohazard message. This
geotope can provide to the visitor key information that this
geotope and all the nearby sites as part of Precinct 3 can offer
a very important volcanic hazard education tool for the
public to be utilized through volcanic geoheritage, geocon-
servation and geotourism.

3.11.12 Um Raqubah Lava Dome Geotope
[24° 5′ 23.44″N; 39° 57′ 45.18″E]

Um Raqubah lava dome is a spectacular lava dome in the
southern edge of Harrat Al Madinah (Fig. 3.100). It can be
accessed from a sealed road that joins to a dirt road toward
the interior of the Harrat Al Madinah’s Precinct To visit this
site well equipped 4WD car and good navigational gear and
expertise are needed, as the road follows Bedouin hunting
tracks winding around older aa lava fields. The lava dome is
a major landmark as it can be visible from far by its typical
telescope shape lava dome that has a major spine in its top
(Fig. 3.102). The lava dome surrounded by a steep
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Fig. 3.101 The Gura 4 crater [24° 6′ 47.55″N; 39° 55′ 56.30″E] from the air showing that’s the crater cut through pre-existing scoriaceous
successions probably part of a chain of an older scoria cone system

Fig. 3.100 The Gura 4, 5, Um Rgaibah and Al Efairia crater in GoogleEarth satellite image. Top left corner of the map view is about [24° 7′ 8.28″N;
39° 53′ 21.40″E]
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block-and-ash fan that gradually diminishes in wadi net-
works about a km from the lava dome centre. Walking track
can take the visitor to the first steep wall of the lava dome
relatively easily by following the top of the block-and-ash
fans. Further climb needs more care as the top spine is steep
and cross cut by abundant fractures. This lava dome stands
as a single lava dome with multiple growth stage in a vol-
canic field, and in this respect it is similar to lava dome-fields
reported in intracontinental settings such as those in Anatolia
(Seghedi et al. 2015; Sen et al. 2002; Siebel et al. 2011). The
significance of this geotope is that it provides a very nice
view of the architecture of a lava dome formed by multiple
intrusive stages and also fed some block and ash flows that
deposited their block-and-ash fans around the growing lava
dome. This gradual step-by-step growth of the dome and the
evolution of the block-and ash fan is clearly visible in this
region. In the southern margin of the lava dome a deep gully
network exposes a fantastic set of block-and-ash flow
deposits inferred to be derived from the nearby Al Efairia
volcanic complex. While to visit this geosite it is not
important from where the block-and-ash flow came from, the
significance of this site is the perfect cross-sectional view of
a block-and-ash flow fan where block- and pumice-rich part

of the units are well exposed (Fig. 3.103). The top of the
block-and-ash fan are typically littered by large convolute
and rugged blocks of trachyte mimicking the surface of a
lava flow (Fig. 3.104). The significance of this geosite is to
demonstrate the typical surface morphology of a
block-and-ash fan typical to the Precinct 3 in the proposed
Harrat Al Madinah Volcanic Geopark.

3.11.13 Al Efairia Volcanic Complex Geotope
[24° 4′ 29.28″N; 39° 56′ 19.40″E]

Al Efairia is a large volcanic complex in the southern part of
the Precinct 3 of the proposed HArrat Al Madinah Voclanic
Geopark (Fig. 3.100). This complex volcano is best to be
defined as a large silicic eruptive center that likely produced
some shallow volcanic crater and multiple lava dome com-
plexes. It closely resembling many complex lava domes
sitting in silicic tuff rings in dome-tuff ring fields commonly
reported from the geological record in various geotectonic
settings (Brooker et al. 1993; Henry et al. 1997; Lexa et al.
2010; Riggs et al. 1997). The actual crater (or main eruptive
vent) of the volcanic complex is difficult to reconstruct as

Fig. 3.102 Um Raqubah lava dome with its telescopic lava dome complex and block-and-ash fan [24° 5′ 23.44″N; 39° 57′ 45.18″E]

110 3 Harrat Rahat: The Geoheritage Value of the Youngest …



just part of one of the crater is preserved well. The volcano
also complicated by the fact that it has been erupted through
a pre-existing scoria cone dominated volcanic chain that has
been partially dissected by the formation of the Al Efairia
volcano. It is also evident that the volcano had multiple
vents and vent shifting produced some slightly migrated vent

setting along lava domes formed. While the volcano proxi-
mal area is complicated and rather resembles a compound
lava dome-dominated silicic volcano, the extensive
block-and-ash flow fans are relatively simple and covering
probably the largest surface area of the Harrat Al Madinah’s
silicic volcanoes. This volcanic geotope has huge

Fig. 3.103 Block-and-ash flow units derived from the Al Efairia volcanic complex showing graphic example of the internal architecture of a
block and ash flow fan common in the region of the Precinct 3 (and 4) [24° 4′ 38.70″N; 39° 57′ 52.93″E]

Fig. 3.104 Surface of a block-and-ash fan littered by variously vesicular trachytic clasts closely resembling fragments of lava flow surfaces. The
slopes are also difficult to path by 4WD or even by walking. Note Um Raqubah lava dome in the back
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geoeducational significance as it provides the largest and
most explosive style eruption scenario any volcanic hazard
study needs to deal with in future eruptions in the Harrat Al
Madinah region.

3.11.13.1 Geosite—Caldera View
[24° 4′ 35.58″N; 39° 56′ 56.45″E]

From the NE edge of the crater rim a view can be seen
toward the crater (small caldera) of the Al Efairia volcanic
complex (Fig. 3.105). The crater is slightly east-west elon-
gated and filled with aeolian dust as reworked pumiceous
ash from the nearby ash plains. The crater rim is clearly
formed by block-and-ash flow deposits that mantle the
landscape toward the north. The geosite is an important
lookout point as from here the block-and-ash flow run out
distances can be seen clearly, and that information can
provide important data for eruption scenario studies for
future volcanic eruptions. From this look out it is also evi-
dent that the southern side of the volcano is truncated by lava
dome complexes, while the northern crater rim partially
covers disrupted scoria cones.

3.11.13.2 Geosite—Half-Sectioned Pre-caldera
Cone [24° 4′ 54.86″N;
39° 56′ 35.69″E]

In the northern crater rim half section of a scoria cone core
exposed (Fig. 3.106). The exposed scoria cone composed of
welded and agglutinated basaltic scoria. The cone itself is
covered by light coloured pumiceopus block-and-ash flow
deposits of the Al Efairia volcano. The block-and-ash flow
deposits cover nearly the entire pre-crater scoria cone. Along
an east—west line several scoria cones are half-sectioned
and partially covered by block-and-ash flow deposits infer-
red to be derived from the Al Efairia cone. This geosite is
probably the best geosite in the entire proposed Al Madinah
Volcanic Geopark, where the rejuvenation of silicic vol-
canism along a pre-existing mafic volcanic chain is clearly

visible. This volcanic facies architecture has a major sig-
nificant on the melt source stability and maybe some struc-
tural influence on the rejuvenation of volcanism. Therefore
this geosite has a fundamental significance for geoeducation
program the proposed geopark intend to promote
(Fig. 3.107).

3.11.13.3 Geosite—Al Efairia Lava Dome
Complex [24° 4′ 29.28″N;
39° 56′ 19.40″E]

The lava domes of the Al Efairia volcanic complex are not as
spectacular visually than optehr previously described lava
domes, however they bear geological significance as they
seem to grown into a broad crater formed the major and
extensive block-and-ash fans derived from the AL Efairia
volcanic complex. The lava domes expose flow banded
trachyte that is partially flanked by short run-out distance
block-and-ash flow deposits with coarse units. The geoed-
ucational value of this geosite is the potential of the clear
demonstration to the link between explosive and effusive
phase of a silicic volcanic complex in the region. Similar
relationships have been demonstrated elsewhere in the Pre-
cinct 3, however this site provides the most complex sce-
nario and the largest volume of deposits.

3.11.13.4 Geosite—Complex Volcaniclastic
Succession of a Block-and-Ash
Fan [24° 4′ 8.49″N;
39° 56′ 38.49″E]

In the SW edge of the Al Efairia volcanic complex a
well-developed block-and-ash fan is exposed. The
block-and-ash fan shows perfectly the intermixing of pri-
mary and secondary deposits on this exposed gentle sloping
region. The geosite has a geoeducational significance to
demonstrate that in an active inter-con/inter-dome region
primary and secondary volcanic processes together forming
the landscape and the depositional environment. Moreover

Fig. 3.105 View of the main crater of the Al Efairia volcanic complex. Photo was taken from [24° 4′ 35.58″N; 39° 56′ 56.45″E] toward W
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from this geosite the crater filling lava domes are clearly
visible with their block-and-ash fan also fed material to the
distal silicic ash plain.

3.11.14 Al Wabarah Volcanic Complex
Geotope (Precinct 4)
[24° 0′ 52.87″N; 39° 53′ 16.22″E]

About 5 km south from Al Efairia is the very remote Al
Wabarah volcanic complex. This region doesn’t provide
extra geological information to understand the volcanism of
the Harrat Al Madinah, but by its remote location and rug-
ged, untouched nature can be promoted as an alternative
small scale version of Precinct 3, and could be defined as
Precinct 4. The remoteness of the region ensures that the
landscape has no human influence (yet) and can be promoted
as a destination of ecotourism especially with some combi-
nation of promoting value of botany and zoology. The
region composed of scoria cones similar to those detailed in
the Precinct 1, and between these older scoria cone fields
there is a double volcanic edifice with two broad craters that
are seemingly the source of a succession of silicic
block-and-ash flow deposits (Fig. 3.108). The region expo-
ses block-and-ash fans where the visitor can see clear tran-
sition between primary and reworked volcaniclastic deposits

to demonstrate the terrestrial sedimentary environment
influenced by silicic explosive eruptions.

3.12 Geopark Potential of the Harrat Al
Madinah—A Discussion

Organisation of a geopark along volcanic features with high
geoheritage value is the way to maximaze the potential of a
region to be promoted successfully as a geopark. In this
chapter it has been demonstrated that a systematic arrange-
ment of volcanic geoheritage value of the Harrat Al Madinah
has a great potential to provide firm scientific basis to
develop and function a geopark in the region. The presented
precinct concept showed a logical approach to demonstrate
the volcanic geoheritage of the region which is by surface
area very large, and by its logistical aspects need to be
designed in a way that visitors can cover areas that present
logically set geoheritage sites that all together can provide
extra added value to understand not only the volcanism
behind the formation of the Harrat Al Madinah, but also its
volcanic hazards the local population faces with. The main
aim to develop a volcanic geopark in the youngest volcanism
in the Kingdom of Saudi Arabia is to show the fundamental
geological features a typical harrat can have. Harrat Al
Madinah with its perfect logistical background and

Fig. 3.106 Half section of a proximal scoria cone in the northern crater rim of the Al Efairia volcanic complex [24° 4′ 54.86″N; 39° 56′ 35.69″E]

Fig. 3.107 Well-developed block-and-ash fan in the SW margin of the Al Efairia volcano. In the background the large trachytic lava domes are
apparent. Photo was taken from [24° 4′ 47.68″N; 39° 56′ 0.42″E] toward NW
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proximity to a cultural focal point on Earth that act as a
magnet of large number of visitors is a logical start point to
develop projects that promote a geological feature in the
Arabian peninsula, which is a very common landscape in the
western Arabian region and has numerous cultural implica-
tions as well. We demonstrated that potential geoeducational
routes and trails across Harrat Rahat, particularly in its
northern sector, the Harrat Al Madinah can offer endless
world-class geosites that can serve significant knowledge
transfer on volcanic landscape evolution and understanding
the volcanic hazards a young harrat may indicate. It has been
demonstrates that some suggested visitor itineraries through
a carefully design geological precincts and their geotopes
and geosite could be logically linked together to demonstrate
specific volcanic features or processes associated with dis-
persed volcanism such as formation of intracontinental
volcanic fields. The international volcanological significance
of the Harrat Al Madinah especially its potential link to
volcanic researches on intracontinental volcanic fields hold
the potential of its international linkages to similar trails with
other volcanic regions’ geopark programs. The proposal and
establishment of the HAMVG is the first such attempt in the
territory of the Kingdom of Saudi Arabia. The success of this
project will likely affect future geoconservation and geoed-
ucation projects planned elsewhere in the Kingdom

especially in other harrats. In the next chapters a brief
summary will be given about the geoheritage and geoedu-
cational potential of other, less known harrats of the King-
dom. In the following chapters we will not provide such
detailed geosite level description of the geoheritage value of
each of the harrats as such work would be way to extensive,
but will provide significant link to Harrat Al Madinah, and
will demonstrate the potential to develop a national network
of volcanic geoparks that all together could even provide
firm basis to apply candidature for being listed as a world
heritage site as a fine example of dispersed intracontinental
volcanism on Earth. The success of the Harrat Al Madinah
Volcanic geopark potentially could provide an example for
future similar activities elsewhere in the Arabian Peninsula
and it could be designed as a flagship projects in the region.
The impact of the proposed geopark on geotourism is
expected to be huge. The Harrat Al Madinah’s volcanic
geology is the perfect place to see a wide array of volcanic
features, dramatic volcanic landscapes and the interaction
between the extreme climate and volcanic landforms asso-
ciated with intra-continental monogenetic volcanism. The
Harrat Al Madinah is a globally unique intra-continental
monogenetic volcanic field due to (1) the large number of
young (<1 Ma) monogenetic volcanoes it hosts, (2) the wide
range of chemical compositions of magma that formed the

Fig. 3.108 GoogleEarth satellite image of the Al Wabarah volcanic region as the provisional location of Precinct 4 [24° 0′ 52.87″N;
39° 53′ 16.22″E]
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specific volcano types (from basaltic to trachytic), (3) the
diverse eruption styles (e.g. from Hawaiian-style and
Strombolian-style magmatic explosive eruptions to
phreatomagmatic maar and/or tuff ring forming eruptions)
and (4) the dramatically different volcanic landforms and
associated volcanic rocks (e.g. from lava spatter cones and
scoria cones to trachytic maar volcanoes and lava domes)
that can be seen in a perfectly exposed manner. The diversity
of volcano types in the proposed geopark that can be visited
and seen perfectly is probably among the greatest in com-
parison to other intra-continental monogenetic volcanic
fields. It is suggested that the proposed geopark is linked
informally with geoeducation, geoconservational and geo-
touristic activities conducted and promoted by potential
“sister geoparks” elsewhere, such as the Bakony- Balaton
Geopark (Hungary), Nógrád/Novohrad Geopark
(Slovakia/Hungary), Vulkaneifel Geopark (Germany), Jeju
Island Geopark (Korea), Unzen Volcanic Area Geopark
(Japan), Kanawinka Geopark (Australia) and Wudalianchi
Geopark (China). These “sister geoparks” demonstrate vol-
canic features associated with similar types of volcanism to
the Harrat Al Madinah, but with differences that make the
parks complementary, including the level of vegetation
cover (e.g. vegetation covered maars with lakes from the
Vulkaneifel Geopark that are in contrast with the Harrat Al
Madinah’s dry maars and explosion craters), exposure level
(e.g. exposed volcanic conduits of similar monogenetic
volcanoes to those at the Harrat Al Madinah are visible from
the Bakony- Balaton and Nógrád/Novohrad Geopark), and
variations in volcano types in accordance with variations in
the volcanic eruption styles that formed them (e.g. active
lava domes from Unzen Volcanic Area Geopark or the great
size, shape and volcanic succession variations in Jeju Island,
Korea). Linking and partially coordinating the scientific
research, geoeducational/geoconservation programs and the
geotouristic aspects of these “sister geoparks” would be a
desirable approach in the future.
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4Volcanic Geoheritage of Other Harrats
of Kingdom of Saudi Arabia

4.1 Geoheritage Value of Other Volcanic
Fields in Western Saudi Arabia:
Overview

Other than the intensive volcanological and geoheritage
studies on Harrat Rahat (Moufti and Németh 2013; Moufti
et al. 2013b; Murcia et al. 2014, 2015), only preliminary
research has been done to document the volcanic geoher-
itage value of harrats in western Saudi Arabia. Several
research paper and conference presentations published
between 2012 and 2015 raised awareness of the opportunity
to develop the geoheritage, geotourism and geoconservation
works in many volcanic regions in the Arabian Peninsula
(Moufti et al. 2013a, 2015; Moufti and Nemeth 2014).
Preparing the initial volcanic geoheritage catalogue yielded
some additional sites to be recognized and recommended for
future investigations. The following descriptions result from
lengthy and intensive field observations in the various
harrats.

Harrat Kishb is a volcanic field in the south of Harrat
Rahat (Fig. 4.1) which provides new insight into the evo-
lution of a volcanic field that shows more similarity to
normal intracontinental volcanism with bimodal (basalt and
phonolite) alkaline volcanism (Camp et al. 1992; Coleman
and Gregory 1983; Connor and Conway 2000). The first
visits to Harrat Kishb were not only to understand the geo-
logical context of the region but also document and cata-
logue the volcanic geoheritage values of the region. Harrat
Kishb is the home of two particular volcanic sites regularly
visited by tourists in the past and initial concern about the
preservation of sites with high geological heritage values
(Moufti et al. 2013a) was raised by the Saudi Authority for
Tourism and Antiquity. These two sites are considered to be
the two most prominent eruption sites of the field; (1) the Al
Wahbah maar crater (Fig. 4.2) and the (2) Aslaj volcanic
complex (Fig. 4.3).

The SE edge of Harrat Kishb also has potential for geo-
heritage development (Moufti et al. 2013a); in that area

phonolitic volcanoes (lava domes, dome coulees, phonolitic
explosion craters) and large complex volcanic explosion
craters are surrounded by tuff rings and nested by lava
spatter and scoria cones and associated intra-crater to brea-
ched lava flows (Fig. 4.4). These regions are covered by
extensive ash plains, which provides dramatic volcanic
landscapes and graphic views to help to understand the
consequences of major explosive volcanic eruptions. In this
regard this region is considered an ideal place to develop
volcanic hazard educational sites.

Some preliminary field observations were also taken from
Harrat Hutaymah in the northern side of the Arabian
Peninsula (Fig. 4.1), which is a prominent and less known
volcanic field north of Harrat Rahat (Moufti et al. 2015).
Harrat Hutaymah is located near to the city of Hail in
Northern Saudi Arabia and has appropriate infrastructure for
accessing excellent volcanic sites. In Harrat Hutaymah vis-
itors can see some of the best sites in western Saudi Arabia
for illustrating the eruption mechanism of explosion craters
dominated by phreatomagmatic explosive eruptions (Moufti
et al. 2015). Harrat Hutaymah is also an excellent site to
contribute to our understanding of how maar craters form
and how and to what extent we can relate maar volcanism
and pre-maar scoria and lava spatter-forming eruptions
which are commonly fissure aligned (Fig. 4.5).

The volcanic field is ideally located in the proximity of
Hail city, allowing for day tours from the city. In addition to
the volcanic past, rich archaeological remains document the
development of irrigation in the region over the past several
thousands of years history. Thus this location is a unique
place to combine geological and cultural heritage studies and
to develop geotouristic and geoeducational sites (Moufti
et al. 2015).

Harrat Khaybar, just north of the city of Al Madinah
(Fig. 4.1), has been very remote, but new road construction
in the region in combination with the proximity to other
cultural heritage sites, including the Mada’in Saleh UNESCO
World heritage site, provide the opportunity for this field to
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be one of the flagship regions to form a volcanic geopark in a
unique volcanic landscape. The advance of a new road from
the township of Khaybar to the east allows access to the deep
interiors of the field across a relatively large area (Fig. 4.6).
The purpose of the preliminary field campaign here was to
locate volcanic geoheritage sites, and identify major geo-
logical features that make this harrat unique. Harrat Khaybar
is one of the largest harrats in western Saudi Arabia and hosts

nearly as many eruptive centers as Harrat Rahat, with a
substantially larger number of silicic centers that are
well-preserved (Camp et al. 1991).

