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Disclaimer

The information contained in this Newsletter is not, nor is it held out to be, a
solicitation of anyperson to take any form of in- vestment decision. The con-
tent of the GSO Newsletter does notconstitute advice or a recommendation
by GSO and should not be relied upon in making (or refraining fromm making)
any deci-sion relating to investments or any other matters. Although the GSO
does not intend to publish or circulate any article, advertisement or leaflet
containing inaccurate or misleading information, the Society cannot accept
responsibility for information contained in the Newsletter or any accompany-
ing leaflets that are published and distributed in good faith by the GSO. Items
contained in this Newsletter are contributed by individuals and organizations
and do not neces-sarily express the opinions of the GSO, unless explicitly
indicated. The GSO does not accept responsibility for items, articles or any
information contained in or distributed with the Newsletter. Under no circum-
stances shall GSO be liable for any damages whatsoever, including, without
limitation, direct, special, indirect, consequential, or incidental damages, or
damages for lost profits, loss of revenue, or loss of use, arising out of or relat-
ed to the Newsletter or the information contained in it, whether such damag-
es arise in contract, negligence, tort, under statute, in equity, at law or other-
wise. The Editors reserve the right to reject, revise and change text editorially.
© All 2021 copyrights are reserved to The Geological Society of Oman. No
reproduction, copying or transmission of this publication may be made by
any means possible, current or future, without written permission of the Presi-
dent, Geological Society of Oman. No paragraph of this publication may be
reproduced, copied or transmitted unless with written permission or in ac-
cordance with international copyright law or under the terms of any licence
permitting limited copying issued by a legitimate Copyright Licensing Agen-
cy. All effort has been made to trace copyright holders of material in this pub-
lication, if any rights have been omitted the Geological Society of Oman of-
fers its apologies.
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BY EDITOR

Dear readers,

We are back this time, and we are bringing something new, that is likely to
find a new soul in the Geological Society of Oman. After twenty years from
the establishment of the GSO, the Society has launched the new logo, which
was designed to find harmony and homogeneity between the Omani geolo-
gy and the general geological concepts.

Internationally, the Department of Earth Sciences at Sultan Qaboos University
participated in the Imperial Barrel Award (IBA) Competition, and they won
second place worldwide in this annual competition in the USA. Congratula-
tions on this achievement!

The Al Hajar Magazine and its team is working forward to provide a hearty
and convenient meal to our dear readers through our publications, so we also
welcome your contributions and suggestions to the magazine.

YousurfAl Darai

Al Hajar Magazine Edjtor

EDITOR Yousur Al Darai
IN CHIEF (Earth Sciences Consultancy Centre)
ARTICLES Dr. Aisha Al Hajri
REVIEWER (Petroleum Development Oman)

Dr. Mohammed Al Kindi
(Earth Sciences Consultancy Center)

DESIGN Sara Al Alawi

DIRECTOR (Mazoon Mining)
ON THE Photo By : Afifa Al Hashim ( A photo from Wadj Ta'ab)
COVER Instagram. @ TheDabdoob
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THE SULTAN QABOOS UNIVERSITY TEAM ACHIEVED THE
SECOND PLACE IN THE IBA COMPETITION GLOBALLY

IMPERIAL
BARREL

AWARD

Imperial barrel award (IBA) is an annu-
al geoscience competition organized
by AAPG. IBA was initially an MSc
course unit in the Imperial College
London. However, AAPG adopted the
program in 2007 as an annual pro-
spective basin evaluation competition
between universities worldwide. Since
then, graduate geoscience depart-
ments have participated in IBA to win
funds for their departments and inter-
national recognition for scoring one
of the first three places. The program
consists of two phases. In the first
stage, universities compete on a re-
gional scale. The winning teams from
the first stage qualify for the finals to
compete against 12 universities, 6 of
which from the USA sections and the
remaining from the rest of the world
regions.

Technically, the IBA runs for an inten-
sive eight-week period during the
global stage in which the teams analyze
a dataset of various aspects (geology,
geophysics, petrophysics, petroleum

engineer, etc.) comprising all nature of
hydrocarbon field in its exploration
phase. This is followed by teams deliv-
ering their results in a 25-minute
presentation in front of an industry-
expert judges panel. The winning team
qualifies for the finals based on the
technical broadness of multi-discipline
integration, quality, clarity, and team-
work organization of the presentation.
In addition, students get the chance to
work with industry cutting-edge com-
mercial and open-source software
packages with mentoring from industry
-leading professionals.



The Middle East region started partici-
pating in 2010 with mainly undergrad-
uate students. Over the region, Sultan
Qaboos University teams secured the
first place in most of the competitions
they participated in and was the only
university from the Middle East region
that participated in all IBA competi-
tions from 2010.

Internationally, in 2011 the SQU team
gained experience and won 3 place
internationally with a group of under-
graduate students competing against
postgraduate students from well-
recognized universities worldwide. In
2013, the SQU team won again 3™
place internationally. In 2021, the SQU
team proved their talents and raised
the bar to a higher level by winning
2" place internationally. The team
demonstrated extraordinary profes-
sionalism analyzing the dataset rigor-
ously and critically, delivering out-
standing prospectivity evaluation of
the field under investigation. Despite
the difficulty of holding physical
meetings due to the COVIDI9 pan-
demic, the team expressed great har-
mony and made everyone proud of
this achievement.

The table below summerizes various
achievements accomplished by SQU
teams in this competitive and prestig-
jous program. The list reflects the high
caliber and gquality of the undergradu-
ate program at the SQU Earth Science
department.

/IBA competition/

The Earth Science department, led by
Dr. Talal Al Hosni is a great advocate
and supporter of such programs,
which enriches students' experience
and prepares them for career life. He
also encourages students to be pro-
active and exploit every possible op-
portunity to build their skills to be bet-
ter geoscientists.

