


Contents

Cover

Other publications of the

International Association of

Sedimentologists

Title Page

Copyright

Dedication

Douglas James Shearman (1918–

2003)

Introduction to Quaternary carbonate

and evaporite sedimentary facies and

their ancient analogues

Introduction

Ancient Analogues and the Significance of

Evaporites for Petroleum Exploration

Papers in this Volume

Topics

Overview of Contributions

Acknowledgements

file:///tmp/calibre_5.41.0_tmp_lcci3bc1/o3ydnvsc_pdf_out/OEBPS/cover.html


Part 1: Recent carbonate and

evaporite sediments

An historical review of the

Quaternary sedimentology of the Gulf

(Arabian/Persian Gulf) and its

geological impact

Introduction

The Tigris-Euphrates-Karun Delta

The Iranian Trough and its Sediments

The Arabian Shelf

Coastal Geomorphology and Facies Patterns

Summary of the Significance of the Arabian

Gulf Studies

Acknowledgements

Holocene geomorphology and recent

carbonate-evaporite sedimentation of

the coastal region of Abu Dhabi,

United Arab Emirates

Introduction

Geomorphological Features of the Abu

Dhabi Coastal Area

Marine Geomorphological Features

Major Marine Geomorphological Features

with Biological Affinities

Marine and Subaerially Formed

Geomorphological Features



Subaerial Geomorphological Features

Sediment Size, Composition and

Distribution Along the Coast

Conclusions

Acknowledgements

The impact of sea-level change on

ramp margin deposition: lessons from

the Holocene sabkhas of Abu Dhabi,

United Arab Emirates

Introduction

The Gulf Region Today

The Holocene of Abu Dhabi In A Sequence

Context

Conclusion

Acknowledgements

Holocene evolution of Arabian coastal

sabkhas: a re-evaluation based on

stable-isotope analysis, forty years

after Shearman's first view of the

sabkha

Introduction and Historical Perspective

A Comparison of the Arabian Gulf Sabkhas

Climatic Framework of Sabkhas in the

Arabian Gulf

The Hydrological Framework of the Sabkhas

and Evaporite Mineral Diagenesis: Stable

Isotope Analysis



Discussion and Conclusions

Acknowledgements

Interplay between Holocene

sedimentation and diagenesis, and

implications for hydrocarbon

exploitation: return to the sabkha of

Ras Umm Said, Qatar

Introduction

Study Area

Beachrock

Discussion and Conclusions

Acknowledgements

Facies stacking patterns in a modern

arid environment: a case study of the

Abu Dhabi sabkha in the vicinity of

Al-Qanatir Island, United Arab

Emirates

Introduction

General Setting

Methodology

Supratidal, Coastal Sabkha Environment:

Inner Sabkha, Landward of Stranded Beach

Ridges

Supratidal, Coastal Sabkha Environments:

