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I try to avoid starting my comments
with an apology, but on this occasion I feel that there is little alternative. We would like to have circulated this Newsletter earlier, and
some of you have expressed concern
at not yet being invited to subscribe
to another thrilling year of North
Walian geology.
The NWGA is run by a small, but
dedicated group of geology enthusiasts who offer their services voluntarily, for which I am grateful and
offer my thanks. The great majority
of them do so in addition to carrying
on with their professional lives, so
there will be times when the necessary effort is spread more thinly, or
between continents as has occurred
recently.

which is exposed just up the road from
the pub where we met, some fascinating
mineral and fossil specimens, and a preview of this year's display for Wrexham
Science Festival. The meeting also confirmed the general suspicion that the Association continues to be solvent, and
there was no coup d'etat or worker's revolt. I hope that we will be able to deliver a year's geology programme that
compares with the last.
I am delighted to be able to give notice
in this Newsletter of a joint meeting with
Geoscience Wales, which is now a limited company. This organisation has
sprung from the formation a couple of
years ago of the North Wales Geoscience
Cluster. Funding from the Welsh Development Agency has enabled them to occupy an office within the Conwy Business Centre, which is designed as a
springboard for fledgling local companies who are able to share modern and
attractive facilities to project a professional image to their clients. Many of the
associate members of Geoscience Wales
are members of the NWGA, so this
meeting will be a valuable opportunity
for networking and collaboration between the two complementary groups.
The speaker at the April meeting will be
Dr. John Reynolds, who is the chairman
of Geoscience Wales Ltd.

However, you will find details in
this issue of the forthcoming meetings, and there is also an invitation
to renew your
2mmWor1006
subscription. It's a
bit late for New
Year's resolutions,
but please take
this opportunity to
rejoin, and to attend the meetings
which we strive to
provide for your
entertainment and Don't miss our first meeting of 2003 in
edification.
Wrexham. Synchrotron radiation may
not sound geological, but this promises
Our January
to be a fascinating insight into the microAGM provided a scale geology that underpins the macronumber of 'gems' scale with which we are more familiar. I
in the form of a
know that Fred has an excellent proThe Chair on a bad day…...
most pleasant
gramme of meetings set up for this year,
or something a little older?
field outing to a
and into 2004, so come along and make
- see inside
Triassic desert
it all worthwhile.
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SHOOTING FOSSILS: BIODIVERSITY IN THE
ASHGILLIAN
John Worthington
provides some spectacular photos
and describes a few
“tricks of the
trade”

John Worthington was a technician at
the Geology Department at Birkbeck
College, University of London. He developed an interest in fossils and collected a remarkable assemblage of fossils from the Ashgillian (Upper Ordovician) of the Settle area in Yorkshire.

2mmWor1003

These fossils are approximately equivalent in age to the Conwy Mudstone Formation (which underlies much of
Conwy Town) and the Conwy Castle
Grit (the more resistant sandy turbidites on which the castle stands).

2mmWor1007

The photos on this
page are all of
parts of the head
shields of Ashgillian trilobites

The Conwy Mudstone commonly
contains graptolites, whilst the
Conwy Castle Grit comprises debris
carried into this deep sedimentary
in the acidic mud pore waters.
basin from surrounding shallow
shelfal areas.
Also, the rocks of Settle have not been deformed to the extent that we normally see
Settle represented part of the Ordo- in North Wales.
vician shelf, and the photos on pages
2 to 6 illustrate both the biodiversity However, the Conwy Castle Grit is calon shelf and the excellent fossil preser- careous and physically strong, and so may
vation in that area.
have protected the fossil debris from dissolution and from deformation.
The good preservation is partly because
these Ashgillian sediments in the Settle Perhaps the Grit may repay close examiarea are calcareous, and so protect the nation for well-preserved fossil debris defossils from dissolution. The deep water rived from the shallow shelf waters?
Ordovician sediments of North Wales in
contrast are not usually calcareous, so
If you fancy your chances, take a hand
any calcareous fossils lens, since many of these fossils are small
2mmWor1006
are prone to dissolve (the scale bars represent 2mm).

