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Editorial

Not even the most tortuous of minds could detect any links between the
articles making up The North West Geologist No. 3. So let us make a virtue out
of necessity and ask-where else but in the NWG could you find such
extraordinary diversity of subject?
Not perhaps 'shoes, ships, sealing wax, cabbages and kings' but instead we can
offer you Welsh castles and African mantle plumes, spiders ancient and modern,
Wirral coastal defences, Derbyshire gold, Earth Science courses at Liverpool John
Moores University plus of course, all our regular features. Some of the latter
could be on their last legs as we run out of museums and as the BGS mappers
move away from North West England. In part compensation geological
conservation is taking on added importance these days. But ideas for new
features would be much appreciated by-

G. D. Miller N. C. Hunt
Sheila Owen Tom Metcalfe

Notes for Authors

Articles and suggestions for future issues are always most welcome and
should be sent to either N.C. Hunt, Department of Earth Sciences, The University,
Liverpool L69 2BX; or to G. D. Miller, Oaklea, Diglee Road, Furness Vale, via
Stockport, SK12 7PW. Articles should be typewritten if possible and up to 3,000
words in length. Figures should be designed for reduction to fit a maximum
frame size of 180mm x 125mm.

Copyright

Copyright in the North West Geologist as a whole is held by the Liverpool
Geological Society and the Manchester Geological Association. Copyright,
however, in the individual articles belongs to their respective authors.

Back Numbers of the North West Geologist and the Amateur Geologist

Limited stocks of most previous issues are held in Manchester and
Liverpool, and copies {at very modest prices) can be obtained by application to
the editors.

A Lateral Key for the Identification of the Commoner Lower Carboniferous
Coral Genera

Murray Mitchell's article in the last North West Geologist is now available
from the Manchester Geological Association in offprint form, A5 in size with 10
pages and a blue laminate cover. The price is £1.95 (plus 25p postage and
packing) for single copies. Orders in bulk (over 10) may be obtained at the
discounted price of £1.70 per copy (plus 50p postage per 10 ordered).

Orders should be sent to G. D. Miller, Oaklea, Diglee Road, Furness Vale
via Stockport, SK12 7PW. Please make out cheques to the MGA,
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IN BRIEF....

Still more about radon

Recent detailed surveys by the National Radiological Protection Board
have added considerably to our knowledge of the radon risk (see North West
Geologist No. 1, 1991) in the English counties of Derbyshire, Northamptonshire
and Somerset. In Derbyshire the proportion of homes exceeding the Action Level

(200 Bq m™3) was highest in an area broadly equivalent to the Carboniferous
Limestone Dome (and immediate environs). A smaller proportion exceeded the
level in the surrounding Namurian and also in the north-east of the county
underlain by Permian limestones. It is not clear why the Carboniferous
Limestone in Derbyshire should present greater problems than the equivalent
strata in Staffordshire, the West Riding and Cumbria. The survey does refer to
the importance of permeability due to fracturing and karst formation. But we
shall have to await even more detailed area studies within the Derbyshire Dome
to get a clearer idea of the situation.

In Northamptonshire the NRPB survey found that much of the area with
the highest radon levels is underlain by the phosphatic ironstones, sandstones
and limestones of the Northamptonshire Sand Formation and the Lower
Estuarine Series. In Somerset high radon values were found over Lower
Carboniferous and Mesozoic limestones in the north-east, and over Devonian
rocks (mostly sandstones and shales) in the west of the county.

(Source : Documents of the NRFB, vol. 3, 1992)

But where have all the tuffs gone?

As a rock group the tuffs have had their ups and downs. Ups came mainly
in the 1950's and 1960's with the discovery that rocks identified as lavas were in
fact welded ash flow tuffs. But then came the downs. First a number of air-fall
tuffs were found to be hyaloclastites, and then a larger number were re-classified
as epiclastic rocks - with volcanic constituents redistributed by sedimentary
processes as tuffites, lahars, turbidites as so forth. Such re-classification has
appreciably modified our picture of the Borrowdale Volcanic Group in the Lake
District - although as Frank Moseley points out (Moseley, 1990), bedded airfall
tuffs “can on occasions be difficult to distinguish from volcaniclastic sediments...
the field relations are often inconclusive and their interpretation can then be a
matter of speculation”.

