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Broken Shell

By Anne Morrow Lindbergh

After "The Unicorn and o ther  poems 1935-1955", Pantheon Books.

Cease searching fo r  the perfect shell, the whole 

Inviolate form  no tooth o f time has cracked;

The alabaster armor still intact

From sand's erosion and the breaker’s roll.

W hat can we salvage from  ocean’s strife 

More lovely than these skeletons that lie 

Like scattered flowers open to the sky,

Yet not despoiled by their consent to life?

The pattern on creation morning laid.

By softened lip and hollow, unbetrayed;

The gutted  fram e endures, a testament.

Even in fragment, to that first intent.

Look a t this spiral, stripped to polished nerve 

Of growth. Erect as compass in its curve.

It swings forever to the absolute.

Crying out beauty like a silver flute.
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Summary

This thesis  deals with ammonoids  from the Carboniferous Shannon Basin, 

w es te rn  Ireland, with a focus on the ammonoid  biostrat igraphy of the Ross 

Sands tone Formation,  a classic turbidi te  succession. Within the Ross Sandstone 

Formation,  amm onoids  are concentrated in laterally extensive black shale 

bands,  which a re  taken to r ep resen t  intervals of sed im ent  s tarvat ion and  are 

often refe rred to as "condensed sections" or  "ammonoid bands". Early 

biostrat igraphic  w ork  in the basin, done in the 1950s and 1960s,  recognized 

the presence  of four ammonoid bands  within the  Ross Sandstone Formation.

During the course of this s tudy and in conjunct ion with research at University 

College Dublin, ten ammonoid- r ich horizons (including eight  condensed 

sect ions]  have been  identified within the Ross Sandstone, in addi tion to coastal 

exposures ,  a set  of 12 behind-outcrop wells, which w e re  drilled by a 

consor t ium consis ting of Statoil and  University College Dublin, w ere  examined 

and sampled for biostrat igraphy.  Several seasons  of fieldwork were  

unde r taken  to this end. More than 3,000 fossil specimens from the Clare Shale 

Formation and Ross Sandstone Formation w e re  investigated and specimens 

from various European  museum collections w e r e  also examined in o rder  to 

s t reng then  identifications. Given cur rent  lack of publ ished information on the 

t axonomy of crushed ammonoid  material,  new systematic  data  on 14 

Serpukhovian-Bashkir ian a mmonoids  for which ontogenet ic  information was 

previously incomplete  or  lacking are  p resented  he re  [Chapter  2). This 

information not  only fur thers  knowledge of the ontogeny of these  amm onoids  

in general,  but  leads to more  confident  ident ificat ions of amm onoids  preserved  

as f la ttened external moulds.

Faunal a ssemblages from the five main highly-condensed sect ions in the  Ross 

Sands tone Formation a re  descr ibed in detail in this s tudy  [Chapter  5), which is 

also the first to p resen t  details of abundance  and  p roport ion  of amm onoid  taxa 

[beyond recording  the presence of a given a mm onoid  band)  at localities within 

the Ross Sands tone  Formation. These new biostrat igraphic  data, coupled with



lithostratigraphical correlations, provide the most detailed dataset for the Ross 

Sandstone Formation to date, also allowing biostratigraphy to be cross

checked against lithostratigraphical correlations.

Statistical analysis of the faunal assemblages was not always found to confirm 

that bands which are known to correlate by physical means are indeed 

indistinguishable.

While some assemblages in condensed sections proved to be globally 

distinctive [namely those indicative of the "Hud. proteus-Ho.smithii band" and 

the "Ht. prereticulatus band"), most were not, and some were only locally 

distinctive [that of the "Ph. paucicrenulatum  band"); therefore most bands in 

the Ross Sandstone Formation cannot be confidently linked to a given 

ammonoid band in the Western European framework. This puts the validity of 

ammonoid-bearing condensed sections both in intrabasinal and extrabasinal 

correlation into question.

In addition to these results, despite marine fossils being commonly reported as 

confined to thin ammonoid-rich layers ["marine bands") bounded by barren 

strata, several new ammonoid-bearing horizons have been found in between 

the "marine bands" in the Shannon Basin (Chapter 4). The presence of 

ammonoids at various intervals outside the condensed sections was not 

recognized before and is taken as good evidence for normal marine salinity 

throughout deposition of the Ross Sandstone and Clare Shale Formations. The 

presence of normal marine faunas outside the traditional "marine bands” 

suggests that salinity values of the Shannon Basin and, by implication, other  

deep-water  basins may well have been normal between periods of sediment 

starvation.



Abstract
Title: Ammonoid Biostratigraphy of the Shannon Basin, western Ireland 
Author: Anthea Rosa Lacchia

This study concerns amm onoid  faunas from a classic turbidi te  succession,  the 
Ross Sandstone Formation [Serpukhovian-Bashkir ian)  of the Shannon Basin, 
wes te rn  Ireland. In addit ion to coastal exposures ,  a set  of 12 behind-outcrop 
wells were  examined and sampled for biostrat igraphy.  More than 3,000 fossil 
specimens from the Clare Shale Formation and Ross Sandstone Formation 
w ere  investigated. Given curren t  lack of  publ ished information on the 
taxonomy of crushed amm onoid  material,  new systematic data  on 14 
Serpukhovian-Bashkir ian ammonoids  for which ontogenet ic  information was 
previously incomplete  or  lacking are  presented.  This information fur thers  
knowledge of amm onoid  ontogeny and  also leads to m ore  confident  
identification of a m m onoids  preserved  as flat tened external  moulds.  Marine 
fossils were  commonly r epor ted  as confined to thin ammonoid-r ich layers 
("marine bands")  bounded  by barren  s trata ,  leading to a suggest ion,  based on 
examples  f rom the Pennines ,  that fossil occurrcnce may be control led by 
variations in salinity. While ammonoids  are  indeed concent rated  in laterally 
extensive black shale  bands,  taken to r ep re sen t  intervals of sediment  
starvation, several  new  ammonoid -bearing  horizons have been found in 
be tween  the "marine b a n d s ” in the Shannon Basin, which a re  there fore  be t te r  
referred to as "condensed  sections" or  "ammonoid bands". The presence  of 
ammonoids  at  var ious intervals outside the  condensed sect ions is good 
evidence for normal  m ar ine  salinity in the Ross Sands tone  and associated Clare 
Shale Formation.  The p resence  of normal  mar ine faunas outside the t radi tional  
"marine b a n d s ” suggests  tha t  salinity values of the Shannon Basin and, by 
implication, o ther  d e e p -w a te r  basins may well have been normal  be tween  
periods of sed im ent  s tarvation.  Early biostrat igraphic  w ork  in the basin 
recognized the p resence  of four  amm onoid  bands  within the Ross Sandstone 
Formation.  During the  course of this s tudy  and in conjunction with research at 
University College Dublin, ten ammonoid-r ich horizons [including eight 
condensed sect ions)  have been identified within the Ross Sandstone. Faunal 
assemblages from the  five main highly-condensed sect ions in the Ross 
Sandstone Formation a re  descr ibed in detail in this study, which is also the 
first to p resen t  details  of abundance  and p roport ion  of amm onoid  taxa at 
localities within the  Ross Sandstone Formation.  These n ew  biostrat igraphic  
data, coupled with the  l i thostrat igraphical correlat ions,  provide the most  
detai led dataset  for the  Ross Sandstone Formation to date, also allowing 
biost rat igraphy to be  cross-checked against l ithostrat igraphical correlat ions.  
Overall, b iostrat igraphy was not  as high-resolution as one might  have hoped,  in 
the sense  that  statistical analysis of the faunal assemblages does not  always 
confirm that  bands  which a re  known to correlate by physical means  are  indeed 
indist inguishable.  While  som e assemblages in condensed  sect ions proved to be 
globally distinctive, mos t  w e re  not, and some were  only locally distinctive; 
therefore  most  bands  in the  Ross Sandstone Formation cannot  be confidently 
linked to a given a m m ono id  band in the Western  European  framework.  This 
puts  the validity of ammonoid -bearing  condensed sect ions both in intrabasinal 
and extrabasinal  corre lat ion  into question.
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List of Abbreviations

Ammonoid abbreviations:

A  = Anthracoceras 

Basch. = Baschkirites

C. = Cravenoceras

Ct. = Cravenoceratoides

D. -  Dimorphoceras

E. or Eu. = Eumorphoceras 

Ho. = Homoceras

Hod. or Hd. = Hodsonites 

Ht. = Homoceratoides 

Hud. = Hudsonoceras 

Iso. or Isoh. = Isohomoceras 

N. -  Nuculoceras 

Ph. = Phillipsoceras 

R. -  Reticuloceras 

V. = Va Hites

Other abbreviations related to ammonoids/palaeontology:

sp. = species

spp. = more than one species of a given genus

cf. = confer

aff. = affinis

pc. -  paucicrenulatum

cp. = circumplicatile

wh = w horl height

w w  = whorl w idth

uw = umbilical w idth

Borehole names:

09-CE-UCD-01

09-CE-UCD-02

xiii



lO-CE-UCD-03

lO-CE-UCD-04

10-CE-UCD-05

11-CE-UCD-06 

ll-C E-U C D -07

11-CE-UCD-08

12-KY-UCD-09

GSI 0 9 /0 5  = Geological S u rv ey  of I re lan d  b o re h o le  drilled  a t  Ballybunion , Co. 

Kerry

GSI 0 9 /0 4 =  Geological S u rv ey  o f  I re lan d  b o re h o le  d rilled  a t  K ildysart,  Co. Clare 

Other:

Fm. = Fo rm ation

Irish Grid R efe rences  a r e  g iven as  [xxxxx/xxxxx].
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of ph o to ) ,  D u n m o re  W es t  b and ,  (see  Ch. 3 for locality details ) .  Coin d ia m e te r  is 23 .25 mm.
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Fig. 1.12. Typical highly-condensed section, "Ph. circumplicatile band", Quiity, [77281/51701].

Fig. 1.13. Lesser condensed section (RVM) at Rinevella, [81840 /49106]  (see Ch. 2 for locality 

details} (a) frontal view, (b) view looking west.

Fig. 1.14. Simplified s tratigraphic column through the Ross Sandstone Formation, showing the 

three main previously-recognized am m onoid  bands.

Fig . 1.15. Summary of am m onoid  zones and subzones of the Serpukhovian-Bashkirian 

(therefore pert inen t to the Shannon Basin) with diagnostic am monoids and conodonts (after 

Fallon & Murray 2015).

Fig. 1.16. Ammonoid-based correlation of the Serpukhovian and Bashkirian (after Nikolaeva & 

Kullmann 1998).

Fig. 1.17. Ammonoid zones and subzones in the Serpukhovian and Bashkirian with diagnostic 

ammonoids, indices and associated am m onoids (after Riley e t al. 1995; Waters & Condon 

2012). For a list of abbreviations, see p. xvi.

Fig. 1.18. Stratigraphy of the Shannon Basin from North Clare, through the Shannon Estuary to 

North Cork (after Martinsen & Collinson 2002; Collinson eta l. 1991).

Fig. 1.19. Summary and comparison of lithostratigraphy and biostratigraphy of the outcrops of 

northern  county Clare ad along the Shannon Estuary, showing am monoid bands in the Ross 

Sandstone Formation (after Wignall & Best 2000; p. 62).

Chapter 2 Ammonoid Localities

Fig. 2.1. Location map showing F isherstreet Bay sampling locality [06640 /96316]  and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map).

Fig. 2.2. F isherstreet Bay sampling site, looking tow ards the F isherstreet Slide [06640/96316],  

Hammer for scale.

Fig. 2.3. Sedimentary log legend (valid for all sedim entary  logs in this chapter).

Fig. 2.4. Sedimentary log of F isherstreet Bay section showing location of samples.
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Fig. 2.5. Aille River e.xposure [13619/97982]. Hammer for scale.

Fig. 2.6. Location map showing Aille River sampling locations at Twin Wells near Lisdoonvarna 

and further east at [13791/97993] and geological map of the Shannon Basin showing the 

locality and regional geology (Google Earth map).

Fig. 2.7. Location map showing Inishcorker sampling area of south coast and geological map of 

the Shannon Basin showing the locality and regional geology [Google Earth map].

Fig. 2.8. Sedimentary log of Inishcorker section ("Nu. nuculum band" to "Ho. beyrichianum 

band" showing location of samples.

Fig. 2.9. Bullion, Foynes Island, south coast [25099/52196].

Fig. 2.10. Roadside exposure at Foynes Harbour, showing contact between shale and silststone 

deposits and mass transport deposits [24686/51862].

Fig. 2.11. Location map showing Foynes Island and Foynes Harbour sampling areas and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map].

Fig. 2.12. Location map showing Slieve Elva sampling areas and geological map of the Shannon 

Basin showing the locality and regional geology (Google Earth map],

Fig. 2.13. Location map showing Gowlaun River sampling site at/13678/98119] and geological 

map of the Shannon Basin showing the locality and regional geology (Google Earth map].

Fig. 2.14. Ballybunion Waterfall band [thickness in between dashed yellow lines] 

[86837/44563].

Fig. 2.15. Location map showing Ballybunion Waterfall band sampling locality [86837/44563] 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map].

Fig. 2.16. Sedimentary log of "Waterfall Band" showing location of samples.

Fig. 2.17. Canal Band, Ballybunion [86644/44765].
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Fig. 2.18. Location map showing Baiiybunion Canal band sampling locality at [86644/44765] 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map].

Fig. 2.19. Sedimentary log of "Canal Band" showing location of samples.

Fig. 2.20. Location map showing Ballybunion Castle band sampling locality at [86189/45046], 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map).

Fig. 2.21. Location map showing Ballybunion Ph. circumpUcatile band sampling locality at 

[86354/45441], and geological map of the Shannon Basin showing the locality and regional 

geology (Google Earth map).

Fig. 2.22. Decollement horizon in Ballybunion Ph. circumplicatile" condensed section 

[86354/45441].

Fig. 2.23. Sedimentary log of "Ballybunion Ph. circumplicatile" band showing location of 

sampled horizons.

Fig. 2.24. Location map showing Ballybunion Ph. paucicrenulatum band sampling locality at 

[86574/45666] and geological map of the Shannon Basin showing the locality and regional 

geology (Google Earth map).

Fig. 2.25. Sedimentary log through "Ballybunion Ph. paucicrenulatum" band showing sample 

location.

Fig. 2.26. Ballybunion Ph. paucicrenulatum  band [86574/45666]. Hammer for scale.

Fig. 2.27. Location map showing Reading Room sampling locality at [73846/47687] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://m aps.osi.ie/publicviewer).

Fig. 2.28. Sedimentary log of "Reading Room" band showing sampled horizons (R03-6 were 

sampled from the section further west and are not shown here).

Fig. 2.29. Reading Room band exposure, looking towards Kilbaha Bay at [73846/47687].

Fig. 2.30. "Dunmore West" band at [70494/46845].
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Fig. 2.31. Location m ap  sh o w ing  D u n m o re  W est  sam pling  locality a t  [ 7 0 4 9 4 /4 6 8 4 5 ]  and  

geological m ap  of the  S h annon  Basin sh o w in g  th e  locality a n d  regional geology (OSI rural place 

m aps: h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ].

Fig. 2.32. S e d im en ta ry  log of "D u nm o re  W e s t” b an d  sh ow in g  am m o n o id -b ea r in g  horizons.

Fig. 2.33. Location m a p  sh o w ing  Rehy Hill sam p lin g  locality a t  [8 0 7 7 6 /4 8 6 1 6 ]  a n d  geological 

m ap  o f  th e  S hannon  Basin sh o w ing  the  locality and  regional geology [OS! rura l  p lace maps: 

h t t p : / /m a p s .o s i . ie /p u b l i c v ie w e r ).

Fig. 2.34. S en a n ’s Beach co n d en se d  sec t ion  offset by a sm all fault, [7 6 7 2 5 /4 7 7 0 7 ] .

Fig. 2.35. Location m a p  sh o w in g  Senan 's  Beach ban d  sam pling  locality a t  [ 7 6 7 2 5 /4 7 7 0 7 ]  and  

geological m a p  o f  the  Shannon  Basin sh o w in g  the  locality an d  regional geology (OSI rural place 

m aps: h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2 .36  S e d im en ta ry  log of "Senan 's  Beach" band.

Fig. 2.37. W es t  S enan 's  Beach band  a t  [ 7 6 5 2 5 /4 7 8 8 7 ] .

Fig. 2.38. Location m a p  sh o w in g  W es t  S enan 's  Beach b an d  sam p ling  locality a t  [7 6 5 2 5 /4 7 8 8 7 ]  

and  geological m ap  o f  th e  S hannon  Basin sh o w in g  the  locality and  regional geology (OSI rural 

place m aps : h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2.39. S e d im en ta ry  log of "W est S e n a n ’s Beach" b an d  sh ow in g  sa m p led  horizons.

Fig. 2.40. L igh thouse  b a n d  o u tc rop  a t  tip o f  Loop Head a t  [7 0 4 2 0 /4 8 6 8 3 ] .

Fig. 2.41. Location m a p  sho w ing  L igh thouse  sam p ling  locality a t  [7 0 4 2 0 /4 8 6 8 3 ]  and  geological 

m ap  o f  th e  S h a n n o n  Basin sho w ing  the  locality a nd  regional geology (OSI ru ra l  place maps: 

h t t p : / /m a p s .o s i . ie /p u b l i c v ie w e r ).

Fig. 2.42. S ed im en ta ry  log of "Lighthouse band", sh ow in g  sam p le  location.

Fig. 2.43. T oorkea l  Band, n o r th  coas t  o f  Loop Head a t  [ 7 6 6 3 5 /5 1 3 4 2 ] .

Fig. 2.44. Location m ap  sh o w in g  Toorkea l sam p lin g  locality a t  [7 6 6 3 5 /5 1 3 4 2 ]  and  geological 

m ap  o f  th e  S h an n o n  Basin show ing  th e  locality and  reg ional geology (Google E arth  map).

Fig. 2.45. S e d im e n ta ry  log of "Toorkeal band", sh o w in g  sa m p le  location.
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Fig. 2.46. Location map showing Rinevella samphng localities at [81692/49008] and geological 

map o f the Shannon Basin showing the locality and regional geology [OSI rural place maps: 

http://maps.osi.ie/publicviewer).

Fig. 2.47. Lowest of two sampled horizons (RVW), close to Rinevella Point at [81692/49008], 

Hammer for scale.

Fig, 2,48, Location map showing Holy Well sampling locality at [84922/49205] and geological 

map of the Shannon Basin showing the locality and regional geology (OSI rural place maps: 

http://maps.osi,ie/publicviewer).

Fig, 2,49, Sedimentary log of "Holy Well band", showing sample locations.

Fig, 2,50, Cloonconeen Lower band, [82829/49445], Ruler is 30 cm long. Pen also for scale.

Fig, 2,51, Location map showing Cloonconeen Lower sampling locality at [82829/49445] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://maps,osi.ie/publicviewer).

Fig. 2,52, Sedimentary log of "Cloonconeen Lower band", showing sampled horizons.

Fig, 2.53. Blackrock West band at [70419/48692]. Ruler is 30 cm long.

Fig. 2.54. Location map showing Blackrock West sampling locality at [70419/48692] and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map).

Fig. 2.55. Sedimentary log of "Blackrock west band", showing sample location.

Fig. 2.56. Location map showing Blackrock West sampling locality at [70419/48692] and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map).

Fig. 2.57. Location map showing Ross Bay east sampling locality at [72841/49714] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://maps.osi.ie/publicviewer).

Fig. 2.58. Sedimentary log of Ross Bay east band, showing sampled horizons.
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Fig. 2.59. Ross Bay East b and  a t  [7 2 8 4 1 /4 9 7 1 4 ] .  Ruler is 30 cm long.

Fig. 2.60. Location m ap  sh o w ing  C loonconeen  Top sam pling  locality a t  [8 2 7 7 4 /4 9 5 5 1 ]  and  

geological m ap  of the  S h annon  Basin sh o w in g  th e  locality and  regional geology (OSl ru ra l  place 

m aps: h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2.61. S ed im en ta ry  log of "C loonconeen Top band".

Fig. 2.62. "C loonconeen Top Band" ex p osed  in gully a t  [ 8 2 7 7 4 /4 9 5 5 1 ] .

Fig. 2.63. Seven sa m p led  h o r izo n s  a t  "Kilcredaun Top b and"  a t  [8 5 0 2 9 /4 9 5 0 4 ] .

Fig. 2.64. Location m ap  sh o w ing  K lcredaun  Top sam pling  locality a t  [ 8 5 0 2 9 /4 9 5 0 4 ]  an d  

geological m a p  of th e  S h annon  Basin sh o w in g  the  locality and  regional geology  [OSl ru ra l  place 

m aps: h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2.65. S ed im e n ta ry  log of "K ilcredaun Top  band", sho w ing  s a m p le d  horizons .

Fig. 2.66. Location m ap  sh o w in g  Quilty sam p lin g  locality a t  [7 7 2 8 1 /5 1 7 0 1 ]  an d  geological m ap  

o f  the  S hannon  Basin sh o w ing  the  locality an d  regional geology (Google E ar th  map).

Fig. 2.67. S ed im e n ta ry  log of "Quilty band", show in g  sam p led  horizons.

Fig. 2.68. Location m a p  sh ow in g  C loghaunsavaun  sam pling  locality, a t  [ 7 5 2 9 8 /5 1 0 0 3 ] ,  a n d  

geological m a p  of the  Shannon  Basin sh o w in g  the  locality and  reg ional geology  (OSl ru ra l  place 

m aps : h t t p : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2.69. S e d im en ta ry  log of "C loghaunsavaun  band", s h ow in g  sa m p le d  horizons .

Fig. 2.70. "C loghaunsavaun  band"  a t  [7 5 2 9 8 /5 1 0 0 3 ] .

Fig. 2.71. Location m ap  sh o w in g  Ross S lum p sam pling  locality close to  F is h e rm a n s 's  Point, a t  

[ 7 4 6 2 4 /5 0 9 1 0 ] ,  an d  geological m ap  o f  th e  S han no n  Basin sho w in g  th e  locality and  regional 

geology (OSl ru ra l  place m aps: h t tp : / /m a p s .o s i . ie /p u b l ic v ie w e r ).

Fig. 2.72. Ross Bay W e s t  b a n d  a t  [ 7 0 9 9 1 /4 9 0 7 1 ] .  Ruler is 30 cm long.

Fig. 2.73. Location m ap  sho w ing  B lackrock W es t  sam pling  locality a t  [ 7 0 4 1 9 /4 8 6 9 2 ]  an d  

geological m a p  of th e  S hannon  Basin sh o w in g  the  locality and  reg ional geology  (Google E arth  

m ap).
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Fig. 2.74. S ed im en ta ry  log of "Ross Bay w e s t  band", sh o w ing  sam p led  horizons.

Fig. 2.75. "Bridges o f  Ross" b an d  a t  [ 7 2 7 3 2 /5 0 2 3 1 ] .  S a n d s to ne  injection visible.

Fig. 2.76. Solid a m m o n o id  in s a n d s to n e  a t  "Bridges o f  Ross" b an d  a t  [ 7 2 7 3 2 /5 0 2 3 1 ] .

Fig. 2.77. Location m a p  sh o w in g  Bridges o f  Ross sam p lin g  locality a t  [7 2 7 3 2 /5 0 2 3 1 ]  and  

geological m ap  o f  th e  S han no n  Basin sh o w in g  th e  locality a n d  regional geology (OSI rura l  place 

m aps :  h t t p : / /m a p s .o s i . i e /p u b l i c v ie w e r ).

Fig. 2.78. S ed im e n ta ry  log o f  Bridges of Ross b an d  sh o w ing  sam p led  horizons.

Fig. 2.79. Location m a p  sh o w in g  Cross sa m p ling  locality a t  [7 7 4 9 9 /5 1 7 8 6 ]  a n d  geological m ap  

of th e  S h ann on  Basin sh o w in g  the  locality an d  regional geology [Google Earth  map).

Fig. 2.80. S e d im e n ta ry  log o f  Cross band , sh o w in g  location  of sam p le d  horizons.

Fig. 2.81. Cross b an d  in gully a t  [7 7 4 9 9 /5 1 7 8 6 ] .

Chapter 3 Palaeontology

Fig. 3.1 Typical faunal a s se m b lag e  in S h annon  Basin c o n d en sed  sections: an exam ple  from 

F is h e rs t re e t  Bay, Doolin, Co. Clare, [Irish Grid 0 6 6 4 0 /9 6 3 1 6 ] ,  w ith  Dunbarella  sp. and  

a m m o n o id  m oulds .  Scale is 1 cm.

Fig. 3.2. O rthocon ic  nau ti lo id  [black a r ro w )  a n d  m ould ic  am m o n o id s  [l ight a r ro w ) ,  shale  

b e d d in g  surface, "Phillipsoceras circum plica tile  band", C lo ghaunsavaun  [7 5 2 9 8 /5 1 0 0 3 ] ,  n o r th  

co as t  Loop Head, Co. Clare. Scale is 1 cm.

Fig. 3.3. Close-up v iew  o f  a po lished  sec t ion  th ro u g h  a concre t ion .  3D a m m o n o id s  a re  found in 

c ross  sec t iona l view, sh o w in g  in n e r  w horls ,  St. B re n d an 's  Well, L isdoonvarna ,  Co. Clare,

Ire land. Scale is 1 cm.

Fig. 3.4. Solid (3D) pyri t ized  am m o n o id ,  "Ph. paucicrenu la tum  band" on  sha le  bed d ing  surface. 

Bridges o f  Ross, n o r th  co as t  o f  Loop Head, Co. Clare. Scale is 1 cm.

Fig. 3.5. Solid [3D) py ri t ized  a m m o n o id s  [m o s t  a re  h igh l igh ted  by circles),  "Ph. 

p aucicrenu la tum  b an d "  on sha le  b ed d ing  surface, Bridges o f  Ross, n o r th  co as t  o f  Loop Head, Co. 

Clare. Scale is 1 cm.
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Fig. 3.6. Pseudo-ammonoids on sandstone surface, east of Senan's Beach, [76727/47705].

Fig. 3.7. Pseudo-ammonoids on sandstone surface, east ofSenan’s Beach, [76727/47705].

Fig. 3.8. Pseudo-ammonoid on sandstone surface, east of Senan's Beach, [76727/47705].

Fig. 3.9. Phillipsoceras circumplicatile [Foord, 1903] syntypes and traces of the ornament, (a) 

Paralectotype (NMING : F23969), (b] Lectotype (NMING : F23968], (c) Syntype (NMING : 

F23972, partim). Note that specimen c is probably not attributable to this species (see text for 

discussion) but it is included as it is one of the syntypes designated by Foord. Specimens are 

from Lisdoonvarna, Co. Clare, Ireland. Scale is 10 mm.

Fig. 3.10. Changes in ornament in Phillipsoceras circumplicatile (Foord, 1903) (a) Paralectotype 

(NMING : F23972 partim], Lisdoonvarna, Ireland, (b) TCD.60601, Murphy's Bridge, Ireland, (c) 

GSM 86917, Neheim, Germany, (d) Lectotype (NMING : F23968), Lisdoonvarna, Ireland. Scale 

is 10 mm long, (e) Growth lines in paralectotype (NMING : F23972 partim ] at 4 mm diameter 

w ith shaded ventral sulcus, (Q Growth lines in TCD.60601 at 9 mm diameter, (g) Growth lines 

in lectotype (NMING : F23968). Scale bars are 2 mm long.

Fig. 3.11. Phillipsoceras circumplicatile lectotype (NMING : F23968), Lisdoonvarna area, Co. 

Clare, (a-b-c) side, dorsal and ventral view. Scale is 20 mm.

Fig 3.12. Ontogenetic study o f the ornament for Phillipsoceras circumplicatile [Foord, 1903) (a) 

Specimen associated w ith syntypes (NMING : F23972 partim]-, (b) TCD.60601, Murphy's 

Bridge, Ireland; (c) GSM 86917, Neheim; (d) Lectotype (NMING : F23968). Scale is 20 mm.

Fig. 3.13. Unpublished note in the Manchester Museum written by R.G.S. Hudson mentioning 

W.S. Bisat (c. 1940).

Fig. 3.14. Phillipsoceras paucicrenulatum type material. All specimens from Lumbutts Clough, 

Todmorden, Yorkshire, (a) GSM 71076, paratype, (b) GSM 71075, paratype (c) GSM 71078, 

paratype, (d) unlabelled specimen associated w ith  type material, (e) GSM 71074, holotype, (f) 

GSM 71077, paratype. Scale is 10 mm.

Fig. 3.15. Ammonoids which occur in the Shannon Basin, Ireland. 1 Phillipsoceras 

paucicrenulatum (a-b) zi 7097 (BGS), Fisherstreet Bay, Co. Clare, side and dorsal view; (c-d) zi 

7098 (BGS), Fisherstreet Bay, Co. Clare, side and ventral view; (e) zi 7100 (BGS), Fisherstreet 

Bay, Co. Clare; (f) TCD.61064, Luggacurren section, Co. Laois; (g) zi 7096, Fisherstreet Bay, Co. 

Clare, side view. Scale is 10 mm.

xxiii



Fig. 3.16. Ontogenetic study of the ornament for Phillipsoceras paucicrenulatum (Bisat & 

Hudson, 1943) (a) zi 7095 (BGS), Fisherstreet Bay, Co. Clare, [b) zi 7097 (BGS), Fisherstreet 

Bay, Co. Clare, (c) zi 7096 (BGS), Fisherstreet Bay, Co. Clare, scale is 10 mm.

Fig. 3.17. Reticuloceraspulchellum holotype (NMING specimen, unlabelled). Scale is 20 mm.

Fig. 3.18. Changes in ornament in Reticuloceras subreticulatum (Foord, 1903) (a) TCD.60602, 

Blake's Bridge, (b) TCD.60603, Blake's Bridge, (c) TCD.60604, Blake's Bridge, (d) Lectotype 

(NMING ; F23964), Foynes Island, Co. Limerick, Ireland, (e) TCD.60605, Blake's Bridge. Scale 

bar is 10 mm long, (f) Growth lines o f TCD.60602, Blake's Bridge, and shaded constriction, (g) 

Growth lines in lectotype (NMING : F23964), Foynes Island, Co. Limerick, Ireland. Scale bars 

are 2 mm long.

Fig. 3.19. Ontogenetic study of the ornament for Reticuloceras subreticulatum (Foord, 1903)

(a) TCD.60602, Blake's Bridge; (b) TCD.60603, Blake’s Bridge; (c) TCD.60604, Blake's Bridge; 

(d) Lectotype (NMING : F23964); (e) TCD.60605, Blake’s Bridge. Scale is 20 mm.

Fig. 3.20. Reticuloceras subreticulatum  lectotype (NMING : F23964), Foynes Island, Co. Clare, 

(a-b) side and ventral view. Scale on top left is 20 mm.

Fig. 3.21. Suture line, R. subreticulatum  Foord lectotype (NMING : F23964), at 11 mm diameter.

Fig. 3.22. Changes in ornament in Homoceras beyrichianum (de Koninck, 1843) (a) TCD.61003, 

Lisdoonvarna district, Co. Clare (b) TCD.61004, Lisdoonvarna district, Co. Clare, (c) TCD.

61000, Coolagh River, Co. Clare, scale is 10 mm.

Fig. 3.23 Homoceras beyrichianum (a-b) TCD.61000, Coolagh River, Co. Clare, side and ventral 

view; (c-d) TCD.61003, Lisdoonvarna district, Co. Clare, side and ventral view; (e-f) TCD.61004, 

Lisdoonvarna district, Co. Clare, side and ventral view. Scale on top left is 20 mm.

Fig. 3.24. Changes in ornament in Homoceras smithii (Brown, 1841) (a) TCD.61002, 

Lisdoonvarna, Co. Clare, (b) TCD.61005, Lisdoonvarna, Co. Clare, (c) TCD.61006, Lisdoonvarna, 

Co. Clare, scale is 10 mm,

Fig. 3.25. Homoceras smithii (a-b) TCD.61002, Lisdoonvarna, Co. Clare, side and ventral view; 

(c-d) TCD.61005, Lisdoonvarna, Co. Clare, side and ventral view; (e-f) TCD.61006, 

Lisdoonvarna, Co. Clare, side and ventral view. Scale on top left is 20 mm.
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Fig. 3.26. Homoceras undulatum (a-b) zi 4534 (BGS), Kilmoon Stream, Lisdoonvarna, Co. Clare, 

side and ventral view; (c-d) F24480/3, Roadford, Co. Clare, side and ventral view; (e) 

F24480/6, Roadford, Co. Clare, side view; (f] F24480/5, Roadford, Co. Clare, side view. Scale is 

20 mm.

Fig. 3.27. Isohomocerassubglobosum (a) TCD.61021, Inishcorker, Co. Clare, side view; (b-c)

TCD.61022, Inishcorker, Co. Clare, side and ventral view. Scale is 10 mm.

Fig. 3.28. Changes in ornament in Vallites henkei [Schmidt, 1925] (a) Syntype GZG.1NV.48185, 

(b) Syntype GZG.INV.48186, (c) Syntype GZG.I NV.48184. Specimens are from Neheim, 

Germany. Scale bar is 10 mm long, (d) Growth lines [NMING : F23971) at 7 mm w ith dashed 

lines at edges of umbilical wall, (e) Growth lines of TCD.60608 at 10 mm diameter, (f] Growth 

lines of TCD.60608 at 15 mm diameter. Specimens are from Lisdoonvarna, Ireland. Scale bars 

are 2 mm long.

Fig. 3.29. Ontogenetic study of the ornament for Vallites henkei (Schmidt, 1934) (a) 

GZG.1NV.48185; (b) GZG.INV.48186; (c) GZG.INV.48184. Specimens are from Neheim, Germany. 

Scale is 20 mm.

Fig. 3.30. Vallites henkei (a-b) NMING : F13974, Lisdoonvarna area, Co. Clare, side and dorsal 

view; (c) TCD.61030, Aille River, Co. Clare; (d-e) TCD.60608, Lisdoonvarna, Co. Ciare, side and 

ventral view; (f) NMING : F23971, Lisdoonvarna area, Co. Clare, side view, (g) Corofin, Co.

Clare, enlarged x 5, after Lewarne (1959). Scale bar on top left is 20 mm.

Fig. 3.31. Homoceratoides prereticulatus (a) TCD.61028, below Blakes Bridge, Co. Clare; (b) 

C25749, Lectotype, Holden Beck, Silsden, Yorkshire, UK; Scale is 20 mm.

Fig. 3.32. Ontogenetic study of the ornament for Homoceratoides varicatus Schmidt, 1934 (a) 

GZG.1NV.48188, paratypoid, Neheim, (b) TCD. 61007, Loose bullion, Kilmoon River, (c)

TCD.61008, Loose bullion, Kilmoon River, (d) GZG.INV.48187, holotype, Neheim. Scale is 10 

mm.

Fig. 3.33. Hodsonites magistrorum  (a) NMING : F2028, River Aille, Phosphate Mine, Roadford, 

Co. Clare; (b-c) GSM.86913, River Aille, Phosphate Mine, Roadford, Co. Clare, side and ventral 

view. Scale is 20 mm.

Fig. 3.34. Hudsonoceras proteus (a-b) TCD.61050, Coolagh River, Co. Clare, side and ventral; (c- 

d) TCD.61051, Coolagh River, Co. Clare, side and ventral; Scale is 20 mm.
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Fig 3.35. Hudsonoceras ornatus/Baschkirites ornatus type material. British Museum of Natural 

History, London, (a) c5279, syntype, Halifax, Yorkshire, side, ventral and dorsal views; (bj 

c70994, syntype, Halifax, Yorkshire, side, ventral and dorsal views; (c] c70995, syntype,

Halifax, Yorkshire, side, ventral and dorsal views. Photographs w ere  taken by Svetlana V. 

Nikolaeva.

Fig. 3.36. Irish am m onoids preserved in 2D. (a) Ph. circumplicatile [TCD.60606}

(b) V. henkei (TCD.60607). Specimens are from Loop Head, Co. Clare, Ireland. Scale bars are 5 

mm long.

Fig. 3.37. Num ber of growth lines per  diam eter (mm) in the species R. subreticulatum , Ph. 

circumplicatile and Ph. paucicrenulatum. A representative solid specimen is shown next to each 

trend  line.

Fig. 3.38. Num ber of growth lines per  d iam eter  in Ho. beyrichianum, Iso. subglobosum, Ho. 

smithii, V. henkei, Ho. undulatum  and Hod. m agistrorum. A representative solid specimen is 

shown next to each trend  line.

Fig 3.39. Number of growth lines per d iam eter plotted for H t prereticulatus and Ht. varicatus. A 

represen ta tive  solid specimen is shown next to each trend  line.

Fig. 3.40. Paper  pecten m orphotypes (after Wignall 1994, p. 35).

Fig 3.41. First occurrences of taxa and stratigraphic ranges through the Ross Sandstone 

Formation. Num ber of specimens in each locality is shown. Ranges of bivalves are highlighted 

in red. Ranges of thin-shelled ammonoids are highlighted in green.

Fig. 3.42. Serpukhovian-Bashkirian ammonoid community (after Ramsbottom 1978). (a) 

Hudsonoceras (ammonoid), (b) Reticuloceras (ammonoid), (c) Posidonia (bivalve), (d) 

Dunbarella (bivalve).

Fig. 3.43. Trilobite pygidium from "Dunmore Head w est  band" sample (Chapter 2, section 

2.2.2.8). Pencil for scale.

Chapter 4 Ammonoid Distribution and Salinity Implications

Fig. 4.1. Ideal faunal and salinity cycles in the Serpukhovian and Bashkirian of Britain, after 

Ramsbottom (1962), Holdsworth & Collinson (1988) and Martinsen eta l. (1995). (a) Eustatic
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sea level curve varying from highstand to lowstand and its probable relation to the faunal 

changes through the cycle in [b).

Fig. 4.2. Schematic representation  of the "highstand-lowstand” model for sedimentation  in La:e 

Mississippian and Pennsylvanian basins in north-w est Europe [based on Holdsworth & 

Collinson 1988). (a) At times of sea level highstand fully marine conditions are established (b 

At times of lower sea level, basins become restricted and there is fresh w ate r  influx, resulti ng 

in salinity decrease.

Fig. 4.3. (a) Field photo and sedim entary  log through a highly-condensed section in the 

Shannon Basin, located w est of Dunmore Head, Loop Head, Ireland, Irish Grid coordinates 

[70494/46845],  showing both (b) mouldic [2D) preservation and [c) solid (3D) preservation  of 

ammonoids. [d) Summary stratigraphic log of the Ross Sandstone Formation, showing the 

stratigraphic position of the consensed section shown in [a).

Fig. 4.4. [a) Field photo and stratigraphic log of low-density turbidite sequence in northern  

Senan’s Bay, south coast of Loop Head (Irish Grid Coordinates [76525 /47887])  from which 

am monoids have been recovered, (b) Location of ammonoids found in shale veneers in 

borehole lO-CE-UCD-04 (1 m-long core intervals from borehole lO-CE-UCD-04 w ere  chosen as 

a representative example), (c) Vallites henkei (Schmidt, 1925), an am m onoid  preserved in 

borehole material, (d) Summary s tratigraphic log of the Ross Sandstone Formation, showing 

the stratigraphic position of the section show n in (a).

Fig. 4.5. (a) Field photo and sedim entary  log of Kilbaha Bay locality (Irish Grid Reference 

[75394/48264])  showing position of ammonoid-bearing siltstone shown in (b). (c)

Ammonoids found in silt-rich mudstones, showing internal chambers in the shell, (d) Summary 

stratigraphic log of Ross Sandstone Formation, showing the stratigraphic position of the 

locality shown in (a).

Fig. 4.6. (a) Stratigraphic position within the Ross Sandstone Formation of massive sandstone 

on the  south coast of Loop Head, w est of Dunmore Head, Irish Grid Coordinates 

[70662/46893]) .  Here, am monoid casts shown in (c) are preserved on the underside  of the 

sandstone bed indicated by the a rrow  in (b).

Fig. 4.7. Summary log of the Ross Sandstone Formation, Shannon Basin, with the stratigraphic 

position of ammonoid-bearing horizons (indicated by arrows) in and between  the main highly- 

condensed sections. Stars show approxim ate (within 10 m of stratigraphic thickness) positions 

of am monoids on selected shale horizons within low-density turbidite sequences, which are 

too many to show on this scale.
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Fig. 4.8. (a] Schematic representation of emerging model for sedimentation in the Shannon 

Basin, western Ireland, (b) Concentration of ammonoids in the Shannon Basin visualized in an 

idealized log through the basin fill, showing greater numbers of ammonoids corresponding to 

times of lower sedimentation rate and fewer at times of higher sedimentation rate.

Chapter 5 Correlations within the Ross Sandstone Formation

Fig. 5.1. A compilation of ammonoid taxa recoded by Gillian Lewarne for localities in 

stratigraphic order w ith in  the Ross Sandstone Formation [from unpublished notes). Locality 

names have been updated to reflect locality names in Chapter 3. Ticks indicated presence of a 

given taxon in a locality. Number of ticks indicate abundance, as recorded by Lewarne: /  = rare 

to very rare, / / =  frequent to rare, / / / =  frequent, / / / /  = abundant. Where this occurrence 

has been confirmed in the present study (not necessarily in the same abundance), the box is 

shaded. Boxes were shaded whether or not specimens were identified confidently or were 

prefixed w ith cf (confer).

Fig. 5.2. Lithostratigraphic correlation panel of core and outcrop sections of the Ross 

Sandstone Formation (modified after Pierce 2015). Taxa that were also identified by Gillian 

Lewarne are underlined (cf Fig. 5.1). Logs that are measured by Pierce (2015) are grey, while 

sections measured in this work are black. For detailed logs, see relevant Figs. in Chapter 2 and 

Appendix B.

Fig. 5.3. Geological map of the Shannon Basin, showing localities mentioned in the text.

Fig. 5.4. Range chart for ammonoids and thin-shelled bivalves in the Ross Sandstone 

Formation, western Ireland.

Fig. 5.5. Comparison of ammonoid assemblages in the "Hud. proteus-Ho.smithii band" at 

different localities. The vertical axis shows the number of specimens on a log scale.

Fig. 5.6. Comparison of ammonoid assemblages in the "Ht. prereticulatus band" at different 

localities. The vertical axis shows the number of specimens on a log scale.

Fig. 5.7. Comparison of ammonoid assemblages in the "Dunmore Head west band" at different 

localities. The vertical axis shows the number of specimens on a log scale.

Fig. 5.8. Proportion of Reticuloceras/Phillipsoceras spp. compared to all other taxa at the 

Dunmore Head west locality, where the "Dunmore Head west band" crops out.
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Fig. 5.9. Comparison of am m onoid  assemblages in the "Ph. circumplicatile band" at different 

locaHties. The vertical axis shows the num ber  of specimens on a log scale.

Fig. 5.10. Proportion of Reticuloceras/Phillipsoceras spp. com pared to all o ther  taxa at the 

Quilty localit}' w here the "Ph. circumphcatile band" crops out.

Fig. 5.11. Comparison of am monoid assemblages in the "Ph. paucicrenulatum  band" at different 

localities. The vertical axis shows the num ber  of specimens on a log scale.

Fig. 5.12. Magnitude and duration of sea-level oscillations (after W aters & Condon 2012: Fig.

8]. Sea-level maxima are estimated through the determ ination  of maximum areal extent of 

acme ammonoid facies. For marine bands lacking ammonoid fauna the magnitude of sea level 

is determ ined through the acme m arine fauna, ranging from Estheria to brachiopod-bivalve 

facies. Sea-level minima are de term ined  through the presence of incised valleys, with the 

magnitude recorded by the num ber  of underlying marine bands removed beneath  the 

sequence boundary. The proposed four main glaciations are  highlighted as grey bands. The 

Ross Sandstone Formation is shown straddling a glacial-interglacial boundary.

Fig. 5.13. Comparison of Shannon Basin am m onoid  bands (the five main highly-condensed 

sections are shown in the Ross Sandstone Formation schematic architecture] with Pennine 

Basin ammonoid bands (modified after W aters & Condon 2012).

Fig. 5.14. Mineralogical composition of Phase 1 samples (volume %] with relative core depth of 

each sample (Samples 1 to 4).

Fig. 5.15. Volume % mineralogy for Phase 1 samples.

Fig. 5.16. Normalized values of volume % mineralogy for Phase 1 samples.

Fig. 5.17. Sample 1 normalized mineralogy (20.20 m depth in borehole lO-CE-UCD-05, sampled 

from the "Reading Room band").

Fig. 5.18. Sample 2 normalized mineralogy (47.73 m depth in borehole 09-CE-UCD-01, from the 

"Ph. circumplicatile band".

Fig. 5.19. Sample 3 normalized mineralogy (73.92 m depth in borehole 09-CE-UCD-02, from the 

"Ph. paucicrenulatum  band".

Fig. 5.20. Sample 4 normalized m ineralogy (82.7 m depth from borehole lO-CE-UCD-05 part of 

the "Hud. proteus-Ho. sm ithii band".
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Fig. 5.21. Phase 2 samples from  "Hud. proteus-Ho. sm ith ii band" in boreholes lO-CD-UCD-03 

and lO-CE-UCD-05.

Fig. 5.22 (a) M ineralogy o f samples taken from borehole lO-CD-UCD-03; [b) M ineralogy of 

samples taken from borehole lO-CD-UCD-05.

Fig. 5.23. Normalized results o f Phase 2 samples from  borehole lO-CE-UCD-03.

Fig. 5.24. Normalized results o f Phase 2 samples from  borehole lO-CD-UCD-05.

Fig. 5.25. Samples included in Phase 3, w ith  sample name (includ ing core num ber and depth), 

description and source (core or outcrop).

Fig. 5.26. QEMSCAN Phase 3 m ineralogy results visualised in a te rnary diagram w ith  the three 

axes showing carbonate, sand and clay/m ica. Results are normalized w ith  respect to pyrite.

Fig. 5.27. (a) QEMSCAN Phase 3 results; (b) Results once normalized w ith  respect to pyrite.

Fig. 5.28. Carbonate (dolom ite, calcite and others) content (volume %) across Phase 3 samples.

Fig. 5.29. Apatite content (volum e %) across Phase 3 samples.

Fig. 5.30. Sphalerite concentration (volume %) across Phase 3 samples.

Fig. 5.31. Sphalerite concentration (volume %) across QEMSCAN Phase 2 samples from 

boreholes lO-CE-UCD-03 and lO-CE-UCD-05.

Fig. 5.32. Plot o f angle (°20) versus Intensity (Counts) fo r sample X05PROT-89.84, from  the 

"Hud. proteus-Ho. sm ith ii band" a fte r XRD analysis. Peak positions and intensities are matched 

to lines from  the ICDD database.
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Chapter 1 Introduction

1.1 Introduction to the project

This s tudy  presents  the  resul ts of a re investigation of the amm onoid  fossil 

faunas p rese rved  in the Serpukhovian-Bashkirian s t r a ta  of  the  Shannon Basin, 

w e s te rn  Ireland, it focuses in par t icular  on the Ross Sands tone Formation,  a 

classic turbidi te  succession that  provides  an impor tan t  analogue for deep-  

w^ater sequences  elsew^here which contain hydrocarbons.  Over 3,000 

specimens  were  s tudied dur ing  the course of the project:  having reinvestigated 

their  taxonomy and pa laeoenv ironmental  significance, thei r  t rue  

biostrat igraphic  potent ia l  is assessed.

1.2 Ammonoids

Goniati tes a re extinct, external ly-shelled cephalopods that,  togethe r  with 

am m oni te s  and cerati tes,  form the subclass Ammonoidea.  They range from the 

middle  of the Devonian to the end of the  Cretaceous. Because of their  high 

evolut ionary rates, their  broad geographic  dis t r ibut ion and  relatively easy 

recogni tion,  amm onoids  a re  an excellent tool in biostrat igraphy [Ramsbottom 

& Saunde rs  1985). The te rm  "goniatite" is commonly used  as a synonym for all 

Palaeozoic am m onoid s  even though, in the s tr ictest  definition, goniat ites are 

those amm onoid s  tha t  belong to the o rd e r  Goniatitida (Lehmann 1981).

After a severe decline in n u m b er  of taxa at the end  of the  Devonian period, the 

Carboniferous per iod saw  the proli ferat ion and diversificat ion of ammonoids  

up until the  Mid Carboniferous Boundary (Kullmann 1980) , w hen  ano ther  

crisis in ammonoid  evolut ion took place. Notwi thstanding these  two crises, an 

unusually  rapid evolu t ionary rate allowed Carboniferous goniati tes  to become 

the r ichest  and most  diverse  of all Palaeozoic am m onoid  faunas (Ramsbottom 

& Saunde rs  1985). While goniat ites proli ferated during  the  Carboniferous,  

am m oni te s  thr ived in Mesozoic times, probably to occupy s imilar ecological
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niches. There is general a g reement  that  amm onoids  evolved from bactri t ids  

(Engeser 1996), ano th e r  cephalopod subclass  with small, or thoconic  (s traight] 

to cyrtoconic (slightly curved]  shells. Bactritids w ere  themselves  derived from 

orthoconic nauti loids [Lehmann 1981]. A br ief account  of sal ient  topics rela ted 

to amm onoids  is given below, as this aids interp retat ion in later chapters.

1.2.1 Shell structure

Ammonoids were  very diverse in t erms  of size, shape  and sculpturing.  They 

possessed an external  shell, also known as conch, made  of aragoni te ,  bu t  this 

mineral  is rarely preserved  since it is readily soluble in the pore  fluids in a 

rock. The mould left by solut ion is commonly filled by calcite [Lehmann 1981].  

The shell consis ted of th ree  main layers: per iostracum, the ou te r  pr ismatic  

layer and the inner  pr ismatic layer [Kulicki 1996). The shell was  divided 

internal ly into several  chambers ,  whose  c hamber  walls were  secreted 

sequent ial ly by the organism as it grew. The animal  itself res ided in the last 

formed chamber,  the body chamber.  As the  animal grew, it vacated the 

previously formed body chamber,  or  camera,  and secreted a chamber-dividing 

wall, or  septum, behind it. The body chamber  is a lways the largest  and  it is 

located in the ante r io r  of the shell. The remaining chambers  contained fluid 

and gas, which a re though t  to have se rved a function in buoyancy  control  

[Taylor & Lewis 2005) . The open end of the body chamber  is t e rm ed  a pe r tu re  

and the mou th  border ,  or  per is tome,  is located at the edge of the aperture .  

Goniatite shells are  always coiled in a single horizontal  plane [planispirally],  

with each complete  coil of 360° being t e rm ed  a whorl or  volution. The initial 

chamber  is known as the pro toconch and  the  port ion of shell divided into 

camerae  is known as the phragmocone  [Lehmann 1981). Ammonoid  shells can 

be evolute, w he re  the whorl s  overlap little or  not  a t  all, or  involute, w h e re  the 

whorls  overlap considerably (Teichert  1964) . in general,  involute forms were  

preva len t  and mos t  Palaeozoic amm onoid s  had a globose (roughly spherical  o r  

globular] shell. In aper tu ral  view (viewed facing the apertu re ]  shells vary from 

na r row  discs to broad,  globose shapes  (Fig. 1.1). A m em branous  tube,  called 

the siphuncle, extended back th rough  all the chambers  of the shell, f rom the
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protoconch to the body chamber. It originated as a small bulb, known as the 

caecum, w ith in  the protoconch, and consisted of organic and mineral 

components [Lehmann 1981). The siphuncle was used to regulate flu id levels 

in the chambers (Westermann 1996].

w h o rl w id th

apertura l
height

whorl 
height 1

conch  
d iam eter 1

um bilical w id th
conch
d iam eter

whorl 
height 2

Fig. 1.1. Basic conch param eters for Palaeozoic ammonoids [after Korn 2010].

The outer surface of ammonoids, where the external shell has been removed, 

commonly displays zig-zag lines: these are known as suture lines, it  is the 

angular pattern of these lines that gives goniatites their name: in fact, the Greek 

word Y ^v ia  means angle. Suture lines mark the position where the internal 

chamber-dividing walls (septa] join to the inner side of the external shell.

Hence they are only visible once the external shell has been removed 

(Lehmann 1981] (Fig. 1.2].

E A L
Towards Saddle (first lateral) Saddle (second lateral)
aperture ^

Umbilical seam
Median
saddle

Lobe (first lateral)Ventral lobe

Fig. 1.2. Generalized term inology of the suture line [modified after Korn 2010).
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There are several  t erms  associated with the descr ipt ion of su ture  lines (see 

Lehmann 1981; Teichert  1964]. For example, saddles  are  deflections of the 

suture  line in the adoral direction ( towards the aperture ) ,  whereas  lobes are  

deflections in the adapical  direction (away from the aperture ) .  The oldest 

suture  line is called p rosu ture  and it is defined as the par t  of the sep tum that  

part it ions off the protoconch.  The next su ture  to be formed is the pr imary  

suture,  which is generally regarded as the first t rue suture.  Within the suture  

line, external  (ventral),  lateral and internal (dorsal) lobes are  known as the 

pr imary lobes, since they appear  first in ontogeny and  phylogeny. A lateral lobe 

is nearly always p resen t  on the flank of ammonoid shells. Additional lobes may 

form by division of the saddles. Suture lines are  generally represen ted  with an 

a rrow point ing in the direction of growth and, when illustrated, they are  

projected as a line on a plane, a lthough usually only half is represented.  

Ammonoids are typically less than 20 cm in d iam ete r  (Taylor & Lewis 2005); 

most  amm onoids  investigated in herein were  less than  20 mm in diameter .

Ammonoid shells can be smooth or  can p resen t  varying degrees  of 

o rnam enta t ion  (Taylor & Lewis 2005). Examples of o rnam enta t ion  include 

ribs, which a re  radially directed ridges, sometimes  referred to as costae or 

pilae, riblets, which a re small ribs, furrows or  depressions,  and growth  lines, 

which a re minute  lines on the shell surface marking its gradual increase in size 

(Teichert  1964). in addi tion to these, constrictions, defined as coarse radial 

grooves encircling the whorl,  and plications, defined as coarse  radial folds, are  

common examples  of o rnamenta t ion  (Fig. 1.3).

Ammonoid taxonom y is based on knowledge of the morphology of the  conch, 

and generally involves the  s tudy of conch shape and size, su ture  line outline 

and shell ornament .  While ammonoid generic de te rmina t ions  mainly rely on 

su ture  line descr ipt ion,  o rnam en t  is the main tool in specific identification. 

Knowledge of  the o rnam e n t  is essential in the t axonomy of 2D ammonoids,  

because it is often the only shell feature that  is preserved.
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Rib D irection Rib Spacing

rursirodiote rechrodiote ororsirodiate d ittan i

Rib Type

opproximotsd bundled 
(fosciculote^

conv«x biconvex concovc biconcov« sinuous

folcoid (olcote projected

zigzog virgotofom* looped porabolic piicote

Fig. 1.3. Rib shape, spacing and course (after Arkell 1957; Klug et al. 2015).

1.2.2 Ontogeny

Ammonoids grew incrementally, via periodical secretion of new septa. A 

record of their growth is thus retained in their shells, facilitating ontogenetic 

studies. The following growth stages have been recognised: ammonitella, 

which is essentially the embryo; neanoconch, or early juvenile (shell diameter 

is 3-5 mm); juvenile (taken here to correspond to less than a 10 mm shell 

diameter) and adult (Bucher etal. 1996; Westermann 1996). The term 

adolescent is taken as equivalent to a late juvenile stage (Bucher et al. 1996) 

and is here defined as the growth stage of shells between 10 and 18 mm 

diameter, in the course of this study, adulthood is defined by shell diameters 

greater than 18 mm diam eter (cf Hodson 1957).

If one traces the ontogenetic development of the suture line in a single shell, it 

is clear that it becomes more complex during the individual’s life (Fig. 1. 4). In
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turn, this is paralleled in the phylogenetic deve lopment  of amm onoids  as a 

whole: while goniat ites had relatively s imple suture  lines, ammonit es  evolved 

complex patterns .

Stage Sbaj^e Sulure

<X

1

2 CO >76

3 Cad icot7e

4

5

^ ' n a t r o f i o n z

El\it>fioconfc
So -70'!“

6 Plckhycor7e 
( T ’ let* tt'xnSo 'lJy

7 Ox-jcoi^cuufc ysrfi?

Fig. 1.4. Ammonoid developm ental stages and associated changes in shape and suture, show ing  

increasing complexity in suture line during an individual's lifetime (after Bisat 1924).

1.2.3 Mode of life

Ammonoids are  extinct, so any interpre tat ion  of their  mode of life is by 

inference. Indeed, the dist r ibut ion of ammonoids  in space and t ime is much 

be t t e r  known than their  biology (Landman eta l .  1996; Taylor & Lewis 2005). 

The Pearly Nautilus is one of two living descendants  of external ly shelled 

cephalopods [including the Paper  Nautilus, which is a coleoid]. But, however  

t empt ing it may be to d raw  palaeoecological inferences from Nautilus, it mus t  

be noted that  it is not  phylogenet ically closely related to amm onoid s  [Engeser  

1996).

Nevertheless  various approaches  can be used, from synecological s tudies , 

which look at the associations and  occurrences of ammonoids  in the  field, to 

autoecological s tudies,  which focus on the morphology of the individual  shell in
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order to obtain physical constraints on the living organism [Westermann 

1996).

Ammonoids are confined to strata of marine origin [see Ch. 4 for a discussion 

on palaeosalinity) and it is thought that they were generally pelagic, the 

remainder being demersal [inhabitants of the water column just above the 

benthic zone] [Westermann 1996]. Of course, post-mortem d rift can affect 

fossil assemblages and must be taken into account. In general, assemblages 

containing various growth stages of the same species are likely to have 

accumulated in situ. Concentrations of mature individuals may reflect habitat 

change during lifetime, while concentrations of small individuals may be the 

result o f mechanical sorting. The worldw ide distribution of ammonoids 

indicates a nekto-pelagic habit [Riley 1993] and the ability to invade various 

habitats. While neanic and most small juveniles were quasiplanktic, at m aturity 

they became more mobile. Having said this, swimming ability remains 

controversial in ammonoids and the drag associated w ith  the shell would 

certainly hinder high-speed swimming [e.g. Jacobs 1992]. Klug & Korn [2004] 

studied changes in aperture position in several Devonian ammonoids [Fig. 1.5] 

and derived inferences on the locomotion ability of the ammonoids from the 

orientation of the shell. They showed that evolution of a coiled conch from the 

uncoiled bactritid  conch was probably coupled w ith  changes in swimming 

ab ility  and velocity.

BCL 77% 90* 110* 120" 180“ 160*

3 5 “ 85 ‘OA 20“ 75* 70* eo*15* 40 * 65*

very low I o w m o d e r a t e  h i g h
relative swimmir>g velocity

Fig. 1.5. Phylogenetic change in orientation of the conchs and swimming velocity of Bactritida 

and prim itive Ammonoidea. Outlines of the conchs of one bactritid and nine ammonoids from 

the Early and Middle Devonian w ith body chamber lengths [BCL], orientation of the aperture 

(OA], and relative swimming speed. Centre of gravity is indicated by a cross and the centre of 

buoyancy by a circle (Klug & Korn 2004).
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Studies that  focus on a mmonoid palaeoecology are most ly concerned with shell 

archi tecture  (e.g. Swan & Saunders  1987]. For example,  the presence of a 

hyponomic sinus, or  s inus marking the location of the hyponome,  is thought  to 

be a sign of g rea ter  flexibility of the hyponome,  which in tu rn  suggests grea ter  

swimming ability. In fact, it is generally thought  that  movement  was achieved 

via jet  propuls ion:  w a te r  was d raw n  in, passed over  the gills and then was 

directed out  through  the hyponome.  The shell funct ioned in protecting and 

support ing the animal. Furthermore ,  the chambered  construct ion probably 

allowed buoyancy control  by t rapping fluids. It is thought  that  ammonoids 

could migrate vertically th rough the w a te r  column. Lenticular shells with 

bilateral s ymmetry  are  generally associated with mobility, while prominent  

ornamenta t ion  is associated with reduced locomotion. In Palaeozoic 

ammonoids,  the  growth lines are generally fine and not  very prominent,  which 

is consis tent  with a nektonic habit. However,  the globose shape  of most  

goniat ites suggests they w e re  poor  swimmers.

Ritterbush & Bottjer (2012)  linked shell m easu rem en ts  to hypothesized 

ammonoid life m odes in a t e rna ry  diagram known as "Westermann 

Morphospace" (Fig. 1.6], In this diagram, shell shapes grade be tween  

se rpent icone  (evolute with much of the umbil icus exposed) , sphaerocone  

(overall inflated with mos t  or  all of the umbilicus covered)  and oxycone 

(compressed  forms, with no exposure  of the umbilicus).  They hypothesize that  

oxycone shapes  facilitated swimming,  while  sphaerocone  shapes may have 

facilitated vertical migration through  the w a te r  column, and serpent icone  

shapes  may have been associated with very poor  swimming ability and 

planktonic mode  of life.

Modifications of the shell at  matur i ty  include the formation of lappets,  which 

are  projections of the pe r is tome in the ventral  area (e.g. in Eumorphoceras):  

this par t icular  modif ication may have served to s t reamline the shell and 

facilitate swimming.



Serpenticone Spherocone

Oxycone

Fig. 1.6. W estermann morphospace. Three components of shell shape (exposure of the 

umbilicus, overall inflation, and w'horl expansion) dictate data placement w'ithin this ternary  

diagram [Ritterbush & Bottjer 2012).

The genus Entogonites is characterised by a tetrangular coiling of its inner 

whorls, a unique feature in Palaeozoic ammonoids. Even though it is unclear 

what the functional properties of this type of coiling were, the horizontally 

orientated aperture (calculated from the opening rate of the whorl spiral) in 

Entogonites suggests a planktonic lifestyle [Korn etal. 2005).

It is likely that ammonoids grew rapidly and were characterised by short life 

spans (Taylor & Lewis 2005). Even though gut contents in fossil forms are rare, 

it is thought that the main food item was zooplankton, such as crustaceans and 

ostracods. The main predators were larger ammonoids, fish, reptiles and 

teuthoids (an order of coleoids) (Westermann 1996). In general, a combination 

of autoecological and synecological approaches is best in any comprehensive 

palaeoecological study (Lacchia 2012).
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1.3 The Carboniferous

1.3.1 Global and regional context

During the Carboniferous, the final assem bly of the Pangaea, which was 

underw ay  as Gondwana collided with Laurussia, fundam entally  changed global 

oceanic c irculation pa tte rns  (Mii et  al. 1999; Fallon & Murray 2015]. This 

resulted  in the  Variscan Orogeny in W estern  Europe (Davies etal .  2012).