eye

eye
2mmWor1009
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2mmWor1008

2mmWor1004

2mmWor1005

2mmWor1002

The agediagnostic pattern on the
edge of one
head shield,
(top left) and
three trilobite
“tails”

2mmWor1001

2mmWor1010

A bit of bryozoan
(top left) and four
strongly ribbed
brachiopods

2mmWor1012

2mmWor1015
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SHOOTING FOSSILS: TRICKS OF THE
TRADE
How to take the
photos…. John
Worthington describes a few
“tricks of the
trade”

These fossils occur as calcite in a matrix
of calcareous mudstone, so the fossils are
more soluble than the mudstone in acid .
The samples are initially prepared by dissolving the fossils in dilute hydrochloric
acid.
The result is two fossil moulds “for the
price of one”: the mud outside the shell
provides an accurate mould of the
external pattern of (eg. ribs and
grooves), whilst the mud that got
inside the shell after the organism
decayed provides a faithful mould of
internal patterns on the shell. Most
of these internal patterns represent
attachment points for the muscles
which opened and closed the shells .

2mmWor1026

2mmWor1020

The mudstone matrix has to be carefully removed with a needle to give clear
views of the internal and external moulds.

The photos on these
two pages are
mainly internal
moulds of brachiopod shells. The different muscle scars
are diagnostic of
different species

John took these photos at home, using a
standard 35 mm SLR camera and a few
“tricks of the trade”. Firstly, he coated the
specimens in ammonium chloride dust, by
heating ammonium chloride powder in a
tube and puffing the resultant “smoke”
onto the specimen using a rubber ball
“bellows”. Magnification was achieved
using spacing rings between the lens and
the camera, and the lens was mounted in
reveres (using a reversing ring) to reduce
optical distortion.
Lighting was a standard angle-poise
lamp. The camera was mounted on a
tripod which provided steadyness and
allowed focussing by adjusting the
height of the camera above the specimen through use of the racking adjustment on the tripod. Iford FP4
black & white film was used.

2mmWor1011

The British Geological Survey used
several of John’s photos in the 1:50,000
map Memoir for the Settle area. Ref.: Arthurton, R.S., Johnson, E.W. & Mundy,
D.J.C. 1988. Geology of the country
around Settle. British Geological Survey,
London: HMSO.

2mmWor1019
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2mmWor1024

2mmWor1017

2mmWor1021

The scale bar represents approximately 2 mm - so these are not big fossils!
2mmWor1018

2mmWor1016

2mmWor1023

2mmWor1025

2mmWor1022
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CALIBRATING THE PLAS NEWYDD
GEOTHERMOMETER
Fred Owen tries to
get to grips with
issues raised by the
Plas Newydd dyke

Jan Heiland’s fascinating article in the last
Newsletter (Dec 02) gripped my attention. It
set me thinking about the processes and conditions which created such an unusual set of
inter-related observations. With all the information presented I thought it must be possible
to calibrate this geothermometer quite accurately. So, accepting the challenge I started to
look at some of the conditions required to
make the reported chemistry work.
Specific questions
raised in my mind from
Jan’s description were:a
50 m wide dyke crosscutting through limestone! Was it really that
wide when the intrusion
occurred or did it widen
during the intrusion by
decomposition of the
limestone in contact
with basalt at 12000 C?
Would it behave like a
limekiln, which operates at 900 to 11000 C,
to form calcium oxide
and carbon dioxide with
a reduction in volume?
If not, why not? If so
what would be the effect of the partial pressure of the carbon dioxide on the reaction? Presumably any calcium
oxide (quicklime)
would long since have
been hydrated to the
hydroxide (slaked
lime)? What were the
initial temperatures of
the basalt and limestone
and what would the
temperature be at the
contact between the basalt and the limestone?
For how long did the limestone experience
this (high?) temperature, ie was the basalt
flowing for some time before stopping to cool
and solidify or was the intrusion a short duration event? What are the stability fields of
wollastonite, and grossular garnet with respect to temperature and pressure? At what
pressure, ie depth, did the intrusion occur?
This would affect the initial temperature of
the limestone (geothermal gradient) and constrain the resulting mineralogy. How does
silica get from the basalt into the limestone to