In North Wales, too, airfall tuffs appear to form a surprisingly small
proportion of the Caradocian rocks in Snowdonia and are far outnumbered by
ashflow tuffs. The recent Memoir (Howells, Reedman and Campbell, 1991) notes
that significant Plinian fall-out deposits are lacking in the sequences-subaerial
and submarine- dominated by the acidic ash-flow tuffs. “This", adds the Memoir,
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“i% in marked contrast with the numerous examples of recent subaerial ash flow
tuffs which are preceded by a Plinian fall-out phase and followed by a fall-out
from the attendant cloud”. As for the basaltic Bedded Pyroclastic Formation, only
a small part of it consists of "genuinely pyroclastic elements” and the tuffaceous
sediments are dominant, But could it be that the pendulum has now swung too
far in favour of the sedimentologists?

References

Howells, M. F,, Reedman, A, J.,, Campbell, 5. D. G. 1991, Ordovician
(Caradoc) Marginal Basin Volcanism in Snowdonia (North West Wales). Mem.
Geol. Surv. G.B. London HMSO.
Moseley, F. ed. 1990, The Lake District. Geologists' Assoctation Guides.

Geologists At Home and Abroad

Despite the repercussions of UK currency devaluation geological field trip
prospectuses for 1993 show plenty of enterprise, North America is back in
business with Manchester's Extra Mural Department offering the Canadian
Rockies to California (July-August), Nottingham's Adult Education Department
visiting the Yukon and Alaska round the same time, and Bristol's Department of
Continuing Education going to the South West USA in September. Even more
adventurous perhaps is the Cardiff Department of Extramural Studies tour of the
Hawailan islands in late July-early August. The Mediterranean is as popular as
ever. Durham's Department of Adult and Continuing Education offer Crete in
April; Bristol return to Cyprus later that month, go to Pompeil and Herculaneum
in May, and pa - Santorini a return visit in October.  Readers of the North West
Geologist will remember the comprehensive field guide to the volcanics of
Nisyros in our first number - take it with you if you are going with the Field
Studies Council to Kos and Nisyros at the end of May, or with the Sheffield
Division of Continuing Education to Nisyros and Santorini in September.
Sheffield is also repeating its popular trip to the Auvergne volcanics in May.

At home Scotland is the most popular venue for geological field trips,
Arran gets two- with Liverpool Centre for Continuing Education in April and
Bristol in May. Mull has a pair too since Leeds Department of Continuing Adult
Education goes there in early May, and Nottingham runs two courses in May-
June. Ardnamurchan (Durham, May-June) completes the Highlands and Islands

group.

Further south there's the Summer Academy Northumbria course centred
on Durham in August-September, while across the Irish Sea Sheffield visit South
Mayo in May. Wales is represented by Pembroke (Durham, September),
Anglesey (Liverpool weekend, May) and the South Wales coast (Nottingham
weekend, April). And if you don't want to travel so far you can still have a
weekend in Swaledale (Hull Department of Adult Education, late March), the
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Yorkshire Coast (Liverpool, late April), or the South and West Lake District
(Nottingham, early October).

It's an ill wind ...

Derek Brumhead's article in the last North West Geologist referred to the
Mam Tor landslip and its disastrous effects on the main Manchester to Sheffield
road. According to Earth Conservation No. 30 (January, 1992) Mam Tor "shows
one of the best rotational landslides in the country and forms part of the Castleton
SSSI.. Movement of the road downslope shows the force and direction of the slip
and remains as a testament to the power and magnitude of such natural events.”
The National Trust has made proposals to improve the landscape in this area,
including a bridle path along the route of the former road. English Nature,
however, has stepped in on our behalf and is consulting with the Trust to ensure
that the slip's best features are preserved and "the debris slope morphology is not
masked by excessive vegetation coverage”. Will the geomorphologists show
equal enterprise in preserving visual evidence of our British earthquakes, mining
subsidence and other natural disasters?

