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Some geological thoughts by Charles Darwin:

The science of geology is enormously indebted to Lyelld more so, as |

c

believe, than to any other man who has lived.

| find in Geology a never failing interest, as it has been remarked, it
reates the same grand ideas respecting this world, which Astronomy
does for the universe.

The noble science of Geology loses glory from the extreme imperfection
of the record. The crust of the earth with its embedded remains must
not be looked at as a well-filled museum, but as a poor collection made

at hazard and at rare intervals.

Daily it is forced home on the mind of the geologist that nothing, not

even the wind that blows, is so unstable as the level of the crust of this

Earth.




Editorial

Some sad news: Bill Luck, a Club member since 1989, died on 3
November, aged 88. A Committee member for over 20 years and Club

Librarian for eight of them, Bill was a regular on Club field trips,

collecting a vast store of fossils which has fed the Club's lucky dip barrel

at the events in Horsham Park for many years. You will all have fond

memories of Bill, but it was his friendliness and no-nonsense
independence of spirit that always stood outforme. Ther ebés a trib
Bill on the Club website.

Other Club news: Pet er Austen has been award
Richardson Award for the best research-based paper in its
Proceedings; and Club founder Frank Diggon was elected an Honorary

Member of the Club and presented with a framed certificate at the July

meeting T his 96th birthday (Frank had served on the Committee for 42

years before stepping down at the May AGM). Congratulations to both.

Al s o, the Clubo6és Lect urnew CBardingtoraamme n
Craig Lawr enc eover fldma Baryl Jamik evho has been

arranging our speakers since herself taking over from Frank in 2010. |

know Craig will welcome any suggestions from you about what subjects

you would like speakers to cover.

The Club supported Edi nbur gh Uni vers
L v e 234 aatebooks by donating £50 (about £1 per member). The bid

was successful a n d looké ferwaktna makingshenh y n o w
physi cal |l y and d.Sgdhttpa:/www.edas uik/giving/davee 0
lyell-notebooks/about-lyell-notebooks.

But wedr e nnddor-dwellingdalkalltbe time. As well as the

field trips, organised with other clubs through Mike Webster (keep an

eye on our website for details as fu

enjoyed a Summer Barbecue in Warnham (page 12) and been involved

with Horshambés Funday Spaged®).yAndethee nt i n

of course, therebs our | egendary Chr i :
Back
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The last British ice sheet

Bethan Davies

BRI ]

Report by Debbie Brand

3

For our June | ecture, we took a | oo
past, during the last ice age. Dr Bethan Davies from Royal Holloway,

Uni versity of London came to tal t o
ice sheet can help us understand the likely response of Antarctic ice to

our changing climate.

Why study Britainbds | ast ice sheet?

With climate change becomin . .

an increasingly hoq[ topic therg Antarctic | | Bast Antarctic

_ peninsula ice sheet

iIs a need to understand and ice sheet

better quantify the likely g | e

consequences of rising global on |

temperatures. A big factor in W

this is the response of the ice

sheets of Greenland and . iy

Antarctica; in particular, of the —ww=

Western Antarctic, and the 7

subsequent effect that any <= =

melting would have on sea =

levels around the world. There L e d

are limited geological records 'West Antarctic] f

for the past stability of the ice sheet | = 4

Western Antarctic marine ice e

sheet, so studying similar ice

sheets which have more extensive records can help us learn about how

the Antarctic ice might respond in the future.
Craureling e . Antarctic ice sheets
This line joins the points . .
deep beneath an ice sheet | ANntarctica has three ice sheets. The largest
wher e nd todger in | Of these, in the East Antarctic, is currently
contact with the bedrock | fairly stable. The ice sheet on the Antarctic
ggg)gvb |?a\|/m6q ;]st rs;ﬁ:t\:\\//agrl?o Per_ﬂnsula is the smallest but is losing mass;
e Geeanwalers, it is particularly vulnerable to -changlng
As the base of the ice | temperatures. The West Antarctic sheet,
sheet melts, its grounding | however, is losing mass relatively rapidly: it is
line is driven further inland, | particularly sensitive to ocean currents
threatening ~a runaway | pacayse much of the land below it is below
collapse of the glacier
margin, sea level and slopes downwards and
For an animation, see Web | landwardsi a &ér ever seThemae s | o
links at end. its ogrounding | ined (s

k



more can warmer ocean waters flow below it. Also, thered s
greater depth of ice above the grounding line, which increases the flow
of ice across it. Both factors accelerate the grounding line recession,
especially i f snowfall I snot i
the ice sheet than is lost below it.

If the entire Western ice sheet melted, this could result in around 3.3 m
of sea level rise. Yet the current predictions of future sea levels for
various climate change scenarios generally d o nirdicliude the dynamic
contribution which woul d be ma doat
IS imperative to determine the rate at which this might happen.
Unfortunately, evidence of the past behaviour of the West Antarctic
sheeti s fs ket chy do,seesf we careusehdata feom other ice
sheets to model its future more accurately. The Last British-Irish Ice
sheet is a suitable candidate.

The last British ice sheet

The last British-Irish Ice sheet
(LBIIS) at the Last Glacial
Maximum  (roughly 20,000i
30,000 years ago) had many
characteristics similar to that of
West Antarctica today: it was a
marine ice sheet grounded
below sea level with a reverse
bed slope. It also had ice
streams of similar orders of
magnitude, with evidence of ice
streams changing direction,
stopping, starting and

\ —
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\:] younger rocks and deposits

accelerating i all features seen
in Western Antarctica today. By
mapping seafloor topography,

l:] Palaeozoic / Mesozoic rocks
2 :} metasedimentary rocks
/
R, . [: Precambrian gneiss

Y
Celtic Sea \\
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Exfent of the British-Irish ice sheet at the Last

r ec estat b a tdbta' | Glacial Maximum, showing palaeo-ice streams

has shown that the ice sheet had extended further offshore than was
previously thought, right out to the edge of the continental shelf, where
the presence of sea-floor moraines show the extent and retreat of the
ice sheet. It is also now understood that the Scandinavian and British
ice sheets probably did not meet but were separate and independent.

