Cymdeithas Daeareg Gogledd Cymru

North Wales Geology Association

Special Edition
“The Cambrian of North Wales”

Newsletter No. 100
September 2018



Inside this issue:

Chairman’s Message 3
Articles 7
A Lower Cambrian ‘Burgess Shale’ fauna from the Llanberis Slate

Some “known unknowns” in the Welsh Cambrian Succession and the
prospect for the presence of Anomolocarids and / or friends

Reports 19
Abstracts 21
Dates for Your Diary 22

Including Notice of Annual General Meeting

Committee Contacts 23

Front Cover Image:

A museum-quality Hamatolenus from the Hell's Mouth Grits (late Lower Cambrian). These
are phenomenally rare as the exposure is a thin cherty layer sandwiched between massive
sandstone turbidites.

Image courtesy of Richard Birch



Cymdeithas Daeareg Gogledd Cymru — North Wales Geology Association

Chairman’s Message

I am indebted to member Stephen Davison
who alerted me to the following item (24th
October 2018) in the North Wales
Chronicle:

THOUSANDS of vyears of globally-
important history and geology on an
Anglesey beach has been *““bulldozed and
trashed” by council contractors, “for no
good reason” say protesters.

Lleiniog beach and its surrounding area is
part of a 6km coastal stretch designated as
an area of Special Scientific Interest that
attracts scientists, marine biologists and
geologists to study its unique glacial,
archaeological and marine features.
According to the Countryside Council for
Wales, Lleiniog provides some of the
clearest evidence in North Wales for an
incursion of Irish Sea ice during the Late
Pleistocene period or ‘lce Age’. But, on
Wednesday, and for several days, Isle of
Anglesey County Council workmen have
been at the site using heavy plant
equipment. A 200-yard stretch of Lleiniog

beach, at Llangoed, has been torn up,
leaving the once boulder-strewn beach
bare. Hundreds of tons of “glacially
significant” rocks have been piled at the
top end of the beach.

The council says the work was undertaken
to solve flooding problems. But residents
and protesters, from the community group
Friends of Llangoed, claim it has caused
more problems. They say there is already
evidence of cliffs, containing significant
alluvial deposits, boulders, cobbles,
gravels, sands and mud, starting to erode.
They also point to the destruction of post-
glacial peat bogs, which revealed
archaeological evidence of man’s early
existence on the site, and a medieval wharf
indicating trade linked to Castle
Aberlleiniog.

AN “ABSOLUTE catastrophe” is how one
Llangoed resident Gareth Phillips sees the
destruction of Lleiniog Beach. “It is a
travesty, it has been trashed. The council
just came in. No one knew it was
happening until it was too late,” said Mr
Phillips. “There would have been a riot,
people in the area would have stopped this
if they had known. Lleiniog’s beach and its
rocks and features gave us significant
evidence of our past going back twelve
thousand years and more. It told us the
story of this part of North Wales, and had
global importance to academics, scientists,
archaeologists and historians."

An Isle of Anglesey County Council
spokesman said: “Our Highways Service
was requested to undertake works to the
mouth of Aber Lleiniog to alleviate
flooding issues in the area. A Marine
Licence from Natural Resources Wales
was in place to undertake these works. We
also confirmed to Gwynedd
Archaeological Planning Service we were
not working in the area marked protected
on their maps referencing the scheduled
monument fish weirs.”

Mr Phillips added, “We can’t understand
why the contractors went so far up the
beach. | think it is clear that while they
had a licence to clear gravel from the
mouth of the river in a pointless effort to
reduce flooding, they had no rationale to
move 150 metres down the beach and
destroy a number of important
archaeological and geological features."

Moving to somewhat less urgent issues,
you might have noticed that this is
Newsletter 100 — a fact that has long
occupied our editor, Keith, who has had in
mind a more serious, celebratory volume
which would mark the milestone and
remain a cherished item of note in the
progress of the Association. As ever,
entreaties and cudgels were unable to
overcome the difficulty that attends many
potential publications: a shortage of
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submissions from authors. I am one of
those non-authors, because when faced
with the task, the problem became “what
to write” rather than “can | write it in
time”, and that would be a disaster.

Another slight problem has been the
relocation of my summer holiday to the
cusp of autumn and the idea of using the
time as a writer’s retreat could not be
seriously entertained in a small stone
cottage in distant, peninsular Connemara. |
would be like a caged animal alternately
scratching at the walls, and begging for
release.

The idea of a writer’s retreat reminded me
that it was not so far away that the
philosopher Ludwig Wittgenstein spent a
solitary existence towards the end of his
life thinking and writing much of his only
volume, Philosophical Investigations. A
fertile setting perhaps? or just a lack of
distraction?

Another famous writer who retreated to a
remote location to sort out his head was
Eric Blair, known to readers as George
Orwell, who spent about half his time on
Jura in the years after Word War II;
coincidentally at much the same time as
Wittgenstein, and possibly  similarly
affected by the cataclysmic years which
preceeded their arrival.

