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Diary Dates
Lectures

13th October 2015  Prof 
Brian Williams (University of 
Manchester and UC Dublin) 
 “The Escuminic Enigma - a 
fishy tale”

10th November 2015  Dr 
Tony Waltham (Engineering 
geologist and karst specialist) 
 Salt terrains of Iran

8th December 2015  Three 
Research Students (University 
of Bristol)  Various Topics

12th January 2016  Prof 
nSteve Sparks (University of 
Bristol)  Volcanoes and Society

9th February 2016  Prof 
Paul Roche (University of Car-
diff)  Impacts from Space

8th March 2016  Dr Matt 
Watson (University of Bris-
tol)  “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   Annual 
General Meeting - quiz and/or 
slides (tbc) followed by wine 
and cheese.

Mary Mercer
1934 - 2015

Photograph 
by Elizabeth 
McIntyre

Mary Mercer was a receptionist at my wife’s surgery in 
Barton Hill when I first came to Bristol. When she 
learned that I was a geologist she quickly started to 

recruit me to WEGA and eventually she succeeded. 

At that time WEGA was run by Mary, ably assisted by 
John Toller, Terry Blake, Joyce Ali, Glo Castle and others. (My 
apologies if I have missed you out but it was many years ago!) 
Over the years Mary and John had held every senior post in the 
group and had gathered around them a large and active mem-
bership. 

If they had been born a few years later they would have 
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had the opportunity and means of going to 
university. But they didn’t and so took every 

chance they could find to pursue knowledge at as 
advanced a level as they could find. Geology was 
a subject where a lack of academic qualifications 
was no barrier. Extra mural classes run by Bristol 
University led to an enthusiasm for geology and 
this led to a desire for more excursions and this 
led to WEGA. 

My memories of Mary are of excursions. 
One could see, as we walked, that she and others 
were needing a rest. So a question needing a dis-
cussion would be asked by Mary and we could 
all sit down and have a physical break if not an 
intellectual one.

“Is this an example of back-arc spread-
ing?” and “What oxidation state of iron gives 
this colour?” are questions which stick in my 
mind. Discussions would last till everyone was 
fit to continue, and sometimes would lead to 
greater enlightenment.

In her later years, illness prevented her 
from going on excursions and even lectures. But 
last year she showed up at a WEGA lecture and 
she was immediately surrounded by a crowd of 
members, eager to speak to her and glad to see 
her among us. It was typical of her that she was 
surprised at her reception. No one else was.

But there was more to Mary than just 
geology. I knew of her expertise in dealing with 
anxious and difficult patients; the eulogy given at 
her funeral told us a lot more about her. You can 
download it HERE. I give some of the high-
lights in the following paragraphs.

--------------------------

Mary was born on the 27th of June 1934, 
in Bristol and went to Redmaids School, leaving 
at the age of 16 and starting work as a photogra-
phers assistant. Nurse training and employment 
at the Bristol Royal Infirmary followed. Then 
she went to NatWest Bank in Bristol, and there 
she met Brian Mercer.

They married in November 1958 and 

set up home in Memorial Road in Hanham. 
Their sons, Andy, Lee and Dom followed.

As we know, she had a great interest in 
the outside world, and it was not restricted to 
geology - astronomy and gardening featured 
highly. Besides WEGA she was involved in the 
Astronomy Society at Bristol University. And 
a visit to her garden at Memorial Road was a 
beautiful demonstration of her gardening skills.

But that was not all - She studied cos-
tume design in the late sixties and won a nation-
al prize; she took up pottery and within 2 years 
was teaching it to A-level standard, later selling 
her work successfully. Her fascination with the 
craft included her sons, who joined in with her 
Raku parties, in which she demonstrated the 
Japanese ceramic method to her students at the 
house in Memorial Road.

Later in life she studied and became 
proficient in watercolour painting; she became 
interested in silverwork and became a goldsmith, 
producing beautifully designed silver boxes. In 
later years she took up stained glass and created 
beautifully-conceived miniature stained-glass 
creations.

On retirement Mary tried scuba diving 
(where she passed the exams but found the 
equipment too heavy) and gliding. She stopped 
gliding on the day she qualified as a solo pilot – 
when asked the reason she replied ‘Well, they’ve 
put me on beta-blockers for my heart, and you 
just don’t feel any of the excitement!’

Her enthusiasm for knowledge was fed 
in later years by widespread travel, embracing 
Greek Islands; ancient mosques and spice mar-
kets in Istanbul; souks in Marrakech and fossils 
in the Atlas mountains; snorkelling in Fiji; star-
gazing in the Sinai desert; and heli-mountain-
eering in New Zealand.

MARY took a full and constructive role 
in the management of her kidney disease, always 
opting for treatment options which allowed her 
maximum independence. 