Mapping glacial landforms:

By mapping landscape features such as drumlins, moraines and glacial
lineations into dlow sets6we can identify the past extent of glaciers and
their flow patterns. Sometimes these features overlap and show
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different flow directions and phases. Using results from field mapping,
which go back for over a century, and more modern techniques such as
LIDAR and remote sensing to create digital | giacialjargon
elevation models, we can view these patterns on a | A drumlin is an
large scale to give an idea of how the ice sheet | oval-shaped hill,
moved. The BRITICE project, which compiles 150 | largely composed
. . . of glacial drift,
years of geomorphological and sedimentological formed beneath a
data, has done just this (see Web links below). glacier or ice sheet
and aligned in the
We can also estimate the time that a particular area | direction of ice
became ice-free. A buried rock, picked up by a | flow.

. A moraine is a
glacier and subsequently dumped on the land ridge or mound of
surface, becomes exposed to cosmic rays. | material pushed or
Cosmogenic nuclide dating detects atoms in rocks | laid down by a
that have been altered in this way and so can | 9lacier, usually at

establish the timing of |theede
Glacial lineations

) ) are long, elongated
Such on-shore data can be linked with offshore | landforms, typically
marine records, but the different methodologies | in soft sediments,

used can make them difficult to correlate. that reflect rapid
ice-sheet flows.

Reconstructing Britaindbs | ast i ce

Research focussed on the central section of the LBIIS because it shows
complicated ice-stream flows, some of which changed direction, as in
the Stainmore Gap and the Vale of Eden.

Dumfries
Gretna Green Newv \
Y I
D Tyne GaP
arlisle
At Part of the
L North Sea
Maryport Q/Q ‘ LObe (ICe)
P O North
¥(orkington I Pennines
Keswick Oé AONB -
Whitehaven 3 7 \
A Stainmore  t1ee€S "]
ake District
National Park (M6 Gap
Windermeees Kendal
o
Yorkshire
Dales
row-in-Furnesso National Park Niicgg](gﬂlc
Lancoaster Forest of
Bowland Harroge
AONB k.

L P IR |

The latter is one of the first places in the world where superimposed
drumlins were found, larger in one direction than in another, suggesting
different ice flow directions and flow reversal. The Stainmore Gap ice
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stream flowed into the Vale of York and terminated onshore in a glacial
lake, thought to be the only one in the country that did this. But
evidence shows that its direction changed a number of times: it first
flowed south into the Vale of Mowbray, then received ice from the Tees
valley and eventually flowed north into the Vale of Eden.

By 20,000 years ago, the ice in central England was starting to recede
as the ice streams separated, driving ice flow northwards. About a
thousand years later, the Stainmore Gap became ice free and the large
North Sea lobe was starting to retreat; by 17,0001 18,000 years ago, the
Tyne Gap became ice free; and by 17,000 there was just a small ice
cap left in England, in the Lake District. This suggests that the recession
may have been caused by regional changes in the ice divide and ice
accumulation centres.

The BRITICE-CHRONO project

This 5-year project, ending in 2017, aimed to improve modelling of ice
retreat. During research cruises around Britain, the team took transects
in various sea areas around the coast and collected seabed core
samples to try to get better dates for the retreat of the different parts of
the LBIIS. An example is the major Norwegian Channel Ice Stream,
which drained the North Sea via a seabed trough: sedimentation-rate
results suggest that the ice sheet retreated rapidly up the trough
between 20,000 and 19,000 years ago. Consequently, British, Scottish
and Orkney ice becomes more dominant in the area: there would have
been a large ice-dammed freshwater lake behind the Dogger Bank.
Numerical modelling by Henry Patton and colleagues in 2017 predicted
t hat a river, dubbed the O6FIl euve Man
rivers, drained the lake, dumping huge volumes of cold water into the
North Sea, possibly changing ocean currents and so influencing the
r e g 5 dimade. The eventual aim of the project is to validate the model
against temperature records derived from the Greenland ice-cores.

The DATED project

This one, l ed by Manchester Uni ver si
collaborated on the BRITICE Glacial Map project), searched the

literature and collected over 5000 individual dates and other evidence

which help date ice-sheet advances and retreats. This led to a series of

map reconstructions covering a 1000-year period, against which other

evidence and modelling can be judged.

Conclusion
The British-Irish ice sheet is now understood to have been much bigger
and more dynamic than was previously thought, with complex ice flow
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patterns and a sensitivity to atmospheric and oceanic changes. This
means more similarities to the West Antarctic ice sheet. We can use
empirical data to understand the threshold that drive changes to ice
sheets and the rates and magnitudes of the changes, and answer the
g u e s t how guicklyfictan we melt an ice sheet? dorhis is particularly
important given the expected continued rise in global temperatures and
associated sea level rise caused by the melting of ice.

Bethand galk showed how much can be deduced, Sherlock Holmes-

style, from the traces that the ice left behind: Work has been and is

being done, but of course much more is needed to understand such a
compl ex system. She ended by recommen
game (see Web links) starring Ronne the Emperor penguin and friends

[ 1t 0s n &d]Betmmstylen gamely answered mem
about Milankovitch cycles, climate change, striations (introducing the
OYorkshire Boulder Commi tteed), how
water, and 6Snowball Eart ho. Finally,
Beth a n 6 s-ramgingland detailed talk on this aspect of a highly topical

issue.

Web links:

GENERAL.:

Bet han o0 $ipmnewistarcticGaciers.org

ANIMATION:

grounding line animatiohttp://theconversation.com/the-west-antarctic-ice-sheet-is-in-trouble-
but-the-ground-beneath-it-may-buy-some-time-98368

BRITICE sites:

Glagal Mapping Projedittps://iwww.sheffield.ac.uk/geography/staff/clark_chris/britice_v2/index
(includes an interactive map of the landforms left by the LBIIS)

BRITICEEHRONO projecittp://www.britice-chrono.group.shef.ac.uk/

coresampling locationsittp://www.britice-chrono.org/current-sampling-map/

PAPERS:

Patt onds ht@sOviwa.scighcdpeet.¢orh/science/article/pii/lS0277379117302068

DATED project : Hps/fodinelitday. gilby.eos/difulplaiple/dor:12142

GAME:

oceflows http://iceflowsgame.com/ (NERC-funded science-based game about Antarctic ice flow)

Dr Bethan DaviesSenior Lecturer in Physical Geograjthg

Centre for Quaternary Research, Department of Geography, Royal
Holloway, University of Lan8bea glacial geologist interested in

the interaction between glacierdiaradecover multiple timescales,
specialisinop icesheet and glacier reconstruction in temperate and
high latitudes.