During this time, early Palaeozoic g reenhouse  conditions w ere  broadly  

replaced by icehouse conditions [see glaciation in Fig. 1.7), leading to 

p ronounced  sea-level fluctuations (Davies 2008; Fielding etal.  2008). Several 

glacial episodes occurred during  Serpukhovian and Bashkirian tim e and the 

presence  of eusta tic  sea level fluctuations related to the Gondw anan ice sheet  

is now well established (Davies 2008; Holdsworth & Collinson 1988; Maynard 

& Leeder 1992; W aters  & Condon 2012). Ice-melting occurred every 100 ka 

(Pointon etal .  2012b), suggesting a link to the  Milankovitch 100 ka "short" 

eccentricity cycle (Pointon et  al. 2012b; 2014) and brought with it potentially 

w e t te r  a tm ospheric  conditions and major eustatic  sea-level transgressions.

A series of small, in tracra tonic  basins is thought to have developed in 

no r thw es te rn  Europe as a result  of crustal extension in the  latest Devonian and 

Mississippian time (Leeder 1976; Leeder & McMahon 1988). The "block and 

basin" topography  genera ted  during  Late Devonian to Mid-Mississippian 

rifting (Leeder 1982) was gradually  infilled by fluvio-deltaic sed im en ts  during  

Serpukhovian and Bashkirian times. The Shannon Basin is pa rt  of this series  of 

in tracratonic  basins.

By the end of the Mississippian and into the Pennsylvanian, Ireland w as located 

a few degrees north  of the equator, based on palaeom agnetic  evidence (Scotese 

& McKerrow 1990), and the Shannon Basin would have experienced  a hum id- 

tropical climate a t this time, with som e seasonal drying (Davies 2008). The
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Shannon Basin basin fill succession is a far field (i.e. distant from polar ice 

sheets] record of glacio-eustatic sea level changes (see Ch. 5).

Fig. 1,7. Pennsylvanian paleogeography (based on Ron Blakey, University of Arizona - 

http://jan.ucc.nau.edu/~rcb7/moilglobe.html, reproduced with permission). Note glaciation 

in the southern hemisphere. Location of the Shannon Basin is shown by the black dot.

1.3.2 The Shannon Basin

Geological history and basin f i l l  succession

The Shannon Basin (Fig. 1.8), which has also been variously termed the West 

Clare Basin (Gill 1979), Western Irish Namurian Basin (Martinsen 1989) and 

Clare Basin (e.g. Haughton etal. 2009), is located in Western Ireland. The basin 

developed during latest Devonian and early Carboniferous times as a result of 

crustal extension (Collinson etal. 1991). The basin centre is located above the 

lapetus Suture, which is generally thought to follow the line of the present day 

Shannon Estuary (Martinsen & Collinson 2002). There is still some debate 

regarding basin orientation, lateral extent, and the location of sediment 

sources (see discussion in Wignall & Best 2000; Martinsen & Collinson 2002; 

Pointon eta l. 2012a).

The basin fill succession consists of a shallowing-upward sequence of deep- 

water shales and siltstones (Clare Shale Formation) overlain by, and in part

LAURI

GONDWANAN
GLACIATIONS
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laterally equivalent  to, deep-wate r ,  sand-r ich fan deposits  (Ross Sandstone 

Formation) ,  in turn succeeded by muddy  s lope (Gull Island Formation)  and 

deltaic (Central Clare Group) deposits.

Carbonate  production,  which was  extensive during the Tournais ian and Visean, 

ceased at approximately  the beginning of the Serpukhovian (Late 

Mississippian), when  it gave way to widespread  deposit ion of non-calcareous,  

organic, da rk  shales  (Clare Shale Formation) . In the Bashkirian (Early 

Pennsylvanian),  a thick (about  500 m) sequence  of turbidit ic  s il tstones and 

sandstones  (Ross Sands tone  Formation)  was  deposited in the central  axis of 

the basin, with the Clare Shale Formation cont inuing to be deposi ted  a round 

the margins  (Rider 1974;  Barham et al. 2015; Fallon & Murray 2015).
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Fig. 1.8. Map siiowing location of the Shannon Basin and schematic stratigraphy through the 

basin axis (modified after GSl Datasets Public Viewer: 

http://spatial.dcenr.gov.ie/imf/imf.jsp?site=GSl_Simple).
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The switch from carbona te  product ion to terr igenous sedimentat ion,  which 

occurred in Britain and Ireland, is thought  to be related to very large r iver  

systems encroaching on the British Isles at  this t ime mainly as a resul t  of 

tectonic uplift (Sevastopulo 2009).

The l i thostrat igraphy of the uppe r  par t  of the Shannon Basin succession was 

first establ ished by Rider (1974).  Pioneering biostrat igraphic  w ork  by Hodson 

[1954a,b)  and  Hodson & Lewarne (1961)  was fundamental  in proving the  

exis tence of a mid-Carboniferous t rough,  with an axis roughly aligned with the 

present -day  Shannon estuary.  While this early biostrat igraphic  w ork  focused 

mainly on the Clare Shale Formation,  the p resen t  s tudy is based on data  

recovered both from the Clare Shale Formation and from the Ross Sands tone 

Formation (Rider 1974; Collinson etal .  1991; Elliot 2000a,b; Lien etal .  2003;  

Pulham etal .  2014).

The Ross Sandstone Formation (Figs. 1.8-1.9) consists predominan t ly  of deep-  

w a te r  turbidit ic sandstone  that  p rograded  nor th -eas tward  over  da rk  m uds  of 

the Clare Shale Formation.  During deposit ion of the Ross Sands tone  Formation,  

these  muds  cont inued to be deposi ted a round the basin margins,  to the  north 

and to the east, w he re  they replace and a re  coeval to the Ross Sandstone  

Formation.

in addit ion to coastal exposures ,  a set  of 12 behind-outcrop  wells, which w ere  

drilled by a consort ium consist ing of Statoil and University College Dublin 

(UCD) to target  the  sand-rich Ross Sandstone Formation,  were  examined 

during the course of this study.

The l i thostratigraphic  base of the Ross Sands tone  Formation is defined a t  the  

en try  of the first significant (over  5 cm thick) sands tone  bed (at 183.2 m depth 

in borehole  lO-CE-UCD-03 and  131.4 m depth in borehole  lO-CE-UCD-05) 

(Pierce 2015). Many au thors  have informally taken the top of the  Ross 

Sands tone  Formation (boundary with overlying Gull Island Formation)  to be at
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a biostratigraphic boundary, namely the "Phillipsoceras paucicrenulatum band" 

(see Sevastopulo 2009, p. 279).

NE

CONDENSED SECTION

Fig. 1.9. V iew  o f the Ross Sandstone Formation on the north coast of Loop Head looking NE 

from Toorkeal. Recessed interval corresponds to a condensed section.

However, recent w ork at University College Dublin [UCD) has provided a 

lithostratigraphic defin ition for the base of the Gull Island Formation; it  is now 

defined as the base o f the firs t mass transport deposit above the topmost 

condensed section in the Ross Sandstone Formation (which is the "Ph. 

paucicrenulatum band"] (Obradors-Latre pers. comm., 4 Nov 2014); this 

boundary corresponds to a change to a dominance of silty slumps over in-situ 

sandstones w ith  the la tter continuing to occur in the lower part o f the Gull 

Island Formation (Pierce 2015).
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Fig. 1.10. Photo o f sand volcano on top o f Ross Slump, Bridges of Ross, Co. Clare. Ham mer is 35 

cm long.

The Ross Sandstone Formation is a 500 m thick succession consisting mostly of 

sandstones [65% net clean sand: Puiham et a l 2014), with interbedded shales 

and slumped horizons. Channelized sandstones and slumped horizons become 

more common towards the top of the formation (Haughton 2009). Slumping 

occurs at several horizons within the Ross Sandstone Formation, with the most 

famous example being the Ross Slump (Gill 1979; Martinsen & Bakken 1990; 

Strachan 2002; Lien et al. 2003), which is well exposed near Bridges of Ross, on 

the north coast Loop Head [Fig. 1.8). Sand volcanoes (Fig. 1.10) are developed 

on the upper surface of the slump as a result of sediment-rich fluid extrusion 

and sandstone dykes are another common feature. The movement of the slump 

is thought to be to the north-east (Strachan 2002). The Ross Sandstone 

Formation is thought to have been deposited over a timespan of about 1.5 

million years (Puiham et al. 2014).

The Gull Island Formation (Fig. 1.8) consists of extensively slumped slope 

deposits. It thins on the northern margin of the basin, where it was described 

by Hodson and Lewarne (1961) as the Ribbed Beds, the Cronagort Sandstone,
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and the Doonagore Shale. The youngest part of the succession in the Shannon 

Basin [the Central Clare Group; Rib-Rzc; Fig. 1.8) consists of five [and part of a 

sixth) cyclothems, each containing a unit of ammonoid-bearing black shale 

interpreted as a maximum flooding surface, overlain by complexes of deltaic 

siltstones and sandstones [Rider 1974; Pulham 1989).

The global significance of the Shannon Basin lies in its value as an analogue for 

deep-w^ater reservoirs elsevi^here [Martinsen & Collinson 2002). As such, it is 

often visited by representatives of industry and academia, w^ho choose it as a 

popular site for field-courses each year. In particular, the deep-w^ater turbidites 

of the Ross Sandstone Formation, which are beautifully exposed in the cliffs 

and foreshore of the Loop Head Peninsula, Co. Clare, Ireland [e.g. in Fig. 1.9), 

have proven to be an instructive analogue for deep-water sequences elsewhere 

which contain hydrocarbons [e.g. Gulf of Mexico: see Pyles 2008).

Thermal history and deformation

All rocks in the Shannon Basin have been affected by Variscan deformation, 

even though Ireland lies near the northern limits of the Variscan orogenic belt 

[Graham 2009). East-west trending Variscan cleavage is common on bedding 

surfaces [Haughton 2009).

The thermal history of the Shannon Basin has been investigated by examining 

the maturation of organic matter (Goodhue & Clayton 1999), conodont 

alteration indices [Clayton et al. 1989) and crystallinity of white mica and 

chlorite (Graham 2015). Maturation levels in the Shannon Basin are 

exceptionally high [e.g. vitrinite reflectance values of 4.5-6.5%; see Goodhue 

and Clayton 1999). Conodonts from limestone concretions have conodont 

alteration indices (CAI) of 5 [Clayton et al. 1989). These data suggest peak 

palaeotemperatures of 340-370°C [Fitzgerald etal. 1994), which are higher 

than expected [but consistent with development of pressure solution cleavage) 

and difficult to explain by tectonic overburden (Graham 2015). It is instead
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attributed to fluid advective heating (the expulsion of hot fluids) from the 

Munster Basin to the south (Fitzgerald etal. 1994; Clayton & Baily 1999).

Condensed sections

In the Shannon Basin, ammonoids are concentrated in laterally extensive black 

shale bands, which are taken to represent intervals of sediment starvation and 

are often referred to as "condensed sections" or "ammonoid bands". These 

bands display small-scale variations in lithology from paper shale to clay-rich, 

resistant shale, to clay-rich siltstone. Within the assemblages in the condensed 

sections, ammonoids are the dominant faunal component and are accompanied 

by bivalves, orthoconic nautiloids, conodonts and plant material (see Ch. 2). 

While most condensed sections are thick (up to c.8 m) intervals of black shale, 

no condensed section is composed entirely of shale: in fact, lithological 

variation from shale to siltstone to sandstone is always observed at varying 

scales.

Ammonoids (Fig. 1.11) are usually preserved both as crushed external moulds 

(2D ammonoids), and occasionally as 3D shells within concretions, often 

referred to as "bullions" in Carboniferous sections (see e.g. Hodson 1954a,b).
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Fig. 1.11. Phillipsoceras circum plicatile  (Foord, 1903) preserved as a 2D m ould (bottom  centre  

of photo), D unm ore W est band, (see  Ch. 3 for locality details). Coin diam eter is 23 .25 mm.

The areal extent of condensed sections is primarily a function of the magnitude 

of eustatic sea-level rise, influenced by basin topography and subsidence or 

uplift rates (Waters & Condon 2012). The condensed sections are thought to 

record significant water depth increase [Davies 2008] and are have been 

interpreted as maximum flooding surfaces driven by eustatic rises in sea level 

[e.g. Martinsen etal. 1995; Hampson etal. 1997; Davies 2008],

A hierarchy of condensed sections was recognized in the Shannon Basin during 

the course of this study, leading to a broad subdivision into highly- and lesser- 

condensed sections:

• Highly-condensed sections are generally thick [c.1-8 m), dark in colour, 

shale-dominated, with several ammonoid-bearing horizons and 

ammonoids present throughout in varying abundance [see Fig. 1.12).

• Lesser-condensed sections are generally thinner, not as w^ell-expressed, 

less distinctive in terms of colour [lighter), lithology [not as shale 

dominated, and tend to split laterally (see Fig. 1.13).
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Fig. 1.12. Typical highly-condensed section, "Ph. circumplicatile band", Quilty, [ 7 7 2 8 1 /5 1 7 0 1 ] .

Fig. 1.13. Lesser condensed section [RVM) at Rinevella, [ 8 1 8 4 0 /4 9 1 0 6 ]  [see Ch. 2 for locality 

details] (a) frontal view, (b) view looking west.

The pioneering biostratigraphic  w ork  of Gillian Lewarne and Frank Hodson in 

the  1950s and  60s [1954a,b; 1961) recognized th ree  main "am m onoid-bands” 

in the  Ross Sandstone  Formation. These are: "the Homoceratoides 

prereticulatus  band", "the Phillipsoceras circumplicatile  band" and "the 

Phillipsoceras paucicrenulatum  band", each nam ed after its m ost abundan t  

taxon (Fig. 1.14).
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ROSS
SANDSTONE
FORMATION

PREVIOUS AM M O NO ID  
BAND SCHEME

Ph. paucicrenu la tum  band  (Pla4)

Ph. c ircum plica tile  band {Rla2)

c, 500 m

% Ht. prereticu latus  band (H2c)

Sandstone-dominated succession w ith  subordinate siltstone and shale 

H m H  Shale dominated condensed sections

Fig. 1.14. Simplified stratigraphic column through the Ross Sandstone Formation, showing the 

three main previously-recognized ammonoid bands.

Several new condensed sections have since been recognized during the course 

of this study, in conjunction w ith  detailed analysis of outcrop and borehole 

material undertaken by Colm Pierce and Arnau Obradors Latre at University 

College Dublin (UCD], At least ten ammonoid-rich shale intervals outside of 

condensed sections, as well as eight condensed sections, have been identified 

w ith in  the Ross Sandstone Formation. The new biostratigraphic data, coupled 

w ith  the lithostratigraphical (i.e. physical) correlations, allow a very detailed 

dataset for the Ross Sandstone Formation to be described in Chapter 5.

At least eight condensed sections are now recognised w ith in  the Ross 

Sandstone Formation (see Ch. 5), resulting in duration of c.200 ka for each (see 

Ch. 5 for discussion).
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1.3.3 Carboniferous ammonoid biostratigraphy

Alongside the key role of conodonts as biostratigraphic tools for identifying the 

Mid-Carboniferous boundary [Richards et al. 2011; Sevastopulo & Barham 

2014; Barham et al. 2015; Fallon & Murray 2015), thick-shelled ammonoids 

(Fig. 1.15), plant spores and thin-shelled bivalves [Sevastopulo 2009) have 

been used to subdivide and zone the Carboniferous Period. Thick-shelled 

ammonoids are particularly useful in providing a high-resolution 

biostratigraphic framework for the late Mississippian to Pennsylvanian 

Subsystems [Waters etal. 2011).

Regional
Substage

Am m onoid Biozone

Index Ammonoid

Conodont Biozone

Shelf Basin

R ic Reticuloceras reticulatum

Kinderscoutian R ib Retculoceras eoreticulatum
Idiognathoides corrugatus- 
Idiognathoides sulcatus

Ria Hodsonites magistrorum

H2c Vallites eostriolatus
Alportian H2b Homoceras undulatum

H2a

Chokierian
H ib

HusdsonocerasQrote^

DecHr)ognathodus
noduliferous

Homoceras beyrichianum
H la
E2c

Isohomoceras subglobosum 

Nuculoceras stellarum______
Arnsbergian E2b Cravenoceratoides edalensis

Gnathodus postbilineatus

E2a Cravenoceras cowlingense Gnathodus bilineatus bollandensis

Elc Cravenoceras malhamense

Pendleian E lb Cravenoceras brandoni
Ela Cravenoceras leion

Kladognatus- 
Gnathodus g irty simplex

P2c Lyrogoniatites georgiensis Gnathodus g irty collinsoni

P2b Neoglyphioceras subcirculare

Brigantian P2a Lusitanoceras mranosus Lochriea nodosa

P id Parnriiohioceras koboldi
P ic Paraglyphioceras elegans

P ib Arnsbergites falcatus Mestognathus bipluti

Pla Goniatites crenistria

Asbian
B2b Goniatites globostriatus Gnathodus bilineatus
B2a Goniatites hudsoni

■ao
■£
o

B1 Beyrichioceras
Holkerian BB Bollandites-Bollandoceras (part)

Lochriea commutata (part)

Fig . 1.15. Summary of ammonoid zones and subzones of tiie Serpukhovian-Basiikirian 

(therefore pertinent to the Shannon Basin) with diagnostic ammonoids and conodonts (after 

Fallon & Murray 2015).
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Having said this, ammonoid faunas become more provincial during the 

Mississippian Subsystem of the Carboniferous. In fact, Korn et al. [2012) 

show^ed that middle and early-late Tournaisian faunas from Morocco closely 

resemble time-equivalent faunas from the United States, Europe, the Urals and 

Central Asia, but, later during the Late Visean, ammonoid provinces w^ere 

formed. The genera Entogonites and Goniatites have wide palaeogeographical 

distribution, indicating cosmopolitism at the genus level at least until the end 

of the middle Visean (Korn et al. 2005; 2012). Even when provincial, 

ammonoids are extremely useful in more local studies [Lacchia 2012).

Western European ammonoid bands in the Serpukhovian/Bashkirian have 

been summarized several times in the literature, resulting in different 

classification schemes ranging from the simplest ones with only zonal index 

ammonoids listed [e.g. Riley et al. 1993; Wignall & Best 2000), to more 

complex ones, where index ammonoids are presented alongside diagnostic 

ammonoids and associated ammonoids [e.g. Waters & Condon 2012).

Thick-shelled ammonoids are particularly useful in providing a high-resolution 

biostratigraphic framework for the late Mississippian to Pennsylvanian 

Subsystems [Waters etal. 2011). Nikolaeva & Kullmann [1998) summarized 

ammonoid biostratigraphic schemes in the Serpukhovian and Bashkirian 

worldwide (Fig. 1.16).

Serpukhovian and Bashkirian ammonoid biostratigraphy for Northwestern 

Europe was first set up by Bisat [1924; 1928) and Bisat and Hudson [1943), 

and later developed by Ramsbottom [1969; 1971), largely resulting from work 

in the Central Pennine Basin of northern England [Waters etal. 2011). It is 

usually assumed that UK biostratigraphy is the most complete record of 

ammonid bands with diagnostic thick-shelled ammonoids [Ramsbottom etal. 

1979; Davies etal. 1999).
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Fig. 1.16. Ammonoid-based correlation of the Serpukhovian and Bashkirian (after Nikolaeva & 

Kullmann 1998).

In a recent study, Fallon & Murray (2015) showed the biostratigraphic ranges 

of Irish conodonts sampled from two sections in the Clare Shale Formation 

spanning the mid-Carboniferous boundary. Their w ork suggested that the 

current defin ition of the mid-Carboniferous boundary (based on D. noduliferus 

s.I. first occurrence) and the suitab ility  of the Arrow  Canyon section as a Global
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Boundary Stratotype Section and Point [GSSP) need to be reassessed because 

the evolut ionary his tory of  D. noduliferus s.l. on w^hich the boundary  is based is 

not  applicable to Europe.

The biostrat igraphic  f ram ew ork  allows coeval basins to be compared  [Davies 

e t al. 1999). During the Serpukhovian and Bashkirian, at  least 46  ammonoid-  

bear ing bands  (Fig. 1.17) are  known from the Pennine Basin, UK (Riley e t al. 

1995;  Davies e t al. 1999) ,  providing a f ramew ork  that  the Shannon Basin 

biostrat ig raphy  resul ts  can be compared to [see Chapter  5). Ammonoid bands 

in the  Lublin Coal Basin, Poland, which were  descr ibed by Dzik [1997,  p. 148) 

w e re  seen to be only par t ly  similar  to those in the Pennine Basin [Davies e t al. 

1999).

In summary ,  arnmonoids  a re  the organism of choice for several 

biostrat igraphic  s tudies  and  the obvious choice in the Shannon Basin, where  

they domina te  the faunal assemblages.
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ZONES WESTERN EUROPEAN MARINE BANDS

Regional
Substage Index Ammonoid Index Diagnostic

ammonoid Associated ammonoids

R lc5 Butterly MB- Lingula

R lc Reticuloceras
reticulatum

R1c4 R. coreticulatum
Anthracoceratites sp., Homoceratoides 
divaricatus, Hudsonoceras ornatum,
R. reticulatum (late form), V. striolatus

R1c3 R. reticulatum Homoceratoides prereticulatus, R. davisi, 
R. regularum, Vallites sp., V. striolatusR1c2 R. reticulatum

z
< R id R. reticulatum
1-
3
O R ib Reticuloceras

R1b3 R. stubblefieldi
Vallites striolatus, Hudsonoceras ornatum, 
R. moorei, R. regularum

u
i / I
cc

eoreticulatum R lb2 R. nodosum Homoceras spiraloides, Vallites striolatus

a
z R ib l R. eoreticulatum Reticuloceras sp.

2 R1a5 R. dubium Reticuloceras sp., R. adpressum

R la4 R. todmordenense Homoceras sp., Reticuloceras sp.,
Ph. (R.) paucicrenulatum, R. adpressum

Rla Hodsonites
mogistrorum

R1a3 Ph. (R.) subreticulatum Homoceratoides sp., Reticuloceras pulchellum

R1a2 Ph. (R.j circumplicatile Homoceratoides sp., Vallites henkei

R ia l Hod. magistrorum R. compressum

z H2c
Vallites H2c2 Ht. prereticulatus Homoceras sp.

<
h"

eostriolatus
H2c1 V. eostriolatus Ho. undulatum

fiC
Oa. H2b

Homoceras
undulatum H2b1 Ho. undulatum Ho. beyrichianum. Ho. smithii

< H2a Hudsonoceras
proteus H2a1

Hud. p roteus  
a,b&c

Homoceras smithii

H lb
H1b2 Isohomoceras sp. nov. Homoceras sp.

<
SUJ

beyrichianum H ib l  
a & b

Ho. beyrichianum Ho. diadema. Iso. subglobosum, 
Isohomoceras sp.

H la H1a3 1. subglobosum
z subglobosum H1a2 1. subglobosum
u

H la l 1. subglobosum

Nuculoceras
stellarum

E2c4 N. nuculum
C. darwenense, Ct. fragile, E. bisulcatum, 
Kazakhoceras hawkinsiE2c E2c3 N. nuculum

E2c2 N. nuculum
E2cl N. stellarum Fayertevillea holmes!

z E2b3 Ct. nitidoides Cravenoceras sp., Eu. rostratum
<
oec
UJ

E2b Cravenoceratoides
edalensis

E2b2a-c Ct. nitidus
Cravenoceras sp., C. subpiicatum, Crevenocerotoides sp., 
Eumorphoceras sp., E. bisulcatum, E. Ieitrimer)se,
Fav. holmesi. Glaohvrites so.. G/. kettlesinoense

flO E2bla-c Ct. edalensis Cravenoceras sp., C. subpiicatum. Fay. cf. holmesi

oc E2a3 Eumorphoceras yatesae Cravenoceras sp., C. gairense, Eumorphoceras sp.

E2a2beta Anthracoceras Saleswheel Marine Band
E2a Cravenoceratoides :2a2dlpha C. aressinahamense C c f gairense, Eumorphoceras sp.

cowlingense
E2a2 Eu. ferrimontanum Cravenoceras sp., C. gairense, E. erinense, 

Kazakhoceras scaliaer
E2ala-c C. cowlingense Cravenoceras sp., E. grassingtonense

ETC
Cravenoceratoides E1c2 Blacko Marine Band- Sanguinolites
malhamense E ld C. malhamense Cravenoceras sp., Eumorphoceras sp.

<
UJ Elb Cravenoceratoides

brandoni

E1b2 
a & b

Tumulites
pseudobilinquis

Edmooroceras angustum, Ed. hudsoni,
Ed. stubblefieldi, Eumorphoceras sp., Tumulites sp.

O
z E lb l C. brandoni Edmooroceras stubblefieldi

Q.
Ela

Cravenoceras
leion

Elal
a-c

C. leion
Cravenoceras sp., Cousteauceras rota, 
Eumorphoceras sp., E. involutum, Ed. bisati,
Ed. medusa, Ed. pseudocoronula, Ed. tornquinsti

Fig. 1.17. Ammonoid zones and subzones in tiie Serputchovian and Bashkirian w ith  diagnostic 

ammonoids, indices and associated ammonoids (after Riley et al. 1995; W aters & Condon 

2012). For a list of abbreviations, see p. 26i.
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1.3.4 Previous correlation schemes

Ammonoid biostrat igraphy in the Shannon Basin has been s tudied before  and a 

sum m a ry  of a t t empts  previous to this s tudy is p resen ted  here.

Hodson (1954a,b]  and Hodson & Lewarne (1961)  w ere  the first to pubUsh 

detai led records of ammonoids  in the Clare Shale Formation [Table 1.1).

Dr Gillian Lewarne was  the first to invest igate the  ammonoid  b iostrat ig raphy  

of the Ross Sandstone Formation in the  1950s and  recorded  her  findings in 

unpubl ished  notes, which were  kindly made  available a t  the s ta r t  of the 

p resen t  project. Her s t ra tigraphic  f ramework,  in which she recognizes four  

condensed  sections, is summarized  in Table 1.2 and the assemblages found in 

var ious Loop Head localities a re  detai led later (Chapter  5).

F au n a l Band F au n a  an d  L itho logy

1
R eticu loceras su breticu la tum , Vallites (H om oceras) henkei, D im orph oceras  sp . 

Shale, a b o u t 4 .6  m
H P hillipsoceras (R eticu loceras) circum plicatile , V. (H om oceras) henkei 

Shale, 1.4 m

G
P hillipsoceras (R eticu loceras) circum plicatile , H om ocera to ides varica tus, V. 
(H om oceras) henkei

Shale, 0 .3 0  m

F
R. aff. com pressum , R. sp., V. (H om oceras) henkei, Hod. m ag istroru m  (Ho. sp. nov. A), 
D im orphoceras  cf. looneyi

Shale, 0 .3 0  m
E H t aff. p rere ticu la tu s, Ho. sp. nov., D im orph oceras  sp. nov. 

Shale, 0 .3 0  m
D Ho. undulatum , D im orph oceras  sp. nov. 

Shale, 0 .30  m
C H udsonoceras pro teus, Ho. sm ith ii, D im orphoceras  sp. nov. 

Shale, 1.22 m
B Ho. beyrich ianum  g ro u p  

Shale, 2 .13  m

A Ho. beyrich ianum  g ro u p , Isohom oceras (H om oceras) aff. subglobosum

Table 1.1. Hodson's faunal band schem e for the low er Clare Shales, (after Hodson, 1954a, p.

265]. Original measurem ents in feet /inches  have been converted to metric values and 

taxonomic details have been updated.
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N a m e  o f  c o n d e n s e d  se c t ion  

( " m a r in e  b an d " )  (a lso  s e e  Fig. 

5.4 for  s t r a t ig r a p h ic a l  posi t ion  

o f  th e s e  c o n d e n s e d  se c t ions)

C o n d e n s e d  sec t ion  localit ies 

/ n a m e  o f  su c c e ss io n  in b e tw e e n  

t h e  b a n d s  ( fo r  locality  n a m e s  se e  

Ch. 3, Fig. 3.1)

Main fauna l  c o m p o n e n t s

TULLIG SANDSTONE GROUP

MB4 OUGHTERARD-ROSS-MONEEN- 

FODRY MB (i.e. m a r in e  b and)

P hillip soceras (R eticu loceras) 

p a u c ic re n u la tw n , D unbarella

ROSS SLUM P GROUP 

CARRIGAHOLT SUCCESSION

MB3 QUILTY-CLOGHUANSAVAUN MB 

AND KILCREDAUN MB

P hillip soceras (R eticu loceras)  

circum p lica tile , P hillipsoceras  

(R e ticu lo cera s) p a u c icren u la tu m , 

C aneyella

LOOP HEAD SUCCESSION, 

KILCREDAUN SUCCESSION

MB2 LISDOONDALHEN MB& 

LIGHTHOUSE MB

P h illip soceras (R eticu loceras)  

circu m p lica tile , V. (H .) h en ke i

D UNM ORE HEAD-KILTRELLIG

STR A N D -R E H Y H ILL

SUCCESSION

M B l DOONDALHEN MB^ READING 

ROOM

H o m o cera to id es p re re tic u la tu s

Table 1.2. Simplified succession sh ow in g  the four condensed sect ions ("marine bands"] 

identified by Dr Gillian Lewarne (modified from unpublished notes). Succession nomenclature  

is presented as mapped by Lewarne.

The presence  of four condensed  sections has been confirm ed in the p resen t  

study, with additional assem blage data, as well as new localities and condensed  

sections being recognized.

Following on from the w ork  of Hodson and Lewarne [Hodson 1954a,b; Hodson 

& Lewarne 1961], Rider (1974) was responsible for establishing the 

l i thostra tigraphy of the u p p e r  p a rt  of the basin fill ( th re e -p a r t  division into 

Ross Sandstone Formation, Gull Island Formation and Central Clare Group). He 

recorded  th ree  condensed  sections, o r am m onoid bands, in the  Ross Sandstone 

Formation on Loop Head: the  Ht. prereticulatus  band, the  Ph. (R.) 

circumplicatile  band and the Ph. (R.) paucicrenulatum  band. Rider (1974) also 

sta tes  tha t  these  bands can be used in correlation w ith  the Clare Shale 

Formation fu rthe r  north. Gill (1979) took up Rider's (1974) corre la tion  schem e
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in his seminal work on slumping and sliding in the Shannon Basin [his "West 

Clare Namurian Basin").

Since then, several other correlation schemes have been presented in the 

literature using both condensed horizons and slumped horizons. The regional 

cross section for the Ross Sandstone Formation in Collinson etal. (1991) [see 

Fig. 1.18] includes five ammonoid bands, namely, in stratigraphical order:

• "Ho. smithii/Hud. proteus band"

• "H t prereticulatus hand"

• "Ph. (R.) circumplicatile hand"

• "Ph. (R.) paucicrenulatum-R. subreticulatum  band"

• "R. dubium band"

Nl
iNorth Clarel 60 km >|Shannon Estuary region|

Zone

North Cork
(Monon. I96SI

Shallow water 
cyclothems with 
relatively unilorm 

thickness aciDSs basin

CL
3o
ITo

ShalkM water 
cyctothems wltti 
relatively unilorm 

thickness across basin

Deep water-fronted 
delta system

Stope system

Southern margin

Northern margin

Lowrer Cartx)nrfercMiB 
Lvneetone

BKsvahgrapntc oonb’oi
M3i*Cafkt.&. - 1urbKile ayslem

Fig. 1.18. Stratigraphy of the Shannon Basin from North Clare, through the Shannon Estuary to 

North Cork (after Martinsen & Coliinson 2002; ColHnson etal .  1991).

Wignall & Best [2000; p. 62) illustrate a sim ilar correlation scheme [Fig. 1.19), 

where the bands in the Ross Sandstone Formation in stratigraphical order are:
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• "7Ho. undulatum  band"

• "Ht. prereticulatus hand"

• "IPh. circumplicatile  band"

• "R. subreticulatum  band"

• "R. dubium  band"

The question m arks before the "Ho. undulatum  band" and the "Ph. 

circum plicatile  band" deno te  uncertain ty  in recognition of the bands.

7.o\4i (MiMxrm h . s r t  A R i M f k J i n  k \  (  l A R h

(M a i

9M

3 1 5 -

K li-

Kll>2
K lh l

?k i m :

K lu l

I l2 r 2

H 2 i I

?I l2 h

Il2 ii

H lb 2

I l l t l l

Hum trrpk(KtTm \

¥  fli fli J

P K N D I  K IA N liii: TumuUtr>

EFWE

D w iiuiK arr

shiitt

< ' r » a i g r l  S .i iid .iU if

l SJid*

I la ii ' 
ShMk 

I 'o rtN u livn

S i .
I’t im p h s ir  IWd

Fig. 1. 19. Summary and com parison of lithostratigraphy and biostratigraphy o f the outcrops of 

northern county Clare ad along the Shannon Estuary, show ing am m onoid bands in the Ross 

Sandstone Formation (after Wignall & B est 2000; p. 62).

Chapin e ta l. [1994) provided a detailed correla tion of the  Ross Sandstone 

across various outcrop localities. They include four condensed section in the 

Ross Sandstone Formation: these  a re  the "Ho. sm ithii/H ud. pro teus  band", the 

"H t prereticuiatus  band", the  "Ph. (R.) circum plicatile  band" and the  "Ph. (R.) 

paucicrenulatum  band".
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Kelk ( I960 ]  s tudied the  Clare Shale Formation sect ions in Ballybunion, Co. 

Kerry, and  also included details of the l owermost  Ross Sandstone Formation at 

Ballybunion: he recorded  the "Hud. proteus  band" at  the waterfall  produced by 

Glenachoor  Stream [86837 /4 4563] ,  although he did not  record the presence  of 

Ho. smithii  a t  this locality. He placed the "Ht. prereticulatus  band" 6.4 m above 

the "Hud. proteus  band"  [Kelk 1960; p. 34), al though these two bands  were 

found to be s epara ted  by at least 50 m of succession in the p resen t  s tudy (see 

sect ion 5.4].

Lien etal.  (2003]  also provided detai led correlations within the Ross 

Sands tone  Formation based on 13 measured  sect ions both on Loop Head and 

Ballybunion. He included, in s t ra tigraphic order:

• "Ho. sinithii band"

• An unident if ied "marine band"

• "Ht. prereticulatus hand"

• "Ph. (R.) circumplicatile  band"

• "Ph. (R.) paucicrenulatum  band"

• "Ph. (R.) paucicrenulatum/R. dubium  band"

• "R. dubium"  band

More recently, Pyles (2008]  constructed a correlat ion panel  for the Ross 

Sands tone Formation with the following six condensed sect ions in 

s tra t igraphic  order ;

• "Ho. smithii/Hud. proteus  band"

• "Ho. undula tum  band"

• "Ht prereticulatus hand"

• "Ph. (R.) circumphcatile  band"

• Ph. (R.) paucicrenulatum  band"

• "R. dubium  band"

However,  the presence  of a "Ho. undulatum  band" was  not  confirmed in the 

presen t  s tudy  nor  is it recorded in o the r  studies.
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The top of the Ross Sandstone Formation is usually taken at the "R. dubium" 

band (Collinson et al. 2001; Lien etal. 2003; Pyles 2008), but this was not 

confirmed in the present study (see Chapter 5, section 5.4], which did not find 

R. dubium on the Loop Head sections (see Chapter 2).

As well as working on the Ross Sandstone Formation, Lewarne, together w ith 

Hodson, mapped the Clare Shale Formation in the north Clare exposures 

(Hodson 1954a,b; Hodson & Lewarne 1961). Their ammonoid band scheme is 

presented in Chapter 2, Table 2.1.

Braithwaite (1993; 1995), during her investigation of the stratigraphy of the 

mid-Carboniferous boundary, reassessed the biostratigraphy of the Clare Shale 

Formation at Inishcorker (see Chapter 2 for locality and ammonoid assemblage 

details): she recorded the lowest ammonoid band at Inishcorker as 

Nuculoceras nuculum (E2C2) and the topmost ammonoid band as Hudsonoceras 

proteus (H2ai). However, the present study found that the succession in 

Inishcorker ranges in age from Pendleian at its base (Ei) to Kinderscoutian at 

the top (R ia  ammonoid biozone).

There are clear inconsistencies in the ammonoid data presented above 

concerning the Shannon Basin biostratigraphy, warranting further 

investigation.
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1.4 Project aims

Major project aims were:

• To develop a detai led biostrat igraphic  f ramew ork  for the Ross 

Sandstone Formation, both reassessing and bui lding on previous 

biostrat igraphic  w ork  by Lewarne and  Hodson [1954a,b; 1961).

• Despite the n um erous  existing correlat ion schemes  detai led in 

Section 1.3, since the fundamental  work  of Hodson and  Lewarne 

(1954a,b; 1961), no addit ional details of faunas at a given locality, 

such as num bers  and  p roport ions  of taxa, have been provided in 

previous s tudies  [except  Kelk's 1960 thesis which contains  detai ls of 

faunas in the Clare Shale Formation) . This means that  it is a l together  

unclear how a certain band acquired a par t icular  name, resul ting in 

turn in uncertainty in biostrat igraphic  f rameworks and poor  

reproducibi li ty  of results.  A major  aim of this w ork  has been  to make 

this information available.

• To integrate  and collaborate  with parallel doctoral  research at UCD, 

which used both ou tcrop data  and behind-outcrop drilling data  to 

establ ish detai led sedimentological and l ithostrat igraphical  

correlat ions within the Ross Sandstone Formation, the reby allowing 

biostrat igraphy to be cross-checked against l ithostrat igraphical  

correlat ions.

• To provide an integrated high-resolut ion subdivision of the Ross 

Sands tone  Formation,  s temming  from this collaborat ive approach.  

This would then unde rp in  appl ied research of direct  relevance to 

subsurface reservoir  descr ipt ion [see Chapter  5 for fur ther  details).

• To fur ther  the unders tand ing  of the genesis and significance of 

ammonoid-bearing condensed  sect ions in the Shannon Basin and, by 

extension, in o ther  coeval basins.

• To examine amm onoids  in the Clare Shale Formation and build an 

overall picture of ammonoid occurrence in the Shannon Basin.

• To assess  the significance of ammonoid  occurrences in t erms  of 

previous palaeosal inity models  [see Chapter  4 for fur ther  details).
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Additional, m ore  specific aims th a t  em erged during the course  of the  project 

were:

• To clarify the  s tra tigraphic  position and context of key exposures 

visited on tra in ing  courses (e.g. Rehy Cliff on the south coast of Loop 

Head).

• To tes t  the lateral continuity  of slum ped horizons in the  Ross 

Sandstone Formation by h igh-resolution correla tion of sections on 

the north  and south  Loop and across the  Shannon estuary.

• To investigate lateral changes in the character  of some of the 

condensed  horizons, in particular:

Lateral continuity  and changes in expression of the Dunm ore Head 

band, which is provisionally correla ted  with the Senan’s Beach 

band, as it is traced w es tw ards  from Aillnagreagh (see Ch. 2 for 

locality details).

Further  f ieldwork in Ballybunion, Co. Kerry, will confirm w h e th e r  

the R. dubium  band  is p resen t  a t  the top of the  Ross Sandstone 

Formation and w h e th e r  Ph. paucicrenulatum  and R. dubium  a re  

separa ted  by 60 m of sedim ent, as suggested by various au tho rs  

(e.g. Collinson e t al. 1991) (i.e. is there  m ajor lateral offset of 

sandstone  packages in the  upperm ost  Ross Sandstone Formation).

• To examine sections a t Inishcorker and Foynes Island. Because of 

their  palaeogeographic  location on the easte rn  pa rt  of the  Shannon 

Basin, these  sections provide im portan t  information on the 

diachroneity  in the  onset, lateral extent and larger scale overall 

a rch itec ture  of the  Ross Sandstone Formation and of the  basin fill 

succession in general.
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1.5 Material and methods

Training

Following l i terature review, the first s tages of the project  involved locating 

amm onoid  type specimens and key reference material  f rom museum 

collections. Travel to museums allowed description and  photography of key 

amm onoid  taxa. Study of reference mater ia l  in the following museum 

collections was made: the Geological Museum, Trinity College Dublin 

(catalogue numbers  prefixed TCD); the National Museum of I reland [catalogue 

num bers  prefixed NMING); the British Geological Survey, Keyworth,  UK 

(catalogue numbers  prefixed GSM]; the Manchester  Museum (catalogue 

num bers  prefixed MANCH) and the Geological Sciences Museum of the 

University of Gottingen (catalogue numbers  prefixed GZG.INV].

Training on species recogni tion was  obtained during a three-day  course led by 

Dr Nick Riley at  British Geological Survey, Keyworth,  UK. Fur ther  t ra ining and 

consul ta tion with ammonoid  experts  (mainly Dr Dieter Korn, Museum fiir 

Naturkunde,  Berlin, and Svetlana V. Nikolaeva, Natural History Museum, 

London]  was  made during the course of the project.

S a m p lin g

The project  involved sampling from both ou tcrop sect ions and borehole  

material.  Samples w ere  collected over  several  seasons of fieldwork (2012-  

2014] . When sampling outcrop, a sed im enta ry  log was  p roduced  for each 

condensed  sect ion (see Chapter  2 for sed im enta ry  logs at  each locality): this 

was  then used as an addit ional tool for correlat ion (see Appendix B for 

borehole  logs], in the case of delicate specimens,  photographs  were  taken in 

the field pr ior  to sampling. Details of each field locality are  presented  in 

Chapter  2.
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Boreholes from behind-outcrop drilling were  split so that  one half [held in 

UCD) will be preserved for future  re ference and study, and  the remaining half 

[held in Statoil Headquarters ,  Bergen, Norway] could be sampled  for 

biostrat igraphy and  o ther  analytical s tudies  such as QEMSCAN [see Chapter  5). 

Sedimentary logging of condensed sect ions in the boreho le  material  was 

undertaken  pr ior  to core sampling.

Sam ple analysis

Sampled specimens from both bo rehole  and outcrop materia l  were  descr ibed 

and identified in Trinity College Dublin. A s tereo-microscope was used to view 

the specimens and cameral lucida d raw in g  was  used to p roduce  diagrammatic  

t racings of amm onoid  o rnam e n t  [see Ch. 3]. Samples  taken from borehole  

material  held at  Statoil headquar te r s  in Bergen, Norway, w e re  shipped to 

Trinity College Dublin for analysis. Once specimens w e re  identified, they were  

labelled and deposi ted in the Geological Museum, Trini ty College Dublin.
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1.6 Thesis plan

Following a broad introduc t ion to the contents  of the thesis  in the present  

chapter,  a descr ipt ion of the assemblages of different taxa at each condensed 

section is given in Chapter  2, which also contains  locality details. The 

systematic palaeontology of  ammonoids  and bivalves is dealt  with in Chapter  3, 

which also contains  detai ls of  palaeoecology. Chapter  4 concerns the 

dist r ibut ion of a m m onoids  in the Shannon Basin and the implications for 

palaeosalinity. Chapter  5 contains  details of first occurrences of taxa and 

results of biostrat igraphic  analysis. This chapter  also contains  details of sample 

analysis via analytical t echniques such as Quant itative Evaluation of Materials 

by Scanning Electron Microscopy [QEMSCAN) and X-ray Diffraction Analysis 

(XRD). A sum m a ry  of conclusions is presen ted  in Chapter  6. The Appendices  

contain: ammonoid  conch p a ra m e te r  m easu rem en ts  (Appendix A], 

sed imenta ry  logs of boreholes  (Appendix B], palynological analysis resul ts 

(Appendix C) and XRD analysis  resul ts (Appendix D).
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Chapter  2 Ammonoid Localities

2.1 Sampled fossiliferous localities

Detailed sampling of amm onoids  and other  faunas was  unde r taken  during 

several  seasons of f ieldwork in the Shannon Basin, W es te rn  Ireland, targeting 

all known and  several  new fossiliferous localities within the Ross Sandstone 

Formation,  as well key localities within the Clare Shale Formation,  which are  

thought  to be t ime equivalents  to the Ross Sandstone Formation.

Most localities were  located on the Loop Head Peninsula (Fig. 1.8), w he re  the 

Ross Sandstone Formation crops out  in spectacular  coastal  exposures . 

Fieldwork was  also undert aken  south of the basin axis, nor th of Ballybunion, 

Co. Kerry, w he re  the Clare Shale and Ross Sandstone Format ions are  both 

exposed in dramatic  coastal sections. Within the Ross Sands tone Formation, 

ammonoid-bearing,  highly condensed sect ions were  the main target  of 

sampling, but  lesser-condensed {sensu Chapter  1) a mm onoid -bearing  silt and 

s and-p rone  sect ions w e r e  also examined (also see Chapter  4]. For each 

locality, geographic  location, lithological details and faunal con ten t  are  

p resen ted ,  along with sed im enta ry  logs (a legend valid for all sed im enta ry  logs 

is pr esen ted  in Fig. 2.3]. All faunal tables show the oldest  levels a t the  bot tom 

and the younges t  a t  the top. Gillian Lewarne’s unpubl ished  data  on the faunal 

composi t ion of localities sampled  during her  PhD research  a re  also included, 

w h e r e  available. Faunal details can be compared  to Hodson’s (1954a)  

generalized succession of faunal bands  for the Hi to Ri biozone interval 

(co rrespond ing to the  lower Clare Shales in North Clare) (Chapter  1, Table 1.1). 

W henever  a given locality could be correlated with confidence with a section 

from the  core material,  this was noted (for full details of correlat ion,  see 

Chapter  5). More general  details are  p resented  for classic localities in north Co. 

Clare, located north  of the basin axis, which were  visited and sampled  mainly
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to fu r the r  knowledge of ammonoid taxonomy through the s tudy of 3D 

ammonoids.

Localities close to the basin axis in the Shannon Estuary [namely Inishcorker 

and Foynes Island) w e r e  included in o rder  to obtain a m ore  complete  

biostrat igraphic  f ram ew ork  for the basin. Lastly, Irish localities with age- 

equivalent  a m m onoids  in the Leinster Coalfield (Luggacurren and  Killeshin 

Glen, Co. Laois) w e re  investigated. It is recognized that  localities unde r  the 

Clare Shale Formation heading are  often coeval with Ross Sandstone 

Formation deposi ts  on Loop Head; localities are  presen ted  in broad 

s t ra tigraphic o rd e r  w h e r e  possible.

Firstly, localities w h e r e  the  Clare Shale Formation was  sampled  are  presented.  

In the case of Ross Sandstone  Formation localities, those in Co. Kerry are listed 

before those in County Clare.
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2.2 Locality details

2.2.1 Clare Shale Formation

2.2.1.1 Fisherstreet Bay

Fishers tree t  Bay, Doolin, North Co. Clare, is located w h e re  the Aille River 

reaches the  Atlantic Ocean [0 6 6 4 0 /9 6 3 1 6 ]  (Fig. 2.1]; it can be reached by 

walking along the shoreline south  from Doolin pier. The section was described 

by Hodson & Lewarne (1961) and encom passes  shale beds th a t  a re  pa rt  of the 

top of the Clare Shale Formation, and overlying siltstones and sandstones, 

previously refe rred  to as "Ribbed Beds" (Hodson & Lewarne 1961), which 

record  the transition  of Clare Shale Form ation to coarser  grained s tra ta  that  

have been assigned to the Gull Island Formation by Rider (1974). W hen traced 

in a sou th -w estw ard  direction along the shoreline, these  topm ost  sandstones  

and siltstones beds are  overlain by the F ishers tree t  Slide, a c.20 m-thick slump 

unit accessible from the track  running  from the village of F ishers tree t tow ards  

the  Cliffs of Moher (Gill 1979).

The Clare Shale section at F ishers tree t  (Fig. 2.2) is c.20 m -thick and it consists 

of a lte rnating  black and grey shales, w ith frequen t m m-scale horizons w ith 

evenly d issem inated, m m-scale pyrite  crystals tha t  are  continuous along 

bedding, as well as silt-rich shales with m udd ie r  intercalations.

Only the lowest 6 m of section are  accessible and these w e re  sam pled and 

m easu red  in this study. The basal p a r t  of the  section, a t  beach level, has a 

brecciated horizon, w ith black shale clasts and sandy matrix, for which 

reference could not be found in pas t  studies. This part icu la r  horizon is 

in te rp re ted  as having form ed m uch la ter  than  the res t  of the  section, and being 

Q uaternary  in age.
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Fig. 2.1. Location map showing Fisherstreet Bay sampling locality [06640/96316] and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map].
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Faunal Composition

Hodson & Lewarne (1961) recorded  am m onoids  o f Reticuloceras age, crinoid 

ossicles and Dunbarella  sp. bivalves from the  F ishers tree t  section (see Table 

2.1], While p resen t sam pling confirmed the  p resence  of these  taxa, it was found 

that am m onoids w^ere far m ore  abundan t  than  previously thought: several 

shale beds w'here no fossils had been  recorded  in Hodson & Lewarne (1961, p. 

312) w ere  instead found to contain a b u n d a n t  faunas and, fu rtherm ore , the 

assem blages w ere  found to be m ore  diverse  than  previously thought. The same 

observation is t rue  for o ther  localities in the  basin (see Chapter 4, for details on 

am m onoid  distr ibution in the  basin).

Ammonoid bed-by-bed abundance  counts broadly  range from a bundan t  to 

frequent, to rare, to very rare, and this is som etim es independen t  of lithology: 

in fact, it is usually bu t not always t rue  tha t  the  d a rkes t  ( inferred to be most 

condensed) shale contains the  m ost specimens.

Fig. 2.2. Fisherstreet Bay sampling site, looking tow ards the Fisherstreet Slide [0 6 6 4 0 /9 6 3 1 6 ] .  

Hammer for scale.
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Overall, ammonoid taxa at Fisherstreet Bay span the Hzcto Ria biozones 

(Alportian and Kinderscoutian substages). A typical fauna of ammonoids, 

bivalves, nautiloids and plant material is present throughout the section, 

concentrated in several mm-scale horizons. Plant fragments are often pyritized 

and reach large sizes, up to 30 cm in length. The basal bullions (F02; see Fig. 

2.4) are large (up to 1 m in length of the long axis) and contain abundant, high- 

quality Ht. prereticulatus solid specimens. Interestingly, towards the top of the 

section, Dunbarella sp. (with minor Caneyella sp.) becomes the dominant 

element of the fauna and ammonoids are rare.

Crinoid stems w ere found to be abundant in one horizon c.l m from the base of 

the section (around F06) along with a crinoid calyx; the crinoid could be 

identified as Rhabdocrinus, which is thought to be a deep-water crinoid (Prof 

Sevastopulo, pers. comm. 2014). Crinoid ossicles are also reported from a 

"hard shale” towards the top of the section (Hodson & Lewarne 1961) and a 

loose block with two zaphrentid-type corals and crinoid material was found in 

this area (Dr John Murray, pers. comm., 2014): this block also contains the 

ammonoids R. cf subreticulatum  and Reticuloceras/Phillipsoceras sp., and is 

therefore thought to have detached from the "hard shale” horizon mentioned in 

Hodson & Lewarne (1961, p. 312): "hard shale with crinoid ossicles and R. cf. 

paucicrenulatum." What appears to be the same horizon is also apparently 

present at Foynes Island (see section 2.2.1.4).
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Lithological and faunal 
description

Thickness [m)

Fisherstreet slumped beds 9.14m
Ribbed Beds: finely-bedded 
black shales w ith  hard ribs 
and rows of small nodules

12.19m

Bullions w ith  Reticuloceras 
sp.

-

Shales 0.102m
Hard shale w ith  crinoid 
ossicles and Ph. (R.) cf. 
paucicrenulatum
Shales 0.051m
Bullions w ith Ph. (R.) cf 
paucicrenulatum, R. 
subreticulatum  and 
abundant Dunbarella cf. 
rhythmica
Shale 0.610m
Flat Bullions w ith  Ph. (R.) 
cf paucicrenulatum

-

Shales 0.305m
Occasional small nodules -

Shales 1.83m
Layer of small flat nodules -
Shales to beach level 2.44m
Shales at lowest level 
containing Reticuloceras sp.

Base

Table 2.1. Summary of Hodson’s log for Fisherstreet Bay [after Hodson & Lewarne 1961). 

Original measurements in feet/inches have been converted to metric values.
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Key to Graphic Logs:

Lithology: Fossil material:

f Breccia (shale clastsi

□□□□

Medium sand 

Fine sand 

Very-fine sand

Sand-rich siltstone (with rippled 
cross-lamination)

Siltstone

Shale (colour varying from black 
to dark grey to grey)

Clay-rich silt

Other:

Pyrite

Load structures 

Lens (variable lithology)

Folding

J Water-escape features

oo Paired pyrite tubes

o Sand ball

O

cs:>

2D AmmonoKj

3D Ammonoid

Nautiloid

Dunbarella sp. 

Caneyella sp.

Undifferentiated 
bivalve material

Nodule

Ammonoid-bearing
nodule

Plant material

Crinotd

Trilobite material

Sampled horizon

Fig. 2.3. Sedimentary log legend (valid for all sedimentary logs in this chapter).
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Graphic log with lithological descriptions: 
Location: Fisherstreet Bay, Doolln 
Grid Ref: 06640/96316

Scale: 15mm=30cm 

Log prefix=F01

1 -

F12
AMMONOIDS
RARE/FREQUENT,
DUNBARELLA
ABUNDANT

F I1 ABUNDANT

FI 0 ABUNDANT

F08 ABUNDANT

F07 FREQUENT/ 
ABUNDANT 
F06 ABUNDANT

F05 ABUNDANT 
F04 ABUNDANT

! F03 FREQUENT/
ABUNDANT

F02 ABUNDANT 
F01 ABUNDANT

6 ISII:

Fisherstreet 
Sampling Site 
[06640/963161

Description Fossil Content (taxa in a given 
horizon are ordered by 
abundance)

FIU Ammonoid- 
bearing shale

R./Ph. sp.. Ph. cf. pc„ Ph. c l cp., Ph. 
paucicrenulatum, Ph. 
circumplicattle,
Anthracoceras/Dimorphoceras 
sp.. Bivalve material

FILOBU Ammonoid* 
bearing bullion

HL cf. prereticulatus

F14 Ammonoid- 
bearinx shale

Dunbarella sp., Basch. cf. ornatus, 
V. d  henkei, Posidonia/ella sp.

F13 Ammonoid' 
bearing shale

Dunbarella sp., W. cf. henkei, 
K/Ph. sp.

F12 Ammonoid- 
bearing shale

Family Ph.cp.-pc., Caneyella sp., 
R./Ph. sp.. Ph. cf. pCu Ph. pc.. H cf. 
pulchellum

F l l Ammonoid- 
bearing shale

Dunbarella sp., R./Ph. sp„ R. d  
subreticulatum, R. cL pulchellum, 
Basch. c l omatus, Ph. cf. cp.

FIO Ammonoid- 
bearing shale

R. c l subreticulatum, Ph. pc., R. c l 
pulchellum, Ph. cf. pc., R./Ph. sp., 
Ph. afF. cp., Basch. c£ ornatus. V. cf. 
henkei, Dunbarella sp., R. cf 
todmordenense, Ph. c l cp^ Bivalve 
material

F09 Bullion, no 
ammonoids

Bullion material

FOB Ammonoid- 
bearing shale

R/Ph. sp., Homoceras sp., R. c l 
pulchellum, Caneyella sp.. HL cf 
varicatus, V. henkei

F07 Ammonoid- 
bearing shale

R./Ph. sp., V. d  henkei, 
Homaceras sp.

F06 Ammonoid- 
bearing shale

Ph. pc., R./Ph. sp., Dunbarella sp.

F05 Ammonoid' 
bearing bullion 
material

Ph. cp., H t cf prereticulatus. Ph. 
cf cp„ V. cf henkei

F04 Ammonoid- 
bearing shale

R./Ph. sp., V. henkei. V. c l henkei, 
R cf subreticulatum. Ph. cp.. Ph. 
cf cp.,
Anthracoceras/Dimorphoceras 
sp., H t cf varicatus, Bivalve 
material, Naudloid, Homoceras 
sp.

F03 Ammonoid- 
bearing shale

V. henkei, V. cf henkei, Nautiloid

F02 Ammonoid- 
bearing bullion 
material

H t prereticulatus, H t cf. 
prereticulatus, Ph. cf cp., H t aflf 
varicatum, R./Ph. sp.

FOl Ammonoid- 
bearing shale

V. henkei

FBR Breccia None present; Rock sample

F I4 ABUNDANT

F I3 AMMONOIDS 
RARE/FREQUENT, 
DUNBARELLA 
ABUNDANT

Fig. 2.4. Sedimentary log of Fisherstreet Bay section showing location of samples.
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2.2.1.2 Aille River

The Aille River, Co. Clare, flows from Slieve Elva through Lisdoonvarna and 

Doolin, finally en tering  the Atlantic Ocean at F ishers tree t Bay. The river flows 

over  a r iverbed of Visean lim estone and cuts through the overlying Nam urian 

siliciclastic succession, which is often exposed on its banks. A thin bed of 

pebb ly-phosphate  is locally developed on top of the  Visean limestone. Various 

Aille River sections w ere  inspected and sam pled by Hodson [1954a).

The river was visited during a day-trip  with the aim of targeting bullions for 3D 

am m onoids. Unfortunately, m any of the  sections m entioned  in Hodson (1954a) 

proved to be inaccessible due to heavy vegetation cover, which has 

significantly altered  the landscape in the  past 50 years. However, two loose 

bullions with long axis c.50 cm in length w ere  collected just east of the Twin 

Wells Spa, Lisdoonvarna (Fig. 2.5; Table 2.2). Further  east tow ards  Ballyteighe 

Bridge, [13791 /97993] ,  two in situ  bullions w ere  sampled in the shale section 

1.30 m above the Visean lim estone (Fig. 2.6). This exposure  can only be 

reached by wading through the river and the  w a te rs  become inaccessible 

fu rther  east tow ards  Ballyteighe Bridge.

Fig, 2.5. Aille River exposure [1 3 6 1 9 /9 7 9 8 2 ] .  Hammer for scale.
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Aille River 
Sampling Sites

Irish Grid 
Reference

Description Fossil Content(taxa 
in a given horizon 
are ordered by 
abundance)

AlLLOl 13619/97982 Loose ammonoid- 
bearing bullion

Homoceras sm ithii

A1LL02 13619/97982 Loose ammonoid- 
bearing bullion

Vallites henkei, Hod. 
magistrorum

AILL03 13791/97993 In situ ammonoid- 
bearing bullion

Hod. c f magistrorum

A1LL04 13791/97993 In situ ammonoid- 
bearing bullion

Weathered
ammonoids

Table 2.2. Aille River faunal content.

Faunal Composition

The bulhons yielded the following taxa preserved as solid specimens: Ho. 

srnithii, V. henkei, Hod. magistrorum  and Hod. cf magistrorum. Each bullion 

either contained one or two species. Specimens of each taxon were abundant 

w ith all major growth stages represented.

2.2.1.3 Inishcorker

Inishcorker, Co. Clare, is a small island in the eastern reaches of the Shannon 

Estuary, close to the mainland village of Kildysart (Fig. 2.7). It is situated south 

of the confluence o f the River Fergus into the River Shannon and is accessible 

from the mainland at low  tide via a gravel road-bridge.

The island is located close to the basin axis, east of the main basin depocentre 

(Collinson etal. 1991) and it has good coastal exposure, comprising a c.200 m- 

thick succession (Fallon & Murray 2015) of black and dark grey shale 

sediments, which display small-scale (cm and mm-scale) variations in lithology 

from paper shale to clay-rich, resistant shale, to clay-rich siltstone. The shales 

are overlain by c.300 m-thick [Philcox 2007) mass transport deposits, w ith 

minor, interbedded turb id ite  deposits. Details of the faunal succession are 

found in Hodson & Lewarne (1961; p. 320) and Braithwaite (1993). More
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recently, the facies associations of the sediments were studied in Pyles & 

Jennette [2009).

Faunal Composition

A mixed fauna of ammonoids, bivalves and plant material constitutes the 

make-up of the fossil assemblages on Inishcorker. Fossils were restricted to the 

shale-dominated unit, with none being found in the mass transport deposit- 

dominated unit. Ammonoid-bearing bullions are rare, with most ammonoids  

preserved as moulds on shale, sometimes pyritized.

While the presence of all the "ammonoid bands” recorded by Hodson & 

Lewarne (1961) was confirmed upon inspection of the section, the pattern of 

ammonoid occurrence was found to be quite different to what is apparent from 

their paper: rather than being restricted to a number of bands, ammonoids 

were found to be present in varying abundances throughout the succession.

The section between Hodson & Lewarne’s (1961) "Nu. nuculum faunal band” 

and "Ho. beyrichianum faunal band" was measured and sampled in detail in 

order to show this pattern of occurrence (see Fig. 2.8 for the sedimentary log). 

Hodson & Lewarne (1961) record the oldest ammonoid taxon as Tumulites 

pseudobilingue (Ei). From here, the section can be continuously traced 

upwards to a horizon containing Ho. undulatum  (H2b ammonoid biozone), 

when there is a gap at beach level (Fig. 2.8). The beds missing in the field due to 

this gap have been recognized, thanks to lithostratigraphical correlations, in a 

borehole (GSl 0 9 /0 4 )  drilled in Kildysart (Obradors Latre, pers. comm. 4 Nov. 

2014) on the mainland close to Inishcorker: the core is 152 m long and was  

sampled during this study. At 90 to 100 m depth, (see Appendix B) the 

borehole contains a mixed assemblage of ammonoids of Kinderscoutian age (Ri 

biozone), with abundant Reticuloceras/Phillipsoceras sp. and associated Basch. 

ornatus- a typical assemblage for the upper Ross Sandstone Formation.

In summary, the shale-dominated succession ranges in age from Pendleian at 

its base ( E i )  to Kinderscoutian at the top ( R i a  ammonoid biozone).
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Biostratigraphic evidence therefore indicates that the succession comprises 

165 m of Clare Shale Formation-age deposits and c.40 m (Obradors Latre, pars, 

comm., 4 Nov. 2014] of shale deposits that are coeval to the Ross Sandstone 

Formation elsewhere, based on their fossil content. The overlying mass 

transport deposits with interbedded turbidites are thus coeval to the Gull 

Island Formation of the Loop Head Peninsula whose base is Kinderscoutian in 

age. Interestingly, paired pyrite tubes were found in the section 

[26318/57533]. These structures have already been recorded by Braithwaite 

[1993) and could occur as a result of bioturbation, although their origin is still 

enigmatic and could also be a result of diagenesis. Furthermore crinoid ossicle 

moulds are abundant in a poorly-cemented shale bed at [26526/57552]. These 

two observations indicate oxic to dysoxic bottom water conditions (see 

discussion on paleoecology in Chapter 3, Section 3.5].