Coming back from holiday also meant
catching-up on all the deferred domestic
duties, and that included a long-overdue
visit to my parents in Shropshire. This
meant that | was again out of the correct
writing zone, of course. In the event, the
weekend weather forecast was excellent,
so an outing was planned and we packed
our pies, date & walnut-loaf and flasks and
set off for a very special and famous piece
of upland Shropshire, which (predictably) |
have never visited before. Yes,
Stiperstones!

Now | don’t want to suggest that English
geology could ever rival our own, but if
you have never found the opportunity to
visit, then you should.

Periglacial landscape, Stiperstones,
Shropshire (Springer Spaniels for scale).
Photo J.Wilkins.

The rock itself, the Stiperstones Quartzite,
is remarkable — very hard, very white and
occasionally very sparkly due to diagenetic
overgrowths on the coarse sand grains.
The lack of any other mineral content is
quite extraordinary, and very special
conditions must have obtained for it to be
so pure. The only other sands that | have
seen so pure are Cretaceous beds which
have been actively leached by corrosive
groundwater, e.g. Lochaline, in Argyllshire
or Uhry in Lower Saxony, both highly
prized. The Stiperstones Quartzite has
been through low-grade metamorphism, so
it is tough, but its inclined bedding can be
seen clearly in the outcrops along the crest
of the main ridge. If the rock is special, so
also is the landscape, a magnificent
periglacial tract with its frost-shattered
tors, block-fields, polygons and stone runs
sticking through a thick cover of heather.
If you are not up to the summit climb, or a
spell sitting in the Devil’s Chair, then
English Nature have made an excellent
walk on the east side which leads almost
on a level from the car park and runs for a
quarter mile of good, smooth tarmac past a
number of fine, wooden benches with a
magnificent view of the Long Mynd and
the East Onny valley. Yes, that is where
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the trilobite genus Onnia found its name,
and localities in the overlying mudstones
are the source of many almost unique
fossils and faunal communities. The sun,
the scenery and amenable terrain were a
great hit with our party, most of whom
really struggle with imperfect ground and
significant slopes. Well done, Natural
England for accessibility.

Now, as | was writing this, it occurred to
me that all these localities have a particular
theme in common. Have you spotted it
yet? Well done, if you said “quartzite”,
and top marks if you correlated the
Bennabeola Quartzite which looked down
on Wittgenstein from the Twelve Pins of
Connemara with that of the Paps of Jura
and Orwell. It is simply extraordinary to
travel so far from my geological roots in
Scotland and encounter the same strata —
in fact the question which forms is “how
can rocks so similar persist over such huge
distances”?® My wife was rudely
awakened from a slumber in the car as we
travelled northwards one day from Killary
Harbour, screeching to a (safe) halt at a
large, erratic boulder on the roadside
which comprised a tillite with ovoid
granite cobbles. This of course was the
corresponding formation known as the
Port Askaig Tillite in Scotland, and it is
every bit as significant and spectacular.

So, after this bizarre ramble, what is the
message? If there is one, it is to continue to
travel hopefully in areas where rocks
dominate the landscape. You will find
surprises, or you can seek out the ones you
know and take joy in finding them. Above
all, keep looking.

A recent (and very long) day out took me
to Dublin recently, and the Annual
Symposium of the Irish Quaternary
Association. Presentations included work
on setting up a lithostratigraphic
framework for systematic description of
Quaternary deposits, evidence of rapid
climate change during earlier Pleistocene

interglacial periods, stuttering ocean
circulation, sea-bed coring and imaging off
the western coast, ice-sheet interactions off
the south coast, and lessons on the extent
of ice cover and water depth and how they
affect ice streams terminating in the
marine realm of the Celtic Sea. It was very
pleasing to meet up with Katrien Van
Landeghem and her PhD protegé Edward
Lockhart from Bangor (Gwynedd)
University. Funding under the Britice
Chrono project is at last leading to
publications, and | enjoyed every minute.

It was also a very amusing reversal of
North Walian normality to find that the
Irish Sea is offshore Ireland, and not vice-
versa as so long believed. All that data
from the huge amount of seismic and
multi-beam sonar imaging gives a frisson
of excitement to the ferry crossing on
Ulysses, though consideration of the
prolific shipwrecks possibly more so.

In January we will be celebrating once
more the Annual General Meeting of our
Association. | have to report that the ranks
of those who serve the Association
committee will be thinner in future unless
there is a volunteer to fill the gap. Keith,
our Newsletter Editor, will be retiring after
producing a significant proportion of our
total output, and has through his past
employers enabled the print distribution in
full colour, an arrangement that has lapsed
since his move to Network Rail. We are
therefore indebted to him for that effort,
and wish him well in his 'retirement'.

