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Editorial

Welcome to the latest edition of the FGS Newsletter. | hope you are all well and had a wonderful
Christmas and a very happy New Year.

As you may know, John Williams has stepped down from organizing the FGS Field Trips. We are all
extremely grateful to John for all the hard work he has put in to organizing trips over the years. He
has made an amazing contribution to the society and has chosen some excellent localities with a wide
variety of rock types.

On the subject of field trips, you will find in this edition a report from the joint Reading i Farnham
Field Trip to Pembrokeshire which was held in May 2022. The report first appeared in the October
2022 edition of the RGS Newsletter.

Our next lecture will be Zoom only on Friday, 10 February when we welcome Ox f or d Uni ver s
Dr. Ken Amor who will be talkingtous aboutil mpact Cr at er sScientebwhidh,damet ar y
sure, will be a very interesting presentation.

As demonstrated at the AGM Walter Bonnici and Bob Rusbridge have put together a new look FGS
website, which | hope you will agree, is an excellent upgrade on our previous website. If you have
any comments, or suggestions to improve the new site then please feel free to contact myself or any
of the committee members. We will be testing the site over the coming months and would greatly
appreciate your feedback.

Also, we are still looking for members to join the FGS Committee. Please contact our Chair Liz
Aston if you would like to be considered.

If there are any items you wish to be included in forthcoming Newsletters please feel free to forward
them to myself, Mick Caulfield (caulfm@hotmail.com), for inclusion.

Obituaries

It is our sad duty at this time of year to reflect on those people who have been attached to the Society
and who have died in the last year.

1 LizSmithé Sadl vy, Liz passed away peackRentlayloh Mondayy, P a x
14 November 2022. She went to convalescence after a hip operation following a serious fall. While
her recovery from the operation was going well, she deteriorated very quickly due to Alzheimer
related problems. Liz will be sadly missed, and we send our sincerest condolences to her friends
and loved ones.

Front Cover

Thi s mont hdés Front Cover i s a theo 20B2e FGS @howgraplic t h e
Competition. Taken by Janet Catchpole in March 2019 while on a Field Trip to Argentina.

The photo captures river gravels in front of the Perito Moreno Glacier, with the Andes in the
background. The glacier is located in Los Glaciares National Park in SW Santa Cruz Province,
Argentina. It is one of the most important tourist attractions in the Argentine Patagonia.

The 250 km? ice formation, 30 km in length, is one of 48 glaciers fed by the Southern Patagonian Ice
Field located in the Andes system shared with Chile. This ice field is the world's third largest reserve
of fresh water.

The glacier was named after the explorer Francisco Moreno, a pioneer who studied the region in the
19th century and played a major role in defending the territory of Argentina in the conflict surrounding
the international border dispute with Chile.

Ref: FGS Newsletter May 2020, Vol. 23, No. 3
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Congratulations are in order to Sally Pritchard our Membership Secretary; not only did her photo

of the Aiguille du Dru, a mountain in the Mont Blanc massif in the French Alps, win our photography
competition (see FGS Newsletter, May 2022) she also entered itinthe Ge ol ogi st s6 Assoc|
yearly competition and won that as well! Furthermore, her photograph adorns January in the 2023

GA Calendar (https://geologistsassociation.org.uk/shop/ga-calendar/). Well done Sally!

All of the information contained herein, both graphics and text, is for educational purposes
only,as part of the Solheéereisno@enmerbial gaintfar their use.

The views and opinions represented in the articles do not necessarily represent the views of
the FGS Editorial Board or the FGS Committee.

Farnham Geological Society Field Trip Programme 2023
Committee 2023 Our programme for this year has yet to be
Chair Liz Aston organised.
Treasurer Peter Luckham
Secretary Judith Wilson
Programme Secretary Janet Catchpole
Membership Secretary Sally Pritchard
Field Trip Secretary Tessa Seward*
Newsletter Editor Mick Caulfield Geologis t Agssociation
Web Manager Bob Rusbridge Lecture Programme 2023
Advertising Peter Crow https://geologistsassociation.org.uk/lectures/
IT/Sound Mike Millar Winchcombe meteorite

_ _ Dr. Ashley King Fri, 3 February
*Will undertake the role in Summer 2023

Excavating Plesiosaurs
Richard Forrest Fri, 17 March
Meeting Programme 2023
The pebbles of the Ice Age Coast
Please note The Maltings and Zoom only Mike Horne Fri, 14 April
meeting times:
7.30 pm for 8.00 pm start.

Impact Craters and Planetary Science

Dr. Ken Amor Fri, 10 February Reading Geological Society
Oxford University Lecture Programme 2023

Sir Alfred Russell and his Mineral https://readinggeology.org.uk/lectures.php
Collection The Winchcombe Meteorite

Dr. Roy Starkey Fri, 10 March Dr. Ashley King Mon, 6 February
Consultant NHM, London

Bumps in the Bay Presidential Address

Dr. Dan Bosence Fri, 14 April Prof. Alison MacLeod Mon, 6 March
RHUL University of Reading
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Mole Valley Geological Society
Lecture Programme 2023

http://mvgs.org.uk

Lapis lazuli 7 the heavenly stone
Dr. Chris Duffin Thu, 9 February
NHM, London

Evidence of Palaeolithic 2022human
cultural mixing revealed from bone
artefacts in French caves
Dr. Claire Lucas

British Museum

Thu, 9 March

Sea Level Change through the
Phanerozoic and into the Anthropocene
Dr. Colin Summerhayes Thu, 13 April
Scott Polar Research Institute,

Cambridge University

Geotechnical Hazards of SE England
Roger Smith Fri, 21 April
U3A

Horsham Geological Field Club
Lecture Programme 2023

http://www.haqfc.org.uk/

Slow-slip plate tectonics: New Zealand
Rebecca Hill, Wed, 8 February
Imperial College London

TBA
Dr. Bob Chandler,
HGFC President

Wed, 8 March

Challenging ground and seismicity for
deep high speed rail stations in Italy and
California
Nick O'Riordan
Arup

Wed, 19 April

West Sussex Geological Society
Lecture Programme 2023

https://www.wsgs.org.uk/

AGM + Isle of Wight fieldtrip
John Lonergan

Fri, 17 February

The Stegosaurian Dinosaurs
Dr. Susie Maidment
NHM

Fri, 17 March
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Next Lecture
Friday, 10 February 2023
7.30 pm for 8.00 pm Zoom ONLY

Impact Craters & Planetary
Science

Dr. Ken Amor, Oxford University

Impact craters are an often-overlooked feature
of the 'rocky' planets and moons of our solar
system, but their presence or absence can tell
us much about planetary history, and the
formation and evolution of our solar system.
Unlike other geohazards such as earthquakes
and volcanoes, asteroid impacts are the so-
called black swan events of geology, with the
potential for world changing consequences.

Dr. Ken Amor (BSc Reading, MSc Leeds,
DPhil Oxon) is a stipendiary lecturer in Earth
Sciences. His academic interests include
geochemistry, sedimentology, stratigraphy and
the physical and chemical processes of large
meteorite impacts and their possible influence
on biotic extinctions in the geological record.