In contrast to the present findings, Braithwaite [1993] recorded the lowest 

ammonoid band at Inishcorker as the "Nuculoceras nuculum band" [E2C2) and 

the topmost ammonoid band as the "Hudsonoceras proteus band" [H2ai].
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Lewarne (1961) showing his mapped ammonoid bands.
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Graphic log with lilhological descriptions:
Location: Inishcorker/Nu. nuculum'’ to*Ho. beyrichlanum" bands scale- V 50

Log pref\x=lNtGrid Ref; 26247/57582

S3 H 

32 ^ 

31 J 

30 H 

29 H

J

27 ^ 

26 -) 

25 ^ 

24 H 

23 -  

22  -  

21 “  

20 “  

19 -  

18 -  

17 J

INI08 ABUNDANT 

Hodson & Lewarne's 
Ho. beyrichianum band

fNl9 FREQUENT

>■=5

iNini ABUNDANT

•NIBUi;9

INI07 ABUNDANT

Inlsht'orkt'r

Sitc«

Irish GrtU 
RelorcrKie

Uirscri|>tion FoMil Content (taxa in .i 
given horizon are ordered 
by abundance)

IN ICR 26526/57552 Crinoldal shale Crinoid stems/ossicles. 
Dunharello sp̂ , Ammonold 
material

INIHlllZ 26463/57562 Bullion, no 
ammonolds

None

IN IB U II 26463/57562 Bullion, no 
ammonoids

None

INIIO 262U /5762fl Ammonoid* 
bearing sJialc

Ho. undulatum. Ho. c l 
undutatum, A./D. sp.

INI09 26234/57614 Ammonoid* 
bearins shale

Ho. cf. 6^rtc/tiani/m. 
Hamoceras sp., Caneyella sp.

INiOB 26234/57614 Ammonold- 
bearing shale

Ho. heyrtchianum

INI0<; 26312/57535 Ammonoid' 
bearing nhaie

Nu. cf. nuculum. bivalve 
material

INI04 26318/57533 Pyiite burrows N/A
INI03 26404/57526 Ammonold- 

bearing shale
?Eumorphoceras '/bixulcatum

IN02 26424/57545 Ammonoid* 
bearing shale

Eu. bisulcatum, 
Posldonia/Pnsldoniella, Plant 
material

INOl 26247/57582 Ammonoid- 
bearing shale

Ha cf. beyrichianum, Bivalve 
material

iNmi)9 26247/57582 Ammonoid* 
bearing bullion 
material

Isoh. subfllobosiim

INIBD8 26247/57582 Ammonoid- 
bearing bullion 
material

Isoh. suhglohnsum

INIBU7 26247/57582 Ammonoid*
bearing bullion 
material

l%nh. iubglobnnum

INIBU6 26247/57582 Ammonoid* 
bearing bullion 
material

Isoh. suhglohnsum

INIBII5 26247/57582 Ammunoid- 
bearlng bullion 
material

hoh. suhgtohosum

INIBU4 26247/57582 3D ammonoid 
from bullion

Isoh. subglohosum

INIBII3 26247/57582 31) ammonoid 
from bullion

Isoh. subglohosum

INI07 26248/57569 Ammonoid- 
bearing shale

Ammonoid and bivalve 
material

INI06 26272/57545 Ammonoid* 
bearing shale

Nu. nuculum, Eu. hisulcatum. 
Bivalve material I

INIhardshale

•NJshale

INI06 ABUNDANT 
Hodson & Lewarne's 
Nu. nuculum band

Fig. 2.8. Sedimentary log of Inishcorker section {"Nu. nuculum band" to "Ho. beyhchianum 

band" showing location of samples.
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2.2.1.4 Foynes Island

Foynes Island is located on the southern side of the Shannon Estuary in Co. 

Limerick, c.300 m from the mainland [Fig. 2.11). Here, a c.92 m-thick 

succession of fine-grained lithologies [mostly shale with subordinate siltstone) 

crops out on the south-eastern and eastern shorelines. This is succeeded by a 

C.393 m succession of mass transport deposits, with minor interbedded 

turbidite deposits, which are exposed along the northern and southern 

shorelines. No inland exposure is present due to heavy vegetation cover. The 

shale-dominated succession is exposed on the south-eastern shoreline and 

consists of alternating black and grey shale beds, which display small-scale [cm 

and mm scale) variations in lithology from paper shale to clay-rich, resistant 

shale, to clay-rich siltstone. Bullion bands are a noticeable feature of the 

succession, whereby large [from 50 cm to c.l m in length of the long axis) 

bullions can be traced along bedding. Sometimes, when there is no foreshore 

exposure of shale due to beach cover, bullions are the only element of the 

geology remaining and they act as a useful marker for bedding. The lithological 

and faunal succession of Foynes Island was described in detail by Hodson 

[1954b) and Hodson & Lewarne [1961, p. 324).

Faunal Composition

Detailed sampling of the shale-dominated succession on the southeast of the 

island yielded 18 fossil sample-horizons, with a typical fauna of ammonoids, 

bivalves and plant material [Table 2.3). Overall, ammonoids are abundant both 

as well-preserved solid specimens in bullions [Fig. 2.9) and as 2D shale 

impressions.

Importantly, the island is the type locality for two ammonoid species, 

Reticuloceras subreticulatum  [Foord, 1903) and Ramosites divaricatus [Hind, 

1905). Examination of the faunal succession confirmed the location of the 

horizon yielding Reticuloceras subreticulatum, [25099/52196], while Ramosites 

divaricatus was not present among the samples collected in this present study.
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Determination of the ammonoids revealed that the succession ranges in age 

from Arnsbergian at its base (E2) to Kinderscoutian at the top (Riaammonoid 

biozone). In fact, the oldest zonally indicative ammonoids are identified as 

Eumorphoceras sp. (sample F0Y13) and the youngest (zonally-indicative], 

sampled c.2 m below the start of the sandstone and siltstone succession, are 

identified as Reticuloceras/Phillipsoceras spp.  (sample FOYl]. These 

biostratigraphic results conform to Hodson's (1954b] detailed analysis of the 

Clare Shale succession on Foynes Island.

Particularly noteworthy are the large (largest has long axis more than 1 m in 

length] ammonoid-bearing bullions with well-preserved Hudsonoceras proteus  

and Homoceratoides prereticulatus  solid ammonoids.

Ammonoids are present throughout the succession and tend to be 

concentrated in thin horizons, which are darker in colour and interpreted as 

highly condensed. However, rare intervals yielded no fossils, despite being the 

same in lithology (when hand specimens are examined using a hand lens) as 

the ones with abundant ammonoids.

A zaphrentid-type solitary coral specimen was found in the uppermost part of 

the section, in the type locality for R. subreticulatum  (F0Y14). In this particular 

horizon, crinoid ossicle and stem moulds are also abundant, as well as 

ammonoids, plant and bivalve material. The coral is preserved as a 3D external 

mould with details of the ornament. Notably, this is not the only occurrence of 

a coral in the basin: two other coral specimens, with accompanying crinoid and 

ammonoid material, were found in a loose block at Fisherstreet Bay, Doolin. 

The presence of R. cf subreticulatum  in association with the coral indicates that 

the block probably fell from a horizon located towards the top of the shale- 

dominated succession, which correlates with the one at Foynes. Therefore this 

horizon is a useful correlation marker, but it also has significant ecological 

implications (see Ch. 3).
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Foynes Sampling 
s i tes

Irish Grid Reference D escrip tion Fossil c o n te n t  (taxa in a given 
horizon a re  o rd e r e d  by 
abun dan ce ]

FOYl 2 5 0 8 3 /5 2 2 0 4 A m m onoid -  
b e a r in g  shale

R./Ph. spp.,  plant, crinoid  
moulds.

F0Y2 2 5 0 9 9 /5 2 1 9 6 A m m onoid -  
b e a r in g  shale

Ph. circum plicatile , Ph. c f  cp., 
D unbarella  sp„ V. c f  henkei, 
R./Ph. sp.

F0Y3 2 5 1 1 2 /5 2 2 1 4 A m m onoid -  
b e a r in g  bullion 
m a te r ia l

Ht. p rere ticu la tu s

F0Y4 2 5 1 1 2 /5 2 2 1 4 A m m onoid -  
b e a r in g  bullion 
m a te r ia l

Ht. p rere ticu la tu s

F0Y5 2 5 1 1 2 /5 2 2 1 4 A m m onoid -  
b e a r in g  bullion 
m a te r ia l

H t p rere ticu la tu s

F0Y6 2 5 1 1 2 /5 2 2 1 4 A m m onoid -  
b e a r in g  bullion 
m a te r ia l

Ht. p rere ticu la tu s

F0Y7 2 5 1 1 2 /5 2 2 1 4 A m m o no id -  
b e a r in g  bull ion 
m ate r ia l

H t p rere ticu la tu s

F0Y8 2 5 1 2 9 /5 2 2 2 2 A m m o no id -  
b e a r in g  bullion 
m a te r ia l

H t p rere ticu la tu s

F0Y9 2 5 1 2 9 /5 2 2 2 2 A m m o no id -  
b e a r in g  bullion 
m a te r ia l

Hud. p ro teu s

FOYIO 2 5 2 4 8 /5 2 2 6 4 Poss ib le  py ri te  
b u r r o w s

None

F O Y ll 2 5 2 5 4 /5 2 2 6 1 A m m onoid -  
b ea r in g  sha le

?Posidonia

F0Y12 2 5 2 6 6 /5 2 2 6 3 A m m onoid -  
b ea r in g  shale

E um orphoceras  sp., 
C ravenoceratoides  sp.

F0Y13 2 5 3 1 8 /5 2 2 8 2 A m m o no id -  
b e a r in g  shale

E um orphoceras  sp.

F0Y 14 2 5 0 9 9 /5 2 1 9 6 A m m on o id  
(a n d  c r ino id  
a n d  coral)- 
b e a r in g  shale

Basch. ornatus,
R. su b re ticu la tu m , R./Ph. sp„ 
Z ap h re n t id - ty p e  coral, 
c rinoids,  V. c f  henkei, 
nauti loid, bivalve m ateria l .

F0Y15 N/A A m m o no id -  
b e a r in g  shale

Ho. c f  beyrich ianum

FOYl 6 N/A A m m on o id -  
b e a r in g  shale

Isoh. c f  subglobosum , 
A n thracoceras/D im orphocer  
as sp.

F0Y17 N/A A m m on o id -  
b e a r in g  shale

Nu. nuculum

FOYUN N/A A m m on o id -  
b e a r in g  shale

Ho. beyrich ianum , Basch. cf 
o rna tu s

Table 2.3. Foynes Is land faunal con ten t .
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Fig. 2.9. Bullion, Foynes Island, south coast [2 5 0 9 9 /5 2 1 9 6 ] ,

2.2.1.5 Foynes Harbour

Two localities w ere  sampled on the mainland a t Foynes, close to Foynes 

Harbour, Co. Limerick [Fig. 2.11). The first locality is a roadside  exposure  near 

the en trance  of the Foynes Yacht Club, [24686 /51862] .  The exposure  consists 

of tabular shales and in terbedded  thin siltstone-horizons, conform ably 

overlain by m ass t ra n sp o r t  deposits [Fig. 2.10). At this locality, a recen t small 

landslide provided plenty of freshly-exposed shale rubble  and, based  on the 

morphology of the  beds still in place, m ost of the  fallen m aterial w as thought to 

have come from a horizon just below the m ass t ra n sp o rt  deposits. The sam e 

interval can be sam pled a little fu rther  east behind the Foynes Flying Boat 

Museum, [24720 /51806 ] ,  w here  the shale is m ore w ea thered  and  the 

specimens a re  of low er quality.

57



V 4- ^

Fig. 2.10. Roadside exposure at Foynes Harbour, showing contact between shale and silststone 

deposits and mass t ran sp o r t  deposits [24686/51862].
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Fig. 2.11. Location map showing Foynes island and Foynes Harbour sampling areas and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map).
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Faunal Composition

The faunal a ssemblage consists of ammonoids  typical of the Ria biozone 

(Kinderscoutian)  (Table 2.4), as well as crinoid s tems and bivalve material.  The 

sect ion is thus  correlated both biostrat igraphical ly and l i thostrat igraphy w^ith 

the to pm os t  shale-dominated section on Foynes Island. Biostratigraphy 

suggests  that  this shale rich succession is coeval both with the Clare Shale 

Formation in North and central  Clare and the Ross Sandstone Formation on 

Loop Head. Thus the overlying mass t ran spo r t  deposits  are  here  deemed  to be 

par t  of the Gull Island Formation and the Ross Sandstone Formation is not  

present.

Foynes Harbour  
Samples

Irish Grid 
Reference

Description Fossil Content  
(taxa in a given 
horizon are  
ordered  by 
abundance)

FORI 2 4 6 8 6 /5 1 8 6 2 Ammonoid-  
bear ing shale

R./Ph. sp, R. 
subreticulatum , 
crinoid s tems,  V. 
henkei, V. cf. henkei, 
Ph. cf cp., bivalve 
material

F0R2 2 4 7 2 0 / 5 1 8 0 6 Ammonoid-  
bear ing shale

Ht. cf. varicatus, 
R./Ph. sp.

Table 2.4. Foynes Harbour faunal content.

2.2.1.6 Roadford

Roadford, also known as the Phosphate  mine, is located in the townland  of 

Toomullun,  Co. Clare, near  Doolin. Here, an outcrop of rock phosphate  

occurring at the base of the shale beds overlying Visean l imestone was  locally 

mined. The mine was  in operat ion from 1924 to 1947 and its workings 

provided artificial exposures  of the lower port ion of the shale succession. 

Hodson (1954a)  m easured  sect ions on both banks  of the  River Aille a t  this 

locality and  recognised several  faunal bands  here.
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Faunal Composition

Roadford specimens on loan from the National Museum of I re land collections 

were  s tudied in o rder  to s t reng then  cu r ren t  unders tanding  of  3D amm onoid  

taxonomy [Table 2.5). Most of these  w e r e  identified by ]. Bouckaert  

(unpubl ished note); a few were  collected by Nigel Monaghan (National 

Museum of Ireland) and identified by the au thor  of the p resen t  study. Most of 

the bullion material  contained one, or  at  most  two amm onoid  taxa, with many 

growth  s tages represented.  The amm onoid s  p resen t  were: Ho. beyrichianum, 

Hud. proteus, Ho. undulatum, Ht. prereticulatus  and Hod. magistrorum  (typical 

of the Alportian and Early Kinderscout ian regional stages).  All taxa had 

previously been  recorded  at this locality by Hodson (1954a,  p. 268). The 

specimens have proven useful in advancing the unders tand ing  of the 

ontogenet ic  deve lopm ent  and taxonomy of ammonoids  (see Chapter  3).

GSI Roadford 
Samples used 
to s tudy given 
taxa

Irish Grid 
Reference

Description Fossil conten t  (taxa 
in a given horizon 
a re  o rdered  by 
abundance)

F24480 N/A Ammonoid-  
bear ing bullion 
material

Homoceras
undulatum

F24478,
F24477,
F24475

N/A Ammonoid-  
bear ing bullion 
material

Hudsonoceras
proteus

F24472, 
F24477 F0210, 
F026, F0220, 
F025

N/A Ammonoid-  
bear ing bullion 
mater ia l

Homoceratoides
prereticulatus

F24476 N/A Ammonoid-  
bear ing bullion 
material

Hodsonites
magistrorum

Unlabelled N/A
(Roadford or
Spectacle
Bridge)

Ammonoid-  
bear ing bullion 
material

Homoceras
beyrichianum

F20264,
F20263

N/A Ammonoid-  
bear ing bullion 
mater ia l

Homoceras
beyrichianum

Table 2.5. Taxa p r e se n t  in National iVluseum o f  Ireland co llec t ion  sa m p le s .
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2.2.1.7 Spectacle Bridge

Spectacle Bridge, north Co. Clare, is located w h e r e  an unnamed  t r ibuta ry  joins 

the River Aille, w es t  of Lisdoonvarna. Hodson (1954a,  p. 268]  measured  the 

shale sect ion that  crops out  on the left bank of the  t ributary,  above Visean 

Limestone.

Faunal Composition

Ammonoid-bearing bullion material  from Spectacle Bridge, collected by Nigel 

Monaghan, was examined thanks to a loan from the National Museum of 

Ireland. The specimens  were  processed in Trini ty College Dublin and most  of 

the ammonoids  were  identified as Hod. m agistrorum , wi th  some  associated Ht. 

cf. varicatus  (Table 2.6]. These taxa were  not  recorded by Hodson (1954a)  at 

this locality, but  e lsewhere  they are a typical com ponen t  of the faunal bands 

presen t  a t  this locality (see Hodson’s faunal band  scheme, p. 265, Hodson, 

1954a: Table 3.1].

GSI Specimens 
used to study 
given taxa

Irish Grid 
Reference

Description Fossil content( taxa 
in a given horizon 
are ordered  by 
abundance]

F20280,
F20282,
F20275-6

N/A Ammonoid-  
bearing bullion 
material

Hodsonites
m agistrorum

F20273-
F20281

N/A Ammonoid-  
bearing bullion 
material

Hom oceratoides  cf. 
varicatus

Table 2.6. Spectacle Bridge faunal content.

2.2.1.8 Slieve Elva

Slieve Elva is a 344  m-high hill in the Burren region. North Co. Clare. It provides 

some  relatively good sect ions through the shale  beds deposi ted  above the 

Visean l imestone.  These sect ions were  s tudied by Hodson (1954a] ,  who  also
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described the faunal succession. Two sections were inspected during the 

course of this study w ith the intention of locating ammonoid-bearing bulHons.
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Fig. 2.12. Location map showing Siieve Elva sampling areas and geological map of the Shannon 

Basin showing the locality and regional geology (Google Earth map).
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Faunal Composition

Samples (Table 2.7) were collected from two localities at the foot of Slieve Elva, 

starting w ith a small stream at Cragreagh - Hodson’s [1954a) locality 46 - 

north-northeast o f Lisdoonvarna. Despite Hodson's record of ammonoid- 

bearing bullions at this locality, only 2D ammonoid material on shale could be 

found during the present study. Sampled ammonoids are Kinderscoutian (Ri 

ammonoid biozone) in age. Secondly, a narrow stream section at Lismorahaun, 

Hodson’s [1954a) locality 51, on the eastern side of Slieve Elva, was sampled. 

Once again, none of Hodson’s bullion bands could be located, but 2D ammonoid 

moulds were sampled nonetheless, yielding Kindercoutian-age specimens (Ri 

ammonoid biozone).

Slieve Elva 
Samples

Irish Grid 
Reference

Description Fossil content (taxa in a 
given horizon are 
ordered by abundance)

SLIOl 16053/01781 Ammonoid- 
bearing shale

R./Ph. sp., A./D. sp., 
DunbareHa sp., R. cf. 
subreticulatum, Family 
Ph. cp.-pc., Ht. cf. 
varicatus, Bivalve 
material

SL102 16222/02079 Ammonoid- 
bearing shale

Dunbarella sp., R. cf. 
subreticulatum, R./Ph. 
sp., R. cf. pulchellum

Table 2.7. Slieve Elva faunal content.

2.2.1.9 Gowlaun River

The Gowlaun River, Co. Clare, which runs through St. Brendan’s Well, meets the 

Aille River at the Tw in Wells in Lisdoonvarna. Only a small bullion [20 cm in 

length of long axis) w ith  rare, unextractable juvenile ammonoids was collected 

from the left bank o f the river, [13678/98119], 1.60 m stratigraphically above 

the Visean limestone [Fig. 2.13).
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Faunal Composition

Specimens from St. Brendan’s Well on loan from the National Museum of 

Ireland collected by Nigel Monaghan (National Museum of Ireland] were 

identified as Ht. cf. varicatus.
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Fig. 2.13. Location map showing Gowlaun River sampling site at /’13678/98119] and geological 

map of the Shannon Basin showing the locality and regional geology (Google Harth map).
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2.2.2 Ross Sandstone Formation

Co. Kerry Localities

The cHffs at Ballybunion provide exceptional exposure through the Clare Shale 

Formation, into the Ross Sandstone Formation and the overlying Gull Island 

Formation. Indeed, the boundary between the Clare Shale Formation and the 

Ross Sandstone Formation is only visible at outcrop level in Ballybunion, Co. 

Kerry, where a series of coastal bays provide superb cliff sections.

2.2.2.1 Ballybunion W aterfall Band

The lowest ammonoid band in the Ross Sandstone Formation, often referred to 

as "Hudsonoceras proteus-Homoceras smithii" band (Collinson, 1991; Hodson & 

Leckwijck 1958), is herein referred to as "Waterfall Band" and it crops out in 

Ballybunion, just below the large waterfall of Glenachoor Stream 

[86837/44563] (Fig. 2.15). It can also be confidently picked out in core 

material, specifically in the following cores: lO-CE-UCD-03, lO-CE-UCD-05 and 

12-KY-UCD-09 (Appendix B).

In the field, it is c.8 m-thick (Fig. 2.14), with a base at the top of a sandstone bed 

with rippled surface, which can be traced all along the cliff face to the south.

The condensed section starts off with c.50 cm of sand-rich silt, with micaceous 

flakes that catch the light, and it fines upwards into dark grey and black shale.

A sequence of more or less uninterrupted black shale with pyrite-rich horizons 

(mm-scale and laterally continuous along bedding) makes up the main 

thickness of the condensed section. Occasional sandy intercalations with wavy 

bedding and irregular bases are also present and these sometimes appear to be 

replaced laterally by pyrite. Towards the top of the condensed section, at c.7.5 

m, the shale becomes more silt-rich and, at c.8 m, the incidence of a siltstone 

bed greater than 25 cm in thickness is taken to coincide with the end of the 

condensed section. Bullions are frequent throughout the condensed section.
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with several large (up to 80 cm in length of long axis] Hud. proteus-bearing  

bullions found spaced along bedd ing  c.60 cm from the base of the  section.

Faunal Composition

The condensed  section at Ballybunion has a simple assemblage, dom inated  by 

Hud. proteus  and Ho. smithii, so it is a very  useful m arke r  in local correla tion 

[see Chapter 5],

The faunal composition of this band  (Fig. 2.16) was a lready  s tudied by Hodson 

and Leckwijck (1958), and is know n across Britain, Ireland, France, Germany, 

Belgium, south Urals and central Asia (Hodson 1957; Hodson & Leckwijck 

1958). Although Hud. pro teus  and  Ho. sm ith ii w e re  not found together  in the  

outcrop  section, bu t it is likely th a t  they co-occur, based on the fact th a t  they do 

so in the  core samples.

Fig. 2.14. Ballybunion Waterfall band (thickness in betw een  dashed ye llow  lines) 

[8 6 8 3 7 /4 4 5 6 3 ] .
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Fig. 2.15. Location map showing Ballybunion Waterfall band sampling locality [86837/44563] 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map).
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G raphic log w ith  lithological d esc rip tio n s  
Location Hud. proteus-Ho. smithii b a n d  B allybunn ion / W aterfall Band 
Grid Ref 850261/49505

Scale: 15m m = 30cm  
Log prefix=8A 02

Sjtnplf Irish Cnd P ^ v rip tio n Fossii content (u x a  
in a (Iv rii horizon 
art* o rdered  b> 
abuiKiaiice)

BA025 86837/44S63 Ammonotd 
b « a n it | shal«

Ho. r t  tmiOtii. A /D . 
*9-

BA024 86837/44S63 Ammonoid 
Waring stu)*

Ho. sm iM i Ho. d  
smiUiii Ho. 
undulatum?. A /D . fp.

BA023 86837/44S63 Anunonoid 
b ta n n g  thal*

Ammonotd M artnal

BA022 86837/44S63 Am monoid 
t»< n n g

Ho. sm/CA/t, Ho. c t 
tm ithit. A /D . sp« 
Hvalv* Haurtol

BA02N02a.bc 86837/44S63 Aromonotd 
h*ahng nodul# 
m ateru ]

Hud p n tru s

BA02b S6637/44S63 AmmonoMl 
b«anng thal*

Hud. proUus. 
and P lant M atenal

BA024 8bS37/44S63 Amroenotd 
b « a n n f shai»

Caneyrlta sp-

BA02N01 86837/44S63 Ammonoid 
b « a n n | nodul* 
m at» m l

Hud proCruj

  _____ BA02N02a,b,c
3

BA02b ABUNDANT

BA02a FREQUENT

BA02N03 RARE

2 7 -

H a b u n d a n t

||A B U N D A N T

6 -

BA02N01

BA025

BA024

BA023

BA022

ABUNDANT

Fig. 2.16. Sedimentary log of "Waterfall Band" show ing  location o f  samples.
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2.2.2.2 Canal Band (Reading Room)

The "Canal Band", which is here also referred to as "Ballybunion Reading Room 

Band", crops out at [86644/44765] (Fig. 2.18]. Here, the Ross Sandstone 

Formation beds are folded and tectonized [Fig. 2.17]. The condensed section 

consists of c.2.30 m of shale (Fig. 2.19], with thin siltstone interbeds and 

common mm-scale silicified plant horizons. The condensed section starts at the 

top of the last sand thicker than 20 cm and ends with the first sand thicker than 

20 cm, which also shows load structures at its base. No bullions were 

recovered. This condensed section can also be confidently picked out in core 

material, specifically in the following cores: lO-CE-UCD-03 and lO-CE-UCD-05.

Faunal Composition

This condensed section is monospecific, Ht. prereticulatus being the sole taxon 

present. Thus it is a very useful marker in correlation [for correlations, see 

Chapter 5]. Ammonoids are abundant to the point that several moulds are 

found overlapping each other on the shale. All ammonoids are preserved as 2D 

moulds and they are concentrated in four horizons.
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Fig. 2.17. Canal Band, Ballybunion [86644 /44765].
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Fig. 2.18. Location map showing Ballybunion Canal band sampling locality at [86644/44765] 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map).
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Graphic log w ith lithological descriptions:
Locatioo: Reading Room Ballyhunnion (Canal Band) 
Grid Ref 86644/44765

Scale; 15m m =30cm  
Log prefix=BABW

BABWb ABUNDANT

Samples
[86644 /44765 ]

Description Fossil content (taxa 
in a given horizon 
are ordered by 
abundance]

BABW Ammonoid- 
bearing shale

H t prereticulatus, H l 
cf. prereticulatus

BABWb Ammonoid- 
bearitiK shale

Spat, Ammonoid 
Striae

BABWa Ammonoid- 
bearinK shale

Ammonoid Material

BABWa RARE

Fig. 2.19. Sedimentary log of "Canal Band" showing location of samples.

2.2.2.3 Castle Band

Looking at the cHff-face north-east from the ruined castle at Leek Point, north 

of Ballybunion along the Co. Kerry coastline, [86189/45046], there is a c.2.50 

m-thick condensed section, named "Castle Band" which is dominated by grey 

silt-rich shale and also contains two th in sandstone interbeds [Fig. 2.20], The 

exposure is on a ledge that is d ifficu lt to access safely and was not measured 

and logged for this reason [Arnau Obradors Latre is thanked for sampling this 

band).

Faunal Composition

The ammonoid assemblage is typical o f the Mid- to Upper Ross Sandstone 

Formation, featuring a mixture of Phillipsoceras/Reticuloceras sp. and other

73



species, such as V. cf. henkei [Table 2.8). The overall appearance is not of a 

highly condensed section; rather, it appears quite silt-rich when viewed from 

the ruined castle.

LEGEND

I I C>ntr« l C ia r*  G rou p 

I I O u ll Is land Form ation 

I I Ro»« S a n d s to n * Form ation

A T L A N T I C  O C E A N

Loop Hen

Shannon
Estuary

Fig. 2.20. Location map showing Ballybunion Castle band sampling locality at [86189/45046], 

and geological map of the Shannon Basin showing the locality and regional geology (Google 

Earth map).
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Samples
[86189/45046]

Description Fossil content [taxa 
in a given horizon 
are ordered by 
abundance)

BACA Ammonoid- 
bearing shale

PhilUpsoceras/ 
Reticuloceras sp., 
V. cf. henkei, spat

Table 2.8. "Castle Band" faunal content.

2.2.2.4 "Ballybunion Ph. circumplicatile"  band

The "Ballybunion Ph. circumplicatile’’ condensed section is accessible at low 

tide in an exposure along the Co. Kerry coastline, north of the ruined castle at 

Leek Point, [86354/45441] [Fig. 2.21). Here, a 3 m-thick condensed section lies 

above a large mass transport deposit. The section is taken to start right above a 

5 cm-thick sandstone bed. Above this, lies a 15 cm-thick siltstone vi îth ripple- 

cross lamination, which is in turn overlain by the shale constituting the main 

part of the condensed section. A decollement horizon (or slip surface), thought 

to be Quaternary in age, is present 25 cm into the shale beds: it consists of 

brecciated mud-clasts up to 10 cm in length [Fig. 2.22), in a matrix of grey, 

clay-like cement and it varies in thickness from less than a cm to c.20 cm. The 

first ammonoids were seen to occur just above this distinctive horizon. The 

shale is black in colour and varies from fissile, papery-shale to clay-rich, non- 

fissile shale. Occasional thin sandstone and siltstone interbedded horizons, are 

laterally traceable within the section. Silicified plant material commonly occurs 

as thin mm-scale layers within the section. The shale is overlain by c.90 cm of 

clay-rich siltstone, with sandy intercalations. The condensed section is taken to 

end at the junction between this siltstone and the overlying sandstone bed, 

which is over 5 cm-thick. Above it, sand packages thicken upwards, giving way 

to a sequence of turbidite deposits. No bullions were found. This condensed 

section can also be picked out in core 09-CE-UCD-01 [Appendix B).
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Fig. 2.21. Location map showing Ballybunion Ph. circum plicatile  band sampling locality at 

[86354/45441], and geological map of the Shannon Basin showing the locality and regional 

geology (Google Earth map).
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Fig. 2.22. Decollement horizon in Ballybunion Ph. circum plicatile" condensed section 

[86354/45441].

Faunal Composition

Three highly fossihferous horizons (Fig. 2.23) could be recognized. They 

contain mixed assemblages of ammonoids preserved as 2D moulds and often 

partia lly pyritized. The lowest horizon contains a mixed assemblage, mainly 

composed of Reticuloceras/Phillipsoceras spp., w ith associated Phillipsoceras cf 

paucicrenulatum  and Basch. cf. ornatus. The middle horizon contains a mixed 

assemblage composed of Reticuloceras/Phillipsoceras spp., Phillipsoceras cf. 

paucicrenulatum  and Phillipsoceras cf. circumplicatile. The upper horizon 

contains a mixed assemblage dominated by Reticuloceras/Phillipsoceras sp. 

Plant material is present throughout. Ammonoids were also found on sand-rich 

silt horizons towards the top o f the condensed section, but no complete 

specimen could be found suggesting they had been fragmented during 

transport in the sandy flow.
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Graphic log w ith  lithological descriptions- 
Location: Bailybunnlon "Ph. circumplicatile band" 
Grid Ref: 86354/45441

Scale: 15mm=30cm 
lo g  prefix=BAM

i  I  
* s i J l Samples 

186354/454411
Description Fossil content (taxa in 

a given horizon are 
ordered by 
abundance)

BAMSAND Ammonoid- 
beariiiK sandy silt

Ammonoid striae

BAMU Ammonoid- 
bearing shale

R./Ph. sp., Ph. cf. cp.. Ph. 
cf. pc, Weathered 
ammonoids

BAMM Ammonoid- 
bearing shale

R./Ph. sp.. Ph. cf. cp.. Ph. 
cf. pc. Ph. cp., V. cf. 
henkei. Plant Material

BAML Ammonoid- 
bearing shale

R./ Ph. sp., Family cp.- 
pc, Ph. pc.. Ph. c f pc., Ph. 
c f cp.. Ph. cp., Basch. cf. 
ornatus, A./D. sp., 
Dunbarella sp.

BAMU ABUNDANT

BAMM ABUNDANT

BAML FREQUENT/RARE

Fig. 2.23. Sedimentary log of "Ballybunion Ph. circum plicatile" band showing location of 

sampled horizons.
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2.2.2.5 "Ballybunion Ph. paucicrenulatum "  band

The topmost condensed section in the Ross Sandstone Formation, here named 

"Ballybunion Ph. paucicrenulatum" band, [86574/45666], can be reached by 

following the coastline north from the "Ballybunion Ph. circumphcatile" 

condensed section (Fig. 2.24). Here, the condensed section, which is strikingly 

obvious due to its thickness and colour, lies above a prominent mass transport 

deposit [slump) [see Fig. 2.25 for a sedimentary log).

It is 3 m-thick, starting at the top of a sandstone bed [less than 20 cm-thick), 

which can be traced along the cliff face to the north, where the condensed 

section rapidly becomes inaccessible. The lowermost 50 cm consists of grey 

clay-rich silt. This is overlain by black shale and a laminated, 10 cm-thick very 

fine sand, which gives way once again to clay-rich siltstone fining-upwards to 

shale. Overall there are c.1.50 m of black shale with occasional sand-rich silt 

interbeds [Fig. 2.26). The shale coarsens upwards to siltstone towards the top 

of the condensed section, where it is overlain by thinly bedded sandstones with 

cross lamination. The contact between the siltstone and sandstone above is 

taken to represent the top of the condensed section. The sandstone packages 

then thicken upwards away from the section. No bullions could be found. This 

condensed section can be picked out in core 09-CE-UCD-02 [see Appendix B).

Faunal Composition

Ammonoids are rare but present in the lowermost siltstone, while three highly 

fossiliferous horizons could be recognized in the main shale section. They 

contain mixed assemblages of ammonoids preserved as 2D moulds.

The lowest horizon contains a mixed assemblage of ammonoids dominated by 

Phillipsoceras/Reticuloceras sp. and Ph. cf paucicrenulatum, as well as 

abundant specimens of Dunbarella sp. The middle horizon contains a mixed 

assemblage dominated by Phillipsoceras/Reticuloceras sp.. Ph. cf. 

paucicrenulatum  and R. dubium. Dunbarella sp. is again abundant in the faunal 

assemblage. The upper horizon contains a mixed assemblage dominated by
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Phillipsoceras/Reticuloceras sp., w ith  associated Ph. paucicrenulatum  and V. cf, 

henkei. Plant material (impressions) is present throughout and it  should be 

noted that none of the ammonoids were pyritized.

h. paucicrenu ia tum
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Fig. 2.24. Location map showing Bailybunion Ph. paucicrenulatum band sampling locality at 

[86574/45666] and geological map of the Shannon Basin showing the locality and regional 

geology (Google Earth map).
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Graphic log with lithological descriptions: 
Location; Ballybunnion "Ph. pauckrenulatum" 
Grid Ref: 86574/45666

Scale: 15mm=30cm 
Log prefix=BAT

3

0

BATT

BATM

RARE

FREQUENT

ABUNDANT

ABUNDANT

b a t b  f r e q u e n t

Samples
[86574/45666]

Description Fossil content (taxa in a 
given horizon are ordered 
by abundance)

BATT Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras 
sp., Dunbarelia sp., V. cf. 
henkei. Ph.
paucicrenulatum. Plant 
Material

BATM Atnmonoid- 
bearing shale

Phillipsoceras/Reticuloceras 
sp., Ph. cf. paucicrenulatum, 
R. cf. dubium, Dunbarella 
sp., V. cf. henkei, R. dubium. 
Plant Material A /D . sp.

BATB Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras 
sp., Dunbarella sp., V. cf. 
henkei. Ph. cf. 
paucicrenulatum. Ph. 
paucicrenulatum, R. 
?todmordenense

RARE

Fig. 2.25. Sedimentary log through "Ballybunion Ph. paucicrenulatum '' band showing sample 

location.
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Fig. 2.26. Ballybunion Ph. paucicrenulatum  band [86574/45666]. Hammer fo r scale.

Despite several mentions in the literature (Collinson etal. 1991; Lien 2003) of 

a supposed "R. dubium" band above the "Ballybunion Ph. paucicrenulatum" 

band, no condensed section is present above the latter. Rather, R. dubium is a 

component of the faunal assemblage in the middle horizon of the "Ballybunion 

paucicrenulatum" band. This could have led to confusion in past studies (see 

also Chapter 5].
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Co. Clare Localities

The Ross Sandstone Formation crops out on the Loop Head Peninsula, Co.

Clare, where condensed sections were sampled at the following localities. 

Where possible, localities are treated in lithostratigraphic order.

2.2.2.6 "Reading Room” Band

On the south coast of Loop Head just west of Kilbaha Bay, at a locality just east 

of Doondalden House, also known locally as the "Reading Room”, a condensed 

section crops out [73846/47687] [Fig. 2.27]. The mass transport deposit beds 

are steeply folded into a monocline, which brings the condensed section to just 

above sea level just below Doondalden House. This condensed section is c.1.20 

m-thick [Fig. 2.28-29] and it is taken to start with the first recessed siltstones 

and shales above a prominent sandstone bed. The section starts off with sand- 

rich siltstone beds with ammonoid-bearing bullions [the largest observed 

bullion is up to 50 cm in long axis length]. Lamination in the surrounding silt 

and shale envelops the bullion, which is routed in the sandstone bed below, 

implying that it formed pre-compaction. These are overlain by siltstone with 

occasional sandier interbeds, which are lighter grey in colour and c.lO cm of 

black, paper shale with small concretions and a cm-scale coaly layer. Above 

this, a 40 cm-thick sequence of interbedded siltstones with sandy 

intercalations and sandstones with ripple cross-lamination is separating the 

next dark shale package from the underlying one. This next black shale package 

is C.15 cm in thickness and contains two cm-scale layers of charcoal continuous 

with bedding. Above this, yellowy siltstones grade up into grey-blue coarser 

siltstone with water escape structures and ripple cross-laminae. The 

condensed section is taken to end with a 40 cm-thick massive sandstone with 

some cross-lamination visible towards the base.

The same condensed section crops out a few hundred meters further west, 

[73389/47195], where it can be reached by climbing down the cliffs towards 

the sea. A condensed section which correlates with the “Reading Room" band
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based on lithostratigraphy, crops out at Kicloher Cliff, on the south coast of 

Loop Head, just east of Kilbaha Bay and on the western side of Rehy Hill. It also 

has the same fauna! content as the Reading Room band.

This condensed section has been confidently identified in borehole material, 

specifically in the following boreholes: lO-CE-UCD-03 and lO-CE-UCD-05.

Faunal Composition

Three main fossiliferous intervals could be identified. The lowest contained a 

particularly large bullion sampled in detail in this study (sample R07): this was 

50 cm long [long axis length) and had a rim  of black shale around it. It contains 

abundant ammonoid material, including Homoceratoides cf prereticulatus, 

?Phillipsoceras/Reticuloceras spp. and Anthracoceras/Dimorphoceras sp.; 

bivalves such as Caneyella sp, and nautiloids are also present. The second 

horizon, which is found in the lowest black shale interval, contains only rare 2D 

ammonoids and spat, as well as small bullions w ith  unidentifiable juvenile 

ammonoids. The topmost interval, corresponding to the topmost shale interval, 

contains abundant ammonoids, preserved as 2D moulds and form ing a 

monospecific assemblage (only Homoceratoides prereticulatus and 

Homoceratoides c f prereticulatus are present]. The same section further west 

was sampled and seen to contain ?Homoceratoides sp. and ?Homoceras/Vallites 

sp., as well as Homoceratoides prereticulatus and Homoceratoides cf 

prereticulatus.

Overall, if  one doesn’t consider the bullion at the base, this condensed section 

is almost entirely monospecific, which is not a tra it shared by most of the other 

highly-condensed sections. This could be related to ecological factors, which 

produced dominance of this one particular species w ith in  ammonoid 

populations. Lewarne (unpublished notes] sim ilarly found the assemblage to 

be monospecific w ith abundant Ht. prereticulatus at this locality.
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Fig. 2 .2 1 . Location map showing Reading Room samphng locality at [73846/47687] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://m aps.osi.ie/publicviewer).
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Graphic log with lithological descriptions 
Location Reading Room (Loop Head) 
Grid Ref: 73846/47687

Scale: 15mm=30cm  
Log prefix=RO

R01 ABUNDANT

R07 ABUNDANT
(IN CONCRETION)

S.IIT1pl(>S
f7'?H46/47hH7]

Description Fowit rontent (tax.i in .» 
given horizon are ordrre<l 
by .ibiindance)

RENO Ammonotd- 
bearing bullion 
mateilal

A./D. sp.. Homocerotoides 
sp.. Philhpsoceras/ 
Retlculoceras ipp.?

R07 Ammonoid- 
bearing bullion 
material

Homoceratofdes cC 
prereticulatus. 
Phillipsoceras/ 
Reticuloceras spp.?, 
Caneyella sp., JL/D. sp. 
Nautiloid

R06 Ammonoid- 
bearing shale

Homoceratotdes 
preredculatus, 
Homoctratoides d  
prtrrticuh tus

R05 Ammonoid- 
bearlng shale

Homocervtoides 
prereacuhtus. 
Homoceratoides d  
prertticuhtus

R04 Ammonoid- 
beahng shale

Homoceratofdes 
prereOcu/aCus, 
Homoceratofdes ct 
prereticulatus

R03 Ammor.oid- 
bearing shale

Uomoceratoides sp.?. 
Homoetras/Vallitas sp. ?

R02 Ammonold- 
bearing bullion 
material

Ammonoid material

ROl Ammonoid* 
bearing shale

Hofnoceratoldes 
prereticulatus, 
Homocerotofdes cf 
orertticuhtus

Fig. 2.28. Sedimentary log o f "Reading Room" band showing sampled horizons (R03-6 were 

sampled from  the section fu rthe r west and are not shown here].

Fig. 2.29. Reading Room band exposure, looking towards Kilbaha Bay at [73846 /47687 ]
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2 .2 .2.7 "Dunmore West" Band

This condensed sect ion crops out  on the sou the rn  coast  of Loop Head, 

[70494/46845] ,  whe re  a lot of minor  faults with a dom in an t  strike-slip 

com ponent  create  small gullies (Fig. 2.31]. It is immediately recognisable  as a 

highly condensed sect ion in the field (Fig. 2.30] due to its da rk  colour  and 

considerable  thickness  and consists of 2.8 m of shale, which, w hen  examined 

close-up, reveals considerable  small-scale lithological var ia tion (Fig. 2.32). The 

section is taken to s ta r t  at  the top of a laterally extensive sands tone  bed with 

sand dykes and dis tu rbed bedding.  Although black shale  is the  dominan t  

lithology, it is accompanied by: f requent  in te rbedded  laminated, very fine 

sandstone  beds; f requent  s il tstone beds  with very thin s ands tone  laminae, 

which display colour  banding;  rare  decol lement  brecciated horizons, with 

disor ientated shale  and sandstone  clasts; ra re  gouge layers; occasional 

lenticular, very-fine sand, separa ted  by m uddy  lenses and  with mud  drapes.  

Occasional sand dykes originating from the underlying sands tone  beds are  

presen t  in the black shale horizons above. The ripple cross- laminae and 

s tarved ripples in the sandstone  beds indicate pa laeocurren ts  from the NE. The 

condensed  sect ion ends  with the base of a massive sands tone  bed, c . l5  cm- 

thick and laterally traceable. The silts with coarser  laminae are  inte rp re ted  as 

possible deposi ts  of bo t tom-cur ren t  flows (contouri tes].  Elongate ammonoid-  

bear ing bullions are  common  along bedding in a horizon c.2.25 cm from the 

base of the condensed  section.

The topmos t  shale sect ion contains  folds, which a re  in te rp re ted  as having 

formed during the Quate rnary  (when glaciation affected Irish soils and 

sed iments]  and probably associated with the soft sed im en t  deformat ion  

observed  in the sediments  below.

Faunal Composition

Even though amm onoids  could be found in varying degrees  of abundance  

nearly th roughout  the condensed section (Fig. 2.32], they  are  concen tra ted  in
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five shale horizons.  Bullions were  also observed  in the uppe rm os t  horizons.  All 

of these horizons were  sampled  in the presen t  study. The bullions contained 

external  moulds of  3D ammonoids  as well as o rnam en t  f ragments.

The lowest  horizon [DUl] contains  rare  ammonoids  and bivalve material.  The 

second-lowest  contains  f requent  ammonoids  [Phillipsoceras/Reticuloceras spp. 

dominate) ,  most ly  in the juvenile growth  s tage and as spat. Ammonoids are  

abunda n t  in the third horizon from the base, where  they form an extremely 

diverse assemblage,  with V. henkei and  V. cf henkei domina t ing the assemblage 

and secondary  Phillipsoceras/Reticuloceras spp. and H t cf prereticulatus  (for a 

full list see  table  below). The fourth horizon sampled contains  rare  ammonoids,  

which w e re  most ly juveniles, and  some fragments  of striae.

N/NW

Fig. 2.30. "Dunmore West" band at [7 0 4 9 4 /4 6 8 4 5 ] .  Blue pick for scale (c . l  m long).
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Fig. 2.31. Location map showing Dunmore West samphng locality at [70494/46845] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://m aps.osi.ie/publicviewer).
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The fifth and topm ost horizon, where solid ammonoids in bullions are present, 

contains a mixed assemblage dominated by Phillipsoceras/Reticuloceras spp.; 

in this case, this assemblage found in the shales is replicated very well in the 

bullion material. The topmost horizon also contained a trilobite pygidium (see 

Ch. 3 for palaeoecology discussion). Gillian Lewarne similarly recorded a mixed 

assemblage with [in order of decreasing abundance): Ph. circumplicatile and 

allied species. Ph. circumplicatile late form, V. henkei and Ht. prereticulatus. 

Ammonoids w ere also found west of this outcrop along the coastline towards 

the lighthouse, on mm-scale shale horizons within low-density turbidite 

sequences, [70266/46837], below the "Dunmore W est” band (see Chapter 4 

for details). They are also preserved as external casts at the base of a massive 

sandstone east of the condensed section in a gully [70662/46893].
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Graphic log with lithological d escrip tions 
Location: D unm ore  H ead W 
Grid Ref- 70506/46832

Scale: 15m m =30cm  
Log prefjx=DUW

ABUNDANT

DU3

DU2

D U l RARE

Samples
170494/46845)

Destriptinn Fossil contcni (taxa in a 
given horizon a re  o rd ered  
by abundance)

DUU Ammonoid- 
bearing bullion 
material

V. c t  henkei.
Phillipsoceras/Retkuloceras 
sppv Ht cf. varicatus, V. 
henkei. Ph. circumplicacHe, 
Ph. cf. circumplicocile, H t 
varicatus. Family 
paucicrenulatvm- 
circumplicatile. Ph. cf. 
paudcrenulotvm . Hod. cf. 
magistrorum. Bivalve 
Material

DUS Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras 
spp.. Ph. circumplicatile, V. 
henkei, Ph. ? circumplicotile. 
Ph. paucicrenulotum. Family 
paucicrenulatum‘ 
circumplicotile. Caneyella sp., 
H t cf. varicatus. Ph. r f  
paucicrenulatum. Ph. cf. 
circumplicatile, A./D. sp., 
Trlloblte Dvefdium

DU4 Ammonoid- 
bearins shale

)uvenile am m onoids and 
striae

DUS Ammonoid* 
bearing shale

V. henkei, V. cf. henkei. 
Phillipsoceras/Reticuloceras 
spp., H t cf. prerettculatus. 
Plant M aterial Hod. cf 
magistrorum. Hod. 
magistrorum, Ht 
prereticulatus. Ph. c t 
poucicrenulatum, H t 
varicatus, H t cf. varicatus. 
Ph. paucicrenulatum. Ph. 
circumplicatile. A./D. sp.. 
Nautiloid

DU2 Ammonoid' 
b«ahnK shale

Phillipsoceras/Reticuloceras 
sp p , spa t and juveniles

DUl Ammonoid- 
bearinR shale

ICaneyella sp. and 
amm onoid striae

Fig. 2.32. Sedimentary log of "Dunmore West" band show ing ammonoid-bearing horizons.

2.2.2.S "Rehy Hill " Band

On the south coast of  Loop Head, on the southern flank of Rehy Hill 

[8 0 7 7 6 /4 8 6 1 6 ] ,  there is a condensed  section, which w as briefly visited but not 

measured due to its rem ote location [Fig. 2.33). it com prises at least four 

fossiliferous shale horizons and bullions.
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Fig. 2.33. Location map showing Rehy Hill sampling locality at [80776/48616] and geological 

map o f the Shannon Basin showing the locality and regional geology [OSI rural place maps: 

http://m aps.osi.ie/publicviewer).
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Faunal Composition

Although bed-by-bed sampling could not  be undert aken  at this locality, overall 

the ammonoid  assemblages were  seen to be very diverse. Two horizons were  

sampled during this s tudy (see Table 2.9): the lower one contains  a mixed 

assemblage with Phillipsoceras/Reticuloceras spp. and Ht. cf. varicatus; the 

upper  horizon is domina ted  by the genus Phillipsoceras/Reticuloceras, wi th  

various species represented,  and V. henkei and H t cf. varicatus  also present ;  

crinoid moulds are  abundant ,  in the shape of disart iculated ossicles. Specimens 

are often pyrit ized or  preserved as 3D external  moulds in bullion material.  

Outcrop abundance  of ammonoids  in the two horizons was not  descr ibed for 

this band.

Samples
[80776/48616]

Description Fossil content (taxa in a 
given horizon are  o rdered  
by abundance)

REU Animonoid- 
bearing shale and 
bullion material

Ph./R. spp., Ph. cp., Ph. cf. cp., 
R. cf. pulchellum, V. cf henkei, 
V. henkei. Ph. cf 
paucicrenulatum, Crinoid 
Material, Caneyella sp., H t cf 
varicatus

REL Ammonoid- 
bearing shale

Ph./R. spp., H t cf varicatus, 
Plant Material, Pyritized 
juvenile Ammonoid Material

Table  2.9. "Rehy Hill” band faunal content .
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2.2.2.9 "Senan’s Beach" Band

On the sou th  coast of Loop Head, just w est  of Kicloher Cliff, there  is a small 

pebbly beach nam ed Kicloher Bay (Fig. 2.35), or som etim es refe rred  to as 

Senan’s Bay, after  Senan’s Well, which is just north  of the beach. Within this 

bay, there  is a c.2.85 m-thick condensed  section, [76725 /47707 ]  (see log in 

Fig. 2.36), which is easily accessed at low tide, but is perm anen tly  in part  

covered by sea drift. This condensed  section is taken to s ta r t  above a sand-rich 

siltstone c.lO cm-thick, which is underla in  by a massive sandstone. The beds 

here  dip s teep ly  and are  e roded  to near sea level. A small E-W t rend ing  fault 

offsets the  condensed  section (Fig. 2.34).

sw

t Condensed Section

Fig. 2.34. Senan’s Beach condensed  section offset by a small fault, [7 6 7 2 5 /4 7 7 0 7 ] ,

The basal p a r t  of the  section is m ade up of siltstone w ith occasional sandy 

in terbeds; overlying this, is a 10 cm-thick black shale bed. A sandstone  

interbed, which varies laterally in thickness from c.35 to 50 cm, splits locally 

along str ike  into two sandstone  beds, which then am algam ate  along strike.
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Above this, is a 30 cm siltstone, w^hich is overlain by a 1 m-thick sequence of 

sandstone and siltstones. This is overlain by a second shale-dominated 

sequence c. l5 cm-thick. Next, is a sequence of siltstone beds, with occasional 

thin sandstone interbeds. The condensed section is taken to end above this 

siltstone sequence, w^here there is a prominent  sandy siltstone bed.

Faunal Composition

There are two fossiliferous beds within this condensed section, corresponding 

to the two most prominent  shale sections: the lower horizon contains frequent 

to rare ammonoids, with only one identifiable specimen [V. cf. henkei). The 

topmost  shale had ammonoids concentrated in broadly two horizons, it 

contained a mixed and abundant  assemblage of ammonoids and plant material 

(non-pyritized), dominated by Phillipsoceras/Reticuloceras spp. and Ph. cf. 

circumplicatile.

All ammonoids are preserved as 2D moulds of the external shell and some are 

partially pyritized, so that they can be easily picked out on the exposed surface 

of the shale, even when partially covered by seawater. In the c.6 m-thick 

siltstone-dominated, thin-bedded sequence above this condensed section, 

ammonoid-bearing muddy silts were recorded (for details, see Chapter 4).
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Fig. 2.35. Location map showing Senan's Beach band samphng locality at [76725/47707] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://m aps.osi.ie/publicviewer).
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Graphic log with lithological descriptions: 
Location: Senan's Beach 
Grid Ref: 76725/47707

Scale: 15m m =30cm  
Log prefix=SE

3 -1

SEU ABUNDANT

Samples
1 7 6 7 2 5 /4 7 7 0 7 )

Description Fossil content (taxa in a 
given horizon are ordered  
by abundance)

SEU Am m onoid- 
bearing  shale

Phillipsoceras/Reticuloceras  
spp., Ph. cf. circum plicatile. 
Ph. circum plicatile, V.henkei, 
H t  cf. prereticulatus. Ph. cf. 
paucicrenulatum , V. cf. 
henkei^ P lant M ateria l

SEL Am m onoid- 
bearing shale

V. henkei, Am m onoid, Plant 
M aterial

SEL FREQUENT

Fig. 2.36 Sedimentary log of "Senan's Beach" band.

2.2.2.10 "West Senan’s Beach" Band

Following the coastline west from Senan’s Beach, an immediately obvious 

thinly-bedded, shale-dominated condensed section crops out [76525/47887] 

and can be traced laterally for c.20-30 m along the coastline (Fig. 2.38). The 

section starts above a massive sandstone that forms a prom inent ledge, and it 

consists of 1.1 m of siltstone and shale, w ith  occasional laminated sandstone 

interbeds (Fig. 2.37). There are occasional concretions w ith  pyrite-rich centres 

and the thickest (c.20 cm-thick) black shale sequence is nested in the centre of 

the condensed section. The shale beds are sooty and sulphur-leaching gives



them a dist inct ive yellow staining. The sect ion is taken to end at the base of the 

first massive sands tone  with thickness g rea ter  than 90 cm.

Faunal Composition

Ammonoids  are  r a re  in this section, and concent rated  in resistant,  silty shale 

horizons wi th in  the shale sequence  [Fig. 2.39). Ammonoids are  p reserved as 

2D moulds on the  shales  and no ammonoids  were  found in the bullions. The 

poor  p reserva t ion of the specimens does not  allow identification beyond the 

subclass level.

Ammonoids w e re  also found in silt-rich mudstones  fur ther  west,  on the east  

s ide of Kilbaha Bay [75394 /48264]  [see Chapter  4 for details).

Fig. 2.37, W est Senan's Beacii band at [7 6 5 2 5 /4 7 8 8 7 ] ,
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Fig. 2.38. Location map showing West Senan's Beach band sampling locality at [76525/47887] 

and geological map of the Shannon Basin showing the locality and regional geology (OSI rural 

place maps: http://m aps.osi.ie/publicviewer).
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Graphic log w ith  lithological descriptions: 
Location: West Senan's Beach Band 
Grid Ref: 7 65 2 5 /47887

Log prefix=WSE

1 .5 -

Samples
[76525/47887]

Description Fossil content (taxa in a 
given horizon are ordered 
by abundance)

WSEOl Ammonoid- 
bearing shale

Ammonoids, Plant Material

0.5

WSE01 RARE

WSE01 RARE

0

Fig. 2.39. Sedimentary log of "West Senan's Beach" band showing sampled horizons.
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2.2.2.11 "Lighthouse" Band

On the tip of Loop Head, w est  of the  Hghthouse and opposite  the sea stack 

locally known as Diarmuid and Grainne’s Rock, a condensed  section crops out 

close to the  cliff edge [7 0420 /48683 ]  (Fig. 2.40-41], The condensed  section is 

c.2.5 m-thick and its base is taken at the  top of the sandstone  bed (m ore  than  1 

m-thick] below which there  is no access due to its location in close proxim ity to 

the cliff edge. The section sta r ts  off with grey, silt-rich shales with occasional 

sandstone  in terbeds less than 2 mm-thick. The main lithology is black shale, 

which either splits along bedding in thin sheets  (paper  shale] or is clay rich and 

difficult to split. This shale is punc tua ted  by two quartz-rich grey sandstone  

beds (each c.25 cm-thick), and occasional siltstone interbeds, Overall the  shale 

is s tained by sulphur-leaching, which gives it a distinctive yellow-orange 

colour.

The condensed  section is taken to end approxim ately  w h ere  the  black shale is 

shaped into glacial folds of Q uaternary  age and there  a re  also ra re  bullions. 

Above this, it is covered by grass. It is therefore  possible tha t  the section is 

thicker than the 2,5 m seen  here.

Fig. 2.40. Ligiithouse band outcrop at tip of Loop Head at [7 0 4 2 0 /4 8 6 8 3 ]
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Fig. 2.41. Location map showing Lighthouse samphng locahty at [70420/48683] and geological 

map of the Shannon Basin showing the locality and regional geology (OSI rural place maps: 

http://m aps.osi.ie/publicviewer).
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Faunal Composition

A typical assemblage of ammonoids,  nautiloids, bivalves and plant material is 

present.

Ammonoids are found in a range of concentrations within the shale. They are 

rare in the low^est portion of the condensed section, (from c.75 cm to 1 m; see 

sedimentary log in Fig. 2.42], but become more abundant  from 1.35 to 1.80 m, 

where they are highly weathered and of poor quality. Ammonoids are also 

abundant  above the topmost  sandstone bed, where they are preserved both as 

2D moulds [L03) and as solid specimens in bullions found in the topmost  shale 

beds (L03b]. Sample LOl encompasses the whole section, whilst sample L02 is 

taken from a sand-rich siltstone horizon with plant material. The assemblages 

are varied from bottom to top, Phillipsoceras/Reticuloceras spp. (specifically 

the family Ph. circumplicatile to Ph. paucicrenulatum) and V. cf. henkei being the 

main taxonomical components. Overall, preservation is poor due to 

weathering, and complete specimens are difficult to sample due to splitting 

along cleavage in the clay-rich shales. Lewarne (unpublished notes] recorded 

the presence of the following taxa at this locality, in order of abundance: V. 

henkei, Ph. circumplicatile, Ph. circumplicatile [late form], Ht. varicatus?.
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Graphic log w ith  lithological descriptions; 
Location Lighthouse Band 
Grid Ref: 68660/47149

Scale: 15mm=30cm 
Log prefix=L

2

1

0

Fig. 2.42. Sedimentary log o f "Lighthouse band", show ing sample location.

L03 L03b FREQUENT

Samples
(70420/486«3]

Description Fossil content (taxa m a 
given horizon are ordered 
by abundance!

L03b Ammonoid- 
beahng bullion 
material

Phillipsoceras/Reticuloceras 
spp.. Ph. d  circumplicatile, 
Nautilold. Plant Material.

L03 Animonoid- V'. c t henkei.

L02 RARE

bearing shale Phillipsoceras/Reticuloceras 
spp., Ph. c l circumplicatile,
V. henkei, Nautilold, Spat 
Plant Material

L02 Ammonoid' Plant Material

LOl ABUNDANT bearing sandy 
sUtstone

LOl Ammonoid* 
bearing shale

V. d  henkei.
Phillipsoceras/Reticuloceras 
spp., Bivalve Material, 
Homoceras/Vallites sp., V. 
henkei. Ph. d

RARE
paucicrenulatum, Caneyella 
sp.

2,2.2.12 “Toorkear Band

On the north coast of Loop Head, about 500 m northeast from Toorkeal Bay, a 

condensed section crops out in a small exposure near the c liff edge at 

[76635/51342]. it  lies above a double-slumped horizon and, as such, is easily 

traced laterally in the cliffs from Toorkeal Bay to the examined outcrop to the 

northeast, which lies close to Quilty [see Fig. 2.44 for location). Above the 

condensed section, lies a sequence of thick channel sands.

This condensed section is 2.2 m-thick and is dominated by very soft, clay-rich 

paper shales, which are mostly grey, but also contain some darker horizons 

where ammonoids are concentrated. The top of the condensed section is taken 

to be at the base of a grey sandstone bed 40 cm-thick, w ith  mm-scale mud

104



clasts (Fig. 2.43]. The condensed section is very sulphur-rich, w îth sulphur 

leaching commonly observed. Occasional very fine sandstone interbeds w îth 

cm-scale ripple cross-lamination are observed. In comparison to other 

condensed sections (for instance, the "Dunmore West" band or the "Reading 

Room” band), this one is not as thickly developed, nor is the colour as 

distinctively black.

Faunal Composition

Ammonoids are abundant tow^ards the top of the condensed section (Fig. 2.45), 

in the 7 cm band below the overlying sandstone and frequent to rare below' 

this level. Ammonoids are solely preserved as 2D moulds of the external shell 

and the ammonoid assemblage at this condensed section is dominated by 

Phillipsoceras/Reticuloceras spp.  and V. cf. henkei. Bivalves (Dunbarella sp.) and 

plant material are also present.

Fig. 2.43. Toortceal Band, north coast o f Loop Head at [7 6 6 3 5 /5 1 3 4 2 ],
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Fig. 2.44. Location map showing Toorkeal sampling locality at [76635/51342] and geological 

map of the Shannon Basin showing the locality and regional geology (Google Earth map).
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Graphic log w ith  lltho loglca l descriptions: 
Location; Toorkeal 
Grid Ref: 76635/51338

Scale: 15mm=30cm 
Log prefix=TC

TO ABUNDANT

Samples
(76635/51342]

Description Hossil contcnt (taxa in a 
given horizon are ordered 
by abundancel

TO Ammonoid- 
bearing shale

Phillipsoceras/ReCiculoceras 
spp., y. cf. henkei, y. henkei, Ph. 
cf. circumplicatlle. Ph. cf. 
paucicrenulotum, Dunbarella 
sp., Ph. paucicrenulatum, Ph. 
circumplicatile, Plant material

Fig. 2.45. Sedimentary log of "Toorkeal band", showing sample location.

2.2.2.13 Rinevella

On the south coast at Rinevella, on the w^est side of Rinevella Bay, tw^o 

ammonoid-rich bands were identified and sampled [Table 2.10). The firs t is 

located just west of Rinevella Point w ith in  a silt-dominated succession at 

[81692/49008], the second is c.20 m above it, where a small pier is bu ilt in a 

gully created by a mass transport deposit: right above this mass transport 

deposit, a thin, highly-fossiliferous bed is exposed [Fig. 2.46].