The Harrat Khaybar is inferred to have had volcanic
activity during historic time (Camp et al. 1991). The largest
volcano preserved in Harrat Khaybar (Jabal Qidr) is one of
the youngest (Fig. 4.7) and produced an extensive ash plain
(Camp et al. 1991) suspected to have resulted from a

Fig. 4.2 Al Wahbah maar crater overview from the western scoria cone half sectioned by the maar-forming eruption [22° 54′ 37.69″N; 41° 8′
2.98″E]

Fig. 4.1 Harrats other than Harrat Rahat with volcanic geoheritage values on google earth image. Individual harrats described in this chapter are
marked on satellite image such as Harrat Kishb, Harrat Khaybar, Harrat Hutaymah and Harrat al Birk
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Fig. 4.3 Aslaj is a complex volcano surrounded by a volcanic ash plain in the norhtern margin of the Harrat Kishb [23° 14′ 17.19″N; 41° 16′ 6.64″E]

Fig. 4.4 Phonolithic volcanoes of Harrat Kishb looking toward the west/north-west from the southern margin of the volcanic field [22° 48′ 28.14″
N; 41° 20′ 53.92″E]

Fig. 4.5 Harrat Hutaymah overview and landscape [26° 58′ 57.50″N; 42°14′ 45.61″E]

4.1 Geoheritage Value of Other Volcanic Fields … 123



sustained eruption (active longer than few months) that
likely reached sub-Plinian scales and accompanied the
growth of a stratovolcano (Martin and Németh 2006;
Valentine and Gregg 2008). Due to the young suspected age
of Jabal Quidr the need to collect information to evaluate the
volcanic hazard in the near future in the vicinity of the city
of Al Madinah is justified. The presence of the intact vol-
canic landforms in the harrat can be used as geoeducation
sites to demonstrate the causes and consequences of such
eruptions in the future.

Harrat Al Birk is located in the southwest of Saudi Ara-
bia, along the Tihamat Asir region near the Red Sea coast
(Fig. 4.1). The Harrat Al Birk contains some spectacular
volcanic landscapes that are particularly beautiful due to the
proximity of the volcanoes to the Red Sea (Fig. 4.8). The
volcanic geoheritage value of Harrat Al Birk is high and it is
also justified by the fact that some historic eruptions are
known from this region and the current dramatic economic
development in the region accompanied with fast population
growth would make perfect sense to continue a volcanic

Fig. 4.6 Typical dirt road in the interior of Harrat Khaybar with having Jebel Bayda in the background [25° 39′ 51.45″N; 39° 57′ 26.51″E]

Fig. 4.7 Jebel Quidr viewed from the east [25° 43′ 12.19″N; 39° 56′ 37.64″E]

Fig. 4.8 Harrat al Birk landscape looking toward south along the Red sea in the outskirt of Al Birk township [18° 12′ 48.73″N; 41° 32′ 17.94″E]
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hazard study and associated geoheritage and geoeducational
work to be conducted in the region in the near future.

4.2 Harrat Kishb

4.2.1 Al Wahbah Maar Crater Geotope
[22° 54′ 2.11″N; 41° 8′ 23.36″E]

Al Wahbah Crater is part of the Harrat Kishb (Fig. 4.9), a
bimodal (alkaline olivine basalt–phonolite) monogenetic
volcanic field with extensive lava fields (harrat) formed in
the last 2 millions of years (Abdel Wahab et al. 2014; Camp
et al. 1992; Coleman and Gregory 1983; Grainger 1996;
Grainger and Hanif 1989). Al Wahbah Crater is one of the
largest and deepest Quaternary maar craters in the Arabian
Peninsula (Fig. 4.9). It is NW-SE-elongated, *2.3 km
wide, *250 m deep and surrounded by an irregular
near-perpendicular crater wall cut deeply into the Protero-
zoic diorite basement (Fig. 4.10). The main feature of the Al
Wahbah crater beside its impressive deep crater is the half
section of a scoria cone dissected by the crater floor subsi-
dence of the maar, exposing the entire inner part of the scoria
cone (Fig. 4.10). The age of Al Wahbah is poorly con-
strained, however a recent Ar/Ar study on a dolerite plug
filling the half sectioned scoria cone confirmed a minimum
age of Al Wahbah to be 1.147 ± 0.004 Ma, younger than
the uppermost pre-maar lava flow emplacement period
(1.261 ± 0.021 Ma–1.178 ± 0.007 Ma) (Abdel Wahab
et al. 2014). While the age difference between the pre-maar
lava fields and the maar appears to be too long (at least
20 ka) to view the maar and its underlying volcanic suc-
cession as a result of the same volcanic episodes, there is
geological evidence indicating that at least the uppermost
pre-scoria cone/pre-maar lava flow is in close genetic rela-
tionship with the scoria cone sitting on it.

Maar craters are relatively rare (or rarely preserved due to
quick eolian crater fill formation) features of the arid Arabian
landscape, and with their “hole-in-the-ground” morphology
(Heiken 1971) they differ strikingly from other volcanic
landforms in the region; this adds significant and unique
landscape value to the volcanic fields of Arabia (Camp et al.
1991, 1992). Al Wahbah is not only unique by its landscape,
but also its volcanic geology is special. Pre-maar scoria
cone-building rock units and phreatomagmatic successions
associated directly with the formation and growth of the
maar crater are perfectly preserved. Similar examples are
rare globally, particularly ones that are perfectly exposed
and/or accessible (Keating et al. 2008; Valentine and Cortes
2013; Valentine and Gregg 2008).

The Proterozoic diorite basement is covered by at least
two basaltic lava sheets exposed everywhere in the crater
wall (Fig. 4.11). They are dark, aphanitic basanitic rocks

with olivine and pyroxene phenocrysts. The lower lava flow
is hard to access, and it can be examined only from distant
photographs or an access path from the northern edge of the
crater rim which leads to the crater floor and an old and
abandoned terraced garden in the NE crater wall. The low-
ermost lava flow unit is columnar jointed thick (10–15 m)
lava that thins toward the south. Its base cannot be seen due
to cover from debris while its upper boundary to the upper
lava flow is separated by lava top, lava foot breccias, and
some mixed dusty sedimentary layers that indicate a
potential time break between the emplacement of the two
flow units. In the upper flow unit (about 5–10 m thick) the
lava foot breccias occasionally developed over fairly thick
intermediate volcaniclastic bedded sediments in which some
pillowed lava lobes can be recognized indicating that the
topmost lava flow may have been emplaced in a terrain
contained some pond with accumulating volcaniclastic dust
from various distal sources. The topmost part of the upper
lava flow unit (Fig. 4.12) appears to be multiple lava flow
units, including an upper lava flow unit that is clearly thin-
ning from the pre-crater scoria cone and which is the basal
part of the scoria cone cut subsequently by the maar crater.

This topmost basal lava flow seems to evolve gradually to
a succession that is dominated by lava spatter horizons,
clastogenic lava flows and agglutinated scoria beds as the
base of the pre-maar scoria cone. The scoria cone edifice up
section shows more evidence of a loose scoria ash and lapilli
hosted occasional spindle bomb-bearing pyroclastic
sequence that is gradually transformed in distal areas to a
grain flow-dominated reworked talus that results from a
growing scoria cone as a response to the enlarged edifice
when the freshly erupted pyroclasts roll down to the foothill
of the cone for their resting point. The scoria cone succession
is capped by a fine lapilli tuff and tuff succession that is rich in
accidental lithic fragments from country rocks and chilled
blocky juvenile pyroclasts indicating that they formed due to
phreatomagmatic fragmentation and underground explosion
triggered country rock fragment excavation (Fig. 4.13a, b).
The uppermost tuff ring-forming pyroclastic succession is up
to 30 m thick in the NNE and NNW side of the crater located
just in the side of the half-sectioned pre-maar scoria cone.

The tuff ring succession consists of a coarse grained basal
succession that is rich in accidental lithic fragments and
large juvenile pyroclasts with impact sags and it is stratified
(Fig. 4.13b). In the middle of the section in the NNE crater
wall a thick massive topography filling lapilli tuff forms a
prominent unit that is interpreted to be a result of a high
particle concentration “moist” pyroclastic density current,
e.g. similar to pyroclastic flows (Fig. 4.14). The uppermost
pyroclastic succession has more prominent dunes and cross
stratification (Fig. 4.15) and abundant evidence of plaster-
ing, ballistic bomb emplacement, accretionary lapilli beds
and a typical coarse—fine—coarse repetition of tuff lapilli
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tuff units indicating a stage in the eruption when the erupting
conduit was fairly stable and open (e.g. the vent clearing was
completed and the maar crater was probably already
formed). Interestingly the tuff ring succession is different in

the NNW side where the upper succession of dune bedded
tuff is more prominent and thicker, and fine ash dunes can be
traced over a km from the crater rim. The tuff ring succession
thins toward the south, however in the most southernmost

Fig. 4.9 Overview map of the Harrat Kishb from google earth image
b marking Al Wahbah Crater, Aslaj volcano (As) and two other large
tuff ring (TR1, TR2) in the southern margin of the volcanic field. On

c Al Wahbah crater is seen with a green star marks the main section of
the tuff ring succession
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part of the maar crater rim it is again became slightly thicker
providing an impression that the tuff ring around the grad-
ually forming maar crater must have been irregular in
thickness and potentially indicates that the source of the tuff
ring might have been along a fissure allowing to form
complex tuff ring around the finally formed maar basin.

There is no clear evidence to support significant time
break between the pre-maar cone-building eruptions and the
tuff ring-forming base surge-dominated successions, sug-
gesting that pre-maar cone (and lava flow(s), at least their

upper part) and the tuff ring formation might be in a
time-continuum and part of the same eruptive episode. In this
respect Al Wahbah’s eruption can be seen as unique and
differs from other maar formation implying initial
magma-water interaction-driven shallow sub-surface explo-
sions followed by gradual explosion locus down-migration as
a result of gradual exhaustion of ground-water sources
(Lorenz 1974, 1986). Al Wahbah seems to have followed an
opposite eruption evolution starting with an initial lava shield
and cone-building phase that have been intervened by

Fig. 4.11 Topmost pre-maar lava flow unit with multiple individual flow units and undulating upper surface [22° 54′ 12.93″N; 41° 9′ 2.35″E].
Note the reddish colour of the capping tuff ring deposits that form about a 30 m thick pile in the eastern edge of the maar crater

Fig. 4.12 Occasionally the uppermost pre-maar lava flow shows apparent intrusive contact with the tuff ring deposits [22° 54′ 39.44″N; 41° 8′
36.90″E] suggesting that the flow might have been still moving in the time the tuff ring-forming deposits accumulated (bottom image)

Fig. 4.10 Half-section of a pre-maar scoria cone [22° 54′ 31.84″N; 41° 7′ 59.93″E] in the NW crater wall of Al Wahbah. The pre-maar scoria
cone sits on at least two major lava flow units
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phreatomagmatic explosive eruptions subsequently that have
culminated in a maar collapse and tuff ring formation. This
eruption scenario can be best explained in similar way how it
was proposed for another spectacular maar, the Crater Ele-
gante in Sonora, Mexico (Gutmann 1976, 2002). The drop of
the magma discharge rate is inferred to cause magma with-
drawal below the regional ground-water table allowing direct
entry of groundwater to the hot interior of the shallow
plumbing system of the volcanic complex and triggering
phreatomagmatic explosions that formed numerous base
surges built the tephra ring (Németh et al. 2013). Country
rock excavation and the mechanical destabilisation of the
basement and pre-maar volcanic edifices eventually led to
subsequent crater floor subsidence.

The flat-floored crater hosts an ephermal lake today that is
filled with shallow saline water after occasional heavy rain fall
(Fig. 4.16) that can diminish quickly leaving behind saltpans
and aeolian silt bars. The large crater also acts as “humidity
trap” providing refuge for living creatures from the heat,
making Al Wahbah a host of a unique ecosystem (Fig. 4.17).

The crater rim has some advanced erosional features,
where *200 metres retreat of the original tephra ring is
apparent due to the erosional strip off the tephra beds from
the underlying pre-maar lava flows. To constrain the above
proposed model some independent data would be essential
to constrain the age relationship between pre-maar lava flow
units, the half sectioned scoria cones and the maar-related
tuff ring. The recently published Ar–Ar age survey has

Fig. 4.13 Images from the tuff ring deposits exposed in the N–NE
side of the Al Wahbah maar [22° 54′ 41.88″N 41° 8′ 17.33″E]. a The
tuff ring deposits developed over the pre-maar scoria cone succession
covering it partially. b Well-bedded, cross-bedded successions of
pyroclastic density current deposit dominated succession forms the

majority of the tuff ring succession. Large cross-stratification and
dune-bedded nature with large accidental lithic clasts derived from the
underlying Proterozoic basement are prominent characteristic features
of the tuff ring succession
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suggested that the time difference between the onset of
maar-forming eruption (based on the dolerite plug intruded
into the half sectioned scoria cone) and the age of the
pre-maar lavas could be in the range of 20 Ka, and thus the
two events are separate and there is no link between the
maar-forming eruption and the pre-maar scoria cone activity
and lava flow effusion (Abdel Wahab et al. 2014). If this is
the case the eruption that created the Al Wahbah maar
occurred in a place where pre-existing scoria and spatter
cones formed just few thousands to tens of thousands of
years ago. The violent explosive eruption cut into the
pre-existing scoria and spatter cone field exposing in its
crater wall those half-sectioned older volcanoes. Interest-
ingly similar situations have recently been documented from
the Harrat Hutaymah, and therefore this eruption history can
equally be valid (Moufti et al. 2015).

In conclusion Al Wahbah is a maar with a peculiar
geological history and a complex volcanic stratigraphy. Its
volcanic rock units’ stratigraphic position is under intensive
research to determine whether the pre-maar scoria cone and
topmost pre-maar lava flows erupted immediately prior the
maar formation, or if they represent completely different
volcanism pre-dating the maar forming eruption. Al Wahbah

maar can be seen as a complex geotope. It demonstrates a
complex volcanic geology history through well-preserved
geosites along its crater wall and crater rim many of them
providing spectacular views. The fact that this location
merits active research in cutting edge research fields war-
rants general scientific interest in the site by the volcanology
community.

4.2.2 Other Silicic Explosion Craters in Harrat
Kishb

As an initial exploration to see the geoheritage diversity of
volcanic products of Harrat Kishb, field visits were arranged
to other volcanic sites Just SE of Al Wahbah are volcanoes
here referred to as TR1 (the northern volcano) and TR2 (the
southern volcano) (Fig. 4.9). TR1 is a complex volcano in
which a double small scoria cone was visible in its main
crater (Fig. 4.18a). TR2 is a broad flat-floored crater sitting
on a broad relatively gentle sloped volcanic edifice
(Fig. 4.18b). These two sites are about 5 km apart.

TR1 is a positive volcanic landform standing about 70 m
above the basement, which is a typical alluvial plain with

Fig. 4.14 Prominent pyroclastic flow bed in the middle of the Al Wahbah tuff ring [22° 54′ 45.51″N; 41° 8′ 25.79″E]
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shallow dry valleys and windblown dust. Its volcanic entity
and the associated volcanic geosites made this location a
stand-alone volcanic geotope that can offer numerous geo-
sites to understand the formation of a broad flat floored crater
and eruption of post-crater formation volcanic products. The
volcano is slightly asymmetric and has a peak on its western
edge, while in the east its crater rim is open and initiated an
extensive lava flow that can be traced over several kilome-
tres toward the east. The lava outflow point is above the
basement suggesting that the entire TR1 edifice is sitting on
a lava shield and that the eruption and formation of this
volcano might have started with effusive activity.

The main edifice building succession of TR1 is exposed
in several dry gullies in the southern flank of the volcano and
exposes chaotic tuff breccias and lapilli tuff that are rich in
silicic pyroclast fragments in an ash matrix. It is inferred to
be a result of eruption-fed pyroclastic density currents
interbedded with some syn-eruptive reworked volcaniclastic
deposits. The upper section of the TR1 edifice is more
prominent and consists of finer grained, dune-bedded,
cross-bedded tuff and lapilli tuff with occasional accretionary
lapilli. The crater of the TR1 is flat-floored filled with aeo-
lian dust and is an oval shape with distinct geometry

suggesting that it might have been evolved in multiple
events and potentially aligned along a fissure along a feeder
dyke length. The central to eastern sector of the crater is
filled with intra-crater cones (Fig. 4.19). Some lava spatter
bench can be traced in the northern central inner wall of the
inner crater wall. This lava spatter is clearly connected to a
large intra-crater spatter rampart forming an edge in the
southern inner crater wall from the base of the crater to its
top. This suggests that some larger lava spatter cone must
have been existed in the double crater that was either
destructed by some explosions and/or were originally largely
asymmetric and only provided some lava spatter to plaster
against crater walls indicating changes of lava spatter
activity during the eruption. In the centre part of the crater
closer to the southern crater wall two circular and
well-preserved lava spatter/scoria cones stand in the flat
crater floor. They are dominated by agglutinated lava spatter,
fusiform bombs and minor scoriaceous ash and lapilli. Their
intact morphology suggests that they represent the final
eruption episode of the volcano growth.

Logistically the TR1 can be accessed through dry valleys
(Fig. 4.20) from Al Wahbah; this takes about an hour as a
4WD trip. Potential hazards are the sand dunes and dust

Fig. 4.15 Upper dune-bedded surge beds [22° 54′ 46.49″N; 41° 8′ 15.04″E]
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storms. The majority of the main sections can be accessed
from the southern foothills. From the east through the lava
outflow there is a rough 4WD track which allows driving
into the crater.

TR2 is a broad gentle sloping volcanic edifice which
stands about 100 metres above the basement of alluvial plains
(Fig. 4.18b). The crater rim is not breached and therefore
there is no access to the crater by 4WD. The volcanic edifice

Fig. 4.16 Ephermal lake in Al Wahbah maar crater [22°54′ 2.12″N; 41° 8′ 20.96″E]

Fig. 4.17 Vegetation in Al Wahbah crater after a rainy day [22° 54′ 9.86″N; 41° 9′ 3.10″E]
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of TR2 is surrounded by a broad ash plain that consists of
light coloured pumiceous ash. In the northern side of the
volcanic edifice shallow gullies have developed as a deep and
steep walled gully network near the top of the tuff ring. In
these valleys dune-bedded lapilli tuff and tuff are exposed
that are interpreted to be deposits of pyroclastic density
currents initiated radially from the TR2 volcano.

In the northern flank of TR2 an access road approaches the
crater rim, allowing the crater rim to be accessed on foot. The
crater is filled with aeolian deposits and a few humps in the
crater floor indicate buried intra-crater lava spatter cones or
lava buds. The majority of the pyroclastic succession along
the volcanic edifice seems fairly uniform and suggests that
the formation of this volcano might have been a relatively
simple and not to long process that is different from the TR1.

The TR1 and TR2 volcanoes are fairly different from Al
Wahbah, as they are more like tuff rings without a charac-
teristic deep crater and form a positive volcanic landform
with broad but relatively shallow craters (in comparison with
Al Wahbah). Each location can be defined as an individual
volcanic geotope that can offer useful comparisons with other
tuff rings (Kereszturi and Németh 2012). The unusual aspect
of these sites is that they are more silicic in composition
(phonolitic) than the majority of the eruptive products known
from the field and their eruption history may reflect long lived
eruptions fed by silicic magma (Camp et al. 1992). There is
some evidence for phreatomagmatism in both volcanoes, but

their formations were more dominated by some magmatic
explosive processes; e.g. their explosive eruptions were
probably triggered by phreatomagmatism but sustained by
magmatic volatiles due to their more silicic composition.
This question needs to be resolved in the future and it could
give a substantial research direction for future work.

4.2.3 Aslaj Volcanic Complex Geotope
[23° 14′ 26.06″N; 41° 16′ 1.22″E]

Aslaj is located in the northern part of the Harrat Kishb
(Fig. 4.9), slightly off from the main volcanic chain that
consists of 7 large cones (Fig. 4.21). Aslaj is associated with
an extensive lava field that fed pahoehoe to transitional
pahoehoe lava flows toward the west (Guilbaud et al. 2007;
Peterson and Tilling 1980; Rossi 1997; Rowland and Walker
1990; Sato 1995; Self et al. 1998). The lava field is partially
covered by an ash plain that is wind erosion modified. The
Aslaj cone is a complex volcanic cone with a network of pit
craters, and a large central crater. The main cone of Aslaj is a
large steep sided relatively well-preserved volcanic edifice
that stands about 100 m above the base (Fig. 4.22a, b). It sits
on a gently sloping “shield-like” edifice that consists of
mantle nodule bearing multiple lava lobes and sheets. The
main cone has a fairly deep crater that is unusually deep in
comparison to its base diameter (Fig. 4.23a, b).

