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Idresident’s Address

It’s with great honor and pleasure along with the 13 members of the GSO Executive Committee that |
take leadership responsibility of the Geological Society of Oman for the two years term of 2015-2016.
The new GSO executive committee also happens to occupy a new GSO office in the Al Khuwair Plaza
Building, located along the Sultan Qaboos main road, Al Khuwair.

Since its inception in April 2001, the GSO has taken leaps towards its current status, where it not only
runs geological fieldtrips and organizes specialized talks for its geologist members, but also contributes
its expertise to different government entities in the Sultanate of Oman. In the year 2014, the GSO was
involved with the State Council in reviewing the government’s laws and regulations for the mineral and
guarrying sectors in Oman. The GSO took an active role in proposing new regulations that were
included in the lately published new laws and regulation which govern the minerals and quarrying. The
revised and newly established laws and regulations are aimed at improving the mineral and quarrying
sectors’ exploration, planning, evaluation, production, and remediation processes. Implementation of
these new laws and regulations is also hoped to improve this sector’s contribution to the Sultanate’s
economy. As a step forward for the mineral and quarrying sectors, good news occurred with the
establishment of a new Mining Authority in September 2014 and the approval of its newly proposed
laws and regulation by the State Council in May 2015.

The GSO continues its participation at different academic levels, where in March 2015 the GSO co-
hosted the 2015 Middle East “Imperial Barrel Award” students’ competition ran by the AAPG. Students
from the Sultan Qaboos University, King Fahad University of Petroleum and Minerals, and The United
Arab Emirates University participated in the competition. Also, on March 25th 2015, the GSO co-
hosted the “Remote Sensing for Oil and Gas” conference held in Muscat. The conference was attended
by oil & gas exploration and production companies representatives and was aimed at sharing the latest
remote sensing technology used in the.

In an effort to increase the GSO’s local educational interaction with society, last year it embraced two
new activities: the “Geo-kids”, which targets children from the age of 9 to 17 years old, and the “Geo-
challengers” targeting university students in their final year of degree programs. These activities
received a strong welcome from the participants and the local society, which encouraged the GSO to
increase these types of activities in this year and in 2016, God willing.

The new committee will work towards fulfilling the GSO’s objectives, including the following key
aims:

*To advance the science of geology.
*To promote technology of exploring for, finding, and producing petroleum, natural gas, and other
subsurface fluids, including water and mineral resources, in an economically and environmentally sound

manner.

*To promote awareness relating to geosciences with the aim of providing non-geologists, students, and
young Omanis with wider career choices and opportunities.

Finally, I would like to thank the GSO Executive Committee members for their continued commitment
towards the GSO’s activities and their willingness to give their own spare time for the good of Oman.

Dr. Ali Ibrahim Lazki, President of GSO
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ew GSO Committee

President: Dr. Ali Lazki

Ali Ibrahim Al Lazki has a PhD in Geosciences from Cornell University, Ithaca, New York, US, in 2002.

He is working as Senior QI Geophysicist in PDO’s Exploration Directorate.

Vice President: Dr. Said Al Balushi

Said Ali Al Balushi works as a Production Geologist in PDO. He obtained his PhD on basin analysis and petroleum
geosciences from the University of Manchester in 2010.

Executive Director: Husam Al Rawahi

Husam joined PDO in July 2011 as graduate Sedimentologist in PDO’s Exploration Directorate. He completed his BSc in
Earth Sciences at Sultan Qaboos University in 2010. Husam is currently pursuing his MSc in Petroleum Geosciences
program at Gutech University, Oman. Husam co-authored the “Oman’s Enchanting Geology” book recently published by
the GSO.

Treasurer: Salim Al Shuaili

Salim Mubarak Al Shuaili is a borehole image interpreter in PDO and gained a BSc in geology from Sultan Qaboos
University in 2006.

Coordinator: Mohammed Al Badi

Mohammed Salim Al Badi obtained his Bachelor degree in geology from Sultan Qaboos University in 2012. He is working
as a Geologist in MDCO LLC.

Editor: Dr. Aisha Al Hajri

Aisha Ali Al Hajri has worked in PDO’s Exploration Directorate as a Sedimentologist since 2014 after completing a PhD
on geology and basin modeling from the University of Manchester. Aisha obtained her BSc degree in Earth Sciences from
Sultan Qaboos University in 2009.

Geophysics Events Coordinator: Saif Al Azri

Saif Abdullah Al Azri is a reservoir geophysicist at PDO’s Exploration Directorate. Saif gained an MSc degree in applied
geophysics from Curtin University, Perth, Australia, in 2011.

Membership Officer: Mohammed Al Aamri

Mohammed Hamed Al Aamri has an MSc degree in petroleum geosciences from Curtin University of Technology, Perth,
Western Australia, 2011. He is working as Geomechanicist in PDO’s Study Centre.

Public Relations Administrator: Ahmed Al Mahrooqi

Ahmed Mohammed Al Mahrooqi is a Seismic Interpreter working for PDO’s Exploration Directorate. Ahmed has a BSc in
Earth Sciences from Sultan Qaboos University, 2012.

Social Media and Network Administrator: Zaid Al Kindi

Zaid bin Al Khattab Al Kindi is a Development Geologist at CC Energy Development S.A.L. He has a BSc degree in Earth
Sciences from Sultan Qaboos University, 2013.

Educational Events Administrator: Abeer Al Saifi

Abeer Abdullah Al Saifi is a Production Seismologist and works with Improved Hydrocarbon Recovery Team in PDO. She
obtained her BSc in Geophysics from Sultan Qaboos University in 2013.

