GEOLOGY OF THE NORTH RIYADH GEOPARK

A geopark is a territory that comprises of unique landforms, biodiversity, cultural, and
intangible heritage, which provides an opportunity to study the various geomorphological
features and associated process. Geological features include the rock, sediment, soil, and fossils
that caries unique valuable information about the geological evolution of a region.

National policy of Vision 2030 of Saudi Arabia, is focusing on the diversification of economy.
One of the main strategic steps is tourism. As the approach of geopark development in Saudi
Arabia, is much in the initial stage, although geoheritage research was initiated long back, very
limited literature are linking the geopark concept with national and global policy.

The area of North Riyadh aUGGp is around 3221 km2 and located around 140 kilometers
northwest of Riyadh, Kingdom of Saudi Arabia. This area is designated by well-known
geographic landmarks like Tuwaiq Mountain, King Abd El Aziz Royal Reserve in the east side,
and King Fahd Highway Road 505 in west side and is surrounded by an asphalt road network
in the north and east boundary. The delineated boundary of the North Riyadh Geopark is
comprised of various landforms, and geological features that need further exploration. North
Riyadh aUGGp belongs to the Arid Climate, with Average temperature varies from 15°C in
winter to 35.5°C in summer. Precipitation was observed in the spring with an average of 22.4m
(weather data of Riyadh, Alghamdi et al. 2021).
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Geopark have one of the ancient cities established in the eleventh century AH (four centuries
ago) called Thadiq. In his history, Ibn Rabia attributed the construction of Thadiq to the year
1079 AH. The first people to live in Thadiq were the Awasij from the Badarin Al-Dawasir
region, then families from different tribes, such as Bani Tamim, Al-Qahtain, Bani Khalid,
Shammar and others, came to it. Thadiq is located about 150 km north of Riyadh. The



amazingly decorated museum is worth the visit. The old village is enormous, and there is a
renovated small path where you can walk and see the ruins as well as accompanied geo-
heritage. These areas are all home to a variety of geological features, including mountains,
canyons, caves, and fossils.

North Riyadh aUGGp contains three major pillars:
1) globally significant geomorphological assets of a Table Mountain land

2) its Jurassic — Cretaceous shallow marine, continental shelf passive margin hard rock
assemblages

3) the link to the petroleum geology heritage and symbiotic life of early settlers within a rapidly
changing Quaternary intracontinental landscape.

Table Mountain land

The Arabian Peninsula's geomorphology during the Middle and Late Jurassic featured a
shallow marine platform along the southern Tethys Ocean, with basins and elevated areas
formed by tectonic activities, including the separation of the Indian Plate from Gondwana. The
North Riyadh aUGGp area, now arid, was once a tropical shallow marine shelf, making it a
key site for studying carbonate platform development and ancient marine environments.

Continental shelf passive margin hard rock assemblages

The North Riyadh aUGGp is globally significant for its geological assets, particularly as a
prime location to observe the facies architecture of a Mesozoic passive tectonic margin,



especially from the Jurassic to Cretaceous periods. Passive margins, like the one found in this
region, form where continental and oceanic lithospheres meet without active subduction,
similar to modern Atlantic shelf areas. These margins, often in tropical or subtropical climates,
support rich marine life and are sensitive to sea level changes. The North Riyadh aUGGp
provides a well-preserved geological record of biodiversity evolution during the late Mesozoic
and is recognized as one of the key sites for early geological research, which has shaped the
understanding of Mesozoic stratigraphy and paleontology over the past 50 years.
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Petroleum Geology Heritage