form the wollastonite across a solidified basalt interface?
Being an enthusiastic amateur I appreciate
my knowledge is limited and thought geologists may already have done this and would
know the answers. My enquiries so far indicate that this is not so, but there is a lot of
relevant data around and there is interest in
pursuing the topic. It may prove to be beyond
me but, as a group working together, the
NWGA may be able to unravel the story. I
am most grateful to Rob and Jan for their
help and encouragement in supporting my
desire to make a personal mini-project out of
this interesting feature. They have encouraged me to write this article to promote discussion and constructive comment on the
ideas Jan presented and to elicit offers of contributions to help calibrate the antique thermometer.
The curves* showing the stability fields
(equilibrium data) for T and P indicate that
the carbonate/silica transformation to wollastonite and carbon dioxide takes place at temperatures much lower than 8500 C at low
pressures. It is also exceptionally sensitive to
fluid composition; in this case carbon dioxide
and water partial pressure. The latter will be
made up from the water content of the limestone and water released from clays in the
limestone, or in inter-bedded strata, at temperatures well below 4000 C. Note that at atmospheric pressure T extrapolates to a minimum of 4300 C.
Descriptions of the limestone do indicate significant clay content. This is the most likely
source of the silica required for the reaction
with carbonate to form the wollastonite. Any
silica from the basalt could only get into the
limestone at the contact by diffusion and
would not reach more than a few millimetres
away from the dyke, certainly not 0.5m.
Regarding the likely pressure at the time of
the intrusion Rob is confident, from oil exploration data, that the depth of burial of the
limestone is of the order of 1 km and certainly not more than 3 km. This constrains the
pressure to between ca 0.3 kbar and 1.0 kbar
max. For anhydrous limestone the graph indicates a corresponding temperature range of
6000 (note that this point is in the extrapolated part of the graph) to 6800 C for the formation of wollastonite. Increasing water content will significantly lower this temperature
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(eg to 5000 C or less). Thus, this analysis indicates a much lower T than the 8500C suggested
by Jan for the formation of wollastonite and
CO2. The implications of this for the grossular
garnet decomposition to wollastonite, anorthite
and gehlenite are still to be investigated. At
these low pressures is the system really a geothermometer?

It is worth mentioning that at this stage that
the width of the dyke does not affect the resulting contact temperature. It does, however, dramatically affect the time to solidify
and cool to reach equilibrium with the country rock, (and ultimately back to the geotherm). For example a 1m wide dyke may
solidify in 10 days, whereas a 50 m wide
dyke, with exactly the same physical properTemperature and heat flow calculations depend ties and under the same temperature regime,
will take 75 years to solidify. It is this which
on estimates of the physical properties of the
rocks, the initial temperature and melting point gives the chemical kinetics time to equilibrate to the reaction products observed in
of the basalt and the initial temperature of the
limestone. If the latter is dependent only on the and near the dyke. This important aspect will
be considered in a later issue.
geothermal gradient, ie not heated by a long
period of continuous basalt flow nor pre-heated
Finally, back to the limekiln comparison.
by another intrusion, then at 1 km depth it
would be ca 300 C and at 3 km ca 900C. Taking Any theories or explanations? We will also
this as the initial limestone temperature, assum- come back to this in a later issue.
ing that the basalt is at its melting point and using estimates for physical data, my preliminary This is just a summary of the start of the project. We would be pleased to receive your
calculations (all subject to sensitivity analysis
comments and contributions to its further
and expert verification!), indicate a minimum
temperature at the dyke/limestone contact in the development. I particular does anyone recrange of 7000 C to 7500 C, which is consistent ommend a good reference source for the
physical properties of rocks, eg latent heat of
with the wollastonite stability data above. So
far so good; but beware better data may change fusion, melting point, specific heat, thermal
diffusivity and conductivity?
things!

