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Diary Dates
Lectures
12th January 2016 P
 rof
Steve Sparks (University of
Bristol) Volcanoes and Society
9th February 2016 P
 rof
Paul Roche (University of
Cardiff) Impacts from Space
8th March 2016 D
 r Matt
Watson (University of Bristol) “ Investigation of volcanic
plumes and clouds using
both ground - and satellite based techniques, and their
effects on climate and the
airline industry.”
26th April 2016 A
 nnual
General Meeting - quiz and/
or slides (tbc) followed by
wine and cheese.
Excursions
A weekday in April 2016
(not Wednesday)Dr Doug
RobinsonWookey Hole
Caves and Street Ichthyosaurs. See Page 14.
28th May to 12th June
2016Dr Doug Robinson
The Geological Evolution of
the NW USA (fully booked;
details in Newsletter 50).
January 2016

26th September to 30th
SeptemberProf Brian WilliamsDingle Revisited
This trip is to examine the Devonian rocks of the Dingle peninsula in SW Ireland, which as
indicated in the title, has been
the venue of a previous WEGA
trip in September 2007.
This excursion would run from
Monday 26 to Friday 30 September 2016, flying out on Aer
Lingus from Bristol to Cork.
Transport would use rented
vehicles from Cork airport. The
cost of this trip will be in the
order of £500 - 700.
Spring 2017Dr Doug RobinsonVolcanoes of Italy
A 10 day trip to examine some
of the volcanoes of Italy.
Fly Gatwick to Naples.
Visit Pozzuoli, Vesuvius and
Pompeii, Herculaneum and
Oplontis.
Overnight ferry to Lipari. Boat
trip to Stromboli and Panarea.
Boat trip to Volcano.
Hydrofoil to Milazzo, transfer
to Taormina. Full day excursion
to Etna.
Fly Catania to Gatwick.
Cost will be about £1400 per
person sharing.
The cost includes flights, english speaking escort throughout,
english speaking local guide for

Pompeii and Oplontis, accommodation, breakfast, travel by
private coach, ferry and hydrofoil fares.
It does not include travel insurance, entrance fees, optional
sightseeing and activities, lunch
and dinner, items of a personal
nature.
The Wookey and Dingle trips
are potential excursions for
2016, Italy for 2017. The planning and organisation involved
is lengthy and time consuming.
It is a disappointment when
such work comes to nothing
because insufficient participants
are forthcoming to make the
trips viable.
Thus these excursions are being
floated as potential trips; if
you have an interest in joining any of them, then please
email excursions@wega.org.
uk indicating your interest and
whether it is definite or possible.
If the numbers allow a trip to
be viable then full planning and
organisation will be made with
details and final costings for
Wookey and Dingle available
early in 2016. Details for Italy
will be published later in the
year
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Brian Williams, David
Dineley, rocks, fossils
and T-shirts

T

Doug Robinson

he WEGA lecture on 13 October, which
started the programme for 2015/16 was
a special event. The speaker – Prof Brian
Williams – needed no introduction having been
instrumental in helping to setup the group.
Brian’s talk entitled “The Escuminac Enigma - a fishy tale” was on some
recent aspects of his sedimentological analysis of this
famous mid-Silurian to mid
Devonian succession at Gaspé
bay in Canada.

I

t was therefore most fitting that Dave Dineley was able be in the audience to hear Brian
give his latest research ideas on this sequence.
At the end of the lecture Brian presented Dave
with a souvenir T-shirt to remind him of their
long and remarkable association with these rocks.

Evaporites and the Sorbas Basin, Almeria

I

n April 2010 we began our long anticipated
trip to Almeria in South East Spain. This
Geopark is noted for its exceptional examples
of evaporite sequences, gypsum karstic scenery,
and fossil reefs and beaches. In addition there are
volcanic deposits and impressive debris flows and
exposed fault planes.

Brian started work on
this work as a post-doctoral
worker almost exactly 50 years
ago to the week through his
association with Prof Dave
Dineley, who had spent a period at the University of Ottawa, before taking the chair in
the Department of Geology
at Bristol University.

