
 

  
ISSN 1750-855X (Print)   

ISSN 1750-8568 (Online) 

Proceedings 

of the 

Shropshire Geological Society 

 

 

No. 1   1981 
 

 

 

Contents 
1. Dean, W.T.: A review of Ordovician rocks in Shropshire ………………………………..… 2

2. Skinner, A.: Geological aspects of Shropshire groundwater investigations ….…………..… 6

3. Lane, P.: The biology of trilobites …………………………….…………………………..… 9

4. Waters, L.: Field mapping in the Llanymynech area ……………………………………..… 13

5. Chell, K.: Field Meeting at Clee Hill ……………………………………………………..… 15

6. Jones, D.: Field Meeting at Sharpstones Quarry ……………...…………………………..… 17

7. Waters, L. & Ing, C.: Field Meeting to the gold mine at Gwynfynydd, Merioneth, 
Gwynedd ………………………………………………………………………...………..… 

20

 

 

 

 

 

 

 

 

 

 

 

Available on-line: http://www.shropshiregeology.org.uk/SGSpublications

 

Issued August 1981  Published by the Shropshire Geological Society
 

 

http://www.shropshiregeology.org.uk/SGSpublications


  ISSN 1750-855X (Print) 
ISSN 1750-8568 (Online)

 

 

A review of Ordovician rocks in Shropshire 
 
Prof. W.T. Dean1

 
 
DEAN, W.T. (1981). A review of Ordovician rocks in Shropshire. Proceedings of the Shropshire Geological 
Society, 1, 2-5. The Ordovician System was named by Lapworth in 1879 from the Ordovices to resolve the 
problem of the boundary between the Cambrian and Silurian systems which resulted from the controversy 
between Adam Sedgwick and Roderick Murchison. The primary sub-divisions are as follows: Arenig, Llanvirn, 
Llandeilo, Caradoc, and Ashgill. There are three main areas of Ordovician rocks in Shropshire: Shelve, Caradoc 
and Pontesford. 

Whittard mapped the "Bohemian faunas" using groups of trilobites, include: Ampyx, Cyclopyge, Calymenid 
trilobites and Trinucleids. At Hazler Hill, crevices in the Precambrian rocks - so called neptunian dykes - are filled 
with a sandy development of Harnage Shales with no representative of the usually underlying Hoar Edge Grits. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The Ordovician System, named by Lapworth in 
1879 from the Ordovices, a Celtic tribe whose 
territory once covered part of North Wales and the 
Welsh Borderland, includes rocks which, 
according to recent estimates, were deposited 
between approximately 500 and 430 million years 
ago. 

Lapworth introduced the Ordovician in an 
attempt to resolve the problem of the boundary 
between the Cambrian and Silurian systems which 
resulted from the controversy between Adam 
Sedgwick, working on the Cambrian of 
northwestern Wales, and Roderick Murchison, 
who established the Silurian System on the 
succession in the Welsh Borders. Lapworth was 
familiar with the work of Joachim Barrande, who 
had demonstrated that there were, in the older 
rocks of Bohemia, three distinct faunas. The oldest 
of these three corresponded to the Cambrian, and 
the youngest to the Silurian; the middle group 
formed the basis of Lapworth's concept of 
Ordovician, though he did not specify a single type 
section. 

The primary sub-divisions of the Ordovician 
systems are called Series, each founded on a type 
section. As often happens in other geological 
systems, the type sections of the Ordovician series 
are scattered over a wide area, as follows: Arenig, 
based on Arenig Fawr, west of Bala; Llanvirn, 
based on an area at and near Llanvirn Quarry in 
Dyfed; Llandeilo, named after the town in Dyfed; 
Caradoc, based on the area south of Church 
Stretton, Shropshire; and Ashgill, based on the 
Cautley area of northwest Yorkshire, though 
named after Ashgill Beck in the Lake District. 

One must also take into account the Tremadoc 
Series, based on the Portmadoc area, northwest 
Wales and regarded as topmost Cambrian by some 
British geologists, though finding increasing 
favour, particularly internationally, as the lowest 
series of the Ordovician. 

There are three main areas of Ordovician rocks 
in Shropshire: 
 
1. Shelve Inlier, the most important of the three 
2. Caradoc District 
3. Pontesford area, west of the Long Mynd. 

1. Shelve Inlier 
The first major work on the Shelve Inlier was 
carried out during the late 19th and early 20th 
Centuries by Lapworth and Watts, who established 
the basic rock succession; a complete remapping 
was subsequently undertaken by the late Professor 
W.P. Whittard. The rocks of the inlier, some 4,000 
m thick, are gently folded, as evidenced by the 
Ritton Castle Syncline and the Shelve Anticline. 
For most people the inlier starts with the 
escarpment of Stiperstones Quartzite rather than 
the Shineton Shales of the Tremadoc Series. 

The succession passes upwards into siltstones 
of the Mytton Flags which form conspicuous 
topographic features and contain the principal 
lead-zinc ores of the area, known since Roman 
times. The mineralisation is largely confined to the 
flags by the impermeable capping of softer, darker 
mudstones of the succeeding Hope Shales. Above 
are volcanic rocks which are an important feature 
in the interpretation of regional relationships, and 
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the rest of the succession mostly comprises sandy 
beds, dark shales and mudstones. 

There is a certain amount of continuity in the 
lithological development, from bottom to top, of 
the Shelve Ordovician succession. However, the 
section ends in the middle of the Caradoc Series 
and only some 80% of the Ordovician is 
represented in the inlier. In the highest part of the 
Shelve succession are the Hagley and Whittery 
volcanic groups, in which Whittard identified 
volcanic agglomerates near Whittery. These were 
considered by him as providing evidence for the 
proximity of events in this part of the inlier during 
the later phases of volcanicity in the Shelve 
Ordovician. Further north-westwards, in the 
Welshpool area, the younger Ordovician 
succession is more complete and rocks of the 
highest Caradoc Series and the Ashgill Series are 
represented; it is possible that the latter are present 
in the Shelve area beneath the unconformable 
Silurian cover. 

Mapping of the inlier by Whittard during more 
than 35 years showed that the Silurian rocks rest 
unconformably on the Ordovician and that there 
was a considerable time gap, during which folding 
and faulting took place, between the end of 
Ordovician deposition there and the onset of 
Silurian deposition, as the sea transgressed across 
what had become a land mass. Indeed the Lower 
Silurian (Llandovery Series) is also incomplete in 
South Shropshire, further emphasising the gap in 
deposition between the Caradoc Series and the 
earliest Silurian strata there. 

Although the Ordovician shales of the Shelve 
Inlier are often described as highly fossiliferous, 
many of the beds yield fossils only after long and 
patient search, a task for which Whittard's 
assistant, Tom Fry, showed such remarkable 
aptitude. The fossil faunas are of a type which used 
to be known in the 1930's as "Bohemian faunas" 
from their close affinities to those found in the 
rocks in Czechoslovakia described by Barrande 
and mentioned earlier. 

