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Summary

The aim of this project has been to elucidate further aspects of the palaeoecology and 

palaeoenvironmental setting of the Waulsortian facies which developed in Ireland during 

the late Dinantian. Various techniques have been employed to this end, although work has 

tended to focus on the sedimentological characteristics of the limestones and the vast 

wealth of palaeoecological information which is recorded by the fauna associated with 

these carbonate buildups. In particular, the taphonomy of those organisms actually 

preserved has provided valuable information concerning the likely surface conditions 

which would have been present during the accumulation of typical Waulsortian buildups.

The development of the Waulsortian facies in Ireland has been investigated and this 

appears to have been closely associated with cyclically rising sea levels which transgressed 

the southern margin of the Laurussian continent during the Tournaisian. Conodont 

biozonation has shown that the northward passage of this transgression is reflected in the 

diachronous initiation of the facies across Ireland. In most places growth was restricted to 

the late Tournaisian, although the facies appears to have been slighdy longer-lived in the 

south and southwest of Ireland, where it clearly extended into the Visean. It has been 

suggested that the development of a microbial mud-mound facies at this time may have 

represented a disaster form which filled the frame-building role during a period of reduced 

metazoan competition, following an apparent reduction in the availability of many 

previously important framework reef taxa during the latter stages of the Devonian.

Previous palaeontological information has been shown to be of a largely taxonomic nature, 

and has tended to over-represent the importance of those organisms which were relatively 

well preserved and more easily identified. Fenestrate bryozoans, sponges and crinoids are 

considered to have been the dominant faunal components of most buildups, probably 

reflecting their relative environmental tolerance of the generally unfavourable conditions 

associated with this particular setting. Despite a general lack of published palaeoecological 

information concerning the Waulsortian facies specifically, considerable data has been 

gathered from both ancient and modern analogues, wherever appropriate.

A typical Waulsortian carbonate buildup has been described from a disused quarry located 

at Mullawornia, Co. Longford. The various lithofacies associated with these exposures 

have been mapped and described, as well as various cavity types which are associated 

with these limestones. The orientation of these cavities have also been used to provide a



three-dimensional reconstruction of the buildup at several stages during its development. 

The buildup is considered to have developed in relatively deep water, below the level of 

the photic zone, under generally quiet hydrodynamic conditions. This corresponds to the 

upper part of Phase C of the classification scheme proposed by Lees and Miller (1985). 

Biostratigraphical information has shown that development of the upper portion o f the 

buildup continued into Freyrian interval (uppermost Toumaisian).

The fundamental carbonate-producing mechanism has been shown to have acted 

independently of the recorded fauna, which clearly acted as ‘dwellers’ rather than as 

‘constructors’ of the buildup. The density and distribution of the macrofauna recorded at 

Mullawomia (and the localities studied subsequently) suggest that, for the most part, 

surface conditions were generally unfavourable for colonisation. This corresponds with 

the model proposed by Lees and Miller (1995) which involved the presence of a surficial 

microbial biofilm at the sediment-water interface, in whose mucilages carbonate mud was 

precipitated through microbial activity directly from seawater. Colonisation of buildup 

surfaces was probably linked to the periodic demise of either all, or parts of this biofilm.

A palaeoecological reconstruction has been provided for the buildup which developed at 

Mullawomia. From the macroscopic and petrographic observations made there, a series of 

palaeoecological parameters have been established which should be replicated in other 

Waulsortian buildups developed elsewhere. These parameters have been tested against a 

series of similar buildups exposed along the coastline surrounding Tralee Bay, Co. Kerry, 

and have also been compared to the characteristics observed within a deeper water buildup 

exposed at Knockastia Quarry, Co. Westmeath. Sedimentological, biostratigraphical and 

faunal similarities have been noted between the various settings and it appears that 

substrate-related biozonation had a greater effect than any apparent depth-related 

biozonation.

Rare lithistid sponge body fossils have been recorded from several localities in Co. Kerry 

and this has prompted a re-assessment of the likely role that these organisms may have had 

as mud-producers within the Waulsortian facies overall. Although automicrite production 

is considered to have occurred within the tissues of decaying sponges, it seems unlikely 

that this process would have contributed more than a minor proportion to the overall 

carbonate budget of individual buildups.
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CHAPTER 1; Introduction .

1.1. In troduct ion .

To many geologists, the acme of various carbonate m ud-m ounds which form ed during the 

Phanerozoic is represented by the development o f the W aulsortian facies. This takes its 

name from the W aulsort area of Belgium , where representative buildups were first 

described by Dupont (1863). The term W aulsortian even attained stratigraphical 

significance at that time, being recognised as a stage between the Tournaisian and Visean 

(Lees, 1988). Although long redundant in this sense, the stratigraphical position o f these 

buildups has rem ained an important facies parameter. Douglas (1909) was one of the first 

authors to draw  a comparison between the lithological, faunal and stratigraphical 

characteristics o f the Low er Carboniferous limestones o f Ireland, which he described from 

Co. Clare, and the type W aulsortian facies described from Belgium.

The present-day worldw ide distribution of the W aulsortian facies is concentrated in 

northern Europe and North America, although possible examples also exist in Asia and 

North Africa. M ost of these major developments appear to have been concentrated within 

the late Tournaisian. Unfortunately, the term W aulsortian has become much m isused in 

recent years, and has commonly been applied to any member o f a wide spectrum  of 

carbonate m ud-m ounds which developed afterwards during the Low er Carboniferous. 

Many of these later buildups are not characteristic of the W aulsortian facies, either in terms 

of their associated benthic fauna or the likely m ud-generating mechanism involved in their 

construction. The W aulsortian facies proper was apparently better developed in Ireland 

than anywhere else, and there it attained considerable lateral and vertical continuity. 

Despite certain problem s regarding adequate exposure, no place seems better suited to 

study the palaeoenvironm ental setting and palaeoecology of this unique facies.
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1.2. Aims of research.

The sedim entology o f the W aulsortian facies has been well-docum ented in recent years, 

yet in contrast, very little information has been published concerning the palaeoecology of 

the diverse comm unity o f organism s which appears to have inhabited these carbonate 

buildups. The principal aim o f this project is to provide a detailed insight into the 

palaeoenvironm ental setting and palaeoecology o f the m acrofauna associated with a typical 

W aulsortian carbonate buildup located at M ullawornia Quarry, Co. Longford.

This quarry provides excellent exposures, in three dim ensions, through the core o f a 

typical buildup and offers an ideal opportunity to study at close hand the sedim entology of 

the limestones and the taphonom y o f the various macrofaunal com ponents. M acroscopic 

observations made at the quarry faces have been incorporated and com pared with the 

results o f a detailed petrographic study of the limestones in an attempt to establish the 

palaeoenvironm ental conditions under which the buildup developed. It was anticipated that 

the presence and, in particular, the state of preservation o f certain com ponents would 

provide valuable information which would help establish the physical conditions which 

existed on the surface of the buildup during its accumulation. Particular attention has been 

paid to the suggestion made by Lees and Miller (1995, p. 192) that the principal mud- 

producing mechanism of the W aulsortian facies involved the presence o f a surficial 

microbial biofilm  at the sedim ent-water interface.

Having established some kind o f genetic model for the buildup at M ullawornia, results 

have been extrapolated to other W aulsortian localities across Ireland. It seem s quite likely 

that because the W aulsortian form ed over such a wide range o f palaeoenvironmental 

conditions, features seen at M ullawornia may not be comparable, for exam ple, to those 

observed within buildups developed elsewhere in significantly deeper or shallower waters.
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1.3. Outline of the thesis.

The thesis comprises two separate volumes; the first contains the text, which is divided 

into three main sections, and the associated diagrams; the second volume contains the 

appendices and photographic plates.

Part 1 - ‘background information’ (chapters 1-3) begins with an introduction to carbonate 

mud-mounds in general, and then follows with a more detailed analysis of the Waulsortian 

facies. The evolutionary, stratigraphical and palaeogeographical setting of the Waulsortian 

facies which developed in Ireland is discussed in Chapter 2. Part one concludes with a 

review of the previously available literature which deals with aspects of Waulsortian 

palaeoecology.

The main body of the thesis is contained in Part 2 - ‘Mullawomia Quarry’ (chapters 4-7). 

This provides information on the regional setting, lithofacies, geometry and 

biostratigraphy of a typical Waulsortian carbonate buildup exposed at Mullawomia, Co. 

Longford. A detailed petrographic study of the buildup’s limestones is given in chapter 5, 

and the diversity, distribution, palaeoecological and taphonomic characteristics of the 

recorded macrofauna are described in chapter 6. The various results are incorporated in 

chapter 7 to provide an overall assessment of the palaeoecology and palaeoenvironmental 

setting of the buildup which developed at Mullawomia. A series of key parameters are 

defined which should characterise Waulsortian buildups which developed elsewhere.

Part 3 - ‘testing the model’ (Chapters 8-10) tests the validity of these parameters by 

assessing the main palaeoecological and palaeoenvironmental features of Waulsortian 

buildups exposed in Counties Kerry and Westmeath. Chapter 10 provides a summary of 

the conclusions together with suggestions for possible further work.
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1.4. Field locali ties.

Figure 1.1 outlines the positions of several more detailed locality maps which show the 

field areas described within this study. The second part of this thesis (Chapters 4 to 7) 

describes Waulsortian facies limestones which are exposed within a disused quarry at 

Mullawomia, Co. Longford (Irish National Grid Reference [INGR] N 130 590). The 

entrance to the quarry itself is located 3 km to the west of the town o f Ballymahon and 

can be reached along a narrow laneway which heads southwards for 130 metres from 

the road junction between the R392 and the R397. Further Waulsortian exposures 

occur within a nearby bankside cutting situated along the eastern towpath of the Royal 

Canal (INGR N 129 582). This locality is accessible along the same laneway that 

continues southwards past the entrance to M ullawomia Quarry. Rocks which appear to 

overlie the Waulsortian Complex are also exposed in the vicinity of the quarry at the 

Pake Bridge Locality (INGR N 129 597). These exposures occur within a small, long- 

disused and now heavily overgrown quarry, situated on the northeastern bank of the 

Royal Canal, approximately 60 metres north of the main road (R392). Chapter 4 

includes references made to borehole data collected from Keel in Co. Longford, 

Ballinalack in Co. Westmeath, and Athboy in Co. Meath. These localities are also 

included in Figure 1.1. The third section of this thesis (Chapters 8 to 10) provides 

comparative information from the Waulsortian facies which developed in Counties 

Kerry and Westmeath. Figure 1.3 shows several localities of bank facies limestones, 

described in Chapter 8, which occur along the coastline of Tralee Bay, Co. Kerry. 