New research, done since the start of the
century, shows how critical the conditions are for
the formation of large evaporites and then, more
importantly, for them to exist for any appreciable
length of time.
The late Permian sequences such as the
large, widespread, Zechstein salt deposits under

the North Sea and Western Europe are
estimated to have taken 275 – 300,000
years to have accumulated. The much
later Mediterranean Messinian episode
about 5.5 million years ago allowed salt
deposits up to 1500 m deep in the central basins to form.

Dave Dineley’s interest in these rocks was largely
in relation to the evolution
of early fish preserved in the
sequence. He encouraged
Brian to work on these rocks
to establish if they were of
marine or fresh water origin
- a debate that still rumbles
on to the present day, and the
reason for the title of Brian’s
talk.
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Joyce Ali

Actually dating some sequences is not easy if they are just included
in among general areas of continuous
sedimentation unless the overall tectonic
setting is known.
Two main types of evaporate
deposits are found, those from passive
basins usually around or below the sea
level of the time and those in tectoniJanuary 2016

January 2016
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regularly cleared of the crystals which
float about as they can reduce the rate
at which the water evaporates.

cally active areas either near or away from coastal
areas.
Different climatic conditions in these two
settings control the deposition rates and also the
length of time the evaporite sequences are in
existence.
Climatic conditions which have a long
period of constant, very low, humidity levels allow
the thicker deposits to form. Once the water
is saturated with halite it requires higher temperatures to evaporate the liquid and leave the
salt. We visited a salt works with large salt pans
covering a very large coastal plain. The pans are

The size and type of crystals
which make up the beds is governed
by the pycnocline. This is the level
where the saturated brine is densest,
usually in deeper still conditions so
no mixing with more dilute water
takes place. In most sedimentary rock
sequences an erosion surface is usually
created when mechanical action has
removed material. In evaporite beds
when these horizons appear it usually indicates that less saline water has
entered the basin and the crystals are
not able to continue growing.
Dissolution and replacement by secondary
minerals as conditions change also plays a considerable part in the appearance of the evaporite
beds which survive.
The two main types of evaporite deposits are usually consist of those found forming in
passive basin area, mainly those found on stable
basements and they are cycles with undeformed
bedding. On continental platforms or failed rifts
in tectonically active settings the bedding can be
considerably deformed. Slumping, sliding and
redeposited material can be reworked and result
in chaotic sequences. Recent evaporites in Spain,

and also Sicily and Italy have not been very deeply buried or affected by severe tectonic activity.

T

he evaporites and karst landscapes found
in the Sorbas Basin are young geologically, evolving in the last 8 million
years when this part of the North
West Mediterranean was experiencing
movements in the area in the Betic
Cordillera. As the area rose and fell the
intermontane basins were sometime
marine areas and sometime raised and
virtually dried areas.
The ancient coastlines can now
be mapped from the fossil coral reefs
and the submarine fans and later subaerial eroded material which filled the
basin and buried some of the evaporites. The subsequent areas of karst now
being exposed and forming is caused by
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Sedimentary structure
Gypsum column
the later sea level retreat lowering the water levels.
About 5.5 million years ago the marine
Sorbas Basin had the gypsum beds forming in
the shallow waters and the very high evaporation

rates allowed some sites to build structures up to
100 m thick. As the sea returned marls and the
other eroded sediments covered them again.
Most karst landscapes are formed in

limestones as the rain water and ground water
penetrates and erode its way through to form the
dolines, sinkholes, caves and other formations. To
see this happening in a gypsum area is very rare.
The springs at Los Molinas have a permanent flow and have created a creek with a special

A tumulos: as the gypsum crystals absorb water they expand and dome upwards
Page 6
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microclimate for plants and are eroding down
through some spectacular sequences and exposing
large ridges and banks of solid gypsum As well
as the collapsed dolines forming where the gypsum beds dissolved we saw the “Tumulos”. These
happen when the layers of gypsum absorb water
and the crystals expand, delaminate and buckle

Sedimentary structure
January 2016
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Sedimentary structure
up into a mini-anticline. Sometimes they form
a nested ring as the area crumbles and blocks
collapse.
These were only a small part of all the
interesting things we saw. This Geopark is spectacular and is now a protected area for many of its
unique and fragile areas.
Our trip was organised by the Severnside

Branch of the OUGS and their efforts were very
much appreciated by everyone.
A weathered structure on a fossil beach

References - Geology of the Arid Zone of
Almeria. ISBN 84-933537-0-1
Evaporites Through Space and Time.
Geological Society SP 285 ISBN 978-1-86239232-8

Stream Creek
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Removable Heads of Statesmen and Various Rock Types used for Statuary in Imperial Rome
Graeme Churchard

P

assing through Naples, we visited the
National Archaeological Museum. After
gaping at the flying willies with bells (I
kid you not!), we looked at the statuary. What
strikes you first is the quality and quantity on display. I am used to museums with a few fragments;
Naples is not like that.