Research Administrator: Dr. Mohammed Al Rajhi

Dr. Mohammed Salem Al Rajhi is a Production Geologist working on tight gas projects at PDO’s Exploration Directorate.
Mohammed’s PhD is on the rock properties of tight sandstones, University of Leeds, UK, 2012,

Publicity and Advertisement Administrator: Bushra Al Touqi

Bushra Mohammed Al Tougi is a Project Geologist at Occidental Oman Company. She holds a BSc degree in Earth
Sciences from Sultan Qaboos University, 2014.

Committee Member: Ahmed Al Aghbari

Ahmed Asim Al Aghbari is a Regional Exploration Geologist at PDO. He obtained his BSc degree in Earth Sciences from
Sultan Qaboos University, 2011. He also has MSc in Petroleum Geology and Basin Analysis, 2012, from Curtin University
of Technology, Australia.

Officer: Hani Al Rahbi

Hani Salem Al Rahbi is responsible for running the Geological Society of Oman office in Al Khuwair Plaza Building
located along the Sultan Qaboos main road, Al Khuwair. Hani obtained his BSc degree in Earth Sciences from Sultan
Qaboos University, 2015. 5
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IWote from the Editor

Welcome to the 215t edition of Al-Hajar. It is a great honor to be the new editor for the Al-
Hajar magazine. The new committee is looking forward to add to the knowledge the GSO has
been providing to the scientific and the public communities of Oman. To increase the range of
audience that can benefit from the Al-Hajar magazine, the new committee decided to publish
all the articles in this edition both in Arabic and English.

In this edition we are providing introductory information about the new GSO committee. The
GSO ran a number of fieldtrips since the last edition of Al-Hajar and two of these trips are
highlighted in this edition; the field trip to Wadi Daiga and Hayl al Quwasim inliers, and the
joint AAPG and GSO fieldtrip to Al Amerat and Wadi Al Kabir area. Summaries of the key
information which was presented in the talks that were given by presenters invited by the
GSO since last February are also included in this edition. The new book published by the
GSO “Oman’s Enchanting Geology” is now out and an introduction to the book is given in
this edition. The new committee convened the Annual General Meeting of the GSO, which
took place in March, and a summary of this event is given herein. The impact of stress on
fluid flow and velocity within tight sandstone core samples, Mam Tor UK, and its implication
to subsurface rocks is discussed in this edition in a paper written by Dr. Mohammed Al Rajhi.
This paper and all scientific papers in the future editions of Al-Hajar will be only in English,
because they are targeted towards readers with Earth Sciences backgrounds. This edition
contains news about the accreditation of the BSc Earth Sciences (Geology) and Geophysics
programs in the Sultan Qaboos University by the Geological Society of London. | hope you
will enjoy reading through this edition and if you have any comments or if you would like to
contribute to the future publications of Al-Hajar, do not hesitate to contact me via my email
address (aisha.hajri@gso-oman.org).

Aisha Al Hajri
GSO Editor
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SO Fieldtrips

Amdeh 5 outcrops (Haima Saih Nihayda Formation equivalent) in the Wadi Dhaiga and
Hayl Al Quwasim inliers

Written by: Husam Al Rawahi

The GSO organized a fieldtrip led by one of its most active members: Dr. Alan Heward. The
fieldtrip followed a talk event which was also presented by Dr. Alan on the same subject.
Around 18 GSO members including professionals, students, and geology enthusiasts attended
this fieldtrip. The two days trip took place on the 27th and 28" February 2015 and two
locations were visited. The first day was spent in Wadi Dhaiqga area and the second in Hayl Al
Quwasim, which are both in Wilayat Quryat of Muscat Governorate. In Wadi Dhaiqa, the trip
involved walking up through the main part of the shallow marine deposits, which are
identified to be equivalent to the Middle Ordovician Saih Nihayda Formation, to the
unconformity with what is believed to be equivalent of the glacially-influenced deposits of
the Late Carboniferous-Early Permian Al Khlata Formation. During the two days of the
fieldtrip, the participants visited specific locations where key fossils of the Saih Nihayda
Formation equivalent were documented, including locrinus, Sacabambaspis, conodonts, and
trinucleid trilobites. An interactive discussion about Cruzina took place and the participants
learned features and characteristics of C. rugosa and furcifera that were observed in the Wadi
Dhaiga locality. Other sections of the Saih Nihayda Formation equivalent were examined on
the hillside which exposed shallow marine shelf and shoreface lithologies characterised by
well developed cross bedding sedimentary structures, abundant trace fossils of Skolithos,
Daedalus and Teichichnus, and shell beds.

On the second day, the group headed towards the Hayl Al Quwasim inlier. At this location the
participants walked through the fluvial deposits of the Early-Middle Ordovician Ghudun
Formation and the slightly younger shallow marine Saih Nihayda Formation equivalents. The
morning started in a wadi which consisted of an approximately 500m thick section of the
Amdeh 5 quartzites of fluvial origin. Many sedimentary structures and trace fossils were
observed. Outcrops with shallow marine shelf and deltaic lithologies were later examined by
the participants who also enjoyed identifying some unusual beds of shells.