YEAR ACHIEVEMENT

2010 2" place winner in the Middle East
2013 3" place winner globally
2015 2" place winner in the Middle East

Teamwork excellence award

2019 winner globally

2021 2" place winner globally

At the end, GSO would like to take this
opportunity to congratulate all SQU
IBA teams from 2011 to present who
contributed to this historical record of
the university and the Sultanate. Well
done to SQU IBA 2021 members
namely, Salma Al Rahbi, Thuraiya Al
Harthi, Said Al Farsi, Marwa Al Hadhra-
mi and Iman Al Fazari and their faculty
advisors Dr. Mohammed Farfour and
Dr. Khalil Al Hooti. GSO wishes you a
successful career after graduation.
Hopefully, in the coming years, SQU
builds up upon your experience and
aims for the championship.
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Cretaceous Bau Limestone
and Pedawan Formations,
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INTRODUCTION

The Northwest Borneo is divided
into three geotectonic zones
which are the Miri, Sibu, and the
Kuching Zone (Haile, 1974;
Hutchison, 2005). Recent re-
search revealed that the Kuching
Zone is part of a convergent
margin of Sundaland and s
comprises of Paleozoic to Meso-
ZOoiCc successions in the south
which are overlain by unde-
formed Upper Cretaceous to
Cenozoic sediments in the north
(Breitfeld et al., 2017, 2018). In re-
cent years, geological and geo-
chronological investigations of
the Cretaceous successions of
the Kuching zone has been un-
dertaken by Breitfeld et al., (2017,
2018) and Breitfeld and Hall,
(2018). The Uppermost Creta-
ceous to Eocene sedimentary
successions of the Kuching zone
has been investigated by Breit-
feld at al. (2018). However, the
sedimentological characteristics
of the Upper Jurassic to lower
Cretaceous successions of the
Kuching zone is limited (Soon,
1992).

The Bau limestone and the Ped-
awan Formations constitutes the
Upper Jurassic to Lower Creta-
ceous successions of the Ku-
ching Zone (Fig. 1A-B). In this arti-
cle we briefly describe the litho-
facies and the petrographic
characteristics of the Bau lime-
stone and the Pedawan For-
mations exposed in and around
the Bau town. We also infer the
provenance characteristics of
the Pedawan Formation.

GEOLOGICAL
BACKGROUND

The Pedawan Formation con-
formably overlies and locally in-
terfingers with the Upper Juras-
sic to Lower Cretaceous Bau
Limestone (Wilford and Kho,
1965). Wilford and Knho (1965) sub-
divided the Pedawan Formation
into the Lower (Upper Jurassic to
Lower Cretaceous), Middle
(Aptian to Cenomanian), and
Upper (Turonian to Maastrichti-
an) members based on the litho-
logical characteristics and fossil
content. The Pedawan Formation

08

In this article we briefly describe the lithofacies

and the petrographic characteristics of the Bau is unconformably overlain by the

limestone and the Pedawan Formations exposed  fluvio-deltaic Kayan Sandstone

in and around the Bau town. (Upper Cretaceous to Oligo-
cene).



Youngest zircon populations from the volcaniclastic rocks of the topmost Peda-
wan Formation indicate continuation of volcanic activity until ¢c. 86 million years

(Breitfeld et al.,, 2018).
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LITHOFACIES

The Bau Limestone Formation is
made of conglomerate, sand-
stones and limestones. The Bau
limestone is the uppermost
member of the Bau Limestone
Formation (Soon, 1992). It is a
white to grey colored fossilifer-
ous limestone with oolite (Fig. 3A
-B) and intraclasts. The limestone
is generally massive with poor
bedding and pure. Soon (1992)
has subdivided the Bau lime-
stone in four categories: massive,
poorly bedded, nodular and
brecciated limestones. The Bau
limestone contains a few sand-
stone beds, indicating intermit-
tent break in carbonate sedi-
mentation (Soon, 1992). The litho-
logical characters and fossil con-
tent of the Bau limestone sug-
gest that it was deposited in a
warm, shallow marine tropical to
sub-tropical sea and represent a
reef (skeletal limestone deposits
formed by organisms, see Soon,
1992).

The Pedawan Formation is char-
acterized by alternating beds of
dark grey shale and fine-grained
sandstone (Fig. 2A).

At places, the Pedawan For-
mation is partly intercalated with
the Bau limestone Formation
(Soon, 1992). However, in the
study area, no intercalation with
conglomerate and limestone has
been observed. A few blocks of
limestone have been observed
within the shale facies of the
Pedawan Formation. The Peda-
wan  Formation conformably
overlies the Bau Limestone and
is in turn, unconformably over-
lain by the Kayan sandstone.

The Pedawan sandstones and
siltstones are interbedded with
the shales and these interbed-
ded lithological associations are
laterally persistent (Fig. 2A). The
pase of the sandstone beds of-
ten bears sole marks (Flute casts)
(Fig. 2B). The sandstones sharply
overlie the shale units with ero-
sional contacts and have a varie-
ty of small scale primary sedi-
mentary structures like lamina-
tions, strongly asymmetric rip-
ples and ripple Cross-
laminations, graded beds and
penecontemporaneously de-
formed beds (Fig. 2C).



/Sedimentological Characteristics of the Upper Jurassic to Lower Cretaceous Bau Limestone and Pedawan Formations, East Malaysia/

Figure 3: Photomicrographs of Bau limestone: (A) under plane polarized light and (B) be-
tween cross-polars, note ooids with concentric ring, in some ooids, the nucleus is made
of micrite, indicating intragranular porosity (see Boogs, 2009 Tan et al, 2012).
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Figure 2: Peadawan Formation: (4A) Laterally persistent sandstone-shale alternation, Bau, Kuching. (B)
Flute casts within Pedawan sandstone, Bau, near Kuching (hammer length 42 cm). (C) Complex
penecontemporaneous folding with oppositely facing closure (hammer length 42 cm).



The persistent sandstone-shale
banding, erosional lower contact
of the normally graded sand-
stone beds with flute cast, in
combination with strongly asym-
metric ripples, parallel laminated
bedding and massive beds indi-
cate that the Pedawan For-
mation represents turbidite de-
posit (cf. Kuenen and Migliorini,
1950; Bouma, 1962; Stow and
Shanmugam, 1980; Stow et al,,
1996; Stow, 2005; Pickering and
Hiscott, 2016; Stow and Smillie,
2020).

PETROGRAPHY

The Bau limestone is allochem
dominated; the spherical ooids
(Fig. 3A-B) are the most abun-
dant allochemical components.
In addition to ooids, there are a
few fossil fragments (bioclasts)
and intraclasts. The oolites have
micritic fragments at the center
(nucleus; Fig. 3A-B; see Tan et al,,
2012, their fig. 3d). Most of the
ooids have single nucleus
(Boggs, 2009). Concentric struc-
tures around the nucleus has
been observed. At places, mi-
critic fragments form the nucle-
us (cf. Boggs, 2009, his figs. 9.7-8).
None of the ooids have radial
fabric.