The Jurassic—Cretaceous rocks in North Riyadh aUGGp are crucial to understand the Jurassic
Total Petroleum System (TPS), which has been vital to Saudi Arabia’s rapid development due
to petroleum resources. The "petroleum geoheritage" exposed in this region is of global
significance and warrants conservation. The area includes key formations like the Tuwaiq
Mountain and Hanifa Formations, which are rich in organic material and serve as primary
source rocks for oil. The Upper Jurassic Arab Formation, especially the Arab D reservoir, is a
major oil producer, supported by its proximity to these source rocks and effective sealing by
anhydrite. The area’s geological features were shaped by the Alpine Orogenic events, which
influenced trap formation and hydrocarbon accumulation, highlighting the region’s importance
in understanding Saudi Arabia's petroleum wealth.
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STRATIGRAPHY & TECTONICS

The Tuwaig Mountain was developed in central Saudi Arabia during the Late Miocene through
Early Quaternary times due to the lithosphere uplifting associated with the opening of the Red
Sea. Carving the present Formation of the Tuwaiq Mountain became possible after the strata’s
initial uplift and concomitant tilting toward the west. The uplifting and tilting started 30 Ma
ago during the Oligocene and intensifed in the Miocene at around 14 Ma. The mountain is
generally a north—south curved belt through the Central Arabian plate. During the Jurassic to
Lower Cretaceous times, most of the Arabian plate was submerged under the Neo-Tethys
Ocean, forming a widespread shallow-marine continental shelf. This setting provides the



preferred situation for long-time coral reef development and deposition, resulting in seven rock
units arranged from base to top: Marrat, Dhruma, Tuwaiq Mountain, and Hanifa, Jubaila, Arab,
and Hith formations. Among these formations, the Tuwaiq Mountain Formation is 50-160 m
thick and consists of a lower muddy carbonate unit and an upper stromatoporoid and lagoonal
carbonate lithofacies. It was deposited on a carbonate platform developed across the intra-shelf
basin. The variation in the depositional settings through the platform resulted in the black
(organic) Tuwaiq limestone Formation in the subsurface and yellowish brown Tuwaig
limestone exposed in the Mountain. After the Jurassic sediments had been deposited and
solidifed (approximately 30 Ma ago), the tectonic activity associated with the opening of the
Red Sea has afected this sequence by faults that trend mainly in the northwest to north-
northwest directions. Several wadis dissect the Tuwaiq Mountain resulting from the left-lateral
displacement of the Central Arabian trans-tensional system. The Tuwaiq Mountain shows
cuestas that dip gently toward the east direction. The lithology of these cuestas is mainly hard
reefal limestone. The cuestas of the Tuwaig Mountain have been faulted and then eroded by
the eastward dendritic drainage pattern, which pours into the southward running wadies, for
example, the Wadi Hanifah valley. Tectonic settings and their coeval faulting play significant
roles in forming several geomorphic features, particularly cuesta, plateau, and butte.

The massive tectonic deformation and upliftment in the Late Miocene through Early
Quaternary, forms horst and graben topography. The horst unit is denoted as the cuesta
formation, tilted to the east and gradually rolling down. Further east, such topography is
covered by Dahna Sand Sea. The digital elevation map of the Tuwaiq Mountain shows the
dramatic curvature of the whole Tuwaiq Mountain, ranging from 458 to 1162 m. Tributaries
of Wadi Sahba and Wadi Ad Dawasir traverse the Tuwaig Mountain. The fuvial channels and
basin also indicate tectonic deformations in the geological. However, the main tectonic features
of the Tuwaig Mountain are much altered due to the fuvial network and erosion. The faults are
transformed into the fault scarp. The regional scale geomorphological map represents the
dendritic network of the dried-up channels dissecting the mesa. Head-wards erosion and scarp
retreat are vital in the extension of the gully. Unlike the gully formation in rain dominated
tropical areas, gully process in semi-arid is much slower. The IUCN Theme 3 Erosion landform
and various such erosional features have been documented worldwide.

