BE

T7ToeT 42kt 5] #3353 77 KEE D22 : Collision with Asian

Continent =& —

3 TUTKRELE DEZE

3. Collision with Asian

Continent

37 T KBl s

B&

Table of Contents

1. R db R KEEOBET & 7 7 B 78 DO#A

2.7 7 BT R L RGO

3.1,000 FEfgew Vo K LTS ED

4.3 500 AR AR F - ToALHE D 55 g
IS

SEEE #FIX

1.Approach of Northern and Southern
Continents and Birth of Arabian Gulf
2.Birth of Arabian Peninsula and Red Sea
3.10 Million Years of Volcanic Activity
4.Second Phase of Red Sea Expansion
Starting About 5 Million Years Ago

Reference: Topographic Map

1. Bt RRREOBER L 7 7 ETED
A

1. Approach of Northern and
Southern Continents and Birth of
Arabian Gulf
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TIZETHEIET 7 AKEO—RT, T
S & 7 4 Hi(Arabian Shield) & X & 7 HEIk
Hi(Nubia Shield)i. [f Ui U AT
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(Gondwana) DR E T, 7 F A #E(Tethys
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(Laurasia)) &7 I ETHBIIWTOHNT
WE L7,

BEDT Z €7 « 7L — (Arabian Plate)
EieT 7Y A« 7L — h(African plate)
T VT Kg~ & LA 5 12N
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WD AL, KI5 TR I Kk
DREEMA R SR ETICHEAL, 2D
oy DT F AN T T BT (Arabian
Gulf) (-7 (Persian Gulf)) 12721
F L7,

Arabian Peninsula was once part of African
continent. Arabian Shield (=~ ¢ ;) and
Nubia Shield (5 ¢ ') were formed
together by same forces during same
period. Until nearly 50 million years ago,
they remained united. During Gondwana
(W sxise) era, Arabian Peninsula and Asian
continent—Laurasia (4w s)—were
separated by Tethys Sea (i J~).

As African Plate (4& 4 4siall), including
current Arabian Plate (iu )l ix6.all), began
drifting northeast toward Asia, Tethys Sea
between them gradually narrowed. Around
50 million years ago, continental shelves of
both continents came close enough to
touch. That part of Tethys Sea became
Arabian Gulf (-~ zdall), also known as
Persian Gulf (sl zlsll),

2 fEAERT (

ZBf(Triassic)) DOMRK TIE o—F o7 Kke(Laurasia) B ALNERICIEN W | FEYERICIT T

RN KEE(Gondwana) S A28 > TWE LTz, 7 F A#E(Tethys)Z OO EMIZH Y £ LT,

On World map of 200 million years ago (Triassic period), Laurasia stretched across Northern hemisphere

and Gondwana stretched across Southern hemisphere. Tethys Ocean was located to east between them.
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(https://ja.wikipedia.org/wiki/%E3%83%AD%E3%83%BC%E3%83%A9%E3%82%B7 %E3%82%A2%E5%

A4%AT%ES%99%B8)

T L— N EEID LTV D SRR O ST X
STT IET YT VT KL £4 %4
gar L, e L CES &ML E L,
DR Tl RREEIZ, WMLWENEZZT, 2
OEEmEITEWIIIRE B> THELE L
Teo T OEINER THRIZONRA~—2 0
Y ¥ L ILfJk(Hajar Mountains (Us=l) Jus))
(7 1 2 V1113 (Jebel Akhdar (=) dall))
EEte) . A 7 oW 7 a2 LfjkZagros
Mountains (wss¢13))<° bV OFFFE O k
vu ALk (ke X Lfk) (Taurus
Mountains (ussusk Jus)) T, ZiLH DL
RO IUTEERIZ I D> B Th o722 &
oRIRAIKEN o E T, e
ILiIfik(Zagros Mountains)iZ, 4 H CH%E
HEFICHEN LI L TVET,
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Due to deep crustal forces moving plates,
Arabian Peninsula moved closer to Asia
and eventually fused tightly. This collision
caused strong pressure, forming high
mountain ranges along contact zone.
These include Hajar Mountains (bs=ll Jua)
in Oman, including Jebel Akhdar (Js
»=a¥1), Zagros Mountains (us¢13) in Iran,
and Taurus Mountains (u+s,sk Jsa) in
southeastern Turkey.

At peaks of these ranges, marine
limestone layers show they were once
seabed. Zagros Mountains still remain
geologically unstable, with frequent

earthquakes.

