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Editorial

Once again may | express my thanks to all the authors who have submitted
material for this volume of North West Geologist. There has been a
tremendous variety of articles covering structural, palaeontological,
geomorpholegical and historical themes, many of which have fine
photographic images to accompany them. However, what is so stnking about
this volume is the number of interesting field trips and tours mentioned,
ranging from the ‘secret garden' of Styal Country Park to the sweeping glacial
landscapes of North Wales and the highlands of Scotland. Itis very pleasing
to see just how many articles encourage people to go outside and look at the
geological features which make our landscape so interesting, whether it is an
organised society tour with knowledgeable leader examining Shap Granite in
Cumbria, or a do-it-yourself tour following a written guide in North Wales. All
of which are important ways of interpretation the geology of our environment.
| hope you will enjoy this volume and more importantly, visit some of the areas
mentioned in it.

Wendy Simkiss
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Articles and suggestions for future issues are most welcome and should be
sent to either Chris Hunt, Department of Earth Sciences, The University,
Liverpool L69 2BX or Wendy Simkiss, Earth Sciences, World Museum
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disk in MS Word. They may be up to 3,000 words in length. Figures should
be designed for reduction to fit a maximum frame size of 180 mm by 125 mm.

Cover pictures can either be photographs or digital images and must include
the name of the photographer or owner, the society to which they belong and
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dpi.

Copyright
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George Highfield Morton: Founder and Felon?
By Geoff Tresise

Itis now 150 years since the foundation of the Liverpool Geological Society.
The inaugural meeting was held on 13 December 1859 at the home of
George Highfield Morton in London Road, Liverpool. Morton, a painter and
decorator by trade, had a long-standing interest in geology and was to serve
the new society as either Secretary or President for the next 30 years.

The Dictionary of National Biography summarises his life as:

“Born in Liverpool on 9 July 1826....educated at the Paddington
Academy, the Mechanics Institute and finally the Liverpool Institute. .....
Author of The Geology of the Country around Liverpool, first published
in 1863, enlarged and reprinted in 1892 & 1897....appointed as lecturer
in geology at Queens College Liverpool (the forerunner of Liverpool
University) in 1864....Fellow of the Geological Society of London and
awarded their Lyell Medal in 1892...died at his home on 30 March
1900."

Morten thus appears to have been the epitome of Victorian respectability.
However, some additional very different information has come (via the
internet) in the form of a news item from the Chester Courant which was
reprinted in The Times of 30 August 1843:

"BANK ROBBERY — On the 24™ inst. Information was received by the
police authorities of this city of an extensive bank robbery, supposed to
have been committed by a young man, named George Highfield
Morton, 17 years of age who was alleged to have absconded with
upwards of 900/ in his possession, belonging to a banking
establishment in Liverpool, in which he was employed as a junior clerk.
A reward of 50/ for the apprehension and conviction of the thief and the
recovery of the money naturally excited all the vigilance of our police;
and on Friday last one of the constabulary, named Mulligan, observed
a youth answering to the description of Morton regaling himself with
some confectionery in the shop of Madame de Silva, Watergate-street-
row. Information was immediately given to Sergeant Richards, one of
the inspectors of the Chester police, who with a Liverpool officer (sent
over in search of Morton} proceeded to apprehend him. He was taken
before the magistrates, and sent in custody to Liverpool; but on
Saturday afternoon he was brought back to Chester, for the purpose of
pointing out the spot where the money was concealed; and on
following his directions, the bank-notes were found buned in a field
near this city. The police officers returned to Liverpool with their
prisoner on Saturday evening.”



It thus appears that the supposedly respectable Morton may have had a
concealed criminal past. For there surely cannot have been two young men
named George Highfield Morton, both based in Liverpool and both aged 17 in
1843. Equally puzzling is the fact that there appear to be no reports of any
subsequent court case. Yet £900 was a very substantial amount in 1843 — at
least equivalent to £90.000 at present day values. How, having stolen such a
sum, could Morton have escaped prosecution and a punitive prison sentence?

Elizabeth Gaskell's novel Cranford published in1853, may provide a clue. Mrs
Gaskell made no secret of the fact that ‘Cranford’ was in reality Knutsford, the
small Cheshire town where she had spent her childhood years — a town ruled
by a formidable coterie of ladies who lived on modest incomes with what they
termed “elegant economy”. In the novel Miss Matilda Jenkyns {the role
played by Judi Dench in the BBC's adaption), has an annual income of one
hundred and sixty two pounds, thirteen shillings and fourpence but loses
almost the whole with the financiat collapse of the bank in which her capital
has been invested. Even in this desperate situation. Miss Matty grieves for
the directors of the bank "whom she imagined overwheimed by self-reproach
for the mismanagement of other people’s affairs.” Mary Smith, the storyteller,
takes a rather more cynical view.

Mary {and Mrs Gaskell} had good reason for their scepticism. Bank failures
were not uncommon in the first half of the nineteenth century. Some less
scrupulous directors, foreseeing financia! difficulties ahead, had taken to
secreting away their remaining funds and then raising a hue and cry about an
imaginary bank robbery. Had that been the case here. Morton as a junior
employee could have been enlisted to help, quite literally, with the spadework.
Perhaps, however, the trick had been tried once too often so that the police
were openly sceptical about the supposed robbery. The directors might then
have attempted to make Morton their scapegoat by accusing him of
perpetrating the theft. This would explain the arrest. If Morton could plead
that he had merely foilowed his superiors’ orders, he may have escaped
prosecution through his cooperation in leading the police to the hidden
money.

This, however, is pure speculation. As more archives become available via
the internet, a different explanation may emerge. Whatever the true story. the
founder of the Liverpool Geological Society seems to have had a more
eventful background than his official biography would suggest.