He describes himself
as a geologist using

geochemistry to
solve geological
problems and

conundrums.  After
completing his BSc
in Geology at
Reading he worked
in industry for a
while, before returning to the academic world,
first at Leeds University and then at Oxford
where he took his PhD. He has been at Oxford
for almost 20 years in research and teaching
and is currently teaching Physical Geography
at St. Edmund Hall. His research interests are
very broad but include the Stac Fada asteroid
impact deposit in the Stoer Group of NW
Scotland.
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AGM Summary
Friday, 13 January 2023

On 13 January, 33+ attendees via Zoom
welcomed our Chair Liz Aston, along with the
FGS Committee members, in holding our
AGM.

This was followed by an excellent presentation
by Peter Crow, FGS.

Liz Aston, FGS

There were 33 attendees and 3 apologies for
absence. The 2022 AGM minutes were
approved with no matters arising so Peter
Luckham, Treasurer for almost 50 years, gave
a brief report on FGS Society accounts. One
account was closed as HSBC charges
increased significantly. Total operating costs
were low, £1,095.54, and cash in hand at the
end of the year was £2,593.61.

No subscriptions were charged in 2022 due to
Covid but Peter has determined that costs in
2023 will be higher (costs from The Maltings,
speakers and field trips); so, it is recommended
that subscriptions should be reinstated at the
existing level. Some members suggested
increasing the fee to £25.00 for Ordinary
Members but Peter preferred to keep them at
the same level:

1 £24.00 for Ordinary Members.

1 £12.00 for Additional Family Members and
Junior Members (under 18 or 21 if in full-
time education).

9 £12.00 for Associate Members living over
50 miles from Farnham.

Sally Pritchard will email membership forms for
all to complete with their details.

Liz Aston, Chair, reported on the actions of the
Committee and the key items were:

Sally Pritchard, Membership Secretary:
membership stands at 89 and extends from
Cornwall to Dorset, Gloucester, Hereford,
Warwickshire, into Scotland. Sadly, we had to
say goodbye to Elizabeth Smith 7 a very
supportive member.
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Janet Catchpole, Programme Secretary:
2022 started on Zoom but moved to The
Maltings with Zoom. Topics ranged from
current geological issues 1 Fagradalsfjall
eruption, Iceland; Geology and the London
Underground; continual rising of the Andes;
occurrence of Lead and Zinc in the Pennine
Ore Field; Glaciation of UK. Also, ancient
palaeontological subjects 7 Burgess Shale
fossils in British Columbia; Mass Extinctions in
Devonian sandstones; Carboniferous Plants
from Cosel ey; Di nos
Feathers; Ice Age Carnivores. In March many
enjoyed a social afternoon looking at rocks and
fossils at Aldershot Cricket Club.

Zoom has worked well, benefiting older and
distant members but is a disappointment for
others. Janet found it easier to get a wider
selection of busy, distant speakers. The
committee decided that it is prudent to use
Zoom for December to March inclusive and
then to hold hybrid meetings for the other
months. We have a relationship with the local
geological societies of Reading, Harrow &
Hillingdon and Mole Valley. It was a successful
venture during the pandemic and will continue
for 2023; it will be reviewed at the end of the
year.

Field Trip Secretary, John Williams organised
two trips T a visit to NHM in London led by
Leone Biggenden and a trip to South
Pembrokeshire when the FGS Joined with
Reading Geol. Soc. who had organised the
trip. John has now retired from the post and
Tessa Seward has volunteered to take over
from him after mid-year with help from others.

Mick Caulfield, Newsletter Editor: The
Newsletter is published quarterly with news of
Society events, technical and geological news
items and the occasional crossword, quiz, etc.
Mick is pleased to receive articles and
summaries of FGS talks and field trips and
other geological news from members so
please continue to send them to him.

Mike Millar sorted out the communications
required for FGS to conduct the hybrid
meetings, where both lecturers and members
can join Zoom meetings from The Maltings as
if face to face.

FGS Newsletter,February 2023
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Peter Crow has continued spreading the word
and leaflets around the local area and as a
result of this we were invited to talk to some
Farnham Cubs 7 a great evening with 30
excited cubs, their leaders, parents, etc.
exploring fossils, rocks, minerals and local
geology. The Society also took this display to
the Open University Geological Society
meeting in Guildford
older but equally interested.

The Society has a wonderful collection of rocks
and minerals which Peter and Mary Luckham
have housed for many years. It was sorted and
reduced in size last year when suitable spare
sampl es were
discarded, and the good specimens kept.
Certain specimens were photographed and
displayed at FGS events. The collection now
needs a new safe dry storage area i SO IF
YOU CAN HELP PLEASE NOTIFY Liz
Aston @ newsletters.fgs@gmail.com.

The last and one of the most important items
on the agenda was the updating of the website.
Walter Bonnici, a new FGS member, enjoyed
setting up a new website T based on the old
one but with a brighter and more geological
flavour. Bob Rusbridge was involved all the
way through and is now going to manage the
website for the Society. We are very lucky to
have this talent within the Society and | am very
grateful to them both for all their enthusiasm
and skill i they have done a wonderful job and
the new website will be fully working very
shortly.

The 2023 Committee was elected:

M Liz Aston, Chair

i1 Peter Luckham, Treasurer

(until he reaches his 50-year stretch)
Judith Wilson, Secretary

Sally Pritchard, Membership secretary
Janet Catchpole, Programme Secretary
Mick Caulfield, Newsletter Editor

Mike Millar, Communications

Peter Crow, Publicity

Bob Rusbridge, Website Management
Tessa Seward, Field Trip Secretary
(from July onwards)

=8 =4 =4 =4 =8 -8 -4 =9
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We wi || have a
Members Meeting in July as we WOULD
STILL LIKE SOME YOUNG, TECHNICAL
TALENT TO JOIN US T SO IF THAT IS
YOU PLEASE CONTACT Liz Aston @
newsletters.fgs@gmail.com.

the p@igr e, $8< € 0

One small typo and two igneous
adventures: Island hopping from

the Scillies to Sicily
the start of 2022, rtne d er
S c@%é‘na iorga’ postéibglel{:giﬁsy %ers]t??atiowéni
had heard good things about the Isles of Scilly.
So off we went. In April. It was the start of the
holiday season in the Scillies and many hotels
were just opening up. And we had a great time.
But when telling friends and family about out
trip to the Scilly Isles, we would often get
confused anSitiysaVves e
vice versa? So, to simplify things, we decided
to visit the Italian one in September. Two very
nice holidays, to two lovely locations. Both
island bodies. And both, as it happens, of
igneous origins, albeit formed by different
mechanisms.

Igneous rocks are formed by two major types
of activity; either extrusive rocks that are
expelled through and onto the Earth& surface
(such as volcanic eruptions), or intrusive rocks
that migrate towards the surface, but do not
break it. Because Intrusive rocks are
surrounded by other crustal rocks, they cool
slowly, allowing individual mineral crystals to
form. Intrusive rocks, such as granites, can
therefore usually be identified by their
mineralogy that is clearly visible to the naked
eye. Conversely, extrusive rocks are exposed
to the sea or atmosphere, where they cool
rapidly. Minerals are either very fine or invisible
to the naked eye. Examples include basalts
and obsidian.