The main groups of trilobites include the 
following: Ampyx, a blind genus with a long spine 
on the front of the cephalons. Cyclopyge and 
related genera, in which the eyes are very large and 
sometimes join in front and extend underneath the 
head. Such animals were probably semi-planktonic 
as the sea floor muds at that time were deposited in 
an environment low in oxygen and high in 
hydrogen sulphide. Calymenid trilobites occur 

sporadically throughout the succession but 
Neseuretus is particularly important because it is 
found not only in Wales, but also in Spain, North 
and South France, North Africa, the Middle East, 
eastern Newfoundland and South America. 
Finally, Trinucleids, apparently blind trilobites, the 
cephalon of which has a well developed perforated 
brim and small lateral tubercles which may have 
been light sensitive. 

Whittard described the distribution of these and 
other trilobites throughout much of the Shelve 
Ordovician and it is possible to sub-divide the 
rocks into zones based on them. There are, 
however, some difficulties since the composition 
of the faunas depends on the environment of 
deposition of the rocks. Trinucleids with a 
rectangular cephalic outline are generally found in 
sandy rocks rather than in dark mudstones, in 
which thin-shelled forms with well rounded 
cephalic outline tend to occur. Graptolites are an 
important element in the Shelve faunas and have 
been found in many of the shaly beds. 

2. Caradoc District 
The Ordovician rocks of the Caradoc district 
extend from Coston Farm, near Clunbury, in the 
south to Cound in the north, where they are 
involved in part of the Church Stretton fault 
complex, an important line of geological structure 
which, like the Linley-Pontesford Fault, probably 
extended into South Wales. Cobbold showed the 
Church Stretton fault complex to comprise a 
number of faults: F1, a vertical fault; F2, a sinuous 
fault and probably a line of thrusting; and F3, 
probably a wrench fault, which moved rocks into 
an almost vertical position on its western side. All 
the Ordovician rocks of the Onny Valley, 
Marshbrook and Cound form an outcrop within 
and east of this fault complex. 

We owe the name Caradoc Series to 
Murchison, who cited the Onny Valley between 
Rock Cottage, Horderley, and the "Cliff Section" 
near Wistanstow as stratotype for his Caradoc 
Sandstone. This is a classic area for a succession 
which can be subdivided on the basis of the 
brachiopods, trilobites and other shelly fossils it 
contains. Although the strata are generally 
calcareous, there is no development of massive 
limestones such as one associates with, for 
example, the Silurian rocks of Wenlock Edge. The 
base of the type Caradoc Series lies 
unconformably on Precambrian, Cambrian and 
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Tremadoc rocks, and the entire sequence can be 
interpreted broadly as comprising two cycles of 
deposition, each starting with sandstones, locally 
calcareous and fining upwards through siltstones, 
mudstones and shales. The oldest strata are 
interpreted as the deposits of a sea transgressing 
across an irregular topography of pre-Ordovician 
rocks. 

The shales around Harnage and the Onny 
Valley are younger than the Hoar Edge Grits and 
pass laterally into sandy deposits; these too form 
part of the transgression and the basal beds become 
younger as the sea lapped further onto the 
landmass, so that at Hope Bowdler, Harnage 
Shales are seen forming the local base of the 
Caradoc Series. 

At Hazler Hill, crevices in the Precambrian 
rocks - so called neptunian dykes - are filled with a 
sandy development of Harnage Shales with no 
representative of the usually underlying Hoar Edge 
Grits, a unit found at Coston, Hoar Edge and 
Cressage. Some of the shelly faunas of the 
Caradoc district are related to those of Wales, but 
others show affinities with regions outside the 
British Isles. For example, the Harnage Shales, 
Horderley Sandstone and Alternata Limestone 
contain the trilobite Kloucekia, which belongs to a 
genus named after the Bohemian palaeontologist 
Kloucek and is found in various parts of 
southwestern Europe and the Mediterranean area. 
In the middle Caradoc Series are found trinucleid 
trilobites having affinities with other parts of the 
Anglo-Welsh area, the Lake District and Belgium. 
During late Caradocian times there must have been 
a significant change in conditions of deposition, 
with deepening of the sea indicated by the finer 
grain size of the sediments. In mudstones of the 
Acton Scott Beds the trilobite Chasmops extensa is 
found; this is a zonal fossil in corresponding 
Ordovician strata in south southern Norway and 
parts of Sweden. Graptolites are generally 
uncommon in the type Caradoc Series and it is 
difficult to correlate the graptolite zones of, for 
example, the Southern Uplands of Scotland with 
strata in the Welsh Borders. 

3. Pontesford Area 
In recent years a new interpretation of the 

Pontesford Ordovician has been put forward. On 
the west side is the important Linley-Pontesford 
Fault, subparallel to the Church Stretton Fault and 
probably more fundamentally important than the 

latter in Shropshire geology. The Pontesford 
outcrops were originally thought to be signif cantly 
different to those of the Caradoc district but are 
now known to be essentially of the same type, 
though much less complete. The relatively small 
Ordovician outcrop near Pontesford Hill includes 
shales equivalent to chose found at Harnage and 
fossiliferous mudstones identical to those at 
Glenburrell Farm, Horderley. That is to say, it 
represents only part of the lower Caradoc Series in 
the type area. 

Taking a regional view of Ordovician 
deposition, the thin, incomplete succession east of 
the Linley-Pontesford Fault was developed on the 
Midland Platform, whereas to the west of the fault 
there was a deeper water environment in which 
much greater thicknesses of sediments were 
deposited, together with volcanic rocks. 

The Ordovician was a period of great tectonic 
activity, with large-scale development of volcanic 
and other igneous rocks, in contrast to the 
preceding Cambrian and succeeding Silurian 
periods, both of which were times of relative 
stability, at least in Britain. In terms of plate 
tectonic theory, we now know that it was a time of 
extensive plate movements involved in the closure 
of the Iapetus (or Proto-Atlantic) Ocean which lay 
to the west of the Midland Platform, itself 
extending eastwards into the Brabant area of 
Belgium and apparently an integral part of the 
continental mass known as Gondwanaland. The 
two groups (Stapeley and Hagley-Whittery) of 
volcanics in the Shelve Ordovician constitute part 
of intermittent volcanicity which occurred over the 
Anglo-Welsh area and southern Ireland from the 
Arenig to the Caradoc and which represent the 
activity of an island arc system extending from 
Scotland across Ireland. 

Much evidence for the existence and behaviour 
of lapetus is based on the interpretation of the 
eastern Appalachians, which are situated along the 
eastern edge of the North American craton and are 
particularly clearly developed in Newfoundland, 
New Brunswick and Nova Scotia. Shale from the 
McCleod Brook Formation on Cape Breton Island 
is almost identical lithologically with the Shineton 
Shales of Shropshire and contains some of the 
same trilobites, including Shumardia pusilla and 
Asaphellus homfrayi. 

On Bell Island, eastern Newfoundland, 
Arenigian quartzites similar to both the 
Stiperstones Quartzite of Shropshire and the 
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Armorican Quartzite of Brittany are found. These 
Newfoundland quartzites are followed by a series 
of silty shales and siltstone corresponding to the 
Mytton Flags, in which so-called "trace fossils" 
occur, representing tracks of marine animals 
(particularly arthropods but also worms), the hard 
parts of which are not preserved. Some trace 
fossils can be used for crude stratigraphic zoning 
over a wide geographical area; for example 
Cruziana (arthropod) and Phycodes (probably a 
worm) are found in North Wales, the Shelve Inlier, 
the Mediterranean Region, southern Turkey, the 
Middle East, Afghanistan and eastern 
Newfoundland. Using such data it is possible to 
show that the Shropshire Ordovician rocks form 
part of an area of deposition extending around the 
margins of Gondwanaland from the eastern 
Appalachians through Brittany, lberia and 
northwest Africa. 

