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2. Major oases fed by deep groundwater

sources

HfEAK E 723 b AAKICHRT DK ER E LT,
TRREH Tk (MU, MU, H00 $h& 70
JREIZ X 0BT 2 R) B"B¥FohES, 22T
X, FNHOKREREZFNH LTINS 7z EHER
FT VAZONWTHEY RifET,

Formation water (also known as fossil water) is
regarded as deep groundwater, typically emerging
as springs through mechanisms of underground
lakes, subterranean rivers, or artesian wells. In
this section, major oases formed by utilization of

these water sources are presented.
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2.1 Upper Mega Aquifer System on

Arabian Platform

77 F v 7 (Saudi Arabia) TIEEHE T K (HUE
ARITEFEK) HROFEAT o~ 2O KL, FEN
BA L NN—2 « FT 2 A(Wadi As-Sirhan
Osases)D7 1 A #/KJ&(Disi aquifer) & Fr\ T,
TRTCZOERFKEY AT L&KL LTWE
9, EODJRE 0349 1,860,000 km 2 T, K
WOBKEL AT LO—2FFHR L TVET, 2
A, REEISKAMITHEIZ D723 > T HHE
BooEMEKE (BEHKE L D2 MealKs
HAKME) 1Tk o TR S TWET,

All of major oases in Saudi Arabia, which are
derived from deep groundwater (geochemical
water or fossil water), except for Disi aquifer in
Wadi Sirhan Oases, originate from this huge
aquifer system.

With an extent of ~1,860,000 km? , Upper Mega
Aquifer System on Arabian Platform forms one of
the largest aquifer systems of the world. It is built
up by several bedrock aquifers (sandstone and
karstified limestone aquifers), which are

imperfectly hydraulically connected to each other.

FHEApRKBIZ, VT - EY R ERKE
(Wasia-Biyadh sandstone aquifer), ¥ X OV /L&
MELTzw s sz T Ry ~wBROF U ~f
JK A #: K )8 (Umm Er Radhuma and Dammam
limestone aquifers) TJ, AT I TV D HITK
B EA T, HFKOEEIL, HESNIZE
RIZE VB LRKERE T TR £ L, BAF
RAKE EmIEO T, HKEITET AR &
. ENRH P KEROMBZ5 I LEST
WET,

Principal aquifers are Wasia-Biyadh sandstone
aquifer, and Karstified Umm Er Radhuma and
Dammam limestone aquifers. Stored groundwater
is mainly fossil. Groundwater recharge took place
in geologic past under more humid climatic
conditions. Due to good water quality and high
yield, those aquifers are intensively exploited,
which has caused depletion of groundwater
resources. Presented qualitative and semi-
quantitative description of hydrogeology and
groundwater budget is basis for integrated

groundwater management of aquifer system.
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Conceptual model of the Upper Mega A

quifer System in the Kingdom of Saudi Arabia
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2.2 Saudi Arabia

FT VAL Oasis Name Arabic Spelling | Aquifer Region
VER Jouf Oasis 8 gall Sag-Ram Jawf Province
N A Ha'il Oasis BHEN Saq of Wasia- Ha'il Province
Biyadh-Aruma
B A 4= I Qassim pnadl) Wasia-Biyadh Qassim Province
AN Wadi As-Sirhan OB g2l | Disiaquifer Jawf Province
N Al-Kharj Oasis z Al Wasia and Aruma | Riyadh Province
T =N Al-Ahsa Oasis claa Dammam, Neo- Eastern Provinc
gene,Khobar and
Umm Radhuma
747 Layla Oasis QJ:J Wasia-Biyadh Riyadh Province

BIE TN DOFT L AT LR KEEDOT-D
WKL DR 7 CHRE R T KB B 70 ¢,
VR T 7K D> & DIEKR DKM YBIT T A > TH

Nowadays, in all oases, deep groundwater is
pumped up using large machines to secure water

for agriculture, and the water level of springs from



https://www.researchgate.net/figure/Conceptual-model-of-the-Upper-Mega-Aquifer-System-in-the-Kingdom-of-Saudi-Arabia-showing_fig1_331574363