SOME EXTRA BITS ON THE PLAS NEWYDD
GEOTHERMOMETER
Many thanks, Fred, for your valued observations and comments. It’s really pleasing to
have somebody pick up on a subject that you
have started, and then make efforts to carry
it forward.

many km, but would have to be reduced substantially for the pressures appropriate to the
probable depth of around 1km. The figure of
8500C must therefore be taken as maximum
temp for the formation of grossular, and a minimum for wollastonite at depths of over 30 km.
In answer to a few of your comments, given The boundary curves retain an almost steady
that this whole site is going to need a subtemperature down to about 7000C at around 10
stantial re-assessment in the light of the in- km, with the gradient then changing more
terest that my article has generated, I can
quickly to around 3500C at surface conditions.
offer a few corrections to my earlier review. However, as wollastonite and grossular are not
in any way directly associated minerals, I
Like many before me, I have been guilty of should make it clear that each has it’s own indiperhaps not quite saying what I wanted to, in vidual boundary curve – the two curves just
the rush to get the words on paper. My most happen to show some convenient similarities.
obvious error was in stating the width of the
dyke as 50 m, when this is actually the width The depth at which intrusion took place can be
of the exposure as it emerges from the cliff roughly estimated from the following considat an angle. A silly fault, and a lesson in
erations:
how not to take field notes! I will endeavour
to get a correct measurement, which I esti1) It is generally held that the Anglesey area
mate will be something like 15 to 20 m.
was a topographic high during deposition of
much of the Permo-Triassic. So although the
My other error, caused more through lack of dyke site is in the lower strata of the local Carinformation, was to hold too tenaciously to
boniferous beds, much of the Carboniferous
the temperature of 8500C. This would apply sequence was probably eroded at the Hercynian
unconformity prior to deposition of the Permoif the dyke had been intruded at a depth of

Jan Heiland
clarifies some
confusion and
highlights related
Tertiary dyke sites
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SOME EXTRA BITS ON THE PLAS NEWYDD
GEOTHERMOMETER (cont.)
Triassic; so it seems unlikely there could
have been more than an few hundred metres
of Carboniferous here at the time of intrusion.
Being a Hercynian topographic high area,
the Permo-Triassic sequence, and any
speculative Jurassic-Cretaceous, would be
relatively thin. Where relatively thick, the
preserved Mesozoic sediments are rarely
more than 2 km thick (though some folk
suggest an additional kilometre or so of
sediment has been eroded from these areas
in the Tertiary).
2) These dykes extended upwards for at
least 600 m as the contemporary dyke at
Marchlyn Mawr (the upper reservoir of the
Dinorwig pumped hydro-electric scheme) is
exposed at nearly that elevation.
Putting points 1 and 2 together, it seems
probable that the Plas Newydd dyke locality
was at a depth of more than 600m, and less
than perhaps 2 km, at the time of intrusion.

If in doubt,
contact us,
(we don’t bite...)

Anyone who want to get an easy look at the
“mainland” part of this dyke should view it
at the roadside in Nant-y-Garth at mapref
SH 545 679. There is, incidentally, a good
photo of the Nant-y-Garth dyke in the opening chapter of Bevins “Mineralogy of
Wales” – p.11. For another interesting view
of this dyke, drive down the Nant-y-Garth
valley and turn left (south) into a narrow
road just before the road passes under the
fly-over for the Port Dinorwic bypass. Park
immediately, and walk about 100 m up the
little hill. There is a rock cutting that was
produced when the bypass was constructed
only a few years ago. The main body of the
cutting is hard, clean Arvonian (late Pre-