Palaeomagnetic studies locate the Ordovician 
South Pole in west Africa, then part of 
Gondwanaland, with an extensive ice cap 
developed in Morocco during the late Ordovician. 
Contemporaneous offshore sediments are therefore 
unlikely to have been formed in warm water and 
this is probably the reason for the non-
development of limestones in rock successions 
such as those in the Shelve Inlier. Any small 
vertical movement of the platform would cause 
extensive marine transgressions and regressions. 
The Appalachian Mountains themselves, though 
now much eroded, were formed by the collision of 
the two sides of lapetus. 

When the present-day Atlantic Ocean opened 
during the Mesozoic, part of the old margin of 
Gondwanaland remained on the western side of 
the ocean, while the rest was pushed eastwards 
together with remnants of the previous North 
American margin such as we now see it the 
Northwest Highlands of Scotland. As one might 
expect, the changing relative distance (for which 
no reliable figures are available) between the two 
sides of Iapetus affected the distribution of 
Ordovician marine animal life. Whittington and 
Hughes have shown that early Ordovician trilobite 
faunas of the North American craton were very 
different from those of Gondwanaland, including 
most of present-day Europe, but that late 
Ordovician faunas were more cosmopolitan, 
suggesting that the two regions were then in closer 
proximity. The later part of the Ordovician period 
in Shropshire was marked by extensive earth 

movements connected with the closure of lapetus. 
The latter were followed by a time of erosion and 
non-deposition which bridged the boundary 
between Ordovician and Silurian and was 
followed by relative calm, tectonically speaking, 
which persisted throughout the Silurian period. 

 
 

A LECTURE BY PROF. W.T. DEAN OF 
CARDIFF UNIVERSITY - PRESENTED TO 
THE SOCIETY ON 12 NOVEMBER 1980 
 

W.T. Dean. 
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Geological aspects of Shropshire groundwater investigation 
 
Dr. A. Skinner1

 
 
SKINNER, A. (1981). Geological aspects of Shropshire groundwater investigation. Proceedings of the Shropshire 
Geological Society, 1, 6-8. Of concern to hydrogeology are grain size, porosity and permeability. Also of interest 
are faults and aquifer geometry, changing their thickness and affecting the amount of storage capacity in the 
ground. The most striking feature of North Shropshire is the range of sandstone hills running east-west, north of 
Hodnet, and their sudden displacement 8 km down the A49, where the outcrop of Keuper Waterstones (now called 
the Bromsgrove Series) suddenly appear at Grinshill. 

The Wem map has large expanses of superficial deposits of the Ice Age, largely boulder clay (till) interspersed 
with outwash gravels and sands. Where great thicknesses of clay exist, the ability of rainfall to infiltrate the 
sandstone and provide a water supply is much reduced. The River Tern area north of Wellington was looked at in 
detail, showing two main faults: the Hodnet Fault and the Preston Brockhurst Fault, both trending northeast-
southwest. At Ellerdine, 8 km north of Wellington, the IGS map shows Keele Beds, Bunter Pebble Beds, and 
Lower Mottled Sandstone which is basal Bunter Sandstone. The second area was in the catchment of the River 
Perry. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
There are three principal rock formations which 
provide aquifer rocks viz. Cretaceous chalk, 
Jurassic limestone, Triassic sandstone, from which 
water is abstracted for private and public water 
supply in the UK. There are other rock types 
which provide local, small aquifers, but the bulk of 
the public supply is taken from these three. 

The proportion of public water supply taken 
from geological formations varies across the 
country. In the south east it is 80%, largely from 
chalk and greensands; in Wales it is only 3-4% 
because there are few aquifer rocks; and in the 
Midlands it is 39%, which is a typical figure for 
most of England and Wales. 

Geologists are therefore needed in the water 
industry, because over one third of the public 
water supply is derived from geological formations 
and the water industry needs to be informed and to 
have specialists to advise it. However the 
employment of geologists in the water industry is 
largely an innovation of only the last 10-15 years. 

The 'tools of the trade' are largely centred 
around those which drill holes in the ground. There 
are basically two types of hole, one through which 
water is abstracted for supply and the other which 
is drilled to establish formations and to enable 
decisions to be made on the availability of water. 
Three types of drilling rig are used to drill different 
sizes of hole: large diameter (1.3 metres) for 
pumping; small diameter for strata proving or for 
domestic or agricultural water supply; very small 

diameter, usually drilled in soft deposits, useful for 
investigating drift deposits. 

A pen recorder is used to record the 
measurement of water levels in boreholes, since it 
is important to study fluctuations especially in 
times of drought. In the case of artesian boreholes 
where water is under pressure, the recorder is 
placed in a pipe extending up to several metres 
above ground. 

Hydrogeologists are also interested in the 
quality of the ground water, which depends on 
chemical composition of the rocks, so frequent 
samples are taken for chemical analysis. 

The oil industry is also involved in drilling 
holes in the ground, which are called wells and not 
boreholes as they are in the water industry, and 
certain techniques have been adopted from the oil 
industry, especially down hole logging. This is a 
geophysical technique which involves lowering a 
sonde down a borehole to measure the properties 
of the rocks in terms of their water-yielding 
properties. 

Other geophysical surveys are carried out on 
the surface and again the same techniques are used 
in both oil and mineral surveying. The one most 
commonly used is a resistivity survey, where wires 
are laid out in a grid, connected to rods located in 
the ground; the electrical current flowing between 
the rods is a measure of the properties of the rocks 
underneath. 

Proceedings of the Shropshire Geological Society, 1, 6−8 6 © 1981 Shropshire Geological Society
 



 GEOLOGICAL ASPECTS OF SHROPSHIRE GROUNDWATER INVESTIGATION 
 

 

Seismic surveys are also carried out, but only 
small charges are used. The main disadvantage is 
that a long straight  piece of land is needed. 

Turning to the part of North Shropshire which 
is the subject of a groundwater investigation, the 
Wem one inch sheet showing solid and drift 
geology clearly highlights two aspects of 
geological inquiry in Shropshire, of particular 
interest to hydrogeologists, namely drift deposits 
and faults. When one looks in detail at the area of 
Triassic sandstones over much of North 
Shropshire, the stratigraphic variation is small, in 
contrast to the wide variety of rock types found in 
South Shropshire. However, age, date, fossils, etc. 
are of little concern to hydrogeologists; much more 
important are grain size, porosity and permeability. 
Also of great interest are faults and aquifer 
geometry. Faults throw aquifers about, change 
their thickness and affect the amount of storage 
capacity in the ground. It is therefore important to 
know the three dimensional picture of the rocks 
underground, and how it changes with depth, 
otherwise it possible to drill boreholes into 
inadequate aquifers, thus developing short-term 
resources. 

