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danger, if the tremors are strong or caused by a slip in one of the transverse faults that are spread in
the Red Sea in a northeast-southwest direction.

The nature of the site of the facilities is of great importance in determining the extent of its response to
earthquakes. There is no doubt that there are many geotechnical studies to identify the characteristics
of a site in terms of its rock characteristics, soil characteristics, determination of the groundwater level,
and the extent to which the site may be exposed to liquefaction in the event of an earthquake. Seismic
studies are among the most important factors that contribute to the reduction of losses that may occur
in the event of an earthquake.

Some believe that the risks due to earthquakes are limited only to high towers, whose residents may
feel more of the effects of earthquakes. But the impacts of earthquakes extend also to low buildings,
and they may even be more dangerous to low buildings, especially to old or poorly built buildings that
were designed in the past without taking into account the earthquake and wind codes. Therefore, work
should be done to carry out periodic architectural, structural, and health and safety reviews of the facil-
ities and to issue a periodic usability certificate every 10 years, like that done for car licenses, to ensure
the safety of the buildings for human use and their protection from risks and damages by earthquakes.
It is known that most of the initial damage during an earthquake is due to ground movement. This
movement is expressed by the maximum ground acceleration. The level of ground movement of a lo-
cation depends on its distance from the epicenter. The intensity increases as we approach the center,
and it decreases as we move away from it. Strong ground motions can also result in secondary haz-
ards, such as ground motion amplification, soil liquefaction, or landslides.
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Amplification of the waves in the upper floors, where they are

more affected.
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Fine striations in the rocks of the Midyan Formation, Wadi Aynunah.
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A polished and striated pink granite boulder in Wadi Aynunah.
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The Effects of Earthquakes on
High Facility Buildings

Abdullah M. Alamri
President, Saudi Society of Geosciences

The resulting loss of life and the demolition of buildings during earthquakes may happen, which do not
exceed a few seconds, especially in contemporary societies, where the elements of life are intertwined
in a complex manner. Being aware of this complexity has led to the development of many engineering
solutions to reduce the effects that may be caused by earthquakes. Any engineering solution to reduce
these effects depends on the determination of the duration of the earthquake and the design and con-
struction of the facilities without neglecting the forces that result from the occurrence of earthquakes.
Of these, the appropriate engineering design option to resist earthquakes remains the only solution.
This option is represented by adopting engineering construction specifications that fulfill two basic
conditions: 1) by avoiding the collapse of buildings even in the event of a severe earthquake and, thus,
avoiding a high percentage of fatalities, and 2) by accepting the principle of allowing structural damage
that can be repaired at a cost that is much lower than the cost required for a structural construction that
does not allow any damage in the event of a severe earthquake.

The impact of earthquakes on high-rise facilities depends on the level and strength of the seismic ac-
tivity. Seismic waves, during their travel from their source on the sea floor, are exposed to several factors
that cause them to decay, such as the distance from the coast, the effect of seawater, and the presence
of salt deposits along the coastal areas, which can absorb these waves. They may reach the surface
and become so weak that a person may not anymore feel them. However, these waves may pose a
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Outcrops of the Juwayl Formation in Ria
Dhiab in the southeastern part of the Tathlith
Quadrangle.

\. J

Generalized chrono-lithostratigraphic succession of the Midyan Basin

\- J (Laboun, 2012).
A large granite boulder within the Juwayl Formation.
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Selected geologic map, showing the locations and the extent of the Late Ordovician gla-
cial deposits of the Sagiyah, Sarah, and Hawban Formations in the Widyan Basin and in
the Hail, Baq'a, Jabal Hibashi, Buraydah, Faydah, and Dawadimi Quadrangles.
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\_ J
Schematic reconstructed geologic map, showing the ice sheet during the Permo-Carbonifer-
ous period.

( )

. J

Generalized geologic map of the southern part of the Arabian Peninsula, showing the locations
of the Permo-Carboniferous glacial deposits, represented by the Juwayl (southwestern KSA),
the Akbarah Formation (northwestern Yemen), and the Khalatah Formation (southern Oman).
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Late Ordovician Glaciation

\. J

Schematic reconstructed geologic map of the Gondwanaland during
the Late Ordovician, showing the extent of the ice sheet, the polar posi-
tion, and the location of the Arabian Plate (modified from Vaslet, 1990).
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Glacial pavement in the Juwayl
Formation in Abu Asb‘a in the
southeastern part of the Tathlith
Quadrangle.

61

Selected geologic map,
showing the locations and
the extent of the Late Ordo-
vician glacial deposits of the
Saqgiyah, Sarah, and Hawban
Formations in the Tabuk Ba-
sin in northwestern Arabia.
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The glacial episodes and the glacial rock units of
Saudi Arabia.
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Neoproterozoic glacial deposits

and their rock units in the

northern Arabian Shield.
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A part of the stratigraphic succession of the Jabalah Group as ex-
posed in Jabal Batra, southeastern Ula town.
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Angular rock fragments of different sizes, set in a fine-grained sediment
matrix, belonging to the Jabalah Group and probably deposited in a gla-
cio-lacustrine environment.
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deposits in central Saudi Arabia. However, he did not define or name the rock units for these deposits.
Clark-Lowes (1980) was the first to define and name the Late Ordovician glacial deposits as a distinct
lithostratigraphic unit and informally named it the “Sarah member” in the middle portion of the Tabuk
Formation (obsolete).

Ali and others (2009) probably were the first to identify and define the Proterozoic glacio-marine de-
posits that are exposed in Wadi As-Sawawin in the upper part of the Nuwaybah Formation of the Zaam
Group in the Arabian Shield.

Laboun (2012) was the first to identify and publish on the occurrence of Pleistocene glacial deposits in
northwestern Saudi Arabia. He defined these deposits as a distinct lithostratigraphic unit and formally
named it “Midyan Formation.’

Glacial outcrops

Well preserved and exposed glacial deposits and glacial-related sedimentary structures were doc-
umented in the Arabian Shield and the Arabian Shelf in the following areas: northwestern, central,
and southwestern Saudi Arabia; northwestern Yemen; and southwestern Oman. Equivalent sediments
were identified in the subsurface as well.

Neoproterozoic glaciations
Glacial deposits were discovered in the Arabian Shield: in the Jabalah Group, the Silasia Formation, the
Zaam Group, and the Arj and Mahd Groups.

Paleozoic glaciations

Ordovician glaciation

The Late Ordovician glaciation is represented by the Saqiyah (Zarga), Sarah, and Hawban Formations
in the north (Tabuk and Widyan Basins) and Sanamah Formation in the south (Wajid Basin).
Carboniferous-Permian glaciation

The Carboniferous-Permian glaciation is represented by:

Juwayl Formation (Waijid Basin)

Akbarah Formation (northwestern Yemen)

Khalata Formation (southern Oman).
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Cenozoic glaciation

Pleistocene glaciation: Ice age

Laboun, in the year 2012, formally documented his discovery on the occurrence of the glacial deposits
for the first time in Saudi Arabia. The Pleistocene continental glacial deposits are well exposed in the
area east of the Gulf of Agabah in Midyan Peninsula, northwestern Saudi Arabia. He has also reinter-
preted the heterogeneous deposits of the Ajfar Formation, especially the large, round, faceted, and
calcined gravels and limestones, to be probably reworked deposits of glacial origin. The beds of large,
round, and polished boulders that are exposed in Jabal Ar-Rassyss, way south in the Arabian Shield,
are also considered by Laboun to be products of continental glaciation, probably related to the Midyan
Pleistocene glaciation.

é )

. J

Generalized geologic map of Saudi Arabia, showing the main
outcrops of the glacial deposits.
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Glacial Episodes of the

Arabian Peninsula
Prof. Abdulaziz Bin Laboun

Chairman of the Board of Directors, Saudi Geologists.

Glacial episodes in the Arabian Peninsula

Spectacular glacial deposits and their related sedimentary structures, representing seven different gla-
cial episodes, had been discovered to be well preserved in the Arabian Shield and the Arabian Shelf
outcrops. These glaciogenic deposits are important sources of information for the tectonic and paleo-
climate reconstructions and the delineation of sea-level fluctuations and sequence stratigraphy.
Glacial depositional environments are very complex, and they produce different types of facies and
sedimentary structures. The permeable glacio-aeolian, glacio-fan, glacio-fluvial, subglacial, proglacial,
and glacio-lacustrine deposits are, likewise, important exploration targets for their hydrocarbon poten-
tial. For example, the permeable sandstones and tillites are good reservoirs for groundwater and hydro-
carbons. The Hirnantian and Permo-Carboniferous sandstones proved to be aquifers and oil-bearing
reservoirs in many oil fields in the Arabian Peninsula.