North Riyadh aUGGp is a significant geological site that preserves this stratigraphic sequence,
making it an important location for understanding the development of sedimentary
environments and their impact on the global geological framework. The area’s well-preserved
formations also contribute to its geo-cultural heritage, reflecting over 50 years of geological
research and its importance in the broader context of geoscience.
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GEOSITES

KASHM AL HUSSAN

Welcome to the unique Kashm Al Hussan, locally known as the "End of the World." This
remarkable landform is predominantly composed of Callovian age limestone rock from the
Tuwaigq Mountain Limestone Formation ~164 million year old. The Kashm Al Hussan
formation is a result of physical and chemical weathering processes, particularly acting upon
cracks and joints within the rock.

A major fault line borders the western side of the escarpment, further adding to its geological
significance. The fault line marks the boundary between different rock formations and
showcases the dynamic tectonic activity that has shaped the landscape over time.

This site offers a captivating opportunity to witness the forces of nature at work, with the
escarpment standing as a testament to the erosive power of wind, water, and other geological
processes. Its unique features make it an ideal destination for geotourism and geoeducation,
providing visitors with an enriching experience of the Earth's geological history.
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OASIS

Being one of the land’s most important water sources, the geopark proudly cradles North
Riyadh Oasis, an oasis of profound significance.
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QATTAR ABA AL SALABIKH AL SAFARRAT

Qattar Aba Al Salabikh Al Safarrat cave chamber within a preserved zone known for the
occurrence of water droplets descending from two adjoining areas—one with freshwater and
the other saline. This cave is situated within the Al-Safrat region, featuring a blend of farms
and unique sites.
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Sand Dunes

Welcome to the Sand Dunes, a captivating landform shaped by the forces of wind. Here, you
will witness the beauty of Quaternary Sand Dunes, formed through the accumulation of
reddish-brown, fine to medium-grained quartz grains carried by the wind.

These sand dunes are a testament to the power of aeolian processes. They showcase the
developmental stages of dunes and various aeolian structures. As you explore this site, you'll
also encounter unique vegetation that has adapted to thrive in this dynamic environment.

It's worth noting that sand, a valuable resource for construction materials, is commonly mined
from this area. The accessibility of this site, connected to the main road, makes it an ideal
destination for tourists interested in both natural beauty and the human utilization of
geological resources.

The western portion of the North Riyadh Geopark comprises the linear dune landscape. This
geosite is an aesthetically significant site for tourism. Another geosite in this region is the
Dhurma Succession., a geologically significant site.
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ABU SHADDAD CAVE

The Abu Shaddad cave is about 2.5 m width and 15 m length and 1.5-2m height with man-
made entrances and carriers. The cave showed another small cave up on the main one. Abu
Shaddad cave is formed of clayey limestone and marl while the roof cansists of jointed and



highly bioturbated coralline limestone, with a lot of Oxfordian coral colonies of different
sizes and shapes. This is a geotourism and geoeducational site.
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AL MSAMA
Al Msama is an important geoeducation site that represents the contact between the erosion-
resistant Tuwaiq Limestone Formation in the west, capped by the softer, smoother Hanifa Formation

biomicrite.
WAS‘
Gasb 0SS O Juai¥) Adads Jiay 5¢8 cLaga U sl s Lailad B8 50 sl 0 je 2ay
Lsal JEY (5 sl CopallSIly  nzall dapall 0 oS5 5 ezl 8 JSUL a gladll (5 5l

A g




Khashm Al Mazal

This is an old historical site, located at the top of the hill. This site provides a panoramic view of the
flat top hill, scarps, and wadi. This is the best area to see the hill and dried-up wadis. The rocks
observed in this site belong to Jubaila and Hanifa formations. Hanifa Formation is mostly exposed in
the cliff base with the capping of Jubaila Formation.
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Al Muatarada

Al Muatarada Landscape represents a perfect horizontal layer cake landscape formed by the Jubaila
Formation. Intra-meseta broad valleys with Quaternary fluvial deposites.
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Mghatiyah Waterfall

Welcome to the Mghatiyah Waterfall, a captivating site that showcases both geological and
geomorphological features. This seasonal waterfall is activated during the winter months,
offering a stunning display of nature's power.

