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Disclaimer

The information contained in this Newsletter is not, nor is it held out to be, a solicitation of any

person to take any form of investment decision. The content of the GSO Newsletter does not
constitute advice or a recommendation by GSO and should not be relied upon in making (or
refraining from making) any decision 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 accompanying 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 necessarily 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 circumstances 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 related to
the Newsletter or the information contained in it, whether such damages arise in contract,
negligence, tort, under statute, in equity, at law or otherwise. All rights reserved to the
Geological Society of Oman © 2017.

No reproduction, copying or transmission of this publication may be made by any means
possible, current or future, without written permission of the President, Geological Society of
Oman. No paragraph of this publication may be reproduced, copied or transmitted unless with
written permission or in accordance with international copyright law or under the terms of any
license permitting limited copying issued by a legitimate Copyright Licensing Agency. All
effort has been made to trace copyright holders of material in this publication, if any rights have
been omitted the Geological Society of Oman offers its apologies.
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I am honored to be elected as the new GSO president . The new committee promises a vibrant

active society. However, this requires your continuous support and we; therefore, invite you to lend
us hand with ideas, initiative, active participation and support. Thank you and we look forward to active

two years. Dr. Ibrahim Al Isamili
GSO President

The Geological Society of Oman was able to play a very effective role throughout 2016. This was
demonstrated by the different activities that were organized by the GSO’s members.

The GSO has committed a substantial effort to organize scientific events for university and schools’

students. This includes running the 3rd consecutive version of the Geo-Challengers competition for

university students, who were awarded in the GSO 2016 Annual General Meeting. At schools’ level,

Dr. Ali Lazki the GSO organized the GeoKids-3 fun and learning event for students aged from 9-12 years under the
GSO President
(2015-2016) title “The Land of Dinosaurs™. Also, the GSO organized two workshops about “Oman’s Rocks™; one

for the Ministry of Education, as part of the Asian Conference of Innovation and Technology affiliated to the UNESCO,
and the second workshop for the “3rd Students’ Meeting for Innovation™ that was held at the Training Center of the Min-
istry of Municipality and Environment. The GSO has worked to spread geological knowledge to the public, through
talks, such as the talks delivered to Misfah Culture and Sports Club and the Rustaq Sports Club.

The GSO actively participates in the organization of international conferences, both in Oman and outside. The GSO was
involved in the organization and participated in the second run of the Ta’deen (Mining) Oman Conference & Exhibition
in Oman International Exhibition Center in January 2017.

Oman has unique geographic location and geology and famous with its mountains, beautiful long beaches, and vast
desert areas, which makes it a favored destination for tourists and Geologists. Therefore, the GSO worked in collabora-
tion with different private and governmental institutes to showcase the touristic potential of the geology of Oman. This
included running a workshop for the Alila Hotel about the geology of Jabal Akhdar area. The GSO participated also in
the International Show Caves Association Meeting, held in Oman and organized by The Ministry of Tourism and Umran
Company in November 2016, by giving two talks entitled “Oman Geological evolution™ and “Discovering Oman’s
Caves” by the Oman Caves’ Team. The GSO, in collaboration with the Petroleum Development Oman, proposed a Geo-
logical-Ecological tourism project for the Al-Wusta region as part of “Tanfeedh™ Tourism Projects proposed for inves-
tors.

We are so pleased to announce the joining of the Oman Caves Exploration’s Team to the membership of the Geological
Society of Oman. This collaboration is fueled by the common objectives and is aimed at joining efforts and resources to
boost the exploration and documentation of Oman’s Caves for tourism and scientific research.

Finally, I would like to thank the GSO executive members for the 2015-2016 term for their hard work and I would like
to give the heartiest congratulations to Dr. Ibrahim Al-Ismaili for his new role as the new president of the Geological So-

ciety of Oman for the term 2017-2018.
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Editor’s
Note

Dr. Aisha Al Hajri
GSO Editor
Aisha.AA.Al-Hajri@pdo.co.om

Dear Readers,

Welcome to the 23rd edition of Al Hajar. In this edition, we share a recent interview with H.E Hilal bin
Mohammed Al-Busaidi, the Chief Executive Officer of the General Authority for Mining, who took us
through the objectives and responsibilities of the Authority, including its role in preserving the geological
heritage of Oman.

Technology application also features with Full Tensor Gradiometry (FTG) in Block-55 (Petrogas Kahil)
highlighting that despite challenging commodity prices, oil companies continue to invest in new technol-
ogies to evaluate the subsurface and enhance the chances of making a hydrocarbon discovery.

We also share the excitement and results around the recent discovery of two unique species of snail fos-
sils from the Late Cretaceous fluvio-deltaic and marginal marine deposits at Al-Khodh, Oman.

In terms of the ‘future’, we share our progress of Geo-Kids and how GSO is interactively helping school

students to understand the geoscience of Oman and the Earth.

We hope you have a joyful reading.
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Mining Sector...
Geological Heritage and Economic Future

By Mohammed Al Amri and Saif Al Azri

As part of a strategy for economic diversifation and sustainable growth, the Government of Oman is opening

H.E Hilal Al- Busaidi (right) with Saif Al Azri (centre)
and Mohammed Al Amri (left)

the door for investment in several different economic sectors including Mining.In line with its strategy, the
Royal Decrees number 2014/49 declared on the 21st of September 2014 establishment of the General Authori-
ty for Mining. To understand more about the objectives and responsibilities of this authority, the GSO inter-
viewed H.E Hilal bin Mohammed Al-Busaidi, the Chief Executive Officer of the General Authority for
Mining.

)» Your Excellency, Can you please tell us more aboutthe  The General Authority for Mining also strives to optimize

role and the objectives of the General Authority for
Mining?

Of course the authority aims at developing and improving
the mining sector in the Sultanate and to ensure best optimi-
zation of the minerals resources. It also works towards en-
couraging big investments in these resources, by improving
laws and legislations that empower this sector, to ensure
economic diversity in the Sultanate and bigger contribution
of the mining sector to Oman’s Gross Domestic Product

(GDP).

the economic input of the geological heritage, making sure
that there is a balance between the requirements of ecology
preservation and mining activities.