The most striking feature of North Shropshire is 
the range of sandstone hills running east-west, 
north of Hodnet, and their sudden displacement 8 
kilometres down the A49, where the outcrop of 
Keuper Waterstones (now called the Bromsgrove 
Series) suddenly appear at Grinshill. 

The Wem map has large expanses of blue 
colour, indicating the widespread superficial 
deposits of the Ice Age, largely boulder clay (till) 
interspersed with outwash gravels and sands. 
These deposits are of great interest because, where 
great thicknesses of clay exist, the ability of 
rainfall to infiltrate the sandstone and provide a 
water supply is much reduced. It is therefore 
important to know the detailed geology of the 
superficial deposits in order to know how much 
water will be available. The drift geology is very 
complex and its depiction on maps by lack of 
intensive survey is quite inadequate, because again 
a three dimensional picture is needed. 

The River Tern area north of Wellington was 
looked at in detail. Starting with the geological 
survey map and using additional information from 
boreholes and geophysical surveys a three 
dimensional picture is constructed. This shows two 
main faults: the Hodnet Fault and the Preston 
Brockhurst Fault, both trending northeast-

southwest, and a subsidiary fault. These are the 
same trends and stress patterns as exist in South 
Shropshire, but they are not as obvious. The dotted 
fault lines on the Geological Survey map indicate 
their speculative nature but this is not good enough 
for hydrogeologists, who need to know exactly 
where the faults lie. Because it is necessary to 
know the thickness of strata within the fault 
blocks, an isopachyte map was drawn for the 
sandstone. This shows that the thickness varies 
from 30 metres to 240 metres over a short distance, 
indicating a significant feature controlling the base 
of the lower Mottled Sandstone. A minimum 
thickness of 30 metres is needed for a significant 
water supply aquifer. 

To illustrate the significant detailed changes 
that can be mapped by intensive investigative 
techniques, two areas were examined: before and 
after. 

Firstly, at Ellerdine, 8 km north of Wellington, 
the IGS map shows Keele Beds, Bunter Pebble 
Beds, and Lower Mottled Sandstone which is 
basal Bunter Sandstone. This would indicate a 
continuous depositional sequence from older 
Keele Beds to Younger Lower Mottled Sandstone, 
with Bunter Pebble Beds somehow stuck in by 
some strange process, since they are 
stratigraphically above the Lower Mottled 
Sandstone. In order to find the best site for a 
borehole, geophysical surveys were carried out 
together with investigative drilling. The results 
showed a different configuration of strata to that 
previously mapped; the outcrop of Keele Beds was 
larger and no Pebble Beds were found. 

The second area was in the catchment of the 
River Perry. Here the IGS map shows 
Carboniferous strata forming high ground to the 
west, then the subdivisions of the Triassic F1 
Lower Mottled Sandstone, F2 Bunter Pebble Beds, 
F3 Upper Mottled Sandstone, F4 Keuper 
Sandstone, F5 and F6 Keuper Marls, and up to 300 
feet of overlying drift. 

Prom preliminary studies, there was reason to 
believe that the F6 Keuper Marls lay further to the 
west. A geophysical survey was carried out and 
resulted in a revised picture: F1-F3 were classified 
together, because for all practical purposes there 
are no recognisable distinctions between the 
various members, e.g. the Pebble Beds have no 
pebbles and their geological properties of 
hydrogeological interest are no different from 
those of the rock units above or below. The 
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Keuper Marl overlying the sandstone is now 
shown in a different location, 2 km further west, 
confirmed by a borehole sunk in F6 (formerly F3), 
and a new fault was discovered. 

Hydrogeologists need to produce drift maps in 
order to know the thickness of superficial deposits 
to drill through before meeting the sandstone and 
the type of deposits - clay, sand - and what the 
recharge characteristics are. 

A lot of work has been carried out on the drift 
deposits, especially in the catchment of the River 
Perry between Shrewsbury and Ellesmere. Both 
boreholes and geophysical surveys have been used 
to amass data on superficial deposits. 

The study in this area shows the thickness of 
Pleistocene drift deposits over the sandstone to 
vary from less than 10 metres to over 100 metres. 
The drift is thicker in the west than the east, and 
striking linear features show up. If the data is used 
to draw a contour map of the sandstone surface 
this shows up the Pre-Pleistocene topography. 
There is a vast thickening of drift along the line of 
the River Severn, which is the line of the proto-
Severn pre- Ice Age drainage pattern, with the base 
of the pre-glacial drainage channel now below sea 
level. The drift pattern also shows the line of the 
proto-Dee and a link with the proto-Severn. 

The elucidation of the geology, faults and drift 
is a very complex problem. For the Perry area a 
fence diagram has been constructed. This is built 
up from information from boreholes and 
geophysical surveys and provides a three 
dimensional view, which is a compilation of cross 
sections at right angles to each other, showing the 
rock units, drift and faults and the saliferous 
horizons of the Mercia Mudstones, the northern 
extensions of which form the Cheshire saltbeds. 

Some of this data has now been made available 
through Birmingham University, who carry out 
most of the geophysical surveys, to those wishing 
to study the Pleistocene deposits. An unfortunate 
aspect of being a professional geologist is that 
one’s time is necessarily devoted to the strict 
objectives of study and much of the incidental 
information produced cannot be taken full 
advantage of. 

Slides of various rock types were discussed and 
borehole cores of the rocks were available for 
examination. The specimens were: 

1. Bunter Sandstones, well indurated with 
characteristic bedding features, homogenous but 

with subtle changes in grain textures, with a 
leaching band picking out the bedding. 

2. Triassic Sandstone from the Perry Area, 
very much more indurated and finer grained than 
‘1.’, with large areas of calcite cement. Most of the 
Triassic sandstone has silica cementation stained 
with oxides of iron, but occassionally calcite 
cement is found. This rock would not be a good 
aquifer because the small grains arc too tightly 
packed. 

3. Mudstone, Keuper Marl from the Perry 
area, taken from close to the saliferous horizon and 
showing net veining with gypsum. 

4. Sandstone, firmly cemented, fine grained 
with delicate sedimentary features, not good for 
water supply characteristics. 

5. Sandstone, medium grained, pellets of 
mudstone have been washed out leaving voids, 
again not good for water supply. 

6. Sandstone, well cemented with vertical 
fracture, a good specimen for water supply 
characteristics, fractures are needed for flow 
pathways. 

7. Gypsum from the saliferous horizon. 
8. Sandstone from strata in the Bridgnorth 

area, highly porous, course grained, lightly 
cemented - a good aquifer rock. 

 
 
A LECTURE BY DR. A. SKINNER OF THE 
SEVERN-TRENT WATER AUTHORITY - 
PRESENTED TO THE SOCIETY ON 21 
JANUARY 1981 

 
D.M.J. 
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The biology of trilobites 
 
Dr. P. Lane1

 
 
LANE, P. (1981). The biology of trilobites. Proceedings of the Shropshire Geological Society, 1, 9-12. Trilobites 
have two main types of eye: where the individual lenses are in contact and a compound eye, each lens having its 
own cornea. Each lens is made of a single crystal of calcite and at every moult these would be lost and new ones 
developed with the next shell. The problem of double refraction was overcome by orienting the lens along the C 
axis. 