The sedimentary sequence of the waterfall represents the lower and middle parts of the
Oxfordian Hanifa Formation [~163 million years old], with a total thickness of approximately
100 meters. The sequence comprises thick coralline limestone altered with marls that contain
nodular chert.

As you approach the entrance to the waterfall, you'll encounter coral colonies of different
sizes and shapes, providing a visual spectacle. The upper coralline limestone beds feature
joints that facilitate the penetration of rainwater. This water dissolves the marly beds, leading
to the cape and regression of the waterfalls towards the source.

This site offers a unique opportunity to witness the interaction between water, sedimentation,
and the geological formations that shape the landscape.

fbaie IO

o oS U e don sl san Dl e G gm s palidl 18 sall dnhane JOLS dan 5158 ) 50 g 5 83 e, Tty JOLANI 18
dagudall 5 68 Sade L e paily 5 coliill el JMA s sl

el 3 gry A Adiall 0 65 e a1l 5 Agland) gtﬁ‘y\dm@yﬁ@uﬂ\@gbﬁﬂsy\ 163 I sa)
o a3 i Jla je s gaa e il Jaidy | i 100 s (Alaa ) a8 iy g oLy 8 A ) sl
d‘)\.‘d\.}éﬁd‘ O‘M‘J@Aé& L,S):Bégﬁj‘

85 Laa cdalidg o 45 glite JISET 5 alaal cald Al el el (e @l s 4 i ( OUE Jade (e oy Ladie

sty Ul olaa Jalis Jeud ol s (5 sl ln sl (5l i s e gl b e Ty oy g
25 Lo cphall (e (5585 Al lidal) elall 28 gl ) juaall gadla jlasil g YL,



G bt UK D A ) gaal iy oS g s il 5 elall (el 50 Likel 5y 58 b @B sall 138
Lnplall L jlalic s,

Al Bkarat Mountain

Welcome to the Al Bkarat Mountain, a remarkable geological site that showcases the
fascinating process of coral build-up. Coral reefs, formed over extensive periods of time, are
a natural wonder to behold. Here, you can witness a well-preserved coral build-up in the
Oxfordian Hanifa sequences [~163 Million Years old].

The coral build-up at this site is composed of isolated coral patches known as bioherms.
These bioherms are approximately 1-meter-thick and extend a few meters in width. They are
embedded in the argillaceous carbonate sediments of the Hanifa Formation, running parallel
to the ancient shoreline.

As you explore this site, you'll encounter a variety of coral forms. Most corals take on
hemispherical or globular shapes, while a few display subramose and solitary forms. The
diversity of coral structures adds to the allure of this unique geological treasure.

Jua s

Jls dalaie (8 oS Us je el iad s jall oS) 5 aliall dlasll (a o ) (2 sl aBise 25 el IS
saalia eliSay clia 3aaliall 3aiud Al daplall Qilae e a3l (e Al gha O 8 (gaa Ao Qa3 ) il yall
o 1 o sindll s yall o815 Cilaglis pumaall 3 gay (30 Adgiad) 0155 (52 58S Y1 (A O 5ile 163 (Sl
by oy Al e Bl o oy (e @5l 130 (A Gl el 69 5 0S5 DiiOhIMS) (e 3 B2ae ] JSS (B 8
Lia) dala g e (A5 bl dray e pe Sl g aal g e (s Ay gead) dla el el 028 lass &y
pl) alidl ol s (g ) 5illy iad 5 cAdgiad) oy oS8T dplall 4 5 81 sl 50,
VI dila el iladll alins 325l jall JISGET (e G g e sane @llia () aaius ¢ sall 13 SBLISTL) 2ic
Uy mas due b YIS Leta Jull axe eday ey ey S 5l A5 S i, iy 13g] Aila Al o) JISEY) ¢ i
A o sl seadl Sl