Wave-polished exposures have been described in detail from East Camp (INGR Q 710 

105), West Camp (INGR Q 692 105) and from Carrahane Strand (INGR Q 726 185). 

Figure 1.4 shows the location of a currently disused quarry which has been cut into the 

western flank of Knockastia Hill, Co. Westmeath (INGR N 242 430). Waulsortian 

facies limestones exposed within this quarry are described in Chapter 9.

5



Field localities in Ireland: S ca le  1;3 000  000

BELFAST

Figure 1.2

Keel Ballinalack
•  Athboy
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Figure 1.4

Figure 1.3

CORK'

Figure 1.1. Simplified map of Ireland outlining the positions of the more detailed 

field locality maps of Figures 1.2, 1.3 and 1.4 (shown over the next three pages).
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Location of Mullawornia Quarry: Scale 1:90 000

Pake Bridge 
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Figure 1.2. Location of the disused quarry at Mullawornia, Co. Longford, and the 
adjacent Canal and Pake Bridge Localities (referred to within Chapter 4). The grid lines 

are spaced at 10 km intervals.
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Field localities in Co. Kerry: Scale 1:90 000

120
Carrahane Strand

Fenit
llslan(

Fenit
TRALEE BAY S p a \ ^

West Camp 
Locality

East Camp 
Locality

I i o Camp

M o u n t a i n s

o70 o80

Figure 1.3. Waulsortian localities exposed along the shoreline of Tralee Bay, Co. 
Kerry, at Barrow, Fenit and Camp (referred to within Chapter 8). The grid lines are 

spaced at 10 km intervals.
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1.5. The origin and evolution of carbonate mud-mounds.

The term 'mud-mound' was first introduced by Wilson (1975) to describe those facies of 

carbonate buildups which are mud-dominated. A broad definition, provided by Bosence 

and Bridges (1995, p.4), describes mud-mounds as 'carbonate buildups having 

depositional relief and being composed dominantly o f carbonate mud, peloidal mud, or 

micrite'. Although topographical relief is implicit in this definition, this criteria may not 

always be satisified and many carbonate buildups clearly displayed little or no seafloor 

relief, relative to their coeval sediments, during their accumulation (e.g. Lees and Miller, 

1995, p. 197). Mud-mounds appear to be present throughout the geological record from 

the late-Proterozoic to the present-day, and show great diversity over this period, in terms 

of their geological structures, environmental settings, and the different mound-building 

processes involved in their construction. Periods of decline within the evolutionary history 

of many frame-building metazoans were often followed by the subsequent appearance of 

mud-mounds inferred to have been constructed from more simple organisms, especially 

bacteria and cyanobacteria. Similarly, there is considerable evidence to suggest a 

significant microbial influence on the development of many Carboniferous buildups, 

including extensive peloidal micrites within the matrix, encrusting mats, stromatolites, 

thrombolites and micritized cavity cements (Pickard, 1996).

At a basic level, distinction can be made between those mounds which formed due to the 

accumulation of autochthonous, i.e. locally-generated carbonate mud, and those which 

formed through the accumulation of allochthonous, i.e. externally-supplied carbonate 

mud. Both mound types may have had associated metazoans which could contribute 

variable amounts of additional carbonate material to the buildup. However, these 

metazoans are generally regarded as 'dwellers' rather than 'constructors' and true mud- 

mounds lack a recognisable organic/skeletal framework. As such, the term 're e f  sensu
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stricto, used previously to describe many of these m ud-m ounds, has been incorrect, 

although a continuum  nevertheless probably does exist between these two end-m em bers.

The majority of those buildups produced by the accumulation of locally-generated 

carbonate m ud correspond to 'm icrobial m ud-m ounds' (Bosence and Bridges, 1995), 

nam ely biogenic m ounds in which the dominant texture, microfabric and com position are 

considered to be the result o f in-situ  microbial activity. Examples include Silurian buildups 

described from  the Canadian Arctic (de Freitas and Dixon, 1995) and the W aulsortian 

m ud-m ounds which are presented in this study. Abiogenic m ounds produced by the 

accumulation of externally-supplied mud correspond to 'biodetrital m ud-m ounds', i.e. 

those m ud-m ounds in which the dominant composition is broken and transported skeletal 

debris, and where the majority o f mud is produced in intermound areas or transported in 

from some distance. Examples o f the latter category include Eocene m ud-m ounds from 

northern Spain (Taberner and Bo.sence, 1995) and Recent m ud-m ounds from the Florida 

Keys (Bosence et ciL, 1985). In addition to the buildups described above, a num ber o f 

m ounds have recently been interpreted to be related to the sea-floor seepage o f products 

such as methane and hydrogen sulphide. M ud-m ounds reputed to have such a 

'chem osynthetic ' origin include Low er Devonian (Emsian) 'kess-kess ' m ounds from 

M orocco (M ounji et ciL, 1998), Carboniferous mounds from  N ew foundland (Von Bitter et 

a i ,  1990) and Recent Holocene or Pleistocene carbonate m ounds reported from  the 

Porcupine Basin (H ovland et ciL, 1994).

The earliest recognised m ud-m ounds date back to the late Precambrian (M onty, 1995) and 

are essentially stromatolitic in nature. The early Palaeozoic saw a rapid diversification in 

both microbial and biodetrital m ound types which coincided in part with the decline in size 

and diversity o f the strom atolites. This period also records the first appearance of 

stromatactoid fabrics, which apparently did not persist beyond the Jurassic. Palaeozoic



mud-mounds tend to be associated with calcified cyanobacteria, red and green algae, and a 

diverse, ancillary benthic invertebrate fauna. A decline in the abundance and diversity of 

microbial mounds is recorded from the Triassic to the Cretaceous and this is mirrored by 

an increase in the importance of calcified algae, rudists and hermatypic corals which were 

involved in mound construction (Pratt, 1995). The Upper Cretaceous (Turonian- 

Coniacian) records the last known truly microbial (non-chemosynthetic) mud-mounds. 

Mud-mounds developed within the Cenozoic appear to be represented solely by biodetrital 

buildups and by lesser chemosynthetic mounds.

1.6. Introduction to the Waulsortian facies.

1.6.1. Introduction.

The term 'Waulsortian' was introduced more than a century ago by Edouard Dupont (1863) 

to describe a particular mid-Dinantian 'ree f facies, first described from the type area of 

Waulsort, located in the Dinant Basin of Belgium (Lees, 1988a). The term was later 

extended by de Dorlodot (1909) to include not only the massive 'ree f  rocks, but also their 

stratified lateral equivalents. Although the Waulsortian has commonly been referred to as a 

'reef facies, it has long been recognised that these buildups are not ecological reefs, in the 

strict sense (e.g. Longman, 1981), because they appear to lack a recognisable skeletal 

framework. Depending on their shape, the terms carbonate 'mudbank' or 'm ud-mound' are 

currently considered more appropriate (Lees and Miller, 1995). The term 'buildup', which is 

also often used, may represent either an individual mudbank/mud-mound, or more 

commonly, an aggregate of several juxtaposed banks/mounds. Continued lateral and vertical 

aggradation of buildups may, over time, lead to the formation of a 'complex'. This may 

extend laterally over many tens of kilometres and may reach several hundreds of metres in 

thickness.
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Individual buildups comprise a 'bank' or 'core' facies, taken to represent the relatively 

massive Waulsortian limestones, which may either be separated by coeval sediments of 'off- 

bank' or 'inter-bank' facies, or they may be in direct contact with one another. Flank facies, 

sometimes developed at the margins of buildups, are deposits lying between Waulsortian 

facies and the inter- or off-bank sediments. The relationships of Waulsortian to laterally 

equivalent facies is shown in Figure 1.5. The flank and intermound facies are not in 

themselves Waulsortian in character because such Hthologies also occur where there are no 

Waulsortian buildups (Lees and Miller, 1995).

A comprehensive review of Waulsortian mudbanks is provided by Lees and Miller (1995). 

This includes aspects of the stratigraphy, petrography, palaeoecology and diagenesis of the 

Waulsortian facies. Lees and Miller defined the Waulsortian as 'being dominated by an 

association o f polymuds with at least one o f the grain type assemblages A-D  [see below] 

(and the accompanying macrofaunas) and lying in the upper Toumaisian or lowermost 

Visean'. The chronostratigraphical constraint placed upon Waulsortian buildups is an 

important distinction between these, and similar buildups found later during the Lower 

Carboniferous.

1.6.2. The geometry of Waulsortian buildups.

Waulsortian buildups vary in the form they take, ranging from thin, tabular bodies, to 

thicker, more lenticular shapes. The form taken is largely dependent on factors controlling 

the mechanism of accretion. Tabular banks are composed of flat-lying, generally extensive 

beds. These commonly pass laterally to rocks of an equivalent thickness, indicating that they 

probably possessed little or no seafloor relief. Elsewhere, slight depositional slopes may be 

evident at the margins of the banks. Knoll forms have a much more pronounced relief, and 

commonly show quite steep primary depositional slopes and asymmetrical growth patterns. 