The General Authority for Mining has several terms of ref-
erence. This includes setting comprehensive national strat-
egies to manage the geological infrastructure of the Sultan-
ate, as well as developing the mining sector, in coordina-
tion with other authorities. This can be done by proposing
new projects oriented towards mining sector and revising

old laws,
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regulations and procedures that are related to this sector.
The Authority also conducts and supports geological stud-
ies and research to discover new minerals resources or to
optimize the commercial production of the existing ones.
The Authority ensures that pre-feasibility studies for the
projects related to minerals are conducted. Moreover, the
Authority provides information, geological and mineral-
ogical data, and make them accessible by all means. One
of the Authority’s specialties is to observe all activities re-
lated to discovering and extracting minerals to preserve
Oman’s geological heritage and to set proper regulations
to protect it. In addition to that, the Authority issues ap-
provals for mines and quarries’ designs and quarrying
plans and it also follows up with the execution of the pro-
cesses. The Authority represents the Sultanate in the na-
tional and regional meetings that are related to the Author-
ity’s specialties to develop mutual cooperation ties with
national authorities, regional and international organiza-

tions.

> Giving the current status of Oman’s economy,
income diversification is one of the current top priori-
ties. What is the role of the Authority to address this
priority? And what are your expectations regarding the
potential contribution of mining sector to the national
income if all efforts are exerted to develop and im-
prove this sector?

The increasing attention paid to mining sector is triggered
by the need for national mcome diversification. Thus,
there is a demand for regulating this sector to optimize
value and to fulfill public interest.This sector can poten-
tially contribute to income diversification by creating at-
tractive investment opportunities and developing new

methods to increase the direct revenues to the country.

’

In fact, there are some projects and plans that the
uthority aims to achieve and in parallel meeting the nation-
al expectations of this sector. As long as the required capaci-
ties and plans exist to execute mining investment projects,
the future of this sector will undoubtedly be promising. This
is due to deeply rooted clear vision and common objectives

of the sector cadre.

> What is the limit of the investment opportunities pro-
vided by mining sector in the Sultanate? Do you think
that the prolonged procedures to establish quarries and
crushers are one of the barriers for investment in the
sector?

Mining is one of the promising sectors in the Sultanate and it
has already created many investment opportunities in a
number of raw minerals sites in the country. For example,
some factories in the Suhar Industrial Area have been pro-
ducing Ferrochrome economically. As for raw cooper, some
licensed areas are still in the primary exploration stages and
economic assessment. The produced minerals and synthetic
stones are diverse and they are largely distributed for con-
sumers across the Sultanate. As an example, raw limestone
brings about good opportunities to establish marble, cement
and iron factories. The raw gypsum constitutes an opportuni-
ty to establish factories that produce gypsum boards, as well
as cement manufacturing and building materials such as
gabbro stones.In an attempt to stimulate and attract mining
investments and to create working environment that encour-
ages the projects sustainability, the Authority has started to
apply policies and procedures to increase the benefit of such
resources; for example, allocating new mining areas, for dif-
ferent mining activities, and offering them for competitive in-
vestment to interested parties through the principle of “com-
petition in proposing investment”. The Authority assesses the
proposed applications by a specialized committee, and it ap-
proves the applications that meet the specified requirements.
If the approval of other governmental authorities is required,
the General Authority for Mining will accelerate the final ap-

proval in coordination with these authorities.
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y»» What are the main challenges facing the mining sector
in the Sultanate?
One of the main challenges is the existence of some promis-

ing raw materials that can be utilized commercially which

are located close to populated areas and the general lack of

infrastructure that is required for operating mining loca-
tions, such as shortage or unavailability of access roads, in
addition to the lack of ports specialized in exporting quarries
products. Another significant challenge arises from the ne-
cessity to provide factories with enough power that is re-

quired for manufacturing the extracted raw materials.

)» His Majesty the Sultan Qaboos bin Said has reaffirmed

in his royal speeches the significance of involving
Omani Youth in different fields and encouraging them
to compete in these fields. Could you shed light on the
role of the Authority to encourage Omani Youth to work
in mining sector?
There are many job opportunities that mining sector pro-
vides as it has a high percentage of Omanization and subject
matter experts (SMEs) established in many fields, including
quarries, crushers and quarry-related factories. These jobs
can be directly or indirectly related to the mining business,
including logistics support for the mining companies e.g.
transportation, maintenance, water supply to crushers and

exporting.

y>» Is there any coordinated collaboration
between the Authority and higher education
institutions to create specializations

that can improve the mining sector?

The Authority strives to expand investments in
the mining sector in the coming years. Therefore]
, it works, along with the private sector organiz-
ations, to establish the educational and training
policies in the Sultanate in a way that

balances between educational

outcomes and the job market.

N
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Hence, the Authority works in coordination with the Higher
Education Council to determine how future educational

specilaizations can cover the mining sector needs.
Mining Development Oman (MDO):

% As you know, at the beginning of this year, the
agreement of establishing MDO was signed. Can you
give us an insight on the MDQ’s specialties and the role
it will carry on?

Actually, the company is still in the making and it will be a
partnership between different governmental bodies, along
with Omani citizens through subscriptions. The company
will focus on investments in minerals extraction and trans-

formative industries that depend on raw minerals.
Protecting Oman’s Geological Heritage:

i~ It is well known that the Sultanate is rich with geo-
logical heritage and some people refer to the Sultanate
as “the paradise of Geology.” What is the role of the
Authority to preserve this heritage?
The Authority plays a vital role in preserving Oman’s geo-
logical heritage, because it is one of its essential expertise
bodies that realizes the significance of this inheritance,

which the Sultanate is rich with.