Mareha Cave

Mareha Cave is formed of gypseous mari and the roof is of jointed sandy limestones of the
middle part of the Hanifa formation. This location offers picturesque views to visitors, and
during the rainy season, waterfalls add to the charm of the place and surrounding area. Aside
from that, visitors can utilize this site for exploring the corals, caves and the biodiversity in
both aesthetical and scientific ways.
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Mamalahat Al Qasab

Welcome to the Salt Production site in Al Qasab, (Al-Qasab is an ancient city that has been
famous ever since the pre-Islamic era for its salt and wheat production). Salt, chemically
composed of pure sodium chloride, is formed from super saline underground water in this
region. The salt production process involves the evaporation of brine in excavated pits. The
source of salt in the underground water is the upper Jurassic Anhydrite Formation. Shallow
groundwater, ranging from 5 to 60 meters in depth, with high salinities, is evaporated, leading
to the crystallization of sodium chloride.

This site offers insight into the economic utilization of geological resources and allows
visitors to learn about the processes involved in salt production. The Al Qasab Salt Flats
make for an interesting site to visit as you can witness the production of raw salt from flat
expanses of ground covered with salt. It produces about 200,000 tons of salt annually and has
been famous since ancient times for its high-quality salt and is still sold in plastic packets
throughout the Kingdom.
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Al Fageer

Prepare to dive into the geological wonders of the Dhurma Formation—an extraordinary
Middle Jurassic deposit found at the foot of the Jabal Tuwaiq escarpment. This site offers a
remarkable exposure of approximately 110 meters of this formation.

The lower part of the Dhurma Formation, known as the Atash Member, is composed of
biocalcarenites teeming with a variety of marine life. Coral, bivalves, brachiopods, and
echinoids provide a glimpse into the ancient marine ecosystem.

Moving up the formation, you'll encounter the Hisyan Member, characterized by clayey
calcareous facies at its base. Fossils such as corals, ammonites, brachiopods, and bivalves can
be found within this layer, offering valuable insights into the past.

The topmost part of the Dhurma Formation consists of greenish calcareous claystone,
occasionally punctuated by bioclastic calcarenite layers. This unique composition adds to the
intrigue of this geological site.
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Al Mazal

Welcome to Al Mazal, a geological site that spans the Kimmeridgian (Late Jurassic) to
Jubaila Formation [~157 Million Years old]. The Jubaila Formation, characterized by its
reefal limestone base and the Hanifa Formation at its pinnacle, plays a significant role in
shaping the overall landscape.

As you explore Al Mazal, you'll encounter fascinating transition from the Hanifa to Jubaila
Formation. The site boasts exceptional bioherms and fossil assemblages, offering a glimpse
into the past. The section is topped by numerous hard grounds, showcasing the characteristics
of the shallow marine environment.
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Al Kraybat

Welcome to the Al Kraybat, a geological site that offers a unique exposure of the contact
between the Hanifa and Tuwaiq Formations. As you explore this area, you'll encounter
abundant gypsum veins that follow structural weakness zones within the limestone
succession.

The presence of these gypsum veins highlights the geological processes that have shaped the
region. Structural weaknesses within the limestone have provided pathways for the
infiltration of fluids, resulting in the formation of gypsum veins.

This site offers a valuable opportunity to study the interaction between different rock
formations and the influence of structural features on the geological processes that have
occurred over time.
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Dahek Cave

Welcome to Dahek Cave, one of the caves found within the Hanifa sedimentary sequence.
This cave is approximately 4.5 meters wide, 22 meters in length, and has a height ranging
from 1.5 to 2.2 meters. It is formed primarily of clayey limestone and marl, while the roof
consists of jointed and highly bioturbated white limestone.

At the entrance of the cave, you will find numerous Oxfordian corals [~163 Million Years
old], adding to the geological and paleontological significance of the site. These corals offer a
glimpse into the ancient marine ecosystems that thrived during the Oxfordian period [~163
Ma — 157 Ma].