The spherical ooids are indica-
tive of agitated water condition
during their formation and lack
of ooids with radial fabric (form
in quiet water condition) support
shallow agitated environmental
condition, probably in a shallow
carbonate  platform  (Boggs,
2009).

The presence of micritic material
within the oolite suggest intra-
granular porosity and indicates
uplift that favors short period ex-
posure during marine regres-
sions (Tan et al,, 2012). The micro-
crystalline calcite (micrite) is the
orthochemical component of
the Bau Limestone. The rock thus
can be named as Oosparite fol-
lowing the classification scheme
recommended by Folk (1959).

The Pedawan sandstones are
compositionally as well as textur-
ally highly immature. Proportion
of lithic fragments is much high-
er compared to the feldspars
(Fig. 4A-B).
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Figure 4. Photomicrographs of Peadawan sandstone. (A) Matrix (M) supported
texturally immature sandstone with highly angular quartz grains (Q) and sub-
rounaed rock fragments (k). (B) Very poorly sorted quartz (Q) and rock rag-
ments (R): note predominance of rock fragments. In general. the feldspar
content of these sandstones are low (see text for details).

S



The persistent sandstone-shale banding, erosional lower contact of the nor-
mally graded sandstone beds with flute cast, in combination with strongly
asymmetric ripples, parallel laminated bedding and massive beds indicate
that the Pedawan Formation represents turbidite deposit .

The sandstones are very poorly
sorted with matrix content
around 18-20%. Felsic volcanic
rocks, siltstone, mudstone and
sandstone fragments have been
observed. Proportion of feldspar
is low; both alkali and plagioclase
feldspar have been observed.
Although most of the framework
grains are angular to subangu-
larsome rounded to well-
rounded framework grains have
also been noted. Quartz grains
are mostly angular to subangular
and shows sutured grain contact
which indicate compaction. Mi-
cas are either absent or very rare
in these sandstones. Many quartz
grains exhibit undulatory extinc-
tion and indicate deformation.
However, volcanic quartz are not
uncommon (see Breitfeld et al,,
2018).

Compositionally, the Pedawan
sandstones are lithic wacke
(Pettijohn, 1975; Fig. 5A). In the
Quartz-Feldspar-Lithic  frag-
ment plot of Dickinson (1985),
the Pedwan sandstones plot in
the recycled orogen field (Fig.
5B). In the discriminant plot of
Weltj (2006), the Pedawan
sandstones fall in the field of
recycled orogen. As pointed
out by Dickinson (1985), oro-
genic recycling occurs in sub-
duction complexes and fold
thrust belts. As pointed out by
Breitfeld et al (2018), the Peda-
wan Formation represents fore
arc deposit. Thus the discrimi-
nant plot of the Pedawan
sandstone supports the sub-
duction zone setting.
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Figure 5. (A) Plot of Pedawan sandstones and siltstones, comypositionally, these are lithic wacke
(Pettijiohn, 1975). (B) Discriminant plot of the Pedawan clastics in Dickinson (1985) diagram, the sam-
oles plot in the Recycled Orogen field. (C) Discriminant plot of the same samples in Welti (2006) dia-
gram. The samples plot in the Recycled orogenic provenance.

FUTURE RESEARCH
DIRECTION

We present preliminary sedi-
mentological data from the Bau
limestone and Pedawan For-
mations. As we pointed out, the
lower part of the Bau limestone
Formation is made of siliciclas-
tics and no sedimentological fa-
cies analysis of these siliciclastics
has been undertaken so far. Alt-
hough there is a general con-
sensus that

the Pedawan Formation repre-
sents deep sea turbidites formed
in an arc setting (Breitfeld et al.,
2018), high resolution ssedimen-
tary facies analysis of the Peda-
wan Formation is yet to be done.
Although Breitfeld et al (2018)
have presented high quality ge-
ochronological data, the sedi-
ment geochemistry and the
provenance study of the Jurassic
-Cretaceous  successions  of
Northwestern Borneo is limited.
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INTERVIEW
OF THIS ISSUE

In this corner of Al-Hajar magazine, we are
happy to speak with one of the geologists
who continued to support and contribute to
the geology of Oman for many years. Dr.
Alan Heward, an honorary member of the
Geological Society of Oman, has delivered
numerous lectures and fieldtrips to the
members of the society. He has been a
great support to the projects conducted by
the society and many of its members over
the years.

Dr. Alan Heward, an
honorary member
of the Geological
Society of Oman
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/Interview of this Issue with Dr. Alan Heward/

Ol o Heward, why did you de-

cide to stuady geology? And what
topics of geology interest you
/mMost? My interest in  geology
stemmed from collecting fossils in
Wales when | was a child. | also de-
veloped an interest in physical ge-
ography (geomorphology) from
family holidays in Pembrokeshire
and the Lake District. Fortunately, |
went to a secondary school where |
could take geology, geography and
chemistry at A level. Annual field
trips to the Forest of Dean fed my
interest in geology, as did 7 months
working in a coal mine between
school and university, and attend-
ing geology evening classes at
Manchester University and Wigan
Technical College and the field trips
that went with them.

Agecroft colliery in Pendlebury,
Manchester, was a deep coal mine,
one of 9 working in the Lancashire
region of the U.K. in the late 1960s. |
was assigned to Agecroft as it had a
mine geologist who also assisted
other pits in the area when they ran
into geological problems. This ex-
perience led to my interest in coal-
bearing sequences and the Car-
boniferous in general. My normal
job, when not accompanying the
geologist, was as an apprentice sur-
veyor. When we weren’t ‘down-pit’
levelling or surveying, we were in
the office updating mine plans and
calculating surveys. The draughting
skills | learned proved useful at uni-
versity and in later life.

When | finished university, | was most interested
in clastic sedimentology. | had to rapidly build on
my carbonate sedimentology to be able to
teach it. With time my interests have broadened
and my recent work has been more about oil
and gas fields, palaeontology and the history of
exploration in Oman and the Middle East.