Back
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After the Chalkm, the Palaeogene: mrocks and fossils

of West Sussex

David Bone Report by Alan Simmonds
David explained that there were | From the top down . ..
significant changes as the Palaeogene | palacogene Period
Period (6Tertiar y 0 | (66i23Mya): r us
foll owed the Mes oz o|EoceneEpoch: [ aceou
Period. The dinosaurs had gone, | f Bracklesham Group
mammals were developing and the flora Pﬂl Thames Groﬁ'p:
was changing, leading towards a life ﬂai‘:‘?:sgtizpr%ip
more familiar to us today. In West Sussex | vesozoic Era
the Palaeocene is represented by the | (252166 Mya):
Lambeth Group which sits on the Chalk | Cretaceous Period
with an unconformity. The unconformity | 1 Chalk Group
can clearly be 1 (earlier Mesozoic strata)
| seen at
Newhaven, where the erosion surface below
't he Lambeth Groupbs Wool wi

on top of the Chalk cliffs. The Eocene epoch
foll owed t he Pal aeocene,
covered the geology of its Thames Group and
overlying Bracklesham Group.

In West Sussex the younger
Palaeogene rocks are in the
south: the Lambeth Group
runs through Chichester and ..
Worthing, then over to Frames Groug
Newhaven where it comes out Selsey ™~ Bracklesham Group

in the cliffs. Folding exposes ¢

the London Clay of the Eocene Thames Group in two strips from
Bognor to Chichester harbour; and finally, on the Selsey peninsula is
the Bracklesham Group.

Lambeth Group

q = ~ Worthing.
\ gt

Chak

The Palaeogene marine sands: the Lambeth Group

Some 607 55 million years ago, the British Isles were in more southerly
latitudes, with a warmer climate. Also there was a thermal maximum
between the Palaeocene and the Eocene, making it far warmer than
today.



Geology-speak

Group: A succession of
Formations.

Formation: A rock unit that
is distinctive enough in
appearance that a geologic
mapper can tell it apart from
the surrounding rock layers.
It must also be thick and
extensive enough to plot on
a map. They can be made
up of a sequence of related
or interlayered rock types.
Member: A subdivision of a
Formation.

In the Lambeth Groupar e t wo
the marine sands of the Woolwich
Formation form the Ilower beds at

Newhaven; further west, towards the land
masses of that time, where the sea was
shallow with coastal margins, the Reading
Formation has beds of terrestrial deposits
which may contain plant remains.

The foreshore at Felpham is mainly clays,
mottled red, orange and Vyellow 1
absolutely boring. But what was missed by
geologists for nearly 150 years were the

Of or mat

dark patches which are fossil lignite reefs,
containing fossilised logs up to 20 ft long, and palm tree stumps. Tree
roots are also found, preserved in pyrite (iron sulphide), which soon fall
apart on exposure to the air.

The Eocene: the Thames Group

By the Eocene, Palaeocene geography had changed somewhat, due to
earth movements, changes in sea level and other events. In the
Thames Group, two principal formations are represented locally, the
Harwich Formation and the London Clay Formation, and there are good
exposures of it around the coastline. There are subtle hints in the
sedimentation that the rise of the Weald is beginning to happen: rivers
draining the land mass to the north and west deposit terrestrial material
among the marine deposits.

The London Clay Formation, about 100 m thick, was laid down around
501 55 Mya, and around here we can divide it into three divisions, A, B
and C. The main exposure in West Sussex is at Bognor Regis, with
further exposures at Pagham Harbour, Selsey Bill and Chichester
Harbour. The London Clay is principally an open-sea marine deposit,
with fine sediments and clays deposited some distance offshore. But
there are shallower phases in the sequence where we get marine
deposits of sand bars and sand banks. Nearby there are coastlines and
sub-tropical forests, and rivers continue to drain the uplands.

The Harwich Formation in the Thames Group represents a marine
transgression. drowning the old terrestrial deposits of the Reading
Formation. There is a superb exposure at Copperas Point in Chichester
Harbour at the foot of the cliffs which are mainly brickearth (wind-blown
periglacial silt). It is also present in Bognor but has mostly been eroded




away. The lower part of the sequence is full of pellets of red clay which
has been churned up from the Reading Formation.

Bognor rocks

Because of the angle of dip at .mise w0

Bognor Regis, over about three — = =0 T TLommaETE
miles of coastline a whole SR, & -
sequence of beds within the
London Clay can be found. The
most interesting area is the = =
6BognoksoRocThe b
named by Martin Venables in a R
publication in 1963. The main part -
of the sequence is between the | = =
pier and just past the Bognor -
Rocks. Venables named the area
just west of the pier the Astarte & Starfish Beds (the Astarte are little

Boanor rocks (© David Bone)

bivave s, but the O0starfishdé i s actually
Clay, slippery, hard grey clay. It is difficult to collect fossils from it, and it
hasnot been cleanly exposed for a | on

star has ever been found.

At the Bognor Rocks, the bed is silty sand with very little clay, which
presumably at one time was relatively fossiliferous, because within the
sand are big, hard sandy calcareous accretions where the calcium
carbonate has been dissolved out and re-precipitated elsewhere to form
these big hard lumps of rock. You can follow the line of the strike which
heads out to the sea. Until 1837 it was quarried as a building material
until there were concerns about the legality of removing materials from
the beach, and it does provide some protection against storms. Fossils
can be found in some of the rocks. Venables named the sandy areas
60Sandy Clayoé6. Typical fossil s, i ndi ca
this sand bank, are oyster shells, fan shells. lobsters and other
molluscs. The Bognor Rocks die out just to the west of Chichester.