Many legislations and laws have been established to help
preserving this geological heritage, including:
1.Exporting any samples or stones shipments shall not be
allowed without any permission from the Authority.
2.The Authority’s staff shall inspect samples and ship-
ments, before issuing exporting permission to ensure that
the exporters are not violating the working regulations
and laws.

3.The Authority shall not issue any permissions to extract
or export fossils, except for special circumstances related
to studies and researches for specific projects, and the ex-
porter is obliged to return the exported fossils after the
completion of the study.

4 For many years, the Authority has carried out an ambi-
tious program to collect and classify meteorites in the Sul-
tanate as an attempt to preserve this kind of inheritance
and scientific wealth.

5.Exporting or circulating or selling or showcasing Omani
meteorites shall be banned, except for governmental reg-
istered authorities.

6.In coordination with Royal Oman Police, transportation
of any minerals, fossils and meteorites through the boards
shall not be allowed, unless permission from the Authori-
ty is given.

7.There is a special committee assigned by the Authority
to classify the main landmarks with geological inheritance
called, “Geological Phenomena Classification Commit-
tee,”
which also regulates procedures to protect the landmarks
from vandalization or smuggling, in addition to finding to

finding possible ways to market the geological inher-

itance.

8. The inspectors and staff of the Authority shall

A\
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monitor and record the geological inheri-

. tance during their field tours.

> What is the message that you would like to convey

to the Omani society to encourage its individuals to take
their roles in developing the mining sector in the Sultan-
ate?

The mining sector is a positive drive to develop society, be-
cause it provides basic services using raw materials, which
in fact help in developing necessary infrastructure in socie-
ty. This sector contributes in creating job opportunities. The
Authority place an overriding emphasis to the safety of
mining operations to ensure such operations will not harm
the social and economic structure and help preserving the
geology and ecology.

Companies which operate in this sector offer 5% of their
profits to develop local community. Also, the mining sector
offers many opportunities for individual SMEs and commu-
nity companies by providing in-job training as well as pro-
viding the required means of transportation, maintenance
and spare parts. The society; therefore, should seize such
opportunities and give the chance to the working companies
of this sector to grow and develop. It is important that part-
nership between the Authority and the community is main-
tained to provide the investment ground to find better ways
to optimize the mineral resources in an endeavor to achieve

goals intended to find diversified economy.
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Kahil Air-FTG ® (Full Tensor Gradiometery)
Survey, Case study of non-seismic advances.

Elias Al-Kharusil, Colm Murphy2, Christopher Bellamy?2,

and Saada Al-Rawahil.
1. Petrogas Kahil L.L.C, Muscat, Oman

2. Bell Geospace Limited, Edinburgh, United Kingdom

> Abstract

Potential field technologies have witnessed
significant advances in terms of resolving
power and usability in recent years. One of
those is Full Tensor Gradiometry (FTG). FTG is
a multi-component and a multi accelerometer
technology that measures variation in accelera-
tions due to the Earth’s Gravity Field. The
measurements form a 3D depiction of the Gravi-
ty field as sourced by sub-surface density con-
trasts. Such density contrasts present them-
selves in the form of complex geological struc-
tures as exhibited by faults, contacts, folds and
va}'iable lithologies. The resultant FTG anomaly
field is ideally suited to identifying and map-
ping such geological complexity.
This paper presents a case study describing the
Kahil Air-FTG® and Magnetic Survey Data ac-
quired over Block-55 (Kahil) in the Sultanate of
Oman by Bell Geospace. As part of Petrogas
Kahil effort to explore Block 55 for hydrocar-
bons, 8,000 Line KM of Air FTG and magnetic

survey was acquired in December 2014.

The FTG unit used on this project is one of three
owned by Bell Geospace. They have a history of
performing well during several years of marine
survey work and in airborne surveys since being
upgraded in 2003.

The multi-component data was processed with
the latest processing techniques to enhance sig-
nal-to-noise (S/N) ratios for better representa-
tion of subsurface geology, with Full Tensor
Noise Reduction (FTNR) and contact lineament
processing (CLP) to exploit the 3D nature of the
data. Tensor Axis Realignment and Invariant
Analysis techniques, uniquely suited

to evaluate 3D data, were used to map potential
targets and structural contact information. The
FTG data was used for basement depth estima-
tion. The results are presented in Petrel, which
allows mapping of potential targets and struc-
tural and stratigraphic boundaries. Correlation
with existing 2D seismic data facilitates a more
comprehensive interpretation. The acquisition
data and the subsequent analysis have been used
for better understanding of the block’s prospec-
tivity and to locate the newly planned seismic

acquisition program.




> Introduction

Kahil block 55 is located in the Al Wusta Gover-
norate of Oman; in the eastern flank of the prolif-
ic South Oman Salt Basin (Fig.1a). Petrogas
Kahil holds the right of 100 % interest of explor-
ing hydrocarbons in Kahil Block. An extra com-
plimentary scope agreed with the Ministry of Oil
& Gas (MOG) was to acquire high quality gravity
and magnetic data over the entire vicinity to de-
termine main hydrocarbon potentials. The total
areal coverage of the survey was ~ 7,564 km2,
which represents nearly 8000 Km lines flown
across the block. Three weeks (day time) was the
flying time covering the entire surveyed area
(Fig.1b)

The main objective of the Air-FTG® gravity data
is to define a number of interesting areas possess-
ing high and low density responses within the
surveyed block. The FTG data will aid in imaging
key geological targets such as top and depth-to
basement, structural complexity and basinal fill.
After processing and modelling of all anomalies,
a clear picture of the basement can be generated
and any potential hydrocarbon plays, related to

mapping mini-basins or sags within the block,

can be identified.

g

Survey design

In the survey plan, the number of flown
lines to cover the area of interest was
considered based on nominal clearance
for desired FTG detectability. In addi-
tion, line spacing, orientation, cost and
time were also specified (Fig.2). Survey
parameters were designed to ensure val-
uable data is acquired across the block,
subsurface anomalies revealing some, if
not most, of the opportunities and deter-
mining sensitivity to key geological tar-
gets (i.e. t structurally complex top
complexity and

Basement structural

Base Cenozoic section).
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Figure 2: a) Survey plan showing A & B segments of block 55 with

different strategic drive; b) Survey design parameters for both seg-

L 1
Figure 1: a) Location map showing Block 55 surveyed area (yellow poly-

|, gon), in the SE side of Oman in Al Wusta governate; b) A & B represent

- segments of block 55 with different strategic drives.