2. TIETHE LAEORE

Section 2: Birth of Arabian
Peninsula and Red Sea

6 T HAERNCT 7 7 ¥ B {H(Western
Arabian Peninsula)?® T E8IZ & 2% HizkiL.
FlEIEE SIS 720 F L, MBS &
L COFEGMHIE W ¥ —A 7 (Taif (<))
WA D/~ F g Jit (Harrat Hadan (s~
Gaa)) & AbD FV U A RESRRICTE - T
ObWE AR ESEE L,
Z ORI - o HHUIBGE L. ok 4
ED £ L7z, ZAUIEEH 4 (Paleocene)
(6,500~5,600 J54-R11) DORIZETE T4

About 60 million years ago, crust under
Western Arabian Peninsula became
stretched and thinner. Tectonic bonds
weakened, causing a number of faults to
develop along a line connecting Harrat
Hadan lava field (o= 3,a) east of Taif
(—ik) with Jordan to north.

Land along this line sank, creating a chain
of lakes. During Paleocene (65—56 million

years ago), these faults connected into a
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HiFCnE Lz,
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FLHE(Red Sea (Lbea¥) Lsd))Z1ED £ LTz,

waterway that reached north to
Mediterranean.

Similar crust thinning happened again tens
of millions of years later. New faults formed
farther west. This became part of East
African Rift, centered around Bab el
Mandeb (<2l ) at south end of Red Sea
(0=a¥) =), Three rifts developed: one
extended south through East Africa, one
ran east from Djibouti (5 sxs) forming Gulf
of Aden (2= =18), and one stretched
northwest forming Red Sea (<! ).
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(Arabian plate showing general tectonic and structural features)

(https://en.wikipedia.org/wiki/Arabian_plate)
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(https://en.wikipedia.org/wiki/Arabian_plate)
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Red Sea fault zone is about 100 km
wide and 2,000 km long. As sides
moved apart, center sanks, creating
steep cliffs on both sides and a wide,
flat middle. At first, valley was not
deep enough to connect with sea, but
lakes formed in deepest parts. As rift
widened, northern end opened to
Mediterranean, and seawater flowed
south into basin. A land bridge near
Djibouti (s2) still connected valley’s
southern end to Africa, so it did not
yet reach Indian Ocean.
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(Original: https://www.passmyexams.co.uk/GCSE/physics/divergent-boundaries.html )

B2, 2,500 HAERTIZIL, JEWARDE
OHFYHRIC . FHORT B R E
L7c, ZOZUFRIE, DT e d
W) 1,000m DS R b, ST
Lo TIE, ZEDEDIERIKDIES 1,
W T 2,000m I E L TVWET,
mAF O[O (7787 7 L—F
(Arabian plate (fu_al Asaal))i3 7 7 U
71 7L — | (African plate (Al

i dV))) 1, IO TR EES
NI=dDT, ¥ hb(mantle (zLas)
2 YN D HIBE AN i~ L g H 95
AN TEFE L,

Around 25 million years ago, a
second rift formed in center of valley
floor. It was narrow but averaged
1,000 m deep, with some places
reaching 2,000 m below sea level.
Arabian plate (2 4xiall) and
African plate (48 3Y) asiall) were fully
separated for first time, allowing
mantle (=Y z\35) to erupt to
surface.

[ < 2,500 HAERINCT 7 7 5
HIEFIZD - D LT 7Y A REED
O FEHE Y (ZEfR 2 nd £ LT,

Also 25 million years ago, Arabian
Peninsula began slowly rotating
counterclockwise away from Africa.
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ZHE, 1,000 GAE bW ZBIZ TR
(ZHENTHIROEVE IR A AT E
L7z 7 4 ~—~fpFEH#(Tihamah
Coastal Plain (st dales Jews)) 23 H
7 — b (L fk(Sarawat Mountains (Jus
Glyyadl)) (B 2~ —[LHi(Hisma Massif
(s d2)) B B ¥ v — XL fJk(Hijaz
Mountains (U=l Jus)), 72— Ll
fIk(Asir Mountains (Lsse Jua))<0A =

A e E Hi(Yemen Central
Highlands (ol & sl duagl)) 25
I A T A P E EH(Yemen
Western Highlands (2 4u &l dessgl
o)) FE TR ) OELEELZGATIC
& 2B/ ORI IE - TRRDFEED
~ 7~ (Magma)3 L <IRAL, &
WA ICHARS EF2ED £ LT,
ZORESBETZE D%, EHEEED
1,500 JTAERNZITBENE 2 1k F LTz,

This movement lasted 10 million
years, widening central rift. Along
valley edge near Tihamah Coastal
Plain (absll 4ales Je), magma (3ule=ll)
intruded heavily, forming veins and
dikes in old rock. This area lies at foot
of Sarawat Mountains (<l sl Jus),
which include Hisma Massif (J=
=), Hijaz Mountains (Jtsall Jus),
Asir Mountains (U= Jus), Yemen
Central Highlands (& (o sl duagl)
oadll), and Yemen Western Highlands
(Ol (5 A all dnagll),

Later, continental separation slowed
and stopped about 15 million years
ago.