MARY died with dignity and at peace 
on the 20th of May at Southmead Hospital. She 
was surrounded by her family whom she loved 
so dearly, and who loved her.

It was exactly as she hoped it would be.

WEGA Member finds rare fossil

Doug Robinson

A WEGA field trip on Wednesday 22 
April looked at the Landscape and Geol-
ogy of the Shepton Mallet area. A report 

on the trip is posted HERE.

The morning was spent at the well-known 
Doulting quarry that lays claim to being the 
longest continuous worked quarry in England, 
having been worked from Roman times. The 
quarry exposes a ~ 4m section of the Jurassic 
Doulting Stone of the Inferior Oolite.

During the quarry tour, 
Ros Bufton came across an 
unusual fossil with a crab-like 
appearance. From her research it 
is believed it to be a Eocarcinus 
praecurser, which is a type of 
decapod (10 legged) crustacean 
with more familiar orders being 
crayfish, lobsters, shrimps and 
prawns. This fossil was originally 
thought to be one of the earli-
est examples of a true crab, but 
has been re-classified as an early 
representative of the Anomura, 
a transitional stage between the 

Glypheoidea (lobster-like decapods) of the Low-
er Jurassic and the extinct Prosopidae crabs of the 
Middle Jurassic. It has been described as ‘the lob-
ster who decided to become a crab’ as its ances-
tors were long-tailed decapods and its successors 
were short-tailed crabs. Further information can 
be found HERE.

These fossils are rare and appear to have 
been recorded from only two UK localities pre-
viously at Mickelton tunnel near Aston Magna 

between Moreton -in-
Marsh, and Shipston-on-
Stour in Gloucestshire and 
Runswick Bay north of 
Whitby.

Above is Ros Bufton’s fossil 
of Eocarcinus praecurser 

and on the left is WEGA at 
the Doulting Stone quarry 
being told the challenges of 
being a quarrier of a quali-

ty building stone.

https://app.box.com/s/oc1jaucz5gdmnuvpvprjj684g5wte11e
http://bristolgeology.com/eastern-mendips.html.
< http://en.wikipedia.org/wiki/Eocarcinus>
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Junk Shop Geology

by sandi shalcross

The proliferation of charity shops in our 
High Streets has provided an unexpect-
ed opportunity for the urban geologist 

to collect rare and unusual specimens at bargain 
prices 

 People love to collect souvenirs of visits 
and holidays to interesting places and beautiful-
ly made craft items in natural stone are always 
popular. However the time inevitably comes 
when the collector goes on the final and endless 
field trip and their successors have to sort out the 
house. No doubt many items are treasured, many 
are just thrown out, but here a few which have 
found a new home thanks to our current love of 
recycling. 

Thornbury has up to eight recycling and 
charity outlets, and my thanks to them all for 
helping enlarge my geology collection. I am sure 
my heirs will be delighted one day. The examples 

described here ranged from 50p to £4.50 for the 
marble dish, and all were quite irresistible.  

Every home needs one of these, a light-
house from Land’s End. However this is a really a 
souvenir of Kynance Cove in the Lizard Peninsu-
lar, about an hour’s drive eastwards. (Land’s End 
is made of granite.)  The beautiful grey, green and 
red, mottled and veined stone is named for its 
serpent or snakeskin appearance, rather than for 
any link with the Lizard location. It is one of the 
results of massive earth movements when mantle 
rocks were brought up and out of sequence when 
tectonic forces closed a former ocean or oceanic 
arc. A slice of mafic ocean crust was thrust into 
a pile of sediments, which are also deformed and 
metamorphosed, during the Devonian. Later, 
penetrating hydrothermal fluids altered the rock, 
which was mainly composed of the mineral oli-
vine, to give the now familiar serpentine. Further 
tectonic activity and erosion revealed it for us to 
see. A much more comprehensive account can be 
found in, for example, Cornwall’s Geology and 
Scenery by Colin M Bristow. 

This little beauty, a carved and polished 
bowl, is also made of serpentine and came from 
the Thornbury Sort It recycling shop. It demon-

strates both the red and green mottled stone and 
the green veined variety, and relict olivine crystals 
can be clearly seen. 20p for scale. 

This souvenir came originally from Po-
larsirkelen, at 66˚33’ N where the line of the 
circumpolar Arctic Circle is celebrated at the 
Arctic Circle Visitor Centre in the Saltfjellet 
mountains, N Norway. The centre boasts a ‘large 
and abundant souvenir shop’! The rock appears to 
be a granite, with roughly equigranular quartz and 
pink feldspar, c 0.5 mm, and larger well formed 
biotite crystals up to 2mm across. But I would 
welcome a more expert opinion. The bedrock 
here is described as ‘mainly granitic rocks’ and lies 
within the Caledonian orogenic belt. (Geology 
and Landscape around the Arctic Circle in Nor-
way Parts I and II can be downloaded as pdfs.) 
This may have come from the PDSA shop.

