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Image is part of a video of Nishinoshima volcanic

activity in Ogasawara Islands

(https://www.youtube.com/watch?v=G2k6XH808is)
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Until a billion years ago, when Arabian
Peninsula first appeared on Earth surface
as a volcanic archipelago in Northeastern
Africa, there was no land there for
hundreds of kilometers. These archipelago
were Volcanic Asir arcs formed by two
small plates collision. By about 900 million
years ago, Asir Island arc was synthesized
as the first land mass to appear. Around
that time, further north, the second clash
began, which formed Hijaz (Jls~) Island

arc.
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The first volcanic series, which partially led
to the sites of present-day Bisha (*ix) and




KILIFNE, REICE T, ZOLTEAHIS
. TOELINE L, BEIZE>TH
KT BB, FNZK U S ALK ILFI O O
HWHERIL, TOREETHDONE LI, £
DOHERE U 7o FLEEANRRfH] & 2 —1R & 72 0 |
WA DOHER S 2 EV £ LT, S 0fH
HRBIZBEER RSN, TROED S
DI EEOHE D) TR S, Bl SN
F LT,

Taif (—lll), was carved and worn away by
erosion. The debris created by erosion was
washed away by rainwater, and the
sedimentary basins before and after the
volcanic column were filled with the rubble.
The accumulated debris became one over
time to form several types of sedimentary
rocks. The types of rocks were also formed
by alternating layers, and those in the deep
layers were crushed and metamorphosed

by the upper strata pressure.
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As volcanic activity gradually subsides,
plutonic rocks that have cooled and
solidified deep in the ground have become
areas of granite, diorite, and various other
rocks that are exposed to the ground.
Eventually, it broke through relatively new
sedimentary rocks to create a largely flat
landscape with outcrops of old igneous
rocks.
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Paleozoic outcrops in Northern Riyadh province

(Photo: Takahashi)
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A similar inevitable process occurred in
each volcanic column. Hijaz volcanic array
collided with small plates in succession to
North and East, repeating the evolution of
similar strata and topography. As a result,
various different rocks are mixed together
to form a stratum (rock body) called a
melange. The process of forming a single
plate with small plates attaching one after
another ended about 640 million years

ago.
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Even now, this small plate is structurally
monolithic to this new plate, but it was
affected by tectonic movements until they
subsided. Very large magma entered the
surface and slowly cooled down to form a
mass of granite, causing many cracks and
faults in New Earth, and a large amount of
volcanic lava flowed out to its surface,
mixing with the sedimentary rocks formed
by the erosion and crushing of the first
mountain range. By 550 million years ago,
Arabian Plate Formation in the first process
ended. After that, there were almost no
tectonic movements on Arabian Peninsula
until another tectonic formation that
created Red Sea began 60 million years

ago.
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The new plate, formed by many small
plates attached to it, is today called Arabic

shield. The rocks that form its foundation
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are exposed to the ground in Western
Arabian Peninsula. In most of its Central
part and all areas in Its eastern part, the
bedrock covered by young rocks of
sedimentary origin, therefore its underlying
rocks cannot be seen, but they are buried

deep underground.
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2. Formation of sedimentary layers
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Arabian Shield of this era was a vast
barren flat land with almost no living
organisms, and the mountains and hills
that were formed early were greatly
eroded. The eroded earth slowly sank into
the sea, which was alive with new and
diverse organisms. For about 550 million to
7,000 years, all sea levels on Earth

continued to rise uninterruptedly.
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As the sea level rose, the sea level
penetrated into Arabian Shield until only a
few pieces of land were left in
Northwestern and Southwestern Arabian
Peninsula, including Tabuk (4s) and
Yemen. By 470 million years ago, this
shallow sea had receded, leaving behind
hundreds of meters of thick layers of sand
and mud mixed sediments. Arabian Shield
was covered by this new sedimentary
layer, and its features were no longer

visible on its surface.
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Shortly after Arabian Shield appeared on
sea surface as a landmass, its western half
was covered with a thick layer of ice, and
much of its sediment left on its surface was
eroded by this ice. Global continental drift
has moved south beyond Arabian Shield.
In Qasim region (au<ill 4ikis), this glacial
zone characteristic is tir (till) (ungraded
sediments carried and deposited by
glaciers). Its old sedimentary rocks speak
for themselves. Glaciers have carved away

earth and turned sediments that covered

its surface into rock debris, boulder-
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covered riverbeds, and other glacier-

specific remnants.
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After glaciers melted, earth was completely
different from before. Its previously flat
landscape was carved by glaciers,
boulders rolled in a mess, and valley floor
was torn apart by valleys covered with
gravel. Glacial meltwater flowed into
Tethys Sea, Earth's only ocean at that
time, via river systems. In region east of
glacial zone, leading toward Tethys Sea,
sediments were eroded by flowing water.
Old sedimentary rocks of Akhdar massif
(»=3Y¥! diall) in Oman, located in
Southeastern Arabian Peninsula, are
characterized by glacial activity, such as till
(tir) and striped boulders, which indicate

ancient glaciation.
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Akhdar Massif