Then the statues of Emperors depicted as
idealised Greek Gods. This is obvious propaganda.
Associated with this is the use of new heads on
old bodies. When the Emperor changed the face
on the Emperors statue changed. Sending a new
head to the provinces would happen faster than
sending a complete statue. Never mind that the

Detail of Augustus. Is his head cemented
onto a pre-existing body?

A bronze statue of Claudius from Ercolano. This is probably, like the other statues
of Emperors, a highly idealised depiction.
Claudius was described by his own mother
as being “a monster, a man whom Mother
Nature had begun work upon but then flung
aside.”
Thankfully the tradition of depicting our
rulers without clothes on has died out.

Apollo, with a lyre. Carved mostly in porphyry but also
various coloured marbles.
We are accustomed to seeing statues in one stone only; using
multi-coloured stones to increase the perception of reality
strikes us as odd.

head bore as little resemblance to the Emperor as
did the body. This is particularly so with Claudius
who, according to all the sources, did not conform
to public perceptions of what an Emperor should
look like.
Marble statue of Augustus from Ercolano. Note the slightly
different colour of his head (and left foot). Augustus looks like
a Greek God. It is very possible he did not look like this in real
life! This was a reminder to the citizens of the Empire of who
was in charge.
Page 10

Detail of a statue of Claudius, also from
Ercolano. Another cemented on head?
This statue has even less contact with
reality than that of Augustus
January 2016

T

he other striking thing about the statuary is
its colourfulness. I am used to statues being
monolithic. The statues of the Emperors are such,
even although new heads (and feet) are present,
the same rock type is used. But many other statJanuary 2016

ues are coloured - three dimensional paintings as
well as being statues.
The statue of Apollo is an example. At
least three different rocks are used - porphyry,
an igneous rock from the Egyptian desert, white
limestone, probably from Carrara in the north of
Italy, and a creamy yellow rock which may be alabaster or marble. Sample taking is not encouraged
in this museum, so I cannot be certain!
Another variant on the colourful theme is
the statue of the barbarian. He is in the Romans
Page 11
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A kneeling barbarian, carved in pavonazzetto
marble, with head and hands in black nero antico
marble
favourite position for a barbarian - kneeling. He
is dressed as a Celt - probably an inhabitant of
Gaul (France) - so the use of a black marble is
not intended as being representational.
Nero antico marble comes from Greece
or Tunisia. Pavonazzetto marble is a brecciated
Carrara marble. The breccia gives an unordered,
chaotic look to the figure - makes it barbaric!.
The rocks used for the two panthers are
intended to make the animals more realistic. The
darker one uses a rock with phenocrysts (if it is
igneous) or porphyroblasts (if it is metamorphic)

to give it spots. (Changing a panther into a leopard!) The lighter coloured one uses pavonazzetto
marble to give the poor animal a very odd look.
The bust of Marcus Aurelius, a second
century emperor, is another variant of using
coloured and patterned rocks to increase the appearance of reality. Pity about his nose!

A

fter our visit to the museum we went to
the church of Santa Maria della Sanità,
which is well known for its catacombs. But in the
church itself we saw this extraordinary carving
which, at first glance looks like marble. But how
could you get marble to look like that!
Well you can’t! The statue is actually carved
wood painted to look like marble. We have come
full circle! We started with marble looking like

flesh. Now we have wood trying to look like flesh,
looking like marble.
The statue is typical of churches influenced
by Spanish Catholicism. A fervent Christianity
with a strong and disturbing dash of sado-masochism. You sees things like this and are not
surprised to hear that self-flagellation was not
uncommon.
Naples was part of the Spanish Empire
from 1503 to 1714 and Santa Maria della Sanita
dates from this period.

WEGA

might be going to Naples in 2017 to look at
volcanoes. So if you are there and have some free
time, there is much to see and a geologists eye can
increase your appreciation of what you are seeing.