We do need to recruit a new editor because
it is a critical position in the organisation,
in so far as it is the gathering point for
communications with members. In our
modern, electronic age | could imagine the
production of something as archaic as a
paper-based newsletter being entirely
anachronistic, and its replacement by
hosting the same information on Facebook
(for example) - though it would not suit
me, and possibly not the majority of our
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membership. We remain subscription and
paper-based because it is the model for
organisations of this type which has
endured since the pre-Victorian origins of
our subject. Please come forward if you
are interested in having a goat an
important, but not necessarily high-
pressure task, or indeed to join the
committee in any capacity.

The Newsletter and its publicity function
are subordinate, of course, to the principal
focus of the Association, which is to
organise and deliver meetings of relevance
and interest to our members. We look
forward to seeing you at our forthcoming
meetings, and ask again for your assistance
by way of recommendation for speakers
and field-meeting venues. It really helps,
and your committee are not the only
members who attend the meetings of other
organisations. The ideal, of course, would
be a crop of exciting new research in
Wales to feast upon........

Jonathan Wilkins

(1) Editor’s Note

Pah! That’s nothing. | have recently been
involved in organising the British
Geotechical ~ Association  Conference
“Chalk 2018”. Where shall 1 begin with
the outcrop of the Cretaceous Chalk? 1
suppose in the White Cliffs of Dover, then
heading east and south — there are outcrops
in Denmark and Germany (Mons Klint and
Jasmund respectively). Further? Well how
about Turkey...Israel (Western
Negev)....further?

There is the Perth Basin, of course in
Australia  with  the Gingin Chalk.
Continuing eastward in New Zealand the
Amuri Limestone is mostly Palaeocene but
the oldest sediments around Haumuri Bluff
in South Island may well straddle the K/T
boundary (good place to go looking for an
iridium anomaly perhaps?)

And I’'m not finished yet! The Upper
Cretaceous Austin Chalk is a historically
well-known onshore oil and gas play that
extends across south-central Texas into
southern  Louisiana. There is an
explanation of sorts available of course in
that Cretaceous geological entity we call
Tethys. Some might note the gap in the
Asian continent as listed above — but who
is to say that some of the marble of the
Himalaya did not start off its existence as a
chalk rather than as limestone.

Jonathan has since pointed out that the UK
doesn’t start in South East England:

“I am dismayed that the Cretaceous Chalk
only starts at Dover - since it outcrops in
Antrim beneath the basalt, and in the
Hebrides.”
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Articles:

A Lower Cambrian
‘Burgess Shale’ fauna
from the Llanberis Slate

This article makes a bold claim in
comparing itself with one of the most
important fossil finds ever made. In 19009,
the great American geologist Charles
Doolittle Walcott discovered the now
famous Burgess Shale in the mountains of
British Columbia. He published many
papers on the fossils from this locality, but
it was not until 1989, when the late
Stephen Jay Gould wrote a book called
‘Wonderful Life’ (Gould, 1989) that the
real significance of the Burgess Shale
fossils was realised.

It represented an insight into the Cambrian
ecosystem never before realised. Prior to
1950, artistic interpretations of the
Cambrian featured trilobites crawling
across a sea floor populated by jellyfish,
sponges, algae and archaeocyathids -
coral-like  organisms  whose  hard
exoskeletons were easily preserved — but
no other life forms. The Cambrian was
thought to be largely devoid of complex
animal life. Post-Burgess shale however,
we now know that trilobites were probably
not the most abundant arthropods; it was
simply that their hard exoskeletons
preserve more easily than the weakly-
scleritised skeletons of many other forms
that inhabited the seas with them. And
what forms! Although many of the the
wilder interpretations in Gould’s book
have since been discredited, the Burgess
Shale community still features some
bizarre creatures that apparently have no
living ancestor.

In the intervening years, many other
Cambrian sites exhibiting remarkable
preservation have been discovered - in

China, Australia and Greenland, but there
is not yet one representing the fauna of
Avalonia, the microcontinent of which
Wales was a part in Cambrian times.

So it is surprising that a deposit preserving
a suite of Cambrian organisms should be
found under our noses, so to speak, in one
of the most exploited rocks in Wales — the
Llanberis Slate. It has been commercially
quarried in North Wales for nearly three
centuries and the western flank of
Snowdonia is  pock-marked  with
abandoned pits. Fossils were recorded in
the uppermost green-coloured slate as long
ago as 1888. One trilobite in particular,
Pseudatops viola (Figure 1 below) is
endemic to the Llanberis Slate, and
provides its  stratigraphic age, as
Pseudatops is considered to be a Lower
Cambrian taxon.

Figure 1: Pseudatops viola

Perhaps one reason why Llanberis fossils
went unnoticed is that the green slate was
seldom quarried to any great extent,
although one occasionally comes across
examples, such as the church roof at
Trefnant, near Denbigh.
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It is also likely that fossils were not
recognised as such. Pyritised masses at the
centre of reduction spots in the purple slate
were known to quarrymen as ‘grey
thumbs’ (Figure 2). The causative agent at
the centre of the reduction spot is likely to
be of organic origin, but is so damaged by
subsequent chemical and geophysical
action that it went unrecognised — until the
insights of the Burgess Shale made
palaeontologists reconsider.

