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Preface

Britain has often been described as the ‘cradle’ of modern geology. Certainly, the
extraordinarily diverse geology of the British Isles provides a remarkably good
sample of rocks that record Earth historv. The rocks of Britain formed the basis
for pioneering studies by geologists in the 18th and 19th centuries. Their obser-
vations, and the ideas they developed to explain what they saw, laid the founda-
tions of the science as we now know it. Consequently, many revolutionary theo-
ries about geological processes, the formation of rock, and landscape develop-
ment were devised here, and many names for rocks, minerals, fossils and intervals
of geological time originated in Britain.

The Silurian rocks of Britain were named by R.1. Murchison after the *Silures’,
an ancient Romano-Celtic tribe. Murchison published ‘The Silurian System’ in
1839, making this geological system one of the carliest to be defined formally. The
British place-names Llandovery, Wenlock and Ludlow provided the international-
ly used series-names within the Silurian System. As a result of this pioncering
work, the Silurian rocks of Britain gained an international importance that con-
tinues today. Of particular importance is their historic role in the foundation of
one of the major subdivisions of geological time - the Silurian, which is now rec-
ognized internationally.

Rocks of Silurian age are exposed in scattered outcrops across Britain from the
Midland Valley of Scotland southwards to the Severn estuary and westwards to
Pembrokeshire.  Silurian rocks form the geological foundation to some of the
most attractive and valued of Britain’s scenery.  Silurian rocks typically form
upland hills and vales whilst the more dramatic mountainous landscapes are made
of yet older and harder rocks and the lowlands are largely underlain by Mesozoic
and Cenozoic rocks.

Early in the 19th century, little was known scientifically about any of the ancient
upland rocks, but they rapidly became the focus of intense interest and debate as
geologists strove to map them, make sense of their structures and describe their
fossil remains.

Scientific investigation has revealed the extraordinary history of the Silurian
Period and the building of the British Isles from widely separated crustal blocks.
The Silurian rocks of Britain record the terminal phases of one of the major plate
tectonic events of Early Palaeozoic times. The rocks are formed mainly of ancient
marine sediments, deposited between 440 and 410 million years ago. They accu-
mulated on the seafloor of an ancient ocean, and on the margins of its bordering
continents. During Silurian time this ocean floor disappeared as two continental
masses collided. The Silurian deposits were caught up in processes of folding and
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faulting that produced a vast elongate mountain belt. It stretched from today’s
northern Scandinavia, through Britain, Ireland and Newfoundland into New
England. As the mountains were uplifted so they were subject to erosion and
weathering. The sediments produced by these processes were distributed by
rivers over the surrounding landscapes. These largely non-marine deposits accu-
mulated in basins flanking the mountains to form the youngest Silurian strata.

The prolonged process of burial and tectonism transformed the original soft
sediments of Silurian times into relatively hard and compact, folded and faulted
sedimentary rocks. They now form one component of the vast piles of Lower
Palaeozoic strata that record this event. The geological character of the rocks has
played an influential role in the recent glacial history of these islands and in the
post-glacial complex history of human settlement and conflict.

Early Tertiary uplift of northern Britain caused extensive erosion and removal of
the Mesozoic cover rocks and uncovered the old Lower Palacozoic rocks in the
north and west. Whilst their elevation enhanced the development of ice sheets
over the last million and more years, their relative hardness protected them from
wholesale glacial erosion and promoted the sculpting of landscapes in the
Southern Uplands of Scotland, the Lake District and Wales. The resulting topog-
raphy, weather and soils associated with the upland terrain have provided both
refuge and barrier to human occupation and economic development.

Valuing Silurian rocks and landscapes

‘...gentle airs,
Birds, running streams, and hills so beautiful
On golden evenings, ...

Wordsworth remembers the Silurian landscape around Lake Coniston in ‘The
Prelude’.

Silurian landscapes, such as those of the Scottish Southern Uplands, the Lake
District and Welsh Borderland have been celebrated in prose, verse, music and
paint. For over three hundred years, artists from Walter Scott, Burns, Keats,
Wordsworth and Turner to Ruskin, Elgar, Vaughan-Williams and Housman have
been stimulated by their topography. The aesthetic and more practical recre-
ational value of some of these landscapes has been formally recognized since the
1950s with the establishment of the National Parks and Areas of Outstanding
Natural Beauty.

Economically, the role of most Silurian rocks has not been very significant com-
pared with those of Ordovician age. However, there has been important mineral-
ization of Silurian strata in the Southern Uplands and Central Wales. The miner-
alization postdates the lapetus closure and collision. Late Devonian to early
Carboniferous age Zn-Pb hydrothermal vein deposits in the Leadhills—
Wanlockhead orefields are hosted by Lower Palacozoic greywackes. Scotland’s
lead requirements were met by these mines until the 1930s. Uraniferous veins in
Silurian shales near Dalbeattie originate from a Devonian age granodiorite.
Similar and contemporaneous Cu-Pb-Zn sulphides, of hydrothermal origin and
hosted in Llandovery strata, have been mined since Tudor times in Central Wales.

Some of the Wenlock limestones of the West Midlands have had an interesting
historical role within the context of the Industrial Revolution. Around Dudley and
the greater Birmingham area, these Wenlock limestones were quarried in the 14th
century for building Dudley Castle keep. Being in part pure calcium carbonate,
they were subsequently burned in kilns to produce lime for agricultural use in the
17th century. Their proximity to Britain’s thickest coal seam, the Mid-
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Carboniferous age South Staffordshire Thick Coal (9-12.8 m) led to their 18th
century use in the earliest days of the Industrial Revolution as a flux in the smelt-
ing of iron.

Dudley lies in the midst of the so-called ‘Black Country’ and quarrying was so
extensive that it had to be continued underground. In doing so, the largest man-
made limestone caverns in Britain were formed and connected in 1785 to the
national canal system by the earliest narrow-boat canal tunnel in the world.
Coincidently, the working of these Wenlock limestones provided a wealth of
palaeontological information about Silurian times but subsequent urban develop-
ment has threatened to ‘overrun’ the outcrop, until it was protected as the first
National Nature Reserve for geology in 1956.

Historically, there has been quite extensive but localized economic use of
Silurian rocks for domestic vernacular building, stone walling, road construction
and the manufacture of lime and bricks. This has resulted in the excavation of
numerous small quarries over the centuries. These quarries have in turn provid-
ed important exposures of rocks whose outcrop is typically obscured by soil and
vegetation. However, with more recent change of building practice, few of these
are still actively excavated and many have become degraded and overgrown,
whilst others are being infilled with waste.

Most Silurian rocks with potential for stone construction are unsuitable for
modern masonry use, being of insufficient hardness or too irregularly cleaved.
Generally, Silurian rocks have a relatively high mud and silt content and have not
been metamorphosed beyond a low level (chlorite grade). Exceptions are the
coarser grained turbiditic sandstones of parts of the Lake District and Central
Wales outcrop. These (e.g. Arcow Quarry, Ribblesdale, see Wenlock Chapter) are
amongst the few Silurian rocks with potential strength for modern use as aggre-
gates for roads or concrete. Consequently, there are few large modern working
quarries in the outcrop.

