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The Coalbrookdale Coalfield 
 
Dr. Richard Hamblin1

 
 
HAMBLIN, R.J.O. (1982). The Coalbrookdale Coalfield. Proceedings of the Shropshire Geological Society, 2, 2-
4. An overview of the development of Telford New Town through the 1970's which had given rise to many 
temporary exposures and borehole records with mapping on one 2½ inch map and nine 6 inch maps, leading to 
revised interpretation of the bedrock geology. 

Particular attention is paid to the Coal Measures geology, the history of mining for coal, ironstone and clay. 
The importance of tectonic evolution is also discussed. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The development of Telford New Town through 
the 1970's gave rise to many temporary exposures 
and borehole records. It was therefore a good tine 
to look at the available information and make 
useful comments to the Development Corporation. 
Telford and part of the surrounding area is mapped 
on one 2½ inch map and nine 6 inch maps. 

The base of the Carboniferous rests 
unconformably on Silurian Wenlock Shale and 
begins with the Lydebrook Sandstone, a marine 
deposit representing the onset of the Carboniferous 
marine transgression. There then follows a 
sequence of limestone, sandstone, shales and 
basalt. Although a subject of debate, it is probable 
that the basalt is extrusive rather than intrusive 
even though rubidium-strontium dating places it as 
Westphalian - this is probably due to a weathering 
effect. 

The Coal Measures were formed in low-lying 
swamps over a vast area during the Westphalian. 
These swamps were subject to periodic subsidence 
and each coal seam represents plant growth 
established in quiet periods between subsidences. 

The Coalbrookdale and South Staffordshire 
Coalfields are at the southern end of the Pennine 
Basin which extends through Lancashire, 
Yorkshire and Staffordshire. Subsidence was more 
rapid further out in the basin so Yorkshire and 
Lancashire have thicker sequences than 
Coalbrookdale or Staffordshire. 

Correlation between the Coalbrookdale and 
Staffordshire Coalfields is based mainly on marine 
bands as these are the most reliable marker 
horizons. These bands represent variations in sea 
level possibly as a result of glaciations during the 
Carboniferous. The Stinking Marine Band of 
South Staffs (Pennystone M.B. in Coalbrookdale) 

is the best marker horizon of all because it is 
unmistakable through both coalfields containing as 
it does a rich shelly fauna of spirifers and 
productids not found in other marine bands in 
Coalbrookdale. 

In Coalbrookdale the early miners were greatly 
helped by the tendency for seams to come in 
groups. Further north the seam split up into a more 
basinal sequence in which seams are roughly the 
same distance apart, separated by considerable 
thicknesses of barren measures, e.g. Thick Coal of 
S. Staffs becomes the yard, double and top coals of 
Coalbrookdale. 

Fireclays represent the soils on which the 
‘coals’ grew and tend to become thicker nearer the 
land end of the basin. They lie in a belt five miles 
wide through the south west side of 
Coalbrookdale, across to Dudley and Brierly Hill. 

As you go up the sequence the coal swamps are 
transgressing backwards over the land barrier 
southwards and the coalfield becomes further from 
the land. Therefore the fireclays move further back 
over the land and the coal seams move further out 
into the muddier sequences with ironstones. 

After the formation of the productive coal 
measures there was a period of folding and erosion 
before the barren Upper Coal Measures were laid 
down unconformably forming the Simon Fault. 
This is actually not a fault at all but an 
unconformity and comes from mining parlance in 
which a ‘fault’ meant the point at which the coal 
suddenly stopped. ‘Simon’ means an unconformity 
and the Coal Board refer to the Simon 
Unconformity which is clearly an excellent use of 
tautology! 

Most of the seams run out into this 
unconformity and caused a considerable problem 
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for the early miners. Although it comes at the base 
of the UCM in Coalbrookdale, this is not so in 
South Staffordshire where the productive coal 
measures pass up conformably into Etruria Marl - 
there is then an unconformity at the base of the 
Halesowen Formation. 

It seems likely that in Coalbrookdale the 
unconformity comes below the local equivalent of 
the Etruria Marl but it is not clear whether this 
means there are two different unconformities in the 
two coalfields or whether the unconformity goes 
straight through and the Etruria Marl is of a 
different age in the two coalfields. There are 
probably a whole series of local unconformities 
signifying a very unstable time of considerable 
local tectonics. One can therefore envisage 
unconformities developing throughout the 
Midlands over quite a long period. 

In Coalbrookdale the UCM start with the 
Hadley Formation which is the local equivalent of 
the Etruria Marl. These are red marls with 
localised coarse grained sandstones 3-4 metres 
thick which wedge out within a few hundred 
metres. The clasts can be up to 10 cm across 
indicating that the material had not travelled very 
far and reinforcing the view of very unstable 
conditions. The Marl sequence is at its thickest at 
Donington at the northern end of the coalfield. 
Here it is about 300 metres thick and composed 
almost entirely of red marls. It is very valuable for 
brick making and is worked by B1ockleys and 
previously by the Lilleshall Company. Further 
south in the Snedshill Brickpit, sandstones occur 
within the marl and these were ground up with the 
marl for brick making. 

The overlying Coalport Formation represents a 
return to coal swamp conditions. Although the 
measures are not very productive, the thin coals 
were worked in the early days of the coalfield 
since the sulphurous coals were valuable for the 
brick industry. The sulphur is in the form of iron 
pyrites (FeS2) and burns very slowly - it was 
therefore very useful for heating the brick kilns 
which need continuous, steady heat. 

The Spirorbis Limestone in this formation was 
also mined. This is a lacustrine limestone formed 
in temporary lakes and was worked for agricultural 
lime rather than to provide flux for iron smelting. 

The railway cutting at Priorslee has one of the 
best exposures of one of the thickest sandstones in 
the Coalport Formation. This is the exact opposite 
of the sandstone in the Hadley Formation, being 

fine grained, more regular and continuous over 
long distances. It can arguably be correlated with 
the sandstone of the Black Country and can 
certainly be traced north out of the coalfield. 
Because of this continuity the sandstone has been 
given names such as Top Rock. It is typically a 
greenish buff colour basically caused by organic 
material. The mudstones below the sandstone are 
pale grey, pink or blue. 

The Tar Tunnel at Coalport is cut into this 
massive sandstone. The tunnel was originally 
driven as a canal tunnel but tar was struck and 
exploited as a marketable medicinal oil. It is a 
heavy bituminous tar which is assumed to be 
residue from oil deposits leaked out through the 
Coal Measures. The volatile parts evaporated away 
leaving the heavy tar behind. The tar probably 
originated either in Lower Carboniferous marine 
deposits of North Shropshire or from the Silurian. 
The tar leaked out up dip into the sandstone. 