Two statues of panthers: the one
above is carved from the same
pavonazzetto marble as the barbarian. Note the animal’s eyes:
but even with these it does not
look very frightening!
The other is described as being
made of granite, but, for me, it
has a metamorphic look to it. But
it does give the animal a very
spotted look. Perhaps the spots are
“augen” and the rock an augen
gneiss.
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A marble head of Marcus Aurelius as a youth, set in
an alabaster bust. The alabaster makes him appear
to be wearing a patterned toga.
January 2016

A life size crucifix in Santa Maria della Sanita,
Naples. Despite appearances it is not made of coloured
marbles but of painted wood.
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Brittany trip, June, 2015

WOOKEY HOLE CAVES AND STREET
ICHTHYOSAURS

Part II, 5th to 8th June
By Katherine Addison-Scott

leader

M

any people will have heard of the
new cavern that has been made
accessible by a 70 m tunnel being
recently blasted through the rocks at Wookey
Hole caves.
As well as the new cavern that has been
entered, the tunnel itself exposes the unconformity between the Carboniferous Limestone and
the Triassic, Dolomitic Conglomerate. In addition there are many mineralised fractures exposed
in the tunnel.

F

Days 5 to 7 – 5th to 7th June –

Dr Doug Robinson

ollowing on from the caves, the trip will go
onto Clarks village in Street where the Alfred Gillett Trust holds an internationally significant geology collection, including Ichthyosaurs

that were collected during the late 19th century,
and collated and curated by Alfred Gillett.
The Ichthyosaur collection rivals those at
the Natural History Museum and Universities of
Cambridge and Oxford. The fossils are from the
Lower Lias of the Street area and were collected
from many small quarries in the Street area that
no longer exist.
The Ichthyosaurs are housed in the
Grange on the Clarks Village retail site, and
although not on formal display, arrangement
can be made for groups to visit. Details of the
collection are posted at https://alfredgilletttrust.
wordpress.com/collections/geological-collection.
The one-day trip will run on a weekday in
April with transport using members’ cars, and the
cost will be in the order of £20.

The Ploumanac’h Granite Pluton
Day 5 – 5th June
Porz Éven

A

part of the Trégor unit that we did not
see yesterday! Today, due to the high
tide and some difficulty to get to in

situ rocks above the harbour wall we did not see
much. The rocks exposed here, Tréguier Tuff, are
part of the areas volcanics related to the Trégor
batholith. The lapilli tuff was extremely fine
grained and contained andesitic fragments as
well as epidote and chlorite (the epidote being an
alteration product i.e. the result of fluids running
through the tuff ).

Fig 1: Overall view of the excursion. Days 1 to 8 - 1st to 8th June 2015

Fig 2: Route travelled and places visited on Day 5 - Friday 5th June 2015
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La Corniche Brettone - Ploumanac’h

P

re-Cambrian granite and Icartian gneiss are
exposed on the shoreline. Massive granite
rocks, sculpted by weathering, abound along the
granite coast. The first we saw of these marvellous rocks was at La Corniche Brettone. Day
6 brought even more and it looks as if Barbara
Hepworth has been busy and left a sculpture trail

WEGA Newsletter 51
especially for geologists.
Tourmaline and biotite are present in veins
of Hercynian granite and tourmline and boron on
the edges of the veins.
Angular clastic amphibolite bodies (from a
metamorphosed mafic sill dyke 620 Ma) occur in
the granite. This is in contrast to round inclusions
that result during magma mixing. A Hercynian
dyke also cut through approximately 300Ma later.

Photo 3: La Corniche Brettone/ Ploumanac’h: clastic amphibolite in Hercynian granite

Photo 1: La Corniche Brettone/ Ploumanac’h: weathered Hercynian granite boulder

Photo 4: Tourney Beach, Ploumanac’h: schlieren – biotite alignment in a flow of melt

T

Photo 2: La Corniche Brettone/ Ploumanac’h: Tourmaline and biotite in Hercynian granite vein
Page 16
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Tourney Beach

he next location on the west side of Tourney
Beach lies within the coarse grained outer
granite. This granite contained schlieren. Schlieren (found only in the course granite) are a flow
of melt with biotite and amphibole concentrated
into swirl and flow patterns. The biotite aligns
with the viscous magma flow.
January 2016

