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SUMMARY

The Shannon Basin, located in southwest Ireland, was a long-lived structure, with sediments 
accumulating there from earliest Tournaisian to late Bashkirian times (Carboniferous: 
Mississippian-Pennsylvanian). The basin is identified during the early Tournaisian only on the 
evidence of thickness changes. In late Tournaisian times, Waulsortian mudbanks developed 
across Ireland and reached an acme in terms of thickness in the area of the Shannon Basin. 
During the Visean, clear differences in carbonate facies developed between the basin and the 
surrounding shelf, exemplified by a southward passage from cyclic platform carbonates in the 
Burren area of County Clare, through carbonate mudmounds into basinal limestone sequences, 
which include breccias, evidence of local, perhaps fault controlled, slopes, and a conspicuous 
and widespread unit of striped limestones. The latter unit, a laminite, is late Visean in age and 
forms an important marker horizon across the basin.

The Waulsortian Limestone Formation is overlain in the southwest of the basin by the 
Chapeltown Formation, which is Lower Visean to Arundian in age, and composed of dark well- 
bedded cherty calcilutites and shales. Faulting at Ballybunion, in the axial region of the basin, 
obscures the succession underlying striped limestone. Further south from Ballybunion, at 
Monument Hill Quarry, Lixnaw, a sequence, underlying a phase of striped limestone 
development, is well exposed and changes from calcilutite to calcarenite-dominated facies 
moving upwards through the succession. This may reflect a progressive shallowing of water 
depths. A development of oncoids in a thin horizon a short distance beneath the first appearance 
of striped limestone is observed at Lixnaw and also in boreholes at Fairy Gate (Tralee), further 
south. These structures are not comparable with documented deep-water oncolites and are thus 
interpreted as shallow and subtidal in origin. The oncoid band at Lixnaw contains goniatites 
belonging to the P,a ammonoid Biozone, indicating an age of latest Asbian to earliest 
Brigantian. Recent work has, however, suggested that the Pja biozone is located higher in the 
Brigantian. Striped limestone is underlain by the Durnish and Shanagolden Formations at 
Foynes, in the east of the basin. The former is a calcarenitic facies, whilst the latter (which 
directly underlies striped limestone) becomes more shale dominant towards the top, suggestive 
of a quietening of the palaeoenvironment. Slumped calcilutite grade facies underlying laminites 
on the Fergus Estuary suggests the presence of localised slopes in that region of the basin.

The Striped Limestone Formation occurs over a very wide area within the Shannon Basin. The 
'stripes', which characterise the unit, consist of alternating light and dark carbonate laminations. 
The lamination varies from planar to crinkly and five types may be differentiated. Syn- 
sedimentary and shallow-burial deformation (brittle and ductile) is a widespread feature of this 
facies. Thin-sections demonstrate the presence of a pervasive, recrystallised microsparite 
texture, although grumeleuse textures are occasionally encountered and are probably microbial 
in origin. With the exception of a poorly preserved calcareous microflora and rare ostracods, 
striped limestone is generally unfossiliferous. Striped limestone is interpreted to have been 
produced in a hypersaline environment due to the presence of rare gypsum pseudomorphs; 
length-slow chalcedony and aspects of the deformation of laminite (which are analogous to that 
observed as a result of evaporite solution collapse). The fauna observed in thin-section may 
have been halotolerant. Comparison with other, documented, laminated evaporite deposits 
reveals many shared similarities with Middle Devonian laminites in the Elk Point Basin of 
western Canada.
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Carbonate mudmounds developed around the Shannon Basin in Asbian and Brigantian times. 
The lithology is quite variable; however three iithofacies are broadly discernable; massive 
(generally unfossiliferous mudstones), bioclastic wackestones-packstones and brecciated 
lithologies. These bioherms lack a supporting or baffling framework and possess a macrofauna 
dominated by crinoids, brachiopods and fenestrate bryozoans. Brachiopods are commonly 
articulated and may have delicate spines preserved. Thin-sections reveal the presence of 
grumeleuse textures, indicating a microbial influence in the formation of these buildups, along 
with coatings of micrite or inclusion rich microsparite around many bioclasts. These coatings 
are typically isopachous. Cavity systems are also developed in these mudmounds. Striped 
limestone laminite is demonstrably interwoven with the upper parts of these buildups at several 
locations, suggesting that both units may be, in part, broadly coeval.

After the cessation of striped limestone production, normal marine conditions re-established in 
the basin, followed by a general pattern of increasing depth of sedimentation during the rest of 
the Brigantian. A younger phase of Brigantian mudmound development appears to have 
occurred in certain areas of the basin. Turbidite influenced carbonate sedimentation 
characterises the western axis of the basin during this time, whist in the east the sequence is 
more condensed and shale-rich. Calcirudite facies, overlying Asbian mudmound facies at Fenit 
contains a rich and well-preserved silicified fauna. A small quarry, exposing the Dirtoge 
Formation, at Cordal, near Castleisland, has produced abundant Paladin sp. trilobites. The 
facies in the quarry is composed of dark, argillaceous and cherty calcilutites and is located a 
short distance stratigraphically beneath the base of the Clare Shale Formation (Serpukhovian).

The evaporitic origin of striped limestone and has important implications for the developmental 
history of the Shannon Basin and indicates that it must have became silled or restricted in late 
Asbian to early Brigantian times. The profile of the basin during this time must have been such 
that it facilitated the widespread development of this laminite facies, in what could be 
lithostratigraphically considered an 'event' horizon. Sea-level fluctuation or a tectonic 
movement may have acted to isolate the basin. The presence of late Visean buildups may also 
have had a role to play in further restricting water circulation.

A widespread 'event' would require a widespread trigger or cause, yet a similar facies to striped 
limestone is unknown from neighbouring (coeval) basins. This suggests a uniqueness to either 
the general palaeoenvironment or the architecture of the Shannon Basin. Previous research has 
maintained that, in contrast to other Visean basins in Britain and Ireland, basin-controlling 
faults remained covert and the fault scarps never directly influenced patterns of sedimentation in 
the Shannon Basin. Recent evidence from exploration drilling suggests otherwise. A 
pronounced regression event is favoured here as the mechanism for isolating the basin and 
evidence for cyclic sea-level fluctuation is well documented at this time. If this model is correct, 
striped limestone facies would be considered part of a lowstand systems tract and should, thus, 
correlate with a palaeokarstic surface developed on surrounding platform areas. The termination 
of carbonate sedimentation occurred (broadly) at the Visean-Serpukhovian transition and this 
may have been triggered by eustatic fluctuation.
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1.1: General introduction and regional setting

Chapter 1: Introduction

1.1: General introduction and regional setting

This project is concerned with Visean [Middle Mississippian (Carboniferous): 345.3- 

328.3 Ma according to Heckel, 2008] carbonate rocics, of basinal aspect, exposed today 

in parts of Counties Clare, Limerick and Kerry in southwest Ireland (see Figs. 1.1.1 & 

2.1). The basin itself has been variously termed the Shannon Basin, Shannon Trough, 

Limerick Basin and Dingle-Shannon Basin by previous authors (e.g. Gardiner & 

MacCarthy, 1981; Strogen et al. 1996; Guion et al. 2000; Sevastopulo & Wyse Jackson, 

2009; Sevastopulo, 2009). The name Western Irish Namurian Basin has been used by 

Collinson et al. (1991) and also by Wignall & Best (2000) for the depocentre, which 

subsequently received Serpukhovian to Pennsylvanian siliciclastic sediments, whilst 

Croker (1995) applied the term Clare Basin for the offshore extension of this structure. 

The name Shannon Basin is favoured here as it does not carry any specific temporal or 

basin-profile connotations and it also does not imply a geographic limitation to any one 

particular Irish county.

In the Mississippian, Ireland was located south of the palaeo-equator, in tropical 

latitudes (Ziegler, 1990; Scotese, 1997), on the central-southern margin of Laurussia 

(Fig. 3.1.1). During this time a series of intracratonic basins and intervening shallow 

marine ramps and platforms developed across Britain and Ireland (Leeder, 1982, 1987; 

see Fig. 1.1.2). In Ireland this configuration was bounded to the north by an arid 

mountainous landmass (the remains of the Devonian 'Old Red Sandstone' |ORS| 

continent) and to the south by the South Munster Basin (Naylor et al. 1989, 1996), a 

siliciclastic dominated depocentre, similar in several respects to the 'Culm' facies of 

southwestern England (Fig. 1.1.2). A landmass, named 'St. George's Land' or the 'Welsh 

M assif, formed a topographic high in eastern parts of Ireland (Clayton et al. 1986), 

which extended across to Wales. The Carboniferous palaeogeography of the area further 

west from the Shannon Basin is poorly understood due to its (present) offshore location.

The Shannon Basin was a long-lived structure, with sediments accumulating there from 

the earliest Tournaisian until (at least) the late Bashkirian (Sevastopulo & Wyse
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1.1: General Introduction and regional setting

Jackson, 2009; Sevastopulo 2009; see Fig. 1.1.1). The details o f the architecture and 

shape o f the basin are poorly understood. However, the axis o f the structure has been 

proposed to lie coincident with the River Shannon, and also with the putative trace o f 

the lapetus Suture in western Ireland (Phillips et al., 1976; Klemperer, 1989). These 

proposals are questioned by the findings o f Morris &  Max (1995), which placed the 

trace o f the lapetus Suture further south (almost coincident with the southern and 

eastern margins o f the basin). The Mississippian sedimentary f i l l  o f the Shannon Basin 

consists o f carbonates overlain by black, organic rich shales. The Pennsylvanian section 

records repeated progradation o f deltaic sands over basin floor muds. This is typical o f 

many Carboniferous basins in Britain and Ireland (Guion et al., 2000).

The onshore (Visean) remnant o f the Shannon Basin covers an area, at present, o f over 

200km^, although the basin itself has been shortened by Variscan deformation (Graham, 

2009) and is inverted. Strogen et al. (1996) proposed a shortening factor, due to folding, 

o f less than 10% for the Shannon Basin. This is similar to the estimate o f 11% (N-S) 

shortening provided by Dolan (1984), for sections at Ballybunion in north Kerry, but 

somewhat less than the c.15% value proposed by Le Gall (1991) for the area between 

Ballybunion and the C liffs  o f Moher, further north in Clare.

The Shannon Basin can be identified during the Tournaisian only on the evidence o f 

thickness changes. During the early Tournaisian marine transgression, heterolithic and 

shallow water shelf sediments succeeded ORS Devonian red-bed facies, followed by a 

period o f ramp carbonate sedimentation (Hudson &  Sevastopulo, 1966; Clayton et al., 

1980; Somerville &  Jones, 1985). The sediments deposited during this period show a 

degree o f thickening in the Shannon area and further marked thickness variations 

developed during later deposition o f Waulsortian mudbank facies (Strogen, 1988), 

clearly defining an axial zone to the basin, in latest Tournaisian to early Visean times. 

The Waulsortian in Ireland has its greatest thickness in an axial zone centred on the 

Shannon Basin (Lees &  M ille r, 1995).

From the beginning o f the Visean, clear differences in facies between the basin and the 

surrounding shelf became apparent as ramp sedimentation continued. Very little  is 

known about the precise patterns o f these lateral facies changes across the basin as these 

have never been investigated or documented in any detail. Reconnaissance level

2



1.1: General introduction and regional setting

mapping identified a southward passage from the late Visean cyclic platform carbonates 

o f the Burren area in County Clare, through carbonate mudmounds into basinal 

limestone sequences that include breccias, evidence o f local, perhaps fault controlled, 

slopes. O f particular interest is a widespread development o f striped limestone, which 

forms an important and highly distinctive marker horizon across the basin. The origin o f 

this carbonate facies is unclear, due in part to perceived lack o f clear-cut (modern or 

ancient) analogues. Several previous workers (e.g. MacDermot &  Sevastopulo, 1972) 

have interpreted this unit as representing a sequence o f calcitised evaporites. When this 

hypothesis is coupled with a perceived 'basinal' setting, it sets up complexities, or even 

difficulties, in trying to interpret the palaeoenvironment.

Lees and M ille r (1995) commented on the fact that little  seems to have been published 

on the nature o f the Shannon Basin. This is especially true for the Visean part o f the 

succession and is unfortunate as many important regional and global events were taking 

place during this particular time interval. These include initiation o f widespread sea- 

level oscillations in the late Visean, interpreted by several authors (e.g. Smith &  Read, 

2000; W right &  Vanstone, 2001; Barnett et al., 2002) as glacioeustatic in origin, and the 

result o f the onset o f the Permo-Carboniferous Glaciation in southern Gondwana. 

Throughout the Mississippian, the climate o f the world appears to have shifted steadily 

from Hothouse to Coldhouse conditions (Veevers &  Powell, 1987). The collision o f the 

African portion o f Gondwana with European Laurussia (see Fig. 3.1.1 for general 

palaeogeography) eventually closed the connection between the Palaeotethys Sea (in the 

east) and Rheic (Panthalassan) Ocean (in the west), profoundly altering patterns o f 

global oceanic circulation (M ii et al., 1999; see Fig. 3.1.3). The resultant Variscan 

Orogeny took place between the Devonian and Early Permian across Europe (Warr, 

2000), reaching a climax in the Late Carboniferous and creating a Himalayan-scale 

mountain range between Russia, Western Europe and North America (Guion et al., 

2000). Carboniferous rocks o f Britain and Ireland were effectively located on the 

northern foreland o f this orogen (Timmerman, 2004; Graham, 2009), which, as it 

advanced from the south, fundamentally controlled the tectonic evolution and pattern o f 

basin development in the region.

3



1,2: Carboniferous stratigraphic framework

1.2: Carboniferous stratigraphic framework

Several (internationally agreed) subdivisions of the Carboniferous have recently been 

adopted (Heckel & Clayton, 2006; Heckel, 2008). The Carboniferous Period is divided 

into two epochs, the Mississippian and the Pennsylvanian. The Mississippian is 

subdivided into three stages (in ascending order): the Tournaisian, Visean and 

Serpukhovian (Fig. 1.2.1).

Several regionally defined substages for both the Tournaisian and Visean will be used 

throughout this report, and these are shown in Fig. 1.2.1. A number of stratigraphic 

terms, widely used in past reports, are no longer appropriate. These include the 

Courceyan and Chadian and also the Namurian (which is split between the 

Serpukhovian and the lower part of the Bashkirian). The base of the Visean has been 

agreed, but does not coincide with the boundaries of any (currently recognised) 

substage, thus the informal term 'Lower Visean' will be used here. Various macrofossil 

and microfossil groups are used to effect biostratigraphic correlations through the 

various substages of the Tournaisian and Visean and these biozones are illustrated in 

Fig. 1.2.2. At the time of writing, the correlation of the Asbian-Brigantian boundary, as 

identified by the use of various macrofossil groups (most notably ammonoids), has been 

challenged by Cozar et al. (2006).

Siliciclastic sedimentation characterised the Late Mississippian (Serpukhovian) and 

Pennsylvanian, with the result that many fossil groups, such as foraminifera and 

conodonts, are either absent or difficult to extract. However, a detailed biozonation has 

been established using ammonoids (Fig. 1.2.3). Later in the Pennsylvanian, bivalves 

become biostratigraphically useful.

1.3: Previous research on the Shannon Basin

This section will provide a brief overview of the history of research on the 

Carboniferous strata of the Shannon Basin. Several important references have already 

been cited in Section 1.1. Additional sections reviewing and discussing previous work 

in other areas relevant to aspects of this report, such as evaporites, microbialites and 

carbonate mudmounds, are interwoven into the narrative of Chapters 3-6.
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13 : Previous research on the Shannon Basin

The rocks of the Shannon Basin were first mapped, on a scale of 6" to one mile, in the 

1850s and 1860s by officers of the Geological Survey of Ireland. Their findings were 

published as a series of 1" to one-mile scale maps, together with a series of 

accompanying memoirs (see for example Foot et al. 1859). At that time, survey 

geologists used the following basic subdivision of Carboniferous strata:

Geological
Survey

Notation:
Unit name;

d4 Upper Limestone

d3 Middle Limestone (u n re c o g n is e d  in  th e  a r e a )

d2 Lower Limestone

d1 Lower Limestone Shale

Subsequent revisions of these map sheets appeared in the 1880s and refined particular 

aspects of the stratigraphy of the region, for example subdividing the Coal Measures 

into Shale Series, Flagstone Series and Lower Coal Measures (in ascending order). 

Details of the Carboniferous Limestone remained, however, as stated by Hudson et al. 

(1966), "of little value".

Perhaps the greatest challenge facing the 19"' Century survey geologists was the lack of 

a rigorous biostratigraphic framework for the Lower Carboniferous. The publication of 

Vaughan's (1905) coral-brachiopod zonation scheme, based on the Carboniferous of the 

Bristol area, was thus a revolutionary development in this area. Riley (1993) 

commented that this was "one o f  the most influential papers to have appeared in the 

Journal [of the Geological Society!" and also that "it influenced the correlation and  

subdivision o f  the Carboniferous Limestone throughout Britain and Ireland fo r  the next 

seventy years".

Douglas (1909) described the Carboniferous Limestone and its shelly macrofauna from 

County Clare, with the aim of comparing the latter to Vaughan's 1905 scheme. He 

documented the Burren and also areas, further southeast, around Ennis Tulla and 

Bunratty (along the transition into the Shannon Basin proper, Fig. 1.1.1). Douglas
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1.3: Previous research  on the Shannon Basin

established that the carbonate succession  ranged from Tournaisian (Z zone) to upper 

V isean (D 3  zone) before being capped by "Black gon ia tite  Shales o f  the C o a l M easure  

series". H orizons at the base o f  the succession  were tentatively determined as belonging  

to the K zone. D ouglas (1909) also drew a strong com parison between S yringothyris  (C) 

Zone lim estones in Clare and developm ents o f W aulsortian lim estone described from  

B elgium .

During the 1950s and 1960s, a series o f  'geological mapping' based Ph.D projects were 

conducted in the area o f  the Shannon Basin, by students from Trinity C ollege Dublin  

and several U K  institutions (see Fig. 4 .2 .1 .1 ). The main method o f  biostratigraphic 

correlation used by these workers involved the application o f the coral-brachiopod  

zonation o f  Vaughan (1905) or the identification o f  goniatites in shale bands in the 

younger (Serpukhovian to Bashkirian) silic iclastics. Shephard-Thorn (1958) mapped the 

area around Foynes in northwest Limerick and published the results in 1963 (Fig. 

1.3.1). 'O ld R ed  Sandstone' fac ies at the base o f the succession  w as fo llow ed  by a 

transgressive series o f  sandstones, lim estones and shales ranging from M or K zone 

(Hastarian) up to Z j (Ivorian). A  thick c .900-1200m  developm ent o f W aulsortian  

Lim estone occurred in the m iddle o f  the sequence and its age was estim ated by 

Shephard-Thorn (1963) to be C, up to, perhaps, as high as C 2 S ,. A conform able  

succession  o f  bedded lim estones overlay the W aulsortian, ranging from S 1/S 2  up to the 

upper D zone. Striped lim estone appeared towards the top o f  this post-W aulsortian  

sequence, which Shephard-Thorn (1963) included in his Parsonage B eds. The 

stratigraphic succession  established by Shephard-Thorn (F ig . 1.3.1) remains the best- 

docum ented sequence in the Shannon Basin and it has been used as a regional standard 

(with som e m odifications) by several subsequent workers (e .g . G eorge e t a l.,  1976; 

Som erville & Jones, 1985; Sleem an & Pracht, 1999).

Kelk (1960) studied the Serpukhovian and Bashkirian shale and sandstone successions  

along the northwest coast o f  County Kerry, but he also provided details o f  the 

underlying carbonates in the appendices o f  his report. Hodson & Lewarne (1961) 

described the upper V isean succession  underlying the Clare Shale on Inishtubrid in the 

Fergus Estuary, which included a developm ent o f  striped lim estone. Brennnand (1 9 6 2 , 

1965) mapped the area northeast o f  Castleisland in County Kerry, concentrating again  

on the post-V isean silic ic lastic  succession . Tattersall (1963) mapped the Tournaisian
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and Visean successions between Ennis and the islands on the Fergus Estuary in Clare. 

She commented that the stratigraphy there was quite different to the more generalised 

description of the limestone succession of County Clare previously provided by 

Douglas (1909). Tattersall was probably referring to the fact that this particular area 

marks a transition between platform facies further north and basinal deposits further 

south and west. Tattersall (1963) described the occurrence of upper Visean carbonate 

mudmounds and striped limestones on several of the islands and parts of the mainland. 

Thornton (1966) mapped the Tralee Bay area and, although much of his report focused 

on the Ballyseedy (Waulsortian) Bank Limestones, he provided good coverage of the 

overlying Visean strata, including developments younger (Asbian) mudmounds and 

striped limestone. Hudson et al. (1966) described the Tournaisian and Visean 

carbonates exposed in the core of the Slieve Mish Anticline, around Castleisland. They 

described a (broadly) similar succession to Thornton (1966), again recording a second 

(younger) phase of mudmound development after the Waulsortian.

All of the above workers (with the exception of Brennand, 1962, 1965) encountered and 

described striped limestone. Their observations and conclusions are discussed in more 

detail in Section 4.2.1 and summarised in Fig. 4.2.1.2.

MacDermot & Sevastopulo (1972), in their synthesis of the Upper Devonian and Lower 

Carboniferous stratigraphy of Ireland, noted an exceptionally thick development of the 

Waulsortian Limestone in the Limerick area and volcanism in the 'Limerick basin' in 

lower to middle Visean times. They also mentioned mid to upper Visean argillaceous 

limestones, with evidence of slumping, and noted the widespread occurrence of striped 

limestone in the basin, which they interpreted as evaporitic in origin.

Around the time of the MacDermot & Sevastopulo (1972) paper, microfossils 

(foraminifera, calcareous algae and conodonts) were coming to prominence as 

biostratigraphic tools for subdividing Carboniferous successions (eventually going on to 

take precedence over the coral-brachiopod scheme). Several papers dealing with 

conodont faunas from the Shannon Basin date from this period. Austin (1968) described 

a conodont fauna from the Waulsortian at Askeaton in Limerick, concluding that it was 

located between the Scaliognathus anchoralis and Gnathodus texanus conodont 

Biozones |in the 'anchoralis bilineatus interagnum' Biozone as then defined]. Austin et
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1.3: Previous research on the Shannon Basin

al. (1970) applied conodont and foraminiferal biostratigraphy to the successions at 

Foynes and also the islands on the Fergus Estuary, using the lithostratigraphic schemes 

o f Shephard-Thorn (1963) and Tattersall (1963) respectively. The conodont range tables 

and correlation scheme, across the Shannon, presented in that paper are reproduced here 

in Fig. 1.3.2. Austin &  Husri (1974) subsequently published a more detailed account o f 

the conodont faunas from both o f these areas.

Austin (1972), in a review o f Upper Mississippian (Serpukhovian) to Pennsylvanian 

conodonts, provided details o f several locations in Ireland yielding specimens o f this 

age. This list included several sites in Clare, ranging in age from H ,3 (Chokerian) to R,a 

(Kinderscoutian). O f particular interest is the mention by Austin (1972) o f conodonts 

from the Homoceras heyrichianum  (H,,,) ammonoid zone in the Clare Shale Formation 

from Inishcorker in the Fergus Estuary (see Figs. 2.9.1-2). Skompski et al. (1995), 

continuing the theme o f investigating post-Visean conodonts from Clare, reported on a 

fauna o f E, age (early Serpukhovian), extracted from a thin sequence of dark 

argillaceous limestones lying stratigraphically between the (presumed) top o f the Visean 

limestone and the Clare Shale Formation, at Kilnamona, near Ennis.

Somerville (1999), in her study o f the Upper Visean conodont biostratigraphy and 

biofacies o f Ireland, confirmed the presence o f the fo llow ing [conodont and 

foraminiferal] biozones at Foynes:

Lithostratigraphy
(Shephard-Thorn, 1963; Sleeman & Pracht, 1999)

Conodont Zone: Foraminifer
Zone:

cro Corgrig Lodge Fm.
Lochriea nodosa

Cf66

c
CD

-Q)

c
CD
g> Parsonage Fm. 

(Striped Limestone)
Gnathodus
bilineatus

.CO .
:S ; Shanagolden Lst Fm.c 1

(0
\a</) Lochriea Cf6y
< Dumish Lst Fm. commutata

Somerville &  Jones (1985) described the Courceyan (Hastarian to Ivorian) stratigraphy 

o f the Pallaskenry borehole in Limerick. This documented an almost complete sequence
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1.3; Previous research on the Shannon Basin

from Old Red sandstone facies up to Waulsortian Limestones. They provided a revision 

o f the sub-Waulsortian stratigraphy o f Shephard-Thorn (1963) and correlated the 

Pallaskenry succession, using conodonts and corals, w ith sections in Clare, Kilkenny, 

Wexford and also the southwestern province o f Britain and Dinant in Belgium 

Somerville &  Jones (1985) observed a distinction between shelf and distal shelf 

conodont faunas across this area, which they related to the regional palaeogeography.

A major volcanic centre, housed in a large fold structure (the Limerick Syncline) on the 

southeastern margin o f the Shannon Basin, was in itia lly  described by Ashby (1939) and 

Shelford (1967). Strogen (1977, 1983, 1988) and Strogen et al. (1996) later provided a 

more complete and detailed account o f this igneous feature (Fig. 1.3.3(a-b)) and defined 

two discrete volcanic intervals:

N am e: Litholocjy: Age: Thickness:

Knockseefin
Volcanic
Formation

Com plex  
association of 
(ankaram itic & 

limburgitic) lavas  
with lesser tuff- 

breccias.

Asbian
500m :

Thickest in southeast, 
thinning out north & west.

Knockroe
Volcanic
Formation

Com plex  
association of (vitric 

& lithic) tuffs and 
(alkali basalt to 

trachyte) porphyritic 
lavas.

Low er Vis6an  to early  
Arundian in the W est 

and  Holkerian (or 
possibly younger) in 

the East.
[See Fig. 1.2.3(c)]

250-550m : 
Thickness variable along 
strike with several local 
m axim a. D iachronous  

character due to NE to E 
migration of volcanic centre.

These volcanic units erupted from several centres and are interbedded with limestone 

units o f Lower Visean to Brigantian age (Strogen, 1988; Somerville et al. 1992; see Fig. 

1.3.3(c)), indicating that basinal subsidence was sufficient to keep pace w ith volcanic 

accumulation during much o f the Visean. Schultz &  Sevastopulo (1965) and Strogen 

(1973) described additional (smaller-scale) occurrences o f Carboniferous igneous rocks 

from Clare (Tulla) and north Limerick (Carrigogunnel) respectively. A ll o f this volcanic 

activity was the result o f extension In the foreland o f the Variscan Orogeny. 

Timmerman (2004) noted that this extension was commonly accompanied by mafic 

magmatism and that during the Visean larger volumes o f volcanic materials were 

produced (in comparison to those emitted in the Tournaisian) during the main phase o f 

basin formation.
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1,3: Previous research on the Shannon Basin

Concepts relating to the shape and evolution of the Shannon Basin during Tournaisian 

and Visean times have been published by Strogen (1988), Somerville & Strogen (1992) 

and Strogen et al. (1996). Strogen (1988) noted that the subsidence history of the basin 

during this time was complex, with an initial phase of broad regional 'sag' in early to 

mid Tournaisian times, followed by accelerated subsidence during formation of 

Waulsortian limestones in the late Tournaisian (Fig. 1.3.4(b)). Strogen (1988) suggested 

that at depth, the southern margin o f  the Shannon Basin might have been a half graben, 

which controlled both subsidence and the distribution of volcanic rocks. According to 

Strogen (1988) these faults apparently never reached the surface to influence 

topography and sedimentation patterns. Strogen (1988) also proposed that the Shannon 

Basin (and several other nearby (coeval) basins) might have arisen by strike-slip, in a 

transtensional regime, rather than by simple extension.

Somerville & Strogen (1992) proposed that a northwest dipping carbonate ramp (the 

Limerick Ramp) developed from Herbertstown to Rathkeale in County Limerick (Fig. 

1.3.4(a)) between the Lower Visean and early Arundian. Later in the Arundian, this 

structure, which had a slope of less than 1°, began to prograde westwards. According to 

Somerville & Strogen (1992) it continued to develop and prograde throughout the 

Holkerian and into the Asbian (by which time the slope had reduced to c.0.5°). 

Elsewhere in Britain and Ireland, Tournaisian ramp environments had evolved into 

(fault-bounded) carbonate platforms (see Fig. 4.3.7.3) by mid to late Visean times. 

Somerville & Strogen (1992) argued that a lack of tectonic control on sedimentation 

patterns allowed this particular ramp environment to persist for longer in the Shannon 

Basin.
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1.3; Previous research on the Shannon Basin

Strogen et al. (1996) compared the Dublin and Shannon Basins and noted the fo llow ing 

(see also Fig. 13.4(b) for a comparative plot o f subsidence history in both basins):

Dublin Basin: Shannon Basin:

Subsidence: Total su bsidence in both basins fairly similar.

Basement faults:

Faults (expressed at the 
surface) controlled 
subsidence and break basin 
into shallow-water platforms 
& deep basinal areas.

Faults not expressed at surface.
In the deeper subsurface, they 
control the distribution of volcanic 
centres. This lack of direct 
basem ent-fault control on 
sedimentation allowed a ramp 
environm ent to persist for much of 
the Tournaisian & Vis6an; by the 
late Visean it had evolved into a 
large platform.

Reason proposed by 
Strogen et al. (1996) 

for fundamental 
difference in 
behaviour of 

basement faults In 
both basins:

Basem ent of basin 
composed of heterogeneous  
lithoiogies, located south of 
the lapetus Suture. 
Differences in density of 
adjacent lithospheric blocks 
may have stimulated 
differential uplift & sinking.

Basem ent composed of much 
more hom ogenous lithoiogies 
located north of the lapetus 
Suture.

Serpukhovian and Bashkirian siliciclastic sedimentary rocks in the Shannon Basin have, 

in contrast to their Visean counterparts, received much greater scientific attention. This 

is due to excellent exposure o f these rocks along the coast o f County Clare, allowing 

examination o f a wide range o f sedimentary environments (displaying an overall 

shallowing trend) from a deep-water turbidite influenced environment in southwest 

Clare (e.g. Collinson et al., 1991, E llio tt, 2000), to slope settings with evidence o f 

spectacular syn-sedimentary slumping (G ill &  Kuenen, 1957; G ill, 1979; Martinsen &  

Bakken, 1990), through to fluvio-deltaic (cyclothemic) patterns o f sedimentation (e.g. 

Pulham, 1989; E llio tt &  Pulham, 1990). Comparative analysis o f the various Clare 

coastal sections (Fig. 1.3.5(a-b)) has been made possible by the detailed goniatite 

biostratigraphic framework established by Hodson and co-workers (see Hodson, 

1954a,b; Hodson &  Lewarne, 1961 and also Fig. 1.2.3). This has allowed the post- 

Visean succession o f the Shannon Basin to be investigated in some considerable detail 

and also to be examined in a sequence stratigraphic context (e.g. Davies &  E llio tt, 1996; 

Hampson et al. 1997).
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Hodson & Lewarne (1961) were the first to recognise a {Namurian) basin structure in 

the area o f Clare and Limerick. They carefully examined goniatite horizons within the 

Clare Shale Formation, across the region, and established that it thickened dramatically 

from c .l2m  in north Clare to at least 215m , close to the Shannon Estuary, further south, 

where they considered the axis o f the basin to lie. More importantly, Hodson & 

Lewarne (1961) demonstrated that the base o f the Clare Shale Formation in the south 

was E| (Serpukhovian IPendleianJ) in age, but that further north in Clare, the base was 

considerably younger (H ,, Bashkirian |Chokerian|). The dark H, shales rested directly 

on Visean carbonates (sometimes separated by a thin phosphate horizon), thus a 

considerable non-sequence on the northern margin o f the basin was demonstrated. The 

fact that the Clare Shale Formation spans the Serpukhovian-Bashkirian boundary, in 

certain areas o f the Shannon Basin, led Braithwaite (1994) to make a detailed study of 

the unit on Inishcorker, with a view to ascertaining whether it would make a suitable 

stratotype for the mid-Carboniferous (M ississippian-Pennsylvanian) boundary.

The 'traditional' model for the post-Visean history and evolution of the Shannon Basin 

(e.g. Hodson & Lewarne, 1961; Collinson et al. 1991) envisioned an initial infill of the 

axis o f the basin, located along the line o f the Shannon Estuary, with siliciclastic 

sediment sourced from a hinterland located to the west or northwest (Fig. 1.3.5(c)). This 

concept was challenged by Wignall & Best (2000), who proposed that the condensed 

phosphate horizons, at the base of the Clare Shale in northern Clare, actually formed in 

the deepest water conditions within the basin and that the direction of sediment supply 

for the younger parts o f the succession was largely towards the northeast (with the Ross 

Sandstone progressively downlapping the underlying Clare Shale Fm.) |see Martinsen 

& Collinson (2002) and Wignall & Best (2002) for discussion and reply on this topic].

Shelford's (1967) study of the Limerick Syncline, had focussed more on the 'Namurian' 

sedimentary succession directly above the Visean volcanics and carbonates, and 

suggested that it might not be (temporally) comparable to the Clare Shale, and that it 

might infact be Rja to R2b (Marsdenian) in age. This was confirmed by Strogen (1988), 

who included the entire 190m sequence o f shales and sandstones in the Longstone 

Formation. Strogen (1988) noted the presence o f an irregular angular unconformity 

between the top of the Visean and the base o f the Marsdenian sediments and inferred 

that a phase o f basin inversion must have occurred in the intervening time on the
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southeastern edge o f the Shannon Basin. This contrasted quite markedly with the 

continuous subsidence and sedimentation observed fo r the same time period in the area 

o f the Shannon Estuary.

The Geological Survey o f Ireland has published several 1:100,000 maps, and 

accompanying memoirs, covering the area o f the Shannon Basin. The relevant 

publications are:

GS/ Map No.: Memoir Title: Reference:

Sheet 17 

Sheet 18 

Sheet 20

Geology o f the Shannon Estuary 

Geology o f Tipperary 

Geology o f Dingle Bay

Sleeman & Pracht, 1999 

Archer et at. 1996 

Pracht, 1996

Sheet 21 Geology o f Kerry-Cork Pracht, 1997

1.4: Scope and aim of project

As previously mentioned in Section 1.1, many aspects o f both the stratigraphy and 

palaeoenvironmental evolution o f the Shannon Basin (particularly during the Visean) 

are very poorly understood. A  consequence o f this general lack o f information is that 

large areas o f Visean strata on the 1:100,000 (Sheet 17) map (1999) produced by the 

Geological Survey o f Ireland fo r the region remained undifferentiated.

This project has two key primary objectives:

1. To examine and document in detail the key stratigraphic sections in the area 

of the Shannon Basin.

Several o f these sections had never been described before and many others were 

in itia lly  described over 40 years ago and have received little or no attention 

since. The need for a comprehensive reassessment o f these particular exposures 

in terms their sedimentological and palaeontological content has become all the 

more pressing in recent years.
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2. To examine and provide a complete description and interpretation of striped 

limestone.

Striped limestone forms a conspicuous marker horizon across large areas of the 

Shannon Basin, yet its origins remain very unclear. Its distinctiveness is such 

that it remained the only Visean formation to be distinguished on many areas of 

the G S l ’s Sheet 17 geological compilation for the region. Using a variety of 

approaches, this project will describe the physical, chemical and biological 

features of this unique carbonate rock type. The relationship o f  striped limestone 

to its enclosing facies will be examined. Several potential analogues will also be 

reviewed and assessed, with a view to understanding the likely 

palaeoenvironment o f  this facies.

Around the time of the formation of striped limestone, a series carbonate m udmounds 

had formed in several areas of the Shannon Basin. Little is known about their genesis 

and biota. These mounds will be described both in terms of palaeontology, 

sedimentology and their likely palaeoenvironment. Possible genetic links between these 

mudmounds and the striped limestone facies will be considered also.

No previous conodont work has been conducted at several o f  the key Visean sections in 

Limerick and, in particular, in Kerry. A reconnaissance level study of conodont faunas 

will be presented in this report.

Finally, it is intended to consider the above data in the context of sea level fluctuation in 

the upper Visean and the onset of the Permo-Carboniferous glaciation in the southern 

hemisphere. In particular, attention will be focussed on carbonate strata formed after the 

striped limestone and immediately preceding the onset of widespread siliciclastic 

sedimentation in the region. The reasons for the complete collapse of the carbonate 

factory during this time will also be considered.
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1.5: Methods and tools

1.5: Methods and tools

This project is largely fie ld based and the interpretation o f palaeoenvironments is based 

prim arily on the careful observation and examination o f lithofacies, palaeontology and 

sedimentary structures at either outcrop level (in the field) or on polished slabs and rock 

thin-sections. Bed by bed logging was undertaken at all significant (suitable) sections, 

usually on a cm-scale |see Appendix A | and a variety o f fie ld mapping techniques 

employed to document the relationships o f various lithologies. Once established, Visean 

successions at various locations across the Shannon Basin are correlated on 

lithostratigraphic and, to a lesser extent, biostratigraphic grounds.

Fossils were photographed and collected in the field and returned to the lab for further 

cleaning, preparation and identification. Where necessary, due to the very broad range 

o f phyla encountered, the advice o f specialists was sought to verify determinations. 

These individuals are duly acknowledged at the appropriate sections o f the text. The 

fossil material collected from Oyster Hall H ill and illustrated in Figs. 4.3.3.2-3 was 

blackened and coated with ammonium chloride for photographic purposes. Several o f 

the fossil samples from Oyster Hall foreshore (in Figs. 5.2.3-11) have been given a 

coating o f ammonium chloride (but were not blackened) to improve clarity o f surface 

details.

Samples o f carbonate were taken from outcrop in the fie ld and etched with form ic acid 

in the lab to liberate conodonts for use in assessing biostratigraphic age and biofacies. A 

detailed overview of the techniques involved in this process is provided at the start o f 

Appendix B, which is the repository o f all conodont data. Conodont material from the 

Cloonagh Limestone at Oyster Hall (see Figs. 4.3.3.8-9) was photographed using the 

scanning electron microscope facilities in TCD. The selected elements were attached to 

SEM specimen plugs using an adhesive pad and then gold coated using a sputter coater.

Microfacies, microfauna and diagenetic features were observed in thin-sections 

examined under optical microscopy. Uncovered, polished thin-sections were made for 

petrographic study. These samples were in itia lly  cut and polished before being stained 

with alizarin red S and potassium ferricyanide, according to the method outlined by 

Dickson (1965). These stains (which are routinely used in the preparation o f carbonate
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thin-sections) were used for distinguishing between carbonate minerals, such as calcite 

and dolomite. Before the thin-sections were stained, they were etched first for 10-15 

seconds in a 1.5% solution of hydrochloric acid. The etched thin-sections were then 

immersed in an acidified mixture o f  the two stains. Each stain worked independently, 

and there was no mutual interference. Then, the thin-sections were carefully washed in 

running water for a few seconds and left to dry. Once dry, the prepared samples were 

mounted on either 2.5 x 7.5cm or 5 x 7 .5cm (depending on the size of the sample) glass 

slides with epoxy resin. Each slide was left to fully cure (harden) before being ground to 

a standard thickness of 0.03mm.

A fuller understanding of the nature and significance of striped limestone is central to 

this study and a variety of additional methods are used to examine this particular facies. 

These include XRD and X RF bulk analysis, stable isotope analysis and SEM analysis 

[see Sections 4.2.7, 4.2.8 and 4.2.9 respectively for a complete account of the working 

methodologies involved).

Potentially analogous laminite facies from the literature are reviewed and compared 

with features documented herein from striped limestone [see Section 4 .2 .12| in an 

attempt to better constrain understanding of likely palaeoenvironment. A similar 

comparative approach is taken in the assessment of upper Visean carbonate m udmounds 

from the Shannon Basin in Sections 4.3.6-7.

1.6: Carbonate descriptive terminology

The classification of carbonate rocks is often not a straightforward matter and a number 

of descriptive terms are widely used to try to account for the range and variety o f  forms 

encountered. No one single scheme provides a panacea to this problem and many 

authorities (e.g. Stow, 2005) advocate the use o f  a combination o f  terms to try to better 

and more fully describe the lithology in question.

This report will extensively utilise the Grabau scheme (modified for carbonates) to 

describe rocks in terms o f  their mean grain-size. This is readily applied to particulate.
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rather than crystalline, limestones, especially where deposition has been by normal 

current processes. The fo llow ing subdivisions are recognised:

Term: Average grain-size:

Calcirudite >2mm

Calcarenite 63|jm -2mm

Calcilutite <63|jm

Calcarenites are often further subdivided into fine (63-250/im), medium (250-500/im) 

and coarse (500/<m-2mm) fractions. Some workers prefer to include a 'calcisiltite' 

subdivision (4-63//m); however, this is often d ifficu lt to accurately diagnose from hand 

specimen samples in the field and it is not used here.

The Dunham scheme is employed in this report to describe carbonates in terms of 

sediment texture. The essence o f this classification is a recognition that carbonates are 

often produced largely in-situ and may therefore not be particularly well sorted, thus 

making classification based on simple assessment o f average grain-size problematic. 

The fo llow ing subdivisions o f the Dunham scheme are used extensively herein;

Lacks mud and is 
grain-supportedMud (matrix) supported

Grain-supported
<10% Grains >10% Grains

IVIudstone W ackestone Packstone Grainstone

Finally, much broader lithological terms, such as limestone, shale, breccia etc., are 

utilised in this report. Limestone may encompass any o f the Grabau grain size and 

Dunham textural terms outlined above. Breccia is a rock composed o f large (>2mm) 

angular fragments cemented together and is equivalent w ith the calcirudite subdivision. 

Two further, very important, points do need to be made with regards lithological 

classification:

• The lithological term 'shale' is used throughout the report to distinguish, 

specifically, very fine-grained units, which are fissile and generally (but not 

always) laminated. The vast majority o f these are actually calcareous in 

composition, unless specifically stated otherwise. These are commonly
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1.6; Carbonate descriptive terminology

encountered interbedded with (non-fissile) carbonate horizons, which are 

technically limestones. Commonly, however, a more detailed descriptor (such as 

calcilutite, calcarenite etc.) is applied to these interbeds in recognition that the 

entire sequence under examination is largely carbonate in composition [this is 

particularly the case in the detailed logs presented in Appendix A|.

• The term 'mudstone' is used frequently both in the main body of the report and 

also in logs. In ail cases it is used purely in the context of describing sediment 

texture (Dunham) and should not be mistaken for the lithological term.

The only exceptions to this are where the following specific prefixes are used: 

o Calcareous mudstone: Implies a very fine-grained lithology with some 

carbonate content, but which is not sufficiently calcareous to be classed 

as calcilutite (limestone), 

o Non-calcareous mudstone: As above; however, completely non- 

calcareous in composition.

Finally, the following (standard) terminology is used in this report with respect to 

thickness of sedimentary layering or bedding;

Term: Size parameters:

Very thickly bedded >100cm

Thickly bedded 30-100cm

Medium bedded 10-30cm

Thinly bedded 3-10cm

Very thinly bedded 1-3cm

Laminated <1cm (usually much less)

1.7: Thesis plan

This thesis is divided into three volumes. Volume I  contains the main text and is 

organised into six chapters. Chapter 1 (the present one) provides an introduction to the 

area of research. Chapter 2 contains a detailed description of all important Visean
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1.7: T hesis  plan

sections in the Shannon Basin. The order in which they are treated follows, broadly, 

their present geographic distribution from southwest to northeast across the basin.

Chapters 3 , 4  and 5 are organised temporally and deal with events leading up to, during, 

and in the aftermath of, the formation of striped limestone, respectively. The central 

chapter of the entire thesis is Chapter 4  (Striped Limestone). This contains the most 

complete description and assessment o f  this distinctive carbonate facies (to-date) as 

well as providing detailed information about associated late Visean carbonate 

m udm ounds. Chapter 6 takes the observations, interpretations and conclusions drawn in 

Chapters 2-5, and places them into a wider context. It also provides suggestions for 

further work. Cited references are listed at the end of Volume I.

All figures are contained in Volume II of this thesis. Figure numbers relate directly to 

particular sections o f  the main text in Volume I. For example Section 1.2.3 [Chapter 1, 

Section 2, Subsection 3 | will have figures with numbers beginning Fig. 1.2.3.1 and so 

forth.

Volume I I I  contains three appendices:

Appendix A contains digitised versions of all detailed field logs. These are referred to 

directly, in the main text of Volume I, by their prefix. For example Log TUB is the log of 

the Inishtubrid Formation on Inishtubrid in the Fergus Estuary.

Appendix B contains six tables with information about conodont material recovered from 

acid-etched residues. In some instances the ranges of conodonts from selected sections are 

shown next to a summary stratigraphic log. These tables are referred to in the main text in 

Volume I as Appendix B 1, B2, etc.

Appendix C contains additional geochemical data, relating specifically to striped 

limestone.

Five large removable (folded) maps and sections are included in a pouch at the end of 

Volum e III. These are referred to as Enclosure(s) A-E in the main text.

19



2.1: Introduction

Chapter 2: Description of Studied Localities

2.1: Introduction

The purpose o f this chapter is to provide a detailed synopsis o f all the important Visean 

sections in the Shannon Basin. Many o f these locations were in itia lly  described in the 

1960s (e.g. Kelk, 1960; Tattersall, 1963; Thornton, 1966). However, they have received 

little  or no attention since and they remain poorly documented. Several new locations 

are also described for the first time below.

The locations studied included shore sections, isolated inland outcrops, quarries and, 

where available, drill-cores. Exposures are often o f variable quality and tend to be 

scattered and discontinuous. This is a central problem in trying to construct a robust 

lithostratigraphic framework for the Visean o f the Shannon Basin. Detailed field 

mapping was undertaken at various locations to try to resolve relationships between 

different lithostratigraphic units and detailed logging (presented in Appendix A ) 

conducted to document the sections in as much detail as possible.

The locations are treated here in, broadly speaking, geographic order, moving from  the 

southern margin o f the basin, towards the axis and up along the northeastern flank. The 

coverage and spread o f these areas is shown in Fig. 2.1.

2.2: Kilshannig Point

The Magharee Islands (also known as the 'Seven Hogs') are a group o f rocky islands, 

which are largely composed o f the Waulsortian Limestone Formation, and which were 

in itia lly  described by Thornton (1966). The most southerly exposures o f Waulsortian 

limestone, in the townlands o f Garrywilliam/Fahamore and Kilshannig, are now 

connected to the mainland via a large tombolo o f Holocene aeolian sands (Fig. 2.2.1) 

which form impressive dune structures visible from  the road running north from 

Castlegregory towards the northern tip o f the peninsula.
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2.2: Kilshannig Point

The geomorphology o f the coastline, o f both the northern end o f the peninsula and o f 

the islands located further north, is strongly related to the nature o f the bedrock (Fig. 

2.2.1). Where Waulsortian limestone is massive and quite resistant (sometimes 

interpreted as 'core' facies) there is a tendency to form promontories and positive areas 

o f relief, whereas in places where bedding is developed (generally in the off-bank and 

'cover' facies) the coastline is cut back and exposure is often diminished. One possible 

way o f considering these islands (and the northern parts o f the mainland) is as a series 

o f discrete Waulsortian mudmounds (which would, orig inally, have formed relief above 

the seafloor) separated by darker bedded intermound facies, which is now eroded back 

and generally covered by sea. This concept was also alluded to by Thornton (1966), 

who provided a map o f Waulsortian knoll distribution, which corresponds closely to the 

shape o f the coastline.

The Geological Survey o f Ireland's 1:100,000 basemap (Sheet 20) for the peninsula 

shows the bedrock in the area to be Cloonagh (Asbian mudmound) and Dirtoge 

Formations (Asbian to Brigantian). This is simply not the case; the bulk o f the outcrop 

(as indicated in Fig. 2.2.1) is Waulsortian (generally Ivorian to Arundian). The 

structural interpretation shown on Sheet 20 is also highly speculative; there is not 

enough exposure o f structure to take the interpretation (unequivocally) to that o f the 

level shown. Exposures o f Visean strata (overlying Waulsortian facies) occur on either 

side o f the southern lim it o f outcrop on the peninsula, at Kilshannig Point and 

Fahamore. These outcrops were examined in some detail and represent the most 

southwesterly strata available for study in the Shannon Basin.

The section at Kilshannig Point (Fig. 2.2.2(a); see inset box on Fig. 2.2.1 for precise 

location) is quite important fo r a number o f reasons. Firstly, it displays a relatively 

undisturbed and continuous succession from the top o f the Waulsortian Limestone 

Formation through to the uppermost Visean (Fig. 2.2.2(b)). In essence, this section 

should be considered as the type fo r the region and it provides valuable 

palaeoenvironmental information for this part (the southern margin) o f the Shannon 

Basin. This section also allows the thickness o f several regionally identified formations 

to be constrained.
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2.2: K ilshann ig  Poin t

Approximately 169.35m of  section was recorded at Kilshannig (see general log in Fig. 

2.2.2(b) and also detailed Log KSH in Appendix A). Bedding dips quite uniformly, at 

between 40° and 60° towards the southeast, across the entire section.

A minimum of 20m of Waulsortian Limestone Formation is shown at the base of Log 

KSH. This is an underestimate o f  the total thickness of this particular unit as the log was 

taken from the start of  continuous exposure (see white circle on Fig. 2.2.2(a)). The 

facies is largely massive or very thickly bedded pale calcilutite mudstone with scattered 

pockets of crinoidal wackestones and packstones.

At +20m (from the base of Log KSH) a 50cm brecciated horizon occurs with 

considerable amounts of spar mineralisation. Above this level, a rapid change takes 

place, into a bedded sequence of calcilutites and calcirudites (breccias), often with a 

pronounced (wavy or nodular) texture or 'fabric' running broadly bedding parallel (Fig. 

2.2.3(a,b & d)). This unit retains many characteristics of 'standard' Waulsortian facies 

including development of spar filled cavity systems (Fig. 2.2.3(c)) and is equivalent to 

the Garrywilliam M ember of Thornton (1966). This unit is approximately 38.65m in 

total thickness and, although exposure breaks up along the foreshore, there is the 

impression that brecciation increases in prominence moving (stratigraphically) up 

through the unit. This increase in energy levels can be attributed to either:

1. The influence of residual and significant topography, perhaps due to the 

presence of Waulsortian mound structures or

2. Shallowing of the overall sequence.

In addition to brecciated horizons, calcarenite units occur (for example beds KSH20, 21 

and 22(8)) which may be laminated or show grading, again suggestive o f  higher energy 

flows.

The top 7m of the Garrywilliam M ember on Log KSH is termed 'Transitional Facies'. 

In the lower half of this zone (KSH28) bedding becomes thinner, more argillaceous and 

cherty, and shale (although poorly exposed) appears to re-enter the sequence (there are 

significant gaps in exposure beneath this level, which may be occupied by a similar 

facies). The 3.75m thick unit above this (KSH29; Fig. 2.2.3(e)) is essentially a massive
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2 . 2 :  K i l s h a n n i g  P o i n t

calcilutite with extensive developments of (orange weathering) sparry cavities. It may 

represent a small development of carbonate mudmound facies within the sequence.

The following unit in the succession, the Chapeitown Formation, is a (monotonous) 

sequence of well-bedded (often tabular) dark argillaceous calcareous mudstones, with 

subordinate interbedded shales (Fig. 2.2.4(a)). Chert development is also quite 

conspicuous at certain levels (Fig. 2.24(b)). This succession is quite similar to 

exposures seen further east at the type location on the south shore of Barrow Harbour 

(Fig. 3.2.1). Thornton (1966) estimated the thickness of this formation at Chapeitown to 

be about 80m, based on outcrop evidence, and perhaps 150m+ based on structural 

interpretation of the area. Thornton also recognised the unit thinned to the west and 

quoted 48m, however only 29-30m of the formation appears to be present at Kilshannig 

Point.

An interesting feature of the Chapeitown Formation at Kilshannig is lensing or 

deflection of bedding (see Fig. 2.2.4(c) and units KSH3I-33 & KSH38 on Log KSH). 

This deformation does not appear to be tectonic and the deflection of units KSH31-33 

may be in response to topographic irregularities generated by carbonate mudmound unit 

KSH29 beneath (although this is not conclusive). Deformation of KSH38 follows a 

similar pattern, with dark calcilutite beds lensing out in a southwesterly direction (Fig. 

2.2.4(c)). This lensing could be interpreted as onlap. The laterally equivalent facies is, 

however, nowhere exposed. A possible explanation is that (unexposed) carbonate 

mudmound facies may be constraining patterns of sedimentation on the western end of 

the section.

The uppermost grouping exposed in the sequence is informally termed here the 

'Sammy's Rock Formation'. Its base is taken at the appearance of the first thick breccia 

horizon at c.+88.6m above the base of the log (KSH65(I)). This unit contains rounded 

limeclasts up to 25mm, along with extremely coarse crinoidal columnals (up to 15mm 

diameter). At this point there is a conspicuous change in the nature of the section: shales 

diminish and coarse-grained units become common. In comparison to the underlying 

Chapeitown Formation, there is a definite sense of increasing depositional energy levels 

moving up (stratigraphically) into this new unit. At +3IOcm above this level an 

impressive silicified Siphonodendron sp. horizon (Fig. 2.2.5(a) & (b)) occurs. Several
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2.2: Kilshannig Point

(autochthonous) colonies are spread across a single cherty bedding plane and this may 

mark the initiation o f a small bioherm. S ilic ified solitary corals and brachiopods are also 

present at this location.

The 'Sammy's Rock Formation' is c.80m thick at Kilshannig point. It was only logged at 

reconnaissance level during this study; however, several points can be made about the 

lithologies displayed:

• Bedding is quite variable in development throughout the formation - varying 

from massive to lenticular to tabular, sometimes this feature changes moving 

laterally along strike.

• Medium to coarse-grained wackestones and packstones predominate in the 

succession and in places spectacular breccias are developed. KSHJ, for example 

is a c.140cm thick breccia with boulder grade clasts (Fig. 2.2.5(c)).

• This unit appears to contain an amalgamation o f the characteristics o f both the 

Cloonagh Limestone and Oyster Hall Breccia Formations seen further east at 

Fenit. The coarser-grained breccias are reminiscent o f the latter; whilst for 

example at + 144.75m in the log (KSH L) is a c.310cm unit o f massive pale 

calcilutite, which is similar to carbonate mudmound facies.

• Although a search was made, no striped limestone was found in the section. 

There is however a major exposure gap o f c.22.2m in the succession (marked by 

a small sandy bay; see Fig. 2.2.2(a)).

Southeast o f Kilshannig village, at grid reference 630192, 'Sammy's Rock' beds re- 

emerge from the sand (there is a gap in exposure from Kilshannig Point further east; 

Fig. 2.2.2(a)). The beds here have swung considerably in strike and dip towards ENE. 

This is a key outcrop fo r understanding the underlying structure o f the area. This section 

clearly forms part o f a larger, east plunging syncline (Fig. 2.2.2(a)) and a direct 

connection, across to similar units seen on the western side o f the peninsula at 

Fahamore, is therefore unlikely (see Fig.2.2.I). The presence o f a sim ilar plunging fold 

at Fahamore is entirely inferred and the postulated fault passing through Scraggane Bay 

is suggested to explain the offset. This fault has a sim ilar trend to faults observed further 

east at Fenit (see Figs. 2.3.1-2).
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2.2.1: Conodonts from Kilshannig Point

2.2.1: Conodonts from Kilshannig Point

Eleven limestone samples were processed for conodonts from the entire stratigraphic 

succession at Kilshannig (Appendix B l).  At the base of the sequence, KSHl (sampled 

from Waulsortian facies) produced a small yield, with Gnathodus pseudosemiglaber 

and G. homopunctatus. An ?S2 element of Idioprioniodus claviger was also recovered 

from this level. KSH6 produced a very large conodont fauna dominated by G. 

pseudosem iglaber and G. hom opunctatus. Variation in form of G. pseudosemiglaber 

was evident, with some elements similar in form to G. texanus. Preservation of 

conodont material from this horizon was excellent, with complete ramiforms and 

considerable detail evident on platforms.

Sample KSH26 produced Gnathodus texanus, as well as a silicified fauna of ostracods 

and well-preserved bryozoans. Dr Patrick Wyse Jackson examined isolated bryozoan 

specimens from this residue and determined the following:

(1) Rhom bopora  sp. A with prominent acanthostyles 
Rhom bopora  sp. B
Rhom bopora  sp. C

(2) Penniretepora  sp. A 
Penniretepora  sp. B 
Penniretepora  sp. C

(3) Penniretepora elegans
(4) Penniretepora spinosa
(5) Penniretepora plum a
(6) Penniretepora gracilis
(7) Fenestella fru tex  (including one specimen with a prominent ovicell)
(8) Fenestella p lebeia
(9) Fenestella s.\. sp. A  

Fenestella  s.l. sp. B
(10) D iploporaria  m arginalis

in the opinion of Dr Wyse Jackson (pers. comm. 2007), this bryozoan assemblage 

represents a typical Visean fauna and it is also possible that there is a new 

Penniretepora  species in the sample; however, more processing was required to confirm 

this.

Gnathodus homopunctatus, G. pseudosemiglaber and G. texanus were found in KSH29 

at the top of the Garrywilliam Member.

KSH32 (close to base of the Chapeltown Formation) had a low conodont yield, with
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2.2 .1 :  C o n o d o n ts  from Kilshannig Point

only one juvenile platform, very tentatively identified as ?G. aff. girtyi. KSH38 did not 

produce conodonts, however it did contain a moderate quantity of silicified bryozoan 

material. Pinnate forms, similar to Penniretepora, were common and fenestrate forms 

were present also. KSH44 contained silicified crinoid material, along with 

Cladochonus. G homopunctatus occurred with several examples of G. texanus or G. 

pseudosemiglaber (the platforms appear to be intermediate between these two species).

KSH65.1 (the base of 'Sammy’s Rock Fm') contained no conodonts. A large quantity of 

silicified (insoluble) residue was produced, dominated by poorly preserved (silicified) 

crinoid material. Spinose Earlandia foraminifera were also noted. KSHX was rich in 

Gnathodus girtyi, with G. homopunctatus present in lesser amounts along with several 

types of element belonging to the apparatus of Idioprioniodus sp. KSHY produced a 

low yield, with only one specimen of G. girtyi and several broken ramiform elements. 

KSHZ, at the very top of the exposed section also produced a very low yield, consisting 

mostly of ramiform material. However, a broken PI blade had enough of the anterior 

portion of the platform preserved to (tentatively) diagnose it as Gnathodus bilineatus.

The section at Kilshannig Point (Log KSH) ranges from the G. homopunctatus biozone 

{'Lower Visean' to Arundian) up to |possibly| the G. bilineatus biozone (mid Asbian 

and younger). This is a considerable stratigraphic range for a single section.

2.2.2: Fahamore

At Fahamore, on the western side of the peninsula, the Chapeltown Formation outcrops 

on the northern side of Corralougha Strand (see Fig. 2.2.2.1(a) for location map and 

general impression of stratigraphy; the location of this detailed map is also shown in 

Fig. 2.2.1). These dark grey, (predominantly) fine-grained argillaceous limestones and 

shales dip towards the southeast. Bedding is well developed and chert is widely 

developed. A considerable gap in exposure then follows and this part of the bay is 

heavily boulder strewn. Bedrock similar to the 'Sammy's Rock Formation' begins to re- 

emerge from the boulder cover after a significant gap in exposure (See Fig. 2.2.2.1(a)). 

A sample was taken at the top of the available section (Faha6) for conodont analysis 

(see Appendix 81 and also Fig. 2.2.2.l(b-c) for sample location). A juvenile PI was the
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2.2.2: Fahamore

only element recovered; however, it was too small to make a determination.

A number of loose boulders of striped limestone (see Fig. 2 2 2 2 )  were observed on the 

foreshore in this area. Although a careful search was made, no outcrop of striped 

limestone bedrock could be found. The angularity (Fig. 2.2.2.2(b-c)) and sheer scale 

(Fig. 2.2.2.2(d)) of these boulders suggests they probably had not travelled a very long 

distance from their source. No boulders of striped limestone were observed on the 

eastern side of the peninsula at Kilshannig Point during the period of time spent logging 

there. The boulders of striped limestone in Figure 2 2 2 2  were all located in the 'gap' in 

exposure between the Chapeltown Formation and 'Sammy's Rock' units at Fahamore 

(indicated by white circles on Fig. 2.2.2.1(a)). One possibility is that they may have 

originated from the bedrock obscured in this intermediate zone. Until definite striped 

limestone outcrop can be located in this bay, nothing more definitive can be said about 

their stratigraphical relevance. It seems likely these boulders have not travelled a very 

long distance from source and, if so, this is the most southwesterly known occurrence of 

striped limestone in the Shannon Basin.

2 .3: Fenit

Fenit is a small harbour village located approximately 11km west from Tralee. The 

topography in the area is generally quite subdued (Fig. 2.3.1), with most areas lying 

between l0-20m elevation. Small isolated hills rise to over 50m, however the greatest 

elevation occurs in the east, towards Tralee. Comparison of Fig. 2.3.1 with the 

geological compilation presented in (companion) Fig. 2.3.2 reveals an underlying 

bedrock control on topography. The higher areas of elevation are generally produced by 

areas of Asbian carbonate mudmound facies (Cloonagh Limestone Formation). 

Towards the east, elevation is due to Serpukhovian to Bashkirian siliciclastics (in 

particular sandstone units overlying the Clare Shale Formation). Broadly speaking, the 

bedrock succession at Fenit youngs towards the east and is laterally equivalent to the 

Magharee section further west (Section 2.2).

The areas of elevated topography underlain by Cloonagh Formation at Church Hill and 

Oyster Hall (Fig. 2.3.2) tend to be somewhat isolated and 'knoll-like' in shape. This may
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2.3: Fenit

reflect the original form of the unit, as discrete mounds, separated by laterally 

equivalent (thinner bedded) intermound facies (which behaved differently during 

tectonic folding and subsequent weathering). Unfortunately exposure is sporadic at both 

locations and it is not possible to confirm this idea.

Exposure in the Fenit area is excellent at several (generally coastal) locations. The 

westernmost outcrops are composed of Waulsortian Limestone Formation (the base is 

not seen). Wave polished surfaces of this particular formation on the north side of 

Barrow (behind the golf club) provide good examples of stromatactis cavities and even 

complete sponge body fossils (Labiaux, 1997). Inland exposure is quite limited, 

resulting in a degree of speculation in the interpretation of bedrock in Fig. 2.3.2. The 

area immediately north and west of Oyster Hall Hill is a case in point and is discussed 

below.

2.3.1: Oyster Hall Hill and Foreshore

Oyster Hall is the most important and informative location for trying to understand the 

nature of Asbian mudmound facies (Cloonagh Limestone Formation) and overlying 

sequence of dark bedded limestones (generally calcilutite grade), shales and bioclastic 

breccias (Oyster Hall Breccia Formation). Both units display striped limestone, perhaps 

implying several phases of formation. Non-calcareous shales (the Clare Shale 

Formation) overlie these units, however, the actual contact is nowhere exposed. The 

Clare Shales also appear to have taken up a more intense pattern of tectonic 

deformation, in comparison to the more competent limestone units beneath. A detailed 

map of outcrop in the Oyster Hall area is shown in Fig. 2.3.1.1 (see also Fig. 2.3.2 for 

more general location details). A map showing topography and sample collection 

locations is presented in Enclosure D.

Oyster Hall Hill is composed of Cloonagh Formation and has a clear asymmetrical 

profile, being 56m at its highest point. The northern and western sides are quite steeply 

dipping (Fig. 2.3.1.2(a-b)), whilst there is a gentle slope in topography down towards 

the south and east (Enclosure D). The shape of the hill is likely to be due to either;

I . Faulting on the northern margin, producing the steep (topographic) scarp or

2 8



2.3.1: Oyster Hall Hill and Foreshore

2. The steep northern margin representing perhaps an original 'reef scarp, with the 

entire mudmound complex dipping towards the coast, where the (overlying) 

beds of the Oyster Hall Breccia Formation are exposed.

Exposure is insufficient to make a decision in either direction (proposal I is followed on 

the compilation map in Fig. 2.3.2). Bedding is very poorly expressed in this particular 

formation, making structural interpretation even more difficult. An outcrop of Clare 

Shale Formation, about 200-250m north-northeast from the hill (see Fig. 2.3.1.1; Grid 

reference 76501563), helps to constrain the geology of the immediate area; clearly a 

fault or a fold (repeating the structure) lies in the intervening area, but the succession 

does not get older indefinitely moving northwards.

Conodonts recovered from various locations on Oyster Hall Hill in the Cloonagh 

Formation (see Appendix B2 and Enclosure D for location details) include Gnathodus 

homopunctatus, G. girtyi, G. hilineatus, Lochriea commutata, Kladognathus sp. and 

Idioprioniodus sp. Location OH 102 produced quite a large number of elements, whilst 

one sample, OH 118, was barren. The presence of G. bilineatus in the samples from 

Oyster Hall Hill indicates an age of mid Asbian and younger. Lochriea at nodosa stage 

has not been recorded, suggesting the age to be no younger than mid Brigantian.

Fig. 2.3.1.1 also indicates areas along the foreshore, at Oyster Hall, where massive 

mudmound facies comparable to the Cloonagh Formation contains (quite spectacular) 

slab and raft type developments of striped limestone. Striped limestone is also seen at a 

small road-cut in the lay-by of the main road as it deflects around the hill. Close to this 

lay-by is a large disused quarry (Fig. 2.3.1.2(c)), which provides one of the most 

extensive exposures of this formation in the entire Shannon Basin (the working quarries 

at Ardfert are much more extensive and are very deeply developed, however access is 

problematic). A conodont sample taken from the lower subunit at Oyster Hall roadside 

quarry (OHQ6; see Fig. 4.3.2.3) contained G. homopunctatus, G. bilineatus and 

Lochriea sp.

The details of the Asbian mudmound complex at Oyster Hall, including faunal 

composition, petrography and, most importantly relationship to striped limestones are 

discussed in more detail in Chapter 4.
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2.3,1: Oyster Hall Hill and Foreshore

Above the Cloonagh Formation buildup facies, at Oyster Hall, is a thin succession of 

well-bedded very fine-grained limestones (calcilutites) and bioclastic breccias, which 

dip steeply towards the south. Approximately 29.5m of strata was logged in detail at 

this location (Log OYL; see also Fig. 2 .3 .1.1 for location of log). Bedding is quite 

heterogeneous laterally (particularly the brecciated horizons) and weathered surfaces 

from several levels, low in the succession, have revealed a spectacular (partially) 

silicified fossil fauna. Two horizons, high in the section, were sampled for conodonts 

(Appendix B2). OYL47.I produced Gnathodus girtyi, G. homopunctatus, Lochriea 

commutata and Kladognathus sp. OYL48.I (taken a short distance above OYL47.I) 

contained these species and also Idioprioniodus sp. and G. bilinealus. This residue was 

rich in silicified crinoid ossicles.

As these units at Oyster Hall clearly follow on from a phase of striped limestone, this 

section is considered in greater detail in Section 5.2.

An important discovery at Oyster Hall was the occurrence of striped limestone facies on 

a small, low island, called Black Rock, located a short distance south of Oyster Hall 

(see Fig. 2.3.1.1 for location and Fig. 2.3.1.3(a) for a photographic view). This island 

only emerges at low water and (walking) access is possible only at the very lowest of 

tides. Working time on the island is thus extremely limited and only a reconnaissance- 

level survey could be conducted here. Bedding is very steeply dipping (practically 

vertical). Just under 25m of section was recorded (shown schematically in Fig. 

2.3.1.3(b)). The basal c.lOm consisted of competent, well-bedded dark striped 

limestones whilst the top was composed of medium to thick-bedded dark calcilutites. 

Due to the steepness of bedding on the island and the fact that this outcrop linked to an 

east plunging anticline seen a short distance further east on the mainland foreshore (Fig. 

2.3.1.1; see note detailing problems locating island relative to anticline), way up could 

not be unequivocally demonstrated for these units. It is possible that the striped 

limestone sequence is, in fact, underlain by the dark bedded calcilutites. Nevertheless, 

the island is significant as the outcropping striped limestone (Fig. 2.3.1.3(c-d)) is quite 

different to that exposed a short distance further north on the foreshore of the mainland, 

within the massive Cloonagh Formation mudmound facies. These differences include;
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2.3.1: Oyster Hall Hill and Foreshore

• An overall darker look to the stripes. In places the darker interlayers are very 

thick (see Fig. 2.3.1.3(c)). This is not typical o f striped limestone seen elsewhere 

in the Shannon Basin.

• The striped limestone units appear to be part o f a much better bedded sequence.

Two possible conclusions can thus be drawn from the Black Rock Island outcrop, both 

depend on the manner in which correlation is to made between the striped limestone 

units:

1. I f  the striped limestone exposed on the island and as part o f the Cloonagh 

Formation on the nearby mainland are temporally equivalent, then they clearly 

represent development o f striped laminite in two different environments, with 

the Black Rock section being more 'o ff bank' in character.

2. Structural assessment o f the island seems to suggest a different interpretation. 

The striped limestones appear to be located only a short distance below the base 

o f the Clare Shale. This is very sim ilar to the stratigraphy seen further west at 

Kilfenora (see Section 2.3.2 below). It would thus appear that striped limestone 

occurred in at least two 'phases' at Fenit.

Thornton (1966) defined the 'Sammy's Rock Formation' as corresponding to the units 

overlying the Cloonagh Limestone Formation. As indicated in Fig. 2.3.1.1 and 

2.3.1.2(c) the 'Sammy's Rock' is a large rock face at the very top o f the roadside quarry 

at Oyster Hall and it is composed o f Cloonagh Limestone Formation. As a result, it is 

proposed here to rename the supra-Cloonagh Formation mound units as the Oyster Hall 

Breccia Formation. The stratigraphic section presented in Log O Y L should be 

considered as the type section fo r this formation.

2 . 3.2: Kilfenora Anticline

Approximately 1.25km west along the foreshore from the Oyster Hall section, an 

anticline brings the uppermost portion o f the Oyster Hall Breccia Formation to outcrop. 

A detailed map o f the location is shown in Fig. 2.3.2.1 (see Fig 2.3.1 for more general 

location details).
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2.3.2: Kilfenora Anticline

The anticlinal structure is impressively exposed in 3-dimensions (Fig. 2.3.2.2(a)) and 

has a trend of 064 (east), turning slightly to 060 in the west. The fold plunges 22° 

towards 060 and it has a hinge angle of c.lOO° (i.e. it is an open fold). Quite a complex 

series of en-echelon calcite veins occur around the 'nose' o f  the fold on the northeastern 

end of the section (Fig. 2.3.2.2(b)). Moving along the axis of the fold to the western end 

of the section, at Grid ref 7 4 8 1115 3 13, the style of deformation becomes more complex 

and disharmonic, possibly due to competency differences between several of the units 

(Fig. 2.3.2.2(c)).

T w o sections were measured in detail on the steeply dipping northern limb of the 

anticline (see Logs KiAn(N) 'Kilfenora Anticline' and 'Kilfenora Anticline / / ',  taken 

25m further west along strike, in Appendix A). The pre-striped limestone portion of the 

section is a c .2 lm  succession o f  thin to medium bedded dark cherty limestones 

(calcilutites) and shales, which are cut by large, and sometimes quite spectacular, 

breccias. A conodont sample processed from KiAn(N)4 (Appendix B2), low in the 

section, produced Lochriea commutata  and Gnathodus bilineatus, the latter confirming 

an age of mid-Asbian and younger.

The quality of outcrop deteriorates up through the sequence (much of it had to be 

excavated from the shingle; see photographs accompanying logs). This section is 

assigned to the Oyster Hall Breccia Formation and as it precedes a significant phase of 

striped limestone development (discussed below), it is considered in greater detail in 

Section 3.3.

A c.7m thick development of striped limestone overlies this lower sequence and is 

reasonably well exposed at mid-tide level (it is covered at high water). This striped 

limestone section is quite laterally heterogeneous when examined in detail. The base 

consists of c.190cm of  reasonably laterally continuous stripes (these diminish in clarity 

upwards). This is followed by a thick zone, which varies between being brecciated and 

'massive' and contains dislocated rafts of striped limestone. The very top of the 

sequence appears to mark a return to more continuous striping. The striped limestone 

succession at Kilfenora is similar in several respects to the succession at Ballybunion
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2.3.2: Kilfenora Anticline

(see Section 2.7.1). It also appears to broadly equate (lithostratigraphically) to the 

section exposed on Black Rock Island at Oyster Hall (see Section 2.3.1 above).

The succession described above (and documented in Log KiAn(N)) is repeated on the 

southern limb of the Kilfenora Anticline (see Fig. 2.3.2.1) and although a (nearly) 

continuous outcropping sequence can be traced into the base of the striped limestone, 

the section is much closer to the LWM and is quite heavily encrusted in barnacles.

An important feature of the Kilfenora section is the apparent close proximity of the 

striped limestone facies to the base of the Clare Shale Formation (see map Fig. 2.3.2.1). 

This point is developed in Section 5.3. Clare Shale is very well exposed at Kilfenora 

along the foreshore, particularly where it has considerable chert development. It is not 

particularly fossiliferous, however, some poorly preserved goniatites were recovered 

from a horizon located c.lOOm northwest of Kilfenora Point at Grid Reference 

7473015386 (see Fig. 2.3.2.3 for photographs of the specimens; the location of the 

horizon sampled is also indicated on Fig. 2.3.2.1).

2.3.3: Church Hill

The Church Hill section exposes the Cloonagh Limestone Formation in a W-E trending 

ridge system (see Fig. 2.3.3.1), which rises to just over 50m. Two locations (Hills 1 & 

2) have been identified on maps and photographs for convenience. These may represent 

discrete mudmound developments; however, this interpretation is equivocal. Exposure 

is good, if somewhat sporadic (Fig. 2.3.3.2(a-b)). However, given the unbedded, 

massive pale calcilutitic nature of this particular formation, it is difficult to make 

structural sense of much of the outcrop. Fossils are not particularly abundant and appear 

to be concentrated in pockets. A conodont sample from Church Hill (CH2) produced G. 

girtyi (Appendix B2).

The key feature of the Church Hill section is the development of thick (70cm+), 

prominent bands of striped limestone on the southern flanks of the mudmound complex 

at both Hills 1 and 2 (see map in Fig. 2.3.3.1 and also Fig. 2.3.3.2). This band of 

laminite can be traced for a reasonable distance at both locations and dips at an angle of
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2 . 3 . 3 :  C h u r c h  Hill

about 60° (this is variable due to warping of the laminite) southwards (see Fig. 

2.3.3.2(a,c)). It may, in fact, be laterally continuous between both hills (suggested in 

Fig. 2.3.3.1), a distance of some 250m. The striped limestone appears to 'cap' the 

mudmound sequence at this point; whether the inclination of c.60° represents a tectonic 

dip or development on the sloping flank of a mudmound is open to debate. It is clear, 

however, that the facies which overlies the Cloonagh Formation buildup (and associated 

'capping' striped limestone), presumably an equivalent of the Oyster Hall Breccia 

Formation, is much softer and less resistant, resulting in the steep drop off and flat 

boggy terrain immediately south of the hills.

2.3.4: Knockeanagh

A short, but informative, section showing a transition upwards from well bedded into 

massive carbonate mudmound facies is seen at Knockeanagh, in Fenit. The section is 

located on the southern end of a small hill at the southeastern corner of Carrahane 

Strand, at Grid ref 757194 (Fig. 4.3.4.1(a-b)). Exposure is excellent and consists of a 

west facing N-S trending scarp, which appears to have been quarried in the past (Fig. 

2.3.4.2(b)).

Four samples were processed for conodonts from the Knockeanagh section (see table 

and log in Appendix B2) and all produced good numbers of elements. K A Sl, at the 

base, contained abundant and diverse forms of Gnathodus homopunctatus. G. texanus 

and G. girtyi were present and considerable variation in form between these species was 

evident. G. homopunctatus was, by comparison, rare in KAS5 (only one platform 

element was recovered) and G. texanus was the most abundant platform element.

KAS22 was the richest horizon sampled (in terms of numbers of conodont elements). It 

was dominated by gnathodids, but also produced abundant elements belonging to 

Idioprioniodus sp. KAS24, at the top of the section, produced G. girtyi. The presence of 

G. girtyi in the section would indicate an age of Holkerian and younger, however G. 

bilineatus has been recovered in residues from this section in the past (G.D. 

Sevastopulo, pers. comm. 2009), which would suggest a younger (Asbian) age.
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2.3.4: Knockeanagh

The geology of this location, and the surrounding area, is something of a puzzle. 

Exposures of Waulsortian limestone (both massive core facies and bedded equivalents) 

are located a little over 200m northwest from the Knockeanagh section (see Fig. 

2.3.4.1(a) and also Fig. 2.3.4.2(a)). There is thus a significant time gap between the two 

units, which can only reasonably be explained by either:

1) A fau lt lying between the two sections. No trace of this can easily be

distinguished in the field. A low, but continuous, grass covered ridge runs

between the two outcrops and there is no obvious scarp (Fig. 2.3.4.2(a)). A

geophysical survey across this ridge could help to either rule this possibility in 

or out.

2) A condensed phase o f  sedimentation between the top o f  the Waulsortian and  

base o f  the Knockeanagh mudmound facies. Thornton (1964) calculated that 

there was 150m of intervening Chapeltown Formation at Barrow Harbour to the 

southwest. He also concluded that this unit thinned to around 50m in the west 

and 90m in the east. It is certain that considerable thickness variation was a key 

feature to this particular formation as it effectively filled in and around the 

uneven topography of the underlying Waulsortian mounds.

Approximately 15.6m of section is exposed at Knockeanagh (see Log KAs) and it 

consists predominantly of thickly bedded medium bluish grey calcilutites. Chert, an 

important feature of the underlying Chapeltown Formation, is absent. Coarser beds, 

some with brownish micritic intraclasts occur in the basal c.130cm of the section. Two 

bedding surfaces here (unit KAs I and KAs3) have crinoid stems scattered across them. 

The orientations of these were measured and plotted on rose diagrams (Fig. 2.3.4.3). 

Assuming the stems were aligned by current activity along their length (and not rolled) 

these appear to show reasonably strong trends for flow in either a NNE or SSW 

direction (the data plots are bimodal by design). The stems on the top surface of KAs3 

(Fig. 2.3.4.3(b)) also show a significant minor component of alignment orthogonal to 

the general trend. This may be reflecting a component of alignment by rolling, rather 

than lengthwise, or it may simply be that the data set is too small.

Above these basal units the sequence is dominated by thickly bedded calcilutites 

dipping c.35-40° towards the southeast. Shaly, laminated interbeds and thin coarser 

calcarenite horizons (packstone texture) are very much subordinate through this part of
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2.3.4: Knockeanagh

the sequence and the faunal content is never particularly rich or diverse. Crinoid debris 

is scattered throughout. Occasional horizons do contain concentrations of bioclasts such 

as in the base of horizon KAsl I (c.6.lm above base of log), where crinoid, brachiopod, 

solitary coral, fenestrate bryozoan and a possible ?fish fragment (Fig. 2.3.4.4(a)) was 

located. Mud and spar filled articulate brachiopods and a possible (slightly) flattened 

crinoid calyx or echinoid were found in horizon K A sl9 between 10-11m above the base 

(Fig. 2.3.4.4(b)). The preservation of the brachiopods at this location is suggestive of a 

carbonate mudmound palaeoenvironment.

A change in the character of the section occurs above + 1 1.75m (units KAs21-24) as the 

units become more massive in character. Here the lithology is best described as a pale 

grey biomicrite (crinoidal wackestone). In places, very crudely developed (fine to 

medium thickness) bedding is present. The fauna of these units tends to be concentrated 

in 'pockets' or zones which are not easy to define or trace laterally. Bioclasts include 

crinoid and brachiopod (strongly ribbed spiriferids and large productids); however, 

readily identifiable bryozoan material is conspicuously absent. The coral Cladochonus 

sp. was observed on a well-exposed bedding surface (top of K A s2l, Fig. 2.3.4.4(c)). 

Possible brecciation is evident at several levels and is indicated by weathered surface 

textures; fresh surfaces tend to be much more homogenous in appearance. A final point 

to make about these upper units is a marked swing in strike of bedforms as they are 

traced laterally across the hill. The top surface of unit KAs24, for example has a strike 

of 102 in the west passing through 116 and finishing at 125 at the easternmost extent of 

the outcrop. This is due to a thickening or 'swelling' of these beds, which are interpreted 

as carbonate mudmound ‘core’ facies, in an easterly direction (see Figs. 2.3.4.1(b) for 

interpretation and Fig. 2.3.4.4(d) for an impression of the lithology involved).
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2.3.5: Miscellaneous exposures of Asbian mudmounds at the Kerries

2.3.5: Miscellaneous exposures o f Asbian mudmounds at the Kerries 

Two further exposures of Cloonagh Limestone Formation, located just off the R558 

road heading east into Tralee, were examined briefly. The precise location and extent of 

these outcrops is shown on Fig. 2.3.5.1.

The first location is an old abandoned quarry located c.250m south of the main road at 

Grid reference 7959315407 in the Kerries townland. The quarry forms a 40m-diameter 

depression with quite steep walls, particularly on the southeast corner where they are 

near vertical. A (near) continuous ridge of limestone extends further south from the 

depression (Fig. 2.3.5.1) and there are a number of small caves developed. The 

lithology is dominantly massive pale bluish grey calcilutite. Biocky calcite spar is 

commonly seen fillmg cavities as large as 8cm. A careful search revealed no trace of 

bedding and no sign of striped limestone. Brachiopods are present, including forms 

similar to Martinia sp., along with fenestrate bryozoans. Bioclasts at this location may 

show signs of having acquired an isopachous mud coating.

The second location is a well-exposed, small knoll shaped structure, located 220m north 

of the R558 road at Grid ref 81001632 in the Clogherbrien townland (Fig. 2.3.5.2). It is 

about 75m in diameter and is cut through the middle by the old abandoned rail line, 

which once ran from Tralee to Fenit. The section was originally blasted and surfaces are 

reasonably clean, illustrating a massive and rather homogenous carbonate mound facies. 

A key find, however, was a large concentration of brachiopods, including very large 

IDerbyella  sp. forms in a small pocket on the southern flank of the mound. A sample 

processed for conodonts from this location (C lo g l, Appendix B2) was unproductive and 

the macropalaeontology is considered in more detail in Section 4.3.3.

A key consideration with both of these locations, and indeed the area between 

Knockanush and the Kerries shown in Fig. 2.3.5.1, is the extent to which the nature of 

the underlying lithology is controlling topography and elevation. The highest point in 

the area, Knockanush Hill rises sharply to 91m and is (presumably) composed of post- 

Visean siliciclastics. This hill drops away steadily (and rapidly) to the south and east. 