11
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SO Fieldtrips

AAPG/GSO fieldtrip

Written by: Ahmed Al Aghbari

The GSO organized a fieldtrip on the 17t March 2015 for the American Association of
Petroleum Geologists (AAPG) as a part of the Imperial Barrel Award event that took place in
Muscat. AAPG's Imperial Barrel Award Program is an annual prospective basin evaluation
competition for geoscience graduate students from universities around the world. The
fieldtrip was led by Dr. Mohammed Al Wardi from Sultan Qaboos University and Ahmed Al
Aghbari from Petroleum Development Oman (PDO). The main objective of the fieldtrip was
to explain to the attendees the importance of studying outcrops for the oil industry and to
show them some of the unique geology of the Oman. The fieldtrip included visiting outcrops
in Al Amerat and Wadi Al Kabir areas. In the first stop, the attendees were introduced to the
Precambrian Hiyam Dolomite Formation which is equivalent to the Khufai Formation in
Subsurface. The Khufai Formation is one of the main oil source rocks in Oman and has also
been recognised as a viable hydrocarbon reservoir in some places. The attendees enjoyed
looking at the algal bodies of stromatolite that make up most of the Hiyam Dolomite
Formation. In the second stop, the attendees saw the gently metamorphosed sandstones of the
Permian Amdeh Formation, which contain remarkably well preserved ripple marks. The
Amdeh also contains some shaley interbeds within it that could work as intraformational
hydrocarbon seals. The outcrops of the Amdeh Formation have been extensively studied
because this formation is equivalent to the top part of hydrocarbon-rich Haima Group in the
subsurface. Such studies provide better understanding of equivalent subsurface hydrocarbon
reservoirs.

Later on, Wadi Al Mayh was visited to observe the tectonically deformed rocks. In this wadi,
Dr. Mohammed Al Wardi gave a detailed explanation of the different styles of structural
deformation that exist in the area. He also discussed different factors that are responsible for
this variation in styles of deformation, including differences in lithology and bed thickness.
Oman is considered to be one of the few places in the world where the full package of the
oceanic crust (i.e. ophiolite) is exposed on land. Therefore, the attendees were taken to see the
spectacular Semail Ophiolite, which was obducted over the north east margin of Oman during
Late Cretaceous and was followed by the migration of hydrocarbons from deeper source
rocks and reservoirs to shallower reservoirs, mainly Cretaceous in age reservoirs, from which
good hydrocarbon production is currently taking place. The last geological stop was at
Qantab beach where the attendees looked at the Cenozoic rocks and also observed some
recent bio-alteration processes that take place in the beach environment. The trip ended with a
tour of Muttrah Souq, where the attendees enjoyed buying souvenirs and things to remind
them of Oman.
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® man’s Enchanting Geology

GSO Added a New Book to its List of Publications: Oman’s Enchanting Geology

Written by: Aisha Al Hajri

On the 22" February 2015, the GSO released a new book entitled “Oman’s Enchanting
Geology” during an official book release ceremony in the presence Sheikh Dr. Al Khattab Bin
Ghalib Al Hinai, member of the State Council. This book represents a collaborative work
between passionate geologists and professional photographers in order to showcase the top 30
most enchanting geological sites across the country. The main objective of the book is to help
both Omanis and visitors know and to appreciate Oman’s natural wonders by introducing
them to the most attractive geological sites in the country. The authors of the book; Ahmed Al
Shukaili (a Professional Photographer), Husam Al Rawahi (a Geologist), and Omar Al
Busaidi (a Professional Photographer), succeeded in displaying the unique geology of Oman
using fascinating photographs and straightforward non-technical language to briefly explain
the geology of each site. The authors explained in the introduction section their individual
drives to publish this book.

“The fascinating landscapes created by Allah in our beautiful country are inviting me to
capture the never-ending beauty with my lens to create an unforgettable memory. And, |
regard geology to be the key to unlock the story of the landscape” said Ahmed Al Shukaili.
Husam Al Rawahi believes that: “Many places are yet to be discovered in the territory of this
great country, which made me personally accept the challenge to explore them and to show
them to people...”. To Omar Al Busaidi: “Where our lives unfold, our home planet Earth is
filled with tremendous natural and geological remains as a valuable heritage from its
beautiful history. Being provided by Allah almighty for our benefit, taking care and
preserving it is a responsibility carried by none other than us, human beings.”

Sabkha deposits in Mahoot area.
15



e T gl gsn 5 14 ) A ) Ty LIS st Ailand) A sl ) man)

s aal) Adils alky

& e Opd s el M lae A gl g il 5" O s Taa LS lasaly dlasdl 4 ol sl dnand) ol

R rN{RAYY dluﬁ :djﬂ\ u.d;.A}aAS: ,@hgﬂ d\.r_ u.iul.k;l‘ @ﬁd\ Bales s 2015 )ﬁ\)ﬁwuﬁ}iﬂ\j u.ux\aj\
& >l s (i g )l (m e Ciag (il Jine Gu) sean s o saball G sl gall (e de sana Cpn Lislad Shee
L glsaadl Cilaall e g3 5 Gapaill ailee sl )50 5 Cpailendl Baclise g CUSH il Caagl) dalal)
(Cine ) gan) LKA daal an QUSH dl5e lee i SISV Don sl a8l sally aey a3 DA (e e
3 Al A gl aall [ je (4 QUSH IR DA e ) 85 (G jine ) saaa) (gums sl jae 5 (sl @)l sas
(e @dse IS dad o 7l 4l lallaadll (o JW Janse 5l 50l g aladinly @l 5 lee L Spati )
dead Ble QUSH 13 jlaca) 5 il e agalaf Casal Sllas QUSH dadia 8 () sil sall 7 i S 8 3) ginall 1) gall
Jall) 1) Laily 3 se 35 Jaandl Ualy 3 et g 4ilases 1) Lgila ) Fgmlal) Jaliall " DU S dadie 3 L)
s el L sl gall ale iied el i Y (s_S3 BIAT Jia eiad) Jlead) 13g] 5 5alS e Adans) 33 yam