At the top of the Coalport Formation are 
workable brick clays. These are not as high quality 
as those of the Hadley Formation but they have 
been worked for common bricks, e.g. at Randlay. 
The greenish sandstones still occur and the 
formation is topped by very rubbly soft weathered 
clays. The top of the formation represents the onset 
of desert conditions which become increasingly 
apparent in the Keele and Enville Beds. 

The Keele Formation contains red sandstones 
and mudstones. The base is formed by the 
Brookside Rock, a massive sandstone similar to 
the Coalport sandstone. It has various colours, 
basically reddish but sometimes greenish 
depending on the oxidation state of the iron. This 
sandstone is overlain by mudstones which, 
although hard, weather rapidly because of their 
silty nature. The colour in the Keele reflects the 
onset of desert conditions whereas the colour of 
the Etruria or Hadley Formations in Coalbrookdale 
is due to formation above the water table in a 
subtropical coal swamp type climate, with coal 
swamps still in North Staffordshire. In the Keele 
there is evidence of more desert-like conditions 
provided by mud cracks and beds of calcite which 
represent calcareous soils caused by high 
evaporation rates. There are very few fossils, a few 
plants, usually un-identifiable, and a few 
pulmonate gastropods - Anthracopupa britannica 
being a classic Keele fossil - which lived in 
temporary freshwater lakes. 
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The Enville Beds are similar to the Keele but 
redder in colour indicating a more desert-type 
climate, but still semi-arid because the sandstones 
are water lain. During this tine large rivers flowed 
into the area from the south, but these were 
temporary and occurred only in the wet season. 
Reflecting this environment are the characteristic 
conglomerates which were probably laid in wadis. 
These are comprised mostly of chert with some 
limestone and did not travel more than 40 miles. 
Mapping suggests these conglomerates in 
Coalbrookdale were derived from the west and 
they therefore had a different source from those at 
Enville. Correlation in the Enville Beds is very 
difficult because there are no reliable fossils. 
Consequently it is not certain that the Enville Beds 
at Coalbrookdale are of the same age as those at 
Enville. 

The end of the UCM was marked by another 
mountain-building episode producing faulting. The 
structure of the coalfield rejuvenates several earlier 
fault and fold trends. Many of the NE-SW trending 
faults are rejuvenated Caledonoid faults. In the 
north east of the coalfield the sequence of NW-SE 
faults is effectively Charnian. Whether these 
reflect a Charnian earth-building period in 
Precambrian rocks below is speculation but in this 
coalfield folds and faults come in from every 
direction. It is therefore a critical area on the 
junction of Caledonoid folding of Wales, 
Malvernoid running south and Charnian running 
SE and across the Midlands - but this is also 
speculative. 

The Malvernoid trend is quite pronounced in 
the number of N-S faults in the Coal Measures 
which tend to bend round to join the more 
dominant Caledonoid NE-SW structures. 

Both coals and ironstones were mined in 
Coalbrookdale, both were of the right mineralogy 
for the primitive iron smelting of 18th Century. 
Most of the coals are low in sulphur with a low 
carbon-hydrogen ratio and therefore burned at a 

high temperature. The ironstone is siderite 
(FeCO3) which is easier for smelting than hematite 
(Fe2O3) or limonite. The best seams are the Clod 
Coal and Crawstone ironstone which are at the 
base of the sequence in Coalbrookdale. The 
Crawstone ironstone is a solid sheet of ironstone in 
contrast to the usual very nodular ironstones in a 
mudstone matrix such as the Ballstone ironstone. 
These latter types require the mining of large 
quantities of material to obtain a usable amount of 
ironstone. 

The longwall system of mining was used in 
Coalbrookdale from the 18th Century although 
most coalfields did not adopt it until the late 19th 
Century. In this method the face is driven 
perpendicular to the main mine road, progressing 
along the road with material taken from above and 
below the seam used to pack the workings behind, 
thus removing the need for pillars. 

Opencasting started in the late 18th Century but 
only grew rapidly during World War Two. This is 
now the main method of working coals and 
fireclays. Shropshire produces over 10% of the 
nation’s fireclays, mostly from low in the sequence 
in the western part of the coalfield. 

An opencast site can be carefully worked to 
remove nearly all the coal. Overburden is carefully 
removed and finally swept off with brooms. The 
earlier underground workings were inefficient. 
Only medium sized pieces of coal were removed, 
large pieces were used as props and the slack was 
left. It is now economic to opencast these old 
workings for the slack. Opencasting can show 
clearly faults and other features normally hidden 
from view. 

 
 

A LECTURE BY DR. HAMBLIN - 
PRESENTED TO THE SOCIETY ON 11th 
NOVEMBER 1981 

 
D.M. Jones
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Graptolites 
 
Dr. Nancy Kirk1

 
 
KIRK, N. (1982). Graptolites. Proceedings of the Shropshire Geological Society, 2, 5-6. An overview of the basic 
types of graptolite and their evolution. 

Through time graptolites may have been deteriorating because they were becoming simpler, but there is no 
such thing as retrograde evolution, only the most efficient forms progress. The simpler forms of graptolite were the 
most efficient. The colonial form was not particularly efficient and once they became free-floating it was better to 
become an individual. It is therefore quite possible that graptolites still exist in the plankton totally unknown and 
unrecognised. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Most people know graptolites as thin ‘scratches’ 
on rock. If examined closely through a lens you 
can see a ‘toothed’ arrangement on the edges of 
the graptolite. On very well preserved specimens 
you can sometimes see that these are actually cups 
that open on one or both sides of the flat branch. 
What you actually have in these specimens is the 
sheath in which the animals lived and which is 
made from the common building protein collagen. 
We know nothing of the living animal but assume 
that it was colonial and each side cup housed a 
zooid with a feeding organ and these little zooids 
were connected to the main canal of the sheath. 
The zooids were 1-5 mm at the largest with a 
simple structure enabling budding. They evolved 
from free floating animals in the sea and learned to 
bud to form a colony, which gave greater 
protection and enabled them to exploit the food 
source more efficiently. 

One sort of colony rarely seen is a sessile 
colony where there is a row of zooids connected 
together and which encrusted shells and rocks on 
the sea floor. Another kind of colony is the 
dendroid in which individual zooids were 
connected to form a tree-shaped colony. This was 
a successful form for the sea floor with a holdfast, 
stem and branches with the individual zooids 
strung out along them. The colony was capable of 
competing successfully against smaller 
competitors in much the same way as a tree. 

In the early Ordovician there were some very 
specialised dendroids. In one type the branches 
form a cone which broadens outwards, 
strengthened by small cross-bars. A small 
organism has two ways of gaining food - with 
tentacles or ciliated feeding organs. The latter set 
up a current of water towards the organism which 

filters out the food. The zooids opened into the 
cone implying that they fed by this latter method. 
Had they fed by tentacles, it would have been 
more advantageous to face outwards into the open 
sea. 