(0)4 We are keen to know more about your

study, career, and research past? | studied
geology at King’s College, London, and under-
took my Ph.D. in sedimentology at Oxford Uni-
versity under the supervision of Harold Reading.
Harold was in the forefront of clastic sedimentol-
ogy research in the U.K. at the time. My doctoral
study was on Late Carboniferous coal-bearing
sediments in the Cantabrian Mountains of North-
ern Spain, supported by a Shell studentship. Sub-
sequently, | spent 4 years lecturing at Durham
University, worked for Shell, Lasmo, PDO and
Petrogas, and had 5 years consulting. | learned a
great deal from each of these phases of my ca-
reer and the access to subsurface data and the
experts | have had in industry, academia and
museums. | supervised three Ph.D. students
when at Durham, one worked on Permian aeoli-
an sediments, another on Carboniferous ganis-
ters (silica-rich sandstones or palaeosols) and the
third on the Durham coal measures, then exten-
sively exposed in opencast coal mines.



o3 What are the skills that are most im-

portant for a position geology? Interest rather
than skill and a liking for fieldwork and investiga-
tion. Working in the subsurface you may be
looking at seismic or well data that nobody else
has ever seen. Frequently the data is incomplete
and you need to be able to make reasonable
conclusions on what you have. Common sense is
often required. An ability to finalise, document
and present work within deadlines is important.
Being able to work with others and other disci-
plines, and not be cowered or daunted by them.
Some of their data is great for helping you un-
derstand the rocks.

04 Fom your perspective, what are the is-

sues facing people working in geological
projects? Understanding the purpose and
scope of the project, the timescale available for
it, and staying focussed. A great deal of time and
effort is often spent obtaining and QC’ing data
and reports. Build on previous studies, don’t ig-
nore them and know when to ask for help and
advice if you run into aspects or interfaces you
don’'t understand. You may feel you are a good
geologist, but some of your predecessors may
have been better, working with a subset of the
data and the tools of the time. They also possibly
had a broader understanding of other fields in
Oman or analogues elsewhere in the world than
you do.

05 whichor your scientific publications you

feel most proud of? And why? And is there a
publication or a research topic that you
wanted to make for a long time, but still
haven’t had time to do so? | don't have a fa-
vourite. | get a sense of satisfaction when each
one is completed and published. Each paper is a
challenge and you are never quite sure how they
will turn out.

/Interview of this Issue with Dr. Alan Heward/

One feels almost a duty to publish,
to capture material of scientific in-
terest for others. | have never had a
problem publishing subsurface da-
ta, with permission from the rele-
vant authorities and oil companies.

It is amazing how chance occur-
rences can lead to research inter-
ests that go on for years. Work on
the Amdeh Formation stemmed
from a fieldtrip in 2004 that was in
part to financially support a PDO
contractor.

Sampling from that trip, led to con-
tacts with Giles Miller and Richard
Fortey at the Natural History Muse-
um in London and later work with
them on conodont and trilobite
faunas from the Amdeh, Rann and
Qarari Formations that continues to
this day.

| have several articles in the pipeline
or in my mind, trying to document
material | have worked on, collect-
ed or had access to that is not yet in
the public domain (e.g. The Umm
as Samim and the Fars sequence
that outcrops a few metres beneath
it), More ideas for publications
come along every year.

06 What do you like most

about the geology of Oman? Its
variety and that there is much still
to be discovered that is totally new
to the region or to science when in
the hands of experts. Often | have
just collected material or sent pic-
tures to experts who know when
they are something different or
new.
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/Interview of this Issue with Dr. Alan Heward/

It has been a real privelige to dis-
cover locations in Oman that have
Clearly never been collected before.

Deeper-water trilobites and grapto-
lites not previously known from
outcrop in Oman, from the Middle
Ordovician Amdeh 5, SE of Al Ha-
bubiyah. The rocks here are of
greenschist/blueschist  metamor-
phic grade and vyet still the fossils
survive.,

In the subsurface of South Oman, |
always enjoyed the challenge of
making a prognosis for a well and it
coming-in as planned, or learning
from it when it didn't. With the
number of wells drilled in Oman
one receives abundant feedback.
And more feedback still when the
well comes onto production.

| also benefitted immensely from
working with expert palynologists in
the U.K. and Oman who can tell you
the age and depositional environ-
ment from microfossils. Their bio-
stratigraphic framework is key to
working on the Al Khlata and
Amdeh Formations in Oman and,
for example, the slump blocks of
the Brent field in the U.K. Having
promising-looking samples pro-
cessed for palynology even threw
up some interesting results when
working on the largely ‘barren’ Per-
mian desert Rotliegend sediments
in the UK

Remoplourid tricbite Cyclopypid tricbita uning fork graptosts

O7  Which of your contributions to the Geo-

logical Society of Oman you value the most?
| have enjoyed contributing to the Geological
Society of Oman and have always felt | want to
give something back to the country and its geo-
scientists. | particularly liked the opportunity to
mix with people from different companies and
institutions on GSO fieldtrips and to learn more
about the geology of Oman from enthusiasts in
their own fields or areas.

If I had to choose one contribution above all
others, it would have to be the 50" Anniversary
field trip of the spudding-in of Fahud-1. It was a
unigue and memorable occasion in January
2006. 36 participants camped on the south side
of the Fahud structure near the old Irag Petrole-
um Company camp site and airstrip. Quentin’s
presentation of his father Mike’s photographs,
Don Sheridan’s explanations, Peter Walmsley’s
cine-film of drilling operations and James Morris’
description of Sultan Said’s visit to the Fahud rig
and camp kept us entertained in the evening. A
cold shamal wind blew overnight and the
next day was brilliant sunshine as we visited
various locations in the Fahud field. The trip
culminated with a late Omani lunch in Nizwa
with the sons of Aziz Al Luwehi who had
worked with the Irag Petroleum Company
field geologists (Al Hajar- 8™ edition, March
2006, p. 2-5; GSO Field Guide No. 16).



GSO field trip in January 2006. Don Sheridan, one
of the IPC field geologists involved in plane-
table mapping the Fahud structure in the au-
tumn of 1954, cutting the celebration cake in
PDO core shed before we headed off to the
field.