The Intrusive Isles of Scilly

The Cornubian Batholith is a large mass of
granite that underlies much of the peninsula of
SW England. It is visible as six major plutons
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(large igneous bodies that are now exposed as
irregular outcrops), intruded into Devonian and
Carboniferous aged metasedimentary and
igneous rocks. Gravity survey data indicate
that the granite is continuous at depth, is over
250 km long, 20-40 km wide and up to 10 km
thick. The batholith owes its origin to the
Variscan Orogeny, a mountain-building event
caused by Late Palaeozoic continental
collision between Euramerica (Laurussia) and
Gondwana to form the supercontinent of
Pangaea.

The six plutons can be roughly dated to two
phases of activity. The granites that comprise
the plutons of Scilly, Carnmenellis and Bodmin
are typically aged over 290 Ma. Whereas the

plutons that form
Dartmoor are slightly younger at 282 Ma. The
granites of the Scilly Isles are fine- to coarse-
grained, rocks and both biotite and muscovite
micas are common. Accessory minerals
include tourmaline, andalusite, apatite, zircon,
monazite, rutile and limenite.

Granite blocks break the surface of the sea to
form the islands, but many occur just below the
surface resulting in very shallow and
treacherous waters. Almost 1000 shipwrecks
are recorded around the islands and the
figureheads from many ships can be seenin a
museum on the island of Tresco.

The granite overburden show signs of
periglacial activity, with poorly sorted beds.
The maximum extent of glaciation has been
mapped just to the north and west of the
islands (Ref. 1). Aeolian-derived sands and
podzolic soils are abundant and the weathered
granites form white sandy beaches that extend
into the shallow seas. On a sunny day, the blue
sky, blue sea, sandy beaches and striking rock
formations make the Isles of Scilly a beautiful
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place to visit. The islands form a haven for sea
birds, red squirrels and mature elm trees. The
clean, warm, and moist atmosphere allow
many varieties of lichens and moss to grow on
weathered granite faces.

The (partly Extrusive) island of Sicily

Located just of f t he, Scllydsetlie
largest island in the Mediterranean. It sits on
the junction between the African and European
tectonic plates and the surrounding region has,
and continues to be, subjected to significant
tectonic activity. At the end of the Palaeozoic
era, the area that was to become Sicily was
located on the northern edge of the African
Plate and the western edge of the Tethys
Ocean. The latter was closing (subducted
under Europe to the north).

In the Oligocene, a rift on the southern edge of
the European Plate opened, moving a block of
land that was to form the main part of Corsica
and Sardinia slowly eastward. This opened the
Provencal Basin between the European Plate

and t heSaéidianBs oc k 6 .
the Corso-Sardinian Block stopped, but the
eastern part of the block then split along a
north-south fault and continued to move east.
This new rift would eventually become the
Tyrrhenian Basin and the remaining fragment
of the Corso-Sardinian Block continued
eastward to form part of the Apennine
mountains in Italy and the northern part of
Sicily.

Whilst The Tyrrhenian Basin continues to
spread eastward, the African Plate is moving
north. The lonian Basin (east of Sicily) is
subducted under the edge of the African Plate
and the expanding Tyrrhenian Basin. This
creates the Aeolian volcanic arc that includes
volcanic islands such as Volcano and

FGS Newsletter,February 2023

of

Around



Stromboli. This subduction activity, combined
with the bidirectional forces of the adjacent
plates has created a hotspot on a fault system
that forms Mount Etna on the eastern side of
Sicily (Ref. 2).

Etna is an active stratovolcano and is one of
the tallest active volcanoes in Europe with a
height (July 2021) of 3,357 m. It is regularly
active, adding to its height. Today, the south-
eastern crater is now the tallest part of the
volcano. Volcanic activity first took place at
Etna about 500,000 years ago, with eruptions
occurring beneath the sea off the coastline of
Sicily. Activity has moved northwards to its
current centre, and it is continuing towards the
Mediterranean Sea at an average rate of 14
mm per year.

Etna's current activity consists of continuous
summit degassing, explosive Strombolian
eruptions, and frequent basaltic lava flows. The
lavas are rich in magnesium and iron, but also
have a lot of potassium, contributing to rich
fertile soils that
pistachio and wine industries. Towards the end
of 2022, a moderate effusive eruption was
active on the NE flank of the SE crater, with
lava slowly advancing from the eruptive fissure
vent.

References:

1. John, B. 2018. Evidence for extensive ice
cover on the Isles of Scilly. Quaternary
Newsletter Vol. 146, October 2018, pp 3-
27.

2. Santagati, M. and Asero, V. 2019.
Geological history of Sicily. Athena Guide
Series. Alma editore.
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Lecture Summary
Friday, 4 November 2022

On 4 November, 38+ attendees at The
Maltings and via Zoom welcomed Danielle
Schreve in presenting our external lecture.
Bite Club: Reconstructing palaeo-
diets and responses to climate
change in Ice Age carnivores

9| Page

Prof. Danielle Schreve,
Department of Geography, RHUL

Today, the role of predators in structuring
terrestrial ecosystems is widely acknowledged,
for example the positive effect carnivores have
on forest development through a complex
trophic cascade effect, which involves reducing
herbivore  numbers, moderating  prey
movement and halting over-browsing. Large
carnivores also benefit scavengers reliant on
winter carrion, such as ravens and wolverines,
as well as subduing numbers of medium-sized
carnivores such as foxes, with associated
benefits for birds and small mammals.
Nevertheless, the importance of carnivores in
shaping Pleistocene terrestrial ecosystems is
often underestimated because carnivore
species diversity and body size are much
reduced in modern communities. The impact
of large terrestrial predators on Pleistocene
ecosystems may also be difficult to appreciate,
because these carnivores interacted within

uEh 1aare; PFUTEN Ul T OB ¢ r us

Dani el | e 6wered taa Wide raoge of
evidence (much drawn from her work on the
assemblages from caves in the Mendip Hills of
Somerset) that allows us to reconstruct Ice Age
carnivore palaeodiet and predatory behaviour.
These lines of evidence include carnivore tooth
morphology and changes to the shape and
size of teeth and jaws through time, body size
change, patterns of gnaw marks, prey age
profiles, dental microwear, carcass
consumption sequences and stable isotope
analysis. The results shed light on the
changing predator guild over the last half a
million years and the effects of climate-induced
extinction events, as well as providing
information on the prey choices of spotted
hyaenas during the last cold stage, ¢.60,000 to
30,000 years ago, on the variability of brown
bear diet in response to changing glacial-
interglacial environments, and on the
exceptional dietary flexibility of wolves, the
ultimate generalists of the Pleistocene
carnivore world. Fig. 1 (adapted from Flower et
al. 2021) shows how Carbon and Nitrogen
stable isotope studies from three sites in the
south-west of England have revealed how
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wolves switched prey and shared resources
with other large carnivores. Further work on
wolf diet, fossil and modern, will be done
through a new NERC-funded major project,

entitled ANature of t he

of prey choice, competition and resilience in

wol veso, l ed by Dani el

(British Geological Survey).

