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Letter From the Editors:

Welcome back to the Ichnology Newsletter! For starters, Shahin and I are pleased to present the IN in its new digital
format. We have chosen to “go digital” to make the newsletter more widely available and thereby fan the flames of
ichnointerest. This essentially eliminates production costs and may permit timely circulation of the IN.

For starters we thank Andrew K. Rindsberg and Alfred Uchman for continuing to provide to us the Ichnology
Bibliography. It remains the most useful component of the newsletter and we are sincerely glad we DON’T have to
compile all of the new ichnological references.

Volume 27 is the first issue of the IN since 2004. Since that time several ichnologists have changed their place
of employment. From a Canadian point-of-view, which Shahin and I naturally take, we are especially pleased to
welcome Luis Buatois, Stephen Hubbard, Gabriela Mangano, and Duncan Mcllroy to the land of the maple leaf.

Sadly Roland Goldring, the senior British ichnologist, died on August 30th 2005. This issue is dedicated to his
memory and we report on Biotic — Sediment Interactions, a symposium held in memory of Roland Goldring
(organised by Dan Bosence, Peter Allison and Heather Browning) at the University of Reading in July, 2006. The
entire community misses Roland’s kind manner, quick humor and scientific acumen.

As you will see in this volume, ichnology as a science continues to grow in new directions. Microichnology, reservoir
ichnology, and continental ichnology are persistent areas of growth. Also paleoecological analysis and ichnological
taxonomy continue to thrive as applied and growing subdisciplines within ichnology. More and more sedimentology
and ichnology are seen as extremely complimentary and sedimentologists the world over are more knowledgable of
ichnology than ever before. Ichnology has come a long ways.

You will notice that the new IN is a little more photo-heavy than earlier issues. The new format permits us easy sharing
of colour images, so why not? We would also love to include more whimsy material, ESPECIALLY ichnopoetry:
please help. To those of you who contributed to this volume, we thank you for helping us present a mosaic of current
research and events in the ichnological community. To those of you who read the IN, thank you for supporting this
endeavor and please consider submitting your own article, event, or research update for next time. Issue 28 will
arrive in the fall of 2007.

Our Best Regards

Murray Gingras and Shahin Dashtgard




REMEMBERING ROLAND GOLDRING
(1928 — 2005) by John Pollard

The ichnological community worldwide was shocked
and saddened by the sudden death of Roland Goldring
on August 30" 2005 from a heart attack while cycling in
Reading. For over 50 years Roland had researched and
published in the fields of palacontology, sedimentology,
taphonomy and ichnology at localities in many countries
on rocks from Precambrian to Pleistocene in age.

Roland was born in London on June 28" 1928, but grew up
in the North Devon coastal town of Westward Ho! near the
Devonian and Lower Carboniferous rocks on which he later
began his research! After schooling in London and post-war
army service, Roland initially trained as an architect for a
year, perhaps developing his drafting skills so evident in
his distinctive and clear line drawings! He entered Bristol
University in 1949, graduating with an Honours B.Sc. in
Geology in 1952 and proceeded to Ph.D. research (1952
—1955) on palaeontology and stratigraphy of the Devonian
and Carboniferous rocks of the North Devon coast under
the supervision of Professor Scott Simpson. In 1955-56
Roland held a post-doctoral research associateship jointly
between universities of Bristol and Frankfurt am Main.
As a rare British worker in Germany at that time he met
many of the leaders of the research schools at Frankfurt and
Wilhelmshaven, such as Rudolf Richter, Walter Hantzschel,
Wilhelm Schifer, and younger workers Dolf Seilacher and
Hans-Eric Reineck, becoming familiar with the new concepts
of sedimentology, aktuogeology and aktuopalacontology.
Much of Roland’s early palaecontological work on Upper
Devonian and Lower Carboniferous trilobites and
brachiopods was published in German journals and later in
the early issues of Palaeontology.

In 1956 Roland took up the post of assistant lecturer at
St Andrew’s University, Scotland, then in 1959 he was
appointed to a lectureship at Reading University. The
Geology Department there was well established and under
the leadership of Professor Percy Allen, who developed the
new field of sedimentology and in 1962 new sedimentology
laboratories were opened at Reading as the Postgraduate
Research Institute of Sedimentology (P.R.I.S.) with oil
company sponsorship. Roland’s research and teaching
interests fitted in well with this environment and in 1962
he published his first paper on ichnology, “Trace fossils of
the Baggy Beds of North Devon” which became a classic
much cited study as it combined the use of trace fossils with
sedimentology of shallow marine sandstones. He continued
to research these fields for the next four decades. At the
opening of P.R.I.S Roland invited Dolf Seilacher to give
an inaugural address on his scheme of ichnofacies and also
a subsequent lecture to the Palacontological Association
at the Geological Society on the behaviour of trilobites
deduced from trace fossils to a fascinated audience! This
had a major impact on the introduction of trace fossils to
British palacontologists (See Ichnology Newsletter 22, 40-
45).

During the 1960s Roland continued to research and publish
on trace fossils and shallow marine sandstones, visiting
Australia to examine the Ediacara Series and making a
collection of fossils which is still being researched today.
Roland’s interest on use of trace fossils in Precambrian/
Cambrian boundary studies continued into 1990s in
Charnwood Forest, U.K. and Mongolia! Ichnology and
sedimentology papers varied from reviews on deltaic
and shallow marine deposits to limulid undertracks and
burrowing of Micraster in the Chalk presented at the First
International Trace Fossil Meeting, Liverpool 1970, and
published in the landmark volume 7race Fossils. In 1969
Roland visited the U.S.S.R. for six weeks on behalf of the
Royal Society to meet Professor R.F. Hecker and report
on the state of palacontology and sedimentology in the
U.S.S.R. He was one of the first British geologists to visit
Russia in that part of the cold war period.

In 1971 Roland’s classic Geological Society Memoir
5 (81pp.) on “Sedimentology of the Baggy Beds” was
published. During the 1970s his research fields broadened,
as although he continued some work on Devonian rocks and
trace fossils including hardgrounds in Russia and Poland
and storm deposits in Germany, Devon and New York
State, U.S.A., he moved into the study of Tertiary estuarine
sedimentation and ichnofaunas in southern England with
his students at P.R.1.S. In this decade he received the Lyell
Fund of the Geological Society (1970), served for nine
years as an editor of Palaeontology (1966 -1975) and Vice-
President of the Palaeontological Association (1973-75).

In 1980 Roland organised a very successful Review Seminar
for the Palacontological Association on trace fossils (marine
— Crimes; hardgrounds — Goldring; nonmarine — Pollard)
which raised the profile of ichnology in the U.K. As well
as joint papers on ichnology of flysch and event beds in
early 1980s, Roland applied his technique of studying
trace fossils cut in vertical section, first used in analysis of
Diplocaterion yoyo from the Baggy Beds, to the origin of
Cruziana. He clearly demonstrated the intra- stratal origin
of many Ordovician examples.

For much of the 1980s Roland was preparing his textbook
Fossils in the Field (1991), writing, drafting, trying out
field and laboratory exercises with his students. This book,
which presented his unique perspectives on integration of
fossils and sediments, taphonomy, careful field analysis
and application of fossil data, was initially commissioned
for a series of Geological Society Field Handbooks, but
once written was rejected as “ not true palacontology”!
Undaunted, Roland found another publisher with such
success that a second edition was needed only eight years
later (1999).

By the late 1980s Roland’s reputation as an ichnologist
and sedimentologist led to him becoming involved in the
analysis of trace fossils and bioturbation in the wealth
of hydrocarbon cores obtained from North Sea oilfields
and preparation of an atlas of ichnofabrics of the Fulmar
Formation for a major oil company. This fed his enthusiasm
for ichnofabric analysis and development of such new



techniques as the “ichnofabric constituent diagram” (I.C.D.)
and a series of papers and presentations at symposia. Roland
organised several trace fossil symposia (Palacontological
Association, Reading 1980; International Palaeoecological
Congress, Lyons 1983; Lyell Meeting, London 1992) and he
attended most of the International Ichnofabric Workshops
between 1991 — 2003 (See photograph).

Despite his retirement from his academic post as Reader in
Geology at University of Reading in 1993 Roland remained
there as a Research Fellow, extremely enthusiastic and
active in ichnology. In total he published 28 papers in 1990s,
including ichnology of Mesozoic and Tertiary rocks in
England, Precambrian/Cambrian of Mongolia, nonmarine
Jurassic of China and Cenozoic of Malta. He also developed
and applied his teaching skills and the uses of ichnofabric
analysis, particularly assisting in short courses taught to
the oil industry in U.K., France, Norway and even Saudi
Arabia. This unabated enthusiasm continued into the 21%
century with a further 14 papers published between 2000-
2006, including 7 papers in press at the time of his death.
The respect, esteem and affection in which Roland is held
by the ichnological community is reflected in the dedication
to his memory of the forthcoming book on state of the art
of ichnology entitled “Trace fossils: concepts, problems
and prospects” (Editor William Miller, Elsevier 2007). It
contains two chapters he co-authored.

Roland Goldring will be remembered by all as a quiet,
loyal friend, especially interested and helpful in the work
and ideas of others, be they senior colleagues or new
or overseas students. Just a couple of years ago he saw
through the press a paper on a submarine slide in Devonian
rocks of North Devon, which he had assembled from the
thesis of a deceased Ph. D. student and co-worker now in
Far East. His devotion to the rocks of North Devon never
ceased and he had planned to take a field excursion there in
September 2005.

The legacy of more than 80 papers, published over five
decades truly reflects Roland’s original perspectives
and often inspired contributions to diverse topics in
fossil- sediment relationships, especially in the field. We
greatly miss his idiosyncratic ways and wise counsel
but are most grateful for his friendship and scientific
contributions, as expressed by participants at the Goldring
Memorial Symposium “Biotic — Sediment Interactions”
held at Reading University in July 2006 and subsequent
publication.

John E. Pollard

School of Earth, Atmospheric and Environmental Sciences,
University of Manchester, Manchester M13 9PL, UK

Roland (2nd left) relaxing with Tony Ekdale, Tom
Mason, Jim Buckman at International Ichnofabric
Workshop Il July 1995, Limensgade Mill, Born-
hom, Denmark. (Roland is wearing the ‘detest-
ed’(!) workshop T-shirt over his white shirt with
sleeves rolled up, his individual style!)”



Between July 20 and 28, 2006 Biotic — Sediment
Interactions: A symposium in memory of Roland
Goldring (1928-2005) was enjoyed by several of
Roland’s colleagues, protégés, and admirers. It was a
superb meeting with many fascinating talks. All of the
speakers shared a memory of Roland with each talk, so
it was a very poignant get together.

The meeting was organised by Dan Bosence, Peter
Allison and Heather Browning and held at the University
of Reading. The meeting was sponsored by Ichron, The
Palaecontological Association and BG Group.

The proceedings were as follows with a field trip
to see Cretaceous rocks of the Weald, SE England
held at the end of the meeting.

Clive McCann: Roland Goldring; a personal
appreciation

John Pollard: Roland Goldring; His scientific
contributions

Biomats, biofilms, and bioglue as preservational
agents for arthropod trackways; Dolf Seilacher

Early Animal Evolution and Palaeoecology: Across the
Great Divide; David Bottjer

When lines begin to blur: evidence from the Precambrian
fossil Dickinsonia; Jonathan Antcliffe & Martin Brasier

The earliest small shelly fossils preserved in a Lower
Cambrian pyrite lagerstétte; Richard Callow, & Martin
D. Brasier

Taphonomic windows and molluscan preservation; Paul
Wright, James Wheeley & Lesley Cherns

Community preservation and fidelity of facies in present-
day, peritidal skeletal carbonates, South Florida, Dan
Bosence

Quaternary highstand carbonates from Western Australia:
shoreline and reefal facies; Maurice Tucker

Biogenic Chaos: The preservation of sedimentary
structures; S. George Pemberton, James A. MacEachern,
Murray K. Gingras, & Thomas D.A. Saunders

Landscape ecology of the Skolithos piperock:
pseudofractals as estimators of ecospace disturbance and
metapopulation dynamics; Carlos Neto de Carvalho &
Mario Cachdo

How Fast do invertebrates burrow? Murray Gingras, S.
George Pemberton, Shahin Dashtgard, & Lynn Dafoe

Ammonite Lagerstatten and eustatic sea-level rises in
the Lias of southern UK and beyond, Peter A. Allison,
Carl E. Brett, Christopher R. C. Paul & Kevin Page

Seafloor erosional processes as recorded in ammonite
filled guttercasts from the Early Jurassic, Blue Lias
Formation (central England); Jonathan D. Radley

Ophiomorpha irregulaire, Mesozoic trace fossil that is
either well understood and rare in outcrop, or poorly
understood but common in core? Richard Bromley &
Gunver K. Pedersen

Modes of preservation of spatangoid burrows with
special emphasis on intensely-bioturbated Bichordites
ichnofabrics in the Bateig Calcarenites (Miocene, SE
Spain; Jordi M. de Gibert

Age and Origin of Maltese hardgrounds and firmgrounds;
Michal Gruszczynski, Max Coleman, Roland Goldring,
Jim Marshall & Elzbieta Gazdzicka

Linking trace-making biota and palacosols to processes
that control organism behaviour and environmental
variability: Ichnopedologic associations and the
continental realm; Stephen T. Hasiotis

New arthropod trace fossils from the Westphalian rocks
of Lancashire, UK.; John Pollard, Paul Selden & Stephen
Watts.

An integrated sedimentological and ichnological
analysis of an arenaceous unit in the Mercia Mudstone
Group, east Devon, U.K; Richard J. Porter & Ramues
W. Gallois

Preservation of a new species of silky lacewing (Insecta:
Neuroptera: Psychopsidae) from the English Wealden
(Early Cretaceous) with a critical review of other fossils
referable to this family, Edmund A. Jarzembowski and
Viadimir N. Makarkin



John Pollard also contributed the following
publication list for Roland Goldring. It is an
amazing list that shows well the range of his
work:

1952 Goldring, R. Geological maps of North Devon and West
Somerset. Proceedings of the Bristol Naturalists’ Society, 28,
351-353.

1955 Goldring, R. The Upper Devonian and Lower
Carboniferous trilobites of the Pilton Beds in North Devon, with
an Appendix on goniatites of the Pilton Beds. Senckenbergiana
Lethaea, 36, 27-48.

1955 Goldring, R. Some notes on the cardinal process in the
Productidae. Geological Magazine, 92, 402-412.

1957 Goldring, R. The last toothed Productellinae in Europe.
Palédontologisches Zeitschrift, 31, 207-228.

1957 Goldring, R., Stubblefield, C.J. Brachymetopus
(Brachymetopus) and B. (Brachymetopina) (Trilobita, Devonian
to Upper Carboniferous). Geological Magazine, 94, 421-424.

1957 Goldring, R. Pseudophillipsia (Tril.) from the Permian
(or Uralian) of Oman, Arabia. Senckenbergiana Lethaea, 38,
195-210.

1958 Goldring,R. Lower Tournaisian trilobites in the
Carboniferous Limestone facies of the south-west province of
Great Britain and of Belgium. Palaeontology, 1, 231-244.

