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The  Silurian  was  the  first  of  the  Lower  Palaeozoic  systems  to  gain 
international  recognition  following  the  introduction  of  the  term  by 
Murchison in 1835, but it was Lapworth’s 1879 ‘Ordovician Compromise’ 
that delimited the first recognisably modern Silurian System. It was not until 
more than a century later however (1984), that the present suite of Silurian 
series and stages were formalized, which made the Silurian one of the first 
systems  to  have  a  globally  applicable  standard  chronostratigraphy  (see 
Holland & Bassett, 1989).

The classical stratigraphy of Wales and the Welsh Borderland was 
used to establish the original Silurian System, and accordingly, six out of 
the eight current Silurian Global Stratotype Sections and Points (GSSPs) are 
located in this region. This guidebook is to accompany field trips to all six 
of these GSSPs in addition to other classical and new localities throughout 
the Welsh Basin and Midland Platform.

The recognition over the last few decades of a number of major 
global change events during the Silurian Period has begun to demonstrate 
that the Silurian was among the least stable episodes in the history of the 
Phanerozoic Earth system, but Silurian strata are of significant interest to 
the industrial  and environmental  communities as well.  The hydrocarbon, 
precious metal, chemical, mineral, and aggregate industries each carry out 
globally significant operations in Silurian strata. In many regions, Silurian 
aquifers  are  utilized  for  both  municipal  and  agricultural  ground  water 
resources,  and  in  some areas,  Silurian  strata  are  now being  targeted  as 
potential sites of CO2 or hazardous waste containment as well.

Common to  all  interests  in  the  Silurian  System is  the  need  for 
investigations  to  be  underpinned  by  detailed  stratigraphical, 
sedimentological,  geochemical,  radiometric,  and  palaeontological  studies. 
The aim of this field meeting is to provide the Silurian community with an 
opportunity to revisit this classical Silurian region and provide a forum in 
which to discuss important new research from these areas and the broader 
Silurian as a whole.
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Silurian Chronostratigraphy
Over the next few pages we show a series of Silurian global correlation 
charts (Figs. 1-3). These include columns from Avalonia, Baltica, Laurentia, 
Siberia  and  Gondwana,  and  we  thank  everyone  in  the  community  who 
helped contribute to them! We apologize for any inaccuracies and intend 
them solely as a general guide to help compare global strata to those seen on 
the field trip.

The chronostratigraphic chart (stage slices, graptolite and conodont 
zones,  carbonate  carbon  isotope  stratigraphy)  is  from Cramer  et  al.  (in 
press), and the relative duration of stages and series within the Silurian is 
based upon GTS2008 (A Concise Geologic Time Scale - Ogg et al. 2008). 
Some columns are directly from literature sources (noted in figure captions) 
and other  columns are  based on the best  currently-available information 
from a variety of published and unpublished sources. These charts are still 
very much a work in progress and any information that would be useful to 
correct mistakes in the correlations presented would be warmly welcomed.

The Welsh Basin columns illustrate the recent revisions to the area 
carried out by the BGS (e.g. Davies  et al. 2010). The Wenlock Edge and 
West  Midlands  columns  have  been  modified  slightly  from Cocks  et  al. 
(1992). The Appalachian Basin column is modified from Brett et al. (1995) 
following discussion in Cramer  et  al.  (in press).  The remaining columns 
come from the following sources: S. Estonia-N. Latvia - D. Kaljo and P. 
Männik (pers. comm. 2011); Gotland - Jeppsson  et  al. (2006); Podolia - 
Kaljo et al. (2007) and Małkowski et al. (2009); Prague Basin - Kříž et al. 
(2003);  South  China  -  R.  Zhan  (pers.  comm. 2011);  Argentina  -  Díaz-
Martínez & Grahn (2007); Australia - Talent et al. (2003); Siberia - Yolkin 
et al. (2003); Carnic Alps - K. Histon, H.P. Schönlaub, C. Corradini (pers. 
comms 2011); Sardinia - Corradini et al. (2009).
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Figure 1. Chronostratigraphy from Cramer et al. (in press). Welsh Basin modified 
from published British Geological Survey sources. Wenlock Edge and West 
Midlands modified from Cocks et al. (1992).
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Figure 2. Missing formation names in Appalachian Basin column are, in 
stratigraphic order: Irondequoit, Rochester, Decew, Gasport. In Gotland column: 
Tofta, Hangvar.

10



Figure 3. Columns and correlations follow pers. comm. Zhan (2011), Díaz-Martínez 
& Grahn (2007), Talent et al. (2003), Yolkin et al. (2003), [see text], and Corradini 
et al. (2009).
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Welsh Basin
The Silurian rocks of the Lower Palaeozoic Welsh Basin (Fig. 4), which 
includes  the  thickest  Llandovery  succession  in  southern  Britain,  record 
sediment accumulation within a region of enhanced subsidence, sited to the 
west of the more stable Midland Platform. Both regions formed part of the 
palaeoplate of Eastern Avalonia which, during the Silurian, was sited in mid 
southern latitudes. Deposition in Wales took place to the south of a complex 
zone  of  lateral  convergence  between  Avalonia  and  the  northern 
supercontinent of Laurentia and during the final occlusion of the intervening 
Iapetus Ocean. Major faults associated with the basin-bounding Pontesford 
and Tywi lineaments were active during deposition and were instrumental in 
separating the basin from a marginal shelf to the south-east (Woodcock & 
Gibbons, 1988). The deposits of the outer shelf region include those of the 
Type Llandovery Series and the nearby Garth and Builth Wells areas. In 
these  areas  the  presence  of  indigenous  shelly  fossils  and  high  levels  of 
bioturbation,  together  with  evidence  of  subaerial  erosion,  allow  marine 
Llandovery, Wenlock and Ludlow shelfal facies to be distinguished from 
their  deep-water,  turbiditic  and  hemipelagic  counterparts,  which 
accumulated in the basin to the northwest (Davies et al.1997). The Irish Sea 
Platform, which defined the northern margin of the Welsh Basin, and the 
intrabasinal  Berwyn  Dome  and  Derwen  Horst,  were  structural  and 
palaeogeographical  features  which  restricted  the  access  between  the 
southern portion of the Welsh Basin and the narrowing oceanic seaway to 
the north (Fitches & Campbell, 1987; Woodcock, 2000). 
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Figure 4. Late Ashgill to Wenlock sedimentary architecture and setting of the Lower 
Palaeozoic Welsh Basin in central Wales (modified from Wilson et al. 1992; Davies 

et al. 1997 and 2009).

Recent British Geological Survey (BGS) mapping of the basinal 
and  shelfal  Silurian  successions  in  central  Wales  has  established  the 
sedimentary  architecture  of  these  well-documented  and  historically 
significant outcrops and allowed earlier stratigraphical interpretations to be 
substantially revised (see Davies et al. 1997; Cherns et al. 2006; Schofield 
et al. 2009a). The Silurian succession of this region, as elsewhere, records 
deposition  in  the  wake of  the  late  Ordovician (Hirnantian)  glaciation  of 
Gondwana. Estimates suggest that, at its acme, this event resulted in a fall in 
global sea level possibly in excess of 100 m (Brenchley et al. 1995) and in 
the widespread emergence of shelf areas. The shelf successions of the Type 
Llandovery and Garth areas, in east-central Wales, record the impact of this 
event – the drawdown in sea level, the basinward migration of facies belts 
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and the draining and deep erosion of shallower shelfal settings. Critically, 
both areas encompass the seaward limit of the glacioeustatic regression and 
associated subaerial erosion. Basinward of this point, complete successions 
preserve  the  rapid  lateral  transition  from  shelfal  into  basinal  facies,  a 
transition  in  which  abrupt  changes  occur  across  syndepositional  faults. 
Huge  volumes  of  sediment  were  transferred  into  the  basin  during  the 
regression and the high rates of sedimentation are reflected in widespread 
slumping  and  synsedimentary  disturbance  (Davies  et  al.  2009).  The 
Llandovery and Garth areas also reveal the facies relationships and patterns 
of  deposition  which  evolved  as  sea  level  rose  following  the  glacial 
maximum, an event initiated during late Hirnantian times and which led to 
abrupt changes in facies and biota throughout the basin (Fig. 5).

In assessing the succeeding Silurian successions of the basin and of 
the Type Llandovery, Garth and Builth Wells regions, Davies  et al. (1997, 
2010), Schofield et al. (2004, 2009a), Barclay et al. (2005) and Woodcock 
et  al.  (1996)  recognised  the  role  of  synsedimentary  faulting  in 
accommodating subsidence and defining facies belts. However, only during 
separate  intervals  in  the  late  Llandovery  (Telychian)  and  early  Wenlock 
(Sheinwoodian)  was  the  impact  of  tectonism sufficient  to  mask  that  of 
linked  global  changes  in  climate  and  sea  level.  In  shelfal  settings,  a 
succession of early Llandovery to late Ludlow eustatic events is reflected in 
a series of coarsening-upwards, progradational sequences bounded by major 
flooding surfaces. Each sand-dominated progradation is interpreted as a far-
field response to renewed glacial advance on Gondwana, an accompanying 
lowering  of  global  sea  level  and  resurgent  siliciclastic  supply.  The 
sequence-defining flooding events record the intervening periods of glacial 
retreat (interglacials) and rising sea level that initiated deposition of more 
muddy facies. In Wales, the flux of macro- and microfaunas associated with 
these flooding surfaces allows them to be accurately dated. This underpins 
detailed comparison with palaeogeographically distant  settings where the 
evidence for such events, including the dating of contemporary tillites in 
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South America, has been reviewed by Page et al. (2007) and Díaz-Martínez 
& Grahn (2007).

In the richly graptolitic Silurian basinal succession, which includes 
internationally cited sections such as the Rheidol Gorge (Jones, 1909) and 
Banwy River (Loydell and Cave, 1996) (Fig.  6),  the linked climatic and 
eustatic signal is partly reflected in the alternation of ‘oxic’ and ‘anoxic’ 
slope apron facies (Woodcock et al. 1996; Davies  et al. 1997). Periods of 
glacially induced regression promoted mixing and ventilation of the basin 
water column and allowed a soft-bodied infauna to colonize and bioturbate 
the basin floor. In contrast, laminated, organic and pyrite-rich hemipelagites 
record  the  exclusion  of  such  fauna  by  anoxic  bottom  conditions.  Such 
conditions were potentially imposed by periods of strong stratification of the 
basin water  column and by increased levels  of  organic productivity  that 
accompanied  contemporary  glacioeustatic  transgressions.  The  impact  of 
extrabasinal events is also reflected in the geometries of easterly-sourced, 
coarse-grained  turbidite  systems  that  locally  punctuate  the  slope  apron 
successions.  Conglomeratic  nested  channel  complexes  sited  within  the 
proximal slope apron supplied distal sandy lobes (Davies & Waters, 1995). 
Patterns of lateral expansion and lobe avulsion record the increased supply 
of  coarser  grade  sediment  to  these  systems  that  accompanied  eustatic 
drawdown and  the  progadation  of  sandy  facies  across  the  nearby  shelf 
(Davies et al. 1999; Schofield et al. 2009a).

Enhanced tectonism, linked to the complex oblique convergence of 
Eastern Avalonia with Laurentia, saw the influence of eustacy temporarily 
overridden  in  the  Telychian  and  Sheinwoodian  (Woodcock  et  al.  1996; 
Schofield  et  al.  2009a).  During  these  intervals,  tectonic  systems  tracts 
replaced those influenced by extra-basinal effects. The volume and grade of 
sediment supplied to the basin increased dramatically, and its source shifted 
to the south; and the geometries of thick, rapidly deposited sandstone lobe 
turbidite  systems  were  strongly  influenced  by  intra-basinal  and  basin 
bounding  faults.  Telychian  sandstone  lobe  systems  together  with  their 
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mudstone  fringing  facies  comprise  the  diachronous  Central  Wales  Grits 
Group.  This crops out  extensively throughout mid Wales where separate 
systems underlying the western coastal tract (Aberystwyth Grits) and the 
Cambrian Mountains (Rhuddnant Grits and Pysgotwr Grits) chart a west to 
east migration in the locus of deposition (Wilson et al. 1992; Davies et al. 
1997; Smith, 1987). Wenlock systems are confined to eastern mid Wales 
(Penstrowed  Grits)  and  north  Wales  (Denbigh  Grits)  (Dimberline  & 
Woodcock, 1987). Studies of both the Telychian and Sheinwoodian systems 
have shown that eustatic events recognised elsewhere (e.g. Loydell, 1998) 
failed to have a significant impact on the form and distribution of sandstone 
lobe  facies  (Davies  et  al.  1997).  In  shelfal  settings,  increased  rates  of 
tectonically induced subsidence achieved the same decoupling (Woodcock 
et  al.  1996) and much of  the primary stratigraphy was destroyed during 
phases of large scale, seismically triggered slumping (Davies et al. 2010).

Marine Silurian deposition in the region was brought to a  close 
with the onset of Pridoli to Lower Devonian red bed sedimentation which 
preceded pervasive regional deformation in the mid Devonian (Woodcock 
et al. 2007). 

Type Llandovery Area
The Type Llandovery succession (Figs  5  & 6)  comprises  a  spectrum of 
variably bioturbated muddy sandstones and sandy and silty mudstones. The 
presence  of  levels  yielding  diverse  and  well-preserved  assemblages  of 
shelly fossils attracted nineteenth century geologists and their observations 
contributed to the erection, subsequent re-definition and formal subdivision 
of the Silurian System (see reviews by Cocks  et al. 1984; Bassett, 1991). 
However, it was the seminal work of Jones (1921, 1925 and 1949) and his 
student Alwyn Williams (1951, 1953) which established the succession of 
the Llandovery area as one of the best studied and well documented in the 
UK.  Jones’ A,  B and  C divisions  and  subdivisons  (e.g.  C1 to  C6)  were 
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initially lithostratigraphical  conceptions; however,  fossil assemblages that 
allowed  these  units  also  to  be  defined  biostratigraphically  underpinned 
adoption of the Lower (A), Middle (B) and Upper (C) Llandovery stages as 
the standard chronostratigraphical  nomenclature for the lower Silurian of 
the UK.

Cocks  et  al.  (1970,  1984)  re-assessed  Jones’  mapping  and 
structural  interpretation  for  the  Llandovery  region  and  advanced  a  new 
lithostratigraphical  and  architectural  model.  This  emphasized  the  intact 
nature of the succession and identified key biozones; and underpinned the 
selection of the Llandovery succession as the international standard for the 
lower  Silurian  –  the  Llandovery  Series  (Cocks,  1989).  Its  constituent 
Rhuddanian,  Aeronian  and  Telychian  stages  all  take  their  names  from 
sections in the Llandovery area and, although the adoption of Dob’s Linn in 
Scotland as the basal Silurian stratotype made this the de facto base of the 
Rhuddanian  Stage,  both  of  the  other  stages  have  their  international 
stratotype localities in the Type area.
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Figure 5. Location and geology of the Type Llandovery area: a.) regional location; 
b.) distribution of the Llandovery Series and major tectonic features in Wales 
(CSFZ, Church Stretton Fault Zone; WBFS, Welsh Borderland Fault System; PL, 
Pontesford Lineament; TL, Tywi Lineament; B, Banwy River; BF, Bala Fault; LL, 

Llandovery; LPWB, Lower Palaeozoic Welsh Basin; R, Rheidol Gorge; G, Garth); 
c.) geological map of the Type Llandovery area, mid Wales (grossly simplified from 
published BGS sources).
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Over  the  last  25  years  the  BGS  has  undertaken  systematic 
geological mapping of the Silurian deep water facies in central Wales and 

this  has  contributed  to  a  detailed  understanding  of  basinal  facies and 
processes (Fig. 6) (reviewed by Cherns et al. 2006). During the last decade 
this work has been extended into the shelfal successions of the Garth and 
Llandovery  areas  where  the  desire  to  establish a  well  constrained event 
stratigraphy common to both the basinal and shelfal successions has been a 
central  aim  pursued  with  the  help  of  co-workers  from Durham,  Ghent, 
Leicester and Lille 1 universities, and the National Museum of Wales. Key 
to the importance of the Llandovery area succession is the co-occurrence of 
benthic and graptolitic fossils. The work presented here demonstrates the 
continuing  international  relevance  of  these  mixed  faunas,  and  of  newly 
acquired  microfossil  assemblages,  when  set  in  a  newly  elucidated 
architectural  and  sequence  stratigraphical  context  (Davies  et  al. 2009, 
2010).
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Figure 6. New and former stratigraphical classifications for the Type Llandovery 
area  illustrating  (central  column)  the  progradational  relationships  of  the  main 
divisions (modified after Schofield  et al. 2009b) (Abbreviations: CCy, Cwm Clyd 
Sandstone Formation; db, ‘disturbed beds’; Gll, Glasallt-fawr Sandstone Formation; 
md,  sandy  mudstones  in  the  Goleugoed  Formation;  Ydw,  Ydw  Member  of 
Wormwood Formation; Yst, Ystradwalter Member of Chwefri Formation).
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Midland Platform (Llandovery-Wenlock)
The Midland Platform constitutes the stable core of the Eastern Avalonia 
microcontinent and occupies an area stretching from Nottinghamshire in the 
north to at least the Variscan deformation front in the south, and from the 
Welsh Borderland Fault System to the west to the central North Sea in the 
east. During Silurian time much of the Midland Platform was tectonically 
stable with only moderate rates of subsidence (Woodcock et al. 1996). The 
soft-docking of Avalonia and Baltica in the Ordovician had resulted in a 
dominantly emergent Midland Platform (Cherns et al. 2006) whose margins 
did not undergo substantial marine transgressions until the Aeronian. The 
geographical  extent  and  magnitude  of  such  transgressions  are  in  part 
influenced by local tectonism associated with the Welsh Borderland Fault 
System, and affects areas immediately to the west of the Church Stretton 

Fault and between the Neath Disturbance and Malvern Line (Woolhope and 
Usk basins).

The oldest Silurian strata reported from the Midland Platform are 
associated with the intra-platform rifts  of the Woolhope and Usk basins. 
Rhuddanian  conglomerates,  sandstones  and  mudstones,  indicative  of  a 
dominantly  continental  fluvial  environment,  are  reported  from  the 
Fownhope-1 and Usk-1 wells and the Huntley Quarry Beds of the May Hill 
Inlier (Butler et al. 1997). During the Aeronian shallow marine sandstones 
and shales were deposited within the Woolhope and Usk basins. To the west 
of the Church Stretton Fault the onset of marine sedimentation is evidenced 
by the locally derived sandstones, siltstones and shales that make up the 
Bog Quartzite,  Venusbank Formation, Kenley Grit  and  Pentamerus Beds 
(Cocks  et  al.  1992).  However  it  was  not  until  late  Aeronian  times  that 
shallow marine sandstones and conglomerates spread across the Midland 
Platform;  as  far  as  the  Malvern  Line  (Cowleigh  Park  Beds)  and  to  the 
immediate east of the Church Stretton Fault (Bassett et al. 1992). A second 
more  geographically  extensive  and  widely  preserved  mid-Telychian 
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transgression followed, resulting in the deposition of shallow marine shales, 
sandstones, limestones and conglomerates across the Midland Platform and 
well  beyond the former limits  of the Malvern Line and Church Stretton 
Fault. Associated with the mid-Telychian transgression are the Huntley Hill 
and Yartleton beds (May Hill  Inlier),  Wych Beds (Malverns), Minsterley 
Formation (Shelve and Bishop’s Castle), Purple Shales Formation (Wenlock 
Edge),  and  Rubery  Sandstone  and  lower  Rubery  Shales  (Dudley  and 
Walsall) (Cocks et al. 1992).

Wenlock times were characterized by high relative sea levels and 
the  extensive deposition of  shales  and subordinate  limestones  across  the 
Midland Platform. Bentonites are also extremely common, locally traceable 
(1-10’s  km),  and  indicative  of  evolving  magmatic  sources  in  close 
proximity to the Midland Platform (Huff et al. 1996; Ray, 2007; Ray et al. 
in  press).  The  earliest  Sheinwoodian  is  associated  with  transgression 
depositing shales over the more proximal latest Telychian deposits. Above, 
relative  sea  level  fall  in  the  early  Sheinwoodian  is  indicated  by  the 
widespread deposition of limestones of variable purity and typically around 
20-60  m  thick.  These  include  the  lower  Brinkmarsh  Beds  (Tortworth), 
Woolhope  Limestone  (e.g.  Malvern,  Usk,  Woolhope),  upper  Rubery 
Shales/Barr  Limestone  (Dudley  and  Walsall),  Nash  Scar  and  Dolyhir 
Limestone  (Old  Radnor)  and  Buildwas  Formation  (Wenlock  Edge). 
Unpublished carbon isotope records from Wenlock Edge identify a distinct 
positive  excursion  which  peaks  within  the  middle  of  the  Buildwas 
Formation (Schmidt, Corfield & Siveter pers. comm. 2011); this probably 
corresponds to the well-known early Sheinwoodian positive carbon isotope 
excursion. The overlying shales of the Coalbrookdale Formation (typically 
over 200 m thick) represent most of Wenlock time and high relative sea 
level (Benthic Assemblage 4-5).  Despite the dominance of shales, minor 
changes in relative sea level can be identified, particularly within the more 
proximal settings of the southern platform margin (Tortworth, Usk). There 
limestone and sandstone intervals occur, and these can be traced northwards 
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and westwards to Wenlock Edge as nodular limestone intervals within an 
otherwise shale-dominated succession (Ray & Butcher, 2010). The mid to 
late Homerian was characterized by the widespread deposition of shallow 
marine  limestones  (typically  around  30-60  m  thick),  numerous 
parasequences, bioherms and a diverse fossil biota (Ray  et al. 2010). On 
Wenlock  Edge,  relative  sea  level  fall  is  associated  with  the  nodular 
limestones  and  shales  (10-27  m)  of  the  upper  Coalbrookdale  Formation 
(Farley Member) and overlying Much Wenlock Limestone Formation (24-
33  m).  These  correspond  to  the  two  limestone  packages  separated  by 
nodular limestones and shales that make-up the Much Wenlock Limestone 
Formation as developed across large parts of the platform interior (Dudley, 
Malverns,  May Hill,  Walsall).  At Dudley the lower and upper limestone 
packages are associated with positive carbon isotope excursions (Corfield et 
al. 1992; Marshall et al. 2009) that probably corresponds to the well-known 
double-peaked Homerian carbon isotope positive  excursion.  Towards the 
very  end  of  the  Homerian,  transgression  again  took  place,  heralding 
deposition of the Lower Elton Formation shales of the Ludlow Series.