Stranded Beach Ridges and Outer Sabkha,

Seaward of Stranded Beach Ridges



Intertidal, Microbial Mat Environments

Lowermost Intertidal to Shallow-Subtidal,

Peloid-Skeletal Tidal Flat Environment

Conclusions

Acknowledgements

Coastal and continental sabkhas of

Barr Al Hikman, Sultanate of Oman

Introduction

Methods

Sabkhas of Barr Al Hikman

Discussion

Conclusion

Acknowledgements

Coastal Holocene Carbonates of Abu

Dhabi, UAE: Depositional setting,

Sediment Distribution, and Role of

Cyanobacteria in Micritization

Introduction

Morphology of the Holocene Carbonates

Depositional Setting

Depositional Setting and Sediment

Distribution

Discussion

Conclusions

Engineering properties of the

carbonate sediments along the Abu



Dhabi coast, United Arab Emirates

Introduction

Geological Setting

Engineering Description and Classification

Geotechnical and Chemical Properties of

Sediments

Engineering Considerations

Conclusions

Acknowledgements

Appendix: Brief Explanation of Engineering

Terms Used

Documentation

Part 2: Geochemistry of recent

carbonate and evaporite

sediments

An historical odyssey: the origin of

solutes in the coastal sabkha of Abu

Dhabi, United Arab Emirates

Introduction

Hydrogeological Framework

Summary and Conclusions

Acknowledgements

Geochemistry and nature of organic

matter of the Pleistocene–Holocene



carbonate-evaporite sediments of Al-

Khiran, Southeastern Kuwait

Introduction

Methods of Study

Results and Discussion

Summary and conclusions

Acknowledgements

Halite, sulphates, sabkhat and

salinas of the coastal regions and

Sabkha Matti of Abu Dhabi, United

Arab Emirates

Introduction

Holocene Coastal Sabkhat

Holocene Sabkha Matti Evaporites

Pleistocene Gypsum

Miocene Gypsum

Conclusions

Acknowledgements

Distribution of organic matter in the

transgressive and regressive

Holocene sabkha sediments of Abu

Dhabi, United Arab Emirates

Introduction

Methods

Results

Discussion



Conclusions

Acknowledgements

The role of bacterial sulphate

Reduction in Carbonate Replacement

of Vanished Evaporites: Examples

from the Holocene, Jurassic and

Neoarchaean

Introduction

Discussion

Part 3: Ancient carbonates and

evaporites

Evaporitic source rocks: mesohaline

responses to cycles of “famine or

feast” in layered brines

Introduction

Metabolism in Producers and Consumers

Bioadaptations to Increasing Salinity

Layered Brines and Organic Signature

Organic Enrichment

Ancient Evaporitic Source Rocks

Conclusion

Glossary

Coupled Passive Extension and

Compression on Salt-Based Passive



Margins Analyzed by Physical Models

Introduction

Passive Margins and Gravitational

Structures

Modelling Passive Margins

Conclusions

Acknowledgements

Salt tectonics and structural styles of

the Western High Atlas and the

Intersecting Essaouira-Cap Tafelney

Segments of the Moroccan Atlantic

Margin

Introduction

Regional and Stratigraphic Framework

Discussion and Conclusions

Acknowledgements

Carbonates and evaporites of the

Upper Jurassic Arab Formation, Abu

Dhabi: a Petroleum Exploration

Challenge

Introduction

Stratigraphy

Environment of Deposition

Tectonic Activity

Seismic Interpretation

Hydrocarbon Generation and Accumulation



Potential Traps

Conclusions

Selenite facies in marine evaporites:

a review

Acknowledgements

Introduction

Selenite Crystals, Facies and Geochemistry

Preservation of Selenites as Pseudomorphs

Selenite Facies in Modern Environments

Selenite Facies in Ancient Environments

Conclusion

Acknowledgements

Index



Other publications of the

International Association of

Sedimentologists

SPECIAL PUBLICATIONS

42 Carbonate Systems During the Olicocene-

Miocene Climatic Transition

Edited by Maria Mutti, Werner E. Piller and Christian Betzler

2010, 304 pages, 154 illustrations

41 Perspectives in Carbonate Geology

A Tribute to the Career of Robert Nathan Ginsburg

Edited by Peter K. Swart, Gregor P. Eberli and Judith A.

McKenzie

2009, 387 pages, 230 illustrations

40 Analogue and Numerical Modelling of

Sedimentary Systems

From Understanding to Prediction

Edited by P. de Boer, G. Postma, K. van der Zwan, P.

Burgess and P. Kukla

2008, 336 pages, 172 illustrations

39 Glacial Sedimentary Processes and Products

Edited by M.J. Hambrey, P. Christoffersen, N.F.

Glasser and B. Hubbard

2007, 416 pages, 181 illustrations

38 Sedimentary Processes, Environments and Basins

A Tribute to Peter Friend

Edited by G. Nichols, E. Williams and C. Paola

2007, 648 pages, 329 illustrations

37 Continental Margin Sedimentation

From Sediment Transport to Sequence Stratigraphy



Edited by C.A. Nittrouer, J.A. Austin, M.E. Field, J.H. Kravitz,

J.P.M. Syvitski and P.L. Wiberg

2007, 549 pages, 178 illustrations

36 Braided Rivers

Process, Deposits, Ecology and Management

Edited by G.H. Sambrook Smith, J.L. Best, C.S.