1960 Amos, A.J., Campbell, K.S.W., Goldring, R.
Australosutura gen.nov. (Trilobita) from the Carboniferous of
Australia and Argentina. Palaeontology, 3, 227-236.

1962 Goldring, R. The Bathyal Lull: Upper Devonian and Lower
Carboniferous sedimentation in the Variscan Geosyncline. In:
Simpson, S. (ed.) Some aspects of the Variscan Fold Belt,
Manchester University Press, 75-91.

1962 Goldring,R. The trace fossils of the Baggy Beds (Upper
Devonian) of North Devon, England. Paldontologisches
Zeitschrift, 36, 232-251.

1963 Goldring, R., Eagar, S.H., Sarjeant, W.A.S. Tree-rafted
Chalk fragments from the London Clay. The Reading Naturalist,
15, 30-31.

1964 Goldring, R. Trace-fossils and the sedimentary
surface in shallow-water marine sediments. /n: Van Straaten,
L.M.J.U. (ed.) Deltaic and shallow marine deposits, Elsevier,
Amsterdam, 136-143.

1965 Goldring, R. Sediments into Rock, New Scientist, 863-
865.

1966 Goldring, R. Sandstones of sublittoral (neritic) facies.
Nature, London, 210, 1248-1249.

1967 Goldring, R. Cyclus martinensis sp. nov. (Crustacea) from
the Upper Visean of the Mendip Hills, England. Palaeontology,
10, 317-321.

1967 Goldring, R., Curnow, C.N. The stratigraphy and facies
of the late Precambrian at Ediacara, South Australia. Journal

of the Geological Society of Australia, 14, 195-214.

1967 Cowie, J.W., Dean, W.T., Goldring, R., Rolfe, W.D.I.,
Rushton, AW.A., Temple, J.T., Tripp, R.P. Arthropoda:
Proarthropoda and Trilobitomorpha. In: Hughes, N.F. (ed.) The
Fossil Record, Geological Society of London, 479-497.

1967 Downie, C., Fisher, D.W., Goldring, R., Rhodes,
F.H.T. Miscellanea. In: Hughes, N.F. (ed.) The Fossil Record,
Geological Society of London, 613-626.

1967 Goldring, R. The significance of certain trace-fossil
ranges. In: Hughes, N.F. (ed.) The Fossil Record, Geological
Society of London, 37-39.

1968 Goldring, R., House, M.R., Selwood, E.B., Simpson, S.,
Lambert, R.St.J. Devonian of Southern Britain. /n: Oswald,
D.H. (ed). Devonian of the World. International Symposium
Devonian System, Calgary. 1967, 1-14.

1969  Goldring, R. Criteria for recognizing Pre-Cambrian
Fossils. Nature, 223, 1076.

1969 Goldring, R. Evolution in environments. New Scientist,
44, 141-143.

1970  Goldring, R. The stratigraphy about the Devonian-
Carboniferous boundary in the Barnstaple area of North
Devon, England. In: Stubblefield, C.J. (ed.) Compte Rendu 6e
Congres Internationale Stratigraphique Carbonifere, Sheffield,
1967. 2, 807-816.

1970 Goldring, R., Stephenson, D.G. Did Micraster burrow?
In: Crimes, T.P. & Harper, J.C. (eds.) Trace Fossils , Seel House
Press, Liverpool, 179-184.

1971 Goldring, R. Evolution in Environments. In: Gass, I.G.
(ed.) Understanding the Earth, Artemis Press, 157-161.

1971 Goldring, R. Shallow-water sedimentation as illustrated
in the Upper Devonian Baggy Beds. Memoir of the Geological
Society of London, 5, 1-88, 12 plates.

1971 Goldring, R., Seilacher, A. Limulid undertracks and their
sedimentological implications. Neues Jahrbuch flir Geologie
und Paldontologie, Abhandlungen, 37, 422-442.

1972 Goldring, R., Stephenson, D.G. The depositional
environments of three Starfish Beds. Neues Jahrbuch fiir
Geologie und Paldontologie, Monatsheft, Jahrgang 1972, 611-
624.

1973 Goldring, R., Bridges, P. Sublittoral Sheet Sandstones.
Journal of Sedimentary Petrology, 43, 736-747.

1974  Goldring,R., Kazmierczak, J. Ecological succession
in intraformational hardground formation. Palaeontology, 17,
949-962.

1978 Kazmierczak, J., Goldring, R. Subtidal flat-pebble
conglomerate from the Upper Devonian of Poland: a
multiprovenant high-energy product. Geological Magazine,
115, 359-366.

1978 Goldring, R., Bosence, D.W.J., Blake, T. Estuarine
sedimentation in the Eocene of southern England.



Sedimentology, 25, 861-876.

1978 Goldring, R., Tunbridge, I.P., Whitaker, A., Williams, B.J.
‘Baggy Sandstones’, North Devon. In: Scrutton, C.T. (ed.)
Field Guide to selected areas of the Devonian of South-West
England. International Symposium on the Devonian System
(P.A.D.S.78) September 1978, 21-25.

1979 Goldring, R., Langenstrassen, F. Open shelf and
near-shore clastic facies in the Devonian. Special Papers in
Palaeontology, 23, 81-97.

1981 Crimes, T.P., Goldring, R, Homewood, P., Van
Stuijvenberg, J., Winkler, W. Trace fossil assemblages of deep-
sea fan deposits, Gurnigel and Schlieren flysch (Cretaceous-
Eocene), Switzerland. Eclogae geologica Helvetica, 74, 953-
995.

1982 Goldring, R., Aigner, T. Scour and fill: the significance
of event separation. In: Einsele, G., Seilacher, A. (eds.) Cyclic
and event sedimentation. Springer, 354-382.

1985 Goldring, R. The formation of the trace fossil Cruziana.
Geological Magazine, 122, 65 -72.

1985 Goldring, R. Fossil Lagerstatten. Philosophical
Transactions of the Royal Society, London, B 311, 25-26.

1987 Bland, B.H., Evans, G, Goldring, R. Mourant, A.E.,
Renouf, J.T., Squire, J.T. Supposed Precambrian trace fossils
from Jersey, Channel Islands, Geological Magazine, 124,
173.

1987 Goldring, R., Ali, O.E. Corallian reefs, Stanford Quarry,
Oxfordshire. In: Riding, R.(ed.). Excursion Guide to 4th
International Symposium on Fossil Algae, Cardiff, July 1987.

1988 Goldring, R., Pollard, J.E. Atlas of Trace Fossils and
Ichnofabric Analysis of the Fulmar Formation in the Central
North Sea. 2 volumes, 54 plates. (For Shell UK Exploration
and Production , London).

1990 Goldring, R. Excursion B. Sedimentology of Aptian
(Lower Cretaceous) deposits of the Faringdon - Baulking
Trough. In:Allen J.R.L. (ed.). Excursion guide B.S.R.G. Annual
Meeting, Reading, December 1990, 23-29.

1991 Goldring, R., Pollard, J.E., Taylor, A.M. Anconichnus
horizontalis: a pervasive ichnofabric-forming trace fossil in
post-Palaeozoic offshore siliciclastic facies. Palaios, 6, 250 -
263.

1991 Goldring, R. Fossils in the Field: information potential
and analysis: Longman, 204 pp.

1991 Stewart,, D.J., Ruffell, A., Wach, G., Goldring, R.
Lagoonal sedimentation and fluctuating salinities in the Vectis
Formation (Wealden Group), Lower Cretaceous) of the Isle
of Wight, southern England, Sedimentary Geology, 72, 117-
134.

1991 Crane, P.R., Goldring, R. The Reading Formation (late
Palaeocene to early Eocene) at Cold Ash and Pincent’s Kiln
(Berks.) in the western London Basin. Tertiary Research, 12,
147-158.

1992 Frey, R.W., Goldring, R. Marine event beds and
recolonization surfaces. Geological Magazine, 129, 325-335.

1992 Bromley, R.G., Goldring, R. The palaeoburrows at
the Cretaceous to Palaeocene firmground unconformity in
southern England. Tertiary Research, 13, 95-102.

1992 Goldring, R., Pollard, J.E.,Taylor, A.M. Sedimentology
and ichnology of the shallow marine Barton Group (Eocene)
at Hengistbury Head and Barton on Sea. In: Kemp A. (ed.)
Excursion Guide B.S.R.G. Annual Meeting, Southampton
1992, 53-65.

1993  Goldring, R.
Palaios, 8, 403-405.

1993 Pollard, J.E., Goldring, R., Buck, S.G. Ichnofabrics
containing Ophiomorpha: significance in shallow-water facies
interpretation. Journal of the Geological Society, London, 150,
149-164.

Ichnofacies and facies interpretation.

1993 Goldring, R., Pollard, J.E. Organisms and sediments:
relationships and applications, Journal of the Geological
Society, London, 150, 137-140.

1993 Taylor, A.M., Goldring, R. Description and analysis of
bioturbation and ichnofabric. Journal of the Geological Society,
London, 150, 141-148.

1995 Goldring, R. Organisms and the substrate: response
and effect. In: Bosence, D.W.J., Allison P.A. (eds.) Marine
Palaeoenvironmental Analysis from Fossils. Geological Society
Special Publication 83, 151-180

1995 Goldring, R., Pollard, J.E. Are-evaluation of Ophiomorpha
burrows in the Wealden Group (Lower Cretaceous) of southern
England. Cretaceous Research, 16, 665-680.

1995 Goldring, R., Bland. B.H. Teichichnus Seilacher 1955 and
other trace fossils (Cambrian?) from the Charnian of Central
England. Neues Jahrbuch fiir Geologie und Paldontologie,
Abhandlungen 195, 5-23

1996 Goldring, R. The sedimentological significance of
concentrically laminated burrows from Lower Cretaceous Ca-
bentonites, Oxfordshire. Journal of the Geological Society,
London, 153, 255-263.

1996 Goldring, R., Jensen, S. Trace fossils and biofabrics
at the Precambrian-Cambrian boundary interval in Western
Mongolia. Geological Magazine, 133, 403-415

1996  Goldring, R., Kelly, S. Trace Fossils meeting, Field
programme. Geologists’ Association and Oxford Brooks
University, June 8, 1996. 13pp.

1996 Goldring, R., Pollard, J.E. Ichnotaxonomic revision and
the importance of type material. Palaeontological Association
Newsletter, 31, 7-8.

1996 Lindsay, J. F., Brasier, M. D., Dorjnamjaa, D., Goldring,
R., Kruse P. D., Wood R. A. Facies and sequence controls
on appearance of Cambrian biota in southwestern Mongolia:
implications for Precambrian/ Cambrian boundary. Geological
Magazine, 133, 417-428.



1996  Seilacher, A., Goldring, R. Class Psammocorallia
(Coelenterata, Vendian - Ordovician): recognition, systematics,
and distribution. GFF, 118, 207-216.

1997 Goldring, R., Pollard, J.E., Taylor, A.M. Naming Trace
Fossils. Geological Magazine, 134, 265-268.

1998 Goldring, R., Astin, T.R., Marshall, J.A.E., Gabbott, S.,
Jenkins C.D. Towards an integrated study of the depositional
environment of the Bencliff Grit (Upper Jurassic) of Dorset. In:
Underhill, J.R. (ed.) Development, Evolution and Petroleum
Geology of the Wessex Basin. Geological Society Special
Publication, 133, 355-372.

1998 Goldring, R., Layer, M.G., Magyari, A., Polatas, K., Dexter,
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RESEARCH ARTICLES

Coprolites From Portugal: A Synthesis With The
Report Of New Findings

C. Neto de Carvalho and Carlos Farinha

“They keep the typical form of excrements...but don t stink.”
Carlos Teixeira (1978)

Abstract

The coprological contents from the Portuguese
fossil record are analysed to assess their utility in
palaeobiological, palaeoecologicalandsedimentological
applications. The scatological specimens, comprising
sparse occurrences from the Ordovician to the Holocene,
were critically inventoried and described within their
stratigraphic setting. New coprolites are identified whose
morphological signature is compared to theropods,
selachians and other indeterminate vertebrates.

Introduction

The statement above, made by one of the most influent
Portuguese palacontologist and geologist, Carlos
Teixeira, shows the playful or worse, indifferent way
Coprology (an Ichnological subdiscipline) has been
treated in Portuguese palacontological studies. This
treatment dates back to 1742 and the early work Traité
des pétrifications from Bouguet and Cortier. Worldwide
however, the recognition and study of fossilized
faeces in the global stratigraphic record has increased
significantly since the work of Buckland (1823). It is
only recently that Coprology has received renewed
interest in Portugal, with the works of Bronnimann
(1976), Schweigert et al. (1997), Friis et al. (2000a,b)
and Antunes et al. (2006). The aim of this synthesis is to
group the sparse published references about Portuguese
coprolites identified in Portugal, using the most recent
concepts in Coprology. Those and new findings will then
be evaluated for their applicability in Palacobiological
and Sedimentological studies, between the Ordovician
and the Holocene. Whenever possible, an attempt is made
to either identify the excudit (Latin for “who carved”),
or describe the signature of the coprolite sculptor by
morphophysiological interpretations corroborated with
faunal co-occurrences.

Ordovician faecal pellets

The coprological record is limited in Portuguese
Palacozoic strata to occurrence of the ichnogenus
Tomaculum in the Middle Ordovician. Tomaculum
Groom, 1902 is defined by rows or concentrations of

millimetre-wide cylindrical faecal pellets on bedding
planes that are composed of material differing from
the surrounding muddy sediment. This ichnogenus
was occasionally reported in Portugal as Tomaculum
problematicum and T. isp. from Valongo Formation
and the Céacemes and Brejo Fundeiro Formations,
dated respectively from the lower Oretanian, and the
Oretanian to lower Dobrotivian (Couto et al. 1997; cf.
Romano et al. 1986; cf. Romano, 1991). Tomaculum isp.
is also found in the Dobrotivian from the Fonte da Horta
Formation (cf. Romano, 1991). Usually, Tomaculum
occurs in black shales deposited in a peri-Gondwanan
offshore depositional setting, without wave or bottom
current influences. It is associated with anoxic water-
substrate conditions and a low ichnodiversity, tipifying
the Association D of Romano (1991). The producer of
this ichnogenus is unknown and certainly polyphyletic,
but the composition and displacement of Tomaculum
suggests its producer is a vagile epibenthic detritivorous
animal with an opposing mouth and anus.