West of the Bognor Rocks we see an abrupt change of conditions.
Finding shark teeth there, Venables called it the fish-tooth bed. We
have moved out of the sandy conditions and returned to the deeper
water muddy clays i a similar environment to Sheppey.

Nodules can be found in the clay (as at Sheppey), and may contain a
nautilus. Shark teeth, beetles, twigs, molluscs, many species of seeds
and fruits and other bits of plant material occur, all heavily pyritised. The
seed quality is poor (unlike that found at Bracklesham), which indicates

10



that the climate was warm enough for palm trees to grow but not to form
mature seeds.

The Eocene: the Bracklesham group

We are now moving into the middle to late Eocene about 45-50 MYA,
the uplift has continued and the doming of the Weald is beginning; there
Is a large embayment in a very protected shallow-water environment
with rivers draining into it as they do today, with land to the north, west
and south. Within the Bracklesham Group there are four formations
from shallow marine (a few metres) to relatively deeper water, each
starting with a pebble bed and each identified by its initial letter:
Wittering (W), Earnley (E), Marsh Farm (M) and Selsey (S). The beds
are eroded by the tide, but continue off-shore.

Unfortunately for fossil hunters, the Selsey Beds have now been
covered by an artificial beach! But the Earnley beds are still delivering
the goods and are easily found at low tide over about a kilometre south-

eastwards from the car park énkaxid t o
summarised what might be found in some of the Earnley beds as you
head towards Selsey:
E1, E2: No fossils
E3 (Cardita Bed) & E4
| (Turritella Bed): Fossilised
« reefs (material cemented
.| by calcium carbonate), with
== many shell fossils; teeth
! from shar ks and
pl atesdéd from rays
ray teeth evolved as upper
and lower plates to crush
molluscs); ray tail spines;
gharial teeth (a gharial is a
type of saltwater crocodile);
pieces of turtle shell; sea
shake vertebrae; solitary corals; palm fruit and pine cones (very rare!).
The beds continue off-shore, but because they are continuously being
eroded by the tide, shells from them can also be found on the sand
opposite the car park.
E7 (Nummulites Bed): Nummulites Laevigatus, the f or ami ni f er a
f ossi | 0 ;Gomopdrdwelsters g colonial coral.
After David ended his talk with a reference to his local fossil guides (see
bel ow) , and an offer of free |l umps o
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his car, Dorothy thanked him for sharing his considerable expertise with
us.

David BonéGShas been enjoying and studying geology for
around 40 years, specialisingving talks, guided walks and
teaching, especially to newcomers to the subjectrude has
fossil hunts at Bracklesham Bay every year since 1983 and has
. published a number of local geology guidesddqgel 2017,
'\ he received t lam a®AN214 Wasydine r t ¢
= wi nner of the Sussex Archaeol «

Davi dos (Hetnits latihtgpt/veww.westsussexgeology.co.uk/pagel-02.html):
Bognordos Rocks, a geol ogi cal gui de
The geology and fossils of Bracklesham an(i&kdsey 2016)

The Stones of Boxgrove Priory

Web links:
www.westsussexgeology.co. uk ( Davi d Boneds websit
Back
I 2 A S e
Outdoor events in Britain are always at risk of bad weather i unless
Beryl 6s in charge.
Summer barbecue 2019
by Gordon Judge
I n deepest, greenest Warnham, after t|
A dozen members gathered below the water tower.
The Summer Barbecue it was that brought us all together
At Beryl s, there to eat and drink an:t

Some members climbed the tower for views across the Weald,

Whil e others chatted 6neath the trees
How Spanish seaside ladies enjoy a sit-down bathe

On chairs placed under water with their heads above the waves;

Or how a naval architect once met a young librarian;

Or how a robot mower, having mowed, can find its lair again;
Of field trips past and fossils. And then, a change of mood:
The smoking barbecues demanded we should now think food.

And food there was, a-plenty, its quality quite yummy,
Which very soon had been transferred from bowl to plate, then tummy.
Thanks, Beryl for your garden, and pulling strings on high

To make sure that we barbecued beneath a bright blue sky.
Back
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Darwin as geologist
Chris Duffin Report by Gordon Judge

Whatever curiosity did to the proverbial cat, it clearly did no harm to our
September speaker, Chris Duffin, or to the subject of his talk, Charles

Darwin. Since his last visit to the Club, Chris has obtained a second

PhD, this time in the history of medicine, and won the 2018 Marsh
Award for Pal aeontol ogy, whi ch recoghn
made a major contribution to the promotion of palaeontology,

mi neral ogy or Ieamastérly reircti hernocuegsho .of Dar wi
and geological work, Chris demonstrated the appropriateness of this

awar d. He began his talk withtiDar win
things geological.

From stone collector to geologist . .. or maybe not
In an autobiographical note, Darwin recalls:

fit was soon after | began collecting stones, i.e., when 9 or 10,
that | distinctly recollect the desire | had of being able to know
something about every pebble in front of the hall door i it was
my earliestandonlygeologi cal aspiration at that

But this desire was quashed when, at Edinburgh University to study
medi ci ne, he enrolled on the mineralo
geology. But not for long 7 he wrote:

ARThe s ol ka ned sf teotites] produced on me was to
determine never, so long as | live, to read a book on geology or
in any way to study the science.o

After two years of his medical course, he dropped out that, too, and

went to Cambridge, initially to study theology. Perhaps inevitably, he

gave up that as well, and instead studied botany under John Henslow,

geol ogi st and professor of bot any. R
geology, Henslow arranged for him to do field work in Wales with

professor Adam Sedgwick during the summer of 1831. On his return,

Darwin found a letter offering him a place as naturalist on the Beagle,

due to begin its voyage that December.

