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The Geology of Northern Greenland 
 
Dr. R.E. Bevins1

 
 
BEVINS, R.E. (1984). The Geology of Northern Greenland. Proceedings of the Shropshire Geological Society, 4, 
2-3. The area is a late Proterozoic basin, with sedimentation influenced by a fold belt. 

The sequences, structures and mineralogies are described, together with their tectonic setting. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The field work for this project investigating the 
geology of northern Greenland took three years, 
the results of which are to be published in 1984. 
The area lies between 79° and 89° N and is a late 
Proterozoic basin, with sedimentation influenced 
by a fold belt. 

At Independence Fjord, the sequences exposed 
are of Proterozoic sandstone with intrusions. These 
are older than 1250 million years, but their true age 
is not known. These sequences are 
unmetamorphosed, as are the overlying basalts. 
The red siltstone members are used as marker 
horizons. The sandstones show large scale cross 
bedding and are for the most part fluvial 
sediments, with possible shallow water 
environments in places. They are commonly 
horizontally bedded and intruded with sheets of 
dolerite. The cliffs here are some 200 metres high, 
with many rock falls and glacial debris and 
outwash in the valleys. The overlying basalts are 
20-30 metres thick and since they are made up of 
individual flows, produce a stepped topography. 
These are flat lying tholeiitic basalts and are 
probably flood basalts, although the chemistry is 
uncertain, some pumpellyite Ca4(Mg,Fe)Al5 
Si6O23(OH)3*2H2O has been found. In total, the 
basalts are 1300 metres in depth and extend over 
500 square kilometres. There is evidence that some 
basement rocks have been caught up in this 
sequence, leading to an increase in silica content.  
Associated with siliceous veins are both native 
copper and secondary copper carbonate 
precipitation. Flow to flow correlation is made 
difficult by scree deposits. There are intrusions 
within the sandstone body, providing a mixture of 
flow material and dykes. The sandstone close to 
the dykes is baked and this has produced columnar 
jointing in the sandstone, together with some 
melting leading to the production of veins of 
siliceous material. 

This sequence is overlain by sandstone of 
Eocambrian age. This has good cross bedding and 
is a shallow water sequence of the sub- to inter-
tidal zone. This passes up into a multicoloured 
sequence of mainly purple sandstones of a 
lagoonal facies and is overlain by dolomites, the 
higher parts of which contain stromatolitic 
structures. 

In the Midsommer Sø region there is an 
unconformity between the sandstones, whereas in 
the Morane Sø there is a stepped unconformity, 
with evidence of breccias. These would have been 
formed by large blocks of sandstone sliding down 
the slope. The broken bedding in the blocks can be 
matched into the higher sequences. There are also 
debris flows deposited as lobes and good fluvial 
sandstones with large scale cross bedding in a 
poorly sorted sandstone sequence in a Gilbert type 
delta. Also present are evidence of mudcracks and 
a tilloid sequence. The sandstone sequence 
contains complex folds which is evidence of 
loading while the sediments still had a high water 
content. 

In Peary Land, north, of Independence Fjord, 
there are carbonate sequences extending through 
the Cambrian to the Silurian. In northern Peary 
Land there is a turbidite flysch oriented east-west. 
This Llandovery age deposit is rich in fossils and 
overlies the carbonate platform. 

The coast of Peary Land comprises a poorly 
exposed metamorphic region of sandstones and 
basalts with epidotes and actinolite in a chlorite 
matrix, forming a greenschist facies. The basalt 
sequence here is thinner than that in Independence 
Fjord, made up of only eleven individual flows and 
containing prehnite, Ca2Al2Si3O10(OH)2, and 
pumpellyite. These basalts can however be 
correlated with those at Independence Fjord, 
although they have been subject to greater 
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alteration due to the covering by the flysch 
sequence producing a higher grade metamorphism. 

The Frederick Hyde Fjord is a dramatic fold 
belt region, with glaciers flowing into the frozen 
fjord. The fold belt is made up principally of 
Lower Palaeozoic strata, but there is no evidence 
of fossils. The trend in the major field structures is 
east-west. In the northern part of the fjord is an 
amphibolite sequence thrust over rhyolitic 
volcanics of Permian age. 

 
 

A LECTURE BY DR. BEVINS - PRESENTED 
TO THE SOCIETY ON 21 SEPTEMBER 1983 
 

D.M. Jones 
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Joint Field Excursion with the Black Country Geological Society to Black Country sites, led by Alan Cutler 
 
Les Dolamore1

 
 
DOLAMORE, L. (1984). Joint Field Excursion with the Black Country Geological Society to Black Country 
sites, led by Alan Cutler. Proceedings of the Shropshire Geological Society, 4, 4-6. The area visited included 
Round Oak Steel Works, with derelict mine workings from which plant fossils were obtained. 

The afternoon was concerned with the geology adjoining two branches of the Western Boundary Fault in the 
general area of Wordesley. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Report of the excursion on Sunday 23rd October 
1983 led by Alan Cutler. 

A bright, sunny, but rather chilly day, when a 
group of about twenty from both Societies met in 
the centre of Dudley, moving off rather sedately, to 
the area near the Round Oak Steel Works. The site 
was in derelict mine workings with some 120 
known mineshafts, which had been in use since 
mediaeval days, but exploited industrially since 
about 1850, finally becoming uneconomic about 
1950. 

In order to return the land to a condition 
suitable for new industrial buildings, the area is 
being stabilized, firstly by open casting, then 
refilling and consolidating, similar to the areas of 
Telford which had also been mined over long 
periods. The site, loosely called the Hurst, is the 
western side of an anticline in the Upper 
Carboniferous with one thick and several thin 
seams outcropping towards the axis. On our 
previous meeting in the Black Country we visited 
the Doultons Claypit, which is on the eastern side 
of the anticline, and the same coal seams were 
outcropping. The excavation operations are now 
exposing three seams, “Thick Coal” which is about 
nine metres average thickness, “Upper Heathen 
Coal” 1 m thick and “Lower Heathen Coal” 0.8 m 
thick. 

Overlying the coal seams are bands of fireclays, 
black carbonaceous shales and ironstones which 
vary considerably in thickness and quality. The 
depth of the excavations is about 30 to 40 metres 
and workings from various episodes of mining are 
being exposed: adits, galleries, pillars, voids and 
pit prop supporting timbers in large quantities. The 
coal extracted is helping the overall stabilization 
operation to be economically viable, although 
some of it is only low quality. 

Naturally, there were plenty of plant fossils to 
be obtained, also some fresh water molluscs. 
Thanks to Mr. David Patterson of Johnson, Poole 
and Bloomer for showing us around. 

Lunch was taken in the open with free 
entertainment supplied by some organized BMX 
cycle racing close at hand. The afternoon was 
concerned with the geology adjoining two 
branches of the Western Boundary Fault in the 
general area of Wordesley. This fault runs 
approximately N-S with branches off in several 
places which trend NE-SW. The eastern side of the 
fault is an upthrust exposing the Carboniferous. 

Walking westwards onto younger formations, 
the first exposure, a large road cutting, was in 
Bunter Pebble Beds. These are early deposits of 
the Triassic and are very widespread over the 
Midlands area. The pebbles vary considerably in 
size and origin, the details were seen in the later 
field trip to Stoke on Trent (13th May 1984). 
Moving further west we crossed current bedded 
sandstone with occasional marl beds which 
indicates alternating wet/dry conditions. We then 
turned north and walked up a ridge of Bunter 
Pebble Beds to a vantage point to look at the 
topography of the immediate area. The present 
structure of the area was largely evolved during the 
Hercynian uplift in the area of N. France. The 
Midlands of England were not folded but affected 
by major fault movements, the western boundary 
fault being one of these. The next exposure visited 
was a small quarry in Lower Mottled Sandstone, 
older than the Bunter Pebbles, and this is an 
aeolian deposit formed from dune sand deposited 
by-strong dry winds blowing from the East in a 
desert valley situation. 

The next site after crossing the western branch 
of the Western Boundary Fault was an exposure of 
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Enville Beds. These are scattered outcrops of 
breccia of sandstones, marls and calcareous 
conglomerates. These breccias occur in 
Shropshire, Staffordshire, Worcestershire and 
Warwickshire with varying composition and 
differing names. The breccias underlie the Lower 
Mottled Sandstone and were formed as scree 
deposits in very arid and cold conditions. No 
fossils are found in the breccias, so they are 
difficult to date exactly. 