Figure 2: “Bodiau llwyd”

The Llanberis Slate doesn’t qualify as an
example of exceptional preservation,
because none of the organisms discovered
have clearly visible soft parts (although
some may Yyet prove to do so). The
conditions and sedimentology were,
however, sufficient to preserve the more
weakly-scleritised exoskeletons of
organisms homologous with Burgess Shale
types. It is an example of a Burgess Shale
fauna rather than of Burgess Shale style
preservation.

The range of organisms that have been
found is not large, and probably not
indicative of the full ecosystem diversity

that was present, but nevertheless
represents the most comprehensive Lower
Cambrian fauna so far recorded from
Wales.

Full description of some of these fossils is
hampered by a paucity of specimens. With
the exception of trilobites, the larger
arthropods are represented by just one
specimen each. Incomplete specimens that
have been subject to distortion are difficult
to describe in a definitive manner and can
therefore be interpreted only tentatively.
This burden of proof means that many
fossils languish in a drawer because they
are represented by one specimen, are too
poorly preserved to be accurately
classified, or simply because they belong
in the box marked ‘I haven’t a clue.” What
follows is a tentative identification of a
few of them.

Bradoriids

These were simple bivalved arthropods
consisting of a symmetrical shell in two
halves. Bradoriids occur throughout the
Cambrian and Ordovician and lower
Cambrian forms like. Indiana lentiformis
had large, heavy shells and probably
crawled along the sea bottom i.e. were
benthic rather than being pelagic or
nektonic (Figures 3 and 4).

Figure 3: Current aligned Bradorids
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Figure 4: Bradorid reconstruction

Non-scleritised organs such as limbs are
not preserved in Llanberis Slate
specimens, preventing definitive
identification, but this is a widespread
arthropod known from Lower Cambrian
strata in South Wales and Newfoundland,
locations wide apart now, but in close
proximity during the Cambrian. In some
horizons of the slate this fossil may be
very common, to the exclusion of all other
animals. Where several occur, they are
often aligned in parallel, suggesting there
may have been some sorting by currents.

Other bivalved arthropods

The bivalved carapace is common in many
seemingly unrelated Cambrian arthropods.
A small form regularly collected from the
equivalent green slate at Nantlle has
consistent dimensions of 7mm in length
and 4mm in width and often has pyritised
mineralisation of the internal tissue. It has
been collected preserved in various
orientations (Figures 5 and 6), which
points to rapid and turbulent deposition:
much the same phenomenon as the
Burgess Shale scenario.

Figure 5: Small bivalve arthropod

Figure 6: Close up image — 7mm long

Naraoia -like organism

Naraoia is often described as an
unsegmented trilobitomorph. Only one
specimen of an unsegmented animal, as
part and counterpart, has been collected
from Nantlle, and it does not fully conform
to the description to positively assign it to
any currently described species of Naraoia
(Figure 7). However, the apparently
unsegmented carapace separates it from
other Burgess Shale arthropods, so it is
appropriate to place it close to Naraoia,
although it is likely to be an undescribed
taxon. Naraoia and related forms are
widespread throughout the Cambrian, and
have been found in all the sites of
exceptional preservation around the world.
Consequently something like it would not
be unexpected from the green slate.
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Figure 7: Naraoid fossil

Figure 8 Line drawing reconstruction

Helmetia

This was a large, seemingly rare, and
possibly free-swimming arthropod from
the Burgess Shale, the Maotianshan Shale
from Chengjiang in China, and a single
specimen from the Czech Republic but is
similar in appearance to the green slate
specimen shown in Figures 9% and 10. All
that is preserved from the green slate is a
large telson (tail) in part and counterpart. It
is crushed, and is insufficient on which to
base a full description and identification,
even to generic level.

10

Figure 9 Helmetia?

Figure 10: Possible reconstruction

showing telson in vivo

Unknown arthropod appendage

There are two fossils for which this
terminology applies. One was fully
describped in 1950 (Howell and
Stubblefield, 1950) from a specimen
collected at Nantlle, the other is from
Penrhyn. The latter specimen is badly
crushed so that the full form of the animal
is impossible to determine, even though
part and counterpart are present. It is
noticeable for the well-preserved fringe of
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setae (hairs) on one flank of the appendage
(small white arrows, Figure 11).

Figure 11: Appendage with setae

In its entirety, the specimen has some
similarities with Waptia fieldensis (Figure
12) a Burgess Shale arthropod with
superficial similarities to a modern shield
shrimp (Triops). However, Waptia is one
of the most common Burgess Shale fossils
and none possess setae, so the green slate
specimen differs in significant detail to be
positively assigned.