How did this landscape form?

The red sandstone was formed in the Triassic Period, 238 to 205 million years
ago. At that time Cheshire was situated aboul 20 degrees north of the
equator, roughly equivalent to the location of the Sahara Desert today. Being
in the tropics, the climate would be arid with sporadic downpours. During
drought pericds the wind would form sand dunes. At other times flash floods
and fast flowing water would carve a network of river channels (flashes) into
the sediments. Sands, silts and clays would be deposited in the channels as
the floods subsided. Waler peols, or lagoons, remaining after rain may
subsequently have had sand blown into them. This sand would settle to be
included in the bottom deposits of silt and clay. This combination of climatic
conditions, and an abundant supply of sediment, formed the red rock
succession seen today.

Earthquakes probably caused the development of the dewatering structures in
the wet sediments. Subsidence eventually resulted in the burial and
compaction of the Triassic rocks by at least 2 km of overlying rock.
Subsequent earth movements have deformed the rocks by the development
of faults and folds. for example the Wilmslow Anticline.

The red rocks have been uplifted to their present position by relatively recent
earth movements. probably related to the opening of the Atlantic Ocean.

The River Bollin has cut through the sandstone in the gorge to expose the red
sandstone in several places in Styal Country Park. This sandstone has been
used to build the Mill. We are fortunate to have such brilliant examples of the
past geology in the Quarry Bank House Gardens to see evidence of an
ancient desert landscape.

Take a visit to the Secret Garden, combine it with a walk round the Styal
Country Park Geology Trail and finish off with a coffee in the café. You will not
be disappointed!

Fred Owen
22 January 2008

Note: To obtain a copy of the Styal Country Park Geology Trail see details
inside the back cover of this issue.





















However, by 242 Ma the Equisetales began to show a recovery after the
catastrophic end Permian extinction event, although never recapturing the
diversity of Carboniferous times. They soon achieved a cosmopalitan
distribution, forming monoculture thickets in waterlogged environments.

Sphenophytes present in the Trias include the morpho-genus Schizoneura. a
broad leafed form with stems up to two metres tall and two cm wide (Figure
7). This was originally of Gondwanan origin during the Carboniferous but
achieved a more widespread distribution throughout the Trias, becoming
extinct in the Jurassic. Phyliotheca, was anather Carboniferous Gondwanan
survivor that managed to spread northwards and achieve a cosmopolitan
distribution before going extinct in the Lower Cretaceous {Figure 8). A
sphenophyte reminiscent of small Calamites in terms of gross morphology
evolved during the Upper Permian. This is the morpho-genus Neocalamites
which managed to survive until the Lower Jurassic and enjoyed a widespread
distribution. This particular genus may have had stems 30 cm in diameter and
reached heights of 10 metres.

The most famous equisetalean in the regicnal flora is Equisetites keuperina
originally found in Storeton Quarry on the Wirral. Recently a specimen has
come to light on a slab of sandstone held by the Lancashire Museum service
in Preston. This specimen shows the equisetalean stem having been
overstepped by a Chirotherium print (Figure 9)

Figure 9. Equisetites keuperina overstepped by a Chirotherium print.
Courtesy of Lancashire Museums Service. (Photograph © Mike Batty).

In the local setting we find equisitaiean remains in the Tarporley Siltstones
with more than one species probably present. They are currently little studied












Figure 15. Equisetites cofumnaris from the Keuper of Stuttgart,
Germany (LIV.1984.486.DN}

Conclusion

Today horsetails are found everywhere where there are suitable damp
habitats as well as neglected habitation sites with adequate ground water. As
a weed they are difficult to eradicate due to their ability to spread from broken
fragments of the rhizomes. A single rhizome system can cover hundreds of
square feet and can also penetrate up to four metres soil depth. This gives
the plant protection from ploughing, fires, burial and drought. The rhizome
system also means that the plant can access nutrients from deep
underground, thus enabling it to grow in areas that superficially look too dry
such as old runways, road fill etc. From a gardener’s or farmer's perspective
the horsetail may be one of the worst weeds to eradicate. However, it is this
very toughness that has enabled it to survive since the Carboniferous. It is of
interest to note that one of the first colonisers of the tephra from the Maunt St
Helens eruption of 1980 was the horsetail.

Although we no longer have the diversity of genera or species that existed in
the geological past, a living reminder of their magnificence is shown by the
Giant South American Horsetail. The first description of this was given by the
English botanist Richard Spruce (1817-1892) in 1908,

“But the most remarkable plant in the farest of Canelos is a gigantic
Equisetum, 20 feet high, and the stem nearly as thick as the wrist...| could
almost fancy myself in some primeval forest of Calamites, and if some
gigantic Saurian had suddenly appeared, crushing its way among the
succulent stems, my surprise could hardly have been increased” {Spruce,
1908, p. 205-206).