The last exposure visited was on the eastern 
side of the Western Boundary Fault. This was in 

Carboniferous deposits, and comprised greeny 
yellow sandstones of Etruria Marl (Upper Coal 
Measures). The material is still quarried for the 
clays from which blue bricks are made. 

All the afternoon sites were within a few 
hundred yards of each other and straddled the fault 
which could be clearly seen as the base of a scarp 
slope. 

 
L. Dolamore 
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A Beetle's Eye View of the Ice Age 
 
Dr. Russell Coope1

 
 
COOPE, R. (1984). A Beetle's Eye View of the Ice Age. Proceedings of the Shropshire Geological Society, 4, 7-8. 
After describing the traditional view of ice ages and evolution, attention was drawn to the situation within ice ages 
where populations are driven into refuges capable of sustaining only a small population, therefore the selection 
pressures must be very great. Thus ice ages are likely to produce new, novel species, to speed up the process of 
evolution. Furthermore, when the ice retreats, vast areas of the country become available for colonisation, isolated 
small populations spread out and in so doing, atypical populations become established. These compete with one 
another; many will survive to produce new species, and other will become extinct. 

A correlation was then shown between beetle species and average July temperatures to describe 
palaeoclimates. The beetles indicate that climatic change can be very sudden and that the intensity of change is 
enormous. These changes can be correlated with changes in the position of the Gulf Stream North Atlantic Drift. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Dr. Coope began by describing the traditional view 
of ice ages and evolution. In ice ages, populations 
are driven into refuges capable of sustaining only a 
small population, therefore the selection pressures 
must be very great. Thus ice ages are likely to 
produce new, novel species, to speed up the 
process of evolution. Furthermore, when the ice 
retreats, vast areas of the country become available 
for colonisation, isolated small populations spread 
out and in so doing, atypical populations become 
established. These compete with one another; 
many will survive to produce new species, and 
other will become extinct. 

When he began to study beetles, he found that 
some species were totally unfamiliar; other were 
very similar to present day species. The differences 
between fossils and modern animals were in fact 
less than the differences between individuals living 
at the present time. So in the time he has been 
investigating, some 40,000 years, evolution has not 
happened, yet there had been a whole ice advance 
episode during this time. 

More than a quarter of the known animals and 
plants are beetles. They are therefore a very 
important group. The number of fossil beetle 
species is between one and two thousand. During 
the last million years, there is no evidence of 
evolution amongst them, neither is there any 
extinction. Yet this is contrary to the traditional 
view of speciation and the destructive effects of ice 
ages, which certainly wiped out a great many 
vertebrate species. 

Beetles are entomological tanks and, being so 
strongly built, makes them unique among insects 

in forming good fossils. An entomologist identifies 
species on the basis of the exoskeleton. In the case 
of beetles, the palaeontologist can use exactly the 
same criteria for differentiating and describing 
species as the present day biologist. To prove this 
point, Dr. Coope showed two slides of Carabus 
nitens, one modern, the other 12,000 years old, and 
both identical, with the latter perfectly preserved. 
This high degree of preservation is vital, since 
beetle species can only be identified with 
recognised certainty by the size and structure of 
the male genitalia and these are also preserved in 
the fossils. 

Referring to two species with different ranges, 
one appearing in warm periods the other in colder 
times during the last glaciation of Britain, yet this 
disposition has no relationship to where they 
originated. Much time is spent trying to interpret 
evolutionary history by looking at the distributions 
of animals today and saying those distributions 
betray their evolutionary history, yet they need not. 
Ice ages have caused huge changes in geographical 
ranges. The different types of animal (in this case 
beetles) indicate different types of climate and 
their comings and goings in Britain will be an 
indication of climatic conditions in this very recent 
geological period. 

Being deliberately contrary, Dr. Coope 
proceeded to give us the conclusions next to be 
followed by the evidence, on the grounds that it 
was more interesting that way. 

Using average July temperatures, together with 
the fossil beetles present, it is possible to show that 
the period between the last interglacial and the 
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present one, i.e. a glacial period, was subject to 
numerous climatic variations, including short, 
“warm” periods. The beetles were very quick in 
responding to these climatic changes. In the middle 
of the last ice age, a beetle with a present range of 
high artic tundra, was a common species in central 
England. This is not just an oddity. 

Another species now found in the Russian 
steppes, was here in profusion during the glacial 
maxima. There are many other such examples, 
including present-day southern species, present in 
the warm periods. High mountain species were 
very common in Britain at the height of the last ice 
age. Two high Tibetan plateau species 
(Khnzoriani) were the commonest dung beetles in 
Britain during the last glacial period. 

The missing piece of the puzzle in the 
traditional view mentioned earlier is that the 
response of most animals to climatic change is to 
move. If the climate is changing, an animal can do 
one of three things - evolve, move or die. To move 
so that the environment remains constant is the 
easiest and preferable option. This then is the 
reason why we see no speciation, no evolution or 
any extinction. It is therefore possible to put 
together a synoptic picture. 

Using biogeographic ranges of different species 
found in Midland sites, it was shown that 44,000 
BP the fauna was dominated by arctic types, but 
no continental species occur. These are replaced by 
southern species in the middle of the glacial period 
and these in turn become replaced by continental 
species indicating a return to colder, but not arctic, 

conditions, but the record does end with an 
impoverished northern fauna. Thus, the fossil 
beetle record shows the changing climate as being 
polar 50-45,000 years BP; oceanic with 
temperatures at least as warm as at present 45-
40,000 BP; continental with cold dry summers 40-
25,000 years BP, then polar again with maximum 
ice extension at 18,000 years BP. 

Using a computer program it is possible to 
show a correlation between beetle species and 
average July temperatures to describe 
palaeoclimates. For example, 14,500 years BP, the 
average July temperature was not more than 10°C, 
i.e. too cold for trees to grow. At 13,000 years BP, 
there was a very rapid (70 years) change to 
temperatures of 17°C, i.e. from glacial to 
interglacial mode, but still no trees were present 
because trees take much longer to respond to 
climatic change than mobile carnivorous beetles, 
for example. 

Average February temperatures also indicate a 
similarly rapid change from -20°C to 0°C. The 
beetles therefore indicate that climatic change can 
be very sudden and that the intensity of change is 
enormous. These changes can be correlated with 
changes in the position of the Gulf Stream North 
Atlantic Drift. 

 
 
A lecture delivered to the Society by Dr. 

Russell Coope on 16th November 1983. 
 

D.M. Jones
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Granite for Everyman 
 
Prof. Wallace Pitcher1

 
 
PITCHER, W. (1984). Granite for Everyman. Proceedings of the Shropshire Geological Society, 4, 9-11. Granite 
is a deceptively simple rock, made up of quartz, two feldspars, mica, hornblende. But that is a gross 
oversimplification; there are granites and granites, and each has a different geological niche and tells a different 
story about the earth. 

The variation in the granitic rocks that you see in a large body of granites is not generally set up locally. These 
local variations are set up in individual magma chambers but, for example in Peru, the same granitic rock with the 
same chemistry comes up over 500 km into different intrusions. This means that the variation was already set up 
when the magma started to come up into the crust. Thus the genesis of granite lies down in higher energy levels of 
the crust and cannot be studied simply where they are emplaced. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Professor Pitcher began with an apology for the 
technical content of what was to come, explaining 
that modern geology requires such an approach. 

Granite, he said, was known to everyone, but 
the rocks which many people regard as granite are 
often something quite different. Granite is a 
deceptively simple rock, made up of quartz, two 
feldspars, mica, hornblende. But that is a gross 
oversimplification; there are granites and granites, 
and each has a different geological niche and tells 
a different story about the earth. Granites are very 
popular with geochemists who have decided that, 
since it is not possible to go down below the crust, 
then they should examine what comes up from the 
bottom of the crust. 

Even 100 years ago it was known that there 
were different types of granite. A granite is a 
melted rock which requires high heat energy to 
convert rock through the process of granitisation to 
produce metamorphic granite. This high heat 
produces intense regional metamorphism. If a 
granite is intruded as a magma, the heat produced 
is less and lower grade metamorphism takes place. 