Day 6 – 6th June

T

Île Renote – Trégastel

his location was also in the outer coarse
granite. The granite was of granular to granular porphyritic with pink K- feldspar, white plagioclase, quartz and some biotite and hornblende
(rare). A cubed granite block can be seen off the
Page 17
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Fig 3: Route travelled and places visited on Day 6 - Saturday 6th June 2015
Photo 6: Ile Renote, Trégastel: weather sculpted granite

Photo 6: Île Renote, Trégastel: Le Dé (The Cube)
coast and is known locally as the ‘Dé’ (dice).
A stroll along the coast allowed us to see
more wonderful sculpted granite.

A

Baie de Sainte-Anne

t this location a basic intrusive block (gabbroic) intrudes the granite. The dark-coloured gabbro, containing pyroxene and feldspar, is
relatively coarse grained.
In the north of the bay the coarse grained
Page 18

granite and gabbroic basic rocks become intermixed hybrid rocks (i.e. both acid and basic).
Rapakivi and eyespot texture are also found here.
The eyespots are rounded fine grained areas of
quartz and feldspar surrounded by dark minerals,
normally pyroxene. These are formed by drops of
acid magma being injected into basic magma. A
reaction halo results in a rim of pyroxene forming.
The rapakivi texture of K-feldspar (orthoclase) crystals surrounded by a plagioclase (albite)
rim is formed by original K-feldspar crystals
January 2016

Photo 7: Baie de Sainte-Anne: Eyespots - quartz & feldspar surrounded by pyroxene
January 2016
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Photo 8: Baie de Sainte-Anne: Rapakivi, orthoclase crystals surrounded by albite
reacting with the basic magma surrounding it.

T

La Grève Blanche

his location, also in the outer coarse pink
granite, shows crude flow banding of
K-feldspar and white plagioclase. Two types of
inclusion are found in the outcrop:1.
Smaller, rounded blocks rich in

biotite and amphibole (basic material of Baie
St Anne’s type). Often with K-feldspars in the
enclave possibly injected mechanically into
basic magma. The elongated and round shape is
thought to be due to the material being ductile
during the acid – basic magma mixing.
2.
Larger more angular blocks with
sharp edges, consisting of contact metasedimentary rocks with cordierite.
Photo 10: La Grève Blanche: Aplite dyke cutting through the outer course granite
An aplite dyke cuts through the outer
coarse granite. It is fine-grained with a composition of quartz and feldspar. Aplites are thought to

Photo 11: Allée Couverte, Île-Grande

Photo 9: La Grève Blanche: Mafic intrusion in outer course granite (with enclaves)
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form from residual eutectic granitic liquids and
represent the final crystallisation products of a
magma.

January 2016

Page 21

WEGA Newsletter 51

WEGA Newsletter 51

Photo 12: Île de Milliau causeway - Do we wade or shall we wait for the final bit of tide to go out?

T

Île Grande

wo facies of the complex’s inner ring are exposed here. The contact between the intermediate granite and centre granite was found and
the differences in colour and texture became very

easy to see. The intermediate granite is pinker in
colour and the centre one whiter (due to a high
proportion of muscovite).
Île de Milliau

Fig 4: Route travelled and places visited on Sunday 7th June 2015
Day 7 – 7th
June
Île Grande Allée Couverte

A

spot of archaeology
but you can still not
stop yourself having
a good look at the
building material.
This is a Neolithic
burial structure made
of coarse grained
outer granite!
Photo 12: Île Grande - contact between intermediate and centre (light grey) granite

Page 22

January 2016

Photo 13: Île de Milliau: Metasediment (metamorphosed country rock - dark grey) and outer granite (pinkish)
January 2016
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Photo 16: Île de Milliau: cordierite in the metasediment

Photo 14: Île de Milliau: contact between Metasediment of bedded sandstone and clay/pelite and outer granite
(pinkish). Cut through by an aplite dyke of centre granite

W

e had to wait till the tide went out to get
to this really interesting island. Some of
us were more tentative than others in crossing the

final bit of ebbing tide!
The island sits in the metamorphic aureole of the Ploumanac’h pluton. The outer granite

Photo 17: Île de Milliau: angular fragments of metamorphosed country rock in an aplite dyke