The Arabian Peninsula is one of the few regions in the world, where sediments of, at least, the seven
main global glacial episodes are well preserved and exposed, i.e,, in the Arabian Shield and the Arabian
Shelf outcrops, representing four glacial episodes during the Proterozoic, two during the Paleozoic, and
one during the Cenozoic.
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Global glaciations were preceded by tectonic movements and followed by regional transgressions. The
Late Ordovician and Permo-Carboniferous glaciations were preceded by the Taconic and Hercynian
time-equivalent movements, respectively. They were followed by a regional glacio-eustatic sea-level
rise due to the de-glaciation of the Gondwanaland ice cap and, respectively, the deposition of the
Early Silurian shale of the Qusayba Formation and the Late Permian carbonates of the Khuff and the
Ruhayyah Formations. These de-glaciated, fine-grained, transgressive, and organic-rich shales are fa-
vorable sources of hydrocarbons and also function as effective seals. The porous and permeable lime-
stones and dolomites serve as excellent reservoir rocks.

Arabian glacial episodes
The Arabian Peninsula glacial events are associated with the global time-equivalent glacial episodes.

Neoproterozoic glacial episodes

The time span of 1,000-542 Ma is subdivided into three periods:

Tonian: 1,000-800 Ma

Cryogenian: 800-600 Ma, Sturtian and Marinoan

Ediacaran: 630-540 Ma

Four glacial episodes occurred in the Arabian Shield during the Neoproterozoic.

Paleozoic glacial episodes

Two glacial episodes occurred in the Paleozoic:
Hirnantian (Late Ordovician)

Late Carboniferous-Early Permian

Cenozoic glacial episode
One glacial episode occurred in the Pleistocene, the “Ice Age.’

Discovery of the glacial deposits

Helal (1963, 1964b) was the first to identify and publish on the occurrence and stratigraphic position
of the Permo-Carboniferous glacial tillites in southwestern Saudi Arabia. However, no rock units were
defined or named for these deposits.

McClure (1987) was the first to identify and publish on the occurrence of the Late Ordovician glacial
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and peers work together like kins and friends, helping each other, like a football team, to push the ball
to the goal. When a workplace has a well-disposed and harmonious atmosphere, the employees work
happily, too, and produce splendid work outputs. And | consider myself lucky to work in this kind of
environment at the SGS. Can you imagine working every day in a tiresome and apathetic environment,
where the staff are cold and aloof? Works get done, of course, but with a heavy heart. Equally, | enjoy
the visits of the geologists, whenever they come to submit their reports for editing or just simply to
drop by to say hello, or sometimes, even to argue with me about their reports. Science is like law; you
have to defend your bodies of evidence, and so are what scientists write in their reports. And as scien-
tific editor, | have to inspire and innovate, grasp diverse perspectives, accept risks, craft moments, and
share and accept knowledge. So, now, as | dwell on my mulling at the onset to decide whether then to
accept the SGS job or not, | can say with a grateful heart that | made the right decision.

| was asked, what else should the SGS concentrate on as part of its major agenda? Well, the earth
sciences, particularly geology and meteorology, are at the core of climate change studies. While the
threats of the changes are now real and unprecedently happening quite fast in terms of geological tim-
ing, among others, the SGS should plant the impetus towards setting up baselines for the preparation
and prognosis of climatic perturbations in the Gulf, especially that Saudi Arabia lies at the border of two
major meteorological regimes, from the Mediterranean Sea and from the Indian Ocean. Water, geologic
hazards, and disorganized social dynamics are at the core of this climate change impacts, which can
outrightly and detrimentally affect economic and social systems, as well as human demographic and
biodiversity systems. Addressing and solving the climate problem is tantamount to solving this threat
on human survival. The SGS can help secure the future by aligning and synergizing its crucial efforts,
alongside its major focus on the discovery of Earth materials for economic advancement. Coming from
a developing country, | could not help but admire the unlimited resources of the Saudis to readily ven-
ture, not only into economic development, but also in research in the forefront of both pure and applied
sciences, especially on climate change. Research does not only indubitably demand intelligent ideas
but, also, financial funds.
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From the Scientific Editor

Dr. Joselito Padilla Duyanen
is currently the scientific editor of the Saudi Geological Survey.

He obtained his Bachelor of Science and Master of Science degrees from the University of
the Philippines in Diliman with graduate specializations in stratigraphy and sedimentology. He
went on to pursue his degree, Doctor of Natural Sciences, at the Ruprecht-Karls-Universitat
Heidelberg in Germany with doctoral specializations in environmental geochemistry and sedi-
mentology. Dr. Duyanen also holds a Certificate in Research and Knowledge Management and
Organizational Management from Kassel University, also in Germany. He also served as visiting
professor and scientist in Germany, Japan, and the US.

What many people around the world do not normally recognize are the very crucial contributions of
the earth sciences to economic and social developments, as well as in the generation of knowledge for
human survival. Right now, geology is at the core of the solutions to global problems, such as climate
change, the scarcity of water, energy, and earth resources to address the needs of the burgeoning
world population, and the fast rate of destruction of the natural environment and the decline of biodi-
versity. These global problems detrimentally affect economic growth and the advancement of com-
fortable and convenient human life. That is why, geology is a noble science and profession. It is also a
mission. And | can claim now as a geologist, | had chosen the right and fulfilling professional path to
spend my life with.
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After teaching geology for more than 30 years in the Philippines as a professor and as a visiting pro-
fessor and scientist in Germany, Japan, and the US, | decided to retire early from work. But just a day
after my retirement, an opportunity was offered to me to work with the Saudi Geological Survey (SGS)
as a scientific editor. | mulled about it once, twice, then thrice, and | concluded that this opportunity
could be an exciting and a challenging job for me, a new learning curve for me, perhaps, as | never was
directly exposed to this kind of geology that Saudi Arabia has. And | can say now, it has been indeed
a very exciting learning episode of my life, not only as a scientist but, also, as a human being, evolving
into old age. This job at the SGS has further embellished my life culturally and spiritually.

Working at the SGS is working with one of the oldest and scientifically exciting geological environ-
ments in the world—the Arabian Shield, which is well-endowed with unique records of Earth history,
beautiful landscapes, and very rich mineral wealth. As an editor, | get to vicariously experience what
every SGS geologist had experienced in the field and in the laboratory by reading and editing their re-
ports for publication. While the rocks speak to the geologists how their world and time of deposition or
formation looked like, | read them all through their reports and imagine that | am them working in the
field. As an editor, one has to put oneself into the shoes of the author to come close to his mind in order
to grasp what he means and why he meant it. It is actually a difficult work. Likewise, for geologists, the
rocks are like books. Read them, and they will tell you the life story of the Earth. As a scientist, what
can be a more exciting, as well as pleasingly challenging, to spend your everyday life in the confines of
your office, besides being in the field communing with nature? This, | love so dearly, as | have learned a
lot, especially in this exciting world of geology in the desert, which is something new to me. So, being
a scientific editor has its two-pronged demands and benefits—first, as a scientist and, second, as a
writer, reader, and storyteller—a scientific work that gives me a lot of perquisites, be it knowledge ad-
vancement, psychic returns, or material awards, which a scientist can yearn for in his work. Sometimes,
| wonder, what the SGS geologists do, when suddenly there is a sandstorm, or they run out of water
while on fieldwork in the desert, and there is no oasis on site.

Needless to say, | love my work in the SGS, and like in law, we have to state the obvious in order to lend
some more value to the obvious. Our office, the Editorial and Knowledge Section of the Department
of Corporate Communications and Knowledge, is like a one big house, where the heads, colleagues,
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The archive of geological photographs is a very important project, because this archive will continu-
ously collect, preserve, organize, and digitize the photographic films, prints, and digital files of the field
and laboratory photographs, old and new, as well as by extension, the photographs of historical events
and milestones of the SGS and, also to some extent, of Saudi Arabia. These photographic documents
also collectively serve as the annals of the SGS institutional memory and document the changes in
the Saudi Arabian landscape, as the Saudi geological environment is fast changing due to rapid urban
expansion, economic development, and demographic changes. Until now, most of these photographs
emanate from the old geologic reports that were published by the Deputy Ministry for Mineral Re-
sources (DMMR/DGMR), United States Geological Survey (USGS), the, the French Geological Survey
(BRGM), RIOFINEX, Japanese Geological Survey (JGS), and other geological agencies that had stud-
ied the geology of Saudi Arabia.