The shell of a trilobite is composed of 91% calcite which becomes replaced by pyrite. Clarkson made calcite 
lenses with cartesian surfaces. Sisney used the technique of stereoscopic X-rays. There is a tendency for some 
groups of trilobites to grow convex and smooth, e.g. Homelanotus, a smooth Calymene from the Welsh borders, a 
smooth Olenid from the Cambrian of Spitzbergen, and the smooth Asaphids from the Ordovician of North 
America. There is also the rather beautiful British fossil trilobite of the genus Bumastis. 
 
1University of Keele, UK. E-mail: editor@shropshiregeology.org.uk 

 
In the last few years more information has become 
available about trilobites as animals. They can no 
longer be regarded as bits of stone; they were once 
beautiful, elegant animals with some surprising 
specialisations. This lecture dealt with their 
anatomy, physiology and mode of life. 

Trilobites are probably second only to 
dinosaurs in the amateur’s interest in fossils. They 
were a very successful group from the Lower 
Cambrian to near the top of the Permian, a period 
of some 350 million years during the first part of 
which they were the most dominant animal in the 
oceans, but then they became rare in the faunas. 
Their remains are often fragmentary, because as 
arthropods they were segmented animals and 
broke into pieces when they died. Similarly their 
moult was easily broken and dispersed. However 
they are sometimes found in abundance. 

The average trilobite has a head, segmented 
body and tail plate, a raised axis in the middle and 
two lower side parts, on the cheeks at the side of 
the head are a pair of eyes, which are better 
developed in some trilobites than in others. Within 
this general pattern as a group they are very 
variable in their morphology. 

A specimen from Canada has only a head and a 
tail, while at the other extreme is a specimen from 
the Lower Cambrian of Australia which has a 
small head and tail with a long body composed of 
56 segments. Some trilobites are very flat, such as 
are found in the Welsh Middle Ordovician, others 
are extremely globose, some are smooth, some 
very spiny as found at Wrens Nest. These 
adaptations, such as spines, must have had some 

function which is not yet understood. Their range 
of adult sizes is extreme. The smallest known adult 
is from the Tremadoc rocks of Sheinton Brook and 
is less than 1.5 mm long, while the biggest is from 
the Devonian of America and is 600 mm long. 

The interpretation of trilobite life styles has 
been made from studies of exceptionally well 
preserved specimens. 

One of the most striking features of trilobites 
are their eyes, which range from absent to 
complex. A small Bohemian trilobite, which also 
occurs in Wales and Scotland, has a pair of large 
compound eyes which meet in front of the head so 
that they occupy approximately 70% of the head 
area . This is obviously an extreme development 
for something; one school of thought is that they 
lived in muddy water and therefore needed to 
gather as much light as possible, but this is only 
conjecture. 

There are two main types of eye. Firstly one 
where the individual lenses of the eye are in 
contact and all the lenses are covered by a single 
cornea. Not much work has been done on this type 
of eye, but intensive study has been made of the 
second type. This is again a compound eye, the 
individual lenses are an order of magnitude larger 
and they are arranged in rows, separated from each 
other by the ordinary shell of the animal; each lens 
has its own cornea. Each lens is made of a single 
crystal of calcite and at every moult these would 
be lost and new ones developed with the next 
shell. The problem with a calcite lens is that it 
gives double refraction. Since the image from 
several hundred of these lenses would be very 
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confused, the trilobite overcame this problem by 
orienting the lens along the C axis (the long axis), 
which is the only orientation which does not give 
double refraction. 

The cross section of a lens shows that it is 
domed on top, with a very thin cornea, the bottom 
surface has a double curve and there is a sediment 
filled space. Study of these lenses has been 
principally by Ewan Clarkson of Edinburgh 
University. He identified the hemispherical top 
area, two types of double curved surface and the 
sediment filled area which contained a different 
sediment type to that which comprised the rock. 
When internal moulds are preserved, the lens 
shape can be viewed in three dimensions. 
Although the shell and the lens have both gone, 
what is left is a boss with a furrow all round it, this 
is the shape of the bottom of the calcite lens. 

There are two general shapes, both rather 
similar, the difference being that in one the curve 
does not come back on itself and is rather more 
funnel-shaped at the bottom of the lens. The reason 
for this shape was a puzzle until Enricho Levisetti, 
a Chicago physicist at the Fermi Institute, saw the 
surfaces and identified them as the surfaces 
between the two elements of a double lens which 
is designed to cut down spherical aberations - these 
are produced because light going through the 
middle of the lens is focused at a slightly different 
place from light going through the edges of the 
lens, giving a zone of focus rather than a sharp 
point focus. If lenses are made of glasses of two 
different dispersive powers, spherical aberation is 
reduced. This type of lens was invented by 
Descarte in 1673 and a similar shaped lens was 
invented by Huygens in 1690. The shapes of these 
two lenses, called cartesian doublets, are very 
similar to the trilobite’s lenses, so trilobites 
invented them some 600 Ma before Descarte(!) 
and needed them to concentrate light entering the 
lens. 

To prove the theory, Clarkson made calcite 
lenses with cartesian surfaces, but the main 
problem was what had originally filled the now 
sediment filled area. It seems likely that it was 
occupied by a fluid with a different diffractive 
index to make up the doublet. Clarkson made the 
upper lens of calcite and the lower lens of different 
types of plastic with different dispersive powers. 
Eventually he found a combination of calcite and 
plastic that gave a good focus, therefore knowing 
the dispersive power of sea water and of calcite, it 

is obvious that whatever fluid was in the eye had 
the same refractive index as that particular plastic. 

Over the last ten years a lot of work has been 
carried out on trilobites which are in an 
exceptional state of preservation, i.e. with 
appendages. This very exceptional preservation 
occurs in pyrite. The shell of a trilobite is 
composed of 91% calcite which becomes replaced 
by pyrite. The major advantage in having pyrite 
trilobites is that they do not need preparation or to 
be developed out. The sample can be placed in an 
X-ray machine and a radiograph taken of the 
fossil. 

Sisney in the USA has used the technique of 
stereoscopic X-rays. A picture is taken with the 
fossil tilted slightly one way, then another is taken 
with it tilted the other way; this gives a stereo pair 
which, when viewed through a stereoscopic 
viewer, gives a three dimensional X-ray view of 
the trilobite. This gives an outline of the shell, 
antenae and appendages. Sisney looked at 400-500 
pyrite trilobites and did not record a particular 
feature until it occurred in at least two samples. 

From this meticulous work he was able to 
produce data which supported what had already 
been thought about trilobites, plus some new 
revelations. He showed that the mouth was where 
it had been thought to be, facing backwards behind 
the hyperstome. He also showed that there was a 
U-shaped alimentary tract with a stomach and 
intestine along the axis of the animal. Also the 
furrows on the glabella were sites of insertion of 
muscles and hefty sheets of muscle were stretched 
along the length of the animal, which enabled it to 
roll up. An unexpected discovery was an internal 
skeleton as well as the external skeleton of the 
shell. The internal skeleton consisted of a regular 
arrangement of calcite bars forming a box girder 
type structure, to which were attached all the 
muscles which enabled the trilobite to move, feed, 
dig, etc. 