Conservation

The sites that allowed the pioneers of geology to hone their observational and
interpretative skills and build up a geological history are as important today as
they ever were. Many problems remain for the elucidation of Britain's geological
history, and the development of our knowledge would be nothing without
recourse to sites where the geology can be demonstrated, researched and theories
put to the test. This is amply illustrated by the fact that whilst this book docu-
ments present knowledge of the sites described, these sites continue to provide
the basis for fresh insights into Silurian geology. The important works of
Zalasiewicz and Williams (1999) on the Wenlock of the Builth area, and that of
Ratcliffe and Thomas (1999) on the nature of the mid-Silurian carbonate platform
of the Welsh Borderland, are just two examples, both being published too late to
be fully incorporated into the present volume.

Active conservation measures are needed to protect the most important geo-
logical sites. The Geological Conservation Review is a major contribution to that
effort, in systematically identifying and documenting the most important sites that
are protected as ‘Sites of Special Scientific Interest’ (SSS1s; see Ellis ef al., 1996 for
a review of the ongoing geological conservation process in Britain). No other
country in the world has attempted such a comprehensive review of their geolog-
ical heritage.

The GCR publications series must serve many purposes. The books provide the
scientific justification for the conservation of the sites described. They also need
to give an authoritative account of the geology and geological context of each site.
Consequently, the site reports need to include enough detailed and technical
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information to bring out their scientific importance. But many people other than
scientists will be touched by the GCR, such as those concerned with the physical
conservation of the sites and the management of the land upon which they lie.
These people will need to know the significance of the site in their custodianship
— perhaps not the full technical details as provided by the reports, but the context
of their site and the main reasons why it is conserved. Also, there is a general need
to provide contextual information in simpler terms in the published GCR books.
It is for this reason that the general introduction (the first chapter) and summary
highlights for each site (given in the ‘conclusions’ sections), coupled with the glos-
sary, are aimed at a less specialized audience.

Well over a hundred sites are conserved for their contribution to Britain’s
Silurian stratigraphy and this has inevitably made this a lengthy compilation. But
geologists will be able to build upon the comprehensive review provided by this
volume and continue to study the sites whose long-term conservation is now
assured.

Douglas Palmer
December 1999
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Stratigraphical framework

INTRODUCTION

The aim of stratigraphy is to study rock succes-
sions preserved from the past and to bring them
to life as sequences of events through geological
time. By correlating events such as sea-level
changes, climatic variations and crustal deforma-
tion against the standard geological timescale,
stratigraphical methods can reconstruct a mov-
ing picture of Earth history in time and place.
The time in this volume is the Silurian Period,
from about 440 to 410 million years ago (Ma),
and the place is the fragment of continental
crust that was destined to become Britain.

The enterprise of reconstructing part of
Britain’s geological history would, in itself, be
important enough to justify a network of field
reference sites at which components of this his-
tory are well preserved in the rock record.
However, Silurian sites in Britain have a more
fundamental role, as the basis for part of the
global standard stratigraphical scale itself. By
historical precedent and by recent formal inter-
national agreement, Britain has become the
guardian of seven boundary stratotypes, geolog-
ical sections that define key points on the geo-
logical timescale. Furthermore, it was the his-
toric investigation of British Silurian strata and
their characteristic fossils that helped to lay the
scientific foundations of stratigraphical proce-
dure in Palacozoic rocks, especially, as in the
Southern Uplands of Scotland, where they have
been tectonically deformed. These sites must
remain accessible, well preserved and properly
supported by stratigraphical information from
related sites. What before was a national interest
has now become an international duty.

Stratigraphy is done in four dimensions, one
of time and three of space. In this chapter, the
Stratigraphical Framework section first concen-
trates on the time dimension, as deduced from
the vertical succession of rocks in one-dimen-
sional space. A section on Geological Controls
on Silurian Stratigraphy then outlines some of
the real earth processes that modulate and punc-
tuate this temporal record. The Palaeo-
geographical Framework section has map views
of the other two spatial dimensions of the
Silurian, showing its main geographical compo-
nents and their modification through time. The
Silurian Palaeontology Chapter outlines the
important role played by fossils, both now and
in the past, in the stratigraphical endeavour and
in the description of Earth history. These frame-

work sections provide the space-time Rationale
for Site Selection, described in the final section
of this chapter.

STRATIGRAPHICAL FRAMEWORK

The early development of Silurian
stratigraphy

The Silurian System of rocks was named by
Roderick Murchison in July 1835. He derived
the term Silurian from the name of a British hill
tribe, the Silures, who lived in part of the Welsh
Borderland during the Roman occupation.
Murchison first envisaged the system as a major
rock unit encompassing four of the thinner map-
ping units that he had traced through the
Borderland in the preceding four years: the
Llandeilo Flags, Caradoc Sandstone, Wenlock
Rocks and Ludlow Rocks (Figure 1.1). However,
during the second half of the 1830s, Murchison
came to see that his new system might be appli-
cable not just to the Welsh Borderland but to
rocks with particular fossils, and therefore
implied stratigraphical age, wherever else they
were found. This important trend towards
modern stratigraphical practice was already well
advanced by the time that Murchison’s The
Silurian System was published (Murchison,
1839).

By creating a Silurian division of geological
time, within what had previously been regarded
as the Welsh terra incognita of the Transition
Series of rocks, Murchison (1835) defined the
first of the Lower Palacozoic systems to gain
widespread recognition. Part of the internation-
al recognition of the British-based Silurian
System was due to Murchison’s active promo-
tion of ‘his’ system. That the Silurian System has
survived subsequent redefinitions is a tribute to
the generations of British geologists who have
reworked and refined our understanding of one
of the most intensively studied outcrops of stra-
ta in the world.

At the beginning of the 19th century, the defi-
nition and subdivision of crustal strata into suc-
cessions of named units was still at an early stage
of development. This was especially true within
the older, more highly deformed rocks. By con-
trast, the gently deformed younger strata of the
great sedimentary basins of continental Europe
and southern England were amongst the first to
be mapped and subdivided into major units still
used today, such as the Quaternary (by
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Murchison Sedgwick Lapworth Modern ‘Modern Murchison’s (1839)
(e.g. 1839) (e.g. 1852) (1879) Systems Series rock units
- 1
Old Red Old Red Old Red T omapneanil Mar
Sandstone Sandstone Sandstone Pi‘{daii Tilestone
. :'. Upper Ludlow Rock
Ludlow Middle Ludlow Rock
- Lower Ludlow Rock
Upper Silare Fets
Silurian S Silurian Wenlock Limestone
- Wenlock Shale
Llandovery
Ashgill Caradoc Sandstone
Upper
Cambrian Caradoc
Lower £k
Silurian Osevicien. Ordovician Llanvirn
Llandeilo Flags
Middle Arenig
Cambrian
Cambrian Cambrian Tremadoc

Figure 1.1 Comparison of the modern stratigraphical scheme for the Ordovician and Silurian with the strati-
graphical usage of Murchison, Sedgwick and Lapworth. :

Desnoyers in 1829) and Cretaceous (by d’Halloy
in 1822). The geological methods of mapping
and characterizing these younger strata on the
basis of their contained fossils had been pio-
neered by British and French geologists inde-
pendently.

In the early 1830s, Roderick Murchison, a
‘gentleman of independent means’, had joined
forces with a young Cambridge academic, Adam
Sedgwick. They had decided to map the distri-
bution of the Transition strata within Wales and
to attempt to subdivide them using the
‘Smithian’ principles of characterization by diag-
nosis of successive fossil assemblages.
Murchison started his traverse in the south, from
the base of the known outcrop of the distinctive
Old Red Sandstone in the Wye Valleyy He
worked through the Welsh Borderland outcrops
into the stratigraphically older Transition Series
below, which are still relatively undeformed. He
had the advantage of building on a considerable
body of detailed knowledge, which was available
from local investigators such as the Rev. T.T.
Lewis. Sedgwick, the more experienced geolo-
gist, had the much more difficult task of starting

in North Wales, amongst highly folded and fault-
ed strata, which contained very few fossils.