Currently, the SGS has started organizing these photographs and developing the relevant database
software for this project. SGS geologists have collected a lot of geological photographs in their field
and laboratory works, but these photographs are not currently archived or accessible to those who
may need them. Building the archive is also a way to encourage our geoscientists to share all of their
photographs for proper and formal acknowledgment and documentation and for storage into the da-
tabase for maintenance and safekeeping. This archive, thus, preserves SGS photographs, and by ex-
tension, the historical maps and reports. Documentation and preservation entail that the print photos
will be scanned into digital files and uploaded into the database with all of the information about the
locations, where they were shot, the photographer, keywords, captions, ownership, and other relevant
information.

This national archive of geological photographs, as proposed, shall be accessible to the public, but the
detailed guidelines regarding the access and the uses of these photographic documents shall also be
devised accordingly.
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Grouped and aligned keyholes along a “funerary avenue” can be observed, especially
in the northern part of the Khaybar oasis, with a pattern that seems to align along
the ancient communication routes that, in historical times, were part of the “Incense
Route.” Photo from the report SGS-OF-2020-1, Luigi Vigliotti and others, 2020.
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SGS NATIONAL ARCHIVE OF
GEOLOGICAL PHOTOGRAPHS

Arthur F. Serrano
Technical Editing & Knowledge

The Saudi Geological Survey (SGS) has a vast collection of old but original geologic reports and photo-
graphs from the different geological surveys, dating back to the 1970's. These reports and photographs
are very valuable to investors in the mining industry, as these contain detailed studies on the mineral
resources of the Kingdom of Saudi Arabia.

Geologists also love to take pictures of landscapes, while they are on fieldwork. Likewise, historical
and present landscape photographs become valuable to the tourism industry, the infrastructure and
engineering sector, urban development agencies, and others, because they can show historical chang-
es in the natural landscapes, and thus, may greatly aid in the development of land use planning and
management for these areas, where these photographs were taken from, once these areas are consid-
ered for human settlement or economic development. A good economic development plan of an area
should consider working in tandem with how nature behaves in the area of development, and these
can be documented by photographs that were taken at different times in the past and are compared
with those that are taken in the present.

At present, these geologic reports and photographs are in hard copy formats and are housed in the
different offices of the SGS, such as in the main library’s room for confidential reports and archive and
in the Communications and Knowledge Department building. These reports contain a very extensive
collection of geological photographs.
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The historical Khaybar oasis (Harrat Khaybar Area), with the remains of the village/
fortress that was inhabited during the pre-Islamic and Islamic times. During the 12th
century, the oasis was visited and described by the Spanish traveler, Beniamino di
Tudela. Photo from the report SGS-OF-2020-1, Luigi Vigliotti and others, 2020.
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“Technology, Sustainability, and Innovation:
The Vision of the Saudi Geological Survey

(SGS) for the Future.

Hassan ALMarzouki
Director General, Planning and Development

Geological survey and exploration of mineral resources have been the backbone of many industries,
particularly the mining industry, as they provide valuable information and data on the locations, struc-
tures, and distribution of minerals, oil, gas, and other natural resources. With the advancement of tech-
nology and the increasing demand for these natural resources to achieve the highest levels of sustain-
able development, it is necessary to develop the role of geological surveys and exploration and apply
the latest scientific and technical methods to achieve the Kingdom of Saudi Arabia’s 2030 vision, which
views mining as the third pillar of the country’s economy.

In this article, we shed light on the future vision of the Saudi Geological Survey for conducting studies
and geological surveying and exploration using the latest methods and techniques and their potential
impact on the mining and exploration industry. Thus, the SGS has developed several initiatives and
targets in its future strategy that it will use in its work and studies, including:

- Integrating artificial intelligence and machine leaming: Al and ML will transform the way geological
surveys and analyses are conducted, making them faster and more accurate. These technologies can
also help identify patterns and anomalies in data, contributing to the identification of promising mineral
deposits. Furthermore, these technologies can assist in predicting natural disasters such as earth-
guakes and landslides through the rapid analysis of geological data with the development of possible

scenarios.
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Using drones and autonomous vehicles: Drones and autonomous vehicles are increasingly being used

in geological studies. Drones can quickly and efficiently collect data from hard-to-reach sites such as
mountains and rugged areas. Autonomous vehicles, such as self-driving cars and underwater robots,
can also collect data from remote areas without exposing geologists and technicians to danger. These
technologies can also be equipped with sensors and cameras to collect data on temperature, pressure,
and other environmental factors.

Focusing on sustainable development: Sustainable development is a key focus in the mining and ex-
ploration industry, and geological studies can play a vital role in identifying potential areas for sustain-
able development, such as geothermal energy and carbon capture and storage. By identifying these
areas, geological studies can also help reduce the impact of mining on the environment.
Collaboration with scientific and specialised organisations: Scientific organizations often possess val-
uable knowledge about earth sciences, resources, and related sciences. The experts at the authority
can collaborate with scientists from these organisations to gather and analyse data using the latest
scientific methods and technical resources, exchange information and expertise, and build the capacity
of the SGS’s human resources.

In conclusion, the vision of the Saudi Geological Survey for the future of geological surveys and stud-
ies revolves around sustainability, collaboration, and technological advancement. These changes can
enable geological studies and exploration to continue playing a vital role in the mining industry and
other related industries that rely on the outputs of survey and exploration work while promoting a more
sustainable and responsible approach to extracting these resources.
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Continued at Mazen B. Balkheyour, Ibrahim Osman Abdella and Christopher C. Johnson, 2022, New Era of
Geochemical Surveys in the Kingdom of Saudi Arabia: EXPLORE No. 197, December 2022: Newsletter for the

Association of Applied Geochemists, p 1-8. (www.appliedgeochemists.org)
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The Saudi Geological Survey is honored to receive
the “Environment Award" for achieving second place

in the field of environmental awareness work during
the inaugural session of 2022

Under the patronage of His Royal Highness Prince Saud bin Khaled Al-Faisal, Deputy Governor of
Al-Madinah Al-Munawwarah Region, the Saudi Geological Survey had the privilege of participating
alongside distinguished entities in preserving the environment of the Al-Madinah Al-Munawwarah
region.

During the event, extensive studies were presented under the title “Environmental Impacts of Heavy
Element Release into Soil and Groundwater in Harrat Khaybar and the Northern and Central Parts
of Harrat Rahat in the Al-Madinah Al-Munawwarah region.’ The objective of the study was to assess
the environmental risks associated with the release of heavy elements from basalt rocks. Considering
the geological factors that influence environment, the Saudi Geological Survey was honored with the
“Environment Award" for the second place in the category of environmental awareness work during
the inaugural session of 2022.
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= the mining sites, mining licenses, and a mining project databases, which include exploration projects
and licenses, mining reserved sites, and approved mining complexes that are provided by the Ministry
of Industry and Mineral Resources (MIMR).

« the real-time web service information layers that are acquired from the Ministry of Environment,
Water, and Agriculture (MEWA), including water dam information and data from the rainfall stations,
climatological stations, and about sinkholes.

A promising number of visitors, who have been visiting the web portal and have been benefiting from
its services and downloadable published datasets (Table 1). The visitors come from different catego-
rizations and specializations, such as investors, scholars, consultants, companies, and researchers in
mining, earth sciences, construction, geohazards, engineering, and other earth science disciplines,
who have utilized the NGD website by downloading different datasets (Tables 2, 3, and 4), which in-
clude:

» More than 5,590 metallic and non-metallic mineral occurrences of the Kingdom that have been en-
coded in the NGD. Each of these mineral occurrence sites has a full set of geological data.

» More than 7,000 technical reports that are available from various geological surveys and mineral ex-
plorations in the Kingdom of Saudi Arabia.

- Wide range of regional geologic maps with four different scales, listed as follows:

= 1:2,000,000 geologic maps that cover the entire Arabian Shelf area.

= 1:1,000,000 geologic maps of the Arabian Shield.

= 1:500,000 geologic maps of the Arabian Shield, including its structural layers.

= 1:250,000 geologic maps on the Arabian Shield, covering the entire area of the Arabian Shield and
some parts of the Arabian Shelf.

« Data from over 25,000 surface samples and over 500,000 chemical analyses from surface samples
that were collected from the Kingdom’s general geochemical survey program and from the different
mineral occurrences.