Fig. 4.18 TR1 tuff ring [22° 48′ 15.58″N; 41° 21′ 12.80″E] in the
southeastern side of Harrat Kishb is a positive landform with an
elongated crater that is filled with small lava spatter and scoria cones

(a). TR2 [22° 45′ 45.86″N; 41° 21′ 24.08″E] is also a positive volcanic
landform with intact crater rim with no intra-crater edifices (b)
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The steep sloped pyroclastic beds forming the volcanic
edifice are dominated by juvenile pyroclasts of scoria of
mostly ash to fine lapilli grain size. The individual beds are a
few dm thickness and form fairly uniform facies architecture
from base to top. The main cone building succession is
covered by a relatively thin but accidental lithic rich pyro-
clastic unit that is dune-bedded, cross-bedded and rich in
impact sags commonly cause by large (dm-scale) mantle
nodules (Fig. 4.24). These beds are particularly rich in
mantle nodules; however, the main cone building pyroclastic
beds also contain mantle-derived xenoliths. In addition,

these capping pyroclastic beds are also rich in various
deep-crustal fragments and accidental lithics. Fine-grained
beds exhibit some accretionary lapilli and prominent plas-
tering effect against obstacles.

The best example of this process is the steeply inclined
thin dune bedded pyroclastic unit plastered against the main
cone inner crater wall. The thickness of this succession
varies greatly along the main cone and is seemingly thicker
in the south where the main edifice consists of the lower
crater rim that is obscured. The southern part of the volcanic
complex is complicated by local pit craters, lava spatter

Fig. 4.19 Crater interior of TR1: In upper image, note the open crater
with a lava initiation point. In the NW side of the crater is flat and
rimmed by relatively low tuff ring (middle). The intra-crater cone

complex stands in the middle of the elongated crater floor (bottom)
[22° 48′ 13.91″N; 41° 21′ 14.58″E]
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vents and local initiation points of lava flows that erupted
toward the south and reach several kilometres downhill from
their source. This lava flows are thick and consist of lava
tubes and pahoehoe surface textures that quickly transform
to more aa-like lava flow surface textures. The base of the
lava flows are commonly choked with large (dm-scale)
mantle nodules. From the top of Aslaj it is evident that a
broad (but wind modified) grey ash plain associated with the
volcano is cantered in the slightly eastern edge of the visible
ash plain.

Aslaj is potentially an interesting volcano to develop as a
geotouristic destination with high volcanic geological value
due to its complex volcanic evolution. On the available field
data, we can infer that the initial cone growth was followed
and/or been penecontemporaneous with the lava shield
building phase that gradually caused some sort of cone
modification over time. The cone growth must have been not
only the result of relatively low energy Strombolian style
periodic explosive eruptions, but some higher energy
explosive events must have taken place also to generate an
unusually deep crater in relative to the cone base. Accom-
panied with the cone growth lava flows were initiated mostly

from the southern side of the cone complex that partially and
gradually rafted the growing edifice. This process likely
induced local pit crater formation (Okubo and Martel 1998;
Rymer et al. 1998) that led to the formation of a complex
crater area in the south. This rough terrain has been covered
by a pyroclastic deposit with non-uniform thickness that is
rich in large mantle nodules. The cross bedding and large
dunes, plastering effect, and presence of accretionary lapilli
together as characteristic features inferred from many places
(Moore et al. 1966; Németh 2010; Vespermann et al. 2000)
suggest that a paroxysmal phreatomagmatic explosive
eruption must have occurred in the final stage of the for-
mation of Aslaj that generated blast-like base
surge-dominated eruptions that deposited a typical pyro-
clastic density current deposit over the rugged topography.

In addition, this eruption episode likely produced highly
fragmented ash (phreatomagmatic) that is the likely deposit
of the upper part of the extensive ash plain. While this
working model needs to be refined and supported or modi-
fied in future field works it can be stated that Aslaj could
serve as a very valuable geotouristic destination especially in
a form of adventure tourism. In addition, the abundant

Fig. 4.20 TR2 tuff ring [22° 45v49.53″N; 41° 21′ 22.72″E] in the
southeastrn margin of the Harrat Kishb is in the distance in
the panoramic view taken from Tr1. Note the extensive ash plain in

the inter-cone areas. In the right hand side of the panoramic view,
phonolitic lava flows and domes form the landscape. View is toward the
SW
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mantle nodules make this place also a perfect site to develop
a complex geoeducational program on understanding alka-
line basaltic magma generation, rise and the various style of
explosive fragmentation. Aslaj is a very significant site
where complex volcanological research could bring signifi-
cant and fundamental results that could feed into a
well-designed geoeducational and geotorustic program.
Aslaj in this regard has a high volcanic geoheritage value as
a complex volcanic geotope in spite its remoteness.

4.3 Harrat Hutaymah

4.3.1 Overview

Harrat Hutayma consists of small-volume volcanoes typical
for an alkali basaltic volcanic field (Fig. 4.25). The field has
been mapped in the 80 s to 90 s (Pallister 1985; Thornber
1990; Thornber and Anonymous 1988; Thornber and Pal-
lister 1985) and has an abundance of mantle and
crustal-derived nodules primarily recovered from various tuff
ring and maar deposits (Duncan et al. 2016; Konrad et al.

2016; Thornber 1992, 1993, 1994; Thornber 1988, 1991;
Thornber and Pallister 1985). Relatively little information is
available in major international journals about the signifi-
cance of these nodules (Blusztajn et al. 1995; Gondal et al.
2009; McGuire 1988). Volcanological study that character-
izes the style of volcanism, its depositional environment and
associated volcanic landscape evolution has not been pub-
lished from this region other than basic information collected
for the preparation of geological maps (Pallister 1985). This
lack of information as well as the apparent difference of
volcanic landforms visible from satellite imagery in com-
parison to the Rahat Volcanic Field provided a driving force
to arrange pilot research to evaluate the Harrat Hutaymah as a
potential future research area and initially catalogue its
potential geoheritage value and sites (Moufti et al. 2015).

Harrat Hutaymah contains numerous tuff rings and maars
that were reported in the first mapping of the region, which
identified these volcanic landforms as the main volcanic
features that makes Harrat Hutaymah different from other
harrats. In this respect Harrat Hutaymah has shown some
common volcanic features with Harrat Kishb which made
this field also a good target area to explore the variety of

Fig. 4.21 Chain of scoria cones in the northern part of Harrat Kishb from about 10,000 m height. Aslaj is a tuff cone that is located in the top left
side of the 7 cones chain. Note the phonolitic lava flows and dome in the right bottom side of the image [23° 11′ 16.16″N; 41° 22′ 48.28″E]

4.2 Harrat Kishb 135



volcanic landforms and associated volcanic processes that
created them. These fields demonstrate the diversity of
volcanic fields across the Arabian Peninsula.

Harrat Hutaymah covers an area of about 900 km2 and is
considered to be one of the at least 13 distinct flood lava
fields (harrats) of the Arabian Peninsula (Pallister 1985).
While lava flows are volumetrically important contributors
to the total volume of the volcanic eruptive products of
Harrat Hutaymah, the field is differ from Harrat Rahat in that
areas covered by lava fields strongly influence access to the

region. At Harrat Hutaymah, lava flows are more distinct,
commonly follow longitudinal networks of valleys, and their
apparent thickness is less than the thick multiple lava flow
fields in Harrat Rahat. Eruptive centers are commonly
aligned at Harrat Hutaymah and scoria cones form long
(over tens of kilometres) N-S oriented chain of cones
(Fig. 4.25). In this respect Harrat Hutaymah shows great
similarity to Harrat Kishb, having a main aligned chain of
cones in its central axis. Volcanic cones also commonly
form multiple nested cones and ellipsoid (in map view)

Fig. 4.22 Aslaj tuff cone complex from the SE (top) [23° 14′ 16.78″N; 41° 16′ 24.91″E] and S (bottom) exhibit a complex volcanic edifice
architecture [23° 13′ 40.65″N; 41° 15′ 47.60″E] indicating long-lived eruptions of various eruption types

Fig. 4.23 Complex crater zone of Aslaj volcano with a deep crater of the main cone [23° 14′ 18.28″N; 41° 16′ 6.98″E]
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Fig. 4.24 Large lower crustal xenolith from the Aslaj volcano [23° 14′ 13.20″N; 41° 16′ 3.47″E]

Fig. 4.25 Overview GoogleEarth map of the Hutaymah Volcanic
Field. The black circles mark volcanic craters with high volcanic
geoheritage values.White circle marks an additional crater that could be

used as a site to demonstrate crater filling processes and its importance
to understand volcanic landscape evolution
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shape chain of craters indicating lava curtain-style eruptions
along fissures (Pallister 1985). The lava flows are domi-
nantly alkali basaltic flows (Pallister 1985). The age of the
flows is poorly constrained having listed Quaternary and
probably in the range of 2–1 millions of years age. K-Ar
dating from a basal lava flow cut by the Harrat Hutaymah
maar yielded an age of 1.8 ± 0.5 Ma (Pallister 1985).
Recent age determinations on 14 lava flows by the
Ar-40-Ar-39 laser step heating method provided ages
between 260–850 Ka, all younger than the previously
defined 0.1 to 2.7 Ma age range for the volcanic activity of
Harrat Hutaymah (Duncan et al. 2016).

Thefield contains at least 57 relatively small scoria and lava
spatter cones (Pallister 1985) which are smaller than those in
Harrat Rahat. At least 22 tuff rings andmaarswere identified in
this field (Pallister 1985; Thornber 1990); however, very little
detail is given about their volcanic facies architecture and their
inferred eruption mechanism. The field is covered by aeolian
deposits that make it difficult to identify volcanic landforms
especially in the southern margin of the fields where volcanic
craters are entirely filled with such deposits and the crater rims
are commonly completely eroded (Thornber 1990). In this
field visit we report key volcanic features and provide some
recommendations for future research that could contribute
significantly of our understanding of formation of volcanic
craters by explosive eruptions.Due to the preliminarynature of

this field research here we provide a brief summary of the key
geological features identified.

4.3.2 Volcanic Geotopes of Harrat Hutaymah

After an initial pilot project four volcanoes have been
identified to have high volcanic geoheritage value and
should be part of future geoeducation, geoconservation or
geotouristic programs (Moufti et al. 2015). These are the
Tabah crater, Harrat Hutaymah crater, Jubb crater (near
Ni’ayy village) and the Humayyan/Haram crater (Fig. 4.25).

TheTabah crater geotope [27° 1′ 36.34″N; 42° 10′ 6.48″E]
is a broad low-rimed volcanic crater about 1.3 km across
(Fig. 4.26). It is fairly symmetric and the present day volcanic
depression is surrounded by a low crater rim composed of
about a fewmetres to up to 25–35 m thick volcanic succession
of pyroclastic rocks (Fig. 4.27).

The crater floor of Tabah is flat and partially filled with
reworked voclaniclastic material mixed with some aeolian
deposits (Fig. 4.26). The crater wall is steep in the western
side where it forms a well-exposed continuous outcrop that
starts from the crater floor (Fig. 4.27). The pre-eruptive
rocks are not exposed in the crater wall in this site, however
in the northern segment of the crater interior granitoid rocks
are exhumed that are sitting on a bench-like feature about

Fig. 4.26 Google earth map of the Tabah crater [27° 1′ 36.34″N; 42° 10′ 6.48″E]. Sections recorded are marked with green stars. Note the
exposed basement rock in the western side of the present day volcanic depression
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few tens of metres above the centre part of the depression
(Fig. 4.27). These granitoid rocks are inferred to represent an
exhumed syn-eruptive paleo-surface that marks the deposi-
tional surface on what the crater rim deposits accumulated.
The location of the exposed, in situ granitoid rocks is about
200 metres from the present day crater wall suggesting
significant retreat of the crater wall outward causing an
apparent enlargement of the crater itself (Fig. 4.27). To
constrain the syn-eruptive paleosurface and the crater inner
morphology, a combination of geophysical methods,
including MT, gravimetry, and geomagnetics need to be
conducted in the near future. The centre part of the volcanic
depression hosted a village that was well-served by drilled
water sources which supported a palm plantation.

Due to water withdrawal the centre part of the depression
has gradually subsided and resulted in a critical situation in
the 1980s that forced the relocation of the village outside the
crater. Today, numerous cracks on preserved buildings and
structures are visible on the base of the crater floor where the
early settlement was situated (Fig. 4.28). The cracks on the
crater floor are restricted to the centre and deepest part of the
present day crater, suggesting that the crater that is likely
underlain by a diatreme (volcaniclastic sediment-filled

volcanic conduit) is located in the centre part of the present
day volcanic depression (Blaikie et al. 2014; Valentine and
White 2012) and therefore the present day crater wall is an
erosional feature and not the original crater wall. Similar
crater area enlargement due to erosional processes has been
proposed in other unusually large flat-floored maar craters
such as those in the Auckland (New Zealand) (Cronin et al.
2009; Németh et al. 2012a) or in the Newer (Australia)
Volcanic Fields (Jordan et al. 2013). In this respect the maar
craters of Harrat Hutaymah are scientifically important and
potentially can serve as excellent examples of an unusual
volcanic landscape evolution process. In this respect these
volcanoes could support volcanic geoeducational programs
that would actively feed from scientific research.

In the southern margin of the volcanic crater a lava spatter
cone with clastogenic lava flows and associated feeder dykes
have been mapped (Fig. 4.27b). The clastogenic nature of the
lava flows (Sumner 1998; Valentine and Gregg 2008) is
constrained by the abundance of dark clast outlines preserved
in the otherwise coherent solidified lava bodies exposed in
the preserved volcanic edifice in the middle of the present day
crater (Fig. 4.27). These volcanic rocks stratigraphically
underlie the pyroclastic successions forming the tuff ring

Fig. 4.27 Overviews of the Tabah crater [27° 1′ 36.34″N; 42° 10′ 6.48″
E] toward west (a), toward south-west (b) and toward north-west (c).
Note the green plantation marking the inferred extent of the maar crater
on (a) and (c). Pre-crater scoria and spatter cones (sc1) with lava flow
(lf) and a feeder dyke (fd) form an aligned zone that can be connected to

another scoria cone on the outer tuff ring flank (sc2). Note the exposed
basement rocks on the surface of the erosionally enlarged present day
crater floor on (c). Tuff ring beds (tr b) are exposed in the inner crater
wall showing plastering effect against the steep wall of the crater

4.3 Harrat Hutaymah 139



surrounding the volcanic depression and are inferred to rep-
resent a pre-existing volcanic feature prior to the current
volcanic crater (Fig. 4.27). This scoria and lava spatter cone
complex is part of a north-south trending chain of at least
three volcanic cones that are partially eroded and form a line
of about 4 km long in the southern part of the tuff ring.

The tuff ring is nearly intact and there is no characteristic
breaching through it other than some narrow gaps that were
the pathways for inhabitants lived in the crater (Fig. 4.29).
The stratigraphy of the tuff ring-forming succession is fairly
uniform across the entire tuff ring, and only some minor
variations can be identified that are inferred to reflect vari-
ation of transportation axis of pyroclastic density currents,
relative distance from the explosion locus and variations in
the 3D geometrical position of the tuff ring rim in relation-
ship to the position of the explosive eruption source
(Fig. 4.29a). The base of the tuff ring (the base is not
exposed) consists of a tuff breccia and lapilli tuff succession
that is about 15 m thick in its thickest part (in the eastern and
southern quadrant). This stratigraphy unit is rich in acci-
dental lithic fragments and light coloured fine matrix. The
base of this unit is more coarse- grained and upward a clear
gradual change to a dune bedded coarse-fine-coarse

alternation of pyroclastic beds is prominent. The middle
section is a dark colour, juvenile ash and lapilli-rich bedded
to dune-bedded and cross-bedded dark colour unit with
variable thickness (Fig. 4.29a, b). Its thickest part is about
15 m thick in the eastern segment of the tuff ring.

This unit’s base composed of a few metres thick succession
that is very rich in cored bombs with mantle nodule and
megacryst cores. In the upper section the bedding of this unit is
well-developed with some spectacular antidune to dune struc-
tures, chute-and-pool features, impact sags and numerous
evidence for micro-relief and interacting PDC deposit sug-
gesting that this unit is dominated by PDC deposits and its fed
from magma probably deeper sourced (e.g. mantle nodule
abundance) (Fig. 4.29a, b) making this location a globally
unique geotope with numerous excellent geosites. The pyro-
clastic density current successions are well-exposed and the
textural features can be seen in them are in the same quality as
those exposed around the Laacher Sea in the Vulkaneifel
Global Geopark in Germany (Bogaard and Schmincke 1984;
Fisher et al. 1983; Schmincke et al. 1973; Schumacher and
Schmincke 1990). The uppermost stratigraphy unit is starts
with a light coloured tuff breccia and lapilli tuff that are inferred
to be deposited from PDCs (Fig. 4.29a). The section top part is

Fig. 4.28 Ghost town with date plantation in the Tabah maar crater in Harrat Hutaymah [27° 1′ 49.30″N; 42° 10′ 7.32″E]
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rich in juvenile ash and lapilli. This stratigraphy can bemapped
along the entire volcanic depression however the total thickness
of the tuff ring deposits is greater in the east and less in the west.
In the western side the preserved tuff ring deposits mimic a
medial to distal section (e.g. better bedding, abundance of
relatively short wavelength dunes) of a tuff ring suggesting that
the present day crater wall (cliff) is an erosional feature and the
structural boundary of the original crater might be much closer
to the center of the present day depression (Fig. 4.29c). Indeed
about 300 m from the present day crater wall on the crater floor
granitoid basement rocks crop out that are inferred to represent
the syn-eruptive paleosurface (Fig. 4.29c).

Harrat Hutaymah geotope is a maar [26° 59′ 19.39″N;
42° 14′ 50.85″E] with a volcanic depression that is about
120 m deep from the top of its well-preserved tuff ring crest to
the crater floor (Fig. 4.30). The crater floor is flat and it hosts a
temporal lake that is located slightly in the eastern edge of the
crater floor. In the present day crater wall about 50 m above
the present day crater floor is a contact between pre-volcanic
succession and country rocks of Proterozoic granitoid rocks
(Fig. 4.31). The Proterozoic granitoid rocks are covered by
about 3–5 m thick siliciclastic deposits (e.g. aeolian and

fluvial sand and silt). This siliciclastic succession is covered
by at least three distinct lava flow units with lava foot and top
breccias each having an average thickness of about 2 metres
(Fig. 4.31b–d). This lava flows seem to be tabular and later-
ally extensive with no systematic thickness variations
(Fig. 4.32). This basal lava flows are covered by an about 1–
2 m thick aeolian/fluvial deposits (e.g. part is weakly devel-
oped soil). In the southern side of the preserved crater a lava
spatter-dominated cone form a marked volcanic edifice that is
half sectioned in a similar way as it has been identified at Al
Wahbah in Harrat Kishb (Fig. 4.31).

This volcano is a complex volcanic feature with at least
three distinct half sectioned volcanic craters and a relatively
small ponded lava below its main crater exposed in the crater
wall. Small lava flows that are inferred to be dominated by
clastogenic flows can be traced in the vicinity of this
pre-maar scoria- and spatter cone (Fig. 4.32). In the flank of
this pre-maar volcanic cone finer grained and bedded, light
coloured tuff breccia and lapilli tuff beds mantling the cone
edifice. The top of the cone is not covered by these deposits
associated with the maar crater formation or there are just
thin accidental lithic-rich veneer deposits can be recognized.