The presence of steep depositional slopes is largely a function of the increased rates of
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Flank facies reduced or absent

/  /  /  /  /

Flank facies important

Aggregates

off-bank flank Waulsortian

Figure 1.5. Diagrams above show the relationships between Waulsortian facies and 
their laterally equivalent facies. Aggregates are drawn at a smaller scale. Diagrams 
below show the characteristic growth forms of Waulsortian banks and their nkely
internal structures.
(Redrawn from Lees and Miller, 1995, figures 3 and 4)

Tabular:

Knoll-form:

Sheet-form:

Characteristic growth forms of Waulsortian banks
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sedimentation on the bank, relative to sedimentation in the laterally equivalent off-bank 

facies. Sheet-form buildups tend to be tabular in outline, but are composed of a succession 

of layered carbonate units, inclined in the direction of progradation. Typical buildup forms 

are shown in Figure 1.5.

The dimensions of individual buildups are often difficult to determine because of their 

aggradation into neighbouring units. Individual banks can range in thickness from less than 

a metre to many tens of metres, occasionally even more. Similarly, banks may spread 

laterally over just a few metres to more than a hundred metres. Various stages of bank 

aggradation are observed, from isolated single banks where off-bank facies are dominant, to 

large aggregates of banks where off-bank facies may be negligible or even absent. In 

Ireland, Lees (1964) has demonstrated the regional variation which exists between these two 

end-members. This variation was largely controlled by the availability of further space for 

lateral and vertical buildup development, by rates of subsidence, and by sedimentation rates 

in coeval, off-bank sediments.

1.6.3. The sedimentology of the Waulsortian facies.

Irrespective of buildup form, the Waulsortian facies is characterised by a distinctive, 

though variable, lithology. The main components include carbonate mud (micrite), 

bioclasts (macro- and microfaunal skeletal material) and various calcite-filled cavities. 

However, ihe fundamental and usually most important component is carbonate mud. This 

may account for anything between 25 and 100% of the total rock volume. The lateral and 

vertical variability in the proportion of carbonate mud relative to the skeletal components 

commonly occurs over quite short distances (tens of centimetres), and is itself a 

characteristic of the Waulsortian facies. Pure mudstones are common, but more often at 

least some skeletal components are present, so that the texture is more commonly that of a
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wackestone. Packstones are rarely encountered, and usually occur as encrinite horizons. 

By definition, these packstones still contain a muddy matrix.

The carbonate muds which comprise the matrix usually consist of more than one type of 

micrite, and often show several sediment generations. They have been termed 'polym uds' 

by Lees and Miller (1985). Where preservation is good, three broad types of primary mud 

have been recognised (Lees and Miller, 1995, p.209):

-M ia: optically dense micrite occurring in clots up to several centimetres across, often with 

more filaments than other types;

-M lb: paler biomicrites, slightly coarse-grained, often rich in comminuted bioclasts;

-M lc: peloidal micrites, characterised by grumulous or pelleted textures, with distinct 

peloids sometimes present.

In addition to the three primary mud types, successive generations of muds (M2, M3, etc) 

are often present. These tend to differ from one another in terms of grain size, colour, 

bioclast content and texture. Sequences of different mud generations are commonly 

preserved, and usually show successive geopetal relationships with one another so that 

geopetal primary muds (Ml)  are overlain by geopetal M2 et seq.

Skeletal components, which include both macro- and microfaunal bioclasts, are highly 

variable in terms of quantity so that textures typically range from mudstones to 

packstones. A diverse benthic fauna is preserved which includes brachiopods, molluscs 

and sponges, but in terms of absolute volume, these bioclasts are of relatively minor 

importance. By far the most common macrofaunal components are fenestrate bryozoan 

fronds (usually fragmented) and crinoids (usually as disarticulated ossicles). Most of the 

detailed information on microfaunal components comes from work carried out on the 

Waulsortian of Europe. Detailed petrographic study of Waulsortian rocks from Belgium 

has shown a great diversity of components and strong patterns in their distribution (Lees
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and Miller, 1995; Dehantschutter and Lees, 1996). A succession of four grain-type 

assemblages, subsequently termed 'Phases', was recognised by Lees et al. (1985). Each 

assemblage is characterised by the appearance of marker grain types. The distribution of 

components within each Phase is shown in Figure 1.6. The characteristic grain types of 

each phase are as follows:

Phase A - fenestrate bryozoans, crinoids and ostracods;

Phase B - as A but with hyalosteliid sponge spicules;

Phase C - as B but with plurilocular foraminifera;

Phase D - as C but with cryptalgal coating and micritization of grains, cements and cavity 

walls, and undoubted calcareous algae.

As shown in Figure 1.6, the different grain-type assemblages have been interpreted in 

terms of various environmental parameters, the most important of which is considered to 

have been water depth. This is thought to have ranged from 300 metres or more 

(subphotic/Phase A) to relatively shallow levels within the photic zone (Phase D). Lees 

and Miller (1995) subsequently reported that micritization may be present in Phase C or 

below and Lees (1997) has also shown that the development of cryptalgal (microbial) 

coatings may not be significantly depth-related, as these appear to have been better 

developed in supposedly deeper, coeval, off-bank sediments in Belgium. Accordingly, 

skeletal components alone are recommended for Phase determination. Dasycladacean algae 

are considered to be the only reliable indicators for deposition within the photic zone 

(Dehantschutter, 1995).

Coarse, calcite spar fabrics, which display a variety of geometries, are another common, 

characteristic component. Although they may be volumetrically important within particular 

microfacies, and can account for more than 50% of the total rock volume, elsewhere they 

may be completely absent. The sparry fabrics have received considerable attention because
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they were long considered to represent cavities formed by the remains of organisms 

responsible for reef growth (e.g. Bathurst, 1959). However, a variety of sparry fabrics 

are present and these probably represent the fillings of different cavity types.

Lees and Miller (1995) recognised five main types of cavity. These include cavities with 

skeletal supports, cavities without skeletal supports, sheet spars, void complexing 

sequences, and erosional cavities. Cavities with skeletal supports were formed where 

mechanical supports, usually bryozoan fronds, were sufficiently large and strong enough 

to create original open spaces and to support the primary muds deposited above. Where 

obvious skeletal support was lacking, cavity formation is more difficult to understand. The 

formation of these types of cavities may have resulted due to variations in the consistency 

of successive mud generations: the primary (M l) muds may have acted as rigid masses 

relative to later ones. The presence of masses of cyanobacterial filaments, for instance, 

may have significantly influenced the mechanical coherence of the muds.

Sheet spars occupy laminar stromatactoid cavities which show no obvious roof support, 

and may extend laterally over decimetres, or even metres. Geopetal sediments, commonly 

peloidal, were deposited at the base of many of these cavities, prior to their infilling by 

calcite-spar cements. Sheet spars are frequently stacked one on top of each other and the 

total rock volume occupied by the cavities may exceed that of the primary sediment itself. 

Sheet spar cavities are considered to have formed as openings in semi-coherent M l muds 

which lacked reinforcing material, and were probably initiated by dewatering during very 

early diagenesis, and held open by 'hydraulic jacking' (Lees and Miller, 1995, p.213).

Sheet spars often pass upwards into 'anarchic' cavities (Dehantschutter, 1995) with more 

complex, irregular sparry masses. These have been termed 'void complexing sequences' 

(Lees and Miller, 1995, p.213). The upward change in the complexity of the cavity shape
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is thought to be related to progressive changes in the nature of the muds and the quantity, 

size and arrangement of skeletal material. Increases in the quantities of skeletal grains, 

such as hyalosteliid sponge spicules and fenestrate bryozoan fronds, may have reinforced 

the primary muds, preventing the creation of laminar pull-apart sheet spar cavities and 

instead generating more irregular cavities. Many of the cavity types described above may 

have also been enlarged by chemical and physical erosion. Specific cavity types 

encountered at Mullawomia are described in detail in section 4.4.

Figure 1 .6 . Component distribution within Waulsortian Phases A-D, related to major 

environmental parameters [after Lees and Miller, 1995, figure 21]. Components shown in 

upper case are marker grains for their respective Phases.
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CHAPTER 2; The setting of Waulsortian carbonate buildups in Ireland.

2.1. Evolutionary settin g .

The Phanerozoic carbonate record has often been divided into several spectacular reef- 

building phases (James, 1983) punctuated by sudden periods of decline (‘mass extinction’ 

events). In the immediate aftermath of such events, the carbonate record is characterised 

by buildups formed by more simple organisms, namely mud-mounds inferred to have 

been constructed from bacteria and cyanobacteria. This pattem appears to be a direct 

function of the evolution and availability of sessile metazoan frame-builders, which has 

not been continuous. Figure 2.1 gives a diagrammatic summary of the importance of 

major groups of frame-building taxa within the Palaeozoic 'ree f community. It indicates 

that from the mid-Ordovician onwards there was a sudden appearance and diversification 

of a series of skeletal and frame-building metazoans including sponges, bryozoans, corals 

(rugose and tabulate) and stromatoporoids. These higher metazoans appear to have 

invaded and colonised many substrates previously occupied by stromatolitic mud-mounds.

It has been well-documented that within the late part of the Devonian (Frasnian), some 

major change or event in the evolutionary development of many reef-building metazoans 

occurred, so as to exclude previously important organisms from the fossil record for the 

subsequent period. The apparent collapse of these frame-building taxa was followed by 

the reappearance of mud-mounds, formed immediately after the Frasnian-Famennian 

'extinctions', which are again essentially microbial in nature. It seems likely that microbial 

mud-mounds represent 'disaster' forms which filled the frame-building role during those 

times when metazoan contribution/competition was reduced for ecological or evolutionary 

reasons. Much attention has been focused as to the cause, and suddenness of the various 

mass extinction events which have been recognised from the Phanerozoic fossil record.
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The late Devonian extinction event, in particular, has received much attention, and there is 

a general consensus that it consisted of a stepped-down reduction in shallow marine taxa, 

linked to a decline in global temperature (Buggisch, 1991), rather than a single, 

catastrophic extinction event. North American and European stromatoporoid-dominated 

reefs were particularly affected at the Frasnian-Famennian boundary, although Western 

Australian, Russian and Chinese reefs were apparently much less severely affected until 

the late Famennian (Webb, 1998).