5 LS o Ll A o) paal @Bl sl (e el lia J15 Y " al gl alad dpnilly el liliall 534 duad 3ilia
el il Ll 00 AN ae Ledlen 4S jlia 5 Gslaliall o8 L) iy s dna il o Ganl st 413 aay 120

Ge Ul el &gy sall (o Laslganll 5 b atind (3 Sl Uik ga g4 Gmd (g 2) S 81 o Ga Y11 ()
Sy gl 13a e Jailas o Lule canl 58 W g5 il dal e W e 5 ) Cilanadl 4 5 Adsas) (ia ,Y1 028 o )0
5 L ot J g Al g s 5 SIS A8 5 Lapan a5 () g Ui Lo (] U Ui gl 5 (m 51 o3 LW JMati bl i
Sadde | glailad by Wl as g D8 (e Y o3 olad lildlad yaas o

o yia s il siaall 54yl Jla ) dle 1 LI

16



® man’s Enchanting Geology

GSO Added a New Book to its List of Publications: Oman’s Enchanting Geology

The book is divided into three sections. The first section is called “Geological Beauty” and it
covers 10 geological sites (Wadi Al Khawd, Wadi Al Abyad, Yiti Mountain, Rimal Ash
Shargiyyah, Um As Samim, Barr Al Hikman, Rimal Muhut, Ras Madrakah, Ar Rub Al Khali
(The Empty Quarter), and Al Mughsayl Beach), which represent the most calm and beautiful
geological plains and beaches in Oman. The second section is entitled “Geological
Wonders” and it includes 10 of the most wonderful geological sites in Oman (Wadi Al Jizi,
Sur Reddish Mountains, Sur Chert, Wadi Sabt Mountain, Wadi Sabt, Ras Ar Ruways, Muhut
Rocks, Qarat Al Kibrit, Ad Dugm’s Rocks Garden, and Hadbin’s Rocks) where natural
forces, including winds, storms, volcanic activities, and water, worked through geological
time to reveal and reshape the unique outcrops. The third and the last section, the “Majestic
Geology”, showcases the top 10 large scale geological outcrops and landscapes (Musandam
Mountains, Hawiyat Najm, Wadi Mistal, Wadi Bani Awf, Wadi As Sahtan, Misht Mountain,
Oman’s Grand Canyon, Wadi Al Muaydin, Ras Al Jinz, and Ras Markaz), where tourist can
hike and enjoy seeing the magnificent and unique looking mountains, wadis, and coastlines.
The locations and the coordinates of the 30 sites are marked on the geological map that is
provided in the book.

“We are very glad that this book finally arrived and | wish it will do its purpose of making
people aware of the magnificence of Oman’s geology, which has to be protected and
preserved”, said Husam Al Rawahi. For those who are interested in purchasing the book, it is
currently available at the GSO main office in Al Khuwair Plaza Building located along the
Sultan Qaboos main road, Al Khuwair. For more details, please contact husam.rawahi@gso-

oman.org.

ar Sur in Ash Shargia North governorate.

k

Layers of reddish and whitish chert ne
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SO Talks

February-June 2015

Oman oases: contrasting carbonate sediments on the Gondwana margin in the
immediate aftermath of the Permian-Triassic boundary mass extinction

Dr. Aymon Baud, the head of Baud Geological Consultants (BGC), gave a talk on the 4t of
February 2015. The talk focused on Hindeodus parvus to Isarcicella isarcica zones of the
basal Triassic carbonate sediments on the Gondwana margin of Oman. The talk covered the
sedimentology, the fossils content, and the depositional environments of these sediments,
which are exposed in the Wadi Magam of the Sumeini area in northwestern Oman. The
lithology and the fossils content of coeval Griesbachian shallow oceanic plateau carbonates,
which were recently discovered in the Batain area (southeastern Oman), were also
discussed. The results which were presented in this talk pointed out that “there is no
evidence of anoxia on this well oxygenated shallow neritic plateau”, nor any sign of "intense
post-extinction acidification”. According to Dr. Aymon Baud, “this may explain why the
Oman neritic oceanic plateau records a very early (i.e. Griesbachian) episode of marine
ecosystem recovery. The oceanic mounds or plateaus apparently escaped the environmental
deterioration that prevailed on the continental platform and slope, and may have functioned
as oases”.

Reefs through time and space

This talk was given in the 10t of February 2015 by Dr. Wolfgang Kiessling, the chair of
Paleoenvironments and Paleobiology at Erlangen University, Germany. The talk focused on
discussing the factors that affected the abundance of reefs through time using a comprehensive
database on ancient reef systems with the aim being to understand the waxing and waning of
these complex ecosystem and their physical and biological properties. The talk also pointed out
that the relationships among reef attributes can be assessed in a multivariate statistical
framework. The talk covered Phanerozoic reef development and it discussed potential
controlling factors over the distribution of reefs, including climate, ocean chemistry,

competition, and environmental crises.
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SO Talks

February-June 2015

Sedimentology and stratigraphy of the Cretaceous succession of the Jeza-Qamar Basin in
Dhofar (Oman) and its hydrocarbon potential

Dr. Osman Salad Hersi, associate professor and researcher at the University of Regina in
Canada, presented his study about the sedimentology and stratigraphy of the Cretaceous
succession of the Jeza-Qamar Basin in Dhofar on 18" of February 2015. During the talk, the
regional distribution of the Jeza-Qamar Basin in south Oman and north Yemen was described.
The talk involved detailed discussion about the sequence stratigraphy and the tectonic history
of the basin from the Jurassic until the Late Tertiary. Reservoir qualities, structural and
stratigraphic traps, and promising source rock horizons of the Barremian to Maastrichtian
strata in the Omani portion of the basin (i.e. Dhofar), that include, in an ascending order,
Qishn, Kharfot, Dhalqut, Samhan and Sharwayn formations, were discussed. The impact of
tectonic and eustatic sea level fluctuations on the sedimentary fill of the basin was also
addressed.