Exploring the cave allows visitors to witness the unique geological formations and
understand the processes that have shaped the landscape over time. The presence of different
rock types and the intricate network of joints within the cave provide valuable insights into
the geological history of the region.
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Dahl Al-Khatla

A journey to Dahl Al-Khatla, enables you to immerse yourself in the wonders of the Dahl Al-
Khatla sinkhole, the picturesque Al-Basitin valley, and the peaceful water ponds.
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Al Msharrat Cave

On the top of the Al Msharrat Cave, vegetation is sparse and comprised of Teucrium sp., Rumex
vesicarius, and Trichodesma africanum. The wadi down to the cave is much more vegetated
and the dominant species includes Scrophularia hypercifolia, Pallenis hierochuntica, Launaea
nudicaulis, Gymnocarpus decander, etc.
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Thadiqg Al Bir outcrop

Prepare to be amazed by the Thadig Al Bir outcrop, an exceptional geological site featuring
the Callovian/Tuwaiq Limestone Formation [~166 Million Years old]. This roadcut section
offers a rare glimpse into the rugged, reefal limestone of the Tuwaig Mountain Formation.

Venturing further into this site, you'll discover evidence of the mass wasting process that took
place in the shallow marine carbonate platform environment. Contamination of reworked
corals and brachiopods provides valuable insights into the geological history of this region.
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Normal Fault

Welcome to the Normal Fault site, where you can observe one of the common tectonic
structures found in the area. A normal fault occurs when the hanging wall—the block of rock
above the fault plane—moves down relative to the footwall—the block of rock below the
fault plane. This movement is caused by horizontal tension stress in the Earth's crust.

At this site, you can witness the effects of the normal fault, with a visible displacement of
approximately 0.50 meters. The fault showcases the geological processes that have shaped
the region over time and provides valuable insights into the tectonic activity that has
occurred.

This site serves as an excellent location for geotourism and geoeducation, allowing visitors to
explore and learn about the fascinating world of faulting and its impact on the Earth's crust.
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Middle Collovian Corals

Welcome to the Middle Collovian [~166 Million year old] Corals, where you will be
mesmerized by the abundance of silicified coral colonies. These impressive coral formations,
encompassing various sizes and growth forms, have been derived from bioclastic limestones
and calcarenites beds.

Over millions of years, these corals have been weathered and eroded, eventually making their
way to the wadies as isolated bioherms. The corals found here exhibit low biodiversity but
offer a captivating glimpse into the ancient marine ecosystems.

As you explore this site, you'll encounter a diverse array of coral growth forms, including
massive dendroid, meandroid, plocoid, hemispherical, and subcerioid shapes. Each of these
forms tells a unique story of the environmental conditions and geological processes that
shaped them.

Prepare to be amazed by the timeless beauty and intriguing history preserved within the
Middle Collovian Corals—a geological site that offers a window into the past.
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Historical Site

Welcome to the Historical Site, where you will find an old building that enhances the area's
historical and cultural values. The presence of various date plantations characterizes the
settlement, adding to the cultural significance of the site.

In addition to its geological and natural attractions, this site offers a window into the
traditional livelihoods of the local people. Visitors can gain an understanding of the region's
history, cultural heritage, and the ways in which human activities have shaped the landscape
over time.

This site serves as an essential destination for those interested in exploring the geological,
historical, and cultural aspects of the region, providing a holistic experience for visitors.
Al a8 gal)
g0 e (e paall 2 a5 () Albaiall AN o A HUl) adl) ) jay asad ine dais s ¢ A Ul ad all (3o U e
8 sall LEE Lpaa Y1 (e 3y Lae A ik i) jaaLe g Jaall,

D13l (S Galaall Gl Al Gl s o 838U a8 sall 138 353 cAgmplall 5 A ol gl adllaa ) A8L=YL
St ) S el sl 2 pl) A Ly K 1 (3l A g 5 Aibaiall s ] g i

ca .
D53 Lan cdiaiall A0S 5 i Sl 5 Aum ol sand) (il ) CRLESILL Cpaigall il ga 5 iy @B gl 128 iy
Do a i Al 4y s,