These areas (underlain by Visean carbonates) typically lie between 0 and 20m and have 

an undulating, rolling topography. It is clear from Fig. 2.3.5.1 that there is a reasonably
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2,3.5: Miscellaneous exposures of Asbian mudmounds at the Kerries

close correspondence between topography and actual outcrop o f Cloonagh Limestone 

Formation, to the extent that it is interesting to speculate that topography may be 

reflecting the underlying shape and distribution o f the mudmound complex. Both the 

old quarry and the Clogherbrien sections are essentially small knoll developments (note 

how the road deflects around the knoll structure at the old quarry in Fig. 2.3.5.1).

2 .4: Castleisland

The Castleisland area is located on the axis o f the very large (broadly east-west 

orientated) Slieve Mish Anticline, which plunges eastwards (Fig. 2.1). Outcrops in the 

area are scattered and tend to comprise either old quarries or stream sections. The 

description and map o f the area produced by Hudson et al. (1966) is quite reliable and 

as there have been no significant new exposures created in the interim, little  can be 

added to it here (in fact, several o f the key locations described by Hudson et al. (1966) 

have deteriorated in the intervening years). The fo llow ing are some brief notes and 

observations made at several locations in the area:

2.4.1: Asbian mounds north o f Castleisland

Approximately 1.25km north from  Castleisland along the N21 is the remains o f the 

Cemetery quarry (Grid ref 005110). This site was described by Hudson et al. (1966; 

their location number 62-63) as being located 500m east o f Cloonagh Bridge and 

displayed the fo llow ing succession:

3)

White, powdery, decalc ified and s iliceous beds contain ing Crurithyris ure i and  
Linoproductus hem isphericus in profusion. These beds contained abundant 
Aphra lysia  algal structures and were interpreted as lagoonal. Hudson et al. (1966) 
also correlate this with Shephard Thorn's (1963) Parsonage Beds (striped 1st).

2) Pale grey, well-bedded calcilutites with abundant Corwenia rugosa.

1) Base
(Cloonagh 
Limestone Fm)

Reef limestones with Davidsonia septosa.
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2.4.1; Asbian mounds north of Castleisland

Given the interpretation and description o f subunit 3 above it was deemed necessary to 

visit this site. The quarry is cut into the side o f a small h ill and the core or centre o f the 

mound is pale m icritic and massive. A  loose block displayed excellent weathered 

stromatolitic {'cauliflower' shaped) structures. The northern margin o f the quarry 

contained steeply north-dipping powdery, white decalcified bioclastic mudstones with 

abundant (productoid) brachiopods, w ith possible microbial overgrowths. The quarry 

appears to have overgrown considerably since the time of in itia l description in 1966 and 

unfortunately nothing approximating striped limestone laminite was observed.

2.4.2: Fairy Gate

Hudson et at. (1966) stated on page 25:

"The mo.st westerly development o f the D irtoge Limestones is seen in the quarries at Fa iry gate 

(Loc. 58), where some 25 feet o f dolom itic limestone breccias with chert occur between the 

Cracoean Limestones and the Clare Shales".

They noted the presence o f banded algal fragments in the breccias, which they 

compared closely with textures observed further east at the Cemetery quarry (Section 

2.4.1 above).

An inspection o f the quarry (Grid Reference 9358912911) revealed that it is now 

largely filled-in  and overgrown. Several new houses had been constructed on the site. 

Some small remaining outcrops revealed a sequence o f about 7-8m o f dark calcilutitic 

(very fissile) shales dipping very steeply (85°) northwards, overlying Cloonagh 

Formation. Breccias were included in this thin sequence along with a laminated 

lithology, somewhat sim ilar to striped limestone, the exception being that it was non- 

calcareous.

Several boreholes were drilled in the Fairy Gate area during exploration work 

conducted in the 1970s and 1990s. It was not possible to examine these boreholes 

physically, however, detailed log information was kindly supplied by Dr Michael 

Philcox. These provided very valuable (and continuous) information on the stratigraphy 

immediately underlying the initial phase o f striped limestone development and they are 

discussed in more detail in Section 3.6.
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2.4.3: The Dirtoge Stream section

2.4.3: The Dirtoge Stream section

Hudson et al. (1966) stated that the Dirtoge stream, located about 2km NNE from 

Castleisland between the townlands of Mullaghmarky and Killally (see Fig. 2.4.3.1(a)), 

displayed the most complete section in the sequence which overlies the Asbian 

Cloonagh Limestone Formation. They did concede that the section there was repeated 

by folding and faulting. However, they felt that the range of lithologies displayed were 

very representative of those seen elsewhere. As a result, they chose this river section as 

their type for this particular formation, calling it the Dirtoge Limestone Formation.

Exposures in this stream are not of good quality. The riverbed itself is now overgrown 

and full of pebbles and cobbles of dark calcilutites. Portions of rock in the axis of the 

stream may represent bedrock, but this is difficult to confirm. Where bona fide  bedrock 

does outcrop, it is thickly bedded and often cherty, resulting in sharp deflections in the 

course of the stream. The intermittent nature of the exposure makes compiling a 

detailed geological map for the stream section very difficult. A reconnaissance 

geological sketch-map is shown in Figure 2.4.3.1(b).

2.4.4: Old quarry at Cordal

The most instructive section in the Dirtoge Formation is to be found at Grid ref 

0651408326, in the townland of Cordal, approximately 7km ESE from Castleisland (see 

Fig. 2.4.4.1). The quarry is overgrown and has been disused for some time, however, 

access is easy. Much of the original quarry has been backfilled (the landowner dug a 

trial pit 12-13 years ago in the quarry close to the road and uncovered a minimum of 

4.5m (vertical thickness) of backfill). The remaining exposure above this level consists 

of a 5.3m thick sequence of dark cherty very fine-grained limestones and shales (see 

Log CLQ). The quarry is cut into the Dirtoge Formation, which forms an inlier in Clare 

Shale Formation (Fig. 2.4.4.1(a)). The actual contact with the Clare Shale is not 

exposed. However, the topography of the area rises rapidly and markedly from the 

eastern edge of the quarry and evidence from overburden suggests the contact is not too 

far above the level of the quarry section. Hudson et al. (1966) estimated the Dirtoge 

Formation to be about 107m thick, thus what is exposed in Cordal is essentially only the 

very top of this formation.
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2,4.4: Old quarry at Cordal

The section at Cordal quarry dips very gently 4-6° eastwards and forms a north-south 

(020) trending strike-section, approximately 60m in length. This allows detailed 

examination of large areas of bedding surfaces and has resulted in the collection of 

several hundred specimens of Paladin sp. trilobites as well as extremely well preserved 

brachiopods with delicate spines attached. Paladin sp. trilobites were recorded from 

(broadly) time equivalent Clare Shale strata in Ballybunion by Kelk (1960; see Section 

2.7.5). The Cordal quarry section reveals important information about 

palaeoenvironmental conditions in the southern sector of the Shannon Basin in the latest 

Visean, immediately prior to the collapse of the carbonate factory and onset of Clare 

Shale sedimentation. This is described in greater detail in Section 5.4.

2.5: Lixnaw and environs

Naturally occurring outcrops around Lixnaw village in north Kerry are extremely 

limited. Stream sections are unproductive as the area is quite low-lying and marshy (the 

name Lixnaw derives from the Irish 'Leic snam h’, or the place that swims). However, 

quarrying activity has produced several excellent sections revealing important 

information about striped limestone and associated carbonate facies.

2.5.1: Monument Hill Quarry

Monument Hill is a large working quarry, located at Grid ref 901291, which exposes a 

continuous section spanning both pre-striped and striped limestone facies. Enclosure 

A(a-b) shows an aerial photograph and geological map of the main quarry and 

surrounding area in Lixnaw. Enclosure A(c) shows a correlation of several measured 

stratigraphic sections, covering the striped limestone transition, across the local area.

Just over 84.5m of section was recorded from a sequence of composite logs measured in 

the north and northeastern corners of Monument Hill (see Log LIX and Enclosure A(b) 

for locations of these sections). Due to active quarrying, it was never possible to work 

(in detail) on a single continuous section. In addition, much of the base of the section in 

Log LIX, up to about the 43.4m datum, has been blasted and removed. The extent of
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2.5.1: Monument Hill Quarry

this excavation is indicated on Enclosure A(b). One final point to mention is that, at the 

time o f writing, much o f the quarry is flooded (see Fig. 2.5.1 .l(b-c)) and certain parts o f 

the section cannot be easily accessed.

On Log L IX , striped limestone firs t appears in the sequence at +74m from the base o f 

the measured section. Much o f the succession preceding this level is composed o f dark 

fine-grained and well-bedded calcareous mudstones and shales, which are suggestive o f 

deep-water conditions. Chert development, in the form o f nodules, bands and thin 

laminae, is widespread at many levels. As discussed in greater detail in Section 3.5, a 

deep-water setting is not justified fo r the entire pre-striped sequence at Monument H ill. 

From about +57.5m in the section there is a switch to more calcarenite-dominated 

sedimentation. A  thin horizon o f oncoids occurs approximately 70cm below the first 

appearance o f striped limestone.

The main section containing striped limestone in Monument H ill Quarry is located in 

the northeastern corner o f the quarry (Enclosure A(b)). It is shown in Fig. 2.5.1.1(a-b) 

and a detailed photographic interpretation o f the unit is presented in Enclosure B. The 

details o f this part o f the section are considered further in Section 4.2.4.

A series o f WSW trending (plunging) anticlines and synclines affect the limestones in 

the area around Lixnaw (see Enclosure A(a)). One o f these anticlines is clearly visible 

in the photomontage o f Monument H ill Quarry in Fig. 2.4.1.1(c). This structure repeats 

the stratigraphy on the southern side o f the quarry. A section exposed in the 

southwestern corner was measured for comparative purposes with the main quarry 

section. Log L IX . This alternative section is presented in Log L ixX  and is also shown in 

Fig. 3.6.6(a). Just over 17.3m o f section was recorded from this location, covering the 

transition into striped limestone facies (the firs t laminite bed appears at + 12.98m from 

the base). The succession underlying this level is not directly comparable with that seen 

in the upper part o f Log L IX . It is generally composed o f finer calcilutite grade units (in 

comparison to the calcarenite dominated facies in Log L IX ).
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2.5.2: Ballintogher Limeworks

2. 5 . 2 . Ballintogher Limeworks

About 350m ENE from Monument H ill quarry, at Lixnaw, is the remains o f 

Ballintogher Limeworks (Fig. 2.5.2.1), a now disused quarry. In 1999 the landowner 

cleared away part o f what remains o f the limekilns revealing another section through 

the oncoid-striped limestone transition. This was logged (see Log L ixY ) and a map of 

the locality is shown on Enclosure A.

The section exposed at Ballintogher covers approximately 48.5m o f section, although 

there are several large gaps in exposure, which are d ifficu lt to accurately measure. 

Striped limestone first appears at + 12.3m from the base o f the section. This basal 

portion is mostly composed o f dark calcilutites (although there is a gap o f c.3m in the 

section). An interval o f thick lensoidal calcarenites appears between +1.65 and 4.2m 

(from the base). These have complex geometries and show signs o f lime (intra)clasts 

suggesting a higher energy regime. An oncoid horizon is encountered at c.+10.6m from 

the base o f the section, in a similar location to its position in Logs L IX  and L ixX .

The Ballintogher section is important as it provides information on a considerable 

thickness o f strata overlying the initial phase o f (continuously laminated) striped 

limestone. These beds are shown in Figure 2.5.2.2 and are composed o f medium to light 

grey massive calcilutite mudstones. These massive limestones are unfossiliferous and 

bedding is very indistinct, making for d ifficu lt logging. Rafts o f striped or banded fine

grained carbonate were noted in the unit (see Fig. 2.5.2.2(c,f)). Brecciation is commonly 

encountered throughout the succession. These supra-striped limestone units resemble 

carbonate mudmound facies and from c.+33.3m (bed L ixY48) in the sequence, the units 

may be part o f a mudmound buildup. These units clearly have a close relationship with 

striped limestone and are considered in more detail in Chapter 4.

A sample processed for conodonts from horizon LixY55 was barren (Appendix B4), but 

the residue did contain abundant pyrite.

The section at Ballintogher is capped by a c.440cm sequence o f well-bedded (7 -12cm 

thick), dark tabular calcilutites and fine calcarenites (see Enclosure A(a) for outcrop 

location details). There is a gap in exposure between the last pale grey calcilutite bed
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2.5.2; Ballintogher Limeworks

and these overlying darker units. Mapping suggests a total thickness for the striped 

limestone and associated pale grey massive calcilutites of about 35m. Log LixY shows 

this to be 31.5m approximately, however, as mentioned above, difficulties arose when 

trying to log through essentially featureless units, which were exposed intermittently on 

either side of an old railway line. It is possible, for example, that units LixY48-5l are 

equivalent to LixY52 (see log LixY for more details), which could mean an additional 

c.160cm of recorded section.

2.5.3: Other small quarries in Lixnaw area

Tw o further quarries in the Lixnaw area were examined during the course of this work. 

These had been disused for some time and access was poor. The first quarry is located 

about 100m northwest from M onument Hill quarry and it is shown in Enclosure A(a-b). 

It is quite overgrown and units underlying the main phase of striped limestone 

development in the area are exposed. About 5m of thick-bedded dark calcareous 

mudstones, with subordinate shales, are present in the eastern face o f  the quarry. A 

30cm bed, containing a 12cm coarse bioclastic subunit, marks the base o f  this sequence. 

It contains distinctive white, poorly sorted crinoid, brachiopod and bryozoan fragments 

(set in a darker matrix). Orthoconic nautiloids may also be present. This horizon is very 

similar to unit LixC7 in the M onument Hill (main) quarry. Dips on this eastern wall are 

approximately 25° SSE. The southern wall o f the quarry also has bedrock exposed. The 

details of this particular section are provided on Enclosure A(a).

A second quarry is located at Ballynageragh (Grid ref 905287) on the southern side of 

the road travelling west into Lixnaw Crossroads from M onument Hill. The ‘quarry’ 

itself was actually a south-facing ridge, extending for c.200m. The excavated portions 

are now infilled and occupied by a (mature) marsh and, for the most part, the actual 

quarry face is inaccessible. In recent years a housing development has been erected 

close to the site and the amount of section presently available for study is uncertain. A 

dip and strike of 092/30° N was taken at the base of the exposure, close to the reeds. 7m 

of section was recorded from this location and is presented in LogW . A 20cm unit o f 

striped limestone occurs about 90cm  above the base of the (then accessible) section. It 

is underlain by a sequence of thin calcarenites and calcilutites. The bed immediately
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2.5,3: Other small quarries in Lixnaw area

under this striped limestone horizon is reverse graded, suggesting an increase in energy 

prior to the deposition striped facies. The c.590cm of section overlying the striped 

limestone is composed of a sequence of thick-bedded breccias, often containing visually 

identifiable striped limestone clasts. Individual breccia units are quite discretely 

developed and laterally continuous. Many clasts are silicified and weather proud. The 

overall impression of the supra-striped limestone breccias here is one of both disorder 

and order. The unsorted nature and complex interrelationships of the breccia clasts is 

chaotic, however the breccia units themselves are organised into discrete, and often 

quite laterally persistent, packages, which are almost ‘laminated’. This appearance is 

augmented by the fact that the majority of elongate clasts (a lot of these resemble 

‘strands’ of striped limestone) are lying bedding parallel. A general thickening of 

sedimentary packages is observed moving (stratigraphically) up from the base of the 

section.

2.6: Listowel

Outcrop is very limited in the area surrounding Listowel, in north Kerry. Several sites, 

originally reported by Kelk (1960), were visited in the area.

2 .6.1: Galey R iver section

This important river section spans the interval between Asbian carbonate mudmound 

facies (here mapped as Cloonagh Limestone Formation) and the overlying Clare Shale 

(Fig. 2 .6 .1.1). The first outcrops encountered (Locs 100-102) are medium to pale grey 

calcilutites (biomicrites) with lots of scattered crinoid debris. Spar filled cavities are 

common (Fig. 2.6.1.2(a)), especially surrounding brachiopods, which often display 

complex infills with isopachous muds. Brachiopods, which are also fairly common, tend 

to weather proud of the matrix. Bedding is very poorly defined and the succession 

appears massive (outcrops are very low on the river banks, so if bedforms were on the 

order of lm + in thickness, they might not be detected). Essentially these units represent 

massive mudmound facies, lacking any kind of framework (Fig. 2.6.1.2(b)). A conodont 

sample taken at Loc 105, close to the top of the formation, produced Gnathodus 

bilineatus, confirming an age of middle Asbian and younger.
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A significant gap in outcrop occurs between Loc 105B and 106. More continuous 

exposure of dark grey, well-bedded limestones (calcilutites), with thin subordinate 

shales and cherts, occurs from Loc 107 north-eastwards (Fig. 2.6.1.1(b)). This facies is 

somewhat similar to the Corgrig Lodge Formation exposed beneath the castle at 

Ballybunion beach further west (Fig. 2.6.1.2(d); see also Fig. 2.7.2.1). It is unclear 

where the base of this particular formation is precisely located. On Fig. 2.6.1.1(b) it is 

shown beneath Loc 106; however, it could equally be closer to Loc 107. The important 

point is that a minimum of 35m o f  stratigraphic distance is available at this gap in the 

section to accommodate (potentially) an unexposed unit o f  striped limestone.

Towards the top of the Corgrig Lodge Formation, the succession becomes more 

calcarenitic. A small c . l0 -12m  gap follows between the last limestone bed (Loc 1 15B) 

and the first non-calcareous, argillaceous shale horizon of the overlying Clare Shale 

Formation (Loc 116, see Fig. 2 .6 .1 .2(e)). A 17cm calcareous bed was noted in the latter 

c. 5.25m above its (exposed) base (Fig. 2.6.1.2(f)). The Clare Shale is calculated here 

from mapping to be about 65m. Kelk (1960) had a much cleaner section to examine and 

was able to log the entire succession (this is not possible now). He calculated the 

thickness to be closer to 33m. Both of these figures are considerably less than the 

thickness of the unit observed further west at Ballybunion. At Loc 118 (Fig. 2.6.1.2) the 

first ingress of greywackes is taken to mark the top of the Clare Shale Formation.
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2.6.2 Other outcrops in the Listowel Area

Kelk (1960) noted several other stream sections in the Listowel area where the contact 

between Visean carbonates and overlying Clare Shale could be observed. A  small 

section on the River Feale was reported consisting of;

3) Top Silt and fine sandstone

9m Gap

15m Gap

1) Base Massive grey ‘organoclastic’ (sic.) limestone.

The banks o f the Feale were searched, however, no sign o f any outcrops were 

discovered and it is likely that they have been covered in the intervening period o f time. 

Kelk (1960) also provided a Grid reference o f 995335 for an exposure in Listowel. 

Again, no bedrock was found there and the area is now covered by a public park and 

pitch &  putt go lf course, which had been heavily landscaped.

On the eastern edge o f Listowel town, to the north o f the River Feale, there is a larger 

go lf course w ith scarps developed. These are new exposures o f Clare Shale Formation, 

which have not been reported before. A t location ListG lfCS l (Grid ref 9999333543), a 

9-lOm long excavation into an east-west (110) trending ridge exposes at least 470cm 

(probably much more) o f fissile, non-calcareous dark grey mudstone, with a purplish 

hue. A  shaly cleavage is developed and there is plenty o f orangey-brown iron 

staining/weathering. Nodules and bullion are scattered throughout and the basal lOcm-i- 

is black and very organic rich. A  general orientation o f 022/12° ESE was measured for 

the strata here. No goniatites, or plant material, were found. The surface o f the ridge 

slopes about 40° to the south and the depth o f the excavation is 5-7m.
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2,6.2: Other outcrops in the Listowel area

A second (25m long) section in the Clare Shale Formation is exposed further east at 

ListGlfCS2 (Grid ref 0011633533), on a 110 trending face (cut back to accommodate a 

series o f grassy ramps). Just over 4m o f shales were measure here (see Fig. 2.6.1.3(a) 

for more details). A  dip reading o f 145/10° NE was measured in the middle o f the 

section. A t ListGlfCS3 (Grid ref 0032433512) the top o f the Clare Shale is seen in a 

continuously exposed section, which passes up into the base o f the overlying thickly 

bedded sandstone ( ‘Greywacke’) series. The section is exposed in a narrow road cut 

leading down to the go lf course (c.80m long) and it is shown in Fig. 2.6.1.3(b). The 

upper units in the section are essentially fla t (perhaps dipping c .l-2° to the southeast) 

and exposure is thus controlled by topography. The actual contact between Clare Shale 

Formation and overlying sandstones was seen at Grid ref 0040433542, this was upslope 

along the road from the start o f the section.

2,7: Bally bunion

At Ballybunion, in north Kerry, Visean carbonates, and overlying Serpukhovian to 

Bashkirian siliciclastic shales and sandstones, outcrop along c.7km o f coast in a series 

o f magnificent dip-section exposures. The Ballybunion coastal sections are important as 

they provide information about conditions in the axis o f the Shannon Basin during 

Carboniferous times. Away from the coast, exposures inland are extremely limited. A 

general location map is shown in Figure 2.7.1 and a summary geological map and is 

presented in Figure 2.7.2.

2.7.1: Mens strand

A small road leading down to the beach provides easy access to the first exposures o f 

Carboniferous limestone. A t low tide (approximately one hour either side o f low water) 

it is possible to access a low exposure o f rocks further to the west (about 300m from the 

end o f the road; see Fig. 2.7.1.1(a)). These are named Pulleen Rocks (Fig. 2.7.1) and are 

composed of Waulsortian limestone (Fig. 2.7.2), which is pale-brown weathering and 

has quite a craggy solution-weathered surface. Bedding is very d ifficu lt to establish, 

however, vague stratification appears on the northern end o f the outcrop where a dark 

grey crinoidal packstone lithology develops. A  dark, thin but well-bedded sequence
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2.7.1: Mens strand

overlies the Waulsortian on the northern tip o f  the outcrop (Fig. 2.7.1 .l(b-c)). 

Approximately I l - I 2 m  of these dark beds are accessible (with a further 6-7m visible 

below LW M ). The actual contact between massive Waulsortian and overlying cherts is 

obscured by a gap or small channel, which fills with seawater and trends 090. This gap 

probably represents a much softer shale horizon, however, a small fault can ’t be totally 

discounted. M edium-bedded dark calcilutites (IOcm+) are seen just above the channel 

and these rapidly become thinner moving up through the sequence. The remainder of 

the section is generally composed of fine-grained limestones (calcilutites) and cherts. 

Bedding is usually no thicker than 6-7cm: the average is a lot less. Rare cherty 

calcarenites are also occasionally encountered. A dip and strike of I00/62°N was taken 

close to the top o f  the available section, however, it should be noted that bedding is not 

laterally traceable to any degree and it is also gently kinked and folded.

East from this location, towards the mainland, and apparently  along strike with the top 

of the Pulleen  units, is an important section exposing a thick development of striped 

limestone (Fig. 2.7.1 and Fig. 2.7.2). This section is encountered at the base of the road, 

which leads down to the beach. This section was studied in detail and is shown in Log 

BY BA. Bedrock here is prone to becoming extensively covered by beach sand and the 

amount of outcrop exposure available for inspection is quite variable. During initial 

logging, many parts of the section had to be manually excavated from beneath sand 

cover and there remained significant gaps in the section. A visit to the location in 

February 2009 revealed newly exposed strata (laterally equivalent to the top-most parts 

of the BYBA section), which were extensively slumped and deformed. However, at the 

time o f  writing only about 50% of the section shown in Log BYBA is visible through 

the sand.

An intriguing aspect of this location is the presence o f  heavily brecciated limestones, 

which apparently underlie the main logged section BYBA (Fig. 2 .7 .1 .2(a-c)). These 

units are exposed in a series of isolated outcrops, which show no sign of bedding and 

appear massive. It is unclear whether these represent actual outcrop. A local county 

council worker, who was involved with beach management works, informed me that 

they were actually large boulders, which had been dropped into place with a mechanical 

excavator. A local geologist (J. Hilliard, pers. comm ., 1999) was confident that these 

were actually in-situ. Some of the breccias resem ble  Waulsortian facies. If they are
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2.7.1: Mens strand

indeed in-situ then they are revealing, in that they consist o f perhaps as much as c.6m o f 

intensively brecciated units, which vary between being matrix- and clast-supported. 

Low in this sequence is an 85cm-i- unit o f mottled, bluish weathering, matrix-supported 

breccia. The matrix is medium to coarse calcarenite w ith subangular to rounded 

limeclasts o f variable composition (white, brownish grey and dark grey; the darker 

clasts are often chert). Chert is actually widespread with 2-4mm clasts in the matrix and 

much larger clasts up to 6cm present. Higher in the succession is a c.SOcm unit o f clast- 

supported breccia. Very coarse subangular to rounded clasts are concentrated in the 

base and these appear to fine (or at least become better sorted) towards the top o f the 

unit. Clast sizes range from 7mm up to 12cm-t- and are composed predominantly o f pale 

brownish grey wackestones and packstones, along with darker grey fine-grained clasts. 

Some clasts have a curious outer white rim (see Fig. 2.7.1.2(a-b)) and coarse crinoidal 

debris is also common in the unit.

There is potentially an 8.5m stratigraphic gap between the breccias and the BYBA 

section. I f  taken at face value the breccias would appear to represent several pulses o f 

extremely coarse-grained material into the depositional system in the time preceding the 

formation o f striped limestone.

The main section on Mens Strand beach is presented in Log BYBA. Just under 47m of 

strata was recorded, although, as mentioned earlier, there are substantial gaps, which 

become more frequent towards the top o f the section. Striped limestone facies first 

develops at +14.8m above the base o f the section. Representatives o f the facies from 

this pre-striped limestone phase are shown in Figure 2.7.1.2(d-f) and are discussed in 

detail in Section 3.4. The section is dominated, at this point, by (dark) very fine-grained 

limestones (calcilutites), shales and cherts. Lenticular bedding is present at several 

horizons and, in places, slumping appears to have occurred. However, the sequence 

remains reasonably well bedded.

The zone between + 14.8m and +23.65m (approximately 8.85m stratigraphically) is 

occupied by a mixture o f striped limestones and breccias (Fig. 2.7.L3). Seven horizons 

o f continuous striped limestone are identified in Log B Y BA . These are interbedded 

with breccia and several o f these are highly contorted and folded. It is tempting to 

consider these continuously striped units as (potential) individual ‘event horizons’,
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which may correlate with particular horizons elsewhere in the basin. The nature o f the 

striped limestone section at Ballybunion is such that it allows tracing o f the laminite 

along strike. Many o f these striped laminite units do not continue indefinitely and, in 

fact, several pass (very rapidly) into massive breccia laterally. They are thus perhaps 

better considered as large slabs or rafts (bedding parallel) w ithin an enclosing 

(brecciated) 'matrix'.

The remainder o f the section above the striped limestone facies, from +23.65m to 46.9m 

(a stratigraphic distance o f c.23.25m), is composed o f thin-bedded, dark calcilutite 

mudstones and cherts with subordinate shales. A thick, rubbly-weathering breccia 

(BYBA66) breaks the 'low energy' impression o f the succession between +29.55 and 

30.25m. Clasts (typically 2-5mm in size, but as large as 8cm) are angular to subrounded 

and look sim ilar to the host matrix. The succession returns to a uniform, fine-grained 

lithology after this brecciated interval. A t about +37.5m, a unit containing large 

goniatites, preserved in three dimensions, was encountered (BYBA75). The very top o f 

the BYBA sequence is a thin packstone bed with brachiopod and crinoid material.

Dips recorded throughout the entire BYBA section remain quite constant and values o f 

between 47° and 53° towards north were recorded. Strike values range between 083 and 

090. These values compare reasonably well with the orientation o f 100/62°N for the 

cherty dark beds directly overlying the Waulsortian on Pulleen Rocks. The two sections 

do, in fact, look to be laterally equivalent along strike im plying a highly condensed 

section between the top o f the Waulsortian and the first appearance o f striped limestone. 

Kelk (1960) alluded to this fact and postulated that that there is like ly to be a fault 

between the two sections. That concept is followed here (see Fig. 2.7.2).

2.7.2. Castle section

A considerable stratigraphic gap occurs in the beach sand between BY BA and the next 

section o f Visean carbonates at Ballybunion (BYBB). This sequence is exposed in a 

c li f f  section beneath the ruins o f Ballybunion Castle (Fig. 2.7.2.l(a-b)). This section 

consists o f just over 43.8m o f continuous strata (see Log BYBB). Dip o f bedding, close 

to the top o f the succession, is c.090/51°N, which is very similar to average dips
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measured in the underlying BY BA section, suggesting a conformable sequence. The 

gap in the sand is (normal to strike, taken from  the top o f horizon BYBA66) is c.95.25m 

and, taking an average dip o f 48°, this indicates a stratigraphic thickness o f c.72m, 

which is obscured by sand. The nature o f this hidden portion o f the section is, naturally, 

uncertain, however it could represent a (softer) more shale rich interval, which, in 

comparison to the exposed beds, is more susceptible to erosion.

The basal 5.6m o f the section consists o f laminated shales and very fine-grained 

limestones (calcilutites, w ith mudstone texture), which are punctuated by several 

brecciated horizons. A  well-developed and exposed zone o f this brecciation is shown in 

Fig. 2.7.2.2(a-d). A  single horizon at this level (BYBB12) expands from a thickness o f 

about 45cm to over 80cm, over a few metres o f strike section, in a westerly direction. In 

addition, the complexity and internal geometry o f the horizon increases considerably. 

This may indicate general transport o f material from an easterly direction (i.e. towards 

the west).

Above the units, shown in Figure 2.7.2.2(a), there is a marked change in the character o f 

the succession and breccia horizons are no longer encountered. This point was taken by 

Sleeman &  Pracht (1999) as the top o f the Parsonage (Striped Limestone) Formation 

(see Figure 2.7.2.1(a)). Sleeman &  Pracht (1999) cited the thickness o f the Parsonage 

Formation as 70m at Ballybunion (based on calculations by Dolan, 1984). Given that 

the measured section o f BY BA to the level o f horizon A66 is 30.2m and including the 

missing section (72m) and the 4.7m at the very base o f log BYBB, this is an 

underestimation; the thickness is like ly to be closer to 105m. Sleeman &  Pracht (1999) 

estimated the overlying succession to be 80m thick and they assigned it to the Corgrig 

Lodge Formation. Examination o f log BYBB indicates a thickness o f no more than 40m 

(38.2m) above the last brecciated horizon.

The bulk o f the section, which overlies the last breccia horizon in the castle section at 

Ballybunion, is composed o f well-bedded, fine-grained limestones and shales, with 

conspicuous chert at several horizons (Fig. 2.7.2.1(c-d)). Bedding is very planar and 

laterally persistent (Fig. 2.7.2.1(b)). Only very occasionally, coarser calcarenitic 

horizons occur (Fig. 2.7.2.1(e)), often with erosive bases and these may represent
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episodic debris or grain flows. At one level in the sequence (BYBB72) burrowing 

activity accompanied one of these coarser horizons (Fig. 2.7.2. l(f-g)).

On Log BYBB several different types of laminated zones are grouped for convenience. 

These include:

• Massive units with thin and planar silt grade laminae.

• Mudrocks which are fissile in certain patches and which tend to weather back.

• Actual shale horizons.

Five samples were processed for conodonts from the castle section at Ballybunion

(Appendix B5). BYBB7 contained Gnathodus bilineatus and G. girtyi, along with 

abundant actinopterygian teeth. The residue also contained silicified ostracod, bryozoan, 

crinoid and Cladochonus material. BYBB 12 did not produce conodonts, however it did 

contain a rich and well-preserved fauna of silicified ostracods. Cladochonus was also 

noted in the residue.

Gnathodus girtyi was the most common PI element in sample BYBB71/2. Lochriea 

commutata and various elements belonging to Idioprioniodus sp. also occurred, along 

with abundant actinopterygian teeth and silicified ostracods and bryozoans. BYBB92 

also contained Gnathodus homopunctatus and G. girtyi along with actinopterygian 

teeth. BYBB107, the highest sampled horizon in the succession, did not produce 

conodonts (the sample processed was small). The conodont data suggests an age within 

the G. bilineatus Biozone.

2.7.3, Doan Point (south)

This location is an old disused coastal quarry, located approximately 1.5km NNW of 

Ballybunion. It is accessible via a small trackway (Fig. 2.7.3.1(a)) running west from 

the main road (R551), about 1200m north from the centre of the town.

Both this location and the next (Section 2.7.4: Doon North) are located on west facing 

peninsulas separated by a small embayment called Cunnihish. The peninsulas are the 

result of two large-scale (east plunging) folds, which bring more resistant (in
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comparison to Clare Shale Formation) upper Visean limestones and shales up to 

outcrop. A t Ballybunion (Section 2.7.2) the Visean limestone sequence passes 

northwards into the (overlying) Clare Shale Formation, which continues to outcrop at 

sea-level along the coast until reaching Doon South further north.

Doon South quarry offers a spectacular overview o f the overall geometry o f the 

geological succession in this part o f the basin (Fig. 2.7.3.1(b)), as well as providing 

excellent access to, and exposure of, the upper part o f the Visean sequence (Fig. 

2.7.3.1(c)). The quarry is positioned in the core o f a box-shaped anticline with steeply 

dipping Clare Shale Formation beds visible on either side o f the headland (i.e. 

immediately to the north and south). Consequently, dips are low in the quarry itself, 

allowing examination o f strata laterally along strike and (sometimes) over bedding- 

plane surfaces for considerable distances.

Just over 28m of section was recorded in the quarry (see Log do); a considerable 

thickness is visible underneath this, but as it forms shear c l i f f  rising out o f the sea it is 

inaccessible (Fig. 5.6.7(a)).

The section exposed at Doon South is extremely well bedded and a conspicuous feature 

is lateral traceability and uniform ity o f horizons over considerable distances (Fig. 

2.7.3.1(b)). The succession is dominated by medium to thick-bedded limestones 

(calcilutites) with subordinate shales. Shale content increases in the top 9m of available 

section, where it accounts for around 20% o f the total stratigraphic thickness. 

Preferential weathering sometimes shows some o f the calcilutite units to be internally 

laminated on quite a fine-scale. Typically this lamination is planar, however 

occasionally it seen to have undergone a degree o f localised soft sediment deformation 

(Fig. 2.7.3.2(a,b)). This slumping or folding is never intense enough to destroy the 

overall shape and geometry o f the host bed. In Fig. 2.7.3.2(b) it is seen to overlie 

undisturbed fine planar laminae and then be overlain in turn by planar lamination, a 

total stratigraphic distance o f no more than 10cm.

Calcarenite grade facies occurs intermittently in the sequence and accounts for less than 

10% o f the total stratigraphic thickness (approximately 8% estimated from Log do). The 

coarser units demonstrate a wider range o f sedimentary structures. Occasionally they
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are expressed simply as thin beds or seams (Fig. 2.7.3.2(c)), delicately interbedded with 

finer (muddier) horizons. At several levels the coarser calcarenites appear to load into 

underlying units (Fig. 2.7.3.2(d)), however, elsewhere they can have quite an erosive 

relationship with preceding beds (Fig. 2.7.3.2(e)). This is particularly evident where 

they overlie shale horizons. Normal grading (Fig. 2.7.3.2(f)) is also present at certain 

levels.

Chert is present in various stages of development, ranging from nodular to laterally 

continuous bands, at many levels. Coarser, and presumably higher porosity, units may 

also preferentially take up a higher degree of chert development.

In terms of faunal content, the section is not especially fossiliferous (in a general sense). 

However, at specific horizons bioclasts are common. Cephalopods (both goniatites and 

nautiloids) are perhaps the most conspicuous macrofossils present (Fig. 2 .1 .33). At two 

horizons (do48 and do74) cephalopods are preserved silicified in 3-dimensions and 

weather proud of the enclosing matrix (Fig. 2.7.3.3(a-d)). Several also display a sparry 

infill at these levels. Posidonia sp. bivalves (Fig. 2.7.3.3(h-i)) become more common 

towards the top of the succession. Brachiopods and crinoid are present at selected 

horizons also; in particular they are abundant in the coarser calcarenitic units. Partially 

articulated brachiopods were also noted in do48 (Fig. 2.7.3.3(d)), which was a 

laminated calcilutite. Finally some zaphrentid coral material was noted in unit do 16.

Seven samples were processed for conodonts from the quarry section exposed at Doon 

South (see table and section in Appendix B5). Two horizons, do 13 (the lowest horizon 

sampled) and do73 were unproductive (the latter was a small sample). d o l6  contained 

Gnathodus homopimctatus, G. girtyi, G. bilineatus, Idioprioniodus sp. and Lochriea  sp., 

in addition to a small amount of ichthyoliths. do l7  (a goniatite horizon), located a short 

distance above do 16, produced only ramiform material.

Higher in the section, do85.2 was exceptionally rich in silicified ostracods and produced 

a large amount of conodont elements. G. girtyi was the dominant PI species and 

accounted for c.70% of all platforms identified. G. homopunctatus, G. bilineatus, 

Lochriea commutata, Idioprioniodus sp. and Kladognathus sp. were also present. By 

contrast, do92.2 produced considerably fewer conodont elements. These included G.
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girtyi, Kladognathus sp. and Idioprioniodus sp. Ichthyoliths and spinose silicified 

ostracods were also recovered from this horizon. do97, at the top of the section, was 

similar to do85.2, in terms of an abundance of silicified ostracods and the predominance 

of G. girtyi.

Bioturbation is common at many levels in the section at Doon South. A variety of 

different burrow-forms and variation in the intensity of bed reworking are well 

displayed (Fig. 2.7.3.4). Both calcilutite and calcarenite grade facies are affected by 

burrowing; in some instances coarser material can be observed piping down through 

burrow structures into underlying finer-grade beds (Fig. 2.7.3.4(d)). The burrow 

structures themselves can be simple vertical 'Skolithos' type forms (see for example Fig. 

2.7.3.4(b); note the deformation of the enclosing sedimentary laminae) through to more 

complex branching horizontal forms, similar to 'Chondrites' (Fig. 2.7.3.4(j-k)). In 

addition, burrow networks demonstrating vertical, horizontal and branching components 

are present possibly indicating relatively complex behaviour.

2 .7 .4  Doon Point (north)

Upper Visean carbonate strata reappear on the peninsula on the northern side of 

Cunnihish Bay (see Figs. 2 .7 .1-2 for location details and Fig. 2.7.4.1 for a panoramic 

view across from the Doon South quarry). The circumstances of this particular exposure 

are similar to Doon Point South in that a large plunging anticline has brought the 

carbonate units back up to outcrop. The northern and southern limbs of the anticline are 

very steeply dipping, whilst across the axis they flatten out (Fig. 2.7.4.1), giving the 

antiform a box-like profile.

In general, the exposed sequence appears to be quite similar to that at Doon Point south 

(do). A small quarry on the western tip of the peninsula (Fig. 5.6.9(a)) reveals the 

lowest beds readily available for study. These dip northwards and the outcrop can be 

followed northwards from here (upwards through the section) around the northwestern 

tip of the peninsula. Extreme caution must be exercised at this location as outcrop 

surfaces are flat, prone and sloping and grassy surfaces slope also at a very steep angle 

and give way immediately to steep vertical cliff sections. Posidonia sp. bivalves were
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noticed on large blocks from this location. On the northeastern corner o f the peninsula it 

is possible to descend to sea level. Here, in a small, enclosed embayment, the north 

dipping Visean carbonates are very well exposed (Fig. 2 .7.4.2). The limestones here are 

fine-grained, very well bedded (and quite laterally continuous) and look to form slightly 

thinner bedforms in comparison with their 'counterparts' on Doon South. The transition 

between these well-bedded carbonate units and the overlying Clare Shale Formation 

(which is also north dipping) occurs in the west facing cliffs on the eastern side o f this 

bay. However, the actual contact is not directly exposed (Fig. 5 .6.9(c)). Instead, the 

interval between the two is obscured by overburden and there is evidence of 

considerable mineralisation along the contact, suggesting that it might actually have 

experienced some movement or slippage.

2 . 7.5 Brief note on the Clare Shale

The onset o f widespread non-calcareous shale deposition was a major turning point in 

the history o f the Shannon Basin, and will be discussed further in Section 6.5. It is 

worth mentioning here the quality o f the exposures covering this interval around 

Ballybunion, in particular at Nuns Strand and on the northern side o f Ladies Strand 

(Fig. 2.7.1). Kelk (1960) demonstrated the Clare Shale Formation to be over 180m at 

Ballybunion and that the base is actually late Brigantian (Pj goniatite Biozone). This is 

one o f the oldest known occurrences o f Clare Shale. It appears that the cessation of 

carbonate sedimentation happened initially in the axis o f the basin during the late 

Brigantian (possibly initially in the west).

Kelk (1960; chapter K.4, section 1, p .12) noted the presence o f the trilobite W eberides 

sp. (now known as Paladin  sp.) along with small chonetid brachiopods at the base of 

the shales only c.2.5m  above the top o f the Castle Beds (BY B B). This area o f the 

section was carefully searched, however this fauna was not found. This search was 

conducted after large amounts o f Paladin  specimens had been discovered and collected  

from calcareous Brigantian strata further southwest at Castleisland (see Section 2.4.4  

above). Kelk (1960) also reported Paladin  sp. from the Clare Shale Formation further 

north in the Ballybunion section and a short distance below a Goniatites (now  

Lusitanoceras) granosus (P2) marine band. Relocation of these horizons would be
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useful, as there is the potential to study a taxon, which coexisted in both carbonate and 

siliciclastic environments in Brigantian times.

Sleeman &  Pracht (1999), citing a pers. comm, from G.D. Sevastopulo (1998), noted 

that the top o f the Ballybunion Castle (BYB B) section contained Hibernicoceras sp., 

indicating a P,d age. The next ammonoid zone to occur above this, according to Riley 

(1993), is the ?2a |L. granosus\ biozone, im plying a continuous transition (w ith no time 

gap) between the top o f the BYBB section and the base o f the overlying Clare Shale 

Formation. The actual contact is not exposed on Ladies Strand; the transition is 

occupied by a rough pathway down to the beach. A  new lifeguard station was built on 

the beach in recent years and the area behind the building w'as cleared, exposing an 

extensive exposure through essentially fla t lying Clare Shales (Fig. 2.7.5.1). There is 

very little distance between these units and the underlying BYBB sequence which dips 

at an angle o f 50° directly into the shales. This fact seems to have been overlooked in 

the past. Either there is an abrupt change o f dip in the carbonate units (back to 

horizontal) as they disappear under the shale at this point (possible; it may partially 

explain the occurrence o f the shale and their particular style o f outcrop (low c liffs) in 

Ballybunion) or it may be that there has been a decollment between shale and 

limestone, resulting in a small fault. The second explanation seems the more like ly as 

this type o f behaviour is seen between these two units elsewhere in the Shannon Basin, 

however it should be borne in mind that the palaeontological evidence suggests a near 

complete sequence o f ammonoid biozones, thus the amount o f displacement along this 

fault or detachment must be relatively small.
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2.8: Foynes

The stratigraphy of area around Foynes, in north County Limerick, was initially 

described by Hodson (1954), Hodson & Lewarne (1961) and Shephard-Thorn (1963). 

In general the succession in the area dips 20-30° towards the west (Fig. 2.8.1). A 

moderate west/southwesterly plunging anticline (the “Ballynacragga an tic line” 

according to Hodson & Lewarne (1961)) and syncline serve to complicate the outcrop 

pattern somewhat, about 1.5km south o f  Foynes village. The junction between Visean 

carbonates and overlying Serpukhovian to Bashkirian siliciclastics has an extremely 

marked topographic expression in the area. The land underlain by post-Visean strata 

rises sharply, and rapidly, to over 160m elevation on the western and southern sides of 

the village (Fig. 2.8.1).

The stratigraphic framework for the Visean succession at Foynes was first developed by 

Shephard-Thorn (1963) and this has served as the regional standard for some time now. 

Several inadequacies with this scheme have, however, come to light in recent times. 

Shephard-Thorn (1963) relied heavily on coral faunas when subdividing the succession, 

generally at the expense of detailed and rigorous assessment of lithology. This presents 

practical problems when trying to apply the stratigraphic scheme in areas were corals 

are either lacking or sparse in the sequence. The original survey was conducted on 

outcrops scattered across the area and several of these have deteriorated in quality over 

time. More recent drilling conducted in the area and discussed in Section 2.8.1 below 

has also proven the existence of several new units, not seen at outcrop.

2.8.1: Borehole information from Foynes

Drilling was initially conducted in the Foynes area in 1974 by Cement Limited, who 

recovered eight coreholes. The details of this work reported here are taken from an 

unpublished 1974 report by Dr Michael Philcox. Dr Philcox kindly made a copy of his 

report available and granted permission to quote from it.

The largest and most complete of all the boreholes drilled during this period in Foynes 

was numbered 546 and its geographic location is shown on Fig. 2.8.1. Details of the 

complete upper Visean stratigraphy, based largely on hole 546 but also including details
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from other holes and outcrop exposures are shown in Enclosure E(a). The Rathkeale 

Formation appears at the base of the drilled sequence. This is a notoriously poorly 

exposed (at outcrop level) unit of dark fine argillaceous calcarenites with various types 

of burrows. The top 24m (BNS) of this formation was detected in borehole 517 (see 

Fig. 2.8.1 for general location).

The overlying unit, the Durnish Formation, is approximately 220m thick and is divisible 

into four 'members'. The lowest, the Lower non-cherty Calcarenite Member, is 122m 

thick and is composed of fine argillaceous calcarenite with poorly defined, often 

nodular bedding and a variable skeletal content. Occasional beds of fine burrowed 

calcarenite also occur along with cleaner coarser skeletal calcarenites and chert is 

generally absent. The overlying unit, the Lower cherty Calcarenite Member, is 47m 

thick and similar in lithology with the exception that chert is common, in places this 

chert forms closely spaced 15cm nodules in bands occurring at intervals of 30-100cm. 

The Upper non-cherty Calcarenite Member succeeds this unit and is 27.5m thick. It is 

similar to the Lower non-cherty Calcarenite Member in that chert is generally absent. 

There is also very little shale. The base of the unit is gradational. The uppermost 

subdivision of the Durnish Formation, the Upper Cherty Calcarenite Member is 23m 

thick. The top of this member is composed chiefly of argillaceous calcilutite. 

Conglomeratic horizons occur only very occasionally and chert is common. Moving 

towards the base of the member, there is a progressive increase in the frequency of fine 

calcarenite horizons in beds up to 15cm thick. Both the top and base of this member are 

gradational.

The Shanagolden Formation overlies the Durnish Formation and is 57m thick. It divides 

into three members. The lowest of these is the Conglomeratic Calcilutite Member, 

which is 15m thick and composed of well-bedded units (90-120m thick) containing 

reworked (macroscopic) clasts of argillaceous calcilutite. Scattered shaly interbeds a 

few cm thick occur with crinoid debris. The lower portion of the unit contains some 

chert. The overlying Calcilutite Member is 24m thick and is composed of dark 

argillaceous calcilutite and fine calcarenite with shale interbeds up to 15cm thick. This 

unit becomes more shale dominant moving upwards through the succession. The top of 

the Shanagolden Formation, the Shale Member, is 18m thick and, crucially, this unit 

was not observed by Shephard-Thorn (1963), as it never outcrops in the area. It consists
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o f dark calcareous shale with thin fine-grained limestone interbeds, which are often 

silic ified. Rare coarse graded calcarenite beds up to 75cm thick also occur. The top 

contact is very sharp; however, the base o f the member is gradational.

The Striped Limestone { ‘Parsonage’) Formation sharply overlies the Shanagolden 

Formation. It was estimated by Philcox (1974, unpublished) to be 35m thick; however, 

only one borehole, 546 (Fig. 2.8.1), penetrated the unit and a complete section through 

the entire formation was not recorded in any o f the cores. 546 passed through the basal 

20m o f the unit. The formation displayed typical striped limestone textures, such as 

light and dark grey, very fine-grained calcilutite laminations with bedding often 

deformed by folding and brecciation. Lamination may also become obscured by 

recrystallisation. Darker argillaceous calcilutites and shales become common in the 

upper half o f the unit.

The final formation o f the Visean succession, the Corgrig Lodge Formation, was 

estimated to possibly as much as 25m thick. It was, however, never recovered in core 

and only observed at selected scattered outcrops. The base o f the unit appears to be 

composed o f at least 5m o f nodular-bedded dark calcilutites and chert interbedded with 

shales up to 30cm in thickness. Towards the top o f the formation, close to the contact 

with the Clare Shale Formation, approximately 1.5m o f thinly bedded black 

argillaceous calcarenites and shales outcrop at the type locality near Corgrig Lodge.

Two boreholes (97/147 and 97/148) were subsequently drilled by the Geological Survey 

o f Ireland in the Foynes area during the completion o f work on Sheet 17. Their 

locations are shown in Fig. 2.8.1 (see Fig. 2.1 also for a more general impression o f the 

location) and details o f the lithostratigraphy encountered has been sourced from 

Sleeman &  Pracht (1999). Borehole 97/148 began in Clare Shale and penetrated a 

complete 24.65m sequence o f Corgrig Lodge Formation before finishing in the Striped 

Limestone Formation (6m from the top). Borehole 97/147 was drilled a short distance 

away to the east. It began in Striped Limestone Formation and penetrated the underlying 

Shanagolden Formation and a considerable thickness o f the Durnish Formation, 

however, it never reached the Rathkeale Formation. A  summary compilation 

stratigraphy based on this work is shown in Enclosure E(b).
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There is reasonably good agreement between both the 1974 and 1997 versions of the 

borehole lithostratigraphy for Foynes (see Enclosure E for correlation). The Durnish 

Formation in 97/147 is 187.4m thick (the base of the unit was not reached) and is 

described as uniform blue-black fine-grained limestones (wackestones and packstones) 

with conspicuous chert nodules parallel to bedding in bands. Corals are abundant and 

are typically of the large Caniniid-Clisiophyllid type. No attempt was made by Sleeman 

& Pracht (1999) to further subdivide the Durnish Formation, so comparisons with the 

four-member subdivision (alternating chert poor and chert rich) proposed by Philcox 

(1974) is not possible.

The following points can be made in relation to the stratigraphy overlying the Durnish 

Formation in the GSl boreholes and its comparison with that described by Philcox 

(1974):

1. The Shanagolden Formation in 97/147 is 48.5m thick, which is somewhat 

thinner than the value of 57m from 546 (Enclosure E). However, there is a 

remarkable similarity in the tripartite subdivision of the Formation into a basal 

(4.6m thick) poorly sorted limestone conglomerate, a central (c.20m thick) 

limestone dominant unit which passes gradationally into an upper 18.4m shale 

dominant subunit. The very top of the formation is marked by a 1.6m thick 

coarse crinoidal packstone/grainstone with an erosive base.

2. The Striped Limestone Formation in 97/147 is 23.3m, which again is thinner 

than the 35m estimated by Philcox (1974), who did not have a complete section 

through this formation in any of the 1974 boreholes. According to 97/147 the 

formation is barren of fossils and divides into three subunits:

a. The basal 7.8m is typical striped limestone laminite, which has 

experienced disruption and brecciation. Black mudstones are also 

interbedded.

b. This is followed by a 5.4m unit of massive, recrystallised limestones

with spar filled cavities and concentrically zoned chalcedonic 

replacement fabrics. This subunit is locally brecciated and Sleeman & 

Pracht (1999) interpreted it as mudmound type facies.

c. The uppermost 10.5m consists of cherty calcilutite wackestones,

mudstones, thin banded peloidal grainstones and two intervals of striped 

limestone. This agrees with the description of Philcox (1974) who noted
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darker argillaceous caiciiutites and shales becoming more prominent 

towards the top of the formation.

3. T h e  C o rg r ig  L odge F o rm a t io n ,  which succeeds the Striped Limestone 

Formation in both 97/147 and 97/148, is 24m thick, which is almost identical to 

the thickness estimated by Philcox (1974, unpublished). It is characterised by 

caiciiutites, interbedded thin black mudstones and conglomerates. The centre of 

the unit contains a shale rich interval with thin erosive and normally graded 

crinoidal packstones and grainstones. Mudstone dom inance increases upwards 

through the formation and towards the very top it mottled and burrowed 

caiciiutites appear.

The palaeoenvironmental implications of the observations from these two sets of 

borehole data from Foynes are further considered in Chapters 3 and 5.

2.8.2: Road Section Log (Burnish Formation)

A well-exposed and relatively continuous section through strata belonging to the 

Durnish Formation became available for study in 2002 during road realignment works. 

The section is located on the western side of the N69, about 1km southwest o f  Foynes 

Village (see Fig. 2.8.1; it is labelled Loc 1 and an attempt has been made to show the 

approximate position and extent of the outcrop). The outcrop has since been planted 

with grass and much less is exposed today compared to the time of initial description, 

however there is still a lot to see (Fig. 2.8.2.1).

Approximately 30.2m of section was recorded from this location (Log FoR), although 

significant gaps in exposure occur above +23.6m. The section begins at Grid ref 

2592650679 and finished at 2589150779. The basal 11m is dominantly medium to 

coarse crinoidal calcarenite occurring in thick to very thickly bedded units (see Log 

FoR, and also Fig. 2.8.2.1). Bedding, although obvious on a very large scale, is 

generally poorly defined in detail. Individual units either have irregular tops and bases, 

or display evidence of erosion and bed amalgamation. Horizon FoR4 demonstrates the 

erosive nature of bedding very well (see interval between + 140cm and + 180cm on Log 

FoR). The base of the unit is a dark bluish grey calcilutite wackestone, with
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disseminated fine crinoid and brachiopod siceietal debris. This is sharply overlain by a 

medium to coarse crinoidal calcarenite (packstone to grainstone in texture). The contact 

is shown in the photographs which accompany the FoR log and is quite undulose, 

irregular and erosive in detail. In addition, large vertical structures, interpreted as 

burrows, are seen to pipe coarser material down into the finer underbed. The remainder 

o f the basal section, up to + l l m ,  is generally thickly bedded and coarse-grained in 

character. A  common feature o f these units is that they are typically unsorted. Whispy 

lenses, or even irregular patches o f conspicuously coarser calcarenite grade material 

frequently occur (see for example the middle o f unit FoR 10 at about +330cm) within 

larger bodies o f finer sediment.

Above +1 Im  in the FoR log (from horizon FoR29 onwards), the lithology o f the section 

shifts in character, becoming more calcilutite dominated. Beds remain thickly 

developed, but they are more sharply defined and there is less evidence o f erosive 

interplay between successive beds. Pockets o f medium to coarse bioclastic calcarenite 

still continue to occur and, in places, the texture varies between a mudstone and 

crinoidal wackestone. Packstone textures are only rarely encountered. A notable fin ing 

in the sequence occurs between +17.9m and +20.2m (units For41-44) and the 

succession becomes darker, muddier and less bioclastic during. The remainder o f the 

continuous section from +20.2m to +23.6m (units FoR45-50) adopts a coarser-grained 

component (again) and pockets o f medium to coarse crinoidal packstone are present.

There is very little shale in the FoR section. Chert nodules occur, but are not common in 

the basal 11m o f the succession, whilst in the calcilutite-dominated units above this 

level, it is very rare indeed.

A  range o f large solitary corals, sim ilar in form to Siphonophyllia sp., and colonial 

rugose (Siphonodendron sp.) and tabulate {Syringopora sp.) corals are common in the 

FoR section (Fig. 2.S.2.2). Solitary corals are always seen lying prone or fla t (on or 

w ith in beds). A  rich and diverse (non coralline) fauna is also observed. These bioclasts 

include crinoids, bryozoans, cephalopods and brachiopods (Fig. 2.8.2.3). A  fish tooth 

was sampled from FoR37.
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2.8.3: Other miscellaneous exposures examined in the Foynes area 

An outcrop of Shanagolden Formation at Grid ref 2551951047 (see Loc 2 on Fig. 2.8.1) 

was examined. Approximately 4m (stratigraphic thickness) of well-bedded calcilutites 

are exposed in a long strike section located at the rear of several houses. An excellent 

fauna was found including the blastoid Orbitremites sp. and the crinoids Platycrinites 

and Actinocrinites sp. {pers. comm. G.D. Sevastopulo, 2003).

In addition, orthocone nautiloids and goniatitic cephalopods were present along with 

cyathaxoniad-type corals. The coral fauna in particular was suggestive of a deeper water 

setting. The fauna also tended to weather proud and was partially silicified.

A visit was also made to the grounds of the old parsonage in Foynes to examine the 

type section of the Parsonage Formation. The section is currently overgrown, dirty and 

is not particularly instructive. The landowner granted access for only a very limited 

amount of time and it was not possible to clean the outcrop. A sequence of coarse 

bioclastic calcarenite, overlain by breccia and finally faintly laminated limestone was 

observed. With all of this in mind, it is thought advisable to abandon the use of this 

particular location as a reference section and the use of the term ‘Parsonage Form ation’ 

as a regional stratigraphic term for striped limestone bearing units should be reassessed.
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2.9: Fergus Estuary Islands

The islands in the Fergus Estuary, east o f Killadysert, provide very important sections 

through upper Visean strata and bridge the gap between the axial portions o f the 

Shannon Basin and carbonate mudmound dominated facies further north at Cornfield 

and Ennis. The islands are currently uninhabited and access is only possible by boat. 

The only exception is Inishcorker, which is accessible at mid to low-tide via a 

causeway. The estuary is tidal and extensive areas o f mudflat emerge at low water. A 

topographic map is shown in Fig. 2.9.1 showing the extent o f these mudflats. It also 

shows the islands to be largely low -ly ing, usually rising to no more than 30m elevation. 

The one exception is Inishtubrid, which rises to 33m at its highest point. This general 

low relief is a reflection o f the nature o f the limestone bedrock in these areas and 

contrasts markedly with the high ground (underlain by Bashkirian siliciclastic 

sandstones) on the mainland, which rises to over 90m in the northwest.

The lithostratigraphic subdivisions o f Tattersall (1963) for Fergus Islands are followed 

here with the fo llow ing minor modifications:

Tattersall (1963) This work:

Clare Shale Clare Shale Formation

Inishtubrid Inishtubrid Shale Inishtubrid Formation
(Equivalent to Corgrig Lodge Fm. at Foynes)

Beds
Striped Lst Group Striped Limestone Formation

Shore Island Shale Shore Island Shale

Island Slumped Series
Upper Island (slumped) Series

Lower Island Series

Lords Rock Carraig Limestone Lords Rock Carraig Limestone

Lst Lst

Cannon Island Limestone Cannon Island Limestone

Abbey Limestone Abbey Limestone

Mermaid Beds Mermaid Beds

Ballycar Formation Ballycar Formation

Waulsortian Lst, Formation Waulsortian Lst. Formation
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A  geological sketch map for the area is shown in Fig. 2.9.2. The oldest units are 

exposed on Inishloe (in the east) and belong to the Waulsortian Limestone Formation. 

These are capped by a series o f dark cherts (Ballycar Formation). Moving west (from 

island to island) across the area in Fig. 2.9.2, the succession becomes progressively 

younger until reaching outcrop o f (Serpukhovian) Clare Shale Formation along the 

coast o f the mainland. A section spanning the Mid-Carboniferous boundary is present in 

a thick development o f this formation on Inishcorker (Braithwaite, 1993). Striped 

limestones outcrop on Shore Island, Inishmacowney and Inishtubrid. These islands lie 

close to the mainland and were examined in detail, along with a fourth island, 

Inishmurry, which is located further south.

2 .9 .1: Shore Island

Shore Island is the most northerly o f the Fergus Estuary islands examined in the fie ld in 

this study. It is located about 300m east from the mainland, which, around Crovraghan 

Quay at Grid ref 27756000, is composed o f Clare Shale Formation. The succession on 

the island covers the interval immediately prior to, and through to, the initial 

development o f striped limestone. A  geological map o f the island is presented in Figure 

2.9.1.1(a). This map also includes location numbers for outcrops discussed in the text 

below. The island is only about 650m in length (NNE-SSW direction) and 340m in 

width and all outcrop is lim ited to the shoreline periphery (Fig. 2.9.1.1(a)). The centre 

o f the island rises to 28m elevation and, given its small size, this produces a moderately 

steep topography, most notably on the western and eastern flanks (Fig. 2.9.1.1(b)).

The dominant structural feature on Shore Island is a large SSW directed plunging 

anticline (Fig. 2.9.1.1(a)). This appears to have exerted a strong control on the 

geomorphology o f the island and is probably the reason for the presence o f the island in 

the estuary.

The oldest units exposed on Shore Island lie on the northeastern shore where they form 

a low-lying ‘ spine’ to the northernmost point o f the island. These beds consist o f 

medium to th ickly bedded, medium greyish calcilutites (mudstone texture). Bedding is 

tabular and laterally quite continuous (Fig. 2.9.1.2(a)). in detail, surfaces are rough and
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'knobbly' and there are no shale interbeds. Thicker layers are more bioclastic, with 

silicified solitary (zaphrentid type) corals (Fig. 2 .9 .1 .2(b)) and crinoid material observed 

on bedding surfaces. Thin bedding-parallel cherts were also observed. These thick- 

bedded units can be followed southwards along the coast (see locations |L ocs | 100-104 

on Fig. 2.9.1.1(a)) in a series o f  intermittent exposures, which are essentially along- 

strike equivalents, and which demonstrate the anticlinal structure to the geology of the 

island.

A gap in the sequence exists between these basal units and overlying strata. On the 

eastern shore this stratigraphic gap is about lOm (between Locs 104 & 120). The break 

in the sequence in the northern shore is more substantial and is obscured by a large salt 

marsh. This gap may, perhaps, be occupied by units, which are much softer, and 

perhaps more shale rich than those which enclose them.

The next units exposed in the sequence are dark, tabular, well-bedded crinoidal 

mudstones and wackestones. There is a considerable amount of chert in the succession 

at this level, along with substantial amounts of bioturbation (Fig. 2 .9 .1 ,2(c-d); Locs 120 

& 116). Both horizontal and vertical burrows are observed and beds which have been 

heavily bioturbated are also preferentially silicified (Fig. 2.9.1.2(d)). Shale is present, 

although it is subordinate to limestone and chert (Fig. 2 .9 .1 .2(e)).

Tattersall (1963) interpreted this particular part of the sequence as belonging to her 

Lords Rock Limestone. In particular she mentioned that:

‘usually the chert in bands is completely ro tten’ (p.71).

Detailed inspection shows that these recessed zones are, in fact, largely shale interbeds. 

Chert associated with limestones tends to weather proud, whilst that associated with 

shale interbeds (which is less comm on) weathers back. It is thus difficult to assign this 

part of the succession to the Lords Rock Limestone, as it was originally diagnosed as 

lacking shale interbeds.

These beds (Locs 116 & 120), exposed on the eastern shore, pass continuously into a 

slightly thicker bedded sequence, which has less chert, less intense bioturbation and 

sees a progressive increase in shale (Loc 121). Slump folding is also evident in the 

section (Fig. 2.9.1.3(a); this fold plunges c.30° towards 020). Patches of breccia (which
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weather proud on bedding surfaces; Fig. 2.9.1.3(b)) are present at this location with 

limeclasts up to 85mm. Brachiopod, crinoid and transported colonial coral clasts also 

occur. This facies is sim ilar to black argillaceous matrix-supported type breccias seen in 

the Upper Island (slumped) Series on Inishtubrid and also to brecciated horizons in the 

Oyster Hall Breccia Formation at Fenit (see Section 2.3.1).

Further southwest from Loc 121, the section moves (stratigraphically) up through the 

Upper Island (slumped) Series. Loc 122, which is about 30-40m further south from Loc 

121, is composed o f medium to very thickly bedded dark grey argillaceous fine-grained 

limestones (generally mudstone texture, although some are wackestones) with bedding 

parallel cherts averaging 5cm, but up to 10cm in thickness. The succession appears to 

lose much o f its shale content at this point. A  horizontal gap o f 33m in exposure occurs 

further south from here. This may mark a thick shale interval and it may link with a 

conspicuous topographic notch in the centre o f the island (Fig. 2.9.1.1 (b)).

The next exposure along the eastern coastline (Loc 117) is a 24m long outcrop o f 

medium grey calcilutite mudstone, which appears massive (based on the scale o f the 

outcrop; Fig. 2.9.1.3(f)). Bioturbation is common (with some very large burrow 

structures evident) and there is strong reworking o f sediment. Large productoid 

brachiopods and zaphrentid corals are present on certain bedding surfaces and folded 

and 'warped' cherts were noted. Intermittent and sporadic exposure o f thick-bedded 

(40cm-i-) dark grey calcilutite mudstones with nodular bedding parallel cherts occurs 

further south at Loc 123. Finally at location 124, bedding thins, becomes tabular in 

outline and subordinate shale reappears in the (outcropping) sequence.

On the western side o f the island the succession is broadly sim ilar, but not directly 

lithostratigraphically correlatable. The northwestern-most outcrops (Locs 105-107) are 

smooth, thick-bedded, dark grey mudstones and crinoidal wackestones with prominent 

chert. Loc 107 is a 50m+ long outcrop (Fig. 2.9.1.3(c)), which forms a 2-3m high c lif f  

o f very thick-bedded, dark grey crinoidal wackestone, which has a mottled texture in 

places. Crinoidal material is generally 2-5mm in diameter; however, on one surface 

masses o f stem articulations and larger diameter ossicles were observed (Fig. 

2.9.1.3(d)). Further south, at Loc 108, dark calcilutite mudstones and shales are present, 

whilst at Loc IlO(a-d), an 80m-i- long outcrop exposes a strike-section through dark
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grey thin, lensoidal calcilutite mudstones. These units are slumped in places (Fig. 

2.9.1.3(e)) and this deformation increases in intensity southwards.

The transition from the top o f the Island Slumped Series, through to striped limestone 

facies occurs on the south and southwestern corner o f the island (Fig. 2.9.1.1(a), Locs 

111-113, 118 &  125-127). A thick (4-4.3m) calcareous shale interval, followed by a 

thin sequence o f limestones and a further significant development o f shale (the non- 

calcareous Shore Island Shale) marks the very top o f the pre-striped limestone 

succession. The approximate positions o f these two thick shale intervals are indicated in 

Fig. 2.9.1.1(a). The details o f this important transition are considered further in Section 

3.8 (see also Fig. 3.8.2).

Loc I I2 A  on Shore Island (see Fig. 2.9.1.3(g)) is the only known exposure o f the Shore 

Island Shale, between the slumped series and the striped limestone units, on all o f the 

Fergus Islands.

A thin, southwesterly dipping striped limestone band (c.68cm thick) is located on the 

southwestern corner o f a small island connected to Shore Island proper via a small 

isthmus (Fig. 2.9.1 .l(a-b); Loc 118). This is overlain by a thick, rubbly, coarse blocky 

breccia, which includes very angular clasts o f striped limestone up to 10cm in scale. 

This horizon forms a protective ‘cap’ over the striped limestone and undoubtedly 

represents a very high-energy mode o f deposition. The angularity o f clasts and general 

chaotic, unsorted nature o f this unit suggests rapid, gravity driven remobilisation, 

perhaps as a result o f rapid collapse.

In summary, the succession on Shore Island begins, in the north o f the island (Locs 100- 

104), with a sequence o f thick-bedded calcilutites, which lack shale interbeds. These 

units are comparable to the Carraig Limestone o f Tattersall (1963) and they are 

followed by thick, fossiliferous, well-bedded, cherty calcilutites (mudstone texture), 

which have shale interbeds and are commonly bioturbated (locations 105-107, 116 &  

120). These units appear to have been defined by Tattersall (1963) as belonging to the 

Lords Rock Limestone, the presence o f shale, fossils and bioturbation does not, 

however, readily f it  with the original diagnosis. These units more closely (but do not 

fu lly ) resemble the Slumped Island Series and, in fact, pass seamlessly into
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unquestioned slumped facies at Loc 121. The succession thus presented in map form  in 

Fig. 2.9.1.1(a) shows Carraig Limestone overlain by the Lower Island Series, which is 

in turn followed by Upper Island (slumped) Series.

It appears, therefore, that the succession on Shore Island is more similar to that on 

Canon Island, where the Carraig Limestone is directly overlain by the Island Slumped 

Series. An increase in slumping and deformation o f bedding is observed towards the top 

o f the Upper Island (slumped) Series on Shore Island. Approaching the top o f this unit, 

thick shale intervals develop, indicating sustained periods o f very low energy 

conditions. The sequence is capped by a thin development o f striped limestone and 

coarse breccia.

2.9.2. Inishtubrid

A geological map o f Inishtubrid is presented in Fig. 2.9.2.1, showing the location o f 

outcrop (with the exception o f the Clare Shale units, which are undifferentiated). It is 

clear that the physical geomorphology o f this island is strongly influenced by the 

underlying bedrock. The island is approximately 900m in length and 400m in width and 

is elongated in a NE-SW direction. Bedrock exposure is good along the western and 

eastern coasts. However, there is very little  exposure along the northern and southern 

shores. Given the general strike o f bedding, several important contacts and transitions 

cannot, thus, be either confirmed or constrained in these areas. Inland exposure o f the 

Striped Limestone Formation is massive and resistant, and is responsible for the 

elevation o f topography (note the broad correlation o f topographic contours and 

outcrops o f this particular formation on Fig. 2.9.2.1). The highest point o f all o f the 

Fergus islands, Knockanelaun (33m) is located on Inishtubrid at Grid ref 27955790. In 

the southwestern corner o f the island, the topography drops down markedly to form  a 

low-lying depression, which is underlain by the Clare Shale Formation.

The Upper Island (slumped) Series is the lowest unit seen on Inishtubrid and it is well 

exposed along the eastern coast (Fig. 2.9.2.1). These units are essentially a sequence of 

thin to medium-bedded shales, argillaceous mudstones and cherts, which are 

spectacularly slumped at (at least) two stratigraphic levels. These zones o f soft-sediment 

deformation display strong folding and lensing o f beds. Fossils are not conspicuous, 

however they are concentrated in a few discrete horizons and include brachiopods, 

crinoid, coral and ?Penniretepora sp. bryozoans. Some o f these bioclasts are partially 

silic ified and weather proud.
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The overlying Shore Island Shale is not exposed on Inishtubrid. In the south o f  the 

island, loose black beach sediment obscures the bedrock lying stratigraphically beneath 

the Striped Limestone Formation (see Fig. 2.9.2.1). Without further exploration (i.e. 

drilling) it is difficult to assess the true lateral extent of the Shore Island Shale. It is 

shown on the map o f  Inishtubrid for completeness, however it could equally be absent. 

If the Shore Island Shale proved to be a localised feature (i.e. a non-calcareous shaly top 

to the Upper Island (slumped) Series), then it would imply that striped limestone formed 

on top of fine-grained units which had experienced episodic slumping. The 

palaeoenvironmental implications are interesting and would point to either massive 

sediment build up on a slope, or a tectonic shift or even perhaps a response to a 

fluctuation in sea level. These concepts are discussed in Section 3.8.

The Striped Limestone Formation is exposed on the northwestern shore of Inishtubrid 

(see locations |L ocs | 100-103 on Fig. 2.9.2.1). These outcrops are rather limited: they 

are only intermittently exposed in the shingle and surfaces are weathered and obscured 

by lichen (Fig. 2.9.2.2(a)). Calculating the thickness of this unit is difficult given the 

limited extent o f  exposure along the coast. Mapping indicates between 25 and 42m of 

possible stratigraphic thickness. Looking purely at what is exposed (i.e. from the 

location o f  the old landing place around to Loc I04A) that thickness estimate could be 

fixed at about 20m. Hodson & Lewarne (1961) calculated this to be about 15.5m, whilst 

Tattersall (1963) estimated a total thickness of 19m for the entire formation. The 

stratigraphic logs provided by both these sets of workers have proven to be of limited 

use in the field. One problem is that it is difficult to assess accurately how the disparate 

outcrops of striped limestone (Locs 100-103) relate stratigraphically to each other. It 

seems likely that several of these units are lateral equivalents (see dip and strikes for 

Locs 101-103 on Fig. 2.9.2.1; note- these outcrops are accurately surveyed). Mapping 

also suggests that the outcrops of striped limestone on Inishtubrid lie towards the top of 

the formation.

At Loc 100, the old landing place or quay on older maps, thick-bedded to massive, pale 

to medium grey calcilutites form the most extensive exposure of Striped Limestone 

Formation on the Island. These dip towards the northwest, however, bedding planes are 

not well developed and tend to be vague. The detailed lithology is highly variable 

across the outcrop and a single unit may vary laterally between being striped, brecciated 

and mottled over a comparatively short distance. The striped texture often weathers 

proud on surfaces making the lamination easier to identify. At one point in the section 

the laminae fold (vertically) downwards in a northwesterly direction (Fig. 2.9.2.2(c)), 

suggestive  o f  a possible collapse in this general direction.
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On the southern side of the new quay, at Loc 101, striped limestone facies reappears 

and bedding is better developed, with flatter and more planar surfaces. There is a 

moderate amount of gentle folding or warping of these developments of laminite (see 

Fig. 2.9.2.2(d, land especially! e)). Striped lamination is well developed and reasonably 

continuous (Fig. 2.9.2.2(f-g)) at this location. This lithology continues at Loc 102 (Fig. 

2.9.2.3(a)), a short distance further south from Loc 101, and folding, lensing and 

slumping of striped laminate is quite pronounced (Fig. 2.9.2.3(b)). At Loc 103, an 

outcrop of a single bedding surface of mottled calcilutite (with some striping displayed 

on the southern end) dips towards the northwest.

A prominent ridge of massive medium grey calcilutite runs inland from these coastal 

exposures of striped limestone. The locations of these inland outcrops are indicated on 

Fig. 2.9.2.1 and they form a series of pale craggy knolls and peaks across the landscape. 

Bedding is never well developed, so only a general direction and angle of dip is 

indicated for these units. This ridge forms a conspicuous ‘S ’ shape crossing southwest, 

than turning east and finally southwest again across the centre of the island. On some 

sides, the ridge is quite steep and it is responsible for all o f  the high ground on the 

island.

The inland exposures on Inishtubrid vary between unbedded (and uniform looking) 

massive calcilutites to mottled and often brecciated carbonate. Occasionally, vague or 

even good light and dark laminite is developed and this can be associated with 

brecciation and deformation such as at 2792558123 and 28011157900 further south. 

Overall, there is variability in the details o f the sedimentology of these units.

An old quarry section, on the eastern side of Knockanelaun (Loc 105 on Fig. 2.9.2.1), 

was described by Tattersall (1963) as:

"....a 30  fo o t  high vertical cliff. The limestone at the base o f  the cliff, especially at the northern  

end is fa ir ly  regularly striped, but southwards and upwards it becomes mottled and very  

stylolitic and ends up as a smooth light grey calcite mudstone with algal growths."

This outcrop was located, however, it is now very heavily overgrown and it proved 

impossible to penetrate the vegetation to get near the surfaces. Striped laminite was 

observed at this location. Higher up on the ridge, south from the old quarry section, 

crinoidal, massive medium to light grey calcilutites occur. Finally, on the southern 

shore of the island, at Loc 106, a thick unit of  mottled medium grey calcilutite can be 

found under a thick covering o f  seaweed. It forms a low ridge running out towards the
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LWM.

The top of the Striped Limestone Formation is exposed a short distance further south 

from Locs 100-103 on the northwest coast and at Loc 104A (Fig. 2.9.2.3(c)) the quality 

of the exposed section improves considerably. Bedding is much better developed and is 

more laterally continuous and uniform in appearance. This ‘supra’ striped section was 

logged in detail and is presented in Log TUB. Just over 29.2m of section was recorded 

between Locs 104A and KMC along the western coast.

A unique type of striped limestone facies is found near the base of this section at 

between +160 and 240cm from the base. This unit, referred to as 'Wavy Limestone' by 

Tattersall (1963), looks very similar to ‘standard’ striped limestone on weathered 

surfaces (Fig. 2.9.2.3(d)). The lithology is a dark calcilutite which has a smooth, 

uniform appearance on fresh surfaces. Two features separate it from all other types of 

striped limestone examined during this project:

1) There is a uniformity and regularity to the (gentle) folding of the laminae in this 

unit, giving it an almost ripple-like appearance (Fig. 2.9.2.3(d)).

2) Although the laminae are indistinguishable on weathered surfaces from textures 

developed on ‘standard’ striped (weathered) surfaces, on fresh surfaces there is 

absolutely no colour contrast or differentiation between successive stripes (Fig. 

2.9.2.3(e)).

This unit is unique in many respects and is examined in further detail in Section 4.2.2. It 

is underlain by a thick bed of calcirudlte (breccia) with a graded calcarenitic top (unit 

TUBS) which is suggestive of a high-energy environment in the times preceding Its 

formation. The "Wavy Limestone' grouping (units 5, 6 & 7 on Log TUB) is taken to 

mark the very top of the Striped Limestone Formation. No trace of striping is found In 

any of the units, which follow in the succession. The only exception is TUBS, a 90cm 

bed of clast supported intraclast breccia, which sits directly on top of the Wavy 

Limestone and which contained a reworked clast of TUB7 in its base. TUBS is taken as 

the base of the Inishtubrid Formation.

The remaining c.26.85cm of the sequence is taken as the type section for the Inishtubrid 

Formation. The section is not complete and there are some breaks in exposure in the 

basal 10m, however the upper c .l6m  is relatively complete and is well exposed. 

Bedding is typically tabular, well defined and laterally persistent. Exposure lies, 

generally, above HWM and bedding dips westwards initially. Towards the top of the 

section this dip direction switches to southwesterly (Fig. 2.9.2.4(d)). The Inishtubrid

74



2 . 9 . 2 :  I n i s h t u b r i d

Formation is dominated by thicit developments of shale (see interval between +15m and 

22.5m on Log TUB and also Fig. 2.9.2.4(a)), which are generally calcareous, however, 

non-calcareous (often reddish brown weathering) horizons are also encountered. These 

thick shales become conspicuous in the section after + 1 1.8m (above bed TUB31). The 

beds below this level are thin to medium bedded calcareous mudstones and fine-grained 

limestones (calcilutites) interbedded with conspicuously thinner shales (although gaps 

in the section may represent thicker shale horizons). Close to the top of this lower 

sequence (TUB27; c.+ 10.2m from the base of the log) is a horizon containing goniatites 

preserved in 3-dimensions (Fig. 2.9.2.4(b)).

The upper, shale dominated part of the section is punctuated by (subordinate) coarse 

brecciated calcirudites (Fig. 2.9.2.4(c)) and calcarenitic units which generally, but not 

always, display normal grading. Crinoid and brachiopods are common in these units. 

Broken silicified Siphonodendron  sp. coral fragments were noted in TUB32B. Chert is 

dispersed throughout the entire Inishtubrid Formation in the form of thin bands and 

nodules, however it is never particularly common. Two thick intervals of calcilutite 

with chert nodules occur (+22.7-24.2m and +28.3-29.3m on Log TUB) towards the very 

top of the TUB section (Loc 104C on Fig. 2.9.2.1; see also Fig. 2.9.2.4(e)).

Four conodont samples were processed from the Striped Limestone and Inishtubrid 

Formations on Inishtubrid (Appendix B6). Gnathodus homopunctatus was abundant in 

T U B l , at the base of the succession. This sample also contained G. hilineatus, G. girtyi, 

Synclydognathus geminus and Idioprioniodus sp. Actinopterygian teeth were common 

in both TUBl  and the next sample, TUB27. TUB27 returned a small number of 

conodont elements, with G. bilineatus being the dominant platform type. TUB32B 

produced a very small number of conodonts, which included G. girtyi and Lochriea sp.

TUB71, at the very top of the exposed succession, was very rich in gnathodids, in 

particular G. girtyi. Lochriea commutata and Idioprioniodus sp. were also present in 

smaller numbers, along with a large number of ramiform elements and a variety of 

ichthyolith material. The presence of G. bilineatus indicates a mid Asbian (and 

younger) age for the succession and Lochriea nodosa was not recovered.

The palaeoenvironment of the Inishtubrid Formation is considered further in Section 

5.8.
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There is a considerable break in exposure between the top o f the Inishtubrid Formation 

(Loc 104c) and outcrops o f black, platy Clare Shale Formation further south. The latter 

displays complex buckling and fo lding, which is more intense than that displayed in the 

underlying limestone (and interbedded shale) units.

The geological structure o f Inishtubrid is not clear. The ‘ S’ shape outcrop pattern o f the 

Striped Limestone Formation across the interior o f the island suggests the presence o f a 

large plunging antiform and complementary synform (see Fig. 2.9.2.1). Dips seem to 

support this contention. However, it should be noted that actual dips in this unit are 

never easy to record. The trend o f these large fold structures on Inishtubrid is somewhat 

speculative; they appear to be deflected from the general trends o f sim ilar large-scale 

anticlines on Shore Island and Inishmacowney. A small plunging fo ld trending 078 was 

noted at Loc 104B in the Inishtubrid Formation (Fig. 2.9.2.4(d)). This small fold lines 

up well with the predicted position o f the large (northern) antiform (Fig. 2.9.2.1). 

However, it appears to be far too small and subtle to be the actual western extension o f 

this structure. It may, in fact, be a parasitic fo ld on the limb o f the much larger structure. 

The large synform postulated just south o f the antiform terminates in the low-lying 

depression in the southwest o f the island, which is underlain by Clare Shale Formation. 

This large fold is not well represented in outcrops o f this particular formation along the 

coast, which all tend to dip west towards Inishkcorker, where they reappear in a series 

of low cliffs along that island's southern shore.

The eastern shore o f Inishtubrid is equally d ifficu lt to interpret, particularly as several 

levels within the Island (slumped) Series have been extensively slumped and deformed. 

The northern half o f the coastline section is much less deformed and dips consistently 

eastwards, implying the presence o f an anticline somewhere between these units and the 

overlying striped limestones located further west in the centre o f the island. This 

anticline is tentatively shown in Fig. 2.9.2.1.

The problems in the understanding o f the structure o f Inishtubrid are undoubtedly due 

to the almost complete lack o f (dip) section exposed on either the north or south coasts. 

One possible alternative structural interpretation is that the two major plunging folds 

affecting the Striped Limestone Formation are not actually present at all. This unit 

resembles, in places, carbonate mudmound facies with lateral variation in facies. The
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elevation of topography and outcrop pattern in the centre of the island may be a 

reflection of this lithological heterogeneity, to a certain extent. This suggestion is 

interesting, especially considering the (broadly) laterally equivalent units encountered 

further south, from Inishtubrid, on Inishmurry (Section 2.9.4 below).