Fig. 4.29 The thickest tuff ring section is about 30 m thick in the
eastern margin of the Tabah crater [27° 1′ 36.34″N; 42° 10′ 6.48″E]
(a) and exposes at least three major stratigraphy units (u1–3). Around
the inferred boundary of u1 and 2 long wavelength dunes and antidunes
are exposed indicating a pyroclastic density current origin of the
majority of the deposits (b, yellow rectangle on a marks the location
shown on b). In the western edge of the Tabah crater typical

compressed tuff ring succession is exposed that are inferred to represent
more distal base surge-dominated pyroclastic succession, however the
triplicate stratigraphy still can be recognized. Pre-crater scoria cones of
s1 and s2 are also marked on the image. Note the exposed basement
rocks in the present day crater basin as well as the reddish tan of the
crater floor suggesting the proximity of the sun-eruptive granite surface
to the present day crater floor
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The pyroclastic succession inferred to be part of the tuff ring
that formed around the maar crater is thicker in the northern
side of the crater suggesting a fairly asymmetric volcanic
edifice. In the northern flank of the Harrat Hutaymah the tuff
ring is steep in the proximity of the crater wall and gradually
flattening out toward the north. The edifice can be traced
about a kilometre from the present day crater wall. Further
away from the crater wall, the bedding become
well-developed and the entire succession is composed of
dune-bedded lapilli tuff and tuff. The base of the tuff ring is a
tuff breccia that is rich in accidental lithic fragments and
generally thickly bedded. In the middle stratigraphy position
the bedding is improved and fine grained lapilli tuff to tuff
beds dominate with various ratio of accidental to juvenile
pyroclasts. In this section there are some few-dm thick
fall-dominated beds that are rich in cored bombs, and
numerous mantle nodules. The uppermost succession of
about 25 m thick lapilli tuff is dominated by well-bedded,
inverse-to-normal graded juvenile lapilli and ash rich pyro-
clastic beds that contain cored lapilli and mantle nodules and
deep crustal xenoliths (Fig. 4.33). The stratigraphy around
the maar is fairly uniform (Fig. 4.33c, d).

Jubb geotope [27° 10′ 51.38″N; 42° 16′ 49.53″E] is a
volcanic depression located in the northern part of the
Hutaymah Volcanic Field next to Ni’ayy village (Fig. 4.34).
It has an abandoned village in its crater similar to Tabah. The

villagers were relocated due to an observed gradual crater
floor subsidence noticed since the middle of the 80 s as a
result of intensive ground water withdrawal (Al-Harthi 1998;
Al-Rehaili and Shouman 1985; Bankher and Al-Harthi
1999; Roobol et al. 1985; Vincent 2008). The modern vil-
lage is currently located in the eastern side of the tuff ring
sitting on an alluvial fan (Fig. 4.34). Jubb is a volcanic
depression and sits entirely on/between Proterozoic granite
land (Fig. 4.34). In the present day volcanic depression’s
eastern side some granites crop out indicating that this area
represents an exhumed syn-eruptive surface on what the tuff
ring sits on (Fig. 4.35). This is inferred to be a similar sit-
uation to those identified at Tabah crater but in a much
clearer 3D view. The tuff ring is thicker in the eastern side of
the volcanic depression—up to 40 m—while in the west the
crater rim is about 20 m thick in total (Fig. 4.35).

The tuff ring stratigraphy composed of three major units
(Fig. 4.36a, b). The basal unit is dominated by accidental
lithic fragments from various shallow and deep sourced
country rocks, mantle nodules and angular juvenile frag-
ments. Fluidal shape juvenile bombs are usually large and
cored with various country rocks. The same light coloured
basal unit exposed also in the western side of the crater but it
is finer grained, rich in accretionary lapilli, vesicular tuffs and
individual ballistic bombs commonly form impact sags on
underlying beds (Fig. 4.36c). The middle section is more

Fig. 4.30 Harrat Hutaymah maar [26° 59′ 15.11″N; 42° 14′ 43.48″E] on a GoogleEarth image. Elevation values refer to the elevation of the outet
and the intra-crater surface elevations
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Fig. 4.31 Close up view of Harrat Hutaymah maar on a google earth image (a). Three separate panoramic images show the key features of the
Harrat Hutaymah [26° 59′ 15.11″N; 42° 14′ 43.48″E] crater (b–d). Yellow arrow on b points to a lava flow initiated from the pre-maar scoria cone
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juvenile pyroclast dominated and exceptionally well bedded
in its middle part with some spectacular moderate wavelength
(0.5–3 m) antidunes (Fig. 4.37a, b). Antidunes are

exceptionally well-exposed in the road cuts enter to the crater
from outside (Fig. 4.37c, d).

Fig. 4.32 Basal pre-crater lava flows exposed in the crater wall of
Harrat Hutaymah volcano [26° 59′ 10.97″N; 42° 14′ 29.54″E]. The
basal lava flows consist of at least 3 lava flow units and they are sitting

over a siliciclastic sedimentary succession estimated to be at least 5 m
thick over the granitoid basement rocks

Fig. 4.33 Cored bombs with mantle nodules in the upper pyroclastic
units of Harrat Hutaymah [26° 59′ 15.11″N; 42° 14′ 43.48″E] maar (a).
Intact cored bomb with contractional cracks (b) are signs of fast chilling

of magma upon fragmentation (b). Antidunes (c) and matrix supported
base surge beds (d) dominates the Harrat Hutaymah tuff ring succession
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The topmost succession is more abundant in juvenile
fragments, and an increase of fusiform lapilli is prominent in
the uppermost part of the succession that can be defined as a
separate unit (Fig. 4.37e). In the northern side of the volcanic
depression an aligned lava spatter/scoria cones represents a
pre-eruptive morphology. This volcanic cone complex has
some basal lava flows that are exposed in the present day
crater. The crater-ward side of the cone truncated by land-
slides but it has not been half-sectioned as it the case in Harrat
Huttaymah. This indicates that the structural boundary of the
volcanic crater must be closer to the center of the present day
depression and this crater has also been erosionally enlarged
similarly as it has been inferred for the Tabah crater.

The Jubb is a truly complex volcanic geotope with high
geoheritage value. The preserved pyroclastic successions
show a complex explosive eruption story that were violent
and energetic similar to well-known sites in Europe like the
Laacher Sea in Germany. The advantage of exposures at
Jubb however is that the arid climate has a unique effect on
the preservation potential of the pyroclastic rocks providing
fantastic exposed 3D volcanic facies architecture to see in a

confined and relatively easy to access region. The fact that a
small township and roads are crossing the maar crater made
this location as a perfect site for geoeducational and
geotouristic programs.

Humayyan/Hamrah volcano [27° 11′ 4.46″N; 42° 22′
45.07″E] is a complex volcanic geotope that is located about
10 km to the east from Jubb. It consists of a large crater-like
depression that is located in a centre of an extensive lava
flow field. In the crater wall no pyroclastic rocks exposed,
suggesting that this depression might be a pit crater formed
on a top of a growing lava shield (Fig. 4.38).

In the southern part of the volcanic complex however
exposes thick succession of pyroclastic rocks rich in acci-
dental lithic fragments, mantle nodules, and abundant
angular volcanic pyroclasts hosted in a fine ash matrix. This
pyroclastic succession is clearly covered by the lava flows
initiated from a lava shield host a large (double) pit crater
(Fig. 4.38). This facies relationship suggests that a large tuff
ring must have been formed prior the lava shield and sub-
sequent pit crater formation. In a large single horst in the SE
exposes about 100 m total thickness of tuff breccias and

Fig. 4.34 Google earth image of the Jubb crater near new-Ni’ayy
village [27° 10′ 25.28″N; 42° 17′ 33.45″E]. The present day volcanic
depression is an erosionally enlarged volcanic landform. The structural
boundary ot the original maar crater is inferred to be located in the area

(dashed line) where the crater floor is relatively flat and filled with
various sediments (loess, silt, sand etc.). Exhumed basement granitoid
rocks are marked by gr. Green stars are measured sections. A pre-maar
scoria cone is labelled by sc while a small lava flow marked by lf
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lapilli tuffs (Fig. 4.39). In this section a threefold stratigra-
phy can be identified (Fig. 4.40). The basal succession is a
grey tuff breccia and lapilli tuff that is stratified, massive and
contains abundant angular juvenile fragments as well as
lithic pyroclasts. This about 60 m thick unit is covered by a
yellow tuff breccia (*20–25 m thick) that is in angular
unconformity with the basal grey pyroclastic unit and
forming a dish-filling nature toward the centre of the vol-
canic complex. This yellow pyrolcastic unit contains large
accidental lithics that are over 4 m in diameter. The top of
the succession composed of an about 5–10 m thick
matrix-supported units that contains bed-flattened lava
spatters and agglutinated pyroclast horizons. In the center
part of the volcanic complex this basal pyroclasts clearly
covered by lava flows that can be correlated around the
depression. In the southern part of the entire volcanic com-
plex along an entry path to the main pit crater the present day
morphology is subdued by strong erosion and exposing
individual buttes with a very similar stratigraphy but various

bedding orientation and attitude suggesting that this zone
might be the former crater of a tuff ring.

For reconnaissance purposes the expedition visited
another tuff ring that is completely filled with aeolian
deposits in its former crater. This volcano also exposes a
nice section of typical tuff ring succession with accidental
lithic rich lapilli tuffs and tuffs that hosts accretionary lapilli
and numerous angular ash and fine lapilli consistent with an
explosive phreatomagmatic origin. In addition scoria cones
forming the central chain of the volcanic field suggest their
NS aligned nature, fissure-like distribution is manifested in
the individual volcanic edifice natures.

4.3.3 Main Findings and Geoheritage Value
of Harrat Hutaymah

Four of the most prominent and best exposed volcanic
explosion craters of the Harrat Hutaymah inferred to be

Fig. 4.35 Panoramic views to Jubb crater [27° 10′ 47.34″N; 42° 16′ 49.10″E] toward NW (a), to the E (b) and toward the SW (c). Note the
exhumed granite surfaces (gr) in the interior of the present day volcanic depression draped by base surge deposit dominated section of a tuff ring (tr)
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formed due to phreatomagmatic explosive eruptions. In each
of the detailed studied volcanoes it can be conclude that their
formation was dominated by magma fragmentation that pro-
duced chilled pyroclasts as well as fine ash and excavated
country rocks from various levels. Accretionary lapilli and
vesicular tuffs were recognized in Tabah, Hutaymah and Jubb
volcano, especially in sections typical for medial or distal part
of a tuff ring. At Hamrah however, the exposed (and visited)
sections are likely representing proximal tuff ring successions
and therefore such features are not expected to be seen.
However, at Hamrah the tuff ring forming successions are
typical for explosive eruptions produce abundant country
rocks, deep seated xenoliths and transported through relatively
cold PDCs that are consistent for a proximal succession of tuff
rings formed due to phreatomagmatic explosive eruptions.

From the four identified geotopes and their geosites Harrat
Hutaymah is the best preserved and it is likely the most intact
volcano. The fact that country rocks are exposed in the crater
wall well above of the crater floor clearly classify Harrat
Hutaymah to be a maar volcano (White and Ross 2011). In
the case of Tabah and Jubb the volcanic edifices are more
subdued and the erosion likely formed a significant retreat of
the crater wall toward the distal part of the tuff ring resulting
exhumation of syn-eruptive surfaces on the granitoid

landscape. In addition these two craters are also filled nearly
completely, and to identify the structural boundary of the
craters is difficult and potentially a subject of excellent geo-
physical surveys planned in the future as it has recently been
demonstrated from other low profile wide craters from the
Newer Volcanics in Victoria, Australia (Blaikie et al. 2012).
Recent researches also targeted flat, broad maars with an aim
to determine the number of eruptive sites, and the role of vent
migration across a broad crater area to form large amalga-
mated maar craters versus the fact how wave-cut erosion and
lake infill processes can enlarge an original maar crater
(Boyce 2013; Jordan et al. 2013; Németh et al. 2012a). The
broad volcanic craters of Harrat Hutaymah are the perfect
sites to contribute to this frontline research questions.

At this stage it can be said that these two volcanic
depressions are also formed due to explosive phreatomag-
matic eruptions and they are also maar volcanoes. In case of
Humayyan/Hamrah, the present day large volcanic depres-
sion is inferred to be a pit crater complex on a large lava
shield. However, the initial eruption of the Humayyan/
Hamrah must have also been explosive phreatomagmatic
and produced a fairly large and extensive phreatomagmatic
volcano once occupied the southern part of the volcanic
complex. In many respect the lower part of the exposed

Fig. 4.36 Pyroclastic units (u1–3) of the Jubb crater [27° 11′ 1.83″N;
42° 17′ 17.68″E] form thick tuff ring pile in the eastern edge of the
volcano (a and b), while in the western edge pyroclastic rocks show
textures and bedding characteristics are more typical for distal PDC

units. In the northern side of the crater the tuff ring pyroclastics sit on a
pre-crater scoria cone (sc) and associated lava flow (lf). Granitoid
basement rocks are exposed in the erosionally enlarged maar crater (gr)
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Fig. 4.37 Panoramic views of the tuff ring succession [27° 10′ 41.86″N; 42° 17′ 17.88″E] in the eastern sector of the tuff ring of Jubb with its
pyroclastic units (u1, u2, u3 and u4) (a–c). On c and d yellow circles locate the well-developed dunes/anti-dunes of the PDC deposit
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pyroclastic units resemble textural features typical to dia-
treme filling successions similar as it has been reported from
Hopi Buttes, Arizona (Lefebvre et al. 2013; White 1991),
Waipiata, New Zealand (Németh and White 2003), or the
Pannonian Basin, mostly in Hungary (Németh et al. 2001).
In this respect the exposed pyroclastic rocks could represent
an exposure level of volcanoes near or even below the
syn-eruptive surface. To map the specific units and correlate
them it would help to clarify the 3D architecture of this

interesting volcano. It is however, can be inferred, that the
eruption mechanism to form this volcano was also
phreatomagmatic and produced significant volume of pyro-
clasts that transported and deposited by various particle
concentration PDCs. Overall, the visited sites confirmed that
at Hutaymah Volcanic Field phreatomagmatism and in
general explosive volcanism that produced primarily PDCs
were a major eruption style, which is indeed makes this field
outstanding from other harrats.

Fig. 4.38 Google earth image of the Humayyan/Hamrah volcano with
its large pit crater [27° 11′ 6.57″N; 42° 22′ 33.59″E]. Pyroclastic rocks
of part of a tuff ring exposed under lava flow (lf) units (part of a lava
shield) in the SE sector of the volcanic complex. View-point from

where the Fig. 4.39 was taken is marked on the map. Signs from a to
d represents large cliffs composed of pyroclastic rocks, a dissected part
of a former tuff ring

Fig. 4.39 View toward the NW to the main crater of Humayyan/
Hamrah volcano [27° 10′ 39.54″N; 42° 22′ 56.00″E]. Yellow line marks
contact between lava flow units and pyroclastic successions (tuff ring - tr

and its units u1 and u2). White line marks the contact between
phreatomagmatic successions and capping lava spatter-dominated tuff
breccia
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Fig. 4.40 Composite views of the main pyroclastic succession of the
preserved tuff ring in the SE sector of the Humayyan/Hamrah volcano
[27° 10′ 44.09″N; 42° 22′ 50.20″E]. Three major stratigraphic units

(u1, u2 and u3) could be distinguished in locations about a kilometre
apart from each other. On b people for scale marked in a circle
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The volcanic explosion craters of Hutaymah Volcanic
Field can provide an excellent playground for modern geo-
physical techniques to conduct including gravimetry, MT
and geomagnetic survey to delineate the structural bound-
aries and the nature of the crater filling rocks. In combination
with modern geochemical and geochronological work, these
studies could yield to a state-of-art research that could sig-
nificantly contribute to current cutting edge research on
crater formation processes. With this high scientific potential
these region can generate high scientific interest that can
build a strong scientific foundation over years to describe,
catalogue and rank volcanic geoheritage value in the region.
The good exposures, the easy access and the high aesthetic
value in addition made this region an ideal location to
develop geoheritage projects that may culminate in the for-
mulation of regional or global geopark in the near future.

4.4 Harrat Khaybar

4.4.1 Overview

A reconnaissance visit to Harrat Khaybar (Fig. 4.41) was
performed recently (in 2013) with an aim to collect infor-
mation on the general field conditions, the accessibility of the
key geological sites and asses the geoheritage value of the
region by identify key geological sites that could be used in
the future for detailed geological projects. The southernmost
part of the field was explored where potential historic erup-
tions sites are suspected as well as various silicic tuff rings are
located. In the central part of the field geology work was
concentrated on the Jabal Quidr region as this volcano being
the youngest of the region as reported and generally accepted
(Camp et al. 1991; Chagarlamudi et al. 1991; Coleman and
Gregory 1983; Demange et al. 1983). In addition this volcano
shows many very young volcanic features such as lava flow
surface textures and lack of erosional features on its flanks.
This volcano also associated with an extensive ash plain that
can be traced at least 17 km from its source (Fig. 4.29),
putting this volcano and the eruption produced this ash plain
into the eruption range of being sub-Plinian or violent
Strombolian (Valentine and Gregg 2008). Near Jabal Quidr,
dual silicic volcanic systems were the main interest of the
field visit. The so called “White Mountains”, Jabal Bayda and
Jabal Abyad are comenditic centers (Baker et al. 1973; Camp
et al. 1991; Demange et al. 1983) produced a tuff ring and a
lava dome complex with short run out distance block and ash
flow deposits and associated obsidian lava domes and cou-
lees. Just north of Jabal Quidr an extensive fissure zone with
pit craters and a chain of lava spatter cones were visited to
study lava flow surface textures and their implications to lava
flow rheology and behavior. In addition the region excep-
tional geoheritage value was also documented.

The dominant rock types of the western Arabian Miocene
to Recent intracontinental volcanic fields are hawaiite, but
subordinate, more felsic rock types, such as benmoreite,
mugearite and trachyte, are also known, especially in the
largest volcanic fields with the most complex volcanic
stratigraphy, such as the Harrat Khaybar (Camp et al. 1991).
Harrat Khaybar basal volcanics formed the Jarad Basalt (5–
3 Ma) that is overlain by the Murash Basalt (3–1 Ma) and it
is capped by the Abyad Basalt (1 Ma—Recent) (Camp et al.
1991). Harrat Khaybar has the most prominent felsic vol-
canoes of the Arabian Peninsula erupted from a composi-
tionally zoned near-surface magma chamber along a N-S
fault zone in the central part of the field (Camp et al. 1991).

4.4.2 Jabal Quidr [25° 43′ 11.23″N; 39° 56′
37.32″E]

Jabal Quidr is one of the most prominent volcanic landform of
the Harrat Khaybar (Fig. 4.42). It dominates the center part of
the volcanic field with its near perfect symmetric volcanic
cone that is composed of a basal gentle sloping lava flow
dominated part and crowned by a reddish volcanic cone
(Fig. 4.42a). The slope angle changes coincide well with the
boundary between a basal lava shield and a capping volcanic
cone that has formed due to explosive volcanic eruption and
accompanied crater subsidence triggered by lateral drainage
of a central crater on top of it (Fig. 4.42b). The base of the
volcanic edifice composed of complex pahoehoe lava flows
that characterised by fewmwide lava tubes that cross cut each
other forming a complex network of tube-fed solidified lava
fields. In major axial zones, uplifted lava crusts commonly
twisted and rotated forming several tens of metres wide zones
of inflated and deflated lava ponds commonly associated with
lava tumuli (Anderson et al. 2012; Duraiswami et al. 2004)
(Fig. 4.42a). Individual lava tubes are partially covered and
connected with zones of outflows where cm to dm scale lava
fingers form a complex surface texture (Fig. 4.42b).

Larger inflated lava flows are commonly forming blistery
surfaces with shelly pahoehoe surface textures (Stevenson
et al. 2012) (Fig. 4.43a). These lava blisters normally in a few
metres across size and in many occasions their roof is col-
lapsed and broken, exposing large voids beneath them
(Fig. 4.43a). In other cases, especially along the base of the
volcanic edifice lava flows are commonly ponded and thick
lava crusts exposed along fractured and uplifted/downthrown
margins of tumuli (Fig. 4.43b). Complex surface wrinkle
textures (Fig. 4.43c, d) suggest some outpouring of fresh lava
along cracks on the lava tubes and ponded surfaces that were
then subsequently sheared away. These surface textures
suggests that lava flows from Jabal Quidr were low viscosity
and moved fast in the high slope angle regions preventing to
form extensive and thick lava crusts commonly broke apart
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the freshly ponded crusts while in the low slope angle regions
where lava flow movement slowed down ponding and crust
formation were more pronounced (Keszthelyi and Denlinger
1996). The common mechanical stress on large lava crusts
indicates repeated inflation and deflation processes in the
ponded lava zones (Calvari and Pinkerton 1999; Hoblitt et al.
2012; James et al. 2012) that is inferred to be controlled by

the inflow and outflow of melt from the ponded zones. The
lava flow surface texture variations and the common devel-
opment of transitional lava fields has been documented as a
widespread feature of the Harrat Rahat (Murcia et al. 2014)
that is seemingly the case at the Harrat Khaybar as well.