= More than 4 million records on the chemical analyses of different elements from samples that were
from the different boreholes, including mineral exploration boreholes and water wells. These records
represent approximately 150,000 samples that were collected from the trenches, boreholes, and wells.
« Ninety percent (90%) of the almost 7000 technical reports that were already fully digitized, which
emanated from geological surveys and exploration works in the Kingdom, covering over eight decades.
« Nine terabytes of high-resolution satellite images and raster geologic maps with different scales.
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Table 1. Geologic datasets that are available for download
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Table 4. Profile of the monthly visit counts of the NGD
(" )
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The National Geological

Database (NGD)

The National Geological Database (NGD) of the Saudi Geological Survey (SGS) is one of the most im-
portant pillars of the SGS and the mining strategy for the Kingdom of Saudi Arabia. The NGD helps the
mining industry by providing investors and researchers in the earth science fields and the industries
online, updated, high resolution, dependable, and trustworthy geoscience datasets. Since the estab-
lishment of the SGS, one of its most important goals is to build up an integrated geoscientific database
that includes data from geological surveys and exploration activities on the mineral wealth and the
natural resources in the Kingdom of Saudi Arabia, as well as on activities from the other branches of
the earth sciences that fall under the interests and specializations of the SGS.

The NGD web portal is considered the main geological digital platform in the country. It provides com-
prehensive information in the various fields of the earth sciences in Saudi Arabia, which was collected
through the projects of the SGS, as well as from those of the previous geological surveys and explo-
ration activities of international geological survey missions, which operated in the Kingdom of Saudi
Arabia for more than six decades, such as the BRGM (the French Geological Survey), the USGS (the
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United States Geological Survey), and other collaborating agencies.

The SGS is optimizing the applications of these regional geoscience data by making them available in
an easy-to-access, safe, and effective manner. The NGD satisfies industry and geoscience demands in
the following ways by:

« Enriching the capability of the mining sector in the country by providing safe and effective earth sci-
ence services.

« Supporting the comprehensive mining strategy of the Kingdom and effectively attracting investments
into the mining sector.

« Enriching the national geological information contents of the different earth science fields, such as
in geologic mapping, geochemical surveys, geophysical surveys, the national drilling library, and the
mineral occurrences in the country.

« Providing an adequate infrastructure for the Kingdom's national database on the earth sciences.

« Establishing specialized systems in providing spatial geological information services in the Kingdom.

The SGS offers various databases throughout the NGD web portal and has made them available to
investors to support the mining industries in the Kingdom. These databases include:

« the mineral occurrences database in the Kingdom.

« the bibliographic database for the technical reports, which cover the geological surveys and explora-
tion in the Kingdom.

« the regional geologic maps with different scales, which include:

« the Arabian Shelf's regional geologic mapwith a scale of 1:2,000,000

« the Arabian Shield’s regional geologic map with a scale of 1:1,000,000

« the Arabian Shield's regional geologic map with a scale of 1:500,000, including the geologic structural
information.

« the regional geologic maps with a scale of 1:250,000, which cover the entire Arabian Shield area, as
well as some geological quadrangles in the Arabian Shelf.

« the regional geochemical surveys, using stream sediment samples that have been collected for the
regional geochemical atlas project, in addition to the geochemistry data on mineral occurrences, as
well as the geochemistry data from the borehole and trench samples.

= the regional geophysical airborne magnetic surveys that cover the entire Arabian Shield area and
some adjacent areas in the Arabian Shelf, which also include Total Magnetic Intensity, Reduced to the
Pole, First Vertical Derivative and Analytic Signal (RTP) methods.
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Gemstone Section of the Mineral Exploration Department Saudi Geological Survey

Gemstones are natural materials that have been used by man for thousands of years as ornaments, jewelries, or
adornments. Their beauty and attractive colors have a charm on people, making their owners the focus of atten-
tion and admiration. They are worn as manifestations of pride, wealth, and prestige. The ancient Egyptians used
to decorate their dead after their embalming with ornaments and jewelries. Physically, gemstones are types of
minerals or rocks that are classified as noble, because they are beautiful, have great endurance, are rare, and
are used in making jewelries and decorations. Likewise, there are some very soft and fragile gemstones that are
displayed in museums, and people search for them, especially those with hobbies of collecting precious stones.
These stones are distinguished by their high values and are very durable.

Gemologists and the mineralogists classify gemstones, based on their origin, into two types. The first is based
on their organic origin, for example, pearl, coral, amber, ivory, and shell. These soft materials are characterized
by their beauty and rarity and are used in the manufacture of ornaments, jewelries, sculptures. and rosaries. The
other type of gemstones is based on their inorganic origin, which are solid natural minerals with specific chem-
ical compositions and fixed atomic arrangements, which may be crystalline or amorphous and are used in the
manufacture of jewelries.

Gemstones are characterized by their properties: beauty, scarcity, and durability. They are very rare and uncom-
mon minerals, and their formation requires unusual geologic conditions. They are formed at different depths
within the Earth's crust, and some of them come from the upper mantle at depths of 200 km below the surface
of the Earth, like in the case of diamonds, which are formed under very high pressure and temperature condi-
tions. Igneous (pegmatites), metamorphic, and sedimentary rocks are the most important sources of gemstones,
as well as valley deposits as secondary sources. The rarest and most expensive gemstones are the diamonds,
rubies, emeralds, and sapphires. Meanwhile, there are less rare and medium-priced semi-gemstones, such as
agate, turquoise, aquamarine, opal, and others.

On the other hand, there are also man-made stones called industrial gems, which are manufactured in laborato-
ries and have the same characteristics as the natural gemstones in terms of their chemical composition, optical,
and physical properties. It is difficult for the average person to distinguish them from the natural stones. There
are materials that are used in the manufacture of stones that are similar to gemstones in terms of their colors and
shapes, but they are different in their physical, chemical, and optical properties. These are known as imitation
stones.

Gemstone Institutes, such as the Gemological Institute of America (GIA), International Gemological Institute
(IGl), and Hoge Raad voor Diamant (HRD), created criteria that control the evaluation and estimation of the
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quality of gemstones, which are taken into consideration when evaluating them. These criteria are color, carat
weight, clarity, cut, and polish.

The gemstone graders have many methods and ways that they use to examine and evaluate gemstones with
regard to their physical and optical properties, to find out if they contain impurities and inclusions, and to de-
termine whether they are natural or artificial by using devices to examine gemstones, such as binocular mi-
croscope, hand lens, refractometer, diamond tester, proportion scope, polariscope, and spectroscope. It is also
possible to use some techniques, analyses, or radiological detection devices in specialized laboratories to detect
the properties of a gemstone.

The Kingdom of Saudi Arabia is characterized by a wide variety of geographical, geological, and environmental
features. Some types of gemstones and semi-gemstones were discovered in its volcanic lavas (Harrats), meta-
morphic rocks, pegmatitic veins in granite, and sedimentary rocks. It is known that the SGS gemstone team had
already discovered some of them, such as the blue sapphire, beryl, tourmaline, moonstone, amazonite, quartz,
amethyst, aguamarine, garnet, and others, and they are still continuing in their exploration works for gemstones.

Gemstones are naturally occurring
crystals that are characterized by their
beauty and rarity.

Gemstones have been used by man as
ornamentals, jewelries, and adornments
for thousands of years.
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4. Deep foundation and rock cut monitoring program for the Wadi Ibrahim basin and its zone

of protection

- Technical supervision of the development projects that are carried out within the Wadi Ibrahim basin.
- Evaluation and review of the studies that were already conducted for the development projects and
those that will be undertaken.

- Provision of recommendations and procedures to preserve the water sources that feed the Zamzam
Well and the follow up and monitoring of these recommendations and their implementation (Fig. 7).

- Field follow-up and monitoring of the groundwater pumping works from the project sites.

- Continuous follow-up of the implementation of the recommendations for the foundations and the rain
harvesting system.

5. Monitoring and analysis of the metrological information program in the Wadi Ibrahim basin.
- Collection and analysis of weather and rainfall data (Fig. 8).
- Estimation of groundwater recharge in every rainfall event.

4 )

Figure 6. Metrological data representation in the Zamzam website.
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Figure 1. Sampling of the Zamzam water from
the thermoses in the Grand Mosque under
the water quality program.

2. The quantitative and qualitative monitoring program of the Wadi Ibrahim aquifer

N - Monitoring of the levels and the quality of the groundwater and its geochemical, physical, and bio-
logical characteristics (Fig. 4).

- Identification of the potential sources of pollution and the solutions to reduce their negative effects
on the aquifer.

Ardhona Journal, 26" Issue August 2023

Figure 3. Geochemical interpretations of the properties of the Wadi Ibrahim groundwater.
Figure 2. In-situ measurements of the

Zamzam water's properties and quality.