Many workers thus view the Carboniferous as a period of 'crisis’ for framework reef 

development (e.g. West, 1988). Accordingly, looking back at the late Palaeozoic 

(Carboniferous - Permian), there is a noticeable lack of large-scale colonial coral and 

sponge framework reefs and relatively few shallow-water reefs of Lower Carboniferous 

age have been reported, despite a widespread distribution of carbonate platforms (Pratt, 

1995). Instead, the Lower Carboniferous period appears to be dominated by a wide 

spectrum of 'mud-mounds' (Figure 2.2) of which Waulsortian buildups were the earliest 

and best developed member in Ireland. A spectrum of somewhat similar carbonate 

buildups appears to have continued through until the end of the Asbian (late Dinantian), 

and fully formed framework reefs did not occur again until the Permian.

Camb I Ord | Sil | Dev | Carb | Perm | Tria | Jura | Cret | Ceno |

Calcareous cyanobacteria and algae
I \  Sponges

A  Bryozoa /  

Archaeocyaths Corals

I Stromatoporoids

Foraminifera

Sponges

Stromatoporoids

Corals

Rudists

Figure 2.1. Generalised summary of the main biotic components of carbonate buildups 

throughout the Phanerozoic [adapted from James, 1983, figure 1].
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Figure 2.2. Relative skeletal biovolume of the major groups of frame-building taxa of 

Palaeozoic (pre-Permian) reefs and reef-mounds [updated from West, 1988, figure 1; 

DTS-digital time scale, Gradstein and Ogg, 1996].

22



2.2. Stratigraphical se t t in g .

The Waulsortian facies forms the earliest part of a broad spectrum of non-framework 

carbonate buildups which developed in Ireland and Britain throughout the Lower 

Carboniferous (Bridges et a i, 1995). The skeletal and non-skeletal components of these 

buildups (and therefore their mechanism of accumulation) vary considerably over this 

period. As well as having a characteristic lithology (refer to section 1.6.3), true 

Waulsortian-type buildups are also chronostratigraphically constrained to the late 

Tournaisian / early Visean (figure 2.3), and most other carbonate buildups having similar 

skeletal and non-skeletal components lie within this age range (Lees and Miller, 1995).

In the British Isles, this period corresponds to the upper Courceyan and Chadian stages. 

However, considerable confusion currently exists regarding the actual boundary between 

these stages, and in biostratigraphical terms, a significant part of the early Chadian cannot 

actually be distinguished from the late Courceyan. The chronostratigraphy employed 

throughout this thesis has therefore been based upon the Belgian stages shown in Figure

2.3, whose boundaries correspond to recognisable biostratigraphical markers. The terms 

'late Tournaisian' and 'early Visean' are also used in a more general sense, the former 

corresponding to the post-Hastarian part of the Tournaisian and the latter to the pre- 

Arundian part of the Visean.

Detailed biostratigraphic work has shown that most of the growth of the Waulsortian in 

Ireland occurred during the late Tournaisian. Evidence from conodonts indicates that the 

oldest development of the Waulsortian facies in Ireland lies within the Cloyne Syncline, at 

Ringaskiddy, Co. Cork and within the westernmost part of the Cork Syncline. Here, the 

base of the Waulsortian lies within the Polygnathus communis carina Biozone [Dollymae 

hassi Sub-Biozone] (Sleeman et a i, 1986; Naylor et a i, 1996). These are the
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Figure 2 .3 .  Chrono/biostratigraphy of the Waulsortian facies in Ireland. Stratigraphic 

range of the Waulsortian Complex represented by ornamented bar. 1, 2, 3 and 4 represent 

the age of the base of the Waulsortian facies in the Cloyne Syncline (Co. Cork), the 

Dungarvan Syncline (Co. Waterford), the Limerick Syncline and the Dublin Basin 

respectively (references cited within text). Fr. represents Freyrian interval (Lees, 1997).
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southernmost exposures of the Irish Waulsortian Complex and represent the only other 

place in Europe where the Waulsortian facies developed as early as in Belgium. Figure 

2.4 shows that elsewhere, the base of the Waulsortian facies appears to young slightly 

towards the north and east (Sevastopulo, 1982). The base of the Waulsortian Complex 

across much of Counties Waterford, Cork, Kerry and Limerick lies within the lower 

portion of the Sc. anchoralis conodont Biozone. In the Dungarvan Syncline, Co. 

W aterford, Murphy (1988) recorded Dollymae bouckaerti within the Ballysteen 

Limestone Formation, 16 metres below the base of the Waulsortian facies itself. At 

Killarney, Co. Kerry, Price (1986) recorded Sc. anchoralis 4 metres below the base of 

the Waulsortian Complex. To the north in Co. Limerick, Somerville and Jones (1985) 

recorded Dollymae bouckaerti 6 metres below the base of the Waulsortian Complex 

within the Pallaskenry Borehole and Hill (1971) recorded Sc. anchoralis from within the 

complex itself. To the north and east of Tipperary, the base of the Complex is clearly 

younger and appears to lie within the upper part of the Polygnathus mehli Biozone. 

Polygnathus bischojfi was recorded at the base of the Waulsortian Complex within the 

Carrick-on-Suir Syncline (Keeley, 1980) and also at Cahir (Carruthers, 1985). Within the 

Dublin Basin, the initiation of the Waulsortian facies also appears to have occurred soon 

after the appearance of P. bischojfi (Somerville et a l ,  1992b).

The growth of the Waulsortian facies appears to have ceased at different times in different 

areas, but the top of the Waulsortian is much more difficult to date accurately. 

Nevertheless, growth generally appears to have been more prolonged in the south and 

southwest of Ireland. In the Dublin area, no conodonts or foraminifer taxa indicating 

levels in the C f4 a l and C f4a2  (Freyrian and early Visean respectively) have been 

recorded from the Waulsortian facies (Dehantschutter, 1995). Limestones from the top of 

the Complex at Mullawomia have yielded Freyrian taxa, but early Visean taxa do not 

appear to be present. The demise of much of the Waulsortian further south appears to have
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ijijiiiii Polygnathus bischojfi Subzone

Scaliognathus anchoralis 
Biozone (pre-P. bischojfi)

Polygnathus com munis 
Carina Biozone

Waulsortian facies not developed

Figure 2.4. Generalised biostratigraphical age of the base of the Waulsortian 
Complex in Ireland, based on conodont biozonation (refer to Figure 2.3). Details of 
numbered localities are listed below.

Locality: Conodonts at the base of
the Waulsortian Complex:

Western Cork Syncline P. communis carina at the base 
Cloyne Syncline Dollymae hassi at the base
Cork City (Cork Syncline)5c. anchoralis at the base
Dungarvan Synchne 
Killarney, Co. Kerry 
Pallaskenry Borehole 
Limerick Syncline 
Glen of Aherlow 
Pilltown Borehole 

10: Dublin Basin 
11: Tatestown, Co. Meath

Dollymae bouckaerti 16m below base 
Base of Sc. anchoralis Biozone 
Dollymae bouckaerti 6m below base 
P. mehli mehli at the base 
P. bischojfi 6m below the base 
P. bischojfi at the base 
P. bischojfi at/just below the base 
P. bischojfi below the base

Reference:

Naylor ef a/., 1996. 
Sleeman ef a/., 1986. 
Naylor ef a/., 1996. 
Murphy, 1988.
Price, 1986.
Somerville & Jones,1985. 
Somerville a/., 1992c. 
Carruthers, 1985.
Keeley, 1980.
Somerville a/., 1992b. 
Andrew & Poustie, 1986.
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occurred before the base of the Visean . At Knockordan, Co. Tipperary, the conondont 

Polygnathus communis communis, which is supposedly confined to the Tournaisian, was 

recorded near the top of the Waulsortian and Mestognathus beckmanni was first recorded 

2.7 metres above the top of the Complex (Carruthers, 1985). In Co. W aterford, growth 

clearly continued beyond the Ivorian, since Mestognathus praebeckmanni has been 

recorded from the top of the Complex in the eastern part of the Dungarvan Syncline 

(Murphy, 1988). In Co. Limerick, the Chadian foraminifer Valvulinella ceunacumensis 

(C f4 a l)  was recorded from the top of the Complex at Old Kildimo (Somerville et a l ,  

1992c). Waulsortian facies continued to accumulate well into the early Visean in Co. 

Cork, since Gnathodus homopunctatus has been recorded from the topmost Waulsortian 

beds within the Fermoy Syncline (Shearley, 1988) and at Ballybeg Quarry (Geraghty, 

1996). Scattered mudbanks, above the main Waulsortian Complex, appear to extend well 

into the Arundian on the coast of Tralee Bay, Co. Kerry (Labiaux, 1997). The affinity of 

these buildups is discussed in more detail in Chapter 8.

2.3. Palaeogeographical se t t in g .

During the Dinantian, Ireland lay just to the south of the equator and was the site of a 

generally shallow, east-west trending sea, bounded to south by Gondwana, and to the 

north by a much diminished Old Red Sandstone continent, Laurussia (Scotese et al., 

1979). The Waulsortian facies developed on the southern shelf margin of Laurussia, 

which extended eastwards to Central Europe and westwards to the maritime provinces of 

Canada (Sevastopulo, 1981). The period was characterised by cyclically-rising sea levels 

which transgressed the northern shelves of the Munster, Cornwall, and Rhenish Basins. 

The influx of clastics to these basins, from northern sources, became correspondingly 

reduced and clearer water conditions were established on the adjacent shelves, allowing
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the subsequent development of the W aulsortian and Kohlenkalk facies, which extended 

eastw ards from  southern Ireland to Poland (Ziegler, 1982).