A change of heart on the Beagle

Darwin was nearing his 23rd birthday when the Beagle

made i1ts third stop, at 0S

Verde. (His sea-sickness had prevented him exploring

Madeira, and a cholera outbreak on Tenerife kept ~—— =

everyone on board.) He noticed that a band of rock high — —
HMS Beagle
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up i n Santiagobés volcanic cliffs cont
A. . . it ddawhee on nfeithatd might perhaps write a book on
the geology of the various countries visited. 0
(OQur speaker noted that D awritten m&is g e ol
earlier years, before his attention shifted to other matters, including the
origin of species, barnacles, orchids, emotions, plants and earthworms.)
On his excursions from the Beagle, Darwin
collected fossils, such as Gryphaea darwinii, e o
named after you-know-who, and the skull of » Sl
a Toxodon, a plant-eating mammal. These {
and many other specimens were shipped
back to Henslow at Cambridge, who passed e
them on to Richard Owen. Owen, who our g T
speaker descr i bopindonated .
and unbelievably arToxgdéomt bartishad 3
proprietorial approach to such items and
objected to Darwindés | ater thoughts al
evolution.
Coastal uplift
During a stop at
Concepcion, on the
west coast of Chile,
the volcano Osorno
Osormo, Chile erupted and Darwin
felt the ground
shaking. Being Darwin, of course, he timed the tremors, then went into
the town to see the destruction caused (other sources give the
magnitude as 8.2 on Richte r 6cale). He also saw the accompanying
tsunami travel across the bay and hit the beach. The land, he noted,
had been raised some two ofr t hree f e

more, this uplift was evident for a thousand miles up the coast, up to
100 ft in places. Was this a clue to how the shell bed on Santiago, and
elsewhere, had been elevated? In some cases, several raised gravel
beds, terraces, plateaux and sand dunes were evident, possibly
indicating multiple events of this sort.

To marry, or not to marry, that is the question

In 1838, after his return home, Darwin felt it was time to consider the
arguments for and against getting married, and if he should, when; his
archived correspondence records them. It was clear that he worried
about the impact that marriage might have on his freedom to pursue his
work (and to learn French, go to America, go up in a balloon or take
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solitary trips to Wales); but, after arriving at a positive conclusion
(AMarry, marryq) , mahhe ypr dQud&sed t o his
Wedgwood a few months later.

Scotland

Before they married on 29 January 1839,
Darwin travelled to Scotland to see the
Parallel Roads of Glen Roy. They
. resembled, he thought, the raised
shorelines he had noted in South
America, so he concluded they were
ancient coastlines. They are nowadays
interpreted as evidence for ice-dammed
* lakes at the end of the last glaciation.

The Parallel Roads of Glen Roy)

Down in Down
The couple moved into Down House, Kent, in 1838. Darwin took regular

wal ks on his o6Sand Wal kd to organi se
he set about classifying reefs into
fringing reefs, barrier reefs and atolls,
and suggested that these were
stages in a reef0:¢

He produced a map of Ascension
Island (the tip of an undersea
vol cano) , and f oul
there. They had a glassy crust, and
vesicles nearer its centre were larger
than those closer to its surface.
Darwin explained this gradation of
vesicle size as a result of centrifugal
action as the rock spun and cooled during its flight. He also described
spherules found in obsidian-like rocks and was the first to suggest that
these resulted from devitrification as the minerals in the rock diffused
and crystallised (he had read about this process, in a paper in French,
happening in glass from a Parisian glassworks.

A volcanic 6bombéo

As his South America voyage progressed, he had made numerous
observations, which he wrote up in his 1844 book (take a deep breath):
Geological observations on the volcanic islands visited during the
voyage of H.M.S. Beagle, together with some brief notices of the
geology of Australia and the Cape of Good Hope. Being the second part
of the geology of the voyage of the Beagle, under the command of
Capt. Fitzroy, R.N. during the years 1832 to 1836. They included a giant
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dyke-intruded sill in St Helena; in the
Galapagos archipelago several small,
basalt-filled craters on Chatham Island,;
and Kicker Rock, the 400-foot high
trachyte stump of a long-extinct volcano
(in which the feldspar crystals are more
or less aligned).

Kicker Rock

Barnacles

Darwin had become concerned that species were not well classified, so

over the years 18461 54 he produced two monographs on barnacles
(Cirripedia), having first developed an interest in them on the Beagle.

The two Aenormouso volumes are stil!]
today.

Chrisos e nt er tfiked nalk nsgowed halv cdpiausly and
methodically Darwin recorded his observations, thoughts and dealings
with others. And, as Dorothy said in her vote of thanks to our speaker,
he had delivered a remarkable exposition of the life and work of a man
we thought we knew everything about.

Dr Chris Duffin is a Scientific Associate in the Earth Science
Department at the Natural History Musegioiand an Honorary
research Associate at Bristol L
He has won the 2011 Mary Anning Award and the 2018 Marsh Awarc
for Palaeontology. PrevipuSly Duffirheld senior positions at
Streatham and Clapham High Stisooith London.

Books:
Darwin by Adrain Desmond & James Moore (W.W.Norton & Co., 1991)
Darwin and the Barndgi®&ebecca Stott (Faber & Faber, 2004)
Fossils, Finches and Fuedigrigichard Darwin Kenes (Harper Collins, 2002)
Charles Darwin, GeoldniStiandra Herbert (Cornell University Press, 2005)
Darwinds Fossil s: Di s c o vhy Adriand.istdr (NEINl) s haped t
Dar wi n 6 s byfRRbbr\Vess@p@gaseioBooks, 2017)

Web links:
Darwin Autobiographies:
1) https://www.gutenberg.org/files/2016/201.htm(edited by Francis Darwin)
2) http://darwionline.@.uk/content/frameset?viewtype=text&itemID=F1497 & fedjeesseb =1
Awith original omi ssions restoredod by grad
Darawin correspondence Projéttps://www.darwinproject.ac.uk/peopidéaiont

Darwin bookg§ree onlinehttps://charlerwin.classiterature.co.uk/
Back
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http://darwin-online.org.uk/content/frameset?viewtype=text&itemID=F1497&pageseq=1
https://www.darwinproject.ac.uk/people/about-darwin
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The year before he died, after 40 years of studying earthworms, Charles
Darwin published a book describing his experiments on their behaviour.
It seems that one of them, while being grateful for the publicity after
hundreds of millions of years, has a bone to pick . .