Midland Platform (Ludlow-Pridoli)
The main outcrop and inliers of  Ludlow and Pridoli  rocks in  the Welsh 
Basin are in shelf facies that covered the Midland Platform across the Welsh 
Borderland and English Midlands into southeast Wales. The Pridoli outcrop 
extends across to west Wales, and this and the Ludlow Usk inlier represent a 
southern  shelf  that  flanked  an  uplifted  southern  land  source,  Pretannia 
(Bassett  et al. 1992). Shelf successions indicate limited subsidence on the 
platform  (Woodcock  et  al. 1996);  in  the  Ludlow  type  area,  mid-shelf 
successions are continuous but relatively thin (275-425 m),  while  in  the 
more  inshore  shelf  inliers,  thinner  successions  include  localized 
disconformities (Cherns et al. 2006).
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Carbonate  sedimentation  across  the  late  Wenlock  reef  belt  was 
terminated  by  transgressive  input  of  muddy  siliciclastics  of  the  early 
Ludlow Elton Formation (nilssoni-scanicus biozones). In the trough areas of 
east  central  Wales,  west  of  the  fault-controlled  shelf  margin  (Welsh 
Borderland Fault System), transgression resulted in deposition of graptolitic 
muds overlying late Wenlock lowstand deposits represented by bioturbated, 
shelly mudstones (Mottled Mudstone Member of the Nantglyn Mudstone 
Formation).  Early  Ludlow  transgression  is  recorded  widely  beyond  the 
Welsh  Basin (e.g.  Johnson 1996;  Loydell,  1998).  Brachiopod dominated 
shelly  faunas,  together  with  facies  patterns,  record  maximum  flooding 
across the eastern shelf in early Gorstian times, followed by overall slow 
regression  through  the  Ludlow  to  the  onset  of  non-marine  Pridoli 
sedimentation (Cherns  & Bassett,  1999).  Inner  to mid shelf  areas  of  the 
Midland Platform are represented dominantly  by fossiliferous calcareous 
siltstone facies (Bringewood, Leintwardine and Whitcliffe formations and 
equivalents), which become more thinly bedded and muddier from Ludlow 
westwards  towards  the  shelf  margin.  In  late  Gorstian  times,  siltstone 
deposition was replaced by carbonates (‘Aymestry Limestone’ facies; Upper 
Bringewood  Formation)  across  the  shelf.  Massive  and  cross-bedded 
crinoidal  limestones  with  pentamerid  brachiopod  (Kirkidium knightii) 
biostromes contributed to a narrow, shelf-edge carbonate barrier (e.g. View 
Edge, SO 4260 8075; Aldridge  et  al.  2000),  behind which lay sheltered 
shelf  areas  represented  by  muddy  and  nodular  limestones  (Watkins  & 
Aithie, 1980). The ‘Aymestry Limestone’ (<15 m) forms a prominent scarp 
feature to the east of the Much Wenlock Limestone scarp of Wenlock Edge, 
and  westwards  from  the  Ludlow  anticline  across  to  the  shelf  edge  at 
Aymestrey.

The ‘Aymestry Limestone’ (Upper Bringewood Formation) ended 
with a short-lived episode of non-deposition across inshore shelf areas, shelf 
edge  instability  and valley incision (leintwardinensis Biozone;  Whitaker, 
1962,  1994;  Cherns,  1980,  1988).  Mid-shelf  brachiopod  assemblages 
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indicate  only  minor  transgression  across  the  shelf  at  this  sequence 
boundary; loss of the carbonate shelf barrier increased shelf circulation, and 
shelf  facies  shifted  widely  back  to  calcareous  siliciclastics  in  the  early 
Ludfordian (Watkins, 1979; Cherns & Bassett,  1999). A minor C isotope 
excursion (Linde event; Calner  et al. 2004) occurs at this time. Carbonate 
deposition  persisted  longer  in  the  Wenlock  Edge  region  (Shergold  & 
Shirley, 1968) and in the West Midlands (Sedgley Limestone; e.g. Turner’s 
Hill  SO 910 919; Aldridge  et  al.  2000), where thinly bedded limestones 
replaced more massive beds of the Upper Bringewood Formation. Storm 
influenced sedimentation on the Ludfordian shelf is indicated by common 
thin sheet-laminated and storm event beds among the calcareous siltstone 
facies  (e.g.  Cherns,  1988;  Bassett  et  al.  1992).  The Upper  Leintwardine 
Formation is a thin (1.5 to 5.5 m in the type area), distinctive faunal unit. 
Ostracodes (Neobeyrichia lauensis – Neeobeyrichia scissa assemblage) and 
other shelly fauna suggest a correlation with the Eke Formation on Gotland 
(Martinsson, 1967; Rääf 2010), and hence to the Lau Event mid-Ludfordian 
C isotope excursion. However, no isotope data have yet been produced to 
demonstrate this and what conodont information is available (e.g. Jeppsson 
& Aldridge, 2000) suggests an alternative correlation that places the base of 
the overlying Lower Whitcliffe Formation at or near the base of the Eke 
Formation.

In the Lower and Upper Whitcliffe formations there is a shelf-wide 
facies transition into thicker bedded, calcareous and sandy siltstones with a 
common  but  low  diversity  brachiopod  assemblage  (Watkins,  1979; 
Bradfield, 1999). The spread of calcareous siltstone facies into east central 
Wales indicates rapid progradation of shelf facies in response to shallowing 
of the Welsh Basin.  In southern shelf inliers (e.g. Gorsley and May Hill 
(Lawson,  1954,  1955);  Tites  Point  (Cave  & White,  1971)),  and  at  Usk 
(Squirrell  &  Downing,  1969),  late  Ludfordian  phosphatized  pebble  and 
bone  beds  indicate  reduced  sedimentation  and  periodic  shallowing  into 
marginal marine conditions.
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In  the  Welsh  Basin,  the  onset  of  non-marine  sedimentation  is 
diachronous, as early as late Wenlock on the southern shelf in southwest 
Wales (Hillier, 2000; Hillier & Williams, 2004). More widely across east 
central Wales and the Welsh Borderland, non–marine sedimentation started 
in early Pridoli times. The late Ludlow-Pridoli was a period of global sea 
level  fall  (Johnson,  1996).  On  the  Midland  Platform,  the  transition  is 
marked regionally by a bone bed (Ludlow Bone Bed Member; base of the 
Downton  Castle  Sandstone  Formation  (305-600  m);  base  of  Pridoli  in 
Welsh Basin, Bassett  et al.  1992). Marginal marine conditions developed 
across  a  wide  coastal  belt  of  sandy  shoals  before  a  transition  up  into 
terrestrial  coastal  plain  environments  of  the  Old  Red  Sandstone  facies. 
Marine  shelf  and  marginal  facies  spread  across  former  trough  areas  of 
central Wales (Knighton, Builth and the Long Mountain) as an increasingly 
enclosed  Welsh  Basin  silted  up  in  response  to  tectonic  inversion  and 
regional uplift.

In the Downton type area,  the basal  Downton Castle  Sandstone 
Formation (17 m) is overlain by the Temeside Shales (<27 m) and Ledbury 
(330-460 m) formations. In the lower two units, occasional shelly horizons 
(e.g.  Temeside  bone-bed  (Antia,  1981))  indicate  temporary  marine 
incursions,  but  these  become  rare  among  the  thick,  dominantly  red 
mudstone successions with pedogenic horizons (calcretes) of the Ledbury 
Formation (Raglan Marl on the southern shelf). Correlation is limited in the 
non-marine Old Red Sandstone facies. Air fall tuffs (Townsend Tuff Bed; 
Allen & Williams, 1981) form a useful Pridoli marker horizon across the 
Midland Platform and southern shelf. Vertebrates and spores from the Old 
Red Sandstone facies are used to place the Silurian-Devonian boundary in 
the upper Ledbury Formation, approximately at the former Downton-Ditton 
boundary (Lawson & White, 1989; Bluck  et al. 1992). At this level, red 
sandstones  with  calcretes  replace  the  red  mudstones,  and  the  prominent 
Psammosteus Limestone calcrete forms a marker horizon across the Welsh 
Borderland.
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Figure 7. Location of Pre-conference field trip stops.

New work to be demonstrated in the Type Llandovery area presents the 
results of research undertaken by the BGS and its collaborators, but which 
builds  upon  numerous  earlier  investigations.  These  include  the  seminal 
studies of  Jones (1925, 1949),  Williams (1951),  Cocks  et  al.  (1984) and 
Temple (1987) which remain essential sources of data. Previously published 
descriptions of many of the key localities include those provided by Siveter 
et al. (1989) and Aldridge et al. (2000). Recently published BGS maps and 
descriptions of the local geology (Barclay et al.  2005; BGS, 2005a and b; 
2008;  Schofield  et  al.  2004;  2009b)  should  be  consulted  for  additional 
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information on the local  stratigraphy and its  nomenclature (Fig.  1).  This 
work, underpinned by extensive existing and new biostratigraphical data, 
has  allowed  the  erection  of  a  new  architectural  model  for  the  Type 
Llandovery stratigraphy which provides the context for the field trip and the 
concepts to be discussed (Figs 7, 8a and 8b).
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Figure 8a (on previous page): New architectural model for the Type Llandovery 
succession showing relative positions of field trip localities within the stratigraphy 
(adapted from Davies et al. 2010); white arrows indicate main progade sequences 
(see Fig. 8b for location of columns 1-15 and Fig. 6 for key to relevant symbols; 
HIR, LLAN and RAW at column bases refer respectively to the Hirnantian, Llanvirn 
and Rawtheyan (Katian) ages of these strata).

Figure 8b. Location map for columns 1 -15 in Fig. 8a.
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Post-glacial maximum (mid Hirnantian) 
glacioeustatic transgression, Cwm Clyd 

Sandstone and Garth House formations, 
Scrach Quarry, Crychan Forest, Llandovery

Age: Katian (Rawtheyan) and Mid Hirnantian

Lithostratigraphic units: Tridwr, Cwm Clyd Sandstone and Garth House 
formations

Locality: Scrach Forestry Quarry (also known as Crychan Forestry Quarry), 
Crychan  Forest,  northern  Llandovery  area;  Ordnance  Survey  Grid 
Reference:  SN  8415  3942.  East-facing  quarry  exposing  the  angular 
unconformity between the Katian (Rawtheyan) Tridwr Formation and the 
Hirnantian Cwm Clyd Sandstone Formation (Fig. 9, Locality 1).
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Figure 9. Geological map of the northern Llandovery area showing the location of 
localities to be visited in this area (modified from BGS sources).

Lithology and fossil constituents
The upper part of the quarry section exposes the shallowly dipping Cwm 
Clyd Sandstone Formation and succeeding Garth House Formation (Barclay 
et al. 2005; Davies  et al.  2010) (Fig. 10). At the base of the Cwm Clyd 
Sandstone, a lenticular  bed of  boulder  conglomerate contains  a  range of 
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deeply weathered, well-rounded, volcanic and sedimentary clasts, up to 0.8 
m across, set in a decalcified sandstone matrix (Fig. 11). This coarse basal 
deposit rests with profound angular unconformity on the steeply dipping 
Tridwr Formation, which comprises thinly interbedded, decalcified shelly 
sandstones and purple-stained mudstones. A fault crush zone within these 
upturned strata is also truncated by the unconformity. Decalcified sandstone 
immediately overlying the conglomerate contains moulds of disarticulated 
and abraded brachiopod valves, bryozoans and crinoid ossicles; currently 
the  only  organic  remains  identified  from  the  Cwm  Clyd  Sandstone. 
Medium-grained, planar-laminated sandstones occur above, and are overlain 
by sandstone with convolute-lamination and hummocky cross-stratification. 
Lenticular,  wave-rippled  sandstones  separated  by  smooth  grey  mudstone 
partings, and thicker beds of cross-stratified sandstone, comprise the lower 
part of the succeeding Garth House Formation (Fig. 10). Overlying parts of 
this division, exposed in the contiguous forestry track cutting to the west of 
the  quarry,  include units  of  slumped and disturbed strata.  Casts  of  trace 
fossils are abundant on the bases of the Garth House sandstone beds.

Cocks et al. (1984, Transect i1 and i2) viewed the late Ordovician 
(Katian)  to  early  Llandovery  (Rhuddanian)  succession  in  the  northern 
Llandovery  area  as  intact  and  conformable.  They  included  strata  now 
assigned to the Cwm Clyd Sandstone and Garth House formations in their 
Scrach Formation, a regressive unit they interpreted as recording deposition 
during the late  Ordovician (Hirnantian)  glacioeustatic  lowstand (see also 
Woodcock & Smallwood, 1987). Davies et al. (2009) have reinterpreted the 
lower part of the succession. The angular unconformity exposed in Scrach 
Quarry  in  part  records  deformation  and  uplift  associated  with  the  late 
Ordovician collision of Baltica and Avalonia,  an event recognised in the 

Welsh Borderland as the ‘Shelvian Orogeny’ (Toghill, 1992). However, the 
unconformity also reflects the deep erosion associated with the c.100 m fall 
in global sea level that marked the glacioeustatic maximum lowstand. The 
succeeding, clearly transgressive, Cwm Clyd Sandstone records an upwards 
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passage  from alluvial  or  beach  gravels  into  beach  and  upper  shoreface 
sandstones. Fair weather and storm waves continued to influence deposition 
of the Garth House Formation in a lower shoreface setting.

Figure 10. Log of Scrach Quarry, Crychan Forest (adapted from Davies et al. 2009) 
(including key to Llandovery area logs).
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Figure 11. Scrach Quarry exposing the unconformity (at hand level) between the 
Katian (Rawtheyan) Tridwr Formation and the mid Hirnantian Cwm Clyd Sandstone 
with its basal boulder conglomerate.

Biostratigraphy
Cocks  et  al.  (1984) report Katian (Rawtheyan) shelly fossils  and  anceps 
Biozone graptolites from nearby exposures in the Tridwr Formation.  The 
Cwm Clyd Sandstone Formation contains an unidentified fragmentary shelly 
fauna,  including  brachiopods,  preserved  in  the  decalcified  sandstone  that 
immediately overlies the basal conglomerate. The Garth House Formation has 
yielded  no  macrofauna,  but  contains  characteristic  Hirnantian  chitinozoan 
assemblages  (Challands,  2008)  and,  elsewhere,  underlies  strata  containing 
persculptus Biozone graptolites (Davies  et  al.  2009).  Both the  Cwm Clyd 
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Sandstone and Garth House formations are therefore considered to be mid 
Hirnantian in age.

Sequence Stratigraphy
Davies et al. (2009, 2010) have assessed the impact on the Welsh Basin and 
its  marginal  shelf  of  global  sea  level  changes  associated  with  the  late 
Ordovician glaciation of Gondwana and its aftermath. The Hirnantian Stage 
encompasses both the period of maximum glacial advance and sea level 
drawdown,  and  an  ensuing  period of  pulsed,  post-glacial  maximum,  sea 
level  rises.  Davies  et  al.  (2009)  recognise  a  series  of  discrete  events. 
Although these can be interpreted in the context of a silled Welsh Basin 
which, during periods of lowered sea level, was partially isolated from the 
open ocean, comparable events, recorded in widely separate plate tectonic 
settings, indicate a global signal. In Wales, the period of maximum ice sheet 
growth and most severe sea level fall, the ‘Cwmcringlyn Event’ of Davies 
et al. (2009), is marked, as in Scrach Quarry, by erosion in proximal shelf 
settings and by increased levels of siliciclastic sedimentation in distal shelf 
and basinal successions. The initial post-glacial maximum rise in sea level, 
recorded in Wales as the ‘Garth House Event’, saw inundation of parts of 
the previously emergent shelf. The fining-upwards sequence from the Cwm 
Clyd Sandstone into the Garth House Formation exposed in Scrach Quarry 
records  the  onset  of  this  flooding  event  and  the  subsequent  progressive 
deepening.  In  sequence stratigraphic  terms,  these  strata  form part  of  the 
transgressive systems tract  at  the base of  the first  post-glacial  maximum 
Hirnantian sequence.
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Late Hirnantian reventilation and 
recolonisation of the Welsh Basin, 

Garth House Formation-Bronydd Formation 
contact, Scrach track cutting, 
Crychan Forest, Llandovery

Age: Mid-late Hirnantian

Lithostratigraphic units: Garth House and Bronydd formations

Locality:  Scrach track cutting, Crychan Forest, northern Llandovery area; 
Ordnance  Survey  Grid  Reference:  SN 8465 3959.   North-facing  cutting 
exposing the base of the Bronydd Formation (Fig. 9, Locality 2).

Lithology and fossil constituents
The  section  exposes  the  sharp  contact  between  the  dark  grey,  smooth 
mudstones with thin, fine-grained sandstones of the Garth House Formation 
and  the  succeeding  grey,  sandy  mudstones  of  the  Bronydd  Formation 
(Davies et al. 2010) (Fig. 12). The basal metre of the Bronydd Formation is 
very sandy with dispersed granules and small pebbles. A 10 mm-thick white 
bentonitic clay is present 0.2 m above the base.

The bases  of the sandstone beds in the Garth House Formation 
display a varied assemblage of trace fossil casts including forms resembling 
Gordia, Megagrapton, Planolites, Phycodes  and Subphyllochordia,  but 
intrusive burrow systems are missing and the formation is barren of shelly 
benthos and graptolites. In contrast, the Bronydd Formation is thoroughly 
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bioturbated  throughout;  primary  layering  and  tractional  sedimentary 
structures  are  rarely  preserved.  Shelly  fossils  and  debris  are  present 
throughout  the  Bronydd Formation  with  the  disarticulated  valves  of  the 
brachiopods  Cryptothyrella,  Eoplectodonta and  Plectatrypa  being  most 
common.  Fragmentary  graptolite  remains  are  also  present  and  a  well 
preserved specimen recovered from a  level  about  10 m above the basal 
contact was identified by Cocks et al. (1984) as Normalograptus normalis.
     The  coarser  grain  sizes  present  in  the  basal  Bronydd  Formation 
compared to the underlying Garth House Formation point to a period of 
shallowing,  but  its  sharp  nature,  together  with  regional  considerations, 
suggest that the contact is transgressive (Davies  et al.  2009). The coarse 
base of the Bronydd Formation may contain reworked material introduced 
during a preceding shallowing episode, but the upper levels of the Garth 
House Formation preserve no evidence of this.

Figure 12. Base Bronydd Formation (black) displaced by minor faults (white), 
Crychan Forest.
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Biostratigraphy
A horizon  low  in  the  Bronydd  Formation  has  yielded  Normalograptus 
normalis, the morphology of which suggested to Cocks et al. (1984) a level 
probably  as  low  as  the  persculptus  Biozone.  From  coeval  strata 
(Ystradwalter Member) in the Llandovery area, Davies et al. (2009) report 
Normalograptus?  parvulus and  Normalograptus  persculptus with 
morphologies that are consistent with a mid persculptus Zone age.

Sequence Stratigraphy
The abrupt change in trace and body fossil assemblages that occurs at the 
base of the Bronydd Formation is a basin-wide event (Davies et al. 2009). 
In the shelfal setting of the Llandovery area, the sea bed was colonized by a 
bioturbating infauna and by previously excluded stenohaline shelly benthos. 
At the same time a burrowing bottom fauna invaded the deep basin floor 
and  planktic  graptolites  returned  to  the  water  column  in  both  regions. 
Davies et al. (2009) suggest that, following a period of partial isolation from 
the open ocean during the Hirnantian glacial lowstand, this event marked a 
key point in post glacial maximum recovery, when rising sea levels restored 
the oceanic link sufficiently to allow the reventilation of the Welsh Basin 
and the return of normal marine salinities, and, as a consequence, its faunal 
re-stocking.