D, RO EEHTERTIE, EEMTARRH#ET
RoNdZ LEm< 720 E L, LILRRDL,

20 fHADREE Tk, EREKTHL EOME %
EV T Z LM TIEH Y FHATLE, #ilx

. 747 - AT RATIEMEERS RIZE< 0
RBRENSLHWATHE Lz, TOMEBITY R
DT & BUEDOWTEH T,

deep groundwater has dropped significantly, so
that deep groundwater can no longer be seen on
the surface except in artesian wells. However,
until around the mid-20th century, it was not
uncommon for abundant spring water to create
lakes and ponds on the surface. For example, in
Layla Oasis, many recreational buildings were
built on the hills adjacent to those lakes. The
image below shows a lake surface at that time,
and the current remains of one of those former

lakes.

https://www.researchgate.net/figure/A-picture-of-water-sport-formerly-

ossible-in-the-Layla-L akes-in-central-Saudi-Arabia_fig2_ 257557409



https://www.researchgate.net/figure/A-picture-of-water-sport-formerly-possible-in-the-Layla-Lakes-in-central-Saudi-Arabia_fig2_257557409

A picture of water sport formerly possible in Layla Lakes in central Saudi Arabia.

https://shvnjit.com/6-%e7 %a0%82%e4%b8%98 %e5%9c%b0%e5%b8 %af%e7 %8b%ac%e7 %89%b9%e3%81%ae %e5%9c%b0%e5%bd%a2/

One of remains of former lakes of Layla (Photographed by Takahashi)
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2.3 United Arab Emirates

FT VR4 Oasis Name

Arabic Spelling

Aquifer

Region

Y —7—F7 2 | Liwa Oasis

ENP

Liwa Quaternary

Abu Dhabi



https://shvnjit.com/6-%e7%a0%82%e4%b8%98%e5%9c%b0%e5%b8%af%e7%8b%ac%e7%89%b9%e3%81%ae%e5%9c%b0%e5%bd%a2/

77T ERESIIIY—T = AT VA
(Masafi Oasis) (HEhw B )RCT V=T A > « T
Z (Al Ain Oasis) (ol 2al ) D F e A7 o AN
H Y FFH, HEEHT K (geochemical water or
fossil water)H R DKIRIC K D FEAT 2 A1%, A
DIFENFEFATLE, V—U—47T I A(Liwa
Oasis) (15 ) 5) D 55 MU AL O 77K JE (Liwa
Quaternary Shallow Aquifer)iX, Ak 7z DA
7000-5000 4RI & A WHUE T A, JEHaEK O
DT, ALAKEEZ T, BEH TR HEAIE
EEK) HROKFEO—>E LE LT,

United Arab Emirates has major oases such as
Masafi Oasis (ilue 4al5) and Al Ain Oasis (3al5
ce=ll), however no major oases with deep
groundwater (geochemical water or fossil water)
sources were found there. Quaternary Shallow
Aquifer in Liwa Oasis (' 4!5) is a young stratum
formed 5,000-7,000 years ago, but it might be a
kind of fossil water since there is no recharged
water. Therefore, Quaternary Shallow Aquifer is
considered to be one of the sources of deep

groundwater (geochemical water or fossil water).

