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Abstract 

 
The South Rub Al-Khali Company Limited (SRAK) is an incorporated Joint Venture formed on 17th December 2003 by Shell Saudi 
Ventures Limited (40% share), Saudi Arabian Oil Company (30% share) and Total Ventures Saudi Arabia (30% share) in order to 
explore for non-associated gas in the South Rub ‘al Khali Basin in the Kingdom of Saudi Arabia.  
 
After an extensive seismic campaign, exploration drilling is now ongoing with Late Ordovician peri-glacial sandstones forming a 
primary reservoir target. The lack of pre-existing Ordovician penetrations forms a major exploration challenge. This paper focuses on 
the palaeogeographic understanding of this play based on outcrop, well data and present-day glacial analogues. This approach 
provides the context for a more detailed seismic evaluation of the play, which is presented in a companion paper.  
 
The sedimentological study of the Ordovician succession offers new insights into the nature, variability and areal distribution of the 
glaciogenic Sarah/Zarqa Formations in the South Rub al Khali Basin. Subsurface data can be correlated with the stratigraphically 
equivalent Sanamah Member of the Wajid Sandstone Formation in outcrop, some 500 Km west of the well penetrations. This 

http://www.searchanddiscovery.net/documents/2009/50176khalil/ndx_khalil.pdf


highlights the vertical and lateral heterogeneity due to the interplay of sediment accumulation and erosion caused by successive ice-
sheet advance and retreat.  
 
The reconstruction of this complex stratigraphy and of the regional distribution of the Late Ordovician succession is further aided by 
the study of recently deglaciated areas, e.g. in the area previously occupied by the Pleistocene ice-sheet in NW Europe where a 
network of glacial tunnel valleys and associated proglacial deposits is being investigated as an analogue for the Ordovician glaciation 
of SW Saudi Arabia. 
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SRAK Dimensions

Kingdom of

Saudi Arabia

Oman
UAE

Yemen

Bahrain

Qatar

155,000km2

55,000km2

210,000 sq. km
equivalent to size of UK

or 10% of Saudi Arabia land 
surface area

• Effective Date 26 Jan 2004
• 5 yrs exploration period
• FEP ends 26 Jan 2009
• Extended to 26 July 2010
• FEP Commitments:
- 16,000 km 2D seismic
- 7 exploration wells (Deep, HPHT)

50% 50%
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Geological Settings and Palaeozoic Targets in Contract Area 2
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Geological and petrophysical datasets
• 3 (SRAK) drilled wells including 7 Palaeozoic cores ISRT-1, MRTN-1, SERJ-1
• Full suite of logs over the Palaeozoic interval in all SRAK wells
• Image logs over the Palaeozoic interval (ISRT-1)
• 4 analogue wells from north of Contract Area 2 MKSR-1, UBYL-2, TKMN-3, HDDH-2
• Ordovician outcrops in Saudi Arabia 
• Analogue systems (outcrop, drilled prospects and producing fields) in North Africa

Geophysical
• Regional airborne gravity survey (210,000 km2)
• 2004 airborne gravity survey (145,000 line km)
• 2D line seismic data, gravity and up-hole data
• 1988 Aramco airborne magnetic survey
• 2004 SRAK / Aramco HRAM*
• Magneto-Telluric Recording (125 stations)
• Low Frequency Seismic – 2350 km
• 2D reprocessing of legacy data (28,000 km)

Datasets

*HRAM = high resolution airborne magnetics
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Outline

l Introduction

l The Ordovician Glaciation

l The Proximal Glacial Succession: The Waijd Area

l The Distal Glacial Succession: SRAK Area

l Correlation and Glacial System Evolution

l Conclusions
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Key Challenges

l The Diamictite ‘Problem’
• Top reservoir developed in Diamictite 

facies which could be a waste zone
• In the Kitchen area Tight Diamictite 

could prevent downward charge

l Ordovician Topography
• North African analogues suggest 

possible ‘buried hill’ model
• Seismic appears dominantly layer 

cake
• Palaeogeography

AAPG Conference, 26
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Introduction

Recent drilling results in the South Rub 
Al-Khali and field investigations

in the Waijd and Wadi Al-Dawasir area 
have provided new insights on the 
stratigraphy and sedimentology of the Late 
Ordovician Sanamah Member of Wajid 
Sandstone Formation. 