2 . 9.3: Inishmacowney
Inishmacowney (Fig. 2.9.3.1(a)) is one of the larger of Fergus Islands and exposes units 

from the Cannon Limestone of Tattersall (1963) through to the Striped Limestone 

Formation. The overall structure of the island is very similar to Shore Island in that it is 

essentially the core of a large anticline, which plunges towards the southwest. The trend 

of bedding has exerted a strong control on the geomorphology of the island and along 

the northwestern and southeastern shores the coastline follows the strike of bedding 

very closely. The base of the sequence {Abbey and Canon Island Limestones) has 

limited exposure in the north of the island.

A resurvey of the entire Island's geology was not completed during this project. Instead, 

work focused on the southwestern corner of the island were outcrop of striped limestone 

is present (see Fig. 2 .9 .3.l(a-c)). There is a prominent and conspicuous gap in exposure 

between the top of the Upper Island (slumped) Series and the base of the Striped 

Limestone Formation at a small embayment at 28345923 (Figure 2.9.3.2(a)). This gap 

measures 13.4m (horizontally) and [using an average dip of 38°) indicates a 

stratigraphic gap of approximately 8.25m, which should accommodate the Shore Island 

Shale, assuming that it continues laterally from Shore Island. A small outcrop of cherty 

mudstones, dipping 38° towards the west, lies above this gap at Grid ref 2832259217. A 

small l-2m gap (horizontal) follows before the first appearance of striped limestone 

laminite.

Good exposures of striped limestone continue along the coast, south from the location 

shown in Fig. 2.9.3.2(a). A variety of lithologies can be observed interchanging 

between well-defined light and dark striping (Fig. 2.9.3.2(d)) and a more massive 

uniform mottled appearance. Bedding also varies between being well developed (Fig. 

2.9.3.2(b)) and massive. These units all dip westwards. An important feature of the 

Inishmacowney section is that it provides good examples of the variety of disruption 

endured by the striped limestone units. These range between soft (Fig. 2.9.3.2(c)) and 

brittle (Fig. 2.9.3.2(e)) styles of deformation. The brecciation of striped limestone is 

interesting because of the very high degree of angularity of the clasts (many have very 

sharply defined margins) and total lack of sorting, suggesting that they may not have
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travelled far from their point of origin.

2.9.4: Inishmuny

Inishmurry is the most southerly of all of the islands in the Fergus Estuary. It is located 

1.5km southwest from Inishcorker, 2.75km southwest from Inishtubrid and about 120m 

from the mainland. The island is small and measures just over 500m in length (NE-SW 

direction) and 240m in width. A geological map is presented in Fig. 2.9.4.1(a) showing 

the extent of bedrock exposure, which is confined to southern and (predominantly) 

western shores. Location |Locl numbers, discussed in the text below, also appear on this 

map. The island is quite low-lying and the interior floods during high-water. According 

to local information this was not always the case. In the recent past the centre of the 

island remained dry, however, a man-made dam or causeway on the western side of the 

island appears to have failed allowing estuary water to enter (see map Figs. 2.9.4.l(a-b) 

and Fig. 2.9.4.2(e)).

Much of the exposed succession on Inishmurry is composed of massive, unbedded (or 

very crudely bedded) medium to dark grey calcilutites (Fig. 2.9.4.2(a)). Wave polished 

surfaces reveal abundant crinoid debris (columnals and ossicles), along with less 

common fragments of coral and small brachiopods. More importantly, polished surfaces 

show high proportions of subrounded to rounded limeclasts (Fig. 2.9.4.2(b)), which 

range up to 20mm in size, such that large areas of the section could better be described 

as (polymict) conglomerates with a muddy matrix.

In other areas (e.g. Loc 2) the outcrop resembles carbonate mudmound facies, with lots 

of large brachiopods occurring (including possible Martinia sp.) in a medium bluish- 

grey calcilutite. At Loc 2a (Fig. 2.9.4.2(c)) very well bedded northwesterly dipping 

medium calcarenites pass very rapidly laterally (in an easterly direction) into massive 

units containing very coarse crinoidal material (encrinite). A further bedded sequence 

appears at Loc 4 (Fig. 2.9.4.2(d-e)), where c.225cm of unevenly bedded calcilutites are 

overlain by (at least) 250cm of massive calcilutite. This upper unit of calcilutite is quite 

heterogeneous laterally, with a lot of complex internal lensing of sediment.
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Lensing of material, leading to quite complex internal bedding geometries, appears to 

be a strong feature of many of the units exposed on Inishmurry. At Loc 7, close to an 

area where quarrying was conducted in the past, an excellent section shows this lensing 

behaviour very well (Fig. 2.9.4.3(a-b)). Thickly developed lenses of limestone, 

intermingled with breccias and thinner limestone units (which have undergone syn- 

sedimentary folding), are present at this location, dipping westwards. A short distance 

east along strike from this location (right of the image in Fig. 2.9.4.3(a)) the section 

becomes more massive and homogenous in character.

Close to the southeastern limit of bedrock exposure on Inishmurry (Loc 9), a thin 

(lOOcm) sequence of reasonably well-bedded calcilutites (thin to medium bedded) is 

seen to underlie a moderately thick development of massive 'mound' limestone with 

solitary corals (Fig. 2.9.4.3(c-d)). A summary log of the section is shown in Fig. 

2.4.9.1(a). The general stratigraphical trend at this section (i.e. massive limestone 

overlying thinner and well-bedded units) is quite similar to that described above at Loc 

4, and it is possible that they are lithostratigraphically equivalent. A small shingle 

covered break in exposure follows east from the base of the section at Loc 9, towards 

Loc 10, where a small, low-lying outcrop of massive calcilutite with brachiopods 

appears to underlie well-bedded units at Loc 9. This location may possibly represent the 

lowest stratigraphical level exposed on Inishmurry. A sample was taken from Loc 10 

and processed for conodonts (see Murray I in Appendix B6). It was dominated by 

Gnathodus homopunctatus; this species accounted for 80% of all platform elements 

determined. Lochriea commutata occurred in smaller amounts along with 

Idioprioniodus sp. A single platform of Mestognathus sp. was recovered. It was still 

partially entombed in matrix, however enough detail of the anterior portion of the inner 

parapet was evident to determine it as M. bipluti.

Two further samples were processed for conodonts from the succession on Inishmurry 

(Appendix B6; see Fig. 2.9.4.1(a) for locations). Murray2 contained G. homopunctatus 

and G. girtyi. Murray3 produced a similar L. commutata-G . homopunctatus association 

as in sample Murray I , however the yield was much lower.

The most significant conodont species found on Inishmurry is M. bipluti, which 

indicates a Brigantian age for at least part of the succession.
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Interpretation (both palaeoenvironmental and structural) o f the Inishmurry section is not 

straightforward, due to the lim ited amount o f section and the largely unbedded nature o f 

the succession. Where bedded sequences are encountered, they pass laterally (rapidly) 

into unbedded facies, further complicating the picture. Tattersall (1963) was in no doubt 

that the succession was 'reef in origin and D ,-D 2 (Asbian to Brigantian) in age. A 

carbonate mudmound setting is favoured here also, particularly as certain parts o f the 

section strongly resemble unequivocal Asbian buildup facies examined elsewhere. The 

Brigantian age is interesting as these units could be either lateral equivalents o f striped 

limestone facies, or they may lie above the laminite. No trace o f striped limestone was 

observed on Inishmurry, even though it is seen to occur in carbonate mudmound facies 

at other locations (for example Oyster Hall foreshore, Fenit).

The cause o f the extensive lensing and brecciation o f carbonate sediment on Inishmurry 

is important and may be due to reworking o f material by high-energy storm events. 

However, the units are not suggestive o f tempestite deposition. Shallowing o f sea-levels 

(perhaps episodically) is another possibility, however, the evidence is, again, 

unconvincing. Sediment remobilisation on a sloping seafloor topography, created by 

carbonate mudmounds, is perhaps the most plausible explanation. The series o f 

complexly interbedded lenticular limestones, much of which are brecciated, at Loc 7 

(see Fig. 2.9.4.3(a-b)) may, fo r example, represent shedding or downslope flow  of 

debris on the edge o f a bioherm. These units appear to pass laterally into more 

homogenous massive units (core facies o f the buildup?) a short distance along strike.

A  tentative and (highly) speculative interpretation o f the geology o f Inishmurry is 

presented in Figure 2.9.4A. It is not clear at this stage whether there are multiple 

(discrete) carbonate mudmound developments (as suggested in Fig. 2.9.4.4), which may 

or may not partially overlap (physically and temporally), or whether there is just a 

single phase o f massive biomicrite (mound) development, underlain by thinner bedded 

units (see stratigraphy o f Loc 9 in Fig. 2.9.4.1(a)).

In general, the Inishmurry succession dips westwards. The mainland (located only 

c.l20m  further west) is composed o f sandstones (visible outcropping on the hill 

overlooking the landing quay), thus only a small distance is available to accommodate
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the entire thickness of the Clare Shale Formation estimated for the Killadysert area 

(210m according to Braithwaite 1994; see Fig. 2.9.4.2(e) for general impression). As a 

result it is likely that a fault exists between the island and the mainland to the west. This 

idea was adopted also by Sleeman & Pracht (1999).

The conspicuous gap in bedrock exposure on the eastern and northern side of 

Inishmurry (Fig. 2.9.4.1(a)) is striking and strongly suggests that a different (softer) 

lithology may underlie the exposed succession (Fig. 2.9.4.4).

The most intriguing aspect of the Inishmurry section is that it appears to demonstrate 

development of carbonate mudmound facies very close to the postulated axis of the 

Shannon Basin in the Brigantian. This may be a deeper-water variant of Brigantian 

buildups identified by Tattersall (1963) further north (on the mainland). Alternatively, 

the fault postulated between Inishmurry and the coastline, may have had a significant 

component of strike-slip, which may have transported the succession from further north. 

The central axis of the Fergus Estuary is believed to host the broad north-northeast 

trending Fergus Shear Zone (Coller, 1984). The problem with this explanation is that it 

would require a substantial offset, which is not easy to demonstrate.

2.10: IPP Boreholes

Aside from the sections exposed on the Fergus Estuary, very little further information 

on the stratigraphy of the Visean on the northern margin of the Shannon Basin, exists 

due to complete coverage by Serpukhovian and Bashkirian siliciclastic strata in south 

and central County Clare. Several deep boreholes have been drilled in this area (IPPI, 

1PP2 and Doonbeg) and their locations are shown in Fig. 2.1.

Boreholes IPPI and 1PP2 are now held by the Geological Survey of Ireland and these 

were briefly examined. It had been recognised for some time that striped limestone had 

been encountered in IPPI, whilst it was not developed in the succession developed in 

IPP2, which appeared to present a 'typical' Burren platform carbonate sequence. As a 

result, most palaeogeographic reconstructions of the Shannon Basin have tended to 

place the northern margin between these two boreholes (see Fig. 1.1.1).
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A summary log of IPPI is shown in Fig. 2.10.1. The critical lithostratigraphic interval 

between the Clare Shale Formation and Visean limestones has been lost and no striped 

limestone could be either observed or examined. This was unfortunate as it meant the 

loss of an important marker horizon from which to 'hang' the rest of the stratigraphy. 

The intact cores show a smooth transition from (presumably Asbian) mudmound facies 

downwards (stratigraphically) into darker, more argillaceous bioturbated calcilutite 

mudstones. The entire sequence is quite monotonous and there are no abrupt changes in 

lithology.

1PP2 was drilled c.9-IOkm northwest from IPPI (at Grid reference 1176817602) to a 

depth of 919.25m. Only the Clare Shale component (29m thick) and the underlying 

limestone succession (which begins at 442.26m depth in the borehole) was examined. 

The most conspicuous feature of the limestone sequence was the presence of 10 thin 

light-greenish bands, which punctuate succession at various levels in a c .l20m  zone 

located 216cm below the base of the Clare Shale Formation (Fig. 2.10.2). The origin of 

these greenish horizons is unclear. They may represent volcanic ash (tuff) horizons 

(deposited in a submarine setting) or they may represent clay wayboards (i.e. formed 

subaerially; perhaps with a volcanic influence on the sediment composition). If the 

latter proves to be the case this is significant as it would indicate episodic sea level 

fluctuation and emergence in this part of the Shannon Basin in times preceding the 

widespread development of Clare Shale.
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2.11: Summary and discussion

This chapter has provided a detailed overview of all of the significant outcrop locations 

and boreholes, which have potential to yield important information about 

palaeoenvironments within the Shannon Basin during the Visean. Several of these 

particular locations will be discussed and considered in further detail in the sections to 

follow (Chapters 3-5).

2.11.1: Facies analysis

At this point it is appropriate to provide an overview of the key facies evident 

throughout the basin, with a note on their general distribution and sedimentological 

significance:

Facies I: Calcilutites

This facies is generally composed of massive or poorly bedded pale grey calcilutites 

which are quite pure (in terms of lime content) and which have a variable skeletal 

component. Textures are generally mudstone to wackestone, but occasionally discrete 

pockets or lenses of bioclastic packstone are encountered. A benthic fauna of crinoids, 

brachiopods and fenestrate bryozoans predominates. This facies is interpreted (in 

association with evidence for mounding) as representing carbonate mudmound 

development within the basin. The mudstone and wackestone textures and lack of either 

sedimentary structures or recognisable rigid supporting framework indicate a calm 

depositional environment. Three sub-facies are recognised:

Subfacies la  - Massive calcilutite with stromatactis cavities

This subfacies is characterised by the development o f  complex primary cavity systems, 

which are now occluded by spar. These structures may be pervasively developed in 

certain areas. Several generations of carbonate mud ('polymuds') infilling cavities may 

also be evident. This subfacies is regionally very widespread and it identifiable in 

practically all areas of the basin and is represented by Waulsortian mudbank. Water- 

depth estimates for these buildups vary, depending on the phase of development. They 

are generally considered to have initiated in water depths in excess of 280m (Lees &
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Miller, 1995) and had the potential to grow within the photic zone. The 

palaeoenvironment of this subfacies is considered further in Section 3.1.

Subfacies Ib - Bedded pale grey calcilutite with interbedded calcarenite and calcirudite 

This subfacies is similar in several respects to subfacies la; however, bedding is evident 

along with conspicuous mottled or brecciated horizons. Medium to coarse crinoidal 

packstones and laminated units also occur. It is best observed around Tralee Bay, in the 

southwest sector of the basin, where it forms a close association with subfacies la and is 

represented by the Garrywilliam Member (of the Waulsortian Limestone Formation). 

The development of bedding and evidence for (gravitational?) reworking of sediment 

suggest a setting on the sloping margins of mudbanks.

Subfacies Ic- Massive calcilutites lacking extensive primary cavity development 

This subfacies lacks bedding and is dominantly composed of pale to medium grey 

calcilutite. In contrast to subfacies la, primary cavity systems are not a conspicuous 

feature and there is a greater tendency towards the development of more discrete 

isolated 'knoll' type mudmound morphologies. This subfacies is best represented by the 

(Asbian) Cloonagh Limestone Formation and is developed around the southern margins 

of the Shannon Basin, from Fenit eastwards towards Castleisland. It is also known to 

occur on the northern margin of the basin, where it occurs within the transition between 

platform facies of the Burren (further north) from sediments of more basinal aspect, 

further south. Isolated examples of this subfacies are also known to occur in more axial 

positions within the basin, such as at the Galey River section. This particular subfacies 

is examined in greater detail in Section 4.3.2, where three further subdivisions are 

recognised: massive (unfossiliferous) |A |,  bioclastic |B | and brecciated |C |.

Facies II: Striped limestones

This facies is characterised by highly distinctive very fine-grained rhythmically 

alternating light and dark (mm-scale) carbonate laminae. It is unfossiliferous (from a 

macroscopic perspective) and is widespread across the basin. Two subfacies are 

recognised:
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Subfacies Ila  - Laterally continuous striped limestone

Laminated horizons are laterally traceable over several metres of strike section (usually 

the scale of the outcrop). Small-scale disruption or dislocation of laminae may occur, 

but this does not affect overall sense of lateral continuity. This subfacies is widespread, 

and not restricted to any one particular part o f the basin. It is usually the first (initial) 

phase of this facies to appear in successions (see for example Fig. 4.2.4.2). The 

(relative) continuity and regularity of lamination suggests an environment sheltered or 

protected from current activity.

Subfacies l ib  - Disrupted striped limestone

Individual striped laminae have undergone appreciable brittle and/or ductile modes of 

deformation. The range and scale of this deformation varies considerably and it is not 

possible to trace laminae laterally. This subfacies is ubiquitous in occurrence in the 

basin and usually follows a discrete development of subfacies Ila. This deformation is 

largely syn-sedimentary and the cause is probably gravitational instability of laminated 

sediments deposited across areas of the basin with localised slopes or depressions.

Facies III: Oncolithic limestone

This facies presents wackestone and packstone textures (and a gradation in between). 

Oncoids are seen in various stages of development coating a variety of bioclastic grains, 

such as articulated brachiopods, and they display spongiostromate structure. Uncoated 

bioclasts are also present. There are no sedimentary structures in this facies to 

unequivocally indicate very shallow water conditions. The enclosing matrix to the 

oncoids is fine-grained and, coupled with the texture, is suggestive of a fairly calm 

depositional environment, albeit with enough energy in the system to turn and roll 

oncoids. This facies is known to have developed in the southern sector o f  the basin 

between Castleisland and Lixnaw (see Section 3.6).

Facies IV: Interbedded fine-grained limestones and shale

This facies is characterised by alternating well-developed beds of limestone and shale. 

The relative proportion of each may vary and (secondary) chert may be developed. 

Lateral continuity of individual beds may be considerable. This facies is typically dark 

in colour and argillaceous and is reflective of 'background' sedimentation in the basinal 

parts of the succession. Three subfacies are discernable:
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Subfacies IVa - Interbedded calcilutite limestones and shale

Mudstone textures are typical o f this subfacies; however, wackestone textures are 

sometimes also encountered. Thin to medium bed thicknesses are typical and both 

limestone and shale interbeds are very dark in colour, reflecting quite a high 

argillaceous content. This subfacies is interpreted as having formed in a very quiet, 

undisturbed palaeoenvironment, with sediment accumulating largely through fallout 

from suspension. It is known to occur in many areas of the basin, such as in the Dirtoge 

Formation at Cordal Quarry in Castleisland.

Subfacies IVb - Interbedded calcilutites with subordinate calcarenite 

This subfacies is similar in several respects to subfacies IVa, except that bedding is 

more planar and laterally continuous and there is a minor, but conspicuous, component 

of well-sorted calcarenite (packstone, but generally grainstone texture) interbedded with 

the finer units in the sequence. The calcarenite units may display a variety of 

sedimentary structures such as grading, lamination and cross stratification (ripples). 

This subfacies may contain benthic organisms (brachiopods and crinoids), but is 

typified by a fauna o f  more pelagic aspect, such as goniatites, nautiloids and thin- 

shelled bivalves. Subfacies IVb is well developed in more axial portions o f  the basin, 

such as at Lixnaw and then (later) at Ballybunion and is interpreted as representing a 

calciturbidite influenced style of sedimentation (in particular the coarser-grained units). 

Various styles of bioturbation (vertical and horizontal burrowing) are sometimes 

observed in this subfacies (such as at Doon Point South, Ballybunion), suggesting that 

conditions on the basin floor never became permanently anoxic.

Subfacies IVc - Slumped fine-grained limestones and shales

This subfacies has many features in comm on with subfacies IVa-b, in particular the 

predominance of interbedded dark argillaceous (mudstone to wackestone textured) 

limestones with shales. The main difference is the occurrence of large-scale slump 

folding of beds. The fine-grained nature o f  this subfacies suggests steady and slow 

sedimentation initially in a fairly calm depositional environment followed by 

subsequent sediment remobilisation downslope. This subfacies is well developed in the 

pre-striped limestone succession on the Islands in the Fergus Estuary and is described in 

more detail in Section 3.8.
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Facies V: Crinoidal (calcarenitic) limestones

This facies is somewhat variable, but is dominantly fine to coarse calcarenite. A range 

o f  textures, from moderately to poorly sorted grainstone to packstone (and even 

wackestone), is displayed. In comparison to Facies IV above, the fauna is more benthic 

in aspect. Crinoid material predominates; however, brachiopod, bryozoan and coral 

material are commonly also present. Bedding is variably developed; from poorly 

defined and nodular to distinct. In the latter case, individual beds tend to be medium to 

very thickly developed. Erosive contacts between successive layers may be present and 

shale interbeds are subordinate to absent. Chert may be present.

The general calcarenitic grade of Facies V, coupled with packstone and grainstone 

textures and diminished shale component suggest an agitated environment. No 

sedimentary structures, such as cross stratification, are, however, observed to indicate 

deposition above fair weather wave base. Facies V represents a shallower environment 

of deposition than Facies IV. The lack of sediment sorting, which is sometimes 

observed, is interpreted as indicating fairly rapid burial or sub-surface bioturbation. This 

facies is well developed in the eastern end of the basin at Foynes, where it is well 

represented by the Durnish Formation. It also appears towards the top of the section at 

M onument Hill Quarry, Lixnaw (see Section 3.5).

Facies VI: Calcirudite breccias

This facies is represented by poorly sorted polymict breccias containing a diverse range 

of carbonate lithoclasts and bioclasts. Lithoclasts vary from rounded to angular and are 

observed on all scales up to boulder (>25cm) grade. This facies suggests deposition 

induced by energy events of high magnitude capable of reworking limeclasts from a 

variety of sources. Deposits equivalent to Facies VI are present in many areas of the 

basin and are often interbedded with 'basinal' limestones and shales of Facies IV and in 

some instances the brecciated facies is observed infilling large-scale erosive channels 

(such as at Kilfenora Anticline; see Section 3.3).

The cause of the remobilisation of carbonate sediment in Facies VI is possibly the result 

o f  gravitational instability in an area of fault-controlled topography on the basin floor. 

Where Facies VI is demonstrably seen to erode channel structures in pre-existing strata
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of a more basinal aspect, this may reflect evidence of scouring by localised, deep-water 

debris flows. Two subfacies are evident:

Subfacies Via - Clast-supported breccias

Reworked lithoclasts predominate in this subfacies and a clast-supported structure or 

'packbreccia' texture is developed. Clasts may be very tightly packed and pressure 

solution contacts may have developed. The matrix may vary between calcilutite and 

calcarenite. This subfacies is well represented by the 'Main Breccia' subunit of the 

Kilcool Bridge Breccias (Fig. 6.2.1) and is also present towards the top of the section at 

Oyster Hall Foreshore (see Log OYL in Appendix A). This subfacies is interpreted as 

representing a grain-flow style of deposition.

Subfacies VIb - M atrix supported breccias

In this subfacies, there is a much higher percentage of matrix between clasts and the 

texture may vary between a 'packbreccia' and 'float breccia' (Fig. 4.2.11.2(a)). The 

matrix itself is a dark argillaceous calcilutite. This subfacies is well developed above 

Asbian mudmound (subfacies Ic) at Oyster Hail, where it has been termed the Black 

Argillaceous Matrix-supported Breccia. It is also known from the base of the Kilcool 

Bridge Breccia, where it has been termed 'Muddy Breccia'. This subfacies is interpreted 

as the result of a more cohesive style of mud or debris flow (in comparison to subfacies 

Via), with mass flow downslope of lithified and unlithified carbonate sediment.

Facies VII: Shale

This facies is dominated by shale, which may be laminated or unlaminated. Fissility is 

also variably developed, resulting in a range between blocky, platy and flaky forms of 

shale. Fossils are never particularly abundant in this facies. Where present, they tend to 

be concentrated into discrete horizons and are typically pelagic in character. This facies 

is interpreted as the product of the settling of extremely fine muddy sediment from 

suspension in a quiet and undisturbed environment. Two subfacies are identifiable:

Subfacies V ila  - Non-calcareous shale

This is represented by dark grey to black non-calcareous organic-rich shales. Chert may 

be developed, along with nodular horizons of carbonate. A fauna of goniatites and thin- 

shelled bivalves (e.g. Dunbarella sp.) are typically found flattened and concentrated in
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thin horizons. Where present in calcareous nodules, the fauna may be preserved in 3- 

dimensions. Plant material may also be present; however, much of this subfacies is 

largely barren of fossils.

This subfacies is widespread across all areas of the Shannon Basin and was produced in 

a quiet (non-calcareous) environment. The pelagic marine fauna indicates fairly deep- 

water conditions; however, the plant material indicates proximity to land.

Subfacies V llb  - Calcareous shale

This subfacies is dominantly composed of shale and is (in contrast to subfacies Vila) 

calcareous in composition and contains thin fine-grained limestones with textures 

varying between wackestone, packstone and even grainstone. This subfacies is best 

represented by the Shale Member in the upper portion of the Shanagolden Formation 

and represents very quiet water sedimentation, punctuated by episodic incursions of 

coarser grained carbonate material, perhaps due to storm activity.

2 . 11.2: Correlation and discussion

Enclosure F presents a summary of the field data reported in Chapter 2 in the form of a 

correlation diagram. This diagram is largely lithostratigraphic in its construction; 

however, an attempt has been made to trace the bases of the Asbian and Brigantian 

regional substages across the area. The following points are worth noting from 

examination of this diagram:

• Two phases of mudmound development (Facies 1) are clearly evident. The lower 

Waulsortian Limestone Formation is very widely developed across all areas of 

the basin (its presence in south central Clare, in the vicinity of the IPP boreholes 

is unproven at present). The upper phase of mudmound development occurred in 

Upper Visean (Asbian) times (subfacies Ic) and is not as widespread in 

development by comparison.

• There is a marked thickening of the pre-striped limestone Visean stratigraphy 

towards Ballybunion and Foynes in the middle of the section (in particular see
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inset (c) on Enclosure F). A  sim ilar thickness variation in the Clare Shale 

Formation (subfacies V ila ) led Hodson &  Lewarne (1961), and subsequent 

workers, to propose a symmetrical 'trough' shaped profile for the Shannon Basin.

• Despite these basin-wide thickness variations, striped limestone (Facies 11) 

remains sim ilar in thickness and consistent in its stratigraphic position right 

across the region. This suggests a predominance o f basin-scale (rather than 

local-scale) factors in the formation o f this facies and this concept is considered 

in greater detail in Chapter 4.

• Post-striped limestone and pre-Clare Shale |Brigantian| successions in the basin 

are dominated by Facies IV . This is most th ickly developed around Ballybunion; 

however, the equivalent strata at Foynes (mapped as the Corgrig Lodge 

Formation) are extremely thin by comparison, suggesting a possible break in 

slope between the two areas. The Brigantian post-striped limestone history o f 

the basin is documented in Chapter 5.

• The succession at Kilshannig appears also to be condensed. This is rather 

unexpected as the area is apparently located not too far from the axis o f the 

basin (see Fig. 1.1.1). There are two ways to explain this observation: either the 

section is located on an unidentified intra-basinal high or the currently (and 

generally) accepted margins o f the basin (see Fig. 1.1.1) are incorrect, w ith the 

basin margin actually located further northwards and closer to Kilshannig (as 

suggested in Fig. 1.1.2).

Interbedded dark, fine-grained argillaceous limestones and shales generally represent 

the ‘ background’ style o f sedimentation across large areas o f the Shannon Basin. These 

are interspersed with breccias (Facies V I), slumps (subfacies IVc) and turbidite- 

influenced deposits (subfacies IVb) indicating that seafloor topography had a strong 

influence on sediment remobilisation. The creation o f this topography may have been 

due to simple, steady subsidence; however, the creation o f steeper fault-controlled 

scarps is also a possibility, particularly in areas where thick developments o f breccia are 

observed. The antecedent topography o f carbonate buildups may also have had a part to 

play in creating positive highs, triggering gravitational instability and complicating the
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general pattern of sedimentation. A ll o f these sedimentological (and by extension 

palaeoenvironmental) features are reflecting basin dynamics and they w ill be considered 

in greater detail in the chapters, which follow.
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Chapter 3; Pre-striped limestone facies

3.1: Introduction: the Waulsortian foundation

It has been recognised that during the Visean in the Shannon Basin, in contrast to the 

situation in the Tournaisian, there was a mariced (basin-wide) paiaeogeographic 

variation in facies, particularly after the demise o f the Waulsortian complex (in early 

Visean times). Waulsortian banks developed across areas o f the European seafloor in 

late Tournaisian times (Fig 3.1.1). These buildups were particularly prominent in 

Ireland and continued to develop there after they had ceased form ing in Britain and 

Europe (Lees &  M ille r 1995). Stratigraphic thicknesses for the Waulsortian in the 

Shannon Basin are greater than fo r anywhere else in the world and could reach as much 

as 1000m (Fig. 3.1.2). According to Lees &  M ille r (1995) stratigraphic and facies 

relations demonstrate that the Waulsortian complex spread from the Shannon area 

eastwards and northwards as the main phase o f marine transgression crossed Ireland 

northwards during the Tournaisian. The setting o f these banks was offshore, in deep 

water, on a ramp, which faced the South Munster Basin, located further to the south 

(Fig 3.1.2).

The Shannon Basin hosts some o f the youngest known occurrences o f Waulsortian 

mudbanks; they appear to have persisted here until well into Arundian (Labiaux 1997). 

The tim ing o f the eventual demise o f the complex in the region appears to vary between 

the areas which subsequently became platforms and those which became basinal. 

Whether this represents an actual diachroneity or is just an artefact o f poor exposure and 

sampling o f the critical time intervals is still open to debate.

The reasons for the enhanced thickness o f the Waulsortian in the Shannon Basin are still 

poorly understood. It is important, however, to consider any potential influencing 

factors i f  any meaningful attempt is to be made to understand the developing 

palaeoenvironment in the region during later Visean times.
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Lees &  M ille r (1995) cite three possible factors controlling the distribution o f 

Waulsortian build-ups in general:

• Upwelling: The concentration and upward migration o f organic nutrients along 

the shallow margins o f deep oceans and seas is a recognisable phenomenon 

today. It has been observed that these nutrient hotspots can be responsible for 

promoting and sustaining deep-water marine communities. Lees &  M ille r (1995) 

dismiss this idea principally due to, as they perceive, a lack o f connection 

between the resultant planktonic bloom and the dominantly suspension feeding 

Waulsortian benthos. They also note that sediment-producing calcareous 

plankton such as coccoliths and foraminifera had not evolved by that stage. The 

second part o f this argument is undeniable; however, the first part is not quite as 

straightforward. Assessment o f the feeding habits o f modern deep sea corals and 

establishing i f  they are fed from  either upwelling or sinking (from surface 

waters) o f nutrients is a current area o f research in marine ecology (pers. comm. 

M. White, 2009). Many deep-sea corals appear to be cosmopolitan feeders, 

capable o f feeding from a wide range o f food sources. Roberts et al. (2006) do 

state, though, that cold-water corals are fuelled by primary productivity in the 

surface waters, which is then transported to the seafloor, and that these 

organisms are frequently found in areas with locally accelerated currents. In a 

study o f the submarine banks in the Rockall Trough, White et al. (2005) show 

that high productivity over the bank produces dense, nutrient rich water on the 

banks, which drains slowly downslope whilst other oceanographic factors act to 

retain the nutrients in the area o f the banks, thus providing a mechanism for 

providing a sustainable food source to coral-dominated carbonate mounds 

located on the lower flanks o f the banks. It is clear, therefore, that a clearer 

understanding o f palaeoceanographic factors at play during late Tournaisian 

times is required i f  any attempt is to be made to fu lly  understand the trophic 

dynamics o f Waulsortian banks.

Lees &  M ille r (1995) do, however, briefly mention the lack o f detailed 

information on coastal configuration, oceanic circulation (nutrient and thermal) 

and palaeowind directions with which to attempt reconstruction o f any potential 

site o f upwelling, which may have sustained the Waulsortian communities. This 

is really a key point. Given even a basic palaeogeographic reconstruction for the
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3.1: Introduction: the Waulsortian foundation

Lower Carboniferous (Fig. 3.1.1), it is d ifficu lt to see where an immediate and 

like ly source fo r such a nutrient rich current may have originated. Ireland was 

located just south o f the equator on the southern margin o f the continental 

landmass o f Laurussia, in what was essentially a sheltered shallow sea. This 

shallow sea connected to the Palaeotethys proper further east. The Palaeotethys 

formed an east-west trending seaway, which separated the continents o f 

Laurussia and Gondwana further south. This would have facilitated the free 

movement o f surface ocean waters through equatorial regions during the 

Tournaisian and Visean (Fig. 3.1.3(a)). This particular palaeogeographic 

configuration may have had a funnelling effect on global nutrient flow , 

promoting biodiversity in these regions. How this pattern o f circulation may then 

have come to concentrate nutrient flow  into particular locations (which would 

then go on to support Waulsortian style complexes) is not clear. However, i f  the 

reconstruction o f the northern European Carboniferous palaeocoastline shown in 

Fig. 3.1.1 is a remote approximation, it does suggest the intriguing possibility o f 

equatorial nutrient current flow  into what was ostensibly a cul-de-sac.

In the late Mississippian and early Pennsylvanian (early Serpukhovian according 

to M ii et al. 1999)) the east-west trending seaway closed as Laurussia and 

Gondwana collided. This fundamentally changed the patterns o f oceanic 

circulation across the globe (Fig. 3.1.3(b)) and doubtless had a significant role to 

play in altering global climate systems too. The closure o f the Isthmus o f 

Panama c.3Ma in the Neogene could be considered as an analogue. W ith the 

establishment o f a land bridge between the North and South American 

continents, the Atlantic and Pacific Oceans no longer retained low latitudinal 

connection and the resulting deflection o f the ocean conveyor system in the 

north Atlantic established the G u lf Stream. A  sim ilar process may have taken 

place in the mid-Carboniferous. One fundamental difference between this event 

and the one witnessed in the Neogene must, however, be stressed: the closure o f 

the equatorial seaway (Palaeotethys) in the Carboniferous led to the 

establishment o f the Pangean supercontinent and its super ocean equivalent 

Panthalassa.
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In a study of Carboniferous brachiopod stable isotopes from the mid-continent 

region of North America, Mii et al. (1999) reported no significant difference in 

6 ‘̂ C between sections on the western and eastern coasts of Laurussia for much 

of the Mississippian (Fig. 3.1.4). A contrast in 6'^C values was observed after 

the closure of the Palaeotethys reflecting a disconnection in marine carbon 

cycling systems on either side of the land bridge. Mii et al. (1999) speculate that 

this may have been caused by nutrient upwelling along the western coast and 

nutrient depletion along the eastern fringes (Fig 3.1.4; see also Fig. 3.1.3(b)).

• Protection from  storms: This could be viewed as a sensible suggestion given the 

lack of identifiable rigid framework support for Waulsortian mudbanks. King 

(1990) postulates that Dinantian mudmounds growing in the Palaeotethys may 

have preferentially developed in areas where they could be shielded from the 

effects of hurricanes and tropical storms. This concept is rejected by Lees & 

Miller (1995) due to the fact that many Waulsortian mudbanks initiated in 

waters well below storm wave base.

• M ethane seeps: This idea stresses the importance of methane oxidising bacteria, 

which are fed by a steady supply of methane escaping from marine sediments. 

The bacteria form the base of the foodchain (decoupling the requirement of light 

and specifically photoautotrophs in the ecosystem) and indeed they may produce 

and supply carbonate (specifically in-situ carbonate mud) to the ‘reef’. Deeny 

(1987 and references therein) stated:

"... the central Irish W aulsortian mudbank com plex is the sedim entological 

m anifestation o f  a | hydrothermal | exlialative catastrophy which occurred in the central 

Irish region tow ards the end o f  the Courceyan". (p. 119)

The source of the methane is variable. Typically it escapes or ‘seeps’ from fault 

conduits located close to the surface of the seafloor. Alternatively, with the right 

conditions of temperature and pressure, it may be held in a solid gel-like state 

within sediments, escaping periodically when the ambient environment 

experiences a perturbation. This particular style of methane storage is common 

in modern high latitudes. However, with no guarantee of a steady supply of
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nutrients, it is difficult to envisage it supporting an entire diverse marine 

ecosystem.

Lees & Miller (1995) again disregard the methane seep concept on two counts. 

Firstly they cannot reconcile the model with the considerable extent of 

Waulsortian in Ireland (Fig. 3.1.2). Understanding of methane seeps and ‘burps’ 

has increased considerably in the last decade. It is now recognised that methane 

release may indeed occur over very large areas (e.g. Henriet & Mienert, 2001; 

Mienert & Posewang, 1999; Suess et al., 1999) and that catastrophic overturn of 

large methane reservoirs may have even had a part to play in mass extinction 

events (Knoll et al. 1996 and Bowring et al. 1998).

One attractive idea of the methane seep hypothesis is the requirement of a 

reasonably well-developed fault conduit system to feed the community. It has 

been noted that, although the Shannon Basin is a (downwarped) intracratonic 

basin it does appear to lie over the putative trace of the lapetus Suture |see 

Vermeulen et al. (1999) for example). In the past it was believed that faults 

within and controlling the shape of the basin never ‘broke the surface’ (Strogen, 

1988; Strogen et al. 1996). Recent exploration drilling in the south Limerick 

area has, however, robustly challenged this notion. The implications of this new 

data are discussed in more detail in Section 6.2.

Lees & Miller (1995) also make the point that “there are no indications that 

Waulsortian sites had significantly denser macro or microbiota than 

surrounding sedim ents”. This point could certainly hold for macrobiota, but the 

same statement could not easily be made for microbiota, in particular bacteria, 

which have very variable preservation potentials and are difficult to record due 

to their small size.

Ultimately the question of what was controlling Waulsortian distribution needs a more 

detailed investigation, beyond that which can be afforded here. Devuyst & Lees (2001) 

studied four sections of basal Waulsortian in Ireland ranging from Limerick to Galway 

and concluded that they all displayed a highly distinctive transition facies with “small, 

discrete masses or aggregates o f  ‘precursor’ muds consisting o f  various grumous
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fabrics and relatively minor wackestones. The grumous muds have the characteristics o f  

microbial deposits”. Devuyst & Lees (2001) go on to note that despite considerable 

variation in palaeobathymetry and associated palaeoenvironmental conditions (light and 

energy) at their four study sites (see their Figure 16, p.l 146), all locations went on to 

produce ‘standard’ Waulsortian banks. Clearly the importance of microbial life-forms 

cannot be underestimated in the initial stages of growth of the mudbanks. At the 

Limerick location (Mantlehill, Askeaton) bank initiation is believed to have taken place 

in water depths of at least 280m, where light was not a major contributing factor. 

Devuyst & Lees (2001) note at Mantlehill the presence of rare aoujgaliids, which 

Brenckle (1977) compared to rhodophyte algae. Modern rhodophytes occur at 

maximum water depths of 270m. Thus it is likely that some factor, other than light, 

must have been supporting the autotrophs at the base of the food chain.

The timing of the eventual collapse and demise of Waulsortian mounds generally 

appears to coincide with a regional tectonic event (a phase of crustal extension) at the 

'Lower V/.yt'an'-Arundian boundary (Bridges et al. 1995). In the Dublin basin, this 

extensional event led to intrabasinal uplift and erosion of mudmounds (Philcox, 1989). 

However, when examined in more detail, the extinction of Waulsortian banks in the 

Dublin Basin is a more complex and protracted affair. The main banks appear to have 

ceased forming earlier in the north than in the south and at Feltrim Quarry, in north 

County Dublin, the Waulsortian ends in the late Tournaisian (pers. comm. G.D. 

Sevastopulo, 2009). In the Shannon Basin the Waulsortian is overlain and capped by the 

Knockroe Volcanic Formation in southeast Limerick. This volcanic unit may be related 

to the wider 'regional tectonic event' to some degree. However, Waulsortian mudbanks 

appear to have continued to form for a period after this regional event further west in 

the area around Tralee. The reasons for this prolongation are not clear at present 

although it may be that western regions of the basin subsided rapidly enough to 

maintain an adequate water depth and thus provide enough accommodation space 

(Somerville & Strogen 1992).

Following the eventual cessation of Waulsortian deposition, several different (pre

striped limestone) carbonate facies and environments developed at various sites across 

the Shannon Basin. It was on top of (and inter-fingering with) these various 

environments that striped limestone was deposited. It should be stressed from the outset
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that the degree to which these various (pre-striped limestone) facies coexisted and 

intergraded is d ifficu lt to test due to the limitations of outcrop and in particular the 

Serpukhovian and Pennsylvanian (Upper Carboniferous) cover in the study area.

The rest of this chapter outlines the various facies and palaeoenvironments, which 

developed prior to the onset of the main phase of striped limestone. They are organised 

according to geographic location within the basin.
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Southern margin of Basin;

3.2: Chapeltown Formation: Fenit and Kilshannig Point

The Chapeltown Formation takes its name from the type location on the southern shore 

o f Barrow Harbour in Fenit (Fig. 2.3.2 and Fig. 3.2.1(a)). It is predominantly a sequence 

o f medium to thinly bedded dark grey argillaceous mudstones and wackestones, with 

very intermittent coarser packstones. The formation is quite distinct from the underlying 

Waulsortian in that bedding becomes extremely well defined (bedding is also well 

developed in the Garrywilliam  Member, a variant o f the Waulsortian, however, not to 

the same extent as in the Chapeltown) and shale interbeds are introduced for the first 

time. Chert nodules and bands are quite common in the Chapeltown also (Fig. 3.2.1(b)).

A central problem in trying to interpret the Chapeltown Formation is its very limited 

outcrop. Aside from a few small outcrops, it is known from only four significant 

locations:

1. The type section on the southern shore o f Barrow Harbour, where c.30m o f dark 

fine-grained cherty limestones outcrop in the intertidal zone. These beds dip 

about 50-55°N, although dip direction swings slightly towards the northeast on 

the eastern end o f the section.

2. On the opposite side o f Barrow Harbour, c.200m southwest from Barrow House, 

a similar thin sequence o f dark cherty limestones and interbedded shales is 

observed dipping 50-60° southwards. These again, overlie Waulsortian facies.

3. Further west, at Garrywilliam  (Fig. 2.2.2(a)), Chapeltown beds outcrop in the 

interval between Waulsortian and overlying 'Sammy's Rock' formations. These 

units dip steeply towards the southeast.

4. A t Kilshannig Point (Fig. 2.2.2) a complete sequence o f Chapeltown Formation 

(totalling 29.5m thickness) is exposed dipping 44°SE (see Log KSH).

As a consequence o f the limited exposure o f Chapeltown Formation, its true thickness, 

total geographic extent and relationship to the Waulsortian Limestone are uncertain. 

The thickness can only be confidently constrained at Kilshannig Point where it is 29.5m
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3.2: Chapeltown Formation: Fenit and Kilshannig Point

thick. A transitional zone, o f some 7m o f strata, separates these beds from the 

underlying Garrywilliam  Member. This transition zone in itia lly  begins with a 35cm unit 

o f calcirudite breccia composed o f reworked calcilutite clasts (horizon KSH28(1) on 

Log KSH), which is overlain by a fine calcarenite. The fo llow ing units rapidly become 

predominantly mud grade, im plying a substantial lowering o f energy levels. Bioclastic 

material, in particular crinoid debris, becomes conspicuously less abundant and pyrite 

becomes more common, hinting at very low oxygen levels. One horizon (KSH28(3)) is 

a bioclastic wackestone; however, its fauna o f crinoids, bivalves, solitary corals and (in 

particular) brachiopods is quite comminuted. The top o f this transitional phase is 

marked by a c.3.75cm thick development o f medium to dark bluish massive calcilutite 

(KSH29; see Fig. 2.2.3(e)). This unit appears to mark a small phase o f mudmound 

development; it thins out towards the ENE and Chapeltown beds overlying it are steeper 

dipping and appear to onlap the structure.

The strata fo llow ing KSH29 (the interval between +59.12m and +88.6m on KSH Log) 

are assigned to the Chapeltown Formation proper. They are dark grey, often quite 

argillaceous calcilutites and calcareous mudstones, which are generally quite evenly 

(tabular) bedded. Bioclasts are not evenly distributed throughout the sequence, but 

rather occur in thin bands every few metres. Given that this fauna was typically benthic 

in habit, this may reflect periodic stabilisation o f oxygenation levels on the seafloor. 

KSH41(4), for example, contains brachiopods and crinoids and associated with it are 

possible burrows (Fig. 2.2.4(b)). A  cherty bioclastic unit (KSH44(5); located at +71,1m) 

contained crinoid stems (aligned), brachiopods as large as 4cm and a rolled 5-6cm 

massive colonial coral fragment. It thinned from 45cm (SW) to 8cm (NE) over a 

distance o f 20m. Taken with the evidence from the crinoid stems, this unit is interpreted 

as a bioclastic debris flow , which moved possibly towards the northeast.

Towards the top o f the sequence at Kilshannig, calcarenite grade wackestones and 

packstones appear in the sequence (KSH60), hinting at increasing energy levels. The 

base o f the overlying 'Sammy's Rock' Formation is taken at the point where the first 

breccias appear in the sequence (horizon KSH65(1)). A t this point there is a very 

definite shift in the overall characteristic o f the succession and a switch towards higher 

energy modes o f deposition.
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At both locations in Barrow Harbour the top of the Chapeltown Formation is not 

exposed. Interpretations of this bay have tended to show both sections lying on opposite 

sides of a large syncline and this is followed here (Fig. 2.3.2). As mentioned previously, 

in Section 2.2, Thornton (1966) estimated the thickness of the Chapeltown Formation at 

80m based on outcrop, but stated it could be as much as I50m+ based on structural 

assessment of this particular syncline. In addition Thornton (1966) noted this unit 

thinned to 48m westwards in the direction of the Magharees. These estimates seem to 

be somewhat generous. Even allowing for the 7m basal transition, the thickness of the 

Chapeltown Formation at Kilshannig Point is on the order of 37m. It is also worth 

noting that the thickness of Chapeltown Formation actually exposed and outcropping on 

the southern shore of Barrow Harbour is really quite similar to the total thickness 

measured at Kilshannig (where base and top are properly constrained). It would, 

perhaps, not be surprising to find large variation in the thickness of the Chapeltown Fm, 

given the fact that it would originally have had to drape the topography of the 

Waulsortian buildups.

The limited outcrop evidence would suggest that Chapeltown facies developed in a 

broadly west-east zone stretching from the present day Magharees towards Fenit. Any 

development of this facies further west again from the Magharees cannot be proven due 

to a complete lack of outcrop. Further east from Fenit, an exposure on Annagh Island 

(located 1.5km west from Blennerville on the eastern margin of Tralee Bay) was 

assigned by Thornton (1996) to the Chapeltown Formation. This island was not visited 

during the course of this study. Thornton (1966; p. 107-109) describes nearly 40m of 

"fine-grained wackestones and occasional packstones with high proportions o f  mud" 

and "a distinctive blue-grey colour, and nodular bedding planes with centres o f  chert" 

on the island. He goes on to note that similar units are found further east in the quarries 

at Ballymacelligot. Here they are expressed as dolomitic limestones, which "weather 

distinctively to a yellow mottled rock". A location further north from Ballymacelligot 

(Thornton's Location 65) displays a knoll form of coarse crinoidal wackestones with 

bedding "identical to those o f  the Chapeltown" developed on the southern flank. 

Thornton equates the knoll limestones with the Chapeltown and believes them to 

represent "survival o f  a thin crinoidal bank in less agitated waters than those o f the 

earlier banks". In any event, the inference is that the palaeoenvironment, which 

produced Chapeltown facies, did not extend beyond this point.
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Interpretation of the paiaeoenvironment of the Chapeltown Formation is not 

straightforward. The sequence is generally fine-grained, not very fossiliferous and 

bedding is generally laterally persistent (Fig. 2.2.4(a)). The dark, argillaceous nature of 

the mudstones, often with conspicuous pyrite development would tend to suggest a 

deepening of the environment, with an associated lowering of energy levels and 

development of anoxia. However, lowering of energy levels and development of anoxia 

could also occur in a shallower environment, which is sheltered and has poor 

circulation. The topography of carbonate mudmounds in the area may have had a 

significant role to play in creating barriers and restricting water flow. These effects 

would have been amplified if they occurred in association with a drop in sea-level. 

There are no sedimentary structures, such as cross-bedding, to suggest the sequence 

shallowed to the extent that it moved above wave base.

Two conodont samples were processed from this unit (see Appendix B2):

1. The foreshore south of Barrow House (Loc 186; Grid ref 73801795 

approximately). This sample produced Gnathodus homopunctatus and G. 

pseudosemiglaber as well as ichthyolith material and a silicified fauna, which 

included fenestrate bryozoans, stick bryozoans, crinoids and trilobite, fragments. 

The trilobite material included pygidia and free cheeks with spines developed 

along the cephalic border. This material was juvenile, but may belong to the 

genus Namuropyge.

2. A sample taken from a very small outcrop, just north of Churchill Church (Loc 

254; Grid Ref 75751707). Due to the isolated nature of the exposure, its precise 

stratigraphical position in the Churchill Formation is unclear. It produced 

Gnathodus pseudosemiglaber and G. cuneiformis as well as G. homopunctatus. 

This sample also contained palaeoniscoid teeth and a few silicified ostracod 

valves.

Both samples indicate a Visean age, however the presence o f  G. cuneiformis in sample 

two would point to a position low in the G. homopunctatus Biozone (i.e. 'Lower 

Visean') stage. A possible Arundian age cannot be excluded either.
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The precise relationship o f the Chapeltown Formation to the Waulsortian is also open to 

debate. Thornton (1966; page 106) states that the Waulsortian in Barrow Harbour 

beneath the Chapeltown Formation dips steeply at between 60-70°. The Chapeltown 

beds themselves have an inclination o f around 50° (Fig. 3.2.1(a)) implying that they 

may not cover the underlying mounds completely, but rather drape and progressively 

onlap the reef structures. This point has important implications:

• The Chapeltown Formation may be laterally equivalent to parts o f the

Waulsortian Complex; in particular facies higher in the reef succession which 

may have continued to grow and accrete whilst darker argillaceous muds 

accumulated in intermound depressions. The conodont evidence for the 

Chapeltown suggests a 'Lower Visean' (or possibly Arundian) age for the 

formation, which is well w ithin the accepted upper age lim it o f Arundian for the 

Waulsortian.

• This element o f in filling  a pre-existing sea-floor topography may affect the

interpretation o f the large syncline in the centre o f Barrow Harbour (Fig. 2.3.2). 

This fold may not be as large a structure as that indicated and the total implied 

thickness for the Chapeltown Formation may thus be much less.

• Depending on the total thickness o f Chapeltown Formation developed, it may 

not have been sufficient to completely blanket the topography o f the 

Waulsortian. This could explain the apparent total lack o f intervening strata 

between the Waulsortian and Asbian mudmound facies exposed at 

Knockeanagh (see Section 2.3.4; Figs. 2.3.4.1-2 and Log KAs). it  must borne in 

mind, however, that thicknesses o f c.30m for this formation has not been 

decompacted and the original thickness was likely to have been much greater.

A t Kilshannig Point, the spatial relationship o f the Chapeltown to the underlying 

Waulsortian and Garrywilliam  units is much less clear. The succession here may be 

nearly continuous (Log KSH), however, it is essentially a dip section, which offers a 

rather 'one-dimensional' view o f the facies relationships. A t two points (KSH31-33 and 

KSH38) in the Chapeltown section, however, the usually evenly bedded argillaceous 

limestones and shales become lensoidal and appear to be draping laterally equivalent 

facies (which are poorly exposed and unexposed respectively; see Fig. 2.2.4(c)). These
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3.2: Chapeltown Formation: Fenit and Kilshannig Point

both appear to demonstrate the propensity fo r Chapeltown facies to develop adjacent to 

areas o f higher topographic relief.

The reason for the high argillaceous input into the Chapeltown Formation beds is 

intriguing; particularly as broadly coeval (upper) Waulsortian facies is composed of 

very pure lime mud. The reasons for this discrimination o f non-carbonate organic rich 

detritus are beyond the scope o f this present study; however, it is a widely and 

commonly observed feature (Lees &  M ille r 1995). A  possible explanation is that the 

Waulsortian mounds may have had a m icrobially bound outer covering, which 

produced (precipitated) micrite mud in-situ, whilst shielding it from dilution with 

argillaceous material in the ambient seawater. Alternatively it may have been that the 

topography o f the Waulsortian, coupled with the effects o f ambient bottom currents, 

acted to Tunnel' the argillaceous material downwards into (lower lying) intermound 

areas.

Crinoid and brachiopod material occurs sporadically and intermittently throughout the 

Chapeltown sequence, i f  a shallow, restricted environmental setting is assumed fo r the 

formation, this would indicate that salinity levels never elevated for a protracted period 

o f time. Conversely, i f  a deeper setting with very low energy levels is adopted, the 

variation in faunal content may be reflecting (as mentioned above) fluctuating oxygen 

levels on the seafloor. The bioclastic debris flow  observed in unit KSH44(5) at 

Kilshannig suggested flow  in a northeasterly direction, i.e. away from a topographic 

high located further southwest.

One final point to consider with regard to the palaeoenvironment o f the Chapeltown 

Formation is the large structures preserved in KSH41(4), (see Fig. 2.2.4(b)). These 

structures are elongate flattened 'blobs' (2-3cm wide) and are preserved in cherty 

limestone. They may represent large sub-horizontal burrows. The scale would suggest 

perhaps an arthropod; however, this is quite speculative. The key thing is that i f  these 

are indeed burrows, their scale is not suggestive o f a deep-water setting.
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3.3: Kilfenora Anticline, Fenit

The anticline at Kilfenora (Figs. 2.3.2.1 and 2.3.2.2) exposes an intermittent succession 

of just over 21m o f  strata, which underlie a c.7m thick development of striped 

limestone.

On the eastern end of the section (Log Kilfenora Anticline) laminated very fine-grained 

limestones (mudstone textures) and shales are followed by a thick 120cm unit 

(KiAn(N)9) o f  crinoidal (medium calcarenite grade, fining towards top) wackestone. 

Following this horizon, shale deposition resumes, presumably due to lowering energy 

levels. Between +4.6 and +4.75m in the section, a thick breccia (K iA n(N )l3 ,  c.320cm 

thick) abruptly punctuates the sequence (Fig. 3.3.1(a)). It cuts and deforms the 

underlying shales, which may not have been fully lithified by this time (Fig. 3.3 .l(b-c)). 

The breccia sequence is quite complex and heterogeneous when traced out along strike 

and probably represents a succession of flows. Clasts on a variety of scales are seen 

(Fig. 3.3.1(d)). Many appear to have been soft and rolled during emplacement. Slabs of 

allochthonous limestone up to 2m in m aximum dimension are present. These appear to 

have slid into position and they often have quite diffuse boundaries with the enclosing 

matrix. Selected weathered surfaces reveal pockets containing silicified bio- and 

lithoclasts (Fig. 3.3.1(e)), which are identical in lithological and taphonomic terms to 

the 'Black Argillaceous M atrix supported Breccia' (BA M B ) facies observed further east 

at Oyster Hall Foreshore (see Section 5.2). It is likely that the two occurrences of this 

facies are lithologically correlatable (they are certainly genetically similar); however, 

their temporal equivalence is much less certain. Above K iA n(N )l3  breccias, the section 

returns rapidly to much lower depositional energy conditions and a sequence of shales 

with subordinate thin tabular limestones (mudstones and wackestones) caps the 

available sequence.

A second section was logged at Kilfenora (see Log Kilfenora Anticline II) 

approximately 25m west along strike (this log moved incrementally further and further 

west as it progressed). This section contains a nearly complete sequence up to the base 

o f the striped limestone. Much of is very low lying and had to be excavated from the 

shingle (see photographs in Log Kilfenora II).
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The most conspicuous feature of the base of Section II is the complete lack of 

brecciation in the part of the sequence where KiAn(N)13 would be expected. It is 

replaced by (laterally equivalent) thin to medium dark fine-grained limestones 

(mudstones) and cherts, which are well bedded and reasonably laterally persistent (Fig. 

3.3.2). Examination of the area between the two logged sections reveals this lateral 

transition between low and high |depositional| energy facies to be remarkably sharp, 

with breccia unit KiAn(N)13 cutting down very sharply through these finer well-bedded 

cherty units (Fig. 3.3.3).

Above the level of the units equivalent to KiAn(N)13 in Section 11 (KiAn(N)40 at 

+ 7 .4m from base) there is a resumption of low energy deposition. Shales become more 

prominent in the sequence and are interbedded with thin cherts and dark calcilutite 

mudstones. Deposition was likely to be largely due to fallout from suspension. Several 

thin crinoid and brachiopod wackestone-packstones do occur at discrete levels (e.g. 

horizons KiAn(N)47 and KiAn(N)50) and these probably represent small debris flows.

At + 1 4 .14m there is a noticeable change is bedding style and character. Shale and cherts 

diminish and bedding becomes a lot more lenticular. A 60cm thick calcarenite (subunit 

K iAn(N)61(l-3) at + 15.49m) has evidence of erosive basal contacts and possible 

loading indicating a phase of much higher energy conditions with quite rapid sediment 

deposition. Above this unit, the section temporarily returns to more calcilutite grade 

facies for some 110cm before at least two pulses of thickly bedded calcirudites (clast- 

supported breccias) enter the sequence (KiAn(N)63, c.152cm thick). This lithology is 

distinct from the earlier phase of breccia formation (KiAn(N)13) in that the matrix is 

subordinate and clasts as large as 2cm  are very tightly packed (some have pressure 

solution contacts). Limeclasts are generally calcilutites and both breccia units grade 

very rapidly towards the top. 10m laterally along strike (eastwards), the lower o f  the 

two breccia units in KiAn(N)63 is a breccio-conglomerate with clasts as large as 10cm 

and more of a matrix component evident.
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3.3: Kilfenora Anticline, Fenit

A gap o f c. 120cm occurs in the section before the main appearance o f striped limestone 

(see Log Kilfenora II). A little over 60cm o f additional section was excavated from the 

sand directly beneath the first bed o f striped limestone. These were labelled 

K iAn(N)66-69 and they revealed the follow ing:

Striped Limestone (K iAn(N)70)

KiAn(N)69 10cm deeply weathered zone.

KiAn(N)68
10-13cm light to medium grey calcilutite with many internal (sub-mm ) 
crinkly laminae. This unit may represent a 'proto striped 1st'.

17-22cm  fissile non-calcareous shale. Conditions quiet, however, 
carbonate factory diminished.

KiAn(N)66
21cm brachiopod and crinoid wackestone. Indicates salinity was 
normal close to base of striped limestone.

Gap

An interpretation o f the Kilfenora Anticline section is presented in Fig. 3.3.4. The 

overall impression is that striped limestone deposition at this location was preceded by 

essentially low energy, deeper water sedimentation, which was punctuated on at least 

two occasions by much higher energy modes o f deposition. The first o f these higher 

energy events was strong enough to begin to cut, erode and create a significant channel 

in the pre-existing strata. The second high-energy phase was also strong enough to 

generate breccias (w ith clasts as large as 10cm) and is located only a relatively short 

space before the first appearance o f striped limestone.

The presence o f the breccia units at Kilfenora is an important observation and may be 

the result o f local scouring by powerful debris flows. A broader explanation is, 

however, needed fo r the generation o f large mass flows, which, from the fie ld data, are 

likely to be sitting in some sort o f depression, whether it be a channel or slump scar. 

These features may well have been generated in isolation, due to tectonic or slope 

instability, or, perhaps, due to energy increase (usually produced by shallowing into 

zone o f wave pounding in the source area o f the flows). The latter two possibilities 

could readily be linked to a change in base level, whereas the first one is not. The
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3,3: Kilfenora Anticline, Fenit

argument that these features may, in some way, be related to a base level change is thus 

very much linked to the interpretation of the striped limestone facies, which lies a short 

distance above them (Chapter 4). An oncoid horizon, present at Lixnaw (very broadly 

equivalent to a position just below KiAn(N)66; see Section 3.6) would appear to lend 

support to a shallowing hypothesis. As the debris flows are initiated elsewhere, there is 

no particular reason why the interbedded lower [depositionall energy 'basinaV facies 

would show any particular depth-related changes.

A final point to note about the Kilfenora section is the lithostratigraphic position of 

striped limestone above a phase of breccia development. As mentioned earlier, the 

'BAMB' at Kilfenora is almost identical in several respects to beds seen further east on 

the foreshore at Oyster Hall, the type section of the Oyster Hall Breccia Formation. The 

differences between the style of brecciation in KiAn(N)l3 and KiAn(N)63 are also 

mirrored to a certain extent in the Oyster Hall section (see Log OYL). It is possible that 

both sections are broadly equivalent, with Oyster Hall representing the lower portion of 

the formation and Kilfenora the upper part. This concept was also recognised by 

Thornton (1966, p .121-122). At Oyster Hall, BAMB clearly overlies striped limestone 

development in Cloonagh facies on the foreshore. This raises the prospect that there 

may have been more than one phase of striped limestone development in the Fenit area. 

Alternatively, the breccias at both locations may not be direct lateral equivalents (in a 

temporal sense) and they may simply reflect a universal evolutionary sequence of a 

collapsing source.
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Central axis of Basin:

3.4: The gap in the knowledge; the fault at Ballybunion

As mentioned by Sevastopuio &  Wyse Jackson (2009, p.246) the section spanning the 

interval between the top of the Waulsortian and the ingress of striped limestone facies 

(Arundian to Asbian) is cut out by a fault on the coast at Mens Strand Ballybunion (Fig 

2.7.2). This essentially means that a substantial, and indeed critical, piece of pre-striped 

limestone history, from the axis of the basin, is currently unknown.

The fault itself is not evident on the foreshore (which is now covered in sand) and its 

outline can only be mapped by a gap in exposure. The latest Waulsortian units are 

crinoidal packstones and are succeeded by a sequence of at least 1 l-12m (with a further 

6-7m visible below the low tide mark) of thin dark mudstones dipping 62° north and 

striking 100 approximately (Fig. 2.7.1.1). Bedding is generally no thicker than 6-7cm 

and averages much less than this. Chert is common at several levels and the beds 

themselves are gently kinked. These beds pass eastwards along strike (and the gap in 

the sand) into (or just below) beds hosting the striped limestone facies. Kelk (1960, 

p.59) initially established that there was a time discontinuity between the two outcrops 

"from some time within Sj (late Arundian) to near the base o f D, (Asbian)". Kelk 

discusses the concept of a fault, but settles on a disconformable succession as a result of 

uplift or sediment starvation due to "some part o f the Sudetan phase o f the Armorican 

orogeny".

Exposures of heavily brecciated limestone (Fig. 2.7.1.2(a-c)), located immediately south 

of the road leading down to the beach, appear to underlie the main outcrop phase 

containing striped limestone. These have been already discussed in Section 2.7 and it is 

not clear i f  these units are actually in-situ or i f  they are boulders, which were manually 

emplaced.

Approximately 14.8m of definite in-situ strata underlie striped limestone at Mens Strand 

(Log BYBA). Much of the section is covered in sand; however, what was exposed
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3.4: The gap in the knowledge; the fault at Ballybunion

during logging was dominantly well-bedded, dark, fine-grained, shaly and cherty (Fig. 

2.7.1.2), indicating relatively calm (and probably deep) water conditions. Occasional 

thin packstones and grainstones occur (Fig. 3.4.l(a-c)) and probably represent small 

debris flows.

Between -i-2.75m and -i-4m, is a series o f lensoidal breccio-conglomerates (BYBAlO -13, 

see Fig. 3.4.2(a)) and these indicate a phase o f higher energy flow . In thin-section (Fig. 

3.4.2(b)) BYBAIO  is an intraclast packstone. One clast in particular displayed a 

grumeleuse (clotted peloidal) texture and had quite distinct dark m icritic tubes, partially 

preserved in neomorphic spar (Fig. 3.4.2(c-d)). This grumous structure is very sim ilar to 

textures developed in facies closely related to striped limestone. The m icritic tubes are 

sim ilar to Girvanella, between 20 and 25/im in diameter and may represent microbial 

filaments. Similar filaments are very rarely preserved in striped limestone, however, 

there is good evidence in BYBAIO  that these structures have a tendency to partially 

degrade and thus not be preserved. The clast in BYBAIO  (Fig. 3.4.2(b)) thus seems to 

suggest that a m icrobially dominated (possibly mudmound) environment was present 

(probably further south) and actively eroding some time before striped limestone began 

to form at Ballybunion.

A fter B Y B A I3  the succession returns to more shale dominated facies, with intermittent 

thin limestones (calcarenite grade wackestones and packstones: for example BYBA34) 

representing thin debris flows. Horizon BYBA40 is a good example o f this type o f 

facies. A  dark peloidal wackestone is overlain by a much coarser skeletal grainstone 

(Fig. 3.4.1(d-e)). The contact is sharp and erosive and the grainstone unit is thin and is 

overlain by very fine-grained laminated sediments (Fig. 3.4.1(f)). BY BA 2 I  was 

processed for conodonts (Appendix B5). No conodont elements were recovered, 

however, the residue did contain silicified ostracods and bryozoans.

A complex brecciated and slumped unit occurs approximately 50cm below the first 

appearance o f striped limestone (BYBA43, see Fig. 2.7.1.2(f)). The centre o f the unit 

contains a lot o f chert clasts and very coarse crinoidal calcarenitic debris. This particular 

unit thins to close to zero over a distance o f c.60cm. It is most likely the product o f 

high-energy flow , perhaps triggered by localised slope instability.
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3.5: Shallowing environments at Lixnaw

The section at M onument Hill Quarry, Lixnaw, which is located southwest o f  Listowel 

in North Kerry, has never been formally described. Previous (unpublished) notes about 

the location in fieldguides have tended to characterise the entire succession exposed 

beneath the striped limestone as basinal in nature. This is supported by the dark, 

generally fine-grained nature of the sediments (calcilutite grade limestones with shale 

interbeds). Bedding style is quite uniform and laterally continuous (Fig. 3.5.1(a)).

Detailed examination of the section (see Log LIX) reveals a significant proportion of 

the basal section (at least 30m in total; approximately 40%  of the stratigraphic 

thickness) is, however, composed of calcarenite and even calcirudite grade sediment. 

Some of these calcarenite horizons are well bedded, demonstrate grading and are 

interbedded with finer mudstones and shales (see for example the 27-30m and 52-54m 

intervals on Log LIX). These could be interpreted as calciturbidite deposits, which 

would be in keeping with a postulated deeper water setting.

Certain calcarenite horizons cannot be easily reconciled with a deeper water 

calciturbidite origin. Much of the first 5m  of the LIX section is composed of very 

thickly bedded calcarenites with corals and brachiopods silicified and well preserved at 

several horizons. Thin-sections (Fig. 3.5.1(b-c)) reveal grainstone textures, often with 

abundant foraminifera. This facies would suggest, perhaps, a shallower environment. 

These basal calcarenitic units are followed by 5m o f  (predominantly) calcilutite, 

suggesting a subsequent lowering of depositional energy levels (Fig. 3.5.1(d)). Horizons 

Lix32-33 (Fig. 3 .5 .l(e-f))  are coarser grained and suggest a brief return to more 

energetic sedimentation before a further return to low energy conditions in Lix34-39 (a 

stratigraphic distance of c.3m).

Thickly bedded calcirudites also occur in the succession (for example at + 10.5m, 

+ 14.5m and + 16.25m). A reverse graded ‘m egabreccia’ occurs at + 18m (Lix44, see Fig. 

3.5.2) and contains large angular boulders of pale grey calcilutite up to 40cm  across. 

These calcirudites could be the result of  being located on a slope setting or perhaps 

adjacent either a fault or reef scarp (many of the clasts strongly resemble carbonate 

m udmound facies, see Fig. 3.5.2(f)). They could even represent intermittent elevation of
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3.5: Shallowing environments at Lixnaw

depositional energy levels on the seafloor, perhaps as a response to storm activity or 

indeed a general lowering o f sea levels. Although limeclasts dominate in thin-section, a 

varied fauna o f mostly rolled and reworked bioclasts is also seen, including a clearly 

abraded bryozoan specimen in Fig. 3.5.2(d). This has been determined by Dr Patrick 

Wyse Jackson (TCD) as Polypora dendroides.

The interval, which follows these units in Log L IX , from 24-40m returns to dominantly 

fine-grained, suggesting a lowering o f energy levels for an extended period. Tabular, 

graded calcarenites are common in the lower parts o f this section (see fo r example 

horizons Lix56, 59, 68 and 70). These commonly pass upwards into laminated 

calcilutites and they could (possibly) be interpreted as representing [partial| Bouma or 

Stow turbidite sequences (Stow, 2005). A  brief return to coarser sedimentation occurs at 

+40.86m (L ix95), which is a coarse calcarenite grainstone (Fig. 3.5.3(a-b)), before yet 

another sustained period o f fine-grained sedimentation between +45 and +57.5m (Fig. 

3.5.3(c-d)). Several coarse units punctuate this part o f the sequence (Fig. 3.5.3(e)), but 

they are subordinate to well bedded calcilutite grade facies which is typically laminated 

and cherty.

From 57.5m onwards an important change happens in the L IX  sequence. Calcarenite 

grade units, often with complex (internal and external) bedding geometries and 

grainstone textures, replace calcilutites as the dominant grade this part o f the succession 

(see Figs. 3.5.4, 3.5.5 &  3.5.6). Very coarse grade crinoidal material is found at many 

levels (Fig. 3.5.4(a)). In unit L ix B l 1 a 25mm oval crinoid ossicle (probably belonging 

to Platycrinites sp.) was recorded. Although by no means environmentally diagnostic, 

crinoidal material on this scale would suggest relatively shallow, energetic 

environments. Strongly ribbed brachiopods and large vertical (and branching) burrows 

(see unit L ixA 24 on log and in Fig. 3.5.5(e)) found in this interval would also seem to 

indicate shallower conditions. Sorted grainstones sharply overlying mudstone or 

wackestone-textured units (Figs. 3.5.4(d) and 3.5.5(f)) indicate episodic shifts to higher 

energy flows. There is abundant evidence fo r reworking o f litho and bioclasts (Figs. 

3.5.4(f-g) and 3.5.5(d)). The small articulated brachiopod with geopetal f i l l  shown in 

Fig. 3.5.4(e) from horizon LixBS indicates reasonably rapid burial rates and it is likely 

to be para-autochthonous.
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The facies type from +57.5m onwards undoubtedly represents a shallower, more 

energetic phase of sedimentation in the succession and it continues until the first 

appearance of striped limestone at +74m in the section. About 70cm beneath the striped 

limestone is a conspicuous unit containing oncoids. This oncoid horizon is discussed in 

more detail in Section 3.6.

Eleven samples were processed for conodonts from the pre-striped limestone succession 

at Monument Hill Quarry (see table and section in Appendix B4). LIX32, the lowest 

level examined, produced Gnathodus homopunctatus and Lochriea sp. The base of 

LIX40 returned few conodonts, with only G. homopunctatus identified. The residue did 

contain actinopterygian teeth and poorly silicified bryozoan and crinoid material 

(generally moulds of lumen). LIX43 contained Lochriea cornmutata and G. hilineatus, 

the latter indicating an age of mid Asbian and younger for this part of the succession in 

the quarry.

L1XC13 was palaeontologically barren, whilst L1XB7 produced G. girtyi and G. 

homopunctatus, along with silicified rugose coral material. L1XB32 contained very few 

conodont elements and none of were identifiable. However, it did produce a silicified 

fauna of brachiopods, solitary rugose corals and crinoids. The fidelity of surface details 

preserved was very good; many brachiopods displayed details of internal shell support 

structures and one small terebratulid was still articulated, with the pedicle foramen 

clearly displayed. An internal mould of a rhodocrinitid camerate crinoid calyx was also 

identified.

LIXA31 produced no conodonts, but contained silicified brachiopods and stick 

bryozoans. L1XA2 contained G. homopunctatus, G. girtyi and G. hilineatus, along with 

ichthyoliths. The insoluble residue of LIXAA was rich in pyrite and contained G. 

homopunctatus and G. girtyi, as well as Idioprioniodus sp.

The section at Lixnaw spans the Cf5 (Holkerian) to Cf6 (Asbian) transition on the 

evidence of foraminifera (pers. comm. Luc Hance, 2000). The overall succession could 

be interpreted as representing a general regression, with a shift from deeper water 

(turbidite influenced) environments towards shallower, more energetic conditions
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3.5: Shallowing environments at Lixnaw

(which produced grainstone textures), especially moving through the + 5 7 ,5m level. 

T w o further important points need to be made about palaeoenvironments at Lixnaw:

• Koninkopora  is present in samples throughout the entire sequence (see for 

example Figs. 3 .5 .1(b & f), 3.5.2(g), 3.5.4(e), 3.5.5(a) and 3.5.6(b), sometimes 

in reasonably common amounts. This calcareous IpossibleJ dasycladacean algae 

is generally found fragmented and reworked and would have been sourced from 

the photic zone. It would not have been particularly robust, implying the Lixnaw 

section may not have lain too far below this level. In particular the intact 

Koninkopora  thallus (Fig. 3.5.5(a)) from horizon LixA45 may be indicating the 

section at this point lay extremely close to or even inside the photic zone. 

Koninkopora becomes extinct at the end of the Asbian (Jones & Somerville, 

1996), implying that the bulk of the pre-striped limestone phase at Lixnaw did 

not reach the Brigantian. Cozar et al. (2006) have recently redefined the 

(biostratigraphic) position of the Asbian-Brigantian boundary and a goniatite 

specimen, found in an oncoid horizon a short distance below the first appearance 

o f  laminite at Lixnaw, has an important bearing on constraining the maximum 

age of the pre-striped succession. It is discussed in more detail in Section 3.6 

below.

• Certain intraclasts (see Fig. 3 .5 .2(0  from Lix44 and Fig. 3.5.5(c) from L ixA 3l)  

found have peloidal textures similar to those developed in carbonate mudmound 

environments. If these lithoclasts have been reworked from such environments, 

this begs the question - where exactly were these m udmounds located? In 

Holkerian times, low in the section, this is not an easy question to answer, 

however by the Asbian substantial mudmound developments were located 

further south from Lixnaw at Ardfert, Fenit and Castleisland.

3.6: Deep and then shallow: Oncoids on the southern margin of the basin

One of the most unusual and perhaps instructive facies associations immediately 

preceding striped limestone occurs at outcrop level at M onument Hill Quarry, Lixnaw. 

The best exposure of this horizon is located in the northeastern corner of the quarry 

where a 16 to 18cm unit of oncoids occurs approximately 68cm below the first 

appearance of striped limestone in the section (see Log Lix, Enclosure A, Enclosure B
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3.6; Deep and then shallow; Oncoids on the southern margin of the basin

and Fig. 3.6.1(a)). The oncoids throughout the unit vary from spherical to lobate (oblate 

and prolate) in outline and display a variety o f internal compositions (Fig. 3.6.1(b)). A 

sample processed for conodonts from this level in the quarry (see L IX R  in Appendix 

B4) produced a single juvenile platform element, possibly belonging to Gnathodus 

homopunctatus. The residue also contained small amounts o f ichthyolith, silicified 

solitary corals and crinoid columnals.

Oncoids are a group o f spherical, mobile stromatolites, which are distinguished from 

ooids and pisoids by displaying an irregular, partially overlapping lamination (Peryt, 

1981; Tucker &  W right, 1990). A variety o f encrusting organisms such as foraminifera, 

bryozoans and algae can be responsible for the coatings. M icrobially mediated oncoids 

are often associated with shallow-marine environments. Here basic requirements such 

as adequate light (for photosynthesis) and wave energy (to move and roll the oncoid; 

providing new surfaces for regrowth) are easily met. It is also necessary for grazing 

herbivores to be kept in check. Microbialites (including biolaminites, stromatolites and 

thrombolites) are commonly found in evaporitic strandzones (Fig. 3.6.2).

Riding (1983) proposed the term 'cyanoliths' fo r oncoids formed by calcified 

cyanophytes and possessing a filamentous ('porostromate') internal structure. Most 

Phanerozoic oncoids are, however, formed o f layers o f either a dense m icritic fabric or a 

spongy fabric referred to as spongiostromate (Peryt, 1981). These are presumed to be 

microbial in origin, but there are generally no physical remains o f the original 

constructors. Peryt (1981) concluded that all oncoids are associated with slow 

sedimentation rates, and that spongiostromate oncoids typ ify  high-energy conditions 

whereas porostromate forms are generally associated with quiet water conditions.

The oncoid horizon at Monument H ill Quarry (L ixR ) can be subdivided into three 

sections ( I- III; Fig. 3.6.1(a)). The basal 8cm (1) is a laminated calcilutite containing 

flattened lenses o f very fine calcarenite, which resemble derived intraclasts. In addition 

these structures are accompanied by small, scattered and dispersed micro-oncoids and 

crinoid ossicles. This is overlain by a 5cm zone (II) containing denser concentrations of 

large (cm scale) oncoids in a calcilutite matrix. Brachiopods are visible form ing the 

cores o f several oncoids. The topmost subunit ( II I)  is about 5cm thick and possesses a 

noticeably softer and more easily weathered, dark muddy matrix. It displays large
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rounded and well-developed oncoids averaging l-2cm in diameter in the base along 

with a conspicuous component of much smaller (<5mm) micro-oncoids (suggesting a 

bimodal size distribution). The very top of the unit rapidly becomes a brown weathering 

fissile shale and oncoid content decreases markedly.

In thin-section (Fig. 3.6.3) the cortex of oncoids is generally formed of a variable (in 

terms of density) peloidal micrite, which is usually (but not always) quite symmetrical 

about the nucleus. Lamination of the cortex is also quite variable; it can be either absent 

and indistinct, or moderately well developed (Fig. 3.6.3(a)). Elongate shell fragments 

with coatings frequently result in less spherical, more elongate oncoid forms. The 

specimen illustrated in Fig. 3.6.3(b) lacks a well-defined laminar structure, however at 

least three generations of oncoidal coating can be discerned:

A: The innermost (initial) coating around the cortex has the clearest laminar 

structure developed of all the coatings and consists of light and dark fine-grained 

layers.

Bi: This middle zone is lighter (yellowish) in colour. Some lamination is 

evident (in patches), but the fabric becomes more grumous in appearance.

B 2 : The outermost (and thickest) layer is darker and has a denser clotted peloidal 

(spongiostromate) texture developed (especially towards the outer margin). The 

contact with B, is quite irregular and crude banding or lamination is vaguely 

discernable, but on a coarser scale to the inner layers.

Rare filamentous Girvanella-iy^t structures are evident in the cortex and the growth 

habit of these cyanobacterial filaments is typically laminar (parallel or subparallel to the 

nucleus, see Fig. 3.6.3(c-d)). Small discrete patches of (dolo)spar in the cortices of 

certain oncoids may represent fenestrae. The oncoid in Fig. 3.6.3(e) has a typical 

spongiostrome cortex and a rather indistinct nucleus. A short distance above the level of 

initial encrustation is a layer with blocky cubes of pyrite developed (arrowed), 

indicating that this structure may have experienced low oxygen levels during initial 

formation or, perhaps, during subsequent diagenesis.

A range of bioclasts (some coated, others uncoated) was found in the oncoid band (Fig. 

3.6.4). Brachiopods and disarticulated crinoid material are the most conspicuous on a
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macroscopic level. Calcareous algae and fenestrate bryozoans are also present (Fig. 

3.6.4(a-b); the former suggesting derivation from within the photic zone. Articulated 

brachiopods were recorded (Fig. 3.6.4(c) and (e)) suggesting either rapid burial or 

limited post-mortem movement and disturbance. The brachiopod in Fig. 3.6.4(c) has a 

different internal fill to that of the enclosing sediment, suggesting transport from a 

separate location. However, Fig. 3.6.4(e) appears to show fine spines emanating from a 

brachiopod valve, which would lend support to the idea that these bioclasts are largely 

autochthonous. The microstructure of brachiopod shells and bryozoan colonies is 

commonly quite badly degraded (Fig. 3.6.4(b)). The brachiopod brachial shell fragment 

illustrated in Fig. 3.6.4(d) has a completely (coarsely) recrystallised structure. Possible 

small penetrative microborings are indicated on the specimen.

A three dimensional goniatite was collected from the oncoid horizon in Monument Hill 

Quarry. Dr Dieter Korn (Museum fiir Naturkunde, der Humboldt-Universitat zu Berlin) 

kindly examined this particular specimen and determined it as Eoglyphioceras (the 

species being similar to E. truncatum). The key thing is that this places the oncoid bed 

at Lixnaw within the P,a (Goniatites crenistria) zone of the British ammonoid zonation 

(very latest Asbian, immediately underlying the base of the Brigantian). Cozar et al. 

(2006) have recently reassessed the correlation of various microfossil groups with this 

particular ammonoid zonal scheme, and consider P,a to be located within the lower 

Brigantian.

As mentioned earlier, workers have typically regarded oncolites as indicators of shallow 

marine conditions (e.g. Cook & Taylor, 1977; Guirdham et al., 2003) or, if 

demonstrably allochthonous, derived from such environments (Mcllreath, 1977). There 

are scattered published accounts of oncoids which may have formed in deeper-water 

(marine) settings (e.g. Jenkyns, 1972). Of these, a detailed report by Cozar et al. (2003), 

of large oncoidal structures from relatively deep-water conditions in the early 

Serpukhovian of southwest Spain (San Antonio), is of some importance in the 

consideration of the likely palaeoenvironment of the Lixnaw specimens. The San 

Antonio oncoids display a range of porostromate structures, and are thus considered as 

cyanoliths, and the evidence for a deep, quiet (low-energy) environment, as presented 

by Cozar et al. (2003), includes:
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1. Background sedimentology: This includes thick sequences of marl and shale 

and lacks evidence for storm deposition. Wave or tidally influenced sedimentary 

structures are absent and turbidite horizons are interbedded with (and overlie) 

the marl/shales containing cyanoliths.

2. The structure o f  the cyanoliths: These can be as large as 12cm (the average is 

2-6cm) and prolate and discoidal morphologies are more prevalent than 

spheroidal. They commonly display quite irregular, asymmetric cortex growth 

patterns indicating a low degree of turning and a likely stationary position for 

extended periods.

3. Constructors and cortex architecture: The diversity of constructors is high with 

several genera (>4) of cyanobacteria and problematica. The cyanobacterium 

Girvanella dominates the constructors and accounts for up to 60% of each 

cyanolith (sometimes this is a high as 100%). The internal structure of the 

cyanoliths is dominated by very distinctive tabular and columnar growth of 

Girvanella domes, which produce discontinuous cortices (Fig. 3.6.5). Another 

type of problematic alga, Calcifolium, forms erect, often fan shaped colonies 

which trap micrite and form a bafflestone texture. In essence, these oncoids lack 

a concentric laminar growth pattern with a centralised nucleus due to lack of 

rolling, which allowed microbes to form complex erect domal colony structures. 

A porostromate fabric is typical.

4. Composition o f associated fauna:  Generally diversity in the cyanolith-bearing 

beds is poor and dasycladacean algae are rare or absent. Colonial rugosan corals 

are absent and organisms normally associated with deeper water (ammonoids, 

sponges and radiolaria) occur. A diverse range of foraminifera is present, but in 

low numbers (interpreted as evidence for distal shelf and deep water conditions).