Changing diet through time
200kya Hutton/Bleadon 80kya Banwell 50kya Sandford Hill
| - |
{ Cm 5
" » R | @
el M e 9 "™
1 oM R o
] P | & | &1 -
— —|| o=

« 200kya: wolves feeding on horses and hare; no overlap with lions but sharing
resources with hyaenas; 80kya: wolves switch to bison and reindeer, limited
overlap with brown bears; 50kya: wolves consuming bison, woolly rhino and
horse, sharing resources with hyaenas and minor overlap with bears; lions
eating reindeer

Figure 1: Changing competition and prey
selection in British large carnivores in the
Middle and Late Pleistocene (adapted from
Flower et al. 2021).

Reference:

Flower, L., Schreve, D., & Lamb, A. (2021).
Nature of the beast? Complex drivers of prey
choice, competition and resilience in
Pleistocene wolves (Canis lupus L., 1754).
Quaternary Science Reviews, 272, 107212.
https://doi.org/10.1016/j.quascirev.2021.1072
12 (a copy of this can be read at
https://pure.royalholloway.ac.uk/en/publication
s/nature-of-the-beast-complex-drivers-of-prey-
choice-competition-an).

Lecture Summary
Friday, 8 July 2022

On 8 July, 70 attendees at The Maltings and
via Zoom welcomed FGS Members Colin
Brash & Janet Catchpole in presenting our
lecture.

Western Canada & the Burgess

Shale
Colin Brash & Janet Catchpole, FGS
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We have been to the Burgess Shale!

In the summer of 1992, some members of the
Farnham Geological Society (FGS) decided to

ry and visj>t the Burgess Shale in %anada,
\Ehrﬁcﬂ ﬁa& beenﬁlnetﬁeg%i

Maureen Rog)ertson and Mary Andrews were

l egoir?gnogt to er[her.Al\ﬁ]ag/t?e h %ové’naow, my

wife Jill Brash and myself, Colin Brash, would
travel to Vancouver and meet up with
Marybet hds brother
driving around the Rockies. We would all meet
at The Visitor Centre in the town of Field
(British Columbia) within the Yoho National
Park (Fig. 1).

Figure 1: Yoho National Park, BC.

Eventually, on 28" August 1993, we all
assembled at Cathedral Chalets (near Field)
(Fig. 2 & 3), right next to the Kicking Horse
River, to eat our evening meal of corn, potatoes
and tomatoes all bought from farms on the way
to our meeting point. An early bonus of the trip

was being abl e t o cel

birthday by eating a birthday cake brought from
England by Janet.

As the scheduled climb up to the Shales was
not until the 30", we were able to visit other
local sites in the YNP. Marybeth, Donald, Jill
and | drove to Emerald Lake (elevation: 4,262
ft) then walked up to the nearby Hamilton Falls
below Hamilton Lake.
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Figure 2: L to R: Mary, Maureen & Janet at
Cathedral Chalets.

@

Figure 3. Road, rail and river next to the
chalets.

After lunch back at the chalets we drove to
Hoodoo Creek to see the magnificent
Leanchoil Hoodoos which are pillars of
naturally cemented gravel, sand and silt
usually with a large capstone (Figs. 4 & 5).

g N A 2 A ¥
Figure 4: The Hoodoos from above.

S

With time to spare we visited the nearby Wapta
Falls (Fig. 6), on the Kicking Horse River,
followed by looking at the two Spiral Railway
Tunnels started in 1907 and completed in 1909

(Fig. 7).

11| Page

The second bonus was that Dr. Desmond
Collins, of the Royal Ontario Museum, had just
that day finished a summer season of working
on the Burgess Shale and was going to give an
evening lecture on the latest theories about the
fossils found in the shales. We were all
crammed into a darkened room, lit by a
temporary generator which operated the

= e

Figure 6: Wapta Falls.

projector as well. It was a fascinating talk about
the very fossils we were going try and see the
following day. Then back to the chalets to make
sandwiches for the early start next day.
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Shale.

On August 30" the 84™ anniversary of the
discovery by Charles Walcott of the first fossils,
Marybeth, Janet, Maureen, Mary and |
crammed into one car and drove to Takakkaw
Falls where the party assembled at 9am. We
were met by Rosemary Power who was to be
our guide, for 12 people, for this the last day of
the season for climbing up to the Burgess
Shale.

Jill and Donald were not keen on the fossils, so
they drove to Lake Louise. Jill hired a horse for
a ride and Donald went on a long walk around
the lake.

Climbing slowly, passing the Hidden Lakes,
then Yoho Lake, through the Yoho Pass (Fig.
10), round Wapta Mountain (8,300 ft) and :
alongtothe areaof Wal cott 6s Quairt
8,000 ft, using the very same track which
Walcott had followed.

We lunched, at 1.30 pm, just below the quarry,
at about 7,600 ft. then climbed up the steep
scree slope and spent two hours in Walcott and
Raymondods Qu ag for sighs of o o0 kj
fossils, which we did find, but were not allowed
to take away.
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Flgure 12 Rosemary Power Mary and Janet
in Walcott Quarry.

Flgure 13: Mary, Maureen Calin, Marybeth
and Janet in Wal

From our viewpoint we could see Emerald
Lake 3,000 ft. below and looked toward the
Ottertail Range (Mt. Goodsir) to the south. We
had climbed some 3,000 ft. and walked about
7.5 miles to get to this amazing spot. Now we
had to turn round and work our way down back
to Takakkaw Falls. We left at 4.30pm and got
down at 8.00pm.

We spent a few more days at Cathedral
Chalets, then said goodbye to Janet, Maureen
and Mary and our little group went on to Lake
Louise, then up the Icefield Parkway to see and
walk on the Athabasca Glacier. We had to find
somewhere to stay and ended up near Jasper
at a group of chalets with a restaurant. To our
surprise we met J, M and M in there, desperate
for a shower, which we hosted for them, as
there was no such facility at our previous
chalets.

The Burgess Shale

Geoscience Foundation

cottos

Q.

Figure 16: In the Quarry looking toward Wapta
Mountain.
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We carried on with our tour of the Rockies,
back to Vancouver, and | think the others were
on their way home to England. So ended the
geological trip of a lifetime.

Colin Brash

The Burgess Shale

What is it? Where is it? What is important
about The Burgess Shale?

These are three questions | will attempt to
answer.

The Burgess Shale fossil site is a Lagerstatten
high on Mount Wapta in Yoho National Park in
British Columbia, Western Canada. The fossils
found there are of mid Cambrian age, 538 Ma
and represent some of the earliest animals
found and display many soft body features.

A Lagerstatten is an area of exceptionally
well-preserved fossil biotas.

History of Discovery

In 1884 a surveyor employed by the expanding
railway reported finding lots of fossils on Mount
Stephen, British Columbia.

A few years later a geologist working for the
Geological Survey of Canada followed up this
rumour and high above Field on Mount
Stephen he discovered a vast storehouse of
ancient life.

Millions of yellow slabs yielded a profusion of
trilobites. These beds are now known as the
Ogygopsis shales after the abundant trilobite
found. Specimens of a large arthropod, nhamed
as Anomalocaris were also found.

Enter Charles Doolittle Walcott onto the
scene.

Walcott was a leading authority on Cambrian
fossils and Secretary of the Smithsonian
Institute in Washington DC in USA.

In 1909 on 31 August Walcott and his family
were returning from fieldwork on horseback
and t he story goes t
stumbled on a large boulder blocking the trail.
When the block was broken open a large
number of soft-bodied fossils were displayed.
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This is probably a legend but makes a good
story. It was not recorded in Walcotto diary.