The constituent rock units of Murchison’s
Silurian System (Figure 1.1) already showed the
developing practice of naming rocks ‘...from
places in England and Wales, where their suc-
cession and age are best proved by order of
superposition and imbedded organic remains’
(Murchison, 1839, p. 195). This concept of geo-
graphical ‘type sections’ for rock units has
recently been developed to define the global
standard stratigraphy. Murchison’s choice of the
names of Wenlock and Ludlow has been
enshrined in two of the series names of the glob-
al stratigraphical scale. The term ‘Llandovery’ is
of only slightly younger vintage (Murchison,
1859).

Murchison’s endeavours in the Silurian rocks
were part of a decade of intense stratigraphical
activity in other parts of the Palacozoic (itself
named by Sedgwick in 1838). Sedgwick and
Murchison defined the Devonian System (1839),
effectively redefining Conybeare and Phillips’
earlier (1822) concept of a Carboniferous
System. Murchison himself was to name the
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Permian System in 1841. Most significant of all,
for understanding of Silurian stratigraphy, was
the definition by Sedgwick of the Cambrian
System in September 1835 (Sedgwick and
Murchison, 1835).

In the 1830s, Sedgwick and Murchison visual-
ized the Silurian of the Welsh Borderland as
overlying the Cambrian of North Wales along a
boundary that they had roughly traced through
mid-Wales in 1834. When, in the 1840s, this
region was surveyed more accurately by the
Geological Survey, it was found to comprise
entirely Murchison’s Silurian System. As the
mapping reached North Wales, these ‘Silurian’
rocks were seen to strike directly into units of
Sedgwick’s Cambrian System. These observa-
tions provoked the celebrated ‘Cambrian—
Silurian controversy’, setting the two former col-
laborators against each other and spawning two
competing schemes of Lower Palaeozoic strati-
graphical nomenclature (Figure 1.1).

The ensuing debate has been comprehensive-
ly reviewed by Secord (1986) and summarized
by Bassett (1991). The seeds of a stratigraphical
resolution to the controversy had, in fact, been
sown by Murchison himself in defining distinct
Lower and Upper divisions to his Silurian System
(Figure 1.1). The effective three-fold division of
Lower Palacozoic rocks was increasingly used
through the second half of the nineteenth cen-
tury. It was formalized by Lapworth (1879), after
the deaths of both Murchison (in 1871) and
Sedgwick (in 1873), in the definition of an
Ordovician System roughly equivalent to
Murchison’s Lower Silurian. Even then, diehard
‘Sedgwickians’ and ‘Murchisonians’ continued
to use the old schemes. It was not until Sir
Archibald Geikie retired from the Geological
Survey in 1901 that the Ordovician replaced
Lower Silurian on official maps, and that the
Silurian System edged closer to its modern
meaning.

Silurian time defined: chronostrati-
graphy

The 19th century debates served to demonstrate
that the subdivisions of geological time
(chronostratigraphy), in contrast to those of
rock units (lithostratigraphy), need to have
boundaries that are widely agreed. Inter-region-
al and international correlations would at best
be imprecise if, for instance, Silurian time was
differently defined in each region or country.

Consequently, the 20th century has seen increas-
ing rationalization of stratigraphical procedure
and practice, and in the last quarter of the 20th
century a global standard stratigraphy has begun
to be formalized. These developments have
been chronicled for the Silurian by Holland
(1989).

The global standard stratigraphical scheme
has a hierachy of divisions (Figure 1.2). Systems,
series and stages are the divisions of rock bodies,
whereas periods, epochs and ages are the corre-
sponding divisions of geological time. The
Silurian System is divided into four series, and
all but one series into a number of stages. The
benchmarks in this hierachy are the internation-
ally agreed positions for the base of each divi-
sion, located at a particular point in a specified
local rock succession. These boundary strato-
types (Figure 1.2) comprise the strategy for
achieving stability in international stratigraphy.
Future debates may arise over correlation of
local successions with the type section, but not
over the meaning of the system, series and stage
names in the type sections themselves.

Because of the uncertainties in correlation,
some authors (e.g. Holland, 1985, 1989) hold to
the philosophically correct view that systems,
series and stages can only be translated into
valid time units (periods, epochs and ages) in
the boundary stratotype section. The more
pragmatic school of thought (e.g. Whittaker et
al., 1991) accepts that correlations beyond the
stratotype have an inherent imprecision, but
regards such correlations as the practical basis
for chronostratigraphy, the best approximation
to a working global timescale. This less perfect
but more practical definition of chronostratigra-
phy will be adopted in this chapter.

Of the eight stratotypes that define the bases
to the Silurian stratigraphical divisions, seven
are in Britain (Figure 1.2). The one exception is
the base to the Pridoli Series, the only major
addition to the Silurian System since the time of
Murchison. The need for this series arose
because of previous erroneous international cor-
relations. The chosen level for the base of the
Devonian System in the Czech Republic
(McLaren, 1977) is considerably higher than the
base of the ‘Old Red Sandstone’, which had tra-
ditionally been regarded as the Silurian—
Devonian boundary in the Welsh Borderland.
The new Piidoli Series, also defined in a grap-
tolitic Czech section, therefore correlates with
the lowest part of the Old Red Sandstone. Sites
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Figure 1.2 The global standard stratigraphy and a graptolite biostratigraphical zonation, calibrated against two
recent chronometric scales derived from radiometric age determinations.

in this stratigraphical interval are included in
this volume.

The original selection of Silurian GCR sites
was made over 15 years ago and did not take
into account the significance of sites of Pfidoli
age within the British outcrop. Since that origi-
nal selection, considerable biostratigraphical
work has demonstrated the importance of
Pridoli age strata at a number of sites in Wales
and Cumbria. A selection of these sites has been
included for stratigraphical completion even
though they are not yet confirmed GCR sites.

Correlating Silurian rocks and time:
biostratigraphy

The task of correlating rock successions from
any region in the world with the type sections
can, in principle, be done using a variety of indi-
cators such as radiometric ages, palacomagnetic
polarity, geophysical rock properties, geochemi-
cal signatures, and seismic character. In prac-
tice, fossil content has proved to be the most
widely applicable method for Silurian rocks,
resulting in biostratigraphical zonations, keyed
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to the chronostratigraphical scale in the type
areas. The evolving assemblages of each group
of organisms are divided into biozones, named
after an abundant or characteristic species.
Graptolites and conodonts have vyielded the
most refined Silurian zonations (Figure 1.2), but
analogous schemes exist for other groups,
notably brachiopods, acritarchs and chitino-
Z0ans.

The Silurian stage boundaries have been cho-
sen with reference to the bases of specific grap-
tolite biozones in the boundary stratotypes or in
nearby sections. True time correlation with
other sections presumes synchroneity of the bio-
zones. This presumption is difficult to test on a
global scale, although it is supported by the gen-
erally consistent results of biostratigraphical cor-
relation using different fossil groups and by
comparison with other dating methods.