A marble noughts and crosses board, 

found in the St Peter’s Hospice shop. The four 
stone marbles came from who knows where... 
Marble is a metamorphic rock generally com-
posed of recrystalised limestone. It comes in a 
wealth of colours and textures, from the pure 
white of Carrara in Italy to multicoloured breccias 
from all around the Mediterranean. This could be 
‘Spanish Black’. Closer examination with a lens 
reveals the granular structure and tight packing 
of the crystals, the calcite veins give white slashes 
and patches. The best source book for marble and 
other ornamental stone is perhaps ‘Decorative 
Stone’ by Monica T Price, based on the Corsi 
Collection of 1000 polished blocks held at the 
Oxford University Museum of Natural History. 
The museum itself is also worth a visit and the 
Corsi Collection can be viewed on line.  

 Another gorgeous piece of marble, worked to 
make a 26cm dish, was donated to the hospice 
shop. It is ideal for posh nibbles, although not any 
containing acid such as vinegar or lemon juice. 
A likely source is hard to identify but Ireland is a 
strong possibility. Monica Price describes Con-
nemara marble as a ‘serpentine marble’, formed 
from an impure limestone and containing bands 
of serpentine minerals. Also appropriately know 
as Irish Green.  

 This owl had horrible plastic eyes when I 
found it, but now stares out peacefully.  The stone 
is often described as onyx but.... Onyx is stripy 
cryptocrystalline quartz, which is very hard and 
no doubt quite costly and difficult to carve into 
an owl like this.  This is likely to be ‘Pakistan 
Onyx Marble’, something of a contradiction. 
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Superficially it may look like mar-
ble however is not that either, but 
travertine. This is layered calcite 
deposited from circulating ground-
water, often in a cave and termed 
a speleotherm. The dark layer just 
visible at the back is stained by ox-
idised iron possibly associated with 
cyanobacterial growth. Travertine is 
often heavily varnished so beware 
anything too soft or  too shiny and 
streaked if you want onyx. 

My mother collected this 
slice of fossilised or petrified wood 

from a jumble sale, the recycling/junk shop of 
her day. The biological material of the original 
wood has been completely replaced by silica, 
preserving minute detail of the plant structure. It 
could be from Arizona although there are many 
sites worldwide where petrified wood is found. 
The Arizona fossil forest is worked and marketed 
worldwide and a three foot diameter coffee table, 
seen in a Chamonix shop many years, ago cost a 
fortune.

This irresistible specimen from Oxfam 
has to be viewed adjacent to an image of the real 
thing. It looks like a souvenir from the Arches 
National Park, Utah, but there is a crucial mistake 
in the execution unless all I have ever learnt about 
current and dune bedding is wrong. Perhaps you 
can work it out? Which way up are the units? For 
more detailed information on the Arches, you can 
download a comprehensive report from the US 
National Park Service entitled HERE. 

So do not just visit charity shops for extra 
T-shirts or more china, keep an eye open for the 
more unusual items. 

The WEGA trip this June was to Brittany, 
France, and superbly led by Doug Rob-
inson. Firstly an overnight ferry crossing 

to St Malo and then, over the course of 8 days, 
a drive along the amazing coastline of Northern 
Brittany, to Trébeurden and finally to the ferry 
terminal at Roscoff.  

Our trip took us across the East-West 
trending Nord-Amorican Domain of the Amor-
ican Massif of which Brittany is a large part. The 
massif is made up of mainly crystalline rocks, 
which, during the Cadomian (650 – 550 Ma) and 
Hercynian Orogenies (400-280Ma), underwent 

deformation and metamorphism. The Cadomian 
belt is sub-divided into three North East-South 
West trending sub-units: 

1. Trégor -La Hague. Granitoid 
intrusions (approx. 615 Ma) into Neoproterozoic 
basement.

2. St. Brieuc Bay. Thick volcanic and 

sedimentary sequence (approx 600 Ma) overlying 
a granitic basement. Gabbro-diorite plutons of 
approx 580 Ma intrude the sequence.

3. St. Malo. Metamorphosed sed-
imentary deposits (to partial melting) forming 
migmatites (550 – 530 Ma).

We started 
our trip the St Malo 
unit, drove across a 
major shear zone to 
the St. Brieuc unit 
and on to the Trégor 
unit.

Day 1 – 1st June 
– St Malo Met-
amorphic Belt

We went to 
our first geologi-
cal site via Usine 
Marémotrice de 

Brittany trip, June, 2015

Part I, 1st to 4th June

By Katherine Addison-Scott

https://www.nature.nps.gov/geology/parks/arch/arch_gre_rpt_view.pdf
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la Ranche. This was the world’s first tidal 
power station, completed in 1966, to obtain 
power from the very large tidal range in the 
estuary. During its construction all normal 
tidal activity in the estuary stopped and 
this destroyed the ecosystem that existed at 
that time. It took ten years for any kind of 
balanced ecosystem to re-establish but even 
then this differed in species make-up com-
pared to the old ecosystem.