About 50 years ago, it became popular to look 
for a connection between metamorphic and 
magmatic granite. That is, as metamorphic granites 
become molten, they migrate into the higher levels 
of the crust and become intrusive, to produce a 
granite series. Granite batholiths occur within fold 
belts (Mobile bells), and also in stable cratons, but 
not in great volume in the latter, so what is the 
connection? As geochemistry progressed, it 
became clear that granite is an end product of 
several processes, through crystal differentiation or 
partial melting of the crust or granitisation, but we 

end up with the same mineralogy. If a granite is 
produced from a basalt or a sedimentary rock, 
there were different sources and it is now possible 
to pick out minute geo-chemical differences. The 
different granites have different petrographic 
characteristics - texture and mineralogy - and the 
different composition depends upon the 
composition of the source rock. There is a 
fundamental reason for the differences. For 
example, if a granite is derived from mantle rocks 
in a crustal situation, that is they are weathering, 
leaving, say, a rock richer in potassium, then the 
ultimate granite will have a higher potassium 
content. These differences can be useful. For 
example, the Russians are well advanced in the 
technique of establishing whether an area is likely 
to yield tin or wolfram, by the type of granite 
present. The types of granite are shown on the 
accompanying diagram. 

It is therefore possible to group granites by 
'genetic' classification on the basis of the 
proportions of minerals: Al:K + Na + Ca, K:Na, 
Fe3:Fe2, stable and unstable isotope 
ratios(87Sr/86Sr, 143Nd/144Nd), and zenoliths. Each 
of the geochemical types belongs in a different 
geological niche. Taking a tectonic viewpoint, 
island arcs have small amounts of granite; the 
margin of Latin America has masses of granite 
together with volcanic rocks; the fold belts within 
cratons, produced by shears, have granites 
emplaced; areas of uplift have granites. There are 
more niches, especially in the mobile belts. 

From work in the laboratory, it is now possible 
to reproduce reasonably accurately the parameters 
of depth, temperature and water content, which are 
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needed to produce different types of granites. Each 
granite type has a different chemical evolution and, 
using the theoretically derived parameters, it is 
possible to state the environmental limits of each 
kind of granite. But the exact effects of trace 
elements like fluorine, or of carbon dioxide, or the 
chemical effects of water in hot melts, are not yet 
fully understood. Also, what does a hot silicate 
melt look like? What is known is that at the 
temperatures at which magmas come into the 
crust, they will be partly crystalline, but this varies 
between types. 

This brings in a new science - rheology. Once 
there is a certain proportion of solid, or bubbles, to 
liquid then the properties of that mixture change 
fundamentally, and pseudo-plastics form. If granite 
magmas are pseudo-plastics, then crystals will not 
settle out; it is pertinent to note that zenoliths in 
granite never touch, because of the physics of this 
type of magma. Therefore, if granites are pseudo-
plastics, then the previous theories of crystals 
settling out become suspect. Note also that the 
rheology varies with the type of granite. 

The variation in the granitic rocks that you see 
in a large body of granites is not generally set up 
locally. These local variations are set up in 
individual magma chambers but, for example in 
Peru, the same granitic rock with the same 
chemistry comes up over 500 km into different 
intrusions. This means that the variation was 
already set up when the magma started to come up 
into the crust. Thus the genesis of granite lies 
down in higher energy levels of the crust and 
cannot be studied simply where they are emplaced. 

How long do all these processes take? This is 
not known with any certainty because radiometric 
work only gives the end date. What must be 
considered is the assembly time of the magma, 
how long it took to migrate up, how long it took to 
cool and how long it took to cool the surrounding 
crust. When these times are added up, they become 
geologic periods, but again this depends on the 
type of granite - Andean granites come up in a 
short time, Hercynian granites over a long time. So 
the process takes something like 10 million years 
and during this long period, for example, 
sediments are being formed on top. 

On a more familiar (to most of us) note, that of 
the shape of the bodies, Professor Pitcher 
reminded us that we usually have two dimensional 

shapes on maps. In the Andes it is possible to see 
9000 feet of a pluton. Geophysical methods, using 
density and gravity anomalies, can tell how far the 
rock extends to depth. Seismic methods will, one 
day, tell-us the shapes of the bottoms of batholiths. 
For now, modelling is relied on, backed by strain 
measurements in the field. 

For the future, much work remains to be done 
on the source rocks. It will become easier to 'tag' 
the different types of granite by their inherited 
minerals. It will be possible to say that a mineral 
was derived from melting an amphibolite. It is 
already possible to tell whether zircons were 
derived from sediments or an igneous rock. It is 
also possible to measure their age and therefore the 
age of the source, since the nucleus of the zircon 
still retains its date of formation. There are isotopic 
proportions which enable the definition of the 
source as mantle or crust. There are very 
sophisticated ways of using rare earth elements to 
say whether a rock has been melted or 
differentiated. So in ten or so years time, it will be 
possible to say that a piece of rock came from the 
mantle, the source rocks were 400 million years 
old, and the granite was intruded at 200 million 
years also when was the source rock melted and 
how long did the granite take to intrude. Granites 
will therefore be classified in the genetic system, it 
will be possible to tell what they were produced 
from, e.g. M type granite is differentiation of 
mantle material, S type granite is the melting of 
sedimentary rocks in basis, the source can be aged 
and then the central question of geology today can 
be answered - how far does plate tectonics go back 
in time and is taken over by other global tectonic 
systems? 

It is likely that plate tectonics does not go back 
much beyond the Palaeozoic, if that far. So, if 
there were other systems in, say, the Precambrian, 
were the granites that were produced then any 
different? 

 
 

A LECTURE BY PROF. WALLIE PITCHER - 
PRESENTED TO THE SOCIETY IN 
JANUARY 1984 
 

D.M. Jones 
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Crustal Growth 
 
Prof. John Tarney1

 
 
TARNEY, J. (1984). Crustal Growth. Proceedings of the Shropshire Geological Society, 4, 12-14. The ocean floor 
is composed largely of basalt, whereas the continents are formed of lighter material of approximately the 
composition of granite. So where does the acid rock come from? One of the common models proposes that 
granites are derived from partial melting of the deeper part of the crust, the ‘liquid’ portion formed migrates 
upwards, forming diapirs, intruding into the upper crust as granites. The implication is that the dry rock left behind 
is richer in dark mafic minerals - pyroxenes, hornblendes, etc. However, the isotopic characteristics of the granites 
don't always concur with an origin in the crust; they must be derived from the mantle. 

In zones of crustal generation, particularly in a subduction zone where water is taken down, wet magmas are 
formed, which get stuck in the lower crust and remain there in a ductile condition for a long time. Being very 
viscous, they flow over a long time period, but fracture easily. Thus they open up and are cut by basaltic dykes. 
Then, over time, the viscous tonalite intrudes the basic rock, splitting it up, stretching it and spreading it around, 
forming the veined appearance of black and white rock. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
The Earth is quite different from the other planets 
in having relatively little crust. It used to be 
thought that when the Earth formed, it 
differentiated very early into core, mantle and 
crust. Yet this leaves the problem of why only one 
third of the planet is crust, and why no rocks have 
been found which are older than 3.8 billion years, 
although zircons found recently in Australia have 
been dated at approximately 4.1 billion years. So 
there are 500 million years of Earth history quite 
unknown. In the next few years much effort will 
be put., into trying to ascertain this early history, 
e.g. NASA programme, and major conferences in 
March and April 1984. 

The ocean floor is composed largely of basalt, 
whereas the continents are formed of lighter 
material of approximately the composition of 
granite. So where does the acid rock come from? 
One of the common models proposes that granites 
are derived from partial melting of the deeper part 
of the crust, the ‘liquid’ portion formed migrates 
upwards, forming diapirs, intruding into the upper 
crust as granites. The implication is that the dry 
rock left behind is richer in dark mafic minerals - 
pyroxenes, hornblendes, etc. Some transfer like 
that must take place because if the heat flow is 
measured in areas which have been uplifted and 
eroded to deeper crust, then the heat flow is low, 
i.e. all radioactive elements have been taken out 
into the upper crust. However, the isotopic 
characteristics of the granites don't always concur 

with an origin in the crust; they must be derived 
from the mantle. 

In Scotland, the Mountain of Suilven, a type 
area for lower crustal material, is formed of late 
Precambrian sediments, practically horizontal red 
Torridonian sandstones, overlying unconformably 
the basement of the Lewisian, which here is 
granulite facies. This is a very old land surface, at 
least 700 million years old. 