Holmes redivivus

In the 1990 Amateur Geologist we drew attention to the centenary of the
birth of one of Britain's greatest geologists, Arthur Holmes. Apart from Eric
Robinson’s note in the Geologists' Association Circular, little notice was taken of
the event by the earth science establishment. This was in striking contrast to the
celebrations of the centenary of the birth of Sir Mortimer Wheeler, an equally
great archaeologist, which took place in Dorchester during September, 1990, A
lunch in his honour was held in the town; reminiscences were followed by the
guests perambulating round Maiden Castle hill fort and "pouring libations”
before returning to Dorchester for tea and an 'Animal Vegetable Mineral’
extravaganza, Earth scientists, however, move (like geological processes) at a
much slower pace and it is only in 1993/4 that the name of Holmes is being
honoured. A fourth edition of his magnificent ‘Principles of Physical Geology'
has been edited by Donald Duff with the assistance of an eminent team of
revisers - thirty one chapters and over 800 pages. Furthermore, a Geological
Society Arthur Holmes meeting is to be held in Iceland in 1994 - theme: the
Icelandic Plume and its influence on the evolution of the North Atlantic,

'Send the coach forward'

This instruction was to be found in many older descriptions of geological
itineraries. The coaches, point out the Geologists' Association Field Meeting
Secretaries, were "full of geologists who spoke to each other (occasionally), ate at
the same pub, were introduced to the geology en route by the leader..”. But as the
cost of coaches rose astronomically, they were soon abandoned for 'private
transport’. This, continued Jim Bryant and John Evans, means “cars doing
hundreds of miles, exhausting their drivers before the first exposure, isolating
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their occupants from other aficionados - and leaving the car-less behind as

outcasts”. So they are proposing in 1993 to reintroduce coaches from
the London Embankment with pick-up points en route, “pub stops (geology
permitting) and cream teas(?)",

As far as we know, the East Midlands Geological Society is one of very few
other bodies which can still run successful coach field trips for its members. If the
GA follows suit, will other societies take the plunge too?



CONTINENTAL FLOOD BASALTS OF THE KAROO,
SOUTHERN AFRICA

by W. . WADSWORTH

Introduction

Continental Flood Basalts have received considerable attention in recent
years, largely because of their apparent association with the early stages of
continental disruption, but also because of their sheer volume and relatively short
eruptive time-spans. Of course, they have long been recognised as important
components of continental geology, and have been intensively studied in various
parts of the world. But in plate-tectonic terms they have tended to be the poor
relations of the Ocean Floor Basalts, which are even more voluminous, and
appear to play a relatively straightforward role in the construction of oceanic
crust. Until recently, the link between Continental Flood Basalts and plate
tectonics has been limited to the notion that initiation of a new ocean by
continental rifting and the establishment of a zone of plate construction (incipient
mid-ocean ridge), will inevitably produce a certain amount of on-land (i.e.
continental) volcanic activity during the earliest stages of the process, but that this
is just a prelude to the more important business of generating new oceanic crust.

However, the subject of Continental Flood Basalts has now taken on a new
lease of life, as it has become clear that they represent significant magmatic events
in their own right, and that they are probably the surface expressions of major
upwellings of mantle material (mantle plumes), akin to the long-lived plumes
believed to be responsible for strings of oceanic volcanoes such as the Hawaii -
Emperor Chain. These sub-continental plumes differ from their oceanic
counterparts by their much greater breadth (up to 2000 km across), and this
feature is believed to be the result of the plume spreading out to form a
mushroom shape as it encounters a blanket of relatively thick continental crust,
compared with the oceanic situation where the thermal anomaly is more readily
dissipated. In both cases, partial melting of mantle material as it is elevated and
decompressed, leads to the generation of abundant basaltic magma. In the
continental context, the plume produces doming of the crust, with consequent
rifting and volcanic activity, and if the tectonic conditions are right (i.e. the
continent is already under extensional stress), this process may lead to major
fracturing and the eventual development of a new ocean. There is convincing
evidence that such a series of events has occurred a number of times over the past
300 m.y., as the most recent re-arrangement of the continents has taken place. In
particular, the Karoo basalts of S.E. Africa (and their counterparts in Antarctica
and Tasmania) are associated with the post-Gondwana separation of the southern
continents and the early history of the Indian Ocean; the Parana basalts of Brazil
(and similar basalts in Namibia) are associated with opening of the 5. Atlantic; the
Deccan basalts of N.W. India with the main development of the W. Indian Ocean;
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Figure 1. Map of Southern Africa, showing present distribution of Karoo lavas
(heavy ornament) and the sedimentary rocks of the Karoo basin (light ornament).