Amdeh 5 outcrops (Haima Saih Nihayda Fm equivalent) in the Wadi Daiga and Hay!l
Al Quwasim inliers

This talk was given on the 25 February 2015 by Dr. Alan Heward, risk adviser at New
Zealand’s Treasury. The talk focused on characterizing the 690 m thick sequence of Amdeh
5 in the Wadi Daiga and Hayl Al Quwaism inliers, which is in a continuation of the Ghaba
Salt Basin to the northeast. The talk highlighted the main lithofacies of the Amdeh 5,
including shales, quartzose sandstones and shell beds, which were deposited in storm-
dominated, shallow-marine shelf, shoreface and delta environments. Data and results that
were used to identify palaeocurrents occurring during the deposition of the Amdeh
Formation were also discussed. Palynological assemblages within the Amdeh 5 Member,
which indicate equivalence to the Saih Nihayda Formation (biozones 1098A-D), were
shown. The talk also related the variation in the sequences of the Amdeh 5 to global sea
level fluctuations. Dr. Alan Heward addressed several questions in his talk such as the
similarities between the Amdeh 5 sequence in the outcrop and the equivalent rocks in the
subsurface in the Ghaba Salt Basin and in other locations in Saih Hatat.

Cave and Karst Research in Oman

On the 31t March 2015, Andreas Wolf, the Head of the German Institute for Karst
Research and the Vice President of the German Speleological Society, gave a talk about
cave and karst research in Oman. The speaker gave an overview about the caves in Oman
and highlighted the ongoing research into them, including the Al Kittan Cave (Cotton
Cave) near lbri. The talk involved discussion of different aspects of this cave such as its
geology and genesis, documentation of its biology and its unusual minerals and
speleothems, and presentation of a map of the cave along with meteorological
measurements. The talk also pointed out that "the caves in the country provide important
archives for geomorphological reconstructions and paleoclimatic research”. Examples of
these caves were illustrated, including Al Hoota Cave and Majilis Al Jinn, which have great

potential both for tourism and geosciences in Oman. -



20 95 Al g (e Sl b aBd 3l g (b (g patial) peand) s i Al g Ay g1 il
Lo O s sngd)

Sy A Al 5 e Ll 10K 8 Ly ) Jala 8 Caall) 5 @l L) JEuY) (55 5m SSa (e €Al (m je
e el (Olee) el (8 g i (mss (B g il jeaal) Gl i A8l 54 s ) Gailadd) e
Gzl Gadl Jladis Glee agin (3 el g 3a (sl (i) AlieY) Caia 5 jukalaall J3A &5 2015 ol 58 (e
g ol sall emal) Nia impall 138 il G ) g syl Cliadall Jualasi e Sliaie Lalss Loyl 5 ail)
‘).\aﬂ\ ‘_Al ‘;A‘).\S\ _)a.aﬂ\ (e Q\.\u‘)ﬂ\ Lf w‘ J‘)Aj‘ a4 :\7\4&1 (ﬁ_)_);-))ua J}Sﬂ\ ﬁhd&\ sl 5 %
,shoa sl Adul iy Sl el g e g e i sa (e Plaad) ailadl (8 (0 siulall) jaliall g il
3\.};_,}}:\;;95\_)33);}@&\ Lﬂ]ﬁj’wﬁb\‘)ﬁﬁmﬂ‘ XYY BJ;;M&M}Q:’})&),QM}’Q)SI@)
S siasa i 5 A g S jal) 3l e Ll ¢ gl jualaall blu a8 5 chand) ) adill 5 ] daile 4k
a5 5 (s (8 il dllee e ) maw

poad 81 i g A (519 (A o o (S Jilaal) (o glgaal) pard) I3 5 Baes (s8I ciliiiSia

e B palaall a2 @3S o) s o 5N A 5 2015 Ll s (e G osdinll 5 GaelAll 85 pualaall s34 Caadd
daa 5 Al (gl 5 e IS (8 48 e Ayl DlAISIS B2 g sl 50 690 LeSans Jl) 5 5 saee (5685 il i
35 yenball bl sia Leanl (055 saee Lehe 055 Gl At )l ) saall g1 531 5 punladll Cinim g s S8l
Dl i Al 3 e il A i ) 5 el sl Al Jlasl) g, 0 sSH e Al el sl
slad] o Cajaill Lgalasiind 3 3l AaY1 5 il gheall ) L 5 pualaal) <yl Gl (3alia b s Cial gal)
(§)5:Y) 5 osal) Sliall ) pa i je 3 palaall A &5 Baee (oS i (A Al Al )Ll
el () ianll o s (oS paal) (G (g shane s 138 O () i () 5 B e (oS (A Al il
Sl liahal) b ool ) () 3 jealaall o jlal g A8aN il 4 e sadieal) 4y jaall 438 Cuus 1098A-D
Aagal) B (e dsaad) o) s oM Sall 4 LS el 3 al) o (5 gine 333 ) a5 Baee (S
Bl ) saall 5 )Y o e 32 5a sall 5§ see (65 i G Dl Lhaa (a5 & saim gally ddlaial
e B s Olae Gl el (b (AL s (Gl V) gl a3 sa sl 5 panll 5 S L]
Albs s ddhia A 5 A