The Lluta valley, near Arica in northern Chile is a remarkable place where
stands of Equisetum giganteum are to be found with unsupported plants

20



growing over 4 metres in height. The nearly barren surrounding Atacama
Desert extends either side of the valley, perhaps providing a glimpse of how
our Anisian Triassic world may have looked when Equisetites grew in the
vegetated margins of braided rivers and streams, standing pools of water and
intertidal sand and mud flats. The 'primitive ‘feel of this habitat is enhanced
by the indigenous fauna being dominated by reptiles and dragonflies. The
plants in the enciosed Lluta valley and other similar Chilean valley habitats
such as the Tana and Tarapaca valleys have adapted to saliferous ground
waters. These maintain a suitable K-Na (potassium-sodium) ratio conducive
to surviving in a stressed environment. By understanding the nature of these
adaptations it could help in achieving an improved interpretation of the local
Anisian environment and the vegetative responses to it.
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THE LONGMYNDIAN ROCKS OF THE PEDWARDINE INLIER
NORTH HEREFORDSHIRE

By John Moseley

Abstract

The stratigraphy, sedimeniology, mineralogy and structure of the supposed
Precambrian sandstones and conglomerates of Brampton Bryan Park and
Pedwardine are reviewed. Comparisons are made with other Precambrian
inliers on the Welsh Borders and evidence for inclusion in the Bayston —
Oakswood Formation of the Longmyndian Supergroup is discussed. This
Precambrian inlier is fault-bounded within the zone of the Church Stretton
Fault. Strata are steeply tilted to verlical with local overlurning. The structure
of this Precambrian inlier is reviewed in the context of its location within the
Weilsh Borderland Fault System.

Introduction

The Pedwardine inlier 1s the area of supposed Longmyndian and proven
Tremadocian strata immediately south of Brampton Bryan. Scaltered
exposures of inferred Longmyndian sandslones and conglomerates crop out
over an area of 0 5 km (figure 1) in Brampton Bryan Park {grid reference SO
365718) and stream sections near Upper (SO 368708} and Lower
Pedwardine Farms (SO 363704} in north Herefordshire {Cox 1912, Boynton
and Holland 1997 and Woodcock 2000). These rocks form part of the
intensely faulled area that lies within the Church Stretton Fault Zone,
immediately north and south of the A4113 Leintwardine to Knighton road near
the hamlet of Brampton Bryan (SO 370724). Within this area, rocks of
probable Longmyndian age, and on palaeontological evidence proven
Tremadocian, Silurian and Pridohan age crop cut {Boynton and Holland
1997). Apart from the Tremadocian Llandovery uncanformity (SO 369708)
400 metres east of Upper Pedwardine, all major geological contacts are
faulted.

Stratigraphy

The following stratigraphic sequence is exposed in the northeast corner of
Brampton Bryan Park (figure 1)

Coarse to very coarse-grained purple lithic

greywackes and arenites 211m
Medium to very coarse-grained pale

greywackes 105 m
Conglomerates and conglomeratic hthic

greywackes 36m
Massive conglomeratic greywackes 195 m
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house to a small outcrop (SO 363708) at Upper Pedwardine. Small culcrops
on the wooded ridge immediately south of the cld quarry indicate a
gradational contact with the pale, brownish weathering greywackes that crop
out at the south end of the ridge (SO 365715). These pale greywackes are
also exposed in the stream section (SO 364704) at Lower Pedwardine just
above and at the thrust fault contact with micaceous siltstones of the Shineton
Shale Formation Unlike the extremely uniform purple greywackes. these
pale greywackes display lateral variations. becoming darker and finer grained
in an outcrop on the wooded ridge (SQ 365715) and coarsening southwards
with conglomeratic horizons at Lower Pedwardine {SQ 363704).

Conglomerates exposed in the stream bank {SO 368708) east of Upper
Pedwardine are 290 metres below the purple greywackes that crop out 100
metres west of this farm and are thus at a similar stratigraphic horizon to
those conglomerates in Brampton Bryan Park (SO 366718). Accurate
correlation of conglormerate horizons exposed in separate outcrops can be
problematic due to lateral lithological variations. The conglomeratic
greywackes exposed in the extreme northeast corner of Brampton Bryan Park
(SO 369719) are faulted out and canrict be traced to the Upper and Lower
Pedwardine sections.

Description of Stratigraphic Units

Massive conglomeratic greywackes

These massive to very thickly bedded greywackes coarsen westwards They
are poorly sorted with a coarse to very coarse-grained sandstone matrix,
granules and pebbles in Llhe range 10 — 50 mm. Pebble and granule shape is
variable, from angular to rounded.

Conglomerates and conglomeratic lithic greywackes

This is a broadly fining westwards sequence that i1s well bedded and displays
conglomerate beds {30 — 600 cm), giving way to beds of greywackes (5 ~ 100
cm) sometimes displaying discrete pebbles and pebbly horizons.

Sub-rounded to well-rounded pebbles of vein quartz, quartzite and jasper
dominate the conglomerates. There are much smaller percentages of
pebibles of quartzite with non-orientated muscovite grains < 0.5 mm,
gneissose quartz and muscovite-chlorite schist. Pebbles range up to 30 mm
(long axis). and the degree of sorting is poor. A small proportion of the
pebbles are angular to sub-angular. The conglomerates also contain clasts of
slate and acid volcanic material up to 5 mm in length. The conglomerate
matrix is a medium — very coarse-grained, immature lithic greywacke
composed of quartz, feldspars and lithic grains, and some granules. Some
conglomerate beds are partly matrix deficient, or openwork, possibly implying
a high-energy environment, with pebble layers scoured of matrix. Some
congliomerate beds ‘wedge-out’ and greywacke beds contain discrete pebbles
and display cross bedding with the base of laminations sometimes marked by
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single, small pebble and granule layers. The matnix is chloritic with detrital
muscovite flakes.

Medium to very coarse-grained pale greywackes

Unlike the overlying purple greywackes. these greywackes display lateral
variations and are mineralogically more mature with Q=F + R, but more poorly
sorted. Framework grains are angular to sub rounded. Lateral variations
consist of small pebble and granule horizons at Lower Pedwardine (SO
365717) and a darker. finer grained, better sorted more micaceous horizon at
S0 365716.