(hitps://que-faire.voyage/jebel-akhdar/)
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Over time, Gondwana Continent, including
Arabian Shield, moved from the poles to
warmer latitudes. The glacier retreated,
and again the sea level covered Arabian
Shield except for the northwest. This
second infiltration of seawater also left a
thick sedimentary layer in its wake. This
time the sedimentary layer was shale
containing many fossils of brush stones.
Graptolites, which are extinct today, were
one of the most prolific creatures in the sea
between 550 million and 350 million years
ago. When Arabian Peninsula reappeared
on land, the surface was covered with this
layer of shale. The difference from the first
time it appeared on land was that greenery
grew near lakes, rivers, and coasts. Plant
life in Silurian period (408 - 438 million
years ago) first adapted to the beach area.
Animals soon followed suit and landed on
the beach.

WO (77 87 5) 1L, 12 2L
EbuEicE L, L TUR LR RICE
AV TIIWE L2, YEiodaiT, L
(ZEN T L HIH O fEDRWHIRIZTE -
T, WERIZELTOWE Lz, oI,
WEK PR EHE & T IEREMRIZ, MR
<~V MV OFOEIE XL > THIE L= Ik
TLEY LET, 2k, 7 — FOER
T ES T A AR E 28l L
TENCHERT 28R TT, WHOEE

I, T ORRIC U TR &30 T 2 BE A Y
kLUE LT,

Arabian Peninsula was submerged in the
sea more than a dozen times, and often
appeared at sea, but Arabian Peninsula
was submerged in the sea for a period of
twice as long as the period it appeared on
land. Land masses are uplifted and
subsided by movement in the deep mantle
of the earth, independent of the sea
surface and tectonic geology. This is not a
plate deformation or orogeny, but a
phenomenon in which the land quietly rises
as a large mass. Arabian Peninsula

repeatedly rose and sank in this way.
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Similar phenomenon occurred around 375
million years ago. Despite stable sea level,
Arabian Peninsula suddenly rose from
ocean as dry landmass. Prominent
geological feature from following period is
extensive granite boulder formation at
southernmost tip of Tuwayq Mountains,
where range sinks into sand dunes of Rub'
al Khali Desert (A& «l). Boulder sizes
vary, largest reaching diameter of 1.5
meters. Nearest granite outcrop,
considered origin of these boulders, lies

several hundred kilometers away, within

present-day Yemen.
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Northern part of Mundafan (caxll)

(southern end of Tuwayq Mountains)

(https://www.tiktok.com/@.g5p5/video/7289123954210458887 ?language=en)
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Arabian Peninsula, in final phase of this
process, was again transported southward
to lower latitudes, where polar glaciers
extended over southern part of peninsula.
Granite boulders found in region lack
typical striations or grooves usually formed
during glacial transport. These boulders
are thought to have been carried during
northward advance of glacier or deposited
as dropstones. Dropstones are clasts
frozen into glacial ice sheet or embedded
within glacier, which fall to ground as ice
melts. In Oman, evidence of active
glaciation remains in wadi beds such as
Wadi Daiga, where boulders embedded in
glacier carved parallel grooves up to one
meter deep into flat bedrock, visible on

wadi floor.
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Wadi Daiga (&= s215) riverbed (Al Khlata glacier
deposits in Oman Mountains (Hajar Mountains

(o=l Juay), ete.)