Photo 15: Île de Milliau: contact between Metasediment of bedded sandstone and clay/pelite and outer granite
(pinkish)

(pink) takes up two-thirds (northern) and metasediments a third (southern) of this island.
The country rock was Pre-Cambrian,
but of unknown age, parallel bedded, alternating pelitic (mudstones) and sandstone beds that
underwent contact metamorphism to form the
Ile de Milliau Formation. The Pelitic beds formed

Page 24

January 2016

January 2016

andalusite-cordierite hornfels. Spotted hornfels
are also seen where carbonaceous inclusions had
metamorphosed to graphite.
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granite contact boundary is found in
the east of the peninsula.

T

Menhir of St. Uzec

his standing granite stone measures 7.5m high, 3m x 2m at its
base and weighs over 100 tonnes. The
granite is fine-grained with pink granite enclaves. It is thought to date from
5,000 BC and re-carved in the 16th
Century to reflect Christianity.
Acknowledgements

A

Photo 18: Toënot Peninsula: angular fragment of outer granite in intermediate granite

T

Toënot Peninsula

he three granites of the pluton complex are
found in this peninsula. In the south of the
peninsula the coarse grained outer granite has
been mixed into the finer-grained intermediate
granite. In places sharp, angular edged enclaves

of the coarse granite are found within the finer-grained granite. Due to this the facies has been
called “magmatic megabreccia” and was probably a
result of the coarse grained granite being cold and
solidified when the fine granite was intruded.
The intermediate and central (light grey)

massive thank you goes out to
Doug Robinson for the organisation and leading of the trip. Also the
wonderful notes that he provided and
which have been used (substantially)
to write the above trip summary.

Photo 19: Toënot Peninsula: contact between Intermediate and Centre granites
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Fig 5: Route travelled and places visited on Monday 8th June 2015
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Crossword 51
Across
1 Calcium sulphate (6)
5 Without reduction or
omission (2,4)
10 Habitually present (7)
11 Rock named after my
grandmother? (7)
12 To remove by melting,
evaporation or
weathering (6)
15 Any crystalline foliated
metamorphic rock not
coarse and feldspathic
enough to be called
gneiss (6)
16 To teach (7)
17 Hibiscus esculentus or
gumbo or ladies fingers
(4)

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16
17

18
19

20

21

22
25

23

24

26

27

28
29

31

30
32

33

34

18 An island here lies (4)
19 Same atomic number but
different mass number
(7)
20 In short, the answer is
obvious (4)
22 So small as to be
incapable of further
division (4)
25 St John ---- Pope's
cathedral church (7)
27 You Jane, me ---- (6)
28 Had salivating dogs (6)
31 A tube with a
constriction; used to
control fluid flow (7)
32 Allomorph of CaCO3 (7)
33 Fine-grained igneous
rock that is composed
chiefly of plagioclase
feldspar and pyroxene
(6)
34 Presenting few
difficulties (6)

Down
2 Performer of a form of
singing marked by rapid
alternation between the
normal voice and falsetto
(7)
3 A rock named after Sam?
- Or rich silk fabric (6)

20 Covet a musical interval
of eight tones (6)
21 A porch along the
outside of a building (7)
23 Boulder clay (7)
24 Films (6)
25 A gap (6)

4 Mineral with layered
structure (4)

26 Was Neapolis (6)

5 Othello's villain (4)

30 Sounds like E8 is a spot
(4)

6 We went there in June
(6)

29 Valley splitting plates (4)

7 Odinary peoples of
various sorts (7)
8 Italian ice cream (6)
9 Pot calls this black (6)
13 Dense as a native of the
first of the Crusader
states (7)
14 Disperse (7)
15 Something contrived (7)

Solution to Crossword 50
Across: 7 Expel, 8 Beer belly, 10 Nutria, 11 Titivate, 12 Especial, 13 Aery, 15 Consist, 17 Symptom, 20 User, 22
All along, 25 Fast lane, 26 Armpit, 27 Telemeter, 28 Octet.
Down: 1 Excursion, 2 Fearless, 3 Seattle, 4 Brittany, 5 Denver, 6 Blitz, 9 Magi, 14 Hobnailed, 16 Streamer, 18
Polymict, 19 Wavelet, 21 Sateen, 23 Loam, 24 Tacet.
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