Figure 12: Waptia fieldensis®

Hyolithids
Hyolithids are well known from the

Cambrian on account of the calcified
‘conch’ Dbeing readily preserved. It
resembles an ice-cream cone, closed at the
front with a lid (operculum). Two arms
called ‘helens’ projected from either side
and were believed to hold the front of the
conch up clear of the sea bottom like a
tripod, as in the reconstruction. The nature
of the animal inside is unclear, but
specimens from the upper Cambrian of the
Czech Republic show a spiral gut toward
the posterior end of the conch, and one
specimen from Nantlle also shows this.

11

Figure 13: Hyolithids
drawing reconstruction

and pencil

At least four forms are recognised from the
green slate, of which only the largest and
most robust form has been named (as
Hyolithus hathaweyi). Opercula are much
rarer and seldom found in association with
the conch, but the few that have been
found confirm the variety of species
present.

Sponges

The preservation of sponges almost
qualifies the Llanberis Slate as an example
of exceptional preservation. Scattered
spicules — the needle-like silica structures
forming the framework of sponges — can
be seen on many wetted surfaces, but the
majority of sponges are preserved intact.
Forms include rigid hexactinellids (Figure
14) which have a robust external
framework consisting of spicules arranged
in a cruciform shape. These can often be
seen around the perimeter of the fossil
(Figure 15).

i:igure 14: Hexatinellid sponge
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.:1_

Figure 15: Close up (fiId f view —red
rectangle in Figure 14)

Some specimens can be very substantial,
including one that measures 200mm in
length and 40mm in width and the
indicative of very calm bottom sediments
where animals were subject to rapid burial
in fine sediment.

Trace fossils

Trace fossils provide vital indications of
the periodicity of conditions that existed in
the green slate. At times they are abundant,
and the bedding planes are covered with
thread-like burrows up to 10mm in length,
known as Planolites. There are also larger,
spirally-twisted burrows called
Palaeophycus, with a hollow void that
indicates the animal may have secreted
slime to line its burrow (Figure 15). Some
of these have evidence of reinforcement
(Figure 16).
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Figure 15: Trace Fossils

Figure 16: Reinforced burrow®

Some burrows open out into cones, a type
of fossil called Rosselia (Figure 17),
indicating that the animal that inhabited
them extended a feeding apparatus from its
burrow and collected food around the
entrance, excavating an inverted cone-
shape.
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Figure 17: Roselia

Trace fossils also indicate that the
environment of the green slate was at
times sufficiently oxygenated to support a
burrowing infauna®. However, the green
colouration is formed from the reduction
of iron in anoxic conditions, and where the
best-preserved fossils occur, the rock is
generally devoid of them. In this respect,
the depositional environment is similar to
the Burgess Shale.

There are other types of fossil in the green
slate. These include additional large
arthropods, which have been positively
identified as Isoxys — a so-called ‘pod
shrimp’ (Figure 18) and  the
taxonomically-baffling vetulicolian, which
has pores analogous to vertebrate gill-slits
along its flank, but an arthropod tail
(Figure 19).
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Figure 18 Isoxys

Figure 19: Vetulicolan

There are also abundant coprolites
(excreta) from animals unknown; curious
spiny forms that may be primitive
echinoderms (a group of organisms
including modern starfish and sea urchins)
and thread-like forms that may be either
algae or nematode worms.

Sponges, trilobites, hyolithids, possible
bradoriids and trace fossils are reasonably
plentiful, but all other specimens occur
only as individuals, which suggests high
diversity but low density. Evidently there
will be more, but unlike the Burgess Shale,
or the more recent Chengjiang fauna from
China and the Emu Bay shale from South
Australia, these are not dense aggregations
of fossils preserved as a result of storm
events or submarine sediment slumps. The
green slate may have been subject to
sudden influxes of sediment, but the lack
of sorting suggests these were in situ
animals, able to colonise this environment,
at least periodically. The ‘“find frequency’
is similar to that one might get on a
modern muddy shore. How many steps
would you expect to take before finding a
dead crab? or a shell? The Llanberis Slate
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may not have the exquisite preservation of
the Burgess Shale, but many of the same
organisms are present, making it
potentially one of Wales’ most important
palaeontological deposits. It may yield its
secrets slowly, but on current evidence
there may be something truly spectacular
waiting to be discovered.

Richard Birch

Gould S.J. (1989) Wonderful Life, Norton
and Company

Chulpac, I. and Kordule, V. (2002)
Arthropods of Burgess Shale type from the
Middle Cambrian of Bohemia (Czech
Republic), Bulletin of the Czech
Geological Survey 77 (3)

Howell, B.F. and Stubblefield, C.J.
(1950) A Revision of the Fauna of the
North Welsh Conocoryphe viola beds
implying a Lower Cambrian age.
Geological Magazine.

Editor’s Notes

(1) Looks like Wiwaxia?

(2) Another Anomalocarid appendage?