There was a ‘paddle’ with strong teeth on it, on 
the central part of the first segment of opposite  
pairs of legs, which provided a ripping mechanism, 
which is found in other arthropods and is called a 
nathobase. This is the jaw mechanism of the 
trilobite, but it is not known whether they were 
predators or scavengers. It has therefore been 
shown that trilobites could do something else other 
than the rather unintelligent, mundane things 
usually attributed to them, such as 'they grubbed in 
the mud' or 'they used their head as a shovel'. 
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Sisney was able to use a rock sample 
containing some 500 pyritised trilobites which 
represented a community suddenly destroyed by a 
sudden onrush of sediment and containing larval, 
juvenile and adult specimens. Sisney measured all 
500 trilobites and was satisfied with 360 or so. 
From these measurements he was able to draw a 
graph of trilobites of particular lengths against their 
numbers. This graph shows four separate peaks 
indicating four different median sizes of trilobite 
i.e. it is a typical graph of recruitment to a 
population subject to seasonal, probably annual, 
breeding. The sample did not contain any of the 
smallest trilobites and this upholds the theory that 
the tiniest larvae (0.25 mm to 1 mm) were 
planktonic and only when they attained a length of 
2+ mm did they become benthonic. 

Another graph was plotted of length against 
years, taking the medians, which produced a 
straight line. This was unexpected, since a sigmoid 
curve is usually produced from such data, but it 
indicates a high mortality rate and that trilobites 
lived at least four years. The adult stage is reached 
when the last thorassic segment typical of the 
species is formed, possibly at about 10 months. 

There are some 15,000 species of trilobite and 
the full range of appendages are known in only 
five. Fortunately these five species are very 
stratigraphically separated, ranging from Middle 
Cambrian to Lower Devonian. Appendages are 
known not only from pyrite preservation but also 
from the special preservation of the Burgess Shales 
of Middle Cambrian age in British Columbia, 
where carbonisation has preserved specimens as 
well as enabling impressions in the very fine shale. 

The appendage has two clear parts, a lower 
seven-jointed leg and above this a filamentous 
brush-like structure. The traditional view is that the 
lower part of the appendage was the walking leg 
and the upper was a gill. However a researcher in 
Sweden has produced evidence that it was not a 
gill, arguing that you do not often get appendages 
preserved but when you do, you cannot detect a 
differentiation between the leg and shell. 
Furthermore, if it was a gill, it should not have an 
exoskeleton; it should be a delicate membrane 
capable of exchanging gases. 

Therefore, on preservational aspects, it is 
unlikely to be a gill. The detailed morphology of 
this filamentous organ is that each element is 
shaped like the blade of a knife - thin, narrow and 

long - which is a very bad shape for an exchange 
mechanism like a gill. 

If this structure is not a gill, were there gills and 
if so where were they situated? Trilobites needed 
to breathe, but they did not need to have gills. 
Many trilobites are generally flat and thick in their 
general morphology, giving them a large surface to 
volume ratio. There is only one organ of a trilobite 
that we know nothing about, but it is one it must 
have had, i.e. a ventral membrane stretched 
between its outer part of the shell to hold the guts 
in. Yet it is never known even in delicate 
preservations, indicating that it must have been 
extremely fragile. An animal with a large 
undersurface area such as this may not have 
needed gills; it would have been possible to 
exchange gases across such a membrane On the 
other hand, if they did need gills, they would have 
been attached to the ventral membrane, protected 
by the appendages beneath them and the shell 
above them. 

What then is the filamentous structure? It bears 
similarity to a sediment filter, which would trap 
food particles and pass them to the appendages at 
the same time aerating the gills 

It is possible to understand something about the 
mode of life of trilobites from a number of lines of 
investigation: 

1. Overall morphology - why that shape? 
What was its function? 

2. What sediments are they found in? 
3. What other fossils are found with it? 
4. What is the geographical distribution? 
5. Compare the extinct organism with its 

nearest living relative - a dangerous line.' 
 

The information from these investigations is then 
used to deduce what trilobites did for a living. 

There is a tendency for some groups of 
trilobites to grow convex and smooth, e.g. 
Homelanotus, a smooth Calymene from the Welsh 
borders, a smooth Olenid from the Cambrian of 
Spitzbergen, and smooth Asaphids from the 
Ordovician of North America. 

There is a rather beautiful British fossil trilobite 
of the genus Bumastis which is 12 cm long, very 
convex and very smooth. The most striking feature 
is its eye, which is long and parallel-sided - strip 
like. Therefore if the body was in the 'normal' 
position, the eye would only look straight up or 
down but, if the eye is oriented horizontally, the 
head is up in the air and the tail is on the ground. 
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This trilobite could have lived in a burrow with its 
eye horizontal with the surface. This is a good 
example of how to work out a functional model. 
This hypothesis is adequately supported by finds 
of trilobites preserved in their burrows. 

There is another type of trilobite with small 
appendages which would have been useless for 
swimming, and it is thought that this species 
probably lived attached to floating algae as part of 
the epifauna in the surface waters. 

 
 
A LECTURE BY DR. P. LANE OF KEELE 
UNIVERSITY - PRESENTED TO THE 
SOCIETY ON 18 FEBRUARY 1981 

 
DMJ 
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Field mapping in the Llanymynech area 
 
L. Waters1

 
 
WATERS, L. (1981). Field mapping in the Llanymynech area. Proceedings of the Shropshire Geological Society, 
1, 13-14. Field examination of Caradocian mudstones at Pant, Carboniferous Limestone on Llanymynech Hill, 
and Caradocian shales near Llanyblodwel. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The planned mapping exercise in April was 
severely curtailed due to adverse weather 
conditions. The limited work that was possible 
involved examination of Caradocian mudstones at 
Pant, Carboniferous Limestone on Llanymynech 
Hill, and Caradocian shales near Llanyblodwel. 
The finding are summarised on the accompanying 

map. The Society hopes to carry out a more 
comprehensive survey of this area at a later date. 
 
 
A FIELD MEETING LED BY LAVINIA 
WATERS IN APRIL 1981 

 
Lavinia Waters 
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Figure 1. Mapping in the Llanymynech area. 
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Field Meeting at Clee Hill 
 
K. Chell1

 
 
CHELL, K. (1981). Field Meeting at Clee Hill. Proceedings of the Shropshire Geological Society, 1, 15-16. 
Dolerite sills seen on Titterstone Clee. Carboniferous limestone and mudstones, the latter containing several seams 
of coal up to 30 cm in thickness with good plant fossils were found in the clays such as the articulate Calamites, 
some Lycopod stigmaria, and Lepidodendron. One curious feature, in a large joint face or fault plane in the 
intrusion were a series of spheroids, all about the size of cricket balls, probably formed by weathering or chemical 
action. 

Farlow exposed Lower Carboniferous limestone on top of a conglomerate of red sandstone and quartz pebbles. 
Although the sandstone at the top was not red, the soil in the fields round about showed the characteristic colour. 
Soils above the conglomerate in the limestone are alkaline and those below, in the Old Red Sandstone (e.g. Green 
Dingle), quite acid. Oreton quarry exposed fossiliferous Lower Carboniferous Limestone with corals, brachiopods, 
crinoids and polyzoans. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
This was a joint field meeting between Society 
members and various groups of those attending 
geology evening lectures in Shrewsbury and 
Ludlow. About thirty turned up at the car park on a 
wet and windy morning, setting off into the main 
quarry on the top of Clee Hill (SO 57-595765). 
The material being quarried is the basic igneous 
rock of a sill about two hundred feet thick which 
caps the top of the hill and dips gently to the south. 
A good exposure on the top of the sill, intruding 
into the Carboniferous country rock, showed 
weathering and the minerals: plagioclase feldspar, 
olivine and augite breaking down. 