In  a  sequence  stratigraphic  context,  Davies  et  al.  (2009,  2010) 
interpret the base of the Bronydd Formation and the correlative bases of the 
distal shelf Ystradwalter Member and basinal Mottled Mudstone Member as 
a flooding surface. They view this ‘Ystradwalter Event’ as marking a second 
pulse of the post-glacial maximum marine transgression following a period 
when  the  rate  of  sea  level  rise  had  slowed  or  stalled.  International 
comparisons support the contention that this rise in sea level was a global 
event and marked the onset of a period of renewed or accelerated retreat of 
the Gondwanan ice sheet.
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Base Aeronian GSSP, Trefawr and Cefngarreg 
Sandstone formations, Trefawr track cutting, 

Crychan Forest, Llandovery

Age: Rhuddanian to Aeronian

Lithostratigraphic units: Trefawr and Cefngarreg formations

Locality: Trefawr track cutting, Crychan Forest, northern Llandovery area; 
Ordnance  Survey  Grid  Reference:  SN  8380  3953.  West-facing  cutting 
exposing the Aeronian Stratotype (Fig. 9, Locality 3).

Lithology and fossil constituents
The section reveals  a  southwards dipping succession which includes  the 
base  Aeronian  GSSP (Figs  12  & 13).  In  the  lower  part  of  the  section, 
thoroughly  bioturbated  sandy  mudstones  of  the  Trefawr  Formation  pass 
upwards into muddy sandstones with scattered angular coarse sand grains 
and granules.  These strata form part of a 25 m-thick sandstone unit  that 
includes the GSSP. Cocks  et al. (1984) included this unit in their Trefawr 
Formation, but Davies  et al. (2010) interpret these sand-prone strata as an 
early tongue (Ceg0) of the Cefngarreg Sandstone Formation (Schofield et al. 
2009b). Finer grained and more mud-rich Trefawr Formation facies succeed 
this  sandy  unit  and  gradually  coarsen-upwards  into  an  overlying  much 
thicker  and widely mapped unit  of  the Cefngarreg Sandstone Formation 
(Ceg1).

Cocks  et  al.  (1984)  and  Temple  (1987)  document  faunal 
distributions in the section including the key species of graptolite that allow 
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the  recognition  of  revolutus (cyphus),  triangulatus and  post-triangulatus 
biozone assemblages. Shelly fossils are scattered throughout and include the 
brachiopods  Clorinda undata, Eoplectodonta duplicata, Leangella scissa, 
Meifodia prima prima,  Plectatrypa tripartita  subsp.  nov. (Temple,  1987) 
and  Stricklandia lens intermedia.  These taxa are present both above and 
below  the  GSSP,  as  are  eoplanktonica Biozone  acritarch  and  maennili 

Biozone chitinozoan assemblages. A prominent slickensided bedding plane 
0.5  m below  the  stratotype  level  records  bedding  plane  slip  during  the 
regional mid Devonian deformation.
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Figure 13. Sedimentary log of the Aeronian Stratotype section, Trefawr forestry 
track section, Crychan Forest (adapted from Cocks et al., 1984, with their locality 
numbers shown in brackets) (see Fig. 10 for key).
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Figure 14. Base Aeronian GSSP (arrowed), Crychan Forest; note prominent 
bedding-parallel slide plane at base of arrow.

Biostratigraphy
The base of the Aeronian Stage was defined by Cocks et al. (1984) at the 
entry of the triangulatus Biozone graptolites within the sandy mudstones of 
the Rhuddanian to Aeronian Trefawr Formation in strata now included by 
Davies  et  al.  (2010)  in  the  Cefngarreg  Sandstone  Formation  (Ceg0;  see 
above). The base of the  triangulatus Biozone was defined in the Trefawr 
track section on a single occurrence of  Monograptus austerus sequens at 
Locality 72 of  Cocks  et  al.  (1984).  However,  the LAD of the precursor 
cyphus Biozone subspecies,  M. austerus vulgaris, is over 18 m below the 
boundary  stratotype.  Temple  (1988)  has  argued  that  there  is  insufficient 
precision in the faunal distributions to justify erection of the stage stratotype 
at this locality. Moreover, Zalasiewicz et al. (2009) now restrict the range of 
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M. a. sequens to the middle part of the triangulatus Biozone suggesting that 
the Aeronian boundary stratotype lies well within, not at the base, of that 
biozone.

Graptolites from upper levels of the early Cefngarreg Sandstone 
tongue (Ceg0)  were  included by Cocks  et  al. (1984)  in  the  UK  magnus 
Biozone  (elsewhere  included  in  the  upper  part  of  the  triangulatus-
pectinatus Biozone),  but  it  is  immediately  above  this  sandstone  that 
assemblages  containing  the  biozone’s  eponymous  and  diagnostic 
Neodiplograptus magnus first appear.  Long-ranging graptolite assemblages 
are present in the overlying upward passage from the Trefawr Formation 
into a younger unit of Cefngarreg Sandsone (Ceg1). The latter, as shown by 
the presence of Pristiograptus regularis (Locality 39 of Cocks et al. 1984), 
ranges into the convolutus Biozone (Fig. 13).

An assessment of the other faunas from the section fails to show a 
significant turnover across the stratotype boundary. Strata above and below 
the GSSP contain  eoplanktonica Biozone acritarch and  maennili  Biozone 
chitinozoan assemblages, as well as identical subspecies of the brachiopods 
Meifodia, Plectatrypa and Stricklandia.

Sequence Stratigraphy
In assessing the Rhuddanian to Aeronian succession of the Type Llandovery 
area, Davies  et al.  (2010) recognise a series of progradational sequences 
bounded  by  major  flooding  surfaces.  They  interpret  each  coarsening-
upwards  prograde  as  the  product  of  glacioeustatic  regression  and  an 
increase in siliciclastic supply from rejuvenated source areas. The defining 
flooding events record glacioeustatic transgressions that introduced deeper 
and more distal conditions and promoted deposition of mud-prone facies. 
The  earliest  major  Llandovery  progradation  recognised  in  the  type 
succession,  represented  by  the  Bronydd,  Crychan  and  Goleugoed 
formations (Schofield et al. 2009b), attained its maximum extent in the mid 
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Rhuddanian (acinaces graptolite Biozone). An initial flooding event at the 
base of the revolutus graptolite Biozone saw the marked contraction of this 
sand-prone system and deposition of the more muddy Trefawr Formation 
facies,  with  the  maximum  extent  (mid  revolutus Biozone)  of  this  unit 
marking the period of maximum Rhuddanian flooding. The Aeronian GSSP 
section reveals evidence of renewed progradation and the advance of an 
early,  triangulatus biozone  tongue  (Ceg0)  of  the  sand-prone  Cefngarreg 
Sandstone system. The flooding event that  caps this  unit,  and which re-
introduced  Trefawr  Formation  facies,  occurred  during  the  UK  magnus 
graptolite Biozone in the Type Llandovery area.
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Coed Cochion viewpoint: The late Hirnantian 
overstep, Crychan Forest, Llandovery

Age: Katian (Rawtheyan) to Aeronian

Lithostratigraphic units: Nantmel to Cefngarreg formations

Locality:  Coed Cochion viewpoint, Crychan Forest, northern Llandovery 
area; Ordnance Survey Grid Reference: SN 8347 3920. View of the missing 
Hirnantian stratigraphy (Fig. 9, Locality 4).

Figure 15. View from Coed Cochion looking north-west. The green fields in middle 
distance are underlain by a succession, over a kilometre thick, of late Ordovician 
rocks that are absent at Scrach Quarry (see above) having been removed by erosion 
associated with the unconformity exposed there. Hills in the far distance are formed 
by basinal Ashgill facies of the Tywi Anticline.
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Figure 16. Stratigraphical section illustrating the late Hirnantian overstep across the 
Crychan Fault Belt, see Fig. 9 (1, stratigraphy seen in Scrach quarry and track 
section; 2, stratigraphy seen from the Coed Cochion viewpoint; *= units previous 
included by Cocks et al. (1984) in their Scrach Formation; †= units included by 
Jones (1925, 1949) in his A1 and Aa divisions; Tyc, Tycwtta Mudstones Formation). 

Modified from Davies et al. (2009).

View looking north-westwards across the late Ordovician shelf and slope 
succession  present  beneath  the  Type  Llandovery  and  towards  the  Tywi 
Anticline in the far distance (Fig. 15). The late Ordovician rocks preserved 
beneath  the  unconformity  at  Scrach  Quarry  belong  to  the  pre-glacial 
(Katian/Rawtheyan)  Tridwr  Formation.  Traced  westwards  across  the 
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Crychan Fault Belt, the Ashgill succession expands beneath the Cwm Clyd 
Sandstone/Garth House formations to include some 1.2 km of strata  not 
seen to the east (Fig. 9). This includes early Hirnantian units deposited at 
the  peak  of  the  glacioeusatic  regression,  the  Cwmcringlyn  and  Ciliau 
formations, and the Katian Cribarth and Nantmel formations (see Schofield 
et al. 2009b). The valley in the foreground follows the line of one of the 
Crychan  Fault  strands,  which  appears  to  have  been  active  during  the 
Shelvian  tectonic  event  and,  subsequently,  has  influenced  the  pattern  of 
erosion and overstep associated with the glacio-eustatic maximum lowstand 
(Davies  et  al.  2009).  The  Tywi  Anticline  is  cored  by  basinal  Katian 
sedimentary rocks.
      The strata exposed at the viewpoint itself lie in the upper part of one of 
the Cefngarreg Sandstone Formation progrades (Ceg1). It was from close to 
this site that Cocks et al. (1984; Transect h, loc. 89) recovered a fragment of 
graptolite which they identified as ‘Monograptus cf. sedgwickii’, but which, 
on re-examination by the BGS, was deemed indeterminate.
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Coarsening-upwards parasequence, Cefngarreg 
Sandstone Formation, Cwm-coed-oeron track 

cutting, Crychan Forest, Llandovery

Age: Late Aeronian

Lithostratigraphic units: Trefawr and Cefngarreg Sandstone formations

Locality: Cwm-coed-oeron  track  cutting,  Crychan  Forest,  northern 
Llandovery area; Ordnance Survey Grid Reference: SN 8338 3889 – 8375 
3903.   South-facing  cutting  exposing  Cefngarreg  Sandstone  Formation 
progradation (Fig. 9, Locality 5).

Lithology and fossil constituents
This  section  (also  cited  as  Cwm-coed-Aeron  in  other  accounts)  exposes 
westward  dipping  sandy  mudstones  at  the  local  top  of  the  Trefawr 
Formation passing up into the Cefngarreg Sandstone Formation (Fig. 17). 
The basal levels of the latter comprise pebbly and gritty muddy sandstones 
which pass up into cleaner, thick-bedded sandstones with sparse pebbles at 
the top. Planar- and cross-lamination is observed only within widely spaced, 
laterally  impersistent,  thin  sandstone  beds  and  laminae,  and  otherwise 
tractional sedimentary structures are rare. Thin sedimentary lags of rounded 
pebbles  and  granules  are  common  in  the  lower  part  of  the  section,  but 
burrow-mottling is pervasive throughout. A prominent master bedding plane 
at the western end of the section is overlain by thinner-bedded and more 
mud-rich Cefngarreg Sandstone facies. The exposed Cefngarreg Sandstone 
succession forms part of the lowest  (Ceg1) of the three main Cefngarreg 
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progradations recognised in the northern Llandovery area.
Cocks  et  al.  (1984)  recovered  the  dendroid  Koremagraptus sp. 

from  close  to  the  Trefawr/Cefngarreg  contact.  Much  of  the  Cefngarreg 
Sandstone  succession is  poorly fossiliferous,  but  brachiopods are  locally 
present and include Stricklandia lens intermedia, Meifodia prima prima and 
Plectatrypa tripartita  subsp. nov. of Temple (1987). Strata exposed at the 
western end of the section have yielded  M. prima ovalis  and Pentamerus 
oblongus, and further graptolites (see below).

Apart  from widely spaced thin sandstone beds and laminae and 
pervasive burrow-mottling,  there are few internal  sedimentary structures. 
The fabric of the sandstones has been attributed to intense bioturbation and 
the homogenization of a primary facies of inter-layered pebbly sandstones 
and  subordinate  mudstones.  This  is  consistent  with  deposition  in  the 
‘transition  zone’  between  shoreface  and  off-shore  settings  where 
bioturbation is at its most intense (Schofield et al. 2009b). However, similar 
homogenized facies dominate many of the divisions and great thicknesses 
of  strata  within  the Type  Llandovery  succession,  throughout  which 
tractional sedimentary structures are rare. This has promoted an alternative, 
but as yet untested depositional model: that this widespread homogenization 
was the product of down slope mass movement and resedimentation and 
that bioturbation was a secondary or overprinting feature.
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Figure 17. Sedimentary log of the Cwm-coed-oeron section, Crychan Forest 
(adapted from Davies et al. 2010) (see Fig. 10 for key).

Biostratigraphy
A graptolite assemblage reported by Cocks  et al. (1984) from the western 
part of the section included Rastrites aff.  linnaei, Rivagraptus cf. bellulus,  
Monograptus sp. and  Glyptograptus sp., but has been lost. It was cited as 
indicative of the  sedgwickii Biozone, but data from elsewhere in the Type 
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Llandovery  area  support  an early  convolutus Biozone age  for  the  lower 
(Ceg1) progradation of the Cefngarreg Sandstone facies.

Sequence Stratigraphy
The Cwm-coed-oeron section exposes the lower part of one of the main 
Cefngarreg  Sandstone  progradational  sequences  (Ceg1)  recognised in  the 
Type Llandovery area. These progradations were compound in nature and 
the  coarsening-upwards succession that  forms the  bulk of  the  section  is 
interpreted  as  the  earliest  of  several  prograding  parasequences  present 
within  the  main  Ceg1 event.  It  succeeds  the  magnus Biozone  flooding 
surface recognized at the Aeronian Stratotype section. The master bedding 
plane in the western part of the section represents a further, early convolutus 
Biozone, flooding surface (Fig. 17).
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Late Aeronian Wormwood Formation and 
major synsedimentary slike complex, Coed 
Glyn-moch track section, Crychan Forest, 

Llandovery

Age: Late Aeronian

Lithostratigraphic  units:  Cefngarreg  Sandstone,  Wormwood  and  Cerig 
formations

Locality:  Glyn-moch track cutting,  Crychan Forest,  northern Llandovery 
area; Ordnance Survey Grid Reference: SN 8158 3760 – 8195 3765. Forestry 
cutting  exposing  base  Wormwood  Formation  and  synsedimentary  slide 
complex (Fig. 18, Locality 6).

Lithology and fossil constituents
This important section exposes the contact between the Cefngarreg Sandstone 
Formation and succeeding Wormwood Formation and provides clear evidence 
of large scale synsedimentary slope failure in the Llandovery region (Figs 18 
& 19).  At  the  base of  the eastward-younging  section are  steeply dipping, 
burrow-mottled sandstones, which include a thin, white clay bentonite, at the 
top  of  the  Cefngarreg  Sandstone  (Ceg3).  These  are  overlain  by  21  m of 
heterolithic  facies  that  form  the  basal  Ydw  Member  of  the  Wormwood 
Formation and comprise thin bedded, fossiliferous and variably bioturbated, 
dark grey mudstones, siltstones and muddy sandstones, punctuated by a unit of 
thick bedded, gritty and pebbly sandstone (Fig. 19). Graptolites are present in 
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Figure 18. Geological map of the Coed Glyn-moch area, Crychan Forest (modified 
from BGS sources).

dark  mudstones  below  this  sandstone  unit  and  a  thin  bentonitic  clay  is 
preserved near the base of the succeeding green mudstones. Increasing levels 
of bioturbation and homogenization characterize the upward passage in the 
succeeding parts of the Wormwood Formation which comprise medium to 

thick-bedded, bioturbated,  muddy fine-grained sandstones,  with relict,  only 
partially  burrowed  sandstone  beds.  Dips  increase  and  bedding  becomes 
overturned in the eastern part of the section where a further thin bentonite bed 
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is present.
    The  upper  part  of  the  Wormwood  Formation  is  truncated  by  a 
synsedimentary slide, overlain by a chaotic sedimentary mélange (Glyn-moch 
Slide Complex) (Figs 11 & 12). Note, however, that because of the inverted 
nature of the strata, the truncated Wormwood Formation occupies the upper 
part  of  the  track  cutting  (Fig.  12).  At  the  base  of  this  disturbed  unit  are 
contorted rafts of interbedded sandstone and mudstone, together with pillows 
and blocks of sandstone set in a dark grey mudstone matrix. The upper part of 
the mélange comprises disturbed dark grey mudstone with widely scattered 
‘clasts’ of sandstone. The basal slide plane can be seen to cut down into the 
structurally  inverted  Wormwood  Formation  by  at  least  60  m  (Fig.  12), 
suggesting that it represents the margin of a major synsedimentary submarine 
slide. The slide complex extends for 3 km to the south-west and locally affects 
the  whole  of  the  Wormwood Formation.  Overlying  the  disturbed  unit  are 
undisturbed,  green-grey,  burrow-mottled mudstones  of  the  Telychian  Cerig 
Formation.
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Figure 19. Sedimentary log of the Coed Glyn-moch section, Crychan Forest 
(adapted from Davies et al. 2010) (see Fig. 10 for key).
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Figure 20. Basal synsedimentary slide plane (dashed line) truncating inverted 
bedding in the Wormwood Formation (left) and overlain by mélange (right), Coed 
Glyn-moch, Crychan Forest.

Figure 21. Synsedimentary slide complex truncating upper levels of the Wormwood 
Formation,  Coed Glyn-moch section,  Crychan Forest (note  inverted stratigraphy) 
(adapted from Davies et al. 2010).

Biostratigraphy
Davies et al. (2010) record a fossiliferous level about 5 m above the base of 
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the Ydw Member (Wormwood Formation) in the Coed Glyn-moch track 
section that has yielded  Stimulograptus sedgwickii,  Rastrites gracilis? and 
Neolagarograptus cf.  tenuis, a fauna that demonstrates an early sedgwickii 
Zone  age. Cocks  et  al.  (1984)  recovered  a  specimen  of  long-ranging 
“Pseudoclimacograptus?” sp. from close to the base of the Cerig Formation. 
Elsewhere in the Type Llandovery area, the base of the Cerig Formation yields 
Spirograptus  guerichi  (Davies  et  al.  2010)  indicating  the  guerichi  or 
lowermost turriculatus Biozone.

Sequence Stratigraphy
The base of the Ydw Member marks the onset of a significant deepening 
event that terminated the final Cefngarreg Sandstone progradation (Ceg3). 
The scale of this event is  reflected in the distribution of the Wormwood 
Formation. In proximal settings in the north and south of the type area, it 
oversteps earlier units and, as the oldest preserved Llandovery strata there, 
rests unconformably on deformed Ordovician rocks. The Coed Glyn-moch 
section confirms that it was above this widespread flooding surface that the 
lowermost sedgwickii Biozone faunas are first found in the Type Llandovery 
area  (Davies  et  al. 2010)  (Fig.  19).  Coarsening  and  thickening-upwards 
trends  suggest  that  a  number  of  parasequences  are  present  within  the 
Wormwood  Formation,  the  lowest  within  the  Ydw  Member  and  the 
remainder in the sandstone-dominated upper part of the section (Fig. 19).
      Regionally, the base of the Cerig Formation also appears to mark a 
significant flooding surface, but in this section its relationships are obscured 
by  the  major  slide  complex  that  destroys  the  upper  part  of  the  local 
Wormwood  Formation  succession.  Recent  work  has  demonstrated  that 
slumping is more widespread in the Type Llandovery area than previously 
acknowledged and affects strata of Rhuddanian to Aeronian age (Schofield 
et al. 2009b). However, the scale of slope failures affecting this outer shelf 
succession  increased  significantly  in  the  Telychian  and  early  Wenlock, 
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coinciding  with  periods  of  active  tectonism and  related  seismic  activity 
(Davies  et al. 1997, 2010). The Coed Glyn-moch slide complex truncates 
the  Wormwood  Formation  and  appears  to  date  from  the  onset  of  Cerig 
Formation deposition in the guerichi Zone; accordingly it may record the local 
inception  of  Telychian  tectonism  and  form  part  of  an  extensive  tectonic 
systems tract (Woodcock et al. 1996).
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Base Telychian GSSP and intra-Wenlock 
synsedimentary slide complex, upper part of 

Cefn-Cerig (or Fron) Road section, Llandovery

Age: Late Aeronian and Wenlock

Lithostratigraphic units: Wormwood and Builth Mudstones formations

Locality: Cefn Cerig Quarry and road section (also known as Fron road 
section), Llandovery area; Ordnance Survey Grid Reference: SN 774 334 – 
775 323. Quarry and road cuttings exposing Telychian Stratotype and intra-
Wenlock synsedimentary slide complex (Fig. 22).
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Figure 22. Geological map of the Cefn Cerig area, Llandovery. (modified from BGS 
sources; also Cocks et al. (1984) and showing a selection of their numbered 
localities). Former Telychian Stage boundary is that proposed by Cocks et al. 
(1970).