The lowest sampled horizon [RVW) is a dark shale [less than 10 cm in 

thickness] located w ith in  a silt-dominated succession [Fig. 2.47]. The upper 

horizon [RVM], located above the slump at the pier, is a paper-shale only 

accessible at low  tide. Another slump is present among the tu rb id ite  beds in 

the Rinevella Bay succession.
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Fig. 2.46. Location map showing Rineveila sampling localities at [81692/49008] and geological 

map of the Shannon Basin showing the locality and regional geology (OSl rural place maps: 

http://m aps.osi.ie/publicviewer).
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Faunal Composition

The lowest horizon contains frequent to rare ammonoids preserved as 2D 

moulds: the assemblage is dominated by Phillipsoceras/Reticuloceras spp., with 

associated V. cf. henkei and plant material. The higher horizon contains 

abundant ammonoids, with dominant V. cf. henkei and associated 

Phillipsoceras/Reticuloceras spp. and plant material.

Samples Irish Grid 
Reference

Description Fossil content [taxa in a 
given horizon are ordered 
by abundance]

RVM 81840/49106 Ammonoid- 
bearing shale

V. cf. henkei, Ph./R. spp., 
Plant Material

RVW 81692/49008 Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras 
spp., V. cf. henkei, Plant 
Material

Table 2.10. Rinevelia faunal content.

NE

Fig. 2.47. Lowest o f  tw o sam pled horizons (RVW), close to Rinevella Point at [ 8 1 6 9 2 /4 9 0 0 8 ] .  

Hammer for scale.
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2.2.2.14 "Holy Well ” Band

The Ross Sands tone  Formation is well exposed on the south coast  of Loop Head 

(and the no r the rn  side of  the Shannon Estuary),  be tween  the hghthouse at 

Kiicredaun and  Carrigaholt ,  w he re  a sequence of thin-bedded turbidi te  

deposi ts  with local s lum ped  horizons is present.  For details of ammonoid-  

bear ing s i l tstone horizons found outside of condensed  sections, east  of the 

Kiicredaun l ighthouse,  [84922 /49205]  (Fig, 2.48], see Chapter  4. On the south 

coast  of Loop Head, there  is a holy well close to Kiicredaun Point. Just below it, 

[8 5090 /49408 ] ,  on the  coastal outcrop, a condensed section (here  named after 

this holy well] forms a gully. This outcrop is easily recognized thanks to a s tone 

cross, and it can be accessed by climbing down a series of m an-made  s teps with 

a rope at t ached to them.

The condensed  sect ion is c.2.5 m-thick (Fig. 2.49] and it is taken to begin above 

the p rom inen t  s ands tone  that  makes up the  base of the gully. Overall, it is 

domina ted  by shale, with a s i l ts tone-dominated interval in the middle. At its 

base  is grey, c lay-r ich shale, with inte rbedded  black shale, which is recessed. 

This is overlain by s i l tstone and then a black fossiliferous shale interval (c.lO 

cm-thick]. Then, a s equence  of very fine sands tone  beds with inte rbedded 

s il tstones is present .  The sandstones  have load s t ruc tures  a t  thei r  base, as well 

as ripples on their  tops.  This is succeeded by a c.20 cm-thick fossiliferous black 

shale. It contains  occasional  coaly layers and  is character ized by yellow su lphur  

leaching. This is in tu rn  overlain by a sil tstone with coarser  sandy 

intercalat ions and  a ser i es  of thickening upwards  sands tone  packages. The 

condensed  sect ion is t aken to end with the s tar t  of a 1.5 m-thick sequence  of 

thickening u p w a rd s  sands tone  beds that  end in a grassy cover.

Faunal Composition

Even though a m m ono ids  are p resen t  in varying abundances  th roughout  the 

section, two  main fossiliferous intervals were  identified and sampled  (Fig.

2.49). They co r respond  to two black shale packages, it should be noted tha t  the
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lowermos t  black shale package, despite  intensive investigation, did not  yield 

any fossils. In the lowest  of the two main fossiliferous black shale intervals 

(sample KILHL) ammonoids  were  rare: they formed a mixed assemblage 

domina ted  by Phillipsoceras/Reticuloceras spp., wi th  associated bivalve and 

plant  material.  The uppe r  unit  [sample KILHU) was  rich in ammonoids,  with 

several  growth  s tages  represented:  the assemblage was  very diverse  and again 

domina ted by by Phillipsoceras/Reticuloceras spp., with  associated bivalve and 

plant  material;  V. henkei [and V. cf henkei) also const i tuted an important  

e lement  of the assemblage.
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Fig. 2,48. Location map showing Holy Well sampling locality at [84922/49205] and geological 

map of the Shannon Basin showing the locality and regional geology (OSl rural place maps: 

http://m aps.osi.ie/publicviewer).
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Graphic log w ith lithological descrip tions; 
Location Holy Wp II, Kilcrerfaun 
Grid Ref 85090/49408

Scale: 15m m =30cm  
Log prefix=KiLHL

Klih«.U A0UNOANI

Sam ples
[8 5 0 9 0 /4 9 4 0 8 )

D escription Fossil con ten t (tax a  in a 
g iven  h o riz o n  a re  o rd e re d  
by ab u n d an c e )

KILHU Am m onoid- 
bearing  shale

Ph./R. spp., V. cf. henkei, 
A nthracoceras/ 
Dimorphoceras sp., V. henkei, 
Ph. cf. pc, Dunbarello sp., 
’’Posidoniella sp.. Ph. cf. 
circumplicatile, H t 
preretlculatus

KILHL Am tnonoid- 
bearing  shale

Ph./R. spp.. Ph. pc, HL 
prereticulatus, Dunbarella 
sp., P lant M aterial

Fig. 2.49. Sedim entary log o f "Holy Well band", show ing sam ple locations.

2.2.2.15 "Cloonconeen Lower” Band

On the east side of Rinevella Bay, w es t  of Cloonconeen Point, a condensed  

section crops ou t a t  the  top of a small gully, [82829 /49445 ]  [Fig. 2.51). It is c.2 

m-thick and silt-dom inated  (Fig. 2.50). The s ta r t  of the  section is taken at the  

base of a sand ledge in the  cen tre  of the gully: at the base, there  is a 1.35 m- 

thick sequence  of s iltstones with occasional sandy  intercalations with r ipple 

cross-laminae, punc tua ted  by sandstone  interbeds. This is overlain by the  first 

shale sequence  c.lO cm-thick, which is composed of a central silty shale 

separa ting  tw o fossilifeous shale horizons a t e ither  side. Occasional clay-rich 

siltstone beds pinch in and ou t along strike. Next, a c.90 cm-thick siltstone
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sequence w ith  interbedded rippled sands, which sometimes thin and pinch out 

laterally, is present. Rare concretions are also present. The section ends w ith  a 

C.55 cm-thick massive sandstone, which is distinctive since it is the thickest in 

the visible section. This condensed section is only accessible at low tide.

Faunal Composition

Ammonoids were found concentrated in two horizons w ith in  the shale beds 

(Fig. 2.52).

They are all preserved as 2D moulds of the external shell and form a mixed 

assemblage dominated by Phillipsoceras/Reticuloceras and Ph. cf. 

circuwplicatile  and V. cf. henkei, w ith  associated Ph. c f paucicrenulatum.

Fig. 2.50. Cloonconeen Lower band, [82829/49445]. Ruler is 30 cm long. Pen also for scale.
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Fig. 2.51. Location map showing Cloonconeen Lower sampling locality at [82829/49445J and 

geological map of the Shannon Basin showing the locality and regional geology (OSl rural place ;

maps: http://m aps.osi.ie/pubiicviewer). |
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k>g w ith lithoioQ'cal descftpiions- 
Locdlion. Clooncort«ef> Lower 
God Ref. 82829/49445

Seal#; ISmmrjOcm 
Loq prefix=CLOL

CLOLb

Samples
|HJH;;9/49415|

Description riissil 1 (itileiit h) a 
Riven horizon «re ordered  
by abundance)

CLOL Ammonoid* 
beaririK »hale

Ph. cf. circumplicatile. Ph./R. 
sppv V henkvt. Ph. tC 
puuticrcnulalum, V. cf. 
henkvL Ounbartfllu sp.. Plant 
Material

CLOLa Ammonoid- 
bearins shale

PhilHpsoceras/Reticuloceras 
spp.< Ph. cf. paudcrenulacum

CLOLb Ammunoid* 
b«arine shale

Possible luveniles

C L O U /b Ammonoid' 
bearing shale

Ph illtpsoceras/Reticuloceras 
spp.. Ph. cf. paucicrenulaCum, 
Plant Material

•FREQUENT

Fig. 2.52. Sedim entary log o f "Cloonconeen Lower band", showing sampled horizons.

2.2.2.16 "Blackrock West" Band

This section crops out along the north coast at [70419/48692], between 

Blackrock and Gull Island [Fig. 2.54], it consists of c .l m of recessed sediments, 

dominated by siltstone [Fig. 2.53). It starts above a sandstone bed w ith 

disturbed surface. This is overlain by a 35 cm-thick series of interbedded clay- 

rich siltstone, siltstone w ith  sandy intercalations and silty shale. This is then 

succeeded by a c.lO cm-thick black, sulphur-rich shale, in turn overlain by a 40 

cm-thick siltstone w ith  occasional shale interbeds [whose thickness is on a 

sub-cm scale). Above this, is a c.5 cm-thick black shale horizon, which is 

overlain by a sequence of siltstone and very thin, mm-scale, sandstone beds 

thickening upwards to cm-scale. The condensed section is taken to end at the
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base of the first bedded sandstone  with r ipple-cross lamination. Sandstone 

packages thicken upwards  away  from the condensed section.

Faunal Composition

Rare amm onoids  are  concent rated  in the topmos t  dark shale horizon close to 

the top of the condensed sect ion (no ammonoids  were  found from the lowest  

10 cm-thick shale horizon),  w he re  they are  all preserved  as 2D moulds of the 

external  shell. The ammonoid assemblage is diverse, yet domina ted  by 

Phillipsoceras/Reticuloceras spp.; plant  mater ia l  was  also recovered [Fig. 2.55). 

This is not  a typical highly-condensed section, since it is thinner  and  dom ina ted 

by siltstone.

N

Fig. 2.53. Blackrock W est band at [7 0 4 1 9 /4 8 6 9 2 ] .  Ruler is 30 cm long.
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Fig. 2.54. Location map showing Blaci<rock West sampling locality at [70419/48692] and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map).
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Graphic log w ith lithological descriptions: Scale: 15m m =30cm
Location Blackrock west Log prefix=KILBE
Grid Ref 70419/48692

BL2 RARE

Samples
[7 0 4 1 9 /
4 8692 ]

Description Fossil content [taxa in a given 
horizon are ordered by 
abundance)

BL2 A m m onoid- 
bearing shale

Phillipsoceras/R. spp., Ph. of. 
paucicrenulatum, V. cf. henkei, Ph. 
circumplicatile. Ph. 
paucicrenulatum, Plant m aterial

Fig. 2.55. Sedimentary log of "Biaci<roci< west band", showing sample location.

2.2.2.17 Blackrock

Opposite the islet of Blackrock, there is a gully easily recognised by the 

presence of a parasitic fold and only accessible at low spring tide (Fig. 2.56). 

Here, among a series of laminated muds and siltstones [70420/48683], a thin, 

fossiliferous, sulphur-rich, silt-rich shale, grey and not fissile, was sampled 

(B L l). The laminated mudstones c.3 m below this horizon were also sampled 

(BL3): these are grey in colour, clay-rich and compacted, and split along 

cleavage, which has an angular orientation to bedding. The very clay-rich, pale 

appearance of these beds prompted further investigation in order to test the 

idea that it  m ight be a bentonite deposit. QEMSCAN analysis of this sample is 

discussed in Chapter 5. This is not a highly condensed section, but rather, it is 

considered a siltstone-dominated succession w ith  ammonoid and other faunas 

concentrated in the most condensed horizons.
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Fig. 2.56. Location map siiowing Blackroctc West sampling locality at [70419/48692] and 

geological map of the Shannon Basin showing the locality and regional geology [Google Earth 

map).
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Faunal Composition

Of the two horizons (Table 2.11) s ampled at this locality, the lowest  (BL3], 

contained abu n d a n t  f ragmentary  bivalve material,  as well as plant  materia l  and 

amm onoid  material.  The higher band  (BLl) contained plant  and ammonoid  

mater ia l  (mostly in the juveni le growth  s tage and all p reserved  in the form of 

2D moulds),  if more  t ime had been available at this locality, it is likely that  

more  fossiliferous horizons would have been recognized.

Samples
[70420 /48683]

Description Fossil content  (taxa 
in a given horizon 
are  o rdered by 
abundance)

BLl Ammonoid-  
bear ing silty 
shale

Plant and Ammonoid 
Material

BL3 Ammonoid-  
bearing silty 
shale

Plant and Ammonoid 
Material

Table  2 .11 . B lackrock locality  faunal conten t .

2.2.2.18 "Ross Bay East” Band

On the nor th side of Loop Head, at  [72841 /4 9714] ,  there  is a 1.80 m-thick 

condensed  sect ion (Fig. 2.57; 2.59), which s tar ts  above a massive sands tone  

and consists of a basal sequence  of s il tstone with sandstone  and shale 

interbeds. The s il tstone beds thin upw ards  and  give way  to c.30 cm of 

fossiliferous black, pape r  shale, overlain by a thin-bedded sequence of 

sands tone  and  siltstone. The sect ion ends  below the first massive sands tone  

bed. Above it, the  sands tone  beds thicken s tratigraphical ly upwards.

Faunal Composition

Ammonoids a re  rare, w ea the red  and of poor  quality. They are  all p rese rved  as 

2D moulds and  are not  always concentra ted in the darkest ,  clay-rich shale, but
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are mostly found in grey, paper shale at this locality. Plant material is abundant 

and the ammonoid assemblage consists of Phillipsoceras/Reticuloceras spp., Ph. 

paucicrenulatum  and V. c f henkei. Bivalves [Dunbarella sp.) and nautiloids are 

also present, as is typical of Namurian faunal assemblages (Fig. 2.58]. Lewarne 

recorded the presence of Reticuloceras sp. at this locality (unpublished notes].

LEGEND

[ I Cvntral Clw« Orowp 

[ I Oull lalArKi PormM«n 

I [ H M t fttndaloA* Pwmi 

m  Clar* Bhat* Fannattwi 

[ I Undividvd Namirlan

A T L A N T I C  O C E A N

Loop He,

Shannon
Bstuary

ROSS BAY EAST

2km

Fig. 2.57. Location map showing Ross Bay east sampling locality at [72841/49714] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: h ttp ://m aps.osi.ie /publicviewer).
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Cjraphic loq with lithologKji devnpttont
Lcx-t.o.. Ro« B^V t « l  '  5m m . lOcm
hnd Rff 72844/49706 P'»S»* KIIBE

Samples
[72K<i 1/447U1

Descnption Fossil content (taxa in a 
^ivcn hon/.on <irt' 
orilcTed by <ibiindjn(.e)

RBR Ammonoid- 
bearing shale

V cf henkei, Dunbarella 
sp., Phillipsoceras/ 
Reticuloceras spp.. Ph. pc. 
Nauhlold. Plant Material

RBE FREQUENT/RARE

Fig. 2.58. Sedimentary log o f Ross Bay east band, showing sampled horizons.

N/NE

Fig. 2.59. Ross Bay East band at [72841/49714 ]. Ruler is 30 cm long.
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2.2.2.19 "Cloonconeen Top” Band

On the east  side of Rinevella Bay, wes t  of Cloonconeen Point, a condensed 

sect ion forms a prominen t  gully, [82774 /4 9551] ,  abou t  50 m above the 

"Cloonconeen Lower” band  and with a p rom inen t  s lump horizon just  below. It 

is only accessible at low t ide [Fig. 2.60). The gully is over  5 m-thick [Fig. 2.62], 

bu t  the exposed portion of the sect ion is only c.2.5 m-thick. The lowest  

exposure  in the centre  of the gully consists of shale. A 1.15 m-thick sequence of 

pyrite-rich, fossiliferous shales with occasional sil tstone [less than  10 cm- 

thick] interbeds is overlain by a 50 cm-thick sequence  of thin -bedded  sands 

with r ippled-tops and  cross-laminae.  Above this, a 60 cm-thick sequence of 

in te rbedded  muds  and thin s andstone  beds with a bundan t  bullions are  

present.  The sandstones  gradually  thicken u pw ards  up to a 40 cm-thick 

massive sandstone,  where  the condensed sect ion is taken to end. This 

condensed  section is also thought  to be p resen t  in core 09-CE-UCD-01.

Faunal Composition

Two main fossil-rich horizons were  identified [Fig. 2.61), even though more  

could be p resen t  but  are covered by the sea [not  in tidal range). Even though 

the ammonoid  assemblage is diverse, the genus  Phillipsoceras is the most  

a bunda n t  and is dom ina ted by the taxon Ph. paucicrenulatum, with  associated, 

minor  Ph. circumplicatile. Although amm onoids  a re preserved  as 2D moulds, 

several  are  part ly pyritized. Ammonoids are  a bundan t  (as 3D external  moulds) 

in the bullions at the top of the section, but  they  are  unextractable .

Ammonoids  are  abunda n t  in both horizons,  with various growth  stages 

represen ted ,  but  juveniles are  preferential ly  p rese rved  thanks to preferent ial  

pyrit ization of the inner  whorls.
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Fig. 2.60. Location map showing Cloonconeen Top samphng locality at [82774/49551] and 

geological map of the Shannon Basin showing the locality and regional geology [OSI rural place 

maps: http://m aps.osi.ie/publicviewer].
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Graphic log w ith litholoQical descriptions: r  .
, \  y, T Scale; 15mm=30cmLocation; Cloonconeen Top . r .
Gnd Ref 82774/49551 Log preftx<LOU

CLOUNO

Samples
(82774/49551)

Description Fossil content (taxa in a 
given horizon are ordered 
by abundancel

CLOUNO Ammonoid- 
bearing butllon 
material

Ammonoid Material

CLOUa Ammonoid* 
bearing shale

Ph. paucicrenulatum, 
Phillipsoceras/Reticuloceras 
spp., Ph. cf. paucicrenulatum

CLOUb Ammonoid- 
bearlng shale

PhiUipsoceras/R. spp. Ph. cf. 
paucicrenulatum, Ph. 
paucicrenulatum Ph. cf. 
circumplicatile, f l  cf. 
pukhellum, Ph. 
circumplicatile

CLOUa ABUNDANT

CLOUb ABUNDANT

Fig. 2.61. Sedimentary log o f "Cloonconeen Top band".

GULLY = CONDENSED SECTION

FIRST MASSIVE SANDSTONE FROM BASE 
O f EXPOSED CONDENSED SECTIONs ,

Fig. 2.62. "Cloonconeen Top Band" exposed in gu lly at [82774/49551],
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2.2.2.20 "Kilcredaun Top" Band

On the south coast of Loop Head, a p rominen t  gully is the site of a condensed  

sect ion which is immediately obvious thanks to its considerable thickness 

[c.3.50 m) and the very dark colour  of the shale, which is the dominant  

lithology [Fig. 2.64]. It lies directly above a s lump unit  [85029 /4 9504]  and  is 

e roded and recessed from its base, s tar t ing off with a 20 cm-thick sil tstone bed, 

with sandy intercalat ions,  overlain by silt-rich shale  that  is not  very fissile. This 

is in tu rn  overlain by c.2 m of shale, which varies be tween  paper  shale and 

clay-rich, res is tant  shale. Above this, lies a sequence of mud-rich s il tstone and 

sil tstone with sandy  intercalat ions,  overlain by a thickening upwards  sequence 

of sand packages with r ipple cross- lamination. This is overlain by a c .l  m-thick 

s il ts tone-dominated sequence, with f requent  bullions that  can be t raced along 

bedding and sandy s il tstone beds with dis turbed  lamination. The condensed  

sect ion ends at  the base of a 22 cm-thick massive sandstone  with c ross 

lamination. Sandstone packages thicken upwards  above this. This condensed 

section is thought  to be p resen t  in core 09-CE-UCD-01.

Faunal Composition

Overall, a mixed assemblage of thick-shel led ammonoids,  thin-shel led 

ammonoids,  or thoconic  nautiloids, plant  material  and bivalves is present .  

Ammonoids  are  found t h roughout  the condensed section, concent rated  in 

seven highly-fossiliferous horizons.  Samples  were  taken from these  seven 

horizons [Fig. 2.63; 2.65), as well as f rom a b roade r  three-par t  subdivision of 

the condensed section [bottom, middle  and upper:  KILUB, KILMU, KILU).

Ammonoids are  preserved  as 2D moulds of the external  shell, wi th  var ious 

growth  s tages represen ted,  and, in addit ion, 3D ammonoids  are  p resen t  in 

bullions in the topmost  horizon,  bu t  they w ere  unextractable . Broadly 

speaking, amm onoids  from the lower  port ion of the condensed  sect ion form a 

diverse assemblage domina ted  by Phillipsoceras/Reticuloceras spp., wi th 

associated V. cf henkei, V. henkei and  Ph. cf. paucicrenulatum . The faunal
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conten t  of the middle pa r t  is similarly diverse, with

Phillipsoceras/Reticuloceras spp. being the dom inan t  taxon. The uppe r  par t  of 

the condensed  section is again dominated by various species of the genera 

Phillipsoceras and  Reticuloceras. Both the bivalves Dunbarella sp. and Caneyella 

sp. a re  present.

In conclusion, the assemblages are  dom ina ted  by the species  of the genera 

Reticuloceras and Phillipsoceras, especially Ph. circum plicatile  and Ph. 

paucicrenulatum .

Fig. 2.63. Seven sampled horizons at "Kilcredaun Top band" at [8 5 0 2 9 /4 9 5 0 4 ] .

128



LEGEND

I I Central Clara Group 

I ' I Oull Island Formation 

I I Ross Sandstofia Formation 

m  Clara Sliala Formation 

I I UndlvKtad Namurian 

 Formation Boundary

ATLANTIC OCEAN

Loop He.

Shannon
Estuary

KILCREAUN TOP
LOCATION MAP

2km

Fig. 2.64. Location map showing Klcredaun Top sampling locality at [85029/49504] and 

geological map of the Shannon Basin showing the locality and regional geology (OSI rural place 

maps: http://maps.osi.ie/publicviewer).
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Graphic log with lithological descriptions: 
Location: Kilcredaun Top 
Grid Ref: 850261/49505

I I
II I

Scale: 15mm=30cm 
Log prefix=KILT

KILT7 FREQUENT

KILT6 FREQUENT

KILTS FREQUENT

KILT4 ABUNDANT

KILT3 FREQUENT

KILT2 RARE

Samples
[85029/49504]

KILU

KILMU

KILUB

KILBU

KILT7

KILT6

K1LT5

KILT4

KILT3

KILT2

KILTl

KILTl RARE/FREQUENT

Description

Ammonoid- 
bearing shale

Ammonoid- 
bearing shale

Ammonoid' 
bearing shale

Ammonoid- 
bearing bullion 
material
Ammonoid- 
bearing bullion 
materia]

Fossil content (taxa in 
a given horizon are 
ordered by abundance)
Phillipsoceras/ 
Reticuloceras spp. Ph. 
c l circumplicatile. Ph. cf. 
paucicrenulatum. Plant 
Material, Ph. 
drcumplicatile______
PhilUpsoceras/ 
Reticuloceras spp. Ph. 
cf. circumph'catile, Ph. cf. 
paucicrenulatum, Ph. 
circumplicatile. Ph. 
paucicrenulatum, 
Caneyella sp.. Plant 
Material
Phillipsoceras/ 
Reticuloceras spp., V. cf. 
henkei, Plant Material
Pyrite-rich bullion

Ammonoid- 
bearing sandy 
siltstone
Ammonoid- 
bearing shale

PhilUpsoceras/ 
Reticuloceras spp., 
Ammonoids 
(unidentifiable)
Ammonoids
(unidentifiable^

Ammonoid- 
bearing shale

Ph./R. spp. Ph. cf. 
paucicrenulatum, Ph. 
paucicrenulatum. Ph. cf 
circumplicatile, 
Dunbarella sp._______

Ammonoid- 
bearing shale
Ammonoid- 
bearing shale

Ammonoid- 
bearing shale

Phillipsoceras/ 
Reticuloceras spp.. Ph. 
cf. paucicrenulatum, Ph. 
cf. circumplicatile. Ph. 
circumplicatile, R. cf 
pulchellum. Ph. 
paucicrenulatum_____
Phillipsoceras/ 
Reticuloceras spp.
Ph./Reticuhceras spp., 
V. cf henkei, V. henkei, 
Dunbarella sp.
PhilUpsoceras/ 
Reticuloceras spp., V. cf. 
henkei, V. henkei. Ph. cf. 
paucicrenulatum______

Fig. 2.65. Sedimentary log of "Kilcredaun Top band", showing sampled horizons.
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This locality was sam pled by Lewarne (unpublished notes), w ho  recorded  the 

assem blages from four horizons (Table 2.12).

Layer C Ph. paucicrenulatum .
Layer B Ph. paucicrenulatum ; Ph. 

circumplicatile.
Layer A Ph. circumplicatile; R. sp. [?R. 

pulchellum]; Caneyella sp.
Layer D R. sp. (?R. pulchellum); Ph. 

circumplicatile, Ph. 
paucicrenulatum .

Table 2.12. Kilcredaun faunal content in Lewarne (unpublished notes).

2.2.2.21 "Quilty" Band

On the north  coast of Loop Head, a 3 m-thick condensed  section [see Fig. 2.66) 

crops out in a gully, [77281 /51701 ].  It lies above a mass t ran sp o rt  deposit 

[with concretions) and is overlain by a sandstone-dom inated  sequence. The 

section s ta r ts  above the siltstones th a t  top the m ass t ra n sp o rt  deposit  and 

consists of 1 m of fossiliferous shale a lternating  with silt-rich shale. Next, a 1,75 

m-thick sequence  of black shale, with occasional coaly layers and small 

bullions, as well as very ra re  s iltstone in te rbeds  is present. Above this, lies 30 

cm of grey, res is tan t  s iltstones with occasional sandstone  in terbeds; these are 

in tu rn  overlain by sandy siltstones w ith occasional concretions. The 

condensed  section is taken to end with the s ta r t  of this sequence sandy 

siltstones [c.l m-thick). This condensed  section can also be identified in core 

09-CE-UCD-01 (Appendix B).
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Fig. 2.66. Location map showing Quiity sampling locality at [77281/51701] and geological map 

of the Shannon Basin showing the locality and regional geology (Google Earth map).
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Faiinal Composition

Ammonoids are  p resen t  t i i roughout  the condensed section, bu t  are  found 

concentra ted in four  highly-fossiUferous horizons [Fig. 2.67), They are  most ly 

prese rved  as 2D moulds,  with various growth  s tages represen ted,  and, even 

though 3D amm onoid s  are  p resen t  in the  topmost  horizon,  these were  

unextractable .

The lowest  horizon has f requent  amm onoids  that  form a mixed assemblage 

domina ted  by Phillipsoceras/Reticuloceras  spp.; the second horizon comprises  

an a bu n d a n t  and  mixed assemblage,  with dom inan t  Ph. cf. circumplicatile  and 

Ph. cf. paucicrenulatum , and associated Basch. cf. ornatus, among o ther  taxa. 

The third horizon contains a bundan t  amm onoids  with dominan t  Ph. cf. 

circumplicatile; the  uppe rm os t  horizon contains  abu n d a n t  specimens,  with 

dom in an t  Phillipsoceras/Reticuloceras  spp., and associated Ph. circumplicatile. 

Overall, a mixed assemblage of thick-shelled ammonoids,  thin-shel led 

ammonoids,  or thoconic  nautiloids, plant material  and bivalves is present ,  and 

the assemblages  a re  completely dom ina ted by the species Ph. circumplicatile  

and Ph. paucicrenulatum . Lewarne recorded  the p resence  of Ph. circumplicatile  

and Caneyella sp. at  this locality (unpubl ished notes].
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G raphic log w ith lithological descriptions: 
Location: Q uilty  

Grid Ref: 77281/51701

Scale: 15m m =30cm  
Log prefix=QUCP

— .1  QUCPBU

QUCP04 ABUNDANT

QUCP03 ABUNDANT

QUCP01 ABUNDANT

Samples
[77281/51701)

Description Fossil content (taxa in a given 
horizon are ordered by 
abundance)

QUCPU Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras spp, 
Posidonia/PosidonieHa sp., Bosch. 
cf. omatus. Ph. drcumplicatile. Ph. 
cf. circumplicatile. Ph. cf. 
paucicrenulacum

QUCPBU Ammonoid- 
bearing bullion 
material

Ammonoids (unidenti6able)

QUCP4 Ammonoid- 
beahng shale and 
bullion material

Phillipsoceras/Reticuloceras spp^ 
Ph. circumplicatile

QUCP3 Ammonoid- 
bearing shale

Ph. cf circumplicatile, Nautiloid, 
Plant Material, Ounharella sp.. 
Anthracoceras/
Dimorphoceras sp.

QUCPl (second 
layer from base)

Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras spp. 
Ph. cf circumplicatile. Ph. cf. 
paucicrenulatum. Ph. 
circumplicatile. Bivalve Material, 
Anthracoceras/
Dimorphoceras sp., Basch. c i 
omatus. Plant Material R. cf. 
pulchellum, R. pulchellum. Family 
circumplicatile-pauclcrenulatum

QUCP2 (lowest 
layer)

Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras spp.. 
Anthracoceras/
Dimorphoceras sp. Ph. cf. 
circumplicatile, R. cf pulchellum

QUCP02 RARE

Fig. 2.67. Sedimentary log of "Quilty band", showing sampled horizons.
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2.2.2.22 "Cloghaunsavaun" Band

Along the north coast [75298/51003] a condensed section crops out on the 

cliff edge in a quarried exposure (Fig. 2.68). It lies directly above a slumped 

interval. The condensed section is c.3.5 m-thick (see Fig. 2.69-2.70), and starts 

off with 1 m of alternating shale and silty shale. Occasional bullions are present  

and iron oxide staining is common. The overlying 1 m-thick black shale 

contains several concretions, elongate parallel to bedding. The shale is typically 

clay rich and resistant, rather than soft and "papery." 30 cm of grey, silt-rich 

shale follow^s, which is then overlain by a c.1.50 m-thick sequence of black and 

grey shales, with occasional 2-3 mm-thick sandy interbeds showing ripple 

cross-lamination, and laterally continuous (0.5-1 cm-thick) coaly layers. 

Bullions are also present towards the top of the section, which is taken to end 

at the base of sandy silts with ammonoids that are in turn overlain by 

Quaternary drift. This condensed section can be identified in core 09-CE-UCD- 

01 .

Faunal Composition

Ammonoids are present  throughout the condensed section, but  are found 

concentrated in four highly-fossiliferous horizons (Table 2.69). Ammonoids are 

found both as 2D moulds, with various growth stages represented,  and as 3D 

external and internal casts in bullion material.

The lowest horizon contains frequent ammonoids that include R. pulchellum  

and Basch. cf. ornatus among others; the second horizon comprises an 

abundant  and mixed fauna, with dominant  Phillipsoceras/Reticuloceras spp., 

and associated Ph. cf circumplicatile, R. cf. pulchellum  and Ph. cf. 

paucicrenulatum. The third horizon contains abundant  ammonoids in an 

assemblage dominated by Phillipsoceras/Reticuloceras spp. and Ph. cf 

paucicrenulatum; the uppermost  horizon contains abundant  specimens, with 

Ph. cf paucicrenulatum  and Ph. cf. circumplicatile dominating the assemblage.
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Fig. 2.68. Location map showing Cloghaunsavaun sampling locality, at [75298/51003], and 

geological map o f the Shannon Basin showing the locality and regional geology (OSl rural place 

maps: http://m aps.osi.ie/publicviewer).



Overall, a mixed assemblage of thick-shelled ammonoids, thin-shelled 

ammonoids, orthoconic nautiloids, plant material and bivalves is present, and 

the assemblages are dominated by the species of the genera Reticuloceras and 

Phillipsoceras, such as Ph. circumplicatile and Ph. paucicrenulatum. Lewarne 

[unpublished notes) recorded the presence o f Ph. circumplicatile at this 

locality.
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Fig. 2.69. Sedimentary log of "Cloghaunsavaun band", showing sampled horizons.
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Fig. 2.70. "Cloghaunsavaun band" at [7 5 2 9 8 /5 1 0 0 3 ] .

2.2.2.23 Ross Slump

A prominen t  mass  t r anspor t  deposi t  within the  Ross Sandstone Formation, 

known as  the "Ross Slump" (Strachan 2002)  or  "Ross Slide” (Gill 1979], is 

superbly exposed at  Bridges of Ross, and  crops out  at  several  localities along 

the north coast (for instance, close to F isherm an’s Point, [ 74624 /50910]  in Fig. 

2.71, and fur ther  east  along the coast, [77182 /51690]) .  This par t icular  s lump 

complex was  s tudied in detail by Strachan (2002).  Black shale rafted beds a re 

incorporated in the s lump and  often display tabular  geomet ry  despi te  

t ransport .

Faunal Composition

Ammonoids  were  sampled  from a thin black shale band, which is relatively 

cont inuous along bedding, and  a re  here  in te rp re ted  as a raf ted block that  

moved qui te  coherent ly  along s lope (Table 2.13). It is found c.2.90 m above the 

base of the  s lump [74624/50910] .  Ammonoids were  abunda n t  and the 

assemblage is domina ted  by Phillipsoceras/Reticuloceras spp., with  two
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specimens of Ph. cf. paucicrenulatum  and associated plant material. All 

specimens are preserved as 2D moulds.
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Fig. 2.71. Location map showing Ross Slump sampling locality close to Fishermans's Point, at 

[74624/50910], and geological map of the Shannon Basin showing the locality and regional 

geology (OSl rural place maps: http://m aps.osi.ie/publicviewer).
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Samples
[74624/50910]

Description Fossil content [taxa in a given 
horizon are ordered by 
abundance)

SLOl Ammonoid- 
bearing shale

Phillipsoceras/Reticuloceras spp., 
Ph. cf paucicrenulatum, Plant 
material

Table 2.13. Ross Slump faunal content.

2.2.2.24 "Ross Bay West" Band

This condensed section is located on the west side of Ross Bay in a notch in the 

cliffs, [70991/49071] (Fig. 2.73). it can be reached by walking along the coast 

from Ross Bay. It consists of c.1.30 m of sediment [Fig. 2.72) with two 

prominent shale horizons separated by siltstone packages with intercalated 

very fine sandstone bands [which give a banded appearance) and occasional 

bullions. The condensed section lies above a prominent slump package and is 

therefore taken to begin at the top of this slump. There are a few thin 

continuous sandstone horizons towards the base of the section, above which a 

30 cm-thick siltstone package is found. This is overlain by the first black shale 

package (c.l5 cm-thick), which is separated from the next one by a c.60 cm- 

thick siltstone package. The top of the condensed section is taken to be at the 

base of a c.l5 cm sandstone bed with underlying load structures and external 

casts of ammonoids.

Faunal Composition

There are two fossiliferous horizons, corresponding to the two dominant shale 

beds [none of the concretions sampled yielded ammonoids) [Fig. 2.74). 

Ammonoids are rare in the upper horizon and abundant in the lower horizon. 

The assemblage in the lower horizon is very diverse, with many species of 

Phillipsoceras/Reticuloceras, the dominant genus. The thick-shelled ammonoids 

Phillipsoceras/Reticuloceras spp. and thin-shelled ammonoids 

Anthracoceras/Dimorphoceras spp. are present in the upper horizon.
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All ammonoids are preserved at 2D moulds in the two dominant horizons, but 

3D external casts of ammonoids are present at the base of the overlying 

sandstone. These are interpreted as having formed from ammonoids that have 

been dragged up from the condensed section and incorporated into the 

turb id ite  sandstone, where they were dragged along the base of the flow. 

Gillian Lewarne (unpublished notes) recorded Ph. ?paucicrenulatum and 

Dunbarella sp. at this locality.

NF

Fig. 2.72. Ross Bay West band at [70991/49071], Ruler is 30 cm long.
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Fig. 2.73. Location map showing Blaci<rock West sampling locality at [70419/48692] and 

geological map of the Shannon Basin showing the locality and regional geology (Google Earth 

map}.
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Fig. 2.74. Sedimentary log of "Ross Bay west band”, showing sampled horizons.

2.2.2.25 "Bridges of Ross" Band

This condensed section crops out on the north coast of Loop Head, 

[72732/50231] (Fig. 2.77), east of the characteristic bridge of Ross, a 

geomorphologicai feature that attracts many visitors to the area. The section 

forms an immediately obvious, prom inent gully, w'hich can only be accessed at 

low tide. It is c.8 m-thick and is taken to start above the sandstone bed that also 

demarcates the start of the gully (Fig. 2.75). The lowest part of the section 

consists of a sequence of interbedded siltstones and thinning-upward 

sandstones, w ith  occasional clay-rich resistant siltstone horizons that thicken 

and thin along strike. Sand-rich siltstones are also present and contain ripple 

cross-laminae and (up to c.lO cm-thick) sandstone lenses. The firs t prom inent 

shale package starts c.1.8 m from the base of the section and is c .l m-thick. it  

contains occasional sand lenses that pinch out along strike. A 40 cm-thick 

sandstone interbed is present towards the middle of the section: it thins 

laterally until it can be seen pinching out towards the sea, to the south. Next, a 

c .l.80 m-thick sequence of siltstone, often sand-rich, underlies the next shale 

package, which forms a prom inent part o f the section (it is c.3 m-thick). This 

shale is punctuated by occasional thin (less than 10 cm-thick) sandstone beds
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and is overlain by a s ii tstone package with sandy  intercalat ions and occasional 

concretions.  The condensed section is taken to end at the base of the first 

massive sandstone  20 cm-thick, which has load s t ructures  at the base and 

laminat ion visible towards  the top. The whole section is w ea the red  due  to 

wave  action. This condensed  sect ion can be identified in core 09-CE-UCD-02 

(Appendix B].

Faunal Composition

Two ammonoid-r ich horizons were  sampled, both from within the topmos t  

shale package: the  lower horizon (BRL) contained 3D pyrit ized ammonoids ,  

most ly in the juvenile g rowth  stage; the uppe r  horizon [BRU) contained both 

2D moulds and 3D pyrit ized specimens (Fig. 2.78). The assemblages in both 

horizons are  dominated  by Ph. paucicrenulatum , wi th associated Dunbarella 

sp., as well as thin-shel led ammonoids  such as Dimorphoceras sp. Although 

occasional concretions w e re  p resen t  towards  the top of the section, none of 

those examined contained ammonoids.  Occasional solid, pyrit ized ammonoids  

are  found incorporated on the surface of the sandstone  below the shale, (Fig. 

2.76] indicating that  sands tone  injection occurred after  the condensed  section 

was  deposi ted,  perhaps  injecting into soft sea floor muds.
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Fig. 2.75. "Bridges of Ross" band at [72732/50231].  Sandstone injection visible.

Fig. 2.76. Solid am m onoid  in sandstone at "Bridges of Ross" band at [72732/50231].
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Graphic log w ith lithological descriptions: 
Location: Bridges o f Ross 
Grid Ref: 72732/50231

Scale: 15mm=30cm 
Log prefix=BR

4 -

Samples
[72732/502311

Description Hossil content (taxa in a 
given honzon are ordered 
bvabundance)

BRU Amnxinoid- 
bearing shale 
and individual 
pyritized 
specimens

Phillipsoceras/Reticuloceras 
spp.. Ph. cf. 
paucicrenulatum,
Dunbarella sp.

BRL Ammonoid- 
bearing shale 
and individual 
pyritized 
specimens

Ph. paucicrenulatum. Ph. cf. 
paucicrenulatum, 
Phillipsoceras/Reticuloceras 
spp., Dunbarella sp. 
Dimorphoceras sp., Plant 
Material

2 - i

BRU

ABUNDANT

BRL

ABUNDANT

Fig. 2.78. Sedimentary log of Bridges of Ross band showing sampled horizons.
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2.2.2.26 "Cross ” Band

On the north  coast of Loop Head, an obvious gully betw'een Toorkeal Bay and 

Gull Island, [7 7 4 9 9 /5 1 7 8 6 ]  (Fig. 2.79), contains a 3 m-thick c ondensed  section 

(Fig. 2.81): this is a w ell- trodden  locality during  geology excursions: not only is 

it relatively easy to access, bu t it also has ab u n d an t  easily visible pyritized 

am m onoids, as well as being the topm ost condensed  section in the  Ross 

Sandstone Formation. The condensed  section is taken to s ta r t  above a 

sandstone  surface w ith asym m etrical cu rren t  ripples. The sequence  is 

dom ina ted  by recessive black shale, w ith associated grey siltstone lenses with 

sandstone  in tercalations, and occasional decollem ent brecciated  horizons with 

d isorien ta ted  shale  and sandstone  clasts. Within the shale, which is very 

pyrite-rich, the re  a re  in te rbedded  mm-scale coaly horizons and com m on 

sulphur-leaching, which gives it a distinctive yellow-orange colour. The top of 

the band is clearly dem arca ted  by a 40 cm-thick massive sandstone  with 

groove casts a t  its base. This condensed  section is also ev ident in core 09-CE- 

UCD-02 (Appendix B). This locality is also som etim es referred  to as Fodry.

Faunal Composition

Am m onoids w e re  sam pled  th roughou t  the  condensed  section, w h e re  they are  

concen tra ted  in black shale horizons (Fig. 2.80). Pyritized 3D am m onoid  

specim ens w ere  drilled out of the shale m atrix  in Trinity College Dublin. The 

am m onoid  assem blage  is dom inated  by Ph. paucicrenulatum , w ith  m inor 

associated Phillipsoceras/Reticuloceras spp.; the bivalve Dunbarella  sp. is also 

abundan t  in the  faunal assemblages. Most am m onoids  in this condensed  

section are  3D pyritized specim ens in the  juvenile g row th  stage (this is 

probably  a factor of the  preferentia l pyritization of the  inner  w horls). The 

adolescent g row th  stage is also rep resen ted , bu t is less abundan t.  2D m oulds of 

the external shell w e re  also p resen t  am ong the samples. Although occasional 

bullions w ere  p resen t  tow ards  the  top of the section, none of those  exam ined 

contained am m onoids. The p resence  o f Ph. paucicrenulatum  and  Dunbarella  sp. 

was a lready  recorded  by Lewarne in unpublished  notes.
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Fig. 2.79. Location map showing Cross sampling locality at [77499/51786] and geological map 

of the Shannon Basin showing the locality and regional geology (Google Earth map).
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G raphic log w ith  litho log ical descriptions: Cross Gully 

Location: N o rth  Coast, Loop Head  
Grid Ref: 7 7 4 9 9 /5 1 7 8 6

Scale: 15 m m = 3 0 c m  

Log prefix=CRLOG

5

4

JA/

3

2

Samples
[77499/51786]

Description Fossil content (taxa in a 
given horizon are ordered 
by abundance)

CR Ammonoid- 
bearing shale 
and individual 
pyritized 
specimens

Ph. paucicrenulatum. Ph. cf. 
paucicrenulatum, 
Phillipsoceras/Reticuloceras 
spp., Dunbarella sp.. Plant 
material

CR ABUNDANT

CR ABUNDANT

CR ABUNDANT

0

Fig. 2.80. Sedimentary log o f Cross band, show ing location o f sampled horizons.



Fig. 2.81. Cross band in gully a t [77499/51786].
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2.2.3 Other Irish localities

2.2.3.1 Leinster Coalfield: Killeshin Glen and Luggacurren

The s t ra t ig raphy  of the Leinster Coalfield was descr ibed by Nevill [1956)  and 

Higgs [1986] , who both provided details of the l i thostrat igraphy and faunal 

succession. The a rea  was visited briefly during the course of this s tudy in a 

one-day sampling trip, with the aim of looking for high-quality 3D amm onoid  

specimens for taxonomic compar ison with Shannon Basin ammonoid  material.

Faunal composition

Ammonoids  collected from the Luggacurren section are  most ly Kinderscout ian 

in age [R ia  biozone),  while  those collected from the Killeshin Glen sect ion a re 

Marsdenian in age [Rza biozone)  [Table 2.14).

Specifically, the Luggacurren material  consists of silt-rich shales and bullion 

material,  among  which one bullion contains  beautiful 3D external  moulds of Ph. 

circumplicatile  and Ph. paucicrenulatum, whi le the Killeshin Glen material  

consis ts  of black, pape r  shale with ammonoid  moulds.

Ammonoid material  collected by Higgs [1986),  which was  de te rmined  by 

W.H.C.Ramsbottom and is held in the National Museum of Ireland collections, 

was  examined in o rder  to s t rengthen  the taxonomic diagnoses.

Leinster
Coalfield
Samples

Irish Grid 
Reference

Description Fossil Content  [taxa in a given 
horizon are o rdered  by 
abundance)

LUGGA 5 8 6 0 8 / 8 8 2 9 8 Ammonoid-  
bear ing shale and 
bullion

Homoceratoides sp., Ph. 
paucicrenulatum, Ph. 
circumplicatile, V. cf. henkei. 
Bivalve Material

KILLGL 6 7 3 2 4 / 7 7 8 2 7 Ammonoid-  
bear ing shale

Bilinguites gracilis

T able  2 .14 . L e inster  Coalfield faunal content .
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Chapter 3 Palaeontology

3.1 Typical faunal assemblages

Faunal assemblages in condensed sections or "ammonoid bands” are made up 

of thin- and thick-shelled ammonoids, bivalves, nautiloids and plant material 

(Figs. 3.1-3.2]. The faunal components can be listed as follow^s in order of 

abundance in a given horizon w ith in  a condensed section: thick-shelled 

ammonoids, bivalves/plant material, thin-shelled ammonoids, nautiloids.

Fig. 3.1 Typical faunal assemblage in Shannon Basin condensed sections: an example from 

Fisherstreet Bay, Doolin, Co. Clare, [Irish Grid 06640/96316], w ith  Dunbarella sp. and 

ammonoid moulds. Scale is 1 cm.
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Fig. 3.2. Orthoconic nautiloid [black arrow ] and m ouldic am m onoids [light arrow ], shale  

bedding surface, "Phillipsoceras circumplicatile  band", C loghaunsavaun [7 5 2 9 8 /5 1 0 0 3 ] , north 

coast Loop Head, Co. Clare. Scale is 1 cm.

in som e localities, crinoid debris (d isarticulated  stem  fragm ents and ossicles) 

was also a com ponent of the  assemblages. In addition, a trilobite  pygidium was 

recorded at a single locality [Dunm ore W est band; see Ch.2, section 2.2.2.8), 

and solitary corals w ere  recorded  at two localities [see section 3.5.4). 

Thick-shelled am m onoids  are  the dom inan t e lem ent of the  faunal assem blages 

and have long been the tool of choice in establishing a b iostra tigraphic  

f ram ew ork  for the basin (Hodson 1954a,b; Hodson & Lewarne 1961).
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3.2 Ammonoids

3.2.1 Preservation

In the Shannon Basin, amm onoids  (both thick- and thin-shel led)  display four 

modes  of  preservation:

1) 2D moulds [i.e. c rushed mater ia l)  of the external  shell [e.g. Figs 3.1-3.2).

2) 3D [unflattened)  specimens that  e i ther  have some external  shell 

p rese rved  or are  p reserved as internal  moulds (e.g. Fig. 3.3). These  are 

usually found within concret ions but  a re  also found in mud-rich 

sil tstones,  w he re  internal  chambers  and septa  a re  commonly  visible.

3) 3D pyrit ized specimens  found on shale. Usually only juveni les or  the 

inner  whor ls  of adults and adolescents  are p reserved in this m a n n e r  

[Figs. 3.4-3.S).

4) 3D casts, showing par ts  of the  ornament .

Fig. 3.3. Close-up v iew  of a polished  section  through a concretion. 3D am m onoids are found in 

cross sectional view , show ing  inner w horls, St. Brendan's Well, Lisdoonvarna, Co. Clare, 

Ireland. Scale is 1 cm.

Fig. 3.4. Solid (3D) pyritized am m onoid, "Ph. paucicrenulatum  band" on shale bedding surface. 

Bridges o f Ross, north coast o f Loop Head, Co. Clare. Scale is 1 cm.
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Fig. 3.5. Solid (3D] pyritized am m onoids (m ost are highlighted by circles), "Ph. 

paucicrenulatum  band" on shale bedding surface. Bridges o f Ross, north coast o f Loop Head, Co. 

Clare. Scale is 1 cm.

3.2.2 Pseudo-ammonoids

P seu d o -a m m o n o id s ,  w h ich  re s e m b le  a m m o n o id  conchs  in s h a p e  b u t  a re  no t  

biogenic, have  b e e n  found  d u r in g  th e  co u r se  of th is  s tudy . T hey  have b een  

found  in th e  S enan 's  Beach locality, Loop Head, Co. Clare (see  Ch. 2 ) .  W hile  they  

a r e  s im ila r  in overall  s h a p e  to  a m m o n o id  conchs  [see Figs. 3.6, 3.7], on  careful 

in sp ec t io n  th ey  do n o t  p o sse ss  an y  o rn a m e n t ,  any  c h a m b e r  d iv id ing  w^alls 

(se p ta )  o r  o th e r  o rg an ic  ind ications. In add it ion ,  th e i r  location  on th e  top  of 

s a n d s to n e  b ed s  w o u ld  n o t  b e  easily  ex p la in ed  if th ey  w e re  o rg an ic  s t ru c tu re s .  

T h ese  in o rg an ic  s t ru c tu re s  a r e  in s tead  a t t r ib u ta b le  to w a te r  e scap e  (see  Gill & 

K uenen  1958),  u p o n  c o m p ar iso n  w ith  sm all-sca le  (cm scale) s an d  vo lcanoes  

d e s c r ib e d  in Gill & K uenen  (1958 , pi. 35 ,36). in ad d it io n ,  w a te r  escap e  fe a tu res  

a r e  co m m o n  in th e  Ross S an d s to n e  F o rm atio n ,  w h ich  is fam o u s  for its san d  

v o lcan o es  n e a r  Bridges of Ross, n o r th  coast. Loop H ead (Gill & K uenen  1958; 

Gill 1979).



Fig. 3.6. Pseudo-ammonoids on sandstone surface, east of Senan's Beach, [76727/47705]

Fig. 3.7. Pseudo-ammonoids on sandstone surface, east of Senan’s Beach, [76727/47705].
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Fig. 3.8. Pseudo-ammonoid on sandstone surface, east ofSenan’s Beach, [76727/47705].

3.2.3 Ammonoid taxonomy

Ammonoid taxonomy is based on knowledge of the morphology of the conch, 

and generally involves the study of conch shape and size, suture line outline 

and shell ornament.

While ammonoid generic determinations, described in the Treatise on 

Invertebrate Paleontology [part L, Mollusca], mainly rely on suture line 

description, ornament is the main tool in specific identification. For instance, 

Bouckaert (1960; p. 10) noted that the internal mould is of no diagnostic value 

w^hen dealing w îth the taxonomy of the genus Reticuloceras. The external shell, 

with its associated ontogenetic changes in ornament,  allows the distinction of 

genera and is also necessary for specific determination.

Most Irish Serpukhovian and Bashkirian ammonoids are preserved as flattened 

impressions of the shell (2D preservation): in this case, taxonomic information 

necessarily comes mostly from the ornament. Not only is 2D preservation of 

external moulds the dominant  mode of preservation at outcrop, where 

concretions with 3D ammonoids are generally rare, but this is also the case for
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most borehole material. However, the taxonomy of ammonoids preserved as 

flattened moulds presents significant challenges.

It is argued here that even where concretions [bullions: Hodson 1954a) are 

available in the outcrop, flattened ammonoids from surrounding strata record 

valuable information [in terms of assemblages, biostratigraphy, 

palaeocommunities, etc.] that ought not to be neglected despite the associated 

taxonomic problems.

Ammonoid ornam ent changed through successive developmental stages of the 

animal, but the changes of ornament with ontogeny have not been studied for 

many taxa. The systematic study of these changes requires good-quality 3D 

material with shell preserved [e.g. Saunders & Swan 1984]. However, type 

specimens of many taxa of Serpukhovian and Bashkirian age are preserved as 

2D impressions, resulting in incomplete morphological descriptions and 

diagnoses. Furthermore, whether type specimens are flattened or solid, type 

descriptions are commonly based on a single growth stage: this is the case for 

most ammonoid taxa present in the Serpukhovian and Bashkirian strata of 

Ireland. For instance, within the genus Reticuloceras, a thorough ontogenetic 

study has been published only for Reticuloceras reticulatum  (Phillips, 1836] 

[Korn 1997, p. 72].

Changes in ornam ent through ontogeny have been studied heretofore in the 

following taxa with associated description [this list refers to taxa that are 

pertinent to the Shannon Basin]:

• Homoceras undulatum  [Brown, 1841]; Bisat 1924, p. 105.

• Baschkirites/Hudsonoceras ornatus [Foord & Crick, 1897]; Bisat 1924, p.

98.

• Hudsonoceras proteus [Brown, 1841]; Bisat 1924, p. 110.

• Homoceratoides prereticulatus Bisat 1924; Bisat 1924, p. 112.

• Reticuloceras reticulatum  [Phillips, 1836]; Korn 1997, p. 72.

• Anthracoceras paucilobum  [Phillips, 1836); Gordon 1964, p. 245.

• Hodsonites magistrorum  [Hodson, 1957); Hodson 1957, p. 21.
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Changes in o rnam en t  th rough ontogeny  have not  been s tudied in the following 

taxa (per t inent  to the Shannon Basin):

• Phillipsoceras circumplicatile  (Foord, 1903)

• Vallites henkei [Schm idt, 1925)

• Reticuloceras pulchellum  [Foord, 1903)

• Reticuloceras subreticulatum  [Foord, 1903)

• Phillipsoceras paucicrenulatum  (Bisat & Hudson, 1943)

• Hom oceratoides varicatus  Schmidt,  1934

• Homoceras beyrichianum  (de Koninck, 1843)

• Isohom oceras subglobosum  [Bisat, 1924)

• Homoceras sm ith ii (Brown, 1841)

Clearly, a thorough  s tudy of ontogenet ic  changes of o rnam en t  would  great ly 

benefi t  the taxonomy of Irish Serpukhovian and Bashkirian ammonoids  and, in 

turn,  would resul t in m ore  precise biostrat igraphic  schemes and information 

about  the s t ruc ture  of palaeocommunities .  Until this kind of s tudy is 

accomplished, identification of 2D materia l  to the species level remains 

problematic,  especially where  only fragments  are  preserved.  Here, new da ta  on 

the changes of o rnam e n t  th rough ontogeny of 14 taxa of amm onoids  are  

p resented  in o rder  to dem ons t ra te  the value of this approach.

3.2.4 Issues in the taxonomy of crushed material

Basic conch pa ram ete rs  (Fig. 1.1) such as conch diameter ,  whorl  width and  

whorl  height  (Korn 2010)  cannot  be obtained from 2D material.  Improvements  

in 2D t axonomy can be made  only th rough  morphological  and ontogenet ic  

analysis of 3D material.

Typically, the minimum requ i rem en t  to make  a diagnosis is a port ion of the 

flank from the  umbil icus to the ven te r  [Bouckaert  1961); however ,  even having
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satisfied this prerequisite, the taxonomist can run into a series of pitfalls when 

dealing w ith  2D crushed material.

In the case of Phillipsoceras circumplicatile (Foord, 1903), it is clear, from study 

of the type material and from literature descriptions, that the variable 

ornament of the adult shell makes identification problematic. This problem is 

exacerbated by the close sim ilarity of Ph. circumplicatile to the allied species 

Ph. paucicrenulatum  (Bisat and Hudson, 1943). In the case of the syntypes of 

Ph. circumplicatile utilised by Foord [Fig. 3.9), it is impossible to ascertain from 

museum records whether the specimens all came from the same horizon or 

from different stratigraphic levels at the same locality (which might result in 

some morphological change). If one accepts Foord’s syntype illustrated in Fig. 

3.9c (NMING : F23972), which is very different in ornament (prorsiradiate 

direction of the ornament, more delicately crenulated growth lines) and in 

conch shape (more moderate umbilicus and higher w horl section), as Ph. 

circumplicatile, then there is extreme intraspecific variation. It is perhaps more 

likely that these specimens include more than one species.
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Fig. 3.9. Phillipsoceras circumplicatile  (Foord, 1903} syntypes and traces o f  the ornament, (aj 

Paraiectotype (NMING : F23969),  (b) Lectotype (NMING ; F23968), (c) Syntype (NMING : 

F23972, partim ].  Note that specimen c is probably not attributable to this sp ec ies  [see text for 

discussion] but it is included as it is one o f  the syntypes designated by Foord. Specim ens are 

from Lisdoonvarna, Co. Clare, Ireland. Scale is 10 mm.

3.2.5 Tackling taxonomical issues

3D amm onoids  were  ei ther  extracted from concret ions in the Clare Shale 

Formation,  Co. Clare, I reland, or  accessed in museum collections: Geological 

Museum, Trini ty College Dublin (catalogue numbers  prefixed TCD); National 

Museum of Ireland (catalogue num bers  prefixed NMING); British Geological 

Survey, Keyworth,  UK (catalogue num bers  prefixed GSM]; Manchester  Museum 

(catalogue n um bers  prefixed MANCH); a nd  Geological Sciences Museum of the 

University of Gottingen [catalogue num bers  prefixed GZG.INV).

The systematic  palaeontology of 14 amm onoid  taxa is p resent ed  here. For most  

of them, pr ior  to this s tudy there  w^as a lack of publ ished information regard ing 

their  on togeny and diagnost ic features  with which to identify crushed material.
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Here, well-preserved specimens were chosen and changes in ornament 

through ontogeny are described and illustrated diagrammatically. Changes in 

o rnam ent were also traced above successive growth stages of each ammonoid 

taxon using Adobe Illustrator. Conch measurements for each species are 

presented in Tables 1-12, Appendix A.

Once changes of ornam ent through ontogeny are established using 3D 

material, this information can then be applied to crushed material in the 

Shannon Basin [see section 3.3.2), which was previously difficult to determine 

[also see Lacchia etal.  2015).
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3.3 Systematic palaeontology

3.3.1 Thick-shelled ammonoids

Note: The following synonymy lists follow the recommendations (including 

symbols ahead of entries in the lists] in Matthews (1993).

Superfamily Gastrioceratoidea Hyatt, 1884

Family Reticuloceratidae Librovitch, 1957

Subfamily Reticuloceratinae Librovitch, 1957

Genus Phillipsoceras Ruzhencev & Bogoslovskaia, 1975, p. 55

Remarks: This genus, which encompasses many species, is described in the 

Treatise, Part L, Mollusca, (Selden 2009, p. 98). It is said to have a wide 

umbilicus, becoming moderately wide later in ontogeny and frequently 

narrowly umbilicate in adulthood. Some species have a tendency to form an 

oxycone venter and the ornament is described as consisting of transverse 

growth lines crossed by fine spiral lirae, producing strong reticulate 

ornamentation. Nodes or strong riblets appear near the umbilicus in early 

whorls. The suture line has an adventitious lobe wider than the ventral lobe 

(Selden 2009, p. 98).

Ruzhencev & Bogoslovskaia (1975), who created this genus, describe it as 

having reticulate sculpture, with umbilical nodes or tubercles on young shells, 

declining with age. They describe clusters of small costae extending from the 

tubercles to form a ventral sinus that increases in depth with age. The spiral 

striae are said to be well-developed and the ventral lobe not very wide, with 

narrow branches, which are basally usually rounded, and median saddle 

relatively low. It is a very similar genus to Reticuloceras, from which it is 

distinguished by the invariably wider umbilicus, the more strongly developed 

tubercles and the slightly wider ventral lobe. Phillipsoceras and Reticuloceras 

existed in parallel, but the wl/hl (whorl w idth/whorl height) ratio altered in 

the course of phylogenetic development from 1.00 to 0.75 in the former, and
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from 0.80 to 0.60 in the latter [Ruzhencev & Bogoslovskaia, 1975). See Fig. 3.8 

for an illustration of conch parameters.

Phillipsoceras circumplicatile (Foord, 1903); Figs. 3.10- 3.12; Table 1, 

Appendix A.

71841 Goniatites inconstans Phillips, p. 123, pi. 51, fig. 238a-e. 

v*1903 Gastrioceras circumplicatile Foord, p. 200, pi. 49, fig. 12a,b, 13. 

v l9 2 4  Reticuloceras inconstans Bisat, p. 118, pi. 3, fig. 6.

1925 Eumorphoceras inconstans Schmidt, p. 586, pi. 22, fig. 3, pi. 25, fig. 7-10. 

1934 Reticuloceras inconstans Phillips; Schmidt, p. 453, fig. 68,69.

1943 Reticuloceras inconstans Phillips; Bisat & Hudson, p. 424.

1943 Reticuloceras circurnplicatile Foord; Bisat & Hudson, p. 425, pi. 24 fig.

1,2, pi. 29 fig. 2a,b. 

v l954a  Reticuloceras circumplicatile Foord; Hodson, p. 157. 

v l954b  Reticuloceras circumplicatile Foord; Hodson, p. 2.11, pi. 11 fig.4. 

v*1957 Reticuloceras circumplicitale Foord; Hodson, p. 10, pi. A, pi. B fig. 1,2,4. 

Also refer to: Patteisky [1959); Bouckaert (1960); Chalard [I960); Ruzhencev 

& Bogoslovskaya (1975); and Swan (1984).

Type Locality: Lisdoonvarna [erroneously labelled Cliffs of Moher), Co. Clare 

(see discussion in Hodson 1954b).

Type Material: Lectotype (NMING : F23968, Fig. 3.10d; Fig. 3.11), Paralectotype 

[NMING : F23972, Fig. 3.10a), Paralectotype (NMING : F23969, Fig. 3.9a), 

Paralectotypes (NMING : F23971, NMING : F23973).

Other Material: Adolescent characters, vi/hich are missing from the type series, 

can be ascertained from material identified by Hodson: TCD.60601, GSM 86917 

[Figs. 3.10b-c).

Diagnosis: Phillipsoceras w \th  prorsiradiate, strongly-marked plications 

branching suddenly into "bunches" of usually three or four crenulate grow^th 

lines at the same point along the flank.
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Description: The juvenile paralectotype [NMING : F23972, Fig. 3.10a), 4 m m in 

diameter ,  w^ith 5 whorls  preserved,  has radial or very slightly p rors i rad ia te  

plications, spaced c.6 pe r  mm, regularly branching into growth lines a t  a 

similar  point  along the flank. The o rnam en t  is non-crenulate  a t  this s tage and 

occasional intercalat ions are p resen t  in the ou ter  whorls.  The n u m b e r  of 

growth lines to emerge  from the plications is normally 3, in som e cases 4, with 

secondary  branching present .  Growth lines are c.8-10 per  mm on the ven te r  

and, while  no ventral sinus is developed,  there  is a slight ventrolateral  

projection and ventral sulcus. Very faint spirals t raverse  pl ications at  this 

diameter ,  but  they are  much more  obvious at later  s tages of growth.  Adolescent  

characters  can be ascer ta ined from mater ia l  identified by Hodson (TCD.60601,  

GSM 86917,  Figs. 3.10b-c): in these specimens,  spirals  are s t rong on the  flank, 

with ventral  spirals s tar t ing to develop at c.9-10 mm diameter ,  a l though these 

are  more clearly marked  in certain specimens  than  others.  The ventrolateral  

projection is p ronounced,  while the ventral  sinus is p resen t  bu t  less 

pronounced.  The pl ications are p ro rs i rad iate  and spaced 3 pe r  mm; they 

thicken on emerging from the umbilical margin and split into th ree  or  four  

growth  lines. Secondary branching of the growth  lines is common.  One or  two 

intercalat ions are inser ted in be tw een  the pl ications on the flank but  they do 

not  extend down to the umbilical margin. Growth lines a re spaced 10 pe r  mm 

on the ventrolateral  projection. The umbilical margin is rounded  with wide  

umbilical d iamete r  (3.6 m m in NMING : F23968, Fig. 3.10d].