Calibrating Silurian time: radiomet-
ric dates

The global standard stratigraphy (Figure 1.2)
does not depend, for its definition or applica-
tion, on its calibration against the numerical age
scale derived from radiometric dating. The phi-
losophy of chronostratigraphy is that it can stand
alone as a practical reference scale. In the
Silurian, radiometric ages are still an imprecise
correlation tool by comparison with graptolite
biozones. This point is emphasized by compar-
ing two recent calibrations of the standard
stratigraphy (Figure 1.2). The Harland el al
(1989) and Tucker and McKerrow (1995)
timescales give significantly different ages at
each series boundary. The discrepancies, rang-
ing from 1 Ma up to 8.5 Ma at the base of the
Devonian, are large by comparison with the
average duration of graptolite biozones — esti-
mated at between 0.5 Ma and 1.2 Ma. A chrono-
metric scale that incorporates the data of Tucker
and McKerrow into the Harland ef al scale has
been prepared by Gradstein and Ogg (1996).
The continuing discrepancy between Silurian
timescales results partly from acquisition of new
data and partly from the methodological
approach to the radiometric database. The
Harland et al. (1989) scale results essentially
from averaging a large number of ages from this
database. By contrast, the Tucker and McKerrow
(1995) timescale is hung on a few high quality U-
Pb (uranium-lead) ages in sequences well tied to
the standard chronostratigraphy. Either method-

ology is dependent on the maintenance of an
accessible network of reference sections in
Britain, comprising both the world stratotypes
and supplementary well-correlated sections,
particularly those containing volcanic horizons
amenable to dating. The numerical calibration
of the timescale may not be vital for correlation,
but it is essential for proper discussion of the
durations and rates of geological processes.

Silurian rock units: lithostratigraphy

Before a local rock succession can be correlated
with the standard chronostratigraphy, it must
first be defined in terms of its component litho-
stratigraphical units. These units are the natural
subdivisions based on readily observable charac-
ters such as rock composition, texture and depo-
sitional structure. Most rock successions are lat-
erally variable, certainly in the British Silurian.
Consequently, there are numerous lithostrati-
graphical schemes in use, each applying to a
restricted area of outcrop. As knowledge
increases of the three-dimensional geometry of
the component rock units, it is possible to dis-
card redundant terms and reduce the number of
lithostratigraphical schemes. Five lithostratigra-
phies are summarized in this chapter (Figure
1.3a, b), representing the major palacogeo-
graphical provinces during Silurian time. Other
relevant local schemes are referred to in individ-
ual chapters or site descriptions.

Prevailing lithostratigraphical practice can be
demonstrated by the recently revised column for
the Lake District (Figure 1.3b; Kneller et al.,
1994). The basic rock units are formations,
which are lithologically distinctive enough to be
mappable over most of the region in question.
An example is the Skelgill Formation, a general-
ly black, carbonaceous, graptolitic mudstone or
shale. Some formations contain members,
which may be impersistent or mappable only in
favourable exposures. So, the Skelgill Form-
ation contains a Spengill Member at its base,
comprising paler graptolitic mudstone with a
nodular limestone band. Such a band, if it were
useful in regional correlation might be designat-
ed as a named bed, though this level of the
lithostratigraphical hierachy is infrequently
used.

Hierachical levels above that of the formation
are useful in inter-regional correlation. So, the
Skelgill Formation and the overlying Browgill
Formation together constitute the Stockdale
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Figure 1.3a Representative lithostratigraphical columns from the main palacogeographical areas of Silurian
Britain: Midland Valley from Bull and Loydell (1995) and Robertson (1989), Southern Uplands from Rushton

et al. (1996).

Group, and the uppermost Ordovician and
Silurian groups and formations in the Lake
District are gathered into a Windermere
Supergroup.

Implicit in the lithostratigraphical schemes
(Figure 1.3a, b) is the practice, inherited from
Murchison’s time, of naming units after a locali-
ty where they are well exposed. Typical localities

may be formally designated as type sections,
although it is more common for units to be
defined by geological maps or measured strati-
graphical logs in type areas (e.g. Kneller et al.,
1994). The geographical name attached to each
rock unit may be supplemented by a lithological
descriptor. Examples in the Welsh Borderland
sequence are the Much Wenlock Limestone
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Figure 1.3b Representative lithostratigraphical columns from the main palacogeographical areas of Silurian
Britain: Lake District from Kneller er al. (1994), central Wales from British Geological Survey (1993), Welsh

Borderland from Cocks et al. (1993).

Formation and the Temeside Shales Formation.
Such lithological qualifiers may be added to con-
tinue a traditional usage or simply to provide
lithological reminders in a long sequence of oth-
erwise bland unit names.

Not all the lithostratigraphical units men-
tioned in this volume comply strictly with mod-
ern practice. Examples occur at the base of the

Midland Platform succession (Figure 1.3b).
Here ‘Beds’, as in Pentamerus Beds, is used
roughly in the sense of a formation. Similarly
the Hughley Shales and the Kenley Grit are units
of approximate formation status, awaiting for-
mal designation as such.

A striking feature of the generalized British
Silurian lithostratigraphies (Figure 1.3a, b) is the
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lack of lithological similarity between regions at
most times on the chronostratigraphical scale.
This lateral variability results from the contrast-
ing palacogeographical, tectonic and sedimento-
logical settings of these regions during Silurian
time. The variability underlines the need for a
network of well-documented stratigraphical
sites, not just in the type areas for the global
chronostratigraphy, but in representative areas
across the whole country. These sites underpin
the local lithostratigraphical schemes and,
through correlation with global stratotypes,
serve to support them and enhance the interna-
tional value of the British Silurian.

GEOLOGICAL CONTROLS ON
SILURIAN STRATIGRAPHY

Silurian event stratigraphy

The chronostratigraphical scale is intentionally
defined without reference to the geological
events that shape rock successions, such as sea-
level and climate changes, and tectonic and vol-
canic episodes. Lithostratigraphical units record
such events more closely, but the response to an
event varies between different palacogeographi-
cal settings. So, a sea-level fall might produce an
unconformity in a shallow marine area, but a
burst of turbidite sandstones in an adjacent
deep marine setting. The aim of event stratig-
raphy is to recognize and correlate the signa-
tures of real geological events, rather than the
more arbitrary time-related surfaces of chronos-
tratigraphy.  Event stratigraphy provides the
framework of a regional geological history.
Some events, such as sea-level changes, may be
recognizable globally and their pattern through
time may eventually be refined sufficiently to
provide a reliable correlation tool.

The main types of event that influence
Silurian successions are summarized in the fol-
lowing sections.

Global sea-level change

Changes in sea level relative to the contempo-
rary sediment surface are most easily deduced
from rock successions deposited in shallow
marine environments. The Welsh Borderland
succession provides an example (Figure 1.3b).
No rocks of early Llandovery age are preserved
in this area, suggesting a time of non-deposition
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or erosion during relatively low sea level. A fin-
ing-up sequence in the middle to upper
Llandovery suggests sea-level rise. Limestone
units in the lowest and uppermost Wenlock can
be interpreted as short episodes of low sea level
during a time of predominantly high sea level.
Limestones within the Leintwardine Group may
indicate a similar sea-level low during Ludlow
time. The formerly fully marine sequences show
increasing faunal and facies evidence of freshwa-
ter influence during Pridoli time, consistent with
a sea-level fall transitional to the fluvial
sequences of the Devonian.

Such a local analysis of relative sea-level
changes cannot be interpreted directly in terms
of global or eustatic changes. There is the pos-
sibility that some or all of the relative change is
caused by the tectonic or isostatic uplift and
subsidence of the crust on which the sediments
were being deposited. Comparison of the rela-
tive changes between different areas and regions
provides the test of eustatic change, particularly
if these areas were situated on widely separated
continental blocks.