Low in the scale? Darwinbs wor ms
by Gordon Judge
For many millions of years now, weoOv

Yetnooonebs bothered finding out what ¢
So thanks, CD, for researching (and writing a book* to show it)
How it is we bury stuff? by burrowing below it,

And how we move by bristle power, and what we do at night,
And how we cannot hear a thing but do react to light,

And how we eat and nourish ourselves, and how (CD believes),
We secrete a pancreatic fluid to pre-digest fresh leaves.

(The leaves of wild cherry are tasty, but carrot leaves are the real star;

No sage or thyme or mint, though i too herby for us, by far.)

We are not vegetarian, or vegan, or such as that:

We 0 | | eat any meat weengyte@d.ver (but

Worms are intelligent, CDsaysii t 6s t he way we pul |

He drew up a table® to prove it, and to show what wormkind achieves.

And yet, in the very same book, hesays*how @Al owd we are 0
scal eo.

Yet while you humans trash the planet, we earthworms will prevail . . .

1. The Formation of Vegetable Mould through the Action of Worms, with
Observations of their Habits, 1881. (you can read it online at http://darwin-
online.org.uk/content/frameset?itemID=F1357&viewtype=text&pageseq=1)

2: Such as the fallen outer Druidical stones of Stonehenge

3: On pages 90i 91 of his book

4: On pages 24 and 98

Back
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Funday Sunday 2019

Report by Beryl Jarvis

A massive thankyou to everyone involved in making our stand at the
Funday such a success. We had a lot of enquiries about the club
including from at least three local geology graduates, and also a great
deal of interest in Rockwatch, the youngstersdébranch of the GA. We've
certainly never been so busy for so long! The interest from the
youngsters in the minerals and fossils and handling microscopes was
as usual very impressive. Mike and Gillian wowed everyone with their
collections and local knowledge Hopefully Mike will have more takers
for his Field trips. Gill's suggestion of a really local geology map proved
very popular with lots of people now having more idea of what the four
local rock types are and how they relate to their own gardens.

The draw of the children's activities proved as effective in bringing
families to the HGFC stand as it always has done. Many thanks to Sue
and Gill for providing the volcanoes, sandpit of sharks teeth etc. and the
lucky fossil dip. Lots of thanks to Brian who took the fossil painting
under his wing: about 63 children went away with little painted
treasures. Thanks to Harry for perfectly supervising the volcano
eruptions (I hope your hands have now recovered from all that vinegar!)
and also to Alfie, who's debut with helping with the activities was
enthusiastic and very effective.

Thanks to Fran, Chris, Gordon, Maureen, Alan, Danielle and Janet who
all took turns in helping throughout the day. Thanks to Jonathan and
Dave for their invaluable help, with others, for setting up and
dismantling both before, and at the end of the day. To Sue and, Brian
and Gordon for providing the essential items such as gazebos, tables
etc. Very special thanks to Gill for her support throughout the whole
exercise and for trying to keep me on the straight and narrow. In fact
Gill, Brian, Mike spent at least 10 hours on site that day and others
nearly that! Everyone must have done their fair share of coming and
going so the day was a total commitment. The whole day must have
been very satisfying for the Rotary Club including the wonderful parade.
The early drizzle didn't seem to worry anyone and it all ended in a
perfect evening!

It is always fun for the club to participate in these events, and seventeen
of us were involved in this. Well done everyone!
Back
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Field trip to Bognor Common Quarry, Fittleworth

Beryl Jarvis

@m ~ewr Just under 2000 years

ago the Romans came
to our shores, settled
here and looked
around for suitable
materials from which to
build their houses from
stone and bricks. This
was a real -culture
shock for the Brits
happily existing in their
cosy round houses
made out of wood and
straw. Those who settled in Noviomagus Reginorum (Chichester)
discovered an orange/buff coloured sandstone escarpment to the north
of the chalk downland north-east of the town, now known as the Hythe
Formation sandstone. Even earlier, during the Iron Age, this Greensand
had been exploited when it was quarried for quernstones.

Beryl 6s map showing the H

Over the centuries these small quarries increased in number and the
sandstone was worked through Norman times and up to the 14th
century. After a long quiet period there was again a demand for building
stone in the 18th and 19th centuries. Today, Little Bognor Stone Quarry
(see map) is one of the few still open. Others have closed due to being
worked out or because of strict health and safety regulations and high
running costs.

Our visit

David Bone, a well-known expert on West Sussex building stones,
arranged a September visit to Bognor Common Quarry with a group of
ten members from the West Sussex Geological Society and two from
our Club. We met him there one exceptionally hot day in early
September. Bognor Common Quarry is currently being quarried
commercially on weekdays and Saturday mornings. The public have
right of way through the quarry when it is not working as it is Common
Land, but through courtesy, David had let the Quarry owners, currently
SC Liming Ltd, know that we would be coming.

What did we see when we gazed across the quarry shimmering under
the cloudless sky? . . . An exceptionally neat and tidy working desert!
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There were mountains of various grades of sand, crushed stone and
rubble and large collections of sandstone boulders all surrounded by the
sandy quarry walls. We could pick out individual beds of green grey and
white within the sandstone that came in a variety of shades of buff,
through yellow to orange and brown. The quarry faces showed some
crosssbhbedding and an occasional ver
other quarry machinery and a few quarry buildings completed the
scene. Perhaps we had thought that all this sand might be boring. David

patiently showed us that It wasnot .

Lower Cretaceous

At the beginning of the Cretaceous 145.5 Ma ago, this part of the Weald
Basin lay in subtropical latitudes north of the equator. It consisted of the
rivers and swamps of a large, mainly freshwater deltaic system in a low-
lying landscape where Weald clays accumulated.

The Lower Greensand Group

By 125 Ma a marine transgression had occurred, coinciding with
northward movement of the continent into more tropical latitudes around
35° N. The land behind this expanse of shallow sea to the west, north
and east was raised and consequently subjected to erosion. This
resulted in a continuous supply of sand being deposited at varying rates
into these seas. The sandstones of the Lower Greensand Group
accumulated over 12 Ma covering the Aptian and Lower Albion stages.
There was an extensive volcanic field in the southern part of the North
Sea and in the Netherlands. Far to the west the fledgling Northern
Atlantic continued to open.