Another more familiar form of dendroid is 
Dictyonema flabelliformi from the base of the 
Ordovician. In this species a delicate stem called 
the nema replaced the strong holdfast. They lived 
at least in the early stages attached to the sea floor 
in an upright position partly by buoyancy and by 
action of cilia forcing water through the cone. This 
view of graptolites is contrary to that held by e.g. 
Lapworth who suggested that Dictyonema 
flabelliformi lived attached to floating seaweed 
hanging like a bell from a rope. Although held for 
over a hundred years, this view is not entirely 
logical. Seaweed does not float unless torn up by 
storms when it is soon deposited on shore. Also 
the organism was 4-5 ins. long, very delicate and 
could not have survived in the rough surface 
waters of the sea. Furthermore the surface waters 
contain very little food. The plankton which 
Dictyonema fed are only abundant a few metres 
down away from wave action. 

Dictyonema flabelliformi is found in rocks 
formed under all sorts of condition, commonly in 
black pyritous shales, formed where the sea water 
contained poisonous H2S. The implication is that 
the organism became free floating in the adult 
stage. When free, feeding currents would maintain 
the cone in an upright position. It would rise as a 
consequence of feeding activity into higher levels 
of the sea; when less actively feeding it would sink 
back. The whole of the plankton does this, rising at 
night, sinking in the day. 
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Another form of Dictyonema had a nema with 
three vanes inclined at 120°. These, like flights on 
a dart, would prevent spinning and keep the nema 
downwards. 

Once free, the colony would be subject to 
different environmental controls from the sea 
floor. An upright cone offers too much resistance 
because of the branches and cross bars, so through 
evolution branches and cross bars became fewer. 
Once the cross bars were lost, there was a tendency 
for the cone to become obtuse and eventually 
horizontal or for branches to hang down. Again 
through evolution the number of branches were 
reduced through four to two and rarely to one 
branch. This is where the evolution of the 
graptoloids begins. 

A two branched form started horizontal then 
evolved to point downwards to become more 
streamlined. Some species became spirally curved 
and would spiral up through the water when 
actively feeding. Nemograptus gracilis was a 
horizontal wheel which spun very slowly through 
a large disc of water containing food. 

The most striking consequence of the evolution 
of graptoloids was to produce biserial forms in 
which two branches are back to back e.g. 
Diplograptus. There was a form with three vertical 
vanes on the stalk inclined at 120°, therefore the 
colony must have been free-floating and non-
spiralling. It is significant that vanes had evolved 
again in this form much later than Dictyonema. 

In the Silurian uniserial graptoloids with a 
single row of zooids dominate. These displaced 
biserial forms by successful competition. Because 
the uniserial forms are slightly asymmetrical, each 
theca is inclined at a slightly different angle from 
the next; this made the colony become a very 
efficient spiralling feeder. 

Certograptus is up to a metre across with 
branches only as thick as a hair and was almost 
immobile. The thecae were so balanced that it 
spiralled only in the youngest stages, but feeding 
currents held it at a constant level in fairly deep 
water with a sparse food supply, hence the need for 
lone branches to capture as much food as possible. 

The small monograptids were most successful 
and go into the Upper Silurian almost to Lower 
Devonian. Because they were small they became 
sexually mature and reproduced very quickly. Fish 
were now evolving and small organisms were 
liable to be eaten, so rapid reproduction meant a 
greater chance of success. 

During the evolution of the graptolites there 
were a number of crises, two of which, at the end 
of the Ordovician and the end of the Wenlockian, 
were very significant. These crises led to the 
disappearance of the flamboyant branched forms. 
The simple forms which survived from the 
Ordovician led to the next great evolutionary burst 
into the Silurian. The crisis at the end of the 
Wenlockian led to the loss of Certograptus etc. 
and only small ones went on into the Ludlovian 
and led to a new burst of evolution through the 
upper part of the Silurian. 

This probably happened because the 
spectacular forms lived in deeper layers of the 
photic zone, the simpler forms in the higher part. 
Food in the photic zone is not uniformly 
distributed and is richest over areas of upwelling 
on continental shelves. When sea level falls, as at 
the end of the Ordovician and end of the Wenlock, 
the sea retreats from the shelf and the food rich 
zone becomes smaller. Greater competition 
ensures that only the most successful species 
survive. 

At the end of the Devonian there were only 
small simple uniserial graptoloids an inch or so 
long with about twenty zooids. When the sea level 
rose again the graptolites were gone, but had they 
become extinct? These simple forms only needed 
to reduce budding a little bit more and they could 
become sexually mature sooner and could become 
a single zooid. If this happened, graptolites could 
live as individuals not colonies, therefore there 
would be no need for a protein sheath and the 
animal disappears from the fossil record. It is just 
possible that this happened at the end of the 
Devonian. 

One view is that through time graptolites were 
deteriorating because they were becoming simpler, 
but there is no such thing as retrograde evolution, 
only the most efficient forms progress. The 
simpler forms of graptolite were the most efficient. 
The colonial form was not particularly efficient 
and once they became free-floating it was better to 
become an individual. It is therefore quite possible 
that graptolites still exist in the plankton totally 
unknown and unrecognised. 

 
 

A LECTURE BY DR. KIRK - PRESENTED 
TO THE SOCIETY ON 19th MAY 1982 

 
D.M. Jones
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Weekend Field Trip to Dolgellau and the Harlech Dome 
 
Les Dolamore1

 
 
DOLAMORE, L. (1982). Weekend Field Trip to Dolgellau and the Harlech Dome. Proceedings of the Shropshire 
Geological Society, 2, 7-11. An overview of the basic types of graptolite and their evolution. 

Through time graptolites may have been deteriorating because they were becoming simpler, but there is no 
such thing as retrograde evolution, only the most efficient forms progress. The simpler forms of graptolite were the 
most efficient. The colonial form was not particularly efficient and once they became free-floating it was better to 
become an individual. It is therefore quite possible that graptolites still exist in the plankton totally unknown and 
unrecognised. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
This was a joint field trip with the Black Country 
Geological Society led by Graham Hall, Warden 
of King's Youth Hostel, Dolgellau, 23-25 April 
1982. The itinerary included igneous features of 
the Harlech Dome, slate at Blaenau Ffestiniog, 
Prince Edward gold mine, and turbidites at 
Barmouth. 