The Lewisian granulites, at 2.9 billion years 
old, are the oldest crustal rocks in Britain.  The 
rock is a bimodal suite, characteristic of the 
Archean. It is a black and white rock, a mixture of 
two rocks, an ultrabasic rock in a matrix of tonalite 
gneiss. In east Greenland, these same bimodal 
gneisses, or agmatite, appear over many square 
miles. With these rocks, sediments occur - these 
are brown weathering because of the pyrite and 
biotite present. Some of these sediments have large 
blue crystals of kyanite. In India, temples are built 
with lower crustal granulite. The dark colour is 
characteristic of lower crustal rocks. This is 
thought to be because this is the highest grade of 
metamorphism, when the rock is very dry, and is 
flushed through with CO2 fluids from the mantle. 
Although appearing uniform in colour, in detail the 
rock is a mixture of basic rock, pegmatite, tonalite, 
quartz veins, all heavily folded, forming bimodal 
gneisses. 

Moving on to the Pacific Ocean, the eastern 
margin is characterised by very extensive 
formation of granite over the last 400 million 
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years. It is this margin which is close to the mid-
ocean ridge, which has been over-ridden by the 
American plate. However, on the western margin, 
the plate is very old, extending for some 12,000 
miles from the mid-ocean ridge, before it starts to 
go down under the Marianas and Japan. There is 
very little granite in the region of this subduction 
zone, but it is characterised by the presence of 
island arcs. 

There are very few places where the plate is 
subducting under continental crust, but there is 
evidence of changing subduction patterns. More 
usual is the occurrence of island arcs, some 
submarine, with basins behind. These can be 
divided into three types - inactive basin with low 
heat flow, inactive basin with high heat flow and 
an active basin with a high heat flow. The high 
heat flow indicates that the mantle has been rising 
in some way and producing basalt. 

The Glomar Challenger has been involved in 
sample drilling around the margin of the Pacific.  
The samples obtained enable a reconstruction of 
the history of the region - why are the arcs where 
they are, what is the age sequence, what is the 
composition and what does subduction do? 
Evidence from this exploration suggests that up to 
35-40 million years ago there was a spreading 
ridge in the area of Hawaii, and that the ocean 
floor was spreading north and south from this. 
However, most of the ocean floor is 150-180 
million years old, so there must have been a 
junction between fairly old Pacific floor and newly 
formed floor in this region. The direction of the 
line of volcanic islands of the Hawaiian group 
supports this. This chain of islands has been 
formed by the plate passing over a hot spot 
forming volcanoes which are then carried by the 
plate. The change in direction of the chain, 
indicates the change in plate movement. The island 
arc system only began to form just after the Pacific 
Plate changed motion. 

The subduction zone can be very shallow and 
earthquakes are associated with this type. At other 
places, the zone can be almost vertical and in this 
instance, island arcs are formed. There are 
variations between these two extremes. Thus, it is 
plain that the western Pacific has steep subduction, 
whereas the eastern margin must be a much 
shallower subduction. Japan is somewhat more 
intermediate. There are various models to explain 
the formation of the back-arc basins. One is that as 
asthenospheric material is dragged down the 

subduction zone, then other material rises and if 
the crust is thin enough, will break through to form 
the basin. 

Another model proposes that as the material left 
behind after the formation of basalt is relatively 
lighter than the rest of the mantle, it rises up to 
form the basin. One other possibility is that the 
hinge of the subduction zone retreats and then the 
mantle flows in behind. The opposite of this is 
found at the other margin, where the plate is 
difficult to push under because it is light -'it 
therefore bulges up and sediments are scraped off. 
There is much folding along the margin and 
earthquakes are common because there is a large 
contact zone between the two plates, which 
requires a great deal of force to secure movement. 

The Deep Sea Drilling Programme shows that 
in the western margin of the Pacific, the series of 
arcs and basins - Iwo Jima Ridge, West Philippine 
Basin, Marianas, Kyushu-Palau Ridge, Parace 
Vela Basin, form an evolutionary series, with no 
one system of arc and basin remaining active for 
more than 15 million years. The system seems to 
be that where there is steep subduction, it is pulling 
down too fast and causes the hinge to roll back, 
leaving the area weak. The mantle then uprises, 
splits the arc and continues to uprise and spread in 
the back-arc region. This extensional process can 
also lead to basin formation in continental crust. 

One of the most popular models for the 
formation of continental crust is one of accretion 
of arcs on the continent, i.e. volcanic arcs are 
formed and subsequently a continent collides with 
it, "scraping" the "new" material onto its edge. 
Evidence for this can be seen in the Himalayas. 

Moving on to Antarctica, it is possible to show 
by the age of the ocean floor, that active 
subduction of the Pacific Plate was taking place up 
until about 40 million years ago. At that time, the 
actual spreading ridge was pushed under the 
continent and subduction stopped, as did the 
granite intrusion. This correlates with the change 
in motion of the Pacific Plate mentioned earlier. 

In Southern Chile, which is deeply eroded, all 
the granite intrusions were formed in the 
Mesozoic; even the basement is late Palaeozoic 
sediments, so there are no very old rocks. The 
dominant rock type in the Andes is tonalite, full of 
mafic inclusions which have been pulled apart by 
the acid rock, and therefore similar to the bimodal 
Precambrian gneisses. This material is only found 
in the deeper uplifted parts of the crust, where 
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there has been an extension to form a basin, which 
has been compressed back again, developing a 
thrust which pushes up the deep crust. This is a 
very common feature in Chile and British 
Columbia. There is a change from low grade high 
level rock to very deep level rocks in only a few 
tens of metres. This type of activity was very 
common in the Miocene epoch of the Tertiary. 

These bimodal rocks are very common 
throughout the world, so how are they formed? 
One possibility is that when rocks that are wet are 
intruded, they cannot rise to the upper part of the 
crust; only dry magmas can do this, because if 
water is added to a rock, it melts at a lower 
temperature than if it were dry, as the pressure is 
lower higher in the crust, water comes off and the 
magma solidifies. In zones of crustal generation, 
particularly in a subduction zone where water is 

taken down, wet magmas are formed, which get 
stuck in the lower crust and remain there in a 
ductile condition for a long time. Being very 
viscous, they flow over a long time period, but 
fracture easily. Thus they open up and are cut by 
basaltic dykes. Then, over time, the viscous 
tonalite intrudes the basic rock, splitting it up, 
stretching it and spreading it around, forming the 
veined appearance of black and white rock. 

 
 

A LECTURE BY PROFESSOR JOHN TARNEY 
GIVEN TO THE SOCIETY ON 15th 
FEBRUARY 1984 
 

D.M. Jones 
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Microfossils in the Lower Cambrian 
 
Dr. Martin Brazier1

 
 
BRAZIER, M. (1984). Microfossils in the Lower Cambrian. Proceedings of the Shropshire Geological Society, 4, 
15-17. There are thousands of metres of the Cambrian in parts of the world such as Siberia, Baltic, North America, 
but relatively few fossils. By contrast, the Cambrian in Britain is condensed and therefore very rich in fossils. 

There is an identical succession in Nuneaton and Newfoundland, but a different succession occurs in 
Shropshire. In Shropshire the basal Cambrian rocks are not red as elsewhere - does this indicate that the arkosic 
succession has been faulted out? In fact, the Shropshire succession can be compared with that in Southern Sweden. 

Cobbolds work in Shropshire identified six separate limestones in the lower Cambrian, each with different 
faunas. One of these, Eodiscus bellimarginatus, is a world marker of ocean swimming trilobites. Dr. Brazier has 
drawn up the first correlation between Nuneaton and Shropshire using fossils which shows that Shropshire is very 
good for the higher part, and Nuneaton for the lower part. Possibly a reasonable stratigraphy for the English Lower 
Cambrian could be established in these two areas, but this requires much more work in the Shropshire and 
Malvern sequences, particularly in the Lower Comley Sandstone. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
There are thousands of metres of the Cambrian in 
parts of the world such as Siberia, Baltic, North 
America, but relatively few fossils. By contrast, 
the Cambrian in Britain is condensed and therefore 
very rich in fossils. 

Research began with Lapworth 100 years ago, 
reaching a climax in the 1930’s. No research has 
been done in Shropshire since then, or elsewhere, 
since 1960. However, Cobold demonstrated that it 
is quite possible for amateurs to make a valuable 
contribution. 

Dr. Brazier sketched the paleogeographical 
setting of local Cambrian rocks and then went on 
to talk about the sequence of rocks in the Nuneaton 
area, which he has made a particular study of. This 
sequence is illustrative of what was happening 
during the Cambrian-and this was in turn related to 
events in Shropshire and elsewhere. 