Cambrian) ignimbrite (a tuff probably formed
mostly of pyroclastic ash). However, the
softer Tertiary dyke has quickly rotted and is
already covered in vegetation – gorse and
small bushes! The mapref is SH 537 681.
Hope this keeps the interest going. Many
thanks to Fred for getting involved, and to
Jonathan for having a go at thin sections and
x-ray analysis of garnet samples. If anybody
else would like to offer comments, or suggestions, or get involved, then please write in –
your submissions would be more than welcome.
Refs.:
Bennison, G.M. & Wright, A.E. (1969) The
Geological History of the British Isles. Dept
of Geology, University of Birmingham. Edward Arnold Ltd, London.
Bevins, R. E. (1994) A Mineralogy of Wales.
National Museum of Wales, Cardiff.
Fitch, F.J., Miller, J.A., Evans, A.L., Grasty,
R.L. & Meneisy, M.Y. (1969) Isotopic Age
Determinations on Rocks from Wales and the
Welsh Borders. In: The Pre-Cambrian and
Lower Palaeozoic Rocks of Wales (edited
Wood, A.) Aberystwyth. University of
Wales Press, Cardiff.
Harris, N. (1997) Evolution of Continental
Crust – Block 4. In: S267: How the Earth
Works. Open University. P. 68.
Smith, B. & George, T.N. (1961) British Regional Geology: North Wales. (3rd Edn) Department of Scientific & Industrial Research,
London.

MANCHESTER GEOLOGICAL ASSOCIATION
Evening talks usually start at 7.00 pm., Lecture Theatre, Williamson Building, University of Manchester. Members of NWGA are
welcome to attend (we try to avoid programme clashes so that you can attend), contact Fred Owen if you need a map. Free tea
and biscuits are available in the Staff Common Room from 6.30pm. for those who give
advance notice (contact Fred). Saturday afternoon seminars usually start at 1.30 pm and
finish at 5.00 pm (including a break for coffee, tea and biscuits).

March 15th Sat, Seminar on “Mountain
Building”
Introduction—Dr Rob Butler, Univ. of Leeds
Flysch and Molasse Deposits—Dr Hugh Sinclair, University of Edinburgh
The Caledonian Orogeny—Dr Bob Holdsworth, University of Durham
The Alps—Dr John Wheeler, Univ. Liverpool
April 16th Wed, Mount Etna, Prof. Harry
Pinkerton, University of Lancaster
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E V E N T D E TA I L S
Mar 5 Wed. NEWI, Wrexham,
7.30 pm, Uses of synchrotron radiation in crystallography, a talk
by Richard Patrick of Daresbury
Laboratories.
By way of a follow-up to this talk,Fred
Owen is arranging a lab visit later in the
year, which will provide a “behind the
scenes” view of Daresbury Laboratory on
Wednesday 21st May—more details in
next newsletter once visit confirmed. If
you want to visit the Laboratory, but cannot attend this talk, please let Fred Owen
know by Mar 5th so he can finalise the
booking.

April 9 Wed. Conwy Business
Centre (note venue), 7.30 pm,
Landslips and glaciation, a talk
by John Reynolds of Reynolds
Geo-Sciences Ltd.
Glaciation (and de-glaciation) causes a
variety of ground stability problems leading to landslip and flooding hazards which
can be recognised in both the modern and
ancient contexts. John has worked extensively in areas such as the Himalayas to
identify and reduce these hazards, and will
use this experience to discuss features with
which we are familiar in North Wales.
The meeting will be held at 19:30h at the
Conwy Business Centre, Meeting Room 2.
The Business Centre is easily found by
heading for the new cinema complex at
Llandudno Junction, turning first left before reaching MacDonalds etc. The room
will be available from 19:00h.

NEWI Lectures are normally in
building 11
(Library
Building)

Volcanoes
and Meteorites Public
Lecture

WREXHAM SCIENCE FESTIVAL

March 24th Monday,
Public Evening Lecture, NEWI.
On :
Volcanoes and Meteorites
by
Mark “Volcano Man” Davies
We will probably be able to reserve tickets
again, so to avoid missing out do let us know
in good time if you think you may want to
attend.

March 29th Saturday,
Scientriffic Exhibitions, NEWI
Our stand is entitled “Wealth From
The Ground”

Don’t miss this latest
“spectacular” from
Mark Davies
of TV fame
(talk to folk who
came to his
Montserrat talk last
year if you need
convincing)

We plan to illustrate the special role that geology has played in creating wealth in North
Wales, from Stone Age to Present Day. The
displays are aimed at children and their parents.
If you would like to help on the
stand, with explaining the posters
or exhibits, or simply guarding the
samples!, then do contact us.