In late Precambrian times the opening of the 
Iapetus Ocean basin separated the North American 
- European continent by the intrusion of basaltic 
magma along a mid-ocean fissure system. By 
Ordovician times, oceanic crust was being 
consumed at the basin margins along subduction 
zones until convergence of the continental plates 
was completed in the late Silurian and the 
Devonian periods. Plate motion then ceased, as the 
relatively low density of the continental plates 
prevented their descent into the mantle. Many of 
the features of the geology of North Wales can be 
related to this model of an ocean expansion - 
contraction cycle, including the patterns of 
sedimentation, igneous activity and tectonic 
events. 

The line along which separation of the 
continental plates took place lies roughly from the 
Cheviot Hills in northern England, through Ireland 
between the Mourne and Wicklow mountains, to 
Newfoundland. In considering the geological 
history of North Wales, we will be concerned 
principally with events on the south-eastern 
margins of the Iapetus Ocean basin and the edges 
of the European continental mass. 

As the Iapetus Ocean began to open, a series of 
normal faults developed parallel to the continental 
margin. Vertical movements took place, with 
blocks of crust sinking to form the Leinster Basin 
and Welsh Basin whilst adjacent blocks were 

elevated as the Irish Sea land-mass and Midland 
platform. These fault blocks continued to control 
sedimentation throughout Lower Palaeozoic times 
and are of major significance to the geology of 
North Wales. 

After the initial opening of the Iapetus basin, a 
phase of oceanic plate subduction first occurred on 
the margins of the European continent in late 
Precambrian times. Evidence for this event comes 
from volcanic activity, folding and metamorphism. 
These have been identified in the rocks of 
Anglesey and the Lleyn peninsula of North Wales. 
After this phase subduction ceased and the Iapetus 
basin continued to expand during the Cambrian 
period. 

The Cambrian period in Wales was a period of 
sedimentation undisturbed by volcanic activity. 
Sands, grits and muds were laid down in a fault-
bounded marine trough. 

By the beginning of the Ordovician period, a 
new subduction zone began to operate with 
oceanic crust descending into the mantle beneath 
the Welsh Basin. This initiated volcanic activity 
extending from the Lake District through 
Snowdonia to Pembrokeshire. Basaltic diapirs 
ascended until the base of the continental plate was 
reached. If deep crustal fractures were present 
basalt magma could continue directly to the 
surface and be extruded. Alternatively, transfer of 
heat from the basaltic melt could cause partial 
fusion of the lower crust, releasing pockets of 
granitic magma to give extrusions of rhyolitic 
composition. 

Towards the end of the Ordovician period, 
volcanicity died out in North Wales, but normal 
marine sedimentation continued in the Welsh 
Basin until closure of the Iapetus Ocean was 
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completed in the last parts of tie Silurian period 
and the early Devonian. At this time major 
compression, folding and faulting occurred as the 
continental masses finally converged. Mountain 
ranges were thrown up on the site of the Welsh 
Basin. Rapid sub-aerial erosion of this new land 
area produced the coarse sediments of the 
Devonian Old Red Sandstone sequence in South 
Wales and the English Midlands. 

 
The Cambrian Succession 

The grits, sandstones and shales making up the 
Cambrian succession outcrop in the central area of 
the Harlech Dome. Surrounding the sedimentary 
outcrop is a circle of Lower Ordovician volcanic 
rocks and associated igneous intrusions forming 
the Moelwyn, Arenig, Aran and Cadair Idris 
ranges. 

The Cambrian succession can be divided 
roughly into a group of coarse resistant grits at the 
base, overlain by a series of less resistant shales, 
mudstones and thin sandstones. The coarse grits 
are responsible for the mountainous central area of 
the Harlech Dome. 

Within the encircling Ordovician outcrop occur 
several folds lying roughly on a north-south axis to 
form parts of the major structure. South of 
Trawsfynydd reservoir is the Dolwen pericline, an 
anticlinal structure exposing Llanbedr Slate and 
Dolwen Grit at its core. The Rhinog mountains 
form an escarpment, composed of resistant Rhinog 
Grit overlooking the western side of the pericline. 
Nearer the coast are two complimentary synclines, 
the Caerdeon syncline plunges south towards the 
Mawddach estuary and the Traeth Bach syncline 
plunges north towards the Vale of Ffestiniog. 
Beyond these structures, outcrops of Rhinog Grit 
and Llanbedr Slate form the eastern limb of the 
coastal anticline, by the shoreline between 
Porthmadog and Barmouth. 

The succession of strata in the central Harlech 
Dome is illustrated in the diagram. 

Much of the Cambrian sedimentary sequence in 
North Wales was deposited by submarine turbidity 
currents. 

Coarse sediment will settle more quickly than 
fine material as the turbidity flow spreads across 
the basin floor. The graded grits will be restricted 
in distribution to the area nearest the source. Some 
greater distance from the source the only sediment 
remaining to be deposited will be of fine mud and 
silt grade. The sequence of sedimentary units can 

be used as a guide to the distance of deposition 
from the shelf margin of the basin. 

Cambrian sedimentation took place in the 
Welsh area in a marine basin bounded to the 
northwest by the Menai fault zone and the Irish 
Sea landmass and to the south-east by the Church 
Stretton - Pontesford fault zone and the Midland 
platform. The basin had an elongated form, but 
there is no evidence of the original extent of the 
basin to the south-west or north-east. 

The source of sediment varied during Cambrian 
times as the relative elevations of the bordering 
landmasses changed. At some stages, sediment 
came dominantly from the Irish Sea landmass, at 
other stages from the Midland platform and at 
times from outside the Welsh area by sea floor 
currents. Changes in water depth gave rise to 
variations in sedimentation. During phases of deep 
water, deposition of turbidite grits and shales was 
common; whilst during shallow water phases, 
intertidal sands and muds were laid down and 
show traces of bottom-dwelling organisms. 

The Cambrian succession in the Harlech Dome 
commences with the Dolwen Grit and Llanbedr 
Slate. These contain no traces of fossils and 
indicate a period of deepening water in the North 
Wales area. The Rhinog Grits represent the first 
major phase of turbidite deposition. Coarse 
sediments spread southwards as a fan complex on 
the basin floor as turbidity currents were released 
from the shallow water shelf at the margin of the 
Irish Sea landmass. Finer sands reached the south 
of the basin and are preserved in Pembrokeshire. 

Following the turbidite deposition a pause in 
sedimentation took place with a sequence of 
manganese-rich muds accumulating on the basin 
floor. Near the base of this group is a bed of 
manganese silicate ore, which has been mined 
commercially. The manganese probably originated 
from chemical weathering of volcanic lavas on the 
bordering landmasses and was precipitated as 
manganese carbonate when the waters were highly 
saline due to evaporation under hot climatic 
conditions. Conversion of the manganese 
carbonate to silicate minerals occurred due to low 
grade regional metamorphism during the 
Caledonian earth movements. 