3. Hydrogeological monitoring program for the valleys that surround Wadi Ibrahim

- Monitoring of the level and the qualities of the groundwater and its geochemical, physical, and bio-
logical characteristics (Figs. 5 to 6).
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Zamzam Studies and

Research Center

Overview:

The Saudi Geological Survey is responsible in achieving the sustainability of the water resources that
feed the blessed Zamzam. The number of pilgrims to Makkah has been increasing constantly during
the last three decades due to the increases and expansion in the passenger capacities and routes of
the modern air transport systems, from about 400,000 passengers annually from the mid-seventies to
several millions at the present time. These pressures the natural resources feeding the Well, requiring
creative ideas and non-traditional methods to maintain a sustainable balance between supply and
demand.
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The Custodian of the Two Holy Mosques, King Salman Bin Abdulaziz, has followed the same approach
as his brothers in maintaining the Zamzam. He paid special attention to Muslim affairs all over the
world, especially on matters that are relevant to the sacred cities, including the blessed Zamzam Well,
which is situated within the yard of the Grand Mosque in Makkah (Fig. 1). Due to the position of the
Well, its miraculous creation, its blessed water as stated by Allah’s Messenger, PBUH, and the contem-
porary challenges, resulting from the different urban activities and their association with the social and
economic development of the City of Makkah, it was necessary to establish a specialized center that
is concerned with the preservation of the water sources that supply water to this blessed Well and its
surrounding areas. The Center must also conduct studies and research and apply relevant state-of-art
scientific and technical methods in maintaining the Well.

Objectives of the Zamzam Center:

- To ensure the sustainability of the sources of water that supply the blessed Zamzam water, using
quantitative and qualitative approaches.

- To develop a databases of geological, engineering geological, hydrological, hydrogeological, environ-
mental geologic, and other information that contributes to decision-making and finds the most appro-
priate ways to preserve the environment that constitutes the blessed Zamzam water.

Zamzam Center Technical Programs:
1. Zamzam Well monitoring program and the purification and sterilization plants in Makkah

and Madinah

- Weekly collection of chemical and bacterial samples from the Zamzam Well, in addition to those tak-
en from the Al-Mashrabiyat and the thermoses (Figs. 2 to 3).

- Monitoring of the results of the sample analyses periodically and uploading them to the designated
databases.

- Development of an annual operational plan of the pumping program for the Zamzam Well,

- Monitoring of the sterilization units and washing and cleaning works (Fig. 4).

- Monitoring of the filtration units in the Prophet’s Mosque.
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Figure 7. Early magmatism in Harrat Khaybar region, near the Al Thamad town. This represents the
Kura basalts. a) feeder dike; b) contact metamorphism at the contact region between the Kura basalt
(the oldest unit) and the Precambrian Arabian Shield.

The collected samples will be sent to a laboratory of the Oregon State University in Oregon, USA for
sample preparation and analyses. Thin sections will be made from most of the samples for petrological
studies, and the rest will be processed for detailed geochemistry and advanced geochronology. The
geochemical analyses of Alohali's work will focus on obtaining the major, trace, and isotope chemical
data of the whole rock and the zircon crystals, using the most modern analytical techniques. The ge-
ochronological analyses will be based on the use of different age techniques, such as Uranium-Tho-
rium/Helium in zircon and cosmogenic Helium in olivine, since these might result in providing more
accurate and precise ages for these very young rocks (Danisik and others, 2017). This work will help
answer the two questions identified above.

In addition to this focus on the enigmatic silicic volcanism in the central part of Harrat Khaybar, Suhail
Alhejji will try to understand the occurrence of early volcanism in the Harrat Khaybar region, particu-
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larly that of Harrat Kura, southwest of the Khaybar town. The goal of Alhejji's work is to gain greater
comprehension about the origin of the younger harrat volcanism and how this phase started. Using
precise trace element and Sr-Nd-Pb-He isotopic measurements from the volcanic rock samples and
minerals, he will investigate how the mantle source compositions and contributions had varied over
space and time. The Harrat Kura volcanism is apparently more than 5 million years old, so it is much
older than the Khaybar volcanic event at the central part. Preliminary data suggest that Harrat Kura
shows the most radiogenic Pb, Nd, and Sr compositions relative to the other younger harrats in the
region, e.g, Harrat Rahat, Ithnayn, and Lunayyir, reflecting a plume-like and a deeper mantle source.
This may also indicate an involvement of the Afar mantle plume as suggested by geophysical studies
(Fig. 1). The research team collected more samples from Harrat Kura to have a better age determination
that can lead to the understanding of the influences of a deeper mantle source, as well as the origin
and evolution of the younger volcanic activities in western Saudi Arabia.
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Figure 5. Volcanic features from some of the explosive eruptions in Harrat Khaybar:

a-b) pyroclastic flow deposits that are made up of poorly sorted mixture of pumice and rock fragments
near Jabal Hulayyat Almansaf;

c) a relatively thick lahar flow (volcanic mudflows) near Jabal Hulayyat Almansaf, which indicates strong
interaction with water;

d) Fallout deposits from Jabal Bayda, where the lines show the distinct layers of tephra and ash.
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Figure 6. Volcanic features from Jabal Qidr lava flows:

a-b) Ropy lava flow from pahoehoe lava fronts, east of Qidr;

c-d) cleft structures (linear extensional features above the lava tubes);
e) relatively thick a'a lava flow front, south of Qidr;

f) collapsed lava tube.
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Figure 3. Location map of the samples that were collected for geochemical, petrological, and geo-
chronological analyses.

The central part of Harrat Khaybar is full of volcanic features that cannot be seen elsewhere in the
Arabian Plate. The team observed that there is evidence of strong water-magma interactions, produc-
ing tuff cones and maar craters, as well as explosive volcanic deposits of pyroclastic flows (Fig. 4a-d).
They also identified deposits of lahars—mudflows that contain a mixture of lava, pyroclastic materials,
and water in the lower flanks around the Jabal Hulayyat Almansaf (Fig. 5a-d). This suggests that the
paleo-environment of Harrat Khaybar region was rich in water, e.g, with the presence of groundwater
and lakes, during the time of the eruptions. Other spectacular features include the inflated pahoehoe
platforms in Jabal Qidr, where the pahoehoe toes and glass lavas were squeezed out in distal flow
fronts, from the youngest (suspected to be <1,000 years old) basalt flow. This lava flow also includes
various volcanic features, such as tumuli (small domed-shaped structure), lava tubes, and rubbly aa
(Figs. 6a-f). These amazing surface features of Jabal Qidr in the central part of Harrat Khaybar are rec-
ognized by the International Union of Geological Sciences (IUGS) and the United Nations Educational,
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Scientific and Cultural Organization (UNESCO) as one of most important geoheritage locations in the
world (Németh and Moufti, 2022). In addition, the team also observed evidence of magma mixing of
two different basaltic magmas in the contact between Harrat Khaybar and Kura, where one is gas-rich,
and the other is gas-poor. They found feeder dikes of Harrat Kura basalt, which penetrate the Pre-
cambrian Arabian Shield (basement rocks) and display attributes of contact metamorphism in some
outcrops (Fig. 7).

é )

Figure 4. Photographs of some of the
unique volcanic features of Harrat Khaybar:
a) general view of the volcanoes from the
center of the field, looking southwest; b)
Jabal Abyad (silicic lava dome); c) layers of
obsidian (glassy rocks), embedded in the
comendite rocks of Jabal Abyad. The red
box indicates the location, where Figure 4d
photograph was taken. d) The thickness of
the obsidian flow that was mentioned in
(c), marked by the red box. e) Jabal Bayda
(Tuff ring); f) Basaltic dome in the center
of the crater floor of Jabal Bayda. j) Maar
crater near Jabal Qidr (composite volcano),
where the yellow dashed arrow shows the
width of the crater.
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The harrats of Saudi Arabia represent the most recent phase of a long and dynamic geologic history.
Volcanic activities in the region started during the Oligocene, i.e,, about 30 million years ago, in con-
junction with the initiating processes of the rifting in the Afar region in East Africa, which had extended
to the north and to the east, forming the Red Sea and the Gulf of Aden (Fig. 1) (Camp and Roobol, 1992;
Reilinger and McClusky, 2011; Faccenna and others, 2013). This volcanism was suggested to be related
to the arrival and continued activities of the Afar plume and the opening of the Red Sea. The Arabian
Plate has been rotating counterclockwise since, at least, the beginning of seafloor spreading at ~15 Ma
(Faccenna and others, 2013; Viltres and others, 2022).

The Arabian Harrats occupy the western side of the Arabian Peninsula, from Yemen in the south to Tur-
key in the north (Fig. 1). Fifty percent of the harrats are located in Saudi Arabia, and they form thirteen
separate lava fields that vary in chemical composition, eruption history, and eruptive style (Camp and
Roobol, 1989). A historical volcanic eruption in Saudi Arabia happened in 1256 AD in the northernmost
part of Harrat Rahat near Medina City, and the latest volcanic activity resulted to seismic and ground
deformations that were associated with shallow dike emplacement in 2009 in Harrat Lunayyir, ~200 km
northwest of Medina (Camp and others, 1987; Pallister and others, 2010; Lindsay and Moufti, 2014). This
recent activity indicates the possibility of a future volcanic event in the region. However, the volcanic
histories of most of the Arabian Harrats remain to be poorly known, which prevents a comprehensive
understanding of the origin, evolution, and timing of volcanic activities in the region.