Bristow and G.E. Petts

2006, 390 pages, 197 illustrations

35 Fluvial Sedimentology VII

Edited by M.D. Blum, S.B. Marriott and S.F.

Leclair 2005, 589 pages, 319 illustrations

34 Clay Mineral Cements in Sandstones

Edited by R.H. Worden and S. Morad

2003, 512 pages, 246 illustrations

33 Precambrian Sedimentary Environments

A Modern Approach to Ancient Depositional Systems

Edited by W. Altermann and P.L. Corcoran

2002, 464 pages, 194 illustrations

32 Flood and Megaflood Processes and Deposits

Recent and Ancient Examples

Edited by I.P. Martini, V.R. Baker and G. Garzoen

2002, 320 pages, 281 illustrations

31 Particulate Gravity Currents

Edited by W.D. McCaffrey, B.C. Kneller and J. Peakall 2001,

320 pages, 222 illustrations

30 Volcaniclastic Sedimentation in Lacustrine

Settings

Edited by J.D.L. White and N.R. Riggs

2001, 312 pages, 155 illustrations

29 Quartz Cementation in Sandstones

Edited by R.H. Worden and S. Morad

2000, 352 pages, 231 illustrations

28 Fluvial Sedimentology VI



Edited by N.D. Smith and J. Rogers

1999, 328 pages, 280 illustrations

27 Palaeoweathering, Palaeosurfaces and Related

Continental Deposits

Edited by M. Thiry and R. Simon Coinçcon

1999, 408 pages, 238 illustrations

26 Carbonate Cementation in Sandstones

Edited by S. Morad

1998, 576 pages, 297 illustrations

25 Reefs and Carbonate Platforms in the Pacific and

Indian Oceans

Edited by G.F. Camoin and P.J. Davies

1998, 336 pages, 170 illustrations

24 Tidal Signatures in Modern and Ancient

Sediments

Edited by B.W. Flemming and A. Bartholomä

1995, 368 pages, 259 illustrations

23 Carbonate Mud-mounds

Their Origin and Evolution

Edited by C.L.V. Monty, D.W.J. Bosence, P.H.

Bridges and B.R. Pratt

1995, 543 pages, 330 illustrations

REPRINT SERIES

4 Sandstone Diagenesis: Recent and Ancient

Edited by S.D. Burley and R.H. Worden

2003, 648 pages, 223 illustrations

3 Deep-water Turbidite Systems

Edited by D.A.V. Stow

1992, 479 pages, 278 illustrations

2 Calcretes

Edited by V.P. Wright and M.E. Tucker

1991, 360 pages, 190 illustrations





This edition first published 2011 © 2011 by International

Association of Sedimentologists

Blackwell Publishing was acquired by John Wiley & Sons in

February 2007. Blackwells publishing program has been

merged with Wileys global Scientific, Technical and Medical

business to form Wiley-Blackwell.

Registered office: John Wiley & Sons Ltd, The Atrium,

Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial offices: 9600 Garsington Road, Oxford, OX4 2DQ,

UK

For details of our global editorial offices, for customer

services and for information abouthow to apply for

permission to reuse the copyright material in this book

please see our website at www.wiley.com/wiley-blackwell.

The right of the author to be identified as the author of this

work has been asserted in accordance with the UK

Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be

reproduced, stored in a retrieval system, or transmitted, in

any form or by any means, electronic, mechanical,

photocopying, recording or otherwise, except as permitted

by the UK Copyright, Designs and Patents Act 1988, without

the prior permission of the publisher.

Designations used by companies to distinguish their

products are often claimed as trademarks. All brand names

and product names used in this book are trade names,

service marks, trademarks or registered trademarks of their

respective owners. The publisher is not associated with any

product or vendor mentioned in this book. This publication is

designed to provide accurate and authoritative information

in regard to the subject matter covered. It is sold on the

understanding that the publisher is not engaged in

rendering professional services. If professional advice or

http://www.wiley.com/wiley-blackwell


other expert assistance is required, the services of a

competent professional should be sought.