The subsequent deposition of the Barmouth 
Grits represents a return to turbidity current 
activity in North Wales. 

During deposition of the Barmouth Grits the 
Midland platform and its shelf sea area rose above 
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sea level whilst erosion reduced the elevation of 
the Irish Sea landmass. By the time the Gamlan 
Shale was being deposited, sediment supply was 
predominantly from the Midland platform to the 
south. Turbidite flows were discharged into the 
basin but the distance from the sediment source 
meant that shale sequences were deposited in this 
area. Similar conditions continued during 
deposition of the Clogau Shales and Maentwrog 
Beds. 

The Ffestiniog Beds mark general shallowing 
of the water and sediment transport by water 
currents flowing along the basin floor. Coarse 
sands and pebble beds were laid down in the Lleyn 
peninsula in a beach environment. Elsewhere in 
the Welsh Basin silts and shales were deposited in 
shallow water and show traces of bottom dwelling 
organisms. Ripple marks are common on the 
surface of sandstone beds. 

Towards the end of the Cambrian period 
extensive deposits of mud were laid down in the 
Welsh Basin to form the Dolgellau and Tremadoc 
Beds. The water remained relatively shallow and 
the fine grain size of the sediment can be related to 
low rates of supply from bordering land-masses 
reduced by erosion or subsidence to near sea level. 

 
Ordovician Volcanicity 

At the close of the Cambrian period subduction 
of the floor of the Iapetus Ocean recommenced on 
the south-east margin of the basin and gave rise to 
a number of active volcanic centres. Basaltic 
magma rose mainly along deep crustal fractures 
and volcanic activity at Builth Wells, Snowdonia 
and the Lleyn peninsula were related to such fault 
zones. 

Earth movements and volcanicity above the 
subduction zone began in late Tremadoc times 
when block faulting raised the central area of the 
Harlech Dome above sea level. Beds of Upper 
Cambrian sediment were folded to form a 
monocline between Ffestiniog and Dolgellau, and 
erosion cut downwards into the sedimentary 
succession above the Dome. Rise of magma along 
the fault zone initiated the Rhobell volcanic 
episode which commenced with eruption of basalt 
lavas from a series of north-south fissures. An 
Hawaiian type volcano was formed and lava 
poured quietly from the vents. Ashes are not seen 
within the volcanic succession. A common feature 
of the Rhobell basalts are zones of breccia which 

are the fragmented early-cooled crusts of the lava 
flows. 

Following the basalt eruptions, a phase of 
intrusion of diorites occurred beneath the volcanic 
centre. The intrusions are concentrated 
immediately to the west of Rhobell Fawr and in a 
belt along the eastern margin of the Harlech Dome 
to Ffestiniog in the north and Bontddu in the south. 
Disseminated copper pyrite crystals within Rhobell 
diorite intrusions and adjacent sediments in the 
Capel Hermon area form the Coed y Brenin 
porphyry copper deposit. 

Following the Rhobell volcanic episode, 
volcanic activity became more widespread along 
the southern and eastern margins of the Harlech 
Dome during the Arenig, Llanvirn, Llandeilo and 
Caradoc divisions of the Ordovician. Eruptions 
took place from various centres and a thick 
succession of lavas, pyroclastic deposits and 
interbedded marine sediments was built up along 
with the emplacement of sub-volcanic and intra-
volcanic intrusions. 

At the close of the Rhobell volcanic episode the 
area again subsided below sea level and marine 
sediments of early Ordovician age were laid down 
unconformably on top of the Rhobell lavas and 
folded Cambrian strata, 

The picture which emerges is that acid and 
basic magmas were erupted in alternate phases 
during Aran volcanic group times and that normal 
marine sediments were laid down on the floor of 
the Welsh Basin in the intervals between volcanic 
episodes. Acid and basic magmas have different 
physical characteristics and their eruption 
produced contrasting volcanic products. 

Basic phases of volcanism were dominantly 
submarine during Aran volcanic group times. 
Clouds of basalt froth carrying early-formed 
crystals of felspar would be thrown from the vents 
and would fall as pyroclastic ash deposits. Quieter 
flows of degassed basalt would radiate from the 
vents, with the hot basalt forming pillow structures 
on contact with the cold water. Beneath the surface 
of the volcano sheets of degassed basalt magma 
spread through weaker horizons of country rock 
such as shales. This produced the dolerite sills 
common in the area. 

 
Slate 

Slate has been quarried at many localities 
around the Harlech Dome, especially the Blaenau 
Ffestiniog and Corris areas, where beds of Upper 
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Ordovician slate have been extensively worked. A 
variety of other geological formations have been 
worked on a smaller scale, including: the Lower 
Cambrian Llanbedr slates at Llanfair, Dolgellau 
and Tremadoc beds of the Upper Cambrian around 
Arthog, and slates in the Lower Ordovician 
Gwynant formation on the northern slopes of 
Cadair Idris. 

The types of sediment which will form slate 
include mudstones, siltstones, volcanic ashes but 
the resulting slate is usually only of economic 
value when produced from a very pure mudstone. 

In the area of Barmouth, a strong cleavage with 
a near vertical orientation and north-south strike is 
seen in mudstones of the Gamlan formation. In the 
Ffestiniog area the main cleavage producing high 
quality roofing slates has a shallow dip to the north 
nearly parallel to the bedding of the Ordovician 
sediments. It can be traced around the northern 
margin of the Harlech Dome and appears 
concentric with the main Dome structure. The 
cleavage again appears en the southern margin of 
the Dome in the Cadair Idris area but this time 
dipping at a shallow angle towards the south. 

The steeply oriented S2 cleavage which 
generally trends north-south is present over much 
of the Harlech Dome. 

In the Ffestiniog area it is superimposed on the 
main S1 cleavage and forms a line of weakness 
known by quarrymen as “pillaring”. This can be 
used to break large slabs of slate away from the 
quarry face before splitting along the stronger S1 
cleavage planes. 

The very steep S2 cleavage is oriented parallel 
to the axial planes of the major north-south folds in 
the Harlech Dome: the Dolwen pericline, 
Caerdeon syncline, Traeth Bach syncline and the 
coastal anticline. It is thought that this cleavage 
resulted from reorientation of mica-type minerals 
during the compressional phase of the Caledonian 

earth movements which superimposed north-south 
folds on the main Dome structure. 

Where bands of coarser sediment occur within 
the slate sequence the cleavage planes often deflect 
to a gentler angle of dip on passing through these 
bands; this is known as cleavage refraction. The 
coarser sediment may be split into thin sheets, 
termed microlithons, which have been displaced 
relative to one another along the cleavage 
fractures. A structure closely resembling 
sedimentary ripple marking can appear on bedding 
surfaces in association with well developed 
cleavage. This represents small scale buckling of 
the rock into periclinal microfolds during the 
compressional tectonic phase and is a miniature 
representation of the fold structure of the region as 
a whole. 