and the British Tertiary Volcanic Province (and the corresponding rocks in W,
Greenland) with the opening of the N.E. Atlantic. The mantle plumes responsible
for the opening of the S. Atlantic, N.E. Atlantic and W. Indian Ocean may still
survive as the active volcanic areas of Tristan da Cunha, Iceland and Réunion
Island, respectively. Not all Continental Flood Basalts fit this pattern, however.
The Columbia River - Snake River Tertiary basalt province and its associated area
of current volcanic activity (Yellowstone) appear to be related to the over-riding
of the E. Pacific constructive margin by the N, American plate.

Karoo Igneous Activity - General

Igneous rocks of the Karoo Province comprise both volcanic and intrusive
manifestations extending over a wide area of southern Africa (see Fig. 1). They
are found from the Zambesi River in the north, to Port Elizabeth in the south
(2000 km); and from Namibia (Etendeka) in the west to Mozambique in the east
(nearly 3000 km), although the Etendeka rocks have closer affinities with the
Parana basalts of Brazil than with the rest of the Karoo province, The principal
areas of volcanic rocks (mostly basalts) are Lesotho - best known for the
Drakensberg scarp at its eastern margin; the various outcrops around the
Kalahari desert, which may well obscure a much more extensive lava field; and
the linear outcrops of the Lebombo and Nuanetsi regions close to the western
border of Mozambique. The area currently covered by Karoo volcanic rocks is
probably over 150,000 km?, but the original extent may have been an order of
magnitude greater. The thickness of the volcanic sequence is very variable. In
areas where essentially flat-lying lavas cap the Karoo sedimentary sequence, as in
Lesotho, the thickness reaches 1.5 km. However, along the Mozambique border,
where the volcanics are exposed in the 100 km-long Lebombo monocline,
stratigraphic thicknesses of over 10 km are encountered. The original volume
of Karoo lavas and associated intrusives may have been of the order of
3,000,000 km?.

Most of the Karoo igneous rocks can be dated as Lower Jurassic (190 - 170
m.y.). In Lesotho, the activity started at about 190 m.y. (slightly earlier in
Nuanetsi), and aithough the extrusive episode may have been relatively short-
lived (perhaps only a few million years), intrusive events probably continued
until about 150 m.y. ago. Elsewhere activity continued into the Cretaceous. The
Etendeka lavas have been dated at round 120 m.y. and are believed to be
associated with the Lower Cretaceous opening of the S. Atlantic.

Although the greater majority of the Karoo volcanics and associated
intrusive rocks are basaltic in composition, there are also significant amounts of
more diverse rock types locally. Rhyolites form an important component of the
Lebombo and Nuanetsi areas, At the other end of the compositional spectrum,
picritic basalts and nephelinites also occur in the Nuanetsi area. The basaltic and
doleritic rocks are broadly tholeiitic in character, but more subtle variations
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(e high and low T4 varieties) can be recognised and shown to have specific
geographical distributions,

Lesotho - NLE. Cape Province

The type area for the study of Karoo basalts and related dolerite intrusions
15 10 the main Karoo basin of South Afnca. Here, o thick sequence of essentially
continental sediments, ranging from the upper Carbontferous to the Triassic, is
conformably overlain by basalt lava (Drakensberg Formation) of Lower Jurassic
age. The stratigraphic succession is as follows:-