(https://www.lyellcollection.org/doi/full/10.1144/sp392.15)
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During Permian period (245 — 290 million
years ago), thick layers of sandstone were
formed. Today, most of them have been
eroded and have not remained. Although
few large fossils have been found in these
sandstone formations in the few places

that still remain, the fossils of spores

TEET, contained in the rock samples of the strata
can be analyzed under a microscope to
verify the age.
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large-scale extinction of vegetation and
fauna as Arabian Peninsula rose out of the
sea again. At the time of this uplift, Arabian
Peninsula was covered with white
limestone. Permian extinction marked the
end of Paleozoic era (245 — 570 million
years ago). At this time, many species
were removed, and when Earth's
ecosystem was restored, there were very
different organisms living there. Until then,
trilobites, which had been overwhelmingly
abundant in the sea, left only a few

remaining species.
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Sea levels on Earth rose throughout
Mesozoic era (65 — 245 million years ago)
and reached their highest level at the end
of Cretaceous period (65 — 145 million
years ago), and for most of this era was
submerged in the sea with a shallow
tropical climate. Initially, a thin layer of
limestone was sandwiched between
sandstone and shale, but over time a very

thick layer of limestone was formed. They
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are the many mature fossils with the reef
features commonly found in the limestone

outcrops of Tuwaiq Cliffs (&:sk Jus) today.
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A fossil of a Cretaceous ammonite appearing on a
limestone outcrop in Tuwaiq Mountains, west of
Riyadh, is my Saudi driver of the time. (Photo:
Takahashi)
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Earliest marine transgression is generally
believed to have reached deepest into
western part of Arabian Peninsula.
Cambrian (510-570 million years ago) and
other Paleozoic sedimentary layers are
closest to Red Sea in both northern and
southern parts of Arabian Peninsula. No
traces of these Paleozoic layers are found
in central Arabian Shield, due to
continuous erosion through many
subsequent geological periods. Late
Paleozoic and Mesozoic sedimentary
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layers form arc stretching over 1,000
kilometers across central Arabian
Peninsula, likely extending farther west
than line connecting northern and southern
outcrops. Near Afif (—uic), along old Riyadh
(u=b) —Mecca (4s«) road, these layers lie
200 kilometers west of nearest Mesozoic

marine deposits.
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From Tuwayq escarpment, land gradually
slopes eastward. Except for occasional thin
sandstone beds of marine origin, exposed
rocks between escarpment and Dahna
dune belt (sLaall) consist almost entirely of
limestone. This limestone sequence
comprises ten distinct layers deposited
successively from Jurassic (145-208
million years ago) into Cretaceous.
Eastward tilt of terrain, combined with
erosional effects, causes each layer to be
exposed at surface before being overlain
by younger strata, even over short

distances.
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Entrance to Dahl Hit (a limestone cave)

(Photo: Takahashi)
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A notable exception to limestone is Dahl
Hit (< Js2) (a limestone cave) between
Kharj (z_>) and Riyadh (u=4), where
evaporites called anhydrous rocks can be
found on surface. (Note: The another Dahl
Hit is also located near 80 km south of
Kharj, but not subject one, here.) This
pearly gray rock has a slightly dark stain.
This stain was the first oil sign discovered
by ARAMCO geologists in 1938 as tar
stains on Arabian Peninsula, and became
an important key to deciphering the oll
reservoir in Eastern Arabian Peninsula.

Digging into this layer in Eastern Province,
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there was the first oil release of this

country's huge crude oil reserves.
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Many of Arabia's oil fields are included in
Jurassic Formation, and Limestone that is
exposed between Tuwaiq Cliffs and Riyadh
is a little older than this anhydrous rock. As
these strata moved eastward, they were
buried deeper, and increase their pressure
and temperature slowly changed limestone
and precipitated oil. This oil was later
stored in lower of anticlinal structures,
where Arabian Peninsula collided with
Asian Continent and compressed, causing
rocks to fold. Qil fields in Southern Iraq and
Southern Iran are also present in similar
folds of same era. Nearly half of world's
crude oil resources are buried in folds
formed by collision of Asian Continent with

Arabian Peninsula.
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As Mesozoic era approached to its end,
Central Arabian Peninsula was uplifted,
just like Devonian period (360 - 408 million
years ago). lts coastline receded and
moved eastward before its land mass was
uplifted. Since then, its coastline has never
penetrated deep inland. This coastline
continued to rise and fall repeatedly after
this, and in continuous land movement in
Eastern Arabian Peninsula in present-day
desert was submerged many times, but its
coastline did not cross current Dahna dune
belt and invade further west. Central and

western Arabian Peninsula have been

subjected to erosion and erosion since
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then, but there are no marine sedimentary
layers, and it is a unique area where
terrestrial sedimentary layers have formed
from old rock layers.
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Attached materials (Topographic
map related to Chapter 2)
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Topographic map related to Chapter 2
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