08

the geology of Oman offer countless oppor-
tunities for MSc and PhD research studies
that could contribute trermendously to our
understanding of the evolution of Oman and
the region. Could you please name some of
these opportunities? Off-hand it is difficult to
name topics, but when you are involved in a cer-
tain formation or area you realise how little is
known about it. Often the detailed field mapping
and geology of Oman has not been done. There
several mapping projects and questions to re-
solve in the Amdeh Fm in Saih Hatat, for exam-
ple, and in the subsurface, many opportunities
exist.. for instance, the origins of porosity and
permeability in the ooidal dolomite ‘drain’ reser-
voir of the Haushi Limestone in the Sahmah field,
Block 7, or the sedimentology and petrology of
the mixed carbonate-clastic Haushi Limestone,
surface and subsurface across Oman.

You have mentioned many times that

/Interview of this Issue with Dr. Alan Heward/

Often, a supervisor (or a student)
should have a general idea of a
topic and then let the student ex-
plore and work out a project within
that. One that interests and devel-
ops their skills and experience. Stu-
dents should never be afraid to ask
for help, or to seek to use more ad-
vanced equipment at other univer-
sities or institutions that can help
them in their studies. The docu-
mentation skills you learn writing-
up a masters or doctoral thesis
stand you in good stead for your
future career.

09 What abilities or personal

qualities do you believe contrib-
ute most to the success in the
geoscientific  life? Interest, hard
work, an ability to step outside your
comfort zone and work with others,
the ability to finalise work and to
document it. Breakthroughs often
happen when you ‘play’ with data,
collaborate with others across disci-
plines, or take a risk and try some-
thing new. In the Nimr area, in early
1990s, we were given ample oppor-
tunity and every encouragement to
experiment with horizontal wells by
my boss at the time, Samir Al Kha-
rusi. As long as, | should add, we
met our production targets and
were able to generate more re-
serves. Documenting is a great skill
to have, to record personal or offi-
cial minutes of meetings. Presenting
work, giving lectures and leading
field trips are other skills to develop,
as are, in due course, managing
people and contractors.
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/Interview of this Issue with Dr. Alan Heward/

10  what special advice do you

have for a student seeking to
qualify for a position in the geo-
sciences field? For some, it is easy
to step into your first job, having
been sponsored by a company or
university for further studies. For
others, it is more difficult. For the
latter, don’t be dis-heartened, stick
at it, join a contractor or service
company and consider doing an
additional qualification. Eventually
an opportunity will come along, or
something different that interests. A
geoscience training is often a good
entry qualification to other profes-
sions, in the U.K. at least. There is no
substitute though for hard work and
field experience. What else can you
do to differentiate yourself on a CV
SO you get an interview? doing
some independent study, complet-
ing something adventurous, volun-
teering etc. The main thing though
is to find a job that interests you and
you enjoy doing. Then work is a
pleasure that you also get paid forl
When you get your first job, don'’t
expect to be a manager in a year or
two, unless you are an entrepreneur
and you have set up a successful
start-up company. As you move up
the ladder, you will spend more and
more time doing non-geological
things, some of which can also be
interesting, like dealing with people,
authorities, partners, stakeholders,
budgets, contracts and HSE.

We are so glad to talk
with you Dr. Alan
Heward. Thank you very
much for giving us
some of your time and
your experiences. We
hope the best of luck
to you in your future
research topics.
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Wadi Ta’ab is located in the Qurayyat state in the Ta’ab Village, about 160 km away from Muscat,
below the Selmah Plateau, where the Majlis al Jinn Cave is located. The dominant lithology at

this Wadi is gray to white marly or micritic limestone with chert nodules.
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By: Jasem Albanai (GIS and Remote Sensing Analyst )

Remote sensing is defined as a

science that extracts information
about the Earth's surface, includ-
ing land and water, through re-
flected or emitted electromag-
netic radiation from the Earth's
surface, at a distance or without
direct contact. This is mostly via
satellites designated to monitor
and study the Earth, or airplanes
that may contain a pilot, as used
in the past, or without pilot
(“drones”), which are more prev-
alent these days.

To simplify this definition, we can
start with the sun, which is the
source of electromagnetic radia-
tion on Earth. The sun is con-
stantly emitting electromagnetic
radiation of different wave-
lengths. These rays differ in their
physical properties, they may be
short in wavelength and high-
energy, or long and relatively low
-energy. These rays reach Earth
after a journey that takes about
eight minutes from the sun.

The rays begin to interact with the
Earth's atmosphere; some are sub-
jected to dispersion, absorption, and
reflection, while the atmosphere al-
lows the passage of some of these
rays to reach the Earth's surface. The
rays interact with the surface of the
Earth, where some of them are sub-
ject to direct reflection and are of
high-energy, while others are ab-
sorbed by the surface and are rela-
tively low-energy. The appearance of
the surface - in remote sensing terms
- differs according to its interaction
with the sun's rays. Some surfaces ap-
pear to reflect a portion of the sun's
rays intensively, while others strongly
absorb rays, where energy is reduced
and released later in the form of heat
loss. All of these reactions are cap-
tured through the sensors devoted to
the Earth’s observation; these sensors
detect and monitor these rays.

Scientists divide electromagnetic ra-
diation from the sun into several sec-
tions according to its physical proper-
ties.



One such division is according to
"wavelength", where several catego-
ries are used, including: gamma, X-ray,
ultraviolet, visible “light”, infrared, mi-
crowave, and radio. These rays are all
present in nature, but the human eye
can detect only a small part of the
spectrum. Only this range is called a
visible band. The visible band is a mix-
ture of colors ranging from blue to
red, passing through green. All the
colors in nature, according to what
the human eye can see, are a mixture
of these three colors, and thus the hu-
man eye can see nature only by mix-
ing them [1].

Satellites need a certain number of
days (Landsat 8 needs 16 days, for ex-
ample) to orbit the Earth and capture
a specific area again. This is a unique
feature of airborne imaging that can
be used in crises and emergencies.
Besides, aerial imagery is character-
ized by its relative non-exposure to
the effects of the atmosphere, such as
clouds and dust particles, as they are
at relatively low altitude. This means
that the appearance of clouds in the
images is avoided, unlike with space
imagery.

What distinguishes remote sens-
ing is the ability of sensors car-
ried on satellites or airplanes to
sense only a specific part of the
electromagnetic spectrum
("radiations"); that is, these sen-
sors allow us to choose only a
specific range, where we can see
nature with red reflections only -
or blue or green only. This is
what the human eye cannot do.