<0 —




/\\9\ 7\ v

=Y

YV

\

=

> Methodologies

Magnetic fields generated in the Earth’s Outer
Core induce the field on susceptible geology.
The Inner core has the highest density that de-
creases towards the crust and surface. What
FTG surveying does is simply measuring varia-
tions in density caused by Earth’s gravity. These
variations are caused by subsurface geology that
can be expressed as series of point masses per
unit volume or density. Such variations tend to
be much smaller than 9.8ms-1. Gravity is meas-
ured in units of milliGals (i.e. 1Gal=1cms-2).
The value of gravity will vary depending on the
number of point masses directly beneath the sur-
face (i.e. subsurface geology). Where the mag-
netic field is measured from the Earth and also
object to be detected (i.e. if object is suscepti-
ble), then its electrons are re-arranged as di-
poles and becomes magnetized. In practice, the
gravity and magnetic anomalies are expressed in
wavelength and amplitude (Fig.3).

Full Tensor Gradiometry (FTG) is a multi-com-
ponent gravity surveying technology that meas-
ures different components of the Gravity Gradi-
ent Tensor (Murphy, 2004).

The FTG measures simultaneously changes in
the gravity field in all directions of the field (i.e.
vertical and horizontal components). This is a
fundamental difference to conventional gravity
that measures only the vertical component of the

gravity field vector.

Size
d
Gravity /
Magnetics
Depth Density /
Susceptibility
Gravity / Magnetic anomalies expressed in A
wavelength and amplitude: v mwue s b

Simple rule of thumb when ¥ nsth
interpreting for depth: Deep Targets Low Long
Shaliow Hgh Long
Targets Hgh Short
Low Short

Figure 3: a) Controlling elements of Gravity and Magnetic data; b) the

expression of their anomalies.

» Workflow:
1. Start with a basement layer:
a.Define a long-wavelength gravity signal
(i.e. Moho layer defines a very long-wave-
length gravity and magnetic signal.
b. Describe the observed magnetic field
2. Meta sediment Layer:
a.Refine modelling for complex structural
geology above basement, using the observed
gradient data.
b. Facilitate investigation of density distri-
bution within shallower layers:
3. Seismic constraint for modelling.
a.layer geometries are fixed in the model to
converted pseudo-depth horizons.
4. Adjustments made to produce final

model.




> Results & Discussions

Comprehensive work has been done to interpret
all recognised anomalies, using regional under-
standing (i.e. forward modelling) and by linking
geology with some regional poor quality seis-
mic lines. Some dominant, intermediate to long
wavelength responses associated with basement
or deep rocks succession have been mapped
(Fig.4). Based on this data, new basins have
been identified, including the already known
‘Tertiary’ Basin towards the eastern side of the
block and other mini-basin in the SW direction
(Fig.4). Also, major fault zones can be mapped
clearly with confidence when compared to
legacy seismic data. Both profile modelling and
migration results revealed, in part, an estimate
of the basement depth that varies considerably
from 1 — 5 km referenced to mean sea level. This
could be attributed to the complex structural
history the basement subjected to. Also, the ex-
treme high amplitude (pinkish colour; Fig.4) lo-
cated to the east is associated with high density

Masirah Ophiolite rocks.

se'sy

Low amplitude and negative FTG anomalies are
interpreted to be associated with basins (e.g. mi-
ni-basins), which is typically occupied with
thick sediments (Fig.5).

Attribute analysis of the Tensor data facilitates
lineament mapping by delineating contacts sep-
arating areas of high and low densities. Figure 6
shows lineament anomalies mapping boundaries
and possibly major NE-SW-trending structures
(i.e. faults) that may reach the surface, which
are evident on the Eastern side of the block
trending. These observed structures correlate
well with troughs and normal faults mapped by
seismic.

A simplified depth conversion and a 2-density
layer model provide some insights to the topog-
raphy of the top basement (Fig.7). Depth-con-
verted seismic and formation density constraints
can improve the 2D basement models, highlight-
ing subtle variations in density and structural
style of the top basement surface. This subtle
density contrast is suspected, as well as more

complex structures line modelled (line 930403).

~YANYAN

Aeromagnetic data shows deep magnetic base-

a3 M —

ment. A deep mafic magnetic basement is sus-
pected to fit the aeromagnetic data of this line

and other lines used in this study.
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Figure 4: A final residual gravity map covering the entire block 55.

SIS IERTERE Th ket

Image shows & Gravity feld generated from the |
FTG temsor component data

Figure 5: Gravity anomaly reflecting a possible accommodation space (basin) in

the basement.
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Measured TMI; calculated TMY

Figure 7: Depth converted seismic line running from NW to SE across block 55 showing subtle changes of gravity response.
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> Conclusion

-Air-FTG data has allowed extracting
Depth-Density cube through full tensor migra-
tion for Kahil, block 55.

- Enhanced subsurface anomalies have been
identified and structural geological trend has
been mapped. This aided allocating the possible
potentials with good definition (i.e. mini
basins).

- FTG gravity helped estimating depths of pos-
sible potential anomalies, utilizing depth maps
resulted from the comparison of FTG & magnet-
ics.

- Generated lineament maps provided insights
of mapping major faults and mapping the trends
of troughs by allocating the edges of shallow
basement geology.