 Grève de Morlet 

This is a coastal site near Langro-
lay-sur-Rance consisting of Pre-Cambrian 
mudstone sediments that were deposited 
on the edge of Gondwana around 600 to 
750Ma years ago. They subsequently un-
derwent low-grade metamorphism as they 
were compressed under low pressure and at 
temperatures of 400 - 500˚C, to form mica 
schist and gneisses. The pressure was great 
enough to create strongly foliated metamor-
phic fabric aligning the minerals. The met-
amorphic rocks are of the Brioverian Suite 
and at the greenschist/amphibolite bound-
ary. Quartz precipitated out as the temper-
ature and pressure decreased forming veins 
and boudins. Fine-grained textured schists 
formed, containing muscovite and chlorite.

St Jacut-de-la-Mer 

Good exposures of St Malo 
migmatites with its different varieties 
(metatexites and diatexites) were found 
in this area at Ponte du Chevet and 
Plage du Ruet. In situ partial melting 
had occurred and minerals present were 
orthoclase feldspar, plagioclase feldspar 
and quartz.

Metatexites retain a strong fabric 
with patches concordant with the fabric 
of the parent rock. They form during 
localised melting of 10-15% of rock with 

a starting melt temperature of 600-650˚C. Mus-
covite, found in the mudstone, melts first.

In diatexites the fabric disappears with a 

20% melt proportion and 
subsequent liquid migra-
tion which breaks down 
the fabric. Paleosomes are 
largely absent and there is 
no continuous magmatic 
banding. Schlieren form 
and nebulitic structures 
merge.

There are two types 
of diatexite: 

1. Inhomoge-
nous – biotite rich schlier-
en with a swirling foliation

2. Homoge-
nous – with the appearance 
of foliated granitoid rocks.

The metatexites were found at Pointe du 
Chevet and the diatexites at Plage du Ruet.

 Pointe du Chevet (St Jacut de la Mer): metatexite fabric in 
migmatites

Pointe du Chevet (St Jacut de la Mer): high grade migmatite

Greve de Morlet: mica schists and gneisses derived from 
mudstone and greywacke protoliths

Plage du Ruet (St Jacut de la Mer): Unmelted mafic 
Inclusion in homogenous diatexite

Pointe du Chevet (St Jacut de la Mer): high grade 
migmatite
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 St Cast – Pointe de la Gar-
de 

This site sits in a shear zone 
between the Saint-Brieuc Unit and 
Saint-Malo Unit. There is intense 
foliation and deformation due to the 
lateral movement and two rock types 
dominate.  The first,  a fine, grained 
greyish gneiss, cut by aplitic dykes, 
has been converted to a fine-grained 
leucocratic isoclinally folded layer. The 
second is strongly deformed migma-
tites with coarse-grained muscovite 
and tourmaline-bearing pegmatitic 
veins.

Day 2 – 2nd June – St Brieuc 
Unit Eastern Side

Cap Frehel 

 A spectacular lighthouse sits on 
70m cliffs of sub-horizontal red felds-
pathic sandstone beds. These beds are 
post-orogenic sandstones laid down in 
a local fluvial environment (flowing to 
the North) and lie unconformably over 
a Cadomian plutonic sequence.  

Cap Frehel: lighthouse

 Cap Frehel: red-sandstone beds 

Plage du Ruet (St Jacut de la Mer): fabric from biotite and feld-
spar alignment in homogenous diatexite
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Fort la Latte

Cap d’Erquy: volcanic sediments

Fort La Latte

We made a short stop at this diorite-built 
fort. It was initially constructed in the 14th Cen-
tury and later re-built between the 17th and 18th 
Centuries to its present structure.  Whilst there, 

I rescued a small, lost mouse from one of the 
turrets. It looked as if it was about to either fall 
down a large hole in the floor or be crushed under 
someone’s unseeing foot!

Cap d’Erquy: volcanic sediments. Cleavage cross-cutting the bedding plane

Cap d’Erquy: pillow lava interstitial clastic fragments
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Cap d’Erquy

Here we found volcanic sediments and 
pillow lavas. These were formed during the Cado-
mian Orogeny and probably in a back-arc basin 
setting. The sediments showed a lot of cleavage 
cutting across the bedding. 

The pillow lavas, formed 
in a deep water complex, and so 
showed no vesicles due to the 
over pressure at formation. Ther-
mal shock caused the pillows to 
exfoliate and angular fragments 
to break off. These lie in the 
interstices between pillows.