The first marine incursions into the southw est area of Ireland appear to have taken place 

during the late Devonian, although Old Red Sandstone facies continued to accumulate in 

the Irish M idlands long after marine sedimentation had been fully established in the south 

(Cope et ciL, 1992). M iospore assem blages across the passage from non-m arine to marine 

facies have demonstrated biostratigraphically that the marine transgression across Ireland 

was markedly diachronous (H iggs et al., 1988) reflecting the northw ard passage o f the 

transgression itself. During latest Devonian tim es, and throughout the Dinantian, an 

important facies divide was sited along a line drawn from Cork H arbour to the Kenmare 

River. The region to the south of this line, the South M unster Basin, is characterised by a 

thick succession o f early Tournaisian shallow water marine rocks overlain by a thinner 

succession of late Tournaisian and Visean relatively deep water rocks. Successions to the 

north begin in northerly-derived alluvial clastic sediments and then show facies transitions 

which represent a deepening o f water and the establishment o f fully marine conditions 

during the early Tournaisian. In general the succession thickens southw ards, but 

unusually thick successions are also present in the Shannon Trough, a region o f persistent 

dow nw arp throughout most o f D inantian and Nam urian time (Sevastopulo, 1982).

Figure 2.6 illustrates the start o f the northw ard spread o f carbonate deposition across 

southern Ireland and South W ales. Figure 2.7 show s that by the mid-Tournaisian 

{Siphonodella B iozone, figure 2.3) m arine conditions were well established over the area. 

St G eorge's Land appears to have been extensively breached by a marine incursion from 

the south and this is clearly shown by sediments which contain fully marine Tournaisian 

faunas (Cope et al., 1992). During the latter part o f the Tournaisian, the sea appears to 

have rapidly transgressed, northw ards and eastw ards, up the regional palaeoslope across
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the Irish Midlands and into Ulster (figure 2.8) and considerable facies differences existed 

in different areas. The Toumaisian sea may have advanced as far north as Belfast Lough, 

Co. Down (Sevastopulo, in press) but its northerly limit is difficult to establish accurately 

because those facies developed are poorly fossiliferous conglomerates, sandstones and 

siltstones.

The passage of this marine incursion was accompanied by the development and 

subsequent spread of Waulsortian mudbanks from the Cork, then the Shannon areas 

during the latter part of the Toumaisian (Sevastopulo, 1982). Lees and Miller (1995) have 

distinguished two major types of structural setting for rocks of Waulsortian facies; within 

basins where localisation was commonly influenced by fault-related bathymetric features, 

e.g. the Craven Basin, Midland-Dublin Basin, and the Shannon Trough, and on regionally 

significant ramps. The latter is demonstrated by the development of Waulsortian facies 

occurring along a belt running from Belgium, through Somerset and south Pembrokeshire 

to southern Ireland. This development appears to have formed on a laterally extensive 

south-facing ramp which bordered the southern margins of St George's Land (refer to 

figure 2.8).

The Waulsortian facies reached its maximum extent during the late Toumaisian, at which 

time mudbanks appear to have formed offshore in deeper water. The distribution and 

thickness of the Waulsortian facies in Ireland during this period is shown in Figure 2.5. 

The isopachs show two main centres of deposition - the Shannon Basin and the Midland- 

Dublin Basin. Within each basin the Waulsortian appears to be a continuous bank 

complex; towards the margins the complex becomes less continuous, and smaller 

aggregates of banks are separated by increasing proportions of off-bank limestones and 

shales. The Irish Waulsortian Complex is significant in that it has the greatest lateral 

spread (more than 30 000 km^ in the late Toumaisian) and thickness (up to about 1000 m)
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known anywhere in the world. Such lateral continuity is unique for Dinantian mud- 

mounds and perhaps also for similar accumulations anywhere in the stratigraphic column 

(Lees and Miller, 1995).

LAND

Dublin

ND
harmon

300
100 kmsou R BASIN

Figure 2 .5 . Isopach map showing the thickness of the Waulsortian facies developed 
during the late Tournaisian. Updated from Lees and Miller (1995, figure 34).

Borehole data from the Dublin Basin shows that considerable variations in the thickness of 

the Waulsortian Limestone Complex occur over relatively short distances. This is probably 

a reflection of the irregular nature of the base of the facies, whereby Waulsortian growth 

was initiated in a particular area by the development of isolated mounds, perhaps where 

the substrate was more favourable or on local, possibly fault-controlled, topographic 

features. The mounds were separated by areas of thinly-bedded limestones and
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argillaceous shales, and as growth proceeded, the ratio of bank limestones to off-bank 

limestones and shales increased until, at the height of Waulsortian development, the 

mounds would generally have become confluent, like those within the Midland-Dublin and 

Shannon Basins. Only towards the marginal areas, particularly along the western margin 

of the Complex, is the Waulsortian facies observed as isolated mounds set within off-bank 

limestones and shales (Sevastopulo, 1982).

The overall pattern that emerges is one whereby Waulsortian banks seem to have formed 

in most areas during or after a significant deepening phase. A similar pattern is observed 

during the initiation of earlier Palaeozoic mud-mound facies. However, towards the end of 

the Tournaisian, in many areas the continued growth of the Waulsortian seems to have 

become concentrated in rather shallower waters. This may have been accomplished by 

either upslope migration or by the restriction of growth to the tops o f earlier buildups 

(Lees and Miller, 1995). Nevertheless, although facies often show a shallowing sequence, 

there is no evidence to suggest that any part of the Irish Waulsortian Complex ever became 

emergent, and it appears that subsidence rates and/or sea level rises were able to outpace 

rates of mound accumulation. Shallow-water (Phase D) Waulsortian facies in Ireland are 

far less well developed than the deeper water facies (Phases A, B and C). Phase D may 

have represented a 'climax' phase, beyond which continued growth was restricted because 

mechanical energy levels were too high.

Following the widespread occurrence of Waulsortian facies in the late Tournaisian, the 

facies became much more restricted during the early Visean, tending to be longer lived 

towards the south, in particular the southwest. By the Arundian, the Waulsortian facies 

proper had disappeared from the area depicted by the map (Figure 2.9) and carbonate 

mudbanks of this age are generally rare in Ireland and Britain. Nevertheless, Arundian 

mudbank complexes reported from the Ballymote and Carrick Synclines in northwest
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Ireland (Philcox et ciL, 1989) have gross lithological similarities to both earlier W aulsortian 

and later Asbian/Brigantian-aged m udbanks and provide evidence for continued deep 

water m udbank developm ent during this intervening period (Kelly and Som erville, 1992). 

Relatively shallow -w ater m udbanks have been recorded from the Arundian o f north Co. 

Dublin (Somerville et a l ,  1992a), and discrete Arundian m udbanks, situated above the 

level o f the main W aulsortian Com plex, have also been described from Co. Kerry 

(Labiaux, 1997).

Reasons for the demise o f the W aulsortian facies itself are unclear and any explanation 

must account for the w idespread and near sim ultaneous disappearance o f the facies at a 

global scale. Although there is no standard cover facies for individual buildups, in many 

areas of Europe and North America the cover facies com prise dark, argillaceous, micritic 

lim estones, often with chert and sometimes interbedded with shales (Lees and Miller, 

1995). These successions appear to represent poorly oxygenated environmental conditions 

which would have been generally unfavourable for the existing benthic com m unities.

Cover facies deposited above the Irish W aulsortian appear varied, though many localities 

show lithologies comparable with their earlier coeval off-bank sedim ents. This suggests 

that background sedimentation continued for some time after carbonate production had 

ceased on the buildups them selves. The decline in buildup growth appears to have 

occurred gradually in many places. An example is the buildup exposed at Feltrim , Co. 

Dublin. There, the upperm ost few metres o f W aulsortian facies consist o f lenticular 

m asses o f sparsely fossiliferous bank lim estones, which are typically interbedded with 

thin shales, which increase in importance to become the cover rocks above (the 

Tobercolleen Form ation). The presence o f rocks o f relatively deeper water origin above 

many buildups probably reflects the fact that many buildups developed within subsiding 

basins or on top of subsiding fault blocks. Once carbonate production on the buildups had
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ceased, subsidence rates continued to outpace rates of sedimentation within the cover 

facies, leading to an apparent increase in water depth. However, in the southeast Midlands 

of Ireland the Waulsortian Complex is locally succeeded by shallow-water sediments, 

including peloidal and oolitic limestones, deposited on a shallow-water carbonate shelf 

which persisted during most of the early Visean (Sevastopulo, 1982).

Figures 2.6, 2.7, 2.8 and 2.9 (following 4 pages respectively):

Palaeogeography of the British Isles during the Toumaisian and early Visean. The series 

of maps show the passage of a northward marine transgression which occurred during 

Toumaisian times. This was accompanied by the development and subsequent spread of 

Waulsortian mudbanks from the Cork, then the Shannon areas during the latter part of the 

Toumaisian. M marks the position of Mullawornia Quarry, Co. Longford. Maps redrawn 

from Cope et al. (1992).

Higher, hilly or mountainous terrain 
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Alluvial plains and deltas 
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Cl LATE DEVONIAN- 
EARLY TOURNAISIAN
Latest Famennian - Hastarian 
C.354 Ma 
(Figure 2.6)

0
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C2 MID TOURNAISIAN
Mid Ivorian 
c.348 Ma 
(Figure 2.7)



C3 LATEST TOURNAISIAN- 
EARLIEST VISEAN
Latest Ivorian - earliest Moliniadan 
C.343 Ma 
(Figure 2.8)
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C4 EARLY VISEAN
Earliest Arundian 
c.338 Ma 
(Figure 2.9)
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CHAPTER 3: Waulsortian macrofauna - a review of the literature.

3.1. Introduction.

From  a historical point of view , much o f the macrofauna recorded from W aulsortian 

lim estones had been described well in advance o f any studies which focused on the 

genesis o f the facies itself. A great deal of early information came in the form  of original 

descriptions o f species o f Carboniferous fauna, figured during the mid and late nineteenth 

century, which were based on type specim ens collected from W aulsortian lim estones. 