Slate extraction in north Snowdonia has largely 
been by opencast quarries or open terraces on the 
mountainsides, a method which is satisfactory 
where the slate beds dip steeply. In the Blaenau 
Ffestiniog and Corris areas, however, the gentle 
dip of the slate beds into the mountainsides has 
necessitated mining in underground chambers. 

After driving a horizontal gallery along the top 
of the workable slate vein, the slate is freed from 
the overlying worthless rock by cutting an inclined 
slot known as a roofing shaft. The chamber can 
then be developed by removing blocks of slate 
along the cleavage planes from the chamber 
backwall with explosives. When the chamber 
reaches a height of 50-60 feet, work is stopped and 
a new chamber commenced alongside or at a 
lower level. Pillars of slate are left in position to 
support the roof. If the thickness of the slate vein 
permits, a chamber may be worked to a height of 
two or more 'floors' with bridges constructed to 
maintain transport routes along the horizontal 
galleries. 

 
Les Dolamore
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Cotswold Field Excursion 
 
G.J. Bradbury1

 
 
BRADBURY, G.J. (1982). Cotswold Field Excursion. Proceedings of the Shropshire Geological Society, 2, 12-
15. An account of the field excursion to the northern section of Leckhampton Hill and exposures along the disused 
Chedworth railwav line, led by Drs. Harpum and Angseesing, both from The College of St. Paul and St. Mary. 

Leckhampton quarry is located two miles south of Cheltenham and was first opened in 1793. Approached via 
Daisy Bank Road the quarries are seen to be of Middle and Lower Inferior Oolite of the Bajocian stage in the 
Middle Jurassic. After a break for lunch the group spent some time along the Chedworth railway cutting where 
Upper Middle Inferior Oolite was exposed. Several good fossils were found together with a bed of smectite clay 
(montmorillonite – ‘Fuller’s Earth’). 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
On the 11th July, 1982, 34 Society members and 
guests were given a conducted tour of the northern 
section of Leckhampton Hill and exposures along 
the disused Chedworth railwav line. Our special 
thanks must go to our two guides for the day, Dr. 
John Harpum and Dr. Joe Angseesing, both from 
The College of St. Paul and St. Mary. 

The Cotswold Hills, stretching north-eastwards 
from near Bath and merging sixty miles away into 
the uplands of Northamptonshire form a series of 
steep scarp faces and vales. The hills as well as 
their fine villages are built mostly of a light-
coloured limestone which weathers to rich and 
varied tints of brown and yellow. Rock-strewn 
fields are often divided by dry-stone walls, 
constructed from stone dug from long shallow 
quarries long ago. Many of the limestones consist 
of minute rounded spheres of calcium carbonate, 
massed together to form ooliths (looks like fish 
roe). Many oolitic limestones show an oblique 
lamination, indicating that the rounded grains have 
been arranged by strong currents in shallow water. 
Many of the limestones also contain masses of 
shells or shell fragments and these break 
irregularly and in general can only be used for 
rough walling. The thicker oolitic beds are much 
more readily dressed into blocks of building stone 
of the required size and shape. The Quarrymen 
thus recognise ‘freestones’ (which can be cut 
easily) and ‘ragstones’ that are difficult to dress. 

The Leckhampton quarry is located two miles 
south of Cheltenham and was first opened in 1793. 
Approached via Daisy Bank Road the quarries are 
seen to be of Middle and Lower Inferior Oolite of 

the Bajocian stage in the Middle Jurassic. These 
rocks sit conformably on Upper Lias Clay of 
Lower Jurassic. Several clearly defined beds can 
be seen in the quarry workings and these are 
shown in the second diagram. [Note: all the grits 
are ‘ragstones’.] 

In the limestone cliffs above the Pea Grit the 
most striking feature is the rather regular spacing 
of the horizontal bedding planes and the joints at 
right angles to them. Manv of the joints have 
opened out over the years due to a camber 
movement of the blocks downhill. These gaps 
(‘gulls’) often have infill material. The current 
bedded sections built up of gently deposited 
sand/calcite grains 
were formed in and 
next to shoals and 
banks. These beds 
have a limited use to 
the quarrymen. It is 
perhaps interesting 
to note that the 
famous Devil's 
Chimney, perhaps 
seen by a few of the more energetic members of 
the Society, is not a natural formation but a pillar 
of freestone left by the quarry workers. 

After a break for lunch the group spent some 
time along the Chedworth railway cutting where 
Upper Middle Inferior Oolite was exposed. 
Several good fossils were found together with a 
bed of smectite clay (montmorillonite – ‘Fuller’s 
Earth’). 

G.J. Bradbury
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The 1980 Mount St. Helens Eruption 
 
Dr. L.J. Wilson1

 
 
WILSON, L.J. (1982). The 1980 Mount St. Helens Eruption. Proceedings of the Shropshire Geological Society, 2, 
16-18. The volcano of Mount St. Helens is sited above where a crustal plate is submerging into the mantle. 

On the 18th May 1980 the northern side of the volcano began to slip, pressure was relieved at the summit and 
an explosive cloud rose vertically. As the weight of overlying rock on the magma was released, it broke through 
laterally. 

An important idea that has emerged in the last decade is that almost all volcanic liquids are not simple liquids 
such as water which deform and flow when stressed. Volcanic liquids only flow when the stress exceeds a certain 
amount. The flow rate is related to the apparent viscosity. Lava/ash/mud/debris flows all have the property of 
having a threshold before they will flow. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The Earth is an active planet. Motions in the 
mantle have an effect on the crust causing it to be 
broken up into sections. New material comes up 
from the mantle mainly along the centres of ocean 
basins and in order to conserve surface area, in 
places such as island arcs and continental margins, 
part of the crust is pushed down, to be recycled in 
the mantle. At the boundary of continental and 
oceanic plates, new magma is generated where the 
down-going plate rubs past the floating plate and a 
mixture of basaltic material and sediment is 
reworked and rises, sometimes to be erupted at the 
surface. Mount St. Helens is sited above a location 
where a crustal plate is submerging into the 
mantle. 

Very basic material, rich in metals, low in 
silica, tends to produce either long lava flows or 
sinter cones or scoria cones. A low viscosity 
magma (runny) generally has an appreciable 
amount of gas in it. Gas bubbles form, rise through 
the magma and may coalesce to form bubbles up 
to 10 m (sic.) across. Such a bubble bursting at the 
surface produces a spray of fragments called 
pyroclasts. The low viscosity is a chief reason for 
the violence of such eruptions. 