5. Taphonomy o f associated fauna:  Fragmentation and abrasion of shelly material 

is low. Crinoid stem articulations are common in the shales. Penetrative borings 

on shells are interpreted as evidence for low sedimentation rates. Brachiopod 

shells are normally preserved as large fragments, with a well-preserved 

microstructure.

Some aspects of the Lixnaw oncoids compare closely with the San Antonio specimens, 

whilst other factors are clearly different. Using the five categories listed above the 

following comparisons and distinctions can be drawn:
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3.6; Deep and then shallow: Oncoids on the southern margin of the basin

1. Background sedimentology: There is much similarity here. The Lixnaw 

material lies above likely turbiditic facies and the oncoids are generally housed 

in calcilutite grade sediments. Although a shallowing of conditions is proposed 

for the section underlying the oncoid horizon (see Section 3.5 above), cross

strata or other sedimentary structures indicating a location above wave base are 

lacking.

2. The structure o f the cyanoUths: At Lixnaw the oncoids average about I-2cm in 

size. Some are as large as 4cm; however, they are, on the whole, smaller in form 

in comparison to the Spanish material. The Lixnaw oncoids are generally 

spheroidal, although elongate (prolate and oblate) forms do frequently occur. 

The cortex is typically symmetrical, especially where lamination is developed, 

although again there are exceptions.

3. Constructors and cortex architecture: Only rare Girvanella filaments have 

been identified (Fig. 3.6.3(c-d)). For the most part the Lixnaw oncoids are 

composed of a spongiostromate fabric with a continuous laminated cortex.

4. Composition o f  associated fauna: Diversity is not particularly high at the level 

of the Lixnaw oncoid horizon. Thin-shelled brachiopods, crinoids and 

ammonoids do occur. Foraminifera are uncommon.

5. Taphonomy o f  associated fauna:  Fragmentation of shells is low and 

brachiopods have a high potential for articulation. Some articulated specimens 

have an internal fill quite different to the enclosing matrix indicating transport 

(Fig. 3.6.4(c)). The preservation of brachiopod and bryozoan ultrastructures is 

generally quite poor and possible borings are noted. One brachiopod is recorded 

probably with spines intact (Fig. 3.6.4(e)), indicating lower energy levels. 

Crinoid material is generally totally disarticulated.

Cozar et al. (2003) recognised that the San Antonio oncoids probably remained 

stationary for long periods. Preferential cortex growth on one side of the nucleus attests 

to this. This lack of movement produced larger than normal oncoids with discontinuous 

porostromate cortices, which lacked concentric lamination with a central nucleus. 

Several types of calcified microbes were involved in their formation (Fig. 3.6.5) and 

these had the chance to grow erect and form columnar domes. This is clearly very
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3.6: D eep  and  then  shallow: O ncoids  on the  southern  margin of the bas in

different to the Lixnaw specimens. Cozar et al. (2003) propose the following energy 

gradient (moving from low to high) based on microbialite morphology:

Calcifolium  fans ^  columnar Girvanella domes ^  tabular Girvanella domes ^  

laminar Girvanella ^  Sparaphralysia

According to this scheme, the oncoids from Lixnaw come from a relatively higher 

energy environment in comparison to the San Antonio specimens. Taking Peryt (1981) 

into account, the spongiostromate fabric of the Irish material also points to a higher 

energy regime.

68cm of section at Monument Hill Quarry, Lixnaw separates the top of the oncoid 

horizon (LixR) from the first appearance of striped limestone (Lixl). These units are 

generally calcarenitic (with the exception of a basal laminated fine-grained chert). LixK 

(7cm below striped limestone) is the last level with a 'standard marine fauna'. Thin- 

section analysis (Fig. 3.6.6(a)) reveals a grainstone texture with common intraclasts 

(some of which appear to be reworked fragments of microbialite) suggesting energetic 

conditions. LixJ, which directly underlies striped limestone, is rich in peloids and 

calcispheres (Fig. 3.6.6(b)), to the exclusion of echinoderms, brachiopods and other 

organisms indicative of more normal marine salinities. Small articulated ostracods (Fig. 

3.6.6(c-d)) were found along a single bedding plane. This evidence could suggest a 

rapid shift in salinity (possibly a rise), eliminating much of the marine fauna and 

leaving behind more halotolerant forms immediately prior to the onset of striped 

limestone production.

A second section spanning the striped limestone transition (also containing the oncoid 

horizon) is available in the southwestern corner of the quarry at Lixnaw where folding 

repeats the stratigraphy (see Enclosure A and Fig. 2.5.1.1(c) for general location and 

Figs. 3.6.7 and 3.6.8(a) for more detailed views). This alternative section is fully 

documented in Log LixX.

Striped limestone first appears in Log LixX at + 12.98m. Using stratigraphic thickness 

from the base of this horizon as a datum, the base of Log LixX would broadly equate 

with horizon LixB12 in the main log. Overall the pre-striped limestone units exposed in
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3.6: D e e p  an d  then  shallow: O nco ids  on the  sou the rn  margin of the  basin

LixX  ap p ea r  to  be d eeper  and m ore  distal in cha rac te r  w hen  co m p ared  to  this equ iva len t 

s tra tig raphic  interval on the northeastern  side o f  the quarry . For exam ple  the interval 

betw een  +5 and + 6 m  (from  the base o f  the log) consists  o f  a sequence  o f  thinly 

lam inated  in terbedded  calc ilu tites  and fine  ca lcaren ites ,  w hich  are generally  norm ally  

graded and  possib ly  ca lc iturbiditic  in origin.

4 7 cm  beneath  the initial appearance  o f  s triped lim estone  in Log LixX (Fig. 3 .6 .7(b)) 

there is a I0 - I 2 c m  unit con ta in ing  onco ids  (Lix X 62).  T h e  basal 4 cm  o f  this unit is a 

lam inated  calc ilutite  con ta in ing  ca lcaren ite  g rade clasts , w h ich  appear  fla t tened  and 

aligned . A p p ro x im ate ly  5cm  above  the base the first d iscernab le  ‘o n c o id ’ appears .  From  

here onco ids  are scattered  th roughou t the m atrix  a long  with o ther  b ioclasts  such as 

brach iopod  (Fig 3 .6 .8(b)) ,  crinoid  and coral m ateria l.

T h e  onco id  bed is a lso  exposed  at B a llin togher  L im ew o rk s  (see Section 2 .5.2; Fig. 

2.5.2.1 and Log LixY (horizon  Y 25)) w here  it is 22 -2 4 cm  th ick ,  which is slightly 

th icker than that seen in M o n u m en t  Hill Q uarry .  Both top  and bottom  o f  the unit are 

irregular; the basal 7 cm  con tains  only rare onco ids .  T h e  fo llow ing  13cm con ta ins  a 

h igher concen tra tion  o f  onco ids  with som e large bioclasts. T h e  top  3 -4 cm  is entirely 

oncoidal in com posit ion .  T h e  onco ids  in this zone average  10-15m m  and m ay be as 

large as 4 0 m m . T h ese  are set in a loose, heavily  w eathered  brow n shaly m atrix . This  

tripartite  d ivision o f  the unit is broadly  s im ilar  to that observed  in the northeastern  

corner  o f  M o n u m en t  Hill.

An ex am p le  o f  a possib le  rhynchonellid  b rach iopod  extracted  from  the Lix Y 25 is 

show n in Fig. 3 .6 .8(c).  T h is  brach iopod  is still ar ticula ted  (it has an internal spar infill), 

sugges ting  a degree  o f  au toch thony . It is c learly  coa ted  with several generations o f  very 

thin | s u b -m m | oncoidal (m icrob ia l)  lam inations. T h e  deg ree  to w hich  these oncoidal 

layers m ay have helped  the b rach iopod  rem ain  ar ticula ted  during  fo rm ation  o f  the 

cortex is open  to deba te . O n co id s  need a level o f  in term itten t high energy  to m ove and 

roll them  to ensure  com ple te  overg row th .  O ne  th ing  can be read from  the spec im en; 

som eth ing  changed  in the am bien t  p a laeoenv ironm en t,  w hich  had been supporting  a 

typical Palaeozoic benthic  m arine  co m m u n ity  o f  b rach iopods  and  cr ino ids .  T h is  change  

prom oted  m icrobial coa ting  and  carbonate  precip ita tion on m any  o f  these o rgan ism s 

(before o r  after dea th).  A s lo w d o w n  in sed im enta tion  is one possibility .
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3.6: D eep  and  then  shallow: O nco ids  on the  sou the rn  margin of the basin

Examination of the three available sections at Lixnaw (Enclosure A; see sections (b) 

and (c)) suggests that the oncoid horizon thins in a westerly direction. In the central and 

eastern sections (Log LIX and LixY respectively) the oncoidal horizons follow the 

calcarenitic grade units, which implies a reasonably energetic palaeoenvironment. The 

westernmost section (Log LixX) is different; here the oncoid horizon rests on calcilutite 

grade facies. It is also the case that the gap between top of oncoid horizon and base of 

first appearance of continuous striped limestones increases in an easterly direction 

(Enclosure A, section (c)). In the southwestern corner of Monument Hill Quarry (Log 

LixX) the gap is c.46cm whilst at Ballintogher (Log LixY) the gap is c. 145cm. These 

combined differences could reflect a subtle shift from more proximal (shallower in the 

east) to more distal (in the west) palaeoenvironments. Today this distance is on the 

order of c.580m, however this would increase further when the effects of folding are 

taken into account.

The occurrence of the oncoid horizon beneath the striped limestone units in and around 

Lixnaw is not a localised phenomenon. It has also been identified much further south in 

boreholes drilled at Fairy Gate (approximately 7km WNW of Castleisland) at a similar 

stratigraphic level. Dr Michael Philcox had access to these cores and very kindly made 

his reports available. The oncoid horizon is never seen exposed at outcrop due to its 

soft, easily weathered nature. For this reason it was never reported by Hudson et al. 

(1966) who originally described the stratigraphic sequence in the region.

The most recent hole, Cl-1, was drilled by Dresser Minerals in the early 1990s. Over 

225m of section, ranging from Ivorian to Late Asbian was recovered. A summary of the 

stratigraphy and geographic location of the borehole is shown on Enclosure C (this 

information has been sourced from an unpublished technical report by M.E. Philcox 

(1993)). The oncoid horizon occurs between the l63 .5-I8 lfoot interval (this is the 

‘down-hole’ value). When compensated for dip it is estimated to be 366cm thick in 

total. It underlies a 120cm unit of continuous striped limestone, which displays l-2mm 

stripes and increasing shale interlaminae in the basal 35-40cm.

Directly beneath the striped limestone contact in Cl-1 is the following sequence (shown 

on table below in stratigraphic order -  see Enclosure C(b)):
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3.6: Deep and then shallow: Oncoids on the southern margin of the basin

Striped Limestone

20cm Laminated, very fine graded calcarenite.

135cm

Oncolitic limestone. The top and bottom c.40cm of this subunit displays 
shale interbeds whilst its core is composed of a c.52cm thick unit with large 
oncoids, many of which have coalesced. Above the thick oncoid horizon 
(between c.164.5-166.5ft ‘down-hole’) is a 42cm zone of matrix supported 
breccia containing scattered oncoids and lithoclasts “that resemble striped 
limestone”.

Bottom  

c.210cm

Interbedded medium to fine fossiliferous calcarenites and black well- 
laminated shales. A  63cm unit of calcarenite lies in the centre of the 
subunit. The very bottom 42cm is composed of a slumped matrix 
supported breccia with abundant fossil debris, some of which have 
oncolithic coats.

The oncoid horizon at Fairy Gate was also proven in three earlier boreholes (Fig 3.6.9). 

A broadly sim ilar stratigraphic pattern is observed in these three holes; a unit o f fine 

calcarenite (with or without a laminated fabric) separates the oncoid horizon from the 

base o f a conspicuous bed o f laterally continuous striped limestone. The top o f the 

oncoid units generally comprise argillaceous calcarenites with scattered bioclasts, some 

of which have oncoidal coatings. Beneath this is a unit dominated by oncoids; in FG-1 

this particular unit was over a metre thick. The base o f the main oncoid unit has shaly 

partings separating beds housing oncoids. It could be argued that this arrangement 

represents a progressive increase in energy (related to a possible shallowing) moving 

upwards through the sequence.

On the evidence o f the oncoid horizons described from the southern margin o f the 

Shannon Basin the fo llow ing points can be made:

(1) The oncoid horizon is not a localised phenomenon; it is recognised at several 

locations spanning a distance o f over 17km (this does not take into account 

folding; see Enclosure F).

(2) The southern occurrences o f oncoids in the boreholes at Fairy Gate are 

considerably thicker than those observed at Lixnaw, probably reflecting a 

more proximal setting.

(3) Oncoid formation seems to have been pro lific  in the southern sector with 

oncolite beds o f over Im thickness attained. Here also it was commonly
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3.6: Deep and then shallow: Oncoids on the southern margin of the basin

observed that oncoids had enough time to coalesce and grow together as they 

matured.

(4) The faunal component most commonly associated with oncoidal coatings are 

brachiopods. These are often articulated and contain a sparry in fill.  Crinoidal 

material is also common and, to a lesser extent, goniatites.

(5) Palaeoenvironmental factors like ly to promote the formation o f oncoid 

coatings could include a control on benthic herbivory and carbonate 

supersaturation o f seawater. Salinity fluctuation is one way o f controlling 

both o f these elements; however, the faunal evidence in (4) would seem to 

suggest euhaline conditions. The development o f pyrite in discrete bands 

within cortices o f oncoids may be an indication that oxygen levels 

periodically dropped, perhaps as a function o f poor circulation.

(6) Suspected calcareous algae (which are uncoated) visible in thin-section 

suggest formation o f the bed at least within the range o f the photic zone.

(7) It is d ifficu lt to reconcile the oncoid horizon representing a deep-water 

deposit, particularly given the laminar nature o f cortices and the composition 

associated fauna. These oncoids formed in an environment with enough 

ambient energy to turn them reasonably frequently.

(8) Definite shallow water (strandline) features such as fenestrae, mudcracks, 

tepees are, however, lacking. Ripples and cross strata are also not observed 

in the enclosing facies. These oncoids may have formed in a deeper subtidal 

environment, but it was not as deep as the outer shelf environment proposed 

for the Serpukhovian San Antonio oncoids by Cdzar et al. (2003)

(9) The consistent position o f the oncoid horizon only a short distance (between 

c.50 and 150cm) beneath the first appearance o f striped limestone is 

remarkable on several counts:

1. Firstly it indicates that the horizon is like ly to be equivalent right 

across its known geographic range. Implying it represent an event 

horizon, perhaps a significant lowering o f sea level, changing 

patterns o f circulation and increasing ambient energy levels) in 

times preceding the main phase o f striped limestone development 

(Enclosure F).
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3.6: Deep and then shallow: Oncoids on the southern margin of the basin

II. The widespread and consistent development of this facies might 

imply that the seafloor profile across this part o f the southern 

margin of the basin was topographically quite uniform, 

ill. This unit represents a marked change in palaeoenvironmental 

conditions in late Visean times and it is perhaps no surprise that it 

is then succeeded rapidly by striped limestone facies.

(10) The age of the oncoid bed is P,a (latest Asbian; or lower Brigantian 

according to the biostratigraphic revision proposed by Cozar et al. 2006). It 

is thus likely that the striped limestone succession, which follows this 

horizon, either straddles the boundary or is lowest Brigantian in age. Herbig 

et al. (1999) interpret the P,a crenistria limestone from the South Portuguese 

Zone and Rhenish Massif as representing an 'event horizon' related the 

sealevel fluctuation.

(11) The final point concerns a possible genetic link between the oncoid 

horizon and the striped limestone (alluded to in (9) above). In the description 

of borehole Cl-1 from Fairy Gate (see Enclosure C ), Philcox (1993 

unpublished report) documents a 42cm  subunit of ’’dispersed” (matrix- 

supported) conglomerate above the main oncoid bed and separated from the 

first appearance of continuous striped limestone by a 20cm laminated 

calcarenite. The subunit in question contained scattered oncoids and “clasts 

that resemble striped lim estone”. This is intriguing and suggests that 

oncoids and striped limestone may have been broadly coeval. If this is the 

case, both units could be genetically linked (from a palaeoenvironmental 

point of view).
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3.7: Foynes

-----y

Eastern & northern margins of Basin:

3.7: Foynes

According to Somerville &  Strogen (1992), the section at Foynes was part o f a 

northwest facing carbonate ramp system (the Limerick Ramp; Fig. 1.3.4(a)). Two key 

formations to consider here are the Durnish Limestone and overlying Shanagolden 

Limestone (Shephard-Thorn 1958, 1963). Somerville &  Strogen (1992) state that as the 

Limerick Ramp developed through the lower and middle Visean, there was a general 

shallowing trend with an associated progradation o f shallow water facies from the east 

towards the west. The Rathkeale Beds, which underlie the Durnish Limestone, are 

interpreted as deep-water basinal facies representing outer ramp conditions. These are 

replaced by the Durnish Limestone in the Holkerian, which is interpreted as having 

been deposited below fairweather wave base in a mid ramp position. The Shanagolden 

Limestone and (most importantly) Parsonage Beds are not explicitly mentioned by 

Somerville &  Strogen (1992); however, they do stress that ramp conditions persisted 

into the Asbian.

3 .7 .1: Durnish Limestone Formation

Borehole information (Section 2.8.1; Enclosure E) provides the most compete and 

continuous record o f the Durnish Formation at Foynes. The four-fold subdivision o f the 

unit proposed by Philcox (1974, unpublished report), alternating through two cycles o f 

chert free and chert rich facies, may possibly be a reflection o f minor shifts in water 

depths (moving from shallow to deeper, returning to shallow and then deeper again). 

The basal 122m thick calcarenite member is dominantly fine argillaceous calcarenite. 

However occasional burrowed units (up to 2m thick) and thick beds o f clean coarser 

skeletal calcarenite are also present. A  20cm horizon rich in silic ified corals was 

recorded about 30m from the top o f this member, which is traceable over a distance of 

some 600m (Enclosure E (a)). It may represent a modest bioherm development.
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3.7.1: Durnish Limestone Formation

This lowest member of the Durnish Limestone Formation is in marlced contrast to the 

underlying Rathkeale Beds and represents a shallower environment, as proposed by 

Somerville & Strogen (1992). The actual contact between the two units was found by 

Philcox (1974, unpublished report) to be 'gradational over a few  feet', who noted that 

most contacts between subsequent units at Foynes tended to be gradational. This 

evidence would, apparently, fit with a smooth, ramp type setting.

The Foynes roadcut (Section 2.9.2, Fig. 2.8.2.1 and Log FoR) is broadly equivalent to 

the Lower Cherty Calcarenite Member (at least on the basis of field relations) and 

allows for a more in-depth examination of the palaeoenvironment at this time. The 

section can be subdivided into a lower unit (c.l Im thick) of thickly bedded medium to 

coarse calcarenite grade facies with evidence of erosion and bed amalgamation 

followed by a finer grained unit of dominantly calcilutite grade material. Exposure of 

the uppermost parts of the section becomes quite broken up and this may represent the 

gradual transition into the overlying Upper Non-cherty Calcarenite of Philcox (1974, 

unpublished report), which is typically poorly exposed in the area.

There is good evidence (both direct and indirect) from the FoR section fauna (see Figs. 

2.8.2.2 and 2.8.2.3) that the palaeoenvironment was one which periodically experienced 

high-energy events. Unit FoR 15 contains overturned colonial {Syringopora sp.) coral 

forms (Fig. 2.8.2.2(c)). Breakage and fragmentation of corals is also not uncommon 

(Fig. 2.8.2.2(f)). The base of unit FoR23 contains abundant broken Siphonodendron and 

overturned, but still articulated, productid brachiopods (Fig. 2.8.2.3(f)). The taphonomy 

of this particular brachiopod would indicate disturbance, perhaps by a storm event, and 

rapid reburial in this upside down position. The crinoid material in the section is 

generally disarticulated, however lengths of stem occur and very large ossicle diameters 

are often observed, such as in FoR 13 (Fig. 2.8.2.3(a)) where ossicles up to 25mm across 

are recorded. This large size of stem would also suggest higher energy environments, 

however, this line of reasoning is equivocal. Strong and thickly built (ramose) 

trepostome type bryozoans also occur (Fig. 2.8.2.3(g)) along with fenestrate forms with 

a more delicate construction. Unit FoR 13 contains well-preserved and detailed 

encrusting and fenestrate bryozoan material. A curious feature of the taphonomy of the 

fenestrate forms is that substantial lengths of frond may preserve. In unit FoR23, for
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3.7.1: Durnish Limestone Formation

example, flattened fenestrate fronds up to 15cm in length (possibly as long as 20cm) are 

recorded. Conical fenestrate colonies are preserved near the top o f FoR19 (Fig. 

2.8.2.3(d)), although this may be an oblique cut through a flat sheet. The sheet style o f 

preservation fo r the fenestrate material indicates high rates o f sedimentation. Rapid 

rates o f burial are also supported by a crinoid stem with an intact cirral attachment in 

unit FoR28.

The sedimentology is also suggestive o f the influence o f high-energy events in the 

formation o f the succession. The (generally) poorly sorted nature o f the sediment, 

irregular tops and bases to units, particularly in the basal I Im , and evidence for erosion 

and amalgamation between successive beds would point to a possible tempestite input. 

Sedimentary structures, such as cross stratification, are not developed and it is likely the 

succession never lay above fa ir weather wave base. The broad lateral continuity o f 

bedding would suggest a relatively deep-water setting. I lm  above the base o f the 

section there is a shift from packstone/grainstone to more wackestone-dominated facies. 

The bedding in this upper zone tends to be more tabular in geometry. This is interpreted 

as representing a possible deepening event, taking the area closer to storm wave base. 

The darker calcilutite (mudstone) dominated sequence between +I7.9m  and + 20.2m is 

accompanied by a drop in the bioclastic component. This may represent a further 

'quietening' o f the sequence (in terms o f depositional energy). Unit FoR43 from this 

interval consists o f lenticular dark calcilutites, which are enclosed by thin laminated 

medium to coarse crinoidal calcarenites. These coarser interbeds may represent the 

distal tips o f particularly strong storm events. Wackestone and packstone textures begin 

to reappear above the +20.2m level and this may indicate a return to slightly shallower 

conditions.

In summary, there is very limited exposure o f shale in the FoR section (the gaps in 

outcrop, especially towards the top o f the sequence may represent shale incursions, but 

this is speculative). The base is coarse-grained; demonstrating (episodic) erosive 

bedding styles with possible vertical burrows and indicates shallower conditions than 

those which preceded. Sedimentary structures indicative o f a position above mean wave 

base are never recorded, indicating a position below fairweather wave base but probably 

above storm wave base, which facilitated the remobilisation o f both sediment and biota.
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3,7.1: Durnish Limestone Formation

Towards the top of the section there appears to be lowering o f  energy (perhaps relating 

to a deepening event) moving into the overlying Upper Non-Cherty Member.

The top of the Durnish Formation, the Upper Cherty Calcarenite M ember (Enclosure 

E), is 23m thick and has an argillaceous fine calcarenite base, which becomes more 

calcilutitic towards the top. This could be interpreted as quietening and further 

deepening, however the base of the overlying Shanagolden Formation is conglomeratic 

and represents a return to more higher energy modes of deposition. The actual contact is 

gradational and very occasional conglomeratic horizons occur in the top of the Durnish 

Formation, indicating the onset of episodic higher energy depositional conditions during 

this time.

3.7.2: Shanagolden Limestone Formation

The Shanagolden Formation directly underlies striped limestone facies at Foynes and is 

thus of paramount importance when considering the precursor palaeoenvironment. As 

mentioned previously in Section 2.8.1, both the 1970s and 1990s (GSI) boreholes show 

the same tripartite subdivision of facies within the unit (Enclosure E). An initial phase 

of calcilutitic conglomerates are followed by a sequence of thin dark very fine-grained 

limestones and interbedded shales which then pass gradationally into the final subunit, a 

thick c . l8 m  unit o f  dark shale. The overall trend appears to be one of deepening and 

quietening.

The reworked calcilutitic material in the conglomerates at the base of the formation is 

interbedded with thin (subordinate) shales (Philcox, 1974 unpublished report). These 

conglomerates undoubtedly represent discrete episodes, or pulses, of higher 

depositional energy. The trigger or cause is not clear. They could be the products of 

remobilised gravity induced mass flows (in the GSI borehole Somerville (1999) 

describes these as being poorly sorted (intraclast) wackestones). According to the 

Limerick Ramp model, as proposed by Somerville & Strogen (1992), the seafloor in the 

area would have had a very flat topographic profile (they estimate less than 1° slope in 

the Arundian and at least half this by the Asbian), leaving very little potential for
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3.7.2: Shanagolden Limestone Formation

pronounced breaks in slope to trigger such flows through instability. A  shallowing event 

or period o f intense storm activity in such a ramp setting may have generated this facies. 

A lternatively, rejection o f the ramp model altogether leaves open the possibility for 

development o f steeper localised slopes with which to trigger remobilisation o f 

sediment through gravitational instability.

Exposures o f Shanagolden Formation examined in the field (see Loc 2 on map in Fig. 

2.8.1 and section 2.8.3) contain a fauna suggestive o f deeper water conditions (common 

ammonoids and cyathaxoniad corals). Shephard-Thorn (1963) in itia lly  recognised this 

switch from larger caniniid and clisiophyllid corals in the Durnish Limestone Formation 

(Fig. 2.B.2.2) to smaller cyathaxoniids in the overlying Shanagolden Formation. The 

blastoid Orbitremites, found at Loc 2, is not indicative o f a specific environment. It 

does, however, occur in Asbian and Brigantian strata in Ireland (Waters &  Sevastopulo 

1984) and thus provides a lower time lim it on the age o f the formation.

In summary, the Shanagolden Formation appears to represent a high-energy 

environment passing gradationally into much quieter and calmer conditions towards the 

top. This could be interpreted as the result o f a sustained phase o f sea level rise during 

this time interval. This is in agreement with Sleeman and Pracht's (1999) interpretation 

o f the Shanagolden Formation as representing carbonate deposition on the mid to outer 

part o f the Limerick Ramp in gradually deepening water.

The Striped Limestone (Parsonage) Formation follows on from the thick shaly upper 

member o f the Shanagolden Formation. It would thus seem logical to infer that the 

environment o f formation was like ly to be deep water in character. Philcox (1974 

unpublished report) found the actual contact to be sharp (in marked contrast to the 

gradational nature o f all previous boundaries in the succession). This would indicate a 

rapid change in palaeoenvironment on the 'ramp'. This is also reflected in GSI borehole 

97/147 where a conspicuous c.I60cm sequence o f grainstones and packstones directly 

underlie the first appearance o f striped limestone (Enclosure E (b)). This unit has a 

sharp erosive base and is rich in crinoid material. Somerville (1999) reported a diverse 

Cf6y foraminiferal fauna from  this particular horizon, as well as very abundant red and 

green (dasycladacean) algae. The shallow water affin ity o f this unit is recognised by
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3.7.2: Shanagolden Limestone Formation

Somerville (1999), who speculates on a possible shoaling event. Her conodont data, 

however, was dominated by gnathodids, suggestive of deeper conditions and she 

interprets the graded nature of the deposit as evidence for transport from shallower 

conditions, perhaps due to storm activity.

The lithostratigraphic details o f the upper part o f the Shanagolden Formation at Foynes 

(Enclosure E) are similar in several respects to those of the pre-striped limestone phase 

exposed further north on Shore Island in the Fergus Estuary (see section 2.9.1 and 3.8 

below). There a thick (>3m) shale development (the Shore Island Shale, Fig. 3.8.2) is 

capped by a thickly bedded calcarenite unit before the first appearance of striped 

limestone (Fig. 3.8.3), again suggesting an elevation in energy levels just before the 

transition.

3.8: Slumped facies on the Fergus Estuary

Spectacular slumped horizons within a dominantly fine-grained and well-bedded 

carbonate succession are displayed on several of the islands in the Fergus Estuary (Fig. 

3.8.1(a)-(d)). The slumps occur at three (or possibly more) stratigraphic levels, each 

event affecting about 6-9m of strata (Tattersall, 1963). Exposures of this unit were 

examined on Inishtubrid, Inishmacowney and Shore Island (see Figs. 2 .9 .1.1, 2 .9 .2 .1 

and 2.9.3.1 for geological maps and Figs. 2 .9 .1.2 and 2 .9 .1.3 for details of the 

sedimentology).

The degree and intensity of syn-sedimentary deformation increases in a southerly 

direction. The slumping seen on Inishtubrid (the most southerly island with a pre

striped limestone succession exposed) is more complex and intense than on the other 

islands. Tattersall (1963) also made this observation. This could imply that the 

Inishtubrid succession was located further downslope (and on a steeper gradient) than 

exposures on the other islands. According to Sleeman & Pracht (1999) all of  the 

slumping is directed towards the west. Field evidence of this is rather inconclusive. The 

nose or bulge o f  the large fold in Fig. 3.8.1(b), for example, is directed northeastwards, 

whilst the fold in Fig. 2 .9 .1 .3(a) is directed north-northeast.
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The bulk o f the ‘Upper Island (slumped) Series’ is not actually slumped at all (Fig. 

3.8.1(e)). Where it is undisturbed it is generally composed o f thinly interbedded shales 

and dark muddy limestones. This bedding is commonly extremely fla t and planar, 

im plying low-energy and/or uniform conditions during deposition. On Shore Island the 

lower portion o f this unit displayed very high levels o f bioturbation (Fig. 2.9.1.2(c-d)). 

Chert is also common and there are some coarse brecciated horizons present (Fig 

2.9.1.3(b)) with a partially silic ified fauna. This particular facies is similar to the ‘Black 

Argillaceous M atrix supported Breccias’ seen at Oyster H ill in Fenit (Section 5.2).

A key question to consider in relation to the deformation o f parts o f this succession is 

what exactly the mechanism for destabilisation and remobilisation was. The unit is 

dominated by mud and silt grade material, presumably deposited fa irly  slowly out o f 

suspension. This would thus possibly make it d ifficu lt for slumping to be generated by 

rapid buildup o f wet, unconsolidated sediment. A  second possibility is that tectonic 

activity may have been the trigger for destabilising the sediment pile, provided it was 

positioned on a slope setting.

On Shore Island a unit o f non-calcareous shale is seen to occupy a position 

stratigraphically between the top o f the 'Upper Island (slumped) Series’ and the base of 

the Striped Limestone Formation, which occupies the southernmost tip o f the island 

(Fig. 3.8.2). This unit was termed the ‘Shore Island Shale’ by Tattersall (1963). 

Approximately 3m are seen at outcrop in a low c lif f  on the southern shore (Fig. 

3.8.2(b)) and some low-tide exposures directly below this level. Mapping suggests the 

unit may be as thick as 5.5m and it is only seen on Shore Island. On Inishmacowney, in 

a small embayment on the southwest corner, a small grassy gap separates the top o f the 

slumped series on the western side from cherty calcilutites and striped limestone further 

east (Fig. 2.9.3.2(a)). The stratigraphic distance represented by this gap is on the order 

o f 8.25m, which is sufficient to accommodate the Shore Island Shale. A  similar 

(reliable) marker gap is not seen on Inishtubrid.

The transition between the Upper Island (slumped) Series and Shore Island Shale is 

shown in the section in Fig. 3.8.2(a). The only difference between the two units is the 

loss o f calcareous content in the Shore Island Shale. Much o f the upper portions o f the 

Slumped Series here are characterised by thick developments o f calcareous shale
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interspersed with dark calcareous mudstones. It is possible that the Shore Island Shale is 

a non-calcareous member within the Slumped Series. Its lateral continuity and total 

extent will have to remain open to question. The reason for the reduction in calcareous 

content in this unit is a puzzle. It is generally barren o f  macrofossils. A weakly 

calcareous sample of Shore Island Shale (from Grid Ref 128465160543; opposite the 

location in Fig. 3.8.2(b)) was processed for conodonts (see sample Shore Shale on 

Appendix B6). It produced no conodonts; however two small tubular structures similar 

to Earlandia were recovered.

A good section covering the transition into striped limestone facies is also available on 

Shore Island (Fig. 3.8.3). A thickly bedded fine calcarenite forms the base of the 

available section (it stratigraphically overlies the Shore Island Shale). This was 

processed for conodonts (see sample Shi 1 in Appendix B6) and produced 

Synclydognathus geminus, Gnathodus homopunctatus, G. girtyi, G. bilineatus, and 

Lochriea cominutata, indicating an age o f  middle Asbian and younger (G. bilineatus 

Biozone). In addition, ichthyoliths, Earlandia sp. and silicified bryozoans and ostracods 

were recovered from the sample.

The overlying unit is light greyish weathering laminated calcilutite (mudstone texture). 

In places it looks very vaguely like 'striped limestone'; however, it lacks the colour 

contrast between successive laminae. The 68cm continuous striped limestone which 

follows this is remarkably thinly laminated, giving it a ‘pinstriped’ appearance. It does 

not appear to be laterally traceable on the northwestern edge o f  the small hill/island, a 

distance of only a few tens o f  metres. The capping unit to the succession is an extremely 

coarse striped limestone breccia.
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3.9: The IPPl borehole

Pre-striped limestone environments on the north side o f  the Shannon Basin, west from 

the Fergus Islands, are much more problematic to deduce due to the extent of post 

Visean cover. As mentioned in section 2.10, several deep boreholes in south and central 

Clare do help to shed some light on the stratigraphy. The most relevant of these is IPPl 

and a sketch stratigraphic section is shown in Fig. 2.10.1 (see also Enclosure F).

Unfortunately the critical striped limestone interval is now lost from the core and what 

remains is a massive pale micritic facies which passes down gradually into darker fine 

grained units in the base of the core. It is possible that this gradation o f  facies reflects 

deposition on a ramp setting. The carbonate mudmound facies at the top of the sequence 

initially contains a full complement o f  marine biota; however, these are conspicuously 

absent towards the very top of the available core and unusual coated peloidal textures 

may be indicating increased microbial activity due to shallowing and salinity(?) 

fluctuation (see interpretation in Fig. 2.10.1). All of this hints at a possible restriction of 

current activity in the area prior to the development o f  striped limestone. As the latter 

facies is missing in the core, however, this suggestion has to remain speculative.

3.10: Summary of pre-striped limestone palaeoenvironments

Waulsortian mudbanks were widespread in the area o f  the Shannon Basin in the late 

Tournaisian and early Visean. The palaeoenvironment during this time appears to have 

been highly conducive to the development of these deep-water buildups, and allowed 

them to attain a greater (stratigraphic) thickness and to persist for much longer there, in 

comparison to many other parts of the world. The reasons for this are not immediately 

apparent; however, a favourable nutrient supply and protection from storms must have 

had a part to play. In addition, the creation of sufficient accommodation space would 

have been vital. Previous reports have stressed a lack of (surface expressed) faulting 

within the area of the basin. However, given the estimates of c . lk m  stratigraphic 

thickness for the W aulsortian, this lack of surface expressed faulting unlikely (see 

Section 6.2 for more discussion).
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In the southwest area o f the basin, around Fenit, the Wauisortian is succeeded by the 

Chapeltown Limestone Formation. This unit is characterised by a series o f dark 

argillaceous cherty fine-grained limestones interbedded with shales. Interpreting the 

palaeoenvironment o f this formation is not straightforward and is complicated by the 

possibility that it may be partly coeval with Wauisortian facies near its base. It is best 

interpreted as having been deposited in a fa irly  calm and deep environment, with 

argillaceous muds in filling  in itia lly  between Wauisortian mounds, before going on to 

onlap and then cover them completely.

During the Holkerian and Asbian, at Lixnaw, in the centre o f the basin, a general 

shallowing trend is apparent in the pre-striped limestone part o f the sequence. Laterally 

continuous, tabular dark fine-grained limestones and shales containing discrete graded 

calcarenite units (interpreted as turbidite influenced and deeper-water in character) are 

seen to pass upwards into poorly-sorted calcarenite-dominated facies, which displays 

grainstone textures, and which is interpreted as representing rapid modes o f deposition 

in a shallower environment. Sedimentary structures indicative o f deposition above wave 

base are, however, lacking. Koninkopora is present in calcarenite grade samples from 

throughout the entire section, placing an upper lim it o f latest Asbian on the succession. 

A complete Koninkopora thallus (Fig. 3.5.5(a)) recorded from horizon LixA45, towards 

the top o f the sequence, may indicate a position close to, or within the photic zone at 

this point.

A thin oncoid horizon, o f P,a age, appears a short distance below the first appearance o f 

striped limestone in the succession at Lixnaw. The oncoids possess laminated, 

spongiostromate cortices and are seen overcoating a variety o f bioclasts, most notably 

articulated brachiopods. These structures are not comparable with deep-water oncoids 

documented by Cozar et al. (2003) from  the Serpukhovian o f Spain. They are thus 

interpreted as representing a relatively shallow palaeoenvironment, supersaturated in 

carbonate, with enough ambient energy to periodically roll and turn oncoids. Definite 

shallow-water (strandline) features are lacking in this (and the enclosing) facies 

indicating a likely subtidal position.

The oncoid horizon is remarkably widespread and stratigraphically consistent in its 

position in the southern sector o f the basin and is known to occur at a similar short
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distance below striped limestone at Fairy Gate, Castleisland (see Enclosure F). The 

apparent widespread development o f oncoids points to quite large (basin) scale factors 

controlling and stimulating their formation. Their consistent position beneath the first 

appearance o f striped limestone suggests;

• They may represent effectively an event horizon (perhaps a lowering o f sea- 

level, with accompanying change in water circulation and increase in ambient 

energy levels).

• They may be linked, in some way, to the palaeoenvironmental conditions which 

triggered in itia l production o f striped limestone.

Dark 'basinal' interbedded fine-grained limestones (calcilutites) and shales are evident 

in the pre-striped limestone succession at Kilfenora, in the southern area o f the basin in 

mid to late Asbian times. These indicate calm (and probably deep) depositional 

conditions, with background sedimentation occurring mostly through fallout from 

suspension. This facies is, however, punctuated by much coarser calcarenite and 

calcirudite (brecciated) facies. The latter facies erodes and forms channel structures in 

the former and indicates a substantial increase in depositional energy. These brecciated 

horizons may represent local scouring by a powerful debris flows, perhaps triggered by 

slope or tectonic instability. These coarse-grained units lie a short distance below a 

development o f striped limestone and, given the evidence for a general regressive trend 

in a sim ilar part o f the succession at Lixnaw and Fairy Gate (outlined above), an 

alternative possibility is that these units are in some way related to this postulated 

shallowing event.

A sim ilar shallowing trend is (rather counter-intuitively) not evident in the Holkerian to 

Asbian succession in the eastern side o f the basin around Foynes. Here, the dominantly 

calcarenitic Durnish Limestone Formation passes up into the Shanagolden Limestone 

Formation, which has a calcirudite limestone base, but which becomes progressively 

more shaly in character upwards:

• The Durnish Formation consists o f a well-bedded, poorly sorted, calcarenite- 

dominated sequence o f brachiopod and coral rich packstones and grainstones 

and is interpreted as representing deposition below fa ir weather wave base 

(perhaps storm influenced). The top o f the formation sees an increase in the
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calcilutite, indicating a calming o f the depositional environment (related perhaps 

to a deepening event).

• The Shanagolden Formation is composed o f a series o f brecciated (reworked) 

calcilutite clasts at its base, representing episodic high-energy modes o f 

deposition. These could be the result o f storm activity or remobilisation o f 

sediment due to the creation o f localised slopes on the seafloor. Shale content 

increases upwards through this formation, indicating a gradual quietening o f 

depositional energy (perhaps related to further deepening).

• The top c. 160cm o f the Shanagolden Formation, directly underlying the first 

appearance o f striped limestone, is a sequence o f grainstones and packstones. 

This unit has a very sharp base and contains abundant calcareous algae, 

indicating deposition within the photic zone. It is interpreted as representing a 

rapid transition to higher energy depositional conditions, and is probably related 

to a shallowing event.

A sim ilar shale-rich succession, capped by a thin (calcarenitic) limestone is also 

observed a short distance further north from Foynes on Shore Island in the Fergus 

Estuary. The succession below this is dominated by dark interbedded limestones 

(calcilutites) and shales, which represent deposition in relatively quiet conditions. These 

are heavily slumped at several levels, indicating a position on a slope. The trigger for 

remobilisation may have been over-building and triggering by storm waves or, given 

the fine-grained nature o f the sediments, it may have been tectonic.

Faulting has cut out much o f the Holkerian to Asbian part o f the sequence at 

Ballybunion, close to the axis o f the basin (as postulated by Hodson &  Lewarne, 1961). 

The exposed (thin) pre-striped limestone sequence consists predominantly o f thin dark, 

fine-grained interbedded cherty limestones and shales, suggestive o f calm and deep 

conditions. These are punctuated by thin calcarenites (packstone textures) and thicker 

calcirudites (breccias). The latter may be lenticular and represent episodic high-energy 

depositional events, probably related to debris flow  and slumping.
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4 .1 :  h t ro d u c t io n

Chapter 4: Striped limestone

4.1; Introduction

Striped Limestone is a poorly understood and rather enigmatic carbonate facies, which 

occurs widely in the late Visean of the Shannon Basin, southwest Ireland. At outcrop it 

is found to be remarkably consistent in its stratigraphic position and occurrence across 

the basin and it is generally found in association with deeper water calciturbidites, 

intraformational breccias or carbonate mudmounds (see Enclosure F). The details o f the 

sedimentology of these enclosing facies are dealt with in Chapters 3 and 5.

Asbian to Brigantian carbonate m udmounds in the Shannon Basin are dealt with in this 

chapter, as it is apparent from several field locations (for example Oyster Hall 

foreshore. Church Hill and Inishtubrid Island) that their upper parts had an intimate 

Ipossibly genetici relationship with striped limestones. A map showing the distribution 

o f  these mounds, along with known occurrences of striped limestone (from either 

outcrops or boreholes) is presented in Fig. 4.1.1.

4.2: Striped Limestone

Perhaps the most conspicuous feature of striped limestone is that it tends to stand in 

stark contrast to the enclosing sedimentary units, being often devoid of macrofauna and 

having a very sharply defined (high contrast) laminar structure. The widely occurring 

nature of this unit has been recognised for some time (e.g. M acDermot & Sevastopulo 

1972; Sevastopulo 1981 and Sevastopulo & Wyse Jackson 2009; see also Fig. 1.1.1) 

and this demands an explanation. The key problem in this respect (in attempting to 

interpret the formation o f  striped limestones) is an apparent lack of suitable modern (or 

indeed ancient) palaeoenvironmental analogues.

4.2.1 Previous work on striped limestone

Shephard-Thorn (1958), whose work centred on Foynes (Fig. 4.2.1.1), was the first to 

document facies related to striped limestone. The Tournaisian and Visean succession in
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this area is fairly complete and Shephard-Thorn's fram ework has been utilised in several 

subsequent studies as a regional lithostratigraphic standard (e.g. Somerville & Jones 

1985; Somerville & Strogen 1992; and Sleeman & Pracht 1999). The striped limestone 

facies at Foynes was named the ‘Parsonage B eds’ by Shephard-Thorn (1963), who 

noted that about 24.5m of ‘‘pale to dark-grey calcite-mudstones are exposed in outcrops 

near the old Parsonage at Foynes". Fossils were uncommon and he concluded from 

analysis of the laminations that “calcareous algae have played an important role in 

their form ation. Diagenetic recrystallisation has largely obscured the finer detail o f  the 

algal structures, but Calcisphaera, globular spongiostromid colonies and other 

recognisably algal remains have been observed" (p.288).

Shephard-Thorn (1963) did not specifically report the distinctive alternation of light and 

dark carbonate lamination, which is such a characteristic feature of the unit at many 

other locations. This point is (regionally) stratigraphically significant, as recent work by 

Sleeman & Pracht (1999) has synonymised all late Asbian and Brigantian (pre-Clare 

Shale) carbonate units in north Kerry, Limerick and south Clare into the Parsonage 

Formation. The type section of the formation is the GSl borehole 97/147, which was 

drilled south of Foynes between Ardaneer and Sroolane (see map in Fig. 2.8.1 and 

stratigraphic compilation in Enclosure E (b)); however, the name derives from the 

outcrops o f  the unit located closer to Foynes village.

Kelk (1960) recorded a 7.5m thick unit of  striped limestone at Ballybunion, noting that 

the “crinkled” form of lamination was “most likely a lga l” (p. 57). The first mention of 

striped limestone in a peer reviewed publication was by Hodson and Lewarne (1961), 

who documented about 12-15.5m of “limestones consisting o f  alternate light bands 

grading sharply upwards into dark bands” (p.321) on Inishtubrid.

Tattersall (1963) mapped the Visean limestones on the islands in the Fergus Estuary 

(Fig. 4.2.1.1) and identified striped limestone on Inishtubrid, Inishmacowney, Shore 

Island and Deer Island.
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A summary o f Tattersall’s 'Striped Limestone Group' is as follows:

Wavy
Limestone

Thick beds of smooth grey limestone follow and the 
sequence is capped by the ‘Wavy Limestone’, which is 
laminated, but lacks a light and dark alternation of 
colour. The unit is uniformly pale grey and the 
laminations are crinkled “of a similar order of size to 
corrugated iron” (TaWersaW 1963, p. 100).

Note: 
Striped 
limestone 
occurs in at 
least two, if 
not three 
discrete 
stratigraphic 
horizons.

Upper Striped 
Limestone

Characterised by slightly thicker carbonate laminations 
averaging 3-4mm.

Lower Striped 
Limestone

(Approximately 1.25m thick) is composed of thin 1- 
2mm laminations

Tattersall (1963) observed a paucity o f fossils within striped limestone facies and noted 

from thin-sections that laminations were composed “entirely o f  recrystallised ca lcite”. 

She drew a comparison with Lagoon Phases at Gower, as described by Dixon &  

Vaughan (1911). Tattersall concluded that at the time o f deposition the water must have 

been quite shallow, clean and little disturbed by currents.

Thornton (1966) discussed scattered outcrops o f striped limestone in the Fenit Area 

(Fig. 4.2.1.1) and noted a wide variation in both appearance and deformation o f striping, 

concluding that it must have formed in a very shallow environment (possibly even 

supra-tidal). Hudson et al. (1966) documented the Tournaisian to Visean stratigraphy o f 

the area (adjacent to Thornton's) around Castleisland (Fig. 4.2.1.1). They did not make 

specific reference to striped limestone; however, they do mention abundant Aphralysia 

structures high in the Cloonagh Formation there. Aphralysia (interpreted both as an 

alga and problematic encrusting foraminifera by several authors) is understood to have 

played a role in the construction o f certain Mississippian carbonate buildups (Bridges et 

al. 1995). Hudson et al. (1966) compared this particular facies directly to "similar 

lithologies, interpreted as lagoonal deposits" located further north at Foynes by 

Shephard-Thorn (1963).

A summary comparison table o f this early (1960s) work on striped limestone is shown 

in Fig. 4.2.1.2 and a recurring theme is a general interpretation o f striped limestone as 

having been produced in shallow marginal marine environments with a strong algal 

influence.
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MacDermot and Sevastopulo (1972) were the first to suggest a possible evaporitive 

influence in the formation of striped limestone. This concept was developed further by 

Sevastopulo (1981), who interpreted the stripes as pseudomorphs after deep-water 

evaporite beds. Thus, a fundamental change in the interpretation of striped limestone 

was made, from an extremely shallow, strongly biologically mediated mode of 

formation to a deeper (basinal) abiogenic model. The apparent lack of middle ground 

between the two concepts is quite stark. One comment can be made at this point, 

irrespective of which model is more correct, the widespread formation of either shallow 

water microbialites or deep water evaporites at this time is undoubtedly the result of a 

major modification in the pattern of circulation through the Shannon Basin.

4 .2 .2  Physical appearance in hand specimen and at outcrop 

In hand specimen, striped limestone is composed of rhythmically alternating, fine

grained pale and dark mm-scale carbonate laminations. Typical examples of striped 

limestone from Monument Hill Quarry, Lixnaw and the foreshore at Fenit are shown in 

Figs. 4.2.2.1 and 4.2.2.2 respectively. In addition, examples of striped limestone from 

Ballybunion and the Fergus Islands are presented in Fig. 2.7.1.3, Figs. 2.9.2.2-3 and 

Fig. 2.9.3.2.

The 'striped' laminae often preserve extremely fine, sharp and delicate details. However, 

they also have the potential to display a high degree of disruption and deformation 

(generally at several different scales). The 'microtectonics' observed is often very 

complex and interchanges between ductile and more brittle deformation modes are 

observed over comparatively short distances. This deformation is discussed in more 

detail in Section 4.2.3 (below) and is examined through observation of polished thin- 

section plaquettes and hand samples, as well as analysis of outcrop scale features.

Thin-sections of striped limestone are examined in Section 4.2.5. These reveal a 

pervasive micro or pseudosparite texture with patchy preservation of microbial 

structures. Striped limestone facies is typically macropalaeontologically barren (Section
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4.2.6), suggestive o f either a palaeoenvironment unfavourable to a 'standard' marine 

biota or a bias against preservation.

A variety o f geochemical techniques |XRD, XRF and stable isotope mass spectrometry | 

are employed in the examination o f striped limestone (see Sections 4.2.7-8). These were 

conducted to see i f  the carbonate laminae possessed, or retained, any isotopic, elemental 

or mineralogical features, which may shed further light on the origin o f the laminae.

The critical points to be addressed and considered with respect to striped limestone are:

1. Do the laminae reflect a [seasonably! varied style o f sedimentation (i.e. varves) 

or were they produced by extensive microbial activity on the floor o f the 

Shannon Basin.

2. The widespread microspar texture (evident in thin-sections) is apparently

replacive. I f  so, what has it replaced and has it completely obliterated all 

primary features, which may have provided an indication o f its original nature?

3. Why is the facies devoid o f macrofossils, even though enclosing units contain a 

'normal' marine fauna. Does the microflora and microfauna (described in 

Section 4.2.5) have the potential to shed further light on this matter?

4. What is the significance o f the widespread (brittle and ductile) modes o f 

deformation observed disrupting laminae? Is this purely the result o f 

synsedimentary slumping, or is there another possible explanation?

5. Striped limestone is commonly seen in close association with carbonate 

mudmounds. Are the two facies palaeoenvironmentally interlinked in some 

way? This issue is explored fu lly  in Section 4.3.

Ultimately, these questions concern the gaining o f a greater understanding o f the 

palaeoenvironmental significance o f a unit o f laminite, which is basin-wide in its 

development. Thus we return to the apparent paradox in terms o f interpretation by 

previous workers (outlined in Section 4.2.1 above); that o f either a very shallow marine 

setting w ith m icrobially mediated lamination, or a deep-water (basinal) varved style o f 

evaporite sedimentation.

The basic underlying morphological form of striped limestone appears to remain 

remarkably consistent at all exposures o f the facies in the Shannon Basin and this has
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led to suggestion that it may infact represent an Important lithological or temporal event 

marker horizon across the region (see for example Sevastopulo and Wyse Jackson 

2009). When examined more closely, however, the details of the particular style of the 

lamination (i.e. colour, shape, thickness of individual laminae etc.) are found to be quite 

variable not only at individual locations (see, for example, montage of forms from Fenit 

in Fig. 4 .2 2 .2) but, to a greater extent, between more geographically separate outcrops 

(compare Fig. 4.2.2.2 to Fig. 4.2.2.1).

Bearing this in mind, it is perhaps best to try to account for the full range of 

morphological possibilities exhibited by striped limestone by erecting a basic 

classification based on the physical form of the laminae when viewed at a macroscopic 

level. Five categories are discernable:

T y p e  I:

This is the ‘simplest’ form of striped limestone and has been observed at only one 

locality; Monument Hill Quarry, Lixnaw. It is found forming a raft type structure very 

close to the top of the available section (see Fig. 4.2.2.3(a) and details of the top of the 

quarry section on Enclosure B). Individual laminae are extremely flat and planar and 

thicknesses remain quite constant along strike. Thickness of laminae is on the order of 

I-2mm, although very fine sub-mm laminae are also noted. In general the darker 

interlayers are subordinate in terms of thickness to the paler layers and the transition 

between the two is quite sharp. A form of gradational transition is sometimes seen 

developed, in particular in the base of certain paler layers (this is also observed in thin- 

section -  see Section 4.2.3 below). Where the paler layers are not as strongly developed, 

they are replaced by very fine and thinly developed medium (brownish) grey laminae 

(see top and bottom of plaquette detail in Fig. 4.2.2.3(a)).

Deformation is minimal and individual laminae are much more laterally continuous in 

comparison to those developed in Types II-V (below). Of all types of striped limestone, 

this form is least likely to have had a biological influence during formation.

T y p e  II:

This form is composed chiefly of ‘ thick’ pale coloured laminae, with the thickness of 

individual layers averaging 3-5mm, however with some examples reaching 10mm or
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4,2 2: Physica l  a p p e a r a n c e  in h and  sp e c im en  an d  at  outcrop

above (Fig. 4.2.2.3(b-c)). This type of striped limestone is best observed on the 

foreshore beneath Oyster Hall Hill, Fenit, in the massive part o f  the Cloonagh 

Limestone Formation below the appearance o f  true bedding in the overlying Oyster Hall 

Breccia Formation (see map Figs. 2.3.1.1 and 5.2.1). Lighter coloured laminite of this 

kind is quite commonly found in association with carbonate m udmounds. It is also seen 

for example at Ballintogher Limeworks Lixnaw, County Kerry (see Fig. 2.5.2.2(c) & (e- 

f) and also towards the top of Log LixY) and also at Church Hill in Fenit (Figs. 4.3.5.1- 

3).

In Fig. 4.2.2.3(c) the darker interlayers are highly reduced and in many instances absent. 

It is also a common feature of this type of striped limestone that boundaries between 

successive laminae (which are sometimes almost indistinguishable lithologically) are 

defined by pressure solution seams or stylolites. The polished plaquette of striped 

limestone from Oyster Hall in Fig. 4.2.2.3(b) demonstrates that although light and 

darker laminae can be readily distinguished, the colour contrast between alternating 

layers is quite reduced (compared to the three other types of striped limestone). In this 

instance the laminations are composed o f  light and m edium grey, fine-grained 

carbonate, instead of white and dark grey to black colour.

Deformation is noted in this particular striped limestone form , but it is never 

particularly intense, especially on a micro (mm-cm) scale. Very often the slabs or 

bodies o f  the laminite are gently folded or warped.

T y p e  III:

This form o f  striped limestone is best developed on the Black Rock Island, Oyster Hall 

foreshore, Fenit (Fig. 2 .3 .1.3). Lamination remains (essentially) smooth, flat and 

continuous and retains a strong colour contrast between successive layers, similar to 

Type 1. In contrast, however, to Type I there is a greater variability in the thicknesses of 

individual layers (Fig. 4.2.2.3(d-f)). In addition the dark layers tend to be thicker and 

more prominent in comparison to the paler interlayers, which may also be very gently 

undulose.
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4.2.2: Physical appearance in hand specimen and at outcrop

Deformation o f laminae in this form o f striped limestone appears to commonly involve 

the dislocation and shortening o f laminae, usually on quite a small scale (see mm-scale 

imbricate pale laths highlighted in white box in Fig. 4.2.2.3(f)).

T y p e  IV:

The ‘stripes’ o f this variant generally alternate pale and dark in colour; however, in 

contrast to striped limestone Types l- I I l ,  individual laminations o f Type IV are much 

less smooth and continuous in form (Fig. 4.2.2.4(a)). They are generally best described 

as being ‘ crinkled’ and they can bear a resemblance to biogenically produced 

lamination (microbial layering or stromatolites). Lack o f continuity or truncation o f 

laminae is generally due to either simple peter/taper out or micro-deformation. 

Deformation is quite a typical feature o f this form  o f striped limestone and appears to be 

more pervasive here than in all previous types.

T y p e  V:

This form is really quite a marked departure in appearance from all other forms. It is 

known only from the Fergus Islands and is best displayed on Inishtubrid were it forms 

the top o f the Striped Limestone Formation (see units TUB5-7 on Log TU B). Tattersall 

(1963) originally named this particular horizon the 'Wavy Limestone' and that informal 

term is retained here. It is composed o f medium to dark grey micrite and there is 

absolutely no colour differentiation between successive layers. In this sense, it is 

d ifficu lt to describe this particular style o f lamination as being 'striped'. The underlying 

laminar structure is best displayed on weathered surfaces (Fig. 4.2.2.4(b) where it is 

formed o f wrinkled or crinkled layers up to 1mm thick. These laminations form wave or 

ripple-like structures (with wavelengths o f 5-6cm and amplitudes o f 1cm), which climb 

and cut over one another. These 'ripple' like structures disappear upwards through the 

c.SOcm o f section that this unit occupies. On fresh surfaces (Fig. 4.2.2.4(c)) lamination 

is much less distinct and only thicker 5- 10mm bands are discernable.

O f all the types o f striped limestone examined. Type V  displays the most stromatolitic 

style o f lamination, although it is not actually visually striped. It is included in the 

classification scheme developed here as it is clearly a microbially Influenced sediment 

and it occurs in close association with more 'regular' striped laminae a short distance 

stratigraphically beneath.
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4.2.2: Physical appearance in hand specimen and at outcrop

These five morphological subdivisions are best considered as end members of the total 

potential spectrum of striped limestone types. In practice, with the exception of Type I, 

a gradation in form between various end members is commonly observed in the field 

(laterally and vertically) and samples may possess a combination of these features.

The main differences between striped limestone Types I-V and a visual representation 

o f this gradation o f form is presented in Fig. 42.2.5.

Three explanations can be put forward at this stage to try to account for the 

morphological differences between the striped limestone types defined above:

1)The variation in ‘striping’ directly reflects differences in the original 

palaeoenvironment from location to location.

2) It is apparent from the visual classification scheme presented in Fig. 4.2.2.5 that 

either an evaporite or microbialite influence (or a combination o f the two) can 

readily be invoked in order to explain the range o f striped morphologies observed.

3) The gross morphology may, infact, be inherited (secondary) and is merely a 

function of the diagenetic or replacement history of the rock, i f  this is the case 

then it is possible that the protolith possessed combination of features preserved to 

varying degrees in all the different striped limestone forms.

4.2.3: Deformation o f  stripes

Deformation of primary lamination is a common and indeed a key feature of striped 

limestone. Disruption o f laminae is often extremely complex, with interplay between 

both brittle and more ductile forms of deformation observed in single hand specimens. 

Commonly, sections or zones of striped limestone, which appear on a macroscopic level 

(superficially) to be essentially flat and evenly laminated, display varying and even high 

levels o f disruption and discontinuity on both meso- and microscopic scales.

Examples o f mesoscopic deformation o f striped limestone lamination are shown on 

several enlarged polished (thin-section) plaquettes from Lixnaw and Ballybunion in 

Figs. 4.2.3.1-2. A t this scale, it is clear that laminae had the potential to flow and fold or
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4.2.3: Deformation of stripes

break up and form imbricate clast-supported breccia textures. An important point to 

note from Figs. 4.2.3.1-2 is that relatively undisturbed and continuous laminae may 

directly overlie (or underlie by only a short distance) highly deformed layers. The 

overlying lamination in Fig. 4.2.3.1(b) looks to be erosive, however, careful 

examination o f the base o f this particular layer shows it to be both irregular and 

partially detached.

Clearly this deformation must have occurred before, or early in the burial history. This 

implies that either:

1. The deformation happened almost instantaneously with the generation o f 

successive layers at the sediment-water interface. Undeformed and continuous 

layers could then blanket underlying deformed laminae, or

2. Discrete and confined layers may have been 'targeted' fo r deformation at a later 

stage during burial. This is obviously a more complex process to envisage; 

however, hydration o f evaporites (in particular anhydrite) could produce such an 

effect. This concept w ill be considered further, later in this chapter.

Examination o f larger (hand-sample sized) specimens o f striped limestones reveals, 

again, the common occurrence o f both brittle (brecciated) and ductile (folded) styles o f 

deformation. The polished slab from Lixnaw in Fig. 4.2.3.3(a) demonstrates a zone of 

highly contorted and convolute laminae directly overlain by thick (and fa irly  even) 

Type I lamination, which has suffered some brittle detachment. This zone is then 

overlain by thinner, darker fa irly  continuous laminae. This rapid transition from highly 

disturbed to relatively undisturbed laminae happens over a vertical stratigraphical 

distance o f less than 40mm and provides support fo r the concept (developed above) that 

this deformation is largely syn-sedimentary in origin. A t the very least it may reflect 

intraformational movement or event dewatering o f sediment.

Fig. 4.2.3.3(b) shows a polished slab (also from  Monument H ill Quarry), which 

illustrates the rather chaotic nature o f folding exhibited by striped limestone. It is 

apparent from this specimen that whilst the laminae experienced compression and 

underwent folding, the layers were brittle enough to break along strike (edgewise 

dislocation). Another feature, well demonstrated by this sample, is an inconsistent sense
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4,2.3: Deformation of stripes

o f shortening direction. This is actually a fa irly  typical feature o f striped limestone 

deformation and points to very localised forces acting to disrupt layering.

The style o f brecciation o f lamination is also highly variable and the fo llow ing types 

were observed:

A. Matrix-supported breccias with angular (and quite discrete) clasts or laths o f 

striped limestone 'free floating' in a muddy (calcilutite) matrix |'floatbreccia'|. 

The sample o f breccia from the top o f the section in Monument H ill Quarry in 

Fig. 4.2.2.1(e) is a good example.

B. M atrix to (largely) clast-supported breccias, where laminae have broken and 

dislocated, but not travelled very far. It is sometimes possible to visually piece 

the clasts back together and reconstruct the original stripes |'crackle breccia' 

(little  relative displacement o f fragments) and 'mosaic breccia' (fragments are 

largely, but not wholly displaced); see Fig. 4.2.11.2(a)). These breccias have 

effectively developed in-situ and the two polished slabs from Monument H ill in 

Fig. 4.2.3.4(a-b) illustrate this style o f deformation very clearly.

C. Clast-supported 'polym ict' (in terms o f carbonate clast content) breccias, which 

are poorly sorted and tend to look quite chaotic |'packbreccia'|. Clast sizes may 

be quite large and the polished slab from the top o f Log L ixX  at Lixnaw in Fig. 

4.2.3.5(a) demonstrates this particular form . Note the total lack o f sorting and 

the angularity and rather blocky 'lath' shape o f clasts in this sample. The breccia 

overlying an in itia l phase o f striped limestone on Shore Island (see Fig. 3.8.3) is 

another good example o f this type. This unit contained large angular striped 

limestone clasts up to 10cm in size and the weathered appearance is reminiscent, 

in places, o f a 'jumbled pile o f house bricks'. This type o f brecciation 

undoubtedly represents a high-energy mode o f emplacement. However, given 

the general angularity o f laminite clasts and lack o f sorting; the amount o f 

transport distance involved is debatable.

D. Mottled and rather indistinct breccia. The upper portion o f the polished hand- 

sample in Fig. 4.2.3.5(b) illustrates this particular type (see Fig. 2.7.1.3(a) for a 

larger scale view o f this horizon from Ballybunion). This form is generally clast- 

supported and the boundaries between clasts are nebulous and often quite 

d ifficu lt to discern in the field. In places the breccia texture is so faint the term
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4.2.3: D eform ation o f stripes

'pseudobreccia' may be applied. In other instances, the contacts between clasts 

may have become heavily stylotised, making the clasts much easier to identify.

Much larger-scale syn-sedimentary deformation of striped limestone, in comparison to 

all the forms outlined above, is also evident at many sections. Where exposures permit, 

decimetre scale thick developments of laminite, when traced out along strike laterally, 

are seen to terminate quite rapidly and pass into either a calcilutite facies or even a 

calcirudite (breccia) unit. These developments are often warped and gently buckled 

(Fig. 4.2.3.6(a)) indicating a semi-consolidated consistency prior to deformation, in 

other instances (see Figs. 4.2.3.6(b) and 4.2.3.7) these localised striped limestone 

developments clearly form detached and rafted slab-like structures. This is an especially 

common feature where striping has formed in association with m udmound facies. The 

example from M onument Hill Quarry, Lixnaw, in Fig. 4.2.3.6(b) is not associated with 

mudmound facies; however, it is interesting to note its attitude (sub-horizontal) to 

bedding, which suggests it may have simply slid or glided into place.

At Mens Strand, Ballybunion (see Log BY BA), none of the striped limestone units 

identified in the log were found to be laterally continuous beyond the scale o f  the 

outcrop and many appeared to be forming clearly defined (detached) rafted structures in 

the succession. In other areas, due to limited outcrop, the identification of detachment 

and remobilisation of such large blocks of striped limestone is less easy to confirm. 

Records of striped limestone based on borehole material would undoubtedly not detect 

this feature.

4.2.4: Striped Limestone at Monument Hill Quarry

The section at Lixnaw quarry records a shallowing sedimentary sequence (see Log LIX 

and Section 3.5) capped by c.9.5m o f  striped limestones together with associated 

breccias and massive dark caiciiutites. A thin and distinctive oncoid horizon underlies 

the initial appearance of striped limestone and this has been previously described in 

Section 3.6.
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4.2.4: S triped L im estone at IVIonument H ill Q uarry

The striped limestone capping the section is particularly well exposed in the 

northeastern corner o f the quarry (see maps (a &  b) on Enclosure A ) and a detailed 

study o f the distribution o f various lithologies is presented in Enclosure B. A 

(companion) summary o f this facies distribution map is shown in Fig. 4.2.4.1.

It is clear from Enclosure B that there are at least two phases or developments o f striped 

limestone at Lixnaw, separated by a thick (c.340cm, horizon L ixH ) unit o f breccia:

Phase 2:

The (upper) second phase is much thicker, more complex and is 
characterised by much higher levels of disruption to striped 
limestone lamination. Breccias are interwoven with laminite, which 
has a tendency to become truncated laterally. Large scale folding 
and rafting structures are developed.

Phase 1:

The initial (basal) development is composed of c.70cm of fairly 
laterally continuous laminae. Deformation is generally low, 
however, intense (enterolithic?) localised folding was observed 
(see Enclosure B).

The upper phase may in fact be an amalgamation o f two developments o f striped 

limestone (see Enclosure B); however, as the interrelationships between laminite and 

breccia are complex and chaotic, they are treated as a single unit here for clarity. In the 

upper phase, it is generally the case that reasonably coherent developments o f stripes 

(visible in the top o f the quarry section cut) pass along strike into thick breccias (visible 

in the lower right o f the sketch map). As the bedding in Enclosure B is steeply dipping 

to the south (the photograph o f the section was taken facing east), reconstruction o f the 

original orientation o f bedding would suggest the brecciated units passed laterally into 

less disturbed, laminated units a short distance further north. Evidence from imbrication 

o f stacked 'rafts' o f striped limestone near the top o f the sequence (see "Detail o f  the top 

o f the quarry section at Lixnaw" on Enclosure B) suggests possible movement or 

slippage in a northerly direction (although this evidence is equivocal).

In the lower parts o f Phase 2, a general pattern o f fla t, even and continuous stripes, 

followed by thicker, more crinkled laminae, fina lly  overlain by breccia, is observed. 

This essentially represents a vertical progression from Type I to Type IV (see Fig.
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4.2.4; Striped Limestone at Monument Hill Quarry

4.2.2.5) striped limestones and, by inference, a possible switch from more 'evaporitic' to 

largely microbialite-influenced sedimentation (see detail on Enclosure B).

This twin phase of striped limestone development is also observed in the southwestern 

corner of Monument H ill Quarry (see Log L ixX ), although the intervening breccia is 

much thinner. A similar trend is observed a short distance further east at Ballintogher 

Limeworks (Log L ixY ), although there top of the section passes from a striped 

sequence up into a thick development o f pale massive calcilutite (interpreted as 

carbonate mudmound facies).

Returning to Monument H ill Quarry (Enclosure B), the underlying Phase I striped 

limestone development is represented by a relatively thin, but fairly continuous band of 

laminite, which is c.70cm thick and is sharply overlain by breccia. This pattern of an 

initial phase of continuous striping, replaced upward and abruptly by breccia is a 

common theme at many locations (see stratigraphic correlations across the Lixnaw area 

(part c) on Enclosure A). It is also recognised on a more regional scale (Fig. 42.4.2). 

The similarity of thickness of initial (Phase 1) development o f striped limestone 

between Lixnaw and Shore Island (a distance of some 50km (uncorrected for folding) is 

quite remarkable and suggests that the palaeoenvironmental conditions responsible for 

the production of striped limestone lamination (and subsequent brecciated facies) were 

operating on a basin-wide scale with a near synchroneity in the timing of events.

4.2.5: Thin-section analysis

The commonest (and indeed dominant) texture o f striped limestone under the 

microscope is a uniform and rather featureless equant (anhedral) microsparite (Fig. 

4.2.5.1). The light and dark mm-scale lamination, which is so conspicuous in hand 

sample, is generally not as clearly defined in thin-section. Crystals are usually within a 

similar size range of between 5 and 40/^m and are generally well sorted, although 

irregular zones with coarser calcite do occur in discrete patches. A commonly occurring 

feature is a distinct grading (both normal and reverse) o f crystal sizes within individual 

laminae (Fig. 4.2.5.l(c, d, f)).
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4.2.5: Thin-section analysis

This microsparite or 'pseudosparite' is a pervasive replacement (secondary) feature o f 

striped limestone and it appears to have removed and destroyed much o f the primary 

texture o f the roci<. It may be partially or indeed wholly a product o f aggrading 

neomorphism. As neomorphism implies a change of mineral shape, but not a change in 

chemistry, this has made interpretation o f the process originally responsible fo r creating 

the laminite more d ifficu lt. The grading o f calcite crystal sizes observed w ith in laminae 

may be a relic o f the original texture, perhaps reflecting 'varve' type sedimentation.

In certain sections more o f the original texture has been retained and this evidence is 

documented in Figs. 4.2.5.2-9 and is discussed below.

The commonest (non-replacive) texture preserved in striped limestones is a peloidal 

microsparite (Fig. 4.2.S.2). A gradation in development o f these structures can be 

observed:

1. Initial appearance o f an inclusion rich form of microsparite, which is less 'clean' 

looking.

2. Dispersed, irregular dark peloids (see Fig. 4.2.5.2(b)) with diffuse boundaries set 

in the inclusion rich equant microsparite matrix.

3. As frequency o f peloids increases, packing becomes more intense and a clotted, 

fuzzy peloidal (grumeleuse) texture results forming a 'sponge-like' network. Fig. 

4.2.5.2(c) gives a good impression o f this gradation o f form.

Clotted peloidal textures have been considered to be products o f microbial activity for 

some time (e.g. Chafetz, 1986) and a variety o f descriptive terms have been applied. 

Riding (1991) coined the term 'cryptic microbial carbonates' fo r these fabrics. Other 

workers have applied terminology such as spongiostromate, grumeleuse, thrombolithic 

or simply microbialite to such textures. Riding (2000) postulated that this clotted fabric 

was the direct result o f calcification o f microbial EPS (extracellular polymeric 

substances). He conceded, however, that an element o f micrite accumulation through 

trapping could not be wholly discounted.

Stephens and Sumner (2002) discussed the preservation o f Devonian renalcid colonies 

from the Canning Basin o f Australia. They describe a 'cloudy microcrystalline cement' 

(CMC), which surrounds and forms an association with renalcid biostructures. This
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4.2,5: Thin-section analysis

texture is similar in several respects to the inclusion-rich form of microsparite 

(described in 1 above) observed in striped limestone. Stephens and Sumner (2002) 

proposed that this texture is the result of  degradation and calcification o f  EPS from an 

inactive biofilm surrounding the colony. The renalcids examined by Stephens and 

Sum ner (2002) were described as "dendritic clumps o f  gray micritic clots" (p.229) and 

it is worth noting that several o f their figured colonies bear a resemblance to grumeleuse 

textures observed in striped limestone, particularly where evidence of a micritic 

(tubular) walled construction is preserved (compare Fig. 4 .2 .5 .2(c & e) with their Fig. 

5(a-b)).

The key thing with clotted peloidal (grumeleuse or spongiostrome) textures is that the 

peloids themselves are never considered to have been 'loose' sedimentary grains. They 

were produced more or less in-situ, in some sort of stable surficial microbial mat. 

Similar textures in carbonate mudmounds may be observed supporting, but more 

comm only flooring, early cavity systems and this is taken as proof of the primary 

(framebuilding or autochthonous) nature of the peloids (Pickard, 1996). In Fig. 

4 .2.5.2(b), grumeleuse structure is seen to form a vertical structure. Assuming this is not 

entirely an artefact o f recrystallisation, this provides some support for the idea that the 

microorganisms responsible were capable of forming small (thrombolithic) buildups. 

More convincing is the example in Fig. 4.2.5.2(c), where a large (coarser) spar filled 

cavity is being supported by a clotted peloidal texture (in particular note the dense, dark 

band form ing a 'roof  structure across the top.

Other cavity fills are unrelated to microbial textures. The example in Fig. 4.2.5.3(a) 

appears to be calcite spar pseudomorphing gypsum. This is an important find as 

convincing evaporite pseudomorphs are extremely rare in striped limestone. Fig. 

4.2.5.3(b) shows blocky dolomite infilling cavity spaces between brecciated striped 

limestone from Ballybunion. Fig. 4.2.5.3(c) is less easy to Interpret and is an isolated, 

spar filled cavity, which may be a poorly preserved pseudomorph.

Examples of concentrically zoned cryptocrystalline (chalcedonic) quartz replacements 

in striped limestone are shown in Fig. 4.2.5.4. These structures occur as small nodules 

and nebulous masses between and within laminae. The examples in Fig. 4.2.5.4 are 

from Ballintogher Limeworks (a) and the old quarry south o f  Lixnaw Cross (b & c; see

153



4.2.5: Thin-section analysis

Log L ixW ). The laminite from the L ixW  section, in particular, had quite well formed 

developments o f this siliceous material (see Fig. 4.2.3.2(b)) and the individual nodules 

are seen to have irregular (knobbly) cauliflower-like surfaces. Somerville (1999) also 

reported chalcedony in the striped limestone succession o f the GSI Foynes borehole 

(see Enclosure E (b)).

Aside from clotted peloidal textures, very little  direct physical evidence fo r biogenic 

activity exists in striped limestone. However, it is not entirely lacking. In samples with 

appreciable preservation o f darker bands (Type III striped limestone fo r instance) 

microbial filaments w ith calcified sheaths are occasionally detected. Type II and Type 

IV forms also produced remains o f calcified microbial/algal material.

The first o f these microbial forms are small m icritic-walled tubes ascribed to Girvanella 

(Fig. 4.2.S.5) and interpreted as the calcified sheath o f a variety o f filamentous blue- 

green algae (cyanobacteria). These are generally seen orientated parallel to lamination 

(i.e. across the substrate) and may form small networks. It might be tempting to infer a 

shallow water setting for striped limestone on the basis o f the presence benthic 

calcareous algae, however, as Riding (1975) points out, establishment o f depth is 

dependent on the level o f identification o f the material. A t high levels, it is lim ited as 

calcareous green algae are lim ited to around 100m water-depth, whereas calcareous red 

algae may extend down to 400m.

The second type o f calcified microorganism identified from striped limestones is more 

complex in form (Fig. 4.2.5.6) and is composed o f a meshwork o f m icritic walled 

cellular structures. These organisms appear to be somewhat similar (the cell size is 

smaller) to solenoporaceans, a group which have, until recently, been considered as red 

algae (e.g. Heckel 1975; Brooke &  Riding 1998). Riding (2004) concluded that the 

Solenoporaceae is like ly to be a heterogeneous grouping o f sponges, red algae and other 

Problematica and noted that the entire group is in need o f revision.

Better-preserved examples o f the striped limestone problematic 'Solenoporacean' 

material in Fig. 4.2.5.6(a-f) indicates that at least part o f the structure o f the organism 

was composed o f a dimerous coaxial stem (thallus) with an open central cavity 

(medulla?) surrounded by numerous smaller cellular structures in the cortex. These
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4.2.5; Th in -section  analysis

'stems' are fasciculate (Fig. 4.2.5.6(b, e)) and typically 500/<m at their widest (prior to 

branch separation). They are generally oriented (sub)parallel to lamination and 

occasionally occur in clusters (Fig. 4.2.5.6(d)). An important point to note about this 

material is the quality o f preservation. Sequential examination of the specimens in Fig. 

4.2.5,6(a-c) and Fig. 4.2.5.7(b) reveals a progressive deterioration in the quality o f the 

preservation of the ultrastructure, to the point where the cellular structure of the 'cortex' 

is barely recognisable. This has obvious important consequences when trying to classify 

these structures.

According to Cozar &  Vachard (2006) the presence o f a coaxial dimerous thallus, with 

a clear division between a central medulla and an outer cortex and a fasciculate style of 

branching is atypical of 'Solenoporaceae'. The striped limestone material could be 

assigned to ArchaeoUthophyllum (Rhodophyta); however, this genus has a weak 

(aragonite) calcification. The Irish material does resemble Hortonella as figured by 

Vachard &  Aretz (2004, see their Fig. 7.7 and compare it to Fig. 4.2.5.6(g' ^)). This 

genus is again interpreted as a Rhodophyte, placed tentatively within the Family 

Archaeolithophyllaceae, and Cozar &  Vachard (2003) considered it to be a link between 

Solenoporaceae and true Archaeolithophyllaceae. A few of the details of Hortonella do 

not correspond completely with the Irish specimens, in particular the rarity of 

bifurcation in Hortonella (according to Vachard &  Aretz (2004)). However, Hortonella 

is named after the Horton Group in Canada, which is evaporitic.

Cozar &  Vachard (2006) described a new genus of red alga, Maimonachaetetes, from 

the Asbian of southwestern Spain. This genus shares many features with the 

Archaeolithophyllaceae, and more recent Corallinales, but is less similar to the 

'Solenoporaceae'. Many of the features o f this genus also f it with the Irish material. 

There is a very strong similarity, in particular, between structures on Maimonachaetetes 

interpreted by Cozar &  Vachard (2006) as possible reproductive structures or sporangia 

(compare their Fig. 4.3 &  4.6 to Fig. 4.2.5.6(a &  d) herein). The main difference 

appears to be that the Irish material is consistently organised (with a few exceptions) 

into a double-barrel dimerous structure whilst Cozar &  Vachard (2006) noted the 

sporangia of Maimonachaetetes lacks a regular form.
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4.2.5: Thin-section analysis

Some (o f the more fragmentary) 'Solenoporacean' material examined is also similar to 

the problematic Aphralysia (interpreted as either calcareous alga or an encrusting 

foraminifera). On balance, however, it seems likely the second calcified microbial type 

from striped limestone (Fig. 4.2.5.6) is indeed a red algae, fa lling somewhere between 

the Archaeolithophyllaceae and ’Solenoporaceae’. The scarcity o f (good quality) 

material to examine and the tendency for the ultrastructure to degrade, almost beyond 

recognition in some cases, hampers further determination.

Other (presumed) biogenic microbial structures are illustrated in Fig. 4.2.5.7. Some o f 

these (such as Fig. 4.2.5.7(b, d, e)) may be degraded examples o f forms already 

described. The large inverted cone-shaped m icritic structure in Fig. 4.2.5.7(a) may 

represent a vertical thrombolite development. It contains numerous filamentous 

structures (suggestive o f Girvanella). The (parallel oriented) structures in Fig. 4.2.5.7(c) 

are hard to interpret, however, they may represent vertical (elongate) microbial growths 

through the sediment (or indeed up from the seafloor).

Aside from microbes (flora), the only microfauna (rarely) encountered in striped 

limestone are ostracods (Fig. 4.2.5.8(a-b)). The forms examined were all articulated and 

in one instance (Fig. 4.2.5.8(b)), an ostracod appeared to have become embedded in a 

microbial mat. Other (slightly deformed) problematic bivalved structures are shown in 

Fig. 4.2.5.8(c-d). These are (very) tentatively identified as ostracods on the basis o f the 

overall shape o f the structure (?carapace); however, they do not appear to have ostracod 

ultrastructure.

As mentioned previously, disruption and degradation o f the lamination and 

microstructure o f striped limestone is common. Examples o f this deformation are 

illustrated in Fig. 4.2.5.9. These include brecciation (Fig. 4.2.5.9(a-b)), which was 

discussed earlier and pressure solution seams (stylolites), which often have dissolved 

and removed entire layers (Fig. 4.2.5.9(c-d)) or, in some cases, microbial bioclasts (Fig. 

4.2.5.9(h)). Rarely, vertical spar (or microsparite)-filled cracks break layers (especially 

darker ones; see Fig. 4.2.5.9(e-f) and also Fig. 4.2.5.2(c)). These are often overlain by 

more continuous layers and they tend to wedge out downwards (i.e. they are localised). 

They are interpreted as being syn-sedimentary in origin and they may represent rupture 

or breakage o f a microbial mat. The other major problem with preservation is

156



4.2.5; Thin-section analysis

recrystallisation, which can obliterate entire microstructures. The algal material figured 

in 4.2.5.9(g) is the same dimerous Archaeolithophyllaceae/ 'Solenoporaceae' material 

discussed above; however, here it has been heavily sheared and partially recrystallised 

along the right hand margin.

Fig. 4.2.5.9(b) shows a breccia from the middle o f the striped limestone sequence at 

Ballybunion (horizon BYBA51). The poorly preserved, chambered skeletal structures 

(labelled Bz in the image) are bryozoans. This would be a new faunal association for 

striped limestone facies and might be telling something about the salinity tolerances o f 

this particular form. On the other hand, there may be an analogy with the instance o f 

rafted and brecciated striped limestone at Oyster Hall foreshore, Fenit, which is in very 

close proxim ity to 'normal' marine fossils (see Fig. 4.2.3.7).

The final (microscopic) mineralogical feature o f striped limestone is the presence o f 

pyrite framboids. These were detected on thin-sections using both (high magnification) 

reflected light microscopy and SEM (Fig. 4.2.5.10) techniques and they lend further 

support to the contention that microbes (probably bacteria) played an active part in 

either the generation o f striped lamination, or its subsequent diagenesis.

Further SEM work was undertaken in TCD in 2000 to try to see i f  any unusual mineral 

phases, in particular ones below the resolving power o f a standard petrological 

microscope, could be detected. Two small plaquettes, one with a fractured surface 

(normal to striping) and one which had been hand polished and than half etched in 10% 

HCl were prepared. In particular, it was hoped at the very least to be able to give a 

clearer explanation for the alternation between light and dark grey banding in the 

stripes, which is evident on a mm scale thickness’ in hand sample, but not as well in 

thin-section. This approach proved unsuccessful. Problems with resolving and 

distinguishing light and dark layers in thin-section were exacerbated in SEM and it 

proved extremely d ifficu lt to differentiate light and dark layers and indeed impossible to 

scan systematically or navigate across the surfaces o f the plaquettes.
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4.2.6: Palaeontological content o f Striped Limestone

A lack of a visible macrofauna is a general feature of striped limestone facies. This 

seems to be reflected also, to a certain extent, in the microfaunal component, although 

there is reasonable evidence for the presence of a microflora (see Section 4.2.5 above).