Lithology and fossil constituents
The  Telychian  Stratotype  quarry  [SN 7743  3232] exposes  steep,  south-
easterly dipping, well-bedded, bioturbated, muddy siltstones and sandstones 
and sandy mudstones of the Wormwood Formation (Figs 23 & 24). The 
base  of  the  Telychian  is  taken within  a  29 cm thick bed  of  bioturbated 
siltstone, below which is a fossiliferous rottenstone horizon that represents 
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the LAD for  two key Aeronian brachiopod taxa in the Type Llandovery 
area; this is locality 162 of Cocks  et al.  (1984). Shelly fossils, including 
corals and trilobites, are present at several other levels in the quarry both 
below  and  above  the  stratotype  horizon,  with  the  brachiopds  Clorinda 
globosa,  Coolinia  applanata,  Dicoelosia  alticavata,  Eoplectodonta 

penkillensis, Leangella segmentum,  Resserella sp. and  Skenidioides lewisii 
amongst the most common.
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Figure 23. Sedimentary log of the Telychian Stratotype, Cefn Cerig Quarry, 
Llandovery (adapted from Cocks et al. 1984), with their locality numbers shown in 
brackets) (see Fig. 10 for key).
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Figure 24. Telychian GSSP (arrowed) in Cefn Cerig Quarry, Llandovery.

The adjacent road cuttings comprise the original type section for the Cerig 
Formation (Cocks et al. 1984). These authors obtained a rich shelly fauna 
which included brachiopods said to be diagnostic of the Telychian Stage, 
specifically  Eocoelia  curtisi and  Stricklandia  laevis from  a  level  (their 
locality  163)  assumed  to  be  within  the  Cerig  Formation  and  45  m 
stratigraphically above the stratotype boundary. Hill and Dorning (Cocks et 
al.  1984,  Appendix  1)  obtained  a  monospinosa acritiarch  Biozone 
assemblage from the same locality. However, a detailed re-examination of 
the  section  has  led  to  the  significance  of  these  faunas  being  challenged 
(Davies et al. 2010).
        The  discontinuous  road  section begins 22.5  m above  the  basal 
Telychian stratotype (Fig. 25). The Wormwood Formation is terminated by 
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a  sharp  cross-cutting  contact  (Fig.  26)  above  which  is  a  c.  40  m-thick 
sequence that includes three separate levels of Builth Mudstones Formation 
interleaved with variably disturbed units of varied lithology. The sharp basal 

contact is interpreted as a major slide plane above which is a stack of slump 
sheets,  possibly  incorporating  pre-  and  post-Cerig  Formation  strata.  The 
highly fossiliferous muddy sandstones and sandy mudstones on the west 
side of the road, which comprise locality 163 of Cocks  et al. (1984), are 
now known to be  part  of  this  complex slump/slide  disturbed succession 
(Cefn Cerig Slide Complex) (Fig. 25). The sandy mudstones with abundant 
yellow-weathering shell debris and discontinuous shell beds (coquinas) are 
very  similar  to  parts  of  the  underlying  Wormwood  Formation,  but  also 
present are units of slump-disturbed and recrystallized laminated mudstone 
(?Builth Mudstones Formation), thinly interbedded laminated and burrow-
mottled  mudstone  (?Dolfawr  Formation),  and  unfossiliferous  pale  green 
mudstone  with  phosphate  nodules  (?true  Cerig  Formation).  Bedding 
orientations vary widely and the contacts between the various lithologies are 
commonly  cross-cutting.  The  reported  Eocoelia  curtisi and  Stricklandia 
laevis clearly came from the shelly facies, but their stratigraphical relevance 
must  now  be  questioned,  as  must  the  position  and  composition  of  the 
monospinosa acritarch Biozone within the Type Llandovery succession. 

The section is clearly inappropriate as a type locality for the Cerig 
Formation, and a new well-dated and undisturbed type section has now been 
selected (Davies et al. 2010).
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Figure 25. Sedimentary log of the Cefn Cerig road and farm cuttings, Llandovery 
(adapted from Davies et al. 2010) (see Fig. 10 for key).
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Figure 26.  Basal synsedimentary slide plane truncating bedding in the Wormwood 
Formation and overlain to right by a slide bound slice of Builth Mudstones 
Formation, Cefn Cerig road section, Llandovery.
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Biostratigraphy
Cocks  et al.  (1984) defined the Telychian Stratotype above a fossiliferous 
level  which  yielded  the  highest  known  specimens  of  the  brachiopods 
Eocoelia intermedia and Stricklandia lens progressa in the Type Llandovery 
area  (Cocks  et  al.  1984);  the  stratigraphical  significance  of  these 
brachiopods  remains  unchallenged.  However,  the  stratigraphical 
significance  of  Stricklandia  laevis in  the  overlying  slump  disturbed 
succession must be called into question, the more so since this taxon is now 
know to occur within the Wormwood Formation (Davies  et al.  2010).  S. 
laevis may succeed S. lens progressa and E. curtisi follow E. intermedia as 
part of the evolutionary lineages of these brachiopod genera, but this can no 
longer be inferred from this section.
          The use of guerichi Biozone graptolites as a proxy for the base of the 
Telychian  Stage  must  also  be  questioned.  In  the  type  area,  the  earliest 
guerichi Biozone assemblage comes from the base of the Cerig Formation 
in  its  new  type  section.  Graptolites  recovered  from  the  Wormwood 
Formation  consistently  indicate  a  sedgwickii  Biozone age  (Davies  et  al. 
2010) and the balance of evidence suggests that the Telychian Stratotype 
lies within that biozone. Microfossils recovered from below the stratotype 
horizon belong to the dolioliformis chitinozoa and estillis acritarch biozones 
(Fig. 23) and assemblages indicative of younger microfossil biozones are 
not  recorded  below  the  top  of  the  Wormwood  Formation,  and  its 
correlatives, in the Type Llandovery area (Davies et al. 2010).
         The lowest unit of Builth Mudstones exposed in the Cefn Cerig road 
cuttings yields riccartonensis Biozone graptolites and margaritana Biozone 
chitinozoans; the upper unit contains a possible dubius Biozone graptolite 
fauna (Fig. 25). Chitinozoans newly recovered from Cocks et al.’s Locality 
163, including Margachitina margaritana and Eisenackitina ithoniensis, are 
consistent with a Wenlock age (Davies et al. 2010), but it is unclear whether 
these record the age of the ‘matrix’ or of a ‘clast’ within a mélange that 
includes  rafts  of  different  age  and  lithostratigraphical  provenance.  The 

70



suspicion  must  be  that  the  monospinosa Biozone  acritarch  assemblage 
reported  by  Hill  &  Dorning  (1984)  may  also  have  come  from  similar 
material.

Sequence Stratigraphy
The Cefn Cerig section provides clear evidence of a major slide complex 
that, at this locality, displaced much of the late Llandovery succession and 
emplaced an assemblage of slide slices and associated mélange containing 
material of differing age and composition (Fig. 25). Comparable features 
noted in other sections suggest that this was the product of a slope failure 
over 10 km in width. The dating of units within the disturbed succession 
show down slope movement post-dated deposition of riccartonesis Biozone 
Builth  Mudstones.  Largely  undisturbed  Builth  Mudstones  of  dubius 
Biozone age overlie the slide complex, as at Cefn Cerig, and, where strata 
have been lost, drape the basal slide plane (Davies et al. 2010); a phase of 
final  movement  early  in  the  dubius Biozone is  indicated.  The early-mid 
Wenlock was a period of enhanced tectonic activity in the adjacent basin 
where major faults were active in controlling sedimentation. It is reasonable 
to infer that the slope failures that affected the outer shelf during this period 
were triggered by coeval movements on the basin bounding structures that 
traverse  the  Type  Llandovery  area.  These  slide-affected  strata  therefore 
constitute elements of an early Wenlock tectonic systems tract.
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POST-CONFERENCE FIELD TRIP TO THE 
TYPE LUDLOW AND WENLOCK AREAS 
AND OTHER IMPORTANT LOCALITIES IN 

THE WELSH BORDERS AND 
ENGLISH MIDLANDS

Figure 27. Location of Post-conference field trip stops (see Fig 38 for details of 
stops around Dudley).
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The GSSP for the base of the Ludfordian Stage, 

Sunnyhill Quarry

Lesley Cherns

L. Cherns — Earth and Ocean Sciences, Cardiff University, Cardiff CF10 
3AT, UK;  cherns@cardiff.ac.uk

Age:  Ludlow; Gorstian–Ludfordian; GSSP for base of Ludfordian

Lithostratigraphy: Top of Upper Bringewood Formation and ‘Aymestry 
Limestone’ facies;  stratotype  for  Lower  Leintwardine  Formation;  Lower 
and Upper Leintwardine formations, Lower Whitcliffe Formation

Locality: Disused quarries north of Sunnydingle Cottage, Mortimer Forest 
and exposures on the N side of the forestry track running SE (SO 4950 7255 
– 4974 7244). Section C of White and Lawson (1978), Sunnyhill section (E 
Ludlow) of Cherns (1988, faunal log figure 5), Siveter (2000), (Figs 27 & 
28).
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Figure 28. Location, stratigraphy and carbon isotope record for the lower part of 
Sunnyhill Quarry. Divisions A to H3 are taken from Holland et al. (1963).
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Lithology and fossil constituents
The section exposes 40-50 m of succession in fairly continuous outcrops. 
Sunnyhill Quarry is the GSSP for the base of the Ludfordian Stage, at the 
base of the Lower Leintwardine Formation. The boundary is placed in the 
western  part  of  the  quarry  within  the  top  of  the  ‘Aymestry  Limestone’ 
nodular limestone facies, at the lower of two very thin shale bands (Holland 
et al. 1963, figure 13 ‘C’; Cherns 1988, figure 5). The upper shale band, and 
higher, thicker clay are bentonitic (Fig. 28; SHQ3 and SHQ4) (Holland et 
al. 1963, ‘E’ and ‘G’).
         The Upper Bringewood limestones (~4.7 m) comprise nodular, silty 
wackestones and mudstones. Fossils are fairly uncommon, typically large 
brachiopods (e.g. Kirkidium knightii, Strophonella euglypha, Amphistrophia 
funiculata,  Gypidula lata,  Atrypa reticularis),  tabulate and rugose corals, 
and  large  gastropods  (Poleumita  globosa).  Above  the  boundary  level, 
limestone facies continue for ~2.5 m before a facies shift into more thinly 
bedded  calcareous  siltstones.  Most  of  the  common  Lower  Leintwardine 
Formation fossils  are long-ranging and continue through from the Upper 
Bringewood Formation. In the limestone facies of the Lower Leintwardine 
Formation,  fossils  are  fairly  sparse  (A.  reticularis,  Isorthis  orbicularis). 
Diversity  and  abundance  of  macrofossils  increase  upwards  into  the 
siltstones,  where  the  brachiopods  I.  orbicularis,  Dayia  navicula,  
Sphaerirhynchia wilsoni, Microsphaeridiorhynchus nucula and Shagamella 
ludloviensis are all common (Cherns 1988, figure 5A). 
         The Lower Leintwardine Formation succession (~28 m) is exposed 
along the track. The thinly bedded calcareous siltstone facies includes fairly 
numerous, thin laminated siltstone sheets, shelly limestone beds and lenses. 
In many beds, a mottled texture indicates intensive bioturbation. Faunas are 
diverse  on  bedding  surfaces  and  in  shell  lenses.  D.  navicula and  I. 
orbicularis are the dominant species in many of the typically brachiopod-
dominated assemblages. Finely laminated siltstone beds and lenses become 
more common and thicker in the middle to upper parts of the formation. 
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Interpreted  as  distal  storm  sheets,  the  beds  fine  up  from  a  coarser, 
commonly shelly basal layer, and few narrow burrows disturb the mm-scale 
bedding fabric.
      The Upper Leintwardine Formation at its stratotype on the Whitcliffe 
(SO  5071  7428),  in  calcareous  siltstone  facies  similar  to  the  Lower 
Leintwardine  Formation,  is  defined  faunally  by  the  appearance  of  the 
brachiopod  Aegiria  grayi,  with  trilobites  Calymene  neointermedia and 
Encrinurus stubblefieldi (Holland  et al. 1963, p.117). These trilobites, and 
the  ostracode  Neobeyrichia  lauensis,  are  common  only  in  the  Upper 
Leintwardine  Formation,  but  the  ostracode  is  not  recorded  from  the 
stratotype.  At  Sunnyhill,  a  N.  lauensis–Neobeyrichia  scissa ostracode 
assemblage is recorded at the level where the trilobites also appear, and A. 
grayi is  common. The brachiopod  Shaleria ornatella,  which in the shelf 
inliers has its acme of abundance in the Upper Leintwardine Formation, at 
Sunnyhill becomes common through the upper part (~8 m) of the Lower 
Leintwardine Formation (Cherns, 1988, figure 5).

Biostratigraphy
The biozonal graptolite  Saetograptus leintwardinensis was recorded from 
bed D within the basal limestones of the Lower Leintwardine Formation 
(Cherns,  1988,  figure  5).  The  conodonts  Ozarkodina  confluens and 
Panderodus spp. are recorded from limestones below and within 1 m above 
the boundary (Aldridge & Smith, 1985).

Sequence stratigraphy
At  Ludlow  the  transition  into  the  Lower  Leintwardine  Formation  is 
conformable,  followed  by  a  facies  shift  from  carbonates  to  calcareous 
siliciclastics.  However,  limestone  conglomerates  indicate  a  widespread, 
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short lived episode of non-deposition across inshore shelf areas at the base 
of the Lower Leintwardine Formation, while at  the shelf margin a local, 
eroded  hardground  horizon  marks  the  sharp,  disconformable  boundary 
between the ‘Aymestry Limestone’ and overlying thin shaly siltstones of the 
Lower Leintwardine Formation (Cherns 1980, 1988). Limited transgression 
occurs across the shelf at the base of the Lower Leintwardine Formation, 
which represents a transgressive surface/sequence boundary. Shelf margin 
instability  led  to  westward  slumping  and  valley  incision  during  the 
leintwardinensis Zone (Whitaker, 1962, 1994).

Isotope stratigraphy
Twenty-seven  carbon  isotope  samples  have  been  taken  stratigraphically 
above  and  below  the  GSSP  and  the  Upper  Bringewood  and  Lower 
Leintwardine  formation  contact  (unpublished  data,  Cramer  NSF#  EAR-
0948277).  δ13Ccarb values  from the  Upper  Bringewood Formation  range 
from -1.07‰ to 0.37‰ and are generally lower than those of the Lower 
Leintwardine Formation (-0.50‰ to 0.76‰). This minor positive shift in 
isotope values begins some 50 cm below the top of the Upper Bringewood 
Formation.

Bentonites
At  Sunnyhill  Quarry  four  bentonites  can  be  observed  (SHQ1-4) 
immediately above and below the GSSP. Of these bentonites SHQ2 is the 
thickest (20 cm) and occurs 3.5 m below the top of the Upper Bringewood 
Formation. This bentonite consists of four distinctive rusty-orange bands, 
suggesting that it may have resulted from deposition of multiple ash falls 
(pers.  comm.  Ray  2011).  Zircons  extracted  from  SHQ2  have  been 
radiometrically dated at  407 ± 14 Ma (Ross  et  al.  1982; Bassett,  1984). 
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Recent  sampling  of  SHQ1,  SHQ  2  and  SHQ4  indicates  that  all  three 
bentonites contain sufficient zircons for dating (unpublished data, Cramer 
NSF# EAR-0948277).  Furthermore  they  contain  a  coarse  grained  heavy 
mineral fraction suggesting close proximity to the volcanic source region.
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Pitch Coppice: GSSP for the base of the 
Ludlow Series and 

Gorstian Stage

Alan T. Thomas & David C. Ray

A. T. Thomas — Earth Sciences (GEES), University of Birmingham, 
Birmingham, B15 2TT, UK;   a.t.thomas@bham.ac.uk

D. C. Ray — Neftex Petroleum Consultants Ltd, Abingdon, England, OX14 
4RY, UK;  daveray01@yahoo.com

Age:  Late Homerian to early Ludlow. Pitch Coppice was proposed as the 
standard section for the coincident base of the Ludlow Series and its lower 
(then  Eltonian)  stage.  This  was  later  endorsed  by  the  Silurian 
Subcommission (Holland, 1980a, b; Holland et al. 1980; Martinsson et al. 
1981).

Lithostratigraphic units: Topmost  Much Wenlock Limestone Formation 
and basal Lower Elton Formation. Pitch Coppice is the type section for the 
base of the Lower Elton Formation.

Locality:  Old quarry 35 m south of Wigmore Road (Mortimer Forest Stop 
3), ~4 km SSW of Ludlow, Shropshire (SO 472 730). Two further small 
quarries  (Mortimer  Forest  Stops  1  and  2),  within  the  Much  Wenlock 
Limestone Formation, occur immediately west of Pitch Coppice (SO 472 
730 and SO 471 730) (Fig. 29).
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Lithology and fossil constituents
Pitch Coppice and the two stratigraphically lower quarries (Mortimer Forest 
Stops 1 and 2) contain the upper 14 m of the Much Wenlock Limestone 
Formation. Sedimentation here occurred in an extension of the depositional 
setting represented by the off-reef tract recognised on Wenlock Edge, and 
the  lithology  comprises  poorly  fossiliferous,  carbonate  mudstones, 
wackestones and silty mudstones. In detail the lowest beds consist of blue-
grey  carbonate  mudstones  separated by  thin  silty  mudstone  partings  (84 
cm). Above is a highly distinctive interval (~4.8 m) of rhythmically bedded 
carbonate mudstones (beds and nodules) and silty mudstones of equal or 
greater thickness. Towards the top of the section at Mortimer Forest Stop 1 
the  silty  mudstone  content  is  reduced,  resulting  in  a  predominance  of 
carbonate  mudstone  beds.  These  give  way  in  the  overlying  quarry 
(Mortimer Forest  Stop 2) to nodular limestones with thin silty mudstone 
partings and a single thin bentonite (PC1). Pitch Coppice quarry (Mortimer 
Forest Stop 3) exposes the topmost 3.35 m of the Much Wenlock Limestone 
Formation and 2.8 m of  the  overlying Lower Elton Formation (Fig.  29; 
Siveter  in Aldridge  et  al.  2000,  p.  331).  The Much Wenlock Limestone 
Formation here comprises grey, nodular limestone with thin silty mudstone 
partings.  Additional features include two thin bentonitic  bands (PC2 and 
PC3) and a prominent silty mudstone band (18 cm), 70 cm above the floor 
of  the  quarry.  The  Formation  yields  a  sparse  but  varied  macrofauna 

including bryozoans, brachiopods (Atrypa,  Gypidula, Leptaena,  Resserella, 
Sphaerirhynchia,  Strophonella),  crinoid  ossicles,  corals  (Favosites, 
Heliolites,  Thecia),  gastropods,  and rare trilobites  (Dalmanites,  Proetus). 
The corals and relatively large brachiopods are characteristic  of the unit 
here.  The  basal  Lower  Elton  Formation  comprises  shaly  siltstones  with 
impersistent limestone beds and nodules. Thin (1-2 cm) crinoidal beds are 
also observed and indicate episodes of  storm sedimentation. A bentonite 
(PC4)  occurs  0.25 m  above  the  base.     The  fauna  of   the  Lower  Elton
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Figure 29. Location, sedimentary log, sequence stratigraphic interpretation and 
carbon isotope record of the succession exposed in Pitch Coppice (Mortimer Forest 
Stops 1 to 3). SM, silty mudstone; M, carbonate mudstone; W, wackestones; P, 
packstone; G, grainstone.
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Formation here is mostly fragmentary, with many species common to the 
underlying unit, although small brachiopods are particularly characteristic 
(Holland et al. 1963; Lawson & White, 1989).

Biostratigraphy
The only graptolites recorded from Pitch Coppice are fragments possibly 
belonging  to  Saetograptus  varians and  Neodiversograptus  nilssoni from 
0.03 m and 0.23 m above the  base  of  the  Elton  Formation respectively 
(White, 1981). These records support the notion that the base of the Lower 
Elton Formation lies at or close to the base of the nilssoni Biozone (Holland 
et al. 1969; Lawson & White, 1989; Bassett et al. 1975; also see discussion 
in Ray et al. 2010). No widely correlatable changes in microfaunas occur at 
the boundary (see Siveter in Aldridge et al. 2000 for review).

Sequence stratigraphy
Mortimer  Forest  Stops  1  to  3  contains  parasequences  PS9  to  PS12,  as 
observed from Wenlock Edge and the West Midlands (Ray  et  al.  2010). 
PS10 is the thickest of the parasequences (~12 m) and represents an abrupt 
shallowing  toward  the  top  of  the  Much  Wenlock  Limestone.  Above, a 
prominent silty mudstone band marks the flooding surface of PS11 and the 
gentle  onset  of  relative  sea-level  rise.  As  at  the  Lea  Quarry  South  and 
Wren’s  Nest  Hill  stops,  the  base  of  the  Lower  Elton  Formation  here 
coincides  with  the  base  of  PS12.  This  marked  deepening  is  the  local 
reflection  of  a  eustatic  change  (Highstand  6  of  Johnson,  2006).  The 
sequence stratigraphic significance of this and other sea-level changes of 
about this age are now beginning to be explored in detail (e.g. Ray  et al. 
2010; Ray & Butcher, 2010).
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Isotope stratigraphy
Nineteen  carbon isotope  samples  (Mortimer  Forest  Stops  2  and 3)  have 
been  taken  stratigraphically  above  and  below  the  GSSP and  the  Much 
Wenlock Limestone and Lower Elton formation contact (unpublished data, 
Cramer  NSF#  EAR-0948277).  δ13Ccarb values  from  the  Much  Wenlock 
Limestone Formation range from 0.44‰ to 1.25‰ and are generally higher 
than those of the Lower Elton Formation (-1.82‰ to 0.99‰). This negative 
shift  across  the  Wenlock-Ludlow boundary  has  also  been  reported  from 
Pitch Coppice and several other locations across the Midland Platform and 
Welsh  Basin  by  Corfield  et  al.  (1992)  and  probably  correlates  with  the 
declining  limb  of  the  upper  peak  of  the  well-known Homerian  positive 
carbon isotope excursion.