500 km
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What do we know ?

Late Ordovician Glaciations of North Africa and Middle East 

Late Ordovician palaeogeographic 
reconstruction of West Gondwana 
(after Scotese et al., 1999; Sutcliffe et 
al., 2000)

Study area : South Rub Al-Khali and Waijd
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200 km

Available data: Outcrops & Seismic

SRAK license 
area

Wajid outcrops 
(Moscariello et 

al, 2008) 

Seismic mapping 
of tunnel valleys

Tabuk outcrops 
(Melvin, 2006)

Outcrop mapping
(Vaslet, 1991)
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Stratigraphy of the Waijd Sst Fm

Schematic stratigraphic succession of the 
middle Waijd Sandstone Formation

Sanamah Mbr

Dibsiyah Mbr

Unit 1

Unit 2Unit 3

Three main stratigraphical units have been recognized which 
are characterized by considerable variation in thickness and 
lateral facies changes which reflect the complex depositional 
and erosional processes associated with the evolution of the 
Late Ordovician ice-sheet margins through time.

Sa
ra

h 
Fm

 
H

aw
ba

n 
M

br
Za

rq
a 

Fm



Slide: 12AAPG Conference, 26-29 Oct 2008

South Rub Al- Khali Company Ltd

The Waijd Glacial Valley

Schematic reconstruction of the internal 
architecture and nature of infill of the 
preserved “Sanamah glacial valley” in
the Waijd area, ca 150 km SW of Wadi Al 
Dawasir (SW Saudi Arabia). Plain view of the outcropping “Waijd Glacial valley” in the 

Waijd area. 

Dibsiyah Mbr

Sanamah Mbr

Dibsiyah Mbr

North Ice flow direction

reconstructed 
ice stream 

margin

reconstructed 
ice stream 

margin

Djebel Sanamah

A

A’

A A’

10 km

Moscariello et al., 2008
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Sedimentary Facies of Glaciogenic Deposits

Ice flow direction

Bioturbated pre-
glacial shallow 

marine 

Diamicton can be interpreted as :

Deformation till,
Basal till,
Melt till (lateral moraine ridge),
Rain out till with drop stones.

2
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Proglacial Outwash Deposits  

Climbing dune sets

Large scale 
antidunes

water flow direction

Proximal subaqueous 
fan model showing 
lithofacies and zones 
of jet-efflux 
development. 
(Russell & Arnott, 2003)
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Subglacial Erosion & Deformation

Lower striated pavement 

Outwash 
deposits

north

Lower striated pavement

Upper deformed pavement with 
mesoscale grooves

Upper deformed pavement with 
mesoscale grooves

Deformed 
Outwash 
deposits

Multiple ice-front 
fluctuations, 
indicated by 
stacked subglacial 
striated pavements 
separating 
deformed outwash 
deposits

ice flow

Mega subglacial flute

ice flow

large subglacial groove
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Subglacial Deformation 

645 m 

745 m 

Schematic representation of stratigraphy and 
associated deformation style of the 3 units forming 

the Sanamah Mbr in the Waijd area. 
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Ice Shear 
plane

Ice expansion and 
advance: brittle 

deformation of bedrock 
of the valley flank (step 

fractures and shear 
planes).

Ice withdrawal/melting: gravity 
deformation and waterlain deposits 

(subglacial and lateral spillway 
streams.

Ice expansion /re-
advance: lateral 

moraines are formed 
and laterally stacked.

Glacial valley flank 
(Dibsiyah Mbr 
undeformed)

Diamicton (tills and 
gravity deposits)

slide

Lateral moraine deposits

pre glacial bedrock

2

1

3

Glacial Palaeogeomorphology: Glacial Lateral Moraine
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Glacial Valley Internal Architecture

mid moraine push-up resulting 
from compression and shear 

between two ice-streams

Outcrop length: ca. 1 km

bioturbations

Slightly 
deformed 

erosional upper 
unit

Heavely deformed and 
vertical beds (glacio-

tectonic)

Sheared, thrusted and dislodged 
valley flank bedrock Dibsiyah Mbr 

(deformation till)

Underformed valley flank bedrock (Dibsiyah Mbr)

Complex internal architecture of glacial valleys from the valley flanks to the axial 
position 

Interaction of multiple, neighbouring ice streams. 