Many more fossils were found over the next
few days from the scattered loose pieces of
shale on the hillside.

The origin or mother lode was found a few
metres above the trail, but snow curtailed more
excavation that year.

Walcott, his family, and colleagues returned for
several years from 1910 to 1917. About 65,000
fossils were collected and shipped to the
Smithsonian Institute.

Walcott died in 1927 but many of his collected
specimens remained undescribed. He
misinterpreted many by attempting to place
them in modern groups of phyla.

In 1925 and 1927 Percy E. Raymond, a
Harvard professor of geology visited the
Ogygopsis fossil site on Mount Stephen and in
1930 undertook a serious excavation of what
had become known as
explored the hillside and opened up another
guarry about 20 metres higher. The specimens
were not as spectacular as in the lower quarry
but demonstrated that this type of preservation
was more widespread than first thought and it
has since been found to be quite widespread
in the Lower and Middle Cambrian deposits
around the world.

I n the 19606s the qua
Geological Survey of Canada who realised
they had this important fossil site in their
country but almost no fossils as they had all
been transported to Smithsonian Institute in
Washington DC, USA. Then as now access to
the quarries was controlled by the Yoho
National Park Authority and collecting of fossils
is only permitted under licence.

The Geological Survey of Canada invited Dr
Harry Whittington an Englishman, then
working as Professor of Palaeontology at
Harvard and an expert on trilobites to head up
a group of scientists using modern techniques
to reinvestigatewthe &t and fossils.s Harry
Whittington spent two years, 1966 and 1967,
excavating in Walcott
the UK and took a large number of Burgess
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Shale fossils with him, where he set up a group
at Cambridge to further research.

Initially David Bruton and Christopher
Hughes were involved in the first assault on
the Burgess Shale fauna. In 1972 two graduate
students joined the team, Derek Briggs who
opted to join the main team tackling the
arthropods, and Simon Conway-Morris who
agreed to study the worms in the fauna. They
spent some time learning new techniques for
study, photography, preparation of fossils and
how to make detailed drawings all pioneered
by Harry Whittington. In 1973 they travelled to
the Smithsonian to trawl through the Walcott
collection and arrange for shipment of
specimens to Cambridge.

In the 19706 s 498 d @ssmond Collins
from Royal Museum of Ontario worked in
Walcott& and Raymond®& Quarries sometimes
with Derek Briggs and Simon Conway-Morris.
He carried out a series of excavations in the
Field area looking for new locations. He has
found many sites that yielded new collections.
It was Desmond Collins that was working the
guarries when we visited in 1993 and gave a
talk in the evening before our visit to Walcott&
Quarry (see Colin Brashd article above).

He collected over 150,000 specimens which
went back to Ontario making it the largest
collection in the world.

There are several theories put forward for the
large number of soft bodied fossils found in this
mid-Cambrian location.

Two fOxygen Eventsd during Proterozoic
caused a dramatic increase in oxygen resulting
in an extinction event that killed off most
anaerobic life in the oceans and enabled
complex oxygen breathing organisms to fill the
resultant faunal gap.

The Great Oxygeneration Event 2.4 to 2.0 Ga
increased the free oxygen from 0.0001% to
about 1-2%. The second event around 0.85 to
0.54 Ga increased oxygen to about 10.0%

Link to UV levels

Only after the second oxygen event could an
effective ozone layer be formed to prevent
excessive UV reaching and destroying life.
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Whittington had discovered that photographing
the fossils using ultraviolet radiation often
produced good results. Many of the fossils
were preserved as reflective films on the shale
and by tilting the fossil relative to the UV lamp
striking photographs could be obtained.

A modified dental drill with a percussive action
was used to remove any shale covering the
fossil, and photographs were taken of each
stage to record different features.

Another technique involved the use of a
camera-lucida to produce detailed drawings of
the fossils.

The fauna lived in shallow water in or on a fine
mud  substrate  below the Cathedral
Escarpment. This was on a slight slope and
periodically, due to localised tectonic
movement, patches of mud and silt slumped
downslope forming a dense cloud of turbulent
sediment carrying the live animals, carcases
and bits of algae on it a short distance into
deeper water, rapidly burying the animals and
flora in various orientations with the fine
sediment seeping between limbs. The levels of
oxygen were probably low thus reducing
organic decay.

Fossils as described by the Cambridge
group

The Burgess Shale fauna consist of over 160
species representing various arthropods,
molluscs, brachiopods, cnidarians, sponges,
polychaete worms, priapulid worms,
echinoderms, chordates and a number of
miscellaneous forms that cannot be
accommodated in any recognised phyla. The
species are not equally abundant, some are
known from thousands of individuals, whereas
some from a few or single specimens. Most of
the specimens were small, up to 10 cm but
some were larger.

Harry Whittington decided to work on the most
abundant fossil found, Marrella (Fig. 3.12),
and in 1969 at a convention of palaeontologists
in Chicago gave the first account of the
Burgess Shale fossils.

Examples of other species identified are as
follows:
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Canadapsis, a Crustacean. Five head Figure 3.29: The flattened swimming animal
segments bear two pairs of antennae and five Odontogriphus. The mouth surrounded by
pairs of legs behind the mouth. tentacles and the pair of palps are shown on

Sarcotrocercus, a tiny arthropod with large the underside of the head.

eyes, a strong pair of feeding appendages and
gill branches, swimming on its back.

Yohoia (Fig. 3.18).
Odontogriphus (Fig. 3.29).

Several specimens are shown in the following
diagrams, drawn by Marianne Collins (with
original figure numbers retained).

Figure 3.12: Side view of Marrella showing
spines curving back from the head with long
antennae and many pairs of limbs on the trunk.
The specimens are about 20mm long.

Figure 3.31: Three specimens of the stalked
animal Dinomischus. One bends towards us,
showing the openings of the mouth and anus.

Figure 3.34: Hallucigenia, supported by its
seven pairs of struts, stands on sea floor.
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Figure 3.32: The flattened swimming animal
Amiskwia, with a pair of tentacles on the head,
and side and tail fins behind.

Figure 3.45: Odaraia, swimming on its back.
The numerous biramous appendages can be
seen through the transparent tubular carapace.
Also note the large eyes in front, the curious
three-pronged tail behind, and the single pair
of feeding appendages behind the mouth.
(Note: A biramous appendage is one that has
two branches.)

Canadapsis
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Figure 3.46. Two views of Sidneyia: top, as
seen from below, showing the form of the limbs
and the attachment of the eyes and antennae;
and bottom, as seen from above.

Figure 3.58: Wiwaxia as it might have crawled
on the sea floor.

Sarcotrocercus
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Figure 3.66: The two known species of
Anomalocaris: top, Anomalocaris nathorsti
as seen from below, showing the circular
mouth, misidentified by Walcott as a jellyfish,
and the pair of feeding appendages; bottom,
Anomalocaris canadensis as seen from the
side, in swimming position.

Figure 3.21: Opabinia, showing the frontal
nozzle with terminal claw, five eyes on the
head, body sections with gills on top, and the
tail piece in three segments.

There were some rather bizarre specimens
found that initially caused mistakes in
identification.