Oasis at a Crossroads: Agriculture and Groundwater in Liwa, United Arab Emirates

UAE O EmElX, 77 ©7 o EEE KRS
7K@ 27 i (Upper Mega Aquifer System on
Arabian Platform) L #2 L T\ A DT, (ZiEEHT
KEEOKRIZL A AT P ADHFEETHIEBEZD
nEJ,

As Western and Southern United Arab Emirates
are adjacent to Upper Mega Aquifer System on
Arabian Platform, it is quite possible that there are

oases fed by deep groundwater sources.



https://gw-mena.iwmi.org/wp-content/uploads/sites/3/2017/04/Rep.15-Groundwater-governance-in-Liwa-oasis-report_final_cover.pdf
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2.4 Yemen

TV ARAE Oasis Name Arabic Spelling Aquifer Region / Emirate
Y7 4 M4 T v | Sa'ada Basin sl g &lal g | Amran Group Norther Middle of
ARE Oases GEPVISVO-EN aquifer Yemen

ATZAVDEEFT VAL LTL, v /3—L4
(Shibam) (sl Al 5)R°0 % U — L (Tarim) (s 4sl5)%
DOFNABENR T~ |« 7 > Aff(Hadramaut
Wadi Oases) (s pwan il Slalg) & 7 27
77 3 A ¥ Sa'ada Basin Oases (s pa s Clal )
BHYES, ENENFT~T b - FT VAR
(Hadramaut Wadi Oases) (< s was g2l clal ) i3,
Z OIANSITHERE LT B H IR R R A 20 &
TR S TWET, 2 OFEMAREE K
@I, FPHOE KSR D S FRAVIAT K THE S
NTWHDOTIAKTIEH Y A, —FH, W
T X AT 2 A (Sa'ada Basin Oases)
(o pam Aal) T, A = A I THRE SRS
B BB 2 FHOAIKEETHLT LT
J&(Amran Group aquifer)?> 5B Tk DAL %
2T TOD D THEAKRERD AT & ARETT,

Main oases in Yemen are Hadramaut Wadi
Oases ) (D5 raa 35 lals) ;such as Shibam
QOasis (sl 4als) and Tarim Oasis (x5 4als), and
Sa'ada Basin Oases (s2ua (ass Slals). Hadramaut
Wadi Oases (s paa 35 wlals) are supplied with
groundwater from Quaternary alluvial aquifers
deposited in these wadis. This Quaternary alluvial
aquifer is not fossil water, as it is replenished by
water flowing from the surrounding limestone
complexes. On the other hand, Sa'ada Basin
Oases (b3wa s Claly) are fossil water-derived
oases, as they are supplied with deep
groundwater from Amran Group aquifer, a
limestone layer from Middle to Late Jurassic

period found in north-central Yemen.

BB, AT AOIROEEMAIT, TIET A
Hh_EERE RE K8 > 2 7 A (Upper Mega Aquifer
System on Arabian Platform) & # L CT\WA D TZ
DERTKEHRD AT ¥ A03% 5 ArReMEIE & W
LR ET, FEilick Y v —DO%EH (Wilfred
Thesiger) £ [F122 [ U RRET (1948) 0D HiFE i &
72 o 7z~ U 7 (Manwakh) (& s«)=0% O B D
TIL=T 7 L(Al Abr) L=INZIXZ D X 5 7k FFF
NHYET,

In addition, Northeastern Yemen borders Upper
Mega Aquifer System on Arabian Platform, so
there is a high possibility that there are oases
derived from this mega aquifer. In fact, there are
such water wells in Manwakh (zs«), the starting
point of Wilfred Thesiger's second crossing of
Rub’ al Khali Desert (A& 1) in 1948, and in the
neighboring village of Al Abr (_sll).
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2.5 Oman




T VAL Oasis Name Arabic Spelling Aquifer Region / Emirate
TIAI— Al Buraimi Oasis GA,U_J\ 3;\} (shallow aquifer) Oman
=2 — Nizwa Oasis G y4aalg | WadiAl-Abyadh | Oman
alluvial aquifer
NT 5 — Bahla Oasis S VEP TN (a network of aflaj) | Oman
( RF— Izki Oasis igjgsj (a network of aflaj) | Oman
7 —7 Ak Salalah Hinterland Ia 4aly | Salalah coastal Oman
YIEQRN| aquifer