The adult  growth  lines are  coarsely crenulated and, as a l ready no ted by Bisat 

and Hudson [1943),  i rregularly spaced: for instance,  the lectotype [NMING : 

F23968, Fig. 3.10d; 3.11) has 4-5 growth  lines per  mm, but  a para lec to type 

[NMING:F23969, Fig. 3.9a) has 1-2 g rowth  lines p e r  mm on the  venter .  In adult  

specimens,  the  plications and the  growth  lines a re  pro rs i rad ia te  and a 

ventrolateral  projection is present .  Interpolated g rowth  lines a p p e a r  be tw een  

the pr imary  plications at  the branching point  along the flank and  these  vary in 

num ber  from 2 to about  6. In adul t  specimens [NMING : F23968,  NMING : 

F23969, Fig. 3.10) descr ibed here,  the  umbilical pl ications a re  2 [in som e  cases
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3) per mm and a ventral sulcus is no longer present. Spirals are strongly 

marked all over the test, resulting in a strongly reticulate ornament. While the 

pattern of branching, namely trichotomy and quadrichotomy, is conserved, the 

number of intercalations grows through ontogeny.

Remarks: A confident diagnosis of this species where preserved flattened can 

be made where a combination of the following features is present: trichotomy 

and quadrichotomy; strong spirals between the umbilical plications; forward 

projection of these plications; obviously reticulate nature of the growth lines. 

All diagnostic features of the ornament for this species are already present in 

the early adolescent growth stages and continue into maturity.

Comparisons: in contrast to many other species in the genus, such as Ph. 

nodosum  (Bisat & Hudson, 1943), Ph. stubblefieldi (Bisat & Hudson, 1943], Ph. 

regularum  (Bisat & Hudson, 1943), Ph. umbilicatum  (Bisat & Hudson, 1943] 

and Ph. samlesburyense (Bisat & Hudson, 1943], dichotomy is not the main 

mode of branching in the ornament of Ph. circumplicatile. The Russian species 

Ph. alpharipaeum  (Ruzhencev & Bogoslovskaya, 1975] is closely similar to Ph. 

circumplicatile (see discussion in Ruzhencev & Bogoslovskaya 1975, p. 54] and 

they are likely to be synonyms, but this merits further investigation. As noted 

by Bisat (1924] and Swan (1984] there is doubt as to the equivalence of Ph. 

circumplicatile and Ph. /nconstans (Phillips, 1841): if they are synonyms, then 

the type of the genus would change in name, becoming Ph. inconstans, but 

Phillips' type specimens first need to be reanalyzed.
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Fig. 3.10. Changes in o r n a m e n t  in Phillipsoceras c ircum plica tile  (Foord, 1 903) (a) Para lec to type  

[NMING : F 23972  partim ], L isdoonvarna , Ire land, (b] TCD.60 601 ,  M urphy 's  Bridge, Ireland, (c) 

GSM 8 6 91 7 ,  Neheim, G erm any, (d) Lectotype (NMING : F23968),  L isdoonvarna ,  Ire land. Scale 

is 10 m m  long, (e) G row th  lines in p a ra lec to ty p e  (NMING : F 2 39 72  partim ]  a t  4  m m  d ia m e te r  

w ith  sh a d e d  v en tra l  sulcus, (f] G rowth  lines in TCD.6 0 6 0 1  a t  9 m m  d iam ete r ,  (g) G rowth  lines 

in lec to type  (NMING : F 23968).  Scale b a rs  a re  2 m m  long.

Fig. 3.11. Phillipsoceras c ircum plica tile  lec to ty pe  (NMING : F 23968],  L isd o o n v a rn a  area, Co. 

Clare, (a-b-c] side, do rsa l  a n d  v en tra l  view. Scale is 20 mm.
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Fig. 3.12. Ontogenetic  study of the ornam ent for Phillipsoceras circumplicatile  (Foord, 1903) (a) 

Specimen associated with syntypes (NMING : F23972  partim ];  (b) TCD.60 601 , Murphy's 

Bridge, Ireland; (c) GSM 86 91 7 ,  Neheim; (d) Lectotype (NMING : F23968).  Scale is 20 mm.

Phillipsoceraspaucicrenulatum  (Bisat & Hudson, 1943); Figs. 3.14-3.16; 

Table 2, Appendix A.

v*1943 Reticuloceras paucicrenulatum  Bisat & Hudson, p. 427.

1960 Reticuloceras paucicrenulatum  Bisat & Hudson; Bouckaert, p. 65, pi. 2, niv.

10, fig. 1; niv. 11, fig. 2-3; pi. 4, niv.2, fig. 3-5, 7-10,12,14; pi. 4, niv. 4, fig. 

4; pi. 5, niv. 1, fig. 1-2; niv. 2; niv. 3, fig. 2-4, 7-8. 

v l961  Reticuloceras paucicrenulatum  Bisat & Hudson; Calver & Ramsbottom, p. 

207, pi. 11 fig. 3.

1961 Reticuloceras paucicrenulatum  Bisat & Hudson; Bouckaert, fig. 3.

1984 Otleyoceras paucicrenulatum  Bisat & Hudson; Sw^an, p. 250, pi. 8, fig. 1-2.

Type Locality: Lumbutts Clough, Todmorden, Yorkshire.

Type Specimens: The type specimens are all preserved as partial, 2D shale 

moulds [Fig. 3.14), mostly in the adolescent grov^th stage. Some type 

specimens have umbilical spirals (GSM 71074-5, Fig. 3.14b,e). The holotype is a
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mouldic fragm ent of the external shell (GSM 71074, Fig. 3.14e) with widely 

spaced umbilical plications (1-3 per  mm) traversed  by spirals. Therefore  it 

should be noted tha t  spirals are  som etim es p re se n t  until late adolescence, not 

just "up to the  m id-adolescent g row th  stage," as was thought to be the  case by 

Bisat & Hudson (1943, p. 427]. Both ven tro latera l  projection and ventral sinus 

a re  pronounced  and g row th  lines are  spaced 3-5 per mm on the  ven tro la te ra l  

projection. Bifurcation is quite irregular, w ith intercalations, and  secondary  

branching  is common. In later  parts  of the  whorl, w hen  adulthood is reached, 

the  g row th  lines s ta r t  to extend down to the umbilicus. They a re  obviously 

crenulated  in the  holotype and in the  rest of the  type series, except in one 

specim en (GSM 71078, Fig. 3.14c) which is barely  crenulate.

The para types  (GSM 71075-8, Fig. 3.14b,c) consist of various mouldic 

fragments. One specim en (GSM 71075, Fig. 3.14b) has umbilical spirals 

crossing well-m arked plications and is accom panied by in tercalations, w ith 5 

grow th lines to the mm on the ventro latera l projection; an o th e r  pa ra type  (GSM 

71076, Fig. 3.14a) with es tim ated  d iam ete r  20 mm has long s lender  plications 

branching irregularly  into grow th lines, and ventro latera l projection 

p ronounced  and  sharp ly  reflexed back into a ventral sinus. A nother  para type  

(GSM 71078, Fig. 3.14c) has long plications spaced 1-1.5 pe r  mm branching  

irregularly  into barely  c renulated  g row th  lines spaced 4 pe r  mm on the 

ventro lateral projection.

An additional unlabelled specim en (Fig. 3.14d), which may be a de tached  

portion of the holotype, has elongate plications branching irregularly  into 

grow th lines spaced  4 per  mm on the  ven tro latera l  projection. Here the 

crenulation is not s trong  but is obvious. The umbilical plications becom e m ore  

closely set th rough  ontogeny (they a re  spaced 1-1.5 per  mm early  on in 

ontogeny and then  4-5 p e r  mm in later  stages). In general, the  plications are  

slightly deflected forward.

Specimens (GSM 71134-6) tha t  w ere  found 7.62 cm below the  type  horizon are  

thought to be early  forms (Bisat & Hudson 1943, p. 428), w ith  less s trongly

170



marked umbilical plications and a smaller ventrolateral projection on which 

the growth lines are spaced 3 per mm.

Material: Solid (but partia lly flattened) Ph. paucicrenulatum  specimens were 

sampled from the "Ph. paucicrenulatum  band" at the top of the Ross Sandstone 

Formation, Loop Head Peninsula, Co. Clare [see Ch. 5]. Previous identification 

by Gillian Lewarne [unpublished notes) and comparison to museum specimens 

confirms they are indeed attributable to this taxon.

Description: The highly variable nature of this species was already noted by 

Bisat. in fact, in an unpublished note in the Manchester Museum [Fig. 3.13), 

Hudson writes; “ The fo rm  is variable as when I sent some solids to Bisat from  

Rough lee, he im m ediate ly  d ivided them into 4 groups and suggested a possible 5 '̂’. That 

was before he had seen any specimen w ith  ventra l sulcus. The specimens break badly  

when one tries to ex trac t them ."

Fig. 3.13. Unpublisiied note in the Manchester Museum written by R.G.S. Hudson mentioning 

W.S. Bisat (c.1940].

Bisat & Hudson [1943) describe the species as a late form of Ph. circumplicatile 

stock, its ornament showing a further development of the pattern seen in the 

variety from the R. todmordenense band. It is w idely umbilicate, w ith  w idely

/
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spaced [1 to 1.5 per  mm] umbilical plications or subplications in adolescence.  

These plications are  descr ibed as branching rather  i rregularly into strong,  

barely crenulated,  t ransve rse  grow^th lines, which are  bent  forward on the 

flank into a p ronounced ventrolateral  projection on which the growth  lines are  

spaced abou t  2 per  mm [Bisat & Hudson 1943).

Bouckaert  ( I960]  provided a descr ipt ion of Ph. paucicrenulatum  based  on 

Belgian material  and  descr ibed the juveni les as having a large umbilicus, about  

35% of the shell diameter ,  and  plications that  in some examples  dichotomise 

along the flank. He observed that  secondary  branching is c ommon  and  that  

intercalat ions never  extend down past the first dichotomizing point. A large 

ventrolateral  projection is p resen t  as well as a small ventral  sinus. Crenulat ion 

is slight and spirals a re rare  in be tw een  the plications. The adolescent  form 

shows m ore  num erous  pl ications su rrounding  the umbilicus, which is a little 

reduced  in size. Multiple bifurcat ions are  no longer  present ,  with only s imple 

dichotomy observed on the flank. A single s tr iat ion is intercalated be tw een  

each pair  of dichotomizing growth lines. The ventrolateral  projection is 

sha rpe r  and no spirals are  observed be tw een  the umbilical plications, it should 

be noted that  the regular  interpolation of a single s tr iat ion in be tw een  the 

dichotomizing growth  lines descr ibed by Bouckaert  ( I960 ]  was not  observed 

in the type material.

Most information on the ontogeny of this species comes from British Geological 

Survey (BGS] and Manchester  Museum specimens (see Fig. 3.15], Juvenile 

internal  casts from Rough Lee, collected by E.W.J. Moore, with d iam ete rs  5-7 

mm, have plications spaced c.3 pe r  mm branching irregularly into 4-5 growth  

lines on the ventrolateral  projection. Dichotomy, t r ichotomy or quadri cho tomy 

are  present .  One pers i s tent  constr ic tion was recorded  and spirals a re  common 

on the venter . At c.8-9 mm diameter ,  the plications are  qui te  radial before 

being projected into a shallow ventrolateral  projection. At c . l l  mm diameter ,  

umbilical spirals accompany s lender  plications branching into c.3 g rowth lines 

and intercalat ions are  common.  Specimens with d iam ete r  14 mm have 3-4 

growth lines pe r  mm on flank and 2 umbilical plications per  mm. There  are
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strongly m arked  spirals on the flank, and dichotomy, t r ichotomy and 

secondary  b ranching  are  common.  The ventral  s inus is slight. Specimens with 

d iam ete r  c . l7  mm have s lender  plications b ranching i rregularly into growth 

lines spaced 5 to the mm on the ventrolateral  projection. The plications are  

general ly  s lender  and a wide umbilicus is a c ommon  feature in all specimens.

Remarks: Inspect ion of Manchester  Museum specimens as well as BGS 

specimens  confirms the highly variable charac ter  of the species and helps add 

to Bisat & H udson’s [1943)  original descr iption, which was  based solely on 

fragmented shale  impressions.  The following characters,  which a re  in addit ion 

and somet im es  con tra st  to the type descr ipt ion (cf  Bisat & Hudson 1943), 

were  observed in the solid specimens in both the Manchester  Museum and BGS 

collections [Fig. 3.16):

• The pl ications are  in some cases ben t  slightly forward and not  always 

radial th roughou t  ontogeny.

• Umbilical spirals are  seen until late adolescence [even on the holotype), 

and thus,  canno t  be used as a diagnost ic feature  for Ph. circumplicatile.

• There  is much overlap in characters  be tw een  Ph. paucicrenulatum  and 

Ph. circumplicatile, leading to dubious pas t  identifications.

• Overall, the pa t te rn  of branching is m ore  i rregular  in Ph. 

paucicrenulatum  than  in Ph. circumplicatile.

• Where  pl ications are  bent  forward,  this is taken as a varie ty  closer to Ph. 

circum plicatile  than Ph. paucicrenulatum . Plications are  s lender  in Ph. 

paucicrenula tum  and, when  s trongly marked  and s touter,  this is taken 

as a varie ty closer to Ph. circumplicatile.

• In Ph. paucicrenulatum , there  are  fewer intercalated growth  lines 

be tw een  the  umbilical plications than  in Ph. circumplicatile.

• According to Calver and Ramsbottom [1961;  p. 192) Ph. 

paucicrenulatum  differs f rom ear l ier  Ph. circum plicatile  in having a more 

forwardly  directed ventrolateral  projection and bifurcat ing umbilical 

ridges.

In conclusion, until more  good quality, complete  and unflattened specimens of 

Ph. paucicrenulatum  become available, it will not  be possible to fully resolve
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the taxonom y of the Ph. circum plicatile-paucicrenulatum  group and to a ssess  

the am ount o f  phenotypic variation that exists both within th ese  species  

( intraspecific variation) and betw een  them (interspecific variation).

a b

Fig. 3.14. Phillipsoceras paucicrenulatum  type m aterial. All specim ens from  Lum butts Clough, 

Todm orden, Yorkshire, (a] GSM 71076, paratype, (b) GSM 71075, para type  (c) GSM 71078, 

paratype, (d) unlabelled specim en associated w ith type m aterial, (e) GSM 71074, holotype, (Q 

GSM 71077, paratype. Scale is 10 mm.
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Fig. 3.15. Am m onoids w hich occur in the Shannon Basin, Ireland. 1 Phillipsoceras 

paucicrenulatum  (a-b) zi 7097 (BGS), F isherstree t Bay, Co. Clare, side and dorsal view; (c-d) zi 

7098 (BGS), F isherstree t Bay, Co. Clare, side and ventral view; (e) zi 7100 (BGS), F isherstree t 

Bay, Co. Clare; (f) TCD.61064, Luggacurren section, Co. Laois; (g) zi 7096, F isherstree t Bay, Co. 

Clare, side view. Scale is 10 mm.
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Fig. 3.16. O ntogenetic study  of the o rnam en t for Phillipsoceras paucicrenulatum  (Bisat & 

Hudson, 1943} (a} zi 7095 (BGS}, F isherstree t Bay, Co. Clare, (b} zi 7097 (BGS}, F isherstreet 

Bay, Co. Clare, (c) zi 7096 (BGS}, F isherstree t Bay, Co. Clare, scale is 10 mm.
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Genus Reticuloceras Bisat, 1924, p. 114

Remarks: This genus, which is closely related to and transitional to 

Phillipsoceras, is described in the  Treatise on Invertebra te  Palaeontology 

[Selden 2009, p. 95) as being characterized by an involute conch, with wie or 

n a rrow  umbilicus. It is said to have o rnam en ta tion  tha t  is, in general, weakly 

developed. The o rnam en t  consists of tran sverse  g row th  lines, som etim es 

crenulated , with vetro lateral projection and ventral sinus, usually crossed by 

fine spiral lirae, producing reticulate o rnam enta tion . At early whorls, small 

riblets near  umbilicus and faint umbilical nodes are  common.

Reticuloceras pulchellum  (Foord, 1903); Fig. 3.17.

v*1903 Glyphioceras (Beyrichoceras) pulchellum  Foord, p. 190, pi. 49, fig. 5. 

71924 Glyphioceras (Beyrichioceras) reticulatum  Foord; Bisat, p. 115. 

v*1943 Reticuloceras pulchellum  Foord; Bisat & Hudson, p. 422, pi. 28, fig. 8. 

1984 Reticuloceras pulchellum  Foord; Swan, p. 254, pi. 8, fig. 5-6, pi. 9, fig. 3-4.

Type Locality: Rathcahill, Co. Limerick.

Remarks: Hodson [1954b, p. 157) s ta ted  tha t  he had not been able to find the 

type locality.

Interim  Diagnosis: The late appearance  of a ventro latera l projection, the cone- 

shaped  umbilicus, the  na rrow  dichotom y and closely-set na tu re  of the  weakly 

crenulated  g row th  lines are  features that, w hen  combined, help identify the 

species. Until juvenile and adolescent specim ens are  described, it is not 

possible to provide a full diagnosis, nor  a system atic  descrip tion of the 

ontogeny of this species.

Description: This Irish species is in need of som e revision. Foord (1903) does 

not provide an ontogenetic  description, limiting his descrip tion to a single 

grow th  stage. The holotype consists of an adult  specim en with external shell 

showing o rn am en t  [Fig. 3.17). Only one-half of the  shell is preserved.

177



Inspection of the specim en sh o w s that Foord’s (1 9 0 3 )  description is accurate: 

"Test ornam ented with very fine but perfectly distinct thread-like lines, apparently v^ith 

crenulations; proceeding from  the umbilicus they pursue at first a nearly straight course, 

but soon make a slight curve backwards, then curving boldly forw ard they pass over the 

periphery in a strong backwardly directed curve, thus form ing a deep sinus in tha t 

region. Towards the aperture the anteriorly directed curve becomes narrower and more 

tongue-like in form  and the lines have here a tendency to form  little bundles, which cause 

them to stand out more prominently. Two narrow and shallow constrictions, which 

conform in direction to the lines o f  the ornamentation, are developed upon the te s t Very 

fa in t spiral lines are seen covering the test all over." The growth lines are very  

closely set, spaced about 10-12 per mm on the flank, and very narrow  

dichotom y is present. Bisat & Hudson (1 9 4 3 )  also figure young and adolescent  

UK specim ens, but it must be noted that these  are diagnosed as R. aff, 

pulchellum, so  their use in inferring ontogenetic  changes of ornam ent with  

ontogeny is limited. The young sp ecim ens are described as "all rather broad on 

the venter, in adolescence the umbilical plications fo rk  into strong grow th lines, which 

are spaced about fo u r  to the mm a t the centre o f  the venter at all the diameters seen. The 

bifurcations are sometimes irregular There is a tendency in late adolescence to regular 

narrow dichotomy. Occasional specimens occur with a larger umbilicus and coarser 

ornam ent spaced two to three grow th lines to the mm on the venter, and there is also a 

variant more closely and delicately ornamented, with growth lines 6 to the mm and a 

smaller umbilicus."

Thus the strength of the growth lines appears to decrease through ontogeny,  

becom ing delicate in adulthood. D ichotom y is a recurring feature and the  

dichotom izing point seem s to distance itself further from the umbilicus  

tow ards the venter  with age. Even though dichotom y is the main m ode of  

branching, tr ichotom y cannot be excluded at present.

Comparisons: See R. subreticulatum  for com parison with this species.
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Fig. 3 .17 .  R e tic u lo ce ra s  pu lch e llu m  h o lo ty p e  (NMING sp ec im en ,  un labe iled ) .  Scale is 20  mm.

Reticuloceras subreticulatum  (Foord, 1903); Figs. 3.18-3.21; Table 3, 

Appendix A.

v*1903 Glyphioceras (Beyrichoceras) subreticulatum  Foord, p. 184, pi. 49 fig. 

6 a -b ,7 a-d.

1925 Eumorphoceras subreticulatum  Foord; Schmidt, p. 585, pi. 22 fig. 1, pi. 25, 

fig. 4-6.

v l943  Reticuloceras subreticulatum  Foord; Bisat & Hudson, p. 423, pi. 26, fig. 3. 

Also refer to: Bouckaert [1960,1961); Hodson (1954a-b); Patteisky [1959); 

Calver& Ramsbottom [1961); Swan [1984).

Type Locality: Foynes Island, Co. Limerick, Ireland.

Type Material: Lectotype [NMING : F23964, Fig. 3.18d; Fig. 3.20), and 

associated paralectotypes [NMING : F23965, NMING : F23966, NMING :
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F23967) w ith  greater diameter than the lectotype, showing features of the 

ornament and internal cast.

Other Material: Irish specimens collected by Hodson from Blake's Bridge and 

Fisherstreet Bay, Co. Clare, and reposited in the collections of T rin ity  College 

Dublin (TCD.60602, TCD.60603, TCD.60604, TCD.60605, Fig. 3.18a-c, e; Fig. 

3.19).

Diagnosis: Ellipsocone shell w ith  narrow ly rounded umbilical edge and closely 

set, clearly crenulated growth lines, which dichotomize narrow ly in a regular 

fashion one-third of the way up the flank. The spirals are less pronounced than 

the growth lines but still clearly visible. Trichotom y and quadrichotomy are 

absent and there is early development of a ventrolateral projection, which is 

not pronounced. In adult specimens, growth lines are slightly rursiradiate at 

the dichotomizing point, which is about one th ird  o f the distance from 

umbilicus to venter, before bending in a prorsiradiate direction.

Description: The inner whorls are ribbed (except in the firs t whorl). Juvenile 

specimens [TCD.60602, Fig. 3.18a, and other specimens from Hodson’s 

collection) at c.8 mm diameter have ribs spaced c.lO per mm and projected 

slightly forward into a ventrolateral projection. Three well-marked 

constrictions are present on the internal cast (Fig. 3.18a). At 9 mm diameter, 

umbiHcal pMcations dichotomise into growth lines, which are accompanied by 

intercalated growth lines (Fig. 3.18a,f). As adolescence is reached, the 

plications degenerate into growth lines which bifurcate along the flank. A 

ventrolateral projection is present, becoming gradually more pronounced 

through ontogeny. At 15 mm diameter (TCD.60603, Fig. 3.18b), the growth 

lines are spaced 8-10 per mm on the ventrolateral projection; the same is true 

for a specimen at 19.5 mm diameter (TCD.60604, Fig. 3.18c). Dichotomy is 

always narrow and in rare cases intercalations are present. Spiral growth lines 

cross the shell in the ventral area and around the ventrolateral projection.

In the lectotype (NMING : F23964, Fig. 3.18d,g; Fig. 3.20), at 23 mm diameter, 

growth lines bifurcate at the point where they start to become slightly
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rurs i rad ia te  on the flank, abou t  one third of the distance from umbilicus to 

venter ,  before  bending in a p rors i radiate  direction. Dichotomy is na rrow and 

g rowth Hnes are  closely spaced, averaging 16 per  mm on the umbilical margin 

and 10 pe r  mm on the ventrolateral  projection. No ventral  sulci a re observed 

on the  type material.  Spiral growth  lines decorate  several areas  of the flank. 

Constrictions ( three to the  whorl)  remain  well marked  through ontogeny.  As 

observed in the adul t  paralectotypes [NMING : F23965, NMING ; F23966, 

NMING : F23967] , the growth  lines tend  to form bundles on the ventrolateral  

projection in more  m atu re  specimens and these  bundles form indentat ions or 

grooves on the internal  cast. The small r idges on the  tes t  produced  by slightly 

raised growth  lines ment ioned by Foord [1903} are visible on the  lectotype 

[NMING : F23964,  Fig. 3.18d,g; Fig. 3.20) and a re also p resen t  in adult  

specimens from Blake’s Bridge, Co. Clare, I reland [Fig. 3.18e). Umbilical walls 

shallow in gradient  and su tu re  line with parallel s ided external  lobe [Fig. 3.21), 

typical o f Reticuloceras [see Ruzhencev & Bogoslovskaya 1978).

a b c d e

Fig. 3 .18 .  Ciianges in o r n a m e n t  in R eticu lo cera s  su b re tic u la tu m  (Foord, 1 9 0 3 }  (a) TCD.6 0 6 0 2 ,  

B lake’s Bridge, (b) TCD.6 0 6 0 3 ,  B lake’s Bridge, (c) TCD.6 0 6 0 4 ,  Blake's Bridge, (d) L ectotype  

(NMING : F 2 3 9 6 4 ) ,  F o y nes  Island, Co. Limerick, Ireland, (e) TCD.6 0 6 0 5 ,  B lake’s Bridge. Scale  

bar is 10  m m  long, (f) G row th l in es  o f  TCD.6 0 6 0 2 ,  Blake's Bridge, and sh a d e d  constr ic t ion ,  (g)  

Growth l in es  in l ec to ty p e  (NMING : F 2 3 9 6 4 ) ,  F o y nes  Island, Co. Limerick, Ireland. Scale bars  

are 2 m m  long.
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Comparisons: This species shares many features of the ornament w ith  

Reticuloceras pulchellum  [Foord, 1903), but the cone shaped umbilicus of the 

latter, w ith  nearly vertical umbilical walls, is a distinguishing feature since R. 

subreticulatum  has a narrowly-rounded umbilical edge. Furthermore the 

rursiradial projection of growth lines is far slighter in R. pulchellum, if  present 

at all. Both species possess a ventrolateral projection, but in R. pulchellum  the 

overall course of the growth lines appears to be more radial. As mentioned by 

Bisat & Hudson (1943, p. 424], in R. subreticulatum  the ventral sinus is not very 

pronounced, in contrast to species such as Ph. paucicrenulatum. Reticuloceras 

melanum (Korn, 1997) has more delicate growth lines and less obvious spirals. 

Compared to Reticuloceras bisorsale (Phillips, 1836), the ornament is more 

subdued in R. subreticulatum.

a b c d e

Fig. 3.19. Ontogenetic study of the ornam ent for Reticuloceras subreticulatum  (Foord, 1903} 

(a] TCD.60602, Blake’s Bridge; (b ) TCD.60603, Blake’s Bridge; (c) TCD.60604, Blake’s Bridge; 

(d) Lectotype (NM ING : F23964); (e) TCD.60605, Blake’s Bridge. Scale is 20 mm.
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Fig. 3.20. R eticuloceras su b re ticu la tum  iec to type  (NMING : F23964),  Foynes Island, Co. Clare, 

(a-b) s ide  an d  v en tra l  view. Scale on top  left is 20 mm.

0A/\
2mm

Fig. 3.21. S u tu re  line, R. su b re ticu la tum  Foord  lec to type  (NMING : F23964),  a t  11 m m  d iam ete r .
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Superfamily Gastrioceratoidea Hyatt, 1884 

Family Homoceratidae Spath, 1934 

Subfamily Homoceratinae Spath, 1934 

Genus Homoceras Hyatt, 1884

Genotype: Homoceras [Goniatites) smithi, Brown 1841 [see discussion in Titus 

& Manger 2001, p. 22).

Remarks: This genus can be distinguished from Reticuloceras by the absence of 

ribs in the young (serpenticone stage), by the general absence of spiral growth 

lines, or the width of the ventral lobe. However, adult Homoceras shells are 

probably indistinguishable from adult Isohomoceras shells (Bisat 1924; 

Ruzhencev & Bogoslovskaya 1971).

Homoceras beyhchianum  (de Koninck, 1843); Figs. 3.22-3.23; Table 4, 

Appendix A.

1833 Ammonites listeri de Koninck; Davreux, pi. 5, fig. 6, pi. 8, fig. 4c.

1837 Ammonites listeri Beyrich, p. 39, pi. 7, fig. 1.

p.1897 Glyphioceras diadema Foord & Crick, p. 202.

p.1897 Glyphioceras (Beyrichoceras) diadema? Beyrich; Foord, p. 179.

1898 Glyphioceras beyrichianum Haug, p. 95, pi. 1, fig. 1-21, 23.

1921 Homoceras diadema Schmidt, p. 302.

1925 Glyphioceras leodicense Schmidt, p. 574, pi. 21, fig. 15, pi. 24, fig. 8,9,29. 

1925 Homoceras beyrichianum Schmidt, p. 579, pi. 21, fig. 21, pi. 24, fig. 28, pi. 

25 fig. 1.

1925 Homoceras beyrichianum Schmidt, p. 70, pi. 14, fig. 1,2.

1928 Homoceras beyrichianum Bisat, p. 130.

1929 Homoceras beyrichianum Schmidt, p. 70, pi. 29, fig. 1,2.

1933 Homoceras beyrichianum Bisat, p. 257.

1934 Homoceras beyrichianum Schmidt, p. 451, p. 452, fig. 56-58.

1934 Homoceras beyrichianum Schmidt, p. 443, fig. 57-59.

1957 Homoceras beyrichianum de Koninck; Patteisky, p. 515, pi. 1, fig. 2.
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1959 Homoceras beyrichianum  de Koninck; Patteisky, p. 15, pi. 2, fig. 2a-18, pi.

3, fig. 1-4.

1960 Homoceras beyrichianum  de Koninck; Butcher & Hodson, p. 78, pi. 19, fig.

3.

1961 Homoceras beyrichianum  de Koninck; Bouckaert, fig. 1.

1985 Homoceras beyrichianum  Haug; House, p. 130, pi. 6,7,39.

2001 Homoceras diadema Beyrich; Titus & Manger, fig. 14.17,14.22, 20.2.

Also refer to: Hind (1905,1918); Demanet (1941); Leggewie & Schonefeld 

(1957); and Korejwo (1986).

Diagnosis: Overall, the open cadicone shell and the very pronounced, 'arm our

like' ornament, where the ribs cover the test all over, make this an easily 

identifiable species. The ribs are stronger than those in Ho. smithii or Ht. 

prereticulatus

Description: A well-preserved specimen (TCD.61011) from the Phosphate 

Mine, Roadford, Co. Clare, which was collected by Hodson, allows the early 

whorls to be described: ribs first appear on the fourth whorl and they are 

spaced c.6 per mm. The ventrolateral projection is already present at this 

diameter and it forms a ventral sinus (which can be referred to as ventral 

bow); the costae on the sinus are more widely spaced, averaging 3 per mm. It is 

also typified by a pronounced ventrolateral projection and an umbilical rim. At 

9 mm diameter (in TCD.61003; Fig. 3.22a), the costae are spaced 3 per mm on 

the venter. At 12 mm diameter (in TCD.61004; Fig. 3.22b), the growth lines are 

spaced 3-4 per mm on the umbilical margin. At 17.5 mm diameter (in TCD. 

61000; Fig. 3.22c), four constrictions intersecting in the umbilicus at 90° angles 

are visible. At these diameters, specimens have a raised umbilical wall and 

sharp umbilical rim which are typical of the open cadicone shell shape.

Between 18 and 23 mm, costae are spaced 2 per mm and the umbilical rim 

becomes more obvious.
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Dichotomy is very rarely observed,  in varieties with less pronounced  

ornament ,  pe rhaps  closer  in affinity to Ho. smithii. Both ventrolateral  

projection and ventral  sinus persis t  and  remain constant  in s t rength through 

ontogeny.  The ven te r  is broad th rough ontogeny, w^hile the umbilical d iam ete r  

generally decreases  in proport ion  to the overall diameter:  at  8 mm diameter ,  it 

is 3.7 mm (measured  from side to side of the p ronounced umbilical rim 

su rrounding  the barrel  shape umbilicus];  a t  11 mm it is c.3 mm and at 16 m m it 

is 4.8 mm.

Material: Specimens from the National Museum of Ireland collections from 

Roadford or  Spectacle Bridge, Co. Clare, Ireland, conform to the above 

description.

I

Fig. 3.22. Changes in ornam ent in H om oceras beyrichianum  (de Koninck, 1843) (a) TCD.6 1 003 , 

Lisdoonvarna district, Co. Clare (b) TCD.6 1 004 , Lisdoonvarna district, Co. Clare, (c) TCD. 

61 000 , Coolagh River, Co. Clare, scale is 10 mm.

Remarks: This is Bisat’s [1924]  and Schmidt’s [1921]  Homoceras diadema. As 

mentioned by Bisat (1924),  this is a very variable  species. He descr ibes Ho. 

undulatum  and Ho. smithii  are two varieties of Ho. beyrichianum [diadema].
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T hese  closely allied species  can be distinguished by the features sum m arized  in 

Table. 3.1.

Ho. beyrichianum (de 

Koninck, 1843)

Ho. smithii (Brown, 1841) Ho. undulatum  (Brown, 

1841)

S tro ng  r ibs  p ro jec ted  into 

v en tra l  bow

Little to  no v e n tro la te ra l  

p rojec tion , open  cad icone 

s h ap e

D ichotom y an d  ven tro la te ra l  

p ro jec tion

Table  3.1. Diagnostic fe a tu res  in Ho. beyrich ianum , Ho. sm ith ii a n d  Ho. undu la tum .

a b

Fig. 3.23 H om oceras beyrich ianum  (a-b) TCD.61000 , Coolagh River, Co. Clare, s ide  an d  ven tra l  

view; (c-d) TCD.61003 , L isd oo nv arna  d is trict,  Co. Clare, side an d  ven tra l  view; (e-f) TCD.61004 , 

L isd oo nv arn a  district,  Co. Clare, s ide  an d  v en tra l  view. Scale on to p  left is 20 mm.
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Homoceras smithii (Brown, 1841); Figs. 3.24-3.25; Table 5, Appendix A.

v*1841 Goniatites sm ithii Brown, p. 218, pi.7 ,fig.34,35.

v*1924 Homoceras diadema var. sm ithi Brown; Bisat, p. 104, pi.4, fig.3-5.

1957 Homoceras smithi Patteisky, p. 515, p l.l, fig.3a.

1957 Homoceras diadema Leggewie & Schonefeld, p. 233, pi.17, fig .l.

1957 Homoceras smithi Brown; Hodson, p. 8, fig.2-4, pl.B, fig.6.

1958 Homoceras smithi Brown; Hodson & Van Leckwijck, p. 8, pl.A, fig.2-4, pl.B,

fig.6.

1959 Homoceras smithi Brown; Patteisky, p. 17, pi.3, fig.8,9,10.

1961 Homoceras smithi Brown; Bouckaert, fig.2.

1971 Homoceras sm ithii Brown; Ramsbottom, p.162.

1984 Homoceras sm ithii Brown; Swan, p. 216, pi. 2, fig. 5-6.

Type Locality: Todmorden, UK.

Type Material: The type material, housed in the Manchester Museum, consists 

of two specimens [MANCH L.10244a,b); one is figured in Brown [1841) 

(MANCH L.10244a), the other he used for suture line description [MANCH 

L.10244b). Unfortunately the weathering away of the umbilical rim  does not 

allow dichotomy to be recognised in the type material (MANCH L.10244a), as 

already noted by Bisat (1924), making it unclear whether dichotomy is an 

im portant feature.

Other Material: Irish specimens collected by Hodson and housed in T rin ity  

College Dublin allow an ontogenetic description for this species to be made for 

the firs t time, as well as a comparison to Bisat’s [1924) description.

Diagnosis: Homoceras w ith umbilical rim  up to c .l6  mm diameter and costae 

that remain quite radial through ontogeny. The open cadicone shell shape 

transitions first to sphaerocone [at c.9 mm diameter), and eventually to 

ellipsocone [at 21 mm diameter).
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Description: At 7.7 mm diam eter, the shell is open cadicone with 4 radial costae 

pe r  mm. A rim is a lready  present. The umbilicus is very large, with d iam eter  

4.4 mm, and it rem ains  large in p roportion  to conch size th roughou t  ontogeny. 

The umbilical rim rem ains  p rom inen t until abou t 16 mm diam eter, becoming 

m uch fainter at c.20 mm diameter. The costae a re  mostly radial o r very rarely 

b en t  forw ard  into a slight ventrolateral projection. This was observed at 11 

m m  (in TCD.61002; Fig. 3.24a; Fig. 3.25a-b) d iam ete r  and at 21 mm [in 

TCD.61005; Fig. 3.24b; Fig. 3.25c-d) diam eter. Dichotomy is very rare  but it can 

occur irregularly  and  was observed at 21 mm diam eter. An internal cast a t  21 

m m  d iam e te r  (TCD.61005; Fig. 3.24b; Fig. 3.25c-d] shows four constrictions 

spaced  at 90° angles (these w ere  also observed  on o ther  specimens). Spacing of 

costae  is quite  conserved  th roughout ontogeny, ranging from 4 to 6 costae per  

mm.

Remarks: The species is m ost easily d iagnosed early  in ontogeny, w hen  shell 

shape  and o rn am e n t  are  m ost distinct from o ther  allied species.

a b c

Fig. 3.24. Changes in ornam ent in Homoceras smithii (Brown, 1841) (a) TCD.61 002 ,  

Lisdoonvarna, Co. Clare, (b) TCD.6 1005 , Lisdoonvarna, Co. Clare, (c) TCD.61 006 , Lisdoonvarna, 

Co. Clare, scale is 10 mm.
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Comparisons: The umbilical rim  could lead this species to be confused w ith  

certain Vallites henkei specimens w ith  accentuation of growth lines on the rim. 

However, this is easily avoided when one considers that in V. henkei the growth 

lines are much more delicate and rim  has very small nodes ("beading”], which 

are lacking in Ho. smithii. This species is very closely allied to Ho. undulatum: in 

fact. Bisat grouped them together under the name Ho. diadema, while 

recognizing the two variants. The most im portant feature that allows this 

species to be distinguished from Ho. undulatum  is the open, barrel-shaped 

shell, in addition, dichotomy is far more common in Ho. undulatum. The main 

difference between Ho. beyrichianum and Ho. sm ithii is the lesser strength of 

the costae in Ho. smithii, but there are other differentiating features, such as the 

less pronounced ventrolateral projection [ if  at all present) in Ho. smithii.

a b

Fig. 3.25. Homoceras smithii (a-b) TCD.61002, Lisdoonvarna, Co. Clare, side and ventral view; 

(c-d) TCD.61005, Lisdoonvarna, Co. Clare, side and ventral view; (e-f) TCD.61006, 

Lisdoonvarna, Co. Clare, side and ventral view. Scale on top left is 20 mm.
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Homoceras undulatum  (Brown, 1841); Fig. 3.26.

v*1841 Goniatites undulatus Brown, p. 213, pi. 7, figs. 1, 2, 3, 4, 5. 

v*1905 Homoceras undulatum  Brown; Hind, pi. 6, fig. 15.

1924 Homoceras diadema van undulatum  Brown; Bisat, p. 105. 

v*1943 Homoceras undulatum  Brown; Bisat & Hudson, p. 408, pi. 26, fig. 

la ,lb ,2 .

1960 Homoceras undulatum  Brown; Butcher & Hodson, p. 78, pi. 19, fig. 2.

1960 Homoceras undulatum  Brown; Chalard, pi. B, fig. 1-2.

1984 Homoceras undulatum  Brown; Swan, pi. 4, figs. 2-3.

1985 Homoceras undulatum  Brown; Manger, Weyant & Pareyn, p. 192, pi. 1, fig.

D, L.

1985 Homoceras undulatum  Brown; Lemosquet, Conrad & Manger: p. 421, pi. 8 

fig. 12.

Type Locality: Cross Hills, Skipton, UK.

Type Specimens: The type series is currently housed in the Manchester Museum 

and consists of two solid specimens: an adult lectotype (MANCH L.10241a] and 

an adolescent paralectotype (MANCH L.10241b].

Material: Solid specimens at different growth stages from Roadford, Co. Clare, 

housed at the National Museum of Ireland, together with the type series, 

specimens from a loose bullion found in the Lisdoonvarna area, and specimens 

from the Kilmoon River, Lisdoonvarna, housed in the BGS and collected by 

Hodson provide ontogenetic information available for comparison with 

published data.

Diagnosis: The species is typified by a broad transition (around 14-19 mm 

diameter) from specimens with an umbilical rim, constrictions and strong ribs 

to specimens lacking a rim, and with a slight ventral sinus and slightly more 

delicate ornament. Constrictions (about three per whorl) persist until about 15 

mm diameter.
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Description: A juvenile specimen [NMING : F 24480 /1 )  a t 3.5 mm d iam ete r  with 

a se rpent icone  (slowly expanding, open coiling] shell has no growth  l ines or 

ribs in the inner  whorls,  thus confirming it belongs to the genus Homoceras and 

not  Homoceratoides. Growth lines develop in the ou ter  whorls  at  this d iam e te r  

and they are  spaced 20 per  mm. At 5 mm diameter ,  the o rnam e n t  is still 

subdued,  with delicate radial g rowth lines present .  At least two constr ic tions 

are visible. One sphaerocone  specimen [NMING : F24480 /2 )  at  c.6 mm 

diam ete r  has radial growth lines [9 pe r  mm] and three constr ic tions on the 

internal  cast.

At 7.8 m m d iam ete r  [NMING : F24480 /3 ,  Fig. 3.26c-d) the growth  lines become 

s tronge r  and a re  be t t e r  called ribs or  costae, and an umbilical rim is present .  At 

9.9 mm diameter ,  the costae are  most ly still radial: they s tar t  to become 

deflected forward  into a slight ventrolateral  projection at about  15.6 mm 

diameter .  At 19.3 mm (NMING : F24480 /6 ,  Fig. 3.26e), the ventrolateral  

projection is still slight and no constr ic tions are  present .  A slight ventral  s inus 

develops in parallel to the ventrolateral  projection, but  is a little m ore  

p ronounced than it. Dichotomy, first seen at 9.9 mm diameter ,  pers ists through  

ontogeny. It occurs  half way up the flank at c.25 mm d iam ete r  and closer  to the 

umbilical rim in ear l ier  growth  stages. The adolescent  paralectotype (MANCH 

L.10241b, d iam ete r  14.2 mm] has narrowly  dichotomizing ribs, with radial 

course along the flank, an umbilical rim and three constrictions. The r ibs are  5 

pe r  mm halfway along the flank and dichotomy occurs close to the umbilicus. 

The adul t  lectotype (MANCH L.10241a, di am ete r  19.2 mm]  has slightly more  

delicate o rnam e n t  compared  to the adolescent  and ribs that  average 6 pe r  mm 

halfway up the flank. There are  no constr ic tions and no umbilical rim, and  the 

umbilical walls a re  rounded.  Dichotomy occurs somew here  be tween  the 

halfway point  along the flank and the umbilicus. There is a slight ventral  sinus 

and an even s l ighter  ventrolateral  projection. The rim remains  a conspicuous 

feature of this species until abou t  11 mm diameter ,  when  it s tar ts  to die away 

gradually. However , the loss of the umbilical rim occurs a t  different s tages in 

different  specimens. Specimens from the loose bullion (TCD.61012-  

TCD.61020]  have a r im up to 15 mm diameter,  while in those from the  Kilmoon
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River, a rim is first seen at 7.8 mm diameter ,  and is still p resen t  at  16.4 mm 

diameter.  It s tar ts  to di sappear  at 16.6 mm. An excellent adult  solid specimen 

with d iam ete r  38 mm has no umbilical rim. A s teep umbilical wall is recorded 

at c.20 mm diameter ,  and it becomes shal lower at  25 mm d iam ete r  in the 

Kilmoon River specimens. The ribs are  spaced abou t  4-5 per  mm on the 

ventrolateral  projection in adolescence,  and this was  also observed in the type 

material. The shell takes  on eilipsocone shape from c.9 mm d iam ete r  onwards.  

These observat ions are  in accordance with the characters  observed in the type 

material  and conform well to the taxonomic descr ipt ions in Bisat (1924),  

Brown [1841) and Bisat & Hudson (1943).  Therefore  no fur ther  taxonomic 

revision is deemed  necessary.

Comparisons: This species  is closely allied to Homoceras smithii, and was 

descr ibed as a variant  of the  species Homoceras diadema  (Beyrich, 1837) by 

Bisat (1924). While Ho. smithii is typified by its open cadicone shell and ba r re l 

shaped umbilicus. Ho. undulatum  typically has eil ipsocone shell shape  with 

more or less strong, dichotomizing growth  lines (Bisat 1924). Some juveniles 

(at C.7 mm diameter)  do have an open cadicone shape,  which allows them to be 

mistaken for Ho. smithii. However , w he re  o rnam e n t  is present,  it is slightly 

s t ronger  in Ho. undulatum than in Ho. smithii at  similar  diameters.
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a b

Fig. 3.26. Homoceras undulatum  (a-b) zi 4534 [BGS), Kilmoon Stream, Lisdoonvarna, Co. Clare, 

side and ventral view; [c-d) F24480/3 ,  Roadford, Co. Clare, side and ventral view; (e] 

F24480/6 ,  Roadford, Co. Clare, side view; (f] F24480/5 , Roadford, Co. Clare, side view. Scale is 

20 mm.
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Genus Isohomoceras Ruzhencev & Bogoslovskaia, 1971

Genotype: Glyphyioceras inostranzewi, Karpinskii 1889, p. 60.

Isohomoceras subglobosum  (Bisat, 1924); Fig. 3.27a-c; Table 7, Appendix 

A.

.1924 Homoceras striolatum van subglobosa Bisat, p. 110.

1928 Homoceras subglobosum  Bisat; Bisat, p. 130, pi. 6.

1933 Homoceras subglobosum  Bisat, p. 258, pi. 30.

1957 Homoceras subglobosum  Dolle’; Patteisky, p. 515, pi. 1, fig. la ,lb .

1959 Homoceras subglobosum  Dolle’; Patteisky, p. 15, pi. 2, fig. la - lg .

1961 Homoceras subglobosum  Bisat; Calver & Ramsbottom, p. 207, pi. 11, fig. 

13.

1961 Homoceras subglobosum  Dolle’; Bouckaert, fig. 2.

1984 Homoceras subglobosum  Bisat; Swan p. 213, pi. 1, fig. 3-4.

1987 Isohomoceras subglobosum  Bisat; Riley, p. 30, text-fig. 5, 6E, pi. 2, fig. 

3,4,7,18,20,21.

1994 Homoceras subglobosum  Tanabe, Landman & Mapes, p. 392, fig. 5 la-b. 

2001 Isohomoceras subglobosum  Bisat; Titus & Manger, p. 20, figs. 14.6-14.11, 

17.

Also refer to: Moore [1930); Demanet [1941]; and Titus, Webster & Manger 

(1997).

Type Locality: Stonehead Beck, UK.

Type Material: The type material is housed in the British Geological Survey and 

was not examined in this study. It is described and figured by Riley [1987).

Diagnosis: Weakly ornamented Isohomoceras with short juvenile 

serpenticonic stages and a subparallel-sided ventral lobe in the suture [Riley 

1987; Titus & Manger 2001). No dichotomy or ventral sinus present.
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Material and Description: As noted by Bisat [1924), the growth Hnes are slightly 

deflected backwards between 4 and 8 mm diameter, but are otherwise radial. 

Specimens from an in-situ bullion at Inishcorker, Co. Clare, have been identifled 

as /. subglobosum in this study based on ornament and shell shape. Specimens 

collected by Hodson from the Aille River and Inishcorker, Co. Clare, have also 

been examined. At 4.4 mm (TCD.61021, Fig. 3.27a), the shell is sphaerocone in 

shape and delicate growth lines spaced c.lO per mm are radial. One very faint 

constriction is present. At 11 mm diameter (TCD.61022, Fig. 3.27b,c), growth 

lines are spaced c.7 per mm on the venter, becoming more closely set towards 

the umbilical margin.

A specimen from the Aille River [from  Hodson's Southampton collection 

housed at T rin ity  College Dublin), at 12.6 mm diameter, has four constrictions 

and growth lines spaced 6 per mm on the venter. No dichotomy was recorded. 

The growth lines are still very slightly deflected backwards close to the 

umbilicus at this diameter, before following a radial course along the test. The 

constrictions fo llow  the course of the ornament. The shell shape is 

sphaeroconic.

Comparisons: There is no umbilical rim, which allows easy distinction between 

this species and Ho. smithii. The course of the ornament is far more radial than 

Ho. undulatum.

a

Fig. 3.27. Isohomoceras subglobosum (a) TCD.61021, Inishcorker, Co. Clare, side view; (b-c) 

TCD.61022, Inishcori<er, Co. Clare, side and ventral view. Scale is 10 mm.
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Genus Vallites Ruzhencev & Bogoslovskaya, 1971

Genotype: Homoceras henkei (Schmidt, 1925), p. 453.

Vallites henkei (Schmidt, 1925); Figs. 3.28-3.30; Table 10, Appendix A.

1925 Eumorphoceras subreticulatum  Foord; Schmidt, p. 585, pi. 22, fig. 1, pi. 25, 

fig. 4-6.

v*1934 Homoceras henkei Schmidt; p. 456, p. 453, fig. 70-72.

1943 Homoceras henkei Schmidt; Bisat & Hudson, p. 406, pi. 25, fig. 4-7, pi.

30, fig. 2.

v*1957 Homoceras henkei Schmidt; Hodson, pi. C fig. 2, pi. E, fig. 4-6.

Also refer to: Patteisky (1959), Bouckaert (1960,1961), Chalard (1960), 

Ruzhencev & Bogoslovskaya (1971,1978); Swan (1984); Manger, Weyant and 

Pareyn (1985); Lemosquet, Conrad and Manger (1985); and Korejwo (1986).

Type Locality: Neheim, Germany (former Emde brickworks quarry).

Type Material: Syntypes GZG.1NV.48185, GZG.INV.48186, GZG.1NV.48184 (Fig. 

3.28a-c; Fig. 3.29a-c).

Other Material: Specimens of V. henkei from the Aille River, Co. Clare, 

associated with Hod. magistrorum  (Hodson, 1957), allow juvenile growth 

stages to be studied. Late adolescent and adult growth stage features were 

seen in beautifully preserved Irish specimens collected by F. Hodson.

Diagnosis: Vallites w ith  nodes, also called "beading”, ornamenting the umbilical 

margin. The umbilical margin forms a pronounced rim and the growth lines do 

not dichotomize. The ribs gradually decrease in strength through ontogeny 

until they give way to the elegant, biconvex growth lines.

Description: In all juvenile specimens (NMING : F23971 and the Hodson 

material from the river Aille; Fig. 3.30f), growth lines are delicate, radial and

197



occur  C.6 per  mm. The umbiHcal edge is raised, with gently sloping walls; a t  8-9 

mm d iam ete r  [in the Hodson mater ia l  from the River AilleJ growth  lines occur  

c.7 per  mm and  the elevated umbilical rim is still raised (Figs. 3.28d-e). The 

growth  lines thicken as they cross the rim, but  umbilical nodes a re absent .  A 

syntype (GZG.1NV.48185, Figs. 3.28a,d) a t  7.1 mm d iam e te r  has s trong, radial 

growth  lines, it has very faint umbilical nodes at this early developmental  

stage. A specimen from Slieve Elva from Hodson’s Irish collection (TCD.60610]  

at 18.5 mm diam ete r  i llustrates the biconvex growth  lines well, which are  

slightly bent  forward immediately after  exiting the umbil icus past  the nodes, 

and then turn  back slightly, before  pushing forward again on the ventrolateral  

projection (Fig. 3.28f). The ventral s inus is extremely faint. Growth lines a re 

spaced 5 per  mm on the ventrolateral  projection. A syntype (GZG.1NV.48186, 

Fig. 3.28b) is an adult  specimen with d iam ete r  21.9 mm, showing beading of 

growth lines (i.e. nodes)  on the umbilical margin, and  both ventrolateral  

projection (with 5 growth lines per  mm) and ventral  s inus (which is more  

developed in o ther  specimens).  The nodes, which give the appearance  of 

several  closely set, pseudo-spiral  lines that  are formed w here  the t ransverse  

growth  lines become slightly crenulated,  a ppear  in adolescence.  An internal  

cast  (GZG.1NV.48184, Fig. 3.28c) with a d iamete r  of 30.7 mm with faint 

impressions of the o rnam en t  shows both ventrolateral  projection and ventral  

sinus. A specimen with a d iam ete r  of  41 mm (from Hodson’s Irish collection 

reposi ted in the Geological Museum of Trinity College Dublin) has growth  lines 

spaced 2 per  mm and both ventrolateral  projection and  ventral  sinus 

pronounced.  The umbilical edge is b road  and rounded,  and the walls are 

shallowly sloping. There are  no nodes,  as is the case in o ther  very mature  

specimens.

Comparisons: The umbilical rim is m ore  pronounced  and the shell is n a r row e r  

in V. henkei than in V. schmidti (Ruzhencev & Bogoslovskaya, 1971). The 

umbilical rim is m ore  pronounced  in V. henkei than  in V. kuIJmanni (Korn, 

1997). Growth lines in V. henkei are coarse r  than in V. striolatus (Phillips,

1836). Lack of dichotomy in the growth  lines of V. henkei dist inguishes this 

species f rom Ht. varicatus and Hod. magistrorum.
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Fig. 3.28. Changes in o rnam en t in Vallites henkei (Schmidt, 1925} (a) Syntype GZG.INV.48185, 

(b) Syntype GZG.1NV.48186, (c) Syntype GZG.I NV.48184. Specimens are  from Neheim, 

Germany. Scale bar  is 10 mm long, (d) Growth Mnes (NMING : F23971) at 7 mm with dashed 

Mnes at edges of umbihcal wall, (e) Growth lines of TCD.60608 at 10 mm diameter, (f) Growth 

lines of TCD.60608 at 15 mm diameter. Specimens are from Lisdoonvarna, Ireland. Scale bars 

are 2 mm long.

a

Fig. 3.29. Ontogenetic study of the ornam ent for Vallites henkei (Schmidt, 1934) (a) 

GZG.INV.48185; (b) GZG.INV.48186; (c) GZG.INV.48184. Specimens are  from Neheim, Germany. 

Scale is 20 mm.
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'

Fig. 3.30. Vallites henkei (a-b) NMING : F13974, L isdoonvarna area, Co. Clare, side and dorsal 

view; (c) TCD.61030, Aille River, Co. Clare; (d-e) TCD.60608, Lisdoonvarna, Co. Clare, side and 

ventral view; (f] NMING : F23971, L isdoonvarna area, Co. Clare, side view, (g) Corofin, Co. 

Clare, enlarged x 5, afte r Lew arne (1959). Scale bar on top left is 20 mm.
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Superfamily N eodim orphocera to idea  Furnish & Knapp, 1966 

Family Ramositidae Ruzhencev & Bogoslovskaia, 1969 

Genus Homoceratoides Bisat, 1924

Genotype: H om oceratoides prereticulatus  Bisat, 1924, p. 112.

Remarks: The genus Hom oceratoides was first coined by Bisat [1924), who 

described it as closely rela ted  to both Homoceras and Reticuloceras. Bisat based 

his descriptions on specim ens from Rough Lee, Pendle, Holden Gill, Silsden, 

and Mam Tor, Derbyshire, UK.

Homoceratoides prereticulatus Bisat, 1924; Fig. 3.31; Table 8, Appendix A.

v*1924 H om oceratoides prereticulatum  Bisat, p. 112, pi. 1, fig. 3. 

v*1943 H om oceratoides prereticulatum  Bisat; Bisat & Hudson, p. 410, pi. 24, fig. 

3.

1960 Hom oceratoides prereticulatus  Bisat; Bouckaert, p. 55, pi. 4, niv. 5, pi. 5, 

niv. 6, fig. 1,2.

1960 H om oceratoides prereticulatus  Bisat; Chalard, pi. C, fig. 1-10.

1961 H om oceratoides prereticulatus  Bisat; Bouckaert, fig. 1.

1984 H om oceratoides prereticulatus  Bisat; Swan, pi. 4, fig. 1,3,4.

Type Locality: Holden Beck, Silsden, Yorkshire, UK.

Type Material: The lectotype is a solid specim en housed in the Natural History 

Museum, London [C25749). Paratypes extracted  from a bullion [not in situ) a re  

housed in the BGS collections [GSLM 71107-10); they a re  p reserved  as 

fragm ented solid specim ens, showing features of the ornam ent.

Other Material: Solid specim ens w ere  recovered from bullion material from the 

Phosphate  Mine, Roadford, Co. Clare, and from a layer of bullions at 

F isherstree t Bay, Co. Clare [TCD.61023-60127). These specim ens, coupled with 

the lectotype, Irish specim ens housed at the British Geological Survey (BGS)
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and specimens  from Hodson’s Irish collection at Trinity College Dublin, allow a 

detai led s tudy  of the species and its diagnost ic features.

Diagnosis: Evolute and ribbed larval stage. Strong, i rregularly spaced costae 

dichotomise,  t r i chotomise and quadrichotomise  at a point  which recedes 

progressively from the umbilicus through ontogeny.

Description: Bisat [1924)  descr ibes the  o rnam en t  as composed  of many costae, 

di-, tri- and even quadrichotomising  som ew hat  i rregularly a t  the umbilical 

edge. The costae a re  said to swing very slightly for and aft and to be forwardly 

inclined on the umbilical area. Bisat (1924)  remarks  that,  wi th  increasing age, 

the dichotomising point recedes from the umbilicus up the lateral area and the 

direction of costae always tends to be forwardly inclined on lateral area.  The 

larval s tage is evolute and ribbed, except  for the first whorl,  which is smooth  

and closely coiled. This was  observed  in a specimen from Blake's Bridge 

(TCD.61028,  Fig. 3.31a), from Hodson’s collection, which showed inner  whorls.  

As Bisat ment ions,  strong,  obtuse growth  lines appear  at 1.5 mm d iam ete r  and 

they are e ither  radial or bent  into a slight ventral  sinus. At 5 mm diameter ,  

costae are  qui te  closely set  (c . l2  pe r  mm) on the flank and  they are very 

slightly prors i radiate .  One faint constr ic tion was observed and intercalat ions 

are  common  amid t r ichotomising and  dichotomizing costae.

At 5.8 mm diameter ,  costae are c.8-10 per  mm on the venter .  The open 

cadicone shape  of the shell a t c.6-7 m m diameter,  which was  already observed 

in Bisat's specimens (1924),  is confirmed in specimens from Fisherst reet  Bay. 

In effect, m any  of the diagnost ic features  of this species ( the branching of the 

costae and the open  cadicone shell) are  a lready presen t  a t  this diameter .  A 

specimen from Roadford (NMING : F 24477 /6 )  with d iam ete r  7.7 mm shows 5 

costae per  mm  and  one constrict ion. This is in ag reement  with Bisat's 

descr ipt ion of  constr ic tions at this diameter.  The ventrolateral  projection and 

ventral  s inus a re  slight a t  this d iam ete r  and the ven te r  is subacute.  At c.8 mm 

diameter  the costae are  c.6 per  mm on the ventrolateral  projection and  both 

dichotomy and  t r i chotomy are present .  At c.l 1 mm diam ete r  (NMING : 

F24477/6) ,  both ventrolateral  projection and ventral  s inus are  present ,  as well
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as one constriction. Costae are spaced 4-5 to the mm on the ventrolateral 

projection. Quadrichotomy and trichotom y are present, as well as 

intercalations. As also described by Bisat (1924), at 14 mm diameter the 

ventrolateral projection is slight. The umbilical edge is subacute at this 

diameter, w ith  vertical umbilical slopes. At 16-18 mm diameter, the costae 

show sim ilar pattern of branching as before, but the ventrolateral projection is 

a little  more pronounced.

In general, costae are irregularly spaced through ontogeny: at 13-18 mm 

diameter, they occur c.3-4 per mm, but also 10 per mm on other specimens. 

They are usually spaced c.5-7 per mm at 7-8 mm diameter, but can also be 

more closely set in certain specimens (9 per mm at 7-8 mm diameter), in which 

case they tend to become more w idely spaced w ith  ontogeny. The 

dichotomizing point progressively recedes from the umbilicus through 

ontogeny, but it rarely exceeds a distance of 1.5 mm from the umbilicus. The 

specimens from Roadford and from Fisherstreet Bay are mostly ellipsocone in 

conch shape. Specimens from a loose bullion found at the Phosphate Mine, R. 

Aille, Doolin, and collected by E.W.] Moore (LZ3034, BGS collection), were 

measured in order to obtain conch parameters and were seen to conform to 

the above description.

Remarks: Diagnostic features are already present at 6-7 mm diameter.

Comparisons: As Bisat mentions, it may be possible to mistake Ht. 

prereticulatus for Ho. sm ithii or Ho. undulatum  (varieties of Bisat’s no longer 

valid Homoceras diadema), but the ribs at the serpenticone stage, the lack of 

umbilical rim  and the trichotom y and quadrichotomy of costae are all features 

that distinguish it. Therefore no confusion should arise provided that a portion 

of the test starting from the umbilical margin and extending to the venter is 

available. Amongst Hodson’s collection, an isolated adult fragment found in a 

loose bullion from the Phosphate Mine has spirals on the umbilical margin. The 

fragment is accompanied by a hand-written note noting this feature, which was
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not recorded in any other specimen. However, it is consistent with the close 

association of the genus Homoceratoides w ith Reticuloceras.

a

Fig. 3.31. H om oceratoides p rere ticu la tu s  (a) TCD.61028, below  Blakes Bridge, Co. Clare; (b) 

C25749, Lectotype, Holden Beck, Silsden, Yorkshire, UK; Scale is 20 mm.

Homoceratoides varicatus Schmidt, 1934; Fig. 3.32; Table 9, Appendix A.

v*1934 Homoceratoides varicatum  Schmidt, p. 457, fig. 73,74.

1943 Homoceratoides varicatum  Schmidt; Bisat & Hudson, p. 409, pi. 25, fig. 1.

1957 Homoceratoides varicatus Schmidt; Hodson, p. 12, pi. E, fig. 1,2,3.

1959 Homoceratoides varicatus Schmidt; Patteisky, p. 18, pi. 1, fig. 28,27.

1960 Homoceratoides varicatus Schmidt; Bouckaert, p. 56, pi. 2, niv. 13, fig. 1,3;

pi. 2, niv. 15, fig. 3-5; pi. 3, niv. 796, fig. 1,2,5,6; pi. 3, niv. 3, fig. 2.