Scat in the Mesozoic: From crustacean and insect
pellets to helicoidal faeces from selachiens and
theropods

Favreina in calciturbidites and palaeokarsts, reptilian
dejections in incipient calcretes: ecological dynamics
related to North Atlantic rifting

Favreinids are a classic item within microcoprolites
and are commonly described in Portuguse sections (at
Sintra and Alenquer) dated from the Kimmeridgian
to lower Valanginian (Ramalho, 1971; Bronnimann,
1976; Schweigert et al. 1997). They are faecal pellets
structurally composed of channel sets similar to those
seen in the excretion products of modern anomurids
(Bromley, 1990). If the excudit is grosso modo
comparable, the occurrence of this ichnofamily along
with other direct and indirect evidences of the producer
enable prediction of the ecological conditions at the time
of deposition. In the Portuguese examples, ecological
condition changed with the evolution of depositional
environments that resulted from the main rifting stage
of the Lusitanian Basin. The Mem Martins Formation in
Sintra, dated from Kimmeridgian to lower Tithonian by
Ramalho (1971), is a hectometre sin-rift sequence formed
by iron-rich marls, and fine, bioclastic and terrigenous
limestones that are occasionally highly bioturbated by
Thalassinoides suevicus (Rieth, 1932). Bioturbation in
the limestones is more common towards the top of the
Formation. The bioturbation trend is accompanied by an
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increase of clast-supported calcareous breccias formed
by algal biostromes, including big corals, bryozoan
and stromatoporoids. Sequential variations along Mem
Martins Formation result from turbidites generated in
shallower environments bringing calciclastic sediments
to the reef base. Overlying this unit, the sequence is
composed by thick non-organogenic limestones, which
are interbedded with thin beds of iron-rich marls. The top
of the organogenic limestone unit is marked by a series
of coral-rich and oncolite-rich limestones that exhibit
thicker bedding upwards and undefined stratification.
These beds were deposited in a shallower depositional
setting with high hydrodynamic conditions and define
the transition to a reefal environment at the top of the
Formation.

Following Mem Martins Formation, the Farta Pao
Formation is the last Jurassic one in Sintra. It is composed
of'thick beds highly bioturbated (Thalassinoides suevicus
ichnofabrics) fine limestones, giving them the common
mottled texture that results from differential eodiagenetic
lithification by secondary porosity within the sediments
(Fiirsich, 1981). The limestones are interbedded with
grey marls, which exhibit a fossil assemblage (naticids,
Pycnodontidae teeth and benthic macroforaminifera)
typical of confined reefal lagoon environment. These
depositional conditions remained until the Early
Cretaceous.

Spongeliomorpha-Ophiomorpha-Thalassinoides group
wasproducedbycrustaceans(e.g., Bromley, 1990; Ekdale,
1992). In fact, fodinichnia nets of Y-type branching
burrows produced in the modern are constructed by
decapods (see examples in Glaessner, 1969; Bromley,
1990). In the Lusitanian Basin during the Lare Jurassic,
exemplified by Sintra section, the Thalassinoides
ichnofabric dominates lagoon facies developed behind
a reef barrier, and occurs locally in fore-reef facies by
means of a forced gravity-induced transport towards
the deep (Neto de Carvalho and Rodrigues, in prep.).
In lagoon facies, Ramalho (1971) found crustacean
remains and Favreina Bronnimann, 1955 in the upper
part of Farta Pdo Formation. In his Figure 34 (1), the
author shows a pereiopod with the typical morphology
of fossorial decapods (anomurids or glypheoids). In
his Figure 34 (4), proceeding from fore-reef facies,
Ramalho (1971) identifies a faecal pellet as Favreina
cf. salevensis (Paréjas, 1948) probably transported with
typical reef microfauna (it shows some signs of rolling
in its upper part). By the differential displacement of the
two sets of bilaterally symmetric longitudinal channels
shown in these described specimens, Bronnimann (1976)
erected a new ichnospecies, Favreina guinchoensis. In
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the same lithofacies as the previous coprotype occurs
another microcoprolite, Prethocoprolithus  Elliot,
1962. Prethocoprolithus is a tubular form with nucleus
perforation and walls composed of agglutinated skeletal
remains. Ramalho (1971) identified this faecal form in
shallow marine limestones from the upper Oxfordian
of Lisbon, and attributed it to the digestion wastes of
annelids.

In “Calcarios de Ota”, stratigraphically equivalent of
Mem Martins Formation, two Favreinid coprofacies are
described withinpaleokarstdevelopedinreefal limestones
(Schweigertetal. 1997). The Favreina prusencis (Paréjas,
1948) coprofacies is associated to a sin-sedimentary
fill of karst fissures. Moreover, high concentrations of
microcoprolites in the fill suggest that the paleokarst
developed in a rocky intertidal environment, is the
likely habitat of the producer. The Petalina hexalunulata
Leinfelder, 1997 nov. isp. coprofacies is composed
of scarce crustacean microcoprolites and oncoids,
intraclasts, and microfauna. This mixed assemblage is
likely sourced from lagoon environments from where
the sediment was transported and deposited in the karst.

Vertebrate coprolites are particularly common in the
continental lithofacies of the Lourinhda Formation
(Dantas, 1990), where they occur as localized and isolated
clusters. Until this work these occurrences have not been
reported. Therefore, three coprotypes found in a reddish
micaceous silt bed outcropping in Porto Dinheiro beach
are described herein. This bed occurs within the Santa
Rita Member of the Lourinha Formation and is Tithonian
in age (Hill, 1989; Figure 1). Quartz sandstones dominate
within the Santa Rita Member, and are deposited in
amalgamated, decametre-scale palaeochannels. In
general channel drainage was to the NW (determined
from the main direction of cross-stratification sets). The
coprotypes occur within fining-upward mesossequences,
which comprise channel sandstones overlain by mudfiat
or overbank fines and capped with palacosoil-related
carbonates. These sequences were deposited on a fan-
delta passing to a braided-river system. Deposition was
controlled chiefly by seismic activity along the fault
wall, which bounds the Berlengas horst to the east (Hill,
1989). Between the multiple tectonic events that induced
gravity flows of coarser sediments (increased by seasonal
rainfalls), occurred periods of non-deposition. During
these periods, alluvial retreat exposed wide mudflats to
pedogenic alteration in a sub-arid environment.

The vertebrate coprotypes found have no excudit that
associate them to a specific producer. Nevertheless,
they exhibit morphological characteristics which enable
recognition of environmental conditions contemporary



or subsequent to their deposition. The coprolite in
Figure 1a is a cylindrical form bent during extrusion. Its
original rigidity is revealed by: several shallow cracks
generated in the moment of bending; sectioning of one
of the endings (faecal fragmentation); and the absence of
rectal constrictions or other anal marks on the lustrous
surface. The coprotype in Figure 1b is cylindrical but
with an elliptic outline. One end is sectioned and the
other end has a mammillated projection (proximal
portion resulting from sphincter contraction during
extrusion). The bright surface shows agglomerations
with rare vesicles of gas origin. The coprolite in Figure
1c has a raindrop shape with a bigger and more globular
ending (the distal one), and an opposing mucronate one.
Both endings were separated by anal constriction. The
distal ending shows several concavities (impact marks).
Its bright surface has numerous inclusions and cavities
generated by gas release. Unlike this last coprotype, the
first two do not show a flattened surface. This suggests
that excretion of the former to faeces occurred by a water
body or made close to the ground. Preservation in situ of
these coprolites resulted from a high sedimentation rate
within an overbank environment, which prevented the
work of dung eaters. The absence of evident microbial
decomposition and work of endodetritivores could
be related to the strong dehydration of the scat and/or
variable salinity rate. However, type Il carbonate layers
of Pimentel et al. (1996) are deposited on the top of
the silt unit and render possible the post-depositional
preservation of the coprolites resulting from anoxic
conditions imposed by percolation of reduced alkaline
fluids in phreatic horizons. Carbonate epigenization,
better shown in coprotypes of Figures la and 1b, is the
conclusion of this early diagenetical process.

Figure 1. Vertebrate coprotypes identified in the Tithonian from Lourinha
Formation: (a) CCR364CC. Fragment of a cylindrical faecal body, gently bent
and with several fractures indicative of original rigidity by dehydration; (b)
CCR365CC. Pelletoidal agglomerated structure with mammillary ending. (c)
CCR366CC. Ovoid coprolite, anisopolar and mucronate, with impact scars; scale
=10 mm.
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Mutualist interactions in the beginning of the great
botanic revolution

Palaeobiological studies thatinclude descriptions of biotic
interactions in the fossil record are extremely difficult
to validate because of either infinitesimal probability to
perpetuate snapshots (taphonomic windows) orincreasing
ambiguity with older occurrences or involving lineages
long ago extinct. The studies become truly disturbing
when an attempt is made to find mutualism relationships
since these can be easily mistaken for commensalism,
parasitism or a simple succession of signs uncorrelated
in space and/or time. Nevertheless, coprolites may be
good indicators of indubitable mutualism. Friis et al.
(2000a; 2001), describe the first unequivocal evidences
of the first floristic groups divergent in angiosperm
phylogeny. Moreover, they found in fluvial mud lenses
of the Nazaré and Cos-Juncal Formations (Barremian-
Aptian) monospecific pollinic macerate aggregates of
Cabombaceae being interpreted and excretion products
of Diptera (Friis et al. 2000b). Previous evidences of
insect-angiosperm interactions from the first radiation
stages of this successful botanic group were exclusively
based on functional morphology of flower constituents
(Friis et al. 2001). The early diversity of angiosperms
found in sediments from Vale de Agua (Batalha) can
be genetically correlated to the first evidences of the
activity of highly specialized pollinator insects (Friis et
al. op. cit.). This may indicate radiation of this mutualism
behaviour originated from the Lusitanian Basin.

Helicoid coprotypes from Cretaceous carnivores

(dinosaurs and selachians)

In bed 10a from the “Grés com Dinossaurios” Formation
(lower Barremian) of Rey (1972) were recovered two
coprolites in a lentiform black argillite with carbonized
plant remains and pyrite. The depositional environment
was a dead river meander (in an anaerobic regime) of a
non-incised fluvial-deltaic braided system. Based on the
preservation and deformation of associated mud laminae,
both coprolites are considered to belong to the same
defecation event and deposited in situ (see below). The
scat in Figure 2a shows 120 mm long, helicoidally shape,
which is bent in the middle. Torsion was controlled chiefly
by the high plasticity of the excrement and by continuous
unloading (Thulborn, 1991). One of the endings is 33
mm wide and exhibits a more globular outline than the
opposite ending (anisopolar). The globular ending was
likely the distal pole in the moment of extrusion. This
ending shows a large concavity resulting from the high
fall and impact of the dung with the river-bed. This
phenomenon was also responsible for the body bending



(Figure 2b). The second coprolite was originally less
solid, and displays a hemispherical shape induced by the
impact. An absence of surface weathering and desiccation
cracks in both structures point to deposition and burial in
an aquatic environment. The elliptic outline reveals the
polarity of deposition on the substrate. Scat surface is
bright and has faint striations parallel to the main axis
(marks of the anal valve), showing adhesion of plant
remains. Entire structure develops rectal constrictions.
Coprolite composition is cryptocrystalline phosphates
with no inclusions. Fissures filled with sparite and
associated pyrite (Figure 2c) indicate syn-diagenetic
percolation of reduced alkaline fluids. The presence
of rare quartz grains results from their occasional
consumption during food ingestion in a sedimentary
environment quite different from the one where the dung
was dropped. Coprolites also display a darker peripheral
areola, possibly corresponding to a process of gravity or
diagenetic differentiation. In the later case, this would
be related to slight changes in the chemical environment
brought about by the presence of mucus on the surface
of the scat (Thulborn, 1991).

Coprolite width depends on the elasticity of the
tubular intestine, allowing prediction, grosso modo, of
how big the producing animal was (Thulborn, 1991;
Hunt et al. 1994). In this particular case, by inferred
proportionality the producer was more than two meter in
length. Considering the shape, dimension, consistence,
composition and depositional environment of the
faeces, the excudit was likely a carnivore, and possibly
a theropod dinosaur. Megalosaurids are the only group
of theropods whose osteological remains were found in
the same Formation (vide Dantas, 1990). However, if the
absence of dietary remains is symptomatic of a digestion
made with low enzymatic activity, by hydrocloridric

Figure 2. Theropod coprolites from the lower Barremian (“Grés com Dinossaurios” unit) at N of Cabo Espichel cape. (a) GPMNHN367CC. Torsion effect by

acid, and not from a significant diagenetical imprint,
then a crocodilian as the producer is also possible.

Picotinhos section (Fanhoes, Loures) comprises
marginal-marine sequences of the middle Cenomanian
lower Cacém Formation. In a marl bed with poor
macrofossil content 60 m above the boundary with the
Torres Vedras Formation, Farinha (2000) found a rich
fish and reptile microfauna and common microcoprolites.
A delta front/confined bay depositional environment is
assumed for this unit based on the sedimentary features,
i.e. granulometry (prevailing mud levels), composition,
absence of sedimentary structures, and fossil content. In
respect to microcoprolites, there are two coprotypes. The
first are helicoidal coprolites (Farinha, 2000), which are
dextral amphipolars. One pole is rounded and the other
one truncated, which is typical of the spiral valvular
intestines of Elasmobranchs and Agnathans (Figures 3a
and 3b Hunt et al. 1994). The second type are cylindrical
and ellipsoidal, heteropolar coprolites (flattened and
fusiform). These sometimes have longitudinal striae, gas
bubbles, and uncertainteleostaninclusions. Therecovered
ichtyofauna is dominated by benthic coastal selachians,
emphasizing rajiformes and without Agnathans.
Lamniformes, Rajiformes, and Orectolobiformes —
mainly Ptychotrygon, Chiloscyllium, Micropristis and
Cantioscyllium (Farinha, 2000, 2001) - are between
the probable producers. The second coprotype was
previously identified in the Cacém Formation and in the
upper Cenomanian from Barcarena and Laveiras, where
it showed inclusions of small vertebrae and cephalic
bones of Clupavus (Jonet, 1964, 1977, 1981).

N~ 1l

b . ‘.'r;’l- 4 i (o

uninterrupted unload (oriented by the direction of extrusion). Scale = 20 mm. (b) The same coprolite in its original resting position - anisopolar with rectal-anal
constrictions. Scale = 20 mm. (c) GPMNHN368CC. Transverse thin section through the coprolite, showing a cryptocrystalline iron-rich composition and growth of
sparite and pyrite in secondary fissures. Scale = 500 pm.
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Figure 3. Selachian microcoprolites from the middle Cenomanian of Loures.
Samples from the private collection of Carlos Farinha. (a) 0008481163.

Amalgamated structures. Scale = 1 mm. (b) 0008481159. Dextral amphipolar

coprotype. Scale = 1 mm.

Cenozoic Coprology: notes on Ecology and
Anthropology

The study of fossilized dung in the Portuguese Cenozoic
is mainly limited to Pleistocene occurrences in caves.
Nevertheless, there are several coprolites found in
the continental Miocene from Lisbon stored in the
Geological Museum of INETI (Teixeira, 1978: p. 174).
Those coprolites have yet to be described, but are
considered to result from the digestive processes of
Mastodons. Antunes et al. (2006) elegantly described
three coprolites from the lower Miocene and from early
middle Miocene of Lisbon. Two of them were trampled
by their producers: the rhinoceros Hispanotherium
matritensis and the equid Anchitherium. The third one
was made by the Anthracothere Brachyodus onoideus
and later was trampled by the cervid Plesiaceratherium
dichotomus (Antunes et al. 2006). Antunes (1994) also
described a long-snouted crocodilian coprolite with
vertebrae of the fish Lafes. Regarding the Pleistocene,
hyenid remains with their coprolites “album graecum”
and bone fragments of cervids and goats are reported in
caves. These caves are thus interpreted as hyena dens.
Hyena coprolites are also found on a fluvial terrace at
Varzea de Loures, and are dated from the interglaciar
Riss-Wiirm (Zbyszewski, 1943). Coprology potential
for ecological reconstitutions in Archaeology is best
evidenced by the recent and important discovery of the
Gravettian child grave (23900-24900 years b.p.), which
is the first Palaeolithic burial found in Iberia (e.g., Zilhao,
2001). The excavated horizons below the skeleton level
include abundant canid coprolites with equid and cervid
bones that exhibit wolf bite incisions. These evidences

suggest that the Lagar Velho shelter was a wolf den until
the burial event. After that there was an explicit intention
to divide the sepulchre area from the domiciliary space
(Zilhao, op. cit.).