Harrat Khaybar, ~137 km northeast of Medina, is one of the largest and most compositionally diverse
Arabian lava fields (Camp and others, 1991). Khaybar has silicic volcanoes in the center of the field,
which are unique to Arabian harrats. Little is known about these enigmatic silicic volcanoes. They be-
came the focus of a new collaborative project between the scientists and experts of the Oregon State
University in the USA (OSU), the King Saud University (KSU), and the Saudi Geological Survey (SGS),
which is supported by the Saudi Commission for Tourism and National Heritage (SCTNH) (Fig. 2). This
project seeks to answer two questions:

1) What are the ages of silicic volcanism in Harrat Khaybar?

2) Why is Harrat Khaybar the only harrat that developed this explosive silicic volcanism in western
Arabia?

This project will be the focus of the doctoral work of Abdullah Alohali.
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Figure 2. The field party of researchers with the Jabal Ibayl to the north. From the left to the right: Sal-
man bin Mallouh (SCTNH), Suhail Alhejji (OSU), Mahmoud Alshanti (SGS), Nassar Alasmari (SGS),
Abdulaziz bin Laboun, Shanaka de Silva (OSU), Abdullah Alohali (OSU), Majed Almotairi (SGS), Ab-
dullah Alarifi (SCTNH), and Mahmoud Ashour (SGS).

A fieldwork in Harrat Khaybar was conducted during the first phase of this project to obtain samples
and ground truth the data to study the volcanic history of the harrat in more details (Fig. 2). From Dec
12 to 16, the group also conducted a fieldwork in the central part, which is near the latest eruptive areas
(Jabal Abyad and Bayda) and where most of the stratigraphic volcanic units are exposed. Twenty-sev-
en samples from the different sites in the harrat were collected, which represent the various eruptive
styles and chemical compositions of the harrat. Detailed geochemical, petrological, and geochronolog-
ical analyses will be done to better understand the timing and the composition of the evolved magmas
in central Harrat Khaybar and to reveal the geodynamic settings beneath the Harrat (Fig. 3).
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Understanding the Young Volcanism

of Harrat Khaybar, Saudi Arabia

Abdullah W. Alohali, Suhail S. S. Alhejji, and Shanaka de Silva

Saudi Arabia is host to some of the world's most extensive and spectacular volcanic fields. These are
distributed basaltic volcanic fields and consist of hundreds of small volume volcanoes that usually
erupt extensive mafic lava flows. Scoria and ash deposits can cover areas of hundreds to thousands
of square kilometers (e.g, Smith and Németh, 2017). These Arabian lava fields are called “harrats” in
Arabic.
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Figure 1. Location map of the Arabian Plate boundaries and the harrats in western Arabia (after Cole-
man and others, 1983; Camp and Roobol, 1992; Alohali and others, 2022). The solid magenta lines
show the plate boundaries and the major tectonic features, while the thick, curved arrow in southern
Arabia shows the direction of the plate rotation (after Stern and Johnson, 2010). The Afar mantle plume
is shown in red circle in eastern Africa and western Arabia, and the thick arrows around the plume indi-
cate the mantle flow directions (after Chang and Van der Lee, 2011). The green box shows the location
of Harrat Khaybar.
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Sustainable House

of Resources

Eng. Ismaeel A Alsayed
SGS Leader of Projects Support Office

Our earth is our house, where we life, grow, and learn to build the future. The house is looking for contin-
uous development and care to be sustainable.

The sustainability will require sensing, close monitoring, nursing, and maintenance to mitigate and avoid
any risks that may impact us directly or non directly, and in the same time requires learning, search, and
innovation for continuous improvement and development.

Saudi Geological Survey formed in 1999 to continue the journey to Survey and explore the earth for new
opportunities in mineral resources, and extended to geothermal, and underground water sources eval-
uation and exploration , in parallel to earth safeguard role to monitors, evaluate, mitigate and avoid any
potential risks such as Geological hazards, earthquake and volcanic consequences, infrastructure weak-
nesses, underground reservoirs shortage, environmental issues and waste disposal’s abuse.

Saudi Geological Survey working in different fields as highlighted above, it is currently executing more
than 50 projects in Saudi Arabia distributed between Mining, Geological hazards, and Renewable Energy.
Starting from Saudi Mining Strategy as part of Saudi 2030 Vision to elevate the mining as third pillar
of Saudi National Industry where Saudi Geological Survey kicked-off the execution of multiple Mega
Projects of Airborne Geophysical Survey, Geochemical Survey and Detailed Geological Mapping that
covers more than 600,000 square kilometers in addition to launching the National Geological Database,
Establishment of National Core Library that will facilitate and accelerate the Exploration Programs and
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Furthermore, Saudi Geological Survey works to improve the National seismic and volcanic monitoring
network through increasing the number of monitoring stations, as well as assigned to study, evaluate
and recommend the solutions of Geological hazards in different areas due to Cracks and landslides,
mountain avalanches, salt domes, and geological medical hazards; beside the projects of monitoring
and evaluation of environmental issues, infrastructures, and levels of underground water.

Additional to that, Natural and renewable energy also one of the focused areas represented in one of
ongoing projects for the evaluation and exploration geothermal sources in potential location’s.
Continuous great efforts are realized during the execution of said projects to achieve its targets and
deliverables with highest international standard of quality, that will strengthen the sustainability of our
house of resources.
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Paleontology of the Aruma Formation in
Central and Northern Saudi Arabia, with

Emphasis on its Vertebrate Fossils and the
Stratigraphic Age of the Linah Member and
its Regional Equivalent

By: Paleontology Department

Abstract:

The Linah Member of the Late Cretaceous Upper Aruma Formation in central Saudi Arabia represents
the terminal chapter of the Cretaceous period in the Arabian Peninsula. It is exposed along a stretch
of more than 1,700 kilometers in the eastern flank of the Tuwaiq Arch in central and northern Saudi
Arabia, and ranges in thickness from a few meters in southern Saudi Arabia to more than 42 meters
near its northern border with Iraq. It is composed of a succession of marine dolomitized shales, marls,
and limestones. This member was deposited in a shallow marine environment, ranging from shelfal to
lagoonal settings. The Linah Member is bounded by a hard, highly crystalline, and dolomitized lime-
stone in its bottom (Khanasir Member) and topped by shale and nodular dolomitized limestone of the
Tertiary Umm er Radhamah Formation. For the last 30 years or so, the age of this member has been
debated in reports, while the old, or original, view adopts a Late Cretaceous age for the whole succes-
sion of the Linah Member. Recent research questions this age and assigned the member and its faunal
contents to a Paleogene age.

Surface collection and wet sieving for invertebrate and vertebrate fossil processing from the type and
the reference sections of the Linah Member along its exposure in several localities in central and north-
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ern Saudi Arabia produced new data that helped in calibrating the age and temporarily reconsidering
the earlier ideas about the position of the K/T boundary in the Arabian Peninsula. The lower, middle,
and upper parts of the Linah Member produced enough identifiable and very well preserved fossil ma-
terials that lack any signs of reworking. These fossils show that the whole member is Maastrichtian in
age. The thick dolomitized shale of the lower part of the member produced the following selachian and
bony fish species: Serratolamna serrata, Cretalamna appendiculata, Squalicorax kaupi, Parapalaeo-
bates sp.,, Rhombodus binkhorsti, Rhombodus sp. 1, lgdabatis sp., Enchodus sp., Stephanodus sp., Pyc-
nodus sp., Eotrigonodon sp., and Trigonodon sp. The middle part of this member also produced benthic
foraminifera related to the genus Loftusia. The upper part, a few meters below the contact of the Ter-
tiary Umm er Radhamah Formation, contains Cretalamna appendiculata, Rhombodus sp. 2, Igdabatis
sp., and Enchodus sp. The Linah Member's selachian faunas are of typical Maastrichtian assemblages
and have been recognized in the Maastrichtian deposits of India, Morocco, Niger, and Spain. No Mes-
ozoic fossils of any kind was detected in the Umm er Radhamah Formation. SGS-OF-2018-1
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Fossil fish teeth from ~65 million years ago.
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stage in a few known sites, such as in Jabal Qidr in the Harrat Khaybar. A recent age dating revealed
that one of the youngest volcanic events in the Harrat Rahat in the Holocene produced a lava dome
collapse that generated typical block-and-ash fans, where the pyroclastic flow reached over 10 km (Fig.
5). This highlights the need for a proper volcanic hazard mapping, based on geological observations to
characterize the potential eruption scenario of such a violent eruption.
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Figure 5. Short Wave Infrared (SWIR) Sentinel satellite image of the Um Rgaibah (in Harrat Rahat)
trachytic lava dome and the associated trachytic block-and-ash flow field (light-colored zones with a
steep lava dome in the middle). This silicic volcanic center is the second youngest eruption site in the
Harrat Rahat volcanic field.