The capabilities of the sensors
are not only limited to seeing
visible ranges separately, but
they can also display electro-
magnetic bands that the human
eye cannot sense at all, such as
infrared and microwave radia-
tion; this is of great importance
for studying the natural environ-
ment and the Earth's surface, as
these radiations provide us with
new information about the sur-
face of our planet, just as hap-
pens when a doctor shoots X-
rays at a patient to see fractures
in their bones, as these rays are
characterized by penetration in-
to human skin. Or as happens
when the military wears a sensor
that senses thermal infrared ra-
diation at night; they can locate
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The rays interact with the surface of the Earth,
where some of them are subject to direct reflec-
tion and are of high-enerqgy, while others are ab-
sorbed by the surface and are relatively low-

enemies through the radiation
emitted by their bodies. The
heat emitted by their bodies dif-
fers from the heat of the objects

energy. that surround them.
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Satellites orbit the Earth at different heights, and thus differ in their coverage.
Satellites also differ in their properties according to the purpose for which they
were created. Some are devoted to providing accurate information about the
Earth's surface by providing high-resolution images covering a small area of
the Earth's surface, for engineering and planning purposes. We also find other
low-resolution ones, but they cover a wide area, to know the pattern of geo-
graphical distribution, such as studying the difference in sea surface tempera-
ture or providing important information about the weather and climate condi-
tions.
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The satellites can also differ in the
spectral bands that they display;
some are devoted to studying plants,
so they sense important spectral
pbands to extract information about
vegetation; others, meanwhile, may
e designed to study the soil, so we
find different spectral characteristics
according to the important spectra in
soil studies. Thus, Earth today is cov-
ered by a network of satellites with
different characteristics, such as spa-
tial and spectral resolution. It is im-
portant to emphasize that the satel-
lites are not imaging devices in them-
selves. They are objects that swim in
space that can be used for any pur-
pose. It is the sensors installed
onboard that are responsible for im-
aging. Thus, these sensors render the
satellite as a remote sensing satellite -
or, indeed, otherwise.

Airplanes are like mechanisms for ob-
taining information about the Earth’s
surface. They also contain sensors
with spatial resolution, “image resolu-
tion” and spectral resolution, which
the sensor can sense from the differ-
ent electromagnetic spectrum [2, 3].
However, the main differences be-
tween satellites and airplanes are cov-
erage range, time zone, and atmos-
pheric effects. Where airplanes cover
relatively small areas because they are
relatively close to the surface, unlike
satellites, they give us high-resolution
images over a limited space.

As for the timing, unlike the sat-
ellites, the researcher can
choose the desired time for im-
aging. This is outside the human
decision-making process with
satellites; here, we are governed
by the usual imaging time for
the satellite, whereby different
satellites differ in the time it
takes them to orbit the Earth and
return to imaging a specific re-
gion. As such, the satellite has a
temporal resolution.

Remote sensing methods are
used today in conjunction with
modern spatial technologies,
such as geographic information
systems (GIS) and global posi-
tioning systems (GPS), to achieve
spatial information integration
between them. Satellite imagery,
aerial photography and GPS out-
puts are entered into GIS to ana-
lyze and make use of all of them
in the best possible way within
one spatial environment. GIS is
defined as the computer system
that enters, displays, archives,
manages, analyzes and exports
spatial data and information.
Considering that remote sensing
methods provide us with data
and information in a spatial na-
ture, geographic information
systems are the best environ-
ment to benefit from this data
and information.



Through these systems, all major
operations can be performed,
which allows us to produce 2D
and 3D maps with abundant
spatial information from the
Earth's surface.

Remote sensing has a unigue
importance in coastal studies,
specifically those related to de-
termining regional coastal differ-
ences. As coastal features differ
in their properties, components
and forms, this gives remote
sensors the ability to distinguish
these differences based on the
different interactions of electro-
magnetic radiation bands with
these different aspects. Thus, re-
mote sensing represents one of
the most important principles
today in making maps and atlas-
es. Moreover, the holistic view of
satellite images - even in natural
colors - allows us to recognize
various phenomena, understand
and see them with a bird’s eye
view. Remote sensing methods
are used in studies related to
earth sciences and climate
change today. Previously, obser-
vations and simple descriptions
were used to describe the
changes occurring on the planet.
Nowadays, scientific methods
are applicable to change moni-
toring, such as using statistical
analysis for field measurements.

Remote sensing has leapfrogged oth-
er methods to become the best way
to detect changes. Due to the vast
and continuous coverage of the plan-
et, it has become possible to monitor
spatial and temporal changes in a
wider and more comprehensive man-
ner. For example, remote sensing in-
struments are the best way today to
monitor surface temperature
(including that of sea water). Much of
what we hear today about recent
changes in surface temperature
stems from satellite measurements.
Monitoring this using remote sensing
allows us to know the spatial differ-
ences due to the breadth of the area
covered by satellite images, and the
huge archive, covering a wide period
of time, available from these means.
Remote sensing applications extend
to studying many aspects of climate
change, such as sea level rise, where
the radar images are used to measure
the annual changes in sea levels. Re-
mote sensing methods are also one
of the main pillars underpinning a
rapid response to natural disasters
and extreme weather, many of which
are believed to be issues related to
climate change. This is especially true
with the development of drone tech-
nology, which helps emergency
teams assess damage and obtain in-
formation at the lowest time and ma-
terial cost.
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/How Remote Sensing Can Be A Variable Tool In Geo-Sciences and Climate Change Studies?/
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Figure 4. Example of a study of long changes: the termporal variation of near-suriace
chlorophyill-a in the waters of the Arabian Gulf (2004-2019) /4]
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Figure 5. Example of a study of long changes. the spatial variation of No2 in the Arabian
Peninsula [5]
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INTERNATIONAL NEWS

//\\\§ IHS Markit’

MIDDLE EAST

IRAQ

Activity levels in Irag, including the
Kurdistan Region, have been signifi-
cantly impacted by the COVID-19 out-
break, low oil prices and the OPEC+
production restriction agreement. Ac-
tivity levels are expected to increase
into the second half of 2021 as the
various issues are resolved. Sinopec
has been awarded a 49% interest in
the Mansuriyah gas field develop-
ment. The project will be operated by
state-owned Midland Oil Company
which holds the remaining 51%. Lukaoil
is expected to continue appraisal/
development drilling at the Eridu field
in Block 10, south Irag, throughout
2021. Bashneft International will con-
duct 2D and 3D seismic surveys over
the Salman field in Block 12, south Iraqg,
in 2021. Dhi Qar Oil Company is re-
portedly planning to drill additional
new wells at the Subba field in 2021.
The field has been shut in since Octo-
ber 2019 but production is expected
to recommence in 2021.