The pushed-up, ‘mushroom’ structure, topographically higher than the rest of the 
valley infill deposits, is interpreted as the result of transpression associated with the 
formation of a mid moraine. 

Glacio-tectonically 
sheared pre-glacial 

bedrock

ice ice

WSW

ENE
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100 km

Palaeovalleys / 
Quaternary Analogue 
from NW Europe  
[ GRASP research consortium ]

5
Km

Stackebrandt et al, 2001

Late Ordovician Glacial Valleys infilled by glacigenic clastics of 
the Zarqa and Sarah formations (from McGillivray and Husseini, 
1992)

Weichselian

Saalian
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20

Study Area: Location Map

Seraj-1

Al Mirtan-1

Isharat-1

Tukhman-3
Ubylah-2

Hadidah-2

Wajid 

Isharat-1
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Isharat-1

Glacial surface

Grounding ice

Diamicton
(till ? )
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Isharat-1: Facies
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Sedimentary Model from Isharat-1 Core Study
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Sedimentary Model / Sandur-Tidal System in Alaska

Sandur-marine system in western Alaska: variability of neighbour 
sedimentary environments

20 km
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Study Area: Location Map

Seraj-1

Al Mirtan-1

Isharat-1

Tukhman-3
Ubylah-2

Hadidah-2

Wajid 



Slide: 26AAPG Conference, 26-29 Oct 2008

South Rub Al- Khali Company Ltd

SERAJ-1 well

Flow till

and

Melt out till

Rain out 
processes and 
gravity-induced 
remobilisation 
of poorly 
consolidated 
diamicton



Slide: 27AAPG Conference, 26-29 Oct 2008

South Rub Al- Khali Company Ltd

Depositional Model for SERAJ-1

Hawban Mbr: Distal position both from 
subglacial outlet and grounding ice

Glacier surges: increase of glacier velocity, sometime catastrophically (up to 100 
times), when the pressure of melting water from upstream increase the buoyancy of 
the ice and trigger a sudden progradation of glacier into distal positions. This is 
associated with consequent melting and release of detrital material.
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Melting Ice-Sheet Front

Antarctica
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Outcrop – Subsurface Depositional Styles
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Study Area Map

Seraj-1

Al Mirtan-1

Isharat-1

Tukhman-3
Ubylah-2

Hadidah-2
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31

Study Area Map

Tukhman-3
Ubylah-2

Hadidah-2

?

?

?

Seraj-1

Al Mirtan-1

Isharat-1

Grounded ice
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• Outcrops of Wajid Sandstone Fm (Sanamah Mbr) represents a proximal glacial system
associated with the Late Ordovician ice-sheet in SW Saudi Arabia

• The three main glacial units characterised by thickness and lateral facies variations

• Deformation style accounts for 3 ice-sheet expansions (glaciation) & multiple phases of ice-front 
fluctuations (glacial stages)

• The proximal glacial location is characterised by 10-15 km wide shallow (100-200 m) glacial valleys

• The subsurface Ordovician Sarah Fm (SRAK area) is in the distal part of the glacial system
& shows multiple sedimentary cycles tentatively correlated to the Wajid stratigraphy

• Sarah Fm successions mostly consist shallow marine influenced fine grained clastics likely derived from 
outwash deposits

• Final stages of the Ordovician  glacial is marked by a melting of the ice sheet (surge)  - Hawban Mbr

Conclusions
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Key Challenges Unraveled

l The Diamictite ‘Problem’
• Thins towards kitchen area so downward 

charge may not be an issue
• Unable to de-risk as a waste zone – active 

charge could help

l Ordovician Topography
• ‘Buried hills’ observed in the Wajid. Not 

yet seen in our interest area
• However, still challenging to seismically 

image the Ordovician in our interest area
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