(3) Looks very similar to some of the
Chengjiang soft body “worm like” taxa

(4) The similar burrow trace known as
“Chondrites” is often associated with the
oxic / anoxic transition, and my recent
work has found that much burrowing
infauna at the Ordovician / Silurian
boundary was making a living trading in
chemistry across the red-ox boundary,
often in some sort of symbiotic or
agrichnial relationship with bacteria. See
also the comment relating to trilobites
made by Cocks and Fortey discussed
below.
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Some “known
unknowns” in the Welsh
Cambrian Succession and
the prospect for the
presence of
Anomolocarids and / or
friends

As currently defined (Cohen et al, 2013)
The Cambrian System covers
approximately 10% of the Phanerozoic
Eon, lasting approximately 56 million
years from a base defined at 541Ma. Wales
is of course the eponymous source of the
name “Cambrian”, but on a global basis
the agreed stratigraphical architecture is
increasingly based on sections in China
and elsewhere. Whilst the Welsh sections
were among the first to be described by the
likes of Sedgwick and Ramsay (1866) they
are not suitable for global correlation (our
rocks are, after all, full of unconformities,
structural complication and volcanic and
igneous intercessions  within  the
sedimentary sequences).

Nevertheless, as with all rocks of this age,
they present special insights into the
“Cambrian Explosion”, the first
appearance of large, motile animals in the
fossil record, and the first ecology that
appears, even if only in passing, similar to
a modern marine ecology, with grazers,
detritivores, carnivorous hunters and
recognisable trophic webs.

Recent years has seen a number of
publications describing Cambrian
“lagerstatte” (i.e. exceptionally preserved
fossil bearing rocks) from a number of
locations around the world. First among
equals must be the Burgess Shale (Gould,
1990; Conway Morris,1999) but now
challenged by newcomers in, for example,
Chengjiang, PRC(Chen and Zhou, 1997);
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Figure 2: Scotese (2001) representation
of the Cambrian globe at circa 514Ma

Sirius Passet, Greenland; and the Emu Bay
Shale, Australia (Nedin, 1995). Conway
Morris (1990) lists no fewer than 9 such
“Burgess Shale type localities” in the
Lower and Middle Cambrian succession of
North America, Greenland, and China.

The fossilisation process is one that is
biased in the general case, favouring those
elements of an animal, and therefore the
members of the ecosystem that have hard
parts (shells, bones etc). Occasionally
however the conditions of death, and
particular post-mortem taphonomy allow
soft body parts to be preserved, allowing
us insight into both the biological details
of animals only otherwise known from
their hard parts and, perhaps more
importantly, gives us a glimpse of the soft
body fauna, normally unseen in the fossil
record (other than as trace fossils where
they burrow or crawl).

It should be noted that the Burgess Shale
included amongst its” cast of characters
trilobites such as Olenoides, so the
“normal” Cambrian fauna was present,
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only dwarfed in ecospace occupation by
the soft bodied cohort. The majority of
Cambrian animals were relatively small
creatures. We are familiar with the
eponymous bivalve Lingulella davisii of
the Lingula Flags (Figure 1) and trilobites
such as Olenus, Homagnostus, and the
significantly larger Paradoxides. The top
predator of the Cambrian oceans however,
is thought to be the soft bodied
Euarthropod genera Anomalocaris.
Growing up to 1m in length, and armed
with a radial mouth and two fierce feeding
appendages these terrors of the Cambrian
Seas have been described from the Burgess
Shale, Chengjiang and Emu Bay in
Australia.

The convolute story of the path to
understanding of the nature of the
Anamolocaris animal is described by
Gould (1990). Suffice to say that it
involved the amalgamation of the original
“strange shrimp”, with a suspected
jellyfish (Peytoia) and a rather amorphous
sponge / holothurian (Laggania) into a
fully functioning, hunting, Killing top
predator (Whittington and Briggs, 1985).
Whilst this intellectual exercise took place
in the 1980s, many of the specimens that
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were being studied were previously
collected specimens that had been held in
university and museum collections since
the early twentieth century. In addition to
the bias against soft body preservation in
the fossil record, it should be noted that
there is an inherent bias arising from the
distribution of body mass in the standard
trophic pyramid. Put simply it takes a lot
more prey animals to support a predator.
The top predator in an ecosystem is
therefore present in smaller numbers than
its prey (more sheep than wolves, more
wildebeest than lions, more herring than
sharks).

The North American, Greenland and
Australian localities are associated with
the equatorial continent of Laurentia,
whereas the sediments we see at outcrop in
Wales were laid down across the lapetus
Ocean in colder waters, near the Antarctic
Circle (see Figure 2).

Cocks and Fortey (2009) suggest that the
“Avalonian” Olenidae trilobites of Wales
were typically specialised low oxygen
adapted trilobites, probably living in some
sort of symbiotic relationship with
sulphate reducing bacteria and found in
species poor but individual rich
occurrences. They also postulate that
Cambrian seas were likely well stratified,
and imply a tendency toward generalised
endemism. However  would  this
specialization have been sufficient to
protect them from the seemingly absent
top predator of the oceans further north?