In the feet of Jabal Quidr large ponded lava flows form
thick crusted ponded lava zones where the crust is over 1 m

Fig. 4.41 Harrat Khayber in Google earth satellite images. The upper
image shows the key locations visited during the field campaign: JQ
Jebel Qidr, JB Jebel Bayda, JA Jebel Abyad, 1 young silicic tuff ring
with broad crater, 2 inverted silicic tuff ring with eroded rims, 3
well-preserved complex silicic tuff ring with broad crater, 4 lava spatter

complex with pit crater network and extensive lava outbreak points.
The bottom immage shows the waypoints and tracks coverred during
the field campaign. 065–066 are the locations of the entry points of a
major lava tube network
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thick indicating relatively stable conditions of the lava ponds
to develop thick crust (Fig. 4.44a). On the basis of the tex-
ture and the thickness of the lava crust it can be inferred that
the time needed to form such crusts is in the range of days to
weeks suggesting a relatively stable melt supply to keep this
lava ponds stationary over long time. In places where new
melt entered to a ponded lava zone an open roof channel
might formed along the lava moved and commonly changed
its level as it is evidenced from solidified open channel

systems commonly associated with local tumuli (Harris et al.
2009; Patrick and Orr 2012; Stovall et al. 2009) (Fig. 4.44b).

The volcanic edifice of Jabal Quidr is primarily composed
of lava spatter dominated breccias and agglomerates
interbedded with welded spatter, clastogenic lava flows and
relatively thin (m-scale) fluidal lava flows covering the outer
edifice rim in a sheet-like fashion (Fig. 4.45). The agglom-
eratic pyroclastic breccia is mixed with vesicular pyroclasts
of red, brown and balck lapilli and ash (Fig. 4.45a).

Fig. 4.42 a Overview of Jebel Qidr from the east [25° 43′ 36.74″N;
39° 57′ 4.39″E]. Note the shape of the cone having a well-distinguished
scoria cone over a shield-like edifice. b The gentle dipping slope of the
eastern flank of Jebel Qidr is dominated by pahoehoe lava flows and
abundant tumuli and pressure ridges. The upper section of the lava

flows near the initiation points (boccas) lava flows are rubble
demonstrating fast removal of freshly developed lava crusts while in
the lower section of the edifice flank flow movement might have been
less vigorous allowing to develop proper lava clasts and fantastic
pahoehoe surface textures
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Occasionally exhalation marks present as evidence of high
temperature fumarola and/or solfatara activity after the for-
mation of the edifice. Some cracks, fractures are common
feature along the lip of the crater indicating some mechanical
instability of the crater that is a common feature on such
edifices (Németh et al. 2003; Thordarson and Self 1993).

The inner crater wall of Jabal Quidr is perpendicular
(Fig. 4.45b) and exposes a succession of lava flows that are
partially covered by drained back lava lounges as an evi-
dence of some lava lake presence in various stages of the
crater evolution (Fig. 4.45a). In the cross-section of the lava
flow networks there are U-shaped lava ponds exposed
indicating the presence of lava lakes in a smaller scale (tens
of metres) and subsequent pit crater formation similar to
those documented on large mafic volcanoes such as on those
in Ambrym (Németh and Cronin 2008) or Piton de la
Fournaise (Carter et al. 2007). The size of the crater is about
600 m across which is a large size capable to host significant
volume of melt that then later on can be released through
flank “boccas” as it has been documented in various out-
break fractures mostly in the western side of the upper outer

flank of the cone (Fig. 4.45c). In the western side of the
edifice there are in situ lava spatter sections that are steep
(over 40 degrees slope angle), and agglutinated together to
be erosion resistant remnants, but they also mark a situation
if the magmatic pressure behind an edifice increasing, such
edifice could become instable very quickly and initiate col-
lapsing sections through lava lakes can be drained in a
catastrophic way (Head and Wilson 1989). Similar steep
spatter cones were documented from the Harrat Rahat and
defined among the steepest on Earth (Moufti et al. 2013b).

Jabal Quidr has been surrounded by an extensive ash plain
with a dispersal axis toward NE. The ash plain composed of
scoriaceous ash and lapilli beds in several units indicating
various episodes of violent explosive activity that were able
to provide sustained eruption column and allow pyroclast to
be transported beyond 15 km from the source making these
eruptions in a range to be sub-Plinian or violent-Strombolian.
The ash and lapilli are equi-dimensional to flat but highly
vesicular suggesting full expansion of pyroclasts through
fragmentation. The ash plain provided a base for the majority
of the long lava flows initiated from Jebel Quidr, suggesting

Fig. 4.43 Lava surface textures from the proximal lava flow regions
of the Jebel Qidr volcano [25° 43′ 41.34″N; 39° 57′ 45.68″E]. Note the
thin and thick lava crusts develop two different types of lava tube
network (a and b with white circle). Common features are the ropy

basalt textures and wrinkles on an uplifted lava tube roof commonly
associated with break out tumuli in the ponded lower section of the lava
flow fields (c and d)
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that the main violent explosive phase of the eruptions pre-
ceded the lava effusion stage. The lava flows reached over
10 km in length and followed morphological depressions,
fluvial networks (Fig. 4.46a). In the medial section the lava
flows are commonly transitional in type suggesting that they
were derived from a tube fed lava that were mechanically
abraded and pushed ahead to the medial distance. Where the
terrain became relatively flat, the transitional lava flows were
able to retain heat enough to maintain some tube to be active
and feed further pahoehoe lava flow sheets that spread in a
relatively thin skin-like manner over the ash plains
(Fig. 4.46b, c). Lava flows were commonly flow into
pre-existing craters filling them completely (Fig. 4.46a).

4.4.3 Jabal Abyad [25° 39′ 34.35″N; 39° 58′
16.50″E]

The “White Mountains” of Harrat Khaybar are strikingly
different in their appearance and their eruption history to the
most landscape-dominant volcano of the field, the Jabal

Quidr, which is a hawaiite stratovolcano and believed to
have erupted in historic time and emitted dark lava fields
(Camp et al. 1991) that are banked against the white
comenditic ash and lapilli plain associated with the “White
Mountains” (Fig. 4.47). The “White Mountains” refer to a
pair of comenditic volcanoes (Baker et al. 1973; Camp et al.
1991): Jabal Abyad and Jabal Bayda (Fig. 4.47). Both
Arabic names mean “White Mountain”, with Abyad a
masculine and Bayda a feminine form of white in Arabic
reflecting that Jabal Bayda is a near perfect circular tuff ring
with a shallow crater, while Jabal Abyad is a lava dome
complex that forms a hill standing about 300 m above the
surroundings (Fig. 4.47). Jabal Abyad is the highest volcano
of Harrat Khaybar, reaching 2093 m above sea level, while
Jabal Bayda is 1913 m high (Figs. 4.47 and 4.48). Their age
is poorly constrained, but inferred to be between 0.86 and
0.22 My (Camp et al. 1991). While felsic lava domes and
tuff rings exist elsewhere (Austin-Erickson et al. 2008, 2011;
Cano-Cruz and Carrasco-Nunez 2008; Németh et al. 2012b;
Riggs and Carrasco-Nunez 2004), the significance of the
felsic intracontinental volcanism of the Arabian Peninsula is

Fig. 4.44 Thick lava crust in the ponded pahoehoe lava flow field of
Jebel Qidr’s foothill [25° 43′ 41.34″N; 39° 57′ 45.68″E] where the
slope angle of the volcanic edifice has changed leading to slow the lava
flow down allowing some degree of ponding and thickening thus

developing thick crust. The over a m thick crust can be interpreted
several days of relatively stationary lava pond to exist in the foothil of
the volcanic edifice

4.4 Harrat Khaybar 155



great in terms of understanding the evolution of dispersed
magma in near–surface compositionally zoned magma
chambers (Camp et al. 1991).

The “White Mountains” are composed of comenditic
pyroclastic successions of intercalated small-volume
block-and-ash flow, pyroclastic density current and minor
air fall units (Figs. 4.49 and 4.50), comenditic lavas
including short, but thick obsidian lava flows (Fig. 4.51) and
that form very distinct volcanic landforms with white and
beige-to-orange colours, making them stand out from the
otherwise dark hawaiite, mugearite and benmoreite lava
flows, domes, and dome coulees. A recently initiated Arabia

Geoparks Project has demonstrated the high geoeducational
value of these volcanic landforms of western Arabia and
how these could be utilized to understand volcanic hazards
and geoconservation (Moufti and Németh 2013). The
“White Mountains of Harrat Khaybar” will be flagship
geotopes with numerous geosites in the provisional volcanic
geopark of the region.

Jabal Abyad is a fantastic volcanic geotope. It has some
excellent outcrop to study the short run-out distance
block-and-ash flow deposits commonly related with lava
dome growth and repeated explosive eruption producing
typical pyroclastic density current dominated successions

Fig. 4.45 Panoramic views of the deep crater of Jebel Qidr [25° 43′
11.23″N; 39° 56′37.32″E]. Note the lava spatter-dominated pyroclastic
succession forming a steep edifice on top of Jebel Qidr (a). In the crater
wall a succession of lava flows of 1–3 m thick exposed with some
evidences to infer the existence of lava lakes and pond that
subsequently provided to form pit craters upon their release from the

base of the edifice (b). The steep nature of the edifice is the result of a
welded lava spatter-dominated capping units forming the top of Jebel
Quidr (c). Note the slight depression and darker colour zone in the right
hand side of the image that is a lava flow outbreak along spatter and
lava flow pieces were cascading down on the steep edifice slope
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rich in flow banded lava dome-derived clasts (Fig. 4.50).
The numerous individual block-and-ash flow deposits
identified in the flank of the Jabal Abyad cone indicate
repeated lava dome growth and collapse event through the
evolution of the volcano. Some flow banded obsidian unit is
still preserved in the middle section of the volcanic edifice
(Fig. 4.51). The facies architectue, the relatively small size
of the edifice and the small volume of the individual pyro-
clastic successions made Jabal Abyad comparable in size to
those rhyolitic domes commonly form fields in intraconti-
nental settings (Riggs and Carrasco-Nunez 2004).

4.4.4 Jabal Bayda [25° 39′ 38.15″N; 39° 56′
0.27″E]

Jabal Bayda is a perfectly preserved silicic tuff ring near the
Jabal Abyad. It composed of white pumiceous ash and lapilli
beds that have some degree of gully network formed on its
outer edifice flank (Fig. 4.52a). The tuff ring crater rim is in
an even elevation, and forming a relatively broad crater
lip. The crater is partially filled with reworked (fluvial and
Aeolian reworking) ash and dust, that cut by a gully network
sometimes reaching 5 m in depth in their deepest points

Fig. 4.46 Distal lava flows of Jebel Qidr [25° 43′ 11.23″N; 39° 56′
37.32″E] are thin pahoehoe flows along main streamline of lava flows
slabby to rubble pahoehoe textures are common. Lava flow fields are
extensive and commonly filling gaps between volcanic edifices or
completely infil preexisting tuff rings sucha s shown on a with arrow

(JQ Jebel Qidr, JA Jebel Abyad). Lava flows are commonly less than a
meter thick about 7 km from their sources b where the lava flows are
accumulated over thin ash plain deposits. Truncated surface textures
c are commonly present in areas where the thin lava flows are blocked
against obstacles, or banked agains gently upward sloping landscape

Fig. 4.47 Panoramic views show the White Mountains (Jebel Abyad and Jebel Bayda) from the top of the Jebel Qidr [25° 43′ 11.23″N; 39° 56′
37.32″E]. Note the extensive lava fields sourced from Jebel Quidr in the foreground
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(Fig. 4.52b). The crater hosts a double lava dome that
occupies its northern inner sector. In the SE side of the tuff
ring, the highest point of the tuff ring rim is defined by
another lava dome that is partially exposed in the inner crater
wall and directly connected to proximal block-and-ash flow
deposits flanking into the crater basin. In the NW outer
edifice flank about half way to the top deep gullies exposes a
pyroclastic density current dominated succession in the main

pyroclastic facies of the Jabal Bayda tuff ring. The pyroclasts
are normally angular, microvesicular, and coated by white
siliceous dust. The matrix of the pyroclastic beds is fine
silicic ash. Obsidian coarse ash and lapilli as well as silicic
volcanic lithic fragments are common. In fine beds ash
aggregates can be inferred to be result of pyroclast accretion
and they can be defined as accretionary lapilli. Cross bed-
ding, dune bedding and some cross lamination is prominent

Fig. 4.48 Jebel Abyad [25° 39′ 34.35″N; 39° 58′ 16.50″E] from the
top of Jebel Bayda [25° 39′ 29.66″N; 39° 56′ 9.22″E]. View on b is
slightly more focused from a slightly different angle than it is on
a. Note the extensive white debris fan and fluvial network around the
lava dome of Jebel Abyad. The hard rocks crop out halfway on the lava
dome are interbedded obsidian lava flows and block and ash flow

deposits. White pyroclastic density current deposits from Jebel Bayda
overlain short run out block and ash flow deposits from jebel Abyad.
Note on a other steep lava domes in the region dominated by
comenditic voclanism both explosive and effusive, lava dome-forming
styles

Fig. 4.49 Pyroclastic density current (PDC) deposits in the feet of the Jebel Abyad [25° 39′ 49.60″N; 39° 57′ 36.74″E] showing low angle cross
bedding, grading, and relatively unsorted nature. In the middle section obsidial lava flow crops out (OBS)
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Fig. 4.50 Oucrop features of the pyroclastic successions of the Jebel
Abyad volcano [25° 39′ 48.84″N 39° 57′ 43.65″E]. Large banded
obsidian clasts hosted in fine matric (a) forming massive facies

commonly underlain by bedded basal layer (b). The block and ash flow
deposits are matrix supported and unsorted with abundant obsidian
clasts (c) forming about one meter thick units (d)

Fig. 4.51 Flow banded obsidian lava flow in the Jebel Abyad [25° 39′ 40.75″N; 39° 58′ 4.09″E]
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between coarser grained massive, unsorted matrix supported
dm-thick beds that are best to interpret as pyroclastic surge
beds intercalated and/or associated with small-volume
block-and-ash flow deposits. Such pyroclastic architecture
is similar as described from other silicic tuff rings elsewhere
(Austin-Erickson 2007; Campos Venuti and Rossi 1996;
Druitt et al. 1995; Tait et al. 2009).

4.4.5 Other Silicic Volcanoes

Harrat Khaybar hosts several other unique silicic volcanoes
that were visited for an initial field work during 2013
November. In the southern edge of the volcanic field several
intact tuff rings are preserved such as those numbered as Tr1
(Fig. 4.53a). This tuff rings are similar in size and mor-
phological appearance to the Jabal Bayda, being either per-
fectly preserved ring structures with various level of gully
network developed on their outer edifice flank (Fig. 4.53a)
or being partially eroded by rock fall and undercut erosion
where their crater is partially preserved, but their proximal
edifice eroded and cut back significantly (Fig. 4.53b). From
the southern edge of the field toward Jabal Bayda at least 3
major tuff ring complexes are preserved (Fig. 4.53b).

In addition to the silicic tuff rings in the southernmost part
of Harrat Khaybar an apparently young, and potentially
historic eruption site is evident (Fig. 4.54a, b). A black,

steep scoria cone form a prominent landform here that
emitted dark, fresh-looking pahoehoe to transitional lava
flow fields that moved toward the west, but a small arm
break into a region where silicic tuff rings dominate a
landscape (Fig. 4.54). The scoria cone is composed of fine
scoria ash and lapilli that primarily restricted in the volcanic
edifice, and just a thin ash plain associated with the volcanic
cone. From the scoria cone a perfect view can show the
volcanic morphology of an enclosed tuff ring (Tr1), that is a
perfect similarity to Jabal Bayda (Fig. 4.54c).

The pyroclastic succession of Tr1 is similar to those
recorded in Jabal Bayda, with a potentially more evidence to
support involvement of magma and water explosive inter-
action in the formation of the volcano in the form of abun-
dance of angular, equidimensional low vesicularity (and
darker colour) pyroclasts of ash and lapilli, some abundance
of crustal-derived accidental lithics and/or xenoliths point
toward a potential deeper excavation through the eruptions.

Next to Tr1, another tuff ring provide probably a better
access to its proximal to medial pyroclastic succession
through a collapsed near vent edifice, exposing about 20 m of
pyroclasitc units along the top of the edifice (Fig. 4.55a, b).
The pyroclastic succession of Tr2 composed of angular lapilli
and block rich fine ash hosted closely packed pyroclastic
succession best interpreted to be as a block-and-ash flow
deposit. The main pyroclastic units are over 2 m thick and
separated by typical cross- and dune-bedded finer grained

Fig. 4.52 Jebel Bayda [25° 39′ 38.15″N; 39° 56′ 0.27″E] is a
comenditic tuff ring with a tuff ring of over 50 m high (a) that
surrpounds a flat floored, broad crater (b). Well developed gully

network is visible in the outer flank of the tuff ring (a), while in the
crater a small lava dome is preserved (b)
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cm-to-dm thick beds (Fig. 4.55b) commonly associated with
the formation of block-and-ash flows (Freundt et al. 2000; Ui
et al. 1999). The upper part of the succession is more indu-
rated, probably by slight welding and/or some hydrothermal
activity that cemented the clasts together to form an erosion
resistant capping unit (Fig. 4.55c). From a view point SE of
the Tr2 a chain of tuff rings aligned toward Jabal Bayda can
be seen that represents a potentially age-defined morpho-
logical nature of the tuff rings (Fig. 4.55d).

Just north of Tr2 another slightly better preserved tuff
ring is located that has a pyroclastic density current domi-
nated upper succession and a slightly coarser grained lapilli
tuff dominated unit in its base. This pyroclastic architecture
differs from those recorded from Tr2 and is similar to those
identified at Tr1 suggesting a larger variation in eruption
style and mechanism in the formation of these volcanoes as
we could guess from their general edifice preservation and
appearance (Fig. 4.56a).

Interestingly in the eastern side of these chain of tuff rings
that form a morphologically characteristic ridge-like massif, a
flat floored, low rimmed tuff ring can be seen (Fig. 4.56b). Its
crater is filled with aeolian dust suggesting that its original
crater floor might have been fairly deep, and the landform

might have been a prominent volcanic depression. The great
elevation difference between the floor of this and the neigh-
bouring tuff ring crater floors suggest either presence of
significant syn-eruptive morphological relief and/or signifi-
cant age difference between these landform to allow time to
cut deeply into the inter-cone relief by fluvial processes
and/or different eruption mechanism in the formation of these
landforms (e.g. tuff ring versus maar formation). These site
by its easy access, relatively small size (500 m across), would
make this location a perfect site to apply shallow subsurface
geophysical methods to constrain the subsurface architecture
of these volcanic edifices. Such future work would also help
to constraint the volcanic eruptions scenarios such eruption
would pose to the surrounding areas.

In addition to visit the specific silicic tuff rings an effort
was taken to locate inter-cone/ring sites where multiple
pyroclastic deposits are exposed with an aim to establish the
general stratigraphy and the general relationship between
variously sourced eruptive products that accumulated in the
inter-cone areas. Especially in the middle of the field there
were several suitable sites to nominate as key locations to
establish the regional volcanic stratigraphy which is a future
research goal.

Fig. 4.53 Flat floored broad crater of one of the southernmost silicic
tuff ring in Harrat Khayber [25° 35′ 14.58″N; 39° 57′ 13.09″E]. The
deposits of this tuff ring is simialr to those exposed at Jebel Bayda and
dominated with pyzorlcastic density current deposits abundant in fglow
banded silicic fragments (a). A slightly more eroded tuff ring with rock

fall bordered upper rim exposes the tuff ring succession well (circle)
allowing to investigate the sediment characterisitcs to infer the volcanic
eruption styles dominated the growth of this volcano (b). Numbers of
“2” and “3” refer to tuff ring 2 and 3
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4.4.6 Other Fissure Vents, Lava Shields and Pit
Craters

Just north of Jabal Quidr, an extensive lava field and asso-
ciated spatter and scoria cone dominated volcanic region
represent the northern side of Harrat Khaybar. The primary
aim to visit this region was to delineate the ash plain asso-
ciated with Jabal Quidr lateral boundaries. During this
exploration work a visit was arranged to one of the main
source region of the extensive tube-fed lava field dominate
the northern sector of the Harrat Khaybar. One of the most
prominent locations is marked as location 4 and it is best
described a scoria cone—spatter cone complex with a
massive lava tube network (Fig. 4.57).