The Mount St. Helens eruption occurred in a 
more viscous magma so gas bubbles have 
difficulty diffusing and do not coalesce. The many 
small bubbles can be seen in lumps of cooled 
magma. In basaltic eruptions such as Mount Etna 
or some Icelandic volcanoes, some gas is released 
carrying material nigh into the air, but viscous lava 
flows travel considerable distances across land. In 
some acid liquids (high in silica) the viscosity is so 
high that the magma does not disrupt at the 

surface. However in such magmas large amounts 
of gas are dissolved. These form little bubbles and 
tear the magma apart when they connect to form a 
continuous gas space. At the surface these large 
areas of gas force large blobs of magma out in a 
continuous jet, as in the eruption of Hekla in 
Iceland. 

An eruption cloud can be up to 10 km high and 
its speed is such that atmospheric gas is taken up 
and mixed with the pumice. The pumice is hot and 
heats the air which decreases in density and 
becomes more buoyant. Provided enough air is 
dragged in, the mixture becomes less dense than 
the air and drags pumice with it until the weight of 
individual pieces overcome the drag and they fall 
out of the cloud to form a layer over the ground. A 
short phase of the Mount St. Helens eruption was 
of this type. 

Dispersal of the pumice can be studied to derive 
cloud height. This is useful because the height of 
the cloud top is a function of the rate at which 
magma is squirted out of the vent (height is 
proportional to the root of eruption rate). 

In certain circumstances convection clouds are 
not stable; they become overloaded with pumice 
and collapse back to the ground. The resulting 
deposit is an ignimbrite and the ground cloud 
which produces it is a pyroclastic flow. This is a 
very dangerous deposit because its speed can be as 
high as 300 m per sec. Small scale pyroclastic 
flows occurred on Mount St. Helens. 

Mount St. Helens is one of a group of 
volcanoes about 70 km apart in the Cascades 
Range which is 7 million years old. Volcanic 
events started about 1 million years ago. Mount St. 
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Helens sits on the roots of an earlier volcano about 
57 thousand years old. The last recorded activity 
was 1842-57. The material is very acid dacite, 
some basaltic andesite, some basalt and is 
therefore very viscous and liable to explosive 
eruptions. 

The first signs of activity were on 20th March 
1980 when a fairly major earthquake was detected 
at some depth in the crust about 20 miles north of 
St. Helens. This was probably associated with new 
magma coming up into the base of the volcano. 
Nothing happened until 27th March when the first 
small explosions began at the summit. There were 
many smaller earthquakes during that week. Small 
explosions continued in the following weeks and a 
well developed crater appeared. 

Prior to the beginning of the major phase of the 
eruption no completely new magma was erupted 
onto the surface although it was present. This was 
important because when predicting eruptions one 
looks for new magma at the surface; therefore no 
warning was given until the last moment, when 
new magma appeared explosively on the 18th May. 

From the beginning of April onwards it became 
obvious that a bulge was appearing on the northern 
face together with large fissures. The northern face 
already contained a major fault. Observers 
interpreted this as a likely site for a debris 
avalanche and possibly for some explosive release 
of magma. In retrospect it was known that 
volcanoes in the USSR had produced sideways 
directed eruptions. Also, since the eruption, 
theoretical modelling has shown that when the side 
of a volcano falls off, there will be an extensive 
explosive wave. The U.S. Geological Survey was 
monitoring the northern face and one of their 
observers was killed, together with 50 other people 
who should not have been there, in the 18th May 
eruption. 

On the 18th May 1980 the northern side began 
to slip, pressure was relieved at the summit and an 
explosive cloud rose vertically. As the weight of 
overlying rock on the magma was released it broke 
through laterally. A series of clouds containing 
large blocks of rock came out of the side, some at a 
vertical angle, some along the ground. 

So many photographs were taken that a 
complete chronological record of the explosion 
clouds has been built up. From these a model can 
be constructed. The envelope of the cloud is 
measured from a fixed point on successive frames. 
If the scale is known, the distance scale can be 

calculated. The time the photographs were taken 
gives the time scale and thus the velocity can be 
calculated. Rates of change of velocity give the 
acceleration and, since acceleration is a measure of 
force, the forces can be calculated. The peak 
velocity of the magma was 120 m per sec. The 
sideways directed jets travelled some 12 km 
demolishing forests and climbing over ridges. By 
measuring the height of tree stumps the shape of 
the arc followed by the base of the cloud gives its 
speed. 

Much of the snow melted in the eruption and 
formed mudflows which ran down into the 
Columbia River blocking the navigable channel. 
The wave of ash entered Spirit Lake causing large 
explosion craters by heating the ground water. 

Two to three minutes after the lateral blast the 
volcano changed to a more conventional style 
eruption with most of the magma emerging 
vertically to form a typical cauliflower-shaped 
eruption cloud. This phase lasted 6-9 hours. 
Although impressive, the cloud was relatively 
innocuous because the ash was cool by the time it 
reached the ground. In contrast, the lateral blast 
was still incandescent after several kilometres. 

After the eruption about a third of the missing 
volume of the volcano slid away in the landslide in 
the first few minutes of the 18th May eruption. 
During the next 8-9 hours when the vertical 
eruption was taking place the top of the mountain 
was bored out and material drawn into the eruption 
cloud. This caused most of the destruction of the 
peak, about 400 m. After the main blast had 
stopped late on the 18th a residual discharge of 
magma was occurring forming the bulbous dome 
300 m across in the crater which at this time was 
1500 m across. 

Activity since the 18th May event has fallen into 
two phases. One phase involves the slow extrusion 
of new magma and the other phase consists of 
explosions in the new magma which break up the 
dome.  From this either a small convection cloud is 
formed carrying fine ash away or a cloud of 
pumice and gas cascades down the hillside 
forming a dense ground-hugging cloud or 
pyroclastic flow. 

The dome grew from 18th May to 12th June, 
when it exploded. Mainly ash was thrown up into 
the air clearing the vent. New magma came in to 
form a new dome which grew until 22nd July, 
when it exploded sending a cloud of pumice down 
the mountainside to form a layer of ash and 
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pumice on the flanks. Another dome blew up on 
5th August producing smaller flows of ash and 
pumice. On 16th October the last dome was 
destroyed and activity continued for three days. 
Since 18th October a new dome has been growing 
slowly and intermittently in the centre of the crater 
area and has now filled the hole and bulges out 
onto the surrounding terrain. A new pulse of 
magma arrives about every six weeks. 

Considerable investigative work has since been 
carried out on such factors as depth, structure, 
grain size, temperature and mechanics of the 
deposits on the slopes. 

A very important idea that has emerged in the 
last decade is that almost all volcanic liquids are 
not simple liquids such as water which deform and 
flow when stressed. Volcanic liquids only flow 
when the stress exceeds a certain amount. The 
flow rate is related to the apparent viscosity. 