Later palaeontological information continued to be of a largely taxonomic nature, this time 

in the form o f detailed faunal lists from W aulsortian localities, collected largely for 

biostratigraphic purposes. Relatively little information concerning the taphonom y o f the 

m acrofauna has yet been published, and as a consequence, studies of the palaeoecology of 

W aulsortian carbonate buildups have lagged behind sedimentological studies.

3.2. Macrofauna of the Irish Waulsortian - a historical perspective.

The nineteenth century was an important period for the collection and systematic 

classification o f fossils from num erous Carboniferous localities in Ireland, Britain, and 

Belgium. Much of the earliest information concerning the m acrofauna recorded from  the 

W aulsortian facies dates from this period, and although much o f that information was 

largely taxonom ic, it nevertheless served to highlight the diversity of the fauna associated 

with these lim estones. Information available at that time is typified by the m onograph of 

Frederick M 'Coy (1844) entitled 'A synopsis o f the characters o f the Carboniferous 

L im estone fossils o f Ireland'. Its contents were based on an extensive collection o f fossils 

which had been gathered together by Richard Griffith during his appointm ents as 

C om m issioner of the General Survey and Com m issioner for Railways (W yse Jackson and
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Monaghan, 1994). Many of the species figured therein had been collected by men working 

for Griffith from Waulsortian localities across Ireland, notably from Counties Cork, 

Limerick and Dublin. Also included were specimens collected from Mullaworaia, Co. 

Longford, the location of the present study. Locality information was provided by Kelly 

(1855) in a paper entitled 'On the localities of Fossils of the Carboniferous Limestone of 

Ireland', which listed the location of over 1050 Carboniferous species, many of which had 

been recovered from Waulsortian Limestones.

Many of the later monographs of Carboniferous macrofauna also contained specimens 

which had been collected from Waulsortian facies limestones. For example, Davidson's 

'Monograph of the British Fossil Brachiopoda' (1851-1886) contains many Carboniferous 

brachiopods collected from Waulsortian or Asbian bank limestones at Little Island in Co. 

Cork. Cephalopods from the same locality, and from Waulsortian rocks at Clane, Co. 

Kildare, figured heavily in Foord's (1897) 'Monograph on the Carboniferous 

Cephalopoda of Ireland', and fossils from numerous Waulsortian localities in Ireland were 

included in Hind's 'Monograph of the British Lamellibranchiata' (1896-1900). An 

extensive and superbly illustrated account of Carboniferous fauna, mostly from the 

Waulsortian of Belgium, was provided by de Koninck (1881) in 'Faune du Calcaire 

Carbonifere de la Belgique'. Specific mention was again given to Mullawomia as an 

example of an Irish locality having a fauna similar to that described from Belgium.

Most palaeontological studies concerning the Irish Waulsortian made this century have 

been little more than lists of the fauna, collected to provide a framework for bio- 

stratigraphic interpretation. The most important lists have been provided by Douglas 

(1909) [Co. Clare], Turner (1937) [Co. Cork], Ashby (1939) [Co. Limerick], Shepard- 

Thom (1963) [Co. Limerick], Hudson and Philcox (1965) [Co. Cork], Hudson, Clarke 

and Sevastopulo (1966) [Co. Dublin] and Hudson, Clarke and Brennand (1966) [Co.
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Kerry]. Douglas (1909) applied the coral/brachiopod zonal scheme developed by Vaughan 

(1905) and drew an important comparison between the Lower Unstratified Limestone of 

Survey descriptions and the limestones of the Waulsortian facies developed in Belgium.

The patchiness of the fauna has been commented upon by numerous authors, including 

Prentice (1951, p. 179) who noted that 'the fauna is varied but localized, richly 

fossiliferous patches being separated by wide barren areas'. Two works by Hudson et al. 

(1966a & b) provide the only real quantitative data, in terms of the absolute abundances of 

individual species. One paper gives a detailed account of the fauna of a 'reef- knoll' at 

Feltrim, Co. Dublin, the other a description of the Waulsortian Complex in the 

Castleisland area of Co. Kerry. The Feltrim paper also provides a useful comparison 

between the fauna recovered from the main reef limestones and that recovered from coeval 

intra-reef shales. Nevertheless, little real ecological information can be drawn from these 

or any of the other faunal lists, as most fossil collections are probably biased due to 

problems of sampling (Waulsortian rocks do not readily split along bedding) and the 

inherent problem of taphonomic selectivity. Although the fauna recorded in these lists is 

unlikely to provide a complete representation of the original faunal assemblage, the data 

nevertheless provide an initial indication of the relative importance and diverstiy of many 

of the organisms present. The species recorded from the localities mentioned above are 

included in Figure 3.1.

3.3 More recent studies.

Although much has been written concerning the sedimentology of the Waulsortian facies 

(see review in Lees and Miller, 1995), there are relatively few studies which deal 

specifically with the palaeoecology of these buildups. With the realisation that the 

macrofauna recorded from these buildups functioned largely as 'dwellers' rather than as
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'constructors' or sediment producers, most recent references have tended to ignore the 

great wealth of palaeoecological information that could be obtained by studying the largely 

autochthonous fauna. Recent studies have instead tended to view faunal components 

merely in terms of their importance as skeletal bioclasts within the predominantly muddy 

limestones. Examples of such an approach are to be found in Hennebert and Lees (1991) 

and Dehantschutter (1995) who demonstrated the application of correspondance analysis 

to petrographic studies of Waulsortian limestones. This technique analyses the systematic 

changes in the relative importance of individual components, both skeletal and non- 

skeletal, throughout a vertical section and then relates any observed changes to changes in 

environmental conditions, the most important of which is considered to be water depth.

One of the few palaeoecological studies which deals specifically with Waulsortian fauna is 

provided by Histon and Sevastopulo (1993). They demonstrated the use of nautiloids as 

indicators of the bathymetry of Waulsortian limestones in Ireland. Implosion depths were 

calculated for nautiloids recovered from Mullawomia, Co. Longford, and appeared to 

indicate that the depth of the sea floor at this locality was in the range 65-170 metres. Their 

results correspond to those obtained in this study, interpreted from petrographic data, 

which are dealt with in chapter 5. The preservation of many coiled nautiloids in a vertical 

position, relative to the depositional surface, was also noted and linked to the soft nature 

of the sediment surface. Bridges and Chapman (1988) noted that the density of 

colonisation by metazoans on Waulsortian mud-mounds from Derbyshire was too low to 

provide more than a moderate proportion of the accreted carbonate. They suggested that 

substrate consistency was probably a controlling factor, particularly in relation to the 

successful settling of larvae.

The distinctive fauna recovered from Waulsortian buildups is remarkably similar to that 

found in younger shelf or shelf-edge carbonate buildups of Asbian-Brigantian (Upper
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Visean) age, although corals appear to be more common in the latter. This similarity led to 

the interpretation of these later buildups as Waulsortian. Nevertheless, several unpublished 

studies, dealing with the palaeoecology of Asbian-Brigantian reefs in northern England, 

do provide useful ecological information concerning aspects of the macrofauna, 

particularly brachiopods, associated with these buildups. Amongst these are studies on 

middle to late Visean reef limestones in Derbyshire (Biggins, 1969; Timms, 1978) and, 

more importantly, work by Mundy (1980) on the palaeoecology of the Craven reef belt of 

North Yorkshire. His study of the fossil biota of the the Stebden Hill reef knoll showed 

the presence of discrete benthic biotic associations, which were interpreted to be related to 

palaeobathymetry. Gutteridge (1990) discussed the distribution of shelly macrofauna in 

Brigantian mud-mounds from Derbyshire and noted the preservation of the majority of 

macrofauna in isolated pockets, which he interpreted as representing erosional hollows 

which were colonised in preference to the accreting mound surface.

Although considerable information is available concerning Lower Carboniferous buildups 

recorded from the United States, persistent confusion has existed regarding the exact 

stratigraphic position and affinity of many of these buildups. It appears that, as in Europe, 

the Lower Mississippian (Dinantian) of the United States was characterised by a whole 

spectrum of carbonate buildups, many of which have been mistakenly classified as being 

Waulsortian. However, valuable information is provided by those papers in which 

Waulsortian characters are clearly established and where the criterion of stratigraphic 

position is also met. Relevant papers include Ahr and Stanton (1994 and 1996) who 

compared the biotas of Waulsortian mounds and their coeval level-bottom sediments of the 

Lower Lake Valley Formation (Lower Mississippian) in the Sacramento Mountains of 

New Mexico. They concluded that the mound biota functioned largely as dwellers rather 

than constructors, bafflers or sediment producers. They suggested that the mound biota 

was in part recruited from the level-bottom biota, but differed significantly from it in both
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composition and relative abundance because of distinctive mound habitats suitable for 

immigrant taxa, and because of differences in taphonomic processes and resulting 

preservation. Within the same formation, Jeffrey and Stanton (1996) also established 

similar palaeobathymetric biotic assemblages to the depth-related phases recognised in the 

Waulsortian mound at Furfooz, Belgium, by Lees and Miller (1985).

Relevant information concerning the palaeoecology of many organisms known to have 

colonised other environments in addition to Waulsortian buildups is available from a 

variety of sources. Such references are detailed in the corresponding sections of chapter 6.

3.4. Faunal list of Waulsortian macrofauna.

The data contained in Figure 3.1 provide a comprehensive list of macrofaunal species 

recovered from Waulsortian localities in Ireland. Many authors have alluded to the 

'distinctness' of a so-called 'reef fauna', particularly in relation to underlying and lateral 

sediments. For example, Douglas (1909, p.552) noted that 'the remarkable and sudden 

change in the lithological character of these beds [Waulsortian] is accompanied by the 

incoming of a perfectly distinct fauna, of which not more than half-a-dozen species pass 

up from the beds below'. Shepard-Thom (1963, p.279) also noted that the fauna of 

Waulsortian limestones in Co. Limerick was 'characterized by the presence of numerous 

species appearing for the first time in the succession', and Hudson et al. (1966b) noted 

significant differences between the reef fauna at Feltrim, Co. Dublin, and contemporary 

intra-reef shales from the same locality.