Drakensberg Formation
Clarens Formation
Stormberg Group Elliot Formation
Karoo Supergroup Beaufort Group Molteno Formation
Ecca Group
Dwyka Group
Cape Supergroup (Ordovician - Carboniferous)

The Karoo basin developed by the influx of sediments from surrounding
landmasses, especially to the south where the mountains of the Cape Fold Belt
(Cape Town to Port Elizabeth), were forming during the early history of the
basin, and contributed material to it in Permian and Triassic times, The Dwyka
Group is largely of glacial origin (Dwyka tillite), and is succeeded by the Ecca
Group, mainly of deltaic facies, with local coal measures, and characterised by the
Glossopterts flora, which first appeared towards the top of the Dwyka Group,
Above the Ecca Group, and more centrally disposed within the Karoo Basin, are
the deltaic/fluvial mudstones and sandstones of the Beaufort Group, reaching,
approximately 6000 m in thickness, and characterised by relatively abundant
reptilian remains, The overlying Stormberg Group comprises a serfes of fluvial
and deltaic sediments (Molteno Formation) with spectacular plant fossils
preserved locally: a sequence of red beds (Elliot Formation); and then acolian
sandstones (Clarens Formation) immediately preceding the main period of
volcanic activity which gave rise to the Drakensberg Formation. The Stormberg,
succession indicates progressively more arid conditions.

The Drakensberg lavas cover a wide area of Lesotho and N.E. Cape
Province, approximately 300 km from N.E. to SW., and up to 150 km across. The
lava succession has a maximum thickness of 1400 m, and reaches 3,500 m above
sea Jevel. The eastern scarp of the Drakensberg is a particularly impressive scenic
feature, The lavas are remarkably uniform tholeiitic basalts (of lower-Ti types),
and comprise a succession of mainly subaerial flows, many with pahochoe
surfaces, and characterised by abundant vesicles and amygdales, The lowest
fows appear to have accumulated on an irregular surface of the Clarens
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Formation (formerly called the Cave Sandstone, with its distinetive pale colour
and tendency to form shallow caves and overhangs) - probably representing a
rolling desert surface with a topographic relief of up to 100 m. Pillow lavas occur
locally, where temporary playa lakes developed, and there are associated
pyroclastic facies which may represert phreatic activity and related mudflows.
Occasionally, more silicie lavas (andesite - dacite compositional range) are found
near the base of the succession. However, the bulk of the Drakensberg lava pile is
made up of subacrial basalt flows, generally a few metres in thickness, and
uniformly basaltic. These are widely believaed 1o represent fissure eruptions, with
little evidence for the development of specific central volcanoes. Much of the
succession appears to have been crupted in a relatively short time-span of 1-2
million vears.

Intrusive Activity

Karoo intrusive rocks (mostly dolerttes) are extremely abundant
throughout most of the Karoo basin, and presumably represent the subvolcanic
complement to the Drakensberg lavas. Many of them are sheet-like, both dykes
and sills, but other more complex and distinctive shapes are also known. Some of
the intrusions are notably differentiated, with cumulates representing
concentrations of carly-formed minerals such as olivine and pyroxene (also Fe
Ni-Cu sulphides), or late-stage acidic fractions forming veins or filter-pressed
sheets. There is also abundant evidence of local metamorphism and
rheomorphism of country rocks, as well as interaction between basaltic magma
and sediments.

Further Reading
K. G. Cox (1988). The Karoo Provinece (in Continental Flood Basalts
[Ed. |. D. Macdougall]); Kluwer Academic Publishers, pp. 239-271.

H. V. Eales, .S Marsh and K. G. Cox (1984). The Karoo Igneous Province:
an introduction. Spec. Publ geol. Soc. S, Afr., 13, pp. 1-26.

F. Walker and A. Poldervaart (1949). Karoo dolerites of the Union of South
Africa. Bull, geol. Soc. America, 60, pp. 391-706.