600 million years ago in the North Atlantic 
area, Scotland and Northern Ireland were closer to 
Greenland and Newfoundland, while France was 
much more remote. The Iapetus Ocean separated 
the North American continent, including Scotland, 
from the rest of Britain, which at that time was part 
of a small continent extending from New 
Brunswick through England and Wales to the 
Baltic. There is much controversy over this ocean, 
but it is generally thought to have been opening 
during the Cambrian and closing throughout the 
Ordovician and Silurian periods. 

In Sweden, the Cambrian rocks sit on a thick 
sequence of granites and metamorphic rocks and 

comprise thin, shallow water sediments in mostly 
horizontal bedding; the "shales" are still "clays",' 
that is, uncompacted. This indicates a stable block 
area. Between Scandinavia and North America, an 
area of very slaty rocks, as found in Jura and 
Argyle, represent a deep sea trough on the edge of 
the Iapetus Ocean. In Scotland, the Torridonian 
and Lewisian rocks are horizontal, showing no 
folding or cleavage, and rest on a crystalline 
basement. Similar rocks can also be traced in 
North American. In contrast, in England and 
Wales, the Cambrian sits on volcanic deposits of 
the Uriconian and Charnian, suggesting an island 
arc situation. In the Wrekin quartzite are layers of 
clay derived from volcanic ash, supporting this 
theory. 

In the Nuneaton/Charnwood area the 
succession compares very closely with the 
succession in Newfoundland. It starts with a thick 
series of volcanic sediments, usually greenish, 
slaty rocks. A 2 cm fossil similar to a trilobite has 
been found in these, and also in Russia and 
Australia. Frond type animal fossils are quite 
common in the Charnian, as are jelly fish type 
structures and worm trails - the most famous is 
Charnia. The Nuneaton succession shows 
evidence of a major rise in sea level together with 
a major diversification of animal groups. The 
Precambrian/Cambrian boundary is clearer there 
than in Shropshire. It shows a weathered volcano 
with successive beach deposits as sea level rose in 
the Cambrian. There is a succession of sandstone 
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of the same age as the Wrekin Quartzite. This is a 
shallow water sandstone with cross bedding and 
with many worm casts, similar to "arenicular", 
near the base. Other trace fossils on the bedding 
planes help to fix the date of the rocks. Typically 
these traces are circular feeding marks made by a 
type of worm and other worm marks, indicating a 
shallow intertidal area. As water deepens, wave 
energy decreases and more greenish clay minerals 
appear. 

The Hyolithes Limestone in the Nuneaton 
Succession is the first appearance of shelled 
animals. The important feature is that in practically 
every outcrop of Lower Cambrian in Europe it has 
a different assemblage of fossils. This makes 
correlation difficult, including the placing of the 
Precambrian/Cambrian boundary, and indicates 
isolated communities. As the shoreline recedes, the 
deposits become muddier with trace fossils of 
trilobites. The bodies of trilobites appear later in 
the fossil record, possibly because, in their early 
stages of evolution, they were soft-bodied. 

The Hyolithes Limestone is very similar to the 
Comley Limestone and lies above 2 metres thick 
glauconitic sandstone. The limestone is pinkish, 
sandy, with lots of glauconite, iron and many 
fossils of brachiopods and worms (also found in 
Ercall Quarry). Its base is very phosphatic, in small 
nodules, formed by faecal pellets. Higher up it is 
more homogeneous, formed by the sea floor 
hardening, then corroding. At the top the rock 
emerged above sea level, allowing the formation 
of algal mats. In the upper beds, there is an 
assemblage of molluscs, worms and sponges. 

Some of the Cambrian fauna are still around 
today, e.g. Lingula, which has a calcium phosphate 
shell and the pre-trilobite fauna had phosphate 
skeletons. Most palaeontologists studying the 
Cambrian are convinced that there were many 
more phyla, which became extinct progressively 
through the Cambrian and Ordovician. Indeed, the 
Cambrian began with a major radiation of 
invertebrates which produce a much greater 
variety of body plan than we are familiar with. 
Many of these are yet to be named, including 
conodonts and early snails. Living Cambrian life 
forms such as primitive molluscs can be found in 
deep sea trenches. This diverse Cambrian fauna is 
known as the Tommotian assemblage (after 
Tommot, Siberia). The Cambrian therefore 
contains a very distinctive fauna, indeed some 
argue that the Cambrian should be considered a 

separate era in the same way as the Palaeozoic or 
the Mesozoic. 

Just above the fossil horizon is a massive 
sandstone body, possibly representing shallow 
water conditions. 

The succession is therefore: volcanoes broke 
into blocks by faulting; some thin limestones 
developed on some blocks and in the grabens thick 
successions of shales and sandstones developed - 
quartzites, glauconitic sands and muds, glauconitic 
limestones and shales. 

There is an identical succession in Nuneaton 
and Newfoundland, but a different succession 
occurs in Shropshire. In Shropshire the basal 
Cambrian rocks are not red as elsewhere - does 
this indicate that the arkosic succession has been 
faulted out? In fact, the Shropshire succession can 
be compared with that in Southern Sweden. 

Cobbolds work in Shropshire identified six 
separate limestones in the lower Cambrian, each 
with different faunas. One of these, Eodiscus 
bellimarginatus, is a world marker of ocean 
swimming trilobites. Dr. Brazier has drawn up the 
first correlation between Nuneaton and Shropshire 
using fossils which shows that Shropshire is very 
good for the higher part, and Nuneaton for the 
lower part. Possibly a reasonable stratigraphy for 
the English Lower Cambrian could be established 
in these two areas, but this requires much more 
work in the Shropshire and Malvern sequences, 
particularly in the Lower Comley Sandstone. 

What of evolution in this period? In the 
Precambrian animals only crawled across the sea 
bed and did not dig into the stratum. At the 
Precambrian/Cambrian boundary, the majority of 
shelly fossils are found in the Cambrian and later. 
Skeletons are of wide variety, formed of silica, 
phosphates, calcareous or sand grains glued 
together. This was a period of a massive rise in sea 
level, with cyclic series of deepening then 
shallower water. The fossil record tends to show 
greater diversity when sea level is deeper and 
extinctions when the sea level drops.  Thus, the 
greatest rise in sea level in the early Cambrian, 
produced a wide variety. Nearly all the creatures 
we are familiar with appeared around the 
Precambrian/ Cambrian boundary - brachiopods, 
sponges, worms, gastropods, bivalves, 
echinoderms, arthropods. 

There are three interpretations of this 
"explosion" - the environment remained uniform 
and built up by mathematical progression; or the 
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degree to which creatures expand is constrained by 
the amount the environment expanded; or 
preservational overprint in which the environment 
of the late Precrambian was unsuitable to preserve 
many kinds of fossils and radiation started earlier, 
but the record is not preserved in the rocks. 

 

 
A LECTURE BY DR MARTIN BRAZIER 
GIVEN TO THE SOCIETY ON 14th MARCH 
1984 
 

D.M. Jones 
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Field Excursion to the Church Stretton area, led by John Pauley 
 
D.M. Jones1

 
 
JONES, D.M. (1984). Field Excursion to the Church Stretton area, led by John Pauley. Proceedings of the 
Shropshire Geological Society, 4, 18-21. John Pauley's trip around the Precambrian of the Church Stretton area 
visited Caer Caradoc, the Cwms, Ashes Hollow and the Stanbatch Conglomerate on the top of the Longmynd. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Report of the excursion on 15th April 1984 led by 
John Pauley. 

The late start to the year's field programme saw 
John Pauley's trip around the Precambrian of the 
Church Stretton area intermittently rained upon, 
with a special treat of hail in the afternoon, but the 
sun did shine at times. A group of some two dozen 
"geologists" plus assorted children and dogs, were 
ably led by John through Caer Caradoc, the Cwms, 
Ashes Hollow and, lastly, to the Stanbatch 
Conglomerate on the top of the Longmynd. The 
following notes are reproduced from John's notes 
with his kind permission. 

The Longmyndian is a sedimentary sequence, 
6000 m thick, of late Precambrian age (Fig. 1). The 
sequence is folded into a syncline with axis 
trending SSW-NNE and with steeply dipping 
limbs. The western limb is inverted (Fig. 3). The 
sediments are confined between two major fault 
zones: the Pontesford-Linley Fault in the west and 
the Church Stretton Fault in the east. Precambrian 
volcanics, the Uriconian, outcrop within the fault 
zones and to the east of the Church Stretton fault. 