A total of some 247 different species recovered from Waulsortian localities in the British 

Isles are listed in Figure 3.1. While certain species appear to be common across a wide 

range of localities, many others appear to be unique to individual buildups and so prove to
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be of little use in defining a 'characteristic fauna'. Even the presence of a particular 

species, common to many localities, may not in itself be indicative of a Waulsortian fauna, 

as many species appear to have been common across a wide range of environmental 

settings. However, Figure 3.1 does show that there appears to be an association of certain 

species, which are common to many localities, whose combined presence may be 

interpreted as being characteristic of a 'typical' Waulsortian macrofauna. This association 

of species is listed below. Figure 3.2 shows the fauna from the same localities reduced to 

a generic level, and shows that the faunas from the different localities appear to be 

relatively similar at this scale.

The most characterisitc association of species includes:

Corals: Amplexus coralloides J. Sowerby

Brachiopods: Schizophoria resupinata (Martin)

Dictyoclostus semireticulatus (Martin)

Leptagonia analoga (Phillips)

Pustula pilosa Thomas 

Pleuropugnoides pleurodon (Phillips)

Pugnax pugnus (J. Sowerby)

Brachythyris pinguis J. Sowerby 

Spirifer attenuatus J. de C. Sowerby 

Syringothyris cuspidata (Martin)

Dielasma hastatum (de Koninck)

Molluscs: Conocardium hibemicum  (J. Sowerby)

Euomphalus pentangulatus (J. Sowerby)

Vestinautilus cariniferus (J. de C. Sowerby)

Bryozoans: Fenestella sp.
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Figure 3.1 (following six pages). Compilation of faunal lists showing the various 

macrofaunal species which have been previously recorded from Waulsortian localities in 

Ireland. An explanation of the locality abbreviations used is given below, along with their 

appropriate references.

Cork'37: Cork and Castlemartyr Syncline, Co. Cork (Turner, 1937).

Ballybeg'65: Buttevant area, Co. Cork (Hudson and Philcox, 1965).

C'island'66: Castleisland area, Co. Kerry (Hudson et al., 1966a).

Limerick'39: Various localities, Limerick Basin, Co. Limerick (Ashby, 1939). 

Limerick'63L: Various localities, lower Waulsortian facies, northwest Co. Limerick 

(Shephard-Thorn, 1963).

Limerick'63M : Various localities, middle Waulsortian facies, northwest Co. Limerick 

(Shephard-Thorn, 1963).

Lim erick'63U: Various localities, upper Waulsortian facies, northwest Co. Limerick 

(Shephard-Thorn, 1963).

Co.Clare'09: Tulla Syncline, Co. Clare (Douglas, 1909).

Dublin'48: Various localities. Counties Dublin and Meath (Turner, 1948).

Clonalvy'50: Clonalvy, Co. Dublin (Smyth, 1950).

Feltrim'66: Feltrim Quarry, Co. Dublin (Hudson a/., 1966b).
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4:̂ -as

Speciesi/Locality:
CORALS ________
Amplexus coraUoides LSowerby 
Caninia caninoides (Silby)
Caninia comucopiae Michelin 
CaniniaJuddi (Lewis)
Caninia subicina (M'Coy)
Cyathoclisia tabemaculum  Dingwall 
Lithostrotion irregulare (Phillips)
Michelinia tenuisepta (Phillips)
Rotiphyllum nodosum  (Smyth)
Siphonophyllia (Caninia) cylindrica Scouler 
Zaphrentisjunctoseptata Smyth 
BRACHIOPODS 
(Acrotretida)
Crania tri^onalis M'Coy 
(O rth ida)
Rhipidofwlla michelini (Leveillc)
Schizophoria gibbera ^Portlock)
Schizophoria palliata  Demanet 
Schizophoria resupinata ^Martin)
(S trophomenida)
A canthoplecta mesoloba (Fliillips) and juv.
Antiqmtonia (Dictyoclostus) teres (Muir-Wood) 
Antiquatonia molarum Turner 
Argentiproductus (Thomasia) margaritaceus (D ilip s )  
Argentiproductus pectinoides  (F^illips)
Avonia youngiana (Davidson)
Changes voiva M’Coy 
Derb^ia^ambigm  Muir-Wood 
Dictyoclostus antiquatus (J. Sowerby)
Dictyoclostus griffihianus (de Koninck)
Dictyoclostus multispiniferus Muir-Wood 
Dictyoclostus muricatus ( I ^ illips)
Dictyoclostus semireticulatus (Martin)
Echinoconchus punctatus (Martin)
Eomarginifera (Dictyoclostus) ^rbien^is_ (Muir-Wood) 
Eomarginifera feltrimensis Ramsbottom 
EomarginiferaJUxistria (M’Coy)
Eomarginifera pseudoplicatilis (Muir-Wood)
Krotovia aculeata (Martin)
Krotovia spinulosa (J. Sowerby)
Leptagonia analoga (Phillips)
Levitusia humerosa (j. Sow eiiy)
Levitusia plicata (Paeckelmann)
Linoproductus corrugatus (M'C(y^)
Linoproductus rhenanus Paeckelmann________________
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Species :/LocaHty;
Unoproductus tortilis (M'Coy)
Marginicintus projectus (Muir-Wood)
Oyertqnia fim briatu^  de C. Sowerby)
Overtonia aff. laciniatus (M'Coy)
Plicatifera christiani (de Koninck)
Plicatifera plicatilis (Sowerby) (J- de C. Sowerby) 
Pliochonetes hum si Clarke 
Pliochonetes elegans  (de Koninck)
Prqductus cf. concinnus (J. Sowerby)
Productus cora D’Orbingy
Productus (Unoproductus) undatus Defrance
Pugilis hristolensis (Muir-Wood)
Pugilis (Dictyoclostus) vaughani (Muir-Wood) 
Pustula (Plicatifera) carringtoniana (Davidson) 
Pustula deshayesiana (de Koninck)
Pustula eximia Thomas
Pustula interrupta Thomas __
Pustula laciniata (M’Coy) ______
Pustula magnituberculata Thomas 
Pustula nodosa Thomas
Pustula pilosa  Thomas _______
Pustula pustulosa (Phillips)____________________
Pustula pyridiformis (de Koninck) _____
Pustula rugata (Phillips)
Pustula sorelli (Demanet) _
Pustula tenuipustulosa (Thomas)
Schellwienella of. aspis Smyth 
Schellwienella crenistria (Hiillips)
Schuchertella wejifordensis Smyth
(Rhynchonellida)___________
Camarotechiaflexistria (Phillips) _______
Camarotechia pleurodon (Phillips) vars. and juv^ 
P i^nax  cordiformis (J. Sowerby)
Pugnaxfawcettensis (Garwood)
Pugnax platylobus (J. de C. Sowerby) ___
Pugnax plicatus (J. de C. Sowerby)  ______
Pugnax pugnus (J. Sowerby)_________
Pugnax reniformis (F illip s ) non (Dav id so n )___
Pugnax sulcatus^ U- de C. Sowerby)
(Atrypida)     _
A thyris (Cleiothyridina) glabristria (Phillips) 
Atliyris hihemica  (Phillips)
Athyris planosulcata (Phillips)
(Spiriferida)
Brachythyris cf. integricosta (Phillips) 
Brachythyris pinguis J. Sowerby
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Species :/Locality:
Brachythyris planata  (Phillips) 
Brachythyns ovalis Philljps 
Brachythyns rotundata (J. Sowerby) 
Brachythyris sexradialis 
Buxtonia scabricula (Martin) 
Crurithyris urei (Fleming)
Hustedia radialis (Phillips)
Martinia glabra (Martm) 
Phricodothyris ci. insolita G tqxj^  
Phricodothyris lineata (J. Sowcrby) 
Phricod^hyris verecunda George 
Reticularia bellmenensis George 
Reticularia elliptica (Miillips)

^Cork'37 Bailybeg'65 ]C’island'66 Limerick'39 Limerick’63L Limerick'63M Limerick'63U iCo. Clare'09 Dublin'48 Clonalvy’50 Feltrim'66

Reticularia imbricata Sowerby 
Reticularia aff. lobata M m rj^ood  
Reticularia mesoloba (Phillips) 
Reticularia profecta George 
Spirifer attenuatus J. de C. Sowerby 
Spirifer bisulcatus (J. de C. Sowerl^) 
Spirifer bollandensis  Muir-Wood
Spirifer clathratus M*Coy ____
Spirifer coplowensis Parkinson
Spirifer duplicosta (Riillips)
Spiriferfurcatus (M’Coy)
Spirifer grandicostatus M’Coy 
Spirifer konincki Douglas 
Spirifer princeps M'Coy _
Spirifer rhomboides Phillips 
Spirifer striatus (Fischer) (Martin)
Spirifer suavis de Koninck 
Spirifer subcinctus de Koninck 
Spirifer tom acensis  (de Konick) and var. 
Spirifer triradialis Phillips 
Spiriferina insculpta (Phillips)
Spiriferina octoplicata J . Sowerby 
Syringothyris cuspidata (Martin) 
Syringothyris cytorhyncha North 
Syringothyris elongata North 
Syringothyris exoleja North 
Tylothyris laminosa _(M’̂ ^ )  
(T crebratu iida)
Actinoconchus ej^ansus  (Phillips) 
Actinoconchus lamellosus (Leveille) 
A c tinoconc l^paradom s  M'Coy 
Actinochonci^ cf. planosulcatus (Phillips) 
Cleiothxridina glabistria (Phillips)_________