The sea-level curve in Figure 1.4 has been
derived from comparing the stable platform
areas of Silurian Gondwana (Australia),
Laurentia (North America), Avalonia (Wales and
England), Baltica (Norway and Estonia), South
China and Siberia (Johnson et al., 1991).
Refined depth estimates are derived from faunal
communities, most usefully from brachiopods.
After a lowstand during the latest Ordovician
(Hirnantian) ice age, the Llandovery was a time
of spasmodically rising sea level, including at
least four identifiable highstands. The Wenlock
saw generally high sea levels, but with marked
lowstands early and late in the epoch. A further
major lowstand in mid-Ludlow time was super-
imposed on a generally falling global sea level
into the Pfidoli. Many of the variations in the
global sea-level curve, postulated from data on
other continents, can be matched with shallow-
ing and deepening events on the Midland
Platform. This correlation suggests relative tec-
tonic stability of this area through much of
Silurian time.

The effects of changes in sea level on basinal,
deeper water, successions are more subdued or
at least more cryptic than in shallow water suc-
cessions. Lowstands can result in greater ero-
sion on platform areas and higher sediment
input into basins. This effect is not conspicuous
in the British Silurian basins. A more prominent



Geological controls on Silurian stratigraphy

<= sea level =>
low high

await
definition

no younger

El:lptolites
own in the

British Isles

bohemicus

leintwardinensis
incipiens
scanicus

Ludlow

nilssoni

ludensis

Homerian | nassa

lundgreni
ellesae

linnarssoni
rigidus
riccartonensis

Shein-
woodian

murchisoni

centrifugus
crenulata

griestoniensis

crispus

Telychian
= turriculatus

sedgwickii

convolutus

argenteus

Aeronian

Llandovery

magnus
triangulatus
cyphus
acinaces

atavus
acuminatus

Hirnantian
glaciation

Figure 1.4 A global sea-level curve for Silurian time
(after Johnson et al., 1991).

signature is the inferred variation in the oxy-
genation of bottom waters in the basins. During
rises and highstands in sea level the basin mud-
stones tend to be laminated and rich in organic
matter, implying anoxic conditions. During falls
and lowstands, mudstones are more likely to be
bioturbated and poor in organic carbon, indicat-
ing oxygenated bottom waters. For example, the
early Llandovery (Rhuddanian and early
Aeronian) mudstones of central Wales, the Lake
District and the Southern Uplands are predomi-
nantly anoxic, recording a rapid sea-level rise.

11

Climate change

Although apparently responsible for some
Silurian facies changes, global sea-level varia-
tions are themselves driven by other Earth
processes. Long-period sea-level changes — over
some tens of millions of years — can be forced by
the varying rate of sea-floor spreading.
However, shorter-period changes are probably
linked to processes within the complex ocean-
atmosphere system. On these timescales, it is
not always clear that changes in sea level are any
more important in modulating sedimentary
facies than some of the other parameters associ-
ated with changing climate: the organic produc-
tivity of ocean waters, the intensity of weather-
ing on land, the degree and cause of stratifica-
tion in basinal marine-water bodies, or the CO,
content of the atmosphere and oceans.

Models involving these climatic influences do
not all predict the same type of correlation
between eustatic sea-level cycles (Figure 1.4)
and sedimentary facies, on scales of a few mil-
lion years. For example, some hypotheses link
limestone deposition on shelves with sea-level
rise rather than sea-level lowstand. One such
model (Jeppsson, 1990; Aldridge et al., 1993a;
Jeppsson et al, 1995) identifies primo (P)
episodes, approximately coinciding with sea-
level lowstands, alternating with secundo (S)
episodes approximating to sea-level highstands.
During primo episodes (alternatively called ice-
bouse states, Tucker 1992), the ocean bottoms
were kept oxygenated by input of dense water
from cold high-latitude seas. Corresponding
upwelling of nutrient-rich deep water promoted
high phytoplankton productivity, drawdown of
CO, from the atmosphere, and the consequent
enhancement of a cold global climate.
Carbonate deposition in shallow water was
reduced. During secundo episodes (or green-
house states), high-latitude water was too warm
to sink and the oceans became salinity-stratified
with anoxic conditions at depth. Weak
upwelling of nutrients resulted in low phyto-
plankton productivity, the release of CO, to the
atmosphere, and the consequent enhancement
of a warm global climate. Reefs and rich benth-
ic faunas characterized the shelf areas.

Models such as this should eventually provide
a rationale for the observed correlations
between sea level and basin oxicity. Less clear is
the primary forcing mechanism for the climatic
cycles. They are at least an order of magnitude
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too long to be attributed to the Milankovitch
cycles in the Earth’s orbital parameters. They
might be related to some, as yet unproven, vari-
ation in the heat output of the sun. More likely
is that they are feedback cycles within the ocean-
atmosphere system itself, caused perhaps by the
finite size of the ocean reservoir for dissolved
CO,.

Tectonic influences

Tectonic influences on stratigraphical sequences
are, by their nature, of regional or local rather
than global extent. Their importance is readily
seen by comparing rock successions in different
areas of Silurian Britain (Figure 1.3a, b). For
instance the Welsh Borderland Silurian succes-
sion, deposited on the relatively stable Midland
Platform, is about 1.5 km thick. The Central
Wales succession, deposited on the more rapid-
ly subsiding crust of the Welsh Basin, contains at
least 4 km of Llandovery and Wenlock rocks
alone, with a comparable thickness of Ludlow
and Piidoli rocks probably having been eroded,
except at its south-east margin, off the top. The
thickness of sedimentary sequences is con-
strained by the rate of crustal subsidence. The
balance of the rates of subsidence and sediment
supply determines whether the available accom-
modation space is kept filled close to sea level,
or whether deeper water facies predominate.

Various tectonic influences operated
Silurian Britain.

in

Lithospheric extension

Episodes of lithospheric extension produce an
initial phase of rapid crustal subsidence due to
thinning of the lithosphere, followed by a long
period of slowing subsidence as the lithosphere
regains its thermal equilibrium. These episodes
can potentially be recognized on subsidence
curves (Figure 1.5) derived from cumulative
plots of stratigraphical thickness against time.
Such plots must be corrected, firstly for the sub-
sequent compaction of each rock unit and sec-
ondly for the extra subsidence produced by the
weight of sediment itself. Uncertainties of the
depth of water in which each stratigraphical unit
was deposited limit the accuracy of the plots.
Fuller explanations of the method applied to
British Lower Palaeozoic sequences are given by
King (1994) and Woodcock et al. (1996).
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A significant subsidence episode ascribed to
lithospheric stretching can be recognized in the
late Llandovery and early Wenlock of the Welsh
Basin and Midland Platform (Figure 1.5a). This
is a time when large thicknesses of turbidite
sandstones were deposited in central Wales
(Figure 1.3b), accommodated in sedimentary
basins bounded by active extensional faults
(Woodcock et al, 1996). This extension is
recorded by steep segments of the subsidence
curves (Figure 1.5a) followed by progressively
shallower segments representing the later ther-
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Figure 1.5 Backstripped, water-loaded subsidence
curves for the Silurian of (a) the Midland Platform and
central Welsh Basin (From Woodcock et al., 1996),
and (b) the Lake District (from King, 1994). The time
scale is that of Tucker and McKerrow (1995).
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mal subsidence phase. Further steep segments,
of possible extensional origin, occur in the
Pridoli and earliest Devonian record.