Library of Congress Cataloging-in-Publication Data

Quaternary carbonate and evaporite sedimentary facies and

their ancient analogues : a tribute to Douglas James

Shearman / edited by Christopher G.

St. C. Kendall and Abdulrahman Alsharhan.

p. cm. (Special publication; no. 43)

Includes bibliographical references and index.

ISBN 978-1-4443-3910-9 (hardback)

1. Carbonate rocks—Persian Gulf Coast (Persian Gulf States)

2. Evaporites—Persian Gulf Coast (Persian Gulf States)

3. Facies (Geology)—Persian Gulf Coast (Persian Gulf States)

4. Geology, Stratigraphic—Quaternary. I. Shearman, Douglas

James, 1918–2003. II. Kendall, Christopher G. St. C. III.

Alsharhan, A. S.

QE471.15.C3Q38 2010

552'.58–dc22

2010040513

A catalogue record for this book is available from the British

Library.

This book is published in the following electronic formats:

ePDF 9781444392302; ePub 9781444392319



Douglas James Shearman (1918–2003): Father of the sabkha

model



Douglas James Shearman

(1918–2003): “The Father of the

sabkha model”

This volume is dedicated to the late Professor Douglas

Shearman, who is best remembered for his outstanding

research contributions to unravelling the nature and origin

of the sabkha evaporites of the United Arab Emirates, and

his recognition that these were probably analogues for

many ancient evaporite sequences.

Douglas James Shearman (Figs. 1 and 2) was an amazingly

perceptive and innovative geologist who showed remarkable

courage and determination to proselytise his views, both to

the geological community and to any others who crossed his

path. He was renowned for his all-embracing bursts of

enthusiasm for the latest subject that had caught his

attention. He would drag academics, students and even

cleaners into his room and lecture them on problems they

never knew existed.

Figure 1 Douglas Shearman examining a section revealing

anhydrite showing a dish-form just beneath the surface of

the sabkha, Abu Dhabi, 1964 photograph courtesy of

Christopher G. St.C. Kendall



Figure 2 Douglas Shearman recounting one of his many

adventures to, as always, an attentive and amused

audience. Christopher G. St.C. Kendall fourth, and Abdullah

Al-Zamel fifth from left. Kuwait 1986 photograph courtesy of

Professor Claudio Vita-Finzi

Douglas was born in Isleworth on 2 July 1918. Before the

Second World War, he trained and worked as a post-office

engineer. His war service was as a radio operator on a

minesweeper on the Arctic convoys to Russia with the

British Royal Navy. He waxed eloquently on epic hours

chipping ice off radio aerials. His interest in geology was

triggered by meeting a soldier and a terebratulid in the

Dover NAAFI canteen. After the war he graduated from

Chelsea Polytechnic, that nursery of many famous

geologists, and obtained a post as Lecturer in

Sedimentology in the Geology department of Imperial

College, London, where he was to spend the rest of his

professional life.

Douglas spent his first eleven years in academe busily

studying the structural geology and geomorphology of North

Devon, UK. His research demonstrated that the en echelon

offset of the West Country granites was the result of series

of lateral crustal tears. This was to have been submitted for

a PhD, but the research was never completed. It was typical



of Shearman that this work was never written up, neither as

a thesis nor for wider publication; until a short paper

appeared in 1967. This habit of solving one geological

problem and leaving it unpublished to move on to another

typified his career. He worked as a consultant geologist a

great deal, particularly in south-east England but also in

Africa, where he worked on the Kariba dam site and in other

remote locations. In addition, he supervised research

students, unofficially, as he did not have a PhD and this

contravened the rules of the University of London for

supervisors at that time. These students' research work was

on diverse topics including: Carboniferous limestones and

turbidites, Jurassic limestones, Cretaceous sands, Holocene

intertidal-flat deposits and carbonates.