#T#F (Remote sensing picture of Red Sea by NASA)

3.1,000 FEERFW - K ILITES) Section 3: 10 Million Years of
Volcanic Activity

1,500 HHRNELT Z 87 « 7'L— F@O4JE | About 15 million years ago, Arabian Plate
MN—F 27 KEE(Eurasia (w_sl)) & EBZ | (el 4s8all) was fully adjacent to Eurasia




L=< L7z, i oBREIZZEn Ll B
MNHHFEIIHY FHEATLED, KbV i
WAERPHIRIBEA L~ 7~ TR L,
EHIZHL EiFoivE Lz,

FLED D NBEZ B AL T AN & - TREZSR L7z
il Zih - e L CRIU, v~ 7~ % &
~NEREHE D & T DHEICHT 2 U1 E <
o THEKLE LT, ZOXIEBHITZ O
1,000 TAEDM, ot it T
F L7

(W 5)). Gap between them stopped
widening. Instead, magma (s_e<!') intruded
into crust, causing region to expand and
rise upward.

Along crustal bulge running north—south
from Red Sea (u«=Y) ad)) into inland
Arabia, volcanoes erupted one after
another. Pressure from magma pushing
upward became too strong to contain.
Volcanic activity continued more or less for

10 million years.

B OKILEEE E DL, FEEE TR L
IR R IRER AR D JE R D IR
Kk 1Li(Shield volcano) & FEIEIL A LD H D
TY, ZOMRIBICH - T2DiE, "EHT 5
5 (Lava (RS, aeal) S FEF I JRENME: D
O L (Basalt (<doW) T FLC Ak 0
(Crater)=<°l Hi [ (Eruptive crater)’» 5 iiiil
L 3 TRV A4 5 R & R a ik
JEM B A TY, ZOLREOEERILT 7
ET B ERO 16 5 F 7% v b Ol A
B, 7T ET R TR B IRV Tl K
2REFELTONET, RIS O H
B OWERRT b 5 1 E i (Lava field) (N5
I (Harrat (s.2))d % W\ &/~ Z (Harrah)

(o2) 1. MICH DR, Lo EHIAT LY
HHVOTT R, L AHMTHLTFH ORI
ZRAEDBTEEICHITY HR - T DN
TLE->TWVET,

Most of these volcanoes were cone-
shaped, low, wide, and gently sloped. This
type is called shield volcano. Their shape
came from highly fluid lava (Sl asall),
made of basalt (<134), which flowed easily
from crater or eruptive crater and spread
far across land, forming large lava sheets.
Basalt lava covered about 150,000 square
kilometers in Western Arabian Peninsula.
This region is one of most barren
landscapes in Arabia. Areas covered by
lava are called lava fields, known locally as
Harrat (3_~) or Harrah (3_~). Southern lava
fields are generally older than northern
ones. Over millions of years, many layers

of basalt built up and overlapped.




1876 FE 5 1878 12T ZE T it L CWeTF ¥ — /L X - FUT 4 RICL - THAINT

NA NUEERIFICRR ST 247 A% ) (Harrat Khaybar and Jewish fort isolated in it and
found by Mr. Chales Daughty in 1876 ~ 1878.)

EOEBOMFTE, https://egemen.kz/article/374882-ghalam-ghadgaptary-tozag-qagpasy T3 23, T OH
BFEEIZ Al-Qamus Fort (Khaybar) T 23, A Omifgix, HiTk, F#L-TLENE L,

4

One of the promontories overlooking the 0asis 6f Khaybar (bhoto: Martin Beuvelot)

[ 4% N D% (Al-Qamus Fort (Khaybar))

https://www.saudiarabiatourismguide.com/khaybar/

4. #9500 TEERTICHEE - 72K DF | Section 4: Second Phase of Red
—HAtEYLTR Sea Expansion Starting About 5
Million Years Ago
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FL#E(Red Sea (Las¥! ,ad))DIRFEIEDE —
HTA9 500 HAERNICAEE D & Lz, ST
ROFIZRNF RO OVEML L, &
WHECYE I AR ALY O — I b L CHILE
DALHEE ALY F LT,

A T A (Suez Isthmus (o sl & 50)) 25
L U RO T i SO0 0 B S 4, 7
7 L 5(Gulf of Aden) & ~ o & 7 Vi (Bab
el Mandeb)?3 7L T L CA o R¥EE KIS T
EHE L,

Second phase of Red Sea (¥l sail)
widening began about 5 million years ago.
Deep central rift in middle of Red Sea
became active again. Shallow seas and
salt lakes connected and merged, forming
present Red Sea.

Suez Isthmus (us«l & 3.1) rose, cutting
Red Sea off from Mediterranean. Gulf of
Aden (= =18) and Bab el Mandeb (<b
—aidl) sank, creating a waterway to Indian

Ocean.