QLAQ‘E’AMJM‘M;JJ“SS‘&A-}

SN (a5 Ailaiall sl all Jie Wila Ayl o gall 55N e 8 pualae o5 SU ALY Apman) () il
ilinll 55 5, ca5eS o2 333 5 Ao ol g Lge o gSIL dilatia B30 a9 o (AL Cupaal) Ganal, (5
CagSl 2ia) 3 Aay AL (g 5 e stiall Ak il 1 5 olaall (30 o) sina 5 oSl 02 353 52l
Llalull 830 g sall CaseSI) () 1 3 pualaall Ll g€l Jala 5 yilad) dpalial) dakasdl il o I ddlzayl
Gl slaall | joan yind C gl s (8 8 5 seS 02 (5585 U8 dilaiall L gl 5d ) g g ol Bale Y Lage B 55 855
Llalull 353 5a 50 5 AT CaseS () Lol (3@l (5 ki o o guad) e 1 jue Ll CaDiA) agdy dainal) il yall
Y ol Gaaigall 5 laall Cda ame Gl iy G5 Gl Gulae CagS 5 455l agS Jia

22



SO Talks

February-June 2015

Introduction to Geomechanics

Dr. Rugaiya al Zadjali, Geomechanics specialist in PDO, gave this talk on the 27t April 2015.
The talk highlighted the role that geomechanics plays in every part of the life cycle of an oil
and gas reservoir, particularly addressing potential issues, planning for, and managing the
safety of the wellsite. The talk focused on giving awareness about geomechanics as a
discipline and its vital role in petroleum industry in general and specifically in PDO.

From seals to reservoirs: unconventional methods to characterise the pore space in fine
grained rocks

On the 12" May 2015, Prof. Janos L. Urai, a professor at RWTH Aachen and GUtech, gave
this talk. Prof. Janos talked about how accurate and reliable characterisation of porosity and
permeability in rocks that traditionally were seen as seals for hydrocarbons is now the key for
understanding unconventional reservoirs such as tight gas sandstones, gas shales, and
microporous carbonates. The talk discussed the usage of digital microscopy for multi-scale
study of pores in gigapixel polarized microscopy images, to quantify the spatial distribution
of the size of connected pores. Broad lon Beam (BIB) milling and Scanning Electron
Microscopy (SEM) across a representative area, in combination with Wood’s-Metal
porosimetry using the SE, BSE and EDX detectors and advanced image processing
techniques, were covered in the talk as a novel method to quantify the pore networks at mm -
nm scale. The talk highlighted the significance of the BIB-SEM under cryogenic conditions
to directly visualize the hydrocarbon fluids and water in the pores, allowing the study of
wetting in complex reservoirs.

Salt tectonics: how rheological contrasts control the internal deformation of salt
structures

This talk was also given by Prof. Janos L. Urai, from RWTH Aachen and GUtech, on the
19" May 2015. The talk focused on the impact of rheological contrasts within an evaporite
body on the evolution of the internal structure of the salt. The talk also discussed the current
understanding of the influence of mechanical layering on salt deformation at a broad range
of scales. High resolution 3D seismic data and well data from the northern Netherlands were
shown to explain the evolution of salt pillows, where the rock salt layers contain stronger
carbonate stringers and show a rich, complex deformation of the stringers, providing an
analogue for the Ara Carbonate Stringer reservoirs of the South Oman Salt Basin.
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€SO Annual General Meeting March 2015

Written by: Ali Lazki

The Annual General Meeting (AGM) of the Geological Society of Oman was held at the
Crown Plaza on February 12th, 2015. This AGM was under the auspices of His Excellency
Dr. Hamad Bin Said Bin Sulaiman Al Aufi, the Under-Secretary at the Ministry of Agriculture
and Fisheries. At the beginning of the AGM, the previous GSO President Dr. Mohammed Al
Kindi reviewed the GSQ’s previous year’s activities and accomplishments. Then, the new
GSO president, Dr. Ali Lazki, introduced the new GSO executive committee members. After
that, a photo animation was presented showing last year’s activities and its statistics. A
technical video prepared by Sultan Qaboos University’s students was shown during the
meeting featuring the beautiful and rich geology of Wadi Al Muaydin. Later on, the three
winning teams of the Geo-challengers competition were announced and honored. Finally,
last year’s activities awards were given to talk presenters, fieldtrip leaders and the
previous GSO executive committee members.
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dition paper

Stress Dependence of Fluid Flow and Velocity in Tight Sandstone Core Samples

Written by: Dr. Mohammed Al Rajhi

Introduction

Stress sensitivity of tight sandstones (i.e. sandstones with permeabilities of less than 0.1 mD
and porosities of less than 10%) and its impact on gas production is still poorly understood. This
is a crucial issue as it can be responsible for more than 50% loss of the productivity index (Pl),
i.e. production rate per pressure drop, at the wellbore measured as Mscf/d/psi (Abass, 2009).
There is evidence from laboratory experiments that matrix permeability might be more stress
sensitive in tight gas sandstones than in highly permeable conventional reservoirs (e.g. Keaney
et al., 1998). Yet this could be an experimental artefact or a core damage effect where, once
brought to the surface, core samples show different stress sensitivities from the ones under
real reservoir conditions (e.g. Holt and Kenter, 1992). This study aims to explore how stress
sensitive tight gas sandstones are during production, and to investigate the factors which affect
this stress sensitivity, mainly fluid flow and gas permeability, and ultrasonic velocity. The
analysis of the stress dependence of gas permeability aims to provide suggestions to improve
production from tight sandstones and the analysis of the stress dependence of velocity aims to
explore velocity changes during production.