W. |. Wadsworth

University of
Manchester
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FROM BEDROCK TO BATTLEMENTS: THE GEOLOGY,
QUARRYING AND CONSTRUCTION OF
CAERGWRLE CASTLE, CLWYD

by JOHN MANLEY and WILLIAM JONES

Introduction

The remains of Caergwrle Castle stand on a hill dominating the modern
village of Caergwrle, which lies to the immediate north. The castle is situated
about half way between Mold and Wrexham in north-east Clwyd at S] 306572
(Fig. 1), and the A541 linking the two towns has to turmn sharply to the west to
avoid the hill. In its location the castle is very much a border fortification. It
stands at an altitude of 135 metres OD just to the east of the first substantial
Welsh hills in the form of Hope Mountain. Any defender on the wall-walk of the
castle's east curtain enjoyed extensive views north-east towards Chester, south to
Wrexham and beyond, and north to Halkyn Mountain. The castle stands on a hill
composed of rocks of the early Namurian Cefn-y-Fedw Sandstone. The castle
itself was sited on the highest point of the hill, on sandstone and grit outcrops in
the south-western comner.

Before the recent excavations the physical remains of the castle had been
described by King (1974). The present plan (Fig. 2} is adapted from a new survey
of the monument carried out by David Browne and David Percival of the Royal
Commission on Ancient and Historical Monuments in Wales. The pre-excavation
remains of the castle consisted of three substantial sections of upstanding
masonry: a partly preserved north tower with an adjoining length of curtain wall
on its western side; a length of the east curtain wall with a surviving exterior
buttress; and a poorly preserved eastern tower with a section of the south curtain
wall. The castle was defended on its eastern and northern sides by a substantial
rock-cut ditch and counterscarp bank. The defences of the castle on its western
side are more problematic, since there is no surface indication of either wall or
ditch. Whether the absence of both is related to the steepness of the slope of the
hill in this area is difficult to determine. There is, certainly, considerable evidence
for post-medieval quarrying on the western side of the hill, which could have
removed all archaeological indications of a defensive barrier. Some 30 metres
south of the monument and about 10 metres below it there is an outlying
earthwork; it is possible that this bank provided some defence for the garrison of
the castle against an attack from the south. Around the summit of the hill, to the
east of the castle, lie the remains of an carth-covered bank which delimit an outer
enclosure. The bank is best preserved on the southern side, but elsewhere is
fairly insubstantial and occasionally interrupted by later disturbances, Its date,
function and relationship with the masonry castle is unclear.

The history of the castle itself is both brief and dramatic. Caergwrle Castle
11



Figure 1 The location of Cacrgawrle within Wales
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Figure 2. Plan of the castle, outer enclosure, quarries, quarry spoil tip
and grit scree. Archacological data after RCAHM (Wales).
Contours after OS L1000 map.
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was founded in 1278 by Dafydd ap Gruffudd, who was given a donation of 100
marks for its construction in return forhisloyaltytomeEngbshaownagairm
his brother, Llywelyn, Prince of Gwynedd. During three building seasons an
increasingly frustrated Dafydd must have laboured at Caergwrle until,
despairing of ever claiming his rightful inheritance in Gwynedd, he launched an
attack against the English, probably from Caergwrle, in spring 1282. Edward
determined on a massive and final retaliation against North Wales. Reginald de
Grey's forces arrived at a deserted Caergwrle on 16th June 1282 and initiated a
period of 19 weeks of repair of the partially dismantled fortification. A synopsis
of the English records of their building work during this period has been
published by Taylor (1986). The workforce was large and comprised 340
carpenters, 600 diggers and 30 to 35 masons. Details of the layout of the castle
itself are brief. Apparently the well, which Dafvdd had blocked, was cleared out,
and the “old keep™ was demolished. We are told of the presence of an “entrance
gate”, while internal buildings, mainly of timber, included a “chapel”, a "chamber
for the pay clerks”, and “another chamber and a chamber over the gate™. The total
expenditure by the English amounted to almost exactly £300. In the following
year, on the 24th February, the king granted the castle to his queen Eleanor, by
whom the building work may have been continued. On the 27th August,
however, the castle - or parts of it - caught fire, causing considerable damage.
The castle was subsequently conferred on Edward of Caernarfon as Prince of
Wales and Earl of Chester. There is no evidence that he repaired it, however, and
by 1335 it was in a ruinous condition.