Scat today’s importance: monitoring of endangered
species

Coprology, once was and still is a practical discipline
of researchers and hunters. Now however, it has a
new application resulting from the baleful actions
and massive overpressure of Man on ecosystems, and
the endangering to extinction of a growing number
of species. Geographic and population monitoring of
endangered or more discreet species by biologists, such
as Canis lupus and Lynx pardinus in Portuga, resort to
indirect expeditious methods like tracking footprints and
dejects. The latter frequently signal animal territories.

Conclusions

This incremented synthesis of the present knowledge
about coprolites in Portugal shows that Palacozoic and
Cenozoic formations are deficient in recovered specimens
and studies. Yet rocks from these Eras have a high
diversity fossil record and sedimentary events prone to
preservation of organic wastes. Coprology may therefore
play a greater role in the future in palaeobiological and
palacoecological studies. In the Cenozoic for example
the applicability of coprology in palaecoparasitology
and palaeodiet discrimination may lead to an increased
number of fossilized faeces studies in Portugal, in areas
such as Human Palaecontology and Mammalogy. On
the other hand, Portuguese Mesozoic formations reveal
more coprological contributions, both from invertebrates
(crustaceans and insects) and vertebrates (resulting fro
dinosaur palacobiology studies). However, these studies
miss modern approach to the innumerable vertebrate
coprolites co-occurring with important osteological
findings that were made in recent years in Portugal. These
findings would constrain the sedimentary environment
and establish possible trophic responsibilities.
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Theodor Fuchs” Experiments On The Formation Of
Solemarks In Flysch

Andreas Wetzel

The Austrian geologist Theodor Fuchs coined the term
graphoglyptids in 1895. Consequently, most ichnologists
know his name. Nonetheless, his important (75 page
long contribution') has seldom been read as it is written
in German. Sedimentologists likely have not read the
paper because of its palaeontological title “Studien tiber
Fucoiden und Hieroglyphen”, and palaeontologists have
not read it because of its ichnological title. The most
ichnologists read, if at all, are the pages on trace fossils
or the plates showing them because even the ichnological
component is 67 pages long. Therefore, there is very high
chance that the very interesting introductory pages on
the sedimentology of flysch have been by-passed by too
many people. Most geologists or even sedimentologists
certainly do not know that Fuchs was one of the first, or
may even have been the first to carry out experimental
work on the formation of sole marks in turbidites.
Fuchs is a very nice example about the open minded,
anticipating work of people that study trace fossils. I
have translated some important parts describing the
experiments because I think this study should receive a
wider reception than before.

In the late 1890’s, the discussion among geologists
focussed on the nature of surfaces within so-called
flysch that are characterized by marks. Flysch is a term
that comprises turbidite successions, and has its roots in
aterm derived from the Swiss Alps. Geological evidence
in relatively undeformed strata suggested that at some
localities surfaces with the marks represented lower
surfaces, but at other localities they were found on the
top of the beds. Furthermore, observations on the (at
that time) often dirty streets of European cities showed
that after heavy rainfall all the dirt formed structures that
were very similar to those occurring in flysch. These
dirt-flow structures however, formed on the surface. This
is the background of Fuchs experiments ... but read the
following descriptions by him:

“For a long time different people have proposed that
some surface sculptures that are often seen on the
beds of flysch and similar deposits and resemble the
well known Chirotherien tracks of the Upper Bunter,
normally occur on the lower surface of the beds.

The well-known experiments performed by Nathorst
provided the rational reasoning for these deductions
and, therefore, in more recent times one has to take
into account when studying such phenomena, if the
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object analysed occurs on the upper or lower surface
of a bed.

Certainly during my investigations, which I did on
the flysch deposits in the vicinity of Vienna, I had
these studies in mind and, in fact, I was able to realise
that some relief forms systematically occurred on the
lower and some others systematically on the upper
surface of the beds.

To the most common and most evident surface
sculptures within the flysch belong typical bulges,
which cover the lower surface of some beds
completely. These bulges display an endless plea of
diverse varieties, but always provide the impression
of something that flowed.

It is striking that these bulges only occur on the lower
surface of sandstone beds where these beds rest on
soft marl layers. In this setting the bulges are rarely not
present. Therefore, the existence of soft marl layers
below is evidently a pre-requisite for the formation of
such sculptures.

In many instances it is impossible to think that within
the soft mudlayers cavities could have existed that
were casted to form the bulges. In the majority of the
cases, namely in all those which exhibit vaulted-over
margins of the bulges, this would mechanically have
been an impossibility.

In these cases rather the distinct impression is
provided that the mass of the sandstone bed itself was
in a pulpy state and flowed, such that the variety of
surface sculptures formed due to irregularities in flow,
by compression, and similar processes.

Inthe currentliterature of Europe, these “Fliesswiilste”,
how I would like to call them, have unfortunately not
attracted much interest. In contrast they have been
described by American colleagues quite often and
have been figured as well. They have been partially
interpreted as the result from flowing movement of
soft material, called mudflows (Hall, Geology of New
York, IV, 1843, p. 233, Fig. 101).

The surfaces of lava flows or the flowing dirt on
the streets exhibit very similar phenomena. Asphalt
pavement in bad condition or dried oil paint often
form deep brain-like windings on their surface, which
are very similar to those on flysch beds.

All the phenomena taken for comparison are formed
on the upper surface of beds, whereas the analogue



phenomena of the flysch occur principally on the
lower surface of the rock beds.

I have to confess that these circumstances for a long
time deep troubled me.”

Fuchs then goes on to describe his observations from
other areas, including his detailed studies in the Vienna
Forest. He outlined his deduction that he is convinced
that the sculptured surfaces occur on the lower surface
of beds, then he continues:

“While all these findings on the formation [of the
sculptures] kept the question alive in my mind, I asked
myself if it is completely clear that pulpy-flowing
masses form structures only on their surface, and if
such structures, when the flowing mass is moving on
a soft substrate, cannot produce such sculptures on its
lower surface too?

Evidently, the answer to this question can only be
derived experimentally and I did not hesitate to
perform them after my return from that journey [to
Monte Rippaldi near Florence, where Theodor Fuchs
studied other flysch deposits].

A basal layer of partly loose sand and partly soft
muddy clay, and a moving material of partly plaster,
and partly a mixture of cement and sand has been
used.

I can only say that the obtained results have been
frankly surprising. Already the first experiments
displayed on the lower surface, bump-like elevation
as they frequently occur on the lower surface of flysch
beds. Further experiments provided an increasing
variety of marks.”

Thereafter Fuchs describes several forms he has obtained
by his experiments see Plate I and Plate 11 2.

“I am planning to continue with these experiments,
but already the performed ones are in my opinion
sufficient and provide complete evidence that flowing
pulpy masses, which flow over a soft substrate, can
produce a variety of bulges on the lower surface
resembling those which occur so frequently on the
lower surfaces of flysch beds.”

Then Fuchs outlines that the surfaces of his experiments
are always smooth, and he continues:

“If the flow-generated bulges in fact have been formed
in the outlined way, then it is a pre-requisite that the
beds of the flysch having sculptures on their lower
surfaces, have been carried out in a flowing motion
as a single mass and to a certain degree represent
effusive muddy covers.”

Fuchs also provided an explanation for the initiation of
such mass flows:

“In a small paper which has been published in the
year 1877 in the “Verhandlungen der Geologischen
Reichsanstalt”, I outlined that during each high tide
[here it is not clear if Fuchs means high tide or storm
tide, but probably the former] the water masses piling-
up along the coast disturb the hydrostatic balance
that initiates a seaward current in the deeper parts of
the water. At that time I already pointed out that this
counter-current necessarily carries material from the
coast towards the deeper parts of the sea. This whole
idea was only of theoretical interest for me at that
time.

Later Forel in fact provided evidence for this aspect by
his direct observations in Lake Geneva in combination
with flood-like phenomena, the so-called “seiches”,
which he has intensely studied and has shown, that
in fact during each “seiches” on the bottom of the
water an undercurrent® is active which reaches down
to considerable depth and develops a significant
mechanical power. At the same time he has shown
also that the development of an undercurrent along
an open coast is a phenomenon that is well known by
fishermen and sailors.

It is rather evident that the undercurrents that form
during each flood produce not only those phenomena,
which are produced by currents on the sediment
surface, ... but it cannot be excluded, that rather strong
disturbances of the hydrostatic balance under the
certainly enormous unilateral pressure of the piled-up
water masses also force whole packages of sediment
to get into motion, either sliding or flowing.

There is still another possibility.

Reyer outlines in his book “Theoretical Geology”, that
in drained fish ponds, the mud masses that accumulated
along the margins of the ponds start to move towards
deeper parts while sliding and flowing.

It is quite conceivable that during uncommon low
tide a similar phenomenon also occurs within marine
sediments and that these, after they have to some
extend divested of the resistance force, get into a
flowing motion.”

*Forel used the term “undertow”, but Fuchs changed it

to undercurrent.
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Plate I. Fliesswiilste on the lower surface of beds. (1) Flysch of Kitzendorf near Vienna. (Eocene?). (2) Flysch of St. Andra near Vienna. (Eocene?). (3) Flysch of
Pressbaum near Vienna. (Eocene?). (4) Flysch of Monte Ripaldi near Florence (Cretaceous). (5) Wellenkalk near Dettingen. (6) Parallel Wiilste, simiular to the
genus Laminarites and Panescorsaea Sap., from the flysch fof Ripano near Florence. (Cretaceous). (7) Flysch from Kritzendorf near Vienna. (Eocene?).
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Plate I, Figures 1-6. Various bulge-like structures, formed in the lower surface of plaster of Paris and cement masses that moved over soft mud or loose sand
(flow-bulges).
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High resolution Middle Triassic vertebrate

megatrack site stratigraphy and resulting new

palaeogeographical reconstructions of carbonate tidal

flats and sabkha environments in the Northwestern
Germanic Muschelkalk Basin

Cajus Diedrich
Abstract

This article presents a first overview of a small area in
which the high-resolution track bed stratigraphy of 20
localities in the Osnabriicker Bergland of northwest
Germany resulted in new palaeogeographical maps.
The vertebrate track beds are found in 14 different
levels reaching from the Upper Bunter to the basal
Middle Muschelkalk (Middle Triassic) in about 95 m of
carbonate strata. However the tracks are present mainly
in the Lower Muschelkalk units (Bithynian to Ilyrian).
The track beds are present in low-stand deposits and
demarcate the edge of the coastal zones. Environmental
changes are inferred from carbonate tidal flat and
sabkha deposits as evidenced in two time levels. Those
environments surrounded the old Rhenish Massif and
moved landwards during transgressive periods due to
changes in the tectonically controlled basin relief.

Figure 1. Twenty track sites and outcropping Lower Muschelkalk carbonates
(Middle Triassic) in the Osnabriicker Bergland of northwestern Germany
(Graphics PaleoLogic).

Introduction

About 1000 years ago—in the Middle Ages—the
grey and yellowish platy carbonates from the Lower
Muschelkalk (Middle Triassic) were used for house
construction. The first quarries were in and around
Osnabriick (cf. Diedrich 2002c). The carbonates were
used in many historic buildings such as the Holter
castle, sacral buildings such as the Minster of Osnabriick
(Feldwisch-Drentrup 1979) and farm buildings in the
Osnabriicker Bergland. Today there are no more active
quarries in the Lower Muschelkalk in the region.

Despite hundreds of years of quarry activities inthe Lower
Muschelkalk carbonates, the first discoveries of Middle
Triassic vertebrate tracks were not made until systematic
prospections were conducted in the old quarries or pits
of the Osnabriicker Bergland in 1997 (Diedrich 1998a,
b, 2000b). Many geologist overlooked the abundant
vertebrate tracks and traces and even the common
biolaminates were ignored (cf. Groetzner 1984, Langer
1989, Thiele 1990, Rosenfeld & Thiele 1992, Langer &
Bosbach 1994, May 1997): and not only in that region
(e.g. Kramm 1994, Gotz & Feist-Burkhardt 1999).
More vertebrate track sites were found in the western
Germanic Basin at about 35 locales (Diedrich 2005) of
which only a few were described in the Osnabriicker
Bergland in detail (Diedrich 1998a, b, 2000a, ¢). These
sites included Hagen-Silbersee (Diedrich 2002¢) and
within the centre of the city Osnabriick at the botanical
garden and geotope Westerberg (Diedrich 2002b).

The recent discovery of 15 more track
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Geology and Stratigraphy

The track bearing sediments of the Muschelkalk
comprise mud cracked microbial grey to yellowish
laminates, which are intertidal products of microbial
mats in lower to upper tidal-flat environments (Figs 2,
3). Also present are laminated dolomites of the supratidal
lower sabkha facies association. In the upper sabkha
tracks were nearly impossible to imprint or were not
preserved well, primarily as a result of halite encrusted
tepee surfaces and various diagenetic processes. In the
tidal flat, the presence of microbial mats fixing tracks
by early cementation—and perhaps the cohesive nature
of the mats—explains why the tracks are preserved in
some strata.

Other sediments of the Lower Muschelkalk are the
typical subtidal “Wellenkalke”, which are grey marly,
bioturbated limestones with irregular surfaces (e.g.
Knaust 1998a). Atthe end or the beginning of sedimentary
sequences crystalline, bioclastic and intraclast rich
beds present, providing typical marker beds indicating
the flat subtidal, which are suggested to be more less

isochronous (cf. Kramm 1994, Go6tz & Feist-Burkhardt
1999). Seismites are also described in the Germanic
Basin at several places (Knaust 1998b): such beds were
found in the section of the Osnabriick-Westerberg below
and above the Oolithic Member. In the upper occurrence
some haloids of about 30-40 cm in diameter are present,
which evidence synsedimentary tectonic activity in the
Hunte swell region. Seismites are well documented by
Knaust (1998b) for the central Basin during the Lower
Muschelkalk in different horizons.

Discussion

Megatrack sites are well known in different facies
types and were defined by Lockley & Pittman (1989).
The Middle Triassic megatrack sites of the Germanic
Muschelkalk Basin are within intertidal carbonate flats
and parts of the sabkha (Diedrich 2001c). The intertidal
flat and sabkha deposits of the northwestern German
Muschelkalk are similar to recent modern examples
of the Persian Gulf (cf. Kendall 1979, Knaust 1997).
The reader is referred to earlier experiments with an

Figure 2. Generalized high-resolution track bed stratigraphy and megatrack site concept at 20 non-active outcrops of the about 100 in height upper Bunter to lower
Middle Muschelkalk limestones (Middle Triassic) in the Osnabriicker Bergland (north-western Germany). The track bearing intertidal biolaminates are always in close
contact to the yellow sabkha dolomites. The trackways of Rhynchosauroides are more abundant in the lower intertidal (Rhynchosauroides ichnofacies), whereas
Procolophonichnium occurs more in the upper intertidal to lower sabkha environments (Procolophonichnium ichnofacies). Generally the biolaminates built trampled
horizons, which even in drill cores can be expected to find. From the Hunte-Swell to the Bielefeld-Bay the track levels are reduced as a result of the palaeogeography

(see Fig. 4). Locality numbers identical to Fig. 1.
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Iguana lizard made in intertidal flats western Abu Dhabi
(Diedrich & Gardner 2004), which were subsequently
compared to the Triassic ones of Germany (Diedrich
2005).