Samples Analysed

The experimental analysis was performed on Mam Tor core samples. Mam Tor is a sandstone
and siltstone outcrop in Derbyshire, UK (~¥20 km west of Sheffield and ~2 km northwest of
Castleton in the Peak District, (N53° 20’ 54", W1° 48’ 30”), Figure 1). The Mam Tor dataset
consists of five samples and it was cored perpendicular to bedding (i.e. vertical plugs, horizontal
bedding). The average diameter of the core plugs is 1.5 in (~3.8 cm) and their lengths are in the
range of 3.6 to 5.3 cm.

Stress Dependence of Fluid Flow

It has been observed that deformation during an increase in effective stress in tight rocks is
most evident at pore throats rather than in pore bodies and the flat pores are more stress
sensitive than pores with polygonal or oval shapes (Lei et al., 2007). In some tight rocks such as
those of Mam Tor, almost isolated pores are connected by narrow pore throats that exhibit
crack-like shapes (i.e. microcracks). These microcracks are likely to be more stress sensitive
than the intergranular pore space volume. Cracks compliance (i.e. crack elastic deformation)
eventually becomes very small at very high effective stresses and so the permeability reduction
will be higher at low stress levels. It should be emphasised that mineralogy plays a considerable
role in the deformation of a certain rock samples as a result of the stress applied. For example,
soft minerals such as clay and mica alter their shapes due to the applied stress and the force
exerted by brittle minerals such as quartz (Davies and Davies, 2001). Therefore, mineralogy will
affect the change of pore aspect ratio (i.e. the ratio between pore width and length) with stress
and, consequently, the stress sensitivity of permeability.
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This might explain why some formations are more stress sensitive than others. In addition, low
porosity samples are found to be more permeability stress sensitive than high porosity samples.
Yet mineralogy alone does not provide a convincing explanation as some rock samples with
similar clay, mica, and quartz percentages may still show different permeability stress
sensitivities. Other factors that are likely to be involved in the stress sensitivity of permeability
are, for example, the initial degree of pore space connectivity, including the initial crack density.
Rock samples with similar mineralogies but different degrees of pore connectivity are likely to
show different permeability stress sensitivities. This is because a higher initial degree of pore
space connection will provide alternative fluid flow paths as stress increases. It is expected,
therefore, that high initial permeability (typically high porosity) samples will be less stress
sensitive.

Figure 2 shows the change in permeability relative to the highest permeability value of certain
samples. It indicates that partially water saturated Mam Tor samples are more stress sensitive
than the dry ones. In other words, stress sensitivity increases as water saturation increases. The
gas relative permeability (K,) of the Mam Tor samples is reduced with increasing water
saturation and also with increasing effective stress (Figure 3). Gas relative permeability
decreased from 0.5mD at 30% water saturation (S,,) to 0.015mD at 56% S,, at 2000 psi, and from
0.4mD at 30% S,, to 0.0077mD at 56% S,, at 5000 psi. At higher water saturations, gas relative
permeability becomes more stress sensitive. Accordingly, lower percentages of water saturations
can block the gas flow in low permeability tight sandstones compared to conventional high
permeability reservoirs.

Pore geometry in very low permeability samples is sometimes characterised by relatively
isolated pore spaces and narrow pore throats. In the case of partially saturated samples, water
accumulates in the narrow pore throats where it becomes increasingly trapped as the
percentage of water saturation increases, in what is known as the trapping effect (Lake, 2005). In
other words, as the saturation increases, water fills a higher percentage of cracks between
individual grains (very narrow pore throats may exhibit crack like shapes) and consequently,
reduces the density of cracks that connect pore spaces. As crack density decreases, the degree
of connection between the pore spaces becomes very limited. At high water saturations (>50%),
neither water nor gas has any effective flow capacity (i.e. ¥0.02 K, or below).

For relatively tight samples, gas permeability (K,) values which were measured at low stress
conditions are typically higher than those measured at in situ stress conditions. This difference,
however, starts to decrease as the samples become more permeable. This indicates that the
difference between laboratory measured properties of tight rocks and those of actual reservoirs
will be lower at high stress levels as cracks become less compliant and hence, less influential.

Stress Dependence of Velocity

Figure 4 illustrates ultrasonic velocity measurements of the Mam Tor samples, at dry and various
water saturation conditions. For water saturation (S,) < 58%, S-wave velocity (V,) decreases as
the rock samples become partially saturated. This is because the shear modulus of dry samples
is similar to that of partially saturated samples and consequently, V, decreases slightly as the
bulk density of the partially saturated sample increases (Gassmann, 1951; Biot, 1956). At 89%
S, the results show a slight increase in V.. Since water has negligible shear modulus, the
increase in V, might be related to unrelaxed local pressure gradients caused by the passing
ultrasonic waves. Under dynamic stress, the fluid in partially saturated or saturated rock samples
is likely to move from compliant pores and cracks to less compliant pores and cracks.