Lava/ash/mud/debris flows all have the property of 
having a threshold before they will flow. 

In the field the thickness of deposits can be 
measured together with their density. From known 
slopes and gravity, yield strength can be 
calculated. Viscosity can be measured in the field 
by simple means and shows that five days after the 
flows were emplaced they already had an order of 
magnitude greater viscosity than when they were 
moving; three weeks later they had 2.5 orders of 
magnitude greater viscosity. 

 
 

A LECTURE BY DR. L.J. WILSON - 
PRESENTED TO THE SOCIETY ON 17th 
FEBRUARY 1982 

 
D.M. Jones
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Beach Pebble Sampling 
 
D. Franks1

 
 
FRANKS, D. (1982). Beach Pebble Sampling. Proceedings of the Shropshire Geological Society, 2, 19-24. A 
report of a study of beach pebbles on the north coast of the Isle of Man, between Rue Point and Point of Ayre. 

The study commenced with one main question - is there any pebble grading along, and up and down the 
shore? Two pebble banks were sampled, one immediately above and one immediately below high water mark. 
Seven sites along the shore were selected. 

It is deduced that sea currents are forced close in-shore by the sand bank, thus causing a larger deposit of 
pebbles near Point of Ayre: pebbles illustrating a higher degree of roundness, presumably due to greater 
transportation. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
This is a report of a study of beach pebbles on the 
north coast of the Isle of Man, between Rue Point 
(GRID 415 035) and Point of Ayre GRID 465 
052). 

The area of study is a beach consisting of a 
series of pebble banks; at low water up to four 
banks are exposed. The pebble banks are backed 
by sand dunes of approximately 100 metres width. 
Beyond the dune system is a lichen heath 300 
metres wide and stretching almost the full distance 
from Rue Point to Point of Ayre. The topography 
of The Ayre is generally flat; an approximate 
triangle is formed by the north and east coasts and 
the Bride Hills, a terminal moraine. The Ayre is 
formed by blown sand underlain by a salt deposit; 
in the heath area the formation of humus is well 
advanced, it having attained a thickness over the 
sand of between 50 and 100 m. 

 
PURPOSE 

The purpose of this exercise was to analyse 
pebble roundness, size and lithology along the 
shore, and measure pebble and pebble bank slope 
orientation. 

The study commenced with one main question 
- is there any pebble grading along, and up and 
down the shore? 

 
METHOD 

Two pebble banks were sampled, one 
immediately above and one immediately below 
high water mark. Seven sites along the shore were 
selected: Rue Point (site No.1), 0.5 km east of Rue 
Point (site No.2) and five further sites at 1 km 
intervals along the coast, culminating in site No.7 
at Point of Ayre. 

At each site four sampling points were selected, 
one on the fore slope and one on the rear slope of 
each pebble bank being sampled. At sites 1,2,3 the 
lower pebble bank was still under water and thus 
not sampleable; there was no rear slope to the bank 
A.H.W.M. at site No.1 as it graded directly into the 
sand dunes. 

A one metre rule was dropped randomly at each 
sample point and oriented N-S by swivelling about 
its centre. The distance between the sites was 
measured by pacing. From an initial pacing out of 
ten steps along a measured distance, it was 
calculated that 1,111 paces would be needed to 
cover one metre (sic.). [1 km is more likely. Ed.]  
The position could periodically be checked along 
the shore by reference to compass bearings; also 
checks were made on the pacing at intervals. 

The measurements taken at each site were as 
follows: 

(a) Dip of each slope (4 slopes at each site). 
(b) Ten pebbles of greywacke materiel selected, 

all touching the 1 m rule. 
Note. Only 4 pebbles of greywacke found at 

site 1 and only 5 at each S.P. at S.2 and S.3. 
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(c) Orientation of each sample pebble noted. 
Taken along the A axis. 

(d) Mean diameter of each sample pebble 
measured (3 axis). 

 
(e) Any other lithologies present were noted by 

type and frequency. 
 

ANALYSIS 
Table 1 and Graphs 1, 2 and 3 summarise the 

data obtained from the study. It can be seen from 
Table 1 that at most sites the pebbles were 
orientated perpendicular to the line of the pebble 
banks, this orientation going right through to the 
rear slope of each bank. This indicates a general 
build-up of pebbles from the rear to the fore slope 
of each bank: a build-up of pebbles towards the 
sea. There is possibly some extraction of pebbles 
from the inshore of lower banks, when underwater, 
and emplacement on higher banks. 

Table 1 also indicates that pebbles were 
generally dipping at an angle similar to the dip of 
the fore slope on each pebble bank. 

Another fact shown in Table 1 is that roundness 
increases towards Point of Ayre. This fact could be 
partly explained by in-shore currents running 
across the Ayres coast from west to east, carrying 
(rolling) pebbles along the sea bed near the shore 
from the west and depositing them on the pebble 
banks along the Ayres coast. Increased 
transportation in this manner would result in 
increased roundness (in this case towards Point of 
Ayre). 

From the length of shore that was seen, it 
seemed that pebble bank size increased nearer 
Point of Ayre. 

Graph 1 shows a general decrease in pebble 
size towards Point of Ayre. Add to this data the 
fact that there is a sand bank (submarine) just off 
the Point of Ayre and it is possible to draw-up a 

model of pebble bank build-up along the Ayres 
coast. 

Could it be that sea currents are forced close in-
shore by the sand bank, thus causing a larger 
deposit of pebbles near Point of Ayre: pebbles 
illustrating a higher degree of roundness, 
presumably due to greater transportation? 

 
QUESTIONS RAISED 

(1) Why a decreasing pebble size easterly? 
(2) Why an increasing pebble roundness 

easterly? 
(3) Why the changing lithologies as shown in 

Graph 3? 
(4) Why the apparent increase in pebble bank 

size easterly? 
(5) Would a different sampling technique have 

produced more definitive results? 
 

Questions 1, 2, 4 can be answered as postulated 
above; water currents being forced in-shore by the 
sand bank, thus depositing a greater quantity of 
pebbles at Point of Ayre; current direction (west to 
east) causing more rounding of pebbles towards 
Point of Ayre due to greater transportation; and 
consequently a lessening in the size of pebbles 
deposited. Also a certain amount of sorting 
(grading) would take place, resulting in larger 
pebbles being deposited first (west) and smaller 
ones being carried further east along the coast 
towards Point of Ayre. 

Question 3 does not have an answer at the 
moment; perhaps further study will provide one. 

Question 5; well, no sampling technique is 
perfect and the author cannot see ways of 
improving the technique used. However, it is not 
proposed to detail the alternative techniques 
available; instead it will be left for the reader to 
speculate. 

 
D. Franks
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