Hythe Formation

This is a semi-consolidated sandstone containing:

Glauconite The Hythe beds are very rich in the potassium iron silicate
mineral, glauconite. Initial deposits are in its reduced state, a dark
green friable mineral within the sands but this weathers and oxidises
and stains the sand to a range of buffs, oranges and browns on
exposure to air. It is the green glauconite content within the sands
that gives the Greensand its name.

Chert Over time silica rich sponge spicules were incorporated within the
sands. During diagenesis they moved through the sandstone and
are partly responsible in forming the dark grey beds and nodules of
silica rich, hard chert.

Montmorillonite Higher up in the sequence are occasional thin beds
that have a white fine grained and ash-like appearance. These were
produced when volcanic ash from the North Sea volcanoes
accumulated on land and eventually altered as it was eroded and
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finally deposited on the seabed as montmorillonite, a smectite clay
mi ner al [ a 0 ana octhhedral hsbeet ddtween two
tetrahedral sheets]. It is because of the presence of this mineral,
known commercially as Fullers Earth, that the site has SSSI status.

Cross-bedding Looking at the beds of distinctive grey chert within the
oranges and buffs of the quarry walls you could see cross-bedding
indicating broad channels and a dip to the S/SSW.

Gulls [cavities between joint-bounded blocks of rock] Later events that
had affected the sandstone beds showed up as deep crevasses
cutting down to the underlying impervious clays. These had formed
after the last ice age when the permafrost that had penetrated the
sandstones causing cracks and fissures, melted and drained
through these crevasses to the clays. On occasion blocks of
sandstone break off and slide down slope, one of the hazards for
heavy machinery working in the quarry.

Fossils Although not abundant, on occasions in the past brachiopods,
bivalves, ammonites and echinoids have all been seen. We wer enot
so lucky and found them to be very elusive. However, one small
block of dark green glauconite yielded a little group of brachiopods
and we were easily persuaded that a suitably shaped piece of
sandstone was in fact an ammonite . . .

Commercial use of the Hythe sandstones

The sandstone is very attractive with various effects produced by the
juxtaposition of the various coloured bands within it. Random uncut
stone (rubble) is sold for building walls etc, large boulders for garden
design work, and various grades of sand and crushed stone for paths
and roads. In the past there was a big demand for setts (for paving)
made from the hard, virtually indestructible chert. Chert has also been
used for galleting. The site produces precision-cut and dressed
sandstone for Ashlar work [building with uniformly square-cut stones].
Full er 6s Eart h, was originally wused
manufacture of textiles. It absorbs oil and grease and is used in many
manufacturing processes.

We all learntalot from Davidoés field trip anc
initiated it, expressed our thanks with a suitable token.

Books

The building stones of South East Engl&@rdham Lott and Don Caméf@th: Euroseminar
on Microscopy Applied to Building Mateiskdg, Baotland, June 2005.

Building Stones of West SussBoger Birch and Roger Cordiner,: Cordiner, 2014 (see
https://www.geolsoc.org.uk/GeoscientistBstiksoscientigiokreviewsnline/201Book
Review©nline/BuildikgjonefWestSussekx

Back
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Offshore wind farms as renewable eergy

David Shilston Report by Peter Webster

Dr David Shilston specialises in p c»

OEngineering Geo BT RS

with us in October to talk about the -

surveys necessary prior to the Bt ., off‘f’j

installation of an offshore wind ¢ T A

farm. Ro) - atiTee
5{: 2 N 034%,_

As an introduction, he showed a “@fd,f

map illustrating the increasing - iy L

number of installations around our =~ :3» e “:

coastline. He then gave a detailed lielondll - b N

description of the case study v b Tl o B R

associated with the local Rampion ~ . e

Offshore Wind Farm. (As an aside, :

he observed that the location of UK wind farms (offshore ones are shown
Rampion gave much needed as shaded polygons)
employment and investment to Newhaven.)

Structures and stresses

David described the various types of towers used to support turbines. If
the water is shallow, the device can be fixed to the sea bed; while in
deeper water, the turbines can be supported by semi-submersible
floats, securely anchored to the sea bed.

He pointed out that in addition to the static load of its own weight, there
are dynamic forces to be considered. Not only can waves be
exceedingly large, but they advance in groups, causing resonance in
the structure and resulting in a dynamic loading. Also, the giant blades
atop the structure themselves generate dynamic stresses, twisting and
flexing. This means that it is important to understand the underlying
geology. It must not fall down and its foundations must not loosen!

The now-familiar terrestrial turbines are dwarfed by the offshore
versions. The foundations weigh 5501 800 tonnes, holding a 601 80 m
steel Omonopiled tube -todn Md aymaditibpaw 66 m
sectiond on top. The turbine tower t
their 55 m-long blades 80 m above sea level. The whole structure is
clearly massive. There are 116 of them in the Rampion (see Web Links
below). There are plans for a Dogger Bank Wind-Farm, off Yorkshire,
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which will be even larger in scale. Here, though the sea is shallower, it
Is extremely windy far out in the North Sea.

Preliminary feasibility studies

The first step is to look at the known geology of the area. At Whitecliff

Bay on the Isle of Wight, the strata are exposed and, conveniently,
vertical, running from the Chalk down through the various Tertiary Beds.

As David said, Al't was really cheap
sequences without g eistlsorhad the Gdeantage f e e t
of demonstrating to engineers involved in the design of the foundations

the exact properties of the rock with which they were dealing. David
stressed the importance of communication, as the engineers might have

little detailed knowledge of the local geology. (An engineer might be
familiar with the soft homogeneous r

t

0]

me t in the London Basi n, but t he OLOI

different characteristics.)

The next step in the surveying
process used geo-physical methods
to determine the depths of the various
horizons.  Drilling  boreholes is
extremely expensive, requiring a large
vessel and much s
not just a simple hole-making
exercise: by measuring various
parameters such as resistance and
friction during the drilling process,
much information about the properties of the rocks can be gleaned. The
prior geo-physical information meant that it was possible to save
considerable costs by restricting the depths to which they had to drill.