Geoheritage for developing a resilient society for geohazards:

Saudi Arabia is one of the countries that provides world class, superb geologic sites to demonstrate
geologic phenomena, standing behind various geohazards. One way to use this highly valued asset
of the Kingdom is to produce a proper inventory of “the best and the most” geological and geomor-
phological sites that may help us to understand geohazards. Saudi Arabia is also one of the countries,
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where the largest and longest lived monogenetic volcanic province exists on Earth, with the richest and
most diverse geological and geomorphological features. These locations are best defined as geosites
with high geoheritage values that need an effective program that is embraced by end-users to develop
geoconservation. One of the great recent achievements was the successful listing of the Jabal Qidr in
Harrat Khaybar among the International Union of Geological Sciences First 100 Geological Heritage
Sites (https://iugs-geoheritage.org/) (Fig. 6). Al Wahbah maar in Harrat Kishb is in the waiting list now
to be listed in the next global list due to its exceptional geological value as a maar type volcano. Proper
geoheritage research can also provide not only a preserved geological site to show the types of geo-
hazard phenomena, but also, it can be utilized for various geotourism activities that certainly could pro-
vide socio-economic benefits for the regions within the Kingdom. The experts of the Saudi Geological
Survey are ready for this next challenge to be global leaders in geohazard research.

(- )
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Figure 6. Jabal Qidr in Harrat Khaybar as the first geological heritage site that is listed in the Interna-
tional Union of Geological Sciences First 100 Geological Heritage Sites.
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Short- and long-term temporal variations:

A fine example of a long-term geohazard record is the spatio-temporal record of volcanic eruptions.
This is a particularly important aspect in Saudi Arabia, where spatially large monogenetic volcanic
fields have been active over millions of years. Hence, the correct record of their events in such long-
term aspects to event-scale are important to see the spatio-temporal behavior of the eruptions in order
to design probabilistic models for future volcanic eruptions.

In short timescale, a fine example of a geohazard record can provide the dramatic variations in flooding,
surface water accumulation (Fig. 3), and water saturation of the alluvial fans (Fig. 4) and the generation
of associated gravity-driven mass movements (landslides, rock falls, or mudflows), which the region
has been experiencing during the last 30 years. Earthquake hazards also operate and are recorded in
short-time scales, and their results can be observed in various geological records of trenched faults,
such as those around the major fault systems in northwest Saudi Arabia.

4 h
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Figure 3. A Short Wavelength Infrared (SWIR) Sentinel satellite image of the coastal escarpment from
21 January 2023, when unusual weather pattern generated a large volume of surface water accumula-
tion and water saturation just in the edges of the lava flows of northern Harrat Rahat (blue and green
colors show high water saturation). 1 2
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Figure 4. Moisture index map of a Sentinel satellite image from 18 January 2023 during the “100-year
Event” of an unusually wet season in Saudi Arabia. Note the clearly developed blue water-saturated
zones and the patterns of the alluvial fans.

Volcanic hazards: A difficult problem to deal with in Saudi Arabia:

Volcanism produced many volcanoes in the western margin of the Arabian Peninsula. These volcanic
harrats recorded volcanic activities, at least, since 10 million of years ago. This volcanism is a typi-
cal intracontinental process, where magmatic melt generation takes place at great depths, and these
melts reach the surface as one-shot short-lived eruption events. This type of volcanism is defined as
dispersed or monogenetic volcanism. Over a long period of time, hundreds of volcanoes can form, and
their eruptive products will be distributed largely as pyroclasts from their explosive eruptions and as
lava flows. In mature volcanic fields, lava flow fields can completely cover an area, such as in Harrat
Khaybar, while the younger and the topographically more diverse fields may form valley-constrained
lava flow networks, like the case of Harrat Lunayyir.

The monogenetic nature of most of the volcanism in the harrats generated small volumes of eruptive
products. However, highly explosive eruptions can likely reach a sub-Plinian or violent Strombolian

13

Ardhona Journal, 26" Issue August 2023



\_ J

Figure 1. Aerial photo of volcanoes in the Harrat Khaybar, showing volcanic hazard phenomena from
lava flow inundation to ash falls and scoria cone building events, forming small volume of monogenetic
volcanic edifices.

While they are not as spectacular in geological and geomorphological sense than the rapid ones, slow
geohazards are important phenomena that are needed to be studied carefully. Among such slow pro-
cesses are

1) alluvial fan development and their associated hydrological aspects,

2) caldera development,

3) volcanic geothermal activities,

4) any slow ground deformation and compaction of topsoil, 4) ground deformation and subsidence or
doming,

5) sand dune migration,

6) coastal erosion,
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7) stream erosion,

and any non-volcanic geothermal spring activities.

In Saudi Arabia, we can find fine examples of slow geohazards, like

1) the massive alluvial fan development along the Red Sea coastal escarpment (Fig. 2);

2) crater floor subsidence in larger volcanic craters, such as Al Wahbah in the Harrat Kishb;

3) soil compaction;

4) ground deformation, especially salt dome deformation in the southern Red Sea coastal areas, such
as in Jizan City;

5) sand dune migrations, such as in the Hail region;

6) coastal erosion along the coastal regions but, more prominently, along the Red Sea coast;

and stream erosion along permanent or frequently active ephemeral streams, especially in the high
mountainous regions in the southwest.

4 )

\. J

Figure 2. A Short Wavelength Infrared (SWIR) Sentinel satellite image of the coastal escarpment from
18 January 2023, when unusual weather pattern generated a large volume of surface water accumula-
tion, landslides, and water saturation of the alluvial fans (green colors).

1

Ardhona Journal, 26" Issue August 2023



Geohazards from the

Saudi Arabian Perspective

Dr. Karoly Nemeth
Saudi Geological Survey
National Program on Earthquakes and Volcanoes

Global aspects of geohazards within Saudi Arabia:

Geohazard is a broad term that is applied to any geological and geomorphological processes that
pose a threat to the environment. As a broad term, geohazard most commonly refers to the processes
associated with some sort of negative impacts to human society and its built environment. Geohazard
is an absolute term, as it exists without being associated to humans and society. Hazardous geological
and geomorphological processes have operated through Earth'’s history. To identify such events in the
geologic record constitutes one of the key research subjects on how geohazards can be characterized
and how such information can be used to prepare and mitigate their occurrences. In this context, the
way on how human societies is exposed to various geohazards is expressed as the level of the risk of
the geohazard. In short, the risk is the graphic expression of the impact of geohazards on society.
According to the Global Facility for Disaster Reduction and Recovery (GFDRR; https://thinkhazard.org/
en/report/215-saudi-arabia/VA), Saudi Arabia has high natural hazard potentials within the domains of
extreme heat, coastal flooding, water scarcity, wildfire, and volcanic eruption. It ranks under the medi-
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um natural hazards category in areas of river flooding, earthquakes, and landslides and low in tsuna-
mis, urban floods, and cyclones. These natural hazards are a mixture of meteorological and geologic
hazards that are commonly interlinked. As this information is viewed from a global scale, its resolution
is coarse. The actual nature of specific natural hazards can be very different under a local scale per-
spective, such as the case of urban flooding, for instance, in Jeddah. Interestingly, volcanic hazard was
ranked as the topmost among the geohazards in Saudi Arabia. This means that the selected reference
area for this ranking refers to less than 50 km from a volcano, where a potentially damaging eruption
has been recorded in the past 2,000 years and that future damaging eruptions are possible. Volcanic
hazard is followed by the medium level ranking of river flooding and landslides, as well as earthquakes,
which are commonly interconnected with the geological phenomena within Saudi Arabia.

Variety of geohazards:

The types of geohazards are commonly distinguished by the speed of the processes they act and their
potential spatial aspects. They range in extent from large spatial scales to very large dimensions. A lo-
calized and recurrent landslide may impact road networks in narrow gorges, such as in many locations
in the coastal ranges between Makkah and Taif, which are considered small-scale geohazards. In con-
trast, massive landslides or alluvial fan development can alter entire coastal regions along the coastal
plains from Jeddah to Jizan. Both small and large geometrical scale geohazards have various scales of
socio-economics impacts.