Purple greywackes

These medium — very coarse-grained greywackes are well bedded, with beds
ranging from 0.3 - 0.7 m thick. Framework grains are mainly angular to sub-
angular and quite well sorted. Mineralogically, they are quite immature,
compased of quartz, feldspar, acid volcanic and chloritic lithic graing with very
limited pelitic clasts and detrital muscovite flakes A detailed investigation of a
typical bed revealed a slightly irregular base, graded bedding, with the basal 2

10 mm a little coarser and showing a slight fining upwards of framework
grains. The top of the bed is fissile, splitting into lamina 1 — 7 mm thick, with
discontinuous, slightly irregular hematite stained pelite partings. The bed
displays faint laminations and cross bedding. Matrix content is low indicating
thatl these sandstones be classed as lithic greywackes, but approaching lithic
arenites in composition {Pettijohn, Potler and Siever 1973} Scattered
granules occur towards the base of this unit. and the contact with the
underlying greywackes is gradational.

This stratigraphy displays a similarity to two sections of the Longmyndian
Supergroup succession in the type area of the Longmynd {figure 2}, 22 km ta
the north of Brampton Bryan Park. The Bayston ~ Oakswood Formation of
the Western Longmyndian or Wenlnorian Group includes conglomerate
horizons of variable thickness interbedded with coarse to very coarse-grained
purple greywackes. The Huckster Conglomerate Member at the base of the
Portway Formation consists of a variety of conglomerate honzons displaying
marked lateral ithological variations interbedded with sandstones (Greig et al.
1968).

Purple sandstones identical to those at Brampton Bryan Park, and within the
Bayston — Oakswood Formation, crop out in the Church Stretton Fault Zone,
1.5 km east of Church Stretton (SO 4733840), near Wart Hill (SO 406848) and
are poorly exposed on Hopesay Common (SO 402845) These purple
sandstones include a conglomerate horizon in Urwicks Wood (SO 406848)
near Wart Hill {figure 2).

25






Environment of Deposition

The type area for the Longmyndian Supergroup is The Longmynd. This
sequence is interpreted as a prograding turbidite to alluvial flood plain
sequence (Pauley 1990). Within this sequence coarse to very coarse-grained
purple sandstones and conglomerates are identified as part of a fluvial braid
plain sequence. Sandstones and conglomerates in Brampton Bryan Park are
almost identical in their textural and mineralogical attributes so these could be
interpreted as being deposited in a braid plain environment.

Provenance

Conglomerate pebbles and granules are made up largely of silicecus rocks:
vein quartz, rhyolite. jasper and metaquartzite with a smaller proportion of
gneissose and muscovite schist pebbles. Most of these are rounded to well
rounded. and some may have endured more than one sedimentary cycle. A
small proportion is angular to sub anguiar and a few of these are markedly
faceted, and may have undergone exposure to a glacial or aeclian
environment. Greywackes and conglomerate matrix are composed of quartz,
felspathic and volcanic grains. Some of these represent a less mature
volcanic, including pyroclastic, fraction. A small number of thin, angular pelitic
clasts in the purple greywackes are derived from the erosion of some of the
thin pelitic partings developed in these sandstones,

The pebbles and granules were likely to have been sourced by the erosion of
a partly low-grade metamorphic continental crustal basement with a later input
of material from the erosion of a volcanic arc with reworking of pyroclastic
detritus. This interpretation is compatible with the recognised provenance of
pebbles, grains and granules from the Longmyndian Supergroup which is a
derivation from the Wrekin, Moinian Composite and Cymru Terrane
basements and an undissected magmatic (probably Uriconian) arc (Pharaoch
and Carney 2000).

Structure

Tilting and possible folding

The inferred Longmyndian strata at Pedwardine are vertical. or steeply
dipping westwards, striking slightly east of north. The exceptions are localities
(SO 364704 and SO 368708) where thrust faulting has influenced amount and
direction of dip, and some overturned conglomerates (SO 36667 18) dipping at
751114 and 70/111. There is no direct evidence of folding of these rocks. The
direction of younging established through graded bedding and cross bedding
suggests that the Pedwardine strata would be situated on the eastern limb of
the inferred Longmyndian isoclinal syncline (Greig et al. 1968, Earp and Hains
1971, Pauley 1990}, if that structure is extrapolated southwards from the
Longmynd area. No evidence of slaty cleavage was detected in these rocks.
In the Longmynd area a rather weak siaty cleavage pervades pelitic rocks but
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is rarely developed in coarser grained ones. No orientated coarse quariz fibre
overgrowths or chloritic development were found, which can be indicative of
slaty cleavage in coarse-grained rocks. The age of the tilting or possibly
folding of the inferred Longmyndian rocks is post Longmyndian — pre
Tremadocian, and probably by comparison with the Church Stretton area.
likely to be post Longmyndian — pre Wrekin Quartzite (Lower Cambrian} which
points to a Cadomian tectonic episode.

Faulting

The Pedwardine inlier lies on the eastern margin of the Church Stretton Fault
Zone of the Welsh Borderland Fault System, which is dominated by strike slip
duplexes (Woodcock and Fischer 1986). North-south trending faults that are
components of the Church Stretton Fault Zone, and more miner faults are
inferred from field mapping. The thrusl fault at Lower Pedwardine and some
slickensided joint surfaces and sheared pebbles are the only exposures of
faulting. In Brampton Bryan Park horizontal slickensides on vertical joints (SO
366718). slickensides on a steep joint. and minor vertical faulls striking 203"
(SO 365718} and a vertical shear zone (SO 369179) suggest a possible
vertical tear fault striking 260 wilh a very small displacement. The almost
horizontal thrust fault (2 /090 ) is exposed in the streambed at Lower
Pedwardine (SO 364704) where conglomeratic greywackes are thrust over,
and crop out above a narrow band of pale grey fault plane gouge and thinly
bedded micaceous siltstones of the Tremadocian Shineton Shales Formation.