Lithospheric flexure

Sedimentary basins can also be formed by down-
bending or flexure of the lithosphere under a
superimposed load. An example is the Lake
District Basin, which was formed in front of a
stack of crustal sheets being thrust southwards
from the region of the Southern Uplands of
Scotland. The flexural basin in the Lake District
subsided increasingly rapidly as the thrust load
advanced towards it. The resulting subsidence
curves (Figure 1.5b) begin with gentle segments
representing the early Silurian, but become
steeper through the Silurian record (King,
1994).

Subduction accretion

The most intimate control of sedimentation by
tectonic events in any British Silurian basin is
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seen in the Southern Uplands of Scotland. Here,
sedimentary packets deposited on downbent
lithosphere were periodically overthrust from
the north by a stack of faulted sheets. One view
is that this stack is a subduction accretion com-
plex formed by offscraping of sediments from a
northward-subducting slab of oceanic litho-
sphere (Leggett et al., 1979a). An alternative
view is that the subducting lithosphere floored a
back-arc basin rather than a major ocean (Stone
et al., 1987). On either model, the result is a
stack of thrust sheets in which the stratigraphy in
each sheet youngs northward, but where the
stack as a whole youngs southward (Figure 1.6
inset).

This southward younging is clearly shown in a
series of stratigraphical columns across the
Southern Uplands (Figure 1.6). A typical col-
umn preserves deep marine mudstones overlain
by turbidite sandstones deposited as that seg-
ment of lithosphere neared the front of the
thrust stack and the basin margin. The stratigra-
phy on Figure 1.3a is a simplified representation
of this diachronous system.
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Figure 1.6 The stratigraphical columns of successive tectonic slices across the south-west end of the Southern
Uplands of Scotland (after Rushton et al., 1996). Inset shows the geometry of an accreting sedimentary prism.
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Figure 1.7 Palaeocontinental map at the time of the Ordovician-Silurian boundary (~440 Ma). (After Pickering
and Smith, 1995.)

PALAEOGEOGRAPHICAL FRAME- Pickering and Smith, 1995; Figure 1.7).

WORK Until late Ordovician time, northern and
southern Britain had been separated by the wide

The Silurian world lapetus Ocean. Scotland, together with the

north and west of Ireland, were part of the
Silurian stratigraphy must be interpreted in  south-eastern margin of the major continent of
terms of an arrangement of continental frag- Laurentia, which straddled the equator through
ments quite different from that of the present much of the Early Palaeozoic. England and
day. Palacocontinental positions can be estimat- Wales, together with south and east Ireland, lay
ed from the extents of faunal provinces, from lat-  on the smaller continent of Avalonia, which also
itude-sensitive sediments such as reefs, and most  included parts of mainland Europe to the east
accurately from palacomagnetic data (e.g. and fragments of the maritime states of North
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America to the west. Avalonia had originated on
the northern margin of Gondwana, the major
continent straddling the Early Palaeozoic south
pole. Avalonia had rifted from Gondwana early
in Ordovician time and moved northwards
towards Laurentia, the lapetus Ocean closing
ahead of it and the Rheic Ocean opening in its
wake. The continent of Baltica had a broadly
similar drift history to Avalonia, so that the two
continents amalgamated and moved northwards
together from Late Ordovician time onwards.

During early Silurian (Llandovery) time both
Baltica and Avalonia began to impinge on the
Laurentian continent. Continental crust started
to choke the northward-dipping subduction
zone beneath Laurentia, which had formerly
subducted only Iapetus oceanic lithosphere
(Figure 1.7). By late-Silurian (Ludlow) time, the
last remnant of the lapetus Ocean had been
destroyed and the Laurentian margin was being
overthrust onto the British segment of Avalonia.
This thrusting and associated crustal compres-
sion rapidly obliterated the marine Silurian
basins and began to uplift parts of them above
sea level. Consequently, marginal marine and
non-marine facies dominate the stratigraphical
record from latest Silurian (Pfidoli) time into the
Devonian. The continental collision culminated
in strong deformation, uplift and erosion of the
basinal sediments during the Early and Mid-
Devonian, an event termed the Acadian
Orogeny.

Geological investigation, ever since Mur-
chison began his investigations in Wales, have
transformed our understanding of the Silurian
Period in geological history. Murchison’s vast
Silurian Period, which was thought to contain
the fossil evidence for the origin of life, has now
been considerably reduced in duration, to some
30 Ma. However, the Silurian has re-emerged as
an equally momentous period in the geological
history of Britain, but for different reasons. At
the dawn of the Silurian, Britain comprised two
separate halves originating thousands of kilome-
tres apart. By its close, these halves were united
into more or less their present form. Silurian
stratigraphy preserves the record of this act of
union. So, by accident of its geology and despite
a small geographical area of outcrop, the
Silurian of Britain and its detailed investigation
has played a significant role in the development
of methods of investigation and the actual recon-
struction of this major phase in Earth history.

>

Palaeogeographical elements of
Silurian Britain

The lapetus Suture, trending NE-SW close to the
England-Scotland Border, marks the former site
of the Iapetus Ocean between Laurentia to the
north-west and Avalonia to the south-east. It is
helpful to further subdivide these two regions
into palacogeographical areas, each with a dis-
tinctive Silurian record of subsidence or uplift,
sedimentation or erosion (Figure 1.8). This sub-
division of Britain provides the template on
which Silurian geological history was overlain,
and against which the network of important
stratigraphical sites can be compared. The
palacogeographical elements of Ireland are
broadly the south-western continuation of those
in Britain and are only referred to here in
passing.

Menai Strait
Faults

Borderland
Faults

Silurian geology largely unknown
south of Variscan deformation front

Figure 1.8 Palaeogeographical elements of Silurian
Britain.
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Laurentian elements

The Scottish Highlands have their south-eastern
limit at the Highland Boundary Fault. The
record of Silurian sedimentation in this area is
sparse and poorly dated. Non-marine sedimen-
tary rocks of possible Ludlow and Pfidoli age are
locally preserved, and late Silurian granitic intru-
sions imply an original volcanic superstructure.
The area probably lacked marine basins, and
comprised actively deforming, uplifting and
eroding continental crust throughout Silurian
time.

The Scottish Midland Valley is the area
between the Highland Boundary Fault and the
Southern Uplands Fault. During Silurian time it
accumulated shallow marine to non-marine sed-
iments, implying an underlying normal-thick-
ness continental crust. Some of these sediments
were derived from the south, but with composi-
tions incompatible with erosion from the pres-
ent Southern Uplands. This mismatch suggests
that there are missing palacogeographical ele-
ments or terranes between the Midland Valley
and the Southern Uplands (Bluck, 1983). These
probably included an active volcanic arc above
the subduction zone dipping northward
beneath Laurentia. The missing terranes have
either been obscured by northward overthrust-
ing of the Southern Uplands rocks or removed
laterally by strike-slip fault displacements.

The Southern Uplands of Scotland now lie
between the Southern Uplands Fault and the
lapetus Suture. Their formation as a thrust stack
of deep-water sediments has already been dis-
cussed. The persistent deep-marine Silurian
environment is compatible with deposition on
oceanic crust, subsequently removed down the
Laurentian subduction zone. Sedimentation in
the Southern Uplands persisted only into late
Wenlock time, after which the thrust stack began
to override the advancing Avalonian continental
margin.