The main scoria cone has a deep pit crater that is par-
tially mantled by lava drain back features (Fig. 4.57a)
recording the fluctuation of lava lake level in the crater. In
the inner crater wall abundant, relatively thin lava units
suggest a long lived activity persistently released relatively
thin lava sheets (Fig. 4.57a). The main crater is connected

with a massive lava drain point over 50 m across
(Fig. 4.57a) that fed some lava spatter along its margin
(Fig. 4.57b) releasing fluidal small-scale (dm to several
metres) lava tubes of shelly pahoehoe flows (Fig. 4.57c). In
the proximity of this cone other cones form a similar vol-
canic architecture, commonly feed large tube-fed flows. In
steep slopes such tubes commonly disrupted, broken apart,
and the lava flow preserved as a rubble pahoehoe mass in a
drain channel (Fig. 4.57d).

In the northern side of these vent systems it is evident that
the emitted lava flows were dominantly tube-fed, but thin
shelly pahoehoe outflows clearly define a lava shield-like
architecture (Fig. 4.58a). Main lava tubes are inferred to
have accumulated large ponded lava zones where the slope
angle has changed (Fig. 4.58b). These ponded lava zones
formed fan-like zones that are slightly sink in their middle
upon gradual drainage of the flows. In extreme, the roof of
these ponded zones collapsed and accumulated a
slab-dominated, rubble flow interior confined in circular lava
ponds (Fig. 4.58c).

Fig. 4.54 Young scoria cone in the southern region of the Harrat
Khayber [25° 35′ 5.55″N; 39° 56′ 16.67″E] emitted transitional type
lava flows that enterred in the gap between silicic tuff rings such as Tr1

and Tr2 (a and b). The Tr1 tuff ring [25° 35′ 14.58″N; 39° 57′ 13.09″E]
is nearly perfectly circular with only few gully network and rock-fall
dominated erosion scarse
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Fig. 4.55 Tr2 tuff ring [25° 36′ 21.69″N; 39° 56′ 5.52″E] pyroclastic
succession is exposed in a rock fall cliff face (a). The majority of the
pyroclastic rocks are angular silicic clast-dominated deposits hosted in
variable amount of ash matrix (b). The top of the Tr2 pyroclastic
succession is moderately welded forming an erosion resistant cap (c).

From the top of Tr2 a perfect view can be seen toward Tr1 tuff ring
[25° 35′ 14.58″N; 39° 57′ 13.09″E] a young scoria cone in the south.
Tr2 is a broad tuff ring that is likely to be one of the oldest tuff rings in
the region judging from its preservation and the edifice geometry in
relationship with the background’s topography (d)
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4.4.7 Main Findings

The preliminary field survey in Harrat Khaybar confirmed
that the field is far easier to access as it was in the past. The
field conditions are reasonable good in comparison to Harrat
Rahat’s conditions, and making this field as an ideal target
area for future field work. Geologically the field host
numerous silicic tuff rings which are the keys to understand
the geochemical evolution of magma from the source con-
ditions through the magma ascent. The explosive nature of
the eruptions are evident in many of the silicic tuff rings
offering a unique opportunity to understand the nature of
dispersed small volume silicic volcanic fields eruption
behaviour and develop a realistic eruption scenario-based
volcanic hazard study that could be used not only locally but
also could serve as a model for understanding similar vol-
canic fields elsewhere. The young eruptions that formed
probably the most complex volcanic edifice in Harrat
Khaybar (Jabal Quidr) point to the fact that this volcano
likely erupted much longer time than expected from a so
called “monogenetic” volcano in intraplate settings and
show common features to stratovolcanoes. Its eruption style
is likely fall into a sub-Plinian or violent-Strombolian style
and therefore its volcanic hazard value for evaluating vol-
canic eruptions scenarios in western Saudi Arabia, is
significant.

4.5 Harrat Al Birk and Tihamat Asir

4.5.1 Overview

In 2014 a field campaign has been arranged to the southern
regions of the western Saudi Arabian Cainozoic volcanic
fields (Fig. 4.59). The aim of this visit was to assess the field
conditions, the general volcanic framework, the accessibil-
ity, and the possible geoheritage value of these volcanic
fields. In addition the field survey intended to identify key
volcanic sites that could be studied in detail to develop a
volcanic eruption scenario-based volcanic hazard study on
this volcanic region inferred to be active in the past 1 Ma
and has some poorly documented historic eruption sites as
well (Brown et al. 1989; Coleman and Gregory 1983;
Coleman 1993). Thus it can be considered a potentially
active volcanic region. The visit was also justified by the fact
of several earthquake swarms in the recent past that raised
some concern about potential volcanic eruptions in the
future. Since the region developing very fast and large cities
(Jizan, Sabya, Abu Arish) appear along the coastal area as
well as near to the coastal range, the population raise and the
infrastructure growth justify well, that such young volcanic
field have to be studied in volcanic hazard perspective.

The initial field campaigns were focused on the Al Birk
region (Fig. 4.59), mostly along the coast commonly

Fig. 4.56 Panoramic view of the Tr3 tuff ring [25° 38′ 18.99″N; 39°
56′ 10.93″E] crater (a). Note the flat floored crater with an initial
drainage network and the exposed pyroclastic density current deposits

in the inner crater wall. Next to Tr3 a large tuff ring is visible with thick
aeolian infill (b). In the background other silicic lava domes and the Tr2
tuff ring is visible
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Fig. 4.57 Scoria cone (C4) and spatter cone (SPC) along a fissure fed
an extensive lava flow in the northern part of the Harrat Khayber
[25° 47′ 37.23″N; 39° 55′ 57.42″E]. The scoria cone inner crater wall
exposes alternating lava flow and scoria beds (a). In the norhtern edge
of the fissure aligned vent a lava spatter half section exposes the core of

a spatter cone (SPC) (b) that also emitted low viscosity pahoehoe lava
flow fingers forming a cascading lava tube network (c). Collapsed lava
tubes and confined channelized lava flows are common features in these
part of the lava field at Harrat Khaybar (d). Fromt eh distance the scoria
cone appears to be a prominent volcanic landform (d)
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referred as Tihamat Asir (The Coastal Plain of Asir), a visit
to a well-distinguished volcanic area that consists of two
individual volcanic complexes (Jabal Akwa) relatively far
from any other young volcanoes nearby, and a short visit to
one of the sites near the coastal range (Jabal Jirratan),
where some documents record an eruption in the beginning
of the last century, however such information have not been
confirmed yet.

The Al Birk volcanic field in SW Saudi Arabia is a young
intracontinental volcanic field that formed alkaline basaltic
volcanoes that are dominated by scoria and spatter cones,
extensive lava fields and lava domes/dome coulees (Arno
et al. 1980; Brown et al. 1989). The main part [the northern
part by Coleman and Gregory (1983)] of the Al Birk

volcanic field (Fig. 4.59) spreads over an area 100 km in
length and 50 km in width along the Red Sea coast in SW
Saudi Arabia (from lat 18° 45′ to lat 17° 45′N) and com-
prises over 200 individual eruptive centres (Brown et al.
1989; Coleman and Gregory 1983). The main part of the
volcanic field is located about 100 km north from the city of
Jizan (Fig. 4.59), where a dorsal ridge of older basal lava
flows form the base of younger scoria and spatter cones with
younger lava flows. Scattered small volcanic regions in the
south are separated by the Ad Darb transform fault from the
main volcanic region of Harrat Al Birk (Fig. 4.59) are
commonly referred to as the harrat of the coastal plain of
Asir region, the harrat of Tihamat Asir (Coleman and Gre-
gory 1983). Some work group these volcanic regions as part

Fig. 4.58 Lava shield-like volcanic edifice in the northern sector of
the scoria cone [25° 48′ 9.66″N; 39° 55′ 39.89″E]. Note the relatively
thin and narrow convolute lava flows that are commonly forming tube
network (a). In the area where slope angle change and the flow were

able to pond, thick crust formed over the lava and large collapsed
roofed channels are exposed (b). In the wall of such collapsed lava
tubes in the wall a series of relatively thin lava layers can be seen (c)
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Fig. 4.59 Overview of the
Harrat Al Birk. Visited sites are
numbered: 1 Jabal Akwa Al
Shamiah, 2 Jabal Akwa Al
Yamaniah, 3 Harrat Jirratan,
4 Jabal Al Raqabah, 5 Jabal
Wash, 6 Khurma, 7 lava fields
around Al Birk
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of the broader Harrat Al Birk, however they are clearly
distinct individual scattered volcanic fields (Arno et al. 1980;
Brown et al. 1989; Coleman and Gregory 1983).

While older ages have been reported for the basal lava
flows (e.g. as old as 12.4 Ma), some renewed dates have put
the age of the volcanic field at less than 2 Ma, with the
majority of the eruptions being younger than 1 Ma (Brown
et al. 1989; Coleman and Gregory 1983). Some reports have
described historic eruptions taking place in the eastern
margin of the field, such as Jabal Ba’a and Jabal al Qishr
(Fig. 4.59), where isolated patches of black scoriaceous ash

on the steep mountain slopes near the volcanic vent appear
very fresh and may represent eruptions during the last cen-
tury (Brown et al. 1989; Coleman and Gregory 1983).
Similarly, in the southern part of Harrat Al Birk (after
Coleman et al. 1983), commonly referred to as the harrat of
Tihamat Asir—the coastal plain of Asir (Vincent 2008), an
eruption in the last century was reported in an area called the
Harrat Gar’atain (Jiratan) (Fig. 4.59) (Neumann Van Padang
1963). These reported (but only loosely confirmed) young
volcanic eruptions of the Harrat Al Birk and the Harrat of
Tihamat Asir are associated with volcanic cones that appear

Fig. 4.60 Visited three locations in the southern part of the Tihamat
Asir (marked by green stars). Geology data is from the geologic map of
the Wadi Bays Quadrangle, Sheet 17F, Kingdom of Saudi Arabia

(1:250,000 scale) by Fairer (1986) and geologic map of the Jizan
Quadrangle, Sheet 16F, Kingdom of Saudi Arabia (1:250,000 scale) by
Blank et al. (1984)
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to be very youthful in their morphology, vegetation cover,
and erosion level, indicating that this region in SW Saudi
Arabia is a potentially active volcanic area, and therefore
detailed study of these young volcanoes is essential to shed
light on potential future volcanic eruption scenarios with
which the region may be faced. The general view of the
volcanoes formed in the past 1 Ma in Harrat Al Birk and the
Harrat of Tihamat Asir is that the harrat is largely dominated
by scoria and spatter cones associated with extensive lava
flows. Identification of any evidence of phreatomagmatic
explosive eruptions in the recent history of this volcanic field
is critical in terms of defining volcanic hazards that are
considered to be fast, destructive and highly unpredictable.

4.5.2 Jabal Akwa Al Shamiah as a Complex
Volcanic Geotope [17° 15′ 13.99″N;
42° 42′ 59.66″E]

South of the main body of Harrat Al Birk, just NE from
Jizan city, near the city of Sabya (Fig. 4.59), two
well-distinguished large scoria cones and associated lava
fields dominate the landscape: Jabal Akwa Al Shamiah in
the north and Jabal Akwa Al Yamaniah in the south
(Fig. 4.60). Both volcanoes (called Akwa cones in English,

or Jibal Akwa in Arabic) are composed of a large (about
100 m high) scoria cones with a breached crater toward the
west, an extensive lava field and some mounds that are
inferred to be rafted cone pieces or distal lava flow fronts,
which stalled and formed piles of lava about 3 km from their
sources (Fig. 4.61). Both cones are covered by aeolian
deposits that make the identification of their volcanic facies
difficult (Fig. 4.61).

The northern cone complex, Jabal Akwa Al Shamiah has a
complex morphology with at least two well-distinguished
craters (Fig. 4.61), each breached toward the west and com-
posed of steeply dipping lava spatter and spindle-bomb rich
proximal edifice-building pyroclastic units (Fig. 4.62a, b).
The inner crater wall has been preserved in a few places and is
defined by agglutinated spatter that forms an erosion-resistant
collar on the lip of the crater, indicating that, at least in the
final stage of the volcanic activity, this cone had lava fountain
dominated eruptions (Fig. 4.62a). In contrast, the main edi-
fice is composed of black and red scoria lapilli and ash, which
forms a well-developed cone edifice that is gradually trans-
forming into an inter-cone ash plain traceable over 3 km from
the cone (Fig. 4.62c). The scoriaceous ash and lapilli is
angular, moderately to highly vesicular and the clasts are
primarily isometric, but more flattened clasts are also known,
indicating fluctuation between normal Strombolian style

Fig. 4.61 Google earth image of Jabal Akwa Al Shamia [17° 15′
13.99″N; 42° 42′ 59.66″E]. Continuous line represents the crest of the
preserved crater rims. Dashed arrows show lava outflows feeding large

lava fans in the western side of the cones. Green star mark the top of
the quarry where the pyroclastic succession of the scoria cones can be
observed
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eruptions and lava fountaining (Fig. 4.62c). Large chunks of
former cone flanks form a mound zone on a lava field spread
isometrically toward the western side of the cone, suggesting
that the cone erupted in a gentle westward dipping coastal
plain. In the south, another cone complex is known
(Fig. 4.62a, b).

4.5.3 Jabal Akwa Al Yamaniah as a Complex
Volcanic Geotope [17° 11′ 26.18″N;
42° 44′ 6.48″E]

Jabal Akwa Al Yamaniah is a similar size to Jabal Akwa Al
Shamiah (Fig. 4.60); however, this cone is more eroded in
its northern flank, forming a steep and evenly spaced gully

network (Fig. 4.63a). The cone is surrounded by two circular
lava flows. An upper lava field, which has a flow front in the
west, reaches about 3 km from the cone, while the other lava
field spread about 6 km from the cone and formed a lava
surface about 50 m below the other lava field. The cone has
a large breach toward the west, and the upper lava flow front
and the cone area is covered by a thick aeolian Quaternary
succession. In addition, the gently westward-dipping, Qua-
ternary sedimentary cover hosts numerous archaeological
sites with pottery remains and grinding stones, suggesting
that this volcano has hosted a village in the past (Fig. 4.63a).

Undescribed tuff deposits have been noted below the
Pleistocene lava flows intercalated with fluvial terrace and
aeolian deposits in the south of Jabal Akwa Al Yamaniah,
along the Wadi Sabya; however, their origin was not known

Fig. 4.62 Panoramic views to Jabal Akwa Al Shamia [17° 15′ 13.99″
N; 42° 42′ 59.66″E]. The main cone is complex scoria cone (a) that is
breached toward the SW from where a lava field fed (JAY = Jabal
Akwa Al Yamaniah). In the medial to a distal part of the lava flow some
spatter-rich mound field can be observed (a and b). The pyroclastic

succession of the main cone (c) composed of black to grey vesicular
equidimensional scoria ash and lapilli. Scoriaceous tuff breccias (stb)
are commonly host large lava spatters and fusiform bombs. The upper
part of the section is dominated by a scoria-rich black ash (sa) and grey
matrix rich lapilli tuff (mlt)
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Fig. 4.63 The main scoria cone of Jabal Akwa Al Yamaniah [17° 11′
26.18″N; 42° 44′ 6.48″E] (a) is breached toward the west and it has a
well-developed gully network on its outer flank. The top of the volcanic
massif is covered by aeolian deposits on what archaeological sites
reveal a presence of a large human settlement that were active during
wet climatic periods. The southern and western side of the volcanic
massif (b) exposes a tuff ring (tr) rim, that is partially overrun by a lava
flow that were inferred to infill a large volcanic crater a maar. The
debris fan (tr-df) that covers the tuff ring made it difficult to identify the

tuff ring itself. The boundary between the crater-filling lava—overspill
lava flow (cflf) is marked by yellow dashed line on (b). The tuff ring is
dominated by accidental lithic rich lapilli tuff and tuff deposited from
base surge dominated currents (c and d). In the southern edge of the
volcanic massif the tuff ring is partially covered by aeolian dust (as) and
backed the lava flow (lf) confining it in the crater. Transportation
indicators (white arrow on c and d) show base surge transportation
from the volcanic massif
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(Dabbagh et al. 1984). An accidental lithic rich tuff and lapilli
tuff succession has been identified in the southern and eastern
margin of the thick upper lava flow fronts of Jabal Akwa Al
Yamaniah (Fig. 4.63b). The tuff and lapilli tuff deposits dip
about 15–20° away from the cone, forming the well-defined
remains of a former gently sloping volcanic edifice in these
sectors of the volcano (Fig. 4.63c, d). The pyroclastic suc-
cession is composed of angular glassy pyroclasts (lapilli and
ash sized), with a majority being partially or completely
altered, red to brown palagonite, abundant various sizes of
accidental lithics of known crustal rock types, and
mantle-derived nodules (Fig. 4.63c, d). The pyroclastic suc-
cession shows a general trend of fining upward, having a
lapilli tuff succession that is more lithic-dominated at its base,
which gradually transforms to a better sorted, finer grained
and more juvenile pyroclast-rich, coarse-fine succession at
the top of the section (Fig. 4.63c, d). The accidental lithic
fragments are commonly well-rounded gravels, while silts
and mud-stones are common among the large angular lithics.
The upper part of the succession is more dune and
cross-bedded with abundant features recording the deposition
from horizontal moving pyroclastic density currents and the
microtopography of the depositional surface (Fig. 4.63c, d).
The total thickness of this pyroclastic succession is about
40 m in the SE.

The abundant glassy to palagonitized, low vesicularity
juvenile pyroclasts indicate fast chilling of the fragmented
magma, which is consistent with magma-water interaction
triggered explosive fragmentation (White and Ross 2011).
The abundance of a great variety of country rocks as acci-
dental lithics in the pyroclastic units indicates that the
explosions excavated a significant proportion of the bed
rocks, suggesting that the magma and water interaction took
place below the syn-eruptive surface, such as in the case of a
maar-forming volcanic eruption (White and Ross 2011). The
dune-bedded and unsorted nature of the majority of the
pyroclastic succession is consistent with an origin from a
base surge dominated eruption (White and Ross 2011).

The at least 40 m thick pyroclastic succession is inferred
to be part of a former tuff ring that is today partially engulfed
by post-eruptive, Quaternary aeolian and fluvial terrace
deposits. The tuff ring formed a barrier to the intra-crater
lava flows emitted from the spatter cones that were formed in
the crater of the initial phreatomagmatic volcano. The acci-
dental lithic-dominated pyroclastic deposits suggest that the
explosive eruptions must have excavated a significant por-
tion of country rocks and formed a maar volcano that is
surrounded by its tuff ring in the ancestral Wadi Sabya.
A crater was carved in the wadi deposit and subsequently
functioned as a depocentre, collecting lava flows emitted
from the scoria and spatter cones in the maar crater. By the
complete exhaustion of the available ground-water supply,
the initial phreatomagmatic explosive eruptions led to the

formation of a scoria cone similar to common trends asso-
ciated with monogenetic volcanoes elsewhere (Kereszturi
and Németh 2012), probably on the syn-eruptive surface
outside of the maar, on its northern side. The large size and
complex stratigraphy of the scoria cone indicates that it was
erupted over a prolonged period of time.

Jabal Akwa Al Yamaniah is the first volcano where a
phreatomagmatic pyroclastic succession has been identified
in SW Saudi Arabia in the Tihamat Asir. It records a com-
plex volcanic eruptive history that started with a violent
explosive eruptive phase, when rising magma interacted
with ground-water and formed a deeply excavated crater: a
maar surrounded by a tuff ring. Mapping indicates that the
tuff ring was probably thicker in the SE and absent in the
northern sector of the volcano. The circular distribution of
the lava flows and spatter mounds of Jabal Akwa Al
Yamaniah is the direct result of the lava flows being con-
trolled by the crater rim of the initial phreatomagmatic
volcano, capturing and collecting post-maar eruptive prod-
ucts in a broad maar crater. The identification of the basal
maar volcano in this location reveals for the first time that
the explosive interaction between magma and water needs to
be evaluated seriously in this region as a potential high
consequence volcanic hazard similarly to other coastal
regions elsewhere (Agustin-Flores et al. 2014; Brand et al.
2014; Németh et al. 2012a). Alluvial fans, wadi deposits or
deep faults, especially along the coastal escarpment, can host
significant volumes of water (particularly in the rainy sea-
son) and this is capable of dramatically changing the vol-
canic eruption style of the rising magma, making it more
destructive and hazardous.