On the limited evidence available from the northern part of the small area that
this survey covers, it is possible o tentatively recognise faull paltterns that
may conform to those exemptified by Woodcock and Fischer in duplex
systems. Although inferred, there is possible evidence for the en echelon
faults that charactenise duplex structure (Hancock 1986). Estimations for the
throw of faults are difficull to make.

A post Pridolian. probably Acadian Age, is likely for the faulting. There is
evidence of Variscan and post Middle Triassic movement on the Church
Stretton Fault north of Church Stretton (Earp and Hains 1871, Greig et al.
1968) so post Acadian rejuvenation of the Pedwardine faults is possible. The
thrust fault exposed at Lower Pedwardine predates other faults and is post
Tremadoccian, pre Llandovery suggesting a Shelvian age. A fault of probable
Acadian age, one kilometre north of Brampton Bryan Park, at Coxall Knoll
(SO 370735) juxtaposes folded Pridolian sandstones and Wenlock Shales
dipping at 11 /090 . This fault (figure 3} is interpreted as a thrust plane
dipping at 13/270". Further support for the existence of these thrusts is that
the Wenlock shales at Coxall Knoll and Tremadocian siltstones at Lower and
Upper Pedwardine are not affected by fault plane drag. Drag is characteristic
of strata that dip gently to the east but become vertical, or steeply tilted
against the steep companents of the Church Stretton Fault between Lawiey
Hill (SO 495975) and Wart Hill (SO 405848). Thrust faulting at Pedwardine
and Coxall Knoll. on Caer Caradoc and Cardington Hills (Greig et al. 1968)
and within the Stretton Shale Formation (Moseley 1994) suggests that
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Mineralisation and Economic Geology

The Longmyndian rocks of the inlier display the silicification and hematisation
signature that is characteristic of some siliceous Precambrian and Ordovician
rocks of the Welsh Borders (Moseley 1994). Thin quartz veining and polished
slickensided coatings on joint surfaces reflect the redistribution of silica with
pressure solution a probable contributory process.

Hematisation of pelitic lamina in purple sandstones and of joint surfaces has
occurred. Iron may have been made availabie from the weathering of detrital
tron oxide minerals in the Longmyndian sandstones, or derived by alluwial or
geochemical processes from overlying ferruginous beds since eroded
(Moseley 1994).

Although no hydrocarbons were found in this survey Cox (1912) and Parnell
(1987) reported bitumens replacing partially leached feldspar clasts. Parnell
suggests that this is a common feature of coarse-grained siliciclastic rocks of
Precambrian and Lower Palaeozoic age of the Welsh Borderland with lateral
migration from an existing Carboniferous source rock, or from a source rock
since eroded, Nearest Carboniferous strata to Pedwardine are the Coed-yr-
allt beds of the Leeboiwood Coalfield 26 km to the north (figure 2) and Lower
and Middle Coal Measures of the Clee Hills, 22 km to the east. The lateral
migration of bitumens that display high viscosity over distances of over 20 km
seems unlikely and this raises the tentative possibility of there having been at
one time an area of Carboniferous strata in much closer proximity to, or even
overlying, the Pedwardine area. Downfaulting on the Church Stretton Fault
may have generated a narrow, linear basin in which Coal Measures formed.
Supporting evidence for this hypothesis may be the tongue of the Coed-yr-allt
beds that extends partly down the Church Stretton Valley.

Barite, malachite and azurite have been worked small scale from Wentnorian
rocks on the west side of the Longmynd. None of these minerals were found
at Pedwardine.

The purple greywacke sandstones have been quarried (SO 365718} and used
lacally for building purposes in Brampton Bryan village. They are extremely
tough and this has provided problems with dressing, so that the corners of
walls and margins of window frames are sometimes finished with red brick, or
in the example of Brampton Bryan parish church, finished with softer red
sandstones (figure 4).
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Well, that concludes our trips to the Nant Firancon for this year (unless we
can manage a field trip in the summer}, so now all that is left is to take our
usual meander up to Idwal Cottage car park to savour yet another mug of
well-deserved tea.

Be seeing you.....
Jan Heiland. North Wales Geology Association.

Reproduced with kind permission from North Wales Geology Association.
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William. The group arrived at the Alexander Hotel in Fort William in good time
for dinner on Friday evening. After dinner that evening Frank set the scene
for the following day's field excursion. This was to involve looking at the
Parallel Roads of Glen Roy.

Geological setting

The bedrock of Glen Roy consists of rocks from two groups of the
Precambrian Dalradian. The earliest rocks in Glen Roy are from the Glen
Spean subgroup at the top of the Grampian group, mainly guartzites and the
youngest rocks from the base of the Appin group, the Lochaber subgroup
consists of schists and quartziles. These Dalradian rocks were
metamorphosed during the Caledonian orogeny. and were intruded by granite
and appinite a basic rock, late in the orogeny. In Devonian times ignecus
dykes intruded. probably associated with volcanic activity in what is now the
area around Ben Nevis. The land forms we see in Glen Roy today, but not the
‘Roads’, are essentially the result of major cold pericds during the Quaternary
glaciations when Scotland was covered by ice for long periods. The last of
these glaciations ended 14,000 to 15,000 years ago during the late
Devensian.