Plage de la Fosse

The red sandstones that 
we saw at Frehel also outcrop 
here but are less feldspathic. A 
Hercynian dolerite dyke (Car-
boniferous approx 350Ma) 

cuts through this exposure. Walking back to the 
vehicles, along the beach, we went past large boul-
ders of metamorphosed dolerite (with fabric) with 
large areas of epidote on their surface.

Plage de la Fosse: metamorphosed dolerite showing epidote surface

Day 3 – 3rd June – Central Baie St 
Brieuc

Port Morvan

A wonderful 
outcrop of vertical 
banded gneisses, dated 
to approximately 750 
Ma, was seen. The light 
bands are quartz-feld-
spar gneiss and dark 
bands green chlorite 
rich gneiss.

 
A good example 

of amphibolite (see 
photo on the right - on 
Chris’s right shoulder!) 
can be seen cutting 
through the gneiss.  

Jospinet Beach – Planguenoual

At Jospinet the tectonic contact between 

Port Morvan: banded gneiss and Doug

Port Morvan: banded gneiss, amphibolite and Chris
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Jospinet Beach - Planguenoual: the contact between the basal psammite (on the left)and the Hillion granodi-
orite on the left. An enigmatic contact.

the basal psammite and Hillion 
granodiorite (645-625 Ma) was 
exposed.

Grève des Courses - Baie 
de St Brieuc

Here we saw two facies of 
a basal conglomerate of the volca-
no-sedimentary succession of the 
St-Brieuc Unit. The first facies was 
a polygenic conglomerate made up 
of large, highly elongated, clasts of 
Quartz, quartzite, sandstone, silt-
stone, orthogneiss and granitoids. 
The second was a monogenic con-
glomerate made up of large clasts 
Port Hillion granodiorite (667 – 656 
Ma) that had been less obviously 
deformed and stretched.  

Brehec Cove

Red-beds of Cambrian to 

Grève des Courses: polygenic conglomerate and Doug  

Grève des Courses: monogenic 
conglomerate

 Brehec Cove: mudstone-sandstone 
interbedded red-beds
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Ordovician age lie unconformably on a local Bri-
overian base. They are mudstone dominated with 
sandstone interbedding and mud-flake conglom-
erate.  

Day 4 - 4th June – Trégor Unit

Castel Meur

A house, built in 1861, 
is abutted at both gable ends 
by large granite tors. This is an 
unusual look but, with the wind 
that we felt for most of the week, 
come winter the shelter from 
rough seas and high winds would 
be essential.

Not far from this house 
we saw Hercynian basalt dykes 
cutting through 620Ma granite 
and making a wonderful contrast 
of colour.

Port Beni

At Port Beni the main 
country rock is Pleubian microgranite (615 Ma) 
but with remnants of Proterozoic crystalline base-
ment rocks exposed. The latter is Icartian gneiss, 
the oldest rocks in France at 2Ga, and was once a 
fragment of what is now North America. 

Brehec Cove: red-beds mud-flaked conglomerate

Castel Meur: house and tors

Castel Meur: Hercynian basalt dykes cutting through granite
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When we bought our flat, we had to 
completely redo the kitchen. And one 
of the work surfaces was an island 

unit, which needed a top. Being a geologist I 
wanted a rocky one, so we went along to Avon 
Marble to see what they had. There were lots of 
marbles and granites, all very nice but, for me, 
not too interesting. Most were too fine grained to 
be examined with the naked eye. And most were 
very uniform – good for kitchen work surfaces 
but boring.

But there was one exception! Green Mar-
inace! How it got its name I do not know, but it 
is wonderful. It has everything! It is a sediment 
– a coarse conglomerate. It is metamorphosed 
– greenstone facies. It contains igneous rocks – 
granites, diorites, lavas, but all showing signs of 
being previously metamorphosed.

Technically it is a polymict metaconglom-
erate, probably from Bahia in Brazil. Trying to get 
geological details from the suppliers is virtually 
impossible. They sell it as a granite! And, when 

asked, told me it came from Southampton!
The top has been smoothed and polished 

and this allows the conglomerate to be examined 
and photographed. Photo 1 shows the worktop 
(and my tripods legs and our kitchen floor). Close 
examination shows many features revealing the 
processes of metamorphism.

At first I thought this would be straight-
forward - photograph various features, explain 
them from what I learned as an undergraduate 
and that would be that. But then I started looking 
and, more dangerously, thinking. And found that 
what looked simple was not and was, in some cas-
es, inexplicable! So, in the following I colour code 
the paragraphs to indicate first thoughts, second 
thoughts and the unknown!

Metamorphic rocks form as a result of the 
changes wrought on existing rocks by changes 
of temperature and pressure. Usually the main 
chemical change is the removal of water. Often 
that will be the only compositional change. 