At Monument Hill Quarry, Lixnaw (Log LIX), crinoidal material is recorded in the 

section underlying the striped transition to within only a few cms of the contact (unit 

K). The bed above this (unit J) lies directly below the first appearance of striped 

limestone in the section (unit 1) and it was seen to be a peloidal packstone in thin- 

section, with calcispheres and ostracods (Fig. 3.6.6(b-d)). LixJ was processed for 

conodonts (see Appendix B4) and had a low yield, with only one juvenile PI of 

Gnathodus homopunctatus and some ramiform elements. It did, however, contain a 

considerable number of actinopterygian fish teeth and scales as well as moulds of 

brachiopods preserved in silicified matrix. In addition, the residues revealed a large 

amount of finely disseminated pyrite. Above the contact, the beds, which contain a 

complex mixture of continuous and brecciated stripes (Enclosure B), are barren for the 

next c.lOm. Right at the top of the available section, with the demise of striping and 

appearance of regular bedding again, there is a rapid return of ‘typical’ Palaeozoic 

shelly marine benthos.

Horizon LixC (close to the very top of Log LIX) contained visible silicified 

rhomboporan bryozoans in the field. Insoluble residues from this horizon contained 

Gnathodus homopunctatus, G. girtyi, G. bilineatus, as well as Kladognathus sp. and 

Cavusgnathus sp. conodont material (Appendix 84). Silicified crinoidal columnals and 

ossicles were very common in the coarser fraction of this residue. Small crystals of 

fluorite were also noted. The topmost bed in the quarry (LixA) returned a rich conodont 

fauna, which included Gnathodus bilineatus, G. homopunctatus, Gnathodus girtyi, 

Lochriea sp. and Kladognathus sp. (Appendix 84).

Samples of striped limestone from both Lixnaw and Ballybunion (LixG and BYBA48 

respectively) were etched in formic acid; however, the residues were barren (Appendix 

84-5).
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This general palaeontological pattern (both in terms of macrofauna and microfauna) is 

repeated at all the other available sections of striped limestone examined during the 

course of this study (see Logs LixX; LixY, BYBA and KiAn(N)). Previous workers 

(e.g. Tattersall, 1963) have noted a similar pattern. Shephard-Thorn (1963) noted a few 

small zaphrentid corals (tentatively identified as Fasciculophyllum thomsoni) in the 

Parsonage Formation at Foynes; however, in general, it was stated that macrofossils 

were ‘uncom m on’ (p.288).

Very limited conodont analysis has been undertaken on the striped limestone facies in 

the past. Austin et al. (1970) recovered G. homopunctatus, G. bilineatus, G. 

symmutatus, G. girtyi simplex, G. girtyi girtyi, L. commutata and Mestognathus 

heckmanni from outcrops in the fields near the Old Parsonage at Foynes. More precise 

details about the exact stratigraphical position of this single productive sample were not 

provided. Follow up work by Austin & Husri (1974) demonstrated a very good 

conodont yield from the Parsonage Beds (see their Fig. 14) in Limerick and conodonts 

present in the Inishtubrid Beds of south Clare. However, again, precise stratigraphical 

details are not provided and in particular it is not clear if the Inishtubrid Beds refer to 

the Inishtubrid Shale, the Striped Limestone Group or both (as defined by Tattersall 

1963).

Exceptions to the general lack of fauna associated with striped limestone are as follows:

(1) [Only very occasionally! when striped limestone is seen in association with 

carbonate m udmound facies, the ‘host’ rock (i.e. the m udmound unit) can in 

some cases have a 'normal’ shelly marine fauna in close proximity to 

laminite, such as on the foreshore at Oyster Hall, Fenit (Fig 4.2.3.7(b)). This 

particular development of striped limestone (Fig. 4 .2 .3 .7(a'^) is interpreted 

as a rafted slab which has been remobilised (i.e. it is allochthonous), so it is 

likely that the conditions responsible for its production may not have been 

the same palaeoenvironmental conditions that the shelly fauna was 

inhabiting.

(2) As discussed in Section 4.2.5 above, thin-section analysis reveals a nearly 

complete absence of any microfauna, the only exception being very rare
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ostracods (Fig. 4.2.5.8). Ostracods are a ubiquitous group o f marine (and 

freshwater) crustaceans capable o f tolerating a wide range o f salinities, 

including hypo and hypersaline conditions. They can be used as reliable 

indicators o f salinity flux  (when preferences for various groups have been 

established) and when found in units lacking other marine invertebrates 

would suggest some form  o f environmental stress.

4.2.7 XRD and XRF Bulk analysis

Samples o f striped limestone were examined in the XRD facility  (housed in T rin ity 

College Dublin) during the course o f this project. The intention was to see i f  there were 

any anomalous mineral phases remaining, perhaps as a legacy o f the composition 

original protolith.

In itia lly  three whole rock samples were crushed manually using a pestle and mortar. 

These were;

Name: Description and Location:

1. a Striped limestone from Monum ent Hill Quarry, Lixnaw.

2. GR Striped limestone with a grumeleuse texture (near the base of 
horizon G) in Monum ent Hill Quarry.

3. BR Brecciated striped limestone (possibly unit G), Monum ent Hill.

A ll three samples were run both as dry powders (bulk cavity mounts) and as dried 

derivatives from water mount suspensions and the results are presented in Figs. 4.2.7.1 

and 4.2.7.2. Despite the differences in physical form o f these three samples, all resultant 

plots are quite similar. Calcite overwhelmingly dominated all three samples (as 

expected) with quartz present also. The only notable feature was the presence o f a small 

unidentified peak at 32 angstroms on the dry powder run for GR (Fig. 4.2.7.1(a)). This 

did not appear in the water-mounted samples.
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XRF analysis was conducted on a dry powdered sample GR to try to confirm the 

elemental composition (Fig 4.2.73). Again, Ca overwhelmingly dominated the sample, 

with lesser amounts o f Si, Fe, A l and Cl.

In light o f these findings, it was decided to try to run some striped limestone samples 

with the calcite phase removed to try to lessen the effect o f it overwhelming and 

dominating the signal. Two samples where selected from conodont residues, which had 

previously been processed with form ic acid (HCOOH). These samples had been sieved 

when in itia lly  processed, the finest mesh size being 75|j,m -  so it is important to note 

that the finest (i.e. clay) fraction had been removed. One o f the samples (BYBA48) was 

further divided into three subunits by handpicking and separating the grains under a 

binocular microscope. A ll o f the (decalcified) sample material run for XRD was 

categorised as follows:

N a m e :
Description  & 

Location:
S u bsam ple  n am e: D escription  o f subsam ple:

1. BYBA48

Larg e sam p le  of 
pure striped  
lim estone taken

BYBA48 ‘Light’

These were large light coloured 
and flat; essentially flakes or 
wafers recovered in the 
conodont residues. A notable 
feature of these flakes is a 
‘bobby’ appearance -  small 
spheroidal developments, which 
appear to coalesce over time to 
form very flat sheets.

from  M en s Strand
section,
Ballybunion.

BYBA48 ‘Dark’
These were the darker, more 
argillaceous grains recovered 
from the conodont residue.

BYBA48 ‘Mixed’
The original conodont residue 
(unseparated - essentially a 
mixture of the two above).

2. LixG
M o n u m en t Hill 
Q uarry , top o f 
succession.

These samples were run in December 2003, again in T rin ity  College, on the 

Departments new XRD machine. The plotted results from this phase o f XRD work are 

'bulkier' than those presented in Figs. 4.2.7.1-2 and are located in Appendix C, at the 

rear o f the report, fo r convenience.
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The dry bulk cavity mount samples for BYBA48 were dominated by calcite. The ‘dark’ 

subsample contained less calcite and more quartz than the ‘mixed’ subsample (i.e. the 

average) and conversely the ‘light’ subsample was largely calcitic in composition and 

contained a small amount of norsethite -  a dolomite polymorph. An interesting feature 

of all BYBA48 samples was the presence of vaterite -  a polymorph of calcium 

carbonate. Whilst aragonite and calcite are the only common natural CaCOj minerals, 

vaterite is also known to occur naturally. It is metastable and of low density. If this 

vaterite was originally produced biogenically (as opposed to having formed during 

diagenesis, or indeed as a by-product of the conodont acid-etching process) then likely 

candidates include Rhodophyta (Protoctista), Tracheophyta (Plant), annelids, mollusc, 

arthropods or chordates (Fig. 4.2.7.4). Considering the type of microbial organisms 

described from thin-sections of striped limestone in Section 4.2.5 (above) it is possible 

that Rhodophyta (red algae) might be the source of this particular mineral phase.

The ‘dark’ subsample from Ballybunion also displayed a small amount of muscovite, 

presumably detrital and bound up in the clay mineral phase. A final note to make is the 

presence of fluorite, detected in the bulk 'mixed' subsample. This is supported by field 

observation, fluorite was observed filling cavities at several locations. It was 

particularly prevalent in the striped limestone at the top of Log LixX, in the 

southwestern corner of Monument Hill quarry.

The dry bulk sample for LixG was much different in character to the material from 

Ballybunion. It was low in calcite levels and contained quartz, with minor amounts of 

chlorite and illite. It also possibly contained a very small amount of goethite (an iron 

oxide present at low temperatures), which may be an alteration product.

On the above evidence it was decided to suspend the BYBA48 ‘dark’ and 'mixed' 

subsamples, together with a sample from LixG, to try to resolve any remaining 

(residual) clay mineral fraction. These are labelled as '<2^m fraction' in the plots in 

Appendix C.

The BYBA48 ‘mixed’ and ‘dark’ subsamples were suspended in de-ionised water for 3 

hours and the clay fraction removed. Both showed illite, clinochlore (chlorite) and,
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interestingly, quartz to be present. This quartz fraction must have been very small in 

size to have remained suspended in the clay fraction. The BYBA48 ‘ m ixed’ sample also 

showed up pyrophyllite whilst the 'dark' sample had traces o f apatite, perhaps due to the 

presence o f conodont or fish material, however these skeletal structures were never 

physically recovered in residues.

The LixG suspended clay sample returned a sim ilar suite o f minerals: quartz, illite  and 

chlorite, which perhaps supports the notion o f broadly sim ilar palaeoenvironmental 

conditions at both Lixnaw and Ballybunion during the formation o f striped limestone. 

The only feature to note with sample LixG  is that the chlorite peaks are much better 

defined than in any o f the BYBA48 samples.

4.2.8: Stable isotope analysis o f individual laminae

Two striped limestone samples were prepared and processed fo r stable isotopic analysis 

o f carbonate ' ’C and '*^0. The samples selected were as follows:

Nam e: Description & Location: Sam ple Prefix:

1. LixG
Sam ple of Type 1 striped limestone taken 
from the top of the section at Monum ent Hill 
Quarry, Lixnaw.

X

2. OBR(i) Sam ple of Type III striped limestone from 
Black Rocks Island, Oyster Hall Fenit.

Y

The aim o f this pilot study was to see i f  any geochemical differences could be detected 

between successive laminae (which might be anticipated i f  the alternations represented 

a varved style o f deposition). Two polished plaquettes o f each sample were prepared 

and individual laminae were very carefully drilled with a hand-held engraving tool 

(running on low vibration) viewed under a binocular microscope. Care was paid to 

excavate straight in and parallel to the plane o f lamination, so as not cut into an 

overlying or underlying layer. Maps o f the plaquettes showing the distribution o f these 

individual sampled horizons are shown in Appendix C.
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The powders from the sampled horizons were then carefully collected into small plastic 

vials, which had been pre-weighed. A table of sample weights is presented in Appendix 

C. Considerable care was taken to avoid sampling calcite veins cross-cutting laminae. 

The average size of sample drilled from LixG was 57.2mg (the lowest being 41 mg), 

whilst the average from OBR(i) was larger at 105.2mg (the highest being 177mg). This 

is a reflection of the thicker banding developed in Type III striped limestone, which 

proved easier to excavate. In general though, the resultant powdered samples were 

extremely small, due to very restricted and small surface area available for sampling on 

most of the laminations. The net result of this was that only enough sample material was 

recovered for a single analysis. The inability to demonstrate reproducibility in the 

results presented here means the data must be considered with caution. Nevertheless, as 

a first pass in assessing the stable isotopic chemistry of striped limestone it is worth 

examining the figures obtained.

The samples were kindly analysed by Dr C.M. Mulhall in the mass spectrometer of the 

SUERC laboratory in Scotland. The data obtained is presented in a comparative plot in 

Fig. 4.2.8.1. An alternative variation of this plot (highlighting the relationship (if any) 

between colour banding and isotope ratio) and a table of the raw data are located in 

Appendix C. The data plot in Appendix C has also been smoothed (curved). 6'^C and 

8‘^0 values are reported in per mil (%o) relative to PDB (Pee Dee belemnite). 

(PDB) values have also been converted to SMOW (Standard Mean Ocean Water) using 

the conversion equation of Coplen et al. (1983):

S'"0,SM0W,= 1 -03091 8'«0 (p d b ,+30.9 I

The average value of 8‘*0 (pdb) from LixG is -2.8 l%o and the total spread is 2.7%o 

(28.01%o and 2.78%o respectively when converted to 8'^0,smow))- The highest value was 

-1.6I%o (29.25%o SMOW) and this was recorded in a pale band. The lowest value came 

from a thin dark lamination (-4.31%o PDB; 26.47%o SMOW). There does appear to be a 

fluctuation of 8'*0 throughout the laminated sequence in LixG (Fig. 4.2.8.1); however, 

there is no consistent correspondence between light and dark layers and high and low 

8'®0 values. OBR(i) produced a lower average 8‘*0 ,pdb) value of -3.03%o (27.78%o 

SMOW). The spread of 8'^0(pdb) was slightly lower too (2.63%o PDB; 2.72%o SMOW).
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The highest value in OBR(i) was -l.71%o PDB and the lowest was -4.34%o PDB and, 

similar to LixG, these occurred in a pale and dark band respectively.

There is an apparent trend in 6 '*0 in OBR(i), with a broad correspondence occurring 

between positive excursions in paler layers and lower values in darker interlayers. It 

must be remembered that OBR(i) is a Type III striped limestone, which tend to still 

have calcified microbial remains preserved in darker interlayers (LixG is a Type I) so 

this may not entirely be an artefact. The central dark band of OBR(i) (sample points 

Y 10 &  Y11) contains the remains of a microflora and may represent a microbial mat. It 

is essentially sandwiched between two thicker developments of lighter microsparite and 

the trend of the data curve seems to mirror this alternation in lithology.

The average value 8 '^C(pDB)from LixG is 2.64%o with a spread of 1.52%o (Fig. 4.2.8.1). 

The lowest sample point (X13) produced the lowest value of 1.62%o. This rises very 

dramatically (in a positive excursion) to 2.83%o at the next sampled lamination (X I2). 

From there the plot remains fairly constant until two negative fluctuations at points X5 

(2.3 l%o) and X3 (1.99%o) near the top of the sample. These two points both coincide 

with pale laminations; however, there appears to be no consistent trend in the rest of the 

data. The 8’’C(P[3H) of OBR(i) displays no obvious cyclical trends either. The average 

8'‘̂ C(pdb) value from this sample is 3.l8%o (higher than LixG) and the spread is 1.74%o. 

Some (negative) fluctuations are seen in the base of the sample (sample points Y2/Y3 &  

Y6), however the trend appears to be a steady (almost linear) increase in 8'̂ C(pdb) from 

there towards the top o f the sample. No fluctuation (positive or negative excursion) is 

observed corresponding to the large shift observed in 6'*^0 at the level of the central 

thick dark band.
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A series o f four crossplots o f 6 '*0  versus 6 '‘̂ C are presented in Fig. 4.2.8,2(a-d) in order 

to investigate this dataset further. The fo llow ing is a summary o f findings from these 

graphs:

Fig. 4.2.8.2: Plotted: Remarks:

(a)

Samples separated 

according to geographic 

location (Fenit & Lixnaw).

The samples from Black Rock Island, 
Oyster Hall (OBR(i)) are clearly 
discriminated from the Lixnaw samples by 
having higher values.

(b)

All data separated 

according to position in 

either light or dark bands.

Data is quite scattered, however a wider 
spread o f d'^O values occurs in the darker 
bands (in comparison to the lighter 
laminae).

(c)

LixG sample data 

separated according to 

position in light & dark 

bands.

Again, data is scattered, however dark 
bands appear to generally have higher 
values.

(d)

OBR(i) Fenit sample data 

separated according to 

position in light & dark 

bands.

Dark bands have lower o f values. 
There is a similar spread in between 
both groups, although light layers may have 
(only very) fractionally higher values.

4.2.9: Interrelationships with enclosing facies

Despite striped limestone maintaining a largely consistent appearance at all exposures 

in the fie ld, the enclosing units are found to be variable, depending on the position in 

the basin. The underlying facies have already been discussed in detail Chapter 3 and the 

strata which fo llow  are documented in Chapter 5. A summary is provided here:

Towards the margins on the northern and southern flanks o f the basin, striped limestone 

is underlain by prominent developments o f carbonate mudmounds (see Section 4.3 

below). The presence o f mound topography may have had an important influence in 

aiding synsedimentary deformation o f striped limestone through slumping, raft 

dislocation and remobilisation.
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Towards the east at Foynes, striped limestone is underlain by a sequence o f well-bedded 

bioclastic limestones (Durnish and Shanagolden Formations) interpreted as having been 

produced on a carbonate ramp. A t Lixnaw, which is located more towards the centre o f 

the basin and presumably in deeper waters, striped limestone is underlain by dark well- 

bedded extremely fine calcarenites interbedded with laminated calcilutites. These are 

interpreted to be in part turb iditic, however there is evidence that the sequence shallows 

upwards towards the striped limestone transition. A conspicuous bed o f oncoids is 

present a short distance beneath the stripes attesting to this change in water depth. This 

oncoid horizon is not a localised feature and has been observed in a sim ilar stratigraphic 

position much further south at Fairy Gate (Castleisland).

The overlying facies at Lixnaw (Log L ixY ) is a pale massive carbonate mudstone, 

which has some sim ilarity to Asbian mudmound facies, but which is very poor in 

macrofauna and which is discussed in Section 4.3 below. The overlying facies at 

Foynes is a thin (24m) sequence o f shales and thin limestones, the Corgrig Lodge 

Formation. It is interpreted as the product o f deeper water environments, in comparison 

to those o f striped limestone and it is succeeded by the Clare Shale Formation. In the 

Fenit area this pattern is more complex. There may possibly be at least two 

developments o f striped limestone intermixed with clastic breccias. The first phase is 

associated with mudmound facies and the second (later) phase occurs very close to the 

Clare Shale Formation transition (see Fig. 3.3.4). However, it must be conceded that 

whilst the lithostratigraphic relationships between the various units between Oyster Hall 

and Kilfenora in Fenit suggest the possibility o f a second phase o f striped limestone 

development, a continuous outcrop section, unequivocally proving this possibility, is 

lacking.

The thickness o f strata separating striped limestone from the overlying Clare Shale are 

dramatically enlarged in the western portion o f the (preserved) basin, close to the axis. 

A t Ballybunion (Logs BYBA and BYBB) a sequence o f c.40m o f tabular and well- 

bedded calcite mudstones and wackestones o f distal aspect fo llow  from the last 

appearance o f breccia in the sequence.
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Despite the variations noted in the underlying and overlying facies, the question 

remains as to why striped limestone maintains an overall consistency across the region 

as a whole. The simplest explanation is that whist the character o f the enclosing facies 

represent ‘ normal’ patterns o f carbonate sedimentation, distribution and lateral facies 

within a basin, the striped limestone units represent effectively an ‘ event horizon’ 

(perhaps even more than one). This event must thus have been o f a large enough 

magnitude to simultaneously affect and alter conditions right across the basin.

4.2.10: General interpretation of striped limestone features documented in 

Sections 4.23-9

A) Deformation features

The intercoupling o f 'apparently' undeformed and fa irly continuous striped limestone 

laminae (on a macroscopic scale) with a strong component o f deformation (on a 

mesoscopic level) is paradoxical. Smooth, fla t and even planar laminae (composed of 

fine-grained carbonate) which retain their form and thicknesses (sometimes sub-mm) 

over decimetres to metres o f along-strike section (often the scale o f the actual outcrop), 

would strongly suggest quiet and perhaps even deeper water environments, where 

uniform conditions could facilitate production o f thin laminae over a widespread area. 

On the other hand, high levels o f brecciation (brittle deformation), fo lding (ductile 

deformation) and other forms o f disruption to laminae would point to periods when 

energy levels in the system were very much elevated. A  solution to this could be in 

interpreting the deformation as resulting from gravitational energy (transformed into 

slumps and debrites etc.)

The various types o f breccia (A -D ) developed in striped limestone facies indicate a 

wide range o f forces acting to disrupt and dislocate laminae. Breccia A (floatbreccia) 

may have resulted from a mass flow  o f fine-grained carbonate, which reworked and 

entrained striped limestone clasts. Breccia B (crackle and mosaic textures) is extremely 

localised and detailed examination o f the polished slab examples in Fig. 4.2.3.4 reveals 

the tendency o f laminae to dislocate due to (apparent) collapse. Fig. 4.2.3.4(b) shows 

this feature particularly well: note how fa irly  continuous laminae on the upper left o f the 

polished slab pass laterally (and instantaneously) into dislocated and disturbed layers on
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the right. The presence o f several small extensional fractures in the disrupted zone 

support the idea o f collapse from below. Several mechanisms may be invoked to 

explain this deformation structure. Solution triggered collapse, due to removal o f 

underlying evaporite layers is one possibility and would explain the highly localised 

nature o f the deformation. Breccia C (packbreccia) may also be a product o f gravity 

collapse, however, the transport distance is lengthened and this has enabled clasts o f 

various kinds to become intermixed. The possibility that Breccia C may have resulted 

from higher-energy water flow , possibly even storm influenced, due to shallowing 

cannot be wholly discounted either.

The origin o f the mottled Type D breccia is much more d ifficu lt to interpret. This 

particular facies occurs quite widely (it has been observed at Inishtubrid, Ballybunion, 

Ballintogher Limeworks (Lixnaw), Fenit and at Fairy Gate, Castleisland). It commonly 

follows an in itia l phase o f striped limestone and appears particularly where thick 

(massive and unbedded) unfossiliferous medium to pale calcilutites develop in the 

sequence. These units resemble carbonate mudmounds, however, the lack o f 

(preserved) macrofauna and cavity systems makes them d ifficu lt to diagnose. The 

tightly packed nature o f this breccia, with complex clast outlines (which interlock) 

suggests these breccias have not been transported very far.

Solomon (1989) described the petrography o f mottled limestones ('pseudobreccias') 

from the Asbian o f North Wales. He concluded that mottles are an early-stage 

diagenetic feature (due to concurrent cementation and neomorphism acting in localised 

patches), which occurred after marine m icritisation, but before aragonite dissolution, 

karstification and meteoric (phreatic) cementation. The distribution and shape of 

mottles is largely a reflection o f the heterogeneity o f the original carbonate protolith. 

Most importantly, in this particular study, Solomon (1989) interpreted the mottles as 

having formed in the marine/freshwater m ixing zone as a direct consequence of 

repeated phases o f regression and emergence in the late Asbian. Some (but certainly not 

all) o f the features and findings o f Solomon (1989) could be compared with instances o f 

mottled breccia development in the Shannon Basin. The tim ing o f both occurrences (in 

Britain and Ireland) is strikingly sim ilar, during a time o f sea-level fluctuation as is a 

tendency to develop over a wide area. Direct and unequivocal evidence for emergence 

in the Shannon Basin sections is, however, lacking, although it is commonplace in the
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platform area o f the Burren, County Clare, to the north o f the basin (Gallagher et al. 

2006).

The evidence fo r remobilisation o f decimetre to metre scale rafts o f striped limestone 

suggests the presence o f appreciable topographic relief on the seafloor. It is probably 

not surprising then that such rafted structures are seen, for example, in association with 

Cloonagh Formation carbonate mudmound facies at Oyster Hall Foreshore (Fig. 4.2.3.7; 

see also sketch map in Fig. 5.2.1). The Cloonagh mounds may have provided sufficient 

elevation (with sloping flanks) to facilitate movement o f large, thick (essentially flat), 

blocks o f striped limestone downslope into deeper areas.

B) Thin-section features

The widespread pseudo or microsparite texture appears to be replacive. The grading o f 

layers argues against this and, when considered in the context o f a cumulate or varved 

model for deposition, hints at a gradual shift in the size o f crystals settling on the 

seafloor (perhaps as a response to seasonal adjustment o f precipitation rates or 

palaeoenvironmental conditions). The counter argument for a replacement origin 

includes:

1) I f  the spar were primary (i.e. deposited as a carbonate cumulate), euhedral calcite 

terminations would be observed on the upper surfaces o f the pale interlayers, overlain 

(or draped) by the darker interlayers. This is clearly not observed.

2) In many instances microfossils, or indeed entire layers, are observed 'dissolving' into 

featureless microspar - providing unequivocal evidence for replacement.

The microsparite has not, however, completely destroyed all traces o f the original 

microtexture. There is reasonable evidence for a significant microbial input in the 

formation o f striped limestone in the form  of grumeleuse textures and the calcified 

remains o f Girvanella and problematic 'solenoporacean' organisms (Figs. 4.2.5.2 &  

4.2.5.5-7). The laminite may thus be considered, at least in part, stromatolitic or 

thrombolitic. This point is alluded to in the visual classification in Fig. 4.2.2.5. It is 

possible that an association with evaporites produced a hypersaline environment devoid 

o f microbial grazers, such as gastropods, which was possibly restricted and 

unfavourable to other organisms. It comes as no surprise that the only microfauna 

appears to be ostracods, which are known to tolerate a wide range o f salinities.
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C) Palaeontological features

A consistent, and indeed ciiaracteristic, o f striped limestone is a conspicuous laci<̂  o f 

macrofauna. Facies enclosing this unit typically possess a 'normal' marine biota, 

suggesting quite a rapid (and relatively short-lived) change in conditions. Peters (2007) 

stated that there are only two reasons why Palaeozoic marine sedimentary rocks would 

be palaeontologically barren:

(1) Organic remains have been removed by taphonomic or diagenetic loss.

(2) The palaeoenvironment was inhospitable to most metazoans. The potential

reasons for this are:

• Oxygen depletion (perhaps the most geographically widespread 

environmental factor capable o f creating barren sedimentary sequences).

• Salinity fluctuation, with hypersalinity normally occurring in well-mixed 

shallow water settings (such as rimmed carbonate platforms and arid- 

marginal marine environments).

• High levels o f sedimentation, particularly i f  rates are high enough to 

either dilute the skeletal input or indeed prevent colonisation o f the 

seafloor.

These three factors are mediated chiefly by patterns o f oceanic circulation, rainfall 

(precipitation) levels and temperature and these in turn are moderated by climate and 

shelf physiography (Fig. 4 .2 .10.1).

When the Peters (2007) model is considered in the context o f striped limestone, it is 

immediately apparent that there has been removal o f organic remains due to calcite 

dissolution and compaction, as evidenced from thin-sections (Figs. 4.2.5.6(d), 4.2.5.8(a) 

&  4.2.5.9). The total extent o f this information loss w ill always be very d ifficu lt to 

quantify accurately. The idea that either high sedimentation rates or hypoxia may have 

been responsible for the very low palaeontological content o f striped limestone is 

unlikely. The finely laminated structure o f striped limestone would have taken a 

reasonable amount o f time to develop and although pyrite is found in thin-section and 

etched residues, these rocks do not have an elevated organic content in comparison with 

sediments believed to have been deposited in low oxygen conditions (such as the 

overlying Clare Shale Formation).
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The evidence o f the presence o f ostracods and calcareous algae, coupled with evidence 

o f appreciable levels o f microbial activity (m icritic walled tubes and grumeleuse 

structures Fig. 4.2.5.2) in thin-section instead points towards a specialised hypersaline 

[or possibly even hyposalinej environment, devoid o f grazers. Such salinity fluctuations 

are mediated by (see Fig. 4.2.10.1):

• Temperature (which affects evaporation rates)

• Precipitation (which mediates freshwater input into the system) and

• Circulation. The circulation is largely a factor o f exchange between the shelf 

and open ocean, as well as wind driven m ixing, and the shape o f the basin is a 

critical factor in this respect.

The implications o f the last point w ill be considered further in Section 6.3.

D) Geochemical (stable isotope) features

On the basis o f the stable isotope results presented in Fig. 4.2.8.1, it would be tempting 

to try to draw the fo llow ing conclusion fo r the pattern o f observed in striped 

limestones:

Trend: Interpretation:

Light bands Positive excursions Seawater isotopically heavier, perhaps due to 
cooler conditions.

However, careful examination o f the variation in 6‘®0 between successive light and 

dark laminae reveals that this not a consistent trend.

According to Holser et al. (1996) a l%o rise in equates (approximately) to a drop

in temperature o f 4°C. The 2.7%o spread o f data observed in striped limestone 

lamination would then equate to a fluctuation o f between 10-11°C, i f  explained solely 

by temperature. By any measure this is a staggeringly massive increase over the 

thickness o f only several laminae. Given the palaeolatitudinal position o f Ireland during 

the Visean (close to the equator in the tropics) this is an unrealistic measure o f 

temperature as Guilderson et al. (1994) predicted cooling in the tropics by only 4-5°C 

during the Last Glacial Maximum. Joachimsky et al. (2006), in a study o f 6 '*0  ,|,e from
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Pennsylvanian conodonts in the US Midcontinent, observed shifts o f 1.7%o in individual 

cyclothemic units which were between 1 and 6m thick (i.e. not a few mm) and 

compared this palaeoclimatic signal closely to the magnitude o f Pleistocene interglacial- 

glacial changes (and resultant sea-level changes).

The average values o f -2.81 and -3.03%o 6'*̂ OpDB (28.01 and 27.78 S'^Os^ow) ^re sim ilar 

to values (from brachiopod shell calcite) reported fo r the same time interval in North 

America by M ii et al. (1999, see Fig. 3.1.4). However, the converted values in

striped limestone are considerably higher than the values o f between 20-22%o for 

conodont apatite reported for the same time interval in Europe by Buggisch et al. 

(2008).

There are two possible explanations for 6 '^0  trends observed in striped limestone:

1. 8 '^0 values are a reflection o f seawater temperature, however, salinity is also an 

important factor too as evaporation increases salinity and concentrates 

(Hoeffs, 2004; in particular consult his Fig. 47). Railsback et al. (1989) 

modelled a \%o increase in 8^ from a 3ppt increase in salinity. Given the fact 

that striped limestones may potentially be, in part, evaporitic in origin, it is thus 

a possibility that observed 8 '^0 would be higher than the norm.

2. It is clear from thin-section analysis that the dominant microtexture o f striped 

limestone is an equant microsparite (Fig. 4.2.5.1), which is most likely 

replacive. The '*0  isotope signal preservation potential is therefore moderate 

(provided the system is relatively closed) to low and it is therefore like ly that the 

8 '^0  values observed have been altered.

I f  the system did remain reasonably closed, then there is a possibility the carbon values 

recorded may be close to original. No (consistent) close correspondence was observed 

in either LixG or OBR(i) between shifts in 8‘^C and light and dark lamination. The 

average values o f 2.64%o and 3.18%o recorded fall w ith in the range reported by M ii et 

al. (1999) for North America and are sim ilar ( if  somewhat lower) to the values reported 

by Buggisch et al. (2008) fo r the same time interval in Europe.
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The spread o f 6'^C values in each sample (1.52%o for LixG and 1.74%o for OBR(i)) is 

unusually large given the small vertical distances involved (take for example the 

magnitude o f the shift o f +1.21%o between sample points X I3  and overlying X12 in 

L ixX , essentially the thickness o f a single lamination). 8‘'̂ C is dependent on both levels 

o f organic productivity (Biological Pump) and rate o f burial o f organic carbon 

(Biological Dump). Increases in this value are generally interpreted as the result o f 

increased rate o f burial o f sedimentary carbon and/or an increase in biological 

productivity. However, this is complicated by the fact that the microbial (algal) remains 

observed in thin-section in striped limestones (Figs. 4.2.5.2 and 4.2.5.5-4.2.5.7) might 

have been concentrating the lighter isotopes in situ (in other words a potential decrease 

in 8''^C would be expected in striped limestone layers with an appreciable organic input; 

these layers would be interpreted as microbial mats). The fluctuations in 8'^C observed 

in Fig. 4.2.8.1 may be a reflection o f variation in organic productivity between 

successive layers. The evidence is, however, not convincing and without an assessment 

o f the preserved in the laminae (to compare with the values presented

here) it is d ifficu lt to comment further on the carbon trends obtained.

One interesting outcome o f the stable isotope work is the clear differentiation between 

Type I and Type III striped limestone morphotypes in Fig. 4.2.8.2(a) on the basis o f 

8'"’C<,arb values. The Type 111 forms have a higher ratio o f 8'^C, perhaps reflecting more 

o f an organic input in their generation. Future work on the isotopic characteristics o f the 

various striped limestone morphotypes may help to refine and improve the visual 

classification outlined in Fig. 4.2.2.5. In addition, analysis o f other isotope species, such 

as sulphur, may provide additional information on the chemical characteristics o f the 

layering.

4.2.11: An evaporitive precursor?

As mentioned earlier, as a facies, striped limestone is entirely calcitic in composition 

and gypsum or anhydritic phases (which may originally have been present) are never 

directly preserved or observed. This begs the question: was there an evaporitic origin to 

the lamination to begin with? The term 'evaporite' is often applied solely to chemically 

precipitated salts (typically sulphates and halides), the production o f which is usually
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driven by solar evaporation. Several authorities (see Warren 2006 for example) prefer to 

also include alkaline earth carbonates w ithin the plexus o f evaporite minerals, as they 

are often the first mineral phase to precipitate from a concentrating hypersaline water 

body. This particular concept and the general idea that there is a systematic organisation 

to the way in which evaporite minerals precipitate from an evaporating water body has 

been understood since the pioneering work o f Usiglio (1849) on Mediterranean 

seawater. The sequence is (broadly) as follows (w ith increasing evaporation level):

Carbonates Gypsum/anhydrite •^Halite Bittern (K-Mg) salts

This mineral paragenetic sequence may be related in more detail to actual salinity and 

evaporation levels (based on experiments with modern seawater). A  table o f these 

properties is presented in Fig. 4.2.11.1(a) and it can be seen that there is a progression 

from:

Normal (Euhaline) Mesohaline ->Penesaline -^Supersaline

with increasing salinity and concentration o f the brine. Usually all salinity levels above 

euhaline are referred to as hypersaline. However, without reference to the more detailed 

classification presented in Fig. 4.2.11.1(a), the specifics o f mineral associations and 

environmental conditions can be overlooked or masked.

The major factors which may influence or alter the above precipitation trend include:

1. Rate o f evaporation.

2. Composition o f seawater.

The second point is quite important when considering a Carboniferous evaporite setting. 

It is widely recognised that the ionic composition o f seawater has varied during the 

Phanerozoic and many current models o f evaporite precipitation are based largely on 

Recent (and sometimes Neogene) examples. Thus, trying to both infer the presence o f 

and interpret the chemical nature and evaporitic products o f a suspected brine body 

much further back in time is likely to be not as straightforward as it in itia lly  seems.

Warren (2006, p.5) noted that mm-scale lamination (such as that which characterises 

striped limestone) is volumetrically the dominant sedimentary structure in modern and
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ancient evaporitic carbonates as well as in higher salinity salts. The problem is that 

these laminated structures can (and do) form  in a wide variety o f settings from shallow 

to deep (Fig. 3.6.2).

Production o f lamination is mediated generally by either:

1. Inorganic accumulation o f fine crystals (essentially through rain out onto the 

seafloor after precipitation). These cumulates may be interlaminated with 

organic rich layers (representing periodic algal blooms) or fine detrital materials 

(clay minerals, quartz, detrital carbonates) which get washed in as suspended 

sediment during occasional storms. This type o f lamination commonly 

resembles 'varved' type lamination and is often interpreted as such; however, the 

individual laminae may not directly be the product o f annual (seasonal)

fluctuations in sedimentation style.

2. Organic (microbial) mediation o f carbonate precipitation can produce a 

laminated structure in sediments. This is usually created by periodic

repositioning o f cyanobacteria w ithin a microbial mat. This usually happens in 

response to either a build up o f sediment on the mat surface, or a deepening o f

the brine body (both o f which may alter the level o f sunlight available for

photosynthesis).

Pope et al. (2000) noted that the transition between a carbonate platform or buildup and 

an overlying sequence o f evaporites is commonly defined by a phase o f stromatolite 

production or an interlamination o f carbonate and evaporite. They noted that the 

stromatolites vary between the two fo llow ing end-members:
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Mode o f Physical description: ,•' formation:
Connection to 
(palaeo)environment:

Isopachous
laminae

Lam inae of equal 
thickness and 
continuous up to 
several metres. 
Rem arkably uniform in 
appearance. May be 
composed of either 
micrite/ radial fibrous 
calcite or dolomite.

Form due to 
in-situ
precipitation 
of sea-floor 
encrusting 
calcite. 
Microbial mat 
not required.

Uncommon on most open 
marine carbonate platforms. 
Form in isolated basins where 
drawdown coupled with high 
tem peratures produces high 
salinities, anoxia and water 
stratification. This stressed 
environment has a very 
reduced biota, allowing 
isopachous lamination to 
develop.

Peloidal
laminae

Lam inae peloidal and 
discontinuous (on the 
scale of a few cm).

Form due to 
trapping and 
binding of 
sediment in 
microbial 
mats.

Can be unrelated to the onset 
of a major phase of seawater 
drawdown and evaporite 
production. These forms have 
been marginalised to 
environmentally stressed 
areas during the Phanerozoic.

Both inorganic cumulate and microbial mediation models for laminite production can 

be envisaged for striped limestones and, coupled with the isopachous/peloidal model o f 

Pope et al. (2000), they essentially account for the fu ll spectrum o f morphotypes 

observed (Fig. 4.2.2.5). This explains the variation in interpretation o f the facies by 

previous workers (outlined in Section 4.2.1 above). Type I striped limestone (Fig. 

4.2.2.3(a)) clearly represents an isopachous style o f lamination and is like ly to be the 

result o f either sediment rainout (i.e. a cumulate) or in-situ precipitation. I f  the latter is 

the more correct interpretation this would imply isolation and stratification o f the 

Shannon Basin in the late Visean. Type IV  and V morphotypes f it  more with the 

microbially mediated (peloidal) style o f lamination. Although the link between these 

forms and conditions o f hypersalinity is equivocal, the fact remains that during the 

Phanerozoic, microbialites and stromatolites are commonly associated with 

environmentally stressed refugia where other metazoans are scarce (Riding, 2000). 

Type II and 111 appear to display a gradation o f form between the two 'isopachous' and 

'peloidal' end members (as indicated in Fig. 4.2.2.5).
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The next question to consider is how are the various morphotypes related to eacli other 

both spatially (geographically) and stratigraphically. No clearly defined trends (in either 

category) were observed during fieldwork. The two end-members (Types I and IV ) 

occur within a few metres o f each other (stratigraphically) at a single location: 

Monument H ill Quarry, Lixnaw (see Enclosure B). Type I occurs close to the very top 

o f the succession in the quarry and it could be argued that this may represent a total 

disconnection and stratification o f the water mass w ithin the basin after a sustained 

period o f (increasingly) elevated salinity. A  note o f caution must be made, however, as 

the sample was taken from an allochthonous rafted slab (Fig. 4.2.3.6(b)).

The microsparite texture, which is typical o f many striped limestones in thin-section 

(Fig. 4.2.5.1), is best interpreted as a replacement feature and it is quite probable that 

the clotted peloidal (grumeleuse) structures, with occasional microbial fragments (Figs. 

4.2.5.2 and 4.2.5.5-V), represent something approximating a primary texture. These 

microbes (along with very rare ostracods) are the only (autochthonous) life forms 

recorded in association with striped limestones. 'Normal' (euhaline) marine taxa (such 

as brachiopods, cephalopods and echinoderms) are conspicuous by their absence and it 

is thus likely that the striped limestone forms may represent a halotolerant biota 

inhabiting a stressed palaeoenvironment.

The salinity ranges o f various (modern) halotolerant organisms are shown in Fig. 

4.2.11.1(b). Higher plants and animals generally only tolerate the lower end o f the 

mesohaline range. Cyanobacteria and (eukaryotic) algae are the dominant autotrophs in 

modern mesohaline environments. Evidence from modern stromatolites indicates a 

range o f halotolerant cyanobacterial species liv ing typically in mesohaline (80-I60%o 

salinity) conditions (Gerdes, 2000); however, certain forms can tolerate penesaline 

conditions as high as 300%o. M oving from mesohaline through to penesaline conditions 

(essentially switching from an environment precipitating carbonate to one producing 

gypsum) the diversity and complexity o f halotolerant life forms diminishes. Beyond this 

level (w ith the exception o f brine shrimp) only halophillic Archaea and eubacteria are 

capable o f inhabiting supersaline conditions. These are extremophile forms, which 

thrive in highly stressed environments.
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Warren (2006, Chapter 9) stressed the need to consider the liv ing environments o f 

halotolerant organisms as being cyclic in nature, w ith alternation between conditions o f 

'feast or famine'. As a brine concentrates and evolves, various biotic blooms occur 

sequentially. Warren (2006, p.635) stated, for example, that as a brine concentrates 

from a salinity o f 60%o to 200%o, eukaryotic algae and cyanobacteria w ill proliferate 

and these in turn w ill be grazed by ostracods and brine shrimp. Elevation beyond this 

level sees the halotolerant fauna disappear and above 240%o halophillic bacteria and 

archaea begin to dominate. Replenishment o f the brine body sees a switch back to 

'lower' salinity levels and a reappearance o f the mesohaline biota. Warren (2006) noted 

that ostracods are common in mesohaline sediments (Fig. 4.2.11.1(b)) and that they 

flourish when surface water layers are freshened.

The idea o f a cyclicity to the occurrence o f halotolerant organisms within striped 

limestone is d ifficu lt to demonstrate due to the patchy nature o f preservation. On a 

micro-scale the individual light and dark laminae represent a cyclical (relatively rapid) 

fluctuation in sedimentation style. However, any potential relationship with the 

preserved biota is hard to decipher. It is worth noting that the prominent darker bands, 

in particular in Type III and IV striped limestone morphotypes (Fig. 4.2.2.5), tend to be 

the zones with the best chances o f preservation o f organic remains. These dark bands 

may thus represent mesohaline conditions, whereas the paler (biologically sterile) 

laminae may represent (higher-level) penesaline conditions. A lternatively, the light 

bands may simply represent a cumulate style o f deposition, whereas the darker layers 

represent more benthic conditions on the seafloor, in which case the alternating layers 

may indeed represent varves. Above the scale o f individual laminae, there are at least 

two (macro-scale: they could be considered members within the Striped Limestone 

Formation) developments o f striped limestone from Fenit and Lixnaw and three on the 

Fergus Islands ( if  the Type V ‘W avy’ Limestone o f Tattersall (1963) is included). 

Philcox (unpublished report fo r Tara Mines 1993; see Enclosure C) noted an inter

fingering o f striped limestone facies and (overlying) Dirtoge Formation in the Cl-1 

borehole from Fairy Gate, Castleisland, strongly suggesting more than one phase o f 

striped limestone development. These observations may thus be indicating two ( if  not 

three) significant shifts in (basin-scale) patterns o f sedimentation and water circulation 

in the late Visean.
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The ostracod material (Fig. 4.2.5.8(a-b)) seen in striped limestone thin-sections may 

well represent mesohaiine conditions; however, the remains of these organisms are 

relatively uncommon. This could be indicating that salinity conditions were penesaline 

(or above) for the bulk of striped limestone precipitation, however, the effect of 

information loss due to recrystallisation cannot be overlooked. It is difficult to comment 

in any detail on the salinity tolerances of the microbial material observed in thin-section 

as very little has been published on the subject. Girvanella (Fig. 4.2.5.5) is considered 

to be the calcified sheath of a filamentous blue-green algae (Riding, 1975; Chuvashov 

& Riding (1984)) and it could therefore potentially have exploited a wide range of 

conditions from mesohaiine through to penesaline (Fig. 4.2.11.1(b)).

Returning to the problem posed at the very beginning of this particular section, the 

essential question remaining is: was striped limestone really produced by evaporitive 

concentration of seawater? If so, the next point for consideration is: were the laminae 

produced in the carbonate evaporite domain or in the gypsum/anhydrite domain (Fig. 

4.2.11.1)? The fact that the laminae are almost entirely calcitic in composition biases 

very strongly towards the former scenario and it is quite plausible that the stripes are the 

product of carbonate cumulates (precipitated from seawater supersaturated due to 

evaporitive concentration).

Several lines of evidence point to the former presence of gypsum/anhydrite in at least 

some parts of the lamination:

1. P seudom orphs: These are rare (or at the very least not readily identifiable). 

However, one example of coarse sparry calcite pseudomorphing prismatic 

gypsum was found and is shown in Fig. 4.2.5.3(a). This example is interesting 

for two reasons:

• The gypsum pseudomorphs are enclosed by a grumeleuse/cloudy 

microcrystalline cement of biological origin. Halotolerant 

microorganisms were either still flourishing or they had died during 

production of (displacive) gypsum.

• The enclosing sediment to the pseudomorphs may have had a role to play 

in their preservation. In other locations, where the pervasive 

recrystallised microsparite texture occurs (Fig. 4.2.5.1), this may have 

obliterated any such textures.
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The general rarity of pseudomorphs is, admittedly, somewhat problematic. This 

observation may be explained in a num ber o f  ways:

• Pseudomorphs are rare, because penesaline or supersaiine conditions 

were never actually developed.

• Conditions during dissolution and replacement were not conducive to 

faithful replication of [gypsum, anhydrite or even halite| crystal forms or

• If the laminae are bona fide cumulate deposits, the settling crystals may 

well have been too small to produce easily diagnosable pseudomorphs in 

the first place.

2. C h a lc e d o n y : Nodular developments of (replacive) cryptocrystalline silica 

[chalcedony I have been noted in striped limestone from Ballynageragh, Lixnaw 

(Figs. 4.2.3.2(b) & 4.2.5.4; see Section 4.2.5). The recognition of this feature is 

important as Folk and Pittman (1971) noted that a particular form of chalcedony 

('length-slow') occurs almost exclusively with sulphates and evaporites and can 

be used as an indicator for the former presence of these materials, long after they 

may have dissolved and vanished from the rock record. Examination of the 

chalcedony in sample LixW 9 (Figs. 4.2.3.2(b) & 4 .2 .5 ,4(b-c)) confirmed the 

presence of length-slow chalcedony and length fast chalcedony (in the 

approximate ratio of 50:50). Folk and Pittman (1971) did note that in the 

evaporite slides they examined there was some variation in the ratio of length- 

slow to length-fast chalcedony, which they regarded as being due to changes in 

pH or sulphate content of the precipitating water body.

Milliken (1979) reviewed typical petrographic and hand specimen scale features 

o f silica which had replaced anhydrite nodules in Mississippian sediments. She 

noted that these nodules typically have knobbly, irregular cauliflower-like 

surfaces. This feature is broadly comparable to the outline of the nodules in Fig. 

4 .2 .5 .4(b-c).

The occurrence of length-slow chalcedony in striped limestone is significant, but 

it is apparently not a widespread phenomenon. This may be a genuine indication 

o f a very low level of gypsum/anhydrite input in the laminae. Equally, it may
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simply be a reflection of unfavorable replacement conditions. Warren (2006, 

p.536) states that nodule development is contingent on rate of sulphate 

dissolution balancing with timing of silica precipitation and rate of silica supply. 

A comprehensive and systematic search for this form of replacement silica in 

striped limestone remains to be undertaken. As mentioned earlier, Somerville 

(1999) reported chalcedony in striped limestone at Foynes (Enclosure E (b)); 

however, this material was not petrographically tested for length-slow 

properties.

A final note of caution is the very occasional presence of length-slow 

chalcedony in non-evaporitic settings, including deep marine pelagic sediments 

(e.g. Keene, 1983), turbidites and basalts. Irrespective of these occurrences, the 

presence of length slow chalcedony in striped limestone unequivocally indicates 

the influence basic, sulphate rich pore waters.

3. D e fo rm a t io n : A range o f  highly complex deformation styles has already been 

carefully described in Section 4.2.3 (see Figs. 4.2.3.1-7). Variation between 

brittle (brecciation, micro-faulting etc) and more ductile styles of deformation is 

very commonly observed co-occurring in the same outcrop, hand-specimen (see 

Fig. 4.2.3.3(a)) or even thin-section (often separated only by the space o f  a few 

laminae). In other words, this deformation occurs on all observable scales and 

indicates a broad range of rheologies affected. The deformation tends to be quite 

chaotic and localised. It is quite possible that much of it is the result o f  

intraformational slumping.

The precise cause of this slumping needs careful consideration. This style of 

deformation is not reflected to an equivalent degree in either the underlying or 

overlying units (see Chapters 3 & 5). Tectonic or (gravitationally driven) slump 

deformation in the enclosing facies is noted in many parts of the basin (for 

example on the islands in the Fergus Estuary, at Kilcool Bridge and in the 

Oyster Hall Breccia Formation at Fenit; see subfacies IVc and Facies VI in 

Section 2 .1 1.1). The form of deformation in striped limestone is, however, not 

directly comparable with that developed elsewhere for the following reasons:
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I. Levels o f disruption o f striped limestone laminae are quite variable; 

however, where particularly intensely expressed, the range of 

deformation features developed is far more complex and chaotic than 

those observed elsewhere. Another |defining| feature o f this facies is the 

fact that the deformation o f stripes is a widespread and practically 

ubiquitous phenomenon. This is despite the fact that facies directly 

enclosing the unit generally display little  or no deformation (e.g. the 

Shanagolden and Corgrig Lodge Formations at Foynes). This difference 

would imply that the factors/forces involved in deformation where only 

in operation during the time o f striped limestone formation and that they 

may be intrinsically linked, in some way, to the genesis o f this particular 

facies.

II. Deformation features (such as slumps and breccias) observed in non

striped limestone facies tend to be much less widespread and are more 

'confined' (both stratigraphically and geographically; in other words an 

entire formation is not pervasively affected). This implies that the more 

pervasive form o f deformation in striped limestone is the result o f 

processes operating (universally) over a much wider area.

III. Despite the widespread pattern o f deformation in striped limestone, 

detailed examination o f the relationship o f undeformed laminae to folded 

and brecciated horizons, reveals much o f the disruption to be highly 

localised and lacking in any coherent sense shortening or flow  direction. 

Sections o f undisturbed laminite are seen to pass rapidly into highly 

disrupted layers and back again. These transitions may have sharply 

defined margins and are not necessarily stratabound - they may 'cut' 

vertically through layers. This point feeds back into the concept that 

much o f the deformation is chaotic and highly complex. A  sim ilar pattern 

o f disruption is not evident in enclosing facies.

IV. Deformation features in striped limestone are seen co-occurring on all 

scales (micro to macroscopic). This is not the case w ith disruption 

observed in enclosing facies, which tends to be meso- and (mostly)
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macroscopic in scale. It could be argued that the interlaminated nature o f 

striped limestone facilitates preservation and recognition o f microscopic 

deformation features. However, the micro-tectonic complexity o f striped 

laminae (with rapid interchange between undisturbed, folded and broken 

laminations) is clearly not equivalent w ith deformation observed 

elsewhere, nor is it easily reconcilable with a simple slump generated 

model o f emplacement.

V. Crackle and mosaic breccias are commonly developed in striped 

limestone (Type B breccias). These indicate dislocation, but with very 

minimal transport. They are not a feature o f enclosing facies. In addition 

monomict or oligomict breccias are more commonly encountered in 

striped limestone.

The details o f deformation (micro-tectonics, chaotic and complex multi-scale 

patterns o f disruption etc.) are d ifficu lt to relate purely to a carbonate 

environment. However, the dynamics o f an environment producing evaporitic 

salts (sulphates and even halites) offers a potential alternative explanation. Due 

to the high solubility o f the materials involved, they commonly dissolve 

(particularly i f  exposed to less saline water in the subsurface) and create cavities 

or spaces in the sequence. Increasing lack o f support leads to fracturing or even 

brecciation o f adjacent or overlying units.

Evaporite dissolution breccias are diagenetic horizons, with gravitational 

collapse o f clasts into cavities created by removal o f salts. The distance o f 

movement is dependent on the size and lateral extent o f the space developed. I f  

the cavity is only a few mm to cm high, the overburden founders gradually and 

gently and crackle and mosaic breccias are produced. Larger cavities result in 

more catastrophic collapses resulting in pack and rubble breccias (see Fig. 

4.2.11.2(a) for classification).

The collapse o f striped lamination in Fig. 4.2.3.4(b) is a good example o f a 

crackle breccia created by movement downwards into a small underlying cavity. 

The complex style o f fracture-folding in the hand specimen from Lixnaw in Fig.
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4.2.3.3(b) does not fo llow  a defined shortening direction and could be explained 

i f  it was deformed in an unconfined location (i.e. a cavity space or very near 

surface).

In general, relatively low levels o f clast m ixing and movement are important 

characteristics o f solution collapse breccias (Fig. 4.2.11.2(b)). These features are 

also common and, in fact, quite typical in striped limestone breccias (see point V 

above). According to Warren (2006, p.475) the most reliable characteristic o f a 

solution breccia is a sharp lower contact and a gradational upper contact. This 

feature has not been unequivocally identified in striped limestone breccias. 

Breccia, with a sharply defined base, resting upon an in itial c.70cm unit o f 

laminite is commonly encountered (Fig. 4.2.4.2). Many brecciated horizons are 

seen to have gradational upper boundaries; however, they may equally have 

gradational lower (and sometimes even lateral) contacts.

I f  the breccias in striped limestone are truly solution collapse in origin, then they 

provide a further indication o f the original composition o f the laminite. It is not 

necessary to completely remove all traces o f salt during generation o f solution 

breccias. Differences in solubilities between gypsum, anhydrite, halite and 

bittern means that breccias can be derived from initial dissolution o f more 

soluble salts, with resultant collapse o f less soluble salts into the cavities created. 

This produces two possibilities for striped limestone:

• I f  the laminae (now observed reworked into breccia) were originally 

calcite in composition (i.e. a carbonate cumulate), then the removed salt 

phase is like ly to have been gypsum/anhydrite. This would imply 

formation in mesohaline and lower penesaline conditions.

• I f  the laminae were originally gypsum/anhydrite in composition, the 

dissolved salt phase would probably have been halite, im plying upper 

penesaline (and possibly even lower supersaline) conditions. Sulphate 

collapse breccias are a feature o f the Permian Castile Formation, which is 

discussed as a potential analogue for striped limestone in Section 4.2.12. 

I f  this model is more correct then subsequent calcitisation o f the sulphate 

is necessary - this is discussed in Section 4.2.15.
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The folding observed (again on all scales) affecting striped limestone laminae 

may be the product o f force applied to a softer, more pliable (plastic) substance. 

As it is often directly overlain by undisturbed laminae (see polished hand 

specimen in Fig. 4.2.3.3(a) for example), this would suggest syn-sedimentary 

timing to the deformation. In this instance a form of downslope creep or 

slumping could be invoked as the causal mechanism. This may be linked [not 

temporally! with evidence o f slumping in other parts o f the Shannon Basin (e.g. 

on the Fergus Islands).

Adoption of an evaporitive influence in the generation o f layers produces 

another possibility, linked to salt dissolution. Syndepositional solution produces 

characteristic ductile breccia textures and soft sediment slumping in the 

overburden (Warren, 2006). If collapse o f substrate is ongoing, the overlying 

strata become highly disturbed and appreciable intrabed slumping results.

This style o f deformation could also possibly  be the result o f hydration of  

anhydrite lithologies in the subsurface (usually by groundwater or even seawater 

recharge and flushing). If anhydrite (CaS0 4 ) layers are confined, from above and 

below, then a chaotic, enterolithic style o f folding occurs in response to the 

volume increase as gypsum (CaS0 4 .2 H2 0 ) is produced. This style of 

deformation was examined in the field at Tochni gypsum quarry (M iocene) on 

Cyprus and is discussed in more detail in the next section (4.2.12). Debate 

continues as to whether the folding at Tochni was generated by rehydration or 

slumping (Greensmith, 1998). For now it is worth noting that the nature and 

character o f this deformation at Tochni (see Figs. 4.2 .12.2 & 4.2.12.3(b-c)) is 

strikingly similar to folding observed in striped limestones at several locations 

(compare, for example, the Tochni folds with the examples from Mens Strand 

Ballybunion in Fig. 2 .7 .1 .3(b) and Oyster Hall foreshore, Fenit (Fig. 4.2.2.2(e)).

A key observation made at both the Cyprus and the Shannon Basin sections with 

respect to this complex and rather chaotic style o f syn-sedimentary folding is the 

lack o f a general (and consistent) sense o f flow direction (as would be indicated 

from the orientation o f the noses o f folds). This would indicate that mass flow  

downslope was perhaps not the main driving force behind the generation of
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these folds and that either the rehydration model or solution triggered slumping 

are, perhaps, more correct explanations. The potential (original) presence of 

anhydrite in the striped limestone sequence would indicate increased levels of 

evaporation and concentration of the brine (beyond the level of gypsum 

precipitation) and possible upper penesaline conditions.

None of the points (pseudomorphs, chalcedony and deformation) discussed above, 

provide unequivocal evidence for an evaporitive precursor to striped limestone when 

considered on their individual merits. For example, the specific form of length slow 

chalcedony used by workers when trying to argue for a connection with evaporites is 

lutecite (e.g. West, 1973) and, specifically, an enhanced concentration (>20 wt%) of its 

precursor, moganite (Heaney, 1995). Moganite is, however, metastable, and not found 

in rocks older than Cretaceous.

Nevertheless, it is the combination of all three lines of evidence in the facies which 

provides a more compelling argument in favour o f  an evaporitive influence [specifically 

sulphate and possibly  even halite lithologiesj during formation. This requirement |the 

identification of a combination of several (often circumstantial) evaporite indicators) is, 

according to Warren (2006), the only reliable indicator o f  "the evaporite that w a s”.

On balance it seems likely that striped limestone was produced in a hypersaline 

environment (most likely somewhere between mesohaline and penesaline conditions). 

The direct precipitation of calcite (i.e. a carbonate cumulate), whether evaporitively 

driven or not, cannot be discounted and seems likely. The presence of more soluble 

evaporite salts, which have now vanished or been replaced, in the laminite is a distinct 

possibility, but the precise level of input of these lithologies cannot be quantified.

4.2.12: Comparison with other documented laminated evaporite deposits 

As no modern (directly comparable) analogue for striped limestone is currently known, 

it is worth comparing the Irish material to various documented examples o f  laminated 

evaporites from the literature.
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Miocene (Messinian) o f  the Mediterranean:

Kennet (1982) postulated that during the Late Miocene a drop in global sealevels (on 

the order of 40-50m) coupled with a phase of cooling lead to the isolation of the 

Mediterranean. Other authors (see for example Hodell et al. 2001 and Krijgsman et al. 

1999 & 2002) have favoured a tectonic control on basin isolation. Regardless of which 

model is the more correct, this event, termed the 'Messinian or pan-Mediterranean 

salinity Crisis' (MSC), began at c.5.96Ma and ended at c.5.33Ma, with the opening of 

the Gibraltar gateway (Ryan, 2009 and references therein). The resultant Zanclean flood 

(basal Pliocene) returned the desiccated Mediterranean to an open marine sea in only a 

few decades.

From the outset there are some similarities to the setting of the MSC and the striped 

limestone units in the Shannon Basin. The mechanism for restricting ('silling') water 

flow in the Shannon Basin is likely to be due to either tectonism or lowering of sea- 

level (on a scale comparable to the 40-50m drop in the Miocene). In the central 

Mediterranean the MSC successions are sandwiched between open (and deep) marine 

sediments. In terms of palaeoclimate there are also strong similarities as the global 

regime in both scenarios was perched in the transition between a 'hothouse' and a 

'coldhouse' world (see Groves & Yue (2009) for a compilation and discussion of the 

Carboniferous situation).

As evaporation progressed during the MSC and sealevel was drawn down, a series of 

giant brine 'lakes' became strung out across the floor of the basin (Fig. 4.2.12.1(a)). 

During times of maximum drawdown these sub-basins became increasingly isolated and 

acted as sites for considerable accumulations of evaporite salts. When they were active 

they would have been located some 2km below global sealevels. In addition, during this 

time, a second style of evaporite deposition took place at much higher levels, towards 

the margins of the Mediterranean basin and these deposits are available for study at 

outcrop today.

The scale and extent of the Messinian basin and its evaporite deposits vastly exceed that 

of the Shannon Basin (it is considered the worlds last and most recent 'saline giant': Hsii 

( 1972a,b) proposed it be considered a "reference standard"). Some workers have 

speculated that the Mediterranean may have drawn down and completely desiccated and
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refilled several times (Hsii et al. 1973), whilst others have proposed that it never 

emptied at all, but rather produced evaporites subaqueously (Dietz & Woodhouse, 

1988; see also Hardie & Lowenstein, 2004 for further discussion).

Ryan (2009) provided a very comprehensive and up to date review of all the arguments 

involved in trying to assess the palaeoenvironment of the MSC. Historically there were 

three competing hypotheses:

1. Shullow-wate.r, shallow basin: Evaporite production in shallow, isolated and 

subsiding rift valleys.

2. Deep-water, deep basin: Precipitation in deep depressions disconnected from 

an open ocean by a sill or bar.

3. Shallow-waler, deep basin: Drawdown of the Mediterranean reduced it to a 

series of isolated lagoons, far below the sealevels in the coeval Atlantic. Deep 

incisions of fluvial drainage networks emptying into the Mediterranean during 

the Miocene have supported this contention.

All deep-water evaporite models require a mechanism to restrict circulation and usually 

invoke the creation of density-stratified brine, with deeper areas collecting the densest 

brines. This could be used to explain the observed difference between carbonate and 

sulphate precipitation in shallow marginal areas, whilst deeper areas are characterised 

by halite lithologies (Fig. 4.2.12.1(a)). Evaporitive concentration (EC) is also an 

important consideration. According to Ryan (2009), evaporitive drawdown only began 

somewhere between 0.7 and I My after the onset of the MSC. Prior to this the brine sea 

concentrated towards halite precipitation, whilst cyclical gypsum deposits were 

produced in the shallows. When drawdown commenced, EC ensures the delivery of 

large quantities of salt in a relatively short amount of time. Evidence from the Sicilian 

Basin suggests the lower portion of the halite beds were produced from stratified brine 

under deep, subaqueous conditions, whilst the upper zones were formed in an 

intermittently desiccated Mediterranean. Ryan (2009) proposes a revised model to 

explain the manner of EC during the MSC, which has 'shallow-margin, shallow-water 

and deep-hasin, deep-water' precursors prior to eventual drawdown and desiccation.
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The ability o f documented onland Messinian evaporites to shed further light on the 

potential nature o f striped limestone is further demonstrated by a study by Vai &  Ricci 

Lucchi (1977) on the deposits o f the Vena del Gesso Basin in the Northern Apennines 

in Italy. They describe a series o f distinct lithological cycles consisting o f bituminous 

shales |at the base] to (calcareous and gypsiferous) algal laminites, through to various 

forms o f selenite. Vai &  Ricci Lucchi (1977) interpreted these deposits as quite shallow 

and lagoonal, with maximum water depths on the order o f tens o f metres. They were 

careful to avoid terminology such as 'shallow basin' as they acknowledged the potential 

for wide eustatic fluctuation in an evaporating basin during drawdown (effectively 

decoupling the concept o f topographic depth from water depth). The depositional cycles 

produced are likely to have been controlled by number o f interrelating factors such as 

algal growth, shallowing due to precipitation o f evaporitic salts and falling sealevel and 

increasing influence o f mechanical (physical) reworking processes as the cycle shallow 

upwards. Continued input o f fresher water ensured the system continued to produce 

gypsum and not halite lithologies (see Fig. 4.2.11.1).

The close association between laminated (algal) stromatolites and evaporites in the 

Vena del Gesso basin is noteworthy. These biogenic structures in itia lly  preceded the 

main phase o f evaporite formation and went on to intergrow or be replaced by gypsum. 

This interrelationship is similar to the interplay between lithologies, which could be 

described as either stromatolitic or evaporitic in striped limestones (Fig. 4.2.2.S) and 

reinforces the idea that it might not be possible to completely disentangle the two 

concepts. Striped limestone also appears to occur in cycles (particularly at Lixnaw, 

Ballybunion and the Fergus Islands); the base is always marked by a zone of 

continuously striped laminite, which passes upwards into either a massive calcilutite or 

a mottled or brecciated lithology. Continuous striping usually reappears after a few 

metres o f section before there is a repetition o f the sequence. The shallow lagoonal 

setting o f the Vena del Gesso deposits is not immediately applicable to striped 

limestone. However, the concept that either a tectonic or eustatic cause was responsible 

for silling the Mediterranean Basin is a very important point and needs to be considered 

in the context o f the Shannon Basin in Late Visean times. This point w ill be taken up 

further later.
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Returning to the question of potential (laminated) evaporitic analogues for striped 

limestone, a laminated sulphate facies from MSC deposits, known as 'balatino' (Fig. 

4.2.12.1(b)), is highly significant in this respect. Schreiber et al. (1976) described this 

facies from the Gessoso-Solfifera Formation of Sicilian Basin (they list it as 'Facies 3' 

in their scheme) as:

"Laminated calcium sulphate, usually found in couplets with thin carbonate intercalations. 

These laminated beds may be: (a) even and continuous, or (b) wavy and irregular” (p.732)

These laminations were described by Schreiber et al. (1976) as being waxy-looking 

parallel bands (l-8m m  thick) which are arranged in larger (laterally continuous) beds 

2-lOOcm thick (typically 5-20cm). Ripples and cracked 'rip-up' breccia textures are 

described on top surfaces. In thin-section, the laminated gypsum is composed of a 

mosaic of subhedral (20-30//m) crystals which are tightly interlocking and which 

display normal, reverse and ungraded patterns. The carbonate interlayers vary between 

being a dolomicrite and a non-lithified calcareous marl (which may contain small 

forams and coccoliths) and they are interpreted as the product of periodic freshening of 

the water column.

Schreiber et al. (1976) interpreted this facies as shallow in origin. The ripple structures 

indicate deposition above wave-base, whereas the even and more continuous 

lamination may have been produced at slightly greater depths. The shallow origin for 

balatino is not universally accepted, however. Some workers (e.g. Selli, 1973) have 

commented that these structures are more likely to have formed in deep water.

Balatino facies was also uncovered by deep-sea drilling in the Upper Evaporites at the 

base of the Menorca margin further west in the Mediterranean (Ryan, 2009; see Fig. 

4.2.12.1(b)). This demonstrates the potential ability of this facies to develop over a 

considerable area (assuming the two occurrences are equivalent). The dark 

interlaminae in the facies have been interpreted as the remains of algal mats and there 

appears to be a cyclic pattern to the development of m-scale beds of this laminite.
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Balatino facies has many features in common with striped limestone:

• Variation between evenly and irregularly laminated balatino forms is sim ilar to 

the gradation between Type 1 and Types Il-V  striped morphotypes (Fig. 

4.2.2.5).

• The example o f balatino presented by Ryan (2009) and reproduced here in Fig. 

4.2.12.1(b), is visually quite similar to striped limestone.

• In thin-section, although balatino is gypsiferous and striped limestone 

calcareous, the details o f crystal size, arrangement and evidence for grading are 

almost identical.

• There is evidence for organic (algal) remains in both facies.

• Both facies have the potential to be widespread in occurrence.

A major difference between the two facies (apart from the lithology) is the presence o f 

obvious shallow water features in balatino, such as cross-stratification and evidence for 

'rip-up' textures and sub-aerial exposure, it is interesting to note that although balatino 

is generally interpreted as a shallow water deposit, there are some dissenting voices.

During the course o f this project Messinian evaporites were examined in southern 

Cyprus in the eastern Mediterranean. These deposits were produced in a series o f semi

isolated tectonically controlled basins located around the flanks o f the emergent 

Troodos (ophiolite) Complex (Krijgsman, 2002; Greensmith, 1998; Robertson et al. 

1995). These locations originally contained (relatively shallow) gypsum-producing 

brines, which were disconnected from and lay a short distance below sealevel. The 

gypsum produced is mapped regionally as the Kalavasos Formation.

The Kalavasos Formation is underlain by a thick, but variable, carbonate sequence 

ranging in age from Late Cretaceous to Neogene (Miocene). The Lefkara Formation 

(Late Cretaceous to Oligocene) is a massive pelagic chalky unit, which contains bedded 

calciturbidites at Pano Lefkara (UTM  grid coordinates 0528565 3857268). Comparisons 

could be drawn here between the position o f turbiditic facies in the succession below 

evaporite levels at both Cyprus and Lixnaw in Kerry. The transition between the two 

facies is much more abrupt in north Kerry; in southern Cyprus the Pakhna Formation 

(which varies between 0 and 700m thickness) intervenes and, importantly, it displays
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several shallowing trends and features such as conglomeratic channel fills , ripple 

development and even mudcracks (Tochni location, UTM  0529481 3849046).

Excellent exposures o f Kalavasos Formation gypsum deposits are to be found at Tochni 

quarry (UTM  0528840 3846838; Fig. 4.2.12.2). Where the succession has not been 

recrystallised to a massive, creamy coloured sugary alabaster, an alternating light and 

dark planar style o f lamination is developed in the gypsum (Fig. 4.2.12.3(a)). This 

structure is reminiscent o f Type 1 or indeed Type III striped limestone, although the 

chemical composition is entirely different. O f more significance are discrete horizons 

with intensely buckled and folded gypsum layers (Fig. 4.2.l2.3(b-c)). This form of 

ductile deformation is stratabound (the units above and below are undeformed) and has 

been discussed previously in Section 4.2.11. It is either the product of:

• Syn-sedimentary slumping o f the layers, im plying a location close to or on a 

slope or

• Rehydration o f anhydrite to gypsum in the subsurface. The resultant volume 

increase in a confined space leads to a rather chaotic style o f (enterolithic) 

folding.

Examination o f the section at Tochni quarry in Fig. 4.2.12.2 reveals that this zone of 

complex folding is both laterally persistent and quite confined (stratigraphically). 

Detailed examination o f individual folds in the quarry reveals that the axes o f the 

majority o f the structures are near vertical, suggesting that the slumping model may not 

be entirely correct in this instance. The key point (already stressed in Section 4.2.11) is 

that there are strong similarities between the nature and character o f the folding 

affecting the gypsum layering on Cyprus and folding developed in striped limestone 

(compare the convolute gypsum zone in Fig. 4.2.12.2 with the folded striped limestone 

in Fig. 2.7.1.3(b)). Folds with vertically orientated axes have also been encountered in 

striped limestones (see examples from Lixnaw in Fig. 4.2.12.4 and consult Enclosure B 

for more information). Above the level o f the section illustrated at Tochni in Fig. 

4.2.12.2 is a layer o f heavily brecciated gypsum. This is interbedded with yellow 

weathering laminated gypsum, which displays impressive solution collapse structures.

Although the lithologies are entirely different between the Kalavasos Formation and 

striped limestone, many o f the stratigraphic trends are sim ilar, in particular the
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alternation between laminated, brecciated and massive lithologies. The folding 

observed in the gypsum units is strikingly sim ilar to that seen in striped limestones, 

with one caveat; folding is seen on all scales (micro, meso and macroscopic) in striped 

limestone, whereas it was only observed at macroscopic scales in the Messinian 

examples at Tochni on Cyprus. Whether this difference reflects an alternate mode o f 

formation or indeed a difference in chemistry is unclear.

One final point to be made about the Messinian Kalavasos Formation is its relationship 

to a (broadly) laterally equivalent unit o f massive patch reef development (the Koronia 

Member). These reefs are believed to have intergrown with the evaporite facies and 

they may have had a part to play in creating barriers with the open sea and helping 

develop and protect high salinity lagoonal environments (Greensmith, 1998). General 

comparisons can be drawn with the Cloonagh and striped limestone units in the 

Shannon Basin and this point w ill be taken up further in Section 4.3.

Permian Castile Formation:

W hilst the examples o f laminated evaporites from the MSC provide a useful indication 

o f the dynamics and types o f processes at work in evaporating environments, they do 

fall short o f providing a completely satisfactory analogue for striped limestone in one 

key aspect: (leaving aside the deposits o f the central Mediterranean) the basin margin 

sulphate and carbonate deposits (Fig. 4.2.12.1(a)) are shallow water in origin. The 

Permian Castile Formation in west Texas and New Mexico, on the other hand, is a 

laminated evaporite which is generally interpreted to have been produced subaqueously 

in a deep(er) basinal setting (Anderson et al. 1972).

The Castile Formation was produced in the Delaware Basin, which was surrounded by a 

carbonate platform/reef (Capitan Reef), with an opening to the sea to the south or 

southwest. This formed a barrier and helped to isolate the basin during times o f lower 

sealevel (Fig. 4.2.l2.5(a-b)), leading to elevation o f salinity in the basin and density 

stratification. The sediment-brine interface on the seafloor was located in anoxic, 

gypsum-saturated bottom waters. Evaporite precipitation is believed to have occurred 

fa irly close to the surface o f the brine (possibly at the air-brine interface) and the 

resultant sand and silt sized crystals then settled onto the seafloor below. This is the
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4.2.12: Comparison with other documented laminated evaporite deposits

classic 'rain-from-heaven' model of evaporite accumulation. The deposits produced are 

typically finely (and evenly) laminated, representing a continuous blanketing of very 

large areas of seafloor with thin drapes of evaporite. Cumulate deposits of this kind are 

thought to typify ancient deep-water evaporite laminites (Warren, 2006), although Ryan 

(2009) warned that "cumulates themselves are not water-depth diagnostic" (p .100).

The Castile evaporites are composed of alternating calcite and anhydrite couplets. The 

calcite layers may have an organic element associated whilst the anhydrite layers are 

composed of closely interlocking (rectangular) euhedral crystals with a "pile o f  bricks" 

texture (Fig. 4.2.12.5(c)). Organic layers associated with anhydrite layers may represent 

algal blooms when there was a freshening of the surface brine. Anderson et al. (1972) 

interpreted these couplets as varves in the true sense (an annual phase of sedimentation).

On a larger scale, repetitive brining-upwards sequences (a few metres thick) are 

observable in the Castile laminites (Fig. 4.2.12.5(c)). Essentially these display an 

increase in the thickness and dominance of anhydrite laminae upwards and are capped 

by halite. Each of these larger cycles are believed to have taken somewhere between 

1800 and 3000 years to form (Kirkland et al., 2000; Anderson et al., 1972).

The most striking feature of the Castile laminites is their very even and uniform 

development and considerable lateral continuity. This allowed Anderson et al. (1972) to 

count and confidently report the actual number of individual laminar couplets |26l ,162| 

in the Castile, Bell Canyon and Salado Formations (see Fig. 4.2.12.5(b)).

Perhaps more surprisingly, Anderson et al. (1972) were able to trace individual mm- 

scale laminae (on the basis of thickness variation) over distances of up to 113km. This 

repetitive style of sedimentation, repeated thousands of times without interruption 

(Kirkland et al. 2000) and correlatable over the entire basin is perhaps the signature 

feature of the Castile Formation. The lack of disturbance by wave, slump or burrowing 

activity would suggest a paiaeoenvironment that was below wave base, topographically 

quite uniform and continuously anoxic. These arguments have been used to support the 

deep-water setting of these cumulates. Several issues persist with the interpretation of 

the Castile water-depths and this is reflected in alternative models for evaporite 

production in the basin (Fig. 4.2.12.5(d)).
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Disregarding the arguments about water depth, hand-specimens from the Castile 

Formation are (broadly) visually comparable to striped limestone:

• The hand-specimens illustrated in Fig. 4.2.12.6 demonstrate the evenness and 

continuousness o f Castile lamination very well. The laminae in the figured 

specimens are often quite contorted and this deformation is clearly syn- 

sedimentary or diagenetic (note the close association o f fla t laminite and 

buckled laminae in Fig. 4.2.12.6(a)). Despite this enterolithic style o f folding the 

laminae do not appear to dislocate or detach and remain laterally traceable. 

W hilst the same feature is not expressed in striped limestone, the zone o f more 

flat and even lamination in Fig. 4.2.12.6(a) is sim ilar to striped limestone 

(visually it would be considered a variant o f the Type I morphotype).

• The brecciated textures o f Castile Formation, described and figured by 

Anderson et a l. (1972), are virtually identical to those observed in striped 

limestone (in particular examples from Lixnaw quarry) and they are interpreted 

by these workers as follows:

Anderson et 
al. (1972) Fig: Interpretation: Description provided:

5B Solution Collapse 
Breccia

Larger, more angular fragments than 5C below with 
little matrix.

5C Blanket Breccia

Rectangular shaped, subangular fragments o f single 
laminae or groups o f laminae embedded in a matrix 
o f anhydrite. Fragments are generally sub 1cm and 
appear in various orientations, but most occur with 
stratification, i f  visible and long dimension near the 
horizontal. Many o f the fragments appear to have 
been only slightly displaced.

Visual comparison o f Fig. 5B &  C o f Anderson et a l. (1972) with Figs. 

4.2.2.1(e); 4.2.3.3(b); 4.2.3.4 &  4.2.3.5(a) herein reinforces this sim ilarity in 

form, as do the written descriptions provided. It seems quite possible (as has 

already been suggested in Section 4.2.11) that a similar dissolution triggered 

process was responsible for much o f the brecciated textures observed in striped 

limestone.
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Middle Devonian Laminites from Western Canada:

The stratigraphy and relationships o f M iddle Devonian (Givetian) reefs and evaporites 

have been documented from south-central Saskatchewan by Wardlaw &  Reinson (1971) 

and from neighbouring central northern Alberta by Davies &  Ludlam (1973). These 

were deposited in the Elk Point Basin, a shallow, partly enclosed, epicontinental sea, 

which opened to the north-northwest, beyond a reef barrier (Fig. 4.2.12.7(a,b)). This 

reef structure, termed the Presqu'ile barrier, is a carbonate buildup about 400km long 

and 20-100km wide, which was responsible for restricting seawater circulation in the 

Elk Point Basin further south, thus stimulating the production o f evaporites (Qing &  

Mountjoy, 1994). A  summary comparison stratigraphy o f the Saskatchewan and Alberta 

study areas is presented in Fig. 4.2.12.7(c).

In Saskatchewan Wardlaw &  Reinson (1971) recognised the Winnipegosis Formation (a 

series o f carbonate banks, divided into lower and upper members), which separates a 

northern basin from a southern basin. This unit was surrounded and eventually encased 

by the Prairie Evaporite Formation (anhydrite and halite). O f particular interest is the 

Ratner unit, a thin group o f finely laminated carbonate mudstones and anhydrites, which 

are restricted to interbank positions and were considered by these authors to be laterally 

equivalent to the Upper Winnipegosis Member (see Fig. 4.2.12.7(c)). Wardlaw &  

Reinson (1971) assigned member status to the Ratner laminite (considering it to be part 

o f the Winnipegosis Formation); however, Jin &  Bergman (2001) raised this unit to 

formational status for the fo llow ing reasons:

1. It has quite a distinct lithology from the enclosing facies.

2. It is widespread in the Saskatchewan sub-basin (Fig. 4.2.12.7(b); in other words 

it is mappable).

The recognition o f the Ratner laminite as a formation is retained here and it should be 

noted that the same arguments also hold for recognition o f formation status for striped 

limestone. Wardlaw &  Reinson (1971) originally subdivided the Ratner laminites into 

eight units (see Fig. 4.2.12.8(b)) totalling c.12.8m stratigraphic thickness. This eightfold 

subdivision was found to be remarkably consistent over very wide areas o f the basin 

and Wardlaw &  Reinson (1971) were able to correlate individual (mm-scale) laminae 

from unit 4 over a horizontal distance o f some 3km (see their Fig. 8B).
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In the Alberta sections, Davies &  Ludlam (1973) defined the Keg River Formation, a 

widespread platform o f bioclastic, oncolitic and pelletoidal carbonates (20-60m thick) 

upon which isolated and fringing banks and reefs o f the Upper Keg River Member 

developed (Fig. 4.2.12.7(c)). These structures are surrounded by, and were eventually 

overwhelmed by, evaporitic deposits o f the Muskeg Formation (equivalent to the Prairie 

Formation). A  sequence o f laminites, sim ilar in form and composition to those o f the 

Ratner, lies above the platform units. In a sim ilar setting to the Saskatchewan examples, 

the Alberta laminites are confined in intermound areas, in topographic depressions or 

sub-basins defined by the geometry o f carbonate banks. Davies &  Ludlam included the 

laminites in the evaporitic Muskeg Formation as they grade into the overlying anhydrite 

or halite. However, given the recommendations o f Jin &  Bergman (2001) this is 

something o f a moot point. In a key development from the earlier Wardlaw &  Reinson 

(1971) study, Davies &  Ludlam (1973) managed to correlate individual mm-scale 

laminae (o f various compositions) from the basal Muskeg laminite over horizontal 

distances o f 2 to 25km (see their Figs. 6 &  7).

The Canadian Devonian laminites have unquestionably provided the closest analogue 

for the Shannon Basin striped limestone for the fo llow ing reasons:

1. Setting: Both areas were covered by relatively shallow (intracratonic) 

epicontinental seas, which had a relatively limited connection to the open ocean. 

The true extent o f this lack o f connectivity in the Shannon Basin is d ifficu lt to 

gauge, as the western end o f the structure is largely unknown; however, the 

palaeogeographic sketch map presented in Fig. 3.1.1 indicates that this may in 

fact have been a serious issue. Maintaining a viable connection with the open- 

sea/ocean would have been even more o f a problem during times o f low sealevel 

in both areas. The Elk Point Basin dwarfs the Shannon Basin for scale by more 

than an order o f magnitude. Croker (1995) estimated the combined onshore and 

offshore remnant (which is truncated by the Porcupine Basin) o f the Shannon 

(Clare) Basin to be on the order o f c.200km long (west-east direction) and 

c.100km wide. This is still considerably smaller than the Elk Point sub-basins 

identified in Fig. 4.2.12.7(b); however, these sub-basins are further subdivided 

(for example the northern and southern sub-basins o f the Saskatchewan area as
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identified by Wardlaw &  Reinson (1971)). These smaller structures are much 

more comparable in size.

2. Oncoids: The top o f the lower member o f the Winnipegosis Formation in 

Saskatchewan (which directly underlies the Ratner Formation laminites) is a 

regionally widespread 3.6m (true thickness) argillaceous shaly horizon. Jin &  

Bergman (2001) defined this unit as the Brightholme Member (Fig. 4.2.12.8(a)). 