The rocks which we are familiar with, and
have regularly been described in previous
editions of this newsletter, are those we
know of by the historical terms of the
Harlech Grits Group and the Mawddawch
Group. These lithostratigraphic  sub-
divisions do not tie-in particularly well
with current global standard divisions
(Figure 3) but can be considered in broad
terms to be equivalent to the Lower and
Middle Cambrian and Upper Cambrian
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respectively. The Avalonian  micro-
continent on which we sit had recently
calved from the Gondwanan motherland,
and was beginning its long trek northwards
during the Cambrian.

In the cold waters off the Avalonian
micro-continent, did the trilobites have the
oceans to themselves? It does seem
unlikely that given the variety of body
plans associated with the Cambrian
Explosion, that the ecological niche of
“top predator off Avalonia” would not
have been occupied by an Anomalocarid,
given their presence throughout equatorial
waters, as proven by their description from
Laurentia, and equatorial Peri-Gondwana
(China and Australia). The biases inherent
in both trophic pyramids and taphonomy
of soft bodied animals means that
Anomalocarids will, if present, be few and
far between in the rocks in Wales. Perhaps
so, but if we want to find them, where to
look, and what might we look for?

By comparison with Figure 3 we can see
that the rocks that are broadly equivalent
in age to the most widely described
Cambrian lagerstatte are the rocks
spanning the period between about 525
and 510Ma that is from the late Lower
Cambrian to the early Middle Cambrian,
meaning the Llanberis Slate Formation, the
Rhinog Formation and the Hafotty
Formation.

Consideration of the preservation potential
within these rock types suggest that the
coarser units within them, the sandstones
and conglomerates, are unlikely to allow
preservation of the soft body elements of
the fauna, but all these formations include
thinly bedded or laminated mudstones.
The presence of turbiditic units is not
particularly concerning as the Burgess
Shale has turbiditic units, and the turbidite
flows themselves can serve to remove
organic material from a relatively oxic
environment, where it may be prone to
degradation, into a euxinic deeper water
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environment where preservation potential
may be increased.
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Table 1 Summary of the lithologies of
these formations as offered by the BGS
Lexicon (2018

Formation Description

Hafotty Grey, thinly-bedded

Formation turbiditic sandstones and
mudstones interbedded
with manganiferous
mudstones

Rhinog Grey to bluish grey, thick

Formation bedded turbiditic
sandstones, conglomerates
and laminated sandstones,
with thin siltstone and
mudstones intercalations.

Llanberis Purple and blue-grey silty

Slate mudstones and

Formation subordinate coarse-
grained turbiditic
sandstones.

Within the Llanberis Slate Formation the
presence of a later Caledonian cleavage
will mitigate against the preservation of
soft body organisms, so prospects are
associated with those outcrops that have
been shielded from the development of the
generally pervasive cleavage by structural
features. The Rhinog Formation includes
laminated facies, and these finer grained
mudstones and siltstones have some
potential for preserving some of the more
delicate structures. However probably the
most attractive target is the Hafotty
Formation, with its manganiferous
horizons, for those wishing to explore with
hammer and chisel.

However as has been seen from the history
of the description of Anomolaris, it can be
the case that the hard work (in terms of
hammer hours on rocks) has already been
done by others, and the evidence already
lies unrecognised and poorly described /
ascribed in existing collections.
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With that in mind it is surely time to revisit
some of the existing fossils from the
Welsh Basin currently held at the BGS
which were originally described in the 19"
Century as Hymenocaris vermicauda from
the Lingula Beds and the Lower Lingula
Flags. The BGS collection holds a number
of specimens listed as Hymenocarids - but
one in particular fascinates me — primarily
because it appears to record a pair of
features, which may of course be two
distinct animals, but given their
association and apparent similarity in size,
seem to me to be potentially sibling
appendages of a much larger animal. Here
is Specimen GSM 59419 — and | leave it to
you to judge whether Anomolocaridae
have already been recorded in the
Cambrian of the Welsh Basin, but just
have not been formally described.
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Reports:
NWGA Field Meetings

Halkyn Quarry

The day began in the Halkyn Quarry to
look at the impressive chert beds. The
limestones are Lower Carboniferous,
deposited 350 to 360 Ma., dipping off a
Silurian hinterland in a region south of the
equator. There are no Devonian rocks in
this area because the land was above sea
level at that time. Sea level was controlled
by glaciation and at times of low sea level
the Holywell shales were deposited along
with coal. When sea levels were higher
limestones were deposited in clear,
shallow, tropical waters. Subsequently
these rocks were not subjected to
significant tectonic stresses until late in the
Carboniferous period. At some point there
was some low grade metamorphism that is
associated with mineralisation; there are
many lead mines in this area, which have
been worked since very early times.