Excavations were carried out by the Clwyd Archaeology Service within the
masonry castle, and in limited areas cutside the curtain walls, during the period
1988-90. All of the enclosed areas within the curtain walls, and the accumulated
deposits inside the north and east towers, were excavated down to either bedrock
or the construction levels immediately pre-dating the castle. The principal
construction deposits and structural finds are illustrated in Fig. 3. From south to
north these included partial remains of the large, circular south tower; a bread-
oven; foundations of a rectangular building up against the inner face of the east
curtain; three smithing hearths; a well and stone-working areas. Where bedrock
was not exposed the area appeared to have been levelled up with a deposit of
orange sandy-clay (Context 210), presumably laid by the castle builders in order
to create a more even interior. Three small sample excavations were made
through this deposit, two respectively against the east curtain and north tower, in
order to examine the foundations of the castle.

GEOLOGY

Geological Setting
Caergwrle Castle stands on a hill composed of rocks of the early Namurian
Cefn-y-Fedw Sandstone. There are two principal rock types, sandstone and grit.
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indicating principal structures and deposits,
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Figure 4. Regional geological setting of Caergwrle Castle.
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The Cefn-y-Fedw Sandstone strikes north-south along the east side of Hope
Mountain and then swings to strike cast-west through the hills of Caergwrle
Castle and Caer Estyn (Fig. 4); (Wedd and King 1924). At the castle the beds dip
approximately northwards at about 30°. The sandstone is comparatively resistant
to erosion and so forms upstanding topography. The lower lying area to the
north is composed of the softer, less resistant sediments of the Coal Measures
which stratigraphically overlie the Cefn-y-Fedw Sandstone. The south-east edge
of Hope Mountain, Caergwrle Castle Hill and Caer Estyn are defined by the Bala-
Bryneglwys Fault, on the south-east side of which the Coal Measures reappear.

During the last glaciation this area was the meeting point of ice moving
eastwards out of the Welsh highlands and a major ice sheet travelling south
across the Cheshire Plain from the Irish Sea. At the height of the glaciation the
two ice sheets merged but during the waning stage a meltwater lake existed
between the Irish Sea ice sheet and Hope Mountain. According to Peake (1961)
the east-west ridge of Hope Mountain blocked the south end of this lake and the
overflowing water cut a notch in the ridge. As the glacier retreated eastwards
two further cuts were made in the ridge, each one lower and farther east than the
last. Caergwrle Castle Hill is the remnant of the ridge between the two later
valleys, while the present River Alyn runs through the most easterly cut (Figs.
4,5). More recently Thomas (1985) has suggested that the valleys were cut by

streams at a time when the Hope Mountain - Caer Estyn ridge was still
covered by ice. The separation of the Welsh and Irish Sea ice sheets happened
between 18,000 and 14,500 years ago (Thomas 1985), so the topography of the
area around Caergwrle has probably remained essentially the same for about
15,000 years.

Lithology of the Castle Hill (Fig. 6)
Sandstone is the most abundant of the two main rock types on the hill. In

hand specimen it is fine to medium grained, usually pale grey and consists
predominantly of quartz grains. Decomposed feldspar grains are a minor
constituent, giving the rock a pale yellow colour. Iron staining by percolating
ground water has given some outcrops a reddish colour. The rock is quite porous

in outcrop.

The grit is a pebbly sandstone with large subrounded pebbles up to 40 mm
long in a pale grey sandstone matrix. The pebbles are mostly vein quartz and
quartzite with a few volcanic and granitic fragments. The grit also contains flakes
of silt and shale which are very soft and are easily eroded out to leave pits in the
rock face. A cylindrical hole in the vertical face below the south tower is
probably a mould of what was originally a log buried in the gravel. Thin pebbly
bands also occur locally in the sandstone.

The rocks dip northwards so that the oldest beds should appear at the
17
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Figure 5. Gladial Meltwater Channels between Hope Mountain and
Caer Estyn Ridge. Channels are numbered 1, 2 & 3 in order of formation.
After Peake (1961).
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