The igneous rock is very dark coloured and, 
although difficult to see, at the top the less dense 
feldspar and augite show up slightly lighter in tone 
than at the bottom of the sill where the denser 
olivine is in greater concentration. Parts of the 
worked face provided good examples of the 
typical horizontal and columnar cooling joints 
associated with such intrusions. 

The exposure at the top surface of the sill also 
cut through and showed about 10 metres of 
vertical face in the Carboniferous. Although there 
was obvious effect of heating at the contact no 
metamorphism was visible in the Carboniferous 
mudstones; these showed very clear bedding. 
Several good seams of coal up to 30 cm in 
thickness were also exposed. Some good plant 
fossils were found in the clays such as the 
articulate Calamites, some Lycopod stigmaria, and 
Lepidodendron. 

One curious feature, in a large joint face or fault 
plane in the intrusion were a series of spheroids, all 
about the size of cricket balls, probably formed by 
weathering or chemical action. 

At the base of the sill a small exposure showed 
the contact to be a Carboniferous quartz sediment 
which was very weathered without obvious signs 
of metamorphism. 

At this stage the party moved off towards 
Farlow (Figure 1) and stopped for lunch at a pub 
where the victuals were good but the service too 
slow for such a hungry crowd. Just below the 
school in Farlow we looked at an exposure in the 
road cutting (SO 68-641807). This was Lower 
Carboniferous limestone on top of a conglomerate 
of red sandstone and quartz pebbles. Although the 
sandstone at the top was not red, the soil in the 
fields round about showed the characteristic 
colour. 

Keith Chell demonstrated the properties of soils 
in the area. Those above the conglomerate in the 
limestone being typically alkaline and those below, 
in the Old Red Sandstone, quite acid. The 
conglomerate typifies deltaic features but there 
was insufficient time to measure the orientation of 
the pebbles. 

Our next stop after traversing back up the 
succession was Oreton quarry (SO 68-648806) 
which is in well bedded and fossiliferous Lower 
Carboniferous Limestone. The dip to SSW (150°) 
averaged 28° and the view was in the same 
direction, towards Abberley. The fossils were very 
abundant and included corals, brachiopods, 
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crinoids and polyzoans, including Michelinia 
tenuisepta, an indicator fossil dating the South 
Shropshire Limestone as Tournaisian in age. Also 
found was what is possibly Paraconularia 
quadrisulcata, which is a very odd individual. 

Our final stop was a roadside quarry in Green 
Dingle (SO 68-620821) where the Old Red 
Sandstone is well exposed. The bedding is on the 
whole horizontal but when examined closely 
shows some cross-bedding. This is the Lower 
Devonian, Ditton series but no one found any fish 
fossils, only a few calcareous nodules or 

cornstones. The day's outing, which was very ably 
led by Keith Chell, was to a scenic area which is 
obviously infrequently visited by geologists but, 
due to its variety, must be of interest, and no doubt 
some of us will be heading that way again. 
 
 
A FIELD MEETING LED BY KEITH CHELL 
ON 17 MAY 1981 

 
Les Dolamore 

 

 
Figure 1. Locality map for the Clee Hill field trip. 
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Field Meeting at Sharpstones Quarry 
 
D. Jones1

 
 
JONES. D. (1981). Field Meeting at Sharpstones Quarry. Proceedings of the Shropshire Geological Society, 1, 17-
19. Three principal rock suites have been identified: Longmyndian, Uriconian and various outcrops of 
metamorphic rock such as the Rushton Schist. The synclinal core is in part worked at Sharpstones, from west to 
east: the Bayston Group, the Bridges Group and the Oakswood Group. The Haughmond Conglomerate passes 
upwards into a thick sequence of greywackes which form the main quarry reserve. One strange feature of a 
number of the faults in the quarry is the presence of bitumen within the fracture zone. The principal uses for the 
stone are as railway ballast (the quarry has its own rail head) and roadstone. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Over 30 members and guests were given a 
conducted tour of Sharpstones Quarry and special 
thanks are due to Barry Jacques (Quarry Manager), 
Alan Bell and Steve Le Chevalier (Company 
Geologists) and Howard Windmill (Quarry 
Foreman) who gave excellent accounts of the 
geology and quarrying operations. 

The quarry has been operated for some eight 
years by ARC, a company of the Tarmac Group, 
and has an output of one million tonnes per year, 
although there is evidence that quarrying has taken 
place here for at least 200 years. The principal uses 
for the stone are as railway ballast (the quarry has 
its own rail head) and roadstone. The quarry is 
operated with modern equipment, e.g. the seven 
crushers are controlled from a central control room 
and linked to visual monitors, to ensure that the 
massive capital investment (around £9 million) is 
fully justified. Because of the high quality of the 
stone, it has markets in London, Manchester and 
North Wales. The quarry now extends for 650 
metres along the strike of the rock with a 
maximum width of 150 metres and a depth of 
some 40 metres (Figure 1) , and is planned to work 
for another 25 years - geologically it could 
continue for same 60 years. 

The quarry works a sequence of Precambrian 
greywackes which form the core of Sharpstones 
Hill. The Precambrian sequence in Shropshire is 
extremely complex and the exact relationship 
between the various sub-divisions is still the 
subject of considerable research. Three principal 
rock suites have been identified: Longmyndian, 
Uriconian and various outcrops of metamorphic 
rock such as the Rushton Schist near the Wrekin. 
The detailed formational history is still unclear but 

the generally accepted sequence of events is as 
follows. 

Towards the latter part of the Precambrian the 
rock, which now forms the basement in 
Shropshire, was subjected to a period of intensive 
folding and metamorphism. This orogeny was 
probably due to the collision of two 'plates' and the 
intensive folding and metamorphism occurred 
because present day Shropshire lay at a point 
where one plate passed downwards below the 
other. The resultant intensively metamorphosed 
rocks are known from scattered outcrops in 
Shropshire but are best exposed in the Malvern 
Hills. 

As in the modern Andean Mountains, the 
subduction of one plate under another gives rise to 
volcanic activity as well as mountain building. The 
Shropshire equivalent of this is now preserved as 
the scattered outcrops of the Uriconian sequence. 

When the plate activity and orogeny ceased the 
mountains which had formed began to erode and 
the sediments produced were deposited in an 
adjacent trough. These are the rocks which form 
the present day Longmyndian series. 

The Longmyndian is sub-divided into the 
Wentnor and Stretton series, which are separated 
by an unconformity which appears to cut out the 
older Stretton Rocks towards the west. Subsequent 
to deposition, the Longmyndian series has been 
folded into a steeply dipping isoclinal syncline. 