The fossil vertebrate tracks include Rhaynchosauroides
tirolicus Abel, Procolophonichnium haarmuehlensis
(HoLst, Swmit, VEENSTRA) as well as scratch marks
produced by the body scales of the small reptiles in
the Triassic biolaminates. Astonishing is the similar
preservation types of fossil and recent reptile tracks
in (ancient versus modern) carbonate tidal flat
environments. The variable shape of the tracks depends
on the sediment water content. Swimming scratch marks
are present in channels or ponds. In the lower intertidal
tracks are printed deeply without detailed imprint
structures. In slightly dry upper intertidal environments
the dermal scales can be imprinted. Finally, on nearly
dry mats only claw marks are preserved (Diedrich 2005).
These strong variations (also tail marks can be present
or absent) confuse the ichnotaxonomy of fossil track
ichnospecies. For example, and in this author’s opinion,
too many Rhynchosauroides track ichnospecies have
been published for the Triassic and therefore must be
revised.

Eightofthe 14 track beds display extended megatracksites
with a span of tens to some hundred kilometres, (Rhenish
Massif, Vindelizic Massif) seemingly spanning the entire
southern Germanic Basin on the coastal zone. Some
wide-spanned track beds (Fig. 3) are more common in the
western region. This is a result of shallower water depth
on the Hunte Swell and a flat carbonate ramp with its
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Figure 3. Part of a trampled horizon from the Graue Zwischenmittel in the
Oolithic zone (muOo) of the Lower Muschelkalk at the site Borgholzhausen-
Sports field (track horizon 14, cf. Diedrich 2002b). On a few square meters about
400 imprints of the ichnogenus Rhynchosauroides are preserved as positives.
In most cases the imprints cannot be figured as trackways, as a result of over
trampling. The biolaminates are cracked in polygons of about 30-50 cm. The
track slab is exposed in the ErdZeitMuseum Borgholzhausen (excavated by
PaleoLogic). The largest pes imprint is about 12 cm in size.

deeper parts to the east. To the west (in the Netherlands)
the typical Lower Muschelkalk subtidal “Wellenkalk”
rock type disappears and the facies is dominated by
biolaminates. Many more track beds are therefore
present in the lower part of the Lower Muschelkalk (so4-
muOo) at the site Winterswijk (ten track beds), than in
the Osnabriicker Bergland (six track beds) (cf. Diedrich
2001a).

The result is now a different and more precise picture
exists for the bathymetry during the Bithynian to
Illyrian at the northern margin of the Rhenish Massif.
In a first step, shown here as an example, is the area of
the Osnabriicker Bergland with 20 track sites the new
palaeogeographic picture of the western Germanic
Basin in the Hunte Swell region (Fig. 4). The track
bed stratigraphy in the Osnabriick region is key to
the palacogeographical understanding of the Lower
Muschelkalk from Winterswijk (Western Germanic
Basin) to North Hessia (Central Germanic Basin), as is
the distribution of tidal flats in the entire Germanic Basin
during the Muschelkalk (Middle Triassic) period.

A palacogeographical map of the tidal flats and sabkha
concerning the track beds is presented for the Osnabriick
region north of the Rhenish Massif (Fig. 4). During
the Upper Bunter/Lower Muschelkalk the region
around Osnabriick must have been a sabkha in which
biolaminates and upper intertidal zones were present. At
three sites (Westerkappeln-Schachsel, Hagen-Silbersee,
and Grambergen 1) some vertebrate tracks were found
in laminated yellow dolomites and in grey biolaminates.
During the Basiskonglomerate Member (muK) (in the
west) intertidal flats were present in the Niederseeste 1
and 2 region. Those megatracksites cannot be followed
further east. In the Bissendorf region (Sehl Berg,
Eistruper Berg) another more regional track bed at the
top of muWI1B is present: this does not reach more
farther east. Below the Oolithic Member (muQOo) the
most widely spanning megatracksites are found. This
track horizon is found in the Teutoburger Wald (Diedrich
2000a, 2002b) and carries into the Bielefeld region.
Also broadly spanned is the megatrack site situated
between both Oolithic beds. In the Graue and Gelbe
Zwischenmittel, track rich biolaminates are observed in
the Osnabriick Mountains, except in the Bissendorf area.
This megatrack site is distributed over 150 kilometres
around the northern and eastern part of the Rhenish
Massif (cf. Diedrich 1998b). In the western part of the
Osnabriicker Bergland four track levels reside below the
Spiriferina Bed of the muW2A-C. Those again do not
reach Bielefeld Bay. Below the Upper Terebratula Bed
only a western, thin track bed observed at the Hollage
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much more and were moving during the sea level changes. Here the situation during the muOo-Zwischenmittel period is sketched. Nine track sites are recognized
from this time (muW Ic). This belt must have been present in this spreading during the low stands in the Lower Muschelkalk.
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Figure 4. Sabkha/intertidal flats in the Osnabruicker Bergland during the Lower Muschelkalk (Middle Triassic). The sabkha and tidal flat zones must have interfingered



suggests another track-rich tidal-flat megatrack site. In
the western locales the region must have been (at the
time of the top of the muW3) a sabkha facies: to the east
it becomes a tidal flat containing another megatrack site
which can be followed to the middle of the Teutoburger
Wald (Northwestern Germany) and even to northern
Hessia (Central Germany). With the beginning of the
Middle Muschelkalk, two track beds are developed in
the orbicularis-Schichten (mm1). Those ones are again
widely distributed in the western Germanic Basin (cf.
Diedrich 2002¢).

The tidal flats and sabkha must have been the primary
habitat of two different specialized medium to small
reptile species (Diedrich 2001b). The track maker of
Rhynchosauroides (Fig. 4), possibly the prolacertilian
Macrocnemus (Fig. 5) must have searched for food
mainly in the lower intertidal zone. Crustaceans of the
tidal flats (cf. Diedrich & Schulz 2003), worms and other
marine animals seemed to be its nutrition source. This
reptile could swim through ponds and channels, which
is proven by the presence of swimming trackways and
many claw scratch marks. The smaller reptile, possibly
Sphenophargus, left the tracks of Procolophonichnium,
but more in the upper intertidal to lower Sabkha
environment. One of its skeletons was found in-between
the track beds at the site Winterswijk (Diedrich 2002b).

Figure 5. Macrocnemus in a mud cracked carbonate tidal flat covered by bio
films and cut by tide channels and ponds, in which marine invertebrates (here
the crustacean Clytiopsis) and vertebrates were caught in these traps being the
food for prolacertilians. Daily tide change and the activities of many animals of
different age left thousands of tracks around the whole Germanic Basin during
the Middle Triassic (Lower to basal Upper Muschelkalk; lllustration © Burkard
PreiFroTH, Reutlingen).
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Jacob Benner
Department of Geology, Tufts University

Since arriving in New England I’ve taken up some new
and exciting pursuits. The local Mesozoic basins have
been a source of historical and scientific interest. Slowly
coming along is an ethical tale on the James Deane
— Edward Hitchcock dispute over the first “scientific”
description of the trackways of the Connecticut River
Valley, as well as a detailed account of the ingenious
observations of the naturalist-doctor Deane. I've also
taken a recent interest in the lack of fish trails (Undichna)
reported from the Mesozoic section of New England. With
some help from Kate Wellspring at the Pratt Museum
in Amherst, MA, I identified a lone Undichna specimen
among their extensive Hitchcock collections. Hitchcock
had originally named this trail Cochlea archimedea but
that name, apparently immediately, fell out of use. I am
in the process of defining the scope of a project involving
fish trails from these sections.

Our major project on the fish front has involved trace
fossils from late Pleistocene glacial varves of New
England. One abstract was g D
published in 2004 (http:/gsa. %
confex.com/gsa/2004AM/

finalprogram/abstract 74391. -
htm) and we are working on a -
manuscriptthatsummarizesresults
of three summers of field and lab |
work (with colleagues Jack Ridge, 4%

Tufts Univ. and Natasha Taft, %

UMASS-Amherst). This study iz
includes paleobiogeographic,
paleoecologic, ichnotaxonomic ¥
and ethologic implications of
fish-produced trace fossils from
late Pleistocene glacial lakes &
of New England. We hope to
extend this type of work into :
other glacial sections, including @
those from glacial Lake Missoula, ¥
Montana. In fact, Bob Frey, in
a 1987 interview with Andy
Rindsberg (Ichnology Newsletter, &
1999), mentioned that it was
the multitude of trace fossils
in the varves of glacial Lake
Missoula that originally piqued =°
his interest in the subject while an

R

of Montana. We have recently obtained evidence of
fish-produced trace fossils in these same sediments and
look forward to exploring them further. We hope that
detailed analyses of glacial trace fossil suites, combined
with high resolution stratigraphy, will provide a more
complete record of rates of ecological change occurring
at times of rapid climate change.

Richard G. Bromley
Geological Institute, University of Copenhagen

The old pensioner is continuing to publish material both
old and new, usually together with other colleagues.
At the Ichnia Congress it became apparent that I am
now one of the few Ichnologists that is interested (and
unspeciallized) in ALL ichnology. But I must admit
to a special liking for bioerosion! The picture is of a
Podichnus obliquus Robinson, in press, the etching trace
of the brachiopod Terebratulina retusa that encrusted
a Pleistocene bathyal coral, seen as an epoxy cast. The
microborings following the surface of the substrate are
of endolithic fungi.




Luis Buatois
University of Saskatchewan, Saskatoon, Canada

Life has been very busy since our move to Canada in
2004. Fortunately the University of Saskatchewan offers
a great environment to do research and to teach. I keep
on working in some of my “old” projects and adding
some new ones. Part of my research is focused on the
ichnology of the Precambrian-Cambrian boundary. A
couple of papers have been published on the evolutionary
implications of the earliest Cambrian Puncoviscana
ichnofauna of northwest Argentina (Palaios 2003; Fossils
and Strata 2004). Also, a general paper on the ichnology
of the transition was published with Dolf Seilacher
and Gabriela Mangano (Palaeo-3 2005). An appendix
includes descriptions of different trace fossils, including
a review on Oldhamia ichnospecies. Present work on
Precambrian-Cambrian ichnofaunas is being done in
cooperation with Séren Jensen. Master student Patricio
Desjardins is looking at Lower Cambrian sedimentary
facies and trace fossils of the Gog Group in the Canadian
Rockies.

Working on late Paleozoic ichnofaunas is also very
exciting. Together with Renata Netto, Gabriela
Mangano and Patricia Balistieri, we have analyzed some
controversial glacially-related Carboniferous-Permian
ichnofaunas from Brazil and Argentina. Results of this
project will be published in Geology later this year. Our
observations suggest that freshwater conditions in fjord-
like settings across South America were widespread
because Gondwanan basins were overwhelmed by
strong meltwater discharge issuing from melting of
the continental ice masses. Together with Nic Minter,
Spencer Lucas, Simon Braddy and Joshua Smith we
document Permian tidal flat traces from New Mexico
that are remarkably similar to those produced by the
modern polychaete Paraonis fulgens. This discovery has
some interesting implications in macroevolution and is
being published in Geology.

Nonmarine ichnofaunas continue to be a topic of interest.
Work in Miocene fluvial ichnofaunas from the Bolivian
foreland basin was presented in Ichnia 2004 and is in
press in an SEPM Special Publication (coauthored by
Cornelius Uba, M. Gabriela Mangano, Carola Hulka
and Christoph Heubeck). A review paper was written for
William Miller’s book. PhD student Jenni Scott is doing
ichnologic and taphonomic research in Kenyan lakes.

The ichnology of Cenozoic shallow- and marginal-
marine ichnofaunas is another promising field. Noelia
Carmona finished her PhD on the ichnology of the
Miocene Chenque Formation of Patagonia and a number

of papers are now in press or in review summarizing
her work. Work in progress includes documentation of
Miocene deltaic ichnofaunas from Venezuela based on
subsurface data and Cenozoic marine ichnofaunas from
Chile based on outcrops.

The SEPM Special Publication containing papers
presented in Ichnia 2004 is almost there. I enjoyed helping
to organize the meeting and co-editing the book with
Richard Bromley, Gabriela Mangano, Jorge Genise and
Ricardo Melchor. Finally, more work to do as recently
elected president of the Ichnological Society, fortunately
with the continuous support of fellow travelers Duncan
Mcllroy and Jordi de Gibert.

Gerhard C. Cadée
Royal Netherlands Institute for Sea Research

For Miller’s book I wrote a chapter (with Roland Goldring
as coauthor) “The Wadden Sea, cradle of invertebrate
ichnology” dealing with the role of Rudolf Richter ,
founder of Senckenberg am Meer in Wilhelmshaven,
Walter Haenzschel, most famous for his contribution on
Trace fossils for the Treatise of Invertebrate Paleontology,
Dolf Seilacher and others who all started ichnological
work in the Wadden Sea.

I include below an image from a North Sea beach on
the Wadden Sea Island Texel where I live. It shows a
common shore crab Carcinas maenas trying to hide
itself on the beach.

Shahin Dashtgard
Alberta Geological Survey

My present research is focused in two areas. Firstly, |

am further developing some of the ideas from my PhD

research with an assessment of the neoichnological
signature of gravel-dominated deposits in the Bay of
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Fundy, Canada. The purpose of this research is to provide
both insights into the ichnology of conglomerates and to
better constrain grain-size controls on ichnocoenoses.
Secondly, my work at the AGS is an assessment of
carbon dioxide (CO,)-enhanced oil recovery and
sequestration potential in the sand- and conglomerate-
dominated Cardium Formation. This research presents
the opportunity to use ichnology to better constrain the
depositional environment of the Cardium, and to refine
the reservoir model used to determine CO,-injection

Dashtgard Figure. A. Rosselia in Cardium core. B. Xray image of a terebellid
burrow in gravel.

4 5
centimetres

2 3

and storage capacities. In particular, we have been able
to determine that the reservoir compartmentalization
incorporated into the model at the injection site does
not reflect regional trends, but localized deposition and
preservation of shale beds within predominantly sandy
lower shoreface sands.

Aside from that I have the pleasure of co-editing the
Ichnology Newsletter with Murray, and will likely get
involved with the planning of ITW9!