1960 Homoceratoides varicatus Schmidt; Chalard, pi. F, fig. 2-8.

1961 Homoceratoides varicatus Schmidt; Bouckaert, fig. 2.

1984 Homoceratoides varicatum  Schmidt; Swan, p. 231, pi. 5, fig. 5,8.

Type Locality: Neheim, Germany.

Material: The type series (paratype GZG.1NV.48188 and holotype 

GZG.1NV.48187; Fig. 3.32a,d) together with specimens from Hodson’s Irish 

collection (from Kilfenora and the Kilmoon River, Co. Clare], allow a
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description of ontogeny to be made. Specimens from Brendan’s Well, Co. Clare, 

Ireland, were also identified as Ht. varicatus.

Diagnosis: Homoceratoides w ith  persistent, narrow dichotomy. Long plications 

accentuated on the umbilical rim  and dichotomizing ha lfw ay up the flank. 

Ventrolateral projection late and slight.

Description: Ribs firs t appear on the second whorl. At 6.5 mm diameter, 

plications spaced 6 per mm branch into radial growth lines spaced c.lO per 

mm. A constriction is also visible. The same pattern of branching is conserved 

throughout ontogeny. The smaller paratype [GZG.INV.48188, Fig. 3.32a), w ith 

diameter 9.2 mm and whorl w idth 5.3 mm, is an internal cast w ith  fragments of 

the external shell. It has four well-marked constrictions and delicate radial 

growth lines w ith  no ventrolateral projection and little  to no ventral sinus. The 

plications are accentuated near the rim  and are seen to dichotomize and 

degenerate into growth lines about ha lfw ay up the flank. Dichotomy is narrow. 

The same pattern of branching is conserved throughout ontogeny. Growth 

lines are seen to dichotomize about halfway up the flank at c.9 mm diameter, in 

accordance w ith  the description in Bisat & Hudson (1943) and w ith  the type 

material. Constrictions are well marked and accentuation of growth lines on 

the rim  is observed. The course of the growth lines is radial, w ith  no 

ventrolateral projection or ventral sinus. At 10 mm diameter (in TCD. 61007, 

Fig. 3.32b), the umbilical walls are steeply sloping and growth lines are again 

spaced 10 to the mm. At 13 mm diameter (TCD.61008, Fig. 3.32c), the growth 

lines are spaced c.6 per mm and still radial. At 17.5 mm, the constrictions on 

the internal cast are well marked and the usual narrow dichotomy is still 

present. There are intercalated growth lines throughout ontogeny. It should be 

noted that certain adult specimens do have a ventrolateral projection 

developed, and this is the same w idth as the ventral sinus. The holotype 

(GZG.INV.48187, Fig. 3.32d) is an internal cast w ith  no ornament: it has 

diameter c.28 mm and whorl w idth 11.9 mm. It shows suture lines, three faint 

constrictions and steep-sloping umbilical walls. The constrictions are bent into
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a slight ventral sinus. The plications becom e slightly less pronounced in late 

ad olescen ce  and adulthood.

Remarks:  This species  shares features with Vallites henkei and Homoceras  

m agistrorum .  The main differences are summ arized in Table 3.2.

Fig. 3.32. O n togene t ic  s tu d y  of the  o rn a m e n t  for H om ocera to ides varica tus  Schmidt, 1 9 3 4  [a] 

GZG.INV.48188, p a ra typo id ,  Neheim, (b) TCD. 61007 ,  Loose bullion, Kilmoon River, (c)

TCD.61 0 0 8 ,  Loose bullion, Kilmoon River, (d) GZG.INV.48187, holotype, Neheim. Scale is 10 

mm.
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Character

/Species

Dichotomy Ribs m 

juveniles

Presence of

ventrolateral

proiection/sinus

Umbilical 

margin in 

adolescence

Best

diagnosed

during:

Homoceratoides

varicatus

Present

through

ontogeny

As in

adolescence. 

Plications 

dichotomizing. 

Ribs on inner 

whorls

Ventrolateral 

projection late in 

adulthood and 

slight, sinus late 

but more 

pronounced

Plications, 

quite long, 

dichotomizin 

g halfway up 

the flank

Early

adolescen

ce

Vallites henkei None Well-marked, 

radial, not 

branching; 

umbilical 

margin raised

Present and 

becoming more 

pronounced 

through 

ontogeny

"Beading" 

(nodes) 

around the 

umbilicus

Adolescen

ce

Hodsonites

m agistrorum

Trichotomy 

common as 

well as 

dichotomy

At 6 mm 

diameter, the 

growth lines 

are widely 

spaced and 

there is a steep 

sloping 

umbilical wall

Late in

adolescence and 

slight

Short 

plications 

bent forward

Adolescen 

ce (10-18 

mm)

Table. 3.2. Summary of differences in diagnostic characters between Hod. magistrorum, Ht. 

varicatus and V. henkei.
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Genus Hodsonites Ramsbottom, 1977

Genotype: Hodsonites magistrorum  (Hodson, 1957), p. 21.

Hodsonites magistrorum  (Hodson, 1957); Fig. 3.33; Table 12, Appendix A.

v*1943 Homoceras sp. nov. A. Bisat & Hudson, p. 404.

1954 Homoceras sp. nov. A. Hodson, p. 265.

v*1957 Homoceras magistrorum  Hodson, p. 21, pi. C, fig. 1, pi. D, fig. 1-6, textfig. 

3a-e.

1959 Homoceras magistrorum  Hodson; Patteisky, p. 17, pi. 5, fig. la ,lb .

1960 Homoceras magistrorum  Hodson; Butcher & Hodson, p. 78, pi. 19, fig. 1.

1960 Homoceras magistrorum  Hodson; Chalard, pi. D, fig. 1-2.

1961 Homoceras magistrorum  Hodson; Bouckaert, fig. 1.

.1977 Hodsonites magistrorum  Hodson; Ramsbottom, p. 288.

1984 Vallites magistrorum  Hodson; Swan, p. 27.1, pi. 5, fig. 2-3.

1986 Homoceras magistrorum  Korejwo, pi. 23, fig. 1-3.

Type Locality: River Aille, Lisdoonvarna, Co. Clare, Ireland.

Material: The type material, which is housed in the British Geological Survey, 

as well as specimens from the Phosphate Mine, Roadford, and from a bullion 

loose in the River Aille, have been investigated and were found to conform well 

to Hodson's (1957) description. Juveniles from St. Brendan’s Well, Co. Clare, 

which are found accompanying Ht. varicatus, have inner whorls w ith  no ribs, 

which implies they do not belong to the genus Homoceratoides. They have a 

raised umbilical margin w ith  w idely spaced growth lines (6-7 per mm at 6 mm 

diameter) and have been identified as Hod. cf. magistrorum.

Diagnosis: Hodsonites w ith  forw ard ly deflected, short plications at the umbilical 

edge bifurcating or trifurcating into growth lines; persistent constrictions 

present on the internal mould and suture w ith  wide ventral lobe and low 

median saddle (Hodson 1957, p. 21; Ramsbottom 1977, p. 288). Ventrolateral 

projection late in adolescence and slight.
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Description: The smallest  of the Roadford specimens with 3.8 mm d iam ete r  is 

openly coiled and has faint t ransverse  growth lines. Two constr ic tions are  

present .  These are  also seen in o ther  4 mm d iam ete r  juveniles from the 

Phosphate  Mine, Co. Clare. At 6 mm diameter ,  the growth lines are widely 

spaced [6 pe r  mm). The specimens from the River Aille illustrate very well the 

dist inct ive umbilical margin o f Hod. magistrorum . At 6-7 mm diam ete r  (NMING 

: F2028;  Fig. 3.33a), the fulcate pl ications a re  a l ready developed and the 

g rowth lines are  spaced c.20 per  mm. At 6.7 mm diameter ,  in the Roadford 

specimens,  plications are  prors i radiate  and growth  lines are s trongly marked.  

The umbilical edge is rounded  with s teeply sloping walls, in contrast,  in the 

type materia l  growth  lines are  qui te radial, wi th only a hint  of ventrolateral  

projection and ventral  sinus. At 12 mm diameter ,  the average spacing of the 

g rowth lines is 3.5 per  mm.

As the  amm onoid  t ransi t ions into adul thood [shell d iam ete r  g rea ter  than 18 

mm), the  plications become w eaker  until the  umbilical edge becomes plain and, 

at the s am e  time, the ventrolateral  projection and  ventral  s inus become more  

pronounced .  At 12 mm d iam ete r  the umbilical rim is e levated and quite 

angular.  Typical features,  such as the sho rt  fulcate umbilical plications, a re  all 

p resen t  a t  10 mm diameter .  As is the case for the ornamenta t ion  of most  

ammonoids ,  the most  diagnost ic features  a ppear  in adolescence,  when  short ,  

forward ly directed umbilical pl ications degenera te  into growth  lines as they 

are t raced along the flank [GSM.86913;  Fig. 3.33b-c). Trichotomy is the typical 

mode  of  branching.

Overall, d ichotomy and t r ichotomy a re  both observed but  they do not  always 

co-occur: in fact, in one specimen from Roadford with 27 mm diamete r  

dichotomy is the only mode  of branching. At 21.3 mm diameter ,  ventrolateral  

projection and ventral s inus are p resen t  and a little m ore  pronounced than  at 

earl ier  diameters .  In adul thood,  the umbilical plications become significantly 

reduced in s trength.  As descr ibed by Hodson [1957),  the shell is relatively 

involute, with flattish flanks converging to a wel l - rounded  venter.  More 

globose forms have also been found in the Shannon Basin.
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Remarks: Ramsbottom (1977) assigned this species to the genus Hodsonites 

based on the presence of bifurcation and intercalation of growth lines. Swan 

(1984, p. 227] did not consider these important criteria based on his cluster 

analysis, which emphasized instead the wide spacing of plications at the 

umbilical edge in young specimens. In this study, they are spaced 3 per mm in 

specimens at 6-7 mm diameter (NMING : F2028; Fig. 3.33a], but they are 

spaced 9 per mm in another specimen at 6.6 mm diameter [NMING : 

F24476/1]. This species is best diagnosed during adolescence.

Fig. 3.33. H odsonites m agistrorum  (a] NMING : F2028, River Aille, Phosphate Mine, Roadford, 

Co. Clare; (b-c) GSM.8 69 13 ,  River Aille, Phosphate Mine, Roadford, Co. Clare, side and ventral 

view. Scale is 20 mm.
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Family Girtyoceratidae W edekind, 1918 

Subfamily Girtyoceratinae W edekind, 1918 

Genus Hudsonoceras Moore, 1946

Genotype: Hudsonoceras pro teus  (Brown, 1841], p. 217.

Hudsonoceras proteus (Brown, 1841); Fig. 3.34; Table 11, Appendix A.

v*1841 Goniatites pro teus  Brown, p. 217, pi. 7, fig. 27,28.

1849 Goniatites proteus  Brown, p. 248, pi. 21, fig. 27,28.

1918 Glyphioceras spirale  Phillips; Hind, p. 443.

v*1924 Homoceras pro teum  Brown; Bisat, p. 110, pi. 4, fig. 7, pi. 10, fig. 4,5. 

v l9 4 6  Hudsonoceras pro teum  Brown; Moore, p. 434, pi. 27, fig. 5-7, textfig. 31. 

1954a Hudsonoceras proteum  Brown; Hodson, p. 226, fig. 6, p. 275, fig. 7, p.

276, pi. 11, fig. 5.

1957 Homoceras pro teum  Brown; Patteisky, p. 517, fig. 6b.

1957 Hudsonoceras pro teum  Brown; Hodson, p. 8.

1958 Hudsonoceras pro teum  Brown; Hodson & Leckwijck, pi. A, fig. 1, pi. B, fig.

1-3,5.

1958 Hudsonoceras pro teum  Brown; Chalard, p. 2635.

1958 Hudsonoceras pro teum  Brown; Chalard, pi. 5, figs. 1-3,la,3a.

1959 Hudsonoceras pro teum  Brown; Patteisky, p. 11, pi. 3, fig. 8-10.

1960 Hudsonoceras pro teum  Brown; Chalard, pi. A, fig. 1-4.

1961 Hudsonoceras pro teum  Brown; Bouckaert, fig. 1.

1968 Hudsonoceras pro teum  Brown; Quinn & Saunders, p. 398, pi. 57, fig. 14,15. 

1985 Hudsonoceras pro teus  Brown; House, p. 127, pi. 6.7.30.

1993 Hudsonoceras pro teum  Brown; Saunders & Ram sbottom, p. 996, fig. 1,8.

Also refer to: Ruzhencev & Bogoslovskaya (1978).

Type Locality: Todm orden , UK.

Type Material: The type material is curren tly  housed in the  M anchester 

Museum and consists of six specim ens (MANCH L.11797a-f). Diameters s ta r t  at 

5.8 mm and reach 11.6 mm. Thus adult grow th stages are  lacking. In addition.

211



the specimens are  f ragmenta ry  and do not  show  as much detail of the 

o rnam e n t  as the Irish samples  from Roadford,  Co. Clare, descr ibed herein,  but  

they do i llustrate the main features  of the species. At 5.8 mm diameter ,  there  

a re  th ree  constrictions,  spiral and radial g rowth  lines, and  the presence of 

ventrolateral  projection at this early s tage is also noted.  At c.8 mm diameter ,  an 

umbilical rim is p resen t  and  the umbil icus  is large and funnel-shaped. At this 

stage, radial growth  lines a re  m ore  widely spaced (7-8 per  mm) than spiral 

growth lines (more than 10 to the mm on the venter) .  At c . l l  mm diameter ,  the 

spiral growth lines a ppear  slightly granulated.

Other Material: 3D specimens  from the Phospha te  Mine at Roadford, Co. Clare, 

were  extracted from concretions.  Their  on togeny conforms very well to that  

descr ibed in Bisat (1924) for UK material  ( from Rough Lee, Lancashire and 

Congleton Edge, Cheshire).

Diagnosis: Hudsonoceras wi th  granula ted  a ppearance  due to the st rongly 

marked  spirals  and t ransverse  growth  lines intersecting all over the test. 

Pronounced ventrolateral  projection p re se n t  f rom late juvenile growth  stages 

through adulthood; umbilical rim p resen t  in later g rowth  s tages and n u m b er  of 

spirals increasing with age. Shell s tr ikingly oxyconic, generally through 

ontogeny.  In some cases, a very shal low groove appears  on the ventral  margin.

Description: Brown (1841) descr ibes the species  as being discoidal, 

compressed  and  lenticular,  with deep, funnel -shaped  umbilicus. The umbilical 

margin is descr ibed as having an elevated r idge and  the sides of the umbilicus 

to be spirally s t r ia ted and crossed by num erous ,  nearly  obsolete growth  lines. 

Brown (1841) goes on to no te  tha t  the su tu re  line has all lobes and s inuses  

rounded.  Young shells are  considerably compressed ,  and  the constr ic tions are  

distinct, broad  and deep; they fill up as the  shell advances  in growth.

At 2.6 mm diameter ,  the shell is se rpent icone  (open-coiled)  in shape  and the 

o rnam e n t  is in the form of faint, t ransverse  g rowth  lines, with no ventrolateral  

projection. In one specimen from Roadford (NMING : F24477) , growth  lines are
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spaced 15 per mm on the flank and constrictions are already present. At 3.8 

mm (NMING : F24477], three well-marked constrictions are clearly visible on 

the internal cast. At 5.7 mm diameter, the transverse growth lines are slightly 

crowded together to form faint bundles, but it should be noted that this was 

observed in only one specimen. The spirals are more pronounced on the 

ventrolateral projection and ventral sinus than on the rest of the test. At 6.6 

mm diameter, the umbilicus is barrel or crater-shaped and the transverse 

growth lines are c.20 to the mm on the ventrolateral projection. At 7.3 mm 

diameter, strong spirals have already developed and there is a pronounced 

ventrolateral projection. As described in Korn [1997, p. 43], the number of 

delicate granulated spirals increases with age. At 14.7 mm diameter [NMING : 

F24478], the spirals are strong on the ventral area and around the umbilicus, 

and the ventrolateral projection is pronounced. A specimen [TCD.61050; Fig. 

3.34a-b] at 18.5 mm diameter from the Coolagh River, Co. Clare, collected by 

Hodson, shows a pronounced ventrolateral projection and an umbilical rim. 

Spirals are more widely spaced closer to the umbilicus [12 per mm) than on 

the ventrolateral projection [about 24 per mm]. Another specimen from the 

same locality [TCD.61051; Fig. 3.34c-d), at 26 mm diameter, has very strongly 

granulated ornament. In addition, the radial component of the ornament is well 

marked and the umbilical rim is present.

Remarks: This species is sometimes assigned to the genus Baschkirites 

[Librovitch, 1957]. Korn [1997, p. 43] describes the main features of this 

genus, which conform with the description of Hudsonoceras proteus. This was 

not deemed reason enough to abandon the genus Hudsonoceras in favour of 

Baschkirites, so both are considered valid for the purposes of this study.
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Fig. 3.34. H udsonoceras p ro teu s  [a-b] TCD.61050 ,  Coolagh River, Co. Clare, s ide and ventral; [c- 

d) TCD.6 1 05 1 ,  Coolagh River, Co. Clare, side and ventral; Scale is 20 mm.

Hudsonoceras (Baschkirites) ornatus (Foord & Crick, 1897); Fig. 3.35.

1897 Nom ism oceras ornatum  Foord & Crick, p. 218, fig. 104.

1905 Glyphioceras (Beyrichoceras) spirale Phillips; Hind, p. 114, pi. 6, fig. 8. 

71918 N om ism oceras ornatum  Hind, p. 444.

1924 Eum orphoceras ornatum  Foord & Crick; Bisat, p. 98.

1925 Eum orphoceras ornatum  Foord & Crick; Schmidt, p. 585, pi. 22, fig. 6, pi.

25, fig. 11-13.

1946 Nom isnoceras ornatum  Foord & Crick; Moore, p. 438.

1958 Hudsonoceras ornatum  Foord & Crick; Hodson & Leckwijck, pi. B, fig. 4.

1959 Hudsonoceras ornatum  Foord & Crick; Patteisky, p. 11, pi. 1, fig. 34,35, pi.

6,fig.23.

1960 Hudsonoceras ornatum  Foord & Crick; Bouckaert, p. 68, pi. 2, niv. 1, fig. 1;

pi. 3, gis. 809, fig. 2.

1961 Hudsonoceras ornatum  Foord & Crick; Bouckaert, fig. 2-3.

1978 Baschkirites orna tus  Ruzhencev & Bogoslovskaia, p. 136.

1993 Hudsonoceras ornatum  Foord & Crick; Saunders & Ram sbottom, p. 996, 

fig. 1,9; 1,10; 3,1.

1997 Baschkirites orna tus  Foord & Crick; Korn, p. 43, pi. 2, fig. 12.

Type Locality: Halifax, Yorkshire, UK.
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Type Specimen: C5279, Natural History Museum, London [Fig. 3.35a).

Material: No solid specim ens could be found e ither  in the field area  of the 

Shannon Basin and from m useum  collections in o rder  to s tudy the ontogeny of 

this species. Only crushed specim ens have been recovered from am m onoid  

bands in the  Shannon Basin.

Description: The involute na tu re  of the  species w as noted by Bouckaert [ I960 ) .  

Delicate spiral lines are  present: they in tersec t even m ore delicate radial 

grow th lines to give a g ranula ted  texture. The p ronounced  ventrolateral spiral 

groove is a useful diagnostic feature.

Comparisons: in con tras t  to the  closely related Hud. proteus, the spirals are  

irregularly  spaced and the shell is m ore  involute [Bouckaert 1960).

Remarks: This species is som etim es assigned to the genus Baschkirites [e.g. 

Korn 1997).
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Fig 3.35. Hudsonoceras ornatus/Baschkirites ornatus type material. British Museum of Natural 

History, London, (a) c5279, syntype, Halifax, Yorkshire, side, ventral and dorsal views; (b) 

C70994, syntype, Halifax, Yorkshire, side, ventral and dorsal views; (c) c70995, syntype, 

Halifax, Yorkshire, side, ventral and dorsal views. Photographs were taken by Svetlana V. 

Nikolaeva.



3.3.2 Discussion

For most of the taxa above (namely V. henkei, Ph. circumplicatile and R. 

subreticulatum, Ph. paucicrenulatum, Ht. varicatus, Ho. beyrichianum, Iso. 

subglobosum and Ho. smithii) changes in ornament are described 

systematically here for the first time.

This kind of detailed description leads to more confident identifications and 

acts as an aid to taxonomists working on crushed material, who can refer to the 

ornament description for a given growth stage. For instance, V. henkei is 

usually diagnosed by features at or close to the umbilical edge (such as 

presence of "beading" and an umbilical ridge]. However, when these features 

are absent due to incomplete preservation, information such as the spacing (5 

per mm in Fig. 3.36b] and strength of the growth lines can be used to make a 

determination (Fig. 3.36b], Similarly, Ph. circumplicatile shares many features 

of the ornament w ith Ph. paucicrenulatum, which leads to uncertainty in 

identifications. However, even incomplete 2D specimens can be identified 

where diagnostic features of the ornament are combined: for example, a 

crushed specimen from Co. Clare (TCD.60606, Fig. 3.36a] was identified as Ph. 

circumplicatile because of the presence of trichotom y and quadrichotomy as 

prim ary mode of branching, spirals along the flank and spacing of the growth 

lines (5 per mm].

Fig. 3.36. Irish ammonoids preserved in 2D. (a) Ph. circum plicatile  (TCD.60606)

(b) V. henkei (TCD.60607). Specimens are from Loop Head, Co. Clare, Ireland. Scale bars are 5 

mm long.
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Changes in o rnam e n t  with ontogeny can be examined by plott ing changes in 

the n u m b er  of growth Unes with increasing d iam ete r  of a given species  using 

several  specimens  at different  s tages of on togeny (Figs. 3.37-3.39). As 

amm onoids  grew,  the n u m b er  of growth  lines on the flank of the organism 

( taken here  to broadly be placed be tween  the umbil icus and the venter]  varied. 

These changes are  plotted below.

When n u m b er  of growth  l ines is plot ted against diameter ,  the  species  R. 

subreticulatum , Ph. circumplicatile  and Ph. paucicrenulatum  (Fig. 3. 37) follow 

dist inct  t rends.  The same is t rue  for Ho. beyrichianum , Iso. subglobosum , Ho. 

sm ithii, V. henkei, Ho. undulatum  and  Hod. m agistrorum  (Fig. 3.38), and for Ht. 

prereticulatus  and Ht. varicatus  (Fig. 3.39). These plots show that  the  n u m b er  

of growth  lines does not  s imply increase with age of  the ammonoid ,  but  follows 

a more  complex pattern.  In general,  it is possible to infer that, in mos t  species, 

the n u m b er  of growth  lines t ends to increase and then decrease as adul thood  is 

reached. However , in some cases such as with Ho. sm ithii (for which only two 

data  points are  available), too few m easurem ents  w e r e  made  to be able to 

d raw  valid conclusions about  ontogeny, in the case of R. pulchellum , Hud. 

proteus  and Hud. ornatus  no da ta  was available. In species  w h e re  pl ications 

branch into growth  lines, the  n um ber  of growth  lines was counted  ra the r  than  

num ber  of plications.

218



Diameter [mmi

mm

Fig. 3,37. Number of growth lines per  diam eter  (mm] in the species R. subreticulatum , Ph. 

circumplicatile and Ph. paucicrenulatum. A representative solid specimen is shown next to each 

trend line.
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Fig. 3.38. Number of growth lines per  d iam eter  in Ho. beyrichianum, Iso. subglobosum, Ho. 

smithii, V. henkei. Ho. undulatum  and Hod. magistrorum. A representa tive  solid specimen is 

shown next to each t rend  line.
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D iam ete r  (mm)

Fig 3.39. Num ber of growth  hnes per  d iam eter  plotted for Ht. prereticulatus and H t varicatus. A 

representa tive  solid specim en is shown next to each trend  line.
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3.3.3 Thin-shelled ammonoids

3.3.3.1 Notes on systematics

Thin-shelled ammonoids  in the Shannon Basin are r ep resen ted  by the two 

genera  Anthracoceras  and  Dimorphoceras (see Table 3.3).

Suborder  Goniatitina Hyatt, 1884 

Superfamily Dimorphoceratacae Hyatt, 1884 

Family Dimorphoceratidae Hyatt, 1884 

Subfamily Dimorphoceratinae Hyatt, 1884 

Genus Dimorphoceras Hyatt, 1884  

Type species: Goniatitesgilbertsoni Phillips, 

1836, pl.20.

Suborder  Goniatitina Hyatt, 1884 

Superfamily Dimorphoceratacae Hyatt, 1884 

Family Anthracoceratidae Plummer 

& Scott, 1937

Genus Anthracoceras Frech, 1899

Type species: Nomismoceras 

(Anthracoceras) discus Frech, 1899, p. 337.

Table 3.3. Systematics of thin-shelled am monoid genera Anthracoceras and Dimorphoceras.

Bisat (1933)  descr ibes D imorphoceras as "a genus o f highly compressed species, 

with small subsidiary saddles in the suture lines, and with a markedly sinuous feeble 

transverse test ornament."The  very similar  genus  Anthracoceras  is often 

indist inguishable  from Dimorphoceras, due to s imilar shell shape  and 

o r n a m e n t  (Moore 1939; Ramsbottom 1962). Indeed they a re  both small, 

compressed  forms with a small o r  closed umbil icus  and weak ornamentat ion .  

The principal difference be tw een  these  two gene ra  lies in the su tu re  line: 

Anthracoceras  lacks the subsidiary saddles  p resen t  in Dimorphoceras (Bisat 

1924,  Bisat 1933, Moore 1939).  However , as has been pointed out  by some 

au thors  (Moore 1936) , subt le  differences in o rnam e n t  can also sometim es be 

used  to distinguish these  two genera:  Moore (1939) descr ibes the o rn am e n t  of 

D im orphoceras as consis t ing of "delicate, transverse growth lines, which generally 

bow forward markedly on leaving the umbilicus, and then backwards on the lateral area, 

go forward again at the latero-venter, and bend backwards again somewhat sharply to 

form  a deep ventral sinus. Faint spirals may appear at the latero-venter, but spiral 

ornament is never pronounced." As noted  by Bisat (1924),  the deve lopment  of 

subsidiary waves on the  lateral a rea  near  the  umbilicus in Dimorphoceras,

"takes place in the same genus as that characterized by the development o f small 

subsidiary saddles in the sutures."\n  contras t  to this, Anthracoceras  lacks the

222



prominen t  bowing of the  growth  lines on the flank (i.e. has a m odera te  ventral  

sinusj , even though the ventrolateral  projection is p ronounced  [Moore 1936], 

These two genera  are l inked by certain species such as those descr ibed by 

Moore from the Bowland Shales (1936).

Material: Two solid specimens  (NMING : F 2 4 4 7 7 / l , 2 )  from the Roadford 

Phosphate  Mine, Co. Clare, are  small, compressed with a very small umbilicus 

(5.9 and 4.7 mm in diameter).  One of these  (NMING : F 24477 /2 )  has visible 

su tu re  line with considerable  complexity, including subsidiary saddles. 

Therefore  the specimen can be placed with confidence within the genus 

Dimorphoceras, and is diagnosed as D. cf. moorei based on Hodson’s (1954c) 

descr ipt ion of the su tu re  line. The o rnam e n t  is ex tremely subdued  in both 

specimens. The other  specimen (NMING : F 24477 /1 )  can be identified to the 

genus level as Anthracoceras/Dimorphoceras  sp..

Remarks: Juvenile specimens from the "Ph. paucicrenulatum  band" at  Bridges of 

Ross (see Ch. 2, section 2.2.2.26) have a ventral  sulcus.

3.3.3.2 Occurrence

Thin-shel led a mm onoids  are usually found as a minor  component  of faunas in 

condensed  horizons in the Shannon Basin, where  they accompany the more 

abunda n t  thick-shelled amm onoids  (see sect ion 3.1).

They w e re  found in all highly condensed sect ions in the  Ross Sandstone 

Formation.  In general,  they  are  a minor  com ponent  of the faunas and are  not 

useful in correlation.
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3.4 Bivalves

3.4.1 Notes on systematics

The following bivalve gene ra  are  the main ones recorded in this s tudy and in 

previous s tudies (Lew^arne 1959)  from the Shannon Basin:

• Caneyella Girty, 1909

• Dunbarella  New^ell, 1938

• Posidonia Bronn, 1828

• Posidoniella de Koninck, 1885

in 1999, Amler  review'ed the Carboniferous bivalve groups of the Central 

European Culm facies, and in doing so review/ed all of the genera listed above, 

revising their  taxonomy,  w he re  necessary.

These bivalves a re  also often informally referred  to as "paper pectens" (Wignall 

1994, p. 34), a t erm which encompasses  thin-shel led,  flat-valved bivalve 

morphologies . Three  broad morphologies  can be recognized: mytiliform, 

dunbarel l i form and posidoniform bivalves [Fig. 3.40). Even though groupings 

such as paper  pectens are  informal ra ther  than  a s trict  taxonomic grouping,  

they are  useful locally, for instance in the Shannon Basin. Therefore  these 

terms are  mainta ined for the purposes  of this study.
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Description Examples

Dunbarelliform
Hinge line around maximum width Dunbarella, Pterinopectedn, Claraia, 
with centrally placed umbone. Daonella, Halobia, Aulacomyella 
Fine radial ribs are the dominant 
ornament. Circular outline.
Some varieties, such as 
Dunbarella, are inequivalved

Posidoniform
Hinge line shorter than maximum Posidonia, Bositra, Steinmannia,
width, umbone centrally placed. Inoceramya
Concentric ornament. Circular to 
elongate outline. Equivalved.

M ytiliform Medium length hinge with umbone Posidoniella, Selenimyalina, 
at anterior end. Weak ornament. Caneyella, Plaglostoma,
Trigonal to quadrate outline. Paralnoceramus, Pterochaenia,

Pseudomytiloides, Annigella, 
Semurldla

Fig. 3.40. Paper pecten m orphotypes (after W ignall 1994, p. 35).

3.4.2 Occurrence

The presence of two main bivalve groups, Dunbarella and Caneyella, in the 

Shannon Basin was already recognized by Lewarne [1959), who describes "an 

early  Caneyella popu la t ion  associated w i th  Phil l ipsoceras (Reticu loceras] c ircu m p l ica t i le  

and a la te r  D unbare l la  fa u n a  associated w ith  Ph. [Reticu loceras) p a u c ic re n u la tu m "  

(Lewarne unpublished notes).

While the present study confirmed this as a broad trend, there are also many 

localities where Caneyella sp. and Dunbarella sp. co-occur (Fig. 3.41). Their first 

occurrences and ranges through the Ross Sandstone Formation are shown in 

Fig. 3.41, as well as the numbers of taxa in each locality. While Caneyella first 

appears in the lowermost condensed section in the Ross Sandstone Formation 

(the "Hud. proteus- Ho. sm ithii band"), Dunbarella firs t appears in the m id

upper Ross Sandstone Formation. Dunbarella sp. becomes more abundant 

towards the top of the Ross Sandstone Formation. Occurrence of thin-shelled 

ammonoids is also shown in Fig, 3.41: there are no distinctive trends when one 

examines the numbers of thin-shelled ammonoids at each locality through the 

Ross Sandstone Formation.
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Stratigraphic Range at outcrop of bivalves and thin-shelled ammonoids in the Ross Sandstone Formation
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In a few isolated localities in the Shannon Basin, bivalves are the dominant 

element of the fauna in a given horizon or section; this is the case in the upper 

2 m of the Fisherstreet Bay section, Doolin, north Clare, where Dunbarella sp. is 

very abundant, whilst ammonoids are rare (see Ch. 2, Fig. 2.4). Similarly, a less 

than 30 cm-thick bed at Foynes Island is dominated exclusively by 

posidoniform bivalves [see Ch. 2, Table 2.3],
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3.5 Palaeoecology

3.5.1 Ammonoid basinal communities

The basinal  community  of the British Serpukhovian and Bashkirian has been 

portrayed  by Ramsbottom (1978]  as relatively deep water ,  dominated by free- 

swimming forms including ammonoids  and pterioid bivalves [Fig. 3.42). This 

model  is consis tent  with faunal a ssemblages p resented  here and is there fore  

taken to be valid for the Shannon Basin. Thick-shelled a mmonoids  are  thought  

to have had a nekto-benthic  lifestyle [Weste rmann 1996). Benthic 

communit ies  are  commonly repor ted  as absen t  or  l imited to a few 

brachiopods,  crinoids, and t ri lobites [Saunders  & Swan 1984; Ramsbottom 

1978).

Fig. 3.42. Serpukhovian-Bashkirian am m onoid  comm unity (after Ramsbottom 1978).  (a) 

H udsonoceras (ammonoid), (b) R eticuloceras  (ammonoid), (c) Posidonia  (bivalve), (d) 

D unbarella  (bivalve).
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Fig. 3.43. Trilobite pygidium from "Dunmore Head w est band" sample [Chapter 2 , section 

2.2.2.8]. Pencil for scale.

3.5.2 Thin-shelled ammonoids

The two genera A nthracoceras  and Dimorphoceras are  sometim es thought  to 

occur  together  in condi tions that  are  not  favourable  to o ther  groups of 

ammonoids  (Bisat 1933).  Indeed, thin-shel led goniat ites  are generally thought  

to be able tolerate  lower salinities compared  to thick shelled goniatites,  which 

are  thought  to have lived in environments  with normal  salinity (Sevastopulo 

2009). However,  in the Shannon Basin they are a minor  com ponent  of the 

faunas in all highly condensed sections, which a re domina ted by thick-shel led 

ammonoids  [Fig. 3.41 shows the s tra t igraphic  ranges o f Anthracoceras  and 

Dimorphoceras through  the  Ross Sandstone Formation) . For fur ther  discussion 

on palaeosal init ies in the Shannon Basin, see Chapter  4.

3.5.3 Bivalves

The palaeoecology of Palaeozoic bivalves is still largely unknown:  proposed 

modes of life range from pseuplankton,  to planktonic  larvae, to epibyssate



(Wignall 1994). It has been suggested that they were either free swimming or 

attached to plants (Ramsbottom 1978).

The presence of a byssal notch would represent strong evidence for the 

bivalves to have been epybissate in life [through pseudoplanktonic 

attachment), perhaps attaching to plant debris or other substrate, but no such 

notch has been seen on any bivalve specimen from the Shannon Basin. The 

asymmetry of the hinge line (with respect to the umbone) that typifies most 

Dunbarella specimens examined suggests that, if these organisms were free- 

swimming, they most likely would not have swum in a straight line. One could 

therefore speculate that perhaps they were pseudo-nektonic animals, 

swimming only occasionally and for brief intervals. They may have been 

suspension feeders, in addition, Dunbarella specimens are often associated 

with disoxyc conditions [Wignall 1994).

Recently, the Latest Visean bivalve Ptychopteria (Actinopteria) lepida has been 

interpreted as pseudoplanktonic in lifestyle based on palaeobiological 

constraints at the sea floor [Nyhuis etal. 2015).

3.5.4 Benthic fauna (crinoids, corals and trilobites)

Occurrence

A zaphrentid-type solitary coral specimen [3D external mould with details of 

the ornament) was found in Foynes Island, in the uppermost part of the 

section, at the type locality for R. subreticulatum  [F0Y14: Chapter 2, Table 2.3). 

The same horizon contains abundant crinoid ossicle- and stem moulds, as well 

as ammonoids, plant and bivalve material.

Two additional coral specimens, with accompanying crinoid and ammonoid 

material, were found in a loose block at Fisherstreet Bay, Doolin [see Chapter 

2, section 2.2.1.4, for a discussion on the correlation of this block).
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Discussion

The presence  of crinoids, corals and t ri lobites in the Shannon Basin is 

surpr is ing given that  Serpukhovian-Bashkir ian basinal areas  are believed to 

rep resen t  a nektic or  planktonic  palaeocommunity,  v^ith no benthic forms due  

to anoxic sea floor condi tions (Ramsbot tom 1978).  The fragmented and 

disar ticulated na tu re  of the crinoids suggests  they were  subjected to pos t 

mortem transport .  Similarly, the corals may have been t ranspor ted ,  since there  

is no evidence to suggest  they are  in situ. However , the lack of any coarser  

debris  and o ther  detri tus,  and the lack of indication of significant curren ts  

argue against the idea of t ransport a t ion  from shal lower  water.  If indeed 

allochthonous, they must  have been living elsev/here  in the basinal area, 

indicating at the very least that  oxic/dysoxic bot tom condit ions prevailed at 

least in some par ts  of the basin.

Furthermore,  the presence  of "deep w a t e r ” crinoids a t Fishers t reet  Bay (see 

Chapter  2, section 2.2.1.1) indicates disar ticulation could have occurred in situ, 

wi thout  need for t ransport .  Consistent ly with this, evidence for bioturbat ion in 

the Clare Shale succession in the shape  of pyrite bu r row s  both at Foynes and 

Inishcorker,  suggests that  the Clare Shale Formation was not  deposi ted unde r  

anoxic condi tions and adds  suppo r t  to the theory  of an oxic/dysoxic ocean 

floor (see Brai thwaite 1993 for discussion),  it is also possible that  t em pora ry  

oxygen-rich bot tom cu rren ts  allowed periodical  colonization of the sea floor in 

Serpukhovian-Bashkirian t imes (Ramsbot tom 1978).

The finding of a single tri lobi te pygidium (Fig. 3.43) a t  Dunmore  Head wes t  

(Chapter  2, section 2.2.2.8) is consis tent  with this, even though it w as  probably 

t r anspor ted  from e lsewhere  in the basin and may be the resul t  of moulting. A 

trilobite specimen was also recovered from the Clare Shale Formation in 

Bal lybunnion (Fallon pers. comm. 2015).
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C hap te r  4 A m m ono id  Distribution an d  Salinity Implications

4.1 Introduction

Thick- and thin-shel led a mm onoid s  and  thin-shel led bivalves have long been 

known from widespread,  black, ca rbonaceous  shale units known as "marine 

b a n d s ” (Bisat & Hudson 1943;  Ramsbot tom 1979)  in Late Mississippian to 

Pennsylvanian basins  of n o r thw es t  Europe. Indeed, the assemblages of thick- 

shelled ammonoids  a re  used extensively in biostrat igraphic  zonat ion for rocks 

of this age (Bisat 1924;  Riley eta l.  1995). Ammonoids, on the basis of 

comparisons with living Nautilus, a re  generally thought  to have lived in 

env ironmen ts  of normal  mar ine  salinity (Ramsbottom 1969). Suggestions that  

som e  may have been able to live in hypohal ine and hyperhal ine wa te rs  have 

also been put  forward  (W es term ann  1996). However,  while this may be the 

case for thin-shel led a m m onoids  such as Anthracoceras  and Dimorphoceras  

(Hudson & Cotton 1943, p. 151), it has not  been suggested for thick-shelled 

ammonoids .  Therefore  the la t ter  serve as useful palaeoenvironmental  

indicators  that  can help set t le deba tes  on salinity. This is invest igated here.

The salinity of these  late Mississippian-Pennsylvanian basins  have been the 

subject  of much deba te  with lower  salinity values  suggested for par ts  of the 

succession (Holdsorth & Collinson 1988;  Pyles 2009). Higgs (2009)  presen ted  

an ext reme  view that  the succession in County Clare was deposited in a 

f re shwater  lake with br ief mar ine  incursions. Here the presence of several  new 

ammonoid -bearing  horizons in the  siliciclastic fill of the Shannon Basin, 

w e s te rn  Ireland, is r ecorded and the  evidence for salinity th roughout  

deposi t ion is discussed.
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4.2 Highstand-lowstand model

Within the  Ross Sandstone Formation of the Shannon Basin, ammonoids  are  

concentra ted in laterally extensive black shale intervals,  which are  in terpreted 

as condensed  sect ions produced during intervals of sed im ent  s tarvation.  These 

have commonly  been refe rred to as "marine b a n d s ” [e.g. Hudson & Cotton 

1943; Hampson etal .  1997), implying that  the intervening s t ra ta  may not  have 

been fully marine.

It has been a rgued that  ammonoids  are  res t ric ted to the condensed sections 

and the bounding  s t ra ta  were  ba rren  (e.g. Bisat & Hudson 1943; Ramsbottom 

1969 ,1977;  Collinson 1988).  The idea that, dur ing the Serpukhovian and 

Bashkirian, sediments  show cyclical pa t te rns  (Collinson 1988)  was already 

well k nown when  Holdsworth & Collinson (1988)  es tabl ished the concept  of 

faunal and  salinity cycles in the Serpukhovian and Bashkirian of Britain, 

building upon w ork  by Ramsbottom (1962) on four  boreholes  in the Ashover 

area of Derbyshire.  Each cycle was  interpre ted  as record ing changing salinity, 

from an intra-basinal peak at the lowest  level to lower  salinity in the u pper  

par t  (Fig. 4.1). This model , which can be referred to as the "highstand-  

lo ws tand” model,  envisages highstands of sea level affecting small, 

in tracratonic  basins, o therwise cut off from the open  ocean (Fig. 4.2). This 

series of basins  in no r thw es te rn  Europe are  thought  to have developed as a 

resul t of crustal  extension in the latest  Devonian and Mississippian t ime 

(Leeder  1976;  Leeder & McMahon 1988).  The p resence  of eustat ic sea level 

fluctuat ions related to the Gondwanan ice sheet  is now well establ ished 

(Davies 2008;  Holdsworth & Collinson 1988; Maynard & Leeder  1992; Waters  

& Condon 2012) . Flooding of these  basins  l inked to high-frequency,  eustat ic 

changes in sea level (Davies etal .  1999) control led by fluctuat ions in ice-sheet 

extent  in Gondwana is thought  to have resul ted in normal  mar ine fauna 

populat ing the basin w a te rs  (Fig. 4.2a) and salinity reaching typical marine  

values (Ramsbot tom 1977; Maynard & Leeder 1992). Conversely, at  lowstands 

of sea level, when  basin connect ions to the open ocean were  more restricted,  it 

has been proposed  that  salinity was reduced  due to substantial  influx of fresh
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water from large adjacent river systems (Fig. 4.2b). Moreover, successive 

salinity peaks w^ere suggested to be associated w ith  distinctive ammonoid 

assemblages (Ramsbottom 1969), However, the mechanisms behind this are 

not clear and more recent w ork suggests that the pattern is not as simple as 

originally envisaged. Thus the question is whether the basins were so isolated 

from the oceans that it was possible to develop hyposaline conditions 

thoughout individual basins.

This model was subsequently discussed in several studies such as that by 

Martinsen et al. (1995), where the relationship of ammonoid-bearing bands to 

sea level was examined, and that by Waters et al. (2008) who discussed the 

fluvio-deltaic succession in the Pennsylvanian of the Central Pennine Basin 

(UK) and related two (R2cl and R2c2 sub-biozones) ammonoid bands to fourth- 

order marine highstands.

Barren

Fig. 4.1. ideal faunal and salinity cycles in the Serpukhovian and Bashkirian of Britain, after 

Ramsbottom (1962), Holdsworth & Collinson (1988) and Martinsen etal .  (1995). (a) Eustatic 

sea level curve varying from highstand to lowstand and its probable relation to the faunal 

changes through the cycle in (b).
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4.3 Ammonoid distribution in the Shannon Basin

The cyclothem ic deposits  [the Central Clare Group; Rib-Rzc; Fig. 1.8), each  

contain a unit o f  am m onoid-bearing black shale  interpreted as a maximum  

flooding surface with normal marine salinity, overlain by com plexes of deltaic  

siltstones and sandstones  barren of am m onoids  and interpreted as having  

been for the m ost part hyposaline. Am m onoids have not been found in the 

s lum ped slope deposits  of the Gull Island Formation (Fig. 1.8). The underlying  

Ross Sandstone Formation (Hza-Ria) and Clare Shale Formations [P2 -H2a) are, 

however, the focus of this chapter.

N ew  evidence from the Ross Sandstone Formation (Figs. 4 .3-4.6) sh ow s that 

w aters  w ere  not devoid of normal marine fauna during times of higher 

sed im entation  rates in b etw een  the condensed  sections.

A m m onoids in the Ross Sandstone Formation are concentrated in the highly- 

condensed  sections, but have also n ow  been recovered in smaller num bers in 

shale horizons within low -density  turbidite seq u en ces ,  in silt-rich m udstones,  

and as casts o f  the shells at the base of turbidite sandstones. Locality details are 

presented  in Fig. 1.8 and in Chapter 2. Details o f  the different lithological 

settings in which  the am m onoids have been found in the Ross Sandstone  

Formation (see  Fig. 4.3) are show n in Figs. 4.3-4.6.

Highly-condensed sections

Five principal h ighly-condensed sections (see  Ch. 5) have been identified  

within the Ross Sandstone Formation, and several others have been exam ined  

from the Clare Shale Formation during the course  o f  this study (Fisherstreet  

Bay, Foynes Island and Inishcorker localities in Chapter 2) in order to gather  

evidence representative of the entire basin fill. Pulham e t  al. (2 0 1 4 )  

interpreted the condensed  sections as corresponding to highstands coincident  

with interglacials and the intervening strata as corresponding to glacial 

ep isodes  in Gondwana.
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Lithology:

Breccia (shale clasts) 

Very-fine sand□
Fossil material:

2D  A m m onoid

3D A m m onoid

Sand-rich siltstone 
(w ith rippled cross
lam ination)

Siltstone

Shale

Nodule

Sampled
horizon

Depth
(m)

5 0 0 ]

4 0 0 -

3 0 0 -■

Legend

Sandstone
beds/channels

■ Shale

s Slum ped beds

□ Siltstone

200

100

Fig. 4.3. (a) Field photo and sedimentary log through a highly-condensed section in the 

Shannon Basin, located west of Dunmore Head, Loop Head, Ireland, Irish Grid coordinates 

[70494/46845], showing both [b ] mouldic (2D] preservation and (c) solid (3D) preservation of 

ammonoids. (d) Summary stratigraphic log of the Ross Sandstone Formation, showing the 

stratigraphic position of the consensed section shown in (a].
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Shale horizons within low-density turbidite sequences

Ammonoids  have also been recovered from thin (c.2-3 mm thick) hemipelagic 

shale veneers  within low^-density turbidi te  sequences in the Ross Sandstone 

Formation,  both from outcrop and behind-outcrop core material,  in this 

lithological setting, amm onoid s  have been found preserved  as f lat tened moulds 

of the  external  shell [2D preservat ion)  and they have been recorded  at four 

outcrop localities and at  least 94 intervals v^ithin the  borehole  material.
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■ HDD

Fig. 4.4. (a] Field photo and stratigraphic log of low-density turb id ite  sequence in northern 

Senan's Bay, south coast o f Loop Head (Irish Grid Coordinates [76525/47887]) from which 

ammonoids have been recovered, (bj Location of ammonoids found in shale veneers in 

borehole lO-CE-UCD-04 [1 m-long core intervals from borehole lO-CE-UCD-04 were chosen as 

a representative example), (c) Vallites henkei [Schmidt, 1925), an ammonoid preserved in 

borehole material, (d) Summary stratigraphic log of the Ross Sandstone Formation, showing 

the stratigraphic position of the section shown in (a).
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Silt-rich mudstones

Ammonoids have also been found preserved as 3D external casts of the shell 

w^ithin silt-rich, fine-grained, resistant layers that vary in thickness from a few 

mm to C.5 cm. These layers form rounded, nodule-like ribs along bedding, 

within which the ammonoids are found. The layers can be traced along 

bedding for tens of metres (for c.90 m in the Kilbaha Bay East locality in Fig. 

4.5) and are part of hybrid bed successions (Haughton etal. 2009a) in the Ross 

Sandstone Formation. Here, shell features such as chamber walls [septa] and 

coiled shell shape are preserved in the external moulds.
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Fig. 4.5. (a] Field p ho to  and  s e d im e n ta ry  log o f  Kilbaha Bay locality (Irish Grid Reference 

[ 7 5 3 9 4 /4 8 2 6 4 ] )  sh o w in g  posi t ion  of am m o n o id -b e a r in g  s i l t s tone  sh o w n  in [b). (c)

A m m onoids  found in si lt-rich m ud s to n es ,  sh o w in g  in te rn a l  c h a m b e rs  in th e  shell,  (d) S u m m ary  

s t ra t ig rap h ic  log o f  Ross S an d s to n e  Form ation , sho w ing  th e  s t ra t ig ra p h ic  posi t ion  o f  th e  

locality sh o w n  in (a).
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Massive sandstones

Casts o f ammonoids (Fig. 4.6) were first recorded by Goodhue (1996] on the 

underside of a massive sandstone west of Dunmore Head, [70662/46893], on 

the south coast of Loop Head, Co. Clare, Ireland. These casts are postulated to 

have formed as the ammonoids were dragged along the substrate, 

subsequently deposited and covered by the overlying turb id ite  flow, it  is 

possible to see the drag marks created by the ammonoids, which may indicate 

a palaeocurrent flow  to the south. However, the irregular shape of these marks 

suggests that is it is also possible that they are sole markings indicating 

palaeocurrent to the north.

The casts show features of the ornament such as constrictions, which are 

grooves on the in te rio r of the shell. Most specimens show three constrictions 

suggesting the assemblage was dominated by a single ammonoid species, 

which is not identifiable to the genus or species level.
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Fig. 4.6. (a) Stratigraphic position within the Ross Sandstone Formation of massive sandstone 

on the south coast of Loop Head, west of Dunmore Head, Irish Grid Coordinates 

[70662/46893]) .  Here, am monoid casts shown in [c) are preserved on the underside of the 

sandstone bed indicated by the a rrow  in (b).
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Ammonoid distribution w ith in  the Clare Shale Formation

The Clare Shale Formation, in its lower part, is characterized by black shale 

and, in its upper part, by grey shale, w ith darker horizons containing 

ammonoid-bearing concretions [Sevastopulo 2009], In all localities examined, 

it was evident that throughout the Clare Shale succession ammonoid-bearing 

horizons are common in the shale between the highly-condensed sections. 

This is particularly well seen at Fisherstreet Bay.
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4.4 Discussion

During the late Mississippian and Pennsylvanian, sea level fluctuations are 

estimated to have been of the magnitude of 40-100 m (Rygel etal. 2008) and 

are generally thought to have reached peak development during the 

Serpukhovian and Bashkirian Stages, attaining a scale comparable to that of the 

Pleistocene glaciation [Frank et al. 2008; Fielding et a l  2008). Even though the 

Shannon Basin has been considered to be part  of a shallow/ epicontintental 

seaway (Davies 2008),  the new data discussed above and summarised in Figs. 

4.7-4.8 suggest that sea level could not have dropped enough to cut off the 

supply of marine waters  to the Shannon Basin until the onset of the shallow 

water  deltaic environments of the Central Clare Group. During deposition of 

the Ross Sandstone Formation, marine faunas populated the basin waters  

throughout deposition, including during those times which have been 

interpreted as representing low stands. Fig. 4.7 shows the stratigraphic 

position of ammonoid-bearing horizons in and between the main highly- 

condensed sections.
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Based on these data,  the emerging model  of sed imenta t ion  in the Shannon 

Basin [Fig. 4.8] envisages that  at  t imes of high seal level, ammonoids  populated 

the basin, whereas  a t  t imes of low sea-level, despi te  an influx of sed im ent  and 

freshwater ,  a connect ion to mar ine wa te rs  was maintained,  allowing 

ammonoids  to still populate  the basin waters .  F reshwate r  influx into the basin 

would have led to s trati fication of the w a te r  column,  with denser  sa l twater  

forming a wedge  below overlying freshwater .  This would  then  lead to 

deve lopment  of a pycnocline, which may have affected the ecological niches 

ammonoids  were  able to occupy. It is likely that  in such a res tricted,  stratified 

basin the amm onoids  rest r ic ted their  vertical range to the deeper  waters .  Such 

statification is then  likely to have broken  down at t imes of high sea level, when 

full marine condi tions we re  establ ished [cf  Brai thwaite 1995, p. 202].

In such a model,  the basin is envisaged as asymm.etrical, wi th one side higher  

than the other,  allowing for sediment  input  from one side and cont inued 

connect ion to mar ine  w a te rs  on o ther  side.

The presence of mar ine  organ isms  such as coral, t ri lobi te and  crinoids (see 

Chapter  3 for palaeoecology discussion]  th roughout  the basin fill succession 

[both in the Clare Shale Formation and Ross Sands tone  Formation]  is enti rely 

consis tent  with and  adds  evidence for this new model.
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Fig. 4.8. (a) Schematic representation  of emerging model for sedimentation in the Shannon 

Basin, western  Ireland, (b) Concentration of am m onoids in the Shannon Basin visualized in an 

idealized log through the basin fill, showing grea ter  num bers of am monoids corresponding to 

times of lower sedimentation  rate and fewer at times of higher sedimentation rate.
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Braithwaite [1993; 1995)'s inspection of a Clare Shale Formation section at 

Inishcorker is consistent with the data presented here in that she did also not 

observe classical faunal salinity cycles. In addition, the geochemical analyses 

described in Braithu'aite [1995) [using sulphur in pyrite, organic carbon and 

uranium) suggest most [at least 60%) of the Clare Shale Formation succession 

was deposited under marine conditions [Braithwaite 1995, p. 167).

in light of the data presented here for the Shannon Basin, it is clear that other 

basinal successions merit re-investigation. It is likely that previous workers 

have targeted highly-condensed sections rather than the sections in between, 

when looking for marine fossils. In addition to the evidence available from 

ammonoids presented here, conodonts, which are exclusively marine fossils, 

have been recovered from bullions [outside of condensed sections) in the Clare 

Shale Formation by Fallon [Fallon & Murray 2015). Conodonts have also been 

recovered from various intervals outside traditional "marine bands" in 

Stonehead Beck, north Yorkshire, UK by Varker et al. [1990) and Varker 

[1994).
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4.5 Conclusions

The presence of ammonoids at various intervals outside the condensed 

sections is good evidence is for normal marine salinity in the Ross Sandstone 

Formation and Clare Shale Formations of the Shannon Basin. It suggests that 

the concentration of ammonoids in black shale intervals rather than in silt and 

sand sequences is not controlled by salinity fluctuations. Rather, their 

distribution is dictated by different sedimentation rates, which in turn may be 

a consequence of sea level change, with higher concentrations at times of 

sediment starvation and fewer at times of higher sediment input, when they 

are "occluded” [sensu Holdsworth & Collinson 1988) by sediment supply.

There may also have been different taphonomic outcomes in these two 

regimes.

The salinity cycles [Fig. 4.1) described in Holdsworth & Collinson [1988) for 

the Pennine Basin, UK, have not been found during fieldwork and borehole 

analysis in the Shannon Basin. This may be due to differing basin topographies, 

as clearly more marginal areas would be expected to show salinity variation 

during times of sea level variation, it may be that the Shannon Basin was 

deeper and less susceptible to these fluctuations.

What is clear from the data presented here is that the simple notion of "marine 

bands" as the only levels with marine fauna and "barren intervals" is no longer 

tenable. These data are incompatible with the suggestion that the Ross 

Sandstone Formation presents evidence for less than marine salinity put 

forward by Higgs [2009) [also see Pyles 2009). Furthermore, given that marine 

conditions persisted throughout deposition, the term "marine band” is better 

replaced by the term "condensed section”.
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Chapter 5 Correlations within the Ross Sandstone Formation

5.1 Introduction

The Pennsylvanian Ross Sandstone Formation in the w^est of Ireland provides 

an impor tan t  analogue for deep-w ate r  reservoirs  e lsewhere  [see Chapter  1]. 

One of the major  aims of this research was to investigate the biost rat igraphy of 

the Ross Sandstone Formation. A parallel doctoral  s tudy by Colm Pierce at 

University College Dublin [UCD) used both outcrop data  and behind-outcrop 

drilling resul ts to establ ish detai led sedimentological,  l i thostrat igraphical  and 

event  correlat ions within this uni t [Pierce 2015) .  The aim of the combined 

s tudies  was  to provide an integrated high-resolut ion subdivision of the Ross 

Sands tone  Formation that  will unde rp in  a be t t e r  unders tand ing  of lateral facies 

changes,  vertical changes in bed and e lement  types,  the expression of high- 

f requency external  forcing and the w ider  evolut ion of the system. Another  aim 

of the  present  biostrat igraphic  s tudy was to help correlate  the behind-outcrop  

cores  with the adjacent  outcrops. W here  there  is detai led and reliable physical 

correlat ion,  this provides an impor tan t  cross check from wha t  would be 

deduced  from biost rat igraphy alone. If the biostrat igraphic  correlat ion proved 

to be of similar  high resolution, this would s t r eng then  its efficacy in cases 

w he re  the physical correlation is more  equivocal. Assessing the reliability of 

different  approaches is i mpor tan t  when  dealing with more  incomplete  datase ts  

such as those encountered dur ing  hydrocarbon  exploration. In addition, 

together  with the borehole  datasets ,  a be t t e r  biostrat igraphic  f ramew ork  will 

fur ther  enhance  the t ra ining potent ial  of the w ider  Shannon Basin and 

underp in  applied research of direct  relevance to subsurface reservoir  

description.

The da ta  from intensive faunal sampling and identification of ammonoid  taxa 

from several  condensed sect ions in the Ross Sands tone Formation have been 

out lined in Chapter  2. Here, previous biostrat igraphic  efforts are  summ arized  

[section 5.2) and s t rat igraphic  ranges of a m m onoids  within the Ross Sands tone  

Formation a re  re-evaluated in light of  the p resen t  s tudy  [sections 5.3 and 5.4).
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5.2 Ammonoid biostratigraphy in context

Alongside the key role of conodonts as biostratigraphic tools for identifying the 

Mid-Carboniferous boundary (Richards etal. 2011; Sevastopulo & Barham 

2014; Barham etal. 2015; Fallon & Murray 2015], thick-shelled ammonoids, 

plant spores and thin-shelled bivalves (Sevastopulo 2009] have been used to 

subdivide and zone rocks of Carboniferous age. In particular, the usefulness of 

ammonoids in biostratigraphy has long been recognized. Ramsbottom and 

Saunders (1985] summarized the main reasons w^hy ammonoids are 

commonly the preferred organisms for zoning the Carboniferous: they changed 

form rapidly through various successive evolutionary radiations and faunal 

turnovers (also see Becker & Kullmann 1996], and they had a nektonic mode of 

life, resulting in good potential for cosmopolitan post-mortem distribution. 

Indeed, after a drastic decline in ammonoid genera and species (from more 

than 100 genera to about 20] at the end of the Early Carboniferous, the 

Serpukhovian-Bashkirian stages saw/ a proliferation of ammonoids, w'ith an 

increase to 47 genera and more than 200 species (Becker & Kullmann 1996]. 

This rapid evolution has been linked to high-frequency eustatic sea level 

variation (Ramsbottom 1977; 1979]. As reported by Korn etal. (2005; 2012], 

ammonoid faunas in the Tournaisian and early Late Visean are globally similar 

in their tropical occurrences, with the genera Goniatites and Entogonites having 

wide palaeogeographical distribution, indicating cosmopolitism at the genus 

level. Faunas became more provincial in the middle Late Visean and 

dissimilarities become pronounced in the latest Visean, Pendleian, and 

Arnsbergian (Korn etal. 2011; 2012]. Even when provincial, ammonoids can 

be extremely useful in more local studies (Lacchia 2012].

in northwestern Europe, Serpukhovian and Bashkirian ammonoid 

biostratigraphy was first established by Bisat (1924; 1928] and Bisat & Hudson 

(1943], and later developed by Ramsbottom (1969; 1971], largely resulting 

from work in the Central Pennine Basin of northern England (see Waters et al. 

2011],
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Thick-shelled ammonoids in the Shannon Basin span the Ei to R2 biozonal 

indices [Serpukhovian-Bashkirian Stages) [Hodson & Lewarne 1961; Lacchia et 

al. 2015). Most species in the Homoceras zone continued into the Reticuloceras 

zone and gave rise to a huge variety of forms (Becker & Kullmann 1996).
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Fig. 5.1. A compilation of ammonoid taxa recoded by Gillian Lewarne for localities in 

stratigraphic order w ithin the Ross Sandstone Formation (from  unpublished notes). Locality 

names have been updated to reflect locality names in Chapter 3. Ticks indicated presence of a 

given taxon in a locality. Number of ticks indicate abundance, as recorded by Lewarne: /  = rare 

to very rare, / / =  frequent to rare, / / / =  frequent, / / / / =  abundant. W here this occurrence 

has been confirmed in the present study (not necessarily in the same abundance), the box is 

shaded. Boxes w ere shaded w hether or not specimens w ere identified confidently or were  

prefixed w ith  cf (confer).

While the m ajority of occurrences recorded by Lew^arne were also confirmed in 

the present study (confirmed occurrences are represented by shaded boxes in 

Fig. 5.1), several taxa new to a given locality and taxa which had not previously 

been recorded in the Clare Shale Formation and the Ross Sandstone Formation 

have been found in the present study; these are presented w ith  respective 

localities in Chapter 2. The first occurrence o f these taxa is also discussed.
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5.3 Lithostratigraphic correlations

The p re se n t  s tudy  is the first to p resen t  details of abundance  and p roportion  of 

am m onoid  taxa (beyond recording the p resence  of a given am m onoid band 

name) at localities within the Ross Sandstone  Formation since the w ork  of 

Hodson (1954a,b) and Hodson & Lewarne (1961).

5.3.1 Results of current study

During the course  of the p resen t s tudy  and in conjunction with research by 

Colm Pierce [Pierce 2015), a t  least ten am m onoid-rich  shale intervals outside 

of condensed  sections, as well as eight condensed  sections, have been 

identified w ith in  the Ross Sandstone Formation. Amongst the condensed  

sections, five a re  classified as highly-condensed sections because of their 

distinctive lithology, thickness and fossil con ten t  (see Ch. 1) and th ree  are 

classified simply as condensed sections, due to their  th inner  and less 

fossiliferous natu re , and less consis ten t expression  (namely the Toorkeal band 

and the  two am m onoid  bands a t Rinevella; see  Ch. 2 for locality details).