Organic rich laminated intervals in this member contain abundant Tasmanites, 

interpreted as planktonic blooms.

The Brightholme Member is underlain by mottled carbonate w ith algal oncoids 

in a poorly sorted matrix with brachiopods, corals and crinoids (Wardlaw &  

Reinson, 1971, see Figs. 4.2.12.7(c) &  4.2.12.8(a)). The oncoids are 

subspherical, range in size up to 3cm and are composed o f irregular laminations 

o f micrite with ?Girvanella tubes. Jin &  Bergman (2001) reported a thickness o f 

38cm for this unit. The nature o f the associated fauna suggests open-marine 

conditions. Wardlaw &  Reinson inferred a shallow environment, w ith periodic 

agitation, for the oncoids and noted that they are developed on a regional scale; 

thus, there must have been uniform depositional conditions operating over quite 

a wide area o f seafloor. They commented that, given the postulated shallow 

water environment, the seafloor itself must have had very little  re lief to allow for 

such a widespread phenomenon. As mentioned above, Davies &  Ludlam (1973) 

recorded oncoids in the equivalent part o f the succession in Alberta.

Practically all o f the details o f the Canadian oncoids (w ith the exception o f the 

association with mottled limestones) are identical to the oncoids described in 

Section 3.6 from Lixnaw and Fairy Gate. The sim ilarity o f stratigraphic position, 

a relatively short distance below a regionally widespread development o f 

laminite, and the lateral persistence o f these oncoid units is striking. It is quite 

like ly that many aspects o f the palaeoenvironmental interpretation fo r these 

structures by Wardlaw &  Reinson (1971) also hold fo r the Irish examples.

3. Association w ith  carbonato mudmounds: The Canadian laminites are 

developed in areas between reefs or mudbanks. These structures are described as
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being composed of peioidal, 'biofragmental carbonate' with brachiopods, 

crinoids and stromatoporoid fragments in a mudstone matrix (Wardlaw & 

Reinson, 1971). Davies & Ludlam (1973) noted that numerous isolated forms of 

these mounds developed in the sub-basins. These carbonate mounds are 

genetically linked to laminite (an evaporite) formation in two ways:

• They controlled the shape of the seafloor, generating sheltered 

depressions for laminites to form in and

• They formed a barrier structure and helped to restrict circulation within 

the basin, particularly when sealevels lowered eustatically or as a result 

of evaporation exceeding meteoric and open-marine inputs (this would 

have acted perhaps as a negative feedback loop).

Wardlaw & Reinson recognised two phases of carbonate bank development; one 

before deposition of interbank anhydrites and halites, and another after, which 

would have grown in a hypersaline environment. Jin & Bergman (2001) also 

noted that the Ratner Formation laminites are found to occur on the tops of 

several low relief (typically <30m) reef mounds within the Upper Winnipegosis 

Member. They interpret these as drowned carbonate buildups and note that they 

attained less than half the elevation of other pinnacle reefs nearby (which are not 

covered by laminite).

The lithology, morphology and faunal composition of the Canadian mounds are 

very similar to those of the Cloonagh Formation (see Section 4.3 below). Reef 

forming stromatoporoids were decimated in the late Devonian extinction, so 

their absence in the Irish Carboniferous reefs is unsurprising. Cloonagh 

mudmounds have a tendency to form isolated knoll like structures, especially in 

Kerry. From the limited outcrop and borehole data (Fig. 4.1.1) Cloonagh 

mounds of Asbian age appear to encircle the Shannon Basin. They are seen to 

have striped limestone laminite incorporated in their structure, particularly 

towards their tops (at Church Hill, Fenit for example, see Figs. 4.3.5.1-3). This 

could indicate a possible genetic or environmental link in the formation of both 

facies. Striped limestone is not always developed in Cloonagh mounds though, 

and this may (perhaps) be due to variation in height of these reef structures 

(outlined by Jin & Bergman (2001) above). Mudmound structures continued to
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grow in the S hannon  Basin into the B rigantian . W h e th e r  they possessed  enough 

re lief to fo rm  an effec tive  barrier to c ircu la tion  within the basin at t im es o f  low er 

sealevel is a very difficult  question  to answ er,  due to the patchy nature o f  

exposure  and  the fact that the w estern  (offshore) ex trem ity  o f  the Shannon  Basin 

is either poorly  know n or m issing altogether .

4 .  M o rp h o lo g y  o f  L a m in i t e s :  A w ide variety o f  lam ination styles are developed  

along with various defo rm ation /rep lac ive  textures in the Elk Point Basin 

lam inites. S o m e o f  these are illustrated from  the R atner  Form ation  in Fig. 

4 .2 .12 .8 (b).  L am inae  typically  o ccu r  in coup le ts  with a mineral phase (calcite, 

do lom ite  or  anhydrite )  with a th inner darker  organ ic  layer and (superficially) 

resem ble  varves or algal lam ination . Pyrite f ram bo ids  w ere  noted by D avies  & 

Ludlam  (1973) from  the organic  intervals.

Jin  &  B ergm an  (2001) noted variability  betw een  planar and m ore irregular 

(crinkled) styles o f  lam ination  in the R atner Form ation  in the northern  and 

southern  areas  (respectively) o f  the Saska tchew an  sub-basin . T hey  in terpreted 

this as represen ting  varia tion betw een  shallow  (p lanar lam inae) and deeper  

( irregular lam inae) w a te r  conditions. T h e  cr inkled  lam inae  w ere  though t  to 

reflect h igher organic  input due to increased p lanktonic b loom s and less 

potential fo r  desiccation  in the d eeper  areas  o f  the basin. T h is  varia tion , betw een 

both planar and m ore irregular  (c rink led) styles o f  lam ination ,  is a lso  a recurring 

them e in striped lim estone  (Fig. 4 .2 .2 .S),  as is the (apparently  conflic ting) 

ev idence  fo r  a shallow  and  deep  pa laeoenv ironm enta l  setting.

S o m e (bu t not all) o f  the petrological details  o f  the R a tner  Form ation  

do cu m en ted  f ro m  th in -sec tions in the prev iously  referenced  w o rk s ,  fit with those 

o f  striped l im estone . S ize variation o f  (sub to euhedral)  crystal fo rm s  w ith in ,  and 

be tw een , lam inae  are s im ilar .  H o w ev er,  the C anad ian  ex am p les  cove r  a w ider 

range o f  m inera ls  (calc ite ,  do lom ite  and anhydrite ) ,  w hereas  striped lim estones 

are all largely calcitic. T here  are thus a n u m b er  o f  com plex  (in terrelated) 

do lom itisa tion ,  calc itisation and anhydrisa tion  textures not directly  apparen t in 

the striped exam ples .
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Wardlaw & Reinson (1971) did note:

"... disrupted  carbonate lam inae, with sm all fo ld s  and fau lts, apparently caused by the 

displacive growth  o / |c a lc i t e |  crysta ls along partings  |during calcitisation of organic- 

rich and anhydrite layers |. Fractures in the host indicate a t least p a r tia l lithification a t 

the tim e o f  d isp lacem en t” (p .1768).

This description of Ratner Formation microtexture is very similar to fabrics 

identified in striped limestone. Perhaps though, the most compelling argument in 

favour of a potentially similar origin (and diagenetic history) for both the Ratner 

and striped limestone laminites is to be made through simple (visual) 

comparison of lamination style in both units (Fig. 4.2.12.9).

5. Calcitisation: Pervasive calcitisation has affected much of Ratner Formation 

(Shearman & Fuller, 1969; Wardlaw & Reinson, 1971), particularly in 

Saskatchewan. Organic matter and anhydrite lithologies have been replaced by 

calcite. Wardlaw & Reinson (1971) believed the alteration of the primary 

textures to be largely due to microbial activity.

Striped limestone is entirely calcitised; gypsum and anhydrite are not directly 

preserved. The Ratner laminites thus provide a potential mechanism for 

alteration. In addition, there is good evidence that the microflora observed in 

thin-section (Figs. 4.2.S.5-7 & 4.2.5.9(f-h)) is only partially preserved and has 

suffered degradation through calcitisation.

Shearman & Fuller (1969) initially proposed that that at least some of the lamination in 

the Ratner Formation had been produced (by algal mats) in a supratidal environment, 

which had developed due to a significant drop in sealevel after formation of the 

Winnipegosis banks. The realisation by Wardlaw & Reinson (1971) that some of the 

Ratner laminae could be traced 3km cast the first seeds of doubt on the sabkha 

hypothesis and the doubt was strengthened by Davies & Ludlam's (1973) tracing of 

Ratner laminae across even greater distances (25km). Taken in conjunction with the 

correlation by Anderson et al. (1972) of laminae from the Castile Formation over yet 

greater distances (1 13km), these data prompted Dean et al. (1975) to state that evidence
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commonly used to infer shallow sabkha-type environments (in the past) was generally 

equivocal and that the features observed could equally have formed in deep-water.

W ardlaw & Reinson (1971) began to argue carefully against the Shearman & Fuller 

(1969) shallow water model. They suggested that:

"The regularity and continuity o f  laminae in unit 4 o f  the Ratner suggest uniformity o f  

environment over a wide area and quiet water conditions" (p. 1775).

They suggested a subtidal origin to the lamination, without further elaboration.

Davies & Ludlam (1973) interpreted the palaeoenvironment of the Ratner Formation in 

more detail. The high level of lateral continuity observed (25km) suggested to them a 

uniformity to the palaeoenvironment and depositional processes, which could operate 

evenly over a very wide area. The post-depositional preservation of the lamination 

could only be due to a total absence of physical (wave disturbance and slumping) and 

biological (burrowing, bioturbation) disturbance of the sediment. A deep-water 

environment (certainly below FW W B), with a fairly flat seafloor and anoxic 

(hypersaline) conditions explained all the observations best. The waters of the Elk Point 

Basin became stratified at some point and a pycnocline developed and Davies & 

Ludlam (1973) estimated that the depth o f  water at the onset of laminite production to 

be about 50m (using the height of the fringing reefs as a yardstick).

Jin & Bergman (1999, 2001) provided a similar estimate of between 45-60m water- 

depth for the Ratner Formation laminites. The Brightholme M ember shales (which are 

sandwiched between the oncoid horizon and base of the Ratner laminites) were 

interpreted as representing a restricted back or intra-reef environment, created by 

relative sea-level drop or rapid accretion of the Upper W innipegosis mounds.

Many (but not all) of  the clues used by these workers to elucidate the 

palaeoenvironment of the Ratner Formation can also be found in striped limestones (see 

Section 4.2.14). In essence, the Ratner Formation laminites mark a critical transition 

between an open-marine carbonate system and an evaporitic basin, regarded as a saline 

giant. An extensive phase of evaporite production does not follow the striped limestone 

succession in the Shannon Basin. The reason for this may be that a deepening event
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(discussed in Chapters 5 & 6) freshened the brine in the basin to normal marine levels 

and restored an effective circulation system.

4.2.13: A hyposaline alternative for striped limestone?

A freshwater carbonate laminite from the Lower Brigantian East Kirkton Limestone 

[EKrLstl of West Lothian, Scotland provides an interesting (time equivalent) potential 

alternative analogue for striped limestone. This particular laminated facies is underlain 

by shales, tuffs and basalt and is overlain by shales and tuffs (Rolfe et al., 1994). It is 

interpreted as having formed in a small lake, in a depression within a richly vegetated 

landscape in an environment produced entirely by volcanic activity (Clarkson et al., 

1994). The lake itself may have formed in a small maar or in a valley dammed by lava 

flow. Clarkson et al. (1994) speculate that water depths were probably never greater 

than a few metres and make some comparisons with the lakes of the East African Rift.

The EKrLst laminite consists of mm-scale white, grey, buff or brown very fine-grained 

carbonate laminae, which are irregular, but mostly continuous. These are separated by 

thin, darker, clay, chert and volcanic ash interlayers (Durant, 1994; see Fig. 4.2.13.1(a)). 

Small, radial calcite spheroids and botryoidal aggregates (Fig. 4.2 .l3 .l(c-f)), which are 

considered by several workers as a signature feature of the EKrLst laminite, may occur 

in any of the lithologies, or as individual layers. Examination of hand-samples of the 

EKrLst laminite (Fig. 4.2.l3.l(a-b,e)) reveals several morphological similarities with 

striped limestone, principally Types I, III and IV.

Thin section views of this facies are also, somewhat, comparable. Paler, carbonate 

laminae are composed of micron-sized calcite crystals (microspar) and these are 

separated by organic-rich interlayers (Fig. 4.2.13.1(cjf). There is also good evidence of 

compaction and pressure dissolution of layers. Interestingly, the paler microspar layers 

are, according to Walkden et al. (1994), rarely graded (Fig. 4.2.13.1(d)). The 

uncommon occurrence of this grading is not equivalent with striped limestone.

Thin sections of the EKrLst laminite also reveal the presence of possible calcified 

filamentous algae and, similar to striped limestone, suggest microbial colonisation and
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possible stromatolite growth on the lake floo r (Fig. 4.2.13.1(a)). Clarkson et al. (1994) 

considered conditions on the bottom o f the lake to be dysaerobic to anaerobic, as 

indicated by the general undisturbed nature o f lamination. Ostracods appear 

interm ittently, and in profusion, and probably reflect times o f higher oxygen levels. 

These microfloral and faunal features are very sim ilar those already discussed in striped 

limestone.

Walkden et al. (1994) compare the EKrLst laminite to certain Holocene meromictic 

lake sediments, where the alternation o f carbonate and organic couplets reflect seasonal 

patterns o f sedimentation. More significantly, in terms o f providing a potential analogue 

for the genesis o f striped limestone, the rhombohedral calcites (microspar) form ing the 

lighter carbonate layers are interpreted by these workers as photosynthetically induced 

suspension precipitates which settled on the lake floor (i.e. carbonate cumulates).

On the evidence o f the comparisons drawn above, adoption o f a hyposaline model for 

striped limestone would appear feasible. The aggrading neomorphic textures modelled 

for the laminae in the facies would seem to indicate a fresh-water influence. However, 

there are some very serious issues with the adoption o f this concept and many important 

features o f the EKrLst are clearly very different to those o f striped limestone. These are 

dealt with under a number o f categories below and the hyposaline model is discussed 

further in Section 6.3:

1. Setting:

The setting o f both laminites is intracratonic. However, whist striped limestone 

formed in a basinal setting (surrounded by shallow water platforms), the EKrLst 

formed in a considerably shallower and more terrestrially influenced 

palaeoenvironment. The lake, which produced the EKrLst laminite formed in a 

volcanic depression surrounded by a tropical forest. This was one o f a number o f 

repeated developments o f essentially land-locked water masses, which have 

been collectively termed Lake Cadell (Whyte, 1994; see Fig. 4.2.13.1(g)).

2. Scale:

The aerial extent o f the EKrLst is vastly smaller than that o f striped limestone. 

Initial mapping by the Geological Survey o f Scotland (1909) suggested it
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extended for 580m in a north-south direction; however, current assessment 

confines it to a fault-bounded outcrop only 200m along strike (Smith et al., 

1994; Doody et al., 1994). Rolfe et al. (1994) contrast this localised occurrence 

with the widespread development of fully marine limestones elsewhere in the 

Scottish Carboniferous and use it as evidence for the restricted extent of the 

original water body. This clearly contrasts with the very widespread distribution 

of striped limestone in the Shannon Basin.

3. Mechanism for carbonate precipitation:

Walkden et al. (1994) stated the mechanism for calcite supersaturation in the 

EKrLst was photosynthesis (and removal of CO 2) in the epilimnion. Elsewhere, 

Guirdham et al. (2003) believed that weathering of the underlying volcanic 

rocks enhanced Câ "̂  ion activity to promote carbonate precipitation in the 

nearby Asbian non-marine Sandy Craig Formation of Fife. The photosynthetic 

model is plausible for the lake which produced the EKrLst laminite, given its 

small size. A volcanic stimulus is equally possible given the extent of volcanism 

in the area (Fig. 4.2.13.1(g)). Neither of these supersaturation models fit with the 

Shannon Basin, given its much larger size and the fact that widespread 

volcanism is only known on its southeastern margin (Figs. 1.1.2 & 1.3.3). The 

evaporitive model for concentration and precipitation of calcium carbonate is 

favoured here for the Shannon Basin and, as outlined in the discussion at the end 

of this section, it may even be appropriate for the EKrLst laminite.

4. Style and deformation of lamination:

Laminae in the EKrLst tend to be much more laterally continuous and dark, 

organic-rich interlayers are more conspicuous. Syn-sedimentary disturbance, 

principally in the form of convolute folding, testify to sediment remobilisation in 

the East Kirkton Lake. Much of this disruption is very similar to folding 

observed in striped limestone (Fig. 4.2.13.1(b); see also deformation features 

illustrated in Rolfe et al. 1994 [their Fig. 3|) and both brittle and ductile modes 

are noted.
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In contrast to deformation observed in striped limestone, the disruption in the 

EKrLst is less chaotic, much less pervasive and is confined to discrete bedding 

horizons (see log in Rolfe et al., 1994). Some of the EKrLst disruption occurs in 

association with interbedded tuffs and intensively brecciated horizons are not 

encountered. Clarkson et al. (1994) noted that folds in the EKrLst verge to the 

southeast, providing evidence for syn-sedimentary slumping in that direction. A 

similar clearly defined trend to deformation has not been identified in striped 

limestone (to date).

5. Spherules:

As mentioned above, these round radial fibrous calcite structures (Fig. 

4.2.l3.l(d,f)) are a signature feature of the EKrLst and may be extremely 

conspicuous in hand samples of the laminite (Fig. 4.2.13.1(e)). This feature is 

not seen at all in striped limestone. This point takes on an added significance as 

Walkden et al. (1994) considered these to be an intrinsic part of the calcitisation 

process on the floor of the lake and believed they formed within, and beneath, 

microbial mats. The botryoidal aggregates observed are believed to have 

precipitated on the surface of both the sediment and any objects entrained in the 

lake.

6. Flora and Fauna:

As mentioned above, there are strong similarities between the microbiota of both 

laminites. Ostracods are found sporadically in the EKrLst and occur in 

monospecific swarms (Rolfe et at., 1994; Clarkson et at., 1994). Several workers 

have considered these as potential indicators for freshwater or brackish 

conditions. However, Whyte (1994) cautions against this, noting that the salinity 

tolerances of various Carboniferous ostracod groups are poorly understood. 

Clarkson et al. (1994) commented: "they |ostracods | were presumably tolerant 

o f  the otherwise adverse conditions o f  the lake water". This statement resonates 

greatly with interpretation of ostracods in striped limestone.
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Fish, a typical faunal component of a lake environment, are conspicuous by their 

absence for the bulk of the phase of laminite production in the EKrLst (Rolfe et 

al., 1994). Clarkson et al. (1994) suggest that isolation of the water mass, 

coupled with either adverse water temperatures or toxic water chemistry during 

this time may have precluded habitation. Shortly after the introduction of fish 

into lake, laminite production ceased.

In the Shannon Basin, a lack of fish and other pelagic organisms is also observed 

in striped limestone and is similarly interpreted as an indicator of a particularly 

harsh palaeoenvironment. The faunal evidence from directly enclosing facies 

suggests normal marine conditions to within cms of the first and last appearance 

of striped limestone laminite (see Chapters 3 & 5) and thus provide no evidence 

at all for a transition from marine, through brackish, to freshwater conditions. 

More significantly, the faunal evidence from parts of the Striped Limestone 

Formation, collected by other workers (most notably the evidence of conodonts 

and a possible coral) does not suggest brackish or freshwater conditions.

Perhaps though, the most striking feature of the EKrLst is its spectacular 

(allochthonous) fauna of terrestrial vertebrates (e.g. Wood et al., 1985; Clack, 

2002 and Ruta & Clack, 2006). In fact, the majority of the fossil material is 

terrestrial and, aside from reptiles and amphibians, includes eurypterids, 

scorpions, myriapods and the oldest known harvestman spider (Clarkson et al., 

1994). In addition, terrestrial plants are commonly preserved in the sequence 

(Scott et al., 1994). These plant fragments may be quite large (Fig. 4.2.13.1(b)) 

and suggest a switch from a warm, dry palaeoclimate, with numerous wildfire 

events (during production of the laminite) to much wetter conditions afterwards.

The allochthonous fossils of the EKrLst have played a pivotal role in shaping 

our understanding of early terrestrial vertebrates and ecosystems and it is 

currently recognised as one of the most important palaeontological sites in the 

world (Clarkson et al. 1994). This feeds back into the particular setting of the
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site, outlined in 1 above, and highlights further the considerable differences with 

striped limestone.

7. Mudmouiids:

The association between carbonate mounds and striped limestone laminite 

(discussed in Section 4.3) is clearly not seen in the EKrLst. This is unsurprising 

considering the scale of the East Kirkton Lake. Development of carbonate 

mudmounds in an environment prone to develop hyposalinity is highly unlikely. 

On the other hand, growth of these buildups in an environment with potential for 

elevated salinities is quite plausible.

8, Stable isotopes:

Comparison of the stable isotope data (presented in Section 4.2.8) for striped 

limestone with values published for calcites from the EKrLst by Walkden et al. 

(1994) produces interesting results (Fig. 4.2.13.2). From the outset, it must be 

remembered that the striped limestone samples were not run in duplicate, so 

their accuracy is uncertain. In addition, the effect of potential replacement of 

layers may have been considerable.

Oxygen isotope values (Fig. 4.2.13.2(a)) for striped limestone are, on average, 

heavier than those observed in the EKrLst (in particular the modal value). 

Walkden et al. (1994) interpret their 'light' data as being consistent with 

precipitation in meteoric derived waters at low temperatures. If conditions were 

marine, this would indicate temperatures of around 50°C [this temperature 

agrees somewhat better with the findings of McGill et al. (1994) below]. 

Walkden et al. (1994) note that heavier 8 '*0 values of recent hydrologically 

closed alkaline lake sediments are heavy, due to evaporation. The possible effect 

of evaporation, producing higher than normal 8 ‘̂ 0 values in striped limestone 

has already been discussed in Section 4.2.8.

There is very good overlap in the 8 '‘̂C values of both striped limestone and the 

EKrLst (Fig. 4.2.13.2(b)). Walkden et al. (1994) comment that these values 

compare well with European travertine examples. However, as already discussed
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in Section 4.2.8, the 8 ' ’C values of striped limestone (and by extension those of 

the EKrLst) fall also within the range reported for Carboniferous marine 

sediments and fossils.

There are still some uncertainties about the palaeoenvironment of the EKrLst. Muir & 

Walton (1957) believed the spherulitic carbonate laminite to be the product of localised 

hot-spring activity. Walkden et al. (1994) favoured a cool (20°C) lake setting with 

meteorically derived water with some unusual chemical properties, which was 

responsible for the precipitation of the spherules. McGill et al. (1994) found conflicting 

evidence in the stable isotope geochemistry of silicates and sulphides from the laminite 

and suggested water temperatures may have been as high as 63°C.

Parnell (1988) provided microscopic evidence of numerous gypsum pseudomorphs in 

the laminite. Rolfe et al. (1994) noted radiating rosettes of pseudomorphs after gypsum 

in two horizons within the EKrLst and, coupled with the evidence of Parnell (1988), 

interpreted this as evidence for recurrent evaporitic conditions in a playa basin, albeit in 

a tropical climate. Walkden et al. (1994) disputed this and claimed no evidence for 

evaporitive replacement in any of the 35 cathodoluminescence mounts they examined. 

Despite this, Clarkson et al. (1994) speculated that during initial production of laminite 

in the East Kirkton Lake it may have comprised "no more than hypersaline pools" 

(p.424). The lake remained stagnant and largely devoid of an autochthonous fauna 

during laminite production, which ceased forming upon a later reconnection with Lake 

Cadell proper (Fig. 4.2.13.1(g)). This event saw a reintroduction of fish into the locality.

So the question arises, were conditions really hyposaline during the time of laminite 

production in the East Kirkton Lake? As noted by Loftus & Greensmith (1988) and 

Whyte (1994) the interpretation of a fresh-water setting is based on negative evidence - 

the absence of unequivocally marine fossils. A similar type of argument is made here 

for striped limestone: the unfossiliferous nature of the unit is taken to indicate 

unfavourable and probably hypersaline conditions. Hyposaline, in particular fresh

water, conditions should still produce a fossil fauna, such as fish, which is clearly not 

the case. Fish are also not found in the bulk of the EKrLst laminite, suggestive of a 

restricted and stressed environment.
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W hils t  not p rov ing  to be a suitable ana logue fo r  s triped l im estone ,  the EK rL st lam inite 

does  provide som e very useful indicators o f  the sorts o f  processes  w hich  m ay have been 

in opera tion ,  a lbeit on a very d ifferent scale, in the S hannon  Basin . Shared  fea tu res  are 

thus likely to be a reflection o f  s imilarity  o f  (certain) p rocesses ,  ra ther than sim ilarity  o f  

the overall  palaeoenv ironm en t.

4.2.14: General palaeoenvironmentat interpretation o f striped limestone

U nequivocal ev idence  for the pa laeoenv ironm en t o f  striped lim estone is still lacking 

and g iven the d iffe rences  o f  opinion in d iscern ing  'deep ' from  'shallow ' in 

evaporite /m ic rob ia li te  settings (discussed in Section  4 .2 .12) f ro m  better  docum en ted  

(and in som e cases  better p reserved) exam ples ,  this is perhaps unsurpris ing .

T he  m icrosparite  texture o f  striped limestone is rep lacive  and it has p seudom orphed  a 

pre-ex is ting  m ineral phase which  fo rm ed  a lam inar  structure and w hich  co m m o n ly  

suffered  a range o f  syn-sed im enta ry  (brittle and ducti le)  defo rm ation .  A n evaporit ive  

precursor (e ither an a lkaline earth carbonate  or a su lphate  (gypsum /anhydri te ) )  seem s 

m ost likely in this instance, indicating  m esohaline  o r  perhaps penesaline  conditions  

(Fig. 4 .2 .11 .1 ).  T h e  ev idence  fo r  gypsum  pseu d o m o rp h s  (Fig. 4 .2 .5 .3 (a)) ,  associa ted  

cryp tocrysta ll ine  (cha lcedon ic )  silica (Fig. 4 .2 .S .4),  as well as enterolith ic  fo ld ing  (Fig. 

4 .2 .3 .3 (a))  and styles o f  brecciation rem iniscent o f  solu tion-tr iggered  co llapse  (Fig. 

4 .2 .3 .4 (b ))  lend support  to the evaporite  (p recursor)  hypothesis .  In particular, 

com p ar iso n  o f  the range o f  de form ation  s tructures assoc ia ted  with  striped l im estone 

with those  d o cum en ted  from  evaporite  deposits  p rov ides com pell ing  ev idence  fo r  a 

s im ilar  origin.

Physical ev idence  fo r  an ex trem ely  shallow  (in ter o r even  supratidal) 

pa laeoenv ironm en t fo r striped l im estone ,  such desiccation  cracks o r  ( rew orked)  rip up 

breccias ,  is consp icuously  lacking. T he  structure in Fig. 4 .2 .3 .1(b) m ay (perhaps) be a 

small tepee ,  but it is equ ivocal.  In essence, the only a rg u m en t w hich  could  be m ade in 

support  o f  a sha l low -w ate r  env ironm en t is the presence o f  the irregular,  cr ink led  style o f  

lam ination  (striped lim estone T y p es  IV and V ),  which could  be in terpreted  as
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stromatolitic (Fig. 4.2.2.5). However, as discussed in Section 4.2.12 above, and also by 

Dean et al. (1975), this line of reasoning is open to question. Evidence of reworking due 

to wave and current action (producing cross lamination etc) is also totally lacking and 

was never observed in either the striped limestone units or enclosing facies at any of the 

locations examined. It therefore seems likely that these structures were indeed produced 

subtidally, perhaps below FWWB.

According to Dean et al. (1975), the criteria for diagnosing basinal (cumulate) 

laminations are:

1. Lateral continuity in thickness and microstructure of individual laminae across 

large areas of the depositional basin.

2. Planar upper and (or) lower surfaces that might be abrupt or gradational.

3. Regular repetition of each lamination component in response to the degree of 

regularity of the processes contributing to the sediment.

The lateral continuity (Point 1) of individual laminae is perhaps the most compelling 

piece of evidence in support of a deeper, undisturbed environment. This has not been 

tested in striped limestone laminae. The Type I form could perhaps provide the best 

possibility of attaining a correlation over an appreciable distance, due to a planar and 

even style of lamination (Fig. 4.2.2.3(a)). However, even this morphotype is susceptible 

to dislocation and deformation (see for example the Type I laminae at the top of the 

polished hand sample in Fig. 4.2.5.3(a)). Of greater concern though is the potential to 

have Intense levels of stylotisation within the laminae (Figs. 4.2.3.5(b) & 4.2.5.9(c-d)), 

which have the effect of removing partial or entire layers. This dissolution feature has 

not been reported from either the Castile or Ratner laminites. The planar style and 

repetitive nature of sedimentation (Points 2 & 3) could readily be applied to various 

forms of striped limestone, in particular Type I. The alternating light and dark 

lamination in striped limestone is evidently a response to periodic, cyclical fluctuations 

in palaeoenvironment.

Brittle deformation structures appear to be more commonly developed in striped 

limestone facies than in either the Castile or Ratner Formations (although this is not 

easy to estimate quantitatively purely from literature review). Evaporite solution or
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collapse breccias form diagenetically as undersaturated pore waters flush a buried 

evaporite bed. The source of the undersaturated groundwater could have been either:

• Shallow: Indicating possible exposure to meteoric waters (perhaps even in the 

vadose zone). This would imply a shallowing of water after formation of the 

laminite, perhaps due to near complete drawdown. Clear evidence for such a 

shallowing event is lacking though.

Or

•  Deep: Undersaturated escaping basinal waters or deeply circulating meteoric 

maters may have affected sulphate layers at greater depths.

Detachment and rafting of large slabs of striped limestone (Fig. 4.2.3.6-V) is a 

deformation feature seen in striped limestones, but not reported in either the Castile or 

Ratner Formations. It may be that studies based on borehole information from these 

units simply could not detect such structures; however, the ability to correlate laminae 

over very large distance argues against this. The simplest explanation is that the seafloor 

of the Shannon Basin was not as (topographically) flat and uniform as either the 

Delaware or Elk Point Basins, its smaller scale may have had a part to play in this 

respect; the effects of topography created by Cloonagh mounds would have been much 

more pronounced, in comparison to the much larger basins, which would allow the 

effects of (positive) relief reef structures to even out given the greater horizontal 

distances involved.

Dean et al. (1975) noted that basinal laminites develop typically in stagnant, 

permanently stratified water bodies. The depth (which may be shallower than 100m) 

and lack of oxygen preclude wave action and bioturbation. As mentioned earlier, there 

is no evidence for a position above FWWB for striped limestone. Typical euhaline 

marine organisms (crinoids, brachiopods, etc.) are absent from the facies, supporting 

either hypersalinity and/or a deficiency in oxygen at or near the seafloor (Fig. 4.2.10.1). 

However, the floor of the Shannon Basin was not entirely sterile of life during this 

period and there is good evidence that microbes and algae (microbial mats) had a role to 

play in the formation of at least some of the laminite (Figs. 4.2.S.2 &  4.2.S.5-7). 

Girvanella (the calcified sheath of a benthic filamentous blue-green algae; Fig. 4.2.5.5) 

would have required light, but as Riding (1975) indicates, setting an absolute depth 

lim it based on this parameter is problematic. Microbial mats probably flourished on the
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(subtidal) floor o f the Shannon Basin due to a lack o f grazing organisms. It is unclear 

whether they persisted for the entire duration o f laminite formation or whether their 

colonisation o f the seafloor was periodic and mediated by fluctuating salinity o f the 

brine body. They may only have appeared during mesohaline or lower penesaline 

conditions. This concept is supported by organic (m icrofloral) remains being more 

commonly observed in darker laminae and Interlayers. It is d ifficu lt to be more 

conclusive on the nature o f the occurrence o f these microbial mats due to their patchy 

preservation and tendency to become completely recrystallised.

The presence o f a biota suggests that conditions were not (or did not remain) anoxic on 

the floor o f the Shannon Basin during the entire production phase o f striped limestone. 

The occurrence o f (rare) ostracods in the succession (Fig. 4.2.5.S) attests to this. 

Autotrophs in the microbial mats may have been producing oxygen also.

In terms of constraining a water depth fo r the Shannon Basin in late Asbian, early 

Brigantian times, Somerville &  Strogen (1992) postulate a water depth o f c.50-l00m for 

the Cooperhill area in north Limerick during the early Asbian on the basis o f their ramp 

model. Simple (and crude) extrapolation o f their 0.5° gradient further west, towards 

Foynes suggests water depths were c.lSOm deeper again (water depths o f c.200-250m) 

during formation o f the Durnish Limestone. Calculating depth estimates for locations 

further west from Foynes is very d ifficu lt due to a lack o f control on the basin margin 

and the effects o f tectonic shortening. The profile o f the Limerick Ramp is not fu lly  

constrained and it is not known, for example, i f  it was homoclinal or distally steepened. 

Rough calculations for Ballybunion suggest values o f between 350-400m or 600-650m 

depending on the trajectory o f the gradient used.

These depth estimates are only fo r the early Asbian; during 'Lower Visean' to Holkerian 

times, the trend on the ramp was a progradation o f shallow water facies westwards 

(Somerville &  Strogen 1992). There is good evidence (from Monument H ill Quarry, 

Lixnaw for example) that this (overall) shallowing trend continued through Asbian 

times right up to the initiation o f striped limestone production. Dasycladacean algae are 

common in thin-sections from Lixnaw (indicating a position close to or inside the 

photic zone, assuming they have not been transported over considerable distances). The 

oncoid horizon beneath striped limestone at this location (Section 3.6) is not o f deep-

214



4.2.14: General palaeoenvironmental interpretation of striped limestone

water derivation; it was most litcely produced in a w e ll-lit, shallow open shelf 

environment, somewhere below FWWB. It is therefore quite like ly that these depth 

estimates for Foynes and Ballybunion are excessive, particularly in the context o f late 

Asbian bathymetry. In addition, estimates for the maximum magnitude o f sea-level 

fluctuation during the Asbian are on the order o f 50m (Rygel et al. 2008). These 

workers noted that midway through the Brigantian the maximum magnitude o f sea-level 

change switches to 100m. When this is factored into a (revised) shallower late Asbian 

setting within the basin, depths o f <100m at Foynes are not too unrealistic (but 

obviously d ifficu lt to substantiate).

As mentioned in Section 4.2.12, the Ratner Formation laminites were produced in 

water depths o f 45-60m (Wardlaw &  Reinson, 1971; Jin &  Bergman, 1999 &  2001). 

This unit provides the closest analogue to striped limestone facies in terms o f physical 

appearance and general setting (although the scale o f the Elk Point and Shannon Basins 

are very different). This bathymetric estimate is generated from examination o f the 

height o f (broadly) coeval carbonate mudmounds. No data exists on the height attained 

by Cloonagh mounds and, as w ill be discussed in the next section, no evidence has been 

found (to date) in outcrops o f the unit to suggest a location in surface waters (from 

which to calibrate depth). Also, the indirect evidence, presented above, for appreciable 

topographic relief and localised slope w ithin the Shannon Basin further complicates the 

task o f constraining the bathymetry. A broadly sim ilar depth o f production for striped 

limestone to the Canadian Ratner Formation laminites is suggested here; however, this 

value must be considered as speculative.

In summary, striped limestone facies is the product o f a salinity crisis, which affected 

the Shannon Basin in late Asbian to early Brigantian times. During this time, the 

elimination o f grazing metazoans allowed microbial mats to develop. The precise water 

depths involved in the formation o f the laminite are d ifficu lt to gauge; however, a 

supratidal setting seems unlikely and a subtidal palaeoenvironment is suggested here.
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4.2.15: Post depositional events

A relatively short time after deposition, striped limestone laminae were subject to 

various deformational processes. These were either the result of intraformational 

slumping or they may have been triggered by both displacive (enterolithic) growth and 

removal of (soluble) evaporite lithologies. I f  gypsum or anhydrite lithologies were 

originally present, this disruption must have happened before widespread calcitisation 

(in order to allow the calcite to pseudomorph the deformation textures) and also before 

appreciable burial of the entire sedimentary sequence. Calcitisation must have occurred 

prior to deep burial, otherwise it is possible that the finer details of the lamination and 

deformation may not have survived ( if  they were still sulphate in composition).

Replacement of evaporitic salts (gypsum/anhydrite) with calcite is a reasonably 

common diagenetic process. According to Warren (2006), this process can happen in 

two environments:

1. Meteoric: Surface derived, low-sulphate bicarbonate rich groundwaters flush 

through evaporites and spar fills the voids formed or

2. Deeper subsurface: Sulphate reduction due to bacterial or thermoclinal effects 

(Fig. 4.2.15.1(a)). The bacterial model is particularly effective in organic rich 

sediments.

Given that calcitisation of striped limestone is not likely to be a late-stage (telogenetic 

\"on the way back up"\)  process, the meteoric concept for replacement would require 

fairly shallow (and widespread) conditions post deposition of laminite (and pre onset of 

Clare Shale). The evidence for any event of this kind is lacking at present.

During thermochemical sulphate reduction |TSR|, H2S is inorganically produced in 

temperatures typically around (or in excess of) 140°C (Fig. 4.2.15.1(b)). This is too hot 

for living organisms to have an active input into the system. In the Permian Khuff 

Formation, of Abu Dhabi, anhydrite lithologies have been partially calcitised. Worden 

et al. (2000) suggested that this process began at 4,300m depth, although there is 

mounting evidence that variation can occur from basin to basin and that TSR may occur 

at shallower depths. The upper Visean of the Shannon Basin has been buried to 

equivalent or even greater depths than those of the Khuff Formation and experienced
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temperatures in excess o f 300°C (Clayton et a l. 1989; Goodhue &  Clayton, 1999), so 

reaching the physical parameters required to trigger TSR in striped limestones would 

not have been a problem. However, as mentioned previously, the retention o f delicate 

details (such as Type 1 striped limestone planar lamination) in any remaining sulphate 

lithologies is problematic and unlikely at these depths.

Bacterial sulphate reduction |BSR] takes place in surface and nearsurface environments 

in temperatures typically below 80°C (Fig. 4.2.15.1(b)). The bacteria involved are 

known to thrive in anoxic layers in stratified brines and also in the (anoxic) lower layers 

o f benthic microbial mats (Warren, 2006). BSR is usually expressed by the fo llow ing 

reaction:

Ca^" + 2S04  ̂ + 2CH4 + 2H" ^  2H2S + CaCO, + S H p  + CO^

BSR in evaporitic settings usually happens at the oxic (aerobic) and anoxic (anaerobic) 

interface and can occur at a wide range o f depths (just below the pycnocline in a 

stratified brine column; just below the sediment-water interface |mms from oxygenated 

seawater] or at even greater jbut not excessive] burial depths).

BSR has been suggested as the cause for calcitisation o f the Ratner Formation laminites 

(Shearman &  Fuller, 1969; Wardlaw &  Reinson, 1971). Dean et a l. (1975) noted that i f  

biogenic carbonate (generated by BSR) was a conspicuous component o f Castile 

Formation carbonate laminae, then this should be reflected in them having a lighter 

carbon isotopic signal. They note that this is not the case and that positive 6 '^C values o f 

+5 to +6%o are normally observed. A lower (but wider) range o f 8 '‘̂ C values was 

observed in striped limestone laminae (Section 4.2.8), varying from C .+  1.5 to nearly 

+3.9%o, which could possibly indicate more o f an organic input.

Kendall (2001) examined the stable isotopic composition o f Mississippian carbonates, 

including varieties, which had been calcitised from anhydrites, in the Tilston and Alida 

Beds o f Saskatchewan and found that 8 ‘^C values varied from c.+ l to +2.2%o. 

Dolomites in the succession had heavier 6''^C values o f +2.6 to +3.6%o. These values are 

broadly equivalent to the range o f 8 '^C values recorded in striped limestones (see
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comparative crossplot in Fig. 4.2.15.2(a)). A wide spread o f 6 '*0  values is evident in 

both the Irish and Canadian data. It is interesting, however, to note that the striped 

limestone data falls (largely) outside Kendall's zone fo r replacement calcite, coinciding 

more with one o f his dolomite fields. Kendall (2001) noted that because the Canadian 

6'^C and 6 '*0  values are depleted from estimated (average) Mississippian marine 

carbonate values, this is strong evidence for diagenetic alteration. However, he 

conceded that the cause o f calcitisation is not clear and that it might involve both 

meteoric and BSR processes. Two final points need to be made about the comparison o f 

stable isotope values in Fig. 4.2.15.2(a):

• The Kendall (2001) data is based a lower Visean succession, whereas striped 

limestone is upper Visean. Direct comparison (like-for-like) o f values on such a 

plot would therefore not allow for variation and temporal shifts in 8'^C and 8'^0 

observed during this interval (M ii et al., 1999; Buggisch et al., 2008).

• By way o f further comparison, 8 '‘̂ C and values from mounds in the Castile 

Formation (sourced from Warren, 2006; his Fig. 9.43) are reproduced in Fig. 

4.2.15.2(b). These carbonate structures (termed castiles) formed several hundred 

metres below the subsurface due to BSR o f anhydrites, and tend to weather 

proud (form ing hills) as the surrounding gypsum is weathered. The negative 

8''^C values recorded in these units support the contention that biological 

processes were central in the calcitisation process. These values are considerably 

lighter than the values obtained from striped limestone, but they are also lighter 

the values quoted for Castile Formation laminites by Dean et al. (1975).

Although the evidence from stable isotopes is equivocal, indirect evidence suggests that 

BSR may have been responsible for the calcitisation o f striped limestone. This includes:

• The general acceptance fo r the process having occurred in the closest recognised 

analogue for striped limestone (the Ratner Formation).

• The water column in the Shannon Basin is likely to have become stratified at 

some point and microbial mats covered areas o f the seafloor. Both o f these 

environments are very favourable to microbes engaging in BSR.

• Framboidal pyrite is common by-product o f BSR (Fig. 4.2.15.1(a)) and this has 

been detected in striped limestone (Fig. 4.2.5.10).
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4.2.16: Stratigraphic and temporal significance of striped limestone

The recognition that striped limestone represents a (potentially replaced) evaporite 

phase raises some important regional issues. Several key questions can be addressed at 

this stage:

1. Why is the facies so widely developed (geographically)?

There are two reasons to explain this observation. Firstly , the shape o f the Shannon 

Basin must have been such that it allowed for a (relatively) uniform palaeoenvironment 

to develop right across its area (w ith sim ilar depositional processes in operation 

everywhere). These arguments have been used to explain the nature o f the Castile and 

Ratner Formation laminites. However, it is suggested here that the floor o f the Shannon 

Basin was not quite as topographically flat and even as either the Delaware or Elk Point 

Basin examples. It was even enough though to allow development o f a thin bed o f 

oncoids over quite a large distance between Lixnaw and Fairy Gate (see Section 3.6).

Secondly, a regionally widespread phenomenon requires a cause or trigger mechanism 

that is also regional in scale. A  cessation o f normal marine circulation is a like ly cause, 

with restriction o f flow  and evaporation rates exceeding inflow o f either meteoric or 

open marine waters, leading to hypersalinity. Development o f stratification within the 

resultant brine body may have augmented the process o f developing a widespread and 

uniform palaeoenvironment on the basin floor. Logged sections indicate that this 

transition was relatively rapid. The Shannon Basin went from having an active (and 

'healthy') carbonate factory producing a range o f differant carbonate facies (some of 

which were resedimented; see Chapter 3) to a situation were the entire basin was 

effectively producing a single lithology. The automatic precipitation o f carbonate or 

sulphate lithologies triggered by the onset o f mesohaline or penesaline conditions could 

explain this feature.

In terms o f a mechanism capable o f fundamentally restricting circulation w ithin the 

basin there are two viable options;

• A marked drop in sea-level, leading to basin Isolation or

• Tectonic activity creating a barrier to circulation.
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2. D o the exposures o f  striped limestone, seen outcropping today in the Shannon

region, originate from  a single or multiple events?

This is not a straightforward question to address given the limited (and indeed 

limitations of the) biostratigraphic data. The initial appearance of this facies at several 

locations is remarkably similar from a lithostratigraphic perspective (Fig. 4.2.4.2) 

suggesting potentially a similar timing of events. Indeed, everywhere within the basin 

striped limestone has consistently appeared within the succession where it was 

anticipated and expected (stratigraphically). The consistent position of the thin oncoid 

horizon beneath the laminite at both Lixnaw and Fairy Gate (Castleisland, see Fig. 

3.6.9) strongly suggests that the initiation of striped limestone facies was virtually 

synchronous (at least in the southern half of the basin; see Enclosure F). It is therefore 

proposed that:

• Striped Limestone be recognised as a fomation in its own right due to its 

regional occurrence and distinct lithological characters.

• It should be considered the product of a single (significant) salinity crisis and is 

therefore represents an event horizon.

• Repetitions of (decimeter-scale) developments of laminite, typically interbedded 

with massively bedded pale calcilutites or calcirudites (breccias), may represent 

brining-upward subcycles. At several locations, at least two significant 

developments of laminite have been documented. A note of caution must be 

made though; examination of Log BYBA from Mens Strand Ballybunion 

indicates as many as 7 developments of laminite, however several of these were 

observed (where outcrop permitted) to pass laterally into brecciated facies some 

distance along strike and therefore could not be considered as laterally 

continuous marker horizons.

3. What was the nature o f  the evaporite precursor mineral?

As discussed already, the evaporitive precursor almost certainly involved alkaline earth 

carbonates and potentially also calcium sulphates (gypsum and anhydrite). This would 

suggest that mesohaline to lower penesaline conditions were attained. The composition 

of the biota associated with striped limestone (largely) supports this contention. No 

evidence for upper penesaline or supersaline halite and bittern salt producing brines has 

been found, although if these minerals were precipitated, their high solubilities would 

ensure an extremely low preservation potential given subsequent history of the basin.
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4. Does the facies represent a shallow or relatively deep water phase?

There is no (direct and unequivocal) evidence to suggest a shallow (inter to supratidal) 

environment for striped limestone. A subtidal environment is favoured here, in keeping 

with the interpretation of similar 'basinal' evaporites described elsewhere. However, the 

water depths do not need to have been very large and could have been as little as c.50m 

(in the shallower areas of the basin producing striped laminite). Near complete draw

down of the brine body should have produced halite, which has not been observed 

(directly or indirectly). The brine body may therefore never have shrunk sufficiently to 

move it above (mid) penesaline conditions.

Discussion on the water depths at which striped limestone was produced deflects 

attention from a much wider issue of greater importance. If a change in sealevel was 

responsible for isolating the Shannon Basin, then striped limestone is essentially the 

result o f  a profound shallowing event which led to geographic isolation of the basin. 

This point is discussed in more detail in Section 6.3.

5. What is the significance o f apparent microbial interaction in the genesis o f  the 

facies?

Microbial textures and structures, such as those presented in Figs. 4.2.5.2 & 4.2.5.5-7 

have not been documented from other basinal laminites or cumulates (specifically the 

Castile and Ratner Formations). This may suggest that although conditions were 

hypersaline, they were more amenable to life in the Shannon Basin. A key point is the 

widespread development of anoxia, proposed for the Castile and Ratner laminites 

(Davies & Ludlam, 1973; Dean et al., 1975) in order to explain the total lack of 

bioturbation (which would have disturbed laminae). The presence of ostracods in 

striped limestone suggests that oxygenated conditions existed for at least some of the 

time. The percieved (general) lack of microbial organisms at the other sites may also be 

a diagenetic artifact.

Microbial mats developed in the Shannon Basin, due to a lack of grazing organisms in 

what could be considered a stressed palaeoenvironment. They undoubtedly had a role to 

play in laminite production (in other words it was not entirely a cumulate). This 

interplay of depositional processes is reflected in the visual classification of striped
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4.2.16: Stratigraphic and temporal significance of striped limestone

limestone (Fig. 4.22.5). The microbes contributing to the mat include Girvanella, a 

cyanobacterium, and it is possible that these mats required a position w ithin photic 

depths (although this is d ifficu lt to demonstrate unequivocally). The fu ll extent of 

microbial mat development and involvement in the generation o f striped limestone 

laminite is, unfortunately, impossible to quantify due to the effects o f pervasive 

recrystallisation.
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4.3: Associated Upper Visean carbonate mudmounds

4.3.1: Introduction and occurrence within the Shannon Basin

A second phase of carbonate mudmound development, postdating the Wauisortian, but 

predating the collapse of the carbonate factory and onset of deposition of the Clare 

Shale Formation in the Shannon Basin has been recognised for some time (Tattersall, 

1963; Thornton, 1966; Hudson et al. 1966). The buildups are characteristically pale, 

massive calcilutites and they generally lack any evidence for framework. Age ranges for 

this facies are Asbian through to Brigantian. Although previous workers have provided 

faunal lists from these carbonate mounds, the biota, which is very well preserved at 

certain locations, has never been illustrated and this deficiency is addressed in Section 

4.3.3 below.

A map of the distribution of these late Visean mounds within the Shannon Basin is 

shown in Fig. 4.1.1. It can be seen that the buildups both predate and postdate striped 

limestone laminite facies in particular areas of the basin. More crucially, on Inishtubrid 

Island, a development of striped limestone on the northwestern side of the island is 

observed to gradually loose its striped appearance and become a pale massive 

'mudmound' facies (see Figs. 2.9.2.1-3) as it is tracked (laterally) in outcrop in a 

southerly direction. Thus the possibility exists that striped limestone and the buildups 

are (in-part) broadly contemporaneous, and this is discussed in Section 4.3.5 below. 

This observation was also made by Tattersall (1963) who produced a map showing 

lateral variation between 'reef and striped limestones for the Fergus Islands and the 

mainland further north towards Ennis (see her Text fig. 20 on p .146). Tattersall (1963) 

did not formally (lithostratigraphically) define the carbonate mudmounds on the islands 

(she simply refers to them as 'reef). On the adjacent mainland, Tattersall (1963, p.l 16- 

124) does refer to the 'Cornfield R ee f,  named after outcrops in the townland north of 

Killadysert (Fig. 4.1.1). Confusion and uncertainty about the precise stratigraphic status 

of these units persists and is reflected in the decision by Sleeman & Pracht (1999) to list 

them informally as 'Mudbank Limestones' (p. 32-33) in their geological compilation of 

the region.
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Kelk (I960) encountered upper Visean mudmound facies on the Galey River section 

north of Listowel and referred to it as "grey organoclastic limestone" (see Section 2.6.1 

and Fig. 2.6.1.1). He did not equate it with being part of a phase of mudmound 

development and noted that it was (apparently) not comparable to the succession under 

Ballybunion Castle (see Log BYBB herein). Kelk (1960) did record the presence of 

Siphonodendron junceum  in exposures of the limestone along the river. According to 

Nudds (1980) this would indicate an age of Asbian or Brigantian; however, Poty (1981) 

suggests this may be refined to upper Asbian-Brigantian.

The first researchers to establish a second horizon of carbonate mudmounds above the 

Waulsortian in the south of Ireland were Turner (1962) and Hudson & Philcox (1965). 

The only peer-reviewed paper to have been published with coverage of the upper- 

Visean mounds in the Shannon Basin is that of Hudson et al. (1966), who documented 

the stratigraphy around Castleisland in Kerry. These authors included the mudmound 

facies (which they term 'Cracoean ree f)  within the Cloonagh Limestone. The unit 

(presumably) derives its name from exposures near Cloonagh Bridge, located about 

1km north from Castleisland (see Section 2.4.1) and was estimated to be c.305m thick. 

This unit was determined to be largely Asbian (D,) in age based on its coral and 

brachiopod fauna (the base being Sj or Holkerian) and was found to include a laterally 

equivalent series of bedded (non-'reef) bioclastic carbonates. This was an important 

observation. Hudson et al. (1966) showed on their map of the area, Asbian carbonate 

mudmound facies occupying the northern limb of the Castleisland anticline, passing 

into bedded limestones on the southern limb. They produced a three dimensional model 

of this lateral facies variation which is reproduced here in Fig. 4.3.1.1.
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4.3.1: Introduction and occurrence within the Shannon Basin

Hudson et a l. (1966) listed the following numbers of species in the Cioonagh Limestone 

(where a number is quoted in grey italics this indicates how many specimens [included 

in the main figure above it in black] were identified to genus only):
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Thornton (1966) described laterally equivalent carbonate mudmound facies, to the 

Castleisland Cioonagh Limestone, scattered around Tralee and Fenit (Fig. 4.2.1.1). 

Thornton referred to this unit as 'The Clonagh Bank Limestone' |as opposed to 

Cioonagh] and identified a D-zone (Asbian) age; however, he very tentatively suggests 

(p.19 6 -197) that the coral-brachiopod fauna might actually be D 2 (upper Asbian/lower 

Brigantian).

To try to standardise and bring some stratigraphic stability to this unit, it would be 

desirable to apply the term Cioonagh Limestone Formation JCLFm] to all massive 

carbonate mudmound facies of late Visean (Asbian or Brigantian) age within the 

Shannon Basin. However, there are problems with this proposal, principally;

1. In order for the CLFm to merit formation status, it should be 'mappable' and 

show continuity across an area. The CLFm would thus need to include all bank 

and off-bank facies. As discussed below, the off-bank equivalent facies of this 

unit is rarely exposed and is thus very poorly understood.

2. The CLFm has an extremely close relationship with the Striped Limestone 

Formation and is possibly even laterally equivalent in part. In several areas the 

CLFm appears to actually succeed striped limestone (see Fig. 4.1.1). This again 

sets up a potential conflict of lithostratigraphic nomenclature. The nature of this 

stratigraphical relationship might be more satisfactorily explained by
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4.3.1: Introduction and occurrence within the Shannon Basin

considering striped limestone as a constituent member within  the Cloonagh 

Limestone Formation. However, the fo llow ing points cannot be overlooked:

• Striped limestone is a highly distinctive lithofacies in its own right,

• It is regionally widespread in its occurrence and

• It has been encountered at a few locations (Foynes and at the Kilfenora 

Anticline, Fenit for example) without any apparent associated 'mudmound' 

facies.

In ligh t o f these facts, striped limestone is probably better considered as having 

formational status. Very similar arguments were made by Jin &  Bergman (2001) in 

support o f adopting formational status for the Devonian Ratner laminite. The status of 

Cloonagh Limestone Formation is (tentatively) retained here for occurrences o f this unit 

on the south side o f the basin (between Castleisland, Fenit and Ardfert; see Fig. 4.1.1). 

The lithostratigraphic connection o f this 'formation' to sim ilar aged mudmound facies 

on the north side o f the basin remains uncertain.

Despite it being a regionally widespread unit, exposures o f the Cloonagh Limestone 

Formation tend to be patchy and isolated, particularly in the Fenit area where they 

occupy higher ground (see Figs. 2.3.1-2). The bedrock o f the intervening lower ground 

(which presumably represents either laterally equivalent or enclosing facies) is rarely, 

i f  ever, exposed. This is a recurring problem with the study o f this unit: there is a 

general lack o f (reasonable quality) exposure demonstrating critical parts o f the 

anatomy o f these carbonate buildups. This would include (for example):

• The basal transition from underlying post-Waulsortian facies

• Upwards transition into overlying cover facies or

• Relationships to laterally equivalent (non-reef) facies, which may indicate if  

these buildups aggraded, prograded or indeed were eventually overlapped by 

adjacent strata.

These problems are exacerbated by the very nature o f the facies itself: it is massive 

(unbedded) and generally moderately to poorly fossiliferous. From fie ld experience 

around Fenit it was often found to be d ifficu lt to differentiate these mounds 

(lithologically) from  those o f the Waulsortian also outcropping in the area (detailed 

determination o f the fauna reveals the obvious age difference though).
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4.3.1: Introduction and occurrence within the Shannon Basin

The most extensive exposure o f the Cloonagh Limestone Formation is to be found in 

Ardfert Quarry, which is a busy working quarry. A  brief visit was made to this site with 

Prof G.D. Sevastopulo and Dr M.E. Philcox in 2003; however, the access granted was 

rather lim ited. In any event, exposures in the quarry were almost entirely o f massive 

medium bluish grey calcilutite and none o f the key transitions listed above were 

evident. Some interesting (primary) cavity structures were developed in the limestone. 

These were o f a more pervasive and complex nature than exposures examined 

elsewhere.

Several locations (in the Kerry area) do offer good, accessible exposure o f the Cloonagh

Limestone Formation |CLFm| fo r the fo llow ing reasons:

Location: Features: Outcrop information:

1
Oyster Hall 
Hill, Fenit 
(GR 762153)

Roadside quarry provides a good section 
through CLFm core facies. Exposures 
towards the top o f the hill are fossiliferous. 
The overall shape o f the hill itself provides 
an idea o f the shape and scale o f these 
carbonate mudmound developments. 
Breccias overlying the mound on the 
southern flank are exposed on the 
foreshore.

Section 2.3.1, Figs. 
2.3 .1.1-2 and Log 
OYL herein.

2

Knockeanagh, 
Carrahane 
Strand, Fenit 
(GR 758194)

Basal transition (in CLFm) from bedded 
lithology seen. A lso this location 
dem onstrates how close (stratigraphically) 
these buildups lie to the W aulsortian,

Section 2.3.4, Fig. 
2.3.4.1 and Log 
KAS.

3
Church Hill, 
Fenit
(GR 764170)

Interaction of CLFm mound with 
developm ent o f striped limestone laminite.

Section 2.3.3 and 
Fig. 2.3.3.1.

4
Clogherbrien,
Tralee
(GR 810163)

Disused railway cuts straight through a 
small CLFm mound. Small patch on 
southern margin of mound was found to be 
richly fossiliferous in brachiopods.

Section 2.3.5 and 
Figs. 2.3.5.1-2.

5

Ballintogher 
Limeworks, 
Lixnaw 
(GR 910298)

A phase o f pale massive (unfossiliferous) 
carbonate mudmound sits above striped 
limestone in the remains o f an old quarry.

Section 2.5.2, Figs. 
2.5.2.1-2, Log Lix Y 
and Enclosure A 
(detailed map of 
locality).
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Oyster Hall Hill is perhaps the most significant locality for study of the Cloonagh 

Limestone Formation and should be considered as an alternative type section. The 

following sub-sections (documenting fauna, facies relationships etc) thus rely heavily 

on information gathered at this and the other locations listed above.

4.3.2: Lithofacies

In hand specimen the Cloonagh Limestone Formation is generally composed of light to 

medium (bluish) grey calcilutite. Outcrops are massive and generally unbedded and 

fossil content is variable in terms of concentration. Three lithofacies are, however, 

clearly discernable:

Massive Mudstone Facies (A);

This is perhaps the most widely developed of all the Cloonagh Limestone Formation 

lithofacies and consists of massive, light to medium greyish calcilutite. It is largely 

unfossiliferous (in terms of a conspicuous macroscopic shelly fauna); however, there 

may be good evidence for microbial mediation of carbonate production. This facies can 

be further subdivided as shown below:

Subfacies: Description:

A1

Massive medium bluish grey mudstones with small (equidimensional) spar 
and bitumen filled cavities (Fig. 4 .3 .2 .1(a-d)). Cavity structures may have 
m icrobial coatings around the margins. A limited shelly biota may be 
present in small (localised) patches; however, m icrobially generated (fuzzy, 
clotted & irregularly lam inated) textures and fabrics are more dom inant and 
common (Fig. 4.3.2,1(e-g)). In some instances, weathered surfaces appear 
to betray an internally brecciated texture. This subfacies forms the core to 
the mound structure at Oyster Hall Hill,

A 2

Massive calcilutites w ith a clearly defined macroscopic peloidal textures 
developed (peloidal packstone), Unfossiliferous and best seen in the IPP1 
borehole (Fig. 2.10.1). Isopachous mud coatings with evidence for several 
generations o f mud infill.

A 3

Massive, light to medium grey, unfossiliferous calcilutites with striped 
limestone lam inite often incorporated in the matrix. There is some overlap 
with the lam inar m icrobial textures developed in subfacies A1 above. The 
forms o f striped limestone associated with this particular subfacies are 
typically those o f Type II (Figs. 4.2.2.3(b-c) & 4.2.2.5). W ell displayed at 
Church Hill, Fenit and Ballintogher Limeworks, Lixnaw (Log LixY).
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Bioclastic Facies (B ):

This facies has a conspicuous macroscopic shelly fauna! component and is subdividable 

into:

Subfacies: Description:

B1

Bioclastic wackestones and packstones (Fig. 4.3.2.2). Packstone 
developm ents are highly localised and appear to represent 'pockets' with 
concentrations of shelly debris (Fig. 4.3.2.2(c)). The dom inant group varies 
between brachiopods and bryozoans. Crinoids are ubiquitous. Small spar- 
filled cavities are developed. Both cavity structures and bioclasts are 
commonly covered by thin, concentric isopachous coatings o f fine-grained 
carbonate.

B2

Massive crinoidal mudstones and wackestones. Cavity structures may not 
be apparent. This subfacies is commonly found in transition zones 
between Facies A  and B1. W ell developed on higher ground moving south 
across Inishtubrid Island.

Brecciated Facies (C):

Various forms o f brecciated textures are widely developed in the Cioonagh Limestone 

Formation and attest to a potential for high levels o f sediment remobilisation and/or in 

situ diagenetic processes. The physical transport and reworking o f material was 

probably due to location on a slope setting or the presence o f appreciable topographic 

relief within the mounds themselves. Three brecciated subfacies have been identified:

Subfacies: Description:

C1

Brecciated (fossiliferous) mudmound. This subfacies is best displayed on 
Inishmurry in the Fergus Estuary. The sequence here is composed o f 
massive medium to pale fossiliferous carbonates; however, there is 
substantial evidence for resedimentation and remobilisation. Probably due 
to a location close to a slope (see Figs. 2.9.4.2-4).

C 2
Unfossiliferous brecciated carbonate w ith a blocky and vuggy texture. Best 
displayed in the IPP1 borehole (Fig. 2.10.1).

C 3

A  very subtly brecciated or 'mottled' form of massive calcilutite. This 
subfacies is often difficult to discern on e ither fresh or weathered surfaces 
at outcrops. It is often intimately associated with striped limestone (usually 
it follows a phase o f laminite development). It is well developed in supra- 
striped facies at Ballintogher Limeworks, Lixnaw (see units LixY44 and 
Y46 on Log LixY and also Log LixW). This mottled texture is probably 
diagenetic.
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Due to the limitations imposed by the rather sporadic nature o f Cloonagh Limestone 

Formation outcrop, the temporal and spatial relationships between the various 

lithofacies outlined above are not entirely clear at present. Some points may be made, 

however:

• A t Oyster Hall quarry (Fig. 2.3.1.2(c)), Fenit, a vertical transition between 

lithofacies A1 and B is well displayed (Fig. 4.3.2.3). Facies A1 appears to form 

a central 'reef core to the mound structure at this location. The ability o f this 

facies to form topographically positive re lief structures is strongly suggested. 

The overlying B facies is more bioclastic and may represent a phase o f 

mudmound accretion. The explanation fo r this shift in facies may be due to a 

shallowing or deepening event; however, this is d ifficu lt to prove. The shift from 

a low diversity fauna ( A l )  to a high diversity fauna (B) may simply be a 

response to a shift (or a normalisation) o f salinity levels.

• Exposures o f facies B i were mapped across the top o f Oyster Hail H ill and their 

distribution related to the surface topography (see Enclosure D). Bioclastic rich 

horizons (see Locations 100-113 &  118-120) were concentrated on the 

southwestern side o f the h ill. There is a strong pattern o f low ridge development 

trending c.l60° in this area. It was not clear (due to grass and soil cover) i f  these 

ridges were the result o f jo in t development w ithin the bedrock, or a reflection o f 

underlying (low relief) mound topography.

• In the borehole IPPl (Fig. 2.10.1) facies B2 passes upwards into a largely 

unfossiliferous sequence comprising A2 and C2 lithologies. As the upper 

sequence underlies a development o f striped limestone (missing now from the 

core), the transition observed in the carbonate mound facies may be a response 

to an elevation in salinity.

• Striped limestone bearing A3 facies tends to be either (very broadly) temporally 

equivalent w ith development o f laminite or it postdates it, such as at 

Ballintogher Limeworks, Lixnaw (see Fig. 2.5.2.2(c, e-f)). The section at 

Ballintogher (see Log L ixY ) may well represent a later phase o f mound 

development, extending into the Brigantian. Where observed at outcrop, striped
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limestone bearing A3 facies tends to form on the margins or on the crests of 

mounds (Church Hill, Fenit is a good example).

• Brecciated facies Cl and C2 are likely to be a product of remobilisation and 

resedimentation of mudmound material due to gravitational instability. These 

are thus expected to occur towards the margins and downslope from mound 

crests.

4.3.3: Biotic content

Facies A {'Massive mudstone') is typically either unfossiliferous or contains a very low 

diversity fauna. Microbial textures are common and these organisms appear to have 

largely mediated mound growth. The dominance of this biota suggests that either 

calcification rates were very high or salinity levels were elevated enough to dissuade 

grazers. Stromatolites growing today in normal marine salinities in the Bahamas do so 

because strong currents keep grazers in check and this possibility cannot be discounted 

either.

Sponge material and very rare brachiopods were recorded in facies A1 at Oyster Hall 

quarry (Fig. 4.3.3.1). The sponge material (Fig. 4.3.3.1(a)), although not well preserved, 

is very similar to Haplistion sp., a lithistid demosponge observed in Asbian aged 

'Cracoean' reefs of northern England (Mundy, 1994; Rigby & Mundy, 2000). These 

authors found that Haplistion was confined to the framework facies of these reefs where 

it functioned both as a constructor and an encruster. The other essential components of 

this particular Cracoean facies were microbialite, encrusting bryozoans and tabulate 

corals. This framework developed in the shallowest water facies of the reefs (during 

transgressive periods) and aggraded through the highstand interval, which subsequently 

followed.

A moderately diverse conodont fauna was recovered from a sample of subfacies A1 

from Oyster Hall roadside quarry (see samples labelled OHQ6 in Figs. 4.3.3.S-9 and 

Appendix B2).This sample had well developed bitumen-filled cavities and bitumen and 

pyrite were also present in the residue. Although there was no macrofauna evident, the
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conodont microfauna would suggest that salinity levels were not particularly 

anomalous. A sample of subfacies A3 processed from close to the top of the succession 

at Ballintogher, Lixnaw (see horizon Y55 on Log LixY) was found to be barren; 

however, the residue was full of pyrite.

By contrast, exposures of Facies B ('Bioclastic wackestone-packstone') produce a 

reasonably diverse and well-preserved (shelly) macrofauna, dominated by crinoids, 

brachiopods and bryozoans. At Oyster Hall Hill, this shelly fauna was found to be quite 

patchy and unevenly distributed; zones with elevated concentrations of (macroscopic) 

bioclasts (packstones) are interspersed with areas with much lower bioclast content 

(wackestone and mudstone lithologies). The spatial relationships between the two are 

not clear; however, it does not appear to be simply a factor of alternation of 

(stratigraphic) layering.

Crinoid material is quite common at many (but not all) levels within the mounds and 

consists of either disarticulated ossicles or short lengths of stem (Fig. 4.3.2.2(b)). In one 

instance (location OHl 19), the internal mould of the theca of a rhodocrinitid camerate 

crinoid was found. A rhodocrinitid, interestingly, is very common in the Cornfield 

mound associated with much less common Orbitremites (Waters & Sevastopulo, 1984; 

pers. comm. G.D. Sevastopulo, 2009). The occurrence of a complete calyx suggests 

fairly rapid rates of sedimentation; however, given the rarity of this type of find this 

may have been the exception, rather than the norm.
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Brachiopods are commonly articulated and well preserved (Figs. 4.3.3.2-3). Productoid 

forms are particularly abundant and may even have delicate spines preserved. Other 

forms include reticularioids, spiriferids and rhynchonellides. The fo llow ing table gives 

an indication o f the types brachiopod species encountered in the collection at Oyster 

Hall H ill, Fenit (the presence o f bivalves is also noted):

O y s te r H a ll H ill (OH)
100 102 103 104 105 106 109 110 116 118 119 ?

Argentiproductus sp. J •

Chonetidina ind. •

Krotovia lamellosa •

Krotovia spinulosa •

Martinia glabra cf

Martinothyris lineata • • cf

Elythidae Ind. cf. 
Martinothyris

•

Phricodothyris insolata cf

Pleuropugnoides 
pleurodon (Phillips)

J •

Productus sp. • J

Productidina • J •
Pugnax sp. •
Rhipidomella sp. • •
Schizophoria 
(Pocockia) sp.

• •
Schizophoria 
(Schizophoria) sp.

• • •

Schizophoria sp. • •
Skelidorygma
inteqricosta

cf

Skelidorygma sp. • J

athyridid ?

spiriferid • ?

smooth-shelled
spiriferid

•

productid • • • •

productid with spines • •

rhynchonellid •

terebratulid •

Bivalve

(Location numbers are listed in yellow  across the top and the ir geographic position is indicated in 
Enclosure D. Black dot indicates present, J indicates Juvenile fo rm  collected, c f  indicates the species 
designation needs fu rth e r confirm ation. The grey column on the fa r  rig h t is fo r  samples collected fro m  the 
h ill, but not from  a defined location).
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This table of brachiopod species is not an exhaustive list, nor should it be considered an 

indication of distribution within the Oyster Hall mound, as intensive collecting was not 

conducted equally at all of the locations.

At Clogherbrien, Tralee, the disused Fenit rail-line cuts through a small knoll of 

Cloonagh Limestone Formation (see Fig. 2.3.5.1 and Section 2.3.5). The exposure is 

disappointingly uninformative and macrofossils are not particularly conspicuous in the 

core of the structure. However, on the southern flank of the mound (Fig. 2.3.5.2) a very 

large concentration of brachiopods (well over 100) was recovered from a (heavily 

weathered) zone measuring c.30 by 40cm. These included Martinia sp., Schellwienella 

sp., ?Davidsonia sp., Skelidorygma sp. in addition to terebratulid, productid and bivalve 

material. Very large ?Derbyella sp. were also present at this location (Fig. 4.3.3.4); 

these forms are noteworthy as brachiopods of this scale were not observed at Oyster 

Hall Hill further west.

This brachiopod concentration at Clogherbrien is similar in several respects to shelly 

macrofaunal pockets described by Gutteridge (1990) from carbonate mudmounds of the 

late Brigantian Eyam Limestones Formation of Derbyshire. Macrofauna within the core 

facies of these mounds are concentrated in rubbly weathering pocket-like 

concentrations; the enclosing facies being only sparsely fossiliferous and appearing 

more uniform and massive. The pockets themselves are asymmetrical and have sharp, 

erosional contacts. Gutteridge (1990) interpreted these structures as erosional hollows 

and noted that the fauna within had either:

• Grown elsewhere and been transported across the mound into the hollow or

• Preferentially colonised these pockets (i.e. they were safe havens)

Gutteridge found good evidence for both of these scenarios and interpreted the 

community as a residual assemblage. This model of pocket formation and concentration 

of shelly macrofauna within the Eyam Limestones could help to explain the rather 

patchy and sporadic nature of bioclast concentration observed at both Clogherbrien and 

Oyster Hall Hill. Stacked (imbricate) accumulations of brachiopod shells were noted in 

the Brigantian Derbyshire reefs and also at several locations at Oyster Hall Hill, 

probably due to (post-colonisation) winnowing of the hollows.
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Gutteridge (1990) also utilised a scheme devised in itia lly  by Mundy (1980), and refined 

by subsequent authors (e.g. Brunton &  Mundy, 1988) in which Carboniferous 'reef 

brachiopods and molluscs were used to infer palaeoenvironmental conditions based on 

their relationship to the substrate. An important precondition is that brachiopods are 

reasonably autochthonous. Mundy (1980) recognised three types o f relationship 

between brachiopod and substrate:

Brachiopod life strategy:

1 Potential soft- 
substrate dwellers

Brachiopods are free-living (unattached) and use 
either spines or a long trail (sometimes with flanged 
extensions) for stability. Shells are typically 
concavoconvex.

2 Potential hard 
substrate dwellers

Brachiopods attach (temporarily when young, or 
permanently) to hard/firm substrates. This was usually 
achieved (after initial connection via a pedicle) by 
direct umbonal (or larger areas of the ventral valve) 
cementation or the growth of clasping spines or 
creeping adherent spines.

3 Attached forms (but 
not by shell)

Pedunculate forms.

Gutteridge (1990) found that the Brigantian Eyam material fe ll (almost entirely) 

between brachiopod life strategies 1 and 3 on a ternary diagram based on the above 

scheme (see his Fig. 6). The almost complete lack o f hard substrate dwellers suggested 

that a soft substrate environment existed within the pockets. The Oyster Hall H ill and 

Clogherbrien brachiopod faunas would appear to largely fa ll into a sim ilar category o f a 

soft substrate palaeoenvironment. Brachiopods collected at these locations are either 

soft-substrate dwellers (1) or attached forms (3) [broadly an equal divide between the 

two categories] and the high level o f valve articulation observed would support the 

precondition that they were autochthonous (or at least para-autochthonous).

Bryozoan material was also found to be concentrated in a rough weathering zone 

('pocket'?) at location OH 105 on Oyster Hall H ill (Fig. 4.3.3.5(a-b)). A t location OH 100 

a cone shaped colony o f Fenestella bicellutata was found intact (Fig. 4.3.3.5(c')). This 

style o f complete colony preservation indicates fa irly  rapid post-mortem burial and it is 

likely that the structure is largely autochthonous. Fenestellids comprise the bulk o f the
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bryozoan fauna collected and identified from Oyster Hall (Fig. 4.3.3.5(c‘-g)), although 

smaller pinnate forms such as Baculopora megastoma and Penniretepora elegans also 

occur (Fig. 4.3.3.5(h-i)).

Corals are not a common or dominant component of the of the mudmound fauna at 

Oyster Hall. A small development of Siphonodendron intermedium  was found at 

location OHl 11 on Oyster Hall (Fig. 4.3.3.6(a'^)). The colony had a phaceloid growth 

form, with corallites orientated sub-vertical, and measured 55cm across (minimum 

value). It did not appear to have been reworked and may have been in an original 

growth position. However, it was very difficult to establish dip of the surrounding 

massive calcilutite facies at this location. According to Poty (1981), S. intermedium  

would indicate an age of Asbian to Brigantian. This age determination is further 

supported by the presence of the solitary coral Dibunophyllum  sp. (kindly determined 

by Markus Aretz of Koln University), which was collected from the lay-by roadcut at 

Oyster Hall (Fig. 2.3.1.1). This location also displayed a (reasonably) laterally 

continuous development of striped limestone incorporated in the mudstone facies. 

Finally a specimen of Cladochonus sp. was recovered in thin-section (see Section 4.3.4 

below and Fig. 4.3.4.3(b)).

Non suspension-feeding members of the 'reef community at Oyster hall include the 

cephalopods Orthoceras sp., Geisonoceras sp. and various other undetermined 

goniatites and nautiloids (Fig. 4.3.3.7(a-d)). The gastropod Bellerophon cf. costatus was 

recovered close to location OHl 17 (Fig. 4.3.3.7(f)).

A band, extremely rich in three-dimensional goniatites was discovered in Cloonagh 

Limestone Formation at Oyster Hall foreshore at GR 7612614980 (see Fig. 4.3.3.7(e'^) 

for outcrop images and Fig. 2.3.1.1 for an indication of the location). Concentration of 

goniatites was so high, they could almost be considered 'rock-forming', and this unit 

formed a bedding parallel band located c.Sm below the top of the Cloonagh Limestone 

Formation and the base of the overlying Oyster Hall Breccia. Mestermann (1998) has 

interpreted similar mass occurrences of goniatites to be the result of mass mortalities, 

perhaps due to an oceanographic process such as warming of surface waters or oxygen 

depletion. Elevation of salinity might be an alternative explanation for the Fenit 

example. Herbig et al. (1999) described occurrences of goniatite 'coquinas' from the
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Murra9ao Formation of the South Portuguese Zone and note a strong similarity with the 

time-equivalent Kieselige Ubergangsschichten from the Rhenohercynian Zone of  

Germany. They relate this widespread facies to the eustatically triggered \Goniatites\ 

'crenistria event', which they interpret as the product of maximum flooding in the very 

latest Asbian. This event was immediately followed by lowstand conditions (indicated 

by 'gravitatively reworked sediments') at the Asbian-Brigantian transition. The 

goniatites from the coquina in the Cloonagh Limestone Formation at Oyster Hall have 

not been determined, so temporal equivalence with the Portuguese and German 

'crenistria event' examples of Herbig et al. (1999) is uncertain. However, in a general 

sense, the timing is similar and the goniatite band at Oyster Hall is followed by a unit 

containing conspicuously reworked and remobilised sediments (the Oyster Hall Breccia 

Formation: see Chapter 5 for further details of the OHBF and Chapter 6 for further 

general discussion).

Samples processed for conodonts from the Cloonagh Limestone Formation (see 

Appendix B2) usually produce very small amounts of residue, reflecting the relative 

purity of the calcilutite, and are dominated by gnathodid conodonts. Gnathodus 

homopunctatus, 0 .  girtyi and G. hilineatus commonly occur (Fig. 4.3.3.8) indicating a 

position within the G. hilineatus conodont Biozone (or possibly younger). In addition 

Kladognathus sp., Idioprioniodus healdi and Lochriea cf. commutata were recovered 

(Fig. 4.3.3.9). Lochriea (mono)nodosa was not present in any of the samples examined, 

potentially constraining the age to mid-late Asbian to early Brigantian. According to the 

Upper Visean biofacies scheme proposed by Somerville (1999; see her Fig. 8.5), the 

Cloonagh Limestone Formation fauna would fall somewhere between an outer platform 

and basinal environment. Ichthyoliths were not common in the residues from this unit, 

which did produce examples of the agglutinated foraminifera Earlandia sp. (Fig. 

4.3.3.9(0).

4.3.4: Thin-section analysis

Polished thin-sections of Cloonagh Limestone Formation have been examined from 

Oyster Hall, Church Hill, Ballintogher (Lixnaw) and Inishmurry. A common feature 

observed at all of  these locations is neomorphic recrystallisation (particularly affecting
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the matrix and carbonate mud infilling cavities) leading to production of a similar 

micro/pseudosparite texture to that observed in striped limestone.

Microbial textures, interwoven with bryozoan material, are very commonly encountered 

(Figs. 4.3.4.1-2), particularly in the material from Fenit. These microbially generated 

textures vary between grumeieuse (spongiostromate) structure (Fig. 4.3.4.1(c-f)) and 

morphologies more attributable to Renalcis (Fig. 4.3.4.1(g)). Renalcis is believed to 

have formed from the precipitation of microcrystalline calcite within cyanobacteria 

colonies (Pickard, 1996; Stephens & Sumner, 2002). It is typically globular or cellular 

in colony form (with clumps of micrite-walled lunnules or clots of featureless micrite) 

and was capable of growing upwards on open substrates or in cryptic habitats (Wood, 

1999). It was an important and significant contributor to ancient 'reefs'. These Cloonagh 

Limestone Formation grumeieuse textures are almost indistinguishable from similar 

microstructures observed in striped limestone laminite (see Fig. 4.2.5.2), suggesting that 

a similar suite of microorganisms may perhaps have been involved in the production of 

both lithologies. In the Cloonagh Limestone Formation these grumeieuse textures are 

observed forming sheet-like morphologies (perhaps reflecting the structure of an 

original microbial mat) and also more complex structures capable of encrusting and 

supporting cavities (Fig. 4.3.4.1(e-g)).

Ramose and fenestrate bryozoan colonies are frequently encountered in the Fenit 

material (Figs. 4.3.4.l(a-b) & 4.3.4.2). Fenestrates are commonly preserved as intact 

fronds, although the skeletal ultrastructure may display signs of partial dissolution and 

etching (similar degradation is reported from Waulsortian mudbanks by Lees & Miller, 

1995). Other bioclasts encountered in thin-sections include the corals IDiphyphyllum  

sp. and Cladochonus sp., as well as brachiopods, molluscs and trilobites (Fig. 4.3.4.3). 

Cladochonus and a possible bryozoan were observed encrusting a fenestrate frond (Fig. 

4.3.4.2(c)), indicating development of constructor/encruster relationships within these 

mudmounds. A grainstone from location OH 107 on Oyster Hill (Fig. 4.3.4.3(0) 

displays numerous bioclasts with micritic envelopes developed, suggesting both an 

energetic and shallow (within photic zone) setting.

Cavity structures (present in hand-specimens) are also evident in thin-section. In some 

instances bryozoan material appears to be supporting cavities (Fig. 4.3.4.4(a)).
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Elsewhere they appear to be supported by grumeleuse (spongiostromate) textures. A 

range of cements and muds subsequently lined and then occluded these cavities. 

Radiaxial fibrous calcite (RFC) was often one o f the first cements to form (Fig. 

4.3.4.4(b, c)), particularly in larger pore spaces.

Perhaps the most conspicuous feature o f the Fenit Cloonagh Limestone Formation in 

thin-section is the presence o f coatings o f either micrite or inclusion rich microsparite 

(cloudy microcrystalline calcite, CMC) around many o f the bioclasts (Fig. 5.3.4.5). The 

fenestrate bryozoan fronds in Figs. 4.3.4.1(b) &  4.3.4.2(c) illustrate the first stages o f 

this coating very well. The initial layering could best be described as a thin, dark micrite 

coat, which passes into an enclosing 'halo' o f CMC. Elsewhere, isopachous layers 

(coatings) o f alternating micrite and neomorphic microspar are seen in filling  cavities 

(Fig. 4.3.4.5(a, b)). The lithological character o f these bioclast coatings and cavity 

in fills  is variable between;

dark micrite grumeleuse (peloidal) microsparite ^  CM C  ^  clearer looking microsparite

The order or sequence in which these coatings occur appears to be variable from 

location to location (its appearance may also have been influenced by the degree o f 

neomorphism). However, the dark micrite 'envelope' is typically the first formed layer. 

Fig. 4.3.4.5(c) illustrates the coating on the exterior o f a Siphonodendron intermedium 

coral from Oyster Hall (Location O H l 11; see Fig. 4.3.3.6(a)). The observed sequence is 

as follows:

1. First Two thin (c.300[jm each) isopachous layers of CMC.

2.
Thicker band (c.600^Jm) which grades between CIVIC & an inclusion rich very 
finely grumeleuse texture. The dark peloids appear to be organised into 
laminae.

3. Last The cavity is occluded by a (somewhat) coarser blocky calcite spar.

Production o f these coatings may have been m icrobially influenced (in particular the 

grumeleuse and CMC layers). These layers may originally have been mud and/or 

cement layers accreted on the exterior surfaces bioclasts and internal surfaces o f cavities
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within the mudmound at quite an early stage. This 'overcoating' may have strengthened 

or provided additional support to certain bioclasts and may (partially) explain, fo r 

example, the common occurrence o f complete fenestrate bryozoan fronds in the facies.