 
ITINERARY (Fig. 2) 
 
Locality 1 – Caer Caradoc and the Cwms 
1.   Longmyndian sediments and the 
Longmyndian/Uriconian contact 

 
The basal Longmyndian is mostly presumed to rest 
unconformably on the Uriconian Ragleth Tuffs. 
However, Whittard, in 1935, proposed a 
conformable succession from the Ragleth Tuffs 
through the "Helmeth Grit" into the Stretton Shale 
Formation of the Longmyndian. This sequence is 
poorly exposed on the SW slopes and at the base 
of Caer Caradoc. 
2.   Cambrian and Ordovician sediments at the 
Cwms 

 
In the valley between Caer Caradoc and Hope 
Bowdler Hill (called the Cwms), possible, but 
unproved sediments of the Wentnor Group of the 
Longmyndian are overlain unconformably by the 
Wrekin Quartzite and the succeeding Comley 
Sandstone. The basal Ordovician (the Hoar Edge 
Grit of Caradoc age; rests unconformably on the 
Cambrian. Exposures are poor, but the Wrekin 
Quartzite and Hoar Edge Grit can be recognised as 
topographic ridges running approximately N-S. 

 
3.   Caer Caradoc 

 
The structure viewed from the Cwms (drawn from 
memory, so not very accurate!) follows. 

Caer Caradoc is composed of andesites and 
rhyolites with a central intrusion of dolerite. Tuffs 
occupy the SW slopes of the hill. The relationships 
are complicated by much faulting and thrusting. 

 
Locality 2 – Longmyndian sediments, Ashes 
Hollow 
As Ashes Hollow is ascended, a sequence through 
the lower part of the Stretton Group is exposed - 
the Stretton Shale Formation, Burway Formation 
and Synalds Formation. 
 
Stretton Shale Formation:- 

This consists of thinly laminated shales and is 
inferred to be of deep water origin from its 
association with the overlying Burway Formation. 

 
Burway Formation:- 

At the base is a bed of siliceous tuff (the Buxton 
Rock). The majority of the Burway Formation 
consists of turbidites; beds of sandstone and 
siltstone with thin shale interbeds. The 
sedimentary structures are difficult to see in the 
field, but polished slabs show features 
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characteristic of turbidites. Turbidites are deposited 
in deep sea environments. The Burway Formation 
changes in character up the succession which 
reflects a gradual shallowing of the water. A 
subtidal environment is reached beneath the 
Cardingmill Grit with interlaminated muds and 
silts being developed. 

 
The Cardingmill Grit 

At the top of the Burway Formation is a 0.30 m 
thick sandstone. The currents which deposited the 
sandstone are opposite to the majority of observed 
current flow for the rest of the Longmynd. The 
source for the majority of the Longmynd 
sediments, i.e. land area appears to have been in 
the SE. Currents for the Cardingmill Grit therefore 

flowed towards the land or parallel to it. This and 
the presence of cross bedding and wave ripples 
seems to indicate a shallow marine environment 
under the influence of tidal or longshore currents. 

 
Locality 3 – Stanbatch Conglomerate, 
Ratlinghope Road 

The conglomerate contains pebbles of volcanics 
similar to the Uriconian. The conglomerate is one 
of many developed in the sandstones of the 
Bayston-Oakswood Formation of the Wentnor 
Group. The conglomerates and associated 
sandstones were deposited in a braided river 
environment. 

L. Dolamore 
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Joint Field Excursion with the Manchester Geological Association to Werrington Anticline, Stoke on Trent, 
led by Dr. David Thompson 
 
Les Dolamore & Geoff Jones1

 
 
DOLAMORE, L. & JONES, G. (1984). Joint Field Excursion with the Manchester Geological Association to 
Werrington Anticline, Stoke on Trent, led by Dr. David Thompson. Proceedings of the Shropshire Geological 
Society, 4, 22-23. The whole day was spent within the confines of the 400 acre park administered jointly by Staffs 
County Council and Stoke on Trent District Council and lying between Weston Coyney and Hulme, northeast of 
Longton. 

This had recently been reclaimed from derelict gravel quarries on the Werrington anticline, in the Triassic, 
with good exposures of Bunter Pebble and sandstone beds, 600 to 1000 feet thick, lying approximately 
horizontally. In the same location there are disused mine shafts along the line of an assumed fault, which bounds 
the eastern side of the Potteries syncline. The "five towns" run along the line of the Coal Measures outcrop (Black 
Band Group) with clay, limestone, coal and ironstone all along its length. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Report of the joint excursion on 13th May 1984 led 
by Dr. David Thompson of Keele University 

The whole of the day was spent within the 
confines of a 400 acre park which has recently 
been reclaimed from derelict gravel quarries. The 
area has been used (and misused) for industrial 
waste tipping, including some dangerous material. 
Reclamation was helped by a grant of £750,000 to 
cover the wastes, grading, planting and stabilizing, 
laying out car parks and putting up signage. A golf 
course is in process of slow evolution. The area is 
for pedestrians only, and appears to be well used as 
there are fixed facilities for events such as concerts 
(pop), picnics and adventure playgrounds. Some of 
the names given to particular sites are a bit fanciful 
(Khyber Pass and Spion Kop are typical). The 
Park is administered jointly by Staffs County 
Council and Stoke on Trent District Council and 
lies between Weston Coyney and Hulme, 
northeast of Longton, access by Park Hall Road, 
map ref. OS 119: 9244 to 9345. 

The whole area is on the Werrington anticline, 
in the Triassic, with good exposures of Bunter 
Pebble and sandstone beds, 600 to 1000 feet thick, 
lying approximately horizontally. In the same 
location there are disused mine shafts along the 
line of an assumed fault, which bounds the eastern 
side of the Potteries syncline. The "five towns" run 
along the line of the Coal Measures outcrop (Black 
Band Group) with clay, limestone, coal and 
ironstone all along its length. 

The first location visited was the spoil heap of 
one of the disused mineshafts at Ganimore, where 

coal was extracted from a ten foot seam. The spoil 
was pretty typical and contained lamellibranchs, 
fish scales, pyrites, iron carbonate, vegetable 
material, all of non-marine origin, from the Middle 
Coal Measures. 

There is no direct evidence for the assumed 
fault, but there is an abrupt change from Triassic to 
Carboniferous on a steep slope and no 
unconformity is exposed. 

The next location was a quarry in the Lower 
Trias; no spores or fossils have been found, so that 
the only possible correlation for dating, even 
approximately, is by the similarity with deposits in 
other areas. Because of its contents it has been 
included in the same member as Freehay 
(Cheadle) of the Hawksmoor Formation in the 
Sherwood Sandstone Group (Scythian). This puts 
it about 243 to 248 million years. Typically these 
are soft sandstones, pebbly sandstones and 
conglomerates with mudstone and siltstone bands. 
The absence of locally derived clastics, found in 
the Huntley Formation, narrows the correlation 
down to a slightly younger derivation. 

Dr. Thompson explained briefly the evidence of 
current bedding in the exposures which indicated 
that the direction of the palaeocurrents was to the 
NNW, and not NE as Wills had shown in 1948, 
thus giving evidence for "Rudyard Valley". The 
minor faulting in this quarry from the evidence of 
slickensiding was parallel to the face and normal to 
the bedding. 

From this location we walked up to the highest 
point in the area to get a better impression of the 
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structure of the Potteries and the Triassic 
morphology. The next trek was downhill off the 
Trias onto Coal Measures, where an adit for a 
disused coal mine was evidence of the proximity 
of the productive seams, and on down into the 
village of Hulme and a suitable "quiet" spot to eat 
our lunch and get to know the Manchester 
members. 

After our lunch we retraced our steps to the top 
of the park and made our way to a quarry which is 
the "pop concert" venue, an almost oval 
amphitheatre, oval because of faulting following 
up the strata and dipping to the east. 

Nearby is Play Canyon, where you would not 
be in the least surprised if John Wayne rode up to 
you and told you to put your hammer down and 
drink your milk, so much does it resemble the 
landscapes epitomised by Western films. This 
canyon, again following fault planes, was found to 
be in the Hawksmoor Sandstone, an obviously soft 
sandstone, silicified, blocks of mudstone, 
conglomerate, and some siltstone bands. We were 
able to see the direction of the palaeocurrents. 

The structuring of the alternate layers of 
conglomerate and clay layers and evidence of 
slough ponds where clay and mud settled, showed 
that rivers were advancing but with quiet periods 
indicating seasonality. 