Erosive power of the debris at the base of moving ice create * listinct steep
sided valleys typical of mountainous areas in northern Britai... . \pproximately
13,000 to 12,900 years before present ice returned to the valleys around Glen
Roy, it probably remained there until about 11,500 years ago. This ice
advance, formally known in Britain as the Loch Lomond Stadial, or on
mainland Europe as the Younger Dryas Stadial. should perhaps be referred to
as the Greenland Stadial and is the key to the Parallel Roads of Glen Roy.
Note that rivers of the affected glens flow to the south. then west into Loch
Linnhe. An ice field developed to the west of Glen Roy and also in the Nevis
Range, etc. to the south. lce advanced eastwards and northwards thus
blocking the flow of the rivers Gloy, Roy and Spean. The new tce advanced
up Glen Roy it damming a large volume of water in the glen. The ice-dammed
lakes resulting from this process are thought to have caused formation of the
Roads. In Glen Roy there are Roads at 260, 325 and 350 metre heights

They are seen as narrow benches cut into the bedrock. a few metres wide,
with associated shore gravels. |t is thought that they were formed by wave
and frost action over quite short periods of time, maybe only tens of years.
Levels were controlied by the heights of cols over which the lake waters
flowed. eventually joining the easterly flow of the River Spey

Saturday 26" April

Saturday duly dawned and after a hearty Scottish breakfast, we clambered
aboard the minibus in anticipation of a soaking, well it was northwest
Scotland In fact the weather didn't spoil our day. On the road heading for
Glen Roy we were surrounded by the evidence of glaciation. Entering Glen
Roy on the narrow single track road, the sparsely populated valley of
improved pasture and woodland was apparent. As we climbed higher the
valley cpened out revealing the now famous viewpoint. A bnief stretch of the
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Figure 8, 325 metre overflow delta at Roughburn

Figure 9. Fluvio-glacial channels at Loch Treig

There is some evidence, from Greenland ice cores, that there may be a
correlation between these massive outpourings of cold water into the North
Allantic and climate change in northern Europe and North America. Perhaps
there is a connection between Lake Agassiz and the Roads of Roy.
Nevertheless, we concluded that these glacier bursts may have had some
effect on the surface that they were rushing over.

We rounded off our day with a visit to the Commando Memorial with its fine
views of the Nevis range. Neptune's staircase at the entrance to the
Caledonian Canal, and a walk up Glen Nevis through some interesting
gneisses and granite intrusions just for a change. All members were agreed,
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an excellent weekend, we will look at glacial landscapes and sediments with a
new understanding and enlightenment, there is more to sands and gravels
than meets the uneducated eye.
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Manchester Geological Association Trip to the Shap Area May 2008

By Jane Michael, Niall Clarke, Marjorie Mosley. Nick Snowden
and Kathleen Mais
Leader: Chris Arkwright

Saturday 10 May
A6 Road cutting (Location 1)

Having met up in a lay-by off the M6, the first geological stop of the

two day trip took place in glorious sunshine along the A6 overlooking

Shap Fells and Borrow Beck {Grid reference:NY 555 054); a roadside cutting
enhanced if not created by the making of the road. Happily, instead of being
told what we were looking at, initially, we were invited to get our noses down
on the rock face and see what we could see.

Lithology and Deposition:

The rocks were made up of beds of mudstones and greywackes, with bedding
on a scale of centimetres. In places the bases of beds had irregular oblong
ridges or welt-like shaped structures (on a scale of millimetres to a few
centimetres). They were asymmetric, in two dimensions one side steeper
than the other. These are flute casts, the interpretation being that they
represent scouring and sediment deposition by sudden violent influxes of
material, with the direction of flow being from the steep side towards the
shallow side, into a normally low energy environment where fine-grained
mudstones were being deposited. The orientation of the casts indicated that
the flow direction varied on subsequent beds. The overall interpretation is
that this section represented Bouma turbidite sequences indicating a deep
sea depositional environment fed by unstable material collapsing off a
continental shelf.

Tectonics:

The rocks were folded, with cleavage being preferentially taken up by the finer
material to the tops of the beds. Coarse lenses of quantz indicate where silica
came into solution during deformation and concentrated in lower pressure
areas. There were also slickensided surfaces along bedding planes where
the compositional differences between the beds facilitated movement during
deformation.

Summary:

The overall interpretation Chris left us with was that these rocks were
deposited on the southern margin of the lapetus Ocean during the Silurian
and subsequently deformed during the Devonian Caledonian orogeny.
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Location 1 flute marks in rockface Location 1 minor folds at the road
cutting

Shap Granite Quarry (Location 2}

Donning hard hats and high visibility jackets, we walked up the track from the
A6 up to the quarry. This Shap Granite quarry is situated at the top edge of a
stock with approximately 8 km* surface exposure, on the south eastern side-of
the Lake District batholith. This batholith and the Shap stock were emplaced
into the Ordovician and Silurian country rocks in the lower Devonian at the
end of the Caledonian Orogeny. Shap Granite has been dated at 393 £ 11
Ma. The quarry presented a massive face; near the top. horizontal and
vertical jointing caused by release of pressure, had broken up the rock. Lower
down the face there was only a small amount of horizontal jointing and large
fan-shaped vertical jointing radial from the centre could be seen. Though it
looked hazardous, Chris assured us that it had a high angle of stability.

On the quarry floor there were enough large quarried blocks for everyone to
examine the granite’s texture and mineralogy. The granite contained pink
tabular phenocrysts generally about 15 to 30mm long. with some twinning,
within an equigranular black, grey and white groundmass (grain size 1-3mm).