A selection o f thin-sections through the mound limestone sequence exposed 

stratigraphically above a phase o f striped limestone at Ballintogher Limeworks, Lixnaw 

(Section 2.5.2 and Fig. 2.52.2) is presented in Figs. 4.3.4.6-7. These units are 

(macroscopically) unfossiliferous and massive with occasional subtle mottled brecciated 

textures developed. A  development o f th ickly laminated Type II striped limestone 

appears in horizon Y57 close to the top o f the sequence. Inspection o f thin-sections 

from massive units in the lower and middle part o f the sequence (Fig. 4.3.4.6(a-d)) 

reveals a 'background' (neomorphic) microsparite, with CMC and fa intly grumeleuse 

textures variably developed. Dark m icritic and peloidal laminae occur and the 

appearance and disruption o f these layers due to fracturing, cavity formation and 

stylotisation are almost identical to textures previously described from striped 

limestone. The only real difference is that the microtextures illustrated in Fig. 4.3.4.6(a- 

d) are not from a laminite. The microtextures illustrated from the striped limestone 

development in LixY57 (Fig. 4.3.4.6(e, f)) are also sim ilar to structures described from 

striped laminite elsewhere. In particular, the partial remains o f bioclastic material 

similar to the problematic 'Solenoporacean' material described from striped limestones 

(see Fig. 4.2.5.6) were recorded in both the massive and (Y57) laminite lithologies at 

Ballintogher (see Fig. 4.3.4.6(b &  f) respectively). A possible (alternative) explanation 

for this feature is that the massive units at Ballintogher (CLFm subfacies A3) may not 

be true 'mudmound facies', but rather 'degraded' striped limestone.

A  sample taken from the very top o f the mudmound sequence at Ballintogher is shown 

in Fig. 4.3.4.7. This horizon has well developed grumeleuse textures along with weakly 

preserved filamentous m icritic walled tubes (?Girvanella, see Fig. 4.3.4.7(f)). A  dark 

biomicritic matrix was present, which was seen to contain a cluster o f articulated 

ostracod material (Fig. 4.3.4.7(e)). The ostracods may represent cryptic forms, liv ing 

within the 'reef environment. There is also good evidence fo r cavity formation (Fig. 

4.3.4.7(d)).
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An interesting, but undetermined, bioclastic structure was observed occupying an 

appreciable area of the slide and is illustrated in Fig. 4.3.4.7(a-c, and possibly d also). It 

is composed of subspherical micritic walled tubes (between c.0.5 and 1mm in 

diameter). These tubes are infilled by a clear blocky calcite spar and may have an outer 

layering of (light buff coloured) fibrous microsparite. The micritic tubes themselves 

may have small indentations around the periphery, which are suggestive of (incipient) 

septal projections (see Fig. 4.3.4.7(a)); however, this feature is not always displayed 

(compare to Fig. 4.3.4.7(c)). Assessment of these tubular structures in Fig. 4.3.4.7(a-c) 

demonstrates that they branch and subdivide and may be forming a network. At this 

stage two possibilities can be offered for the affinity of this particular organism:

1. The structures are the remains of an alga, with the cylindrical structures 

representing the cross section through a thallus or

2. The structures are the remains of a network created by a sponge-like organism.

The sponge interpretation is suggested here. Rigby & Mundy (2000) describe lithistid 

and sphinctozoid demosponges form the (Asbian) Craven Reef of Yorkshire. They 

provide the following description for the lithistid Haplistion carbonaria (from a thin- 

section):

rounded  skele ta l tracts  rep la ced  by crysta lline ca lc ite  a n d  ou tlined  by  a dark  m icrit ic  

coating"  (Fig.  5 caption).

The diameter of the tracts in the material from Ballintogher is larger than the average 

value of 0.4-0.5mm for H. carbonaria quoted by Rigby & Mundy (2000). They 

described a second species of the same genus, H. mega, with larger tract sizes (radial 

tracts are 0.9-1.3mm & concentric tracts are 0.5-0.7mm). The Irish material may be 

related to either of these forms; however, for the present it is tentatively considered as 

the remains of a lithistid sponge (possibly Haplistion). This genus has previously been 

described from an outcrop occurrence at Oyster Hall roadside quarry in Section 4.3.3 

above (see Fig. 4.3.3.1(a)).

Photomicrographs of brecciated carbonate 'reef (subfacies C3) from Inishmurry are 

presented in Fig. 4.3.4.8. The precise stratigraphic relation of this section to the striped
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limestone succession on Inishtubrid is uncertain; however, conodonts indicate a 

Brigantian age (see sample Murray 1 on Appendix B6). Much of the bioclastic material 

is fragmented and unsorted in this facies and crinoid/echinoderm material is much more 

conspicuous. Veins containing coarse spar cross the slides; however, in some instances, 

these appear to be forming discrete cavity structures. The brecciated intervals, which 

characterise much of the Inishmurry 'reef section, would be described as 'biodetrital' 

according to the carbonate buildup classification proposed by Bridges et al. (1995).

4.3.5: Stratigraphic considerations and relationships to enclosing facies 

Two important stratigraphic considerations, with regards the Cloonagh Limestone 

Formation, will be dealt with in this section:

1. The relationship of Cloonagh Limestone Formation |CLFm| to Striped Limestone 

laminite and

2. The relationship of this phase of mudmound development to overlying and 

underlying facies (documented in Chapters 3 & 5 respectively).

1. The relationship o f CLFm to Striped Limestone laminite:

In general, around the south side of the Shannon Basin, striped limestone appears 

towards the very top of the Cloonagh Limestone Formation. On the northern side of the 

basin Tattersall (1963, p. 123) noted striped limestone above 'reef limestone' at 

Rosscliff. The IPPl borehole (Fig. 2.10.1) originally proved a phase of (supra-carbonate 

mudmound) laminite development further west (the evidence is now lost). The best (and 

perhaps most instructive) outcrops illustrating the closeness of the relationship between 

striped limestone and Cloonagh Limestone Formation mudmound facies are to be found 

on the southern margin of the basin at Fenit. Exposures around Oyster Hall foreshore 

(Figs. 2.3.1.1 & 5.2.1) and also at Church Hill (Figs. 2.3.3.1-2 & 4.3.5.1-3) clearly 

demonstrate that although striped limestone appears towards the top of the sequence, it 

does not necessarily cap the entire succession (which could then allow it to be 

interpreted as an event horizon marking the complete cessation of carbonate mudmound 

production within the basin).
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A t Oyster Hall foreshore discontinuous metre-scale developments o f striped limestone 

are incorporated in massive light to medium grey calcilutites (see Figs. 4.2.3.6(a) &  

4.2.3.7). Several styles o f lamination and a range o f deformation features are displayed 

(Fig. 4.2.2.2(a-e) &  4.2.2.3(b-c)). Much o f the striped limestone exposed is o f the Type 

II variety and many o f these laminite developments appear to be allochthonous. The 

enclosing, massive calcilutite facies continues above the level o f the laminite 

development (it can be traced into the base o f Log O Y L and underlies the transition into 

Oyster Hall Breccia Formation) indicating continued production o f carbonate mud for a 

period o f time after production and/or emplacement o f the striped limestone units.

Excellent exposure o f Cloonagh Limestone Formation and associated striped limestone 

is seen on the southern flanks o f H ills 1 &  2 at Church H ill, Fenit (see Figs. 2.3.3.1-2 

for location information). The stratigraphy o f both locations is sim ilar (compare Fig. 

4.3.5.1(a) and Fig. 4.3.5.2(b)) and shows an initial phase o f massive calcilutite 

development, which is sharply overlain (the contact is not gradational) by a discrete and 

distinctive unit o f striped limestone. This striped limestone is Type II, with the 

lamination best expressed on weathered surfaces (see Figs. 4.3.5.1(c-d) &  4.3.5.3). 

Fresh surfaces very commonly reveal a very low colour contrast between successive 

laminae and striping may not be immediately apparent.

A t H ill I the striped limestone is quite lensoidal and gently folded (on quite a large 

scale), giving the impression o f a series o f stacked (superimposed) lenses (Fig. 

4.3.5.1(b)). Dips are highly variable w ithin this unit and a range o f values between 40 

and 80° were recorded, reflecting the warped nature o f the laminite. The warping and 

lenticular character o f the laminite might be due to mass flow  (slumping) down the 

(southern) side o f the mudmound, w ith its position now not far o ff the original 

orientation. Dips are, however, not easily obtainable in the underling massive 

calcilutites and the actual (overall) orientation o f the entire exposed sequence is thus 

unclear. An average value o f 60° (south) was taken fo r the laminite at this particular 

location (and also at H ill 2; see Fig. 2.3.3.1). This dip value varied as high as 80° at H ill 

1, so it is quite likely that there is an element o f tectonic dip involved (in other words, 

these values are too steep to represent an original depositional dip on the flank o f a 

carbonate mound).
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Further east at H ill 2, the in itia l development o f (continuous) striped limestone is 

thinner (it is c.70-75cm thick, which is quite sim ilar to initial appearances o f striped 

laminite at other locations). However, the band can be traced for well over 20m laterally 

(Fig. 4.3.5.2(a''^)), hinting that this facies can cover reasonably wide areas and 

suggesting possible (direct) lateral correlation with H ill 1 (see Fig. 2.3.3.1). The key 

feature, observed at both locations at Church H ill, is that mudmound facies does not 

terminate with the first appearance o f laminite. Both sections are capped by a further 

development o f massive calcilutite. A t H ill 2 this unit has a clear striped limestone 

influence, and interplay between (further) laminite development and breccia is observed 

(Fig. 4.3.5.2(a^)). A t H ill 1, the uppermost unit is at least 8m thick and appears to be 

composed o f massive (homogenous looking) calcilutite. Occasional weathered surfaces 

betray the presence o f a subtle brecciated texture.

On Inishtubrid Island (Fig. 2.9.2.2) outcrops o f striped limestone laminite on the 

northeastern coast are contained in essentially massive and pale coloured units, which 

are very similar to the exposures o f Cloonagh Limestone Formation at Church H ill. This 

distinctive facies can be traced across the island (Fig. 2.9.2.1) and appears to become 

more bioclastic and less striped in character further south (particularly on higher 

ground). This could possibly be considered a lateral (or possible a vertical) transition 

from  subfacies A3 through to B2. Further south at Inishmurry, carbonate mudmound 

facies reappears (Figs. 2.9.4.1-3). The precise stratigraphical position o f these units 

relative to the mudmound facies on Inishtubrid is unproven. However, it is interesting to 

note a large amount o f brecciated C l-type subfacies in the sequence.

The argument that striped limestone marked the termination o f carbonate mudmound 

production in the Shannon Basin is further diminished (and the overall stratigraphic 

picture is further complicated) by borehole information from  Fairy Gate (Castleisland), 

and outcrops at Ballintogher Limeworks, Lixnaw which show that the in itial phase o f 

striped limestone development (over non-carbonate mudmound facies) in these parts o f 

the basin is actually succeeded by carbonate mudmound development. The stratigraphy 

o f borehole CI-1 from Fairy Gate was described by Dr Michael Philcox (unpublished 

technical report fo r Tara Exploration Ltd.) and is summarised in Enclosure C. A fter an 

in itia l (120cm thick) band o f continuous striped limestone, a c.9m development o f 

striped limestone breccia occurs. Dr Philcox noted that elsewhere in the region this unit
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may reach as much as 60m in thickness and displays complex facies interrelationships 

between:

/ .  R e e f  o r  m udbank fa c ie s  co m p o se d  o f  b io m icr ite  with s tro m a ta c tis  fa b r ic s ,

2 . M a ssive  ca lc iliitite s  co m p o sed  o f  re c ry s ta ll ise d  a n d  often  b re c c ia te d  s tr ip e d  lim eston es  

(a lm o st in d istin gu ish ab le  fro m  fa c ie s  /  in the f ie ld )  an d

3 . R e c ry s ta llise d  a lg a l lim eston es.

At Ballintogher Limeworks, Lixnaw, the initial phase o f  striped limestone is overlain by 

c.26m of unfossiliferous very poorly bedded (massive) light to medium grey calcilutites 

(see Log LixY & Fig. 2.5.2.2(a)). The actual transition from massively bedded, 

brecciated striped limestones (unit Lix Y41) to 'mudmound facies ' is not exposed at this 

location. Detailed mapping o f  the area (see Enclosure A) suggests that the latter facies 

overlies the form er and this is further supported anecdotally from conversations with the 

landowner about the past quarrying operation there. Thickly laminated Type II striped 

limestone appears in the mudmound sequence c . 1-1.5m  from the very top (Fig. 

2.5.2.2(b-f)). Given the presence of the P,a goniatite Eoglyphioceras cf. truncatum  in 

the oncoid band beneath striped limestone at this location (see Section 3.6), the upper 

parts o f  the succession (including the carbonate m udm ound phase) at Lixnaw are quite 

likely to be Brigantian in age.

It is thus apparent that striped limestone and Cloonagh Limestone Formation have a 

very close relationship and are possibly contemporaneous (at least in part). It must be 

stressed though, that nowhere is there evidence for well-developed (autochthonous) 

striped limestone laminite passing laterally and directly into carbonate mudmound 

facies with a 'normal' marine biota (Facies B).

Dislocation and detachment o f  rafts of striped laminite may have been facilitated by the 

basin-floor topography created by the mounds. The variation between (poor or 

unfossiliferous) Facies A and bioclastic Facies B in the Cloonagh Limestone Formation 

may perhaps be a reflection of fluctuating salinity levels, both locally and across the 

basin. Where mesohaline conditions were reached, this may have facilitated the 

unhindered growth of microbial constructors and encrusters, but in addition it may have 

triggered laminite production. In a sense, both facies are intrinsically linked.
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2. The relationship o f the CLFin to overlying and underlying facies 

The basal transition into Cloonagh Limestone Formation mudmound facies is poorly 

exposed and thus poorly understood. In the IPPl borehole, on the northern margin o f 

the basin (Fig. 2.10.1) the transition from  underlying cherty argillaceous bioclastic 

wackestones and dark bioturbated mudstones appears to be gradational.

A t Knockeanagh, Fenit, a 15.6m transition from bedded to poorly-bedded/massive 

calcilutite grade mudmound facies is exposed. This section has previously been 

described in detail in Section 2.3.4 and is documented in Log KAS and Figs. 2.3.4.1-4. 

Packstone grade lithologies are present in the succession; however, these are 

subordinate to mudstones and wackestones. A  change in bedding character occurs at 

+ 11.75m in Log KAS. The units above this level (KAs21-24) are essentially massive 

and lithologically very sim ilar to exposures o f Cloonagh Limestone Formation observed 

elsewhere in the Fenit area. The transition appears to involve a loss o f clearly defined 

bedding and the lithology remains sim ilar between the underlying bedded and overlying 

massive units. Spar and (isopachous) carbonate mud-filled articulated brachiopods were 

noted in K A s l9 , below the level o f the bedding transition (see details on page 3 o f Log 

KAS) along with a poorly preserved crinoid calyx or echinoid test (see Fig. 2.3.4.4(c)). 

This style o f preservation is typical in carbonate mudmound facies.

It is not clear whether the transition observed at Knockeanagh represents the actual base 

o f the Cloonagh Limestone Formation or perhaps a bedded intermound equivalent 

which was eventually overlapped by more massive (core) facies. This outcrop is located 

a (relatively) short distance from  outcrops o f Waulsortian Limestone Formation (see 

Fig. 2.3.4.2(a); this point has already been discussed in Section 2.3.4). The proxim ity to 

the Waulsortian may imply that the Knockeanagh section is reasonably low in the 

Cloonagh Limestone Formation. O f greater importance, however, is the fact that the 

ridge between the two formations should be occupied by the Chapeltown Formation 

(see Section 3.2). The Chapeltown Formation is usually very poorly exposed in the 

region due to its soft argillaceous, shale-rich character and would not be expected to 

have formed the continuous ridge between the two outcrops. The absence o f 

Chapeltown Formation units could be explained by either a tectonic (fault) break (the 

continuous ridge does not support this idea), or more o f a direct physical connection 

between the Waulsortian Formation and overlying Cloonagh Limestone Formation,
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with the latter perhaps developing on residual topographic highs created by the former. 

Exposures o f Chapeltown Formation further west at Kilshannig (see Section 2.2, Log 

KSH and Figs. 2.2.3-4) display evidence o f lensing and deflection, perhaps as a 

response to the presence o f carbonate mudmounds in the sequence.

The 'sporadic' and rather discontinuous distribution o f Cloonagh Limestone Formation 

in many areas o f the Shannon Basin suggests that this unit may not have formed a 

regionally extensive, and laterally continuous, carbonate mudmound complex, but 

tended towards more discrete and isolated reef (knoll) morphologies (see Fig. 4.1.1; 

note also from this map that the regional pattern o f folding lim its the geographical 

extent o f this formation, making a fu ll assessment o f this concept d ifficu lt). This 

isolated exposure pattern is, however, well displayed around Fenit |at Oyster Hall H ill 

(Fig. 2.3.1.1) and Church H ill (Figs. 2.3.3.1-2)| and closer to Tralee at exposures 

around Clogherbrien and Kerries (Fig. 2.3.5.1). A t these locations carbonate buildups 

dominate the (present day) higher ground, however the intervening lower-lying areas, 

which presumably are formed from intermound facies, are not exposed (possibly due to 

the lithology in question being softer and easier to erode). The work o f Hudson et al. 

(1966) on the Cloonagh Limestone Formation further east around Castleisland (see Fig. 

4.3.1.1) suggested that in the northwest o f their study area the unit may have been more 

extensively developed. However, to the south and southwest they noted:

"a rap id  la tera l passage into well-bedded, dark fine-gra ined bioclastic litnestones which are usually 

pure, but sometimes w ith appreciable amounts o fd e tr ita l and bituminous m ateria l." (p. 3 13)

Hudson et al. (1966) also noted that the off-reef equivalents to the Cloonagh Limestone 

Formation, south o f Castleisland are very poorly exposed.

On the north side o f the basin, a discontinuous style o f mudmound development was 

in itia lly  recognised between Cornfield and Ennis by Tattersall (1963) and subsequently 

by Sleeman &  Pracht (1999). Tentative interpretation o f the succession exposed on 

Inishmurry (see Fig. 2.9.4.4) indicates that several small carbonate buildups may be 

present in the sequence. Further west, the pattern o f mudmound distribution is 

impossible to assess due to the extent o f post-Visean cover and very limited borehole 

information. In any event, the fact that the Cloonagh Limestone Formation may have 

formed isolated knoll-type structures would have lead to heterogeneities in seafloor 

topography, which would then have influenced subsequent sedimentation patterns. The
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O yster  Hail B reccia  Formation |O H B F |  from Fenit (see  S ection  5 .2  and L o g  O Y L )  is  

l ikely  to have been in f luenced  by s lo p es  (created by the C loon agh  L im eston e  

Form ation), w h ich  stim ulated s lum ping  and rem obilisation  o f  sed im ent. L ow er in g  o f  

sea  lev e ls  m ay a lso  have had a part to play in creating instability. T h e  fauna co llec ted  

and d ocum ented  from  the O H B F  in S ect ion  5 .2  (and illustrated in Figs. 5 .2 .5 -1 1 )  is 

quite d iverse  and w ell  preserved and is probably a reflection  o f  the co m m u n ity  structure 

o f  organ ism s liv in g  on the flanks o f  (or ev en  higher up on) m ound structures.

4.3.6: Comparison with other known occurrences o f Upper Visean carbonate 

buildups in Ireland & Britain

(B road ly)  coeva l carbonate buildups to the C loon agh  L im eston e  Formation have been  

described from  various locations in Ireland and Britain. H udson  &  Philcox  (1 9 6 5 )  

orig inally  described a biohermal fa c ie s  from  Buttevant (C ork) on the North M unster  

S h e lf  (south w est  o f  the Shannon Basin). T h ey  applied the term 'Cracoean' to these  

buildups, w hich  w ere co m p o sed  o f  unbedded light grey or brown calc i lu t ites ,  to  

distinguish  them  from  (older) W aulsortian buildups. T h is  stratigraphic term w as  

originally  d ev ised  by Bisat (1 9 2 8 )  for sim ilar aged reef d ev e lo p m en ts  in the C racoe area 

o f  Y orkshire. H udson e t  a l.  (1 9 6 6 )  applied  the term a lso  to A sb ian  buildups in 

C astle is land . H udson  &  P hilcox  (1 9 6 5 )  estim ated the Buttevant buildups to be up to  

c .3 0 0 m  thick and noted a th inning and eventual disappearance o f  the unit tow ards the  

w est ,  w here it passed into "well b e d d e d  d a r k -d e tr i ta l  l im e s to n e s" . Certain brachiopod  

genera from  the Buttevant reef are co m m o n  to the C loon agh  L im eston e  Formation  

including  S c h izo p h o r ia ,  K r o to v ia  and M a rt in ia  and it is interesting that H udson  &  

Philcox  ( 1 9 6 5 )  noted that brachiopods w ere c o m m o n  in calcarenite  grade fa c ie s  and  

on ly  sporadically  distributed in ca lcilutitic  fa c ie s .  T h ey  state:

"The calciliitite does not contain, as in other areas, pockets o f  well-preserved fossils"  (p. 75).

O n the ev id e n c e  o f  the brachiopod and coral fauna co llec ted  from  the Cracoean reef  o f  

Buttevant, H udson &  P hilcox  (1 9 6 5 )  estim ated the age  to be S 2 (H olkerian). M ore  

recent w ork (C lip ston e ,  1992) has renamed these buildups as the H a z e lw o o d  Formation  

and dem onstrated  an A sb ian  age (u s in g  m icro foss i ls )  and this revision has been
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4.3.6: Comparison with other known occurrences of Upper Visean carbonate buildups in Ireland & Britain

were found to extend into the Brigantian. The buildups are composed o f massive 

calciiutites and they developed towards the top o f the M ullaghfin Formation, on the 

margins o f the platform, bordering the Dublin Basin.

A summary o f the mound facies described by Somerville et al. (1996) from Ardagh 

Quarry (GR N835955) is as follows:

Lithology: Calcareous microflora: Shelly fauna:

Buildup
(core)
facies

Fine-grained 
peloidal algal lime 
mudstones with 
irregular spar-filled 
cavities. Several 
generations of 
geopetal mud infill 
these structures 
towards the top of 
the complex.

Microbial structures are well 
developed and include domal 
stromatolites, thrombolites and 
oncoidal fabrics created by 
cyanophytes (Ortonella & 
Girvanella). Encrusting forams 
(Aphralysia & Tetrataxis) are 
present. Solenoporids, 
Ungdarella, stacheiids and 
Koninkopora are present. 
Cyanophytes appear to form 
frameworks in the buildups.

Koninkopora is more common in 
this facies.

Basal 2m has abundant 
brachiopods, bivalves & 
gastropods. The following 35m 
has scattered concentrations 
of skeletal material and solitary 
corals. Towards the top of the 
succession macrofauna is 
locally abundant and includes 
large Gigantoproductus 
brachiopods and colonial 
corals.

Brachiopods, bivalves and 
gastropods are common. 
Colonial rugose corals and 
heterocorals also occur.

Inter
buildup
facies

Coarser-grained 
intraclastic skeletal 
packstones and 
grainstones. An 
oolithic horizon 
was also noted.

In a follow-up study o f the coral faunas, Somerville (1997) found that pale grey, thickly 

bedded crinoidal platform carbonates from the M ullaghfin Formation, exposed at 

Mokeeran, near Kingscourt, had a much greater abundance and diversity o f Rugosa, in 

comparison to collections made in the coeval massive buildup facies at Ardagh. 

Siphonodendron intermedium (recorded at Oyster Hall H ill,  Fenit) was recovered in 

small colony numbers from both Mullaghfin Formation facies by Somerville (1997). 

Somerville et al. (1996) noted the presence o f a conspicuous horizon near the top o f the 

succession at Ardagh Quarry: a phylloid algal boundstone facies appears and is 

associated with dense thickets o f colonial rugose corals, sponges and encrusting 

bryozoans and foraminifera. Somerville et al. (1996) draw two important conclusions 

from this particular facies:

1. The unit may have developed due to a rapid shallowing event and the ensuing 

development o f a wave-resistant framework was stimulated as the buildup grew 

into the surf zone.
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2. The Mullaghfin Formation buildups may mark an important transition in the 

character o f Carboniferous reefs, passing from  microbe-dominated mudmounds 

o f the early Carboniferous (discussed in more detail in Section 3.3.7) to frame- 

built reefs in the later Carboniferous. The rise in importance o f phylloid algae is 

important in this respect and Chuvashov &  Riding (1984) note their importance 

in constructing bioherms from the middle Carboniferous until the early Permian 

(Fig. 4.3.6.1).

The Dartry Limestone Formation, in Counties Sligo and Leitrim , contains a carbonate 

mudmound facies o f Asbian age (Schwartzacher, 1961; Warnke &  Meischner, 1995; 

see Fig. 4.3.6.2). These bioherms are unbedded, or poorly bedded, and developed a 

steep 60° synsedimentary slope. Topographic elevations o f some 120m were attained 

due to an elevated carbonate production rate, on the order o f between five and ten times 

that observed in coeval off-reef carbonate facies (Warnke, 1994). The buildups are 

composed o f peloidal and m icritic carbonates, produced in situ, and contain abundant 

remains o f calcified siliceous sponges, which are considered by Warnke (1994; 1995) to 

be mound constructors. Collapse o f unlithified sponges may have been responsible for 

stromatactis cavities observed. Mound-dwelling organisms include fenestrate bryozoans 

and crinoids. Warnke (1994) stated that carbonate production was mostly due to 

microbial degradation o f soft sponge tissues, resulting in the observed peloidal 

(grumeleuse) and m icritic microtextures.

Warnke (1994; 1995) interpreted the entire Arundian to Asbian succession o f the Sligo 

Syncline as representing a complete cycle o f transgression and regression (Fig. 4.3.6.2). 

Carbonate production (rapidly) initiated on top o f the regionally widespread deltaic 

Mullaghmore Sandstone Formation (Graham, 1996, Connolly, 2003; Sevastopulo &  

Wyse Jackson, 2009). Graham (1996) noted the presence o f oolite and pebbly lags 

towards the top o f the Mullaghmore Formation and interprets them as the result o f a 

rapid rise in sealevel (i.e. it represents a transgressive surface). The overlying 

limestones and shales contain a rich and diverse marine fauna; however, as 

transgression continued the diversity o f the benthic component decreased (Warnke, 

1994, 1995 and Fig. 4.3.6.2). Mudmound development initiated, at highstand, in water 

depths o f some 200m and continued during the fo llow ing regression (marked by a 

reappearance o f lithostrotionids, caniniids and productids in the upper Dartry Limestone
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Formation). Warnke (1994) stated that mudmound formation ceased as the buildups 

reached storm wave base in depths o f around 30m.

Sevastopulo &  Wyse Jackson (2009) noted that the mudbank facies o f the Dartry 

Limestone Formation are found to be geographically distributed in an elongate zone 

along the northwest side o f the Ox Mountain Fault and may have thus been controlled 

by subsidence along this feature. Warnke (1994) speculated that thermal seeping along 

(synsedimentary) faults may have elevated water temperatures locally and stimulated 

mound production, however Sevastopulo &  Wyse Jackson pointed out the fact that 

other buildups in the Dartry Limestone Formation, located in the Dartry Mountains, do 

not appear to be related to any identifiable fault trace.

Exposures o f Asbian mudmound facies w ithin the Dartry Limestone Formation occur 

further west (from the locations mentioned above) in the Lough Allen Basin (Ke lly , 

1989; Philcox et al. 1992; Kelly, 1996). Kelly (1989) described a carbonate mound 

from Aghnahoo Townland, Leitrim  and notes that it was impossible to establish the 

relationship o f the buildup to the enclosing sediments due to the complete lack o f 

exposure o f the latter. Similar problems with exposure o f Asbian mudmounds in the 

Shannon Basin have been noted herein. The Aghnahoo mound outcrops on higher, 

scrubby land and Kelly (1989) interpreted this as being due to differential weathering, 

and not a feature o f primary depositional relief. The mound is composed o f weakly 

bedded, or unbedded, poorly fossiliferous peloidal and homogenous calcilutites with 

fenestrate bryozoans. Bioclastic-rich pockets, containing abundant brachiopods together 

with trilobites, bivalves, gastropods and crinoids also occur. Spar-filled cavity systems, 

supported by fenestrate bryozoa or brachiopods, are developed and may have a geopetal 

mud in fill.  The high faunal diversity and presence o f micritised grains were used by 

Kelly (1989) to propose a shallow setting fo r this particular mound and he suggests 

carbonate production was terminated on the mound by an in flux o f fine clastic material. 

A strong tectonic control is proposed by Kelly (1989; 1996) for the Asbian buildups in 

the area, with mound development occurring on carbonate ramps or sloping shelves, 

created by differential subsidence on tilting  fault blocks.

252



4.3.6: Comparison with other known occurrences of Upper Visfean carbonate buildups in Ireland & Britain

There are many features o f the Dartry Limestone Formation carbonate mudmounds, 

which are also shared by Cloonagh Limestone Formation buildups in the Shannon 

Basin:

• A matrix o f peioidai (grumeleuse) or homogenous micrite.

• A laci< o f a (clearly defined) framework.

• An association with sponges: Sponge remains are not as pro lific  in the Cloonagh 

Limestone Formation in comparison to those o f the Dartry Limestone Formation 

mounds, however, they have been recorded. It is interesting to note that Warnke 

(1994) proposed that it was the degradation o f the sponge soft-tissues by 

bacteria, which may have stimulated calcification in the buildups (which could 

explain the production o f grumeleuse textures etc).

• Shelly macrofauna is not uniform ly distributed and tends to concentrate in 

pockets.

• Cavity systems are developed. These may be supported by bryozoans and are 

occluded by spar. RFC is developed in both,

• Bioclasts with micrite envelopes, suggestive o f shallow water settings, are 

present at certain levels in both areas.

• The initiation, growth and termination o f the Dartry Limestone Formation 

mounds appear to have been influenced by (either eustatic or tectonically 

controlled) sea-level change (Fig. 4.3.6.2), w ith a shallowing towards the very 

top. The same may have been the case for the Cloonagh Limestone Formation 

mounds, particularly towards the top o f the succession. Sevastopulo &  Wyse 

Jackson (2009) noted that the Dartry Limestone Formation is onlapped by the 

overlying Meenymore Formation in certain areas and that the irregular surface 

topography o f the former influences the distribution o f the latter. The 

Meenymore Formation is interpreted as representing very shallow coastal 

sabkha conditions with evaporite development recorded at a number o f levels 

(West et al., 1968). This association between carbonate mudmounds and 

evaporite-bearing facies is strongly reminiscent o f the relationship between 

Cloonagh Limestone Formation and striped limestone. Some o f the laminated 

textures documented from the Meenymore Formation by West et al. (1968) are 

physically reminiscent o f striped limestone (e.g. see their Figs. 3, 10 and 12).
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Exposures o f Asbian carbonate mudmounds in the south o f the Isle o f Man were 

examined by this author in 1997 (Fig 4.3.6.3, see also Fig. 4.3.6.4(a)). The succession 

was broadly divisible into a lower unit o f massive (unbedded) calcilutites and an 

overlying sequence o f pale grey calcilutite mudstones with widely spaced bedding 

planes. Dickson et al. (1987) named these the Balladoole and Poyllvaaish Formations 

respectively. However, the British Geological Survey (Chadwick et al. 2001) has since 

revised the stratigraphy, retaining the status o f the Balladoole Formation, but placing 

the Poyllvaaish Formation into the Bowland Shale Formation (together w ith an 

overlying sequence o f dark shaly and cherty mudstones and a volcanic unit). The Isle o f 

Man buildups are relevant to the present discussion fo r the fo llow ing reasons:

• The matrix lacks a framework and has a 'clotted', recrystallised texture.

• Weakly defined microbial/algal lamination is sometimes evident on weathered 

surfaces.

• in one quarry (Cross Welkin H ill)  exposures o f Balladoole Formation, on the 

eastern face, show a nearly complete transect through a very well developed 

mudmound structure (Fig. 4.3.6.3(c)), providing a valuable indication o f the 

scale and morphology possible in these late Visean buildups.

• The fauna w ithin these buildups is locally very rich (i.e. appears to be

concentrated in pockets) and is very well preserved.

• Chadwick et al. (2001) propose an age o f 8 2 3 . 5  and possibly even P,a age (based 

on ammonoids collected and reported by previous workers) for the Balladoole 

Formation (i.e. late, to very latest, Asbian). It must be noted, however, that 

according to Cozar et al. (2006), the Asbian-Brigantian boundary is located 

within Bja and thus B 2 b-P|a should possibly be considered basal Brigantian (see 

Section 1.2 and Fig. 1.2.2).

• The setting o f the Manx bioherms is on the southern edge o f an extensive 

carbonate platform (Fig. 4.3.6.4(a)) and Chadwick et al. (2001) state that they 

are contemporaneous with sim ilar platform-edge buildups widely developed in 

Ireland, Wales and northern England.

• Large allochthonous blocks (olistoliths) o f carbonate mudmound facies occur in

the Bowland Shale Formation (Fig. 4.3.6.3(e)), approaching the top o f the

sequence, indicating the potential fo r these bioherms to be remobilised and 

redeposited. A tectonic trigger may have been responsible fo r this feature 

(Dickson et al., 1987; Quirk etal., 1990).
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(True) 'Cracoean' Asbian reefs, from the Craven and Derbyshire areas o f northern 

England (Fig. 4.3.6.4(a)), have been described in detail by Mundy (1980, 1994). These 

buildups developed on the marginal tracts o f rimmed platforms, generated due to 

movement and differential subsidence o f fault-controlled grabens (Leeder, 1987). An 

important feature o f these buildups is the development o f a framework facies o f 

microbialite (containing Ortonella) with lith istid sponges, encrusting bryozoans and 

tabulate corals also contributing to the structure (Mundy, 1994). These bioherms are 

thus considered as 'true' reefs and possessed distinct reef crest, fore reef and back reef 

facies (Fig. 4.3.6.4(b)). Cracoean reefs from northern England formed either continuous 

shelf edge tracts (23km for the Craven Reef Belt), or isolated reef mounds immediately 

basinward o f the platform margin (these forms range up to 500m across).

The fauna from Cracoean reefs is pro lific  (Fig. 4.3.6.4(c)) and often very well 

preserved; brachiopods, for example, may be preserved with delicate spines intact. Over 

500 macrofaunal species have been identified to date by Mundy and various co-workers 

(e.g. Mundy, 1982; Brunton &  Mundy 1988, 1993, 1994, 1997; Rigby &  Mundy, 2000). 

Crinoids, brachiopods, bryozoans and molluscs volumetrically dominate the shelly 

benthos.

A diverse range o f carbonate lithologies have been recorded by Mundy (1980, 1994) 

including bindstones, framestones, wackestones, packstones and grainstones. 

Wackestones are typically clotted (grumeleuse texture) and are interpreted as microbial 

in origin. Cavity systems are developed in Cracoean reefs and early diagenetic cements 

are pervasive and include RFC. These cements formed isopachous (multilayered) 

linings in cavities.

Many elements o f Cracoean reefs (including the biota, taphonomy, microfacies and 

diagenesis) are comparable w ith the mudmounds o f the Cloonagh Limestone Formation 

in the Shannon Basin. Comparisons have already been made herein between sponge 

fossils preserved at both locations. Fossil preservation may also be good in the 

Cloonagh Limestone Formation: specimens o f brachiopods with spines attached have 

been recorded and collected and the majority o f the brachiopod genera identified are 

also present in Cracoean reefs. The diversity o f shelly macrofauna recorded from
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Cracoean reefs has not been matched in the Cloonagh Limestone Formation; however, a 

wider variety of fenestrate forms have been identified in the latter (Fig. 4.3.3.5). Mundy 

(1994) noted that cryptic ostracods form conspicuous concentrations in the internal 

sediments of some cavities and a similar feature has been observed in the Cloonagh 

Limestone Formation (see Fig. 4.3.4.7(e)). Clotted peloidal (spongiostromate) textures 

are developed in both Cracoean reefs and Cloonagh Limestone Formation.

Several diagenetic features are seen in both Cracoean reefs and Cloonagh Limestone 

Formation buildups:

• The development o f isopachous cement coatings in cavities is strikingly similar,

• Pervasive (equant) spar and

• Pyrobitumen development filling  in cavities at a later stage (see Fig. 4.3.2.1 (c-

d)).

The key differences separating Cracoean reefs from Cloonagh Formation buildups are 

the development of a clearly defined framework facies in the former (Mundy, 1994). In 

addition Cracoean reefs have a greater diversity of biota and clearly developed in 

shallow water. Evidence for several emergent episodes is present in outcrops of this unit 

(Fig. 4.3.6.4(b)) and these are believed to be glacio-eustatic in origin (Mundy, 1994). 

Similar structures have (thus far) not been observed in the Cloonagh Formation. The 

shelf edge setting of both the Cloonagh Formation and Cracoean reefs is somewhat 

similar, although the former seems to be deeper-water in character. The isolated reef 

mound forms of the Cracoean reefs (immediately basinward of the platform margin) 

may provide a closer analogue for the Cloonagh Formation bioherms.

4 .3 .7  Discussion on Carboniferous Bioherms

It has been suggested for some time now that 'reef structures developed during the 

Carboniferous were limited to mudmound-type morphologies, due to elimination of 

many types of large frame-building organisms (stromatoporoids and various types of 

coral) during the late Devonian extinctions (West, 1988; Wood 1999; see also Fig. 

4.3.7.1). Frame-built bioconstructions are, however, not entirely absent from the 

Carboniferous and reports o f such structures appear in the literature (see Mundy, 1994
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and Aretz & Herbig, 2003). Carboniferous mudmounds are often considered part of a 

recovery phase in the history of reef development. Webb (1994; 1996) maintained that 

this recovery was not marked by a gradual re-stocking of newly evolving reef-building 

metazoans, but that the temporal distribution of reefs was controlled by extrinsic, 

localised 'tectonostratigraphic factors'. He noted that deep-water Waulsortian mounds 

typify the (mid to late) Tournaisian, whilst (shallower) true skeletal and 

biocementstone-dominated frameworks became more common by the late Visean. 

Webb also pointed out the fact that Lower Carboniferous reef frameworks were 

dominated by microbialite and biocementstone, despite the fact that they often contain 

an abundance of skeletal metazoans.

Bridges et al. (1995) proposed a five-part classification (Types 1-5) for early 

Carboniferous mud-mounds based on the character of constituent skeletal components 

and geometry and scale of the buildup (see Fig. 4.3.7.2(a-b)). The Bridges et al. (1995) 

classification also reflected water depth of formation, with Type 1 representing deepest 

conditions and Type 5 the shallowest (Fig. 4.3.6.2(a)). Whilst they do not attempt to 

classify the Upper Visean buildups of the Shannon Basin (see Fig. 4.3.6.3(a)), the 

Cloonagh Limestone Formation mounds could be compared to Type 3 buildups 

(especially Cloonagh Facies B) and also possibly Type 4  (Cloonagh Facies A). Bridges 

et al. (1995) acknowledged that certain buildups might have changed in character as 

they grew and thus should be considered as composites.

Type 3 buildups, with their diverse skeletal assemblages, were predominant in 

Holkerian to Brigantian times in Britain, Ireland and Belgium, with the exception of a 

report of a Type 4 buildup from North Wales (Bancroft et al. 1988). Bridges et al. 

(1995) considered the Asbian buildups of northwest Ireland and the Cracoean reefs of 

northern England as representing Type 3; however, on the evidence of Mundy (1994), a 

modified version of Type 4 would seem more appropriate for the Cracoean examples. 

Buildup Types 3-5 are found largely on shelf, shelf margin and shelf slope settings (Fig. 

4.3.7.2(c)).

The central theme of the Bridges et al. (1995) model is the evolution of form of 

bioherms, through Tournaisian and Visean times, in response to the (tectonic) evolution 

of shallow shelf platforms (producing Type 3-5 morphologies) from earlier ramp
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environments (which were dominated by Type 1 buildups; see Fig. 4.3.7.3(a-b)). The 

net result was a disappearance o f deep-water buildups in the late Visean and 

replacement w ith shallower water forms on basin margins and fault controlled highs. 

Wood (1999, citing Webb 1994) argued that this trend in form is not simply a reflection 

o f reef recovery, but rather an indication o f the degree o f control exerted on bioherms 

by regional tectonism and local palaeoenvironmental (extrinsic) conditions.

Aretz &  Chevalier (2007) reviewed and provided a classification o f reef development in 

the Belgian Famennian and Dinantian (Fig. 4.3.7.4(a-b)). Cloonagh Formation buildups 

are comparable (both temporally and physically) to their (Campine) Reef Type 1 

[microbial reefs with fenestellid bryozoans &  sponges and subordinate brachiopods, 

corals &  crinoidsj. Aretz &  Chevalier (2007) concluded that microbes contributed to the 

formation o f most reefs during the latest Devonian and early Carboniferous and that the 

presence o f restricted environments may have favoured these microorganisms. In 

addition, they stated that reef formation was controlled by three hierarchical (and 

interlinked) factors: palaeobiology, local palaeoenvironment and the regional or global 

regime (essentially intrinsic through to extrinsic factors; see Fig. 4.3.7.4(c)).

When the early Carboniferous shallow-water relocation concept o f Bridges et al. (1995) 

is coupled with the pattern o f sealevel oscillation observed in the Asbian and Brigantian 

(Ross &  Ross, 1985, 1986; W right &  Vanstone, 2001), it is clear that late Visean 

bioherms may have had to cope with intermittent periods o f shallow, high energy 

conditions. Bridges et al. (1995) noted that their position on shallow shelves and shelf 

margins almost certainly brought them within the range o f fourth- and fifth-order 

sealevel fluctuations. Aretz &  Chevalier (2007) commented that at least from the mid- 

Visean onwards, rapid glacio-eustatic oscillations profoundly affected sedimentation 

patterns and thus reef formation. The evolution o f a framework support would have 

been advantageous in such conditions (see Somerville et al. 1996; Mundy, 1994) and 

evidence o f subaerial exposure is observed in Cracoean reefs (Fig. 4.3.6.4(b)).
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4,4: Palaeoenvironment of Cloonagh and Striped Limestone Formations

Cloonagh Formation buildups developed in the Shannon Basin during the Asbian and 

may have been initiated in the late Holkerian (Fig. 4.3.1.1). Whilst not entirely similar 

to coeval bioherms described from elsewhere in Ireland and Britain (see Section 4.3.6 

above), they do share many important features including evidence for microbial 

involvement in carbonate production, a sponge component, cavity development (with 

isopachous linings) and a shelly benthic macrofauna which tends to concentrate in 

discrete 'pockets'.

The question of depth of formation for Cloonagh Limestone Formation bioherms is not 

clear-cut at present. These structures do not appear to possess a rigid framework capable 

of withstanding high-energy conditions above FW W B , so a position below this level 

seems quite likely. Aretz & Chevalier (2007) proposed a similar bathymetric setting for 

their (comparable) Type I reefs from Belgium (Fig. 4.3.7.4(b)). Supporting evidence for 

a shallow water setting, such as emergent surfaces or vadose cementation (as observed 

in Cracoean reefs by M undy, 1994), is also lacking. In the Fenit area, the Cloonagh 

Limestone Formation is directly underlain by the Chapeltown Formation (see Section 

3.2) and possibly  even remnants of topography created by the Waulsortian Formation. 

The palaeoenvironment of the Chapeltown Formation appears to have been deep; 

however, the evidence is equivocal and it could equally represent a shallow protected 

environment. If the deeper setting for the Chapeltown Formation is accepted for now, it 

could imply that the Cloonagh Formation bioherms initiated at broadly similar water- 

depths. An obvious analogy could then be drawn with the model of W arnke (1994; 

1995) for the Dartry Formation buildups in Sligo. He postulated that these mounds 

initiated at depths of around 200m  (during highstand), at a time when the diversity of 

other (shelly) benthic metazoans had been reduced (see Fig. 4.3.6.2) and that they 

continued to grow during the following regression, until they had reached wave base 

(c.30m depth).

Cloonagh Formation mounds were distributed around the (currently understood) 

margins of the Shannon Basin during Asbian times and may have formed 'reef  tracts 

100s of metres across (in aerial extent) along with more isolated knoll forms. Much of 

this buildup activity may have taken place immediately basinward of the surrounding

259
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platform margins. This setting is typical for most late Visean buildups (Bridges et al. 

1995; Wood, 1999. See Figs. 4.3.7.2-3) and it is therefore like ly that the depth o f 

development o f the Cloonagh Formation mounds was in a similar ( if  perhaps just 

slightly deeper) bathymetric range. The evidence o f bioclasts with micritised rims, in 

Fig. 4.3.4.3(f), from Oyster Hall H ill lends some support to the contention o f a position 

w ithin the photic zone, for at least some part o f the development o f the buildup.

During growth o f Cloonagh Formation mounds, microbial mud overgrowths on benthic 

metazoans, in particular fenestrate bryozoan fronds, may have strengthened these 

bioclasts (improving their preservation potential) and also provided an increased degree 

o f strength to the overall bioherm. Spongiostromate structures attest to microbial 

involvement in carbonate production within the mounds. Sponges are present also; 

however, due to their patchy preservation, their total input into the system is d ifficu lt to 

quantify. Cavity structures are developed and supported by spongiostromate 

microbialite and possibly also fenestrate bryozoan fronds and sponge body fossils. 

Shelly bioclasts (brachiopods, bivalves and gastropods) are not evenly distributed 

throughout the Cloonagh Limestone Formation and tend to occur in discrete 

concentrations. The bioclastic 'pocket' model o f Gutteridge (1990) for Brigantian 

mounds o f Derbyshire may (partially) explain the distribution o f macrofauna observed 

in the Cloonagh Limestone Formation. This concept relies on the presence o f a 

reasonably firm  (m icrobially bound) substrate on the upper surfaces o f mounds capable 

o f maintaining these erosional hollows in which brachiopods and other shelly benthic 

marine organisms accumulate.

The reason for the dominance o f microbialite in the Cloonagh Formation mounds is not 

clear. As Aretz &  Chevalier (2007) suggested, some form of environmental restriction 

may have kept potential grazing metazoans in check. Initiation in deep-water 

environments may explain this dominance during the first phases o f development; 

however, it is like ly that these structures did not remain growing at these depths and so 

an alternative explanation is required. In the fie ld, and in hand specimen, a distinction 

can be made between largely unfossiliferous mudstones (Facies A ) and bioclastic 

wackestones and packstones (Facies B). This may be a reflection o f enhanced microbial 

growth in the former facies, perhaps stimulated by elevated calcification rates or indeed 

possibly elevated salinities (or both).
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4.4; P a laeo en v i ro n m en t  of C loonagh  an d  Striped L im es tone Form ations

The top of the Cloonagh Limestone Formation is marked by striped limestone 

development, representing restriction of water circulation in the Shannon Basin. This 

may |potentially | have resulted in a salinity crisis, which affected the entire basin in late 

Asbian/early Brigantian times. Evidence of shallow water emergence in striped 

limestone is lacking. However, it is likely that sea-level may have dropped markedly in 

the basin during this time (particularly if there was appreciable drawdown of a brine 

body).

Restriction of circulation in the Shannon Basin was probably triggered by silling and 

subsequent geographic isolation of the water mass. This can really only be satisfactorily 

explained by either:

• Tectonic movement or

• A combination of sealevel fall coupled (perhaps) with restriction of water

circulation due to the presence o f  Cloonagh Formation buildups around the

margins of the basin. A similar relationship has been proposed for the Ratner

Formation laminites and the Winnipegosis carbonate banks in the Middle 

Devonian Elk Point Basin of Canada (Wardlaw & Reinson, 1971; Jin & 

Bergman, 1999, 2001. See Section 4.2.12 above & Fig. 4.2.12.7). This 

explanation is favoured here, although the evidence (at present) is admittedly 

circumstantial.

Striped limestone appears to have had a close relationship with the Cloonagh Formation 

buildups. Laminite is apparently interwoven with massive m udmound facies at several 

locations (Fig. 4.1.1 and 4.3.5.1-3), usually appearing towards the top of the succession. 

The petrography o f  both units displays several similarities in some of the microbial 

textures developed. The concept that striped limestone laminite may have been forming 

synchronous with carbonate mudmound growth is, however, difficult to demonstrate 

unequivocally. It is equally (or perhaps even more) plausible that laminite production 

was triggered during times of drawdown and elevated salinity, covering all areas of the 

basin floor, including the flanks and crests (provided they were still submerged) of 

Cloonagh Limestone Formation mounds. As sealevels continued to fluctuate, exposure 

o f the upper parts of mounds to shallow water, higher energy conditions may have 

stimulated reworking of any laminite developed there. If the brine body had become
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Stratified, topographically elevated areas on mounds may have experienced lower 

salinity conditions (compared to the basin floor), promoting evaporite dissolution.

A potential analogy for the nature of the relationship between Cloonagh Formation 

mounds and striped limestone may be provided by outcrops of Messinian evaporites and 

(broadly) coeval algal bioherms at Maroni in southern Cyprus (UTM 0532654 3846881; 

see Fig. 4.4.1). The buildups at this location represent the Koronia Reef Member of the 

Kalavasos (evaporite) Formation and consist of massive, pale grey calcilutites with a 

patchy microbial/algal lamination evident on weathered surfaces (Fig. 4.4.1(d-e)). 

These algal bindstones formed in mesohaline conditions and thus lack a 'normal' marine 

fauna. Carbonate formation is believed to have terminated as soon as penesaline 

conditions were reached and gypsum precipitation began. Several gypsum lithologies 

are present at this location including laminated (banded), rosette, bladed selenite, 

brecciated and recrystallised (alabastrine) gypsum forms. Although a sharp (onlapping) 

contact is observed between evaporite and reef knolls at Maroni (Fig. 4.4.1(c)), the two 

units are believed to inter-finger (on a larger scale) and the Koronia Member bioherms 

are believed to have been (at least partially) responsible for restricting and protecting 

the brine body (Greensmith, 1998). Similar to the Koronia Member bioherms on 

Cyprus, Cloonagh Limestone Formation facies in the Shannon Basin tends to be devoid 

of shelly macrofossils (Facies A) where it is observed in close proximity to striped 

limestone laminite and may have microbial textures evident (both macro- and 

microscopically).

Cloonagh Limestone Formation bioherm development appears to have continued on the 

northeast flank of the Shannon Basin (between Cornfield and Ennis) into the Brigantian 

(Tattersall, 1963, see Appendix B6). Buildups also appear to have developed (following 

the main phase of striped limestone development) around Lixnaw (Figs. 2 .5.22  & 

4.3.4.6-V), in a more centralised 'basinal' position. The reasons for the continuation of 

mound growth in the Brigantian in these parts of the Shannon Basin are unclear; the 

Lixnaw examples may, perhaps, reflect a relocation of 'Cloonagh Limestone Formation' 

palaeoenvironments more towards the basin centre due to lowering of sealevel.
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5.1: Introduction

Chapter 5: Supra striped limestone carbonate 

facies

5.1: Introduction

The realisation that striped limestone reflects a major environmental turning point and a 

potential salinity crisis in the Shannon Basin in late Asbian to early Brigantian times 

begs the question: what was the sedimentary and biotic response in the aftermath o f the 

event? This question takes on an even greater importance when it is considered in the 

context o f the collapse o f the carbonate factory and the incoming o f non-calcareous, 

dark, organic rich mudstone facies (The Clare Shale Formation) a relatively short time 

afterwards. The reason for the abrupt switch from widespread carbonate production to 

siliciclastic sedimentation in early Serpukhovian time in Ireland is a question which is 

still unresolved (see Section 6.5 for more discussion).

The fo llow ing sections document the facies, which either directly succeed striped 

limestone facies, or broadly occupy (temporally) the same interval, before being 

replaced by non-calcareous Clare Shale facies. They are organised according to spatial 

(geographic) distribution, in a sim ilar fashion to Chapter 3.
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Southern margin of Basin:

5.2: Fenit: Oyster Hall

Oyster Hall foreshore in Fenit (documented in Section 2.3.1) is an extremely important 

section as it reveals much about the nature o f strata, which succeed the Cloonagh 

Formation. The Cloonagh Limestone at Oyster Hall is demonstrably mudmound facies 

and it displays conspicuous developments (rafts) o f striped limestone (Fig. 5.2.1).

The character o f the succession which follows this massively bedded sequence (Fig. 

5.2.2 and Log O YL), rapidly becomes quite high-energy in character. This is the type 

section o f the Oyster Hall Breccia Formation lOHBF], Just over 30m o f section was 

logged from the foreshore at Oyster Hall. However, exposure diminishes considerably 

in quality up-section (towards the LW M ) and it is possible that the total thickness for 

this particular formation is somewhat thicker than that indicated here.

Breccias first appear at -i-2.85m from the base o f the section and account for 

approximately 40% o f the succession (up to +25m level). The intervening strata are 

either dark well-bedded calcilutites or thicker calcarenites. There is a sense from the 

panoramic (along strike) image o f the contact in Fig. 5.2.2 that there might be an 

element o f sedimentary drape and onlap o f the Cloonagh mudmound towards the east. I f  

this is the case, it might imply in fill in itia lly  west from this location, moving 

progressively eastwards. That concept must be tempered, however, by the fact that the 

knoll-like topography o f the underlying Cloonagh mudmound is likely to have been 

eventually blanketed w ith later sediments on several sides.

The brecciated units o f the OHBF are variable both in terms o f composition and lateral 

continuity. Several o f the brecciated horizons shown on Log O YL change considerably 

in character when traced along strike. A  variation between matrix-supported and clast- 

supported brecciated textures (floatbreccia to packbreccia) is also commonly 

encountered (Fig. 5.2.3), sometimes over remarkably short distances, both 

stratigraphically and laterally.
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A very distinctive type of breccia occurs in the sequence between +2.85m and +8,58m 

(from the base) in Log OYL. This has been informally termed "Black Argillaceous 

Matrix-supported Breccia" |BAM B| and the sample shown in Fig. 5.2.3(a) is very 

typical o f this particular facies. Clasts are poorly sorted and the matrix (which is very 

conspicuous) is quite muddy, dark and argillaceous in composition. Another 

characteristic feature of this breccia is the extensive silicification of clasts (both bio and 

lithoclasts) to varying degrees. This silicification often results in bioclasts weathering 

almost totally proud of the host matrix, making them easy to identify.

In thin-section (Fig. 5.2.4) the wackestone texture of these breccias is very clear and the 

matrix appears dark, micritic and peloidal. Clasts vary quite substantially in their degree 

o f silicification (see Fig. 5.2.4(a-b) for examples), although the ultrastructure of shells is 

often poorly replicated.

A large and diverse fossil fauna was extracted from horizons OYL16 to OYL25 (see 

Figs. 5.2.5-5.2.11). Coral material (Fig. 5.2.5) includes small solitary horn shaped 

rugosans and colonial Siphonodendron sp. Tabulates include Emmonsia and 

Cladochonus. Cladochonus, which has a creeping habit, was collected encrusting the 

inside o f a large productid brachiopod shell (i.e. post-mortem colonisation, see Fig. 

5.2.5(h)). A large block (measuring 35 by 50cm) of Lithostrotion was found in unit 

OYL24 (Fig. 5.2.6). This block was clearly allochthonous, providing graphic evidence 

of the power of the flows responsible for these deposits.

A broad range of bryozoa was collected (Fig. 5.2.7), encompassing fine and delicate as 

well as more robust colony forms. Fenestrate bryozoans and thin rhomboporan and 

pennireteporans occur. The most conspicuous element of the bryozoan fauna are thickly 

branching ramose trepostome forms which are commonly broken into lengths o f several 

centimetres, but which tend to have very good preservation of their apertures (see Fig. 

5.2.7(a, f-g)). Examination of Fig. 5.2.7(g) reveals an excellent example of a trepostome 

bryozoan colony with miscellaneous smaller bioclasts (mostly crinoid) and larger 

rounded limeclasts and demonstrates the unsorted, often chaotic nature of this facies. A 

curious sample illustrated in Fig. 5.2.7(d) appears to be an encrusting bryozoan 

(possibly Fistulipora sp.); however, it is not clear what exactly it was encrusting. It is
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possible it was simply encrusting a cohesive block of sediment, which was reworked en 

masse.

Waters and Sevastopulo (1985) reported the blastoids Astrocrinus and Orhitremites, 

typical of the Brigantian, from this particular locality and echinoderms are perhaps the 

most common element of the fauna (Fig. 5.2.8). Crinoid material tends to be 

disarticulated (for example see Fig. 5.2.3(b)) and a range of crinoid ossicles are 

observed (Fig. 5.2.8(c, e-g)). Lengths of stem, particularly thicker and more robust 

columnals, occur (Fig. 5.2.8(b)). One crinoid calyx is illustrated from OYL25 (Fig. 

5.2.8(d)). It lacks arms, although radial facets are discernable. It was determined by 

Prof. G.D. Sevastopulo (pers. comm. 2009) as belonging to an advanced cladid. It is an 

oral view, looking through the radials to the interior, where the top of the invagination 

of the basal cup can be seen. The preservation of this calyx and also lengths of stem 

indicate reasonably rapid rates of burial. More mobile (Eleutherozoan) echinoderms 

include the echinoid Archaeocidaris sp. (Fig. 5.2.8(a)). Trilobites (Fig 5.2.9(i)) and the 

gastropod Straparollus sp. (Fig. 5.2.9(j)) complete the picture of the mobile benthos.

Brachiopods include productoids and forms similar to Martinia (Fig. 5.2.9(a-h)). The 

true importance of this fauna lies not in the details of the taxonomy, but rather the 

taphonomy. Typically brachiopods are preserved as disarticulated valves (e.g. Fig. 

5.2.9(b)) or are crushed and infilled with sediment (Fig. 5.2.10(a, c)). However, several 

examples of brachiopod valves (or valve fragments) with spine bases or indeed 

complete spines intact and attached (Fig. 5.2.10(b, d-0) were noted. These were mainly 

found in unit OYL25. These spinose forms are adapted to living quasi-infaunally, 

typically in muddy substrates. The spines are extremely fine, delicate and brittle and do 

not normally survive reworking. It could be argued that the spine bearing shell 

fragments illustrated in Fig. 5.2.10 are simply broken and comminuted and that smaller 

clasts have a better chance of surviving intact in high-energy flows. Examination of the 

productid brachiopod in Fig. 5.2.11 challenges this assumption and creates something of 

a dilemma when trying to reconstruct the palaeoenvironment. The specimen in Fig. 

5.2.11 is preserved intact, with a long trail and very long spines extending from the 

pedicle valve. In any other setting this would be used as definitive evidence of 

autochthony. Here, however, the sediment is clearly disturbed and the brachiopod is 

photographed as it appears looking directly down on the bedding surface (i.e. it is
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overturned). It is d ifficu lt to imagine how this particular specimen came to be reworked, 

and yet retain its delicate structure. One possibility is that it was transported w ithin a 

cohesive mudflow, which transported the specimen and enclosing matrix as a single 

block.

Similar dark, argillaceous matrix supported breccias with silicified bioclasts also occur 

at Kilfenora (Fenit) and on Inishtubrid, albeit in different stratigraphical positions 

relative to striped limestone.

Complex slumping occurs at several levels w ithin the BAM B sequence at Oyster Hall. 

It is in itia lly  evident in O YL17, immediately above the first brecciated horizon and was 

probably triggered by the same gravitational instability that caused the debris flow . The 

lowest occurrence is in OYL17 where a chert is folded around the nose o f a calcilutite 

lens (Fig. 5.2.12(a)). The axis o f this fold structure plunges 57° towards 168. The chert 

is probably a diagenetic feature; however, cherts in the region do tend to form in 

coarser, more porous units and this may reflect one such unit, which was deformed and 

then selectively replaced.

More extensive lensing and slumping is evident in O YL20 (Fig. 5.2.12(b)). This 

generally takes the form o f calcilutite lenses (generally mudstone to wackestone grade), 

which are enveloped by coarser bioclastic units (wackestone to packstone grade). 

Excellent bedding plane exposure o f this unit (Fig. 5.2.12(c)) demonstrates the extent o f 

the lensing and warping, which appears to indicate movement in a westward direction. 

Towards the top o f OYL25, calcilutite lenses are clearly detached and rafted and, in 

some instances, folded.

Several breccia units occur in the sequence above the BAM B (see Log O YL). These do 

not display a widespread silicification o f bioclasts (although this may be a factor o f 

exposure in the intertidal zone). They tend to be much more lithoclast dominated 

(supported); very often the packing o f clasts is so tight that their boundaries are pressure 

dissolution contacts. Clast sizes in these units are quite variable; however, in some 

units, such as OYL47 and OYL58, clasts reach boulder scale (up to 30cm). In some
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cases these breccias demonstrate either reversely graded bases, or normally graded tops, 

or a combination of both.

The stratigraphical extent of the brecciated horizons is shown on Log O Y L  (the horizon 

labels are shaded yellow). It is quite apparent that there are between 6-7 phases of 

breccia development in the sequence. The lower phases, up to the level of OYL26, are 

characterised as BA M B, i.e. mud matrix supported (floatbreccia) with a silicified fauna 

and evidence of intraformational soft sediment slumping. Given:

1. The proximity of these units to the underlying Cloonagh Formation

2. The diversity of the fauna

3. Evidence of reworking of microbial fragments (see Fig. 5.2.4(c)), possibly 

derived from m udmound facies

it is a possibility that these deposits formed due to gravity-induced instability and 

collapse on the flanks of m ounds, which may have been actively accreting. The key 

consideration is the introduction of the dark argillaceous component. The Cloonagh 

Formation mounds are formed of pale grey calcilutites and the breccias are not simply 

remobilised and re-sedimented variants of this facies. In the process o f  formation o f  the 

breccias there was substantial mixing and dilution of sediment. The elongate lenses of 

calcilutite observed in OY L20 (Fig. 5 .2 .l2(b-c))  could possibly represent larger 

fragments of coherent Cloonagh calcilutite, which had become detached and entrained 

in the darker, bioclast-rich flows which envelop them. This may be telling us something 

also about the consistency of the m udmound material. The ability of these off-mound 

muddy debris flows to transport delicate fossils is demonstrated by the number of 

brachiopods preserved with spines attached.

This interpretation of the BAM B has implications for the relative timing of the 

Cloonagh Limestone Formation and O H BF. Field relations would suggest that the 

former is simply succeeded by the latter; however, given the dynamics of mudmound 

environments, the possibility that the mound was still actively accreting and the 

limitations of the section at Oyster Hall (only one zone of transition is displayed), it is 

possible  both units are at least partially coeval in age.
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The interpretation of the brecciated sequence which follows the BAM B at Oyster hall is 

less clear. As mentioned above they are more clast supported in character, less 

bioclastic and display evidence of having gradational contacts. They may have formed 

due to debris flow from the margins of Cloonagh mounds when there was less soft, 

unconsolidated mud in the system. Very similar strata, located a short distance further 

west at Kilfenora (discussed in Chapter 3; as it underlies a significant phase of striped 

limestone), show clear evidence of downcutting and channelling of a breccio- 

conglomerate body into thinly bedded cherty fine-grained limestones and laminated 

shales, perhaps due to scouring by a powerful debris flow or possibly  even as a response 

to sea-level fluctuation. The same facies relations cannot be recognised at Oyster Hall; 

however, the section there is only patchily exposed on the foreshore. The idea that these 

breccias may have formed as a response to sea-level fluctuation cannot be fully 

discounted at this stage. The lack of sedimentary structures, such as cross stratification 

of any kind, indicates the succession never moved above wave base [although fine 

grained facies will not develop cross stratification in shallow areas and may be more a 

reflection of a sheltered and protected palaeoenvironment|. However, sea-level 

fluctuations may have had a profound effect on topographic highs created by the 

Cloonagh m udmounds. If these areas became shallow enough, they may have started to 

actively erode on the tops and flanks, with the resulting breccias being carried into 

deeper areas by debris flows.

5.3: Kilfenora Anticline

The section exposed by the east plunging Kilfenora Anticline in Fenit (documented in 

Section 2.3.2. and also discussed in Chapter 3) exposes a c.7m thick development of 

striped limestone (see Log KiAn(N) and Fig. 5.3.1(a)) at the top of the exposed 

carbonate succession (see Fig 2 .3 .2 .1). A small outcrop of a dark disrupted chert (Fig. 

5.3.1(b); see unit KiAn(N)80 on Log Kilfenora Anticline II) lies above this, followed by 

a (horizontal) gap of about 40m , which is covered by sand, before the next outcrop of 

Clare Shale. Given the average dip of the carbonates, this could indicate a stratigraphic 

gap of about 38m. This gap is presumably occupied by a unit softer in composition than 

either the striped limestone or the exposed Clare Shale Formation (which is quite cherty 

at outcrop at this location). More continuous exposures of Clare Shale at the
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northeastern end o f the section, in under the low c liffs  covered by drift, reduce the 

stratigraphic gap considerably (see note on Fig. 2.3.2.1) and suggest softer, argillaceous 

Clare Shale may actually occupy the space. The stratigraphic gap between striped 

limestone and the base o f the Clare Shale at Kilfenora is perhaps as little  as 8m, but 

could be as much as 20m.

This is an important observation and is supported by the stratigraphy o f the section on 

Black Rock Island at Fenit (Fig. 2.3.1.3), where striped limestones are found also in 

close proxim ity to the Clare Shale contact. It seems possible that the striped limestone 

occurrences at Kilfenora and Black Rock do not directly correlate (temporally) to the 

exposures o f striped limestone in the Cloonagh Formation at Oyster Hall and may 

actually represent a second phase o f development. The close proxim ity to the Clare 

Shale needs to be carefully considered. Evidence from field mapping suggests a 

decollement o f the Clare Shale from the underlying, more competent limestones, during 

tectonic deformation. Whether or not this had the effect o f removing or diminishing the 

thickness o f the carbonate strata intervening between striped limestone and Clare Shale 

Formation at Kilfenora is debatable. I f  the section is taken at face value, however, there 

is a very small distance between these two units. I f  the striped limestone is considered a 

product o f lowering o f sea-levels (and consequent barring o f the basin) and the Clare 

Shale as being due to flooding and deepening, then the fo llow ing possibilities arise:

1. There must have been a dramatic and rapid sea-level rise (flooding) event 

between the two units.

2. This flooding event may have freshened the brine and replenished the basin, 

halting the formation o f striped limestone.

3. A  rapid rise in sea-level can drown carbonate platforms, leading to a collapse o f 

the carbonate factory. The contact between the Visean carbonates and 

Serpukhovian Clare Shales could thus be interpreted as a drowning 

unconformity. Marine band (goniatite) evidence (Hodson and Lewarne, 196!) 

has clearly demonstrated a disconformable contact between the two in the 

platform area north and south o f the Shannon (see summary at end o f this 

chapter).
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5 .4: Castleisland (Cordal Quarry)

As discussed in Section 2.4.4, an old quarry located at 0651408326 at Cordal exposes a 

short, but highly instructive section through the Dirtoge Formation (see Log CLQ and 

Fig. 2.4.4.1). Approximately 5.45m o f well-bedded, dark grey to black fine-grained, 

bioclastic and detrital limestones with chert and thin intercalated shales was recorded 

there. These beds essentially comprise the very top o f the Dirtoge Formation, which 

was estimated by Hudson et al. (1966) to be c.lOVm thick. The contact with the Clare 

Shale is not exposed; however, it lies only a short distance above the level o f the quarry 

and makes up the higher ground in the area.

Chert content increases in the upper half o f the section and the topmost c.l.5m  sees a 

noticeable increase in shale and argillaceous content, perhaps hinting at the 

environmental shift that led to shutdown o f the carbonate factory later in Serpukhovian 

times. There are very few sedimentary structures preserved, some layers have weak 

parallel laminations and there is a tendency for certain horizons to have an undulatory 

bedding style. (Probable) vertical burrows are present in several o f the units through the 

section (Fig. 5.4.1). These typically appear as elongate yellow or orange coloured 

streaks averaging four millimetres in width, which occasionally weather proud (Fig. 

5.4.1(b)). The orange (presumably oxidised iron) colour may be due to organic material 

left behind in the burrows and subsequently used to produce iron bearing minerals 

during decomposition by bacteria and/or diagenesis.

Although the section at Cordal is lim ited vertically (stratigraphically), it is essentially a 

strike section and this allowed examination o f several levels over considerable distances 

laterally. Fossils were found to be both abundant and quite well preserved at several 

discrete horizons, with the richest concentrations found within horizon CLQ6 (Fig. 

5.4.2 and see also Fig. 2.4.4.1). This horizon proved to be exceptionally rich in trilobite 

material.

Approximately lOOkg o f limestone from  horizon CLQ6 was split and examined and 

nearly 40kg returned to the lab for further assessment and study. The fo llow ing sections 

discuss the non-trilobite component o f the fauna first, and then document the trilobites
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themselves before summarising the likely palaeoenvironmental setting of this important 

location.

5 .4.1 Non-trilobite fauna from  Cordal Quarry.

Brachiopod, crinoid and goniatite material was found on 75%, 68% and 5% 

(respectively) of the rock material collected from CLQ6. Three solitary corals and 

minor fragments of bryozoans make up the remainder of the macroscopic fauna 

identified.

Brachiopods are a very common component of the fauna (Fig. 5.4.1.1), with productids, 

including Dictyoclostus, present throughout the whole sequence. Chonetid brachiopods 

are found in some abundance within CLQ6. Additionally spiriferids such as 

Brachythyris and Martinia were also (tentatively) identified. Brachiopods are preserved 

in three dimensions; however, some appear to have been flattened during compaction.

The underlying bed, CLQ5 is a dark greyish brown weakly calcareous mudstone with a 

shaly cleavage, which becomes progressively stronger towards the top. It contains a 

fauna of productid brachiopods which are completely flattened, but which have very 

long and delicate spines preserved (Fig. 5.4.1 .l(f-i)). These specimens are clearly still in 

growth position (autochthonous).

Crinoid ossicles and short lengths of articulated stem are also common, but in slightly 

lesser numbers to brachiopods. Some ossicles are elliptical in section and probably 

belong to Platycrinites sp., unless the shape is a result of compaction. A small number 

of horn shaped solitary corals and fourteen goniatites were also noted in the samples; 

however, their preservation tended to be too poor to make a determination. Minor 

amounts of stick bryozoan material was also recorded.

Five samples were processed for conodonts from the quarry section at Cordal (see table 

& section in Appendix B3 and also Fig. 5.4.1.2). CLQ2, close to the base of the exposed 

section, contained a conodont fauna dominated by gnathodids {Gnathodus 

homopunctatus, G. girtyi, G. bilineatus). Synclydognathus geminus, Kladognathus sp.
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and Idioprioniodus were also present along with several types of ichthyolith. CLQ6, the 

main trilobite horizon in the quarry, produced Kladognathus sp., Synclydognathus 

geminus and Mestognathus bipluti.

CLQI5 produced abundant conodonts, dominated by gnathodid forms. The M elements 

of Lochriea and Kladognathus were also common, along with various types of 

ichthyolith (including Thrinacodus incurvus). Lochriea commutata was common in 

CLQ18, at the very top of the quarry section along with various gnathodids, 

Kladognathus sp. and abundant actinopterygian teeth.

No specimens of Lochriea at nodosa stage were recovered; however, the presence of M. 

bipluti in CLQ6 confirms a Brigantian age for the succession in the quarry.

During the formic acid digestion process for the recovery of conodonts all horizons 

sampled (with the exception of CLQI5) returned a silicified microfauna of brachiopods, 

trilobites, ostracods and bryozoans (Appendix B3). OYL6 was particularly rich and 

silicified trilobite fragments, ostracods and bryozoans were common in this sample and 

the replication of surface details (by silica) was better than at all other levels examined 

in the quarry section. In general all of the macrofaunal groups identified (with the 

exception of goniatites) are found in either juvenile or disarticulated form in the 

residues. In contrast to the macroscopic material, residues revealed large amounts of 

silicified bryozoans, in some cases such fine detail is preserved that the encrusting 

nature of the bryozoa is clearly visible (Fig. 5.4.1.2(a-b)). Juvenile brachiopods bearing 

delicate spines (Fig. 5.4.1.2(j-m)), crinoid ossicles, gastropods, ostracods (Fig. 

5.4.1.2(e-i) and small corals are also well preserved. The ostracods (occasionally 

articulated) are quite diverse, particularly in horizon CLQ4, where they constituted over 

25% of the residue.

5.4.2: Trilobite fauna from Cordal Quarry

The trilobite material (Fig 5.4.2.1) from Cordal appears to be largely composed of 

discarded, yet relatively undisturbed moults belonging to the genus Paladin (formerly 

Weberides). Tilsley & Owens (2003) note that all (confirmed) occurrences of Paladin in 

the Carboniferous of Britain range from the Brigantian to Arnsbergian (Upper
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Serpukhovian). In total, over 300 librigenae, 219 glabellae and 287 pygidia have been 

recorded from a collection of 256 limestone samples from the quarry. This represents an 

extremely large abundance (certainly for Carboniferous trilobites) and it appears that 

Paladin was thriving in the palaeoenvironment of the Dirtoge Formation, particularly at 

the level of horizon CLQ6.

A number of samples were recovered with glabellae and librigenae separated, but still in 

very close proximity (Fig 5.4.2.2). This reveals potentially the mechanism through 

which the trilobite may have moulted. Several samples were also found with the 

librigenae still attached to the glabella. These may represent true (unmoulted) body 

fossils, however, shedding of the cephalon could equally facilitate the trilobites exit 

from its old thorax, without necessarily the disarticulation of both free cheeks. Both 

cheeks were never found still attached, however, thus the removal of one cheek may 

have been required to weaken the joint between thorax and cephalon sufficiently for 

complete ecdysis. Alternatively, the thorax may have acted as the weak point through 

which shedding occurred. No complete thoraxes were discovered on any of the 

examined samples or, indeed, in the field.

Several microscopic fragments of trilobites were recovered in the residues from horizon 

CLQ6 and these included several juvenile growth stages (protaspids and meraspids; Fig. 

5.4.2.l(i-k)).

Despite the large amount of Paladin specimens collected from Cordal, a complete 

specimen has never been found. As the material appears to be thus largely composed of 

empty moults, it may suggest that the trilobites were using this particular environment 

as a refuge to moult in (a 'moult ground'). Tilsley & Owens (2003) came to a similar 

conclusion for accumulations of Paladin and Baliothyreus from the late Visean 

(Brigantian) and Serpukhovian of the Derbyshire Dome. They argued that good 

preservation and presence of a range of growth stages at sites located at Ashford and 

Eyam are evidence for a lack of transport by currents.

In general, trilobites were in decline by Carboniferous times; however, members of the 

family Phillipsiidae underwent a considerable diversification in the aftermath of the 

Late Devonian Hangenberg extinction event (Owens, 1990). Paladin was extremely
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diverse in the Mississippian (Ruitang, 1984) and appears to have had a worldwide 

distribution, particularly along the tropics and into the northern hemisphere (Fig. 

5.4.2.3(a)). It has been recognised that provincialism played a strong role in shaping 

these Paladin  faunas (Chamberlain, 1969; Ruitang, 1984; Owens, 1990; and Brezinski, 

2003).

Brezinski (1999) maintained that the main causal factor controlling the evolution and 

speciation of trilobites throughout the Carboniferous and Permian in the United States 

was eustacy and proposed four evolutionary phases related to sea level (Fig. 5.4.2.3(b)). 

The Cordal specimens would equate to Stage 2 of this scheme, which represents a 

marked drop in generic diversity. Stage 1, which preceded it, had 17 endemic genera, 

whereas Stage 2 (in the United States) is monogeneric and represented solely by 

Paladin, which became pandemic in occurrence and saw species lasting for much 

longer periods of time. Brezinski (1999) concluded that the American Paladin  

specimens o f  Stage 2 tended to prefer nearshore habits and formed biofacies 

associations with bivalves. He argued that during Stage 1, in the early Mississippian, the 

worldwide transgression, which followed the Hangenberg event, submerged large areas 

and greatly increased the available ecospace, which in turn stimulated an adaptive 

radiation. A regional regression in the Arundian to early Holkerian stimulated an 

extinction of this fauna and facilitated the spread of Paladin, a more eurytopic form, 

around the world. This marks the start of  Stage 2, which lasted from the upper Visean 

until sometime close to the earliest Pennsylvanian (the upper limit of this zone is not 

clearly defined). Stage 2 is characterised by rapid sea-level oscillations and an overall 

regressive trend, which reaches its lowest close to the Mid-Carboniferous boundary.

In a follow-up paper to this work, Brezinski (2003) demonstrated, through phylogenetic 

analysis of 19 Carboniferous and Permian Paladin  species, that four separate 

geographic clades are recognisable (Fig. 5.4.2.3(a)):

• Clades A & B represent species found in the western and central parts of America

(These were separated from  European clades by an emergent area, particularly later in the Carboniferous)

• Clade C represents the western European faunal province, to which the Cordal 

specimens belonged.

• Clade D represents species from eastern and northern Europe.
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Brezinski (2003) suggests that the southern margin of the United States may have been 

the ancestral area for Paladin and that the western European Clade C may in-turn have 

served as the ancestral stock for Clade D further east. Brezinski (2003, see his Text Fig. 

6) relates this temporal pattern of diversification directly to the sea-level curve of Ross 

& Ross (1988). Tilsley & Owens (2003) noted a distinctive contrast in Paladin species 

found in coeval Brigantian to Arnsbergian strata in the Derbyshire Dome and Wales and 

noted that more local barriers (other than positive relief), such as the lateral 

discontinuation of habitable facies or perhaps depth variations may account for this 

variation. One further Interesting point of the Brezinski (2003) study is his 

recommendation that "the unresolved species o f  Clade C he returned to the resurrected  

(genus) Weberides" (p.370).

As mentioned earlier, in Section 2.7.5, Kelk (1960) described the presence of the 

trilobite Weberides (now Paladin) in the base of the Clare Shale Formation at 

Ballybunion (approximately 8 feet above the base). The Clare Shale at this location is 

actually latest Brigantian in age and it is possible that these two faunas (Cordal and 

Ballybunion) are broadly temporally equivalent, with these forms of Paladin existing in 

both calcareous (albeit quite dilute) and non-calcareous environments.

5.4.3: Palaeoenvironment o f the Dirtoge Formation at Cordal Quarry

The fine-grained, well-bedded nature of the section at Cordal, coupled with the high 

argillaceous content and increasing levels of chert development through the succession 

(see Log CLQ) seem to suggest a quiet and deep environment of deposition. The lack of 

sedimentary structures would also support this contention.

The taphonomy or preservation of the fossil material also suggests very low energy 

conditions with little post-mortem disturbance by currents. Articulation is often quite 

high and very fine surface details are preserved. The productid brachiopods from CLQ5 

(Fig. 5.4.1 .l(f-i)), preserved essentially flattened on bedding surfaces with extremely 

long and delicate spines intact, are likely to be autochthonous and in life position and
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they provide the most compelling evidence for extremely low ( if  any) ambient energy 

levels.

A  deeper water environment with very little  water circulation would be prone to oxygen 

depletion. The dark, argillaceous nature o f the limestone may be an indication o f low 

oxygen levels. This would be unsurprising given its position only a short stratigraphic 

distance below the base o f the Clare Shale Formation. However, this line o f reasoning is 

admittedly equivocal. Pyrite was commonly associated with the silic ified microfossils 

from  the acid insoluble residues (generally as minute cubic crystals on surfaces), 

proving evidence o f low oxygen levels within the sediment.

This quiet, relatively deep environment would appear to be one which provided a safe 

haven fo r trilobites to moult. Coupled with relatively low rates o f sedimentation, this 

may have resulted in the extremely high concentration o f trilobite material in horizon 

CLQ6. Owens (1990) noted that trilobites probably had particular moulting locations, 

which were comparatively safe from predators. In reef environments these tended to be 

pockets or cavities where the cryptic location offered protection. Similar hiding places 

would not be present in more open (deeper) marine environments; however, conditions 

at Dirtoge may have been low in energy and oxygen, which was unfavourable for larger 

predators to enter.

Certain observations and lines o f evidence are, however, not entirely consistent with the 

above interpretation:

• The moderately diverse nature o f both the macro and microfauna would suggest 

sufficient levels o f both food and oxygen. The high organic content o f the 

limestone may be a factor o f elevated production o f organic material, which 

simply outstripped rates o f decomposition.

• The abundance o f ostracods in the parts o f the section processed fo r conodonts 

(they dominated the microfauna in horizon CLQ4, fo r example) requires 

consideration and could be explained in one o f two ways:

1. A shallowing event may have restricted water circulation and 

modified salinity or

2. Ostracods are often found in some numbers is deeper marine 

settings in the Carboniferous and this may well be the case here
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too. In addition, a sustained period of deep-water conditions with 

poor circulation may have resulted in stratification of the water 

column and development of a brinier body of water near the 

seabed.

• Straight, vertical burrows are found throughout the section (Fig. 5.4.1). These 

are normally associated with shallow water, high-energy environments 

(Skolithos ichnofacies). It has to be recognised though that the levels of 

bioturbation observed are relatively low compared to that which would be 

expected in a shallower environment (such as in the intertidal and shallow 

subtidal zones).

• Some of the conodont species recovered (Mestognathus bipluti, Kladognathus 

tenuis/complectens and Synclydognathus geminus) are typically associated with 

shallow marine environments (Somerville 1999; Somerville & Somerville 

1999). These species are found in relatively high abundance in CLQ6 and the 

latter two are found throughout the succession.

This contradictory (and rather counter-intuitive) evidence for shallow(er) water 

conditions in the Dirtoge Fm. could be explained if the palaeoenvironment had indeed 

shallowed, but had become restricted (silled) and cut off from major currents. Pracht 

(both in 1996 & 1997) mentioned 'channel structures', lower in the Dirtoge Formation, 

prior to this proposed restriction event, but does not elaborate on what was creating 

these features. The conodont biofacies from CLQ6 (Appendix B3), suggests that at least 

the lower part of the Cordal section had some form of shallow water influence. Several 

authors (e.g. Austin (1976); von Bitter (1976); von Bitter et al. (1986) Davies et al. 

(1994) and Krumhardt et al. (1996)) have even suggested that Mestognathus probably 

inhabited near-shore restricted environments. This also fits well with the variation in 

ostracod abundance that is seen through the section. There are, however, numerous 

examples of Mestognathus in environments that are not restricted (pers. comm. G.D. 

Sevastopulo, 2009).