Tony Ekdale
University of Utah

My ichnologic work creeps along at the inexorable pace
of a happy-go-lucky Olivella creating Olivellites across
a languid sand flat. Some recently or nearly completed
projects include studies of Paleozoic endoskeletal
symbionts (with Leif Tapanila), opportunistic ichno-
pioneers following a Devonian bolide impact (with Leif
Tapanila and John Warme), Triassic fluvial ichnocoenoses
(with Rose Difley), and Jurassic eolian ichnofacies (with
Richard Bromley and Dave Loope). Works in progress
include studies of African graphoglyptids (with Beth
Gierlowski-Kordesch) and endocranial ichnofabrics
inside the mud-filled heads of dead vertebrates (with Matt
Colbert and Eric Ekdale). Some forthcoming projects
(still top secret) will be initiated shortly with Rick Urash
and Michelle Mary. In my rare spare time (and far out of
ear shot of certain friends of mine in Denmark, Spain and
New Zealand), I continue my attempts to create beautiful
music from beautiful trace fossils.

Murray Gingras
University of Alberta

I am presently engaged in research focussed on
neoichnology in marginal-marine settings. And lately,
I have become interested in lacustrine settings. I am
still engaged in palichnological studies in Cretaceous
and Miocene units and continue to devlop methods in
permeability and porosity in bioturbated rocks.

My collaborations have been very rewarding. [ still
work closely with George Pemberton, and have
developed wonderful research relationships with Kerrie
Bann, Shahin Dashtgard, Stephen Hubbard, James
MacEachern, Matti Rasanen and John-Paul Zonneveld.

My students are very active and I was pleased to graduate
Robert Grover, Barton Blakney, and Nadine Pearson (all
MSc). Before I knew it, Nadine was off to work with
Gabriela in Saskatchewan. Shahin Dashtgard was also
unleased this year: he finished his PhD on neoichnology
and sedimentology.



Gingras Figure. Resin cast taken by Sarah Gunn in the Ogeechee River area
in the summer of 2006. The large traces were constructed by crabs and the

smaller ones by polychaetes.

My active projects include the sedimentology
and ichnology of Tillamook Bay (Lidia Zabcic),
Kouchibouguac Bay (Tyler Hauck), the Ogeechee
(Sarah Gunn) not to mention some wee neoichnological
projects I maintain by myself. Working on the more
theoretical side of neoichnology are PhD candidates
Marilyn Zorn and Lynn Dafoe. I have a new interest
in microbially mediated flocculation: that interest is
managed by Ozlem Suleyman. On fartyher out projects
Larry Amskold (burrow dolomite) and Ernesto Pecoits
(BIFs) lead the charge. Working on core studies in the
Western Canadian Basin are MSc candidates Kevin
Balshaw and Ryan Lemiski. Finally Pemberton and I
have hired 2 post docs: BC Yang (neoichnology) and
Jussi Hovinoski (permeability studies).

Dirk Knaust
Statoil
My current activities include the following topics:

1. Review of the invertebrate ichnofauna in Middle
Triassic, shallow marine carbonates (Muschelkalk)

of Germany. — A review article (Knaust in press)
summarises the current knowledge of ichnotaxa from the
Muschelkalk succession of Germany, but continuously
collected material promises to shed more light on
some rare or debatable ichnotaxa (cf. Knaust 1998,
2002, 2004), for instance Balanoglossites, Trypanites,
Zoophycos, Rhizocorallium, Protovirgularia, Mixoteich-
ichnus and Coprulus (Fig. 1A, B).

2. Meiobenthic trace fossils, interconnected with
an exceptionally preserved fauna from the Upper
Muschelkalk (Middle Triassic) of Germany. — This
is a relatively new field in ichnology, dealing with a
Fossillagerstitte that contains thousands of tiny trace
on micritic bedding planes. Due to the circumstances
that in many cases the tracemakers are preserved at
the terminations of the traces, assignment to a diverse
meiofauna (e.g. foraminifers, crustaceans, nematodes
etc.) is possible (Fig. 1C, D). Knaust (in press) gives
a first overview, although the detailed documentation,
description, ichnotaxonomical treatment as well as
interpretation will take a while.

3. Invertebrate ichnofauna of the Lower Triassic
(Buntsandstein) of Germany. — The ichnodiversity in
Lower Triassic Playa deposits was demonstrated in a
case study (Knaust & Hauschke 2005). A critical point
in this kind of stressed environment is the differentiation
of trace fossils and pseudofossils, which is not always
straight forward (Knaust & Hauschke 2004). New
material has been continuously collected and will be the
subject of further studies together with my co-worker Dr.
Norbert Hauschke from the University of Halle/Saale
(Germany).

4. Ichnofabrics in core slabs from the Mesozoic of the
Norwegian continental margin. — Ichnofabrics have been
routinely used by petroleum geologists to characterize
hydrocarbon reservoirs. Based on the study of hundreds
of' meters of core, they contribute to a better understanding
of the depositional environment, to identify key surfaces
for sequence stratigraphic interpretation and correlation,
and so forth.

5. Zoophycos around the Permian/Triassic boundary
and its producer. — Since the oldest Mesozoic nearshore
Zoophycos occurs in the Middle Triassic (Knaust 2004),
I also became interested to find the youngest Palaeozoic
Zoophycos. The Empty Quarter Desert in Oman released
some noteworthy specimens from the Middle Permian,
which exhibit a striking similarity to the Muschelkalk
Zoophycos, Both Zoophycos appear as compound
trace fossils that contain bioprints which allude to their
assumed producer.
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Knaust Figure. Trace fossil examples from the Middle Triassic Muschelkalk of Thuringia/Germany. A — Micritic hardground riddled by large Balanoglossites isp. (pre-
omission suite) and tiny Trypanites weisei borings. Quarry Lohma near Weimar, Lower Muschelkalk, Upper Oolithe Bed. B — Micritic firmground with Rhizocorallium
Jenense. C, D — Micrite surface with meiobenthic trace fossils preserving their producers at the terminations. Quarry Troistedt near Weimar, Upper Muschelkalk,

Ceratites evolutus Zone. Image width = 4.5 cm in C and 2 cm in D.

Ludvig Lowemark

Department of Geosciences, National Taiwan
University

The National Science Council of Taiwan has granted
me funding for the next three years to work on late
Quaternary records of climate change, and the impact
of bioturbation on high-resolution time series. On the
side, more as a hobby, I will also continue to work on
trace fossils from the Miocene Taliao Formation in NE
Taiwan and other trace fossils that might come my way.

M. Gabriela Mangano
University of Saskatchewan

I am currently working on different ichnologic projects,
essentially dealing with evolution of shallow-marine
ichnofaunas through the Phanerozoic. At present a series
of projects deal with lower Paleozoic ichnofaunas. Some
of these include the analysis of extensive Cambrian-

Ordovician clastic units in northwest Argentina,
including the Lower to Middle Cambrian Meson Group
and the Upper Cambrian-Tremadocian Santa Rosita
Formation. Papers on these ichnofaunas have been
published recently in Ameghiniana, Ichnos, Fossils and
Strata and Latin American Journal of Sedimentology
and Basin Analysis. A detailed paleoecologic study of
the tide-dominated ichnofaunas of the Meson Group
was published in a special issue of Fossils and Strata.
Wave-dominated ichnofaunas of the Alfarcito Member
of the Santa Rosita Formation were analyzed in a
paper published in Ameghiniana last year. Cambrian
ichnofaunas are the topic of Master student Patricio
Desjardins, who is doing research in the Gog Group
of the Canadian Rockies. Another related project deals
with Cambrian ichnofaunas from the Dead Sea area in
Jordan together with Olaf Elicki, Richard Hofmann and
Rafie Shinaq. I am also interested on the ichnology of
Cenozoic shallow-marine clastic environments. Noelia
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Carmona recently defended her PhD on Miocene
ichnofaunas from the Chenque Formation of Patagonia.
Some of this work will be published soon, including a
detailed documentation of firmground assemblages in
discontinuity surfaces and analysis of the different trace
fossils recorded in the Chenque Formation. PhD student
Nadine Pearson has started her work in Paleogene
ichnofaunas of Patagonia.

I have also spent some time working on the edition of a
special issue of Fossils and Strata together with Barry
Webby and Luis Buatois. The special issue, published
in 2004, emphasizes trace fossils in evolutionary
paleoecology and results from a special session held
during the First International Palaeontological Congress
in Sydney in 2002. Another book in progress is an SEPM
Special Publication containing papers presented in Ichnia
2004 together with Richard Bromley, Luis Buatois, Jorge
Genise and Ricardo Melchor.

James MacEachern
Simon Fraser University

James is currently exploring the various effects that
river-sediment influx into the marine realm has upon
the resulting ichnological suites. He is conducting or
collaborating on projects that explore the differences
between river-dominated, wave-dominated, mixed river-
wave influenced and mixed river-tide influenced deltaic
successions. He and his graduate students Aaron Des
Roches and Cameron Thompson are exploring along-
strike variations that occur as the setting changes from a
wave-dominated delta front to a non-deltaic strandplain
shoreface, specifically in the Lower Cretaceous Falher
Member and the Grand Rapids Formation of Alberta.

Another project nearing completion is an assessment
of changes in ichnological suites that occur along
asymmetric delta lobes (i.e., spatial changes from river-
dominated to wave-dominated deposition on the same
delta front complex), in association with his graduate
student Ms. Cindy Hansen. Other projects include the
impact of fluid mud emplacement on trace fossil suites,
hyperpycnal-induced salinity fluctuations in prodelta
settings, fan delta ichnological characteristics, and
differentiation between storm-dominated delta front
complexes and storm-dominated shorefaces. In the next
several months, James will be collaborating with Murray
Gingras on various neoichnological characteristics of
the Fraser Delta, particularly comparing endobenthic
characteristics of active and inactive (abandoned) lobes
of this mixed influence system. He is also involved in a
supportive role in several projects spearheaded by Kerrie
Bann, George Pemberton, and Murray Gingras.
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Anthony J. Martin
Emory University

The past couple of years were filled to the brim with
ichnological experiences for me, but I’ll try to summarize
them, albeit verbosely. My biggest project was the
completion and publication of the second edition of my
textbook Introduction to the Study of Dinosaurs (2006,
Blackwell Science), which was expanded to include a
few new chapters and many more illustrations. Among
the new chapters is one titled Dinosaur Ichnology, but
rest assured that ichnologic concepts and evidence are
woven surreptitiously throughout other chapters as
well. I am also putting the finishing touches on a field
guidebook, titled Trace Fossils of San Salvador, which is
intended for university biology and geology instructors
to use as an educational resource at the Gerace Research
Center (GRC), San Salvador, Bahamas. This guidebook
is about 80 pages long, is filled with many descriptions
and photographs of San Salvador trace fossils, and has
a comprehensive bibliography of ichnologically related
studies done in the Bahamas. Hopefully it will be in print
by early December 2006, just in time for peak visitation
by university groups at the GRC in December-January.

The most exciting aspect of this year is that it was spent
outside of the U.S. in Australia. I was hosted (most
graciously, I might add) by Patricia Vickers-Rich of
Monash University (Melbourne), and it was my first
sabbatical from Emory in the 17 years I have been there,
so [ enjoyed it as much as possible. While in Australia, I
worked on an educational-enhancement project that looks
at links between indigenous Australian (“aboriginal”)
tracking methods and rock art that uses ichnologic
iconography. The results I hope to publish in the Journal
of Geoscience Education next year. | definitely will be
going back to Australia in upcoming years, if for no
other reasons than the pleasant people, relaxed culture,
gorgeous landscapes, and excellent wine!

I’'m starting to lose track of projects where colleagues
have been kind enough to include me, but will single out
the interesting ones I’'m doing on various aspects of plant,
invertebrate, and vertebrate ichnology of New Zealand
with Murray Gregory and Kathy Campbell (University
of Auckland), which were all the more encouraged by the
very successful and well-attended Ichnofabric Workshop
there in 2005. The best news for me in a collegial sense
is that my long-time regional collaborator (and fellow
representative of The Confederate States of America),
Andy Rindsberg, is now (and finally!) in an academic
position. He’ll also be at the University of West Alabama,
which means that he now will be rewarded for doing



research with me in the southeastern U.S. Along those
lines, we have a co-authored chapter in the upcoming
William Miller III Trace Fossil Concepts volume about
juvenile limulid traces on Sapelo Island (Georgia), and a
few Paleozoic trace fossil projects are in the works, too.

Two singly authored papers of mine also came out this
year that deal with ghost crab traces, both modern and
fossil. One was in the most recent (2006) volume for
the Geology of the Bahamas Symposium and was about
how insects might use ghost crab burrows as templates
for brooding structures, making composite trace fossils.
The other, published in Ichnos, was about ghost crab
resting traces related to respiration and hydration, and
is part of my quest to resurrect neoichnology on Sapelo
Island (Georgia), where my advisor (Bob Frey) did his
classic neoichnological works.

Duncan Mcllroy
Memorial University of Newfoundland

The period since the last Ichnology Newsletter has been
a very exciting and busy one for me. 2003-4 was largely
occupied with first organizing the Lyell Meeting for
the Geological Society of London on The Application
of Ichnology to Palacoenvironmental and Stratigraphic
analysis at Burlington House, London, which was very
well attended by Academia and Industry. Following
on from that was the task of editing a 500 page book
with the same title, which was very rewarding, both
intellectually and through the consolidation of a number
ofichnofriendships. [ was also at the time looking to move
back into academia—from my role as an independent
consultant—and was very fortunate to become another
member of the ever expanding Canadian ichnological
community when [ was offered a position at Memorial
University of Newfoundland as Canada Research Chair
in Petroleum Geoscience. [ took up this position in
December 2004. Since then I have been building a small
research group which spans my research interests from
pure ichnology to sedimentology and reservoir modeling.
I currently have five research students:

Mike Garton (Ph.D. Candidate) is studying ichnofabrics
and sedimentology of the classic Pipe Rock of northern
Scotland.

Nikki Tonkin (Ph.D. Candidate) who is working on
ichnofabrics and seafloor patchiness in Argentina, Utah
& New Zealand- Nikki is a former Murray Gregory
student,

Chris Phillips (Ph.D. Candidate) working on seafloor

patchiness in deep marine settings. Chris is focused on
the Gres d’ Annot in the French Alps.

Erik French (M.Sc. Candidate) focused on facies
architecture of tide-dominated marginal marine deposits

Allison Moore (M.Sc. Candidate)- Allison works for
the Petroleum Board in the province and is working on
the sedimentology, diagenesis and reservoir modeling
aspects of shoreface systems, with a limited ichnological
component as she is a reservoir modeler by training.

I have two adverts out for Ph.D. students to work on
the effects of tidal groundwater fluctuations on early
diagenesis- on which I hope to impose an ichological
angle. These students should start at the end of the
year.

One of my students Sarah Needham graduated with
her Ph.D in 2005. Sarah was a fantastically productive
student (see the Bibliographica Ichnologica) and has
now moved on to an environmental job in the UK.

We have also established a CT scanning facility and an
experimental neoichnology laboratory, with a chilled
marine circulation system at Memorial, with funding
from the Canadian Foundation for Innovation. This
year has been spent working out ways to adapt the
technology for ichnological applications. The lab is at
present underused so if you would like to come and use
the facility to study rocks, soft sediment cores or lithified
cores drop me a note dmc(@esd.mun.ca.