- High amplitude gravity anomaly, bounded by
NE-SW trending anomaly pattern, is observed in

the eastern side of the block. This is associated

with the Masirah Ophiolite.
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Late Cretaceous Lanistes
(Mollusca, Gastropoda)
from Al-Khodh, Oman

By: Martin PICKFORD
Sorbonne Universités (CR2P, MNHN, CNRS, UPMC - Paris VI) 8, rue Buffon, 75005, Paris, France,
e-mail pickford@mnhn.fr
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> Abstract

The Late Cretaceous fluviodeltaic and marginal marine deposits at Al-Khodh, Oman, have yielded
a diverse flora and fauna, including freshwater, brackish water and fully marine taxa. Among the
freshwater molluscs there are two species of snails with sinistral shells. The overall morphology of
the specimens indicates appurtenance to the genus Lanistes, which is confirmed by details of the
fine structure of the shells. The presence of two species of this genus in the Late Cretaceous will

help in defining a chronological base line for the ampullariid molecular clock.

Key Words

Ampullariidae, Gastropoda, Cretaceous, Lanistes, Oman

> Introduction

Field surveys in the Al-Khodh Formation 10 km west of Muscat Airport, Oman, have led to the re-
covery of diverse plant and animal fossils of Late Cretaceous age. The Al-Khod fluviodeltaic-marine
series (Nolan, 1990) overlies and is in faulted contact with the Semail Ophiolite of Campanian age.
At Al-Khodh the sediments are ca 860 metres thick. It is overlain by the fully marine Palacogene Jaf-
nayn Formation.

Molluscs are found at intervals throughout the Al-Khodh Formation, but freshwater taxa appear to
be confined to the lower half of the succession, being replaced upwards by brackish water taxa, then
by fully marine faunas, with some overlap of shallow water marine types, such as oysters and Turri-
tella- like snails associated with brackish water snails.

The two kinds of Lanistes described in this paper occur in different parts of the Al-Khodh strati-
graphic sequence, the large carinate form near the base, and the smaller non-carinate form with a

sunken spire in the middle of the succession associated with brackish water snails and oysters.




}»  Materials and methods

The fossils described herein are curated at the Oman Natural History Museum, Muscat
(ONHM). The specimens were measured with sliding calipers to the nearest 0.1 mm using the
method outlined by Van Damme & Pickford (1995).

Images were taken with an 18.2 megapixel Sony Cybershot Camera and treated with Photoshop
Elements 03 to enhance contrast and balance.

)»  Geological setting and age of the Al-Khod Formation

Previous work.

Nolan et al. (1990) defined the “Al-Khawd” Formation and correlated it to the Campanian-
Maastrichtian. They observed the unconformable (and faulted) relationship between the Semail
Ophiolite below and the faulted contact with the overlying Jafnayn Formation of Late Palaeo-
cene age above. The authors interpreted the deposits as a fan-delta complex. The age was report-
ed to be imprecisely known.

Fournier et al. (2006) interpreted the geology of northern Oman in a broad geotectonic frame-
work. They included the Al-Khodh deposits in the Qahlah Formation. We here treat the
Al-Khodh deposits as a distinct unit which probably accumulated in a localised basin, although
they could well be lateral chronological equivalents of the succession at Qahlah.

Dinosaur remains and a crocodile from the Al Khodh Formation were described by Schulp et al.
(2000, 2008) and Buscalioni et al. (2004 ) but nothing has been published about the molluscs and

plants.
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Figure 1. Location map showing the location of the Al-Khodh Formation outcrops at Al-Khodh,
Fanjah and Al Taiyyim.
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)» Geological Mapping:

In the type area of the Al-Khod Formation, outcrops occur as cuestas dipping generally
northeast at various angles from 30° to vertical. Much of the area is obscured under a Miocene
terrace deposit about 100 metres above extant sea level, and parts of the area have been eroded
down to the local wadi base level. Individual beds of the Al-Khod Formation can seldom be
followed laterally for more than a hundred metres. The overall impression is that the cuestas
represent lenses of resistant rocks (conglomerates, sandstones) intercalated between softer silts
and clays, giving rise to classic scarp- and dip-slopes. In the basal layers claystone and siltstone
comprise about 30-40% of the succession, but at the top they comprise up to 80% of the
succession. Mapping of the cuestas suggests that the system comprises fluvial deposits laid down
in fans, braided streams and deltas, with greater or lesser marine influences depending on the

position within the succession.

)~ Tectonic setting:

The Al-Khod Formation accumulated
in a fault-bounded basin, northeast of the
Semail Ophiolite (Fournier et al. 2006). The floor
of the basin was subsiding during deposition of the

formation, but sedimentation rates were so high

that the basin was infilled as it deepened, meaning
Figure 2. Cuestas in the Al Khod Formation (white lines on dark brown

that throughout its 860 metre thickness, the : : A ; :
ground) comprise the major part of the outcrops in the type area (image modi-

deposits accumulated near sea-level. There is a fied from Google Earth).

deepening upwards sedimentation trend (fan to braided river at the base, to coastal deposits in the middle, to delta

deposits at the top).

Outcrops of sediments at Fanjah and Al Taiyyim (Fig. 1) have been correlated to the Al-Khod Formation, but they

occur in tectonically controlled valleys eroded into the Semail Ophiolites. Those at Fanjah preserve marine

molluscs, so were deposited near sea-level, but those at Al Taiyyim appear to be freshwater deposits which infilled

a 2 km broad valley incised into the ophiolite.

The overlying Palacocene Jafhayn Formation comprises a great thickness of shelf carbonates intercalated with

siltstones and mudstones, indicating that subsidence eventually exceeded sedimentation rates in the Al-Khod -
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Fanjah sector of Oman.

y» Stratigraphy:
The stratigraphy of the Al-Khod Formation was published by Nolan et al. (1990)
and some details were added by Buscalioni et al. (2004). Examination

of the deposits indicate that they may be subdivided informally into

T




three members, a basal predominantly freshwater facies yielding freshwater bivalves,

gastropods and dinosaurs, a middle section rich in brackish water gastropods associated
with shallow water marine taxa (oysters), and an upper part which yields mainly fully marine,
but still shallow water molluscs (bivalves and gastropods).