We were fortunate to see pressure pitting on 
pebbles, where pebbles in contact lose silica in the 
beds forming the silicified sandstones. The pebbles 
have a rather decayed appearance at the contact 
points with the formation of slight surface 
depressions. 

Dr. Thompson explained the principle of pebble 
counting to help determine the origin of the 
pebbles within the Bunter Beds. Taking 50 random 
pebbles of roughly similar size and then sorting 
them into groups of different .rocks, we were able 
to determine a number of different lithologies, 
amongst them quartzites coloured from white 
through to pink, and dark brown, some brecciated 
quartzites, some white veined quartzite often with 
laminated tourmaline layers. More unusual finds 
were black quartzite, some igneous rocks, 

porphyry, rhyolites, Carboniferous chert highly 
decomposed, corals or brachiopods. It was 
generally accepted that the general direction of the 
derivation of the pebbles was from the SW 
peninsula of England. 

In the final quarry, "Skinners Canyon", which is 
very elongated in a North-South direction due to 
faulting, the dip still being to the east, the 
uppermost levels of the face were found to be 
equivalent to the Hodgedale Group. It was plain to 
see in this quarry that the interest in the quarrying 
operations was for gravel, as large blocks of 
sandstone had been left lying about and quarrying 
stopped as soon as the pebble beds reduced to an 
unworkable quality. 

A final look at the sedimentary structures of the 
sandstones we had visited during the day revealed 
that we had traversed upwards through three 
different formations of the sandstones, firstly the 
oldest Huntley Formation, then the Hawksmoor 
Formation and finally the Hodgedale Member. 

From Skinners Canyon we walked across the 
centre of the park past the very pleasant visitors’ 
car park to Hopper Fort, where we began our day. 

Our day ended in the car park noting the 
structures at the back of the cliff face. It was 
possible to see a strong gravel bed suddenly 
changed to a sandstone bed, the two placed almost 
side by side like bricks in a wall, presumably being 
caused by a large fall of energy in the river, the 
force of the flow being unable to carry larger 
pebbles, resulting in the immediate change of 
horizons. 

The day was most pleasant and we look 
forward to the possibility of a further joint field trip 
with the Manchester Geological Association. Our 
thanks for an excellent day go to Dr. Thompson 
for his erudite explanation of the formations. It was 
noted that at any one time, Dr. Thompson was 
unable to get more than 300 yards ahead of the rest 
of group - is he slowing down, or are we getting 
fitter? 

 
L. Dolamore and G. Jones 
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Evening Field Excursion to Criggion Quarry, led by Mr. German, with Notes by Mr. Lawrence Crump 
 
Geoff Jones1

 
 
JONES, G. (1984). Evening Field Excursion to Criggion Quarry, led by Mr. German, with Notes by Mr. 
Lawrence Crump. Proceedings of the Shropshire Geological Society, 4, 24-26. A guided tour of Criggion Quarry. 

The intrusive body was originally assumed to be laccolithic in form attaining a maximum thickness of 600 ft 
below Rodneys Pillar. Recent core drilling and associated mapping suggests the igneous mass is much thicker than 
previously estimated and might be interpreted as plug-shaped or at least substantially discordant. The rock could 
be referred to as an olivine gabbro. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Some 36 members and guests of the Society met at 
Criggion Quarry for the annual evening field 
excursion, this year's being a guided tour of the 
quarry from top to bottom. 

A brief explanatory talk by the Quarry Manager 
Mr. German gave us a very good insight into the 
history of the quarry. Stone has traditionally been 
removed for local building from the natural slope 
of the hillside. Indeed, until 1967 the face was 
worked by gangs of men descending from the top 
on ropes, to plant explosives to bring down the 
rock. Limitations on the use of quarrying were 
imposed by the nearby World War II Aerial 
Complex having its aerials anchored on the hill. 
With 1967 came a new aerial with only one anchor 
to the hillside, enabling better access to the rock. 

A hazardous haul road, l½ miles long and 
sometimes as steep as 1 in 4, leads to the top - it is 
not difficult to imagine the problems of bringing 
the loads of stone down the haul road, especially in 
bad weather. As part of the improvements to the 
quarry, a 6 ft diameter shaft some 700 ft deep was 
bored from the quarry downwards, at an angle of 
70° from the vertical. A tunnel 120 yards into the 
rock face meets this vertical shaft. After bringing 
down rock from the worked face, it is crushed in a 
plant on top of the face and then conveyed to the 
shaft where it falls under gravity to the lower level. 
It is then crushed to whatever size is required, its 
main uses being in road-stone and for ready mixed 
concrete. 

The geology of Criggion was explained to us 
by Mr. Lawrence Crump, who supplied the 
following notes and map (Fig. 25). 

Criggion Quarry is located on the western flank 
of Breidden Hill, close to the Powys/Shropshire 
boundary some 14 miles south-west of 

Shrewsbury. The rock type quarried, an albitised 
olivine dolerite of Lower Caradocian (Upper 
Ordovician) age, is intruded into shales and 
volcanics (mainly tuffs) of the Breidden Hill inlier 
(Ordovician). 

The intrusive body was originally assumed to 
be laccolithic in form attaining a maximum 
thickness of 600 ft below Rodneys Pillar. Recent 
core drilling and associated mapping suggests the 
igneous mass is much thicker than previously 
estimated and might be interpreted as plug-shaped 
or at least substantially discordant. 

 
The on-site geology is summarised as follows: 

• Exposures of shales and volcanics which 
occur close to the intrusive contact near the 
western base of the hill along the quarry 
haul road, dip consistently at steep angles 
westwards. 

• Presence of a zone of block faulting along 
the western margin of the intrusion (faults 
trending approximately perpendicular to the 
margin). 

• Existence of a major zone of faulting 
between the old abandoned quarry and the 
main part of the hill - here two NW trending 
faults have upfaulted shales and dolerite. 

 
Additional outcrops of dolerite beneath shale can 
be seen along the Criggion-Trewern road. Here the 
contact appears to dip at a flat angle to the south 
east. This apparent reversal of dip is interpreted as 
a remnant synformal pocket of shales overlying the 
dolerite between the main igneous mass and 
isolated outcrops to the west. 
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Drilling has failed to intersect the base of the 
dolerite which has a proved thickness of around 
900 ft (274 m). 

The rock is a remarkably uniform, typically 
green, porphyritic dolerite of slightly variable grain 
size and colour. (A plug-shaped form could 
explain the absence of significant mineral layering 
within the rock, the body having been diapirically 
emplaced in a partly molten state). 

Mineralogically, the rock basically comprises 
plagioclase feldspar, epidote, olivine, 
clinopyroxene, chlorite, leucoxene, iron ore and 
accessory amounts of quartz, clinozoisite and 
allanite. 

The main mineral plagioclase feldspar (35% to 
60% of the rock) occurs as small divergent laths 
(oligoclase/andesine) and as large phenocrysts 
which are often completely altered and replaced by 
epidote, calcite, chlorite, etc.. Epidote (15% of the 
bulk) occurs as distinct crystals or as groups which 
appear to have replaced clinopyroxene. Chlorite 
(10% to 15%) occurs interstitially and associated 
with epidote as a replacement mineral. Olivirie 
(0% to 10%) where present, occurs as veined 
phenocrysts, sub-rounded and mostly very altered. 
Clinopyroxene (0% to 10%) forms smaller 
phenocrysts than olivine and shows various stages 
of alteration to epidote and chlorite. The accessory 
quartz, etc., occurs as fine grained interstitial 
aggregates often closely associated with chlorite. 

The mineralogy of the rock indicates that is has 
suffered a degree of metasomatism (change of 
composition due to reactions between original 
minerals and migrating fluids and/or gases). The 
unusual feldspar composition implies a process of 
‘albitisation’ (soda metasomatism), hence the 
descriptive name of the rock. 

Table 1 shows the results of tests on samples of 
chippings determined in accordance with BS 
812:1975. 

[Editor's Note:  A group on a Birmingham 
Extramural Dept. Petrology Course, tutor Peter 

Toghill, has recently (October 1984) examined 
thin sections of rocks collected from the middle 
and lower quarries on this field trip. These showed 
that the rock from the higher quarry is richer in 
quartz while the lower level is richer in olivine, 
although this is more altered than in the higher 
level rock. On the basis of this analysis, Dr. 
Toghill considers that the rock could correctly be 
referred to as an olivine gabbro.] 