The consensus was that the pink phenocrysts were orthoclase alkali feldspar
and the groundmass was composed of black biotite mica. white plagioclase
and pink orthoclase feldspars and smoky quartz. Chris explained that the
different sizes of the phenocrysts and groundmass were a record of the two
stages of cooling and crystallization - slowly at first, allowing the larger
phenocrysts to form and then a more rapid cooling as the magma rose
through the crust resulting in the finer crystalline groundmass. Standing back
to examine the blocks as whole, we could see they enclosed darker rounded
bodies of rock containing a few pink phenocrysts. At first these were thought
to be xenoliths but on closer examination were found to have the same
mineralogy as the surrounding main granite, all-be-it finer, with a crystal size
less that 2mm. and slightly more mafic. These darker discrete blobs. known
as enclaves or autoliths, came from a separate pulse of magma moving up
through the original magma on thermal currents. They had a different
consistency which prevented them mixing with the main magma but were
liquid enough to entrain a few phenocrysts from the original magma. A further
block contained a finer aplite vein. These are formed after the main granite
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body has solidified. Late-stage aqueous fluids collect in cooling cracks at the
edge of the pluton These fluids consist of quartz, alkali feldspar, muscovite
and occasicnally rarer minerals such as tourmaline and lepidolite. Connection
of these cooling cracks allows sudden loss of pressure resulting in the rapid
crystallization of any remaining felsic magma.

Location 2 mineralisation of the  Location 3 unconformity and
granite faulting

Wasdale Beck, SW of Shap Wells Hotel (Location 3)

After eating our packed lunches in the car park of the Shap Wells Hotel, we
walked south along the side of Wasdale beck for about a hundred metres to
reach a small waterfall. The underlying folded Silurian rocks, similar to those
in the road cutting seen earlier, dip towards the south and the bedding planes
are east-west as before. We then walked back downstream and located an
angular unconformity. Across the stream. in the opposite bank, the bedding
was nearly honzontal. This represents the erosion surface that was present in
the Devonian. We also spotted erratics of Shap Granite both on the bank and
in the stream. Various bits of debris such as feldspars from Shap Granite are
present here in the reddish layers which represent the start of the
Carboniferous deposits. This is a matrix supported conglomerate. The clasts
are anguiar indicating that they have not travelled far. The greenish layer is a
palaeosoil containing chiorite which indicates an anoxic situation. This stream
bank is part of the Basal Carboniferous Conglomerate Series which formed as
sea levels rose. Because the Shap Granite, smplaced at ~5km depth and of
known age, is now found in the Basal Carboniferous Conglomerate. it is
possible to calculate the rate of weathering of the granite at 1-2 mm per year.

Lower Blea Beck (Location 4)

We then walked north west up past the Bath House to trace the unconformity
up Blea Beck. The first stop was at the squirrel feeders and some of us were
rewarded with sighting of a red squirrel. The rocks here are Ordovician
Coniston Limestone rather than the Silurian slates seen earlier in Wasdale
Beck. Above these were the basal conglomerates. The limestone appeared
to have nodules in it. Chris also pointed out a spring feeding into Blea Beck
and those of us near it recognised a bad eggs smell. This was a sulphur
spring and the reason the Shap Wells Hotel was there: for Victorians “to take
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the waters” - rather them than us! We walked up stream through lush
vegetation, stopping to notice red sandstone in the stream which was the
base of the Carboniferous. We had crossed the unconformity. We dropped
down to a bridge over Blea Beck where further exposures could be seen.
Here the stream bed was red. then lighter-coloured sandstone could be seen
above that. We were above the basal Carboniferous in a more oxygenated
depositional environment with streams and small rivers. It was possible that
there had been a sea incursion although the water may also have been
meteoric.

Our final stop was by a small reservoir. formed during World War |l to give
German officer prisoners billeted at the hotel a swimming pool. Here we
found an exposure of rhyolite, a finely crystalline, felsic. igneous extrusive
rock. Itis not as fine as the aplite we had seen in the granite quarry. |t is part
of the Borrowdale Voicanics of Ordovician age. So here we had an older rock
above younger ones. Chris explained that we had wandered in and out of the
unconformity. This was because the younger deposits had been filling in and
smoothing out the pre-existing topography. Once all the previous hollows had
been filled in and the sea finally transgressed, the limestone was deposited.
Chris also told us that the negative gravity anomaly found in the area related
to the underlying granite which was less dense than the other rocks. On our
return to the car park, we saw another red squirrel - such a lovely sight.

Location 4 sulphurous spring in Location 5 dolomite under M6
Lower Blea Beck bridge near Orton

Shap-Orton Road (Location 5)

Our final location of the day was under the M6 bridge on the Shap-Orton road.
The rock was almost horizontally bedded, weather proof and flat, heaven for
sheep, and clearly used by them. It was slightly pink in colour, well bedded
and fine grained. At certain levels there were layers of holes with crystalline
edges. Chris explained that we were looking at dolomite - magnesium
carbonate. The dolomitisation needed a volume reduction (12% according to
Chris) making the rock more porous. Pure dolomite can then crystallise in the
holes left as evident here. Under warm estuarine or evaporitic conditions,
which were probably in existence at the time, direct precipitation can happen.
Generally though, dolomitisaton occurs during lithification. The joint spacing
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seen relates to the thickness of the beds. Looking at the beds . there
appeared to be some cyclicity in the area. Below the layer of vugs, stylolites
were seen. These are defined as irregular contacts produced by pressure
dissolution of the rocks when buried deeply. Where the stylolites were seen,
the rocks looked like a thin layer of clay had been eroded away between the
beds.