Bentonites
Five bentonitic horizons are observable from the three quarries (Mortimer 
Forest  Stops  1  to  3).  All  are  extremely  thin  (0.5  to  1.0  cm)  and  are 
identifiable as blue-grey or  rusty orange bands that  appear slightly more 
clay rich than the surrounding strata. The thickest of the bentonites (PC4) 
occurs 0.25 m above the base of the Lower Elton Formation and has been 
sampled for heavy minerals. Zircons are present, but unfortunately were of 
insufficient quality and number for radiometric dating (pers. comm. Cramer 
2011).
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The GSSP for the base of the Homerian Stage, 
Whitwell Coppice

David K. Loydell

D. K. Loydell – School of Earth and Environmental Sciences, University of 
Portsmouth, Burnaby Road, Portsmouth PO1 3QL, UK; 
david.loydell@port.ac.uk

Age:  Late Sheinwoodian to early Homerian

Lithostratigraphic unit:  Coalbrookdale Formation

Locality:  Section in banks of stream in Whitwell Coppice, 500 m N of the 
hamlet of Homer, Shropshire (SO 6194 0204) (Fig. 30). Strata at the GSSP 
are variably well exposed. The base of  the Homerian Stage can only be 
studied after site clearance (there was very little exposure when the site was 
visited  in  July  2010),  which  must  be  conducted  after  consultation  with 
Natural England who are responsible for the locality. See Hughley Brook 
section  for  advantages  and  (from a  field  trip  organizational  perspective) 
significant disadvantages of this poor exposure.
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Figure 30. Location of the GSSP for the base of the Homerian Stage at Whitwell 
Coppice, with graptolite localities and species above and below the boundary level 
(modified from Bassett et al.1975). Log from modified from Swire (1991).
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Lithology and fossil constituents
Bassett et al. (1975, p.14) described the lithology here as thin-bedded olive 
to grey-green mudstones. This is typical of the Coalbrookdale Formation. 
Swire (1991, figure 11) recorded an 80 mm thick bentonite with its top 0.8 
m  below  the  ‘golden  spike’,  which  he  used  as  a  marker  horizon,  and 
nodules  from 0.22 m to 0.3  m above the  ‘golden  spike’ at  which  level 
Swire’s log terminates. Swire’s (1993) published log shows the top of the 
bentonite at 0.88 m below the ‘golden spike’, whilst the text (p. 101) states 
that it is ‘approximately 1 m below the stage boundary’.
        Bassett  et  al.  (1975,  p.  14)  indicated that  the macrofossils  from 
Whitwell  Coppice  comprised  only  graptolites  and  orthoconic  nautiloids. 
Bassett  (in  Holland  &  Bassett  1989,  p.  69)  reported  rare  smooth 
brachiopods also. From the 1.5 m of strata below the ‘golden spike’ the 
following  graptoloid  graptolites  were  recorded:  Cyrtograptus  ellesae, 
Monograptus flemingii and Pristiograptus dubius; from above the boundary, 
the  graptoloids  Cyrtograptus  lundgreni,  Monograptus  flemingii and 
Pristiograptus dubius, and the dendroid graptolite Dendrograptus sp.
        Palynomorphs from Whitwell Coppice are discussed in an unpublished 
Ph.D. thesis (Swire 1991) which is available electronically (at the time of 
writing) at:
 etheses.nottingham.ac.uk/1267/1/334865.pdf"http://etheses.nottingham.ac.
uk/1267/1/334865.pdf.  Palynomorphs are described as  exceptionally  well 
preserved  and  abundance  is  high  (averaging  1051  palynomorphs/g). 
Palynological residues are dominated by acritarchs (averaging 1025/g), with 
acanthomorphs  dominating  the  diverse  assemblages.  Chitinozoans  were 
much less common (averaging 26/g), with scolecodonts described as ‘rare’.

Biostratigraphy
The graptolite  assemblages  recorded  from Whitwell  Coppice  are  of  low 
diversity. They include the stratigraphically long-ranging taxa Monograptus 
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flemingii and Pristiograptus dubius, both of which have ranges that extend 
well below and above the base of the Homerian. The key genus here from a 
biostratigraphical viewpoint is  Cyrtograptus; this is true through much of 
the Wenlock Series (up to the base of the  Gothograptus nassa  Biozone) 
globally.  The  base  of  the  Homerian  Stage  has  been  defined  as  being 
correlative with the base of the  Cyrtograptus lundgreni  Biozone (Holland, 

in Holland & Bassett 1989, p. 14).
   Zalasiewicz  &  Williams  (1999,  pp.  276-278)  discussed  the 
biostratigraphical significance of the two Whitwell Coppice Cyrtograptus 
species:  C. ellesae and C. lundgreni. In the Builth Wells district of Wales, 
Zalasiewicz & Williams (1999) found C. ellesae to occur not below the C. 
lundgreni  Biozone,  but  within  it  and  this  stratigraphical  relationship  is 
shown also  in  North  Wales  (Warren  1971;  see  Zalasiewicz  &  Williams 
1999, figure 12). Zalasiewicz & Williams (1999) also commented on the 
poor  fossil  record  of  identifiable  Cyrtograptus  specimens  in  the  type 
Wenlock area, stating that ‘this is insufficient to establish taxon ranges with 
any precision.’ Their conclusion was that the proposed correlation of the 
golden spike with the base of the C. lundgreni Biozone at the GSSP was ‘in 
some doubt’.
       A later paper (Williams & Zalasiewicz, 2004) presented a taxonomic 
revision of all Cyrtograptus species recorded from the Builth Wells district, 
with extensive discussion of type material, stratigraphical ranges, etc. The 
lectotype of  C. ellesae is stated as coming ‘probably’ from the  lundgreni 
Biozone, with all other material of the species confidently determined as 
from this biozone. In their earlier paper, Zalasiewicz & Williams (1999, p. 
275) noted that the type locality for  C. ellesae is a section in which ‘the 
superposition of collection horizons is difficult to determine.’ The last word 
has most definitely not been written, however, on Wenlock  Cyrtograptus 
taxonomy and I add here some observations made when refereeing the two 
Builth Wells papers referred to above.
       Williams & Zalasiewicz (2004, p. 237) stated that C. ellesae is easily 
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differentiated from C. lundgreni ‘by possessing only a single cladium.’ How 
then  is  their  text-figure  8E  identified  as  C.  lundgreni?  It  is  a  proximal 
fragment lacking cladia. Similarly, how are the specimens illustrated in their 
text-figure 6 identified unequivocally as C. ellesae? Could they simply not 
be proximal portions of C. lundgreni or specimens of C. lundgreni that died 
prior to growth of additional cladia. It is likely that specimens with different 
numbers of cladia would be orientated differently on the sea floor, hence 
causing the apparent differences in procladium morphology beyond cladium 
1. As it  stands,  there seems to  be little evidence that  C. ellesae and  C. 
lundgreni are  not  synonymous.  Their  very  similar  stratigraphical  ranges 
would also suggest that this is possible.
       We are thus confronted with a familiar problem facing all of those 
working  on  Silurian  strata  and  dependent  upon  precise  and  accurate 
biostratigraphy.  A  very  large  amount  of  fundamental  taxonomic  work 
remains to be undertaken, very few people are doing such work and the 
current  fixation  with  impact  factors  and  other  ‘measurables’ means  that 
most  trained  taxonomists  are  under  considerable  pressure  to  publish  on 
topics that are likely to be considered to be of more general interest, be 
more rapidly produced and have a wider range of high (for Earth Sciences) 
impact factor journals to which they can be submitted. If your work requires 
you  to  know  the  age  of  the  rocks  that  you’re  working  on  (this  is  not 
uncommon!), then consider how in your future project proposals you can 
incorporate some taxonomy and/or some biostratigraphy, so that the results 
that  are  obtained  and  conclusions  that  are  drawn  are  built  on  firm 
foundations.
        Swire (1991, figure 13b) provides a range chart for the palynomorphs 
through the Whitwell Coppice section. Seven chitinozoan taxa identifiable 
to  species  level  are  recorded:  Ancyrochitina  ancyrea,  A.  gutnica, 
Cingulochitina  cingulata,  Conochitina  argillophila,  C.  proboscifera,  C. 
tuba and  Margachitina  margaritana.  Of  these,  C.  cingulata is  the  most 
common.  With the exception of  C. tuba,  which was encountered in one 
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sample only, all species occur in samples from both above and below the 
‘golden spike’.
      All  of  the species recorded are moderately long-ranging; their  co-
occurrence  indicates  a  level  somewhere  in  the  middle  Sheinwoodian  to 
middle  Homerian  interval  (see  e.g.  Laufeld,  1974;  Verniers  et  al.  1995, 
figure  3)  which  unfortunately  does  not  help  much  in  defining 
biostratigraphically the base of the Homerian Stage at the GSSP.
      In conclusion it can be said that the level of the GSSP from both a 
graptolite  and chitinozoan biostratigraphical  perspective  is  uncertain,  but 
that data from both groups are consistent with it lying within, rather than at 
the base of the Cyrtograptus lundgreni Biozone.

Sequence stratigraphy
The  Cyrtograptus lundgreni  Zone was an interval of rising/high sea-level 
(Loydell 1998) and this is reflected in the Whitwell Coppice section in the 
fine-grained  lithologies  present,  macrofossil  groups  represented  and 
dominance of acanthomorphs in acritarch assemblages.

Bentonites
The bentonite  referred to above (in  the  Lithology and fossil  constituents  
section) has not been analysed.
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The GSSP for the base of the Wenlock Series, 
Hughley Brook

David K. Loydell

D. K. Loydell – School of Earth and Environmental Sciences, University of 
Portsmouth, Burnaby Road, Portsmouth PO1 3QL, UK; 
david.loydell@port.ac.uk

Age: Late Telychian to early Sheinwoodian

Lithostratigraphic units: Purple Shales Formation and Buildwas 
Formation

Locality: Section in banks of and adjacent to Hughley Brook, 200 m SE of 
Leasows Farm and 500 m NE of Hughley Church (SO 5688 9839) (Fig. 31). 
Strata  at  the  GSSP  are  generally  at  best  poorly  exposed  (the 
Llandovery/Wenlock boundary itself is not exposed) and thus the section 
can  only  be  studied  after  excavation,  which  must  be  conducted  after 
consultation  with  Natural  England  who  are  responsible  for  the  locality. 
From a site conservation and management perspective, this lack of exposure 
may be a good thing: it enables Natural England to monitor new work being 
undertaken on the section and prevents casual visits and potential damage to 
the limited exposure present. It does, however, mean that any visit to the 
GSSP needs to be planned many months in advance.
     The site was last excavated in 1998 at the request of David Loydell and 
Gary  Mullins,  then  also  at  the  University  of  Portsmouth.  According  to 
Natural England’s records, it has not been visited since. The intention of our 
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1998 visit  was  for  Gary to  collect  a  suite  of  samples  for  a  chitinozoan 
biostratigraphical study to complement that being undertaken at that time on 
the  graptolitic  Banwy  River  section  in  Wales  (Loydell  &  Cave,  1996; 
Mullins & Loydell, 2001), situated close to the edge of the shelf. Before this 
work  could  be  undertaken,  however,  Gary  left  for  Leicester  University, 
where he had access to John Mabillard’s collections; Mullins & Aldridge 
(2004) was the resultant publication.
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Figure 31. Location of GSSP for the base of the Wenlock Series at Hughley Brook 
(modified from Bassett et al.1975), Chitinozoan ranges and log from Mullins & 
Aldridge (2004).
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Lithology and fossil constituents
Bassett  et  al.  (1975,  p.13)  defined  nine  lithological  units  at  the  GSSP, 
labelled A to I. For consistency, use of this lettering scheme is maintained 
herein (Fig.  31).  Unit  E is  laterally impersistent  even within the limited 
extent of the excavated GSSP exposure.
       Bassett et al. (1975, p. 13) listed a diverse shelly macrofauna from the 
top 10 m of the Purple Shales, but did not indicate which species occur in 
the units A to F, only that brachiopods are ‘sporadic’ in Unit A. The lowest 
Sheinwoodian  at  Hughley  Brook  was  stated  to  contain  the  brachiopods 
Dicoelosia biloba, Leangella segmentum, Atrypa reticularis, Eoplectodonta 
duvalii, Cyrtia exporrecta, Atrypina barrandii, Eospirifer radiatus, Streptis  
grayii,  Isorthis  elegantulina,  Resserella  sabrinae,  Glassia  obovata, 
Dictyonella capewellii, Dalejina sp. and indeterminate rhynchonellids. Also 
recorded  were  uncommon trilobite  fragments,  common bryozoan  debris, 
small solitary corals and rare bivalves and gastropods.
       Mabillard & Aldridge (1985) discussed the distribution of microfossils 
at  the  GSSP,  describing  the  assemblages  as  ‘rich’.  Range  charts  are 
provided  for  acritarchs  (and  a  spore),  chitinozoans,  conodonts  and 
ostracodes.  Mullins  &  Aldridge  (2004)  subsequently  revised  the 
chitinozoans from the section; a revision of the conodonts is ongoing (Peep 
Männik, pers. comm.).

Biostratigraphy
Many criticisms of the choice of Hughley Brook as GSSP have centred on 
the fact that the base of the Wenlock was stated to correlate “with the base 
of the Cyrtograptus centrifugus graptolite Biozone” (Martinsson, Bassett & 
Holland 1981, p. 168). The GSSP lacks graptolites in both the upper Purple 
Shales Formation and Buildwas Formation (other than a few indeterminate 
fragments in palynological residues; Mullins & Aldridge 2004, p. 745) and 
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thus evidence for the stratigraphical level of the ‘golden spike’ in relation to 
the  graptolite  biozonal  scheme  was  lacking.  Subsequent  work  on 
chitinozoans and conodonts (summarized in Loydell 2008; see below for 
further details) has indicated that the ‘golden spike’ correlates with a higher 
stratigraphical level in the graptolite biozonation than the originally GSSP 
definition stated. For this reason, many recent papers have shown the base 
of the Wenlock Series as coincident with the base of or lying at  a level 
within the Cyrtograptus murchisoni Biozone.
       The key chitinozoan work on Hughley Brook is that of Mullins & 
Aldridge (2004) in which a biostratigraphy for the section (up to 1.211 m 
above the base of Bed G and thus of the Wenlock Series) is erected. The 
Purple Shales Formation yields very low diversity assemblages: only two 
species  and  three  genera  were  confidently  identified  and  these  were 
described as “not diagnostic of any chitinozoan biozone”. Only in Unit F, 
representing  the  top  15  cm  of  the  formation  are  there  diverse, 
biostratigraphically  useful  chitinozoan  assemblages.  These  indicate  the 
upper part of the Margachitina margaritana Biozone. The lowermost part of 
the Buildwas Formation was also assigned by Mullins & Aldridge (2004) to 
the upper Margachitina margaritana Biozone; and thus the ‘golden spike’ is 
at this biostratigraphical level. Just 256 mm above the base of the Wenlock 
Series  Cingulochitina  bouniensis has  its  FAD,  marking  the  base  of  the 
bouniensis Biozone. The top three samples studied by Mullins & Aldridge 
(2004) were assigned to the Salopochitina bella Biozone, the base of which 
is  825 mm above the base of the Wenlock Series.  The section is clearly 
condensed. Integrating the results of the Hughley Brook chitinozoan work 
with studies on the chitinozoans from graptolitic sections on the margins of 
the Welsh Basin (Verniers, 1999; Mullins & Loydell, 2001, 2002) enabled 
Mullins  &  Aldridge  (2004)  to  indicate  a  very  limited  potential 
stratigraphical range for the level of the ‘golden spike’ within the graptolite 
biozonation:  within  the  upper  Cyrtograptus  centrifugus  to  lower 
Cyrtograptus  murchisoni  Biozone  interval,  approximately  one  graptolite 
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biozone higher than in the original definition of the GSSP.
       As indicated above, work on revising the Hughley Brook conodonts is 
ongoing. Loydell (2008) stated that: “In the conodont biozonation, the base 
of  the  Wenlock  Series  lies  very  close  to  the  base  of  the  Upper 
Pseudooneotodus bicornis Biozone, equivalent to Ireviken Event Datum 2”, 
but  noted  that  this  was  not  immediately  apparent  from  examination  of 
Mabillard  and  Aldridge’s  (1985)  text-figure  6.  Jeppsson’s  (1997,  p.  95) 
comment, upon which Loydell’s (2008) statement was based, resulted from 
his  examination  of  the  Mabillard  and  Aldridge  collections  held  at  the 
University of Leicester. Peep Männik has also examined the Mabillard and 
Aldridge collections (and is engaged in further study of them). His view 
(pers.  comm.,  2  September  2005)  was  that  Datum 2  occurs  somewhere 
between Mabillard and Aldridge’s samples 36 and 39, i.e. between 125 mm 
below and 161 mm above the base of the Wenlock Series.

Sequence stratigraphy
Loydell’s (1998) eustatic sea-level  curve for the early Silurian showed a 
major fall in sea-level in the late Telychian (commencing mid Cyrtograptus 
lapworthi Zone). This major fall is supported by a considerable volume of 
evidence; and data published since 1998 (e.g.  Loydell  et  al.  2009) have 
provided further confirmation of major regression occurring at this time. In 
many places (e.g. the East Baltic, Spain) there is an unconformity at this 
level, with  Cyrtograptus murchisoni Biozone strata overlying those of the 
C.  lapworthi Biozone.  On the  mid/outer  shelf  and  slope  on  the  eastern 
margin  of  the  Welsh  Basin,  evidence  for  regression  is  in  the  form  of 
lithofacies changes. For example, in Buttington Quarry near Welshpool, the 
Buttington Shales Formation is overlain by the siltier Butterley Member (of 
the Trewern Brook Mudstones Formation) which contains rich assemblages 
of brachiopods, trilobites and other shelly taxa. It is quite possible that at 
Hughley Brook, a locality much closer to the shore than Buttington, there is, 
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as in so many sections worldwide, an unconformity within the section. This 
is  most  likely  to  be  below the  ‘golden  spike’,  within  the  Purple  Shales 
Formation.  Perhaps the ongoing conodont biostratigraphical  work on the 
section  will  provide  some  evidence  regarding  the  completeness  (or 
otherwise) of the Hughley Brook section.
       The latest Telychian and earliest Sheinwoodian witnessed a eustatic rise 
in  sea-level  and  many  localities  world-wide  possess  strata  yielding 
Cyrtograptus  murchisoni  Biozone graptolites.  In  parts  of  Wales,  e.g.  the 
Builth  Wells  area  (Zalasiewicz  &  Williams,  1999),  the  Cyrtograptus 
murchisoni Biozone is highly condensed. This is what one might expect at a 
time  of  high  sea-level,  when  influx  of  terrigenous  material  would  be 
reduced. This is in accord with the very thin chitinozoan biozones recorded 
from the  lower  Wenlock  strata  at  Hughley  Brook (Mullins  & Aldridge, 
2004).  Similarly,  the  highly  condensed  nature  of  the  Pterospathodus 
amorphognathoides  conodont  Biozone  at  Hughley  Brook  was  remarked 
upon by Mabillard & Aldridge (1985).
      In  conclusion,  it  cannot  be  excluded  that  there  is  a  significant 
unconformity in the Hughley Brook section. If present this would be within 
the  Purple  Shales  Formation.  The  condensed  nature  of  the  lower 
Sheinwoodian is entirely consistent with thicknesses of laterally equivalent 
stratigraphic units in graptolitic facies and with the high eustatic sea-levels 
recognised at this time.