The basal member corresponds
to braided river deposits at the
toe of a large fan emanating from
a valley in the Semail Ophiolites.
The middle member shows
abundant marine and brackish
water influence but some
freshwater  fossils  indicate

deposition in a coastal zone close
Figure 3. Simplified geological sketch map of the Al-Khod area, showing the
Semail Ophiolite (below the blue line), the three informal members of the
Palaco-Oman Sea. This member Al-Khodh Formation (the lower freshwater facies between the red lines, the

middle coastal facies withTurritella, whelks and oysters between the green lines,
has some sandy limestone, limey  and the upper delta facies between the upper green and yellow lines) and the overlying

Palaeogene marine Jafnayn Formation above the yellow line. The overlap between the lower and

to the ancient shoreline of the

sandstone, and lenses of almost middle members represents an overlap in the distribution of freshwater and marine molluscs (image

pure limestone rich in fossils. —medified from Google Earth).

There are many marine and brackish water bivalves and gastropods (Turritella, whelks) in this member,

and dinosaur fossils are well represented. Many of the fossils in this member occur in conglomerates which likely
represent ancient gravel beaches, passing laterally and vertically into sandy beaches which often contain oyster
shells. The upper member comprises predominantly siltstone and mudstone with lenses of sandstone and conglom-
erate. In this uppermost member, many of the indurated sediment lenses show a coarsening upwards succession,
starting with silt, overlain by cross-bedded sandstone, followed by conglomerate, all overlain discordantly by silt-
stone. This member comprises delta deposits intercalated with inter-distributory siltstones. There are abundant
marine bivalves in some of the sandstone levels, but thus far no dinosaur remains have been recovered from this

member.

-~ . .
1” Depositional Environments:

Nolan et al. (1990) considered that the depositional environment of the Al-Khod Formation consisted of a fan and delta complex. It

Nlikeiy that this is close to the mark, because the basal deposits comprise lenses of conglomerate, sand

— A18pr—

and siltstone deposited in a dominantly freshwater setting which are laterally discontinuous and

which show rapid vertical changes in facies, much in the style of braided river deposits

extending distally from the toe of a fan. The middle part of the succession

shows greater marine influence with abundant brackish water and marine




bivalves (oysters, corbiculoids) and gastropods (Turritella, whelks) deposited in beach gravels and sands, with thin
beds of calcareous sands and sandy limestones. The top third of the succession is dominated by claystone and

siltstone

)» Biostratigraphy:
Little study has been done on the biostratigraphy of the Al-Khod Formation. Its age is currently considered to lie sometime between
Campanian and Late Maastrichtian, on the grounds that it post- dates the Semail Ophiolite, it contains dinosaurs, and it underlies Late
Palaeocene marine shelf carbonates of the Jafnayn Formation (Nolan et al. 1990).
Marine, brackish water and freshwater molluscs were collected from many localities in the Al-Khod Formation, and it is clear that there

are changes in the fauna from the base of the unit upwards.

The basal deposits at Al-Khod vield a few freshwater bi-
valves and gastropods, among which there are two species
of the sinistral genus Lanistes, which is known elsewhere
throughout the Cainozoic (Abbass, 1966, 1967; Van
Damme & Pickford, 1995). Bandel (1993) wrote that
“Lanistes appears near the Cretaceous-Tertiary boundary in

freshwater deposits of Pakistan and Sudan™ but without

providing details of the fossils or references to them. I have

Figure 4. Distribution of Lanistes in the Al-Khod Formation (yellow points

been unable to find any reference in support of the Pakistan ) . . - e
large globose carinate species, blue points small planispiral species) (image

modified from Google Earth).

record of the genus (which could well be erroneous), but the Sudan one is based on material from the Hudi Chert which is either early
Eocene or Oligocene depending on the author (Gautier, 1973; Ibrahim, 2003). The Al-Khod specimens are thus probably the earliest
known representatives of this genus, and they will help to refine estimates of the timing of origin of the group after it diverged from
Pila. Some molecular biologists tend to support a Tertiary origin for Lanistes (Schultheiss et al., 2009) but the fossil data suggests an

earlier, possibly Early Maastrichtian or even Campanian origin.

The middle section of the Al-Khod Formation has yielded immense quantities of corbiculoid bivalves, as well as oysters, Turritella and
brackish water gastropods. These levels also yielded Lanistes, but a smaller more anisotrophic planispiral species than the globose

hyperstrophic form which occurs in the basal layers.
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The upper third of the Al-Khod Formation yields abundant thick-shelled bivalves indicating fully marine but shallow water conditions,

but no freshwater or brackish water taxa. At the moment, the biostratigraphic meaning of these bivalves is not known.

Some of the fossil groups found at Al-Khod managed to survive the KT boundary crisis (massive extinction of, among other fossil
groups, rudists, ammonites and dinosaurs). Among the survivors are palms, turtles, freshwater molluscs (mutelids and Lanistes) and

several marine molluscs (Turritella, corbiculoids).

)» Mollusca:
By far the most common macrofossils preserved in the Al-Khod Formation comprise molluscs, freshwater, brackish and marine. Many
of the bivalves are preserved as couplets, indicating that post- mortem transport is minimal. Some specimens are still in their life
position, but many are lying parallel to the bedding planes of the sandstones and carbonates suggesting that gentle winnowing of

sediment occurred, leaving the coarser grains and shells behind, more or less in their original life positions.

The basal deposits of the formation yield specimens of large freshwater bivalves (mutelids) and gastropods (Lanistes) with rarer
brackish water and marine specimens (Table 1). The middle deposits yield abundant corbiculoid specimens, but also many oysters in
their growth position, and reworked specimens in gravel, and there are many Turritella and brackish water gastropods. The upper third
of the formation, comprising the delta deposits, yield a monotonous series of thick-shelled bivalves, most of which are found as isolated

valves, but many of which comprise couplets.

Table 1. List of localities and their co-ordinates at Al-Khod which yielded two species of Lanistes.