Photo 3 shows a rounded pebble of a 

Rocks, Pressure Cooked, in our Kitchen!

by Graeme churchard

Photo 1 - The Green Marinace worktop. The penknife is 9cm long

Sillon de Talbert

We had a wander along this very long 
gravel spit created by long shore drift. It was not 
very easy walking but there was plenty of bird life, 
butterflies and flowers to look at.

Pointe de l’Arcouest –  
Ploubazlanec

 
The rocks at this site 

varied from microgranite, gran-
ophyre to rhyolite of subvolcan-
ic origin and do so over short 
distances. It is believed that two 
episodes of magmatic activi-
ty occurred - emplacement of 
dacitic to rhyolitic volcanic to 
subvolcanic series followed by 
intrusion of microgranodiorite 
and microgranite (forming the 
upper part of the North-Trégor 
plutonic complex).

To be concluded in our 
next edition!

Port Beni: Icartian gneiss outcrop

Pointe de l ’Arcouest: inspection of the varied rocks

http://www.avonmarble.co.uk/
http://www.avonmarble.co.uk/
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somewhat dirty sediment being transformed into 
a gneiss with a banded structure. It is probable 
that both sediment and gneiss have the same 
composition - the gneiss may have less water. 
And the water will be in OH (hydroxyl) form in 
the gneisses minerals.

The banded structure is because the newly 
formed minerals grow at right angles to the di-
rection of stress. The stress also affects the matrix, 
causing the minerals within it to align normal to 
it. This is both the original and new minerals.

But because the gneiss grew in place - it is 
around the clasts - the stress should be the same 
for all the clasts and foliation should be in the 
same direction for all of them. But it isn’t!

Photo 2 shows the foliation directions of 
3 clasts and they are all different. Photos 3, 4 and 
5 give close ups of the clasts.

Also, when Doug Robinson - our Chair-
man and Editor of “The Journal of Metamorphic 

Photo 3- At first glance a fine grained sediment be-
ing transformed into a gneiss from the outside in. In 
which case there must have been a pressure gradient 

to give the foliation of the gneiss

Photo 2 - Showing the foliation directions of the “gneissic overgrowths”, also indicating the photos showing the 
individual clasts and the other photos in the article

Geology” saw Photo 3 he thought it very strange 
and did not think it was transforming sediment 
into gneiss. Perhaps it is just an increase in crys-
tal size along existing bedding. In Photos 4 and 
5 the border lineation seems to be an extension 
of the core structure. Photo 3 may be similar.

So we now think that susceptible clasts 
had their edges altered but not in an environ-
ment of stress and strain.

The conglomerate is clast supported - the 
pebbles touch each other, the matrix is between 
the pebbles but is not supporting them. There-
fore when the rock came under pressure, the 
pressure was taken by the clasts and not the 
matrix. And some of the clasts broke under the 
strain and were intruded by the matrix. Photo 6 
shows such a broken clast.

But if the clasts were under pressure we 
would expect to see signs of pressure solution at 

Photo 5 - Another clast with altered border. The 
borders lineation seems to be an extension of the core 
structure. How the quartz area on the left got there 
is a mystery! There is a sinuous foliation in the ma-

trix snaking its way upwards around the clasts. 

Photo 4 - A clast with an altered border. Note that the pink vein continues into the border. Therefore the border 
altered the clast, it did not grow onto it.

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1525-1314
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1525-1314


Photo 9 - Formation of green epidote (probably) around the edges of a clast, within clasts and in the matrix. 
The clast with epidote round the edges is one of the few showing pressure solution at a contact point - but not 

at the others! Note the quartz cement towards the lower right.

Page 24 Page 25

WEGA Newsletter WEGA Newsletter

Autumn 2015Autumn 2015

clast contacts. Also clast flattening. But there 
is very little sign of either of these happening. 

So if we lack rock breaking pressure, 
how do we get matrix intrusion? Perhaps 
just enough pressure to break the most easily 

Photo 6 - Matrix intruding into a broken clast.
breakable clasts - but we do not have enough evi-
dence to speculate more. - Any suggestions?

Some clasts can be seen to be partially met-
amorphosed - see Photo 7. This clast, which seems 
to be made of sediment and granite, with perhaps 

Photo 7 - A clast composed of both sediment (?) and 
granite (?). This one stumps me!

Photo 8 - Lava clast with feldspar phenocrysts being 
replaced with epidote

some composite in between, baffles me. 
Some clasts are less problematic. Photo 8 

is, I think, a lava pebble with feldspar phenocryts. 
The feldspar is being replaced by green epidote. 
There may be a suggestion of bleaching on the 
lower edge of the clast.