David was warming to his theme, and he asked what a geologist can
bring to the process. He pointed out
which the data can be fed which would give all the right answers: it
needs processing with input from a geologist. He quoted Rudolph

Gl ossop, one of the founders of geote

you do not know what you should be |
much of wvalueo.

An important consideration is the shape of the seabed. Its relevance is
that our local proto-rivers, the Arun, the Adur and the Hampshire rivers,
were large, carving deep erosion channels which are now infilled with
gravel, making the ground less stable ground for turbine foundations.
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A different sort of geological map

The data is processed and combined, from which a detailed map is
constructed. This is the final product of all the research. However, it is
not the classic Geological Survey map with which we are familiar, neatly
coloured according to rock types, e.g. Chalk, etc. This map is divided
into coloured areas for which the physical properties of the underlying
rocks are approximately the same. This is of greater relevance to the
engineers than the geological names of the rocks. So rocks in the red
areas on the map will have different properties than those coloured
blue, but within each colour band, the properties will be consistent. This
overcomes any confusion that might arise by describing the rock as
OLondon Cl ayéb.

One of the advantages of this form of map is that it was feasible for the
engineers, with confidence, to move a turbine laterally without the need
to drill another expensive borehole. It might, for instance, be beneficial
to avoid problems of wind-turbulence on the individual performance of a
given turbine.

David summed up the relevance of the Geological Engineer in the
planning of a wind farm. Clearly their role is absolutely crucial in the
investigations that precede installation.

This was a truly excellent talk. It had local relevance, concentrating
largely on our local Rampion installation; and our familiarity with the
local geology helped us to understand these feasibility surveys. This
was a timely study in the problems and rewards of renewable energy.
Relevant too, in that mankind must become less dependent on fossil-
fuels. David over-ran by 25 minutes, but no-one was looking at their
watches, a tribute to his enthusiasm for his subject and the clarity of his
delivery. Many thanks are due to David for this insight into the work of
an Engineering Geologist.

David ShilstonTiechnical DirectorEngineering Geology at Atkins

with 40 years of worldwide experience. He is a Chartered Geologist
Chartered Scientist, European Geologist and Registered Ground
Engineering Professional abepsityEditoinchief of Geoscientist
magazineHe has been President of The Geological Society of
London and the Earth Science Teachers Association, and shared the
Geol ogical Societyos Coke Medal

Web links:
Rampion projechttps://rampionoffshorewindfarm (@tdek’s at the bottom of the page)
Interactive offshore wind farm world nidgps://www.4coffshore.com/offshorewind/
Back
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Detecting and monitoring geohazards from space,
or, A Welsh collie, an earthquake and a mad
Irishman

Renalt Capes Report by Gordon Judge

Wi t h a subtitl e Il i ke that , Dr
explaining to do. The Welsh collie represented his early fantasy of
being a Ranger in a National Park. Instead, he pursued an academic
path: early on in his BSc studies, he was shown an optical satellite
image of the North York Moors and realised at once how it could fit with
his love of computers and geography. It drew him into his eventual
career, via an MSc from UCL. He joined what is now the NPA Satellite
Mapping group of CGG (Compagnie Générale de Geophysique) and
has run many projects for the UK and European Space Agencies and
the European Commission.

Capes

Satellite imaging
Ren explained the main features of the two methods of imaging the
Earth from space:

i Optical T a Opassivebo (photographic) Sys
ambient light in the visible spectrum
f Radari an 6 Act i v endisgyosttmienwyaves and detecting
their reflection
Objects  shorter  than  the
wavelength used to observe them Selftzl\lc‘i.te%% ~/ Flight
will not be detected, so the 8%~ direction
shorter wavelengths of 20 )
microwaves (down to just a few ’
cm) allow relatively  high-
resolution imaging, and these are  prgjection
what Ren works with. The early of flight
European satellite ERS-1 was path on
designed for oceanography, but ground
shows the general layout of such ~ (dotted) == ¢
devices.
How the ERS SAR scans the ground
Radar, SAR and InSAR
Radar can operate at night; its microwave wavelengths can penetrate
cl ouds, all owing uninterrupted signal
Synthetic Aperture Radar system (SAR) uses the motion of its satellite
to Osyot laesbhiisgegger fi el d of view (ob6ape

along the ground of around 1 metre 7 the best is currently about 27 cm.
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By angling its view perpendicular to the flight direction and away from
the vertical, range information can be obtained, although the image
itself can be distorted.

Interferometry extracts phase differences bewteen two time-separated
SAR scans, hi ghlighting any ground mo
this is SAR interferometry, or INSAR. The interference fringes are like
contour lines, so the closer they are on the image, the steeper the slope
of the ground subsidence (or elevation) due to earth movements.

The use of INSAR began with the (analogue)
mapping of the Venus surface through its dense
cloud cover. In 1993, Didier Massonnet
produced the first terrestrial interferogram: an
ESR-1 InSAR image of ground movements
associated with a 1992 Californian earthquake
the previous year (each fringe represents a 28
mm change). It was featured on the cover of a
1993 issue of Nature (left).

Current uses of InSAR include flood mapping,

Cover of Nature Issue  maritime surveillance, wind energy products,
6433 (1993) and monitoring  of
glaciers, seabed oil seepage, offshore
pollution, sea ice and icebergs. Ren
mentioned a number of later InSAR
satellites, and the polar-orbiting pair called

0Sentflibnell aunched ithe 2014, part of
Copernicus initiative ( see O Web Iliinksd bel ow

its data will be freely available). This was

when Ren was asked to write a proposal for Sentinel-1

NPA to develop the technology. Ren went on

to show a series of images which showed how the
Stoke on Trent area had subsided over three
years. The technology has revolutionised
earthquake science.

Dr Mark Doherty is the retired Head of
Exploitation at ESAG6s Space Res
He is also the fimad Irishmang of Rends subtit]
But Ren valued his support for InSAR

development, despite many arguments. Mark Doherty at an

International Symposium
on Climate Change)

ear ch
e !
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