A complex of phreatomagmatic volcanoes has been
identified for the first time in the southernmost portion of the
Al Birk volcanic field in SW Saudi Arabia. The newly
identified accidental lithic clast-rich tuff and lapilli tuff
succession is partially covered by aeolian sand and wadi
deposits, with abundant mantle- and deep crustal-derived
xenoliths in the southern margin. This pyroclastic succession
of the Jabal Akwa Al Yamaniah volcanic cone complex is
typical of a volcano that had phreatomagmatic explosive
eruptions in its initial eruptive stage. The large volume of
accidental lithics in this basal pyroclastic succession indi-
cates that this volcano is a maar-diatreme and its eruption
was triggered by the explosive interaction of rising magma
and ground water in a thick gravelly alluvial plain cross-cut
by wadi networks. The young age (<1 Ma) of the Al Birk
volcanic field in general puts this discovery in the spotlight,
as it provides firm evidence that phreatomagmatism cannot
be neglected, at least in the initial stage of any future
eruptions—especially those that occur over thick alluvial
fans in the coastal regions of Jizan—and should be viewed
as a potentially destructive and highly unpredictable, high
impact volcanic hazard.
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4.5.4 Harrat Jirratan [17° 0′ 44.01″N; 42° 54′
12.45″E]

A short field visit explored the vicinity of Harrat Jirratan, a
region mentioned as hosting a volcano that erupted about
100 years ago (Neumann Van Padang 1963). This initial visit
aimed to assess the site and to provide some recommendation
for research strategy to understand the geological context of
the region. Harrat Jirratan is located near to the town of Abu
Arish, along the main highway from Jizan to Yemen
(Fig. 4.64). The location is the border zone between KSA and
Yemen and therefore it is difficult to access sites. One of the
suspected sites for instance is a military base where access
was not permitted (Fig. 4.64). From the distance however the
cone look fresh and indeed could be as young as a century. In
the other hand another cone (Fig. 4.64) that were more likely
the mentioned historic site can be accessed but the cone itself
is surrounded by fence, and direct access to the main part of
the cone is not allowed without appropriate administrative
preparations. The area however consists of a lava field of
blocky lava forming a characteristic plateau (Fig. 4.64)
above the town of Abu Arish. The lava field surface mor-
phology is difficult to assess due to the exposed gently
westward dipping slopes that are brushed by strong winds
and therefore aeolian dust pressed into the gaps of any lava
surface (Fig. 4.64). The lava flows however seem to be thin
micropahoehoe styles and indeed they share some evidence
that they cannot be too old. The cones are also steep, their
crater rim is well-preserved and the flank of the cones has no

gully network visible. These morphological features point to
a relatively young age of the cones however not providing
enough evidence to support their very young age. The diffi-
culty is in this area that the elevation of the cones, and the
occasional rainfall able to sustain some scrub and grass
vegetation that makes the landscape fairly similar to those
known from Chyulu Volcanic Field in eastern Kenya (Shai-
tani and Chainu eruptions in 1856) [http://www.volcano.si.
edu/volcano.cfm?vn=222130], where recent scoria cones
look also older than they are (Haug and Strecker 1995).

The scoria cones are composed of red vesicular scoria
that is isometric in shape. Fine black ash is occasionally
visible in the upper section of the edifice. The cones have an
enclosed crater that is not filled with aeolian dust indicating
its relatively young age.

4.5.5 Jabal Al Raquabah [17° 48′ 40.12″N;
41° 50′ 35.49″E]

Jabal Al Raquabah is an eroded volcanic edifice located
directly on the Red Sea coast in the southern part of the main
body of the Harrat Al Birk. The erosional remnant can be
accessed all around and there are some tracks that cross cut
the edifice allowing a fairly complex view for the visitor.
The edifice is not covered by any vegetation however its
north facing site has a significant aeolian sand dune cover
about one third up on its flank. The southern side of the
edifice however perfectly exposed and allow a complete

Fig. 4.64 Youthful appearance of the Jirratan scoria cone [17° 0′ 44.01″N; 42° 54′ 12.45″E] that was reported to be active in the beginning of the
last century. Arrow points to another scoria cone that could also be the mystery young scoria cone in Harrat Jirratan
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section to be measured from the sea level up to the top of the
cone. The volcanic edifice is a conical shape broad volcanic
massif about 3 km across with a small crater on top of the
entire basal succession (Fig. 4.65a). The base of the pyro-
clastic succession forms an about 15 m thick succession of
glassy pyroclast rich bedded lapilli tuff and tuff that is rich in
ballistic bombs of angular chilled juvenile lapilli and bomb
(Fig. 4.65a). The abundance of glassy pyroclasts, the dune to
cross bedded nature of the deposits and presence of acci-
dental lithic clasts as accidental lithics suggest that these
beds formed through phreatomagmatic explosive eruption.
The relative low proportion of deep seated accidental lithics,
the abundance of glassy pyroclasts and presence of coral and
other shallow marine sediment-derived clasts suggest that
the eruptions were triggered by interaction of rising magma
and shallow seawater behind a reef and the eruption were
likely initiated in a shallow subaqueous setting forming an
emergent, Surtseyan style volcano (White and Houghton
2000). The water depth could have been very low and at this
stage it is difficult to say that the volcano evolved as a typical

Surtseyan volcano (Agustin-Flores et al. 2015; Brand and
Clarke 2009; Mattsson 2010; Sohn et al. 2008), or it was just
strongly influenced by the availability of surface water and
otherwise evolved as a tuff ring on a marshy coastal plain
(Agustin-Flores et al. 2014) or phreatomagmatic rift-edge
volcanoes commonly develop on volcanic islands coastal
regions (Németh and Cronin 2009, 2011).

The stratigraphy of Jabal Raquabah is simple by having a
basal phreatomagmatic succession dominated by pyroclastic
density current deposited beds (Lph) that gradually transform
to an upper phreatomagmatic succession (Uph) that is more
clast-supported and more consistent with fall deposition in
sub aerial conditions during the fully emergent stage of the
volcano, and an upper spatter dominated part (Usp) that is a
capping unit and clearly demonstrate the complete emergent
and/or water cut of stage of the eruption (Fig. 4.65).

Texturally the basal successions are rich in horizontal
transport indicators (Fig. 4.66a, b). About 15 m above the
base of this initital succession the pyroclastic beds have a
zone of about 2 m where multiple flow indicators

Fig. 4.65 Overview images of Jebel Raquabah volcano [17° 48′
40.12″N; 41° 50′ 35.49″E] that is inferred to be an erosional remnant of
a Surtseyan emergent volcano. Its base composed of phreatomagmatic
deposits (Lph) deposited from pyroclastic density currents that is

gradually transforming into a more fall-dominated well-bedded, glassy
pyroclast-rich succession (Uph) (b). The entire succession is capped by
a spatter dominated partially agglutinated unit (Usp) that is framed with
some dykes (c)
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demonstrate a multioriented transportation regime best
explained by a wave action dominated transportation region
in shallow coastal regions (Fig. 4.66c). The basal section
and the upper phreatomagmatic units contain large number
of coral fragments (Fig. 4.66d) as accidental clasts indicat-
ing that these clasts were excavated by an explosive

eruption. The upper phreatomagmatic succession clast sup-
ported beds show variable palagonitization of individual
pyroclasts suggesting an intensive recycling in a water,
steam and acid-rich environment (Fig. 4.66e). The capping
succession is typical lava spatter dominated unit that can be
more matrix supported in what large spatter float or more

Fig. 4.66 a Basal pyroclastic succession of Jabal Al Raquabah [17°
48′ 40.12″N; 41° 50′ 35.49″E], b matrix supported part of the basal
phreatomagmatic succession of Jabal Al Raquabah, c transitional
multiple transport indicator-dominated section of Jabal Al Raquabah,

d coral fragments in the phreatomagmatic successions, e clast supported
lapilli bed in the upper phreatomagmatic unit with great variety of
palagonitization (various brown coloured clasts) and some coral
fragments (white clasts), f upper lava spatter dominated capping unit
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Fig. 4.67 Khurma scoria cone [18° 13′ 32.99″N; 41° 36′ 29.77″E] sits on an elevated plateau (a). The cone itself is dissected, partially collapsed,
and its edifice interior is exposed (b)

Fig. 4.68 Al Birk town [18° 12′ 47.56″N; 41° 32′ 17.70″E] from the
lava plug forming a hill in the centre of the town (a). The centre of the
town form an elevated coherent lava body that is surrounded by a

“wall” of circular lava flows (arrows on b). The origin of these features
is not clear, and could be a subject of future research
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homogeneous up-section an form agglutinated and welded
beds that acted as an erosion resistant cap on the volcanic
edifice (Fig. 4.66f).

4.5.6 Khurma [18° 13′ 32.99″N; 41° 36′ 29.77″E]

Khurma is a large scoria cone dominates the central part of
the Harrat Al Birk (Fig. 4.67). It sits over a blocky lava flow
field that considered to be an older paleosurface. The cone is
complex and shows multiple collapse and rebuild events in
their exposed sections (Fig. 4.67b). It has no associated ash
plain around the cone, however it could have been eroded
since the volcano sits over a wind exposed plateau
(Fig. 4.67a). The location is accessible and could be an
important easy to access and nice geosites for a future
geopark in the region.

4.5.7 Al Birk [18° 12′ 47.56″N; 41° 32′ 17.70″E]

The town of Al Birk is the location after the Harrat Al Birk
got its name. The city center seems to sit on an elevated
platform that stands out from a depression that is surrounded
by a circular feature. This geometrical set was the reason the
field visit was arranged. Such setting is commonly linked
with a maar-diatreme feature. However, the circular feature
turned to be a lava flow front that is by some reason stopped
in a semi-circular fashion. In the center of this circulate
feature a large cliff with alkaline basaltic rocks form a
prominent landmark (Fig. 4.68). Toward the Red Sea similar
older looking alkaline basaltic lava flows commonly form a
paleo-surface against old reef banked suggesting some sea
level rise and fall since these lava fields formed. The age and
chemical composition of these lavas could provide inter-
esting information on the general landscape forming lava
flow fields in the core of the Harrat Al Birk.

4.5.8 Main Findings

Harrat Al Birk is an interesting volcanic field in term of the
variety of volcanic landforms identified in this field cam-
paign. First time a partially buried maar volcano have been
located at Jabal Akwa, that highlight the need for further
detailed studies in the region and evaluate the volcanic
hazard aspects of this finding in regard of linking the loca-
tion for these vents and the location of major wadi networks.
Also, along the Red Sea coast the first time phreatomag-
matism were noticed. The described features point to infer a
shallow submarine, emergent tuff cone growth that fits very
well for the expected eruption scenarios during higher sea
level one can envision. The centre part of the Harrat Al Birk

is also promising in regard of the large partially eroded
scoria cones that allow looking inside their edifice and
characterises their volcanic eruptions. Interestingly, there are
several cones that are fairly steep, and suggest that some sort
of lava dome activity may have played a role in the evolution
of these cones.

Harrat Al Birk is located in a fast growing region where
population growth and investment increase is huge. The
Harrat Al Birk is a potentially active volcanic field, and
therefore it is important to fully develop eruption scenario
hazard models and communicate those scientific results with
local communities and authorities. The newly identified
volcanic eruption styles in the Harrat Al Birk made it
important that such eruption scenario studies conducted in
the near future.
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5Synthesis of the Geoheritage Values
of the Volcanic Harrats of Saudi Arabia

5.1 Potential Link Between Geoeducational
Programs in Various Harrats
of Saudi Arabia

Western Saudi Arabia is the home of extensive volcanic
fields with hundreds of well-preserved volcanic landforms
(Camp and Roobol 1989a, 1992; Camp et al. 1991, 1992;
Alwelaie 1994; Bosworth et al. 2005). Due to the arid climate
these volcanic landforms are well-preserved and show perfect
volcanic edifice architecture that can be utilized in various
geoeducational programs (Fig. 5.1). This is an important
aspect during the identification and cataloguing of volcanic
geoheritage values in the region, which is still considered to
be active and future volcanic unrest is expected in areas that
are either culturally or economically significant. Volcanoes
identified among the harrats of Saudi Arabia contain some of
the most common volcanic landforms on Earth and in the
Solar System, including scoria cones and spatter cones
(Connor and Conway 2000; Walker 2000; Kereszturi and
Németh 2012; Németh and Kereszturi 2015). In this respect,
it is difficult to argue the “outstanding universal value” of the
geoheritage of the sites (Badman et al. 2008), using the
concept imposed by UNESCO (http://whc.unesco.org/en/
criteria/ and https://portals.iucn.org/library/efiles/documents/
2008-036.pdf), as they cannot be universally unique if they
are among the most common volcanic landforms on Earth.
This is a paradox shared by many other geoheritage sites
associated with dispersed volcanic fields. This is a major
philosophical issue that is the subject of many discussions,
including the nomination process for UNESCO World Her-
itage status of proposed volcanic fields (http://www.
chainedespuys-failledelimagne.com/); however, here we
demonstrate the unique nature of the Saudi harrats.

The harrats we present here are typical volcanic fields in
an intracontinental setting (Németh and Kereszturi 2015),
representing the near continuous volcanism in the western
margin of the Arabian Peninsula that started nearly 30 mil-
lion years ago (Yurur and Chorowicz 1998; Ukstins et al.
2002; Shaw et al. 2007; Moufti et al. 2013a; Runge et al.

2014; Wahab et al. 2014) and culminated in several
well-defined eruptive stages forming overlapping and spa-
tially well-defined volcanic fields (Camp and Roobol 1989b;
Bosworth et al. 2004, 2005). While it is unlikely that any of
the volcanic features are individually unique on a global
scale, together these fields form a globally unique and sig-
nificant geological environment, which presents a unique
opportunity to see the variety in the eruption styles and nature
of intracontinental volcanism. The individual volcanic fields,
moreover, can be linked together to provide an extensive
region over a continental plate, extending over 2000 km in
length in the western margin of the Arabian Peninsula.

Each of the volcanic fields contains a type of volcanic
feature that can be identified across many of the fields,
including an abundance of volcanic edifices produced by
mild explosive eruptions, effusion of transitional type lava
flows, dominance of lava-fountain producing eruptions and
the formation of aligned lava spatter cones. In this respect,
the “outstanding universal value” of these volcanoes is not
in their individual uniqueness but rather in their abundance
and common similarities across a vast area of land in the
western margin of the Arabian Peninsula. Hence, the western
Arabian volcanic fields together represent a well-defined and
dispersed region, where lava-fountain and scoria-cone
dominated volcanism is common and produced major
landscape-defining elements.

While this common link between the Arabian harrats
illustrates the nature of the volcanoes that could be encoun-
tered, the detail of their volcanic architecture shows enough
uniqueness for them to be treated as individual volcanic
geotopes with their unique volcanic geosites. Moreover, there
is sufficient geodiversity in the appearance of the spatter and
scoria cones across the volcanic fields for visitors to under-
stand the fine details of these volcanic landforms.

A further factor that promotes the harrats being treated as
separate geosites is the fact that there are regions in western
Arabia that are easier to access than others, and this will
determine the extent to which a geoeducation and geotouristic
program could be developed in an area. Harrat Rahat is

© Springer International Publishing Switzerland 2016
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particularly well accessible, and it is located beside the cul-
turally and religiously significant city of Al Madinah, making
it the ideal location to develop a geoeducational program.
Harrat Rahat is also the home of one of the most recent of the
known eruption sites of the Arabian Peninsula, which built a
chain of scoria and spatter cones and emitted a large volume
(about 0.5 km3) of transitional lava flows (Murcia et al.
2014), making this site a perfect “knowledge and/or geoed-
ucational hub” that could then be linked to similar sites in
other harrats. The program in this sense would use the 1256
AD eruption sites at Harrat Rahat to “scale” the spatter and
scoria cones, which visitors then can compare with other
similar volcanoes across Arabia (Moufti et al. 2013d).
Information leaflets, maps and other electronic resources

(e.g., geo-routes) could emphasize the similarities and dif-
ferences among these volcanic features to show and explain
the reason for their commonness and diversity. Spatter cones
and scoria cones, while similar to each other and defined by a
specific size, volume and eruption style range, differ signifi-
cantly from each other both within in a single volcanic field
and across many volcanic fields (Vespermann and Schmincke
2000; Wolff and Sumner 2000). To characterize this variation
in a scientifically correct way is research that has not been
conducted yet; however, there are some obvious trends that
can be noted. In Harrat Rahat many spatter cones (Fig. 5.2)
are of a size that is considered to be large and many scoria
cones appear like large (overgrown) spatter cones. This
indicates that many of the Harrat Rahat’s scoria cones erupted

Fig. 5.1 Well-preserved volcanic landscape of the Saudi harrats such as tuff rings with intra-crater scoria cone from Harrat Kishb [22° 48′ 20.49″N;
41° 20′ 52.22″E]

Fig. 5.2 Spatter cone of Harrat Rahat [24° 20′ 42.03″N; 39° 46′ 32.76″E]
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through numerous and potentially high lava fountains, pro-
ducing significant welding, heat radiation and associated
molten edifice collapse events (Moufti and Németh 2013;
Moufti et al. 2013c). Hence the majority of the preserved
scoria cones in the Harrat Rahat are inferred to be dominated
by hot temperature magmatic explosive eruptive events.
A similar situation can be seen at the Harrat Khaybar, where
extensive large scoria cones commonly steep, and align with
spatter collar covered cones. It seems that, while no precise
study has been conducted yet, the volcanic cones of the har-
rats are more like large spatter cones than coarse ash- and fine
lapilli-dominated cones composed of granular media. An
exception from this trend could be the Harrat Hutaymah and
Al Birk, where the scoria cones are more non-welded ash and
lapilli dominated; however this requires further investigation
and in-depth study.

The scoria cones of the harrats occasionally produced
eruptions that generated a large volume of fragmented
pyroclasts, which dispersed over large areas leaving behind
dark ash and lapilli plains. At Harrat Rahat, the 1256 AD
eruption left behind a reasonably large ash and lapilli field
(Fig. 5.3) that produced a potentially violent Strombolian

phase or phases in the eruption of one of the vents (Kawabata
et al. 2015), similar to those seen at Harrat Khaybar in
association with the Jebel Quidr volcano (Fig. 5.4). These
locations represent the most violent eruptive events of mafic
explosive volcanism in the region and their potential volcanic
hazard implications are huge. These locations, therefore, can
be used for future volcanic hazard education programs to
demonstrate the consequences of similar eruptions in the
future. Similar large violent Strombolian or sub-Plinian style
mafic eruption sites are relatively rare across the harrats’
volcanoes.

Overall it is clear that together the harrats contain all the
known types of scoria and spatter cones and this makes the
western Arabian harrats internally and globally unique: they
can be defined as carrying high “outstanding universal
value”.

The harrats, however, do not only consist of volcanoes
formed by mafic explosive eruptions; there are surprisingly
large numbers of silicic eruptive centres. Harrat Rahat hosts
one of the most diverse varieties of volcanoes in the region,
ranging from maars formed due to magma and water
explosive interactions to fully developed small-to-medium

Fig. 5.3 Ash plain 1256 AD site [24° 20′ 51.18″N; 39° 46′ 34.32″E]
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calderas that erupted due to the expansion of magmatic
volatiles of silicic (trachytic) magmas (Camp and Roobol
1989a; Moufti and Németh 2013). Harrat Rahat in this
respect carries large “outstanding universal value” as it can
demonstrate the diversity of explosive eruption sites from
purely externally to dominantly internally driven explosive
magma fragmentations, producing diverse types of volcanic
craters. Similar diversity of explosive craters and silicic
volcanism is known from the Harat Khaybar (Moufti and
Németh 2014) and Harrat Kishb (Grainger 1996; Moufti
et al. 2013b; Wahab et al. 2014). Harrat Khaybar represents
a compositionally similar scenario to Harrat Rahat, while
Harrat Khisb represents a more alkali-dominated volcanism
with chemically different eruptive products (Camp and
Roobol 1989a; Camp et al. 1991, 1992). These three harrats,
however, are unique in the way they demonstrate a very
broad chemical variety of eruptive products, which form
distinctly different volcanic edifices ranging from pure
explosion craters to complex caldera-like features and/or
silicic lava domes. Harrat Rahat and Harrat Khaybar, in
addition, show numerous instances of the co-location of
mafic and silicic eruption sites, forming complex and com-
pound volcanic edifices (Fig. 5.5). These have individual

characteristics and hence are easy to define as volcanic
geotopes with unique volcanic geosites. The Harrats Khay-
bar, Rahat and Khisb together exhibit a complex and mature
stage in the evolution of dispersed volcanism, and also links
to polygenetic volcanism; therefore, together they carry
“outstanding universal value” beside their huge aesthetic
value.