One of these was Hallucigena. This was
originally called Canadia sparsa but differed
from other Canadia specimens; it had seven
pairs of enormous sharp spines on one side of
an elongate body and a series of flexible
tentacles on the other.

When similar animals were found in a new
fossil site at Chengjiang in Yunnan Province in
China the palaeontologists showed that
Hallucigenia walked on set of tentacle-like
legs and protected itself with a palisade of
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spines. In life this animal was about 25 cm in
length.

Figure 31: Hallucigenia (x13.0). This bizarre
creature supported its trunk on seven pairs of
stilt-like spines. The tentacles that arose from
the dorsal surface of the trunk are also visible.

Hallucigenia. Walks on tentacle-like legs.
Head and tail unclear. Protective spines on the
back.

A problem also arose with Anomalocaris.
Walcott identified what he thought was a
jellyfish and named it Peytoia. Looked like a
pineapple ring with centre cut out, 32 plates
surrounded a centre hole. Walcott also
described a sort of sea cucumber, but Conway-
Morris was unsure. Back in Cambridge it was
identified as a large limb. Harry Whittington
and Derek Briggs looked at several examples
and concluded that the different parts were all
part of a large animal possibly up to one metre
long. As well as a pair of anterior appendages
probably used to hold and manipulate prey the
body had a series of flexible lobes which may
have propelled the animal through the water.
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Anomalocarls uncertam afflnlty Very large
carnivore, 1 metre in length.

The Anomalocaris story is probably still not
fully understood and recent discoveries cast
some doubt on it being a fierce predator. It is
probably some sort of arthropod.

Opabinia (Fig. 3.21) is another strange fossil
with unknown affinities.

Pikaia seems to have a notochord and would
therefore be classed as a chordate.

Other locations have been found for Burgess
Shale type fossils:

1 Sirius Passet, a Lagerstatte in Peary
Land, Greenland was discovered by
members of the Greenland Geological
Survey in 1988 and work in 1989
established a huge cache of Cambrian
fossils which are still being worked on in
Copenhagen.

T In 1912 a French geologist found soft
bodied fossils in the Maotianshan in
Yunnan in China. Further finds were
reported in 1957 and in 1984 the principal
locality was found, and since then there
have been extensive excavations at
Chengjiang. The fossils are very similar to
those of the Burgess Shale despite being
somewhat older. There are good examples
of Hallucigenia and Anomalocaris.

References:

1. Briggs, D.F.G., 2007. Lagerstatten In
Palaeobiology 11, ed Briggs D.E.G., and
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H.B.,1985 Fossils of the Burgess Shale, A
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Farnhamia

A local group

farnhamensis Folinded 1970 within the GA

Reading Geological Society
and
Farnham Geological Society

Joint Field Meeting to South
Pembrokeshire

Monday 16th i Thursday 19th May 2022
Led by Sid Howells

This visit was the first joint 4-day field meeting
between the two societies. A total of 19 people
came on this visit T 12 from Reading and 7
from Farnham. We were fortunate to find
accommodation in Pembroke in the delightful
Coach House Hotel, where we were made very
welcome.

Our leader, Sid Howells, lives locally where he
runs his small business 1 Geological &
Educational Services (GES) Ltd. He carries out
many educational field meetings for schools,
colleges, and universities; he also works part
time as the geologist at Bolton Hill Quarry,
which we visited on our final day. Several
images in this report have been taken from the
handouts provided by Sid, and we are grateful
to him for permission to use these.
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DAY ONE PM
Monday 16th May 2022

Afternoon: Amroth
Grid ref: SN169 070

Report by Ailsa Davies.
Photos by Ailsa Davies and Roger York.

The day started early for the drive to
Pembrokeshire to meet at Kilgetty. After lunch
and a short briefing, we moved to nearby
Amroth on Carmarthen Bay for our first look at
the geology.

The glacial maximum occurred 20k years ago,
so the sea was not present as it is today. An
ice sheet moved west from the Brecon
Beacons area, reaching approximately 20km
to the east of Amroth. A river flowed through
the middle of what is now the bay.

Here we are on the Carboniferous
(Westphalian) Lower Coal Measures which
comprise mostly sandstones, with some
mudstones and marine bands. The outcrop
trends roughly east-west across the Pembroke
Peninsula, as with all other outcrops in the
region.

The area is well faulted. Amroth is located on
the Erroxhill Fault Zone which is the most
south-western extension of the Church
Stretton fault.

From the beach we could see the extent of the
bay; from Monkstone Point in the west to
Ragwen Point in the east. We set off
westwards to look at the exposures along the
beach.

s N
d faulting.

Figure 1: Variscan foIdiralg'an
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The strata were well exposed and so the
folding and faulting, mostly Variscan in age,
were spectacular (Fig. 1). Other evidence of
tectonic activity we found were tension gashes

(Fig. 2).

|gure 2: Tension gashes.

Looking at the Amroth anticline we found the
Kilgetty vein of the Carboniferous Lower Coal
Measures. Coal mining was first recorded in
this eastern area of the Pembrokeshire
coalfield in 1324 and coal was exported from
Saundersfoot until 1954.

Coal had been mined here for over 100 years
as an open cast mine. The coal and iron ore,
from a seam under the Pennant Sandstone
Formation, were transported to ships on the
beach by wheelbarrow. There used to be an
iron works further west and then later in the
Swansea Valley. The iron ore was extracted
from iron nodules, but being poor quality ore,
only pig iron was produced.

The coal in Wales is known as fBlack Golda
Here the seams are thin and highly distorted
and broken; children were used to work the
narrow seams. Anthracite coal is more highly
metamorphosed than bituminous coals, so is
harder, has a higher carbon content and with
few volatiles it ignites with difficulty.

On a limestone platform we found a fossil
forest at the top of the storm beach. The forest
dates from 3-5k years ago when the ice was
retreating. In this area there were also
symmetrical, non-directional ripple marks,
pyrite nodules, trace fossils of stigmaria (Fig.
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3) and cal amites. Some of

trunks were, unusually, vertical (Fig. 4).

canon

Vertical cal ami t

The strike of the Variscan folds trend NWN /
SES.

As well as anticline structures (Fig. 5), reverse
faults and faulted 0S06 she
(Fig. 6).

.Y

Figure 4:

o &
Figure 5: Anticline structures.
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Flgur 6: Reverse faul

folds.

Within the Pennant Sandstones we observed
ball type structures within a layer of mudstone.
These seemed to be ‘'attached' to the layer
above but did not reach the base of the layer.
These are load casts (Fig. 7) where soft
sediments had been deformed by a more solid
layer above. Here we also found bioturbation
and a normal fault.

Flgure 7: Load ats.

Pig Iron:

Pig iron, also known as crude iron, is an
intermediate product of the iron industry in the
production of steel which is obtained by
smelting iron ore in a blast furnace. Pig iron has
a very high carbon content, typically 3.81 4.7%,
along with silica and other constituents of
dross, which makes it very brittle and not useful
directy as a material except for limited
applications.
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DAY TWO AM
Tuesday 17th May 2022

Freshwater East
S502425

Report by Angela Snowling.
Photos by Angela Snowling and Sarah Cook.
Other figures courtesy of Sid Howells.

Aim

To explore the lithology, structural geology,
and fossils within the rocks of the northern limb
of the Freshwater East anticline i a site of
Special Scientific Interest. The oldest Silurian

sedimentary and volcanic rocks, found in the
South cliff, were too unsafe to visit.