The chert is thought to be an early
diagenetic process but the source of the
silicates has long been debated; the more
common source is sponge spicules or
silicate organisms such as dinoflagellates.
However, the huge amount of organic
silicate required to produce the chert seen
here would require an exceptional and
unlikely concentration of organisms. A
volcanic source for the silica was
considered and there is some evidence to
support this idea in the large water escape
structures (Figure 1) and that the chert is
very local in its distribution; the next
quarry a few yards away there is no
evidence of chert. Interestingly some of
the silica appears to be in veins that run
perpendicular to the finely laminated
sediments.
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Figure 1 — Water escape Structure

Liesegang rings (Figure 2), some of which
are very pretty, are formed by the chemical
segregation of iron oxides and other
minerals during weathering. Fossils are
scares, but a Coelacanth jaw and sharks
teeth have been found. Within this quarry
we found an interesting unconformity with
hard glassy material above and very friable
shaley material below. River channels and
some palaeosols (Figure 3) were evident.

- e r— = S

Figure 2: Liesegang Ring
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Figure 3: Possible with

apparent unconformity

palaeosol

We drove round to an exposure of
crinoidal limestone which is above the
cherts. These are storm deposit beds that
are composed of detrital crinoids, which
were washed shore-wards from a reef. As
can be seen in the photograph (Figure 4)
the stems are aligned ENE. The thinner
beds that do not have any fossils are
background sedimentation deposits.

Figure 4: Current aligned crinoid stems

Bryn Mawr Quarry

The top three beds are at the same level as
the chert beds in Halkyn Quarry although
they are not composed of chert. Dark beds
towards the bottom of the quarry are
volcanic ash from the Derbyshire eruptions
and these may be the source of the silicate
which formed the chert beds. Some
mineralisation could be seen in the form of
galena veins.
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Figure 5: Limekilns

Close by the quarry are some impressive
old lime kilns (Figure 5) with five bays all
of which are bricked in a different pattern.
On the surrounding spoil heaps we found
an impressive array of fossils; crinoid
stems  with  branches, bryozoans,
brachiopods etc.

It was an interesting trip, and in spite of
the rain we enjoyed the day; our thanks
must go to our guides Tom Hughes and
Chris Twigg.

Lyn Relph

Red Wharf Bay

In addition to the report on the Halkyn
Trip we have received the following
photographs from Peter Appleton in regard
to the previous NWGA field visit to Red
Wharf Bay. Unfortunately we don’t have
any write up from attendees. (All images
copyright Peter Appleton).
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Abstracts:

Gary Eisenhauer: Cwmorthin Quarry
2018

A video presentation gathered at this year's
field meeting in Cwmorthin Quarry.
Inaccessible to some, and not the 'cup-of-
tea’ of many members, Gary thought that
this might be a suitable introduction to the
dark and esoteric world of slate-working.

Richard Birch: Trilobites & their Relatives
A short, fascinating film on the 2017
conference of the same name in Tallinn,
Estonia. Filmed in high-definition, it
highlights a couple of the most interesting
presentations, and explores this beautiful
city and country, including a few of its
birds, wildflowers and Ordovician marine

reefs.

Jonathan Wilkins: Geology and Seaweed
More light-hearted than the accompanying
films, but with a real science core, this
presentation highlights the complex and
intriguing links which can be discoverd in
the coastal ecology of western Ireland.
Jonathan has not yet mastered the moving
image, so only static shots will be
provided. Health-warning: contains images
of rocks, seaweed* and tractors.

*No seaweed was harmed during
preparation of this presentation
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Dates for Your Diary:

NWGA:
Winter Meetings

Wednesday December 5th
Annual Members Evening

See Abstracts earlier in this Newsletter
Unless noted otherwise all meetings are
held at Pensychnant, (LL32 8BJ) Conwy;

and unless noted otherwise are 7:00PM for
7:30 PM start.

Annual General Meeting

Saturday 26th January 2019 at 10:00AM

Location:

Antioch, Capel Salem
Abergele Road, Colwyn Bay, LL29 7PA

Agenda:
Apologies for Absence

Minutes of the previous AGM (January
2017)

Chairman’s Report (& Membership)
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Treasurer’s Report
Elections for the posts of:

e Chairman:
Wilkins)

(incumbent  Jonathan

e Treasurer:
O’Brien)

(incumbent  Cathy

e Secretary: (incumbent Lyn Relph)

e Meetings Secretary: (incumbent
Gary Eisenhauer)

e Newsletter Editor: (position
vacant)

e Ordinary Committee Members:

(All Positions vacant)
Any Other Business
Tea / coffee refreshments at 11:00AM

Following the AGM there will be a talk on
by Cathy Hollis of Manchester University
(starts at 11:30AM), about her research
work on the Great Orme and other
limestones.
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Committee Contacts:

Chair and Website:
Jonathan Wilkins

Tel: 01492 583052
wilkins@ampyx.org.uk

Meetings Secretary:
Gary Eisenhauer

Tel: 01492 596255 or 07732 745945
g.eisenhauer@btinternet.com;

Secretary:
Lyn Relph
hazlyn.relph@yahoo.co.uk

Treasurer:
Cathy O’Brien
cathy@obrien6236.freeserve.co.uk

Newsletter Editor:
Position Vacant
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