Isotope stratigraphy
Unfortunately, in Gary Mullins’ move from Leicester to Llandudno, various 
field notes were lost in transit and these included those from Hughley Brook 
(G. Mullins, pers. comm.). Fortunately some, but not all, of the sample bags 
still had information on them (other than simply a sample number): of the 
15 samples originally collected in 1998, nine indicated the Bed (A, B, D or 
G)  from which they  were  collected.  Carbon isotope  analyses  have  been 
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undertaken and are presented here for the first time. Clearly it  would be 
desirable for a more detailed study to be undertaken in the future.
       The results presented here show much higher values for δ13Ccarb in the 

highest samples (from Bed G) than those from Beds A, B and D. It is likely 
that this is evidence for the widely recorded early Sheinwoodian positive 
carbon  isotope  excursion.  In  the  Banwy  River  section,  which  has  an 
integrated graptolite and chitinozoan biozonation (Loydell & Cave 1996; 
Mullins & Loydell 2001), the onset of the early Sheinwoodian excursion is 
within  the  uppermost  part  of  both  the  Cyrtograptus  murchisoni  and 
Margachitina margaritana biozones (Loydell & Frýda 2007; Cramer et al. 
2010).  In  the  Hughley  Brook  section  the  lowest  sample  (from  purple 
mudstone in Bed A) has a value of 1.53‰. The mudstones and siltstones of 
beds  B  and  D have  values  ranging  between  1.00  and  1.98‰,  with  the 
highest  value  from  Bed  D.  Beds  A–D  are  all  from  strata  lacking  a 
biostratigraphically  useful  chitinozoan  assemblage,  but  the  upper 
Margachitina margaritana Biozone has been recognised in Bed F, the base 
of which is only 80 mm above Bed D (Mullins & Aldridge 2004). The two 
samples from Bed G were collected with reference to the nodule band at the 
top of the bed. The sample from 0.80–0.85 m below the nodules (i.e. 1.15–
1.2 m above the base of Bed G) has a δ13Ccarb value of 2.66‰; that from 0–

0.05 m below the nodules a value of 2.91‰. Mullins & Aldridge’s (2004) 
highest chitinozoan sample is from 1.211 m above the base of Bed G, i.e. 
only 11 mm above the Bed G isotope sample with a value of 2.66‰. This 
was within the  Salopochitina bella Biozone. In the Banwy River section, 
the S. bella Biozone has the highest δ13Ccarb values in the lower part of the 

early Sheinwoodian excursion. The difference between lowest (1.00‰) and 
highest (2.91‰) δ13Ccarb values at Hughley Brook is similar to that recorded 

through  a  similar  stratigraphical  interval  in  the  Banwy  River  section 
(Cramer et al. 2010, figure 4) in which the onset of the early Sheinwoodian 
excursion is recorded. Unpublished carbon isotope records from the nearby 
Lower Hill Farm borehole identify a distinct positive excursion which peaks 
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within the middle of  the Buildwas Formation, at  224.7 m depth,  with a 
δ13Ccarb value of 3.774‰ (Schmidt, Corfield & Siveter pers comm. 2011). 
This peak occurs approximately 15 m above the base of the Wenlock Series.

Bentonites
A single bentonite, 10 mm thick, has been recorded from 2.84 m above the 
base of the Wenlock Series (Bassett et al.1975, p. 13). The clay mineralogy, 
trace element geochemistry and apatite REE geochemistry of this bentonite 
have been investigated by Thorogood (J. Thorogood, unpub. Ph.D. thesis, 
Univ. Wales, Aberystwyth, 2001). Clay minerals include illite, kaolinite and 
minor chlorite, while mixed layer illite/smectite, a characteristic component 
of many bentonites within the type Wenlock area, is absent. Trace element 
analysis  (Zr/TiO2 vs  Nb/Y)  of  the  <2  μm  clay  fraction  indicates  a 

rhyodacite/dacite source magma and compares favourably with the granitic 
source inferred from apatite REE analysis (La+Ce+Pr% vs La/Nd). Based 
upon these geochemical analyses, the Hughley Brook bentonite is typical of 
Wenlock bentonites  from across  the Midland Platform (Huff,  Morgan & 
Rundle, 1996; Ray 2007).
       Ross et al. (1982) provided a zircon fission-track age of 423±11 Ma for 
a bentonite ‘within the top 5 m of the Buildwas Formation’ from a locality 
c. 50 m east of the ‘golden spike’.
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The Ludlow Bone Bed and contiguous strata, 
Ludford Corner, Ludlow

Sarah J. Veevers & Alan T. Thomas

S. J. Veevers & A. T. Thomas – Earth Sciences (GEES), University of 
Birmingham, Birmingham, B15  2TT, UK; a.t.thomas@bham.ac.uk

Age: Late Ludlow to Pridoli

Lithostratigraphic units:  Upper Whitcliffe Formation, Downton Castle 
Sandstone  (Ludlow  Bone  Bed,  Platyschisma  Shale  and  Sandstone 
members).

Locality: Junction of Whitcliffe Road (= ‘Ludford Lane’) and B4361 road 
towards Leominster (SO 512 742); outcrops continue for more than 100 m 
along Whitcliffe Road (Figs 27 and 32a). This is the type locality for the 
Ludlow Bone Bed and Platyschisma Shale members of the Downton Castle 
Formation  (White  &  Lawson,  1989;  Bassett  et  al.  1982).  This  is  a 
designated  Site  of  Special  Scientific  Interest  and  hammering  is  strictly 
forbidden.
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Lithology and fossil constituents
The topmost part of the Upper Whitcliffe Formation is exposed at road level 
at Ludford Corner, and the uppermost metre or so of the unit can be seen 
nearby in Whitcliffe Road. A better, but vertical, section occurs in the car 
park of the Charlton Arms Hotel (SO 5121 7416),  immediately north of 
Ludford Corner. That section comprises interbedded calcareous siltstones 
and  very  fine-grained  sandstones  with  beds  up  to  200  mm  thick.  Bed 
thickness  varies,  and  some  beds  are  laterally  discontinuous.  Parallel 
lamination,  hummocky  cross  stratification  and  cross  stratification  are 
present in the sandier beds, and amalgamated bedding and shelly lenses are 
also seen. These lithologies are typical of the Upper Whitcliffe Formation. 
A 200 mm thick  bentonite  occurs  7.15 m below the  top of  the  unit.  A 
reasonably diverse marine invertebrate fauna occurs (Siveter  et  al.  1989, 
figure 30, pp. 40, 41), with the brachiopods Protochonetes and Salopina and 
the ostracode Calcaribeyrichia torosa characteristic.

Because of excessive collecting in the past, it is now unfortunately 
impossible to study the Ludlow Bone Bed Member  in situ at this locality. 
The Ludlow Bone Bed sensu stricto here is the oldest of at least five thin 
vertebrate sands that lie within laminated siltstones, and these collectively 
comprise  the  Ludlow  Bone  Bed  Member,  which  achieves  a  maximum 
thickness of 0.3 m (Fig. 32b).
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Figure 32. A, sketch map of  the area around Ludford Corner showing the position 
of the base of the Downton Castle Sandstone Formation (simplified from Siveter et 
al. 1989, figure 37, p. 45; based on data from Bassett et al., 1982). B, section in the 
lower part of the Downton Castle Sandstone Formation in Whitcliffe Road 
(=’Ludford Lane’). The base of the 0.3 m thick Ludlow Bone Bed Member occurs in 
the deep cleft next to the hammer; the overlying 2 m of section belong to the 
Platyschisma Shale Member.
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      The Platyschisma Shale Member is 2 m thick, and comprises mudstones 
and  siltstones  with  thin  horizons  of  bone  sand,  and  a  biota  including 
bivalves, gastropods, ostracodes, eurypterids and plant fragments (Bassett et 
al.  1982).  The  uppermost  member  of  the  Downton  Castle  Sandstone 
Formation is the Sandstone Member, comprising 15 m of yellow, micaceous 
well  sorted  sandstone.  Fossils  are  uncommon  but  include  brachiopods, 
molluscs,  ostracodes  and  plant  fragments.  Extensive  and  well-preserved 
hummocky cross stratification occurs (Smith & Ainsworth, 1989; Siveter et 
al. 1989), which is particularly well seen in the road section immediately 
south  of  Ludford  Corner  (SO  5121  7418;  Fig.  33).  Hummocky  cross 
stratification  is  not  strictly  environmental-specific,  but  rather  records  the 
interaction  of  oscillatory  and  unidirectional  currents  at  times  of  high 
sedimentation rate. Commonly, however, it is formed and preserved in shelf 
settings at depths between fair-weather and storm wave-base.

Figure 33. Hummocky cross stratification in the Sandstone Member of the Downton 
Castle Sandstone Formation, west side of B4361, immediately south of Ludford 
Corner (height of section shown approx. 0.75 m).
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       The sequence within which the Ludlow Bone Bed Member lies is 
clearly  regressive overall:  below lie  calcareous siltstones  and sandstones 
with  a  rather  limited  but  fully  marine  fauna that  form part  of  Watkins’ 
(1979) Protochonetes ludloviensis Association. Marine fossils occur in the 
Ludlow  Bone  Bed  Member  too,  but  fossils  typical  of  the  local  Upper 
Ludlow virtually disappear,  and the fauna of  the overlying Platyschisma 
Shale  Member  is  dominated  by  bivalves  and  gastropods  (Bassett  et  al. 
1982).  Those  authors  noted a conformable passage upwards through the 
Sandstone Member and into the Ledbury Formation, which marks the onset 
of Old Red Sandstone sedimentation. Most previous interpretations of the 
origin of the Ludlow Bed Member (for review see Miller, 1995) have relied 
implicitly on the regressive nature of this sequence, generally regarding the 
unit  as  representing  very  shallow  subtidal  or  intertidal  conditions. 
Characteristically however, marine bone-beds form during times of relative 
sea-level  rise,  resulting in  sediment  starvation and the  formation of  thin 
transgressive lags. Based on these considerations and data still unpublished, 
we  regard  the  Ludlow Bone  Bed  Member  as  representing  a  short-lived 
transgressive  pulse  within  the  generally  regressive  sequence,  an 
interpretation  consistent  with  the  occurrence  of  hummocky  cross 
stratification above it as well as below. The Member was interpreted in the 
same way by MacQuaker  et al. (1996), but without detailed discussion or 
evaluation.

Biostratigraphy
The total biota recorded from the Ludlow Bone Bed Member at the type 
locality is substantial, including thelodont and acanthodian scales, agnathan 
denticles and other ostracoderm fragments, eurypterids, aquatic scorpions, 
kampecarid  myriapods,  land  plants,  ostracodes,  conodonts,  scolecodonts, 
bivalves and lingulids (Bassett et al., 1982; Jeram et al. 1990; Aldridge et 
al.  2000).  Fossils  from the Platyschisma Shale Member include bivalves 
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and  gastropods  and  biostratigraphically  important  ostracode  species 
including Frostiella groenvalliana and Londinia fissurata.

This classic locality is historically important as the British section 
that was long taken to mark the level of the Silurian-Devonian boundary, 
and as that proposed as a possible basal stratotype section for the base of the 
fourth Silurian series (Bassett  et al.  1982). Based on a complex chain of 
correlation particularly involving ostracodes, the Ludlow Bone Bed horizon 
can  be  correlated  via  the  Baltic  states  into  the  Barrandian  and  North 
America (Siveter, 1978, 1989; Bassett et al. 1982; Siveter in Aldridge et al. 
2000).

Sequence stratigraphy
A  full  revision  of  the  sedimentology  and  sequence  stratigraphical 
significance  of  the  Ludlow Bone Bed Member  and  its  correlatives  is  in 
preparation  by  Veevers  &  Thomas.  Deposition  during  the  transgressive 
systems tract formed a condensed unit (the Ludlow Bone Bed Member) and 
the Platyschisma Shale Member. The overlying Downton Castle Sandstone 
Member formed during the highstand systems tract, prior to regression into 
the lower part of the Old Red Sandstone. The sea-level rise inferred is at 
least of basin-wide extent, and there are some indications that it could be 
eustatic.
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Panoramic views of Shropshire geology from 
viewpoint situated on top of an exhumed reef 
in the Much Wenlock Limestone Formation, 

Wenlock Edge

Alan T. Thomas

A. T. Thomas – Earth Sciences (GEES), University of Birmingham, 
Birmingham, B15 2TT, UK; a.t.thomas@bham.ac.uk  

Age: The reef top is of latest Homerian age. Strata seen to the west of the 
viewpoint range from late Precambrian to Wenlock. To the east, the 
succession spans the early Ludlow to Carboniferous.

Lithostratigraphic unit: Exhumed upper surface of a reef locally forming 
the top of the Much Wenlock Limestone Formation.

Locality: Outcrop adjacent to lay-by on NW side of B4371, about 5 km SW 
of Much Wenlock (SO 574 967), Wenlock Edge.

Lithology and fossil constituents
This  locality  is  situated  on  the  exhumed  top  of  one  of  the  coral-
stromatoporoid  reefs  which  are  a  notable  feature  of  the  Much  Wenlock 
Limestone Formation. The reef lithofacies and their biotas are better studied 
at other localities, such as Lea Quarry South. The purposes of this stop are 
to consider the distribution of the reefs in the Much Wenlock Limestone 
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Formation locally and to form an appreciation of the local Silurian geology 
in its regional context.

So far as reef distribution is concerned, the boundary between the 
reef  tract  to  the  northeast,  and  the  deeper  water  off-reef  tract  to  the 
southwest, occurs just south of the viewpoint (Scoffin, 1971; Ratcliffe & 
Thomas,  1999;  Ray  et  al.  2010).  In  the  approximately  1  km of  ground 
between Easthope (SO 576 953) and Hilltop (SO 568 962), reef abundance 
in vertical sections rises from zero to 80%, and then declines gradually to 
about  10% at  Benthall  Edge some 10 km to  the  northeast.  This  pattern 
suggests  the  presence  of  an  approximately  north–south  break  in  slope 
locally, favouring reef growth around Hilltop, with deeper water to the west 
and a more sheltered platformal setting to the east and northeast. Most of 
the  reefs  that  occur  towards  the  top  of  the  formation  show  an  abrupt 
widening, and reefs also become established just southwest of Hilltop, in 
what was formerly a non-reef, deeper-water setting. Erosional truncation of 
some reef tops occurs also (Scoffin, 1971). All these features are related to 
the marked regression associated with PS10 (Ray et al. 2010).

In  fair  weather,  this  vantage  point  offers  superb  views  of  the 
surrounding parts of Shropshire and allows the close relationship between 
topography and  the  local  geology to  be  appreciated  clearly.  The classic 
ridge-and-vale topography that develops over the Wenlock and Ludlow part 
of the sequence is especially notable. Immediately west of the viewpoint is 
the broad valley of Ape Dale, underlain by the Coalbrookdale Formation 
and  predominantly  shaly  Llandovery  formations  (Fig.  34a).  The  three 
prominent hills in the distance to the SE are situated just east of Church 
Stretton,  and  are  composed  of  the  late  Precambrian  Uriconian  Volcanic 
Group. The middle hill, with its conspicuous hill fort, is Caer Caradoc. To 
its left (south) is Ragleth Hill and The Lawley lies to the right (north). The 
prominent hill to the north of the viewpoint is the Wrekin (Fig. 34b): this is 
situated along the strike of the Church Stretton Fault, and is composed of 
Uriconian Volcanic Group also. Beyond Caer Caradoc and The Lawley, the 
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skyline is marked by a flat-topped hill called the Longmynd, composed of 
late  Precambrian  clastic  sedimentary  rocks  that  overlie  the  Uriconian 
Volcanic  Group.  An  attenuated  succession  of  Cambrian  and  Upper 
Ordovician sedimentary rocks occurs east of Caer Caradoc, and these rocks 
dip eastwards to underlie the Silurian in Ape Dale. The NE–SW-trending 
ridge of Hoar Edge, which flanks the eastern side of The Lawley, is formed 
of basal Upper Ordovician (Sandbian) sandstones and granulestones.
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Figure 34. A, view from viewpoint towards the southwest. Part of the wooded scarp 
of Wenlock Edge is to the left. Prominent hills on the skyline are composed of late 
Precambrian Uriconian Volcanic Group in the vicinity of Church Stretton. The low 

ground immediately below Wenlock Edge is Apedale. (Fig 34a © Andrew Jenkinson 
(Scenesetters)). B, view northwards across Apedale. The prominent hill is the 
Wrekin, underlain by mainly Precambrian (Uriconian) and Cambrian rocks, and 
positioned close to the northern exposed end of the Church Stretton Fault.

On the  eastern  side  of  the  viewpoint,  the  position  of  the  road 
approximates  to  the  contact  between the  Much Wenlock  Limestone  and 
Lower Elton formations (Fig. 35a, b). The low ground beyond is Hope Dale, 
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underlain  by  the  shaly  Elton  and  Lower  Bringewood  formations.  The 
prominent  scarp  in  the  middle  distance  is  formed  by  the  ‘Aymestry 
Limestone’ facies in the mid-Ludlow. Hidden beyond this scarp is a further 
area of low ground – Corve Dale – underlain by upper Ludlow siltstones 
and Old Red Sandstone facies Pridoli sedimentary rocks. Further east, Old 
Red Sandstone, of Devonian age, forms a dissected plateau dominated by 
the  hills  of  Brown  Clee  and  Titterstone  Clee,  which  are  capped  by 
Carboniferous sedimentary rocks with dolerite sills.

110



Figure 35. A, geological sketch section across the northern part of Wenlock Edge 
and adjacent areas showing the well developed ridge-and-vale topography (Siveter 
et al. 1989, fig 15, p.26, published with the permission of the National Museum of 
Wales). The viewpoint is situated on the summit of Wenlock Edge. B, view 
southeastwards from the viewpoint across Hope Dale. The feature in the middle 
distance is the one formed by the ‘Aymestry Limestone’. The skyline is formed by 
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Brown Clee hill. (Siveter et al. 1989, fig 20, p.31, published with the permission of 
the National Museum of Wales).

Biostratigraphy
As discussed in the account of Lea Quarry South, graptolites indicate that 
the base of the Lower Elton Formation on Wenlock Edge lies at or close to 
the base of the nilssoni Biozone.

Sequence stratigraphy
The significant shallowing that occurred towards the end of Much Wenlock 
Limestone deposition is reflected in reef morphology and in the widespread 
development of the high-energy crinoidal grainstone lithofacies. This was 
followed  by  significant  deepening  into  the  Lower  Elton  Formation 
(Johnson, 2006).
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Reef and inter-reef facies in the Much Wenlock 
Limestone Formation and overlying 

Lower Elton Formation, 
Lea Quarry South, Wenlock Edge

Alan T. Thomas, Carly Marshall & David C. Ray

A. T. Thomas & C. Marshall — Earth Sciences (GEES), University of 
Birmingham, Birmingham, B15  2TT, UK;  a.t.thomas@bham.ac.uk

D. C. Ray — Neftex Petroleum Consultants Ltd, Abingdon, England, OX14 
4RY, UK;  daveray01@yahoo.com

Age: Late Homerian to early Ludlow

Lithostratigraphic units: Much Wenlock Limestone Formation and Lower 
Elton Formation.

Locality: Lea Quarry South (SO 594 982), ~3 km SW of Much Wenlock, 
Shropshire.

113



Lithology and fossil constituents
Lea Quarry South exposes representative sections through the upper part of 
the Much Wenlock Limestone Formation (PS9–15; Fig. 37) in the reef tract 
(Scoffin, 1971; Bassett, 1989; Ray et al., 2010), and the basal 16 m of the 
Lower  Elton  Formation.  Gamma-ray  logs  and  borehole  records  are  also 
available and penetrate the full thickness of the Much Wenlock Limestone 
Formation (33 m) and underlying top few metres of  the Farley Member 
(Coalbrookdale Formation). The Much Wenlock Limestone Formation, as 
exposed, is notable for conspicuous reefs associated with a series of bedded 
lithofacies belonging to the nodular limestone, interbedded limestone and 
silty  mudstone,  and  crinoidal  grainstone  lithofacies  described  and 
interpreted  by  Ratcliffe  &  Thomas  (1999;  see  their  table  1,  p.  190  for 
equivalent lithofacies of Scoffin (1971) and Shergold & Bassett  (1970)). 
The  nodular  limestone  lithofacies  is  characterized  by  equidimensional 
nodules composed of carbonate mudstone or microspar of diagenetic origin, 
forming post-deposition but pre-compaction. More elongate nodules with 
fragmentary  bioclasts  probably  formed  by  the  lithification  of  originally 
lenticular bodies of sediment and by the biogenic disruption of shelly layers 
that  were  continuous  but  thin  at  the  time  of  deposition.  This  nodular 
lithofacies was deposited below or close to storm wave-base.  Fossils  are 
generally  rare,  but  occasional  Ketophyllum  and  Poleumita occur.  The 
interbedded limestone and silty mudstone lithofacies represents deposition 
between  storm  and  fair-weather  wave-base,  the  limestone  beds  being 
formed  during  storm events.  Fossils,  particularly  brachiopods,  are  more 
common in this lithofacies,  and are most easily collected from the shaly 
partings. Isorthis, Resserella, Dalejina, Leptaena, Amphistrophia, Gypidula, 
Meristina,  Homoeospira,  Striispirifer,  Rhynchotreta,  Sphaerirhynchia and 
Stegerhynchus all  occur.  Trilobites  are  rarer  but  include  Encrinurus, 
Proetus,  Warburgella,  Calymene and Dalmanites. The crinoidal grainstone 
lithofacies at the top of the Much Wenlock Limestone Formation formed 
under  high  energy  conditions  above  fair-weather  wave-base.  Crinoid 
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ossicles dominate the fauna, but fragmentary compound corals, bryozoans, 
stromatoporoids and brachiopods are found also.

Reefs  are  both  abundant  and  widespread  in  the  interbedded 
limestone and silty mudstone lithofacies of the Much Wenlock Limestone 
Formation, and they are particularly well developed in the northeastern half 
of Wenlock Edge. They are composed of irregular lenses of framestone and 
grainstone, separated by thin mudstone seams. Some such seams may be 
primary  depositional  features,  but  pressure  solution  was  a  significant 
process  in  reef  diagenesis.  Reef  growth  began  on  stable  surfaces  which 
lithified early (Ratcliffe & Thomas, 1999),  the reefs growing upwards to 
achieve elevations of at least 3 m above the surrounding sea floor (Scoffin, 
1971).  The  biota  of  the  reef-type  found on  Wenlock  Edge  (Ratcliffe  & 
Thomas,  1999)  is  dominated  by  corals,  stromatoporoids,  bryozoans  and 
crinoids, with a secondary microbial component.
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Figure 36. A, view eastwards over Lea South Quarry. B, a typical section (spanning 
PS 12, 13) in the nodular and interbedded limestone and silty mudstone lithofacies 
of the Much Wenlock Limestone Formation in the same quarry.