Many of the pebbles and much of the ma-
trix have green minerals - probably epidote - and 
these have grown as the result of the metamor-
phism and let us know that the worktop was in 
green schist facies conditions - moderate temper-
ature and pressure (about 400 - 500 ⁰C, 4 - 7 kb).

Having looked at some of the metamor-
phic features of the worktop, what about the rest 
of its geology. It is a conglomerate with widely 
varying clast sizes and varied rock types. They are 
all very well rounded. The clasts touch each other; 
there are no areas where matrix predominates. 

These characteristics would suggest that it 
was originally laid down in a deep highland valley 
with lots of subsidiary valleys depositing debris 
from a wide area of varied geology - a modern 
counterpart might be the upper parts of the Brah-

maputra - the bit in Tibet, where it is called the 
Tsangpo.

After being deposited the conglomerate 
was deeply buried - 10 to 20 km - and subject to 
increasing temperatures and pressures. But there 
does not seem to have been any directional pres-
sures - it was not pushed or pummeled - it went 
down, was cooked in a pressure cooker, and came 
back up again. This succeeded in making an in-
homogeneous rock homogeneous! Pebbles which 
were of varied hardness now all take a polish and 
the rock does not fall apart. And makes a rather 
nice kitchen worktop!

So an article which I started as a demon-
stration in the basics of metamorphism has 
turned into a demonstration of the limits of my 
knowledge!

Doug Robinson would like to take some 
samples to clear up some of the puzzles and to 
identify minerals and rock types more robustly 
but we have denied him this. We prefer to have a 
whole work top even if it remains mysterious!
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The Geological Evolution of the NW USA.

Leader: Dr Doug Robinson

The trip will occupy 14 nights, flying into 
Seattle in Washington State and out of 
Denver in Colorado. The trip is timed for 

Saturday 28 May, returning into LHR on Sunday 
June 12. The weather can be expected to be very 
variable; temperatures should range from low 60s 
to lows 70s during the day. The western NW USA 
usually has its driest period during the summer, 
but the Yellowstone, and Rocky Mt region near 
Denver are at high altitude and it is not unknown 
for snow to fall in summer/early autumn.

There are 15 places available; transport 
will be using three rental 7-seat vehicles driven by 
members of the group. A provisional cost includ-
ing return flights, twin shared accommodation 
each night (in Best Western type motels) and 
rental of vehicles is £2,375 (+/-5%) per person. 
Additional costs include: travel to/from LHR; all 
meals; insurance; shared fuel (~£60); shared passes 
for park entry (~£25). Optional cost for trips e.g. 
20 min helicopter tour of Mt St Helens (~£110).

Trip summary:

The trip is between the two US gateway 
cities of Seattle and Denver (into which there are 
direct BA flights), which will allow a W-E trav-
erse across the full width of the North American 

Cordillera to be made. This is a region in which 
the latter half of the Phanerozoic evolution of the 
Cordillera is well displayed.

In the west, the last remnants of the con-
vergence between the Pacific (represented by the 
present day Juan de Fuca micro plate) and North 
American plates has given rise to Cascade volcan-
ic chain. Along this N-S active volcanic arc, the 
two most well-known volcanoes Mt St Helens, 
that massively erupted in 1980, and Mt Rainier, 
the highest point in the chain, will be visited.

Lying east of the Cascade chain is the 
Columbia River Basalt sequence, the World’s 
youngest Large Igneous Province, that represents 
the onset of a new hot spot during the Tertiary. 
This area is also the site in the ice-age of the huge 
ice-damned Missoula lake. Periodically there were 
repeated failures of the ice dam resulting in vast 
volumes of water being released and generating 
evidence of huge floods ripping their way across 
Washington state to give rise to the scabland 
region.

Further to the east the route crosses the 
massive Idaho Batholith formed during the Mes-
ozoic convergence between the Pacific and North 
American plates. The route then enters the Snake 
River Plain, which is a 400 mile-long volcan-

ic edifice cutting northeast across the northern 
Rockies towards Yellowstone. This volcanic plain 
marks the track of North American Plate across a 
hot spot, whose present position is represented by 
the Yellowstone Plateau. Yellowstone is a super-
volcano with its caldera infilled by lava flows and 
massive amounts of pyroclastic air-fall and flow 
deposits, along with the vast array of geothermal 
features generated by the cooling mama chamber 
at shallow depth

The route south from Yellowstone enters 
the Mid Rockies region with fault blocks of crys-
talline Precambrian basement upfaulted through 
Palaeozoic and Mesozoic sequences, as spectacu-
larly seen in the Grand Teton region. Continuing 
southeast the route enters a large Tertiary lake 
sequence in which exceptionally well-preserved 
fossil faunas are displayed at Fossil Butte. The 
route then crosses Unita Mts with an upfaulted 
Precambrian sequence draped again by Palaeozoic 
and Mesozoic units. It is in these Mesozoic rocks 
that Dinosaur Monument is located, displaying 
an amazing sandstone unit enclosing hundreds of 
bones from a wide variety of dinosaurs.