During these early years, he had little interest in

carbonates and evaporites. In fact he never lectured on the

latter in his courses to undergraduates, and the teaching

collection at Imperial contained only a few drawers of rather

dusty samples of rock salt and gypsum crystals. Douglas'

interest in carbonates started with the arrival in the

department of Derek Price, a mature student who worked on

the Yoredale carbonates of Yorkshire. It developed further

when Shearman became involved in the supervision of

some students engaged in a study of the Mesozoic

carbonates of the Jura Mountains, France, which had been

initiated and organized by Derek Ager. This led to a series of

papers on dedolomitization, a process that had hitherto not

been recorded as occurring in sedimentary rocks (Shearman

et al., 1961; Shearman & Shirmohammadi, 1969).

The study of carbonate rocks took up more and more of

his time with the initiation of a programme of research into

the Quaternary deposits of the Trucial Coast (now the United

Arab Emirates, UAE) in the early 1960s by the

sedimentology section of the Geology Department at

Imperial. At that time, the site now occupied by Abu Dhabi



City was a scorching coastal salt flat that extended for

several kilometres from land to sea, and the airport was a

bamboo “lean to” with a windsock. The opportunity to

investigate modern carbonates allowed him and his co-

workers to develop, and at times to confirm, suggestions

that they had made in earlier papers, on the basis of studies

of ancient carbonates, on limestone diagenesis (Skipwith &

Shearman, 1965; Evamy & Shearman, 1969; Shearman et

al., 1970).

His interest in evaporites, one which was to occupy every

moment of his later life, started when he realized that some

scattered crystals in the wash of a sample collected by

David Kinsman from the edge of the saline coastal plain (the

sabkha) were anhydrite. He immediately recognized the

significance of this discovery, and in the following years

pursued this discovery and its significance (Shearman,

1965, 1966). He and his co-workers P.R. Bush, G. Butler, G.

Evans, D.J.J. Kinsman, C.G. St.C. Kendall and Sir P.A.

d'Estoteville Skipwith, produced several papers describing

the now famous coastal sabkha evaporites of Abu Dhabi.

This stimulated Douglas into an investigation of various

ancient evaporite deposits: firstly, those of the Purbeck of

the Warlingham borehole in south-east England (Shearman,

1966), later with studies in Canada with J. Fuller on the

Middle Devonian Winnepegosis Formation (Shearman &

Fuller, 1969), and then more cursory studies on other

famous evaporite deposits of the geological column. He

never made a detailed study of any particular deposit

except the Winnepegosis. Instead, he merely picked the

plums which supported his growing conviction (which later

mellowed a little!) that all evaporites were probably of a

coastal plain origin! His lack of willingness to provide

detailed comprehensive descriptions of any succession led

to the remark of one of his assessors, when Douglas

attempted to obtain promotion to the status of Reader in



Geology in the University of London: “the trouble is,

Shearman, you have not produced a single major paper for

the Quarterly Journal of the Geological Society of London”.

Shearman had to wait several years for his promotion!

It is interesting to note that the discovery of modern

anhydrite produced little interest in the older establishment

of the British oil industry. One of these asked the writer:

“Why are you chaps wasting the Government's money

studying the sabkha and these coastal areas?” However,

younger members of the geological fraternity were

enthused by the discovery and its implications, as were

researchers in the Shell Oil Company, The Netherlands.

Shell had its own carbonate research group which included

Bruce Purser, A. Wells, V. Colter, P. Zeigler and Brian Evamy

(one of Shearman's former research students), as well as a

group of eminent American carbonate and evaporite

specialists, including James Wilson, E.A. “Gene” Shinn and

Raymond Murray. These scientists were very supportive, and

after a series of lectures by Shearman and the writer, gave

the Imperial group what was in those days, a handsome

donation to their research budget. The Trucial Coast project

had been funded originally by the Department of Science

and Industrial Research (now NERC) and Shell oil company

and was later supported by Socony-Mobil Dallas (Henry

Nelson and Volkmar Schmidt of that company participated

in the drilling of the first line across the sabkha plain that

revealed the history of the development of this interesting

feature).