The boundary between the Much Wenlock Limestone and Lower 
Elton formations occurs above the last bedded limestones of the crinoidal 
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grainstone  lithofacies.  The  basal  10  m  of  the  Lower  Elton  Formation 
belongs to the limestone/siltstone lithofacies of Shergold & Bassett (1970) 
and  consist  of  a  succession  of  alternating  limestones  (mudstones  to 
grainstones) and silty mudstones. Corals, stromatoporoids and bryozoans, 
commonly in their growth position, may be observed alongside a fauna of 
totally Wenlock aspect (Shergold & Bassett,  1970). These beds gradually 
give  way  to  predominantly  olive-grey  calcareous  mudstones  and  silty 
mudstones containing a diverse shelly fauna of brachiopods, ostracodes and 
trilobites  (shelly  olive  mudstone  facies  of  Shergold  &  Bassett,  1970). 
Limestone beds are rare, but alongside prominent bentonite horizons, are 
useful as a means of local correlation.

Biostratigraphy
No age-diagnostic graptolites have been collected from the upper part of the 
Much Wenlock Limestone Formation.  However,  from a  section north of 
Much  Wenlock  (SJ  6302  0069),  White  (1974)  recorded  Monograptus 
uncinatus  orbatus 3-5  m  above  the  top  of  the  formation.  Additionally, 
Loydell & Fone (1998) recorded Colonograptus colonus from the lower 15 
m of the overlying Lower Elton Formation in nearby Shadwell Quarry (SJ 
625 010). These records indicate that the base of the Lower Elton Formation 
lies at or close to the base of the nilssoni Biozone (Bassett et al. 1975, also 
see discussion in Ray et al. 2010).

Sequence stratigraphy
By  combining  subsurface  records  with  exposures  at  Lea  South  Quarry 
parasequences  PS5-15  of  Ray  et  al.  (2010,  figure.  6;  Fig.  37)  can  be 
identified.  The  lower  half  of  the  Much  Wenlock  Limestone  Formation 

consists  of  weakly  progradational  parasequences  (PS6-9) with reefs  first 
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appearing  within  PS9.  Above,  PS10  is  strongly  progradational,  contains 
numerous reefs and a range of lithofacies representing environments from 
the lower limits of storm wave base to around fair-weather wave base. PS11 
consists mostly of crinoidal grainstones with a poorly developed flooding 
surface, reflecting a high energy environment close to the oceanward edge 
of the reef tract.  To the northeast  PS11 is distinctly retrogradational and 
associated with reefs and alternating beds of crinoidal grainstones and silty 
mudstones.  As  at  Ludlow  and  Dudley  the  base  of  the  Lower  Elton 
Formation is taken here at the base of PS12, above which is a significant 
deepening  (PS12-15)  (Highstand  6  of  Johnson,  2006).  The  sequence 
stratigraphic significance of this and other sea-level changes of about this 
age are now beginning to be explored in detail (e.g. Ray et al. 2010).
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Figure 37. Sedimentary and gamma logs through the uppermost Farley Member, 
Much Wenlock Limestone and Lower Elton formations (modified after part of Ray 
et al. 2010, figure 6) and accompanying δ13C curve.
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Isotope stratigraphy
δ13C values reach +3.78‰ in PS 9, and this correlates with the upper of the 
two peaks of the well-known Homerian carbon isotope positive excursion 
identified  in  the  Much  Wenlock  Limestone  Formation  at  Dudley  and 
elsewhere. Values decline steadily upwards, reaching +0.84‰ by the top of 
PS13 and the basal Lower Elton Formation.

Bentonites
Within  the  reef  tract  of  the  upper  Much Wenlock  Limestone  Formation 
bentonites are frequently laterally discontinuous and of limited use in local 
correlation. At nearby Coates Quarry bentonites are observed to drape the 
tops of reefs, and so have been considered responsible for terminating reef 
growth  (Siveter  et  al. 1989,  p.  28).  However,  in  some  instances  reef 
termination  and  bentonite  preservation  are  coincidental  with  a  flooding 
surface,  suggesting that  reef growth was terminated by relatively sudden 
deepening, which took the sea-floor below storm wave-base, a setting that 
favoured bentonite preservation. Enhanced bentonite preservation also takes 
place in sheltered areas, on the leeward-side of large reefs (Coates Quarry 
(SO 604 993) Harley Hill (SJ 609 004)). From these bentonite-rich sections 
geochemical  comparisons  (apatite  REE  analysis)  have  been  made  with 
bentonites from Wren’s Nest Hill, allowing for correlation over a distance 
of  approximately  40  km  (Ray  et  al. in  press).  At  Lea  South  Quarry 
bentonites  are  uncommon  within  the  upper  Much  Wenlock  Limestone 
Formation, reflecting a relatively high energy environment developed close 
to the oceanward edge of the reef tract. However, with the onset relative 
sea-level  rise  associated  with  deposition  of  the  Lower  Elton  Formation, 
multiple thick bentonites (4 to 14 cm thick) are preserved. No analysis of 
these bentonites has yet taken place, but collections from Wenlock Edge, 
Dudley,  Ludlow and Malvern indicate widespread bentonite  preservation 
during this interval.
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The Much Wenlock Limestone Formation: 
The Nature Conservancy Council Cutting, 

Wren's Nest Hill, Dudley
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A. T. Thomas & C. Marshall — Earth Sciences (GEES), University of 
Birmingham, Birmingham, B15 2TT, UK;  a.t.thomas@bham.ac.uk

Age: Mid to Late Homerian

Lithostratigraphic units:uppermost Coalbrookdale and the Much Wenlock 
Limestone  formations  (Lower  Quarried  Limestone  and  Nodular  Beds 
members).

Locality: Nature Conservancy Council Cutting, eastern side of Wren’s Nest 
Hill,  Dudley;  immediately  to  the  south  of  Wrens  Hill  Road,  (SO 9382 
9215).  An  east-west  trending  trench  intersecting  north-south  running 
quarries within the Lower Quarried Limestone and Nodular Beds members 
(Fig. 38).
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Figure 38. Geological map of Wren’s Nest Hill, Dudley, identifying 
lithostratigraphic units and key sections (reproduced with permission from 
Palaeontology, Ray & Thomas, 2007, Text-figure 1).
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Lithology and fossil constituents
The Nature Conservancy Council (NCC) Cutting, created in 1977, allows 
for the examination of a continuous section encompassing the uppermost 
Coalbrookdale Formation, Lower Quarried Limestone Member (exposed in 
a trench formed by quarrying the Lower Quarried Limestone Member), and 
most of the Nodular Beds Member (Cutler et al. 1990).

The  uppermost  Coalbrookdale  Formation  exposed  in  the  north-
western corner of the trench (just visible beside the steps) consists of silty 
mudstones  and  occasional  limestone  nodules  containing  a  brachiopod-
dominated  fauna  (Amphistrophia,  Atrypa,  Dolerorthis,  Eoplectodonta,  
Eospirifer, Howellella, Leptaena, Resserella), alongside bryozoans, crinoids 
(e.g.  Periechocrinites),  solitary  rugose  corals  and  trilobites  (Calymene, 
Ananaspis?, Dalmanites, Encrinurus).

The Lower Quarried Limestone Member sensu stricto is restricted 
to  the  West  Midlands,  while  equivalent  mid-Homerian  shallow-water 
limestones occur across the interior of the Midland Platform (May Hill and 
Malverns, and at depth below Codsall and Collington). The Lower Quarried 
Limestone  Member  ranges  between  9.8  m  and  16.2  m  in  thickness.  It 
consists primarily of thickly bedded (4-30 cm) oncoid-bearing wackestones 
and  packstones  containing  an  impoverished  brachiopod  fauna  (Atrypa, 
Rhynchotreta)  and  carbonate  mudstone  reef-mounds  of  microbial  origin 
(Girvanella,  Rothpletzella,  Wetheredella),  with  a  secondary  contribution 
from  corals,  stromatoporoids,  bryozoans  and  crinoids  (Ratcliffe,  1988; 
Ratcliffe  & Thomas, 1999; Ray & Thomas, 2007).  Towards the top and 
bottom of the member are silty mudstones, skeletal packstones, crinoidal 
grainstones and reefs dominated by corals, stromatoporoids, bryozoans and 
crinoids.  Analysis  of  oncoid  morphology  revealed  considerable  vertical 
variation and has been used as a means of correlation. Broadly there is a 
vertical transition from large (< 70 mm) highly irregular oncoids below, to 
small (5-10 mm) subspherical forms above, indicating an overall increase in 
depositional energy brought about by a reduction in water depth; this pattern 
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exists  across  the  region  (Ratcliffe,  1988).  Within  the  upper  half  of  the 
member this reduction in water depth is reflected in the thinning or localized 
absence of marker bands such as the stromatoporoid beds (Butler, 1939) and 
an  interval  containing  the  trilobite  Trimerus  delphinocephalus  (Ray  & 
Thomas,  2007).  Carbonate  production  was  terminated  by  a  significant 
flooding event,  leading to the  deposition  of  the  overlying  Nodular  Beds 
Member.

Approximately 23 m of the Nodular Beds Member are contained 
within the NCC Cutting, from a total thickness of 27.8-31.0 m. It comprises 
silty  mudstones  and  nodular  limestones  (mudstone  to  wackestones)  that 
pass  upwards  into  bedded  limestones  (mudstones  to  grainstones) 
interbedded  with  silty  mudstones.  The  proportion  and  articulation  of 
skeletal material within the limestone beds varies greatly from a relatively 
high  proportion  of  articulated  material,  typically  brachiopods,  to  total 
disarticulation, and from beds dominated by skeletal material to a complete 
absence of skeletal winnowed debris. Within the stratigraphically lower half 
of the NCC Cutting – the deeper-water part of the sequence – body fossils 
are  rare,  predominantly  disarticulated,  and  consist  of  occasional 
brachiopods  (Atrypa,  Leptaena),  fragmentary  bryozoans,  trilobites,  and 
solitary rugose and favositid corals. Above faunas include the flat-shelled 
brachiopods  Amphistrophia,  Leptaena and  Strophonella,  the  trilobites 
Acaste,  Calymene,  Dalmanites,  Proetus and  Warburgella,  bivalves, 
bryozoans, crinoids and tentaculitids, alongside reefs.

Biostratigraphy
On the basis of a specimen of Monograptus flemingii collected 2.4 m above 
the base of the Lower Quarried Limestone Member (Butler, 1939) an age of 
no younger than lundgreni Zone has been inferred (Bassett, 1974; Aldridge 
et  al.  2000)  for  that  part  of  the  sequence.  No  graptoloids  have  been 
recovered from the remainder of the Much Wenlock Limestone Formation 
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locally. However, based upon the correlation of carbon isotope excursions 
(Corfield et al. 1992; Marshall  et al. 2009), marker parasequences (Ray et 
al.2010) and bentonites (Ray et al. in press) the youngest strata, exposed at 
the eastern end of the NCC cutting, most likely correspond to the ludensis 
Biozone.

Sequence Stratigraphy
The NCC Cutting and the nearby Quarry Trench section (Mon’s Hill) allow 
access to the majority of the Much Wenlock Limestone Formation and its 
contact  with  the  respectively  under-  and  overlying  Coalbrookdale  and 
Lower  Elton  formations  (Fig.  39).  Twelve  regionally  traceable 
parasequences  (PS1-12)  can  be  observed  within  these  sections  (NCC 
Cutting PS1-10) and are representative of a single third-order cycle of sea 
level  change.  This  cycle  is  punctuated  by  a  higher-order  glacioeustatic 
regressive–transgressive episode,  allowing the Much Wenlock Limestone 
Formation to be divided into two subsequences (A and B). Subsequence A 
and the early transgressive systems tract began with regression associated 
with the sequence boundary and the base of the Lower Quarried Limestone 
Member (late  lundgreni  Biozone). This was followed by a period of slow 
transgression  or  stillstand,  allowing  shallower  water  carbonate 
environments  to  prograde.  A minor  phase  of  regression  then  followed, 
resulting in the generation of the shallowest water deposits of the Lower 
Quarried  Limestone  Member  and  submarine  erosion,  resulting  in  the 
localized absence of marker bands such as the stromatoporoid beds (Butler, 
1939)  and  Trimerus  bed (Ray  &  Thomas,  2007).  The  overlying 
Subsequence B and the late transgressive systems tract represent at the very 
least a 10-20 m increase in water depth into the Nodular Beds Member and, 
along with the maximum flooding surface, this is probably contained within 
the nassa Biozone. The rest of Subsequence B consists of an initial phase of 
weak  progradation  (highstand  systems  tract),  followed  by  a  marked 
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regression  (falling  stage  systems  tract/PS10)  culminating  in  an  erosive 
upper sequence boundary at or close to the top of the ludensis Biozone, but 
within  the  uppermost  Much  Wenlock  Limestone  Formation.  Above 
Subsequence  B  (Upper  Quarried  Limestone  Member)  is  a  marked 
transgression into the Lower Elton Formation and the Ludlow Series.
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Figure 39. The sequence and lithostratigraphy of the Much Wenlock Limestone 
Formation, Mons Hill/Wren’s Nest Hill, Dudley and the carbon isotope record from 
the NCC cutting (modified from Ray et al. 2010, figure 2). a). Subsequences (4th 

order) developed across the West Midlands. b). Within the Much Wenlock 
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Limestone Formation of the West Midlands are the following systems tracts and 
their bounding surfaces: SB/TS – sequence boundary and combined transgressive 
surface; ETST – early transgressive systems tract; SMSS – surface of maximum 
sediment starvation; LTST – late transgressive systems tract; MFS – maximum 
flooding surface; HST – highstand systems tract; SFR – surface of forced regression; 
FSST – falling stage systems tract. c). The lithostratigraphy of the Homerian and 
earliest Gorstian stages of the West Midlands; CF = Coalbrookdale Formation; LEF 
= Lower Elton Formation. d). Bentonite distribution reported from the Dudley area: 
continuous lines = prominent bentonites; broken lines = laterally discontinuous 
bentonites. e). Lithology column for Mons Hill/Wren’s Nest Hill. f). Parasequences 
identifiable across the West Midlands.

Isotope stratigraphy
Two positive carbon isotope excursions are reported from the Mons Hill-
Wren’s Nest Hill inlier (Corfield et al. 1992; Marshall et al. 2009) and are 
representative  of  the  Homerian  excursions.  The  lower  of  the  excursions 
begins at the boundary with the Coalbrookdale Formation and peaks within 
the upper half of the Lower Quarried Limestone Member (δ13C V-PDB 5.5 
‰). δ13C values then decrease rapidly into the Nodular Beds Member where 
they reach minimum values  (δ13C V-PDB 0.5 ‰) by the  middle  of  the 
member. δ13C values rise rapidly into the upper half of the Nodular Beds 
Member with the onset of the highest values (δ13C V-PDB 4.0 ‰) recorded 
from the eastern end of the NCC Cutting.

Bentonites
Bentonites  are  a  common feature  of  the  NCC Cutting  and the  Wenlock 
Series  of  the  Midland  Platform.  The  Lower  Quarried  Limestone  and 
Nodular  Beds  members  contain  twelve  prominent  (4–20  cm)  bentonite 
horizons that  are traceable via resistivity  responses  within wire-line logs 
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and/or  core  records  northeast  to  the  town  of  Walsall,  a  distance  of 
approximately 13 km (Ray et al. 2010). The clay minerals contained within 
these bentonites include mixed layer illite/smectite, discrete illite, kaolinite 
and  chlorite.  Volcanogenic  crystals  are  also  present  and  include  apatite, 
biotite, muscovite and quartz, as well as magnetite and garnet xenocrysts. 
These crystals typically range in length from 0.5 mm to 1.0 mm, indicating 
a likely transportation distance of between 25 and 50 km, although an upper 
limit of 300 km is possible. Analysis of rare earth elements contained within 
apatite crystals indicates that the majority of bentonites originated from a 
granodiorite  magmatic  source,  while  WNH7  has  a  chemistry  more 
indicative of gabbroic magmatic sources (Ray  et al. in press). In addition 
the  rare  earth  element  geochemistry  of  apatite  grains  within  bentonites 
WNH7 allows for correlation with a bentonite at Whitman’s Hill Quarry, 
north Malvern, a distance of 48 km.
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Latest Homerian obrution deposits: 
Upper Quarried Limestone Member, 

Quarry Trench, Mons Hill, Dudley

David C. Ray, Alan T. Thomas & Carly Marshall
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Age: Latest Homerian to earliest Ludlow

Lithostratigraphic units: Upper Quarried Limestone Member of the Much 
Wenlock Limestone Formation, and Lower Elton Formation.

Locality: Quarry  trench  (Snake  Pit  Quarry),  eastern  side  of  Mons  Hill, 
Dudley. A small disused quarry 60 m north of Wrens Hill Road, (SO 9385 
9230) (Figs 39, 40 and 41).
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Lithology and fossil constituents
On the eastern side of the Mons Hill-Wren’s Nest Hill pericline is a trench 
excavated  within  the  pure  limestones  of  the  Upper  Quarried  Limestone 
Member. The oldest strata are exposed on the western wall and belong to 
the uppermost Nodular Beds Member (0.8 m), above which is the entirety 
of the Upper Quarried Limestone Member (9.7 m) and the lowest beds (1.6 
m) of the Lower Elton Formation (Fig. 40). The uppermost Nodular Beds 
and  Upper  Quarried  Limestone  members  consist  of  massive  crinoidal 
grainstones  and  thinner  bedded  limestones  (carbonate  mudstone  to 
grainstone)  interbedded  with  silty  mudstones.  The  thinner  bedded 
limestones are characterized by a sparse fauna that includes small dome-
shaped  stromatoporoids,  corals  (Favosites,  Halysites,  Syringopora  and 
Thamnopora),  bryozoan  colonies  and  a  low  diversity  assemblage  of 
brachiopods  (Anastrophia,  Atrypa,  Eospirifer,  Homoeospira,  Leptaena, 
Microsphaeridiorhynchus,  Resserella  and Rhynchotreta) and  trilobites 
(Acaste,  Calymene,  Dalmanites and  Warburgella).  A  high-diversity 
echinoderm assemblage consisting of asterozoans (Lepidactis wenlocki and 
Lepidasterella),  articulated  crinoids  (Botryocrinus,  Carpocrinus, 
Crotalocrinus,  Dimerocrinites,  Enallocrinus,  Eucalyptocrinites, 
Gissocrinus,  Mariacrinus,  Marsupiocrinus,  Melocrinites,  Periechocrinites, 
Protaxocrinus,  Sagenocrinites and  Taxocrinus) and cystoids (Apiocystites, 
Glansicystis,  Lepadocrinus,  Pseudocrinus and  Staurocystites) is preserved 
alongside the more common faunal constituents within occasional obrution 
deposits (Watkins & Hurst, 1977; Ray & Thomas, 2007). The uppermost 
Upper Quarried Limestone Member (formerly the Passage Beds of Butler, 
1939)  is  marked  by  a  transition  from  massive  crinoidal  grainstones, 
containing  corals  and  stromatoporoids,  into  silty  mudstones  interbedded 
with limestone nodules and bands, which in turn give way to grey-green 
silty mudstones and bentonites of the Lower Elton Formation (basal Ludlow 
Series).  Brachiopods are locally abundant within this transitional interval 
and  include  Amphistrophia,  Atrypa,  Eospirifer,  Leptaena,  Meristina  and 
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Strophonella (Cutler et al. 1990).

Figure 40. Quarry trench, Mons Hill, exposing the uppermost Nodular Beds 
Member (right-hand quarry wall), Upper Quarried Limestone Member (centre) and 
basal Lower Elton Formation (left).

Biostratigraphy
Graptolites are reported from unknown horizons within the Lower Elton 
Formation  of  Dudley,  probably  the  lower  10  m  seen  in  outcrop.  They 
include Saetograptus cf. varians, S. colonus, S. chimaera and Monograptus 
uncinatus (Bassett,  1976;  Aldridge  et  al.  2000)  suggesting  a  nilssoni to 
scanicus Zone age.
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Sequence Stratigraphy
Prominent  ripple-bedded  crinoidal  grainstones  within  the  lowest  Upper 
Quarried  Limestone  Member  mark  the  top  of  a  regionally  traceable 
parasequence  and  sequence  boundary  (PS10  of  Ray  et  al.  2010).  The 
overlying  parasequence  (PS11)  makes  up  the  majority  of  the  Upper 
Quarried  Limestone  Member  and,  although developed  within  the  quarry 
trench as massive crinoidal grainstone shoals, regionally marks the onset of 
transgression into the Ludlow Series and Lower Elton Formation.