My own research is as eclectic as ever, but my main
push is on trying to test the limitations of the ichnofabric
method and in continuing to investigate the importance
of bioturbation in causing weathering of detrital grains.
Lastly, 2005 has seen the creation of the Ichnological
Association- if you have not joined yet you can find us at
www.ichno.org we are hoping that by the end of the year
we will be a registered society with a journal.

Radek Mikulas
Geologicky Ustav ACR

My ichnologic projects supported by domestic grant
agencies concern: 1, trace fossils and ichnofabrics of the
Ordovician sedimentary sequences in the St Petersburg
Region (Russia); 2, ichnology of the Upper Cretaceous
oceanic red beds in the Czech part of the Outer Western
Carpathians; 3, Root ichnofabrics of the Oligocene and
Miocene silcretes of the North Bohemia, Czech republic;
4, Neoichnology of modern floodplain deposits of central
Bohemia, Czech Republic.
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Renata Guimariaes Netto
UNISINOS/PPGeo

I dedicate my attention to invertebrate ichnology, in
special to the ichnological content of the Permian and
Mesozoic deposits of Parana Basin (south of Brazil),
and the Cenozoic deposits from Sao Luis-Grajati Basin
(north of Brazil), and coastal plain deposits (south of
Brazil). My main interest is applied ichnology, chiefly to
paleoecology and sedimentary geology. In the past eight
years, | have working with Luis Buatois and Gabriela
Mangano in the Rio Bonito/Palermo Formations, using
ichnofossils and ichnofabrics to recognize stratigraphic
surfacesandtoreviewpaleoenvironmentalinterpretations.
We are also comparing Bazilian and Argentinian
permocarboniferous sedimentary deposits generated in
distinct sedimentary basins, trying to understand how
far the gondwanic deglaciation was influent in benthic
invertebrate distribution at these basins.

At the same time, I have working with trace fossils
from Precambrian-Cambrian boundary, considering
their occurrence in sediments from the Camaqua
Basin (south of Brazil) and related deposits in south
South America. Now, | am working in a review of the
Precambrian ichnofauna and vendofauna from Santa
Barbara Formation, which sedimentological evidences
suggest brackish water environments, whereas the rest
of the deposits of this age in the world represent fully
marine environments.

In the field of neoichnology, I use to study coastal
areas and in an estuary-like complex with graduate
and undergraduate students. Our main objective is to
use those modern deposits as analogues to the ancient
marginal- to shallow-marine environments recorded in
sedimentary rocks that crop out in the south of Brazil.

S. George Pemberton
University of Alberta

Lately 1 have found myself in the position of
collaborating with 3 wonderful people Murray Gingras,
James MacEachern and Kerrie Bann. This has been one
of the most enjoyable times in my career. | have found
that Murray, James and Kerrie have resurrected me and
it is a challenge for me to keep up with them. We have
been involved in doing fieldwork in Australia on the
effect of temperature on trace fossils and in Utah on the
applicability of ichnofacies and ichnofabric analysis.
Murray, James and myself have a joint research project
funded by 5 companies on the ichnological dynamics of
the shoreface. Murray and myself also have a 3-company
consortium dealing with the effect of bioturbation on tight

gas reservoirs. Once again I find myself supervising a
large number of remarkable graduate students including
PhD students Curtis Lettley, Lynn Dafoe, Marilyn Zorn,
Stacey Gibbs, Richard McCrea, Arjun Keswani, Zaki Ali
Abdel-Fattah, and Demian Robbins; and MSc students
Trevor Hoffman, Kim Robinson, Jon Lamothe, Sarah
Gunn, and Scott Reid. Many of these students are jointly
supervised by Murray Gingras and I feel very fortunate
in having Murray here at the University of Alberta.
Murray and [ are also directing 2 post doctoral fellows
Dr. Dr. ByongCheon Yang and Dr. Jussi Hovikoski. I am
continuing to edit /chnos along with Ron Pickerill and
we have 3 Special Issues coming out soon. I would like
to ask you all to consider sending manuscripts to /chnos.
James MacEachern and myself ran a trace fossil short
course at the AAPG meeting in Houston and enjoyed
the experience very much. It is so much fun to expose
people to the joys of ichnology!!!

Leif Tapanila
Department of Geosciences, Idaho State University

This is a transitional year for me, switching from life as
a carefree graduate student to an overwhelmed assistant

Tapanila Figure. When the sky has fallen, make a spreite! Teichichnus
penetrating into the top of the Alamo meteor impact breccia, Late Devonian,
Nevada.

33



professor here at [SU. As time permits, my ichnoresearch
continues forth. I am expanding my doctoral research
in lithichnology (the study of hard substrate trace
fossils) to understand ancient symbioses as preserved
by bioclaustration trace fossils and to compare their
evolutionary history with bioeroding organisms. Tony
Ekdale and I have developed concepts that we hope
will establish a framework for discussing these two
trace fossil groups, and Mark Wilson and I are making
efforts to use these hard substrate trace fossils to address
questions on the evolution of adaptive strategies. More
basic descriptive research on these groups continues
with the help of Jan Ove Ebbestad and Lars Holmer on
the record of bioclaustrations and borings in corals and
stromatoporoids from Gotland, Sweden. On a different
line of research, I am looking at the taphonomic signature
of Cretaceous oyster beds in order to understand
predator-prey relationships in the Western Interior
Seaway. This work, in collaboration with Eric Roberts
and with support of Grand Staircase-Escalante National
Monument, shows an interesting relationship between
the occurrence of Entobia and Oichnus in Pycnodonte
shells. And in Nevada, I continue to collaborate with
John Warme and Tony Ekdale on the immediate benthic
recovery following the Late Devonian Alamo meteor
impact. Apparently burrowing animals don’t mind being
hit by meteors!

Alfred Uchman
Jagiellonian University

In 2004-2005 and the first 7 month of 2006 I took part
in two expeditions to Svalbard, Arctic, where I worked
on Eocene trace fossils in collaboration with Ron Steel.
Together with Nils-Martin Hanken, we discovered
numerous trace fossils in a Holocene filling of a fjord
in Telemark, Norway. We also made ichnological
analysis of Late Ordovician siliciclastics in a part of
the Oslo Graben. In Italy I worked on ichnofabrics in
a Pliocene sequence in the Parma region, together with
Peter Pervesler, and on Late Cretaceous trace fossils in
the Genova region. Ichnofauna of the varve clays was
studied in Lithuania (with Algirdas Gaigalas) and in
Sweden (with Risto Kumpulainen). In Spain, I worked
on ichnology of the K/T boundary (together with
Francisco Rodriguez-Tovar) and on ichnofabrics in the
Lorca Basin (with Nils-Martin Hanken). In Turkey I
worked on ichnology of the Tracia Basin with Huriye
Demircan (Ankara). A lot of material elaborated or
collected in former years is waiting for publications in
collaboration with many colleagues (Richard Bromley,
Radek Mikula$, Andrew Rindsberg, Duncan Mcllroy,

Guocheng Zhang, Platon Tchoumatchenco, Assiunta
D’Alessandro, Christian Gaillard). Unfortunately,
administration duties delay my work. In the near future I
have to concentrate on preparation of the 2™ International
Congress on Ichnology.

Onno Werver
Ichnos - Netherlands

Since the spring of 2005 I have been working on the
neoichnology of tidal flats at Paesens - Moddergat on
the Frisian Coast in the Netherlands. I do this with a
group of volontiers in and outside various environmental
institutions in the Netherlands. The locality is visited
twice a year, resp. in February and in late August. The
purpose of this longterm study is to map out habitat areas
of benthic organisms by means of their surface traces.
By monitoring changes in shape and area we hope to
see responses in the regional ecology to sealevel changes
and planned gas extraction below the area. Results will
be placed on www.ichnos.nl.

In order to recognize different traces in the area, a
catalogue/atlas of animals present in the area is being
prepared, combined with their traces, burrows and
pellets/excrements.

A new ichnological project has been started up this
summer on boxcores from tidal channels taken from an
arca about 10 kilometers to the northwest of Paesens.
Focus here is the distribution of traces and burrows in
the sedimentary environment.

Andreas Wetzel

Geologisch-Paldontologisches Institut Universitdt
Basel

My ichnological research focusses on two topics, actua-
ichnology in the South China Sea and Triassic deep-sea
sediments in Oman.

South China Sea

The central South China Sea between Vietnam and
the Philippines is affected, today as during interglacial
times, by seasonal upwelling developing in response
to the SW monsoon. However, during glacial times the
area off Vietnam is fertilized in addition to upwelling by
fluvial input from the Sunda Shelf that is emerged during
periods of low sea level. Furthermore, sedimentation
rates vary in response to fluvial input and, hence, the
burial of organic matter. Based on the high-resolution
palacoenvironmental data, the ichnofabrics as seen in
high-resolution X-ray radiographs will be analysed to
deduce the influence of organic matter input, the effects
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of upwelling versus fluvial fertilization, and long-term
changing sedimentation rates.

In addition to the deep-sea, during the last cruise of
the German Research Vessel “Sonne” during April and
May 2006, I could prepare many X-ray radiographs
from cores taken in shallow-water deposits. These cores
document the Late Pleistocene transgression of the shelf
as documented by paleosols overlain by marine sands and
muds — all completely bioturbated. Of special interest are
the incised valleys of the paleo-Mekong which are now
filled by muds. However, ongoing tectonic movements
and sediment reworking by currents and waves provide
very variable environmental conditions. How will
they affect the ichnofabric? The fresh cores exhibt an
interesting ichnofabric (Fig.), how will the more detailed
X-ray radiographs look like?

Triassic flysch in Oman

About 3 years ago I had the opportunity to study Triassic
deep-sea sediments, mainly turbiditic flysch sequences, in
Oman. Within these deposits a highly diverse ichnofauna
has been found; it consists of 14 post-depositional and
17 pre-depositional (mainly graphoglyptid) ichnogenera.
The ichnocoenosis of the Oman Triassic flysch, therefore,
represents the most diverse for the Triassic and jurassic
times so far.

The description of two new graphoglyptid ichnogenera
and the evaluation of the whole ichnofauna is
accomplished in cooperation with Alfred Uchman
and Ingo Blechschmidt from Bern who studied the
deposits sedimentologically in detail. Further work on
Desmograpton pamiricus is planned.
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Split core from the Vietnam shelf, 30 m water depth. Crustaceans burrows having
bulbous irrgeular outlines (top of the picture) were dug into stiff greenish mud
and filled afterwards by soft brownish mud. Below a still open Gyrolithes burrrow
can be seen. This area of the Vietnam shelf was flooded about 8’000 years ago.
Scale in centimetres gives depth below actual sediment surface.



UPCOMING EVENTS

October 2006, Geological Society of America: A
special technical session, entitled “Fossil Behavior: A
Symposium in Honor of Adolf Seilacher”, will be held
at the upcoming GSA (Geological Society of America)
Annual Meeting in Philadelphia, Pennsylvania. At this
writing, neither the exact day of the session nor the final
list of presentations has been set, but it will occur on one
day during the convention week of October 22-25, 2006.
This symposium is sponsored by the PS (Paleontological
Society) and is convened by Tony Ekdale and Richard
Bromley. It will include both oral and poster presentations
covering the gamut of animal behavior as represented
by the wide spectrum of trace fossils ranging from the
Precambrian to the present.

‘Fossil Art’: Dolf Seilacher’s famous and ever-growing
exhibition of outstandingly beautiful trace fossils is
visiting Scandinavia this year. During the spring and
summer it has visited Aarhus (Denmark), Stavanger
(Norway) and Bornholm (Denmark). From October
4 to December 3 it will be on view at the Geological
Museum, Copenhagen University in Copenhagen,
Denmark. Contact Richard G. Bromley, Geological
Institute, University of Copenhagen, Denmark for more
details.

Fifth Argentinean Ichnologic Meeting and Third
Ichnologic Meeting of the Mercosur, Ushuaia, Tierra
del Fuego, Argentina, March 28-30, 2007 [Eduardo
B. Olivero emolivero@ciudad.com.ar]: The Fifth
Argentinean Meeting of Ichnology and Third Ichnologic
Meeting of the Mercosur will be held in the city of
Ushuaia, Tierra del Fuego, Argentina. Since the First
Argentinean Meeting, held in Santa Rosa La Pampa, in
1993, all previous meetings of this kind have been quite
successful in the task of promoting ichnologic research
and exchanging ideas among ichnologists from South
America and the rest of the world. Argentina has a strong
tradition in ichnology, and for this occasion, we hope
to continue the successful results of previous meetings.
Participation of ichnologists from all over the world
is especially encouraged in order to strengthen links
with the rapidly growing South American ichnologic
community. Talks and posters covering on all aspects
of ichnology will be accepted in the program. This
program also includes a post-meeting field trip to the
Atlantic shore of Tierra del Fuego to examine the only
Cenozoic flysch trace fossils known in Argentina, and

a pre-meeting two days course on the applications of
Ichnology to petroleum exploration is also planned

Convenors: Laboratorio de Geologia Andina. Centro
Austral de Investigaciones Cientificas (CADIC-
CONICET).

Main objective:To discuss the latest developments
on ichnology, and their relationship to paleobiologic,
stratigraphic and sedimentologic studies, promoting
exchange of ideas and potential cooperative projects
among ichnologists.

Scientific Program: Oral presentations and posters are
included in the program. Contributors should submit
abstracts according to the following guidelines. Abstracts
must be in Spanish, Portuguese or English. The text
must be prepared in one page, single column format
and single-spaced. Do not include photos, drawings or
a reference list. The printing area is 170 x 230 mm. Use:
(1) upper case, Times 14, bold, centered, for the title, (2)
upper and lower case, Times 12, centered, for the Author
name, (3) upper and lower case, Times 10, centered, for
the Author address (e-mails may be included), and (4)
upper and lower case, Times 12, for the text (justify left
and right lines). Send abstracts in Microsoft Word by e-
mail to emolivero@ciudad.com.ar. Please specify if
your contribution is a poster or a talk. An abstract book
with all the contributions will be distributed during the
meeting. Abstracts must be submitted before December
31, 2006.

For Oral sessions, Power Point presentations are
recommended. Available space for poster is 110 (height)
x 90 (width) cm.

Pre-Registration:  Interested  participants  should
send their pre-registration form to Eduardo Olivero:

emolivero@ciudad.com.ar .

Costs: Professionals: MERCOSUR: $§ 200 (before
December 31, 2006). Other countries: U$S 200 (before
December 31, 2006). Students: MERCOSUR: $ 120
(before December 31, 2006). Other countries: U$S120
(before December 31, 2006).

Field trip: A three-day post-meeting field trip to Cenozoic
marine outcrops in the Atlantic coast of Tierra del Fuego
is planned from March 31 to April 2, 2007. Participants
will examine shallow marine trace fossils from the
Leticia Formation (late middle Eocene) and flysch trace
fossils from the Cerro Colorado Formation (late middle
Eocene/late Eocene), Oligocene unnamed strata, and
Desdémona Formation (late Oligocene/early Miocene).
The total cost of the field trip is estimated in US$S 400
(this cost could be reduced depending on the number of
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participants). This cost covers transportation, lodgement
and meals. Due to restrictions in transportation and
lodgement, the minimal number of participants will be
10 and the maximum number, 20 people.