On balance, however, the evidence seems to most strongly suggest deposition below 

wave base. This is particularly supported by a lack of intense bioturbation, cross

lamination and coarse sediment. These beds are clearly not tempestites; however, strong 

storm events may have had the effect of substantially increasing the rate of deposition
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by stirring up large quantities o f sediment in shallower waters. Further offshore this 

would result in the blanketing or smothering o f the seafloor in finer sediment, which 

may explain the high levels o f articulation o f the fossil material and perhaps why 

brachiopods are found in life position. Anoxic conditions may have developed beneath 

the sediment water interface (and possibly, interm ittently, above this level) leading to 

the very good preservation o f the fossil material.

In their discussion o f Brigantian to early Serpukhovian trilobites from the Derbyshire 

Dome, T illey &  Owens (2003) noted that all o f their material was restricted to dark 

argillaceous, finely laminated limestone and associated mudstone facies, which they 

interpreted as deep-water in origin. The details o f the taphonomy o f the trilobites from 

the Ashford and Eyam locations in their study also bear many striking resemblances 

with the Cordal specimens.

There is evidence that the Cordal sequence may reflect further deepening towards the 

top o f the quarry section as gnathodids and Lochriea sp. become more dominant 

(Appendix B3). The Gnathodus-Lochriea Biofacies is associated with deeper water 

basinal environments (Somerville &  Somerville 1999). These forms first appear in 

CLQ6 after the peak in ostracod material (CLQ4) and they become dominant, relative to 

the shallow water species, in CLQ15. There may be a correlation between a decrease in 

shallow water conodont species and ostracods and an increase in the deeper water 

conodont biofacies. A  possibility is that sea level increased after CLQ4, opening a 

previously restricted environment to more open marine conditions. This not only 

reduced the dominance o f ostracods but also allowed the migration o f the deeper-water 

conodont Biofacies into the sequence. Some support for this may be taken from an 

increase in both shale and chert frequency towards the top o f the section.
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Central axis of Basin;

5.5: South and east of the axis: Lixnaw and Listowei

A series of massive unfossiliferous pale calcilutites are seen to overlie the initial phase 

of striped limestone at Lixnaw in the Ballintogher section (see Log LixY and Fig. 

2.5.2.2). These are interpreted as a form of carbonate mudmound facies and have been 

discussed in Chapter 4. The thickness of the unit is difficult to constrain accurately due 

to the scattered nature of exposure and the lack of reliable bedding surfaces to measure 

dip from; however, it appears to be on the order of about 28m. Above this are a series of 

thin dark well-bedded tabular calcilutites and shales, probably representing a deeper or 

'off-reef environment. Only about 440cm  of this facies is seen at outcrop, and as the 

contact with the Clare Shale is not exposed close by, the true thickness of the unit 

cannot be ascertained with any degree of confidence.

Further northeast at the Galey River (see Section 2.6.1 and Figs. 2.6.1.1-2) tabular, 

laterally persistent limestones with thin shale interbeds and chert development, occur 

stratigraphically above a development of Cloonagh Limestone Formation and below the 

Clare Shale Formation. These units appear to be an extension of the deep-water facies 

exposed at Ballybunion and Doon Point (see Section 5.6 below).

5.6: Ballybunion and Doon Point: deep-water deposition

Striped limestone last appears in the succession at Ballybunion (see Log BYBA) at 

+ 2 3 .65m. A further 23.25m of section appears above this level, although exposure 

becomes quite intermittent due to heavy sand cover. Much of this part o f the sequence is 

dominated by thin dark calcilutites (mudstone textures) and cherts. Fossils are scarce 

and in thin-section (Fig. 5.6.1) these mudstones are peloidal and rather homogenous 

looking. Filamentous spar filled structures in BYBA63 may represent cyanobacterial 

filaments (Fig. 5.6.1(a)). There are no sedimentary structures to provide a definitive 

indication of water depth. A possible algal fragment from BYBA73 (Fig. 5.6.1(d)) 

would indicate a possible position within the photic zone (assuming it had not been
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transported very far), whilst the possible evaporite pseudomorph (from the same level) 

in Fig. 5.6.1(e) could indicate conditions of high salinity. These units may have formed 

in a protected palaeoenvironment with continued restricted circulation (continuing from 

the striped limestone phase). If the water depth was shallow enough, this part of the 

sequence could perhaps be interpreted as representing lagoonal facies.

Horizon BYBA66 (Fig. 5.6.1(b)) is a thick breccia, indicating the potential in the 

palaeoenvironment for increased elevation of depositional energies. Not shown on Log 

BYBA, but observed by the author in February 2009, during a brief visit to the location, 

are at least two thick horizons with complex lensing and heavy slumping located 

stratigraphically close to the top of the section (the sand was unusually low on the beach 

at the time). These would indicate that the palaeoenvironment was beginning to become 

more unstable at this time. They were noted on the eastern end of the section and 

appeared to be replaced by more evenly bedded (and relatively undisturbed) strata 

further west along strike (where logging was conducted).

The basal 5.6m of the Castle section (see Log BYBB and Fig. 2.7.2.1(a)) at Ballybunion 

houses two intervals of breccia. The lowest phase consists of 33-38cm of coarse (tightly 

packed) clast supported breccia (BYBB2). The clasts are all largely of the same 

composition (monomictic) and in thin-section are seen to be composed of a dense 

peloidal (vaguely grumous) micrite (see Fig. 5.6.2(a)). This breccia is draped by 

limestone (wackestone texture) before another thin 6cm similar breccia (BYBB3) 

appears. A c.2m shaly interval separates these lower breccias from the upper breccias.

The upper breccias (BYBB7-BI5) are well exposed and were taken by Sleeman and 

Pracht (1999) to mark the top of the Striped Limestone ('Parsonage') Formation. These 

breccias are more lenticular in comparison to BYBB2-3 below and have a more varied 

clast content (polymictic). The finer grained units they are interbedded with have a 

tendency to be heavily folded and slumped (Fig. 2.7.2.2). In thin-section (Fig. 5.6.2(b- 

h)) grainstone textures are commonly displayed and a variety of intraclasts are 

encountered. Several of these intraclasts have a very obvious grumeleuse 

(spongiostromate) texture (see Fig. 5.6.2(c-d)) and have probably been derived from 

erosion of either striped limestone or associated (algal) mudmound facies.

2 8 1



5.6: Ballybunion and  Doon Point: d e e p -w a te r  deposition

The breccia units at the top of the Striped Linriestone Formation indicate the 

environment was still prone to instability. This was not continuous high-energy 

deposition as a 2m development of shale separates the two phases (Fig. 5.6.2(g)). 

Breccia horizon BYBBI2 expands from 45cm to over 80cm and increases greatly in 

complexity over a distance of only a few metres (Fig. 2.7.2.2) in a westerly direction. 

This might be indicative of derivation from the east. The water depth at which these 

breccias formed is equivocal as is the cause of remobilisation of sediment. The clasts 

include some material from shallow water and some form of slope would have been 

required to move and slump the layers. The intervening shales and mudstones are 

pyritous at certain levels, indicating low energy and possible low oxygen conditions.

At +5 .6m in Log BYBB (beginning at horizon B16) brecciated fabrics disappear and the 

succession becomes dominantly very fine-grained (Fig. 5.6.3). Bedding is very well 

developed, tabular and laterally persistent (Fig. 2.7.2.1(b)) and is commonly laminated 

on several scales (Fig. 2.7.2.1(c)). Chert is widespread at several levels. The deposition 

of this calcilutite grade facies is occasionally punctuated by much coarser, medium to 

thinly bedded calcarenites (see BYBB62, 71 and 92 on Log BYBB and Figs. 5.6.4- 

5.6.5). These may have irregular bases and typically have flat planar tops (Fig. 5.6.4(d- 

e)) and they are interpreted as debris/grain flows. The irregular bases are demonstrably 

erosive (Fig. 5.6.4(a)); however, in places there may also be an element of loading into 

underlying soft, partially unconsolidated muds. In thin-section these coarser grained 

units typically display bioclastic grainstone textures (Fig. 5.6.4(a-b) & Fig. 5.6.5(a)) and 

intraclasts are present in variable amounts (Fig. 5.6.4(f) & Fig. 5.6.5(b-c)), attesting to a 

level of reworking of sediment in the system. The presence of Howchinia ?bradyana in 

horizon BYBB62 (Fig. 5.6.4(c)) indicates an age of latest Asbian (CF6y2), although 

these forams are also quite abundant in the early Brigantian.

The BYBB Castle section could be interpreted as a series of deep-water calciturbidites. 

Somerville & Strogen (1992) alluded to this briefly in their model of the Limerick 

Ramp. The style of bedding would certainly support this interpretation - it is certain that 

uniform conditions were operating over laterally extensive areas. Clearly defined 

Bouma Sequences are, however, difficult to discern in the succession. They may be 

present, but simply have not preserved diagnostic features well enough. This is a typical

2 8 2



5.6: Ballybunion and Doon Point: deep-water deposition

problem encountered in carbonate environments, as carbonate grains behave in a 

different manner hydrodynamically in comparison to siliciclastic sediment. Given the 

very fine-grained, very well bedded nature o f the bulk o f the succession two 

interpretations are possible:

1. They represent a series o f fine-grained, distal turbidites with much o f the 

succession belonging to the T3-T7 subdivisions in the Stow Sequence.

2. These units could equally have been formed simply by hemipelagic fallout from 

suspension. The presence o f lamination in many parts o f the succession (Log 

BYBB) may not necessarily f it  w ith this explanation.

The coarser grained units (Figs. 5.6.4 &  5.6.5) represent discrete (intermittent) higher 

energy pulses o f sediment delivered into this low energy environment. These could be 

interpreted as more 'proximal' turbidite deposits. Where grading and erosive bases are 

observed, these may represent Bouma A deposits.

The transport direction o f sediment in the BYBB section is d ifficu lt to discern given 

that there are very few directional vectors preserved as sedimentary structures. On a few 

bed surfaces very vague ripple structures are preserved; however, one horizon 

(BYBB99, see Fig. 5.6.6) has asymmetrical ripples on the top surface. These structures 

had a wavelength o f 5-7cm on a bedding surface dipping 090/35°N. The ripple crests 

plunge 15° towards 100 on the surface and reorientation o f the data indicates a 

palaeoflow from 205 (broadly speaking, from south towards the north).

The succession at Ballybunion is likely to have formed in fa irly deep water. 

Macroscopic fossil content is restricted to the coarser horizons and pyrite development 

(Fig. 5.6.3(b)) would suggest low oxygen conditions beneath the sediment-water 

interface, perhaps precluding certain types o f benthic colonisation. Bioturbation is 

occasionally encountered (Fig. 5.6.3(d)) suggesting conditions did not remain 

permanently anoxic, in horizon BYBB72 (Fig. 5.6.4(d &  g)) burrowing activity is 

observed directly above one o f the coarse sediment pulse horizons (BYBB71). The 

burrows are large and sub-vertical, suggesting food was not especially scarce (although 

a vertical burrow is unlikely to have been made by a sediment processor) and that 

sedimentation rates were reasonably high at this point in the section.

283



5.6: Ballybunion and Doon Point; deep-water deposition

The overall stratigraphic trend from the BYBB section is that units become less and less 

calcareous towards the very top, especially the dark fissile and often ‘ shaly’ looking 

horizons. This seems to correspond with an increasing argillaceous content to the units, 

suggesting a gradual dilution o f the carbonate component. Pyrite is widespread in the 

section, often in the form o f very fine seams. Chert is very common too and the dark 

weathering surfaces o f some units gives no reaction to HCl; however, fresh surfaces 

may give very weak reactions. Again this seems to be linked to the gradual reduction in 

carbonate content o f the units moving towards the top o f BYBB. This gradual shift in 

sediment type and chemistry may reflect a gradual deepening o f the sequence or an 

increase in terrestrial input into the system.

The twin anticlines at Doon Point, located further north from the BYBB section, expose 

lithostratigraphically equivalent units to the Castle section. A ll o f these sections occupy 

a similar stratigraphic interval beneath (but also close to) the contact with the base o f 

the Clare Shale Formation. Given the deep, low energy nature o f the sequence at BYBB 

and given the (lim ited) evidence for flow  in a northerly direction, it seems likely that the 

sections at Doon should be equivalent, or perhaps even more distal in character 

(assuming the axis o f the Shannon Basin was located further north again from this 

location).

Just over 28m o f section was logged in detail at Doon Point South (see Log do. Fig. 

2.7.3.1 and also Fig. 5.6.7(a) fo r an indication o f the amount o f stratigraphy covered by 

this log). A detailed description o f this particular quarry section has been provided 

previously in section 2.7.3. In summary, very well bedded calcilutites and subordinate 

shales dominate the sequence there. These account for the bulk o f the succession and 

shale content increases approaching the very top. The most striking feature o f the 

section is the traceability o f individual bedding horizons (laterally) over very long 

distances (Fig. 2.7.3.1(b)).

As with the BYBB section, coarser calcarenite grade facies occur intermittently 

(accounting for 10% o f the sequence; see Fig. 2.7.3.2 and Fig. 5.6.8 for thin-section 

views). They may display irregular bases, which have either loaded or eroded into pre

existing muds (Fig. 5.6.8(c)), indicating a fa irly  rapid and energetic mode o f deposition. 

Several o f these units are normally graded (see horizons do 11, do 16, do31 and do51 on
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Log do for example) indicating, again, deposition as a single pulse or flow. Fossils are 

not evenly distributed throughout the section and tend to be concentrated in certain 

horizons (Fig. 2.7.3.3). Posidonia sp. bivalves (Fig. 2.7.3.3(h) & (i)) become more 

common towards the top of the succession. Goniatites include Hibernicoceras sp., 

indicating a (Brigantian) age (pers. comm. G.D. Sevastopuio, 2009). Bioturbation is 

also common and well developed at several levels (see Fig. 2.7.3.4 for field 

photographs and Fig. 5.6.7(b-e) for thin-section views). Burrow forms vary between 

'Skolithos' type vertical structures and more complex branching 'Chondrites' ^oxvas,.

In terms of palaeoenvironment, the section at Doon South certainly appears to be deep- 

water in character. The general fine-grained nature of the sediment, the evenness and 

lateral continuity of bedding and the lack of shallow water (i.e. above wave base) 

sedimentary structures would certainly support this. The coarser (calcarenite) horizons 

probably represent episodic high-energy flows or pulses into the system, which was 

normally much quieter and saw most of its sediment arrive by fallout from suspension. 

Some of the coarser horizons, for example bed do51, could represent a partial Bouma 

sequence from more proximally sourced turbidite flows.

The faunal content of the section is certainly pelagic in character, again supporting a 

deeper marine setting. However, certain horizons display a benthic component, such as 

brachiopods, crinoids and, in one instance, corals, perhaps implying that water depths 

were never very great. The increasing frequency of Posidonia towards the very top of 

the sequence may well be an indicator of a steadily deepening palaeoenvironment 

approaching the Clare Shale contact.

The trace fossil evidence is, however, contradictory. The horizontal ‘Chondrites’-type 

burrows could be used to infer a deep-water setting, or, at the least, that food resources 

were scarce. However, the vertical ‘Skolithos’-type forms seem to suggest the opposite. 

Horizons, such as do79, which contain extensive burrow networks (Fig. 2.7.3.4(i)), 

imply that food reserves were plentiful and that sedimentation rates were not 

particularly low. do76 (about 3.5m from the top of the section) contained spectacular 

meandering (horizontal to vertical) pyritised burrows, which are up to 12mm in 

diameter. There is no readily discernable trend in the distribution of burrow type
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through the sequence (i.e. a shift from shallow (food plentiful) to deep (food scarce) 

water forms or vice versa).

Further north, on Doon (North) peninsula, a similar very well-bedded carbonate 

sequence reappears beneath the Clare Shale Formation (Fig. 5.6.9(a & c)). Bedding is 

equally laterally persistent but tends to be somewhat thinner developed at this location 

(in comparison to some of the thicker calcilutite units at Doon South). In addition 

Posidonia  bivalves appear to be more frequent in occurrence (certainly at the level of 

the coastal quarry, see Fig. 5.6.9(b)). All of this would suggest perhaps even more distal 

conditions in comparison to the Doon South section.

In summary, exposures in north Kerry, around Ballybunion, show a thick sequence of 

well-bedded deep marine fine-grained calcareous sediments in the Brigantian, after the 

major phase of striped limestone. Certain portions of this succession have an undoubted 

turbidite influence and the very limited palaeocurrent information suggests a flow from 

south to north. There appears to be a subtle shift to more distal looking facies moving 

from the south (BYBB Log) through to the section at Doon North. However, as this is 

'shift' is also a trend up-section, this suggestion must be treated with caution.

If occasional turbidity currents were delivering sediment into a deep-water system in the 

Shannon Basin at this point, it is interesting to consider what might have been triggering 

them. Sediment (over) accumulation adjacent to a break in slope is one possibility, 

which would necessitate a Brigantian modification of the homoclinal 'Limerick Ramp' 

model of Somerville & Strogen (1992) in favour of a distally steepened ramp or perhaps 

even a rimmed platform. Elevated seismic activity may also have had a part to play in 

both modifying the seafloor topography and triggering the sediment flows. Storm 

activity is another possibility. Another key consideration is the very obvious lack of 

equivalent strata (both in terms of thickness and facies characteristics) at Lixnaw. 

Clearly a significant break in slope must have developed in latest Visean times 

somewhere between Lixnaw and Ballybunion.
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Eastern & northern margins of Basin:

5.7: Foynes

Approximately 24m of section separates the top o f the Striped Limestone Formation 

from  the base o f the Clare Shale in GSI borehole 97/148 at Foynes (Enclosure E (b)). 

Sleeman &  Pracht (1999) assigned this particular unit to the Corgrig Lodge Formation 

and Somerville (1999) demonstrated an unequivocal Brigantian age for the formation, 

w ith the base o f the Lochriea nodosa Biozone occurring at approximately 15.65m 

above the base.

According to these authors, the Corgrig Lodge Formation is essentially a thin sequence 

o f dark calcilutites and black laminated shales. Chert is present in variable amounts. 

The centre o f the unit displays a more shale rich interval with occasional thin crinoidal 

calcarenites (packstone/grainstone textures). These thin horizons are essentially the only 

visibly (macroscopically) fossiliferous horizons in the formation. They have erosive 

bases and display normal grading and are interpreted as the results o f small debris/grain 

flows. Towards the top o f the formation, according to Sleeman &  Pracht (1999), there is 

an increase in the thickness and frequency o f mudstones. Following the phase o f thin 

debris flows in the middle o f the unit, dark mottled and bioturbated mudstones reappear 

at the very top. Close to the base o f the Clare Shale Formation, the limestones become 

increasingly argillaceous and there is an increase in sponge spicules, ostracods and 

pyrite.

The dark, fine-grained nature o f the Corgrig Lodge Formation sediments is suggestive 

o f a deep-water, low energy setting. No sedimentary structures were recorded by 

Sleeman &  Pracht (1999) to indicate deposition above wave base. The thin erosive 

packstone/grainstone units in the middle o f the unit were interpreted by these authors as 

being due to turbidite flow . Towards the top o f the formation, the turbidite input ceases 

and the increase o f pyrite and sponge material indicates a probable phase o f continued 

deepening, with the seafloor becoming increasingly anoxic.

287



5.7: Foynes

Sleeman & Pracht (1999) do make menlion of:

"... a I Jn i thick mudstone overlain by striped  lim estones a t the top o f  the |Corgrig Lodge] 

form ation  ". (p. 30)

This appears to indicate a second phase of striped limestone development in the Foynes 

area, immediately prior to the onset of Clare Shale Formation. This unit of striped 

limestone is also shown diagrammatically in a composite log of Somerville (1999; see 

her Fig. 6.2. This section was adapted from a log provided by Dr A. Sleeman). 

Somerville recorded a modest conodont fauna (50-60 elements per kg, mostly 

Gnathodus girtyi Pa elements) from this particular horizon. This is very much reduced 

from values of between 500 and 1400 conodonts per kg recorded in the Corgrig Lodge 

Formation beneath this level (a sample taken directly beneath the 1.7m thick mudstone 

returned a value of nearly 700 elements per kg). This shift in conodont abundance (it is 

also reflected in the species diversity; see Fig. 6.15 of Somerville, 1999), may be an 

indication of a shift in the palaeoenvironment, producing conditions less favourable for 

conodonts to inhabit, but also conducive to the formation of striped limestone.

5.8: Fergus Estuary

The islands on the Fergus Estuary provide the only available view of supra-striped 

limestone facies on the north side of the Shannon Basin. Only two of the islands are of 

any relevance in this respect: Deer Island and Inishtubrid.

5.8.1: Deer Island

This island was not visited during the course of this project and what follows has been 

extracted from the work of Tattersall (1963). It is located 1.2km further north from 

Shore Island and it appears to occupy a transitional zone between striped limestone 

bearing units in the south and a development of mudmound limestone around Cornfield 

House located 2km northwest from the island on the mainland (close to the village of 

Ballynacally). Tattersall noted (p. I l l )  that the striped limestone exposed on Deer 

Island is dissimilar to exposures on the other islands located further south. The sequence 

is slumped and only a development of 'wavy limestone' (Type V striped limestone)
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allows some form of lithostratigraphical correlation to be made with the succession on 

Inishtubrid (see horizon TUBS on Log TUB).

The succession above the striped limestones on Deer Island is very patchily exposed. 

Towards the top is a "dark brown and black mottled limestone, which contains 

ostracods, lamellibranchs and a smooth trilobite" (p. 113). Nearby on the mainland at 

Rosscliff Tattersall (1963) recorded a coral fauna from the top of the unit. She goes on 

to state "these are Inishtubrid Shales. Separated from  them by ree f limestone are 

Striped Limestones" (p. 123).

5.8.2: Inishtubrid

Inishtubrid displays the clearest and most continuous section between the Striped 

Limestone and basal Clare Shale Formations (see map Figs. 2.9.2 & 2.9.2.1). This 

sequence was logged in detail (Log TUB) and is taken as the type for the Inishtubrid 

Formation. This section has previously been described in Section 2.9.2. The first 

published description of this section was provided by Hodson & Lewarne (1961).

Just under 27m of strata are exposed on Inishtubrid. The base of the unit is well 

constrained, however, there is a significant shingle gap between the topmost limestone 

bed (TU B 7I, see Fig. 2.9.2.4(e)) and the first outcrops of Clare Shale Formation in the 

southwest corner of the island. If TUB?I does infact represent the actual top of the 

carbonate succession, it is worth noting the similarity in thickness of this formation with 

the Corgrig Lodge Formation located 8km further south at Foynes (see 5.7 above).

The Inishtubrid Formation comprises a very well bedded sequence of tabular limestones 

(calcilutites), calcareous mudstones and interbedded shales (Fig. 2.9.2.4). Macroscopic 

fossils (in particular benthic brachiopods and crinoids) are uncommon for most of the 

succession. Shale beds increase in thickness and become the dominant lithology 

towards the top of the formation, particularly after horizon TUB3I (+11.8m in Log 

TUB). Two thick calcilutite developments appear in the sequence at the top of the log. 

The topmost unit, TUB71, produced a very rich conodont fauna (see Appendix B6),
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with Gnathodus girtyi particularly common. In addition to conodont material, the

residue from this horizon produced ichthyoliths and sponge spicules.

The lithological and palaeontological information presented above would certainly 

support a deeper water setting for the Inishtubrid Formation. The lack of sedimentary 

structures indicates deposition certainly below wave base. Comparisons have been 

made in the past (in unpublished reports) between the Inishtubrid Formation (as 

exposed at its type area on Inishtubrid) and the much thicker (turbidite influenced) post

striped succession exposed further west at Ballybunion and Doon (see Section 5.6 

above). There is indeed a general similarity between both areas, particularly in the 

tabular, extremely well bedded and fine-grained nature of sedimentation. The most 

striking and perhaps characteristic feature of the Ballybunion sections is the high degree 

of lateral continuity of bedding (see Figs. 2.7.3.1 and 5.6.9). The same assessment 

cannot easily be made of the succession on Inishtubrid due to the nature of the exposure 

(it is largely a dip section and the outcrop rarely rises above 3m in height). The very 

limited evidence available from the outcrop on the island suggests bedding is 

reasonably laterally persistent. The sequence on Inishtubrid is also a good deal more

shale dominant than the Ballybunion section, particularly towards the top.

The Inishtubrid Formation at its type section does display intermittent medium to 

thickly bedded calcarenite and even calcirudite grade units (Fig. 2.9.2.4(b-c)). Similar 

breccias are not developed in either the Ballybunion Castle (BYBB) or Doon South (do) 

sections. The coarse grained horizons on Inishtubrid occur relatively frequently every 

1.5-2m in the middle and upper parts of the formation (see Log TUB). Interpretation of 

these coarser interbeds, within essentially a low energy shale sequence, is central to 

understanding the palaeoenvironment of this part of the basin. They undoubtedly 

represent episodic (and periodic) higher energy sedimentation events. These could be 

the result of:

• Debris flows

• Storm deposits (tempestites)

• Fluctuations in sea level or

• a combination o f  the above

The frequency and regularity of occurrence of these calcirudites may be evidence of a 

cyclic pattern of sedimentation. Examination of Log TUB indicates perhaps as much as 

10 of these coarse-grained/fine-grained (high energy/low energy depositional regimes)
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in the sequence. The alternation of the succession between (laminated) shale rich 

horizons and (unlaminated) medium to thickly bedded calcilutite units may also be 

reflecting an underlying periodicity or cyclicity in the sequence.

Malinky & Heckel (1998) discussed repetitive sedimentary sequences in the 

Pennsylvanian of Midcontinent North America. Conodont rich phosphatic 'core shales' 

are interpreted as representing deep(er) water offshore palaeoenvironments. These are 

usually sandwiched between two carbonate units and Malinky & Heckel (1998) 

proposed that these cycles are directly the result of  fluctuating sea levels. The 'core 

shales' are interpreted as representing highstand conditions. These are typically 

underlain by a shale/skeletal calcilutite package (representing the lowstand and 

transgressive sequence tracts) and overlain by a thicker bioclastic limestone unit, which 

gets progressively coarser (highstand regressive systems tract). Subsequent follow up 

work on these sections by Joachimsky et al. (2006) has shown very clearly (using 

6'*̂ Oapa,|,e from conodont elements) that these cycles are glacioeustatic in origin. It 

remains to be seen how much the pattern of upper Visean sedimentation is actually 

influenced by glacioeustatic cycling, so the application o f  the Malinky & Heckel (1998) 

model to the Inishtubrid Formation is debatable without further testing. One important 

point to draw from the study is the similarity of scale of the cycles. The Pennsylvanian 

limestone-shale-limestone cycles are usually between l-3m  thick (sometimes they may 

reach 6m).

5.9: Summary of supra striped limestone palaeoenvironments

The general impression is of an increasing depth o f  sedimentation in the time period 

immediately after the cessation of striped limestone production in the Shannon Basin.

The bathymetry in the western axis of the basin appears to have been deeper in 

comparison to the east. This (western) area was infilled initially by fine-grained 

sediments with interbedded breccias. These reworked calcirudite units may have been 

the result of tectonic activity, the development of a topographic relief on the seafloor, 

sea-level fluctuation or indeed a combination of all three. A series of very well-bedded 

(turbidite influenced) calcilutites and shales follows. These appear to have flowed from 

south to north, perhaps towards the axis or depocentre of the basin as it existed then.
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These beds can be traced for a distance o f some 2.25km along the coast from 

Ballybunion Castle to Doon Point North and given their laterally continuous style o f 

bedding it is like ly this facies spread over a considerably wider area. Enough 

accommodation space had been created in the western axis o f the basin to account for 

approximately 40m (and possibly more) o f this facies, w ith a break in slope (perhaps 

generated by intrabasinal faulting) developed somewhere in the area between Lixnaw 

and Ballybunion.

In the east and northeast o f the basin (Foynes and Inishtubrid sections), conditions were 

generally very low energy in character, probably due to increasing water depths. 

Sedimentation rates were modest in these areas and only about 26-27m o f strata 

separates striped limestone from Clare Shale.

Further south at Fenit, a sim ilar pattern deep-water sedimentation is intermixed with 

considerable developments o f calcirudite grade (breccia) facies. These breccias may be 

the result o f collapse and shedding o f sediment from  the flanks o f Asbian mudmounds. 

These buildups may have enhanced topographic heterogeneity on the basin floor. There 

is clear evidence for channelisation o f these flows at the Kilfenora Anticline (see 

Chapter 3). The basal parts o f the Oyster Hall Breccia Formation at the type section 

displays a distinctive (argillaceous) matrix supported breccia with a rich and diverse 

silic ified fauna, which is possibly derived from shallower (and more optimal) conditions 

on topographic highs created by the relict mudmounds in the area. The possible link 

between this sediment disturbance at Fenit, and fluctuations in sea-level cannot be 

overlooked either.

Low energy, deep-water conditions also prevailed in the aftermath o f Cloonagh 

mudmound facies (close-by to Fenit) at Castleisland in the southeast o f the basin. The 

Paladin trilobite fauna recovered from Cordal Quarry there is typical o f this 

palaeoenvironment (Tilsley &  Owens 2003). These forms appear to have generally 

favoured more distal palaeoenvironments and their appearance at this level may have 

been related to sea-level fluctuation. Kelk (1960) reported the same genus from similar 

aged strata (upper Brigantian) at Ballybunion. The key thing is that at Ballybunion, they 

were found in the base o f the Clare Shale, indicating their potential to exploit both 

carbonate and non-carbonate substrates.
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An interesting phenomenon observed at Kilfenora in Fenit and reported by Sleeman &  

Pracht (1999) from the Foynes borehole is a second phase o f striped limestone 

development close to (or at the very top of) the Visean carbonate succession. Whether 

this relates to a second salinity crisis or a significant drop in sea-level (resulting in 

silling and restriction o f water circulation) in the basin, prior to the onset o f Clare Shale 

deposition is uncertain at present, as is the implication fo r overall water depths (shallow 

or deep) across the basin.

The question o f the nature o f the contact between the Clare Shale Formation and 

uppermost Visean carbonates is discussed further in Section 6.5. However, it is worth 

mentioning that at Foynes, in the east o f the basin, the top o f the Corgrig Lodge 

Formation is upper Brigantian (Lochriea nodosa Biozone; Somerville (1999) and 

Sleeman &  Pracht (1999)). The base o f the Clare Shale there was, however, originally 

determined by Hodson &  Lewarne (1961) to be E2  (Arnsbergian), implying a gap 

during the Pendleian. A short distance north from here, on the islands in the Fergus 

Estuary, Hodson &  Lewarne (1961) reported the base o f the Clare Shale section 

exposed on Inishcorker to be E,b, implying a reduction in the time gap. Braithwaite 

(1994) reported the first marine band in the Inishcorker section to be E2 C2 ; however, the 

stratigraphic reportage in this paper is not good. There is a considerable thickness o f 

Clare Shale unexposed between Inishcorker and Inishtubrid. The lowest Clare Shale 

beds exposed on Inishtubrid are unfossiliferous; however, assuming the Hodson &  

Lewarne (1961) estimate o f E,,, is accurate, with this additional thickness o f shale, the 

potential time gap with the top o f the limestone is negligible. A t Ballybunion (see 

Section 2.7.5) Kelk determined the base o f the Clare Shale to be Pj (Brigantian). It is 

likely that deposition o f non-carbonate mud (conformably above the limestone) in itia lly  

began here in what would have been the deepest part o f the basin before spreading east 

and north.

A t Castleisland Brennand (1965) reported the lowest faunal band in the Clare Shale to 

be E2 b (mid-Arnsbergian) and Hudson et al. (1966) interpret this as non-sequence. 

Sevastopulo (2009, ^211) states, however, that the Pendleian is probably not missing 

from the succession there. The age of the base o f the Clare Shale Formation at further 

west at Fenit (the 'Kilfenora Cherts' of Thornton 1966) is unknown at present.
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How then is the disconformable relationship at Foynes to be interpreted? A  period o f 

non-deposition or sediment starvation seems logical, but given the situation a short 

distance further north at Inishcorker, this would be tricky to engineer. A  phase o f uplift 

due to a drop in sea-level may have had a role to play, exposing the margins in this part 

o f the basin; however, the evidence for shallowing (and perhaps even reworking of 

sediment) is lacking. The possible presence o f striped limestone directly beneath the 

contact at Foynes may be indicating a shift in sea level. The most like ly explanation is 

that the sequence at Foynes is indeed largely conformable, but the requisite marine band 

just hasn't been recognised.
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Chapter 6; Discussion and Synthesis

6.1: Introduction

The palaeoenvironmental significance o f striped limestone has already been reviewed 

and summarised in Chapter 4. It is argued that it most probably represents a phase o f 

[carbonate and possibly sulphate] evaporite formation across the floor o f the Shannon 

Basin during the Late Visean. This 'event' happened in latest Asbian to earliest 

Brigantian times, although the proposed revision o f the position o f the P,a ammonoid 

zone by Cozar et al. 2006 would place it later in the Brigantian. Evaporite precipitation 

must have been facilitated by significant restriction o f seawater circulation into the 

basin, leading to the development o f a hypersaline brine. The mechanism for this silling 

is discussed and considered in the fo llow ing sections.

Chapters 3 and 5 have documented and discussed the range o f facies and 

palaeoenvironments which developed in the basin before and after (respectively) the 

onset o f laminite development. In general, there is some evidence for shallowing o f 

water depths at several locations (for example at Monument H ill Quarry, Lixnaw) in the 

times leading up to the 'event'. The evidence for this shallowing is subtle and cannot be 

demonstrated unequivocally in all areas o f the basin. Carbonate mudbanks also 

developed during this time interval. Many o f these buildups were located close to the 

margins o f the basin and in many instances they have a very close relationship with 

striped limestone. Water depths in the basin in the time period after the cessation o f 

laminite production appear to have continually deepened throughout the remainder o f 

the Brigantian.

The aim of this chapter is to take the observations and concepts developed in Chapters 

3, 4 and 5 and to place them into a wider context. Suggestions fo r further work w ill be 

presented at the end.
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6 .2; Development of the Shannon Basin structure

Sevastopulo (2009) commented:

"The details o f the architecture o f  the Shannon Basin and the controls on its location are poorly  

understood and will remain so until seismic profiles across the basin are acquired." (p. 284)

This limitation in understanding has led to some very serious disagreement in the 

literature over the basic profile across the depocentre (see Wignall & Best 2000, 2002 

and Martinsen & Collinson, 2002). Hodson & Lewarne (1961) initially proposed a 

broadly symmetrical basinal structure (a 'trough'), with the axis |o r  deepest part| centred 

on the Shannon Estuary. This model was based on careful observation of thickness 

changes in the Clare Shale Formation across the region (see Enclosure F), which were 

correlated using goniatite (marine) bands.

Strogen (1988) suggested that the southern margin of the basin m ight have been a half 

graben at depth. The evidence supporting this contention is indirect and comes from the 

extensive volcanism in the Limerick Syncline (Fig. 1.3.3). This igneous centre was 

located on the southeastern edge the basin (as currently recognised; see Figs. 1.1.1-2), 

the inference being that a major fault conduit system may have acted to concentrate this 

volcanic activity. Geophysical evidence (Morris & Max, 1995) has also suggested that 

the trace of the lapetus Suture may have been located in this area also. Fault reactivation 

along this major tectonic structure would not be unexpected. The Strogen (1988) model 

for the shape of the basin would thus seem to suggest more of an asymmetric profile, 

with a general transition from shallow platform carbonate environments of the Burren in 

north Clare, towards increasingly deeper basinal environments in the area of north and 

central Limerick. The idea of basin controlling faults positioned on the south side o f  the 

structure is attractive, as evidence for large scale faulting on the northern margin is 

entirely lacking.

Wignall & Best (2000) suggested that the basin profile for Late Visean times had its 

axial region in the Shannon estuary, but then suggested that the axis of the structure 

moved northwards in Serpukhovian and Bashkirian times, with the deepest parts of the 

basin occurring in north Clare. This radical reorganisation of the architecture o f  the 

basin during Carboniferous times is not widely accepted. It would require either 

substantial faulting in north Clare or south Galway (which is unrecognised at present) or
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deepening, coupled with differential subsidence (with or without faulting), to create 

more accommodation space to the north.

The west facing Limerick Ramp proposed by Somerville &  Strogen (1992) and Strogen 

et al. (1996; see Fig. 1.3.4(a)) does not f it  easily w ith either the 'trough' model of 

Hodson &  Lewarne (1961) or (southwards deepening) half graben model o f Strogen 

(1988). Irrespective o f which model is used, a west-dipping ramp would appear to be 

orientated orthogonal to the regional slope o f the basin. I f  the west facing ramp model is 

correct, then the eastern margin o f the basin, as currently identified (see Fig. 1.1.1) 

needs to be shifted westwards, producing a depression with sloping margins on the east 

and northern flanks (and possibly on the southern margin also). Somerville &  Strogen 

(1992) and Strogen et al. (1996) proposed that ramp sedimentation persisted in the 

Shannon Basin, long after it had ceased in other neighbouring coeval basins, and that by 

Asbian times it had evolved into a broad shelf-like structure, with an extremely low 

angle o f dip (c.0.5°). The fu ll aerial extent o f this structure by Asbian times is unknown. 

However, it does provide, potentially, an explanation for two features o f striped 

limestone and related facies:

1. The development o f a wide, essentially fla t area o f seafloor on the southeastern 

side o f the basin may have facilitated the widespread and apparently 

synchronous development o f striped limestone there.

2. Depending on the fu ll extent o f this structure, and its lateral profile, this may 

have influenced the apparently widespread development o f oncoids on the 

southern margin o f the basin (see Section 3.6).

As mentioned previously in Section 4.2.16, the shape o f the Shannon Basin must have 

been such that it allowed a relatively similar palaeoenvironment to develop throughout 

the basin. In other words, it is unlikely the basin had a profile with excessively steep 

slopes (in areas away from the basin margins) or, indeed, marked topographic 

heterogeneities on the seafloor.

Strogen (1988) and Strogen et al. (1996) maintained that basin bounding faults in the 

Shannon Basin were never exposed at the surface and that they remained covert and 

thus never influenced sedimentation. Outcrop evidence for large scale faulting is indeed 

entirely lacking at present. Despite this apparent lack o f near-surface faulting, the basin
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managed to accommodate nearly 1000m (stratigraphic thickness) o f  Waulsortian rocks 

(this does not even take into account the thickness of younger sediments; see Fig. 3.1.2). 

This thickness is too much to account for purely through a simple sag mechanism (pers. 

comm . Dr John W alsh, 2001).

Exploration drilling in south central Limerick has uncovered a 'non-standard' 

stratigraphical succession in the area o f  Kilcool Bridge (Fig. 6.2.1; compare this to Fig. 

1.3.1). In essence, the Rathkeale Limestone Formation is thicker than usual and the 

Waulsortian Limestone Formation is represented by a thin development of off-bank 

facies overlying a thick development o f  breccia, which rests directly on the Ballysteen 

Formation. The details o f this work remain unpublished and they were kindly made 

available to me by Robert Blakeman (Boliden Tara Mines Ltd). The information, which 

follows, has been sourced from an unpublished report by Dr Michael Philcox for Tara 

Exploration, dated June 1998.

The succession in borehole 3488/5 (Fig. 6.2.1(a)) begins in Rathkeale Formation, which 

is disturbed, folded and contains breccias in places. In a nearby borehole, 3488/6 (Fig. 

6.2.1(b)), the Rathkeale succession was found to be thinner, undisturbed and contained 

no brecciated horizons, in borehole 3488/5, the Rathkeale Formation passes 

gradationally down into a unit containing pale grey calcareous m udstones, 

conglomerates and subordinate shales, interpreted by Philcox (1998, unpublished) as 

'ojf-reef in character. This level also contained several laminated and graded '?-tujf 

horizons, interpreted to have formed from the erosion o f  the Knockroe Volcanic 

Formation, located further southeast (Fig. 1.3.3).

Below the 'ojf-reef unit there is a very thick (c.210m) development of calcirudite facies, 

termed the Kilcool Bridge Breccias (Fig. 6.2.1(a)). This is divided into an upper 

polymict, clast-supported subunit {Main Breccia), consisting of lithified and reworked 

fragments of Rathkeale Formation, as well as Waulsortian Limestone, brecciated chert 

and dolomite. The basal subunit {M uddy Breccia) is more (muddy) matrix-supported 

and contains clasts of Waulsortian limestone.

Philcox (1998, unpublished) interpreted these breccias as sedimentary in origin (rather 

than tectonic) due to:
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• The juxtaposition of clasts from widely separated stratigraphic units

• The rarity of veining and shearing and

• In the upper part o f the unit, thin shales, with dips similar to those in the 

overlying (unbrecciated) units, were interbedded with the breccias.

The Kilcool Bridge Breccias rest directly, and sharply, on Ballysteen Formation 

limestone. A fault separates this unit from the underlying Mellon House Formation 

(Fig. 6.2.1(a)).

Further drilling and exploration in the Kilcool Bridge area has demonstrated the 

presence of a large EN F trending fault-zone. Philcox (1998, unpublished) interpreted 

the Main Breccia as having been derived from an exposed fault scarp in the Early 

Visean. The underlying matrix-supported Muddy Breccia may represent a tectonic 

melange, related to initial remobilisation of largely unconsolidated seafloor sediments 

as faulting initially occurred and altered the basin-floor topography. The overlying 'off- 

ree f  unit was interpreted as a later redevelopment of Waulsortian Limestone, following 

the early Visean phase of extensional faulting. The fact the Main Breccia contains 

reworked Rathkeale Formation clasts, and is in itself overlain by a development of 'ojf- 

re e f  Waulsortian limestone facies, indicates that these two units may be, in part, 

contemporaneous. Philcox (1998, unpublished) concluded by noting that the faulting at 

Kilcool, is likely to represent a mid*basin structure, far removed from the nearest shelf 

area.

Much work needs to done to improve the picture of basin development in early Visean 

times in the area around Kilcool Bridge, including improving the biostratigraphic 

control of the various stratigraphical units involved. However, it is apparent from the 

work outlined above that basin controlling faults may well have breached the seafloor 

surface in the Shannon Basin in the early Visean, with the resultant fault scarps 

influencing sedimentation and producing calcirudite grade facies. The full extent of this 

faulting is unknown. However, given the thickness and extent of Waulsortian limestone 

development in the basin, it may have been considerable.

The phase of early Visean faulting at Kilcool would (very broadly) correlate temporally 

with the base of the seismic sequence EC3 (Fig. 1.2.2), proposed by Ebdon et al.

299



6.2: Development of the Shannon Basin structure

(1990). These authors based their model o f Carboniferous seismic stratigraphy on 

seismic reflection analysis o f the Widmerpool G u lf in the East Midlands o f Britain (see 

Fig. 4.3.6.4(a) for location), with support coming from outcrop sections in Derbyshire 

and the Bowland Basin. Ebdon et a l. (1990) noted that the earlier EC2 sequence (Fig. 

1.2.2) had been largely tectonically quiescent; w ith Waulsortian mudbanks developing 

on carbonate ramps. Fault reactivation, due to a renewed phase o f rifting, marked the 

termination o f EC2 and during the ensuing EC3 sequence, hanging-wall areas became 

drowned. This was a significant tectonic event and it marked the onset o f the transition 

from ramp dominated to platform dominated carbonate settings in Britain and Ireland 

(Fig. 4.3.7.3). Direct correlation o f this particular tectonic event in Britain, with the 

Shannon Basin is not possible at present.

Returning to the late Asbian o f the Shannon Basin [and the sequence o f events leading 

to the restriction o f circulation], it has previously been mentioned in Section 4.4 that the 

likely silling mechanism for the basin was either tectonic or eustatic (or perhaps a 

combination o f both). Ebdon et a l. (1990) recognised seismic sequence ECS in late 

Asbian to early Brigantian times in the Widmerpool basin and noted that it resulted 

from renewed extension (rifting ) along reactivated faults. Sequence ECS terminated 

EC4, which was a largely quiescent phase; however, it was much less pronounced than 

previous periods o f extension (see Fig. 4.3.7.3(a)).

No evidence for Late Asbian faulting on the margins o f the Shannon Basin exists at 

present. It would also be unwise to take the tectonostratigraphic framework o f one basin 

and try to superimpose it directly on another, without further careful and rigorous 

testing. It is worth noting, however, that the Shannon Basin was surrounded on three 

sides by shallow water platforms (the western extension o f the basin being unknown at 

present; see Fig. 1.1.2). In order to sill the basin (from all sides) using a purely tectonic 

mechanism would necessitate an over complex scenario, which up-thrust areas o f 

seafloor on virtually all sides o f the depocentre. Moreover, part o f this barrier would 

then have to be lowered or breached after the formation o f striped limestone laminite, to 

freshen the brine and return the water body to normal salinity. I f  this reconnection 

remained limited and restricted, the return o f normal marine salinity may have taken 

some time.
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Eustatic sealevel fluctuation is a much simpler alternative mechanism for attaining 

basin-wide isolation and restriction. A marked drop in sealevel would affect basinal and 

surrounding platform areas simultaneously, whilst the subsequent rise would flood the 

area and replenish the basinal brine relatively quickly. The eustatic model is favoured 

here, due to the simplicity o f the mechanism (Occam's razor) and the fact that sealevel 

fluctuations are known to have been operating during this time interval (see Section 6.3 

below). The possibility o f a tectonic control cannot be totally discounted largely due to 

the lack o f understanding o f basinal architecture, outlined by Sevastopulo (2009) at the 

start o f this section.

Perhaps the most important observation to be made when considering the nature o f the 

Shannon Basin is the fact that an equivalent facies to striped limestone is not known 

from any o f the surrounding contemporaneous basins. The palaeoenvironment, and by 

extension the underlying mechanisms controlling the shape o f the structure, must have 

been quite different. Strogen’ s (1988) concept o f lack o f (surface expressed) faulting 

may imply it was actually a shallower depression in Late Vlsean times, in comparison 

to many o f its neighbouring contemporaries. A final point about the 'uniqueness' o f the 

Shannon Basin concerns its palaeogeographic position. G lobally scaled 

palaeogeographic reconstructions tend to place the region on the western extremity o f a 

seaway extending from the Palaeotethys further east (e.g. Fig. 3.1.1), essentially at the 

end o f a marine 'cul de sac'. This potential configuration never becomes apparent In 

palaeogeographic reconstructions which show only Britain and Ireland.

6.3: Sea level and sequence stratigraphy

Sea level fluctuation and cycles has been an integral part o f Carboniferous stratigraphy 

since the pioneering work o f Ramsbottom (1973), who proposed a six-part subdivision 

o f the Dinantian (Tournaisian and Vlsean) based on sequences o f transgression and 

regression. These cyclic packages, or 'mesothems' contained a transgressive base and 

regressive top. In the marginal areas o f deposition during the Carboniferous, the 

boundaries between successive mesothems would thus be marked by emergence and 

erosion, resulting in a non-sequence. Ramsbottom (1977, 1979) subsequently refined
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this scheme and expanded its range into younger Serpukhovian and Pennsylvanian 

successions.

The six-part regional stage subdivision, devised by George et al. (1976), fo r the 

Tournaisian and Visean (the Dinantian as it was then known) coincided with the six 

mesothems o f Ramsbottom (1973; see Fig. 1.2.2). This was due in part to the fact that 

each transgression brought w ith it a new marine fauna, allowing biostratigraphic 

differentiation. For the purposes o f this discussion, it must be born in mind that striped 

limestone in the Shannon Basin occurs at, or very close to, the Asbian-Brigantian 

boundary [according to the 'traditional' interpretation o f the position o f the P,a 

ammonoid biozone|, and thus should, in theory, broadly coincide with a significant drop 

in sea level.

Ross &  Ross (1985) assessed over 50 transgressive-regressive depositional sequences in 

the Carboniferous and Permian o f northwest Europe, Russia and the United States and 

concluded that these cycles were both globally synchronous and the result or eustatic 

sea level changes o f around 100-200m magnitude. Ross &  Ross (1987) then presented a 

more detailed cyclic sea level chart for this interval o f time (see Fig. 6.3.1). According 

to this scheme, there was a significant drop in sea level, on the order o f c.l50m , close to 

the Asbian-Brigantian transition and another drop o f c.l20m  later in the Brigantian. 

These regressive events are effectively the modified mesothem scheme o f Ramsbottom 

(1977).

The work o f Ross &  Ross (1985, 1987 &  1988) has been enormously influential and 

their sea level curves have been reproduced by many authors conducting work in other 

areas o f earth science, but requiring an overview o f sea level fluctuation. Examples 

include the trilobite work o f Brezinski (1999; see Section 5.4.2 and Fig. 5.4.2.3(b) 

herein) and the recent assessment o f late Palaeozoic foraminiferal diversification by 

Groves &  Yue (2009; see their Fig. 4). Rygel et al. (2008) provided a comprehensive 

review o f the magnitude o f Late Palaeozoic glacioeustatic fluctuations and identified at 

least eight distinct phases o f activity, four o f which lie within the Mississippian (Fig. 

6.3.2). The Asbian to lower Brigantian phase saw sea-level fluctuations w ith a 

maximum magnitude o f c.50m, whilst later in the Brigantian oscillations increased to 

c.lOOm maximum magnitude. A  key point o f Rygel et al.'s (2008) study is that the
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magnitude of the sea-level fluctuations proposed by Ross & Ross (1987) are 

considerably out of step with what can actually be demonstrated from published 

accounts (see Fig. 6.3.2). Rygel et al. (2008) recommended that the Ross & Ross (1987) 

curves be treated with scepticism.

Ross & Ross (1987) identified sea-level curves of 3'‘* (0.5-3My cycle duration) and 2"‘‘ 

order (3-50My cycle duration) magnitude in their dataset (Fig. 6.3.1). As mentioned 

above, the validity of these proposed curves is open to debate. Smaller-scale 

cyclothemic sedimentation patterns are clearly evident (and are a typical feature of) late 

Visean shallow carbonate platform sequences across Ireland (e.g. Gallagher, 1996; 

Cozar & Somerville, 2005) and also in Britain (Ramsbottom, 1973; Walkden, 1974, 

1987; Wright & Vanstone, 2001). The stratigraphical thickness of individual cycles 

ranges from a few metres to over 30m and they usually consist of subtidal marine 

carbonates capped by a palaeokarstic surface which may have a thin 'clay-wayhoard' 

(interpreted as a palaeosol) preserved in the interval before the next marine incursion 

(Walkden, 1974; Vanstone, 1996, 1998). The fact that this cyclicity is observable over 

widespread areas has led many authors to suggest that glacio-eustacy may have been the 

main driving force, rather than tectonics, which would likely influence sedimentation on 

a local or regional scale.

Wright & Vanstone (2001) proposed that these higher frequency (4"’? order) 

fluctuations represent Milankovitch cycling, dominantly on the lOOka signal. Their 

appearance in the early Asbian (at c.330Ma) represented initiation of glacio-eustacy, 

whilst later in the Brigantian, the amplitude of these oscillations increased progressively 

(see Fig. 6.3.3 for a summary chart of the synthesis of Wright & Vanstone, 2001).

Gallagher et al. (2006) interpreted the cycles in the Burren Formation (late Asbian), of 

County Clare, as representing fourth order cyclicity. They identified 9 cycles in this 

time period, separated by 10 palaeokarsts. Ten 'clay-wayboards' are also present in 

borehole 1PP2 in south-central Clare (see Fig. 2.10.2, and also Fig. 2.1 for general 

location). Three of these horizons are very closely spaced. The important consideration 

is that if these 'clay-wayboards' in 1PP2 do represent emergent surfaces, they are located 

10km from the IPPl borehole, which contained striped limestone (Fig. 2.10.1), although 

this part of the core is now unfortunately missing. When the location of these borehole
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successions is considered relative to the strike of the (proposed) northern margin of the 

Shannon Basin, this distance is halved.

In order for a drop in sea-level to have isolated the Shannon Basin sufficiently to trigger 

evaporite production several preconditions are required:

1. Basin configuration: The basin must have been surrounded on virtually all 

sides by shallower areas (either carbonate platforms or possibly land much 

further west [this is not preserved]). If a deeper connection existed or remained 

intact after regression, for example with the Dublin Basin to the east (Fig. 1.1.2), 

hypersaline concentration of the water mass would be compromised. The 

intracratonic setting of the Shannon Basin makes this precondition a possibility.

2. Magnitude o f  Regression: The number of cycles identified in the Burren by 

Gallagher et al. (2006) is at least nine. This number is clearly not mirrored by 

striped limestone and it is likely that basin-wide production of laminite was only 

triggered during the highest magnitude drop in sea-level. The P,a age of the 

oncoid horizon at Lixnaw would imply that that striped limestone production 

happened right at the end of the Asbian or sometime in the early Brigantian.

3. Effect o f  Regression in non-basinal areas: It is highly likely that the expression 

of this profound drop in sea-level would be emergence on the surrounding 

platform areas. Palaeokarst surfaces are known to occur in these areas and these 

are possible candidates for correlation.

4. Duration o f  Regression: As evaporation rates in the Shannon Basin are 

unknown, it is difficult to put an exact figure on the amount of time required for 

lowstand conditions to have been maintained in order to concentrate the brine 

sufficiently. As noted in Chapter 4, no evidence exists to suggest that upper 

penesaline or supersaline conditions were attained in order to have precipitated 

halite. This may imply that either some form of equilibrium seepage kept the 

brine body from reaching this higher level of concentration, or the regression 

was of relatively short duration and simply refreshed the basin before reaching 

this level.

The role of Asbian mudmounds, which had been developing around the Shannon Basin, 

needs to be considered here also. They may have had a part to play restricting further
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the water mass w ith in  the basin. I f  their vertical growth was suffic ien t enough, they may  

have form ed barrier structures, rem oving the requirem ent fo r com plete exposure o f the 

surrounding platform  areas. Th is  w ould have involved growth into the surf zone and 

possible exposure o f the crests o f these bioherm s. The  evidence fo r this scenario is 

entirely lacking and several o f these buildups appear to have form ed basinward o f  the 

platform  margin (fo r exam ple at A rd fert in K erry ).

Returning to the concept o f a potential hyposaline model fo r  the genesis o f striped 

lim estone (discussed already Section 4 .2 .1 3 ), points 1 &  3 above raise an interesting  

possible connection. I f  striped lim estone, produced in conditions o f  hyposalin ity , is 

indeed the lateral equivalent o f palaeokarsts in the adjacent p la tfo rm , this w ould  seem  

logical as these karsts w ould have needed a lot o f fresh w ater to fo rm . Both hyper- and 

hyposaline models require the same fundam ental process o f  basin isolation to in itiate . 

The hyposaline model would then require river input into the basin to low er salinities. 

Considerable problem s arise, how ever, when trying to consider the m echanism  o f the 

hyposaline m odel, nam ely:

1. Once the body o f m arine w ater becomes cut o ff , leaving only freshw ater input, it

w ould then be necessary to dilute the saline w ater to freshen it. Th is  invariab ly

involves a significant volum e increase (depending on how 'fresh' you w ant to 

make the body o f w ater) and thus a like ly  breaching and overspill o f  the barrier. It 

is probable that this w ould occur before the isolated w ater body has freshened  

sufficiently to begin to precipitate calcite. Th is  process w ould not be 

straightforward either - it is like ly  that fresher w ater w ould flo w  and lie above 

denser salt w ater (s tra tify ), providing a quasi-estuarine pattern o f c irculation.

2. The  triggers fo r precipitation in fresh-w ater carbonates m odelled elsewhere

(nam ely C O 2 rem oval by algae, or input o f Câ "̂  by volcanics) are not lik e ly  in the

case o f the Shannon Basin.

3. T h e  palaeogeographic setting o f the Shannon Basin is such, that isolation, d ilu tion  

and switch to fresh or brackish w ater w ith in  the space o f a single bed (cm s) is 

highly im plausible. Isolation, restriction and concentration o f the starting w ater 

body is a considerably fa r sim pler proposition (Occam 's R azor).
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High frequency sea-level oscillation had been taking place for much o f the Asbian (see 

Fig. 6.3.3), with the occurrence o f striped limestone in basinal areas in latest Asbian or 

early Brigantian times. Two explanations (using a purely eustatic driving mechanism 

for achieving basin isolation) can be proposed to explain the tim ing o f this silling event 

in the Shannon Basin. The first model (Fig. 6.3.4(a)), involves maintaining a fa irly  

steady and consistent magnitude o f oscillation. The regressive episodes would not 

normally drop sea-level sufficiently low enough to sill the basin; however, as carbonate 

production and accumulation continued on platform and basin margins during the 

Asbian, accommodation space was steadily reduced, eventually bringing the base level 

required to restrict the basin w ithin reach o f these cycles. This idea could link  with the 

concept o f Cloonagh Limestone Formation mudmound development around the basin 

margins.

The second model (Fig. 6.3.4(b)) involves a gradual shift over time in either the 

magnitude or range o f sea-level oscillation during the Asbian, with successive 

regressions becoming shallower and shallower. Eventually the critical low point was 

reached and the basin became silled. No data exists at present to suggest that the cycles 

observed in the Late Asbian strata in southern Ireland became progressively shallower. 

However, this model fits well with the idea that the cycles observed might have been 4"' 

order (Gallagher 2006) and part o f an overall larger scale (3"'' order) shallowing curve 

represented by the Asbian-Brigantian boundary (see Fig. 6.3.4(b)). In addition Walkden 

(1987) and Wright &  Vanstone (2001) have noted an evolution in the amplitude o f sea- 

level oscillations during the Asbian and Brigantian in Britain (see 'Emergence record' 

box on Fig. 6.3.3 and note the general sim ilarity o f the trend in cycles during the Asbian 

with the model presented in Fig. 6.3.4(b)). For these reasons the model presented in Fig. 

6.3.4(b) is favoured here.

Leaving connection between eustacy and striped limestone to one side for a moment, it 

is also possible that the prevailing climatic conditions o f the late Asbian and early 

Brigantian had an influence on the occurrence o f the facies. The palaeoclimatic 

significance o f striped limestone is considered in the next section (6.4)

When taken in a sequence stratigraphic context, striped limestone represents the basinal 

portion o f a lowstand systems tract |LST|. The LST shallow water platform equivalent
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would thus be represented by an emergent horizon |palaeokarst | representing a non

sequence. The base of the Striped Limestone Formation should thus represent a 

sequence boundary. The idea that striped limestone may have been produced by a 

significant lowstand event is illustrated in the time series of schematic sections across 

the basin in Fig. 6.3.5. A key feature of this model would involve a basinward shift of  

the shoreline during the lowstand (see sea-level (2) in Fig. 6.3.5). Evidence for this shift 

is unknown at present; however, if it could be identified it would lend considerable 

credence to this model.

Facies underlying the sequence boundary at M onument Hill Quarry, Lixnaw include 

oncoids and calcarenite grade facies (moving towards the top of the section there; see 

Sections 3.5-6). These appear to represent a shallowing of water conditions and so may 

be considered a transition between highstand systems tract |H S T | and falling stage 

systems tract 1FSST|. This scheme is not immediately applicable to the section at 

Foynes, where the Shanagolden Limestone Formation appears to represent a gradual 

quietening of energy, perhaps related to continued deepening, right up to the top of the 

unit. In this instance the formation should be better considered part of a HST. However, 

as previously mentioned in Section 3.7.2, in the GSI Foynes borehole 97/147, a 160cm 

interval of grainstones and packstones directly underlie the first appearance o f  striped 

limestone. This facies may represent a (condensed) equivalent of the FSST seen at 

Lixnaw.

The range of facies overlying striped limestone all appear to represent a progressive 

deepening of water conditions for much of the remainder of the Brigantian, and could 

thus be considered part of a transgressive systems tract |T S T |,  moving towards 

highstand later in the Brigantian.

Herbig et al. (1999) noted a late Asbian (3' *̂ order) transgression in the Rhenohercynian 

Zone of Germany and also the South Portuguese Zone, which was capped by a thin 

ammonoid-rich, autochthonous limestone of P,a age. Herbig et al. (1999) referred to this 

unit as the 'crenistria horizon' and interpreted it as the result of  a very widespread 

flooding event (part of the HST of the latest Asbian). This 'event' was followed by LST 

at the Asbian-Brigantian transition and subsequent onset of TST in the basal Brigantian. 

Several similarities are evident between this particular scheme and that developed
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herein for the same time period in the Shannon Basin. Korn (2008) noted that 

fluctuations in carbonate production in the Rhenish Massif were probably driven by 

global eustacy, with carbonate deposition reduced in transgressive phases, such as in the 

Late Asbian, and increased in regressive phases such as in the basal Brigantian.

A (speculative) correlation o f Late Visean platform successions across parts o f southern 

Ireland, together w ith the Foynes basinal section, is presented in Fig. 6.3.6. A  broad 

connection can be made between cyclic platform carbonates containing palaeokarstic 

surfaces, on either side o f the Shannon Basin and also at Carlow (Gallagher 1996; 

Gallagher et al. 2006). The actual number o f palaeokarst surfaces recorded from each 

section (in the same time interval) is variable, and probably a reflection o f successive 

emergent horizons becoming composites. Striped limestone in the basinal sequence at 

Foynes is (tentatively) correlated with any one o f a number o f palaeokarstic surfaces 

located towards the top o f the Burren Formation, but particular attention is paid to the 

emergent horizon at the Asbian-Brigantian boundary itself. A sim ilar correlation 

exercise could be conducted with palaeokarstic surfaces in the Ballyclough Formation 

o f the North Cork Platform.

During the mid to late Brigantian, the 10-50m sea-level oscillations, which had 

characterised the preceding Asbian and early Brigantian, increased in magnitude to 

around 95m (Smith &  Read, 2000; W right &  Vanstone, 2001; Rygel et al., 2008 and 

see Figs. 63.2-3). Despite this, unequivocal evidence for shallowing is apparently 

absent in the Shannon Basin successions o f this age (see Section 5.9). Cyclic patterns o f 

sedimentation are evident in coeval platform carbonate successions in the Burren and 

North Cork, yet despite the considerable increase in the magnitude o f regressions during 

this interval, emergent horizons are absent (Fig. 6.3.6). Brigantian palaeokarsts are 

known from the Carlow area (Cdzar &  Somerville, 2005; see Fig. 6.3.6). Gallagher et 

al. (2006) attributed the general lack o f emergence during the Brigantian to a regional 

transgressive deepening and pronounced subsidence (which overprinted cycle 

development), whilst at Carlow, local variability in subsidence produced shallower 

conditions. This regional transgressive event is consistent with the interpretation o f the 

Brigantian sequences in the Shannon Basin (Section 5.9). This transgression may have 

had a role to play, in its earliest stages, in refreshing the Shannon Basin (Fig. 6.3.5).

308



6.3: Sea level and sequence stratigraphy

The possibility of a second phase of striped limestone production, later in the Brigantian 

remains uncertain. The stratigraphy at Fenit appears to raise this possibility (see 3.3.4), 

although a continuous section, clearly demonstrating two significant 'pulses' of striped 

limestone is lacking. The description of the Foynes (97/147-8) borehole by Sleeman & 

Pracht (1999) suggests a reappearance of striped limestone, right at the top of the 

Corgrig Lodge Formation (see Enclosure E), in a broadly similar position (relative to 

the Clare Shale Formation) to that seen at Kilfenora in Fenit. The validity of these 

observations needs to be assessed further. However, if confirmed it would suggest that 

the sequence of events leading to restriction within the basin (outlined schematically in 

Fig. 6.3.5) may have happened more than once. Evidence for further shallowing events 

in the later Brigantian in southwestern Ireland does appear to exist. Gallagher et al. 

(2006) described a thin l-2m unit (the Lissylisheen Member) from the very top of the 

Slievenaglasha Formation in the Burren area of Clare (Fig. 6.3.6) and noted that it 

contained pedogenic structures, ooids together with bored, rolled and 'algal' encrusted 

skeletal fragments. Towards the top of the unit, bioclasts were coated in phosphate. 

Gallagher et al. (2006) interpreted this unit as representing a rapid shallowing event, 

due to reduced subsidence, with very reduced sedimentation rates and low siliciclastic 

input.

6.4: Palaeoclimatic implications of striped limestone

Adoption of an evaporitive model of genesis for striped limestone has an important 

bearing on any potential interpretation of the palaeoclimatic regime in western Ireland 

during the late Visean. Evaporites are generally considered climatically sensitive 

sediments (e.g. Gordon, 1975; Parrish et al., 1982; Witzke, 1990) and indicate arid or 

semi-arid conditions, with levels of evaporation exceeding precipitation over a given 

period of time.

The correlation of striped limestone with exposure surfaces on adjacent platforms, 

outlined in Section 6.3 above (see Figs. 6.3.5-6), appears logical, given the necessity to 

isolate the basin both geographically and hydrologically. However, the fact that these 

exposure surfaces have experienced palaeokarst development presents something of an 

apparent paradox, as karst development would require a lot of fresh-water to form.
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Karsts are also known to form in marine conditions (particularly in the saline and fresh 

water mixing zones; e.g. Baceta et al., 2007). The essential precondition fo r both 

scenarios is a good through-flow o f water.

Interpretation o f climate from ancient evaporites based on comparisons with modern 

examples is, however, not straightforward. Warren (2006) states that the wider extents 

and greater depositional diversity and thicknesses o f Phanerozoic marine-fed evaporites 

are (partly) a function o f the Hothouse climate modes experienced (contrasting with the 

present Coldhouse regime). These warmer conditions in the past produced a wider 

latitudinal distribution o f reefs, shoal-rimmed platforms and, in particular, epeiric 

seaways, which were profoundly influenced by eustatic fluctuation. These settings were 

thus much more suited to extensive evaporite production. This point assumes even 

greater significance when considered in the Carboniferous context (particularly during 

the Visean) when the planet was in transition between the two major climate modes.

The Tournaisian to early Visean (Arundian) climate o f southern Britain is believed to 

have been relatively stable and dominantly semi-arid, with seasonal monsoonal rainfall 

(see Climate box in Fig. 6.3.3). This is based on assessment o f palaeosols, palaeokarsts 

and styles o f meteoric diagenesis (W right, 1990) and also on analysis o f growth rings in 

fossil wood (Falcon-Lang, 1999a).

Wright &  Vanstone (2001) noted a major shift in Asbian and Brigantian times to more 

cyclical patterns o f climate fluctuation. High frequency (<100ka periodicity) 

oscillations between semi-arid and humid climates are interpreted from alternating 

calcrete-karst developments (Fig. 6.3.3) in subaerial environments. Falcon-Lang 

(1999b) examined growth rings from Asbian-Brigantian gymnosperm woods and 

concluded that they recorded tropical seasonality, characterised by dry seasons o f 

irregular duration and non-annual frequency, comparable to the climate o f modern 

northern Australia. Features o f fossil leaves from this time also suggested seasonal 

water stress and drought.

These climate fluctuations are believed to have been intrinsically linked to sea-level 

fluctuations (Vanstone, 1996), which themselves are interpreted as glacioeustatic in 

origin (W right &  Vanstone, 2001). A  hypothetical sea-level curve linked to climate
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(developed by Vanstone, 1996) is presented in Fig. 6.4.1. Under this scheme, semi-arid 

conditions prevailed during highstand and the following regression [points 1-2 on Fig. 

6.4.11. These switched to more humid conditions during (glacial) lowstand |3 | ,  before 

semi-arid conditions returned during the subsequent transgression and highstand |4-5|. 

If this model is completely correct, then striped limestone produced under evaporative 

conditions during lowstand |3 | would appear to be unlikely. Instead, striped limestone 

production would have been limited to the regressive [21 or transgressive [4| phase, 

when semi-arid climatic conditions were still in operation.

The climate and sea-level model presented in Fig. 6.4.1, although generally accepted, 

may, however, not be entirely valid. Vanstone (1996) notes, for example, that lowering 

of sea-level would have greatly reduced the aerial extent of intervening seaways and 

would likely have resulted in increased desiccation of exposed land areas, despite the 

ambient climate being characterised by an apparent increase in humidity. Pleistocene 

interglacial-glacial climate cycles in equatorial regions are also observed to be opposite 

in polarity to late Visean cycles, with glacial intervals characterised by a shift toward 

increased aridity (Dawson, 1992; see deMenocal, 2004 and references therein).

For the striped limestone evaporite model to work calcrete development would be 

expected in exposed areas, specifically rhizocretionary profiles capped by a laminar 

calcrete veneer (see Fig. 8 of Vanstone, 1996). Holocene calcretes develop under a wide 

variety of rainfall regimes (Goudie, 1983). The general lack of associated evaporites 

and evidence for biogenic input in late Visean examples from England and Wales is 

interpreted by Vanstone (1996) as an indication for formation in a semi-arid to 

subtropical climate.

A careful and detailed assessment of the range of pedogenic carbonate structures 

developed in subaerially exposed surfaces in late Visean platform sequences in western 

Ireland has, unfortunately, not been undertaken to date. Gallagher et al. (2006) briefly 

noted palaeokarst surfaces with 'pedotubules and/or clay horizons' capping cycles in the 

Aillwee Member of the Burren Formation in north Clare. Gallagher & Somerville 

(1997) noted pedogenic features {'alveolar septal fabrics and pedotubules') at the tops 

of cycles in the late Asbian Dromdowney Member of the Ballyclogh Limestone 

Formation in the Buttevant area of North Cork.
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A clear and detailed description o f calcrete from adjacent platform areas to the Shannon 

Basin is thus lacking. The apparent absence o f this feature may indeed be real, however, 

it may also be a consequence o f a number o f variables;

1. W right (1994) noted that although the features o f an exposure surface and 

associated palaeosols may be used to identify the nature o f the prevailing 

climate, hydromorphic effects related to the manner o f the marine flooding o f 

the platform can modify (and potentially even remove) the palaeosols formed.

2. Vanstone (1996) stressed the need for careful consideration o f the relationship 

between calcrete and karst. Initial calcrete development is frequently modified 

or systematically removed by subsequent karst (see Stage 1 calcretisation in Fig.

6.4.1).

3. The influence o f spatial and temporal variation in bathymetry o f the platform is 

extremely important and determines the type o f exposure surfaces formed (Fig.

6.4.1). Deeper water platforms may not become exposed until relatively late in 

the regressive phase, very close to lowstand, resulting in a lack o f calcretisation. 

This in turn can introduce an element o f bias in the inference o f climate (see 

comparison o f shallow and deep platform settings in Fig. 6.4.1).

4. Subsidence rates o f the platform may also strongly influence the effect o f 

climate change on exposure surface development. Forced resubmergence can 

lim it precipitation o f calcrete (in particular Stage 2 calcretes; see Fig. 6.4.1) and 

also retard karst development.

5. Finally, the influence o f spatial climatic variation cannot be overlooked. Much 

o f the evidence for Visean palaeoclimates presented here is largely based on 

data from Britain. However, even these studies reveal potential significant 

spatial climatic effects across this area. An example, provided by Vanstone 

(1996), is in the contrast between similar aged |semi-arid| rhizocretion- 

dominated profiles in North Wales and Derbyshire and [wetter] calcrete mottle 

profiles in Cumbria. Vanstone (1996) also cites the occurrence o f tidal-flat 

evaporites in the late Asbian Meenymore Formation o f County Leitrim  (West et 

al., 1968) as a further example o f a localised climate phenomenon, which 

indicates a strong tendency towards aridity.
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The Meenymore Formation has previously been mentioned in Section 4.3.6. It 

onlaps and overlies carbonate mudmounds (Dartry Limestone Formation) in a 

relationship reminiscent to that observed between striped limestone and 

Cloonagh mounds. The Meenymore Formation is older ( 8 2  ̂ ammonoid biozone; 

Cozar et al., 2006) than striped limestone. However, the younger Bellavally and 

Carraun Shale Formations [which are separated from the Meenymore Formation 

in the Leitrim  Group by the Glenade Sandstone Formation | are equivalent (and 

younger) in age to striped limestone (B 2 b-P2 c ammonoid biozones) and, more 

importantly, they also contain evidence for the presence o f evaporites (Brandon 

&  Hodson, 1984; Sevastopulo &  Wyse Jackson, 2009). The evidence from the 

Leitrim  Group, thus, clearly indicates the potential fo r evaporites to form in 

northwestern parts o f Ireland in Asbian and Brigantian times.

The local climatic regime in the vicin ity o f the Shannon Basin (further south) in 

the late Visean remains poorly understood. However, given the probable 

position o f the basin at the western end o f a marine 'cul de sac' (see Section 6.2), 

this more marginal position may have lead to an increased level o f isolation and 

aridity during lowstand (in comparison to coeval platform areas located further 

east). The western extremity o f the basin is not preserved and is, thus, unknown. 

I f  it lay adjacent to a significant landmass, which was slowly encroaching over 

time, this may also have exerted a strong influence on palaeoclimatic conditions 

around the area o f the basin.

The duration o f exposure (and by extension duration o f climatic episodes) in late Visean 

successions has proven to be extremely d ifficu lt to quantify accurately (Vanstone, 

1996). Values o f between 30-I00ka have been cited for each o f the cycles. Wright &  

Vanstone (2001) speculated that individual climatic episodes might have lasted only a 

few tens o f thousands o f years. There is thus the distinct possibility for significant 

climate fluctuation, including development o f conditions conducive to evaporite 

formation, within the temporal range of an individual exposure surface.
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To conclude, adoption o f an evaporite model for the formation o f striped limestone 

would suggest that either:

• The climate models generally accepted fo r the Asbian and Brigantian are not 

entirely correct. There may have been a prolonged phase o f semi-arid 

conditions, perhaps even developing to aridity. This climatic 'event' may 

coincide with the major regression at the Asbian-Brigantian boundary, perhaps 

the culmination o f increasingly shallower regressive cycles (see Fig. 6.3.3 and 

also Fig. 6.3.4(b)).

• A lternatively, localised climate conditions may have exerted a much stronger 

influence over patterns o f sedimentation and exposure surface development, 

making the application o f regional (and even larger-scale) climate models 

problematic and, indeed, inappropriate.

or

• The evidence for palaeoclimate from exposure surfaces surrounding the 

Shannon Basin may just not be sufficiently well preserved.

6.5: Collapse of carbonate factory

The widespread switch to siliciclastic sedimentation in the Serpukhovian was a major 

turning point in the history o f both the Shannon Basin and also the Irish Carboniferous. 

Despite this, the reasons behind the collapse o f the carbonate factory in latest Visean 

times are poorly understood. Part o f the d ifficu lty  in addressing the problem is the fact 

that although excellent exposures, covering much o f the time span o f this critical 

interval are available along the west coast o f County Clare, the margins o f the basin 

have never been fu lly  constrained, its basement structure and control are still poorly 

understood and much o f the western extension o f the basin (The Clare Basin) is 

inaccessible (covered by the Atlantic) and poorly known. Problems also exist in trying 

to correlate Visean, Serpukhovian and Bashkirian sequences in north and south Clare. 

This has led to some considerable debate in the literature (see W ignall &  Best (2000); 

Martinson &  Collinson (2002) and reply by Wignall &  Best (2002)).
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According to Tucker &  W right (1990), the overriding controls affecting carbonate 

sedimentation are:

1 <S 2 in fluence the o the r m a jo r factor:

1. Geotectonics
This includes the depositional setting and level of 
siliciclastic input. The latter is a function of hinterland 
topography and drainage patterns, and is quite a 
maior factor to be considered.

3. Sea- 
level

2. Climate

Any one o f the above factors could readily be invoked in explaining the demise of 

carbonate sedimentation at the end o f the Visean. The Variscan Orogeny continued to 

migrate northwards and this may have had a role in altering the configuration o f the 

basin or the palaeogeography o f the surrounding hinterland. Climate shifts are also 

known to have been occurring during this particular time interval, whilst sea-level 

fluctuations continued to occur, on a sim ilar scale (c.95m magnitude) to those observed 

in the Brigantian (Rygel et al., 2008; Stephenson et al., 2008). Korn (2008) interpreted 

the end o f carbonate sedimentation, near the Visean-Serpukhovian boundary at the 

northern margin o f the Rhenish Mountains (Germany) as a reflection o f global sea-level 

fluctuations.

In western Ireland, the Clare Shale Formation is the lithostratigraphic manifestation o f 

this switch to siliclclastic sedimentation. In the axis o f the Shannon Basin, the basal 

contact with underlying upper Visean carbonates is largely conformable. However, the 

base o f the Clare Shale Formation becomes progressively younger north and south o f 

the basin axis (Hodson &  Lewarne, 1961) as it overlaps onto shallower platform areas 

and condensed sequences are known to have developed (Sevastopulo, 2009). This 

diachronous basal contact implies that initial development o f this facies was not 

instantaneous: it in filled the central basin first before 'spilling' out onto adjacent areas. 

Despite the 'concentration' o f argillaceous and siliclclastic muds in the deeper, axial 

portion o f the basin in the latest Brigantian and early Pendleian, carbonate production 

effectively ceased on the surrounding platforms. The interpretation o f the Lissylisheen 

Member, at the top o f the Visean Burren succession (Fig. 6.3.6) by Gallagher et al. 

(2006), and outlined in Section 6.3 above, suggests a shallowing and period o f sediment 

starvation at the end o f the Brigantian. Both o f these pieces o f evidence indicate that
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dilution of the carbonate system with siliciclastics may not have been the primary cause 

for the drop in carbonate productivity. On the other hand, if the seawater circulating in 

the basin and adjoining platforms had become obscured by dark muds and clays (which 

would eventually settle to produce the Clare Shale Formation), this may have affected 

either the position of the photic zone or filter feeding calcareous marine invertebrates.

The Clare Shale has generally been regarded as representing a deep-water facies, 

deposited on a seafloor, which may have been largely anoxic and stagnant. It may thus 

represent a flooding event in the basal Serpukhovian, which effectively drowned the 

carbonate factory. Interpretation of the Lissylisheen Member in the Burren is thus 

important as it may indicate a rapid drop in sealevel, immediately prior to flooding (and 

termination of carbonate production). Gallagher et al. (2006) provided an age estimate 

of latest Brigantian for this unit. The Clare Shale Formation actually begins in the late 

Brigantian (Pj ammonoid Biozone) at Ballybunion (Kelk, I960; Sevastopulo, 2009) and 

thus potentially overlaps (temporally) with the Lissylisheen Member in the Burren. 

Both units may, thus, have been the result of the drop in sea levels postulated by 

Gallagher et al. (2006), or the pattern of transgression and regression is more complex 

than has previously been recognised. The timing of the carbonate-siliciclastic transition 

is further complicated by the presence of limestones of Pendleian age (E,a, 

Cravenoceras leion Biozone) at Kilnamona, near Ennis in County Clare (Skompski et 

al., 1995).

6.5; Suggestions for future work

The main focus of this work has been the assessment and interpretation of striped 

limestone facies within the Shannon Basin. Fieldwork has played a central role in the 

data collection aspect of this project and more can be achieved in this particular area. 

For example, the mudbank buildups on the northern side of the Shannon Basin, between 

the islands on the Fergus Estuary and Ennis, could be mapped and examined in more 

detail. In order for this work to bear fruit, detailed assessment of the structure and 

microfacies of Cloonagh-like (Upper Visean) bioherms needs to be conducted, in a 

similar manner to the dissection of Waulsortian mudbank structure provided by Lees & 

Miller (1995), so that a more thorough understanding of 'reef dynamics and
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palaeoenvironment can be achieved. As stated in Section 4.3.1 exposures o f Late 

Visean bioherms in the Shannon Basin are patchy and many key relationship features 

are not demonstrable at present. Expanding the area o f study may reveal new outcrop 

information about facies relationships.

W ith the exception o f the successions at Foynes and Kilshannig, the sections within the 

Shannon Basin tend to be (stratigraphically) fragmented and somewhat disjointed. 

Drillcore information could improve this situation; fo r example, a borehole taken 

through a complete Asbian-Brigantian sequence between Tralee and Fenit may confirm, 

or disprove, the presence o f a second (later) development o f striped limestone in that 

part o f the basin. This would almost certainly resolve any uncertainties surrounding the 

pattern o f sea-level fluctuation and (possible) basin silling during this time interval.

The biostratigraphic framework used here is only at a reconnaissance stage of 

development and much more could be done in this respect. In particular, it would be 

important to try to date the first appearances o f striped limestone around the basin to see 

i f  they all largely coincide (confirming a single 'event') or i f  there are discrepancies in 

the tim ing (indicating multiple events, perhaps in different areas o f the basin). The 

choice o f biostratigraphic tool is important; the resolution o f conodont and foraminiferal 

biozones may not be sufficient for this purpose (see Fig. 1.2.2). Ammonoids may be 

useful; however, as discussed already in this thesis, the position o f the P,a zone, at the 

Asbian-Brigantian boundary has been recently questioned by Cozar et a l. (2006).

Stable isotope studies could be conducted in a number o f ways on Visean strata in the 

Shannon Basin, and for a number o f reasons. Firstly, a continuation o f the analysis o f 

‘^C and '^O values o f individual striped limestone laminae, documented in Section 4.2.8, 

could be conducted to see i f  any consistent trends could be discerned. As already 

mentioned in this particular section, 8 ‘^C values appear allow discrimination between 

Type I and III striped limestone and this concept could certainly be explored further. 

Analysis and comparison o f stable isotope values between Waulsortian and Upper 

Visean mudmounds may also prove to be useful. A more wide ranging 

(stratigraphically) study o f 8'^C and 8'*^0 from Waulsortian facies through to carbonate 

sediments deposited in the Late Brigantian needs to be completed. A  range o f isotopic
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reservoirs could be assessed, including brachiopod shell calcite and micrite. Conodont 

apatite has proven to be particularly good at retaining a faithful 8'®0 signal (e.g. 

Joachimski et a l., 2006). Stable isotope work along these lines would be important fo r 

the fo llow ing reasons;

• The curves produced would help to put isotopic values measured in striped 

limestone into context. They may support, fo r example, the idea o f a large 

palaeoenvironmental shift in the basin in the period o f time immediately 

preceding, or coinciding w ith, the onset o f laminite production.

• The curves may prove to be chemostratigraphically correctable (across the area 

o f the basin).

• The isotope values recorded may shed further light on larger scale climatic shifts 

happening during the Visean and may allow linkage with the patterns o f 

sedimentation and sea-level fluctuation observed both in the basin and on 

surrounding platforms.

Sulphur isotope analysis o f silicates and (particularly) sulphides in striped limestone, 

and enclosing facies, may help to shed further light on the nature o f the 

palaeoenvironment.

Ultimately any further study o f the nature o f the Shannon Basin would greatly benefit 

from an improved picture o f the shape and orientation o f the basin structure itself (see 

quote from Sevastopulo (2009) which opens Section 6.2 above). The series o f schematic 

basin profile sections shown in Fig. 6.3.5 are based on what (little) is known at present, 

and many aspects o f these profiles are, admittedly, quite conjectural and speculative. 

One important feature to identify would be the presence o f any possible basin 

controlling faults. I f  present, it would be vital to know the extent o f these structures and 

to have some indication o f when they were active. This may then inform our impression 

o f how the basin became restricted and silled. I f  a potential tectonic mechanism for 

basin restriction ultimately proves to be incorrect, than identification o f shoreline shift, 

in response to sea-level drop prior to the onset o f striped limestone production, would 

be a valuable exercise.
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