Avalonian elements

The Midland Platform is the stable core of the
Eastern Avalonia continent lying south-east of
the Welsh Borderland Fault System. The plat-
form had been delineated during early
Ordovician rifting from Gondwana and had
accumulated thin patches of upper Ordovician
sediment. During Silurian time it was flooded
more persistently by shallow seas but accommo-
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dated only modest thicknesses of sediment,
implying underlying continental crust of near-
normal thickness. In latest Silurian (Pfidoli) and
Early Devonian time the platform accumulated a
thick prism of sediment shed southwards from
the newly uplifting areas to the north. The plat-
form was only weakly deformed during the
Acadian Orogeny

The Welsh Basin borders the north-west edge
of the Midland Platform, as far as the Menai
Strait Fault System. During the Ordovician the
basin had been the site of numerous volcanic
centres associated with a south-dipping subduc-
tion zone beneath Avalonia. For most of Silurian
time it subsided more rapidly than the Midland
Platform, due to stretching and thinning of its
continental basement. It therefore hosted deep
marine environments, and accumulated some
kilometres of sediment. In late Ludlow and
Pridoli time, the basin shallowed as subsidence
gave way to uplift, and by Early Devonian time
the former basin was an eroding source area.

The Anglian Basin had a similar tectonic set-
ting on the north-east side of the Midland
Platform. Its rocks are known only from bore-
holes, but its sedimentary history has the same
shallowing upwards character as that of Silurian
Wales (Woodcock and Pharaoh, 1993).

The Irish Sea Platform is a small elongate area
of Precambrian and Early Palaeozoic crust form-
ing the north-west margin of the Welsh Basin. A
thin Silurian succession is preserved on it, but it
may have been emergent for much of Silurian
time.

The Lake District Basin is the most northerly
component of Avalonian palaecogeography and
was probably continuous with the Leinster Basin
of Ireland. The uppermost Ordovician and
Silurian successions were built on the eroded
remnants of a volcanic arc formed above the
south-dipping Ordovician subduction zone
beneath Avalonia. This old arc terrane subsided
rapidly enough to give deep-marine environ-
ments by earliest Silurian (Llandovery) time.
Subsidence was progressively enhanced by flex-
ure of the Avalonian lithosphere as Laurentian
crust was thrust onto it from the north (Kneller
1991, Kneller et al., 1993). Many kilometres of
Silurian sediment were deposited. Sedimentary
environments became shallower during Pfidoli
time as sediment input exceeded even this rapid
subsidence, and in Early Devonian time the area
was uplifted in the culminating events of the
Acadian Orogeny.
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Changing palaeogeography: a brief
history of Silurian time

The Silurian palacogeography of the British Isles
is represented on three sequential maps (Figure
1.9a—c) focussing on areas where Silurian rocks
are preserved. The present coastline on these
maps is shown as discontinuous across zones of
large Silurian or post-Silurian displacement.
However, the relative positions of the crustal
fragments across these zones are largely dia-
grammatic, either through lack of data, or for
graphical convenience. Particularly uncertain
are the separation across the lapetus Suture in
earliest Silurian time and the amounts of strike-
slip displacement along the major Laurentian
faults.

Early to mid-Llandovery

The geography of the earliest Silurian is shown
with a remnant of the lapetus Ocean still sepa-
rating Eastern Avalonia from Laurentia (Figure
1.9a). Estimates of the precise time of initial
continental impingement vary through the late
Ordovician (Pickering et al., 1988) into the early
Silurian (Llandovery; Soper and Woodcock,
1990). Such estimates are complicated by the
diachroneity of the collision along the margin,
and the progression from ‘soft” collision of the
sediment prisms on the two margins to the
‘hard’ collision of their crystalline basement
rocks.

Subduction of lapetus oceanic lithosphere
beneath Laurentia continued from Ordovician
time. Deep-marine mudstones (Moffat Shale
Group, Figures 1.3a, 1.6) deposited on the
oceanic crust were overlain by turbidite sand-
stones (Gala Group, Figures 1.3a, 1.6) as the
crust neared the trench. Segments of this sedi-
mentary succession were periodically scraped
off the downgoing slab and accreted to the base
of the thrust stack on the Laurentian margin.
The trench turbidites were supplied in part from
the missing southern segment of the Midland
Valley, probably including volcanic arc rocks.
Farther north, the preserved part of the Midland
Valley received clastic debris from both the south
and the north, probably in a relatively shallow
marine basin. North of the Highland Boundary
Fault were the uplands of the Scottish
Highlands, possibly cut by active major faults.

The shallowest parts of Avalonia were still
emergent in earliest Silurian time, following the
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lowering of sea level during the late Ordovician
glaciation (Figure 1.4). On the Midland
Platform, the unconformity produced during
this regression is overlain by sequences of shal-
low marine mudstones and limestones, often
with transgressive sandstones at the base (e.g.
Kenley Grit-Pentamerus Beds-Hughley Shales,
Figure 1.3b). The pulsed nature of the trans-
gression (Figure 1.4) is reflected in the
diachroneity of the sediments overlying the
unconformity, varying up to upper Llandovery
(Telychian). In the basinal areas, the same trans-
gression is recorded by a blanket of carbona-
ceous mudstones (e.g. Cwmere and Skelgill
Formations, Figure 1.3b), the signature of anox-
ic bottom waters in a stratified basin during a
secundo (greenhouse) climate. In the Welsh
Basin this mudstone deposition was punctuated
by sandstones and conglomerates transported
by turbidity currents from the edge of the
Midland Platform.

Late Llandovery to early Ludlow

The lapetus oceanic remnant separating the two
halves of Britain seems to have closed diachro-
nously from south-west to north-east during late
Llandovery and Wenlock time (Soper and
Woodcock 1990). This convergence progres-
sively linked the geological histories of Laurentia
and Avalonia, and began to restrict the connec-
tions between their marine basins and the open
ocean system.

Offscraping of deep-marine turbidites at the
Laurentian margin continued from late
Llandovery (Hawick Group, Figures 1.3a, 1.6) at
least into late Wenlock time (Riccarton Group,
Figures 1.3a, 1.6). Shallow marine environ-
ments in the upper Llandovery of the Midland
Valley gave way to subaerial alluvial fans in the
Wenlock, supplied from the missing terrane to
the south. The Scottish Highlands remained an
upland area, its north-western part now under-
going strong deformation and granite intrusion.

On Avalonia, the Midland Platform accumulat-
ed a continuous upper Llandovery to Ludlow
succession, dominated by mudstones (e.g.
Coalbrookdale Formation, Figure 1.3b). Shorter
periods of limestone deposition (Woolhope,
Buildwas and Much Wenlock Limestone forma-
tions, Figure 1.3b) coincide with postulated low-
stands on the eustatic sea-level curve (Figure
1.4). The Welsh Basin received large volumes of
south-west-derived turbidite sand from late
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Llandovery time onwards, possibly sourced from
newly uplifted areas in the Laurentia—Avalonia
collision zone. This source area has been
termed Pretannia (Cope and Bassett, 1987). The
sediment was accommodated by an episode of
crustal stretching and subsidence in the basin
(Figure 1.5a).

The Lake District Basin accumulated mostly
mudstones until early Wenlock time (e.g.
Brathay Formation, Figure 1.3b), receiving the
first substantial turbidite sands into its south-
eastern part in the mid-Wenlock. The main
influx of sand was not until early Ludlow time
(Coniston Group, Figure 1.3b). The signature of
flexural subsidence suggests that the Laurentian
thrust stack was substantially loading the north-
ern edge of Avalonia by then, and that the
Ludlow turbidite fans of the Lake District repre-
sent the encroachment of the Southern Uplands
fans onto Avalonian crust.