NEWI

We have access from 8.00 am to set
up the stand (Stand 9, immediately
on the right as you enter the hall),
public access is from 10.00 am to
5.00 pm. We normally get about 7
folk helping, so we can set up a rotation to visit other displays and to have
tea breaks & lunch (provided by
Wrexham Science Festival).

Scientriffic

North Wales:
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Talk Venues

N O RT H W A LE S G E O L O G Y D I A RY:

NEWI (North East Wales Institute of Higher Education),
Wrexham. Derek Jones,
NEWI Natural and Built Environment Dept. 01978
293098, d.jones@newi.ac.uk

( F O R D E TA I L S S E E I N S I D E )

CONWY, Library and Civic
Hall, Castle Street, Conwy
(door by pedestrian crossing)
(map on website)
EVENT NOTICES: Fred
Owen, 01565 651004, fredowen@tinyworld.co.uk
NWGA Chairman & Website:
Jonathan Wilkins, 01492
583052, www.ampyx.org.uk/
cdgc
NWGA Secretary Susan
Brooks, 01248 715381,
DBMadryn@aol.com
NWGA Treasurer: Gareth
Williams, 01248 680770
NWGA Vice-Chairman and
Newsletter Editor: Rob
Crossley, 01492 623579,
pencrossleys@aol.com

Visit our
website:
www.
ampyx.org.uk
/cdgc
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•

Mar 5 Wed. NEWI, Wrexham, 7.30 pm, Uses of synchrotron radiation in
crystallography, a talk by Richard Patrick of Daresbury Laboratories, (to be
followed by a lab visit in May: see below)

•

Mar 24th Mon, NEWI , AO2 Main Lecture Theatre, 7.30 pm Volcanoes and
Meteorites, a Public Lecture by Mark “Volcano Man” Davies as part of
Wrexham Science Festival

•

Mar 24th Sat, Our Display for Scientriffic, NEWI Sports Hall, as part of
Wrexham Science Festival, contact Rob Crossley 01492 623579 up to 11th
March, Will Jones 01492 580056 or Tony James 01270 651651

•

April 9th Conwy Business Centre (note venue), 7.30 pm, Landslips and
glaciation, a talk by John Reynolds of Reynolds Geo-Sciences Ltd

•

April 27 Sun, Penrhyn Castle, Bangor, Geological Photographs of North
Wales, by Stuart Campbell, launch of a 2-week display plus RIGS publications,
contact Rob Crossley 01492 623579

•

April 27 Sun, OUGS Field trip to Great and Little Ormes, G. Dinnacombe,
contact Ann Bunning 01244 573945

•

May 10 Sat, OUGS Pant Limestone Quarry, Halkyn, W. Owens, contact
Wendy Owens 01352 715531

•

May 14 Wed, New Welsh mineral discoveries, Conwy, 7.30, a talk by Tom
Cotterell, Curator of Minerals, National Museum of Wales

•

May 18 Sun, OUGS Field trip & peat core, Delamere, Cheshire, D. France,
contact Wendy Owens 01352 715531

•

May 21 Wed, Visit to Daresbury Laboratory (to be confirmed)

•

June 15 Sun, Dolgellau Gold & the Coed y Brenin geology trail, a field trip
with John Mason, contact Will Jones 01492 580056

•

June 29 Sun, Geoconservation Project, Holt/Farndon, Cheshire, C. Burek,
contact Elaine Tilson, 07732 831964

•

July 16 Wed , Geology of Caer Gwrle Castle near Mold, 6.30, an evening
field trip with Will Jones, contact Will Jones 01492 580056

•

Sept/Oct XX XX Sat & Sun, Geology of South Wales (possibly a joint meet
with the South Wales Group) or East Ireland

•

Oct 5 Sun, OUGS Field trip, Minera Quarry, W. Owens, contact Rachel
Atherton 01942 270152

•

Oct 8 Wed. NEWI, Wrexham, 7.30 pm, Women in Geology, a talk by Cynthia
Burek

•

Nov 12 Wed. Conwy, 7.30 pm, Talk, to be arranged

•

Dec 3 Wed. NEWI, Wrexham, 7.30 pm, An Introduction to Trace Fossils, a
talk by Joe Crossley (no relation)