The most common and sudden geological processes are the following: 1) snow avalanches, 2) earth-
quakes and earthquake-triggered phenomena, such as tsunamis, 3) forest fires, 4) solar-induced ge-
omagnetic storms, 5) cambering of valley sides, 6) ice-related geohazards, such as ice jams on rivers,
glacial lake outburst, or volcanism-induced outbreak floods, 7) landslides, 8) sedimentary mudflows, 9)
rockfalls, rock avalanches, and sedimentary debris flows, 10) flash floods, 11) liquefaction, 12) volcanic
eruption-induced geohazards, including ash falls, pyroclastic flows (ignimbrites, block-and-ash flows),
pyroclastic surges (base surges), volcanic debris avalanches, and various types of lahars.

Among the typical geological and geomorphological rapid geohazards within Saudi Arabia, due to its
climate and geotectonic situation, earthquakes, and earthquake-triggered phenomena; cambering of
valley sides; landslides; sedimentary mudflows; rockfalls; rock avalanches, and sedimentary debris
flows; flash floods; liquefaction; volcanic eruption induced geohazards; pyroclastic surges; volcanic
debris avalanches; and various types of lahars are considered as significant geohazards (Fig. 1).
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The Evaluation of Hazards Caused by
Subsidence in the Al-Essawiah Area,

Al-Jouf Region, Kingdom of Saudi Arabia

Yasser A. Zabrmawi, Ahmed M. Youssef, Alaa M. Bahamil,
Raid M. Al Amri, and Zaam A. Al Otaibi

Abstract:

Approximately 60 percent of the 2,150,000 km2 area of the Kingdom of Saudi Arabia is underlain by
soluble sediments, e.g, carbonate and evaporite rock formations, salt diapirs, and sabkha deposits. De-
spite its hyper arid climate, a wide variety of sinkholes has been reported in the Kingdom. The sinkholes
are of various sizes and shapes, and they occur at various depths. Their presence may create direct
risks to the infrastructural facilities, such as those in the urban areas, roads, sites for future development
projects, and farmlands. In addition, some sinkholes also appear in barren, uninhabited areas.

It was documented during the last few decades that many sinkholes have collapsed in the Al Jouf re-
gion, and some of them, in the Al-Essawiah and in the surrounding ~2,000 km2 area in northwestern
Saudi Arabia. The region is underlain by the limestone of the Sirhan formation, which was found to be
intercalated with the basalt flows. Numerous areas have been affected by sinkhole hazards, involving
significant property losses. Human activities, most notably groundwater extraction, have been induc-
ing unstable conditions on the pre-existing cavities.

This study has identified the main karst formations and the distribution of the most problematic sink-
hole areas, illustrated through several case studies that cover the wide spectrum of subsidence mech-
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anisms for sinkhole formation. Some of the main investigative methods are presented through the
selected examples, including the analysis of remote sensing images, trenching study, and geotechnical
and geophysics studies to identify the causes of these sinkholes.

Our findings indicated that the Sirhan formation is significantly affected by karst phenomena. Ground
subsidence is accelerated due to the presence of a rift or graben structure along the valley. Geophysical
studies verified that these sinkholes were formed due to cavities in the Sirhan formation.

The existing sinkholes are related to collapse caves due to the severe groundwater extraction and there
is inadequate water management system. Geotechnical investigation, according to the Rock Quality
Designation (RQD) values, indicated that the limestone of the Sirhan formation is highly fractured. The
active groundwater extraction, and declination of water table through the study area play a crucial role
in sinkhole formation due to the disturbance of the equilibrium of the subsurface situation. The newly
formed sinkholes are active based on the geomorphological results of the trenching technique. Finally,
if the present well pattern and the pumping rates continue, then it is expected that more ground sub-
sidence, sinkholes, and fractures will occur in the area in the near future. SGS-TR-2015-11

( )
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A sinkhole in the middle of a road in Al Khobar City
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Al in Mineral

Exploration

NasirAljahdli
SGS Vice president of geological program

Al stands for Artificial Intelligence. It is a branch of computer science that focuses on creating intelli-
gent machines that can perform tasks that typically require human intelligence. Al systems can analyze
complex data, solve problems, make decisions, learn from experience, and adapt to new situations.
There are different types of Al, including narrow Al, which is designed to perform specific tasks, and
general Al, which has the ability to understand and perform any intellectual task that a human can do.
Al has numerous applications across various industries, including healthcare, finance, transportation,
entertainment, and geoscience.

Using Al in Mineral exploration
Step 1: Define the objectives of the mineral exploration project. Clearly identify the goals and objectives
of the project, such as identifying the potential mineral deposits, determining their grade and quality,
and assessing their economic viability.
Step 2: Gather relevant data sources. Collect various types of data, including geologic maps, satellite
imagery, airborne geophysical data, drilling data, geochemical surveys, and historical exploration re-
ports. These sources provide valuable information about potential mineral deposits.
Step 3: Preprocess and integrate the data. Use Al techniques to preprocess and integrate the collected
data from different sources. Conduct data cleaning, normalization, and transformation to ensure the
data are in a suitable format for analysis.
Step 4: Apply Al algorithms for target selection. Utilize machine learning algorithms, such as artificial
neural networks, support vector machines, or random forests, to build models for target selection. Train
the models using labeled data to classify potential mineral deposits based on their geological features
and properties.
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Step 5: Conduct automated analysis and interpretation. Implement Al algorithms for automated analy-
sis and interpretation of geologic data. Use techniques, like image recognition, pattern recognition, and
data clustering to identify potential mineralization patterns.

Step 6: Evaluate and prioritize potential targets. Develop a systematic approach to evaluate and prior-
itize potential mineral targets, based on their geological attributes, proximity to existing infrastructure,
economic factors, and environmental considerations. Use Al techniques to assist in the decision-mak-
ing process by considering various factors simultaneously.

Step 7: Plan and execute exploration programs. Use Al-based optimization algorithms to plan optimal
exploration programs, including drilling locations and depths. Leverage Al to continuously monitor and
adjust exploration programs based on real-time data and feedback.

Step 8: Integrate feedback and improve models. Continuously update and refine the Al models and
algorithms based on the feedback obtained from exploration activities. Incorporate new data and in-
sights to enhance the accuracy and effectiveness of the Al-enabled mineral exploration system.
Step 9: Collaborate and share findings. Foster collaboration among different stakeholders, including
geologists, engineers, and data scientists, to exchange information and insights that are gained from
the Al-driven mineral exploration process. Share findings and knowledge with the wider scientific and
mining communities to advance the field of mineral exploration.

Overall, an Al-enabled approach to mineral exploration can enhance efficiency, accuracy, and speed
in identifying potential targets, thereby reducing costs and increasing the success rate of mineral ex-
ploration projects.
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Ardhona Editor's Note

Zumai,RanaA.__ ===
Senior Director of Corporate Communications & Knowledge
At Saudi Geological Survey

We are delighted to present the inaugural issue of the revamped Ardhona Journal from the Saudi Ge-
ological Survey (SGS). Our aim is to provide you with the latest updates on geoscience developments
in the SGS and Saudi Arabia each year, and how these advancements can have a profound impact on
our daily lives and collective economic growth. Since scientific language can be highly technical and
cumbersome, we have adopted an accessible and engaging writing style with fewer scientific jargons.
We believe that science should be accessible to everyone, and we strive to make it easy and straight-
forward for everyone to understand and appreciate the progress of our geoscientific work here in the
SGS.

Communicating the relevance of our science and the importance of our work is fundamental to the
core of our scientific research. After all, what is the value of science if it does not have a beneficial
impact on the lives of our people and our nation? Therefore, it is essential that we communicate our
science to the public so that it becomes a part of their lives. This Journal is a powerful voice for the
SGS to let people know that we are here for them, and that our science has a heart for them. We want
to convey through this Journal that we work hard, no matter how hard and challenging our scientific
work is because we care.

Ardhona Journal, 26™ Issue August 2023

In this inaugural issue, you will find a collection of articles on Saudi Arabian geoscience that are high-
ly relevant to our current times, as well as the latest developments in SGS research, cutting-edge
projects, and significant news from the past couple of years that can impact and shape our national
well-being and future.

We hope that you will enjoy reading our Journal as much as we enjoyed putting it together. We invite
you to share your thoughts and feedback with us. We are always happy to learn from you as you learn
from us through our Ardhona Journal.

Please share your thoughts and any new articles for the upcoming
Ardhona issue via Ardhona@sgs.gov.sa

Sincerely,

Rana A. Zumai
Ardhona Editor-in-Chief
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