Isotope stratigraphy
Two positive carbon isotope excursions are reported from Mons Hill-Wren’s 
Nest  Hill  inlier  (Corfield  et  al.  1992;  Marshall  et  al.  2009)  and  are 
representative  of  the  Homerian  excursions.  The  quarry  trench  section 
contains the declining limb of the upper of the Homerian excursions, with 
peak δ13C V-PDB values of 3 ‰ in the uppermost Nodular Beds Member 
declining to normal values high in the Upper Quarried Limestone Member.
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Figure 41. Stratigraphic log and isotope record for the quarry trench. SM – silty 
mudstone; M – mudstone (carbonate); W – wackestones; P – packstone; G – 
grainstone.
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Bentonites
There are two prominent bentonites preserved within the transition between 
the Upper Quarried Limestone Member and Lower Elton Formation (Figs 
39 and 41, WNH15 and WNH16). The clay minerals contained within these 
bentonites include mixed layer illite/smectite, discrete illite and kaolinite, 
with chlorite additionally present within WNH16. Volcanogenic crystals are 
also present and include apatite, biotite and quartz, which typically range in 
length from 0.5 mm to 1.0 mm, indicating a probable transportation distance 
of between 25 and 50 km, though an upper limit of 300 km is possible. 
Analysis of rare earth elements contained within apatite crystals indicates 
that both bentonites originated from a granodiorite magmatic source (Ray et 
al. in press). Zircons extracted from WNH15 (Lion’s Mouth Cavern, Wren’s 
Nest Hill) provide a date of 427.8 ±0.3 million years (pers. comm. Worton, 
2011) for the Wenlock-Ludlow boundary.
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The Reef Knoll and Ripple Beds: Much 
Wenlock Limestone Formation, 

Wren’s Nest Hill, Dudley

David Ray & Alan Thomas

D. C. Ray — Neftex Petroleum Consultants Ltd., Abingdon, England, 
OX14 4RY, UK;  daveray01@yahoo.com

A. T. Thomas — Earth Sciences (GEES), University of Birmingham, 
Birmingham, B15 2TT, UK;  a.t.thomas@bham.ac.uk

Age: Mid to Late Homerian

Lithostratigraphic units: Much Wenlock Limestone Formation (Nodular 
Beds and Upper Quarried Limestone members).

Locality: The reef knoll, its associated quarry and the ripple beds, are the 
most striking features on the western side of Wren’s Nest Hill, Dudley and 
can be seen from much of the surrounding area (Fig. 42). The Reef Knoll 
Quarry can be accessed along a well marked track that runs approximately 
300 m to the south from Wrens Hill Road (SO 9355 9200), while the ripple 
beds can be observed from a viewing platform some 50 m further south 
(Figs 38 and 42).
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Figure 42. The reef knoll, viewed from the cliff face above the ripple beds.

Lithology and faunal constituents
In total, the area around reef knoll, its associated quarry and the ripple beds 
exposes  the  uppermost  Coalbrookdale  Formation,  the  Lower  Quarried 
Limestone, Nodular Beds and lowest Upper Quarried Limestone members. 
However, only the upper Nodular Beds, with its associated reefs, and lowest 
Upper Quarried Limestone,  exposed as  a  series  of  large steeply dipping 
bedding planes (the ripple beds), are easily accessible and form the focus of 
attention here.

The framestones of the reef knoll are established on grainstone and 
packstone  hard/firm-grounds  and  extend  upwards  into  thin  (2-6  cm) 
wackestone  and  packstone  beds  separated  by  silty  mudstones  and  five 
prominent bentonites. Above the reefs are carbonate mudstones with silty 
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mudstones of equal thickness. These are overlain in turn by wackestones, 
packstones  and  grainstones,  culminating  in  the  thickly  bedded  crinoidal 
grainstones  of  the  Upper  Quarried  Limestone  Member.  The  reefs  are 
composed of a framework of corals and stromatoporoids, dominated by the 
coral Halysites within the basal third and overlain by a more diverse coral 
fauna  including  Favosites,  Heliolites,  Syringopora,  Thamnopora and 
Thecia.  The surfaces of the reefs  commonly display evidence of  crinoid 
attachment, and crinoidal grainstones occur as pockets and lenses within the 
framestones. Reef-flanking sedimentary rocks contain a diverse assemblage 
characterized  by  flat-shelled  brachiopods  (Amphistrophia,  Leptaena, 
Strophonella),  ramose  and  fenestrate  bryozoans,  disarticulated  crinoids 
(Crotalocrinites, Gissocrinus, Herpetocrinus, Sagenocrinites, Temnocrinus), 
trilobites  and tentaculitids.  Trace fossils  are common, particularly within 
carbonate mudstone beds,  and include  Diplocraterion and  Thalassinoides 
traces, and rare Oikobesalon citrimorion burrows (Thomas & Smith, 1998). 
By far the highest  diversity of trilobites is  associated with the reefs and 
inter-reef  sedimentary  rocks;  Acaste,  Balizoma, Calymene,  Cybantyx, 
Dalmanites, Encrinurus, Proetus and  Warburgella  are  common  trilobite 
genera, while rare odontopleurids (Acidaspis,  Ceratocephala,  Dudleyaspis) 
and lichids (Acanthopyge, Platylichas, Dicranopeltis, Richterarges) are also 
recorded from this  interval.  The carbonate mudstone and silty  mudstone 
interval that succeeds, and presumably smothered the reefs, is characterized 
by an exquisitely preserved low-diversity low-abundance fauna including 
the  trilobite  Cyphaspis  and  the  soft-substrate  specialist  crinoid 
Clematocrinus retiarius (Ray & Thomas, 2007).

The  extensive  bedding  planes  of  the  ripple  beds  represent  the 
lowest Upper Quarried Limestone Member and contain excellent examples 
of  bifurcating  symmetrical  mega-ripples  and  smaller  interference  ripple 
marks, indicating deposition well within storm wave-base. A low diversity 
low abundance fauna is reported from these beds, consisting of brachiopods 
(Atrypa dominated),  ramose  and  fenestrate  bryozoans,  disarticulated 
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crinoids  and  trilobites.  Rare  articulated  crinoids  (Carpocrinus, 
Dimerocrinites,  Gissocrinus,  Periechocrinites), cystoids (Glansicystis)  and 
trilobites (Calymene,  Warburgella) do occur,  but  tend to be preserved in 
isolated pockets beneath thin silty mudstone beds in troughs between the 
mega-ripples.

Biostratigraphy
No graptoloids  have  been  recovered  from the  Nodular  Beds  and  Upper 
Quarried Limestone members of the Much Wenlock Limestone Formation. 
However, based upon the correlation of carbon isotope excursions (Corfield 
et  al.  1992;  Marshall  et  al.  2009),  bentonites  (Ray  et  al.  in  press)  and 
marker parasequences, the succession from the base of the reef knoll to the 
Ripple Beds corresponds to parasequence PS10 (Ray  et al.2010) and the 
ludensis Biozone, as observed along Wenlock Edge, Shropshire.

Sequence Stratigraphy
The strata between the hardground overlain by reefs (the reef knoll) and the 
ripple beds are representative of parasequence PS10; a regionally traceable 
parasequence  (observed  from  Dudley,  Ludlow,  Malverns,  Walsall  and 
Wenlock Edge). PS10 is clearly identifiable across much of the Midland 
Platform as it is by far the thickest of the parasequences, ranging from 9.2 m 
in the West Midlands to 13.5 m in the off-reef tract at Wenlock Edge; this is 
about 25% thicker than the next-thickest parasequence studied within any 
given section. Furthermore, PS10 is the most strongly progradational of the 
parasequences, with a range of lithofacies representing environments from 
the lower limits of storm wave-base to around fair-weather wave-base (Ray 
et al. 2010). At Wren’s Nest Hill this fall in relative sea level begins above a 
widely  traceable  hardground  and  bentonite  (WNH10).  Skeletal 
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wackestones,  packstones  and  silty  mudstone  beds  are  associated  with 
widespread reef development both within the West Midlands and the reef 
tract  at Wenlock Edge. The overlying buff carbonate mudstone and silty 
mudstone beds mark a major influx of terrigenous sediment into the Dudley 
area,  terminating  reef  development.  This  influx  probably  represents  the 
seaward  progradation  of  deltas  around  a  nearby  landmass.  Continued 
shallowing above the buff carbonate mudstone and silty mudstone beds is 
represented  by  an  increase  in  sediment  grain  size  and  the  flushing  of 
terrigenous sediments into deeper waters, culminating in the development of 
the  winnowed  crinoidal  grainstone  beds  of  the  basal  Upper  Quarried 
Limestone Member.

Isotope stratigraphy
Two  positive  carbon  isotope  excursions  are  reported  from  the  Much 
Wenlock Limestone Formation of  the  Mons Hill-Wren’s  Nest  Hill  inlier 
(Corfield  et al.  1992; Marshall  et al.  2009) and are representative of the 
Homerian excursions. The succession from the base of the reef knoll to the 
ripple beds corresponds to the upper of the excursions with values starting 
around 2.0 ‰ (δ13C V-PDB), peaking around 4.0 ‰ within the carbonate 
mudstones  and silty  mudstone  that  overlie  the  reefs,  before declining to 
around 2.0 ‰ within the Ripple Beds.

Bentonites
The reef knoll and the southern reef knoll quarry wall, behind the ripple 
beds, allow five prominent bentonites to be observed (WHN10 to WHN14). 
The oldest and thickest (10-12 cm) of these bentonites (WHN10) infills the 
relief (5 cm) developed on a prominent hardground that marks the base of 
parasequence PS10 (Ray et al. 2010). WNH10 and the next three prominent 
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bentonites are traceable via resistivity responses within wire-line logs and or 
core records northeast to the town of Walsall; a distance of approximately 
13  km  (Ray  et  al. 2010).  The  clay  minerals  contained  within  these 
bentonites include mixed layer illite/smectite, discrete illite, kaolinite and 
chlorite. Volcanogenic crystals are also present and include apatite, biotite, 
muscovite and quartz, as well as magnetite and garnet xenocrysts. These 
crystals  typically  range in  length from 0.5  mm to  1.0  mm, indicating a 
transportation distance probably between 25 and 50 km, though an upper 
limit of 300 km is possible. Analysis of rare earth elements contained within 
apatite crystals indicates that the bentonites originated from a granodiorite 
magmatic source (Ray et al. in press). In addition the REE geochemistry of 
apatite  grains  within  bentonite  WNH13  allows  for  correlation  with 
bentonites  from  Harley  Hill  (WE2)  and  Coates  Quarry  (WE6)  along 
Wenlock Edge; distances of 34 km and 35 km respectively. Furthermore, 
WHN10 probably correlates with another prominent bentonite developed 
above a hardground at the base of PS10 at Harley Hill, Wenlock Edge.
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The Seven Sisters Mine entrances, 
Much Wenlock Limestone Formation, 

Wren's Nest Hill, Dudley

Graham J. Worton & David C. Ray

G. J. Worton — Dudley Museum & Art Gallery, St James Road, Dudley, 
England, DY1 1HU, UK;  graham.worton@dudley.gov.uk

D. C. Ray — Neftex Petroleum Consultants Ltd., Abingdon, England, 
OX14 4RY, UK;  daveray01@yahoo.com

Age: Mid Homerian

Lithostratigraphic  Units:  Much  Wenlock  Limestone  Formation  (Lower 
Quarried Limestone and lower Nodular Beds members).

Locality:  South  western  area  of  Wren’s  Nest  National  Nature  Reserve, 
immediately adjacent to the playing fields in the centre of the hill (SO 9370 
9175) (Fig. 38).
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Lithology and fossil constituents
The  remaining  five  exposed  limestone  pillars  at  the  sides  of  the  Seven 
Sisters Mine entrances present the best examples of the Lower Quarried 
Limestone Member currently visible at Wren’s Nest Hill (Figs 43 and 44). 
The oldest strata seen are approximately 3 m above the base of the Lower 
Quarried Limestone Member, which is  c. 11 m thick at this locality. The 
pillars expose oncoid bearing carbonate mudstones and wackestones, with 
packstones  and  crinoidal  grainstones  developed  towards  the  top  of  the 
member.  A 3  m  thick  reef  consisting  of  pure  carbonate  mudstones  of 
microbial origin, with secondary contributions from corals, stromatoporoids 
and crinoids (Ratcliffe & Thomas, 1999) is exposed in two of the central 
pillars. Such reefs are typically developed on lenses of crinoidal grainstone 
and sketetal packstones which presumably represented hard-substrates upon 
which  the  reefs  developed.  Comparisons  with  similar  reefs  at  May Hill 
(Hobb’s Ridge Quarry,  SO 695 195) suggested that they were low relief 
features, rising less than 0.5 m above the sea floor (Ratcliffe & Thomas, 
1999).  Above  are  approximately  12  m  of  the  Nodular  Beds  Member 
consisting of nodular limestones and silty mudstone beds.

The mines here were abandoned in 1927 and since that time a slow, 
inevitable  deterioration  has  occurred  which  culminated  in  a  large  roof 
collapse  in  2002.  This  provided  the  impetus  to  carry  out  the  recent 
preventative  engineering  intervention  in  order  to  preserve  the  remaining 
mine structure and re-expose the best geology in the remaining pillars.

143



Figure 43. View of the remaining five limestone pillars focused in the recently 
stabilized section around pillars 2 and 3 where a reef can be seen.

Fig. 44. View from the northern viewing platform showing the dip section and the 
section recorded by Butler (1939) high on the rock face to the right.

144



Biostratigraphy
On the basis of a specimen of Monograptus flemingii collected 2.4 m above 
the base of the Lower Quarried Limestone Member (Butler, 1939) an age no 
younger  than  the  lundgreni  Biozone  has  been  inferred  (Bassett,  1974; 
Aldridge et al. 2000) for that part of the sequence. No graptoloids have been 
recovered from the remainder of the Much Wenlock Limestone Formation 
locally.

Sequence Stratigraphy
The Lower Quarried Limestone Member pillars of the Seven Sisters Mine 
entrance  and  overlying  Nodular  Beds  Member  contain  PS2  to  7  of  the 
regionally traceable parasequences (Ray & Thomas 2007; Ray et al. 2010). 
Here the flooding surface at the base of PS3 is observed to pinch out above 
a reef, presumably as a consequence of post-depositional compaction. The 
roof of the mine consists of a mechanically strong, prominent limestone bed 
(the roofing rock of Butler,  1939),  which corresponds to the top of PS4 
(Figs  39  and  43).  Above  is  a  rapid  deepening  event  into  the  nodular 
limestone and silty mudstones of the Nodular Beds Member (PS5 to 7). 
This represents a relative sea level rise of at least 10-20 m (Ray et al. 2010).

Isotope Stratigraphy
Two positive carbon isotope excursions are reported from Mons Hill-Wren’s 
Nest  Hill  inlier  (Corfield  et  al.  1992;  Marshall  et  al.  2009)  and  are 
representative  of  the  Homerian  excursions.  The  lower  of  the  excursions 
begins at the boundary with the Coalbrookdale Formation and peaks within 
the upper half of the Lower Quarried Limestone Member (δ13C V-PDB 5.5 
‰). δ13C values then decrease rapidly into the Nodular Beds Member.
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Bentonites
Bentonite WNH2 and WHN 3 are present at the approximate midpoint of 
each of the pillars. The lower and more clay rich bentonite (WHN2) has 
been a key factor in the ‘knecking’ (narrowing) of pillars and generation of 
gravity  derived  slide-out  of  blocks  from  them.  These  bentonites  are 
traceable across the Dudley area and to the town of Walsall,  resulting in 
instability  issues  in  mines  developed  in  the  Lower  Quarried  Limestone 
Member.  For  details  of  bentonite  mineralogy  and  correlation  refer  to 
description of the NCC cutting.
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Sections of the Coalbrookdale, Much Wenlock 
Limestone and Lower Elton formations 

exposed in subterranean canal tunnels and 
limestone mines of Castle Hill, Dudley

Graham J. Worton

G. J. Worton — Dudley Museum & Art Gallery, St James Road, Dudley, 
England, DY1 1HU, UK;  graham.worton@dudley.gov.uk

Age: Homerian to Gorstian

Lithostratigraphic units: Coalbrookdale  Formation,  Much  Wenlock 
Limestone Formation (Lower Quarried Limestone, Nodular Beds and Upper 
Quarried Limestone members) and Lower Elton Formation.

Locality:  A series of canal tunnels connecting open limestone mines lying 
beneath the northern end of the woodland on Castle Hill. These are accessed 
via canal narrowboats operated by the Dudley Canal Trust from the Todd’s 
End wharf, immediately adjacent to the Birmingham New Road (A4123) 
(SO  9480  9175).  This  locality  focuses  on  the  strata  exposed  on  the 
southernmost Silurian inlier in the coalfield adjacent to the town of Dudley. 
It  consists  of  several  underground  exposures  linked  by  the  narrow 
waterways  of  the  Dudley  number  1  canal  at  varying  depths  below  the 
surface of Castle Hill (Fig. 45).
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Figure 45. The location of canal tunnels and accessible limestone mines beneath 
Castle Hill.
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Stratigraphy encountered along the canal tunnels
Note: Due  to  the  complexity  of  the  relationships  of  these  underground 
exposures and their geography we recommend that the next section is read  
with reference to Fig. 39 and Fig. 45.

Accessed  via  canal  narrowboat  in  a  one-way route  system,  this  locality 
reveals  the  entire  Much  Wenlock  Limestone  succession  in  a  series  of 
discrete exposure windows along a 1.6 km waterway journey. The first part 
of the journey passes east to west from the Lower Elton Formation to the 
Coalbrookdale Formation. The second part of the journey works back up the 
stratigraphy in a further series of exposures moving west to east. This is an 
important  locality  as  it  is  currently  the  only  one  which  provides  clean 
unweathered  sections  through  the  lowest  10-15  m  of  the  Lower  Elton 
Formation and the transitional beds above the Upper Quarried Limestone 
Member; both sections are seen in side tunnels in the Singing Cavern at the 
furthest point on the journey.

The route in  detail  moves from the east  side of  the Castle  Hill 
anticline  where  strata  are  inclined  to  the  east,  from  the  Lower  Elton 
Formation beds (not currently exposed, lying behind the 1775 brick lining 
to the tunnel) then into the exposures of Upper Quarried Limestone Member 
and uppermost Nodular Beds Member of Shirts Mill Basin (Fig. 46). From 
here  the  journey  passes  stratigraphically  down  through  the  remaining 
Nodular Beds Member, which is again hidden from view behind a further 
tunnel lining. The tunnel then opens out into the Lower Quarried Limestone 
Member exposures of Castle Mill Basin.  Crossing this open basin on its 
southern side, then on into the 1989 tunnel the journey continues into older 
strata of the Coalbrookdale Formation. In this instance the Coalbrookdale 
strata are obscured by ‘egg box’ construction concrete section tunnel lining 
and shotcrete. After approximately 100 m further along the 1989 tunnel the 
trip passes through the axial fault of Castle Hill (marked by a tunnel section 
supported by steel colliery arches). Immediately adjacent to this supported 
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section the tunnel opens out into a small underground limestone mine ‘Little 
Tess’.  This  mine  extracted  the  Upper  Quarried  Limestone  Member 
limestones and is the first exposure on the western side of the Castle Hill 
anticline; beds now inclined to the west. The journey on from here works its 
way stratigraphically  upwards through the Nodular  Beds Member in  the 
next  tunnel  known as  ‘Rock Tunnel’ (mostly  obscured by shotcrete  and 
calcite flowstone speleotherms). Passing through this short winding tunnel 
thick bentonites are evidenced by deep grooves in  the tunnel  sides.  The 
‘Rock Tunnel’ terminates by opening out into a large underground mine, the 
‘Singing Cavern’ (Fig. 47). This superb exposure is entirely excavated in the 
Upper Quarried Limestone Member. Side tunnels running at right angles 
from the canal up and down succession expose some 10 m of the underlying 
Nodular Beds Member and a similar thickness of the overlying Lower Elton 
Formation.

Figure 46. The Upper Quarried Limestone Member exposed in Shirts Mill Basin.
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Figure 47. The Singing Cavern exposing the Upper Quarried Limestone Member.

      The return journey takes another short egg box construction tunnel 
journey which passes  along the strike  of  the Upper  Quarried Limestone 
subcrop until it emerges in an unlined underground canal junction carved 
into the Upper Quarried Limestone Member. At this point daylight filters 
down from above at a point known as ‘The Well’. Immediately opposite 
‘The  Well’ and  on  the  canal  side  is  ‘Hurst  Cavern’.  This  was  the  last 
operating limestone mine on the system. This cavern and the adjacent canal 
junction  expose  a  full  section  through  the  Upper  Quarried  Limestone 
Member and several metres of the Nodular Beds Member (below) (Fig. 48). 
The final section of tunnel is almost completely lined by bricks as it passes 
down through the remaining Nodular Beds Member and Lower Quarried 
Limestone Member hidden behind the brick lining of the ‘Cathedral Arch’. 
The next underground canal junction has a branch canal running directly 
into ‘Little Tess’ along the strike of the Lower Quarried Limestone Member. 
At the eastern end of this brick lined vault the axial fault is present. As the 
waterway narrows once more into a narrow canal tunnel, the Coalbrookdale 
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Formation forms the bedrock on the eastern side of the fault and the journey 
now works up-stratigraphy to the base of the Lower Quarried Limestone 
Member again in ‘Castle Mill Basin’.

Figure  48. Highest  beds  of  the  Nodular  Beds  Member,  the  Upper  Quarried 
Limestone Member and basal Lower Elton Formation exposed in the canal junction 
at The Well and Hurst Cavern.
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