Research Conference: Ichnological Sedimentology:
The Integration of Sedimentary Facies and Ichnology
(sponsored by SEPM): Price Utah, USA. May 20-26th,
2007.

Convenors: James A. MacEachern, S. George Pemberton,
Murray K. Gingras, and Kerrie L. Bann

Field Trip Leaders: Janok P. Bhattacharya and Tom
Ryer

We welcome colleagues to attend a SEPM Research
Conference that showcases the integration of ichnology
and sedimentology/stratigraphy. Principal topics include
sedimentary facies analysis, genetic stratigraphy,
paleoenvironmental interpretation, and petrophysical
characterization of bioturbated reservoirs. Maximum
registration is 50. This is a research conference and
preference will be given to applicants that have accepted
abstracts for oral and poster presentation.

Abstract Deadline to be determined.

Trace Fossils: Concepts, Problems, Prospects: Edited
by William Miller III, will be published by Elsevier. The
publisher has promised a moderately priced paperback
version that will costabout $65-75 USD. Miller is pushing
very hard to have the book ready before the end of 2006.
It will contain 36 chapters covering nearly every aspect
of modern ichnology, by about 54 authors in different
combinations, and will probably have 450 pages or so.
The first section contains historical sketches. The second
consists of chapters that cover concepts, overviews,
persistent problems, and connections to other disciplines.
The final section presents a collection of chapters that
use new approaches or point the way forward. And John
Pollard has written a Memorial to Roland Goldring, to
whom the book is dedicated.

International Ichnofabric Workshop IX: International
Ichnofabrics Workshop, Calgary, Alberta, August 19-26,
2007

Contact: (1) Murray Gingras, University of Alberta. (2)
John Paul Zonneveld, Geological Survey of Canada.

Objectives: This workshop is intended to bring together
ichnological researchers to share innovations in the area

of ichnofabric research. Palichnological applications and
neoichnological perspectives will be welcome.

Location: University of Calgary, Calgary, Alberta.

Presentations. Invited talks, oral and poster presentations
are planned. Moreover, panel discussion will be
organised.

Field trips: (1) Intra-meeting excursions to the Alberta
Core Repository. (2) Post-meeting excursion to consider
Cambrian, Devonian, Jurassic, and Cretaceous outcrops
in the area of Canmore and Banff, Alberta. (3) Post-post
meeting excursion to Drumheller to see outcrops of the
Horseshoe Canyon Formation and the Tyrell Museum.

Pre-registration deadline: December 1, 2006.
Abstract deadline: 1s anticipated to be February, 2007.

Ichnia 2008: Second International Congress on
Ichnology, Cracow, Poland, September 1-5, 2008.

Contact: Alfed Uchman.
Objectives:

* to present the main achievements in invertebrate and
vertebrate ichnology in the latest years,

* to make a step toward better unification of all fields
in ichnology,

* to promote collaboration among ichnologists,

* to visit the best ichnological localities in central and
southern Poland.

Location: Jagiellonian University, Cracow (Krakow in
Polish), Poland.

Cracow is the old capital of Poland, known from its
historical centre with several romanesque, Gothic,
and younger monuments, mediaeval royal castle and
cathedral (Wawel hill) and the second oldest university
in Central Europe (Jagiellonian University) established
in 1364, in which geology has been taught since 1782.
The Institute of Geological Sciences of the Jagiellonian
University houses one of the most important and largest
collections of flysch trace fossils, which will be available
for the participants.

Presentations: Invited talks, oral and poster presentations
are planned. Moreover, panel discussion will be
organised.

Field trips:

*  Pre-congress field trip (3 days; August 29-31, 2008):
Gorywitokrzyskie (Holy Cross Mountains), central
Poland. Participants will see Cambrian, Devonian
and Jurassic marine invertebrate trace fossils,
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Triassic and Jurassic continental and marginal-
marine invertebrate and vertebrate trace fossils, and
spectacular borings along Miocene rocky seashores.

* Intra-congress field trip (1 day; September 3, 2008)
in the Cracow region: bioerosion of a Cretaceous
abrasional platform, shallow marine Devonian and
Lower Carboniferous trace fossils.

*  Post-congress field trip (3 days; September 6-8, 2008)
in the Carpathians, southern Poland: trace fossils and
ichnofabrics in the Cretaceous-Palacogene pelagic
and turbiditic sediments.

Pre-registration deadline: December 15, 2006.
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Checklist of new ichnotaxa
Ichnotaxa ascribed to invertebrates

Coprinisphaeridae Genise, 2004

Krausichnidae Genise, 2004

Pallichnidae Genise, 2004

Alcyonidiopsis bavaricus Uchman, 1999

Anellusichnus circularis Santos, Mayoral & Muhiz, 2005
Anellusichnus Santos, Mayoral & Mufiz, 2005
Anellusichnus undulatus Santos, Mayoral & Muniz, 2005
Arenicolites longistriatus Rindsberg & Kopaska-Merkel, 2005
Arthrophycus minimus Mangano, Carmona, Buatois & Guinea, 2005
Atollites italicum Serpagli, 2005

Bicavichnites Lane, Braddy, Briggs & Elliott, 2003
Bicavichnites martini Lane, Braddy, Briggs & Elliott, 2003
Bifungites munizi Agostinho, Viana & Fernandes, 2004
Bifungites piauiensis Agostinho, Viana & Fernandes, 2004
Chondrites stellaris Uchman, 1999

Chondrites hamatus Brustur, 2005

Coenobichnus currani Walker, Holland & Gardiner, 2003
Coenobichnus Walker, Holland & Gardiner, 2003

Cruziana polaris Wisshak, Volohonsky & Freiwald, 2004
Cylindrichnus helix Gibert, Netto, Tognoli & Grangeiro 2006
Cystichnium curvativum Hu & Wu, 1993

Cystichnium Hu & Wu, 1993

Flexorhaphe Kappel, 2003

Foersterichnus Pirrie, Feldmann & Buatois, 2004
Foersterichnus rossensis Pirrie, Feldmann & Buatois, 2004
Furnasicnhus Borghi & Fernandes, 2001

Furnasicnhus langei Borghi & Fernandes, 2001
Herradurichnus Poiré & Valle, 1996

Hormosiroidea meandrica Balistieri, Netto & Lavina, 2002
Korymbichnus conflabellatus Damborenea & Mancefido, 1996
Korymbichnus Damborenea & Mancefiido, 1996
Kouphichnium pentapodus Erickson, 2005

Laqueichnus baloffi Kappel, 2003

Laqueichnus Kappel, 2003

Lazaichnus fistulosus Mikulas & Genise, 2003

Lazaichnus Mikulas & Genise, 2003

Maiakarichnus currani Verde & Martinez, 2004
Maiakarichnus Verde & Martinez, 2004

Megagrapton fornicatum Kappel, 2003

Meriostomichnites gracilis Weber & Braddy, 2004
Monomorphichnus lineatus Hu & Wu, 1993
Monomorphichnus podolicus Uchman, Drygant, Paszkowski, Porebski & Turnau, 2004
Monticulichnus Kappel, 2003

Monticulichnus puteus Kappel, 2003

Octopodichnus minimus Kozur & LeMone, 1995

Oldhamia alata Seilacher, Buatois & Mangano, 2005
Oldhamia geniculata Seilacher, Buatois & Mangano, 2005
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Oldhamia kernnesraniensis El Hassani & Willefert, 1990
Oldhamia recta Seilacher, Buatois & Mangano, 2005
Ophiomorpha puerlis Gibert, Netto, Tognoli & Grangeiro 2006
Paradictyodora antarctica Olivero, Buatois & Scasso, 2004
Paradictyodora Olivero, Buatois, & Scasso, 2004
Paradidymaulichnus emeiensis Hu & Wu, 1993
Paradidymaulichnus Hu & Wu, 1993

Patagonichnus calyciformis Olivero & Lopez Cabrera, 2005
Patagonichnus Olivero & Lépez Cabrera, 2005
Patagonichnus stratiformis Olivero & Lépez Cabrera, 2005
Patagonichnus thalassiformis Olivero & Lépez Cabrera, 2005
Permichnium robledoense Kozur & LeMone, 1995

Persichnus Uchman, Abbassi & Naeeji, 2005

Phycodes dentatus Brustur, 2005

Phymatoderma penicillum Uchman, 1999

Pilichnus dichotomus Uchman, 1999

Pilichnus Uchman, 1999

Robledoichnus Kozur & LeMone, 1995

Robledoichnus lucasi Kozur & LeMone, 1995

Rusophycus moyensis Mangano, Buatois& Muniz-Guinea, 2002
Rusophycus univalvis Hu & Wu, 1993

Saronichnus abeli Pervesler & Zuschin, 2004

Saronichnus Pervesler & Zuschin, 2004

Selenichnites antarcticus Weber & Braddy, 2004
Shalemichnus Kozur & LeMone, 1995

Shalemichnus sittigi Kozur & LeMone, 1995

Sidichnus catena Kappel, 2003

Sidichnus Kappel, 2003

Sinusichnus priesti Kappel, 2003

Solanichnium confinis Kappel, 2003

Spirodesmos milanai Acefolaza, 2005

Steinichnus largus Hu & Wu, 1993

Streptichnus Jensen & Runnegar, 2005

Streptichnus narbonnei Jensen & Runnegar, 2005
Svalbardichnus trilobus Wisshak, Volohonsky & Freiwald, 2004
Svalbardichnus Wisshak, Volohonsky & Freiwald, 2004
Talpina hunanesis Stiller, 2005

Taenidium recurvum Leszczynski, 2004

Taphrhelminthoides antarcticus Weber & Braddy, 2004
Taphrhelminthoides Weber & Braddy, 2004

Treptichnus apsorum Rindsberg & Kopaska-Merkel, 2005
Tombownichnus Mikulas & Genise, 2003

Tombownichnus parabolicus Mikulas & Genise, 2003
Tombownichnus plenus Mikulas & Genise, 2003
Torrowangea annulata Amerom, Broutin, Ferrer, Gdmez-Vintaned, Lifan & Gisbert, 1993
Trichichnus appendicus Uchman, 1999

Tursia D’Alessandro & Fursich, 2005

Tursia flabelliformis D’Alessandro & Fursich, 2005
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Ichnotaxa ascribed to vertebrates

Alabamosauripus aldrichi Hunt, Lucas, & Lockley, 2004
Alabamosauripus Hunt, Lucas, & Lockley, 2004
Albertasuchipes McCrea, Pemberton & Currie, 2004
Albertasuchipes russellia McCrea, Pemberton & Currie, 2004
Anoployheriipus zeucus Sarjeant & Langston, 1994
Apoxypus Sarjeant & Langston, 1994

Apoxypus tesselatus Sarjeant & Langston, 1994
Asianopodus Matsukawa, Shibata, Kukihara, Koarai & Lockley, 2005
Asianopodus pulvinicalx Matsukawa, Shibata, Kukihara, Koarai & Lockley, 2005
Avipeda adunca Sarjeant & Langston, 1994

Axiciapes curvidigitatus Sarjeant & Langston, 1994
Axiciapes ferox Sarjeant & Langston, 1994

Axiciapes Sarjeant & Langston, 1994

Borealosuchus Erickson, 2005

Borealosuchus hanksi Erickson, 2005

Caririchnium protohadrosaurichnus Lee, 1997

Chelipus Sarjeant & Langston, 1994

Chelonipus chadronicus Sarjeant & Langston, 1994
Chelonipus parvus Sarjeant & Langston, 1994

Corymbipes Sarjeant & Langston, 1994

Corymbipes superstes Sarjeant & Langston, 1994

Falcatipes floriformis Sarjeant & Langston, 1994

Falcatipes Sarjeant & Langston, 1994

Felipeda parvula Anton, Lopez & Santamaria, 2004
Fuscinapeda meunieri Sarjeant & Langston, 1994
Fuscinapeda Sarjeant & Langston, 1994

Fuscinapeda texana Sarjeant & Langston, 1994
Fuscinapedis Lee, 1997

Fuscinapedis woodbinensis Lee, 1997

Gambapes hastatus Sarjeant & Langston, 1994

Gambapes Sarjeant & Langston, 1994

Gruipeda calcarifera Sarjeant & Langston, 1994

Gruipeda lambrechti Ataabadi & Khazaee, 2004
Handrosauropus langstoni Lockley, Nadon & Currie, 2004
Handrosauropus Lockley, Nadon & Currie, 2004
Hypsiloichnus marylandicus Stanford, Weems & Lockley, 2004
Hypsiloichnus Stanford, Weems & Lockley, 2004

Ignotornis yangi Kim, Kim, Kim & Lockley 2006

Iranipeda millumi Doyle, Wood & George, 2000

Mangovipes Lee, 1997

Mangovipes lowei Lee, 1997

Ornithoformipes controversus Patterson & Lockley, 2004
Ornithoformipes Patterson & Lockley, 2004

Palaeotheriipus sarjeanti Ataabadi & Khazaee, 2004
Palimmecopus praceursor Sarjeant & Langston, 1994
Palimmecopus Sarjeant & Langston, 1994

Parundichna schoelli Simon, Hagdorn, Hagdorn & Seilacher, 2003
Parundichna Simon, Hagdorn, Hagdorn & Seilacher, 2003
Phacelopsus Sarjeant & Langston, 1994
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Phacelopsus therates Sarjeant & Langston, 1994
Phalangichnus gagoli Ptaszynski & Niedzwiecki, 2004
Phalangichnus gradzinskii Ptaszynski & Niedzwiecki, 2004
Protochirotherium Fichter & Kunz, 2004

Protochirotherium wolfhagense Fichter & Kunz, 2004
Ptyariopus aichmanticheirus Sarjeant & Langston, 1994
Ptyariopus Sarjeant & Langston, 1994

Puertollanopus microdactylus Soler-Gijon & Moratalla, 2001
Rhynchosauroides kuletae Ptaszynski & Niedzwiecki, 2004
Roepichnus Doyle, Wood & George, 2000

Roepichnus grahami Doyle, Wood & George, 2000
Sarjeantipes McCrea, Pemberton & Currie, 2004
Sarjeantipes whitea McCrea, Pemberton & Currie, 2004
Sarjeantipodidae McCrea, Pemberton & Currie, 2004
Sarjeantopodus Lockley, Nadon & Currie, 2004
Sarjeantopodus semipalmatus Lockley, Nadon & Currie, 2004
Saurexallopus zerbsti Lockley, Nadon & Currie, 2004
Schizograllator otariensis Matsukawa, Shibata, Kukihara, Koarai & Lockley, 2005
Schromorphichnus oxypages Sarjeant & Langston, 1994
Schromorphichnus Sarjeant & Langston, 1994

Tetrastoibopus phoros Sarjeant & Langston, 1994
Tetrastoibopus Sarjeant & Langston, 1994

Tricorynopus elaphrus Sarjeant & Langston, 1994
Tricorynopus Sarjeant & Langston, 1994

Trinaxopus hoplephoreus Sarjeant & Langston, 1994
Trinaxopus Sarjeant & Langston, 1994

Undichna septemsulcata Wisshak, Volohonsky & Blomeier, 2004
Zanclonychopsus Sarjeant & Langston, 1994
Zanclonychopus cinicalcator Sarjeant & Langston, 1994

143