Substantial intercalations of volcanic rock
within lower Silurian sedimentary sequences
point to isolated volcanic centres across the
southern part of the Midland Platform. These
centres neither overlie extinct Ordovician volca-
noes, nor have rocks of the same subduction-
related composition. The Silurian volcanism
seems to represent a weak episode of crustal rift-
ing, of uncertain origin, within Avalonia.

Late Ludlow to Pfidoli

As Avalonia and Laurentia were driven ever more
tightly together, the subsidence of most of their
marine basins was curtailed, as any crustal exten-
sion gave way to shortening. This shortening
began to create new uplands, which shed
increasing amounts of sediment into the remain-
ing basins. Deep marine environments were
replaced by shallow marine and continental con-
ditions. Even the Lake District Basin, whose flex-
ural subsidence was maintained by the load of
the advancing Laurentia, was filled to sea level
by sediment before the end of Silurian time.
The former Laurentian margin was cut by
many active faults with sinistral strike-slip or
thrust displacements. Remnants of non-marine
clastic sediments suggest a scatter of small, local-
ly sourced alluvial basins controlled by these
faults. These basins occurred in the Scottish
Highlands as well as the Midland Valley and on
the uplifted remnants of the Southern Uplands
thrust stack. Some basins contain substantial
thicknesses of lavas, and contemporaneous
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granitoid intrusions imply further superjacent
volcanic piles. Mismatches between clast com-
positions in alluvial conglomerates and the
source areas implied by palaecocurrent data sug-
gest substantial post-Silurian displacement on
some Laurentian faults. In particular, the
Southern Uplands may have been thrust back
over the persistent source area to the south of
the Midland Valley at this time.

The Lake District and Welsh Basins were rap-
idly filling with sediment and the marine shore-
line was moving quickly south-eastward. By the
end of the Piidoli, the basins were emerging
above sea level and were starting to be eroded
themselves. River systems took the sediment
southwards to be deposited first in a marginal
marine embayment and then on alluvial plains
on the site of the old Midland Platform.

The 30 Ma of Silurian time had seen the total
demise of the marine Silurian basins over most
of Britain. An extensive sequence of non-marine
sediments, the ‘Old Red Sandstone’, was laid
down on the newly consolidated continent dur-
ing Devonian time. The marine focus shifted far-
ther south, to the Cornwall-Rhenish Basin
developed along the south edge of the Midland
Platform. This basin was to close progressively
during later Devonian and Carboniferous time
to generate the Variscan orogenic belt.

RATIONALE FOR SITE SELECTION

Sites for the Geological Conservation Review
have been selected to provide a network that is
representative of British Silurian stratigraphy.
This network is listed in Table 1.1 and displayed
on maps in Figure 1.10. Three criteria have
been particularly important in choosing sites:

(a) The chronostratigraphical position of
rocks at each site. The proportion of sites
in each constituent rock series of the
Silurian reflects its stratigraphical impor-
tance and the geographical extent of its out-
crop. This criterion results in fewer sites for
the Pfidoli than for other series, reflecting
its abundant outcrop only on the Midland
Platform and its margin.

The palaeogeographical setting of each
site. Stratigraphical sequences vary marked-
ly between the different palacogeographical
areas of Silurian Britain. This variety is cap-
tured by the spread of sites across each of
these areas.

(b)



Table 1.1 GCR sites arranged by palacogeographical setting and stratigraphical age. Bold typeface

Introduction to the Silurian

denotes a basal boundary stratotype for the global standard stratigraphy.

Llandovery Wenlock Ludlow Pridoli
Midland Gutterford Burn Lyne water and Lynslie
Valley Birk Knowes Burn
Roughneck Quarry Ree Burn-Glenbuck
Blair Farm Loch
Penwhapple Burn Knockgardner
Woodland Point
Southern 0Old Cambus Quarry Balmae Coast
Uplands Thornylee Quarry Meikle Ross
Grieston Quarry
Dob’s Linn
Lake District Brow Gill Beck Brathay Quarries Tebay Cuttings The Helm
Basin Skelghyll Beck River Rawthey Benson Knott
Spengill Torver—Ashgill Hills Quarry
Yewdale Beck Arcow Quarry
Welsh Basin Meifod Penstrowed Quarry Ty'n-y-Ffordd Quarry
Craigyfulfran Ty Mawr Clogau Quarry
Rheidol Gorge Dinas Bran
Caban Coch
Aberarth-Morfa
Welsh Basin | Banwy River Trewern Brook Beacon Hill Lower Wallop Quarry
Margin Buttington Brickworks Buttington Brickworks Meeting House Quarry Capel Horeb Quarry
Cwm Clyd Quarry Banwy River Mithil Brook and Cwm Little Castle Head
Scrach Track Trecoed—-Castle Crab Blithus Albion Sands and
Trefawr Track Dulas Brook Sawdde Gorge Gateholm Island
Cwm-Coed-Aeron Coed-mawr
Coed Glyn Moch Track Pen-cerig
Fron Road River Irfon
Cilgwyn-Ydw Valley Sawdde Gorge
Gasworks Lane Wernbongam
Marloes Marloes
Freshwater East (south)
Midland Hope Quarry and Hope Buildwas River Section Turner’s Hill Brewin’s Canal
Platform Brook Lincoln Hill Upper Millichope Ludford Lane and
Hughley Brook Daw End Railway Cutting | View Edge Ludford Corner
Hillend Farm Farley Road Cutting Mocktree Quarries
Wistanstow Whitwell Coppice The Whitcliffe
Gullet Quarry Hay Head Quarries Church Hill Quarry
Damery Bridge Hughley Brook Wigmore Road
Cullimore’s Quarry Easthope-Harley Hill Deepwood

Longyville-Stanway Road
Section

Wren’s Nest

Eaton Track

Burrington

Dolyhir Quarries

Little Hill

Scutterdine Quarry

Linton Quarry

Hobbs Quarry

Cwm-Ton Area

Cilwrgi Quarry

Brinkmarsh Quarry

Buckover Road Cutting

Rumney River

Rumney Quarry

Pen-y-Lan Quarry

Moons Hill Quarry

Mary Knoll Valley

Pitch Coppice

Bow Bridge

Burrington Farm Stream
Section

Sunnyhill, Mary Knoll
Valley

Goggin Road

Deer Park Road

Elton Lane

Aymestrey Quarries

Woodbury Quarry

Perton Road and Quarry

Gurney’s Quarry

Linton Quarry

Longhope Hill

Wood Green

Tites Point

Brook House
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Ludlow

Figure 1.10 Maps of the distribution of Geological Conservation Review sites from each Silurian series. For
detail and site names see Figures 3.1 (Llandovery), 4.1 (Wenlock), 5.1 (Ludlow) and 6.1 (Pfidoli).
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(¢) The international importance of each site.

The key sites for this criterion are the
boundary stratotypes of the global chrono-
stratigraphical scheme, shown in bold type-
face on Table 1.1. There is an international
obligation to maintain the accessibility and
quality of these sites for future scientific
work. Moreover, there is an expectation
that the value of these stratotypes should be
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enhanced by maintenance of a local net-
work of related sites that provide compara-
tive sections through the same horizon or
through intervening horizons. This criteri-
on explains the disproportionate density of
sites on the Midland Platform and its transi-
tional margin with the Welsh Basin (Table
1.1).
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