Morning:
Grid ref:

Period Covered

EaglnSiurign f-udjow) o dnid pey@nians(kowes e d

Old Red Sandstone (ORS)) and Quaternary
deposits.

cation Freshwater East, northern cliff () Gridref. SS 02425
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Figure 8: Log of north cliff at Freshwater East,
courtesy Sid Howells.

Topology

On driving to the entrance to the bay we
passed through oOridge
ridges comprise harder sandstones, the vales,
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Figure 9: Aerial photograph of north cliff with interpretation

weathered limestones and shales. The centre
of the Freshwater East anticline was obscured
by climbing dunes deposited during a recent
storm.

We were directed by our leader to the beach to
watch current ripples developing first in single
then in double channels before becoming
braided near the shoreline. We were asked to
remember this when looking at the cross
bedding later in the north cliff exposure.

Structural Geology

The southern limb of the anticline dips at 040
SSW, the northern limb dips at 085 NNE, but
the axis of the anticline is not visible. The
northern limb faulting reflects compression
during the Variscan period as the fused
Avalonia and Laurussian plate moved north.
Each gully on the north limb was marked by a
fault; F1 at the waterfall was a right lateral fault
with notable fault breccia, F2-F3 were left
lateral faults whereas smaller faults were listric

(Fig. 9).
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Description of rocks (Fig. 8).
The discussion covered:

1 The symmetrical ripple marks in the quartz
rich basal conglomerate (Fig. 10).

Figure 10: Ripple marks in ORS basal
conglomerate.
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Figure 12: Example of solifluction from an
interglacial period c. 15,000 years ago. Glacial
meltwater streams deposited inclined stones in
the direction of the down slope movement.
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Figure 13: Haematitic discoloration in the Old
Red Sandstone sequence.

m :" .‘;"‘ \ :).-;n
Figure 14: Example of variable oxidation

boundary (red/green) within a dry desert
channel.

1 How tundra melt water aligned pebbles in
the direction of flow during interglacial
periods - solifluction (Fig. 12).

1 Comparison of cross bedding from the
lower marine unit with that in the dry land
river system of the middle unit. The way up
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was determined by channels as the beds
were nearly vertical.

9 The origin of the iron oxidation (Fig. 13), the
frequency of monsoon events (10-100
years) and examples of non-bedding
related red/green unoxidized boundaries
(Fig. 14).

I The origin of the calcrete formation;
mangrove type roots, occasionally
bifurcated, infilled by calcium deposits
during rare flooding events with
subsequent leaching causing greenish
drab halo discoloration around the roots.

9 Large, weathered holes in the upper unit
calledlocaly6 Babal oobi esd

1 Exotic pebbles from other periods.

Flgure 15: Tracks of glant water scorpions
(Eurypterids).

Fossils found

1 Brachiopods and the remains of dorsal fins
of Cephalapsis fish from the late Silurian.

9 Tracks of the water scorpion Eurypterid
(Fig. 15). Sid is to be commended for his
impersonation of how this top predator
moved; you had to be there!

Full waterproofs were essential, and lunch was
taken whilst the hunt for exotics took place.
Sarah was the first to find a banded rhyolite
from Anglesey.

DAY TWO PM
Tuesday 17th May 2022

Afternoon: Stackpole Quay
Grid Reference SR 99148 95772 (in the rain)

Report by Sarah Cook.
Photos by Sarah Cook and Roger York.
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We travelled west along the coast to Stackpole
Quay (Fig. 16) where we parked in the National
Trust car park. The rocks in this area are
Carboniferous limestones. Walking along the
road to the north we came to a disused
limestone quarry and an adjacent, well
preserved lime kiln.

In the past the kiln used limestone from the
quarry to make quicklime, which was made into
mortar and lime wash to apply to the outside of
houses and inside barns to sterilise the
surfaces to keep things clean. The quicklime
was also used as a fertiliser. Apparently when
water is added to quick lime to make lime wash
it spits and the workers used to protect
themselves from burns by using butter. This
was linked, by a well-read RGS member, to an
obscure quote from the novel 6Col d
Farmd by
sermon included
in hell &, which

% ( - Z
gf:;mle J Quarry and Lime Kiln < )<'_‘ -

t he
coul d

Flgure 16 Stackpole Quay

Figure 17: Antiform on nortern edge of quarry.

At the end of its life the quarry produced stone
for local roads. The quarry is quite overgrown
around the edges but to the west huge flat sub-
vertical bedding planes showing well
developed fractures can be seen, while on the
east the beds dip gently indicating an
asymmetric fold must exist. An antiform was
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visible on the northern edge of the quarry (Fig.
17) which could be related to the syncline seen
on the beach to the south. The quarry has
recently been repurposed as an outdoor
activity centre and one of the steeply inclined
bedding planes has been set up for wheelchair
abseiling.

Figure 18: Fossiliferous carbonate mudstones.

We then moved south, back to the coast and
onto the beach adjacent to an isolated stack on

the fore-shore called 6 Mur chi sonods

that plunges out to sea. The well-developed
bedding is emphasized by differential
weat hering; we l |
shallow water carbonate sands - that were
moved offshore by storm events, are
interbedded with less well cemented, deeper
water carbonate mudstones.

The pebbles on the beach include glacial
erratics. The most impressive of which was a
football-size boulder of gneiss which must
have travelled a very long way for it be
deposited here. We also saw a lump of vein
material, probably quartz, containing bright red
haematite which was mined and used as iron
ore in this area in the past.
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cemented

On the west side of the beach the limestone
beds are sub-vertical, the deeper water
carbonate mudstones have weathered out and
the tempestites stand proud of the beach. They
are fossiliferous, containing solitary and
Lithostrotian-type colonial corals, bryozoan
colonies, large Productid-type brachiopods,
large Bellerophon-type gastropods and crinoid
fragments (Fig. 18).

We then moved back to the inlet at Stackpole
Quay, where on the east side we saw a fault
cutting through the tempestite limestone
sequence with a 1m wide fault zone of crushed
rock. The rocks adjacent to the fault showed
prominent, spaced pressure solution seams
perpendicular to the fault plane/bedding (Fig.
19). All a bit confusing and needs some more
interpretation! The limestones at this location
are all well cemented and show no bedding,
with the former bed boundaries reduced to
stylolitic contacts.

After an afternoon of constant rain, we
retreated to the National Trust café for well-
earned refreshments.

Figure 19: Pressure solution seams.

O6tempestitesod

DAY THREE AM
Wednesday 18th May 2022

Marloes Sands
SM780 082

Report by Sally Pritchard
Photos by Sally Pritchard and Roger York.

Morning:
Grid Ref:

The group congregated at the top of the cliff in
the NT car park from where we took the path
through fields to the edge of the cliff. There the
viewpoint allowed us to see SW over Raggle
Rocks to Gateholm Island and Skokholm
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Island (Fig. 20) in the far distance and SE
towards Red CIiff.

Between the two points, shelf sediments of
Silurian age (443 to 417 Ma) represent the final

infilling of the marine basin that covered much
of South Wales along with volcanic deposits
representing associated periods of vulcanicity.