This w ork  a llowed for a revised intra- Ross Sandstone Formation s tra tigraphic  

subdivision (with s tra tigraphic  cycles/un its  R5 to R90 from base to top) to be 

m ade (p re sen ted  in Pierce 2015). This "R subdivision" (Table 5.1) is used to 

provide a new  s tra tigraphic  f ram ew ork  in o rd e r  to tie the  Loop Head 

subsurface  data  to the outcrops and to reassess  the s tra tigraphic  position of 

som e of the  ou tcrops  tha t  w ere  not as well constra ined  prior to this combined 

s tudy  (Pierce 2015). In the  subdivision, eight condensed  sections (including 

one fossiliferous interval identified in the  borehole  material outside the main 

condensed  sections) a re  used as the  uppe r  surfaces of the  R units (except in 

R70, which is topped  by the base of the  Ross Slump, and the topm ost unit, R90, 

which is topped  by a lithostratigraphic  bo u n d a ry  with the Gull Island 

Form ation above).
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The associated  correlation panel is show n in Fig. 5.2, w ith  condensed sections  

helping to link outcrops and borehole sections. The relative am m onoid  taxa 

identified in this study are show n in Fig. 5.2 and relevant localities are shown  

in Fig. 5.3.

R90 Lithostratigraphic boundary: Ross 
Sandstone Formation/Gull Island 
Formation

Cross

R80 Ph. paucicrenulatum  band Cross
R70 Ross Slump with fossiliferous shale rafts Quilty, Kilcredaun, Bridges of 

Ross
R60 Ph. circumplicatile band Quilty, Cloghaunsavaun, 

Cloonconeen, Kilcredaun, 
Blackrock west, Blackrock east 
and Moneen Point

R50 Toorkeal band Toorkeal, Cloonconeen, Fodry, - 
01 borehole, Kilcredaun (Holy 
Well)

R40 Rinevella band Rinevella, St. Senan's Bay
R30 Dunmore West band Rehy Hill, Dunmore West, 

Lighthouse, St. Senan's Bay
R20 Ht. prereticulatus band Reading Room, Ballybunion -03 

and -05 boreholes
RIO Hud. proteus/Ho. sm ithii band Ballybunion, -03 and -05 

boreholes
R5 Fossiliferous shale -03 and -05 boreholes

Table. 5.1. Summary of high-resolution stratigraphic subdivision of the Ross Sandstone

Formation vi'ith unit-bounding condensed sections/s lum p horizons/fossiliferous intervals and 

main core and outcrop localities (after Pierce 2015].

Importantly, not all o f the condensed  sections used in the subdivision contain  

distinctive assem blages. The faunal assem blages identified in this study acted  

as a cross-check for the lithostratigraphic correlations, either supporting them  

w h ere  the assem blages w ere  very similar from locality to locality, or neither  

opposing  or supporting them w h ere  the num ber of identifiable specim ens was  

insufficient to provide reliable information.
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The base of R5 is taken at the lithostratigraphic boundary between the Clare 

Shale Formation and the Ross Sandstone Formation, which is seen in outcrop 

at Ballybunion.

The base of RIO is taken at a fossiliferous black shale interval observed in both 

the lO-CE-UCD-03 and lO-CE-UCD-05 boreholes. It is thinner in the 10-CE- 

UCD-03 borehole (c.20 cm) than in the 10-CE-UCD-05 borehole (c.l m] (Pierce 

2015).

The base of R20 is taken at the "Hud. proteus/Ho. smithii band", which is 

expressed in Ballybunion ["Waterfall band", Ch. 2) and in the lO-CE-UCD-03 

and lO-CE-UCD-05 boreholes.

The base of R30 is taken at the "Ht. prereticulatus" band, which crops out in 

Loop Head ["Reading Room band", "Kicloher Cliff band") and Ballybunion 

["Canal band"), as well in the lO-CE-UCD-03 and lO-CE-UCD-05 boreholes.

The base of R40 is taken at the highly-condensed section commonly referred to 

as "Dunmore West band" [see Ch. 2 for locality details), because this is where it 

is most easily studied [access is not tide-dependent).  This band can be traced 

physically from the tip of Loop Head ["Lighthouse band") along the south coast 

west  of Dunmore Head, to Senan's Bay, to Rehy Hill. Interestingly, the 

condensed section is not present  at Kilcredaun, further east, even though the 

localities s traddle the R30/40 contact [Pierce 2015), nor is it present in the -04 

borehole. This is probably due to erosion [the lO-CE-UCD-04 borehole contains 

rafted shale blocks), but could also be explained by lateral facies change, 

although this seems unlikely.

The base of R50 is taken at a thin condensed section with a non-distinctive 

ammonoid fauna [dominated by Reticuloceras/Phillipsoceras sp. and V. cf 

henkei] which crops out at Rinevella Bay [60 cm black shale above a slump at 

Rinevella point), St. Senan's Bay and Kilcredaun.
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The base of R60 is taken at the "Toorkeal band" (see Ch. 2), which is also 

expressed at various outcrop sections [Fodry; Holy Well; Cloonconeen) and in 

the 09-CE-UCD-01 borehole. The faunal assemblage is rich, but not diagnostic, 

w ith  dominance by Reticuloceras/Phillipsoceras spp.

The base of R70 is taken at the "Ph. circumplicatile band", which is a highly- 

condensed section expressed at Quilty, Cloghaunsavaun, Cloonconeen, 

Kilcredaun, Blackrock west, Blackrock and Moneen Point. Interestingly, the 

section is much thinner (a change from c.3 m to c.40 cm: Pierce 2015) and less 

pro lific  at Blackrock and Moneen Point, implying a significant lateral change in 

expression westwards for this band.

The base of R80 is placed at the base of the Ross Slump (Gill 1979; Strachan 

2002] where rafted beds of black shale are present

[Phillipsoceras/Reticuloceras spp. and Ph. c f paucicrenulatum  were sampled on 

the north coast of Loop Head, [74624/50910].

The base of R90 is placed at the "Ph. paucicrenulatum  band", which is a highly 

condensed section that crops out at Cross, Bridges of Ross and Ballybunion, as 

well as in the 09-CE-UCD-02 borehole. The top of R90 is at the 

lithostratigraphic boundary between the Ross Sandstone Formation and the 

Gull Island Formation.

Interestingly, no "R. dubium band" was identified in the course of this study at 

Ballybunion or at Loop Head, despite several mentions of such a band as the 

biostratigraphicai top of the Ross Sandstone Formation in the literature 

(Collinson et al. 1991; Lien et al. 2003). While the taxon R. dubium Bisat & 

Hudson, 1943 was recorded at Ballybunion as a m inor component of the "Ph. 

paucicrenulatum  band", it was not found at all on Loop Head.
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Fig. 5.3. Geological map o f the Shannon Basin, showing localities mentioned in the text.

5.3.2 Discussion

The main five highly-condensed sections that have been recognized in the Ross 

Sandstone Formation in the present study are employed as unit-bounding 

surfaces in the R subdivision (Table 5.1). In addition, lesser-condensed sections 

are also included (top R5, R40, R50], as well as slump horizons (top R70) and 

lithostratigraphic boundaries (top R90). W hilst lithostratigraphic correlations 

in the lower Ross Sandstone Formation are well constrained, the mid- to upper 

Ross Sandstone Formation sections proved to be the most d ifficu lt to correlate. 

This is mostly because the condensed sections are thinner and less distinctive 

in terms of lithology and faunal assemblages.

Certain condensed sections appear to be laterally discontinuous (e.g. Dunmore 

Head west band eastwards to Kilcredaun) and others are split by event beds 

such as thick (c.30 cm) interbedded sandstone beds (e.g. Bridges of Ross or 

Senan's Bay). This suggests sand supply punctuated times of sediment 

starvation. Overall, condensed sections appear to be better expressed to the
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west  and thin and split as they are traced eastwards (e.g. Dunmore West band), 

which is surprising given the dominant sediment supply direction to the NE 

[Lien etai  2003). it might be expected that intervening sediment packages 

would split the condensed sections westwards rather than eastwards. This 

may suggest that sediment supply direction at the time of deposition of the 

condensed sections was somewhat different than the dominant palaeoflow (to 

the NE) at times of major sediment input.
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5.4 Ammonoid biostratigraphy

5.4.1 Material

More than 3000 specimens from Loop Head, Ballybunion and  north Clare w ere  

investigated during the course of this study. Specimens from the Leinster 

Coalfield, Ireland, and m useum  collections (National Museum of Ireland, 

Manchester  Museum, British Geological Survey, Keyworth, UK, and  Geological 

Sciences Museum of the University of Gottingen) w^ere also examined in o rder  

to s t rengthen  identifications. While many of the specimens from the Ross 

Sandstone Formation could not  be identified to the species  level due to poor  

preservat ion and lack of diagnost ic features  of the o rn am e n t  (see Chapter  3], 

detailed sampling and identification through  much of the basin fill provide new 

data  on ammonoid  occurrence and  b iostrat igraphy in the Shannon Basin. 

Having descr ibed the taxa systematical ly in Chapter  3, assemblages and first 

occurrence data  are  p resented  and analysed here  (Fig. 5.4).

5.4.2 Rationale and metliods

First appearance  defines the  ammonoid  biozones used in correlat ion (e.g. 

Ramsbottom etal .  1978; Holdsworth & Collinson 1988; Davies etal.  2008; 

Waters  & Condon 2012),  with the bases of biozones coinciding with the base of 

specific ammonoid  bands  (also see Ch.l).  A first appearance  diagram with 

ammonoid  occurrences and  ranges in the  Ross Sandstone Formation is 

presented  in Fig. 5.4. Assemblage data  for the  five main highly-condensed 

sections in the Ross Sands tone  Formation are  presented  in Figs. 5.5 to 5.11 (for 

details of taxa at a given locality, see Ch. 2).
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Formation, vi/estern Ireland.

Following sample examination and identification, the Chi-square test of 

independence was performed using Palaeontological Statistics software (PAST 

version 3.04) in order to test the association between the frequency of

stratigraphic 
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a s s e m b la g e s  and the  locality, i.e. w h e th e r  th e  d i f feren ces  in a s s e m b la g e s  from  

loca lity  to loca lity  are s ta t is t ica lly  s ignificant. T h e  q u es t io n  th e  te s t  s e e k s  to  

a n s w e r  is; are th ere  statist ica l d i f feren ces  b e t w e e n  the  d is tr ib u t ion  o f  the  

a ss e m b la g e s ?  The te s t  c o m p a r e s  o b se r v e d  data [o b se r v e d  fre q u e n c ie s )  w ith  

w h a t  yo u  w o u ld  e x p ec t  to find by  ch a n ce  a lo n e  (e x p e c te d  fr e q u e n c ie s )  and  

d e te r m in e s  w h e th e r  the  o b se r v e d  freq u en c ie s  are  statis t ica lly  d ifferent  from  

the  e x p e c te d  freq u en c ie s  (Urdan 2 0 0 5 ) .  This t e s t  is u sed  w h e n  d ea l in g  w ith  

qua lita t ive  [categor ica l)  variables; in the  ca se  o f  a s s e m b la g e s  o f  a m m o n o id s ,  

the  categor ica l variable  [factor) is the  location . V ariables to be  an a ly sed  are  

en te r e d  in to  so -ca lled  c o n t in g e n c y  tab les ,  w h e r e  the  ce l ls  con ta in  o b se r v e d  and  

ex p e c te d  frequencies .

T he  null h y p o th e s is  s ta te s  that taxon  n u m b ers  for individual loca lit ies  are  the  

resu lt  o f  ch a n ce  on  se le c t io n  from a c o m m o n  pool. That is, if o n e  rejects  the  

null h y p o th e s is ,  the  tw o  p o p u la t io n s  h a v e  not b e e n  d ra w n  from  a co m m o n  

p o p u la t io n  and th ere fo re  are different. Once th e  o b se r v e d  C hi-square  va lu e  is 

c o m p u te d  [u s in g  PAST in th is  case ) ,  w id e ly -a v a i la b le  tab les  [e.g. p. 1 7 8 ,  Urdan  

2 0 0 5 )  can b e  used  to obta in  a critical va lu e  o f  certa inty , u s in g  th e  d e g r e e s  of  

freed o m  [df), w h e r e  df = (R -1)[C -1) and R is th e  n u m b er  o f  r o w s  and C is the  

n u m b e r  o f  co lu m n s  in a co n t in g e n c y  table.

U sing  th is  test ,  a s s e m b la g e s  in the  five m ain  h ig h ly -c o n d e n se d  s e c t io n s  w e r e  

c o m p a r e d  from  locality  to locality, w h e r e  loca lit ies  had b e e n  corre la ted  by  

physica l m e a n s  to te s t  w h e th e r  th ere  w e r e  stat is t ica l  d if feren ces  b e t w e e n  the  

a s s e m b la g e s  and resu lts  are p r e se n te d  in T ab les  5.2 to 5.9.

5.4.3 Results

T he first a p p ea ra n ce  o f  Hud. p r o te u s  and Ho. sm ith i i  can b e  u sed  to d is t in gu ish  

the  lo w e r m o s t  h ighly  c o n d e n s e d  sect ion . In fact, it has a d is t in c t iv e  a s s e m b la g e  

[Fig. 5 .5 )  d o m in a te d  by Hud. p r o te u s  a n d  Ho. sm i th i i  both  in B allybunion  and  in 

b o r e h o le s  lO-CE-UCD-03 and lO-CE-UCD-05. T his  c o r r e sp o n d s  to the H2a[i) o f  

H o ld sw o rtb  and Collinson [1 9 8 8 ) .
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Ammonoid assemblages in the "Hud. proteus- Ho. smithii" band (Chapter 2, 

Section 2.2.2.1) were compared from locality to locality using the Chi-square 

test, in the contingency tables, species preceded by cf. [confer) are treated as 

the same as those not preceded by c f [since the difference is mainly thought to 

be due to preservation). Since the critical value is greater than the observed 

Chi-square value, the null hypothesis that the assemblages arose by chance 

from a common pool is accepted w ith  an alpha level of 0.05 [Table 5.2). In 

other words, the results are statistically insignificant.

1000

100

10

Ho. sm ith ii

“  Anthracoceras/ 
Dimorphoceras sp.

Ho. cf. sm ith ii 

-  Hud. proteus

Ballybunion Core 05 Core 03

Fig. 5.5. Comparison o f ammonoid assemblages in the "Hud. proteus-Ho.smithii band" at 

d iffe ren t localities. The vertical axis shows the num ber o f specimens on a log scale.

Taxa Core 05 Core 03 Ballybunion W aterfall band

Ho. smithii 15 11 360

Ho. undulatum ? 0 0 1

Hud. proteus 1 1 24

OUTPUT

Rows, columns: 3, 3 Degrees
freedom:

4

Chi2; 0.1586
3

p (no assoc.): 0.99702

M onte Carlo p: 1

The null 
hypothesis is 
accepted, using 5% 
alpha

Table 5.2. Contingency table and Chi-square test results fo r the "Hud. proteus- Ho. sm ith ii" band 

using PAST software.
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The first appearance of Ht. prereticulatus can be used to distinguish the second 

lowermost highly condensed section, in addition, this band is again distinctive 

and easily recognized by its assemblage, which is almost entirely monospecific 

and dominated by Ht. prereticulatus [and Ht. cf prereticulatus) in outcrop 

localities at Ballybunion and Loop Head, and in boreholes lO-CE-UCD-03 and 

lO-CE-UCD-05 (Fig. 5.6). This corresponds to the H2c(ii) of Holdsworth and 

Collinson [1988].

1000

-  Ht. prereticu la tus

100

10  •-

Ht. cf. p rereticu la tus

- A n th racoceras/ 
D im orphoceras sp.

‘ H om oceratoides sp.

H om oceratoides sp, i

-  R./Ph. sp.?

H om oceras/V allites sp. \

Fig. 5.6. C om parison  of a m m o n o id  a sse m b lag e s  in th e  "Ht prere ticu la tu s  band"  a t  d if fe ren t 

localities. The vertical axis s h o w s  th e  n u m b e r  of sp ec im en s  on a log scale.

When one compares assemblages from locality to locality using the Chi-square 

test for the "Ht. prereticulatus’’ band [Table 5.3), the null hypothesis was 

accepted and the assemblages tested as arising from a common pool [i.e. the 

results were statistically insignificant).
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Reading
Room

Reading Room w est Kicloher
Cliff

Ballybunlon

Ht. prereticulatus 166 294 144 225

H om oceratoides sp. 1 3 0 0

OUTPUT

Rows, columns: 2, 4 D egrees freedom : 3

Chl2: 3.5748 p (no assoc.): 0.31119

M onte Carlo p: 0.3267
The null hypothesis Is
accepted, using 5%
alpha

T able 5.3. O bserved  freq u en c ie s  for th e  “Ht. prere ticu la tus"  b an d  an d  re su lts  from  th e  Chi- 

sq u a re  te s t u sing  PAST so ftw are .

The genera Reticuloceras/Phillipsoceras first a ppear  [without  uncertainty 

denoted by confer  or  quest ion marks)  at  the third highly-condensed section: 

the "Dunmore Head wes t  band".  The presence o f Reticuloceras/Phillipsoceras 

spp. in the lO-CE-UCD-04 borehole,  which is placed slightly below the 

"Dunmore Head w es t  band" (Fig. 5.4) is not  taken into account  because they 

are  preserved on raf ted shale debris.

The "Dunmore Head wes t  band" has  a diverse  and rich ammonoid  assemblage 

(Fig. 5.7), which is not  distinctive and thus cannot  be confidently linked to a 

given ammonoid band  in the w e s te rn  European framework.  However,  the 

diversity of the assemblage and the  presence o f Reticuloceras/Phillipsoceras 

spp. help constrain its level in the Ross Sands tone  Formation,  which is shown 

in Fig. 5.4.

Whilst  the assemblage is diverse, the  p roport ion of Reticuloceras/Phillipsoceras 

spp. compared  to all o ther  taxa is very high, as shown in Fig. 5.8.
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100
-  R ./Ph. sp.

“  V.henkei

V.cf. h en kei 

“  H t cf. p r e r e tic u la tu s

-  H t p r e r e tic u la tu s  

Ph. cf. pc.

-  Ph. p c

“  Hd. cf. m a g is tro ru m  

H o d  m a g is tro ru m

-  Ph. cp.

A /D s p

H t c f  va r ic a tu s  

H t va r ic a tu s  

H t va r ic a tu s?  

F am ily cp.-pc.

Ph. c f  cp.

Ph. cp. ?

R. c f  pu lch ellu m

Fig. 5.7. Comparison of ammonoid assemblages in the "Dunmore Head w est band" at different 

localities. The vertical axis shows the num ber  of specimens on a log scale.

Reticuloceras/ 
PhUUpsoceras sp.

« All o the r  taxa

Fig. 5.8. Proportion of Reticuloceras/Phillipsoceras spp. com pared to all o ther  taxa at the 

Dunmore Head west locality, w here  the "Dunmore Head w est band" crops out.

In the case of the "Dunmore Head w est band", there is a statistically significant 

relationship between locality and assemblage (Table 5.4). In fact, the results 

are very statistically significant with Chi-square of 114.99 and p  of 0.0001.

Dunmore Head west Senan's Beach
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Therefore the two populations have not been drawn from a common 

population and are statistically different.

Dunmore Head W  
Band

Rehy Hill Band Senan's 
Beach Band

R./Ph. sp. 46 24 43

V.henkei 82 7 4

Ht. prereticulatus 10 0 2

Ph. paucicrenulatum 6 3 1

Hod. magistrorum 7 0 0

Ph. circumplicatile 17 18 0

Ht. varicatus 12 2 0

R. cf. pulchellum 0 4 0

OUTPUT

Rows, columns: 8, 3 Degrees freedom: 14

Chi2: 114.99 p (no assoc.): 6.01E-18

M onte Carlo p: 0.0001

Reject the null hypothesis, using 5% alpha

Table 5.4. Observed frequencies fo r the "Dunm ore Head West" highly-condensed section and 

results from  the Chi-square test using PAST software.

In the case of the next highly-condensed section, the "Ph. circumplicatile band", 

no firs t appearance can be used to distinguish it in the Ross Sandstone 

Formation and its assemblage is diverse (Fig. 5.9). In fact, the first appearance 

of R. pulchellum, which appears at this level in the stratigraphy at Quilty and 

Cloghaunsavaun (see Ch. 2 for locality details), is not confirmed at all localities 

where "the Ph. circumplicatile band" crops out. This corresponds to the Ria(ii) 

of Holdsworth and Collinson (1988). This band can be recognised in the 

Shannon Basin on the basis of the last appearance of Ph. circumplicatile in the 

Ross Sandstone Formation (Fig. 5.4), although its last appearance globally is 

placed at a higher level, specifically at the Rla3-Rla4 indices (the last 

appearance datum was sourced from the database Goniat.org) corresponding 

to the R. subreticulatum  and R. todmordenense ammonoid bands in the western 

European framework.

The proportion of Reticuloceras/Phillipsoceras spp. compared to all other taxa 

is again very high, as shown in Fig. 5.10.
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-  Ph. circumplicatile

•  Ph. cf. circumplicatile

■ Hudsonoceras/ 
Baschkirites cf. ornatus

“  Hudsonoceras/ 
Baschkirites ornatus 
R. cf. pulchellum

"  R. pulchellum

- Ph. c f paucicrenulatum

•  V. c f henkei

-  V. henkei

-  Ht. c f varicatus

■ Hod. c f magistrarum

•  Ph. paucicrenulatum  

R./Ph. sp.

A /D  sp.

Dunbarella sp. 

Caneyella sp.

Fig. 5.9. Comparison of ammonoid assemblages in the "Ph. circumplicatile band" at different 

localities. The vertical axis shows the number of specimens on a log scale.

Reticuloceras/ 
Phillipsoceras sp.

All other taxa

Fig. 5.10. Proportion of Reticuloceras/Phillipsoceras spp. compared to all other taxa at the 

Quilty locality where the "Ph. circumplicatile band" crops out.
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In the case of the fourth highly-condensed section, i.e. "Ph. circumplicatile 

band", there is a statistically significant relationship between locality and 

assemblage (Table 5.5]. Therefore the two populations have not been drawn 

from a common population and are different.

Quilty Cloghaunsavaun Kilcredaun 
Top Band

Ballybunion
cp

Ph. circumplicatile 45 11 32 17

Hudsonoceras
ornatum/Baschkirites
ornatus

13 3 0 4

Reticuloceras pulchellum 4 9 1 0

V. henkei 2 5 10 1

Ht. cf. varicatus 0 2 0 0

Hod. cf. magistrorum 0 1 0 0

Ph. paucicrenulatum 12 10 28 23

OUTPUT

Rows, columns: 7, 4 Degrees
freedom:

18

Chi2: 78.894 p (no assoc.): 1.34E-09

M onte Carlo p: 0.0001

Null hypothesis rejected, using 5% alpha

Table 5.5. Observed frequencies fo r the "Ph. circum plicatile" highly-condensed section and 

results from the Chi-square test using PAST software.

The topmost highly-condensed section in the Ross Sandstone Formation, the 

"Ph. paucicrenulatum band" cannot be defined by first appearance of any taxon. 

However, this band is characterized by dominance of Ph. paucicrenulatum, 

which makes it  a distinctive band, useful in local correlation [Fig. 5.11). 

However, although probably corresponding to the "R. todmordenense band", 

the "Ph. paucicrenulatum band" is not recognized in the western European 

framework of ammonoid bands. The occurrence of R. dubium in this band is 

restricted to the Ballybunion locality, thus it is not diagnostic.
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100

Ph. cf. paucicrenulatum  

Ph. paucicrenulatum  

R./Ph. sp.

V cf. henkei 

R. cf. dubium  

R. dubium

Fig. 5.11. Comparison o f amm onoid assemblages in the "Ph. paucicrenulatum  band" at d iffe ren t 

localities. The vertical axis shows the num ber o f specimens on a log scale.

As in the case of the "Ph. circumplicatile band" below, the topmost highly- 

condensed section displays a statistically significant association between 

locality and distribution o f assemblage (Table 5.6].

Cross Ballybunion pc Bridges of Ross 02 Core

Ph. paucicrenulatum 51 19 68 7

R./Ph. sp. 8 96 12 14

V cf. henkei 0 8 0 0

R. dubium 0 11 0 0

OUTPUT

Chi-squared

Rows, columns: 4, 4 Degrees
freedom:

9

Chi2: 147.63 p (no assoc.): 2.73E-27

Monte Carlo p : 0.0001

Reject null hypothesis, using 5% alpha

Table 5.6. Observed frequencies fo r the "Ph. paucicrenulatum" highly-condensed section and 

results from  the Chi-square test using PAST software.

Ballybunion Bridges o f 02 Core 
"pc" Ross

Cross

271



The Chi-square tes t  w as also perform ed on ano the r  condensed  section, in 

addition  to the five highly condensed  sections: the  condensed  section that  

crops out at Toorkeal [Chapter 2, section 2.2.2.13) and is correla ted  with 

Cloonconeen (Chapter 2, section 2.2.2.16), Holy Well [Chapter 2, section 

2.2.2.15) and Fodry/R. Bay W est [Chapter 2, section 2.2.2.25). In this case, 

there  is a statistically significant association be tw een  locality and distr ibution 

of assemblage. The null hypothesis  is rejected and the assem blages are  

statistically different [Table 5.7).

Holy Well Toorkeal Cloonconeen Fodry

R./Ph. sp. 36 43 54 52

Ht. prereticulatus 3 0 0 0

Ph. paucicrenulatum 4 3 41 24

V. henkei 15 45 11 11

R. pulchellum 0 5 0 0

Ph. cf. circumplicatile 0 0 18 5

Hod. magistrorum 0 0 0 5

OUTPUT

Rows, columns; 7, 4 Degrees

freedom:

18

Chi2: 146.4 p (no assoc.): 3.71E-22

M onte Carlo p; 0.0001

Reject null hypothesis, using 5% alpha

Table 5.7. Observed frequencies for the Toorkeal condensed section and resu lts from the Chi- 

square  te st using PAST softw are.

Next, com parisons w ere  m ade b e tw een  assem blages in different condensed  

sections to tes t  w h e th e r  they w ere  statistically independent. This was not the 

case for the  "Ph. circumplicatile" assem blage at Quilty, com pared  to the  "Ph. 

paucicrenulatum "  assem blage at Cross [Table 5.8). In this case, there  is a 

statistically significant association be tw een  locality and distribution of 

assemblage. The null hypothesis  is rejected [the assem blages a re  statistically 

different). This sam e  result  was ob tained  w hen  com paring the Dunm ore Head 

W assem blage  [third h ighly-condensed section from the base of the Ross
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Sandstone Formation) w ith  the Quilty assemblage ["Ph. circumplicatile" band; 

Table 5.9),

■ Cross Quilty

Ph. paucicrenulatum 51 13

R./Ph. sp. 8 53

V cf. henkei 0 2

Ph. circumplicatile 0 44

Reticuloceras pulchellum 0 4

Hudsonoceras ornatum/Baschkirites ornatus 0 13

OUTPUT

Rows, columns; 6, 2 Degrees freedom: 5

Chl2: 107.61 p (no assoc.): 1.31E-21

Monte Carlo p: 0.0001

Reject null hypothesis, using 5% alpha

Table 5.8. Chi-square test fo r am m onoid assemblage at Quilty and Cross, Loop Head.

Quilty Dunmore W

Ph. circumplicatile 28 22

Ph. paucicrenulatum 12 6

V. henkei 1 65

Hudsonoceras ornatum/Baschkirites ornatus 13 0

R. pulchellum 4 0

Ht. prereticulatus 0 9

Hod. magistrorum 0 6

OUTPUT

Rows, columns; 7, 2 Degrees freedom: 6

Chi2; 89.874 p (no assoc.): 3.22E-17

Monte Carlo p; 0.0001

USING 5% ALPHA

Reject null hypothesis, using 5% alpha

Table 5.9. Chi-square test fo r am m onoid assemblage at Quilty and Dunmore W, Loop Head.
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5.4.4 Summary of results

Firstly, while some assemblages are globally distinctive (namely those 

indicative of the "Hud. proteus-Ho.smithii band" and the "Ht. prereticulatus 

band"), most are not, and some are only locally distinctive (such as that of the 

"Ph. paucicrenulatum  band"); therefore most bands in the Ross Sandstone 

Formation cannot be confidently linked to a given ammonoid band in the 

Western European framework (see Ch. 1, Fig. 1.17).

While first appearances can be used to correlate in the lower Ross Sandstone 

Formation, in the mid- to upper Ross Sandstone Formation it is not possible to 

distinguish ammonoid bands on the basis of first appearance. Similarly, 

assemblages become more diverse in the mid- to upper Ross Sandstone 

Formation, starting from the third highly-condensed section upwards. There is 

a lack of distinctive ammonoid bands up until the top band, the "Ph. 

paucicrenulatum  band", which has a distinctive assemblage dominated by Ph. 

paucicrenulatum.

In some cases [lowermost two highly-condensed sections) the Chi-square test 

results suggest that assemblages from the same condensed section have arisen 

by chance from a common pool (i.e. are the same), which is a result in 

accordance with lithostratigraphical correlations. In other cases, assemblages 

that are known, by lithostratigraphical means, to correlate, test as statistically 

different (i.e. they have not arisen from a common pool). Assemblages from 

bands that are known (by physical means) not to correlate, also test as being 

different, which is in accordance with correlations. So while this test is in 

accordance with correlations in some cases (the lower most two highly- 

condensed sections), it does not always do so (the next three highly-condensed 

section in the Ross Sandstone Formation).

it must be cautioned that this test is of limited use when drawing inferences on 

the validity of the correlations when specimens in the contingency table are 

less than five in number (no more than 20% of the cells should have a value
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less than 5). it  is likely that other factors are influencing the make up of the 

assemblages: these could range from reworking to selective preservation to 

insufficient sampling/sampling bias, to ecological exclusion. Sampling bias is 

considered the most likely of these factors.

5.4.5 Discussion

A three-part subdivision is apparent from these data, whereby the lower Ross 

Sandstone Formation can be easily correlated using amm.onoid bands. 

Conversely, in the mid- to upper Ross Sandstone Formation, ammonoid bands 

are th inner and sometimes split, as well as not having diagnostic assemblages. 

In the upper Ross Sandstone Formation, there is a return to bands that are 

easily correlated accompanied by a more distinctive assemblage in the topmost 

ammonoid band, the "Ph. paucicrenulatum" band.

Interestingly, this three-part subdivision is m irrored in a lithological change: 

from the lower Ross Sandstone Formation dominated by fine grained 

lithologies [shale and silt) there is a switch to a sand-rich mid- Ross Sandstone 

Formation, until the system reverts to a siltstone and slump-rich upper Ross 

Sandstone Formation. The significance of this subdivision perhaps may be 

related to far field, sedimentary response to glaciation in the southern 

hemisphere.

If the Shannon Basin succession is placed alongside the compilation of glacial- 

interglacial cycles in Waters & Condon (2012, Fig. 8) it appears that the Ross 

Sandstone Formation could straddle a glacial to interglacial boundary (Fig. 

5.12), despite the large uncertainty in the diagram. The sandy central part 

could then reflect a lowstand sequence set w ith  poor defin ition of condensed 

sections [Haughton pers. comm., 12 May 2015). The glacial to interglacial 

boundary is placed right at R ia i, when the condensed sections become poorly 

defined and Reticuloceras/Phillipsoceras begins to dominate the assemblages. 

Waters & Condon (2012) already noted that interglacial intervals are 

associated w ith  turnover of ammonoid genera. Perhaps temperature
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fluctuations in the ocean, closing of seaways [e.g. Palaeothethys) related to the 

Variscan Orogeny or changing ocean currents related to glaciation influenced 

ammonoid evolution. However, it must be pointed out that the glacial cycles in 

Fig. 5.12 are quite broad and may fit many smaller, interglacial cycles. It is also 

likely that the condensed sections reflect lower order, higher frequency cycles.

The Ross Sandstone Formation is thought to have been deposited over about 

1.5 Ma, with an error of +/-1.1 to 1.6 Ma (Pulham etal. 2014), based on age 

estimates in Gradstein et al 2004 [cf Gradstein et al. 2012]. Given that at least 

eight condensed sections are present within the Ross Sandstone Formation, the 

resulting duration is c.200 ka for each. This is consistent with Ramsbottom's 

[1969] suggestion that Serpukhovian-Bashkirian ammonoid faunas renewed 

every 200 ka [also see Maynard & Leeder 1992), but is not fully consistent with 

the estimated periodicity of ammonoid bands in Waters and Condon [2012) 

and Pointon et al. [2012b), which is thought to approximate a c.lOO ka short 

eccentricity cycle [see discussion in Bailey 2013). It may also be possible that 

Milankovitch cycles were not the same in duration during the Carboniferous, 

since the earth rotated faster at this time [Lambeck 2005).
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Ross Sandstone Formation is shown straddling a glacial-interglacial boundary.
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5.5 Palynology

In order to test the value of other biota in refining the biostratigraphy of the 

Ross Sandstone Formation, five core samples were selected for palynology: 

they were examined by Lisbet S0yset (palynologist at Statoil) and the 

biostratigraphy team at Statoil.

5.5.1 Methods

Samples were obtained from cores lO-CE-UCD-03 and lO-CE-UCD-04 using a 

ham m er and chisel: specifically two samples were taken from the 

"Hudsonoceras proteus-Homoceras smithii band" in core lO-CE-UCD-03, one 

from 20 cm below the base of this highly condensed section, one from the "Ht. 

prereticulatiis band" in core lO-CE-UCD-03, and one from a mobilized shale 

interval in the lO-CE-UCD-04 core.

5.5.2 Results

Recovery from all of the samples was reported to be impoverished with the 

exception of sample 03-150.50-74, for which a count of 200 specimens was 

present in a single coverslip. The palynomorphs recovered displayed very high 

thermal maturity and comprised taxa with robust morphologies (e.g. 

Punctatisporites) or forms which were generally very numerous in 

Carboniferous palynofloras (e.g. Densospohtes spp., Lycospora pusilla).

All of the samples w ere thus dated as Carboniferous, with the presence of 

Lycospora pusilla indicating a Latest Tournaisian or younger age; a more 

refined dating was not possible due to the low numbers (poor recovery) and 

low diversity of taxa. Results are summarized in Appendix C in a 

biostratigraphic chart produced by Statoil.
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5.5.3 Discussion

As expected, the potential for correlating within  the Ross Sandstone Formation  

using palynology is poor. High maturation levels  had already been reported in 

Goodhue and Clayton [1 9 99) ,  w ho obtained vitrinite reflectance data from  

borehole  and outcrop material.
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5.6 Biostratigraphy: summary and discussion

These new biostratigraphic data, coupled w ith  the lithostratigraphical [i.e. 

physical] correlations, provide the most detailed dataset for the Ross 

Sandstone Formation to date. This allows biostratigraphy to be cross-checked 

against lithostratigraphical correlations and some general conclusions to be 

drawn.

Firstly, biostratigraphy does not w ork w ith  as high a resolution as one might 

have hoped in that statistical analysis of the faunal assemblages does not 

always confirm that bands which are known to correlate by physical means are 

indeed indistinguishable, in other words, there are some cases, where there 

are statistical differences between assemblages in bands that are known to 

correlate by physical means. This suggests that even where there is a strong 

database, biostratigraphic correlation may not be statistically possible.

Secondly, while firs t appearances can be used to correlate the lower most two 

highly condensed sections, this does not w ork in the mid- to upper Ross 

Sandstone Formation, where ammonoid assemblages become more diverse. 

The appearance o f the genera Reticuloceras/Phillipsoceras at the th ird  highly- 

condensed section [m id- to lower Ross Sandstone Formation) can be used in 

correlation, but is put into question by the appearance of 

?ReticuIoceras/Phillipsoceras spp. [11 occurrences) in the "Ht. prereticulatus 

band" below [Fig. 5.4).

Davies etal. [1999) envisaged a hierarchy of bands based on the taxonomic 

level to which ammonoids can be identified: firstly, index ammonoid bands 

[e.g. R i b l ) ;  secondly, those that can be identified to the zone level [e.g. Rib);  

th irdly, bands that can be classified to the stage level [e.g. R i) .  Using this 

hierarchy for the eight condensed sections in Ross Sandstone Formation: all 

ammonoid bands can be classified to the stage level [either H2 or R i ) ;  all bands 

can be classified to the zone level [ U ia ,  Wic,  R ia);  and only three bands can be
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classified as index am m onoid  bands: H2al, H2c2 , R u2  (referring to the 

am m onoid  sch em e in Ch.l, Fig. 1.17).

Interestingly, the Hzb b iozone w as  not identified in the Ross Sandstone  

Formation and the Hzcl, Rial, Ria3, Ria4, Ria5 am m onoid  bands also appear to 

be m issing (cf Pyles 2008 , p. 563).  However, the presence of m ost diagnostic  

am m onoids and associated  am m onoids [all except V. eostholatus, R. 

com pressum  and R. adpressum )  has been  confirmed in the bands within the 

Shannon Basin (Ross Sandstone Formation and Clare Shale Formation bands  

which are coeval with the Ross Sandstone Formation), but the assem blages are 

more diverse than this sch em e suggests  and, for m ost of the bands in the Ria 

stage, lack of a diagnostic am m onoid  or first appearance taxon renders the 

assem blages non-diagnostic of a particular band in this sch em e (see  Fig. 5.13).  

This suggests  that the w estern  European am m onoid  band framework mainly  

developed  from Pennine Basin faunas is not entirely applicable to the Shannon  

Basin and thus possibly, by implication, elsew here.

Indeed, w hen  one com pares the am m onoid  assem blages in the highly 

condensed sections in the Shannon Basin with the assem blages in the W estern  

European am m onoid  band sch em e developed  largely from data from the  

Pennine Basin (Fig. 1.17), they rarely match up. Only the low erm ost tw o highly  

condensed  sections can be correlated with confidence to this schem e (Fig.

5.13).

Not only are these  tw o bands the m ost distinctive in the Ross Sandstone  

Formation, but they are w idespread  outside the Shannon Basin, making them  

useful in basinal and extra-basinal correlation. The "Hud. proteus-Ho.smithii  

band" is known in Britain, Belgium, France, Germany, the south Urals and as far 

as central Asia. The "Ht. prere ticu la tus  band" is know n in Britain, Belgium and 

France (Chalard 1960; Hodson 1957; Hodson & Leckwijck 1958; Nikolaeva & 

Kullmann 1998).
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This indicates that these highly condensed sections represent widespread, 

global sea level rise, in contrast to other minor condensed sections, which may 

represent more local events.
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Fig. 5.13. C om parison  o f  S hannon  Basin a m m o n o id  b a n d s  ( the five m ain  h igh ly -condensed  

sec t ions  a re  sh o w n  in the  Ross S an ds to ne  Fo rm atio n  sc h e m a tic  a rch i te c tu re )  w ith  P enn ine  

Basin a m m o n o id  b an d s  (m odified  a f te r  W a te rs  & Condon 2012).
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5.7 Analytical techniques

5.7.1 QEMSCAN analysis

M ethodology and  aims

QEMSCAN [Quanti tat ive Evaluation of Materials by Scanning Electron 

Microscopy) is a microanalysis system tha t  images rocks and provides  

information on which minerals  are  p re se n t  in a sample (mineralogy]  and  how 

they occur  spatially (microtexture] .  It uses both scanning electron microscopy 

(SEM] and energy-dispers ive X-ray spec t rometry  [EDS] in o rder  to genera te  

mineral maps and images. X-ray emission spectra  are  used to classify 

mineralogy and mineral  identit ies are  ass igned to each m ea su rem e n t  point  

(pixel by pixel] by comparing  the signals against  a da tabase (Ayling e t al. 2012; 

Gottlieb e t al. 2000] . Analyses were  carr ied out  by Rannveig Litlabo and  0r jan 

Bjor0y at QEMSCAN facilities a t  Statoil Lab, Bergen, Norway. Results w e re  

in te rp re ted  in collaborat ion with Simon Barker, Statoil.

For each of the three  phases  of s tudy descr ibed below, samples  w e r e  p repa red  

as epoxy s tubs,  pol ished and analyzed.  The QEMSCAN analyses  w ere  

performed using a Quanta PEG 650F scanning electron microscope [SEM] 

equipped  with two Bruker  XFlash 5030 EDS detectors.

The overall a im of QEMSCAN analysis in the presen t  s tudy was  to test  its use as 

an aid to biostrat igraphic  and l i thostratigraphic  correlat ion within the  Ross 

Sandstone Formation.  Three  phases  of  s tudy  were  completed and details  of 

each are p resen ted  below.

QEMSCAN Phase 1

Phase 1 analysed four samples  (Table 5.10] from Shannon Basin borehole  

mater ia l  held at  the Statoil core store,  Bergen, Norway. The aim of Phase  1 was 

to perform an initial tes t  that  would check for mineralogical differences and 

any general  t r ends  from a selection of  samples  from the main highly-
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condensed sections (w ith  a maximum of one sample per condensed section). 

Shale rather than silt was preferentially sampled in order to maintain 

lithological consistency.

Core num ber- 
depth in m

Sample name Sample from : 
Core/Outcrop

Description

Q05RE-20.20 Sample 1 Core Reading Room band
Q O l-47.73 Sample 2 Core Ph. circumplicatile band
Q02-73.92 Sample 3 Core Ph.

paucicrenulatum
band

Q05PROT-82.70 Sample 4 Core Hud. proteus-Ho. 
smith a band

Table 5.10. QEMSCAN Phase 1 samples w ith associated borehole depths and descriptions. 

Results

Phase 1 results (Figs. 5.14-5.15) show m inor mineralogical differences 

between the four samples, mainly in mica and quartz. However, given that 

pyrite is a diagenetic mineral that may be masking the variations among the 

other detrita l minerals, it was deemed necessary to normalize results w ith 

respect to pyrite. Indeed, once results are normalized, the differences in 

mineralogy are minimal (Figs. 5.16-5.20 show details of normalized results).

40 50 60 70 80 90
Volume (%)

IZZ] Q uartz ■ ■  Chlorite
■ ■ K-Feldspar Blotite
C Z I N a-P lagioclase 1 1 Pyrite
C Z I Calcite TItanium oxide
m Dolomite ■ ■  Apatite

lllite & lllite-forming mica ■ ■  Gypsum /Anhydrite
Sm ectite ■ ■  Others

■ ■ Kaolin ■ ■  Unclassified

Fig. 5.14. Mineralogical composition of Phase 1 samples [volume %] with relative core depth of 

each sample (Samples 1 to 4).
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Sample 1 Sample 2 Sample 3 Sample 4 ‘
Depth (m) 20.20 47.73 73.92 82.70
Quartz 15,8 26,8 25,6 19,0
K-Feldspar 0,0 0,0 0,0 0,0
Na-Plagioclase 2,7 4,3 3,4 4,1
Calcite 0,0 0,6 0,3 0,2
Dolomite 0,1 4,1 2,6 0,5
lllite  & lllite-form ing 46,7 55,5 62,7 39,1
mica
Smectite 0,1 0,3 0,2 0,3
Kaolin 0,2 0,3 0,3 0,4
Chlorite 2,1 0,9 1,3 2,2
Biotlte 0,2 0,1 0,0 0,2
Pyrite 30,8 5,8 2,3 33,2
Titaniumoxlde 0,3 0,3 0,4 0,3
Apatite 0,6 0,3 0,3 0,2
Gypsum/Anhydrite 0,1 0,3 0,1 0,2
Others 0,0 0,0 0,0 0,0
Unclassified 0,2 0,3 0,4 0,2

Fig. 5.15. Volume % mineralogy for Phase 1 samples.

Sample 1 Sample 2 Sample 3 Sample 4
20.20 47.73 73.92 82.7

Quartz 0.228654124 0.284803401 0.262295082 0.284005979
K-Feldspar 0 0 0 0
Na-Plagloclase 0.039073806 0.045696068 0.034836066 0.061285501
Calcite 0 0.006376196 0.00307377 0.002989537
Dolomite 0.001447178 0.04357067 0.026639344 0.007473842
llllte & lllite-forming 0.675832127 0.589798087 0.642418033 0.58445441
mica
Smectite 0.001447178 0.003188098 0.00204918 0.004484305
Kaolin 0.002894356 0.003188098 0.00307377 0.005979073
Chlorite 0.030390738 0.009564293 0.013319672 0.032884903
Biotite 0.002894356 0.001062699 0 0.002989537
Titaniumoxide 0.004341534 0.003188098 0.004098361 0.004484305
Apatite 0.008683068 0.003188098 0.00307377 0.002989537
Gypsum/Anhydrite 0.001447178 0.003188098 0.00102459 0.002989537
Others 0 0 0 0
Unclassified 0.002894356 0.003188098 0.004098361 0.002989537

Fig. 5.16. Normalized values of volume % mineralogy for Phase 1 samples.
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0.7

: 0.6 I

■ S e r i e s l

Fig. 5.17. Sam ple  1 n o rm alized  m ine ra log y  [20.20 m d e p th  in b o re h o le  lO-CE-UCD-05, sa m p led  

from the  "Reading Room band") .

■ Se r ie s l

Fig. 5.18. Sample 2 n o rm alized  m ine ra log y  [47 .73  m d e p th  in b o reh o le  09-CE-UCD-01, f rom  the  

"Ph. circum plica tile  band".
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Fig. 5.19. Sample 3 norm alized m ineralogy (73.92 m depth in borehole 09-CE-UCD-02, from  the 

"Ph. paucicrenulatum band".

■ S e ries l

Fig. 5.20. Sample 4 norm alized m ineralogy (82.7 m depth from borehole lO-CE-UCD-05 part of 

the "Hud. proteus-Ho. smithii band".

QEMSCAN Phase 2

In Phase 2, samples from one condensed section were analysed in order to 

determine whether mineralogy varies w ith in  a single condensed section across 

two boreholes. Phase 2 tested for mineralogical variation w ith in  the 10 m-thick 

"Hud. proteus-Ho. sm ithii band", which is found in the lower Ross Sandstone
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Formation stratigraphy. This band was sampled from boreholes lO-CE-UCD-05 

and lO-CE-UCD-03 at the Statoil core store, Bergen, Norway (Fig. 5.21),

03 core samples (with depth in m) G5 core samples (with depth in m)
Q03-125.94 Q05-79.85
Q03-126.92 Q05-80.60
Q03-126.47 Q05-81.83
Q03-127.64 QOS-82.57
Q03-127.12 Q05-83.52
Q03-128.90 Q05-83.71
Q03-128.35 Q05-84.58
Q03-129.74 Q05-85.25
Q03-129.27 Q05-85.56
Q03-130.70 Q05-86.20
Q03-130.il Q05-86.70
Q03-131.49 Q05-87.86
Q03-131.12 Q05-88.60
Q03-132.34 Q05-89.57

Fig. 5.21, Phase 2 sam ples from  "Hud. proteus-Ho. smithii band" in boreholes lO-CD-UCD-03 

and lO-CE-UCD-05.

Results

Results showed samples were dominated by illite-form ing mica and quartz, 

w ith  some m inor mineralogical variation [Fig. 5.22). However, once again, once 

values were normalized w ith  respect to pyrite (Figs. 5.23-5.24), no significant 

variation in mineralogy was observed w ith in  the "Hud. proteus-Ho. smithii" 

highly-condensed section. Similarly, there were no significant differences 

across the two boreholes where it  is found.
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Fig. 5.22 (a] Mineralogy of samples taken from borehole lO-CD-UCD-03; (b) Mineralogy of 

samples taken from borehole lO-CD-UCD-05.
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Fig. 5.23. Normalized results of Phase 2 samples from borehole lO-CE-UCD-03.
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Fig. 5.24. Normalized results of Phase 2 samples from borehole lO-CD-UCD-05.
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QEMSCAN Phase 3

Fourteen samples (both from borehole and outcrop material] were selected in 

Phase 3 of QEMSCAN analysis [Fig. 5.25]. The aim of this phase was to cross

check the results of Phase 2 (which included a single condensed section] with 

results from other condensed sections and, in doing so, to test more completely 

the usefulness of the QEMSCAN method as a tool for correlation.

The samples were taken at regular intervals within the condensed section, with 

shale preferentially chosen over other coarser lithologies in the condensed 

sections.

Details of samples are as follows:

• Samples from the "Ht. prereticulatus" band were taken from boreholes 

lO-CE-UCD-03 and lO-CE-UCD-05 (three samples taken from each 

borehole at similar levels within the condensed sections]. One sample 

from the outcrop section [Reading Room, ROl horizon, see Ch. 2] of the 

"Ht. prereticulatus" band was also included for comparison.

• Three samples from the “Ph. circumphcatile" band were taken from 

borehole 09-CE-UCD-01 as well as three samples from the "Ph. 

paucicrenulatum" hand from borehole 09-CE-UCD-02.

• One sample from the Blackrock outcrop locality [Ch. 2: BL3 horizon) 

was also included due to its very pale, fine-grained lithology in hand 

sample, which had not been observed in any other locality or borehole 

sample.

291



Q 03-55.46 Ht. prereticulatus band Core

Q 03-55.57 Ht. prereticulatus band Core

Q 03-55.96 Ht. prereticulatus band Core

Q 05-20.20 H t  prereticulatus  band Core

Q 05-20.64 H t  prereticulatus band Core

Q 05-20.93 H t  prereticulatus band Core

Q-READING Ht. prereticulatus band, from ROl outcrop 
sample

Outcrop

Q O l-46.88 Ph. circumplicatile band Core

Q O l-47.15 Ph. circumplicatile band Core

Q O l-47.51 Ph. circumplicatile band Core

Q 02-73.99 Ph. paucicrenulatum  band Core

Q 02-74.12 Ph. paucicrenulatum  band Core

Q 02-74.48 Ph. paucicrenulatum  band Core

Q-BLACK ROCK Blackrock 813 locality clay-rich shale Outcrop
Fig. 5.25. Samples included in Phase 3, with sample name (including core number and depth), 

description and source (core or outcrop).

Results

The samples are dominated by illite and illite-form ing mica [muscovite) (Figs. 

5.26-5.27), w ith no significant differences in mineralogy between the samples. 

The only observed differences are minor, especially in the relative amounts of 

carbonate, sphalerite and apatite (Figs. 5.28-5.31).
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Fig. 5.26. QEMSCAN Phase 3 mineralogy results visualised in a ternary diagram w ith  the three 

axes showing carbonate, sand and clay/m ica. Results are normalized w ith respect to pyrite.

As in previous QEMSCAN phases, results were normalized w ith  respect to 

pyrite. Figs. 5.26 shows results already normalized, and results before and 

after normalization are shown in Fig. 5.27.
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Fig. 5.27. (a) QEMSCAN Phase 3 results; [b] Results once normalized w ith respect to pyrite.

Carbonate (volume %] levels are greater in boreholes 09-CE-UCD-01 and 09- 

CE-UCD-02 than in other samples (Fig. 5.28). This may be related to porosity 

and is not taken as a useful result in correlation.
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Fig. 5.28. Carbonate (dolomite, calcite and others) content (volume %) across Phase 3 samples.

Interestingly, the Reading Room band (i.e. "Ht. prereticulatus band"), both in 

outcrop (Q-Reading sample] and certain borehole intervals (Q03-55.57, Q05- 

20.20), has a high concentration (volume %) of apatite (Fig. 5.29). This result is 

also supported by the relatively high concentration of apatite in Sample 1 

(20.20 m depth in borehole lO-CE-UCD-05) from Phase 1, which was also taken 

from the Reading Room band. This suggests apatite could have potential as a 

marker that may be used in correlation. It is currently unclear whether the 

apatite in the samples is detrita l or diagenetic (conodont or fish material may 

be the source of apatite but this is thought to be unlikely), i f  it is diagenetic, it 

may be useful in correlation and also in dating (fission track dating).

1. Q-Blackrock

2. Q-Reading

3. 001*46.88

4. 001-47.15

5. 001-47.51

6. 002-73.99

7. 002-74.12
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12. 005-20.20

13. 005-20.64

14. 005-20.93

0 2 3 4
Volume (%)

Fig. 5.29. Apatite content (volume %) across Phase 3 samples.
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Sphalerite -[Zn,Fe)S- shows variation (volume %] across the samples included 

in Phase 3 (Fig. 5.30). In particular, sphalerite shows a distinctive trend in the 

"Hd. proteus-Ho. sm ithii band", w ith  in itia l higher values, followed by lower 

values from top to base of the condensed section sampled in borehole 10-CE- 

UCD-03 and borehole lO-CE-UCD-05 (Fig. 5.31). Since sphalerite is not a 

detrita l mineral, this variation is taken to reflect some local factor such as the 

chemistry of pore waters, or it may be related to hydrothermal activ ity or 

fractures.

I .  Q-Blackrock-

2. Q-Reading

3. Q01-46.88

4. Q01-47.15

5. Q01-47.51

6. Q02-73.99

7. Q02-74.12

8. Q02-74.48

9. Q03-55.456

10. Q03-55.57

I I .  Q03-55.96

12. Q05-20.20

13. Q05-20.64

14. Q05-20.93

0 0.01 0.02 
Volume (%)

Fig. 5.30. Sphalerite concentration [volume %) across Phase 3 samples.
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Fig. 5.31. Sphalerite concentration (volume %] across QEMSCAN Phase 2 samples from 

boreholes lO-CE-UCD-03 and lO-CE-UCD-05.
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Summary and discussion

Phase 1 included samples from four different condensed sections. QEMSCAN 

results show that variations in mineralogy between the samples are probably 

related to variation in diagenetic minerals such as pyrite, since, when 

normalised w ith  respect to these diagenetic minerals, variations become very 

slight. However, it is noted that information on pyrite variation may be 

significant and useful in local correlation studies.

Phase 2 included samples from a single condensed section, sampled in two 

boreholes [lO-CE-UCD-03 and lO-CE-UCD-05). No significant mineralogical 

variations were present w ith in  this single band, and this was tested in both 

borehole lO-CE-UCD-03 and lO-CE-UCD-05.

While the lack of mineralogical variations w ith in  a single band is potentially 

useful in terms of correlations, the fact that the same was found across several 

condensed sections (Phase 1 results) casts doubt on the usefulness of this 

method in aiding correlation.

Phase 3 was undertaken to test whether the same was true in other condensed 

sections, when several samples were taken from each. Phase 3 included 

samples from both outcrop and core taken from several condensed sections, 

w ith a focus on the "Ht. prereticulatus band", the "Ph. circumplicatile band" and 

the "Ph. paucicrenulatum  band".

Overall, no significant variation in mineralogy was observed in the different 

condensed sections, suggesting the QEMSCAN method is not useful in 

distinguishing different condensed sections in a deep-water fan system such as 

the Ross Sandstone Formation. Nevertheless, Phase 3 results have shown that 

apatite has potential to be a useful correlation marker in the Ross Sandstone 

Formation system.
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5.7.1.1 Further work

While QEMSCAN resul ts did not  provide a means  of dist inguishing the 

condensed sect ions within the Ross Sands tone  Formation,  it is hoped tha t  the 

resul ts  pr esen ted  here  will inform future studies. It is p roposed that  future 

research could follow two directions:

• The resul ts p resented  above have shown that  apati te  has potent ia l  in 

aiding correlation in d eep-w ate r  fan systems such as the Ross 

Sandstone Formation.  It would be interest ing to test  this fur ther  both by 

investigating the presence of apat i te  across the condensed  sect ions in 

the Shannon Basin and in o ther  deep-w ate r  systems.  It would also be 

interest ing to a t t em p t  to date  the apat i te  in o rde r  to obtain an absolute  

age for the sample.

• it would be interest ing to repl icate these analyses  in o ther  coeval basins  

such as the Pennine Basin, UK. For instance,  sampling from ano th er  

basin and  analysing the "Hud. proteus-Ho. smithii  band", which is a 

widespread highly-condensed sect ion known across Britain, Ireland, 

France, Germany, Belgium, the south Urals and  central  Asia (Hodson 

1957; Hodson & Leckwijck 1958) , would allow to test  w h e th e r  

mineralogy is conserved over  wide  lateral distances.
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5.7.2 XRD analysis

Introduction and methodology

X-ray p o w d er  diffraction (XRD) analysis of samples from different condensed  

sections was undertaken  at Trinity  College Dublin labora to ry  facilities using a 

Bruker D5000 in TCD Geochemistry^.

XRD is a non-destructive analytical technique that  is used for phase 

identification in crystalline material. It provides information on which phases 

are  p resen t  in a hom ogenized po w d er  [Bish & Reynolds 1989).

Firstly, samples w ere  chosen from a selection of condensed  sections from core 

and outcrop. These w ere  pow dered  in an agate pestle and mortar. Next, 0.6 -  

1.0 g of each sam ple  was placed in a bulk cavity m ount and loaded into the 

sam ple changer. The x-ray source and de tec to r  w ere  ro ta ted  by the gon iom eter  

and the  intensity of the  diffracted X-ray beam  was recorded. Peaks in intensity 

are  recorded  w hen  constructive in terference occurs as the Bragg Equation 

(nA=2dsinO) is satisfied, (Bish & Reynolds 1989). Then the XRD trace was 

processed  with dedicated  software^. The traces w ere  in te rp re ted  and phases  

w ere  m atched using a database^.

13 sam ples (Table 5.11), from both outcrop  and core, w ere  analysed in o rd e r  

to assess their  m ineralogy and com pare  results  from different condensed  

sections (at least one pow dered  sam ple from each condensed  section was 

analysed).

> The B ru k er D 5000 has a  2.2 kW  Cu long fine focus (0.4 x 12m m  filam ent), w ith  th e  follow ing optical configu ra tion : 
2.5° p rim ary  soller, 1 mm  a p e r tu re  d iap h rag m , 1 m m  sca tte re d  rad ia tio n  d iaph ragm , no  seco n d a ry  so ller, 0.2 mm  
d e te c to r  d iaph ragm  and  a seco n d a ry  cu rv ed  g ra p h ite  m o n o ch ro m a to r a h ead  of th e  scin tilla tion  coun ter. A scan  of 
sam ple  w as m ade  from  5 to 70  °20 a t a speed  o f 2 seconds  /  0,02° s tep  a t 40  kV and  40  mA. Sam ple ro ta tio n  w as used.
2 B ruker AXS, Diffrac.EVA so ftw are , 2012  R elease, V ersion 3.0.

3 In te rn a tio n a l C entre  for D iffraction Data, P ennsy lvan ia, PDF-4 3 +
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Sample
Number

XRD log book 
name

Sample name Sample
from:
Core/

Outcrop

Description

1) TD 14_0130 X O l-47 ,76 Core Ph. circumplicatile 
band

2) TD 14_0132 X02-74.63 Core Ph. paucicrenulatum  
band

3) TD 14_0124 X05RE-20.87 Core Reading Room band

4) TD 14_0127 X05PROT-89.84 Core Hud. proteus-Ho. 
sm ithii band

5) TD14 0123 X08-55.97 Core Dunm ore west band

6) TD 14_0131 XOlRETO-116.23 Core Probable Torkeal 
band

7) TD 14_0121 XOlRERV-187.38 Core Probable Rinevella 
band

8) TD 14_0128 X 05M B -1-38.60 Core Band below Reading 
Room

9) TD 14_0126 XQUILTYCP Outcrop Ph. circumplicatile 
band

10) TD14_0133 XCROSSPC Outcrop Ph. paucicrenulatum  
band

11) TD14 0122 XKILT4 Outcrop Kilcredaun Top band

12) TD14_0129 XTORQUEAL Outcrop Torqueal band

13) TD14_0125 XCLOONUP
(CL0UB2)

Outcrop Cloonconeen Upper 

band

Table 5.11. Samples analysed by XRD and description of sample location.

Results

XRD results suggest that the main mineral phases present in the samples are 

muscovite, quartz, pyrite and plagioclase feldspar (Table 5.12, Fig. 5.32].

The peaks for sample X05PROT-89.84 (shown in Fig. 5.32) are sim ilar to those 

of the other samples and are thus deemed representative [see Appendix D for 

full set of XRD results). Sample peaks were compared visually, in the 

knowledge that one of the lim itations of the method is the effect o f preferred 

crystal orientation and sample packing; in fact, when crystals take on a 

preferred orientation or there is a non-random pattern of crystal faces 

resulting from sample packing, the peak heights [especially the smaller ones) 

can be affected.

The main observed mineralogical variation was in pyrite and chlorite, which
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w as also seen  in QEMSCAN results [see previous section). Since pyrite is 

diagenetic, it is not revealing true mineralogical variation (of detrital 

minerals]; however, recording pyrite variation (any trends] may still be useful 

in order to see  if it can be used for correlation in core and outcrop. 

Interestingly, very little pyrite is present in sam ple XCROSSPC, taken from the  

Cross "Ph. paucicrenulatum  band" (outcrop sample], desp ite  this band being  

know n for its pyritized am m onoids both at this locality and further w est, at 

Bridges of Ross, and in the core (borehole 09-CE-UCD-02]. Similarly, sample  

X 02-74 .63 , taken from the "Ph. paucicrenulatum  band" in borehole 09-CE-UCD- 

02, contains little pyrite relative to other minerals to other sam ples examined  

in this study (see  Appendix D], This suggests  pyrite is concentrated in the  

am m onoid  shells (which w ere  not targeted during XRD study] at these  

localities.

Sample
Number

XRD log book 
name

Sample name Minerals present

1) TD14_0130 XOl-47.76 Quartz ,  Dolom ite ,  M uscovite ,  
Chlorite, Pyrite, Albite

2) TD14_0132 X02-74.63 Quartz ,  Pyrite,  M uscovite ,  
Chlorite, Albite

3) TD14_0124 X05RE-20.87 Quartz ,  Pyrite, M uscovite ,  
Chlorite, Albite

4) TD14_0127 X05PROT-89.84 Quartz ,  Pyrite,  M uscovite ,  
Chlorite, Albite

5) TD14_0123 X08-55.97 Quartz,  M uscovite ,  
Chlorite, Albite, Ankerite ,  
Pyrite

6) TD14_0131 XOlRETO-116.23 Q uartz ,  Chlorite, 
M uscovite ,  Pyrite, Albite

7) TD14_0121 XOlRERV-187.38 Quartz ,  Pyrite,  Chlorite, 
Albite, M uscovi te

8) TD14_0128 X05MB-1-38.60 Quartz ,  Pyrite,  Chlorite, 
M uscovite ,  Albite

9) TD14_0126 XQUILTYCP Quartz ,  M uscovite ,  Albite, 
Pyrite,  Dolom ite ,  G ypsum, 
Chlorite

10) TD14_0133 XCROSSPC Quartz ,  Pyrite,  Chlorite, 
Albite, lllite, M uscovite

11) TD14 0122 XKILT4 Quartz ,  M uscovite ,  Pyrite

12) TD14_0129 XTORQUEAL Quartz ,  M uscovite ,  Chlorite, 
Albite

13) TD14_0125 XCLOONUP
(CL0UB2)

Quartz ,  Albite,  Pyrite,  
M uscovi te

T a b le  5 .12 .  S u m m a r y  t a b l e  o f  s a m p l e  a n d  m in e r a l  p r e s e n c e  b a s e d  o n  XRD a n a ly s is .
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X05 PROT89

I  T014_0127 raw (Displacement)
PDF ob-046-1045 Si 02  Quartz, syn 

I PDF 01-071-5208 Fe S I 74 Pynte. syn
I PDF 01-073-9860 KO 92 NaO 08 A ll 8 6 FeO 14 M9OO2 ( AI0.97 Si3.03010 ) (  0  H )1.91 FO 09 MuscOvite-2M1, feman
I PDF 00-052-1044 ( Mg Al )6 ( S i . Al )4 0 10 ( O H )8 Chlooie-serpentine (NR)
I PDF 04-017-1022 NaO 96 CaO 02 A ll 02 Si2 98 0 6  altxie

2Theta (Coupled TwoThela/Theta) WL=1.54060

Fig. 5.32. Plot of angle [°2 0 ) versus Intensity [Counts] for sample X05PROT-89.84, from the 

"Hud. proteus-Ho. smithii band" after XRD analysis. Peak positions and intensities are matched 

to lines fr om the ICDD database.