GV OFEFT VAL L TUETIAI— 4
7 ¥ A (Al Buraimi Oasis) (u il 4als), =X T — -
A7 3 A(Nizwa Oasis) (¢srdals), T T7— «
7 3 A(Bahla Oasis) (D& 4aly), 1 AF¥— - 47
Z(Izki Oasis) (3als (S3)), +F—F AT v X
(Salalah Hinterland Oases) (&l 3% dal )53 3
D ETN. A~—rOmK R JEFEOLHE
MO DIKDOUEHES D | HUT KN S 405 AT
7K & (Alluvial Aquifers)B3E71 T, —#BIZ T v A -
TN=7 Ky~ A7 H(Umm al-Radhuma
systems) b DALA KON H B H DD, e
HTARBROAKIFIZE D AT AL ERT DHIT
i, ALEHRKELLLET, HL, Av—rD
B, 77 T a0 FEERHEKE S AT A
(Upper Mega Aquifer System on Arabian Platform)
LELTWLHOT, WE FRBROKIFEIZE S
FTVAPFELE T, BlaiE. Msdokbi
7o) U= (Ubar) Qo). REHTRIC X
STHELNTEILFO P NERAINTEET,

Main oases in Oman are Al Buraimi Oasis (4l
=4, Nizwa Oasis (ssi 4al5), Bahla Oasis (3l
¢, |zki Oasis (315 S))), Salalah Hinterland
Oases (sl d%a 4al ), etc., however Oman's
aquifers are mainly alluvial aquifers that receive
water from the surrounding mountainous areas
and are recharged as groundwater. Although
some of the aquifers receive fossil water from
Umm al-Radhuma systems, it seems a bit of a
stretch to define as the oases with a water source
derived from deep groundwater.

However, Western Oman borders Upper Mega
Aquifer System on Arabian Platform, so there are
oases with water sources derived from deep
groundwater. For example, the "legendary lost
city" of Ubar (Uks) was discovered in a limestone

cave, created by deep groundwater.
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2.6 Qatar, Bahrain and Kuwait

T VAL Oasis Name Arabic Spelling | Aquifer State / Emirate
~JT4T Makhfia Oasis Ladall 4aly | Marmarica Qatar
Formation 3,600 years ago




FUYEA Al-Raudhatain Cba g )l Aa g | Kuwait Group Kuwait
Oasis aquifer and
Dammam Forma-
tion aquifer
T TIv= Umm Al-Aish Uanl) (j ialy | Kuwait Group Kuwait
TA v Oasis aquifer and
Dammam Forma-
tion aquifer
TynT— Al-Jahra (s)ea)) ¢l yealldaly | Kuwait Group Kuwait
Oasis aquifer and
Dammam Forma-
tion aquifer

ZOZEIEWTR LT T BT G EEE R K E
v A7 L(Upper Mega Aquifer System on Arabian
Platform)iZ & £iv, [LHEHIH & WO TEHT v R
AR, ALATKEROERIERKIE D D DK D
HEZITVES, TOMDAT U ADIFHET S
FIREMEIL, ME—2 U = — MRS TANEN—T
(Wadi al Batin) (chlll gl ) DR T, LaL, A
NRN—=T  DWRP AT ¥ Ao T D HEET
HYEHA, T, AINALA ICEFTEELT VA
LIER DRI AT V ADIFEZH D F8 A,

All of those three countries are covered with
Upper Mega Aquifer System on Arabian Platform
and do not have mountainous areas, so whenever
there are oases, they are supplied with water from
deep aquifers derived from fossil water of this
Upper Mega Aquifer System. The only other oasis
that may exist is the riverbed of Wadi al Batin
(oBW s3l5), the only one possibility remaining in
Kuwait. However, there is no evidence that the
riverbed of Wadi al Batin constitutes an oasis.

Also, there is no any major oasis in Bahrain.