The Silurian rocks occur forming an almost
complete sequence viewed as near vertical
beds in the spectacular cliffs at the back of
Marloes Sands (Fig. 21).

The aim was to walk as far along the beach as
planned by our leader, Sid Howells, tide
allowing, take our lunch then make our way
back in the afternoon studying the outcrops we
had omitted and examining lithology, fossils
and structures in more detail.
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Figure 21: Marloes Sands geology.

However, some stops were made to note
certain structural and lithological features and
occurrence of specific fossils.

We descended a steep path joining the bottom
of Sandy Lane, arriving in the middle of the
bay, where rocks of the Coralliferous Series
occurred. We crossed the storm beach onto
the sand and progressing SE we stopped
briefly to observe burrows with haloes in rocks
of the Skomer Volcanic group. One theory is
that the haloes were probably caused by
change in oxidation levels while animals were
actually burrowing into soft sediment. (Fig. 22).
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Broken fossil crinoid stems indicative of a
warm shelf sea high energy environment were
observed in an adjacent outcrop. (Fig. 23).

Further on we noted more indications of a
shallow sea environment, symmetrical ripples
on bedding planes and erosional surfaces.
(Fig. 24) Some rock surfaces were covered by
en echelon tension gashes infilled with quartz
produced by pressure solution. Nearby a stack
of feldspathic sandstones were heavily iron
stained, a possible result of hydrothermal fluid
migration (Fig. 25). Another beach outcrop of
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Figure 22: Haloes.

Figure 25: Irn staining.

finely laminated siltstones and sandstones
showed evidence of tidal rhythms.

We bypassed evidence of volcanic activity, to

be studied in the afternoon and continuing

south eastwards along the beach we passed

t he 6Three Chi mneys©®6 and
collapse, while making our way to our
lunchtime stop.

Figure 23: Crinoid debris.
& Yo T SRR A

DAY THREE PM
Wednesday 18th May 2022

Afternoon: Marloes Sands (continued)

Report by David Ward.
Photos by David Ward, Roger York, Sarah
Cook and John de Prey.

Apart from a rather strong wind, the weather
was now very pleasant, with sunny intervals.
This enabled us to enjoy the beautiful scenery.

After lunch, taken on rocky outcrops on the
foreshore about 1km from where we left the
Coast Path, the party started to return,
carefully examining the cliffs.

Perpendicular sandstones, some coloured red,

with alternating mudstones is the Grey
Sandstone Formation, which we observed on

the walk eastwards. Three very distinct nibs
protruded and have the n
Chi mneyso. Apparentl vy, up
there were 4. (Fig. 26). No fossils were found

in this rock, but there were many erratics on the

beach to hold our attention, indicative of glacial

transport from the North.

A further 100m towards the start, a grey, fine-

. . — = grained rock appeared in the cliff, with about a
Figure 24: Wave ripples. 30m exposure. (Fig. 27 & 28). Close
examination showed this to be a volcanic rock,
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a rhyolite, and therefore of the Skomer Rhyolite
Group. Feldspathic green and white fragments
within the rhyolite are indicative of an ash flow
tuff. The Skomer Volcanic Group also includes
sediments, rather confusing for the amateur!
One side of this rock rested against an eroded
surface in the sandstone, showing that the
rhyolite had flowed over the sandstone before
solidifying, thus giving
A search of the beach yielded some very nice
green epidote - but it was not clear whether this
had come from the tuff or was of glacial
transport origin.

Ifigufé 26: The Three Chimheys.

Another 300m along the beach, the rock
composing the cliff changes again. Here, we
had a red and grey
interpreted as a lava flow (Fig. 29) An initial
thought that this could be a pillow lava was
dismissed 7 a reddened top indicated a
subaerial flow had occurred and contraction
joints were present.

Now the cliff had been eroded back to form a
shallow valley, defined by faults on each side,
these being marked by much alteration of the
rocks by flows along the faults, showing
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limonite staining. The rock within the faults was
a grey fossiliferous mudstone, of the
Coralliferous Group.

The group descended onto the scree at the
base, and nice specimens of fragmented
trilobites and brachiopods were found along
with some solitary and compound corals (Fig.
30 ﬁ& gl). a

Away ndi

upo i cator

B

Figure 2

7 Rhydlite.
At this point, the RGS contingent showed their

true colours T some members paddled, despite
interestingly low water temperatures (Fig. 32).

Arriving back at the car park, there was some
interest in a little further geology, so an intrepid
few drove to Martins Haven car park and

i b | owalkeg @crossoicwhat wev nterpréted ias a

meltwater channel T onto Wooltack Point and
up to the Lookout Station. Great views of
Skomer and Skokholm islands, some distant
views along the cliffs and a few less welcome
tankers were seen.

At this point, the members realised that dinner
and the bar called, so a return to Pembroke
was made, concluding a very interesting day.
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Figure 30: Trilobite.
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Figure 32: Paddling at Marloes.

DAY FOUR AM
Thursday 19th May 2022
Morning: Bolton Hill Quarry
Grid ref: SM 924 110

Report by Jim House.
Photos by Roger York and Carole Gregory.

Fifteen members of the group assembled in the
car park of Bolton Hill Quarry just before 10:00,
at Lat/Long 51.762341, - 5.024666. The quarry
is owned and operated by G.D Harries & Sons
Ltd, who kindly allowed our visit on a working
day. The leaders of the visit were Sid Howells
and Mike, the junior geologist at the quarry;
both gave the party an in-depth safety briefing
and all items of kit were checked. The rock
extracted here is Pre-Cambrian diorite.
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Figufe 34: Pre-Cambrian diorite thrust over the
coal measures.

Figure 35: Showing a close up of the thrust
plane.

After the safety briefing the group walked for a
few minutes to view parts of the concrete
batching and the bitumen coating plants. Mike
explained how rocks from the quarry are
crushed to different sizes (4 to 20mm) and
used for making concrete and tarmac. The
concrete includes sand dredged from the
Bristol Channel, off loaded at Pembroke dock.
The concrete plant has a capacity of 200m3
per day. The quarry supplies civil engineering
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projects across much of South and West
Wales with a variety of materials.

The group were then transported in batches of
five along the main road and through parts of
the old quarry to location 51.762816,
-5.017621 (Fig. 33) to see part of the Johnston
Thrust.

After the vegetation was cut away the
exposure of the Johnston Thrust showed the
Pre-Cambrian diorite on top of the upper
Carboniferous Westphalian sequence, with a
thrust plane at approximately 40 degrees. Sid
explained that the diorite had been thrust over
the coal measures by a distance of
approximately 4km and from a similar depth
(Fig. 34).

The coal measures below the thrust plane
were pulverised as a result of the tectonic
activity. The material has no cohesion, very
small grain size and is clay like in nature. This
type of material is known technically as a Fault
Gouge. It was unclear to what depth below the
thrust plane the fault gouge continued, due to
the limited nature of the exposure (Fig. 35).

Figure 36: View of quarry from haul road.

As part of the tour of the old quarry, Sid
explained that it had stopped being worked in
2011 as supplies of diorite were not of high
enough quality due to large scale hydrothermal
alterations of the material in the southwest
area of the workings.

The group was then transported to location
51.760580, -5.005839, (Fig. 36) a haul road in
the new quarry, where we were given a brief
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