TURKEY

Turkey’s President Tayyip Erdogan an-
nounced on 4 June 2021 that 135 BCM
(around 4.8 Tcf) of natural gas reserves
have been discovered from the
Amasra 1 exploration well in the Turki-
ye Petrolleri A.O. (TPAO) operated B26,
B27 deepwater offshore licence in the
western Black Sea. The well, located at
a water depth of nearly 2,000 m and
around 40 km towards the northeast
of Sakarya gas field (Tuna 1) was com-
pleted during mid-May 2021. TPAO
termed the Amasra 1 discovery as the
‘North Sakarya’ field and reported that
it would also be included in the Sakar-
ya Field Development project. Presi-
dent Erdogan also announced three
new onshore oil discoveries in the
country on 27 May 2021. Two discover-
ies, Akoba 1 and Yenisehir 1 (also re-
ported as Larissa 1) are located in the
Diyarbakir  province towards the
southeast of the country, whereas the
third, Misinli 2, is in Kirklareli province
towards the northwest of the country.
All three discoveries were understood
to be made by TPAO during May 2021.



SAUDIA ARABIA & QATAR

In April 2021, the United States Depart-
ment of Energy (DOE) issued a joint
statement of notification indicating
that a “Net-Zero Producers Forum”
was being established between the
Energy Ministries of Canada, Norway,
Qatar, Saudi Arabia and the US.

The COVID-19 pandemic led to a re-
duction in capital, operational and
other expenditure by QP in Qatar. The
North Field expansion projects remain
a strategic priority, but secondary or
tertiary oil recovery an imperative.
IOC negotiations for participation in
North Field East and North Field South
expansion projects are edging closer
to resolution.

The ongoing impact of the COVID-19
pandemic will extend a 25% reduction
in CAPEX into 2021 in Saudi Arabia. Ad-
ditional project delays, postpone-
ments and cancellations are envis-
aged. A proposal to expand maxi-
mum sustained capacity (MSC) to 13
MMbo/d is pending approval.

UAE

Projects are being delayed, renegoti-
ated or shelved until the economic
outlook improves and OPEC+ re-
strictions are lifted. Unawarded 2019
Abu Dhabi Bid Round blocks might
yet be awarded during 2H 2021.

/International News : IHS Markit /

Production restrictions to ~70% in-
stalled capacity demonstrate ongoing
disciplined management in a chal-
lenging environment. The UAE’s dom-
inant producer Abu Dhabi National Oil
Company (ADNOC) has undertaken a
strategic review of its commitments
and started the year with a 30%
CAPEX reduction against the 2021
plan. Exploratory programmes have
been particularly vulnerable to delay
since the onset of COVID-19 in 2020
but activity is now likely to pick up
during 2H 2021.

YEMEN

Yemen is experiencing a humanitarian
crisis brought about by armed con-
flict. Oil exports are generating essen-
tial foreign currency revenues.

Upstream operations are tentatively
resuming, but there remain issues to
be resolved. IOC development drilling
activity resumed in 2021 following a six
-year hiatus. All development drilling
operations undertaken by internation-
al oil companies had been suspended
during 1Q 2015 due to armed conflict
and only resumed in 2021. National
companies similarly suspended drill-
ing activities due to security concerns,
logistical and funding issues, but be-
gan to return to the field during 2018.
OMV and Calvalley were amongst the
first international companies to re-
sume workover and production oper-
ations early in 2019, with Calvalley the
first to mobilise a drilling rig to resume
the development of the Hiswah oil
field.
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INDIAN SUB-CONTINENT

PAKISTAN

Six exploration licences were awarded
during the first half of 2021 as an out-
come of the onshore bid round, and a
further nine licences are expected to
be awarded to the successful bidders
in the coming months. The bid round
was launched from 9 October 2020 to
15 January 2021 offering a total of 20
onshore blocks, among which 15
blocks received successful bids.
Among the total of 20 blocks offered
under the bid round, seven are locat-
ed in Indus Basin, six in Potwar Basin,
four in Sulaiman Fold Belt, two are lo-
cated in Pishin-Katawaz and one
block in Balochistan Basin. The area of
12 blocks range between 2,100 to 2,500
sg km; four blocks between 1,000 to
2,000 sg km and four blocks below
1,000 sg km. Eni was looking to sell its
exploration and production (E&P) as-
sets in the country during 2020 and it
was subseqguently announced on 9
March 2021 that it had signed an
agreement with Pakistan to Prime In-
ternational Oil & Gas Company for
selling all its EQP assets in the country.
Prime International is a newly estab-
lished company formed by the local
Eni employees and Hub Power Com-
pany Ltd, an independent power
company in Pakistan. It would com-
prise 50% shares of both - local Eni
employees and Hub Power Company.

INDIA

Upstream activity has been affected
by COVID-19, particularly the western
offshore areas. This was further com-
pounded with the arrival of Cyclone
Tauktae; one barge capsized, two
pbarges and several rigs went adrift.
Exploration and development drilling
for ONGC has been affected.

In terms of acreage offers, the Open
Acreage Licensing Policy (OALP)-VI
bid round involves plans to offer 10
blocks in six basins. The Discovered
Small Fields Bid Round Il launched on
10 June, offering 32 contracts com-
prising 75 discoveries, and ends on 31
August 2021. QOil India (OIL) & ONGC
plan further Production Enhancement
Contract offerings. Cairn Oil & Gas has
spudded it's second and third explo-
ration wells in newly awarded OALP
blocks in India.

In company news, a virtual data room
has opened for bidders concerning
the Bharat Petroleum Corporation Ltd
(BPCL) privatisation; stakes in Numa-
ligarh Refinery Ltd (NRL) have been
sold to OIL-EIL and the Assam Gov-
ernment acquired 100% stake in Bina
refinery.

Reliance Industries Limited (RIL) has
commenced gas production from the
second KG-D6 deepwater project
(Satellites Cluster), and Gujarat State
Petroleum Corporation is offering op-
portunities to farm into five blocks.
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NORTH AFRICA

EGYPT

The Egyptian Government launched
an International 2021 Bid Round for oil
and gas exploration in 24 blocks. This
new round includes twelve blocks in
the Western Desert, three in the Gulf
of Suez and nine in the Mediterranean
Sea.