Discussion

When compared w ith  QEMSCAN results, XRD results show sim ilar 

mineralogical trends. Any differences can be attributed to orientation and 

packing effects. While in the QEMSCAN study data were normalised w ith  

respect to pyrite, this was not done for XRD results, in which pyrite 

concentration was deemed interesting [see Results above].

5.7.3 Further work: trace element analysis

Given the lim itations of the QEMSCAN method in aiding detailed correlations 

w ith in  the Ross Sandstone Formation, a detailed trace element analysis of 

samples from core and outcrop has potential to be more useful in acting as a 

correlation tool. It could also provide inform ation on palaeoenvironment 

including palaeoredox conditions on the seafloor. This type of analysis has 

yielded useful information in other basins [see e.g. Caswell & Coe 2013; Fu et 

al. 2014). It is therefore proposed that further geochemical work should be 

focused in this direction and results interpreted in conjunction w ith  QEMSCAN 

data.
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Chapter 6 Conclusions and Further Work

6.1 Taxonomy of crushed ammonoids

6.1.1 Main findings

• Most Irish Serpukhovian and Bashkirian ammonoids (Ei to R2 biozonal 

indices) are preserved as flattened moulds of the shell (2D 

preservation): in this case, taxonomic information necessarily comes 

mostly from the ornament. Once changes of ornament through 

ontogeny are established using 3D material, this information can then 

be applied to crushed material in the Shannon Basin (Ch. 3, section 

3.3.2), w^hich was previously d ifficu lt to determine.

• New systematic data on 14 Serpukhovian-Bashkirian ammonoids for 

which ontogenetic information was previously incomplete or lacking 

are presented herein (Ch. 3; also see Lacchia eta l. 2015). This 

information not only furthers knowledge of the ontogeny of these 

ammonoids in general, but leads to more confident specific 

identification of ammonoids preserved as flattened external moulds.

• For the firs t time, ontogenetic changes in ornament are described 

systematically for the ammonoid taxa V. henkei (Schmidt, 1925), 

Phillipsoceras circumplicatile (Foord, 1903), R. subreticulatum  (Foord, 

1903), Ph. paucicrenulatum  (Bisat & Hudson, 1943), Homoceratoides 

varicatus Schmidt, 1934, Homoceras beyrichianum  (de Koninck, 1844), 

Isohomoceras subglobosum (Bisat, 1924) and Homoceras smithii (Brown, 

1841).

• For the remaining six taxa, Hodsonites magistrorum  (Hodson, 1957), 

Hudsonoceras (Baschkihtes) ornatus (Foord & Crick, 1897),
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Hudsonoceras proteus (Brown, 1841), Homoceratoides prereticulatus 

Bisat, 1924, Homoceras undulatum  (Brown, 1841) and Reticuloceras 

pulchellum  (Foord, 1903), diagnostic features are revised and new 

information for various growth stages is presented where available.

• These new data lead to more confident identifications and act as an aid 

to taxonomists working on crushed material, who can refer to the 

ornament description for a given growth stage. It is argued here that 

even where concretions (bullions: Hodson 1954a) are available in the 

outcrop, flattened ammonoids from surrounding strata record valuable 

information (in terms of assemblages, biostratigraphy, 

palaeocommunities, etc.) that ought not to be neglected despite the 

associated taxonomic challenges.

• This work represents a first step in advancing 2D ammonoid taxonomy, 

which will improve biostratigraphic resolution, with implications for 

large-scale ammonoid diversity and evolutionary studies.

6.1.2 Further work

• Within the R1 biozonal ammonoid indices, outstanding issues include 

the degree of variation within the group Ph. circumpIicatile-Ph. 

paucicrenulatum.

• Further research on the taxonomy of 2D ammonoids should focus on 

updating existing descriptions (often limited to a single growth stage) 

and diagnoses, in order to achieve this, good quality 3D material needs 

to be available.

• in order to make large-scale advances in 2D ammonoid taxonomy, it is 

necessary that future ontogenetic studies based on 3D shells should 

encompass details of changes of ornament as well as basic conch 

parameters.

304



• Assembling a digital atlas and  reference set of fossil material  will aid 

future  biostrat igraphic w ork  and preserve  expert ise that  may otherwise  

be lost.

305



6.2 Palaeosalinity in the Shannon Basin

6.2.1 Main findings

• It has been a rgued that,  in the Late Mississippian and  Pennsylvanian 

basins of no r thw es t  Europe, amm onoids  a re res t r ic ted to the  condensed 

sect ions and the bounding s t ra ta  are  ba r ren  due to salinity fluctuations 

betw^een fully mar ine and less saline w^ater.

• The cycles descr ibed in Holdsworth & Collinson (1988)  for the Pennine 

Basin, UK, which were  i nte rp re ted as recording changing salinity, from 

an intra-basinal peak at the lowest  level to lower salinity in the  upper  

part ,  have not  been  found during f ie ldwork and borehole  analysis in the 

Shannon Basin. This may be due to differing basin topographies,  as 

clearly m ore  marginal  areas  would be expected to show  salinity 

variat ion dur ing  t imes of sea level variation. It may be that  the Shannon 

Basin was  d e e pe r  and less suscept ible to these fluctuations. 

Alternatively it may be due  to an incorrect  interpre tat ion  of the Pennine 

succession.

• Several new ammonoid-bearing  horizons have been found in be tween  

the "marine b a n d s ” in the Shannon Basin, implying normal  marine fauna 

during t imes of higher  sed imenta t ion rates  be tw een  the ammonoid-r ich 

layers.

• The p resence  of amm onoid s  at  var ious intervals outs ide the condensed  

sect ions is good evidence for normal  mar ine  salinity in the Clare Shale 

and Ross Sands tone formations of the Shannon Basin. It suggests that  

the concentrat ion of amm onoids  in black shale intervals r a the r  than in 

silt and sand  sequences  is not  control led by salinity fluctuations. Rather, 

their  dis t r ibut ion is dictated by different  sedimentat ion rates, which in 

tu rn  may be a consequence of sea level change, with higher
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concentrat ions at  t imes of sed im ent  s tarvation and  few^er at t imes of 

higher  sed im ent  input.

• The new ammonoid -bearing  horizons suggest  that  sea level could not  

have d ropped  enough to cut off the supply of mar ine wa te rs  to the 

Shannon Basin until the  onset  of the shallow w a te r  deltaic 

environments  of the Central Clare Group. During deposit ion of the  Ross 

Sandstone Formation,  mar ine faunas populated the basin wa te rs  

th roughout  deposit ion,  including during those t imes that  have been 

in te rp re ted as represen t ing low stands.

• What  is clear  from the data  p resented here  is that  the s imple not ion of 

"marine bands" as the only levels with marine fauna and "barren 

intervals" is no longer tenable. Furthermore,  given that  marine  

condi tions pers is ted th roughout  deposit ion,  the term "marine band" is 

be t te r  replaced by the te rm "condensed sect ion”.

• Oxygen levels in the basin a re also an impor tant  considerat ion and  a re 

linked to salinity levels. Organic-rich, black shales, such as those in the 

Shannon Basin, build up when not  enough organic m at te r  is consumed 

via respirat ion (as oxygen is b roken  up in the decay process)  [see 

Wignall 1994, p. 56, for a discussion on the models that  can explain the 

co-existence of anoxia and organic m at te r  preservation) .  The finding of 

coral, crinoid and tri lobi te specimens  — i.e. benthic organisms  — points 

to fluctuating oxygen levels in the basin, and suggests that  the  shales of 

the Clare Shale Formation and those of the Ross Sands tone  Formation 

were  not  depos i ted unde r  anoxic conditions. This adds s u ppo r t  to the 

theory of an oxic/dysoxic ocean floor (also see Braithwaite  1993 for 

discussion).

• it is also possible that  t em pora ry  oxygen-rich bot tom cur ren ts  allowed 

periodical colonizat ion of the  sea floor in Serpukhovian-Bashkirian 

t imes and tha t  the deve lopment  of a stratified w a te r  column and  a
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pycnocline [which would occur at times of low sea level in the emerging 

model of differential sedimentation described in Ch. 4) may have also 

been accompanied by that of a fluctuating oxycline (i.e. a changing 

interface between oxic and anoxic water bodies).

6.2.2 Further work

• The presence of normal marine faunas outside the condensed sections 

suggests that salinity values of the Shannon Basin and, by implication, 

other deep-water basins may well have been normal between periods of 

sediment starvation. The next step is to test this hypothesis by 

investigating other coeval successions, where it may well be the case 

that previous sampling efforts have focused on the condensed sections, 

w ithout targeting the sedimentary successions in between.

• The salinity cycles described in Holdsworth & Collinson (1988) for the 

Pennine Basin, UK, build upon w ork by Ramsbottom (1962) on four 

boreholes in the Ashover area of Derbyshire. These boreholes could be 

reinvestigated in light of this work.

• Trace element analysis could provide further information on 

palaeoenvironment, including palaeoredox conditions on the seafloor.
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6.3 Biostratigraphy

6.3.1 Main findings

• The p resen t  s tudy  is the first to p resen t  details of abundance  and 

proport ion  of amm onoid  taxa (beyond recording the presence  of a given 

ammonoid  band)  at locahties within the Clare Shale Formation and Ross 

Sands tone  Formation since the w ork  of Hodson and Lewarne (1954a,b; 

1961). More than  3000 specimens from Loop Head, Ballybunion and 

north Clare were  investigated during the course of this s tudy and  faunal 

assemblages from the five main highly-condensed sections in the  Ross 

Sandstone Formation a re  descr ibed in detail here  (Ch. 5).

• Recognition o f t e n  ammonoid- r ich horizons (including eight condensed 

sect ions)  in the Ross Sands tone  Formation allowed for a revised intra- 

Ross Sandstone Formation s t ra t igraphic  subdivision (with s t ra tigraphic 

cycles/uni ts  R5 to R90 from base to top), w he re  the condensed sections 

a re  employed as un i t -bounding  surfaces. The "R subdivision" (Ch. 5, Fig. 

4) is used to provide a new strat igraphic  f ramework  in o rder  to tie the 

Loop subsurface data  to the outcrops  and to reassess  the s t ra tigraphic 

posit ion of some  of the outcrops tha t  were  not  as well constrained pr ior 

to this combined study.

• The new biostrat igraphic  data, coupled with the l ithostrat igraphical (i.e. 

physical) correlat ions result ing from parallel work  at University College 

Dublin (UCD; see Pierce 2015) ,  provide the mos t  detai led datase t  for the 

Ross Sandstone Formation to date. This allows biostrat igraphy to be 

cross-checked against l ithostrat igraphical correlat ions and some  

general  conclusions to be drawn.

• The result ing biostrat igraphic  da tase t  was  more  complex than expected 

at the s tar t  of the project.
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• While some assemblages in condensed sect ions are globally distinctive 

(namely those indicative of the "Hud. proteus-Ho.smithii  band" and the 

"Ht. prereticulatus  band"],  most  are not, and some are  only locally 

dist inct ive [ that  of the "Ph. paucicrenulatum  band"); therefore  most  

bands  in the Ross Sandstone Formation cannot  be confidently l inked to 

a given ammonoid  band in the Western  European framework.  In o ther  

words ,  this work  shows that, while  some  bands  are  distinctive and 

useful in correlat ion,  others  are  not dominated  by a diagnostic 

am m onoid  species, nor  are  they character ised by a diagnost ic 

assemblage.

• This indicates that  some  highly condensed sect ions [namely the "Hud. 

proteus-Ho.smithii band" and the "Ht. prereticulatus  band")  rep resen t  

widespread ,  global sea level rise, while others  [ though not  different  in 

lithology and containing faunas as a bunda n t  as those in the more  

dist inct ive condensed sections),  may rep resen t  m ore  local sea level rise.

• Overall, ammonoid  biostrat igraphy for the Ross Sandstone Formation 

was  not  as high-resolut ion as one might  have hoped, in the sense that  

statistical analysis of the faunal assemblages does not  always confirm 

that  bands  which a re known to correlate by physical means are  indeed 

indist inguishable.  In o ther  words,  there  are some cases, w he re  there  are 

statistical differences be tw een  assemblages in bands  that  are  known to 

correlate  by physical means. This suggests that  even where  there  is a 

s t rong  database,  biostrat igraphic  correlat ion may not  be statistically 

sound.

• While first appearances  can be used to correlate in the lower Ross 

Sandstone  Formation,  in the  mid to u ppe r  Ross Sandstone Formation it 

is not  possible to dist inguish ammonoid  bands  on the basis of first 

appearance  of taxa. Similarly, assemblages become more  diverse  in the 

mid to uppe r  Ross Sandstone Formation,  s tar t ing from the third highly- 

condensed  sect ion upwards .  There is a lack of distinctive ammonoid
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bands  up until the  top band, the "Ph. paucicrenulatum  band",  which has 

a distinctive assemblage dominated  by Ph. paucicrenulatum .

• A th ree -par t  subdivis ion is a ppa ren t  from these data, w he reby  the 

lower Ross Sandstone Formation can be easily corre lated using 

amm onoid  bands.  Conversely, in the mid- to upper  Ross Sandstone 

Formation,  ammonoid bands  are thinner  and sometim es  split, as well as 

not  having diagnost ic assemblages,  in the u pper  Ross Sandstone 

Formation,  there  is a r e turn to bands  that  are easily correlated 

accompanied  by a m ore  distinctive assemblage in the  topmost  

amm onoid  band, the "Ph. paucicrenulatum "  band. Interestingly, this 

th ree -par t  subdivision is mirrored  in a lithological change:  from, a lower 

Ross Sandstone Formation domina ted by fine grained lithologies [shale 

and silt] there  is a switch to a sand-r ich mid Ross Sandstone  Formation,  

until the  system reverts  to a s il tstone and s lump-rich u ppe r  Ross 

Sandstone Formation.

• This work  puts  into question the validity of both intrabasinal  and 

extrabasinal correlat ion using ammonoid-bearing condensed  sections.

6.3.2 Further work

• The next  s tep in further ing this w ork  is to reinvest igate coeval 

amm onoid  assemblages in the Pennine Basin (UK). It is expected,  from 

this work, that  assemblages in condensed  sections in o the r  basins, once 

re-examined,  may tu rn  out  to be m ore  complex and d iverse  that 

previously thought.  Since m useum  records rarely record species 

abundance  in a given locality, intensive fieldwork would  be the best  way 

to tes t this hypothesis.

• It would also be interest ing to compare and cross check the existing 

biostrat igraphic  data  set, which is rel iant  on crushed (2D) material,  wi th 

a coeval succession with available 3D ammonoids.  Given the complexity

311



of the amm onoid  assemblages in most  condensed sect ions in the 

Shannon Basin, one might  expect  that  the ammonoid  assemblages in a 

coeval succession may be more  complex than  one w^ould have thought  

pr ior  to this study.
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Species Specimen
Number

D
(m.m)

WW
(mm)

WW/D

Phillipsoceras circumplicatile 
(Foord, 1903)

NMING : F23972 4 2 0.5

TCD.60601 9.6 5.5 0.572916667
GSM.95233 11.8 7.7 0.652542373
GSM.95234 12.5 6.2 0,496
GSM.86939 13.6 8.6 0.632352941
GSM.86917 14.5 7.3 0.503448276
GSM.95231 14.8 8 0.540540541
GSM.85388 14.9 7.9 0.530201342
GSM.95236 16 9.6 0.6
GSM.95232 16.3 8.6 0.527607362
NMING : F23968 21 12.5 0.5952381
NMING: F23969 21.6 12.8 0.59259259

Table 1. Conch m easu rem en ts  :o r  Phillipsoceras circumplicatile (Foord, 1903].

Measurements  include: di am ete r  (D), whorl  width (WW) and  [WW/D).

Specimens were  ei ther  collected from the Clare Shale Formation,  Co. Clare, 

Ireland, or  accessed in m useum  collections. M easurements  of  d iam e te r  (D) and 

whorl width [WW) are  in mm.
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Species Specimen Number WW WW/D
Phillipsoceras paucicrenulatum  
(Bisat & Hudson, 1943)

LZ1868 4.3 2.5 0.581395349

0.688888889
0.632653061
0.641509434
0.701754386
0.684210526
0.614035088
0.578947368
0.614035088
0.644067797
0.716666667
0.62295082
0.603174603
0.661538462
0.615384615
0.626865672
0.656716418
0.617647059
0.608695652
0.7
0.690140845
0.61971831
0.583333333
0.791666667
0.706666667
0.573333333
0.753246753
0.769230769
0.683544304
0.65
0.670731707
0.626506024
0.535714286
0.741176471
0.511627907
0.643678161
0.670454545
0.727272727
0.522727273
0.579545455
0.666666667
0.666666667
0.634408602
0.680851064
0.673469388
0.616161616
0.647058824
0.625
0.657894737
0.630252101
0.714285714
0.422764228
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LZ1897 12.6 6.7 0.531746032
GSM.95252 13.2 7.8 0.590909091
LZ1958 13.3 7.1 0.533834586
LZ1893 14.1 9.6 0,680851064
LZ1954a 14.7 7.8 0.530612245
GSM.95249 15 10.4 0,693333333
Zi7103 16.5 9.7 0.587878788
GSM.95251 16.9 9.6 0,568047337
EWJ3151 17.6 8.7 0,494318182
GSM.1866 17.7 11 0,621468927
GSM.95250 18.7 11 0,588235294
GSM.82814 18.8 10.9 0,579787234

Table 2. Conch measurements for Phillipsoceras paucicrenulatum  [Bisat &

Hudson, 1943). Measurements include: diameter (D], whorl width (WW] and 

[WW/D). Specimens were either collected from the Clare Shale Formation, Co. 

Clare, Ireland, or accessed in museum collections. Measurements of diameter 

[D) and whorl width (WW) are in mm.
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Species Specimen
Number

D
(mm)

WW
(mm)

WW/D

Reticuloceras subreticulatum  
(Foord, 1903)

Zi7113 6.7 4.2 0.626865672

Zi7112 7.3 4 0.547945205
Zi7115 8.2 4.6 0.56097561
Zi7118

COCO 6.2 0.704545455
Z17116 11.9 6.3 0.529411765
LZ1988 13.7 8.3 0.605839416
Zi7114 15.5 9.2 0.593548387
Zi7117 15.7 8.2 0.522292994
Zi7123 16.8 9.8 0.583333333
Zi7119 18.5 8.9 0.481081081
TCD.60604 19.6 10.] 0.515306122
NMING : F23964 22.9 12 0.524017467

Table 3. Conch measurements for Reticuloceras subreticulatum  [Foord, 1903).

Measurements include: diameter (D), whorl width [WW) and [WW/D). 

Specimens w ere either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter (D) and 

whorl width (WW) are in mm.
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Species Specim en
n u m b er

D WW WW/D

Homoceras beyrichianum  (de Koninck, 
1843)

4 2.8 0.7

4 2.2 0.55
L.12242h 4 2.4 0.6
L.12242b 4.6 2.7 0.586956522

5.2 4 3 0.826923077
5.9 3.3 0.559322034
6.4 5.2 0.8125

TCD.61011 7 4.1 0.585714286
7.1 4.6 0,647887324

L12242i 7.5 5.7 0,76
7.9 4.7 0,594936709
8 5.3 0,6625

TCD.61003 9 7.5 0,833333333
9.2 6.9 0,75
9.3 7.8 0,838709677
9.3 7.1 0,76344086
9.5 6 0,631578947
10.3 8 0,776699029
10.5 7.7 0,733333333
10,7 8.2 0,76635514
11.2 9 0,803571429
11.3 8 0,707964602

STROeOOa 11.8 9.7 0,822033898
TCD.61004 12.2 11.3 0,926229508

12.6 9.6 0.761904762
12.8 9.4 0,734375
13 8.8 0.676923077
13 10.3 0.792307692
14 12,1 0.864285714
14.4 11.3 0.784722222
15 11.3 0,753333333
15.2 10.6 0,697368421
16.8 12.7 0,755952381
17 11.2 0,658823529

TCD.61000 17.5 10.5 0,6
17.8 12,3 0,691011236
18.7 11,6 0.620320856
18 9,7 0.538888889
18.2 13,5 0,741758242
18.8 11,8 0,627659574
19.2 12.5 0,651041667

STR0600b 19.5 11.7 0,6
STR0600C 28.6 17.1 0,597902098

Table 4. Conch measurements for Homoceras beyrichianum [c e Koninck,

1843). Measurements include: diameter (D), whorl width (WW) and [WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter (D) and 

whorl width [WW) are in mm. Where specimens don't have a specimen 

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen
Number

D WW WW/D

Homoceras smithii (Brown, 1841) TCD.61010 6.7 4.8 0.71641791
7.7 5.5 0.714285714
8.4 6.5 0.773809524
8.6 6.4 0.744186047
9 7.8 0.866666667
9 7.1 0.788888889
10.6 8.1 0.764150943
10.7 8.2 0.76635514
10.8 8.2 0.759259259
10.8 7.8 0.722222222

L.10244 11 7.5 0.681818182
TCD.61002 11.2 9.1 0.8125

11.4 9.3 0.815789474
12 CO 00 0.733333333
12.1 8.9 0.73553719
12.8 9.6 0.75
12.8 7 0.546875
13.4 7.9 0.589552239
13.5 9.2 0.681481481
13.7 7 0.510948905
13.7 9.6 0.700729927
13.8 8.7 0.630434783
14 9.3 0.664285714
14 9.7 0.692857143
14.4 8 0.555555556
14.9 9.8 0.657718121
16 10.2 0.6375

TCD.61009 17 10.3 0.605882353
TCD.61005 21 11.5 0.547619048
TCD.61006 21 12.5 0.595238095

Table 5. Conch m easu rem en ts  for Homoceras smithii ( 3rown,  1841i].

Measurements  include: di am ete r  (D), whorl width (WW) and (WW/D).

Specimens were  ei ther  collected from the Clare Shale Formation,  Co. Clare, 

Ireland, or  accessed in m useum  collections. Measurements  of d iamete r  (D) and 

whorl width (WW) are  in mm. Where  specimens don ' t  have a specimen 

number,  they a re  from Hodson's Sou thampton  collection housed in Trinity 

College Dublin.
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Species Specimen Number D WW WW/D
Homoceras im dulatum  (Brown, 1841) NMING : F24480 3.5 1.9 0.542857143

5.3 3.3 0.622641509
NMING : F24480 6.2 5 0.806451613

7.4 5.1 0.689189189
Zi4546 7.6 5.9 0.776315789
NMING: F24480 7.8 5.5 0.705128205
Zi4547 7.8 6 0.769230769

8.1 5.6 0.691358025
Zi4548 8.6 4.9 0.569767442

9.2 5.8 0.630434783
Zi4545 9.2 6.2 0.673913043
TCD.61018 9.2 5.9 0.641304348
Zi4541 9.3 6.8 0.731182796
Zi4542 9.4 6.4 0.680851064
NMING : F24480 9.5 5.8 0.610526316

9.6 6.1 0.635416667
9.7 7.3 0.75257732
9.7 6.1 0.628865979
9.8 6.6 0.673469388

TCD.61014 9,8 7 0.714285714
NMING : F24480 9.9 6.3 0.636363636
TCD.61016 10 7 0.7
NMING : F24480 11.1 7.5 0.675675676
Zi4548 11.2 7.4 0.660714286

11.4 8 0.701754386
Zi4548 11.5 7.6 0.660869565
TCD.61019 11.7 9.1 0.777777778

11.7 6.8 0.581196581
12 8.5 0.708333333
12.1 7.5 0.619834711

Zi4548 12.3 7.6 0.617886179
12.3 8.2 0.666666667

L.12343 12.3 8.6 0.699186992
12.4 8 0.64516129

Zi4548 12.5 9.4 0.752
Zi4548 12.7 8.6 0.677165354

12.6 8.8 0.698412698
12.6 7.8 0.619047619

TCD.61013 12.8 8.7 0.6796875
12.9 8.4 0.651162791
12.9 8.7 0.674418605

Zi4548 13.2 8.1 0.613636364
13.2 8.4 0.636363636

Zi4548 13.3 9.3 0.69924812
TCD.61017 13.5 8.2 0.607407407

13.6 8.9 0.654411765
13.6 9.2 0.676470588
13.6 7.7 0.566176471
13.9 7.3 0.525179856
14.1 8.3 0.588652482

L.10241b 14,2 10 0.704225352
Zi4540 14.6 8 0.547945205

14.6 8.1 0.554794521
14.7 9,1 0.619047619
15 9.2 0,613333333

Zi4548 15 7.4 0.493333333
15.2 10 0.657894737

TCD.61020 15.3 8.8 0.575163399
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TCD.61015 15.4 9 0.584415584
NMING: F24480 15.6 9.2 0.58974359
Zi4548 15.7 9.7 0.617834395
Zi4548 15.8 9.5 0.601265823

16 9.9 0.61875
16 9.2 0.575
16 9.3 0.58125
16.1 8.4 0.52173913

Zi4548 16.2 9.2 0,567901235
Zi4548 16.4 8.2 0.5

16.5 9.6 0.581818182
16.5 9.1 0.551515152

Zi4548 16.6 9.9 0.596385542
16.8 9.6 0.571428571
17 8.9 0.523529412
17.1 9 0.526315789

Zi4539 17.4 9.7 0.557471264
17.6 10.2 0.579545455

Zi4548 17.7 9.7 0.548022599
18.3 10 0.546448087
18.6 10.5 0.564516129

TCD.61012 19 9.5 0.5
Zi4548 19.1 11 0,57591623
L.10241a 19.2 11 0.572916667

19.3 11.3 0,585492228
NMING : F24480 19.3 10.8 0,559585492

19.4 11 0,567010309
19.4 10.1 0.520618557
19.6 11.3 0.576530612
19.6 11.2 0.571428571
19.7 11.3 0.573604061
20 11.4 0.57
20 11.4 0.57

Zi4548 20.1 11.4 0.567164179
Zi4548 20.1 11.7 0.582089552
Zi4548 20.4 12.8 0,62745098
Zi4535 20.5 12.6 0,614634146

20.7 11.5 0,555555556
21.6 9.2 0,425925926
22 11 0,5
22.9 11.5 0,502183406

Zi4537 22.9 12 0,524017467
25 13.5 0,54

Zi4548 25 15 0.6
Zi4548 25.5 15.4 0.603921569

27 15 0.555555556
Zi4534 38 19 0.5

Table 6. Conch measurements for Homoceras undulatum  [Brown, 1841).

Measurements include: diameter  [D), whorl width [WW) and [WW/D]. 

Specimens were ei ther collected from the Clare Shale Formation, Co. Clare, 

Ireland, or  accessed in museum collections. Measurements of diameter  [D) and 

whorl width [WW) are in mm. Where specimens don' t have a specimen 

number,  they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specim en
N um ber

D WW WW/D

Isohomoceras subglobosum  (Bisat, 
1924)

TCD.61021 4.4 3.6 0.818181818

TCD.61022 11.1 7.4 0.666666667
12.6 8.6 0.682539683

Table 7. Conch measurements for Isohomoceras subglobosum  [Bisat, 1924).

Measurements include: diameter  [D), whorl width [WW] and [WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter  (D) and 

whorl width (WW) are in mm. Where specimens don' t have a specimen 

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen Number D WW WW/D

H om oceratoides prereticu latus (Bisat, 
1924)

LZ3034 3.4 1.9 0.558823529

5 2 0.4
LZ3034 6.5 3.9 0.6
LZ3035 6.9 4.3 0.623188406
LZ3034 6.9 4.3 0.623188406

7.3 3.5 0.479452055
LZ3034 7.5 5.2 0.693333333
LZ3034 7.6 4.7 0.618421053
LZ3034 7.7 5.2 0.675324675
F24477/6 i n 3.9 0.506493506
LZ3034 7.8 4.3 0.551282051
LZ3035 8 4.4 0.55
TCD.61023 8.1 4.8 0.592592593
LZ3034 8.1 4.8 0.592592593
LZ3034 8.3 5.3 0.638554217
LZ3034 8.4 4.9 0.583333333
LZ3034 8.6 5.7 0.662790698
LZ3035 8.6 4.8 0.558139535
LZ3034 8.7 5.4 0.620689655
LZ3034 9.2 5.5 0.597826087
TCD.61026 9.5 5.2 0.547368421
LZ3034 9.6 5.7 0.59375

9.9 5.6 0.565656566
10 5.8 0.58

NMING : F24477/3 10 5.7 0.57
LZ3034 10.1 5.7 0.564356436
LZ3035 10.2 4.6 0.450980392

10.3 6.1 0.59223301
10.5 5.5 0.523809524

LZ3035 11 5.9 0.536363636
NMING : F24477/6 11 6.4 0.581818182
NMING : F24477/6 11.2 6.2 0.553571429

12 6 0.5
LZ3034 12 6,2 0.516666667

12.4 6.2 0.5
13 8 0.615384615

TCD.61029 13 7.7 0.592307692
LZ3034 13.1 7.1 0.541984733

13.5 5.5 0.407407407
16 8.6 0.5375

LZ3034 17.3 6.7 0.387283237
TCD.61024 18 8.8 0.488888889

20 8.5 0.425
Table 8. Conch measurements for Homoceratoides prereticulatus [Bisat, 1924).

Measurements include: diameter  (D), whorl width (WW) and (WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter  (D] and 

whorl width (WW) are in mm. Where specimens don' t have a specimen 

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen Number D WW WW/D
H omoceratoides varicatus Schmidt, 
1934

F0R1818 5.4 2.4 0.444444444

6.5 4.3 0.661538462
GSM.83139 6.9 4.8 0.695652174
Zi4662 7.5 4.8 0.64

7.7 5.5 0.714285714
GSM.83140 8.4 5 0.595238095

8.6 4.8 0.558139535
Zi4663 8.6 5.5 0.639534884
GSM.86930 9.1 5.8 0.637362637

9.1 4.8 0.527472527
GZG.INV.48188 9.2 5.3 0.576086957
Zi4666 9.4 3.6 0.382978723
Zi4664 9.4 4.8 0.510638298

9.8 5.2 0.530612245
10 5.6 0.56
10.2 6 0.588235294

Zi4684 10.6 5.8 0.547169811
NMING : F24474 10.6 5.9 0.556603774
Zi4661 10.9 4.4 0.403669725

11.3 5 0.442477876
LL.1181 11.5 6.2 0.539130435
GSM.74168 11.5 5.5 0.47826087
TCD.61007 11.5 5.9 0.513043478
NMING : F24474 12.8 5.4 0.421875
Zi4665 12.8 5.9 0.4609375

13 7 0.538461538
Zi4683 13.4 6.9 0.514925373

14.2 7.4 0.521126761
NMING : F24474 14.7 6.2 0.421768707

15 6 0.4
15.3 6.5 0.424836601
15.7 7.1 0.452229299
15.9 7.3 0.459119497

NMING : F24474 16.4 9.5 0.579268293
16.6 9.3 0.560240964
17.5 7.6 0.434285714

Zi4668 17.6 9.9 0.5625
GSM.74170 18.2 7.5 0.412087912
TCD.61008 18.6 9.1 0.489247312

18.7 8.4 0.449197861
ZI4669 22 10.1 0.459090909
GZG.INV.48187 28 11.9 0.425

Table 9. Conch measurements for Homoceratoides varicatus Schmic t, 1934.

Measurements include: diameter (D), whorl width (WW) and (WW/D). 

Specimens w ere either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diam eter (D) and 

whorl width (WW] are in mm. Where specimens don't have a specimen 

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen Number D WW WW/D
Vallites henkei fSchmidt, 1925) TCD.61049 4.5 2.7 0.6

TCD.61047 5.5 2 0.363636364
TCD.61048 5.7 3 0.526315789
TCD.61045 6.2 2.9 0.467741935
TCD.61042 6.3 4.5 0.714285714
TCD.61040 6.6 4.4 0.666666667
TCD.61041 6.7 3.4 0.507462687
TCD.61043 6.8 3.9 0.573529412
TCD.61046 7 4.5 0.642857143
GZG.INV.48185 7.1 4.4 0.61971831
TCD.61038 7.3 5 0.684931507
TCD.61044 8.2 4.7 0.573170732

8.3 5.5 0.662650602
GSM.81006 8.5 5 0.588235294
TCD.61039 8.7 5 0.574712644
TCD.61037 8.7 4.3 0.494252874
NMING : F23971 9 4.8 0.533333333
TCD.61034 9.1 5.7 0.626373626
TCD.61035 9.5 5.4 0.568421053
TCD.61036 9.6 5.3 0.552083333
GSM.89946 10 6 0.6
Zi4688 10.9 5.5 0.504587156
Zi4690 11.5 6.9 0.6
Zi4489 11.6 8.9 0.767241379
GSM.86934 17.8 9.5 0.533707865
GSM.86936 11.8 7.7 0.652542373
TCD.61033 18.1 8.8 0.486187845

18.5 9.7 0.524324324
TCD.61032 18.9 10.8 0.571428571
TCD.61031 20.1 10.7 0.532338308
NMING : F23974 21.8 10.4 0.47706422
GZG.INV.48186 21.9 8.6 0.392694064

25 10.6 0.424
GSM.86931 27.8 12.8 0.460431655
GZG.INV.48184 30.7 14 0.456026059

41 15 0.365853659
Table 10. Conch measurements for Vallites henkei (Schmidt, 1925).

Measurements include: diameter (D), whorl width (WW) and (WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter (D) and 

whorl width [WW] are in mm. Where specimens don't have a specimen 

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen Number D WW WW/D
Hudsonoceras proteus  (Brown, 
1841)

NMING : F24477 2.6 1.2 0.461538462

NMING : F24475 3.8 1.5 0.394736842
L.12240 4.9 2 0.408163265
L11797f 5.8 3 0.517241379
NMING : F24475 6.6 3.4 0.515151515
L.11797d 7.8 3.2 0.41025641
L.11797C 8.5 3.8 0.447058824
L12241 8.5 3.5 0.411764706
L11797b 10.2 4 0.392156863
L11797a 11.6 4.4 0.379310345
NMING : F24477 12 4.5 0.375
NMING : F24478 13 4.8 0.369230769
NMING : F24478 14.7 5.8 0.394557823
NMING : F24477 15.7 6.9 0.439490446
TCD.61050 18.5 5.3 0.286486486
iCD.61051 26 6.9 0.265384615

Table 11. Conch measurements for Hudsonoceras proteus  [Brown, 1841).

Measurements include: diameter [D], whorl width (WW] and [WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter (D] and 

whorl width (WW) are in mm. Where specimens don't have a specimen  

number, they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Species Specimen
Number

D WW WW/D

Hodsonites m agistrorum  (Hodson, 
1957)

NMING : F20280/5 3.6 2.1 0,583333333

NMING : F24476 3.8 1.7 0.447368421
4 1.7 0.425
4.3 6 0.558139535

NMING : F20280/4 4.6 3.2 0.695652174
TCD.61063 5 2.9 0.58

5.4 3.2 0.592592593
TCD.61062 6.2 4 0.64516129
TCD.61060 6.3 4.2 0.666666667
NMING : F20280/2 6.6 5.6 0.848484848
NMING : F20280/3 6.7 4.4 0.656716418
NMING : F24476 6.7 4.2 0.626865672
TCD.61061 6.8 4 0.588235294

6.9 3.7 0.536231884
GSM.71456 7 5 0.714285714
TCD.61059 7.2 5 0.694444444
TCD.61058 7.3 5.1 0.698630137
GSM.71461 7.3 4.3 0.589041096
TCD.61056 7.6 4.9 0.644736842

8 5.1 0.6375
TCD.61055 8.1 5 0.617283951
NMING : F20280/6 8.1 5.1 0.62962963
NMING : F20275/4 8.4 5.4 0.642857143

8.6 4.9 0.569767442
TCD.61057 8.8 6.1 0.693181818
TCD.61054 8.9 5 0.561797753

9.2 5.2 0.565217391
NMING : F20275/1 9.2 5.8 0.630434783
NMING : F24476 9.3 5.7 0.612903226
GSM.86935 9.4 6.6 0.70212766
GSM.71460 9.4 5.7 0.606382979

9.6 5.4 0.5625
TCD.61053 9.7 5.7 0.587628866

9.7 6.7 0.690721649
NMING : F24476 10 5.4 0.54
NMING : F24476 10.1 5.6 0.554455446
GSM.86909 10.2 6.5 0.637254902
NMING : F20276/1 10.3 7.1 0.689320388

10.5 5.9 0.561904762
11 7 0.636363636
11.1 6.9 0.621621622
11.1 6 0.540540541

GSM.71455 11.4 6 0.526315789
11.5 7.6 0.660869565
11.5 5 0.434782609

LL.1181 11.5 6.2 0.539130435
11.7 6.5 0.555555556

TCD.61052 11.7 6.9 0.58974359
NMING : F24476 12.4 6.6 0.532258065

12.9 7.8 0.604651163
GSM.71458 13.5 8.7 0.644444444

13.7 8.8 0.642335766
GSM.71453 14.3 8.3 0.58041958

15 9.7 0.646666667



NMING : F20280/1 15 8 0.533333333
15.2 9.9 0.651315789

GSM.86913 15.5 10.5 0.677419355
GSM.86912 15.7 8.2 0 .522292994

15.7 8 0.50955414
GSM.86911 19.2 10.2 0.53125
NMING : F24476 21.3 11.9 0.558685446
GSM.86915 25 12.5 0.5

27 12 0.444444444
Table 12. Conch measurements for Hodsonites magistrorum (Hodson, 1957).

Measurements include: diameter  (D), whorl width (WW) and (WW/D). 

Specimens were either collected from the Clare Shale Formation, Co. Clare, 

Ireland, or accessed in museum collections. Measurements of diameter  [D) and 

whorl width (WW) are in mm. Where specimens don’t have a specimen 

number,  they are from Hodson's Southampton collection housed in Trinity 

College Dublin.
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Appendix B: 

Borehole Graphic Logs
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Key to Graphic Logs:

Lithology: Fossil m aterial:

O ther;

WU

n
oo

O

Breccia (shale clasts)

Medium sand 

Fine sand 

Very-fine sand

Sand-rich siltstone (with rippied 
cross-lannination)

Siltstone

Shale (colour varying fronn black 
to dark grey to grey)

Clay-rich silt

Pyrite

Load structures 

Lens (variable lithology)

Folding

Water-escape features

Paired pyrite tubes 

Sand ball

Legend for all borehole graphic logs

2D Ammonoid

3D Ammonoid

Nautiloid

Dunbarella sp. 

Caneyella sp.

Undifferentiated 
bivalve material

Nodule

Ammonoid-bearing
nodule

Plant material 

Crinoid

Trilobite material 

Sampled horizon
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Graphic log w ith lithological descriptions; 
Borehole 09-CE-UCD-01 
"Ph, circumplicatile band

Scale: 15mnn=30cm 
Log prefix=01

10-,

4 -

i -

2 H

*
♦♦
i f

5
A

9 -

8 -

I
Log of "Ph. circumplicatile band" in 09-CE-UCD-01 (44 m to 50 m depth).
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Graphic log w ith  lithological descriptions: 
Borehole 09-CE-UCD-02 
"Ph. paucicrenulatum band"

Scale: 15mrr>=30cm 
Log prefix=02

♦
♦

♦
¥

¥

¥
¥

¥
¥
¥

¥
¥
¥

Log of "Ph. paucicrenulatum band" in 09-CE-UCD-02 (76 m to 72 m depth).
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Graphic log w ith lithological descriptions:
Location lO-CE-UCD-05 Scale: 15mm=30cm
"Ht. prereticulatus band" Log prefix=05PRE

*

3 -

2  -

\
§
)(o:

10-,

9 -

7 -

□
Log through "Ht. prereticulatus band" in lO-CE-UCD-05 (start at 24 m

depth).
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Graphic log w ith  litho log ica l descriptions: 
Location lO-CE-UCD-03 
"H t.p rere ticu ia tu i band

Scale: 15m m =30cm  
Log prefix=03RE

10-,

4 -

1 -

w i f  i f  i f

Log through "Ht. prereticulatus band" in lO-CE-UCD-03 (start at 62 m 
depth going up).
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Graphic log w ith  lltho log ica l descriptions:
Borehole: 10-CE-UCD-05
"Hudsonoceroi proteus Homoceras sm ith ii band"

Scale: 15mnn=30cnn 
Log p re fix= 05pro t

I
3 H

♦
♦
¥

1 -

1 5 -,

1 4 -

7 H

uif #

13-

Log through "Hud. proteus-Ho.smithii band" in lO-CE-UCD-05 (start at 89 
m depth going up).
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Graphic log w ith lithological descriptions:
Borehole: lO-CE UCD-03
"Hudionoceroi proleus-Homoceras smithii band"

Scale: 15mm=30cm 
Log prefix=03prot

3 H

2  -

1 5 -,

CX>

1 4 -

1 3 -

1 2 -

-o
-o

¥
¥
t
¥
¥
¥
¥
¥

Log through " Hud. proteus-Ho.smithii band" in lO-CE-UCD-03 (start at
135 m, going up).

■ o  CS5&
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Graphic log w ith  litho log ica l descriotions:
Borehole: 12-KY-UCD-09 Scale: 15m m =30cm
“Hudsonoceras proleus-Homoceras sm ith ii band" Log prefix=09

Log through the "Hud. proteus-Ho.smithii band" in 12-KY-UCD-09 (start at 
c. 70 m depth).
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Graphic log with llthological descriptions:
Borehole ll-CE-UCD-08 Scale: 15mm=30cm
"Dunmore Head west band" Log prefix=08

3

B O

'----

1 -

uu

Log through "Dunmore Head west band" in ll-CE-UCD-08 (start at 60 m
going up).
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Graphic log w ith  litho logica l descriptions:
Borehole: 11-CE-UCD-07B Scale; 15m m =30cm

Log from 28.91 to 29.91, START AT BOX 16  Log prefix=07B

5

4

3

2

1

TT
-—

0

Log through fossiliferous band in 11-CE-UCD-07B (core box 16, 28-29 m 
depth).
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G raph ic  log  w ith  lith o lo g ica l d e sc r ip tio n s :
L ocation: 1 1-CE-UCD-06 Scale: 1: 5
C o n d e n s e d  se c tio n , s ta r t  a t 29.21 m  u p  to  28 .93m  Log p refix= 06

Log through fossiliferous band in ll-CE-UCD-06 (core box 14, 29-28 m 
depth).
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Graphic log w ith  litho log ica l descriptions; 
Borehole: GSI 09/05 (Ballybunion)
145.11 to139.32M 
BOX 49-48

5

Scale; 15m m =30cm  
Log pretix=GSI09051

4 -

2 -  -

Log 1 through GSI09/05 (Ballybunion borehole) fossiliferous band (depth
is indicated in the figure).
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Graphic log w ith lithological descriptions: 
Borehole: GSI 09/05 (Ballybunion)
BOXES 20-21, 66.40m to  60.75m

Scale: 15mm=30cm 
Log prefix=GSI09052

5

4

3

2

0

t 10 -1

9 -

7 -

Log 2 through GSI09/05 (Ballybunion borehole) fossiliferous band, 
(depth is indicated in the flgure)
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Graphic log w ith  lithological descriptions; 
Borehole GSI 09/05 (Ballybunion)
BOXES 6-5, 24.43m-19m

Scale: 15mm=30cm 
Log prefix=GSI09053

4 H

10-,

¥

¥

¥
¥

9 -

7 -

6 -

Log 3 through GSI09/05 (Ballybunion borehole) fossiiiferous band band 
(depth is indicated in the flgure).
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Graphic log with lithological descriptions: 
Borehole: GSI 09/04  
148.21m to 146.21m

Scale: 15m m =30cm  
Log prefix=GSI09041

4 -

2 -

1 - X

0 -

Log 1 through GSI09/04 (Kildysart borehole) fossiliferous band (depth is
indicated in the figure).
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G raphic log  w ith  litho log ical d esc rip tio n s:
B oreho le  GSI 09 /04
BOXES 35-36, 107m  to e .  101.50m

Scale: 1 5 m m = 30cm  
Log prefix=G SI09042

1 0 -1

¥¥¥

¥
¥

9 -

8 -

7 -

6 -

Log 2 through GSI09/04 (Kildysart borehole) fossiliferous band (depth is
indicated in the figure).

368



Appendix C: 

Palynology Data

369



Well Name : County Clare
Operator

Well Code . COUNTYCLARE

Interval . 80m - S20m Patynology

Scale 1:5CNX) % abundance. Count 1 (NB'LOGS NOT ADJUSTED TO SAMPLE DEPTHS)

Chart date 23 January 2013
Statoil

Depth

Chronostratigraphy

Samples

Sporw And Pollen

I lillj

Comments

Palyrwlogy

150m

?00m

25Cm

300m

350m

400m

450m

Above: Palynology results compiled by Statoil Labs. All of the samples can be 

dated as Carboniferous, w ith the presence of Lycospora pusilla indicating a Visean 

or younger age; a more refined dating was not possible due to the poor recovery 

and low diversity of taxa.
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Appendix D; 

XRD Results
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C
ou

nt
s

a)
X01 47.76

I TD14_0130 raw (Oisplacerr>enl)
PDF 00-046-1045 Si 02  Quartz syn 
PDF 04-017-1391 Ca MgO 46 FeO 54 ( C 0 3  )2 dolomite 

I PDF 01-073-9660 KO 92 NaOOS AI1.86 FeO 14 MgO 02 ( AlO 97 S i303Q 10 ) (  O H  )1 91 F0 09 Muscovite-2M1. feman 
I PDF 00-052-1044 ( Mg . AJ )6 ( Si . Al >4 DIO { 0  H )8 Chtonte-serpentirw (NR)
I PDF 00-042-1340 FeS2Pyrite 
I PDF 01-072-8434 NaO 986 A ll 005 Si2 995 08Atbile

400-

^-300

200- ^200

(-100

10 20 30 40 50 60

2Thela (Coupled TwoTheta/Theta) W L=1.54060

b]

X01 47.76

S-Q



c]
X01 47,76

I TD14_0130 raw (Displacement)
PDF 00-046-1045 Si 02 Quartz syn 
PDF 04-017-1391 Ca MgO 46 FeO 54 { C 0 3  )2 cJolomite 

I PDF 01-073-9860 KO 92 NaO 08 A)1 86 FeO 14 MgO 02 (AlO 97 Si3 03 010 ) (  O H )1 91 FOO 
I PDF 00-052-10441 Mg . Al )6( S< Al )4 OlO ( 0  H )8 CNorite-serpeniine (NR)
1 PDF 00-042-1340 FeS2Pynte 
I PDF 01-072-8434 NaO 986 AI1 005 Si2.995 08 Albite

Muscovtte-2Ml. ferrian

2Theta (Coupled TwoTheta/Theta) WL=1.54060

XRD Results Sample 1

i
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a)

X02 74.63

I T014_0132 raw (Displacement)
. PDF 00-046-1045 Si 02  Quartz syn
I PDF 01-071-6207 Fe SI 92 Pyrile. syn
I  PDF 00-058-2037 K AJ2 ( Si AI )4 010 ( 0  H )2 Muscovite-2M1 heated
I PDF 00^352-1044 ( Mg AI)6<S i M )4 010 ( O H )8 Chlonle-serpentine (NR)

2Theta (Couplecl TwoThetan-hela) WL=1 54060

b)

X02 74.63

S-Q
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c)

X02 74.63

I TD14_0132 raw (Displacemenl)
PDF 00-046-1045 S i 02  Quartz syn 

I PDF 01-071-5207 Fe S I 92 Pynte. syn
I PDF 00-058-2037 K AI2 ( S i . Al K 0 1 0  ( 0  H )2 Muscovite-2M1. heated
I PDF 00-052-1044 ( Mq . Al )6 ( S i . Al H DIG ( O H )8 Chtofite-serpendne (NR)
I PDF 00-009-0466 Na A) Si3 0 8  Albite. ordered

2Theta (Coupled TwoTheta/Theta) WL=1 54060

XRD Results Sample 2
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a)
X05 20,87

PDF 00-046-1045 Si 0 2  Quartz, syn 
PDF 01-071-5207 Fe S1 92 Pyrrte. syn
PDF 00-006-0283 K AI2 ( Si3 AI) 0 1 0  {O H  F )2 Muscovile-2M1
PDF 00-052-1044 (M g Ai )6 ( S i . Ai >4 0 1 0  ( 0  H )8 CMorile-serpentine (NR)

2Thela (Coupled TwoTbeta/Theta) WL=1 54060

b)

X05 20.87

S-Q

PPF 00-019 - iig * -« 6 ;~ ;T |
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C)
X05 20.87

I T014_0124 raw
j  PDF 00-046-1045 Si 02  Quartz, syn 
I PDF 01-071-5207 FeS l.92  Pyme, syn
I PDF 00-006-0263 K AI2 ( Si3 A l) 010 ( O H , F )2 Muscovite-2Ml 
I PDF 00-052-1044 ( Mg Al )6 ( S i . Ai )4 OlO | O H )8 Chtonte-serpentine <NR) 
I PDF 00-019-1184 Na AISi3 06AJt»te. orderec}

2Theta (Coupled TwoTfveta/Theta) WL=1 54060

XRD Results sample 3
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a)

X05 PROT89

I TD14_0127 raw (Displacement)
I PDF 00-046-1045 Si 0 2  Quartz, syn
I PDF 01-071-5208 Fe 31 74 Pyrite. syn
I PDF 01-073-9860 K0.92 NaO 08 AI1 86 Fe0.14 MgO 02 { AKD 97 Si3 03 0 1 0  ) ( O H )1.91 FO 09 Muscovite-2M1, feman
I PDF 00-052-1044 ( Mg Al )6 ( S i . Al H CIO ( 0  H }8 Chlorile-serpenline (NR)
I PDF 04-017-1022 NaO 98 Ca0.02 AJ1 02 Si2 98 0 8  albite

c
aoo

2Theta (Coupied TwoTheta/Theta) WL=1 54060

b)

X05 PROT89

S-Q



C)

X05 PROT89

I TD14_0127.faw (Displacefneni)
PDF 00-046-1045 Si 02  Quartz syn 

I PDF 01-071-5208 Fe S i 74 Pynle. syn
I PDF 01-073-9860 KO 92 NaO.06 AI1.86 FeO 14 Mg0 02 ( AlO 97 Si3 03 010 ) (  O H )1 91 FO 09 Muscovtte-2M1. ferrian
I PDF 00-052-1044 ( Mg . AJ )6 ( S i . Al >4 010 ( O H )8 CMonte-serpentine (NR)
I PDF 04-017-1022 NaO 98 CaO 02 A ll 02 Si2.98 08  alOite

^150
E

^140

2Theta (Coupled TwoThetaA^heta) W L=1.54060

XRD Results Sample 4
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a)

X08 55.97

I TD14_0123 raw (Deplacemeni)
I PDF 00-046-1045 S< 0 2  Quartz, syn
I PDF 01-076-0666 K2 ( At3 74 FeO 26 ) ( S>6 AJ2 0 2 0  ) ( 0  H )4 Muscoviie-2M1 
I PDF 00-052-1044 (M g Al )6 ( S>. Al )4 0 1 0  ( O  H )8 Chlorile-serpenline (NR)
I PDF ■ .........................................
I PDF 
I PDF

01-083-1531 Ca MgO 32 FeO 68 ( C 0 3  )2 Ankerite 
00-042-1340 Fe S2 Pynte

2Theta (Coupled TwoTheta/Theta) WL=1.54060

b)

X08 55.97

S-Q

(■i* 0i.y?^-06^  .  3T7Q % ]  ___

|P C f  PC'046-104^.

PPF 00-042-1340 -  0 7 ? ^  
POf Q1-083-1531 - 1  5 0 %
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I T014_0123 raw (Displacement)
PDF 00-046-1045 Si 02  Quartz, syn 

I PDF 01-076-0668 K2 ( AI3 74 FeO 26 ) ( Si6 AI2 020 ) ( O H H  Muscovite-2M1 
I PDF 00-052-1044 ( Mg . A l)6 ( Si . Al H 010 ( 0  H >8 Chlonte-serpentine (NR) 
I PDF 04-017-1022 NaO 98 Ca0.02 A ll .02 Si2 98 0 8  altiite 
I PDF 01-083-1531 Ca MgO 32 FeO.68 ( C 0 3  }2 Ankente 
1 PDF 00-042-1340 Fe 82 Pyfite

i  150
b
t-140

2Theta (Coupled TwoTheta/Theta) W L=1.54060

XRD Results Sample 5
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a)

X01 RETO

I TD14_0131 raw (Dispiacemeni)
PDF 0^1-089-196< S>02 0uarl2 lew. syn 

I PDF 00-052-1044 ( Mg Al )6( S< Al K 010 ( O H Cntonte-serpenline (NR}

i  PDF 00-042-1340 FeS2PyfHe
I PDF O O ^l-(4dO ( Ns Cs)A l(S> Al )3 06 Aibii«. catoan. ordftred

3O
O

2Theta (Coupled TvroTheta/Thela) WL=

b)

X01 RETO

S-Q

|pcf oo-o«i-i4ao»60i %

iPOf CO-042-^340 .  7 9 9 d

382



C)

X01 RETO

I TD14_0131 faw (Displacement)
PDF 01-089-1961 Si 02  QuarU tow. syn 

I PDF 00-052-1044 { Mg Al )6 ( S '. Al >4 010 ( O H >B Chtonle-serpentine {NR)
I PDF 01-080-3033 K ( AlO 876 FeO 124 )2 FeO.067 ( S il 64 AlO 36 )2 010 ( ( O H  >0.914 F 0.086 >2 Muscovite 2M1 
I PDF 00-042-1340 FeS2Pyn(e
I PDF 00-041-1480 ( Na . Ca ) Al ( S i . AJ )3 0 6  Albite. calcian. ordered

V W
2Thela (Coupled TwoTheia/Thela) WL=1.54060

XRD Results Sample 6
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a)

X01RERV 187.38 m

PDF 00-046-1045 Si 02  Quartz, syn 
PDF 01-071-5208 Fe SI 74 Pynte, syn
PDF 00-029-0701 ( M9 . Fe )6 ( S i . Al >4 0 1 0 (O H  )6 Chnochlofe-1Mllb ferroan

PDF 04-015-8224 KO 86 NaO 13 MgO 06 TiO 04 FeO 15Ai2 9S i2 97 010.13 ( 0  H )1 81 F0.04 muscovite

2Theta (Coupled TwoTheta/Theta) WL=1,54060

b)

X01RERV 187.38 m

S-Q
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c)

X01RERV 187.38 m

I TD14_0121 raw
PDF 00-046-1045 Si 02 Quartz, syn 

I PDF 01-071-5208 Fe SI 74 Pyrrte, syn
\ PDF 00-029-0701 ( Mg , Fe )6 ( S i, Al >4 010 ( O H )8 Clinochlofe-IMIIb, ferroan
I PDF 04-017-1022 NaO.98 Ca0.02 AJ1.02 Si2.98 08 albite
I PDF 04-015-8224 KO86 NaO 13 MgO 06 TiO 04 FeO.15 AI2 9 Si2 97 010 15( 0  H )1 81 FO04 muscovite

140^

2Theta (Coupled TwoTheta/Theta) WL=1.54060

XRD Results Sample 7
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a)

X05MB-1-38

I TD14_0128 raw (Dispiacemeni)
I  PDF 00-046-1045 Si 02  Quartz syr>
I PDF 01-071-5207 Fe S I 92 Pyrile. syn
I PDF 00-052-1044 ( Mg . Ai )6 ( S i , Al H  DIO ( O H )8 Chtonte-serpenline (NR) _ 3oq
I PDF 00-058-2037 K Ai2 ( S i , Al )4 C IO ( 0  H )2 MuscovHe-2M1. heated
\  PDF 04-017-1022 NaO 96 CaO 02 A ll 02 Si2 96 0 8  albite

2Thela (Coupled TwoTheta/Theta) WL=1 54060

b)

X05MB-1-38
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c)

X05MB-1-38

TD14_0128 raw (Displacement)
PDF M-046-1045 Si 02 Quartz, syn 
PDF 01-071-5207 Fe S I.92 Pynte, syn
PDF 00-052-1044 ( Mg . Al )6 ( S i . Al )4 010 ( O H )8 CNorile-serpenline (NR) 
PDF 00-058-2037 K AI2 { S i, Al )4 010 ( O H )2 Muscovite-2M1 heated 
PDF 04-017-1022 NaO 98 CaO 02 AM 02 Si2 98 08  albite

t-130

E-120

E-110

:-100

2Thela (Coupled TwoThela/Theta) WL=1.54060

XRD Results Sample 8

387



a)

XQUILTYCP

I TD14_0126 raw (Displacement)
PDF 00-046-1045 S i 0 2  Quartz, syn 

I PDF 00-058-2036 K A12 { S i . Al )4 OlO ( O H )2 Muscovite-2M1. glycolaled 
I PDF 04-017-1022 NaO 98 CaO 02 At1 02 S<2 98 0 8  albile 
I PDF 00-042-1340 Fe S2 Pynte

PDF 04-011-9829C a l 17 Mg0 8 3 { COS )2 Dolomite 
I PDF 00-021-0816 C aS  04  2 H2 0  Gypsum
I PDF 00-0S2-1044 ( Mg . Al )6 ( Si . Al )4 O lO  ( O M )6 Chlorite-serpentine (NR)

2Theta (Coupted TwoTheta/Theta) WL=1.54060

b)

XQUILTYCP

S-Q



C)

XQUILTYCP

I TD14_0l26.raw (Displacement)
I PDF 00-046-1045 Si 02 Quartz, syn
I PDF 00-058-2036 K AI2 ( S i, A l)4 010 ( O H )2 Muscovite-2M1, glycolated 
I PDF 04-017-1022 NaO 98 Ca0.02 AI1 02 SI2.98 08  albite 
I PDF 00-042-1340 Fe S2 Pyrite

PDF 04-011-9829 Ca1 17 MgO 83 ( C 03  )2 Dolomite 
I PDF 00-021-0816 CaS 04 2 H2 0  Gypsum
I PDF 00-052-1044 < Mg . Al )6 ( S i , Al >4 010 ( O H )8 Chlorrte-serpentine (NR)

2Theta (Coupled TwoThetaH^heta) WL=1 54060

XRD Results Sample 9
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a)

XCROSS PC

I TD14_0133.raw (Displacement)
I PDF 00-046-1045 Si 02 Quartz, syn 
I PDF 00-042-1340 Fe 82 Pyrite
I PDF 00-052-1044 ( Nig . Al )6 ( S i. Al >4 010 ( O H )8 Chlorrte-sefpentine (NR)
I PDF 01-063-1939 NaO 685 CaO 347 All .46 Si2.54 06 Albtte. calaan 
I PDF 00-026-0911 ( K . H3 O ) AI2 813 Al 010 ( 0  H )2 lllite-2M1 (NR)
I PDF 00-007-0042 ( K Na ) ( A l , Mg . Fe )2 ( SI3 1 AI0.9 ) CIO ( O H )2 Moscovite-3T

2Theta (CoupJed TwoThela/Theta) WL=1.54060

b)

XCROSS PC

S-Q



c)
XCROSS PC

I TD14_0133 raw (Displacement)
PDF 00-046-1045 Si 0 2  Quartz, syo 

I  PDF 00-042-1340 FeS 2P ynte
I PDF 00-052-1044 ( Mg Al >6 ( S i . Al )4 010 ( O H )8 Chlorite-serpentine (NR)
I PDF 01-063-1939 NaO 685 CaO.347 AM 46 Si2.54 0 8  Albite. calcian
I PDF 00-026-0911 ( K . H3 0  ) AI2 Si3 A l O10 ( O  H )2 lllite-2M1 (NR)
I PDF 00-007-0042 ( K , Na ) ( A l , Mg , Fe )2 ( Si3 1 AlO 9 ) O lO  ( 0  H )2 Muscovite-3T

2Theta (Coupled TwoThela/Theta) WL=1.54060

XRD Results Sample 10

391



a)

XKILT4

I TD14_0122.raw (Displacement)
I PDF 00-04&-1045 Si 02 Quartz, syn 
I PDF 01-073-9860 KO 92 NaO 08 A ll .86 FeO 14 MgO 02 
I PDF 04-003-1989 Fe 32 Pyrite. syn

0H )1.91 F0 09Muscovite-2M1, fernan

O  300-^

2Thela (Coupled TwoTheta/Theta) WL=1 54060

b)

XKILT4

5-Q

XRD Results Sample 11
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a)

XTORQUEAL

I TD14_0129 raw (Disptacement)
I PDF 00-046-1045 Si 02 Quartz, syn
I PDF 00-046-1311 ( K . N H4 . Na ) AI2( Si . AI H 010( 0  H )2 Muscovite-2M1. aminonian 
I PDF 04-015-5460 Mgl 9 AM 2 SI2.9 010 ( O H )8 chlorite (monoclinic)
I PDF 00-009-0456 ( Na . Ca ) ( S i. AI )4 08 Albtte. calcian. disordered, syn

2Theta (Coupled TwoTheta/Theta) WL=1.54060

b)
XTORQUEAL

S-Q



c)

XTORQUEAL

I TD14_0129 raw (Displacemertt)
, PDF 00-046-1045 St 0 2  Quartz, syr^
I PDF 00-046-1311 ( K , N H4 , Na ) AI2 ( S i , Al )4 C IO  ( O H )2 Muscovile-2M1. ammonian 
\ PDF 04-015-5460 Mg1 9 AW 2 Si2 9  0 1 0  ( 0  H )8 chlonte (morroclinic)
I PDF 00-009-0456 ( Na , Ca ) ( S i . Al >4 0 8  Albite. calaan. disordered, synJ

E-100

2Thela (Coupled TwoTheta/Theta) WL=1.54060

XRD Results Sample 12
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5

a)

X CL0ub2

T014_0125 raw (Dtsplacement)
PDF 00-046-1045 Si 0 2  Q uartz, syo

Pynte
{ O H  )1 744 FO 256

2Theta (Coupled TwoTheta/Theta)WL=1.54060

b)

XCLOub2

S-Q



XCL0ub2

E-120

r

2Theta (Coupled Two Thela/Theta) W L=1.64060

XRD Results Sample 13

396