Targeglobose ___ 23-33019'N | S80S304°E
35 Targe globose ___ 23°32340'N | 380S304E
7 Targeglobose  233237.7N | 3809362°E Bm
7 largeglobose  23%33°18.3'N | 58%08260'E 112m
5 Small planispiral  23°32509'N | 58°0839.7'E 126m
51 Small planispiral___23°3305.5'N_|_38°08426'E 106m

)» Systematic Palacontology:

Family Ampullariidae Gray, 1824
Genus Lanistes Denys de Montfort, 1810

Type species: Lanistes olivierii Montfort, 1810 [= Lanistes boltenianus (Riding, 1798) = syn. Lanistes carinatus (Olivier, 1804)]

original designation [Lee (2013) discussed the nomenclatorial history of this species].




Type locality and age : Egypt. Recent

> Species Lanistes large globose carinate sp.

Stratigraphy and Age: Al-Khod Formation, Maastrichtian.

Material: ONHM AK 9, single shell; ONHM AK 45, single shell; ONHM AK 71, single shell; ONHM AK 72,
single shell.

Description: The Al-Khod shells are sinistral, globose, with five whorls, spire slightly raised with rounded whorl
profile except last whorl which shows a distinct carina high on the shoulder of the whorl. The apical suture is narrow
and sharp, but shallow. The umbilicus is wide basally narrowing upwards like a funnel. It has an angular margin
which is scored by prominent growth lines which become finer inside the funnel and apart from the broadest ones,
they fade out on the outside of the body whorl.

The preservation is not good enough to reveal fine details of spiral sculpture or protoconch morphology, although
it seems clear that the protoconch grades into the teleoconch without a major change in gross morphology. None of

the apertures is well preserved, but its shape can be estimated in AK 45. No operculum is known for this taxon.

Figure 5. Large globose, carinate sinistral gastropods from the Al-Khod Formation, Oman (Cretaceous) attributed to Lanis-
tes. A) specimen from locality AK 71, Al — stereo apical view, A2 — apertural view, A3 — umbilical view, B) specimen from
locality AK 45, B1) lateral view to show carena, B2) stereo apical view, B3) apertural view, B4) stereo umbilical view (scale
: 5 cm).

Discussion: The dimensions (Table 2) and overall morphology of the large globose form of Lanistes from
Al-Khod recall to some extent the extant species Lanistes carinatus. Eo-Oligocene specimens of Lanistes from
Egypt and Sudan (Cox, 1932, 1933) are also somewhat carinatus-like, as are some specimens from the Miocene of

Uganda and Kenya (Verdcourt, 1963; Van Damme & Pickford, 1995).

)» Species Lanistes small planispiral sp.

Stratigraphy and Age: Al-Khod Formation, Maastrichtian.

Material: ONHM AK 51, single shell; ONHM MP 5 single shell.

Description: The shells from Al-Khod are sinistral, almost planispiral (anisostrophic planispiral, Peel & Horny,
1996) with a slightly sunken spire and a broad and deep, funnel-shaped umbilicus. The larger of the two available
shells has five whorls, and the spiral suture is narrow and shallow. The protoconch grades into the teleoconch

without any evident interruption in gross morphology.




The protoconch grades into the teleoconch without any evident interruption in gross morphology. The umbilical
margin is angular and spirals upwards into the funnel. Inside the umbilicus, fine growth lines are evident. No
operculum is known for this taxon, neither is the aperture preserved, but its outline can be estimated in specimen

AK 51.

Figure 6: Small planispiral sinistral shells from the Al-Khod Formation, Oman (Cretaceous) attributed to Lanistes. A) spec-
imen from locality MP 5, A1) stereo umbilical view, A2) apertural view, A3) stereo apical view, B) specimen from locality
AK 51, B1) stereo umbilical view, B2) apertural view, B3) stereo apical view (scale : 10 mm).

Table 2. Dimensions (in mm) of shells from Al-Khod (Cretaceous) attributed to Lanistes.
| Specimen Form Diameter Height
AK 45 Globose 60
AK 71 Globose 436 33

AK 51 Plani spiral 25 11.6
MP 5 Plani spiral 16.8 82

Discussion: The planispiral sinistral shells from Al-Khod superficially resemble the flat topped species,
Lanistes thaytinitiensis, from the Eo-Oligocene of Oman described by Neubert & Van Damme (2012) but the
spire 1s not as planar as in that species, the peripheral keel is not as well developed and the shells are not as large
(Table 2). In addition, the protoconch is sunken slightly beneath the outer whorls, and not raised slightly. The
umbilicus is wide basally and has an angular margin that spirals into the umbilicus as in L. thaytinitiensis, which

might indicate a relationship between these snails.

1> Malacological Discussion:

Had these shells from Al-Khod been found in Tertiary deposits there is little doubt that they would be classified
in Lanistes or a genus close to Lanistes. The sinistral shell, the broad, open, funnel-shaped umbilicus with inward
spiralling angle, the shallow but sharp and narrow spiral suture, and the overall aspect of the shells agrees with
this genus. What little that is preserved of the surtace sculpture, such as the growth lines entering the umbilicus,

also agrees with Lanistes.




Extant Lanistes species that live in rivers and shallow lakes tend to have rather
monotonous shell shapes, corresponding broadly to Lanistes carinatus and Lanistes
ovum. Basically similar shells occur as far back as the Early Oligocene of Oman and Egypt. This
suggests that such shapes represent good adaptations for slow flowing rivers and shallow lakes,
which tend to be unstable over geological time spans. In contrast, as was pointed out by Van
Damme & Pickford, (1995) when the genus Lanistes colonises deep graben lakes such as extant
Lake Malawi or Miocene Palacolake Obweruka (Uganda), then extreme modifications of shell
shape can occur in abbreviated time spans, giving rise to planispiral taxa with spines such a
Lanistes senuti from Palaeolake Obweruka, or taxa with raised superior shoulders such as

Lanistes nasutus of Lake Malawi or Lanistes asellus of Palaeolake Obweruka.