The party then split into three for the trip 
around the quarry and squeezed our way into a 
number of Land Rovers. To cries of “you’re 
squashing us” from people at the back of the Land 
Rover, we ascended the haul road to the top of the 
quarry. We were able to see the enormous amount 
of material discarded due to it being rendered of 
little use through weathering. Looking down, the 
size of the quarry floor became obvious and one 
could see the way the quarry was being worked in 
steps. 

Our next stop was on the quarry floor to see the 
immediate past chairman sprinting to regain a 
wind blown hard hat and to see the crushing plant 
and also the top of the rock pass to the lower level. 
At the lower level, we walked into the tunnel to 
see the machinery installed to convey the rock 
from the bottom of the rock pass to the final 
crushing plant. The rock pass is, as previously 
stated, steeply inclined, it is also offset from the 
main tunnel such that the inertia of the rock 
plummeting down the pass is dissipated before it 
hits the conveying machinery. 

At this point we curtailed our visit because of 
lack of time. Our thanks go to the quarry staff who 
made us very welcome and to the fact that it didn't 
rain all evening. Though it was rather dusty, it did 
give a few of us an excuse to wet our whistles at a 
nearby hostelry. 

 
G. Jones
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Table 1: Results of tests on samples of chippings determined in accordance with BS 812:1975. 
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Field Excursion to the Tunnel Cement Works, Mold, led by Malcolm Conway 
 
D.M. Jones1

 
 
JONES, D.M.. (1984). Field Excursion to the Tunnel Cement Works, Mold, led by Malcolm Conway. 
Proceedings of the Shropshire Geological Society, 4, 27. A guided tour of the Tunnel Cement Works, Mold. 

Visited Cefn Mawr Quarry, the source of limestone for the cement works. This quarry is in Carboniferous 
Limestone and good fossils of Lithostrotion Productus, and Spirifer were found, together with some fine samples 
of fresh galena. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
Report of the excursion of 8th July 1984. 

Looking back, perhaps a hot dry July Sunday 
during a hot dry summer, is not the best time to 
visit a cement works. On the other hand, I don't 
suppose it would be much fun in the rain, either! 
We were nobly entertained by Tunnel Cement and 
especially Malcolm Conway, who was our guide 
around the hot, noisy and dusty interior of the 
works. 

Basically, the cement has three components: 
85% limestone, 10% shale (to provide alumina and 
iron) and 5% sand (to provide silica). These 
individual constituents are ground down and 
mixed in rotating drums with water to form a 
slurry, which is stored until it is fed to the kiln. 
There it is baked at temperatures up to 1500°C to 
form a clinker. This is then ground down and 
gypsum is added to control the chemical reaction 
in setting. 

Having got thoroughly parched and dusty, we 
descended upon the gracious Free House Plas 
Hafod where we mingled with other Sunday lunch 
time revellers, somewhat conspicuous by our 
attire. Here, courtesy of Tunnel Cement, we wined 
and dined, enjoying what was most certainly the 
best meal the Geological Society has ever 
partaken. 

Eventually, in a somewhat drowsy after-lunch 
state, we reluctantly left these fine surroundings 
and made our way to Cefn Mawr Quarry, the 
source of limestone for the cement works. Here we 
were let loose to explore and find what fossils we 
could. This quarry is in Carboniferous Limestone 
and good fossils of Lithostrotion Productus, and 
Spirifer were found, together with some fine 
samples of fresh galena. 

 
D.M. Jones
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International Interest in the Wrekin Area 
 
J.W. Cowie1

 
 
COWIE, J.W. (1984). International Interest in the Wrekin Area. Proceedings of the Shropshire Geological 
Society, 4, 28-29. Visit to the Ercall quarries to examine the granophyre and the basal Cambrian sedimentary strata 
by members of the Working Group on the Precambrian-Cambrian Boundary which is a part of international 
investigations sponsored by the International Union of Geological Sciences (I.U.G.S.) in cooperation with the 
International Geological Cooperation Programme (I.G.C.P.). 

Report of excavations with a mechanical digger near Charlton Hill in the Rushton district of Telford, 
Shropshire, to reveal the Comley Limestones. 
 
1Shrewsbury, UK. E-mail: editor@shropshiregeology.org.uk 

 
In 1983 and 1984 there have been many visits, no 
doubt, to the Wrekin and Ercall hills near 
Wellington, Telford, Shropshire by geologists 
from abroad who are interested in both the igneous 
and the sedimentary rocks and their 
interrelationships. The author has been concerned 
with two such visits. 
 
Visit 1 

In May of 1983 a party of fifteen (led by the 
author with the assistance of Jeremy Krause) 
visited the Ercall quarries to examine the 
granophyre and the basal Cambrian sedimentary 
strata. They were members of the Working Group 
on the Precambrian-Cambrian Boundary which is 
a part of international investigations sponsored by 
the International Union of Geological Sciences 
(I.U.G.S.) in cooperation with the International 
Geological Cooperation Programme (I.G.C.P.). 
These geologists (mainly stratigraphers, 
sedimentologists and palaeontologists) came from 
the German Federal Republic, United Kingdom, 
China, Denmark, France and the U.S.S.R. in this 
particular field party, but the Working Group 
consists in total of about 100 members from over 
20 countries. 

For this Working Group the Ercall has two 
especially interesting aspects: 

(i) the Wrekin Quartzite is probably the earliest 
Cambrian formation in Shropshire (leaving aside 
the problem of the age of the Longmyndian strata 
in this context). From correlations with the 
Midlands and the southern outcrops at Comley, 
near Church Stretton, and the southern Malvern 
Hills it may be quite early in age in the Cambrian 
period. It seems, however, not to be of the earliest 
Cambrian age and not comparable with older strata 

and fossils found in southern China and in eastern 
Siberia, Mongolia, Newfoundland, India, Mexico, 
Iran and elsewhere. Fossil evidence in the Wrekin 
Quartzite is poor and the visiting field party 
searched for fossils but with only limited success. 

(ii) the Ercall granophyre has been dated by 
radioisotopic analysis in recent years giving good 
results using Rubidium-Strontium methods 
(533±12 million years before the present) and 
Uranium-Lead methods (531±5 million years 
before the present). The corroboration between 
these two methods has a special value and 531±5 
can therefore be interpreted as a well-substantiated 
isotopic age for the Ercall granophyre. From recent 
re-examination of the existing outcrops the 
granophyre can only be seen in outcrop at present 
to intrude and therefore postdate the upper part of 
the up to 50 m regional thickness of the Wrekin 
Quartzite (not earliest Cambrian in age). Before 
erosion took place at a higher level above the 
present hill, the granophyre probably then cut 
younger Cambrian beds present at that time due to 
the dip of the strata. The extra height above the 
present summit for this to have occurred need only 
be of the order of 60 m. 

The age of the Precambrian-Cambrian 
Boundary calibrated in millions of years still has a 
wide range of uncertainty. At present the possible 
range could be 530 to 600 million years before the 
present. The best evidence available at present to 
calibrate the age of the Precambrian-Cambrian 
Boundary in the United Kingdom seems to be 
from the Ercall granophyre which is quite accurate, 
relatively speaking, on geochronometric grounds, 
but is singularly lacking in stratigraphic precision. 
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Visit 2 
In March 1984 the author accompanied 

Professor Klaus Müller and Fraulein Ingelore Hinz 
(from Bonn, Germany) to undertake excavations 
with a mechanical digger near Charlton Hill in the 
Rushton district of Telford, Shropshire. The party 
is most indebted to the farmer of the land, Mr. 
Colin Davies, for his cooperation and also to the 
Agent, Mr. C.A. Eadey, who, on behalf of Lord 
Barnard, the landowner, made the research 
possible. The rocks concerned, the Comley 
Limestones, were hidden under a top-soil cover 
and had been previously examined by E.S. 
Cobbold and R.W. Pocock over 50 years ago. The 
strata, although not as well-calcified as at Comley 
near Church Stretton (Shropshire), yield 
representative macrofossils and are now being 
processed chemically to extract microfossils. Some 
of these microfossils are less than one millimetre 
across but have great potential value for 

biostratigraphic international correlation in the 
younger parts of the Early Cambrian and later 
rocks. 

The above research is, of course, only a small 
fraction of the world-wide projects which are in 
progress.  Shropshire has a great part to play in 
world geology because of its famous and critically 
important rocks, exposed and unexposed. 

 

 
J.W. COWIE, PhD, Univ of Bristol 
Chairman/Project Leader, Working Group on 

Precambrian-Cambrian Boundary, I.U.G.S.-
I.G.C.P. 
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