Passing waves cause fluctuations in the local stress which results in a local flow pore pressure
gradient or what is often referred to as ‘squirt flow’ (Jizba, 1991; Mavko et al., 1998). At higher
frequencies (e.g. ultrasonic waves), pore pressure gradients are unrelaxed and this state of
disequilibrium makes the elastic moduli stiffer and hence, gives rise to higher velocities than in
lower frequency measurements (e.g. seismic waves) where the pore pressures can equilibrate.
Figure 4, however, demonstrates that the difference in V, between dry and partially saturated
samples is sensitive to the stress level. The change in V, with frequency (velocity dispersion)
becomes very small (almost within the error range) at high stress states (=5000 psi) as cracks
become less compliant. A state of pressure communication (i.e. equilibrium) between pore fluids
in the Mam Tor samples might exist at high stress conditions.

A test was performed to examine the relationship between V, (i.e. velocity of compressional P-
waves) and S, In Figure 4 there is no clear change in P-wave velocity (V,) at 38% S,,. V, then
increases slightly by ~¥3% at 46% S,,, before increasing by ~10% and ~11% at 58% and 89% S,,
respectively. This increase is because the bulk modulus of water is higher than that of air as it is
less compressible. The above percentages are the average changes over a range of stress levels.
The changes in V, with S, will fall between Gassmann-Wood and Gassmann-Hill approximations
(e.g. Toms et al., 2007; Muller et al., 2008; Lebedev et al., 2009). For low saturations and/or low
frequencies, the rock contains a homogeneous mixture of the fluids where the average fluid bulk
moduli can be evaluated using Wood’s formula. For high saturations and/or high frequencies,
there is no communication between fluid patches and according to Hill’s theorem, the saturated
bulk modulus of each fluid should be evaluated using Gassmann'’s approximation. Changes in V,
are sensitive to the diffusion length which is controlled by rock permeability, fluid viscosity, and
signal frequency, also known as the wavelength of Biot’s slow wave (Lebedev et al. 2009). The
size of fluid patches should be much greater than the diffusion length (~¥0.1 mm) to cause a
significant increase in P-wave velocity (Lebedev et al. 2009). According to the results in Figure 4,
the fluid patches might cluster effectively in the Mam Tor samples for S, > 50%, forming a size
much bigger than the diffusion length.

Implications

The implication of these results is that production from tight gas reservoirs is likely to be more
stress sensitive than from conventional reservoirs. This stress sensitivity, however, might not
occur at the early stages of depletion, but is likely to increase as production increases. Most
stress sensitive regions are expected to be closer to the wellbore where the pore pressure drop
will be higher. To avoid or at least minimize the effect of this stress sensitivity, it might be
beneficial to implement low production rates. This might maintain steady stress states and
hence ensure longer periods of production.

The velocity-stress results indicate that the stress sensitivity of velocity is not influenced by the
type of pore fluid as dry and partially water saturated samples show almost the same changes in
P-wave velocity as a function of stress. In addition, the change in V, as a function of stress is
similar for low and higher porosity samples. The stress sensitivity of velocity is rather dependent
on the change of grain boundary compliance as stress changes. In other words, low grain
boundary compliance provides better grain contacts and consequently better acoustic coupling
between the grains. Thus, velocity changes during production, as the effective stress increases,
are mainly sensitive to the degree of compaction in the reservoir. There is no certain correlation
between permeability and velocity that is applicable to a wide range of rock samples.



This is because the permeability-velocity relationship is strongly influenced by mineralogy and
microstructure. Permeability, however, is inversely related to velocity during the loading cycle (as
effective stress increases) of certain rock types. In other words, as effective stress increases,
permeability decreases while velocity increases. In general, a large drop in permeability correlates
with a large increase in velocity, although there is no quantitative measure and the scatter of the
correlation is quite broad. Accordingly, changes in time lapse (4D) seismic during production of
tight reservoirs might not accurately highlight depleted areas.
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Figure 1. Geological map of the United Kingdom and Ireland showing the
location of the sampled area.
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Successful Accreditation of Sultan Qaboos
University’s Department of Earth Sciences by the
Geological Society of London (Geol Soc)

Written by: Prof. Salah Al Khirbash, Head of the Earth Sciences Department, (SQU)
Exhibiting its commitment to the mission and vision of the Department of Earth Sciences, the
Department in 2013 applied to the Geological Society of London for accreditation of its
undergraduate Earth Science and Geophysics programs. In response, the Geological Society,
London critically assessed two programs for over a year in order to ensure that the courses
meet the standards established by the accrediting body.

Now, | am delighted to inform that the department’s BSc Earth Sciences (Geology) and
Geophysics programs have been accredited by the Geological Society for a period of 6
years starting October 2014. Students who will be graduating this year are privileged
in having an accredited degree.

In the given scenario, | would like to briefly outline the advantages of accreditation. The
process of accreditation, helps the Department to realize its strengths, challenges and
opportunities to augment the delivery of innovative and modern methods of pedagogy.
Moreover, it also provides insights on essential skills and knowledge needed for today’s job
market.  Accreditation also enhances the Department’s inter- and intra-
institutional interactions, reputation, marketing, and represents peer recognition.

In addition, accreditation encourages academic and technical staff to continue self-evaluation,
and pursue excellence in order to maintain an effective system of imparting knowledge.
It provides national and international acceptance on the quality of education being offered at
the SQU and in the Sultanate of Oman.

Accredited programs enhance employment opportunities for the Department’s graduates by

having an internationally recognized degree. It also can be used as a measure for recruiting
the best academic staff and researchers.
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