In terms of ecological adaptations, the larger of the two Al-Khod species of Lanistes corresponds
to the carinatus type, typical of slow flowing rivers and shallow lakes, but the smaller, planispiral
species does not correspond either to the carinatus or to the ovum type. However, the latter species
is not markedly different from a planispiral taxon from the Eo-Oligocene of Oman, where it is
found in large quantities in marls that accumulated in low lying depressions close to the sea. The ame
deposits yield a taxon not very different in shell properties from the carinatus form. Thus the Cretaceous Al-Khod
Formation, which accumulated close to the sea, contains two shell morphotypes whose ecomorphology resembles
that of two species found in much younger, Eo-Oligocene, deposits in the Dhofar, Oman.

}» General Discussion

There is overall agreement among malacologists that the Ampullariidae is a Gondwanan family of molluses with deep
Mesozoic origins (Fischer, 1963; Jergensen et al., 2008, Hayes et al., 2009; Schultheiss et al., 2009). There is less agreement
conceming the time of origin of the various genera that comprise the family, although three broad biogeographic groups are
consistently discussed, comprising 1) strictly African genera Afropomus, Saulea and Lanistes, (Brown, 1994; Berthold, 1989,
1990a, 1990b, 1991; Bieler, 1993), 2) the Afro-Asian genus Pila (Brown, 1994; Kase, 1984) and 3) a more varied South
American group consisting of Pomacea, Marisa, Asolene, Felippones and Pomella. Molecular approaches have generated
interesting data concerning phylogenetic relationships of genera and species within the family, but there is debate concerning the
timing of the various dichotomies, which raises questions about the accuracy of the so-called molecular clock and the ages of
the palaeontological anchor points used to calibrate the clock. As Hayes et al. (2009) commented concerning the hypothesis that

“diversification of New World ampullariids probably occurred in South America some time after its separation from Africa,
fossil data, this remains untestable ». ’ \ I
L_A
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approximately 130 Mya (Jokat et al., 2003), without a calibrated molecular clock and additional

There has been a tendency to accept identifications of sinistral fossil ampullariid

shells from Tertiary deposits as Lanistes, even if they are poorly

preserved, as for example much of the material from the Oligocene of




Egypt (Abbass, 1966, 1967; Mayer-Eymar, 1893) or the Hudi Chert, Sudan

(Cox, 1933; Gautier, 1973) (Table 3), whereas material from the Cretaceous is usually treated
with doubt, even if well preserved. There thus seems to exist a bias in the way that palacomalacologists have

approached the ampullariid fossil record.

The Omani fossil shells from the Cretaceous Al-Khod Formation are so similar to Lanistes in
overall shape, size, and what details of the shell sculpture is preserved, that this is where they
should be classified. Whatever the eventual outcome, the presence of two distinct species of
[Lanistes in the Maastrichtian of Oman indicates that the genus originated some time earlier than
the period of deposition of the Al-Khod Formation, possibly in the Early Maastrichtian or even
the Campanian. This interpretation provides a minimum age base line for calibrating the
molecular clock, but it is probably an underestimate. The well preserved fossil samples from the
Eo-Oligocene of Oman (Neubert & Van Damme, 2012) contain two species of Lanistes, L.

thaytinitiensis and L. tricarinatus.

Table 3. Cretaceous and Eo-Oligocene fossils attributed to Lanistes.

Species Author, Year | Age Country | Other references
L. grabhami Cox, 1933 EarlyEocene, Sudan Cox, 1932;
Oligocene Gautier, 1973;

Ibrahim, 2003

L antiqus Blanckenhom 1901 Lutetian Egypt Bellardi, 1833;
Mayer-Eymar 1901;
Blanckenhom 1900;
Newton 1912

L ticarmats Neubert & Van Damme, 2012 | Eo-Oligocene Oman

L. bartonins Blanckenhom, 1901 MiddeEocene Egypt

L sodaersis Abbass, 1967 Eocene Egypt Abbass, 1966

Lanistes globose, This paper Cretaceous Oman This paper

cannate

Lanistes plani spiral This paper Cretaceous Oman This paper

j» Conclusion
The main conclusion of'this paper is that the Late Cretaceous Al-Khod Formation of Oman has yielded two spe-

cies of the sinistral freshwater ampullariid gastropod, Lanistes, a large globose form with a peripheral carina re-
calling extant Lanistes carinatus, and a smaller planispiral form with rounded periphery, resembling in some

ways the recently described species Lanistes thaytinitiensis from the Eo-Oligocene of Oman. Several inferences

flow from this discovery. One is that the genus may well have originated during the
Middle Cretaceous or even earlier and that by the Maastrichtian it had had time

to diverge into two quite distinct shell morphotypes. A second is that

the genus traversed the K-T crisis.
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Geo—Kids

Fun ancd Learning Activities

with School Stucdents

By Abeer Al Saifi

4% Geo-Kids is one of the successful GSO events, for school students, to educate them
about the geology of the Earth and Oman in an interactive way. The event was initiated
in 2014, and has been organized for 3 times since then. The theme of the first edition
of Geo-Kids was “Tour in Rock World”, which targeted 30 students whose ages were
between 9 and 13 years. The second edition of Geo-Kids was in 2015 and aimed to in-
crease the number of students, thus, two programmes were organized. The theme of
the first programme was “Tour in the Petroleum Geology World”. This programme tar-
geted
programme was “Tour in the Earthquakes World”, which targeted 36 students whose
ages are between 10 and 14 years.

This year’s event was completely different and the theme was “Dinosaurs Land”.
Around 150 students attended and were divided into two groups, based on their ages;
(15-11) & (10-7) years old, respectively. The event included workshops and groups’ ac-
tivities and competitions for the kids to interact and learn about dinosaurs’ origin, life,
and extinction, worldwide and in Oman.

Throughout the last 3 years, the Geo-Kids event went smoothly and successfully, with
an outstanding acknowledgment from the students and their parents.
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