Harrat Hutaymah is an example of the most typical of
small-volume mafic volcanic fields with numerous maar
volcanoes (Pallister 1985; Thornber 1990; Moufti et al.
2015). There are maar volcanoes that are filled with
post-eruptive debris and there are those that function as large
open craters today (Fig. 5.6). This diversity of the maar
craters preserved across Harrat Hutaymah makes this field of
“outstanding universal value”. While Harrat Hutaymah is
clearly the volcanic field in the Arabian Peninsula with the
greatest abundance of maar volcanoes, there are other sites in
Arabia that have large and very well-preserved young maar
volcanoes. Harrat Khisb is one such example, with its single
large maar crater (Al Wahbah) and several smaller maars
partially buried (Fig. 5.7). In contrast, Harrat Al Birk is a
volcanic field where maar craters are commonly hidden by
aeolian sand cover and potentially many of the sites have

Fig. 5.4 Ash plain at Harrat Khaybar near Jebel Quidr [25° 43′ 44.41″N; 39° 58′ 9.39″E]
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been misinterpreted and/or even missed in previous work
(Fig. 5.8). The variety of maar craters and their infill status
across the harrats of western Arabia is huge and this can
potentially serve a well-linked educational program to

demonstrate how a terrestrial crater can be filled. Harrat
Hutaymah is also a location where maar crater rim deposits
are very well exposed and thus is an ideal site for demon-
strating the potential deposits a maar-forming eruption could

Fig. 5.5 Complex silicic
volcanoes of Harrat Rahat
(a 24° 5′ 38.59″N;
39° 55′ 32.47″E) and Harrat
Khaybar (b 25° 40′ 29.67″N;
39° 58′ 47.31″E) (Google Earth
Image)
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contribute to the surroundings. While individual maar vol-
canoes are not unique in the harrats of Arabia, their abun-
dance in some harrats and rarity in others is significant, as is
their ability to demonstrate the link between the external and
internal controlling parameters responsible for the eruption
of small-volume basaltic volcanoes (Németh et al. 2012;
Németh and Kereszturi 2015). The harrats of Arabia, in this
respect, carry also “outstanding universal value”.

The most common volcanic landscape-forming elements
of each harrat are the vast lava flows (Fig. 5.9). They occur
in each of the harrats and share the same typical transitional

(from pahoehoe to aa) lava flow surface textures (Murcia
et al. 2014). The abundance of such lava surface textures
perhaps diminishes the unique image of the lava flows and
seemingly degrades their geoheritage value, however, again
their significance and global uniqueness lay in their abun-
dance in the region. A geoeducational program highlighting
this fact could be significant in volcanic hazard education in
the region, to help appreciate the type of lava flows future
eruptions would produce.

Overall the harrats of Arabia show similar architectural
features, similar volcanic edifices and similar lava flow

Fig. 5.6 Harrat Hutaymah crater [26° 59′ 39.62″N; 42° 15′ 6.37″E]

Fig. 5.7 Al Wahbah maar with wide and deep crater [22° 53′ 37.65″N; 41° 7′ 59.97″E]
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textures. These similarities are the key to link these volcanic
fields and demonstrate that together the region contains
nearly every possible feature one can imagine relevant to
dispersed intra-continental volcanism. The real “outstanding
universal value” of the harrats of Arabia lies in the abun-
dance of its volcanic features, which formed by every known
internally and externally controlled geological forces.

5.2 Potential Links of the Identified Volcanic
Geoheritage Sites in Saudi Arabia
with Others Around the World

The harrats of Arabia can easily be linked to other dispersed
volcanic fields and their corresponding geoeducational pro-
grams. The harrats of Arabia are unique as one of the most
diverse regions worldwide, in terms of the preserved

volcanic landforms. This is the key to be able to link the
Saudi harrats with other intra-continental volcanic fields on
Earth.

The length of volcanic activity in each of the Arabian
harrats is in the range of several millions of years, which
makes these volcanic fields fairly mature volcanic regions.
The mature nature of the volcanic fields is expressed through
the common presence of complex volcanoes with compound
architecture and a general overlapping and amalgamated
volcanic stratigraphy. Harrat Rahat, for instance, was active
over the past 10 million years and produced distinct volcanic
stratigraphy horizons with an aggregated thickness of vol-
canic products over 100 m in inter-cone regions (Moufti
et al. 2013a). Such long-lived and productive volcanic fields
are also known elsewhere and this provides a golden
opportunity to develop a global network of similar volcanic
regions. Harrat Rahat has numerous analogues in East

Fig. 5.8 Hidden maar in Al Birk near the town of Sabya on a Google Earth image. The maar crater has been recognized beneath an intra-crater
lava flow (centre of image) that partially covered by aeolian sediments [17° 10′ 58.59″N; 42° 44′ 4.03″E]
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Africa, such as in regions in the Chyulu volcanic field
(Novak et al. 1997; Spath et al. 2001; Sakkas et al. 2002)
that are dominated by stacks of thick lava flows and volcanic
cones range from very small volume edifices to complex and
compound ones (Fig. 5.10). Many central Anatolia volcanic
fields share similar architecture to Harrat Rahat, and the
chemical diversity of the Anatolian volcanic fields can be as
broad as has been documented from Harrat Rahat (Aydin
et al. 2014; Seghedi et al. 2015). Probably the most similar

volcanic fields to Harrat Rahat and Harrat Khaybar, where
chemical diversity of the eruptive products and the variety of
volcanic eruptions styles and hence volcanic landforms are
huge, are those of the Transmexican Volcanic belt (Wallace
and Carmichael 1999; Petrone 2010; Agustin-Flores et al.
2011; Guilbaud et al. 2012), the Colorado Plateau volcanic
regions (Elston and Wohletz 1987; Arculus and Gust 1995;
Valentine and Cortes 2013), and Chaine-de-Puys in France
(Morel et al. 1992; Woodland and Jugo 2007). These regions

Fig. 5.9 Vast lava flow fields of Harrat Khaybar [25° 42′ 41.37″N; 39° 58′ 27.07″E]

Fig. 5.10 Overview of the Chyulu volcanic field (Kenya, East Africa) from the south [2° 55′ 4.68″S; 38° 0′ 43.33″E]
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share the common fact with Harrat Rahat, Harrat Khaybar
and even with Harrat Kishb that they are also the products of
volcanism fed by both mafic and silicic magmas. Somewhat
similar to these Saudi volcanic fields are the extensive vol-
canic regions of Victoria and South Australia, at least from
the longevity and/or the total eruptive volume of the vol-
canism produced there and in Arabia (Cas 1989; Hare and
Cas 2005; Boyce et al. 2014).

Interestingly, Harrat Hutaymah is the only volcanic field
in Arabia to show close similarity to the volcanic fields
across Central Europe from the Eifel (Schmincke et al. 1983;
Bitschene and Schueller 2011) through the Eger Graben
(Cajz et al. 2009) to the Pannonian Basin (Martin and
Németh 2004), and the Patagonian basaltic fields mostly in
Argentina (Pankhurst et al. 1998; D’Orazio et al. 2001;
Massaferro et al. 2006). Harrat Hutaymah, therefore, could
easily be linked in geoeducational perspective to those fields.
Other harrats, such as the Harrat Al Birk, show more simi-
larity through the dominance of lava flows, and the con-
centrated vent distribution to those volcanic fields located in
North Africa, such as Al Haruj in Libya (Németh et al. 2002;
Cvetkovic et al. 2010; Bardintzeff et al. 2012).

Overall there are numerous connection points between
the harrats of Arabia and other volcanic fields globally.
Many of the global analogues are at an advanced stage in the
research and characterisation of their volcanic geoheritage
values, making it a logical step to link the Saudi harrats to
them. The large number and the great diversity of these
dispersed volcanic fields and their volcanoes are the keys to
view these monogenetic volcanic fields as important con-
tributors to the total volcanism on Earth. The Saudi harrats
together cover every known aspect of monogenetic volcan-
ism, making them a key location to be connected to global
geo-education projects on dispersed volcanism.

5.3 Potential Global Networking
and the Role of the Saudi Volcanic
Harrats

The current project to propose the Chaine-de-Puys volcanic
region along the Limagne Fault line in France as a UNESCO
World Heritage Site highlighted the pitfalls of the evaluation
process and criteria UNESCO imposes on potential candi-
dates. The nature of monogenetic volcanic fields means that
they contain very common volcanic landforms and individ-
ually it would be very difficult to argue that they carry a
globally significant “outstanding universal value”. While a
simple scoria cone is not exciting from a volcanic landscape
perspective or from its potential to provide vital new infor-
mation for the understanding of volcanic eruptions, if they
exist in large groups and show great variety in their volcanic
landforms, they together can form a “critical mass” of cones

that can be justified as carrying “outstanding universal
value”. The Saudi harrats in this respect can be viewed as
globally significant sites along many different geological
lines of argument, such as the abundance of diverse types of
scoria cones and spatter cones, the compositional variety and
great volume of their lava flows. The Saudi harrats are also
located in an arid climate, where erosion is slow and the
preservation potential of volcanic features is great, alongside
good exposures. While the harsh environmental conditions
where the Saudi harrats are located does not make them an
easy volcano tourist destination, together they form a vital
part of a global network to provide analogue and
well-exposed text-book-style examples to demonstrate vol-
canic processes associated with monogenetic volcanoes, and
the rock textures and edifice architecture of small-volume
volcanoes. The Saudi harrats, therefore, could be linked to a
global network of dispersed volcanic fields to provide good
examples for features that may not be well exposed else-
where, demonstrate specific volcano types that may be dif-
ficult to fit into a big picture at another volcanic field or to
provide an alternative example to demonstrate key volcanic
features in order to keep the diversity of information high in
any geo-educational program designed elsewhere.

Overall it is expected that a dispersed volcanic field
somewhere on Earth will, one day, be granted World Her-
itage Status, as they represent the most common and most
typical type of volcanism in the entire Solar System. The
most advanced project to achieve this status has been pre-
pared by the Chaine-de-Puys volcanic region in France. The
Chaine-de-Puys volcanic region is also expected and
designed to act as a hub for volcanic field geoheritage pro-
jects on a global scale. The Saudi harrats are also perfectly
linkable to any volcanic fields on Earth with similar geo-
heritage values.

It would be ideal for global geo-education program if
modern, recent and ancient volcanic fields and their volcanic
geoheritage values would be linked together. In such a sit-
uation, a maar-diatreme volcanic field, such as the eroded
ancient region of the Hopi Butte where the diatremes are
exhumed, could be linked to Harrat Hutaymah, where the
maar volcanic landforms are well-preserved and diatremes
are deep beneath their maars’ crater floors. The arid nature of
the Arabian harrats also can be used to demonstrate the scale
and effect of climate change over millions of years, espe-
cially by showing the presence of maar volcanoes that were
clearly erupted due to explosive magma and water interac-
tion in the past, such as those at Harrat Hutaymah. Other
young, present day dry maars, such as the Al Wahbah maar
in Harrat Kishb, could be linked to maar geoheritage sites,
such as the Messel UNESCO World Heritage site (http://
whc.unesco.org/en/list/720) to show what a maar crater floor
would look like if water were to be taken away. In a similar
way, most of the maar craters identified among the Saudi
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harrats can be associated with other maar fields with similar
volcanic architecture, such as the Valley del Santiago dry
maars in central Mexico (Molina Garza et al. 2000;
Cano-Cruz and Carrasco-Nunez 2008). These “bilateral”
links are thought to be essential to develop a truly global
network of geoheritage sites of volcanic fields.

The harrats of Arabia, however, can provide a very unique
connection point to other dispersed volcanic fields if we
consider their long-lived eruption history and common
mature geological features. These include having the full
spectrum of geochemical lineages from mafic to more silicic
version of magmas (e.g., basanite to phonolite or basalt to
trachyte) and various small-to-medium volume volcanic
landforms, such as simple and single explosion craters to lava
dome complexes and associated block-and-ash flow fans
linked to local small caldera-like features. These features
mark the maturity of a volcanic field’s evolution and a global
effort to link such sites together, especially those that have had
intensive geoheritage study and catalogue programs, is a very
desirable process. The Harrat Rahat, Harrat Khaybar and
Harrat Khisb are especially good candidates for such global
links. Harrat Rahat, with its long-lived and overlapping vol-
canic fields and centrally located concentration of silicic
volcanic centres, show similarity to volcanic fields in the
western US (e.g. San Francisco Volcanic Field) (Conway
et al. 1998) and many in Sudan (e.g. Meidob Volcanic Field)
(Franz et al. 1997). The dorsal ridge like distribution of vents
and lava flow fields at Harrat Rahat shows similarities to the
Chaine-de-Puys volcanic field in central France (Anonymous
2012; de Vries et al. 2014) and Chyulu Hills in Kenya (Novak
et al. 1997). Harrat Khaybar can also be linked to the above
mentioned volcanic fields; however the dorsal nature of the
vent distribution in Harrat Khaybar is not the same at Harrat
Rahat. Harrat Khaybar has more evenly distributed vents,
similar to those in Pinacate in Sonora, Mexico (Gutmann and
Sheridan 1978; Gutmann 2002). However Harrat Khaybar is
more silicic and the abundance of silicic eruptive centres and
their eruptive products is greater than in Pinacate. In this
respect Harrat Khaybar shows more similarity to volcanic
fields in Patagonia, where mafic volcanic fields are commonly
associated with medium sized central vents of silicic volca-
noes (Massaferro et al. 2006). Harrat Khisb differs from
Harrat Rahat and Khaybar, being more alkali in its eruptive
products, and it shows great similarity in its volcanic geo-
heritage values to those fields located in the Central European
Volcanic Province. The link between Harrat Khisb and the
Eifel in Germany is particularly important, as the Vulkaneifel
itself is a Global Geopark (http://www.geopark-vulkaneifel.
de/index.php/en/) with a strong emphasis on its volcanic
geoheritage (Bitschene and Schueller 2011). Other Central
European volcanic geoparks, such as the Bakony-Balaton
Highland Geopark (http://www.geopark.hu/en/) or the
Nograd/Novohrad Geopark (http://www.nogradgeopark.eu/),

are therefore also natural partners to be associated with Harrat
Khisb and co-develop geoeducational programs that refer-
ence the other sites.

5.4 Outlook

Overall, the Arabian volcanic geoheritage sites together
form a globally significant location of intra-plate volcan-
ism, and they carry huge geoheritage values, which are
ready to be linked to a global network of volcanic geo-
heritage programs, including geoeducation, geotourism and
geoconservation. While the logistical issues to visit the
Arabian sites, including natural and geopolitical obstacles,
need to be carefully managed and resolved, in the long
term, the Arabian volcanic geoheritage sites have a huge
role in the future to act as a natural laboratory that sci-
entists and the general public can enjoy and appreciate
equally. Future geoheritage research and work need to
explore these opportunities.

Volcanic geoheritage studies in the Arabian Peninsula
have been concentrated over the last 5 years. This research is
largely an offspring from other concentrated volcanic hazard
related work in the region. Geoheritage studies in the region
are therefore in their infancy and further work is required
before a robust and functioning geoheritage program can be
established that is equally accepted by end users, govern-
ment officials, nature conservationists, geotour operators,
and researchers.

While at this stage the identification of geosites and the
evaluation of their geoheritage values from the local to the
global scale are most advanced in the Harrat Rahat, further
research is needed to reach the same detail of understanding
the geoheritage values of other harrats. The Harrat Khaybar
and Harrat Hutaymah geosite cataloguing process is rea-
sonably well-advanced, but further research is needed to
make the study complete. Such studies are also needed to
open the door toward other geoheritage aspects of these
fields, including non-volcanic heritage aspects, as well as
links to other cultural heritage information. Similar research
is still in a very preliminary stage in other harrats, and only
fragmented research has been conducted at Harrat Khisb and
Harrat Al Birk. These two harrats have also enormous
geoheritage potential, and by their locations can provide a
more complete volcanic geoheritage picture for the Arabian
Peninsula. Beside the documented and described volcanic
geoheritage sites of the harrats of Rahat, Khaybar, Hutay-
mah, Khisb and Al Birk, there are other harrats in the region
that have not been studied at all, and they potentially hold
some other key sites and/or other key aspects that could be
added to the portfolio of the harrats of Arabia. Among these
unstudied sites is the Harrat Lunayyir, which is located near
to the Red Sea coast, and has been identified as a target for

190 5 Synthesis of the Geoheritage Values of the Volcanic Harrats …

http://www.geopark-vulkaneifel.de/index.php/en/
http://www.geopark-vulkaneifel.de/index.php/en/
http://www.geopark.hu/en/
http://www.nogradgeopark.eu/


scientific research since the seismic unrest period in 2009,
which was suspected to be the result of a failed eruption
caused by intruding magma to shallow level (Pallister et al.
2010; Hansen et al. 2013; Mukhopadhyay et al. 2013; Zobin
et al. 2013; Koulakov et al. 2014). This field also has well
preserved volcanic landforms, which are suspected to be
young and have high geoheritage values (Coleman and
Gregory 1983). There are also large volcanic fields located
in the northern margin of the Arabian Peninsula, such as the
Harrat ash Shamah, which is considered to be the largest
volcanic field in the region by territory (Coleman and
Gregory 1983; Camp and Roobol 1992). While this region is
located in the territory between Syria and Saudi Arabia and
considered to be difficult to access, for future research it is an
area where a preliminary geoheritage evaluation should be
planned (Snyder et al. 1993; Almalabeh 1994; Nasir 1995;
Nasir and Safarjalani 2000; Krienitz et al. 2007;
Al-Safarjalani et al. 2009; Krienitz and Haase 2011). There
are older volcanic fields in Arabia, such as the Harrat
Uwayrid and Harrat ar Raha (Coleman and Gregory 1983;
Lange and Anonymous 1986; Blusztajn et al. 1995; Kali-
woda et al. 2005, 2007, 2008), both located nearby to a
UNESCO World Heritage site (Al-Hijr Archaeological Site
(Madâin Sâlih)—http://whc.unesco.org/en/list/1293). This
site was selected on the basis of its cultural value; therefore,
the volcanic fields could potentially be linked to those cul-
turally important sites. In addition, as these harrats are older,
the volcanic landforms are eroded, and deeper zones of their
volcanoes are exposed, for example their volcanic conduits
(Kereszturi and Németh 2012), providing a potential con-
nection point to modern and well-preserved volcano geo-
sites. Such geoheritage research would make the Arabian
harrats together an ideal set of intra-continental volcanic
fields, where visitors could see and learn the volcano
architecture from the internal structures of volcanoes to their
volcanic morphology. This could classify the Arabian har-
rats as among the most complex and intact volcanic regions
where one can learn to understand intraplate monogenetic
volcanoes.

Perhaps the ultimate goal is to record the volcanic geo-
heritage values of each harrats very precisely following the
internationally recognized scientific method (Vujičić et al.
2011; Zunino et al. 2012; 박준형 and Cheong 2012; Moufti
et al. 2013b; Prieto 2013; Farsani et al. 2014; Lim 2014;
Melelli 2014; Fernandez et al. 2014; Rocha et al. 2014; Tomic
and Bozic 2014; Brilha 2015; Francesco et al. 2015; Strba
et al. 2015). Such work can then provide the scientific basis
for local, regional and international councils to organise
geoparks of various levels and scales that can together offer
one of the largest and most intact intraplate volcanic
field-oriented geoeducational programs on Earth with strong
geotouristic and geoconservation links.
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