The final part of the route then cross 
into the N-S trending Rocky Mt frontal ranges 
formed of 14,000’ peaks of crystalline Precambri-
an basement, fault juxtaposed against the steeply 
dipping hogsback of Dakota sandstone flatirons 
running N-S just to the west of Denver. It was 
the end- Mesozoic phase of plate convergence 
that gave rise to the Larimide orogeny and the 
formation of the Rocky Mountain thrust front 
towering above the high plains on which Denver 
is located. The final stop of the trip will be in the 
uptilted Mesozoic rock in which quite amazing 
footprints of the massive diplodocus dinosaur are 
found.

The area over which these features occur 
is vast and there are high mileages between the 
different places. More detail of the daily features 
and distances covered is given below.

Daily Schedule

Day 1 Saturday 28 May:  LHR BA flight to 
Seattle.  Overnight near airport, 3* Doubletree 

Suites, room only

Day 2:  Seattle – Mt St Helens – Kelso (130 
miles).  Overnight Kelso, Wa, 2* Best West-
ern Aladdin Inn, breakfast included.

Day 3:  Kelso – Mt Rainier– Ellensburg (230 
miles).  Overnight Ellensburg, Wa, 2* Hamp-
ton Inn, breakfast included

Day 4:  Ellensburg – Vantage– Dry Falls – 
Pasco (205 miles).  Overnight Pasco, Wa, 
3* Best Western Plus Pasco Inn and Suites, 
breakfast included.

Day 5:  Pasco – Boise – Jerome (410 miles).  
Overnight Jerome, Id, 3* Best Western Saw-
tooth Inn and Suites, breakfast included.

Day 6:  Jerome – Craters of the Moon – 
Rexburg (200 miles).  Overnight Rexburg, 
Id, 3* Springhill Suites by Marriott, breakfast 
included.

Day 7:  Rexburg – Old Faithful – West 
Thumb (130 miles).  Overnight Yellowstone, 
Wy, at Canyon Lodge, Canyon Village, room 
only.

Days 8 & 9:  Yellowstone Park (200 miles). 
 Overnight Yellowstone, Wy.

Day 10:  West Thumb – Grand Tetons – 
Jackson Hole (100 miles).  Overnight Jackson 
Hole, Wy, Hampton Inn, breakfast included.

Day 11  Jackson – Fossil Butte – Green Riv-
er (240 miles).  Overnight Green River, Wy, 2* 
Hampton Inn and Suites by Hilton, breakfast 
included.

Day 12  Green River – Manilla – Vernal (110 
miles)  Overnight Vernal, Ut, 3* Best Western 
Antlers, breakfast included.

Day 13:  Vernal – Dinosaur Monument – 
Granby (260 miles).  Overnight Granby, Co, 
3* Little Tree Inn, room only, but complimen-
tary coffee, fruit and bagels in morning.

Day 14:  Granby – Estes Park – Boulder 
(100 miles).  Overnight Boulder, 3* Best 
Western Boulder Inn, breakfast included.

Day 15:  Boulder - Red Rocks - Dinosaur 
Ridge - airport (110 miles).  Overnight flight to 
LHR
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Crossword 50

1 2 3 4 5 6

7 8

9

10 11

12 13

14

15 16 17 18

19

20 21 22 23

24

25 26

27 28

Across

7 Discharge (5)

8 Consumption of hoppy liquid 
made conspicuous (4,5)

10 Coypu (6)

11 Smarten up (8)

12 Surpassing what is expected 
(8)

13 Poetical nest of a bird of prey 
(4)

15 Tocsins are made of this (7)

17 My stomp is a characteristic 
sign or indication (7)

20 Exploiter is sure mixed up (4)

22 From the beginning (3,5)

25 Used to overtake slower 
vehicles (4,4)

26 Oxter in English (6)

27 An instrument for measuring 
distances (9)

28 A stable group of eight 
electrons (5)

Down

1 Field secretary arranges this 
(9)

2 Oblivious of dangers (8)

3 WEGA will fly to here (7)

4 WEGA sailed there (8)

5 WEGA will fly from here (6)

6 An intensive campaign (5)

9 Members of the Zoroastrian 
priesthood of the ancient 
Persians (4)

14 A Delhi Nob trampled (9)

16 Remaster a long flag (8)

18 Conglomerate consisting of 
fragments of several different 
rock types (8)

19 Disturbance, eddy, gurgle, 
lapping, ripplet, undulation, 
burble, babble, purl, wimple 

(7)

21 A cotton fabric woven with a 
glossy surface (6)

23 Soil with roughly equal 
proportions of sand, silt, and 
clay (4)

24 Be silent! (5)