[7] U R L R 22 0 [ A2 11 2 3 7= 7 P
DEEFE L, 2R 7 U — MUK
(Sarawat Mountains) %4 H O S 2 L
FEFT 7T EOENS HAOMHE 28
RS EE L, (BT U—MllkE
L. B A~ —[L#fi(Hisma Massif), £+
— X|fik(Hijaz Mountains), 7 > —/ V(LI
(Asir Mountains), - = A > FH L& Hi
(Yemen Central Highlands )21 50U 1270
ST, A=A PEEEHI(Yemen Western
Highlands) % CTATIZIEN S [LAROFEFHT
o)

At same time, new uplift occurred near
cliffs and surrounding areas. This pushed
Sarawat Mountains (< s~ Jus) to current
height and increased slope from west to
east across Arabian Peninsula. Sarawat
Mountains include Hisma Massif (e dia),
Hijaz Mountains (Jlsall Jus), Asir
Mountains (Ls= Jus), Yemen Central
Highlands (oedl (& sl 4uagll), and extend
to Yemen Western Highlands (sl duagl)
ol 8) along eastern coast of Red Sea.

FHEO R F I BRI » 7o R OGEVE
X, FFOVIBEZ 91D C 500 4O I HEIR
X 150km [ICE CHENBE E L2, &RV A
D ZITITEBZR2NC LA, A DO
KR ZRIED D ITA THRHEWV TN ET,

Central rift along Red Sea’s length began
separating again. Over 5 million years,
seafloor widened to about 150 km. Though
it may seem unlikely, lava field expansion

still continues today.
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(DR EE] LIEEN D~ R - N7 48E(Mahd al Dhahab (< 26)) 150D A T A L5 — - ST

H#7(As Suwayrqiya (Adus-d) gB))EE LICHkD 72 & B2

(i wils)
Harrat Rahat (b 3 ) seen beyond As Suwayrqiya
<adll), known as "Cradle of Gold"

(Photo by Takahashi)

\ZIRIN D 7 7~n— @ (Harrat Rahat (Bl 5 )7

(A8 sl £8), a salt marsh west of Mahd al Dhahab (2«

~7 4 —7F(Madinah (lux) & 7 —E 7
(Rabigh (&) D % FALIZ IR 5 T /~—
a2 Hiiy (Harrat Rahat (Bl 3 )%, db
B K A2 T 2 4,500 4EfEIC 13 [A]
ML, — TR OMEKIE 730 RIS &
TEOMEORNIZ~T 4 —FIJEE, X
BRAEDEIT T Re Fa LR OB S A
~T 4 — T I KOE L,

Harrat Rahat (bl 3~), a wide lava field
between Madinah (i:x) and Rabigh (&),
has had 13 eruptions from northern craters
in past 4,500 years. Most recent eruption
was 730 years ago. Its tremors reached
Madinah, and molten basalt flowed into city

as sticky lava sheets.

B g (Neolithic) D A & 13 EfEIR %2 £
REEWEOEREIIZE L TWET, ZOE
JEBNTITER W, BRIRY A (Stone circle)
RBEENG TN, T SITREDOBEETTRD

People of Neolithic period left traces of
dwellings on surface of basalt lava. These

remains include graves, tombs, stone

circles, and walls. None of these are found

12




iz MDY T A R
DIEEEN) % 5 e - M2 REY) 2 J50E K HII,
BrosER L 0 B RS EmAHT 2RI
o CTWVWET,

A <

on recent lava flows. Geologists conclude
that lava fields crossing land with Neolithic
structures must be younger than those

structures.

P Hly TR B Je ST DO s A R D Bl

1Z. KA (Red Sea valley) D JEE & L &

B RV 2 F Lz, B iEL
HOKGD T TIXZ D DKDOAEFERITE
<\ RS KE MR | 3 S SRAVIAT AT 1|
RAKDOFEINE T L, BIEIZEVE
> CERELE LT,

Before volcanic activity, region
experienced uplift. This raised bottom of
Red Sea valley (<aY! Jadl sals), turning it
into shallow seas and salt lakes. Under hot
subtropical sun, water evaporated quickly.
Rivers and flows carried dissolved salts
and minerals into valley, where they settled

and formed thick layers.

FLUEYEE (Red Sea floor) TIEHT L WHEREW
WZRAUIERR D F2, A (Rock salt), A&
(Gypsum), 7%3&5 (Evaporite)ss D 78 FH
BaHY ., HBANC L > TUEZTDOE XL 3 F
2ICH KATWET,

On Red Sea floor (=Y »dl £8), newer
sediments include layers of rock salt (!
gaall), gypsum (u«al)), and evaporite
(Rl sl In some places, these
layers reach up to 3 kilometers thick.

B2EEE RN

Reference: Topographic Map
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