Sunday 11 May
Stenkrith Park (Location 6)

Stenkrith Park proved to be the prettiest location of the weekend and would
make a lovely spot for a sun-dappled picnic. (And, if | had remembered to put
the battery back in my camera, there might even be a photograph to prove it )
The underlying geology comprises thick beds of Brockram (coarse pebbles of
Carboniferous sandstone and limestone) with several instances of cross-
bedding. The Brockrams were formed by fan deposits of streams descending
from the mountains surrounding the deserts of the Eden Valley basin. The
cross-bedding seen in the walls of the gorge are evidence of the varying
directions of the streams; some from the mountains to the west (now the Lake
District) and some from the hills to the east and south (now the Pennines).
Included among the deposits are many angular clasts that have tended to
collect in pockets in the beds. Many of these have weathered making the rock
face appear pock-marked. The most cbvious present feature is the deep
gorge cut through the Brockram Beds by the River Eden. At this time of the
year, at the point we descended, the river forms a very pleasant. gentle inckle
however, just upstream, the river was seen to be much more powerful. This
was particularly evident from the bridge over the river near the disused railway
lines which was a short walk away from our location. The most charming
features of Location 6 were many pools which had been scooped out by the
river, These showed a range of beautiful shapes ranging from semi-circular to
almost round with the river still circulating slowly within many of them.

Church Brough (Location 7)

Here, in the middle of the Eden Valley. we saw examples of typical steep
dune cross-bedding. The layering, in soft, red Permian Penrith Sandstone,
was made more visible as it had been picked out by lichens. There are
several directions of cross-bedding in this locality and in all cases the leading
slope is rarely seen, as is usually the case. These were wind-formed or
aeolian dunes. The resulting stone 1s often stained red with haematite as a
result of being formed and cemented in a highly oxygenated atmosphere.
The grains in wind-blown dunes have a frosted appearance as a result of
being buffeted against one another. If grains appear glassy. they have been
moved by water. There can be a mixture of both kinds of grain where the
sand was wind-blown and then moved again by water. The top bedding is
horizontal and lies on top of dune cross-bedding which is always at a steep
angle. The angle at the lower end of the bedding, (the foot of the dune), is
shallower. One theory for the erosion of sandstone is that sandstorms erode
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BOOK REVIEW

Anglesey Geology — a field guide (2008) Treagus, Jack.
GeoMon, Anglesey Geopark. ISBN 0-9546966-2-X. 168 pp.

It has been around 28 years since an accessible field guide to Anglesey was
published, the Geologists' Association Guide 40: Anglesey, by Bates and
Davies (1981). While this is still a useful guide, a great deal of research work
has been undertaken since then and ideas about the geological history of the
island have changed. There is now a new publication that incorporates some
of this work and presents it in a very clear and concise way.

This bilingual {(Welsh and English) guide had been produced by the Anglesey
Geodiversity Project as part of its continuing work to get Anglesey recognised
as an international “Geopark”. As well as conservation, site management, job
creation and sustainable development issues, “Geoparks” also have to play a
role in supporting education and in promoting Earth Science research and
training. This latter area is where this new publication is aimed, targeting the
interested amateur, and GCE and undergraduate students.

After a foreword and sections on access, safety and conservation, there is a
gquite detailed 14 page introduction to the geological history of the island. This
is reasonably jargon-free and follows a logical sequence, starting with the
older rocks of the Mona Complex and ending at the Lower Carboniferous - the
youngest solid geology exposed on the island, although post-Carboniferous
deposits do occur as in-fills in some areas. Igneous geology and
mineralisation is covered briefly here. althaugh the relationship of some of the
granites and their ages are mentioned in the preceding geological history
section. Very useful is the section on structural geology which acts as a brief
tutonal in reading folds and their associated features. In summary, it is a good
and approachable introduction to the geology of Anglesey.

The main part of the guide is devoted to the 14 field areas. These are not
organised in geological sequence, but follow the coast in a clock-wise
direction from the south-west at Llanddwyn Bay tc Red Wharf Bay on the
north-east, the exception being the inland section on Parys Mountain. The
pages dedicated to each field area are colour coded and individually labelled
and numbered, in addition to the normal book pagination.

Each of the main sections has a detailed description of how to get to the area
and where appropriate, warnings about tides and other access issues such as
steep cliffs or shppery rocks. Each section contains at least one clear map of
the area showing the separate localities to be visited. augmented where
necessary with sections and graphic logs. All of these are uncluttered and
easy to follow. In most cases each locality is given a national grid reference,
either wilh the numbered locality, heading, or somewhere in lhe text. The
localities and their features are descnbed fully but, as in the introduction, with
a refreshing absence of jargon. This does not make for an oversimplified
description as there is plenty of serious geology to read about within the text,
but the author does take time to explain unusual terms and important features
and concepts, and there is a large glossary of terms included towards the end
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of the guidebook to support the descriptions in the main text. In addition to the
maps and diagrams each seclion contains clear, weil labelled colour
photographs of features seen at the different localities.

Each section could be used as a separate field excursion, but it1s likely that
users will combine two or more areas into a field wisit. To accommodate this,
the author has given directions between locations where these are close
together. The publication is A5 size so is not too bulky and is easy to carry or
slip into & pocket or rucksack. Being spiral bound makes it easy to navigate
and will also help to reduce damage to the book through use.

The only things | would like to see included in future publications of Lhis kind
are a few standard scale bars in the photographs in place of coins and pens,
and some indication of public transport links in the area. While most people
are likely to drive to the localities, and understanding that some localities may
be remote from transport links, some people may still prefer to access some
of the areas in this way. That said, Anglesey Geology — a field guide is a very
good quality publication and crams a lot of information into its 168 pages. It
will be used by its target audience and by others who are attracted by its
bright attractive appearance. Let us hope we see more guides like this one.
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Anglesey Geology A Field Guide (2008), by Jack Treagus, published by
Seabury Salmon & Associations; funded by GeoMdon Anglesey Geopark. ISBN
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The guide is available from Dr M. Wood, College Llansadwrn, Menai Bridge,
Anglesey LL59 55N: £11 including P. & P
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