This tended to confuse the earlier workers in 
the area who originally divided the Wentnor series 
which forms the synclinal core and is in part 
worked at Sharpstones, into three group. They are, 
from west to east: the Bayston Group, the Bridges 
Group and the Oakswood Group. 
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It is now accepted that the Bayston and 
Oakswood Groups are lateral equivalents and that 
the Bridges Group lies at the synclinal core. The 
whole sequence, _from Uriconian to Wentnor 
including the fold repetition, can be best identified 
along a line running from Caer Caradoc to 
Stiperstones. 

As you come north towards Shrewsbury most 
of the Longmyndian is concealed by 
Carboniferous age sediments. The only major 
outcrops are the Bayston Group exposures on 
Sharpstone Hill and Haughmond Hill. The 
situation is further confused by the development of 
an additional conglomerate, the Haughmond 
Conglomerate, which is important in the 
Shrewsbury area but is absent from the Longmynd 
type area. 

As shown on the appended sketch map, three 
principal horizons may be identified in Bayston 
Hill Quarry. The oldest, the Haughmond 
Conglomerate, outcrops along the southern side of 
the quarry but is not particularly well exposed at 
present. The Haughmond Conglomerate passes 
upwards into a thick sequence of greywackes 
which form the main quarry reserve. Apart from a 
slight increase in haematite and related minerals at 
the beginning and end of the greywacke 
deposition, conditions appear to have remained 
fairly constant during this period. The numerable 
individual bands of greywacke may be 
distinguished by detailed examination of the main 
quarry face. The very limited amount of grading 
which occurs in any individual greywacke band 
provides the essential ‘way-up' information which 
identified the synclinal attitude of the Wentnor 
series in the type area. 

The variation in the iron content of the 
greywacke has important consequences for the 
working of the quarry as it affects the physical 
properties of the stone. As mentioned earlier, the 
quarry produces a high quality stone which is used 
in applications which require a resistance to 
skidding (PSV) or a resistance to wear. The 

presence of a proportion of the rock with the iron 
minerals actually aids the quarry to satisfy both 
markets. An extremely good resistance to wear is 
essential for stone specified for use as rail ballast 
and in this application the central part of the 
greywacke sequence is the ideal material. To 
surface a road the material must have a good 
resistance to skidding. This property is good for 
the premium greywacke but can in fact be 
improved by the addition of a minor proportion of 
the red marginal material as it tends to wear away 
microscopically faster and continuously presents 
fresh angular material which improves the 
resistance to skidding. 

The younger Precambrian horizon in the quarry 
is the Darnford Conglomerate which is extensively 
exposed along the northern side. This, like the 
Haughmond Conglomerate, is poorly graded 
varying from sand to pebbles with a soft 
cementing matrix. Although predominantly quartz, 
pebbles of Uriconian and the older metamorphic 
rocks are also present. 

The quarry is also traversed by numerable 
faults which have in the main produced minor 
lateral displacements of the Precambrian Rocks. 
Although some movement has occurred on these 
faults during the Permo-Carboniferous Period, this 
appears to have mainly been due to reactivation of 
Caledonian Age (Silurian/Devonian) structures 
and faults rather than the development of faults 
with an Armorican Trend. One strange feature of a 
number of the faults in the quarry is the presence 
of bitumen within the fracture zone. This appears 
to be due to the migration of hydrocarbons from 
the adjacent Carboniferous strata along the fault 
zones and the trapping of some of the material in 
fissures in the rock. 
 
 
A FIELD MEETING LED BY DAVID JONES 
ON 17 JUNE 1981 

 
David Jones 
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 FIELD MEETING AT SHARPSTONES QUARRY  
 

 

 
Figure 1. Locality map for Sharpstones Quarry. 
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Field Meeting to the gold mine at Gwynfynydd, Merioneth, Gwynedd 
 
L.Waters & C. Ing1

 
 
WATERS, L. & ING, C. (1981). Field Meeting to the gold mine at Gwynfynydd, Merioneth, Gwynedd. 
Proceedings of the Shropshire Geological Society, 1, 20. Gold in the valley of the Mawddach river, north of 
Dolgellau. The present mining project at Gwynfynydd is being carried out as a speculative venture. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
To a cavern in a canyon 
Excavations for a mine 
Went Geolly Trippers, Forty Niners 
And a bunch from Ellerdine 
 
Up the valley through a monsoon 
Just to see a Klondyke dream 
In a stope, gold you hope 
Or was it just a pyrite gleam? 

 
Is there really gold in Wales? Chapter 1 of George 
Hall's excellent book "The Gold Mines of 
Merioneth" sums up the attitude held by many 
concerning the existence of a substance that one 
normally associates with Francis Drake, 
Tutankhamon, Jo'burg and California. The Society 
has been dogged by a Vice-Chairman who takes 
bad weather with him everywhere. Even so, an 
excellent day was had in the mountains of Wales, 
in the valley of the Mawddach river, north of 
Dolgellau, near the Rhaiadr Mawddach Waterfall. 

Five years before the California gold rush in 
1849 the existence of gold in this part of Wales 
was acknowledged. In the years that followed, 
over £9M worth of gold was extracted, particularly 
between 1887 and 1914. The gold is found 
throughout a belt of country running from 
Barmouth north eastwards to north of Dolgellau. 
The outcrop of gold-bearing rock follows the 
southern edge of the Harlech dome. The gold is 
found in lodes or veins associated with quartz, 
calcite, chalcopyrite, pyrite, galena and blende. 
The veins follow faults or major joint planes in the 
rocks, and the majority of the gold has been found 
in the three hundred foot thick pyritic Clogau 
Shales of Cambrian age. 

For many of the people who were on the trip, it 
was the first tine they had been down a mine of 
any type. It was a very exciting experience for 
most of us (and a very terrifying one for a few!). 

All saw the extensive underground excavations, 
probably dug in the crazed expectation that early 
retirement and Utopia were just round the corner. 
The mines were dark, cold and rather inviting, with 
little light or drainage. The Society jokers with 
cold clammy hands made it the more horrific! 

There are very extensive tunnels throughout the 
mountain, with excavations following the veins, 
often at a 45° slope. Those excavations are called 
"stopes". They are usually worked up the dip, and 
some of them are so large that it is a marvel that 
the overlying rock stays in place. Most of the 
stopes have only produced a few ounces of gold 
per ton of rock, whereas small patches have 
produced hundreds of ounces per ton. The uneven 
distribution of the gold has tended to make the 
mining very speculative, and the luck of one good 
discovery has run out quickly, leaving the mine 
with huge excavations for little return. 

The present mining project at Gwynfynydd is 
being carried out by two Cornish miners (ex-
Wheel and Ffestiniog Railway, to mention but two 
of their other projects) as a speculative venture for 
an unnamed third party, in the belief that they have 
solved the 3-D brain teaser that locating the gold-
rich veins has become. This will seem a marvel of 
mining technology, especially to those who were 
perplexed by the perspex model in the mine 
buildings. Certainly the modern machinery so 
deafeningly demonstrated will make the task 
easier. 

Although most of us do not envy the working 
conditions, I am sure we all envied the spirit of 
adventure and the promise of fortune. 

Our thanks to George Hall and his mining: 
friends, to Mr. T.E. Jones of Vaggs Coaches for 
such patient driver, and Mr. B. Faulty of the 
nearby Hotel for tea and scones. Last, but not least, 
Lavinia Waters and Chris Ing for organising the 
trip. 
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