In 1965, Shearman astounded the geological fraternity and

produced cries of disbelief from the gurus of the evaporites,

with his audacious claims that they had all misinterpreted

ancient evaporite deposits, and that the hypothesized

evaporating-dish origin of these was incorrect. Instead, he

suggested that the classical evaporite sequence, together

with its frequent replacement textures, was the result of the



deposition of a pile of carbonate-gypsum/anhydrite sabkha

sediments, and the subsequent upward expulsion of the

connate brines to produce mineralogical changes whilst

leaving the lower part unaltered. He developed this thesis in

his most famous paper (Shearman, 1966, and discussion,

1967) in which he introduced the term “sabkha measures”.

After a visit to Baja California, this was extended to include

layered halite deposits and their chevron-type habit; these,

he showed, were not indicative of deep water, thus

supporting the earlier conclusions of Holliday (1967). In

addition, he argued that individual salt layers did not always

represent annual layers, thus supporting the earlier denial

of this by Phleger (1969).

Douglas became intrigued, together with two Canadian

research students, by the evidence provided by gypsum

veins of hydraulic fracturing in the subsurface (Shearman et

al., 1972, 1973), and later by the changes of gypsum fabrics

during the exhumation of evaporitic rocks (Mossop &

Shearman, 1973). Acceptance of his theories was followed

by academic recognition. Shearman was awarded a DSc,

and then a personal Chair by the University of London

(1978). One of his final papers on sabkha evaporites was

written with his old friend and colleague Amanda

Gunatilaka, when he was a visiting professor in the

University of Kuwait. They described some laminated

gypsum-carbonate deposits from an ephemeral channel on

the sabkha (Gunatilaka & Shearman, 1988). It was an

attempt to answer some of his critics who claimed that he

had never demonstrated the presence of laminated

evaporites in an intertidal-supratidal setting.

Later, Douglas became fascinated by the curious mineral

ikaite (CaCO3·6H2O) and supervised work on this in the

Greenland fjords, as well as writing a review of the

occurrences of this mineral and its variously named

pseudomorphs (Shearman & Smith, 1985). Subsequently, he



and a colleague carried out some laboratory studies on the

formation of this mineral (Shaikh & Shearman, 1986). His

last episode of fieldwork was in the USA to examine the tufa

mounds of the Lake Lahotan and Mono Lake Basins, which

he and his co-workers claimed were originally formed of

ikaite but had later been replaced by calcite (Shearman et

al., 1989).

Whilst Shearman was not always the originator, rather

sometimes reviving interest in earlier ignored or forgotten

views, and was occasionally incorrect in some of his

suggestions on the origin of evaporites, he will always be

remembered for his persuasive skill as a teacher and

lecturer, with his beautifully drafted figures, and as the

initiator of the re-examination of these deposits. His impact

was considerable, and led to him being appointed as the

first Professor of Sedimentology at Imperial College in

(1978), and being awarded the Lyell Fund (1967), the Lyell

Medal (1984) and the Wollaston Medal (1997) of the

Geological Society of London, the Matson Award (1971) of

the American Association of Petroleum Geologists, and the

Geological Association of Canada Medal (1999). Above all,

he will always be remembered by former colleagues,

students and acquaintances for his unbounded enthusiasm

and skill as an articulate exponent of his views, and his

bottomless fund of entertaining stories of his escapades in

the Royal Navy during the Second World War, and others

from his earlier travels.

As his old student Dick Selley remarked “an account of

Shearman's academic achievements tells little of his

character. He was unforgettable, eccentric, charming,

frustrating to administrators who required forms filled in.

Generations of students worshipped him. He had a special

soft spot for overseas students. Shearman had a puckish

sense of humour, a delight in practical jokes, and an ability

to attract unforeseen events. When wrongly convicted of



some naval misdemeanour he was set to paint the ship's

funnel. This he did - complete with black swastika. The

Israeli army shot up his tent when he was working for the

UN looking for water in Jordan. Fortunately he was out at the

time.”

Further and more detailed information on Douglas

Shearman's life and people's appreciation of him can be

found in Bush (2003), Evans (2003, 2005) and Selley (2003).

Graham Evans

National Oceanography Centre, Southampton, UK, and

formerly of Imperial College, London, UK.
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