The calls for bids, which will close on 1
August 2021, are being issued by the
Egyptian General Petroleum Corpora-
tion (EGPC) and the Egyptian Natural
Gas Holding Company (EGAS).

In early July 2021, BP with partner Eni
was drilling ahead of the new field
wildcat Tiye 1 in the North Ras El Esh
Offshore block while MOG Energy
spudded Kamose Northwest 1 in the
Kamose (Dev) block, both acreages
pbeing in the Nile Delta Basin.
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LIBYA

The oil target of 1.6 MMbo/d set by the
NOC could be close to being reached
in end-2021 following the completion
of ongoing projects and the extraor-
dinary ability of the national company
to perform under challenging circum-
stances. However, the strong need for
maintenance works in the infrastruc-
ture and the lack of budget could
prevent the achievement of the tar-
gets. The political resolution of the
East-West conflict will be key to main-
taining operations and increasing pro-
duction, rather than matters relating
to the pandemic and low oil demand.
TotalEnergies is negotiating with Hess
to acquire the company’s 8.17% inter-
est in the Waha concessions in the
Sirte Basin. These concessions include
25 blocks and around 30 producing
fields, including Gialo and Gialo North
with a combined 4,600 MMbbl of re-
coverable oil reserves, and Defa with
2,850 MMbbl.

TUNISIA

Government instability reduces the
attractiveness of the country; majors
are leaving. Production operations are
largely unaffected by COVID-19, and
there remain high levels of petroleum
rights activity. Exploration activity is at
a low point; however, some recovery
is expected moving into the second
half of 2021.
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Tunisian state company Etap is pro-
moting the country’s open blocks that
are available to companies for direct
negotiations. The Department of En-
ergy of Tunisia indicates that the bids
relating to prospection and/or explo-
ration permit granting should be sub-
mitted to the General Manager of En-
ergy with the name and address of
the tender. Bid opening and bid eval-
uation will be done during the fourth
week following the considered quar-
ter.

ALGERIA

The energy minister has been re-
placed after only eight months. Pro-
duction operations are largely unaf-
fected by COVID-19, but the OPEC
guota reduces production. The new
hydrocarbon law is still not applicable
one and a half years after it was
passed; however, in the government
session of 10 June 2021, four draft de-
crees of the ministry of energy and
mines were discussed. These are re-
portedly the last four decrees that
were outstanding to complete the hy-
drocarbon law. Once these four de-
crees are approved and published,
the hydrocarbon law will become ap-
plicable.

In May 2021 Sinopec and Sonatrach
signed a memorandum of under-
standing (MOU) to examine co-
operation within oil and gas explora-
tion and production in Algeria and in-
ternationally.

The companies will start discussions to
renew the Zarzaitine production con-
cession under the terms of the new
hydrocarbon law. Sinopec is currently
partnering with Sonatrach on the Zar-
zaitine oil field in the lllizi Basin of
south-eastern Algeria.

MOROCCO

Predator Oil & Gas reported on 6 July
2021 that the MOU-1 well, the first ex-
ploratory well at Guercif Onshore per-
mit in the Guercif Basin, found gas
shows. The drilling of the well, spud-
ded on 20 June, was planned to take
up to 20 days with no other infor-
mation before the wireline logs are
evaluated. Predator considers that
Moulouya is a low risk, play opening
opportunity, situated only 9 km far
from the Pedro Duran Farell pipeline
(Maghreb). Moulouya prospects are
part of the 7,300 sg km Guercif On-
shore licence, located in the Guercif
Basin.

MAURITANIA

There was little activity in Mauritania in
2020. Due to the oil price crash com-
pounded by COVID-19, most E&P ac-
tivities were delayed. In petroleum
rights, TotalEnergies reduced its ex-
posure to Mauritania by relinquishing
the C-9 and C-18 blocks. The compa-
ny also exited the C-7 block which
was then awarded to Cairn.



Kosmos shelved plans to reduce its
stake in the Mauritania and Senegal
assets. In exploration, Shell completed
3D seismic surveys in blocks C-10 and
C-19 and TotalEnergies completed 3D
seismic surveys in blocks C-15 and C-
31. No drilling took place. In field de-
velopment, BP continued with the
GTA development after adjusting the
schedule to the COVID-19 pandemic.
The GTA project is delayed by one
year. Petronas interrupted the Ching-
uetti decommissioning work due to
the COVID-19 pandemic and resumed
operations in January 2021.

NIGER

Niger-Benin  pipeline  construction
works have been suspended due to
the COVID-19 outbreak. Savannah En-
ergy Ltd (previously named Savannah
Petroleum) is expected to resume
drilling exploration wells in 2022, as
reported by CEO Andrew Knott in late
2020. The British company intends to
continue its exploration campaign af-
ter the R3 East Project goes into pro-
duction, possibly in late 2021. Savan-
nah made five discoveries out of five
drilled wells in 2018.

CHAD

Glencore has stopped production at
its fields until further notice due to the
global crisis. As of June 2021, nothing
new has come to light about the ru-
moured exit of Glencore from Chad.
Two years ago, on 13 June 2019, it was
reported by the press that Glencore
intended to sell its Badila and Manga-
ra fields in Chad.
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Although the Swiss firm released no
official statement, sources said several
months before that the company was
planning to divest its Chadian assets.

It is understood that Petroliam Na-
sional Berhad (Petronas) still intends to
sell its assets in Chad (Chari licence)
and Cameroon (Chad-Cameroon
pipeline). On the other side, ExxonMo-
bil which is the operator of both as-
sets, is in discussion to sell them to Sa-
vannah Energy as announced on 3
June 2021. Delonex has also an-
nounced the sale of all its assets.

SOUTH SUDAN

The South Sudan 2021 bid round was
officially opened by the South Sudan
authorities on 23 June 2021. The gov-
ernment announced new seismic and
reconfiguration of bidding blocks. It is
understood that bids for the first
tranche of the bid round (five blocks)
are due by mid-August 2021. Virtual
presentations of the five blocks of the
first tranche were being held from late
June onwards.

With thanks to IHS Markit

For further information please
contact : James |saacs

e-mail: ) )
james.isaacs@ihsmarkit.com
Website: www.ihsmarkit.com/
geps

For more Energy commentary and
analysis, please see

ihsmarkit.com/energyblog
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