S pecit‘s:/L ()calit> :
C leioihxruliiki ^ lohuliiris (Phillips) 
C leio thyndinu  iiificns (de Konick) 
C leioihvrulina roysii (Levcille)
Dielusnui am \}iJaloi(les de Koninck 
D ielasm a hasuitum  (de Koninck)
D ielasnia kuifii de Koninck 
D ielasm a sacculu.s (M artin)
D ielasm a securiform e (de Konick)
D ielasm a  cf. tenerum  de Koninck 
D ielasm a vesicularis de Koninck 
B IV A L V E S
Acanlliopecten lessellatus (Phi 11 ips)
Am usium  lenue  (de Koninck)
A vicu lopecten fo rhesi (M 'Coy)
Avicuiopecten m eeki de Koninck 
A viculopecten pUcatus J. Sowerby 
Cardiom orpha corru^ata  M 'Coy 
Cardiom orpha egerloni (M ’Coy)
Cardiom orpha ohlonga  (J. de C. Sow erby) 
Cardiom orpha orbicularis  (M ’Coy) 
Conocardiim i alaeform e  (J. de C  Sow erby) 
Conocardium  hibernicum  (J. Sow erby) 
Conocardium  inflatum  H ind  (M 'Coy) 
Conocardium  konicki (Bailey)
Edm ondia scalaris  (M ’Coy)
Edm ondia lyelli Hind 
Leioptera lam inosa  (Phillips)
Leioptera lunulata  (Phillips)
Lim ipecten d issim ilis  (Flem ing)
Parallelodon b istrialus  (Portlock)
Parallelodon cingulatus  (M 'Coy)
Pernopecten sow erhyi (M 'Coy)
Protoschizodus om alianus  (de Koninck) 
Pseudam usium  auriculatum  (M 'Coy) 
Pseudam usium  concentricolinealum  Hind 
Pterinopectinella  granosus  (J. de C. Sowerby) 
Pterinopectinelia  radiata  (Phillips) 
Sanguinolites interrupta  Hind 
Sanguinolites om alianus  (de K oninck) 
Sanguinolites variabilis (M 'C oy)
Strebloptera laevigata  (M ’Coy)
Syucyclonem a sow erhvi (M 'Coy)

G A S T R O P O D S
Acrttcyclus velusia  (J. Sowerby)
Bellerophon  cf. laevis  M 'Coy
Bellerophon tandentialis  Phillips______________
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Naticopsis plicistria (Phillips) 
Naticopsis phillipsi (M’Coy)

Spedesi/Locality:
Capulus camelus de Koninck

lBallybeg’65 iCisland'66

Euphemus cf. filosus  de Koninck
Euomphalus latus Hall (de Koninck)
Euomphalus (Straparollus) pentangulatus (J. Sowerby)
Euomphalus rotundatus Phillips
Flemingia prisca (M'Coy)
Flemingia turhinatoconica (de Munster)
Lepitopsis umbrellum  de Koninck 
Loxonema cf. impendens M'Coy
Loxonema lefebvrei (L'Eveille)
Loxonenui propinquum  de Koninck
Naticopsis ampliata Riillips

Pileopsis neritoides (Phillips)
Platyceras angustus (Phillips)
Platyceras vetustum  (J. de C. Sowerby) see Capulus vest.
Platyschisma helicoides (J. Sowerby)
Pleurotomaria concentricum  Phillips
Straparollus calyx (Phillips)
Stroebus ventricosus de Koninck
Zygopleura sulculosa (Phillips)
CEPHALOPODS
Apheleceras hibernicum  (Foord and Crick)
Apheleceras lyriostomus (de Koninck)
Apheleceras mutabile (M'Coy)
Asymptoceras fo ordi Hyatt
Beyrichoceras allei (Winchell)
Coelonautilus pleurotergatus (M’Coy)
Coloceras coyanum  (d’Orbigny)
Cyrtoceras (Meloceras) apicale Foord
Discitoceras leveillianum  (de Koninck)
Eusthenoceras bailyi (de Koninck)
Glyphioceras (Beyrichoceras) cordatum  (Crick)
Glyphioceras (Munsteroceras) ellipsoidale (Crick)
Glyphioceras (Munsteroceras) obesum (Foord)
Glyphioceras (Beyrichoceras) obtusum (Phillips)
Glyphioceras sphaericum (Martin)
Glyphioceras (Beyrichoceras) subquadratum  (Foord)
Glyphioceras (Beyrichoceras) truncatum (Phillips)
Maccoyoceras planotergatus (M'Coy)
Munsteroceras complanatum  (de Koninck)
Munsteroceras crassum  Foord
Munsteroceras pseudaganides George
Munsteroceras rotella (de Koninck)
Nautellipsites hibernicus Delepine
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Spccies;/Locality:
Nautilus crassiyenter de Konindc__
Nautilus cf. latus (Meek and Worthen) 
Orthoceras leinsterense Foord 
Orthoceras sollasi Foord 
Pericyclus bailyi Crick
Pericyclus (Fascipericyclus) fa sc icu la te  (M’Coy) 
Pericyclusfoordi^ Crick 
Pericyclus subplicatilis Crick 
Planetoceras ^qha tum  (J. de C . Sowei^y) 
Poterioceras fu siforme (J. de C. Sowerby)
^ojopericyclus rotuliformis ( C r i c l ^ ____
Solenocheilus clausus F oo rd_
Solenocheilus dorsalis (Wiillips)
Solenocheilus hibemicus Foord___________
Trigonoceras paradoxicum (J. de C. Sowerby) 
Trilohocerasform osum Foord
Vestinautilus carinatus (J. Sowerby)_____
Vestinautilus cariniferus (J. de C. Sowerby)
Vestinautilus craterformis Foord_______
Vestinautilus paucicarinatus Foord 
EC H INODERM S
Actinocrinites tessellatus (^H i^s)^_____________
Actinocrinites elongatus Wright 
Palechinus quadriserialis Wright 
BRYOZOANS
Fenestella multiporata M’Coy 
Ichthyorachis cf. newenhami M’Coy 
TRILO BITES
Brachymetopus maccoyi (Portlock)
Griffthides longispinus (Portland)
Phillipsia gemmulifera (Wiillips) 
b S T R A C O I^
Entomoconchus scouleri M’Coy
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Genusi/lyiKranty:
CORALS
Amplexits coralloides J. Sowerby 
Caninia sp.
Rolipfiyllum nodosum (Smylh)
BRACHIOPODS _______ ________
(Oj;Uiida}
Schizophoria sp.
(Strophomenida)
Acanlhoplecla mesoioba (Phillips) 
Ar^entiproductus sp.
Dictyociosius sp.
Eomar^ini/era sp.
K row^a  sp.
Leptagonia analof^a (P h illi^^
Leyilusia sp.
Unoprodiictus sp.
Marj^tnicimus projecttc: (Muir-Wood) 
Overtonia fimbriatus (J. de C  Sowerby) 
Pli£ajifera sp.
Prodiicius sp.
Pu^lLs sp.
Pustula sp.
Schellwienella sp.
(Rhynchonellida)
Camaroioecliia sp.
Puf^nax sp.
(A tryp id a )
Alhyris jp .
Ŝ|»iiif̂ ida) __

Brachythyris pinf^uis Sowerby 
Martinia f^labra (Martin)
Phricodolhyris sp.
Reticularia  sp.
Spirifer sp.
Spiriferina sp. _
Syringqihyns jp .
(Terebratulida)
Aclinoconchus sp. ___
Clewdtyridina sp. _____
Dielasnta sp.
BIVALVES _______
Acanihopeclen l^sellaius (Phillips) 
Aviculqpeclen sp.
C ar^m ojpha  sp. _
Con^ardium  sp.
L^optera sp.
Psetidamusium conceniricoUneatum Hind 
Sanj^uinoUtes sp.
GASTROPODS 
Bellerophon sp.
CapiUiu sp.
Euomphalits sp. __
^£ttopsis iunbrelUm de Koninck 
Loxonema sp.
Nalicopsis sp.
C^HAJ.OPO_DS 
Mimsterqceras sp.
Nauiellipsiies liibemictis Dele^inc 
Orthoceras sp.
PencycliLS sp.
Solenocheilus sp.
Veslinaulilits sp.
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Part Two 

MULLAWORNIA QUARRY

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7

: Introduction to Mullawomia Quarry

: Petrographic analysis of the limestones at Mullawomia

: Analysis of the preserved macrofauna at Mullawomia

: The palaeoecology and palaeoenvironmental setting of the 

Waulsortian buildup at Mullawomia
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CHAPTER 4: Introduction to Mullawornia Quarry.

4.1. Regional settin g .

The Hthological succession within the Irish Midlands records the northward passage of a 

major marine transgression across the area during Toumaisian times, as outlined in section 

2.3. The typical succession contains continental red-bed sediments (Hastarian in age) 

which pass upwards through shallow-water clastics and carbonates into deep ramp 

carbonates, finally culminating in deep basinal facies in the early Visean (Strogen et a l ,  

1990). The Toumaisian lithostratigraphy for this region (the North Midlands Province) 

has been informally outlined by Philcox (1984) and is shown in Figure 4.1. This chart 

includes the corresponding formational names used locally by MacCarthy (1990) and from 

the Athboy borehole in West Co. Meath (Strogen et al. 1990). The oldest Carboniferous 

rocks in the North Midlands Province consist of discontinuous ORS facies sandstones, 

which are overlain by marginal marine sandstones. These are followed by a widespread 

development of shallow water micrites which are overlain by a mixed sequence of oolites, 

micrites and calcareous sandstones, succeeded at the top part of the Navan Group by open 

marine shelf carbonates and terrigenous mudstones (Philcox, 1984). The Navan Group 

itself is overlain by a thick sequence of increasingly argillaceous bioclastic limestone and 

subordinate shale, whose top contact is defined at the base of the Waulsortian Complex. 

After deposition of the Waulsortian, differential subsidence resulted in the formation of 

coeval shelf and basin areas, which persisted in the North Midlands throughout most of 

the Dinantian (MacCarthy, 1990).

Large areas of bedrock underlying the Central Midlands of Ireland comprise limestones 

which make up the Waulsortian Complex. Their present-day exposure is limited however, 

and bedrock is generally obscured by a mantle of Quaternary deposits. Although some
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MacCarthy, 1990: Philcox, 1984: Strogen e/a/., 1990:
< (Co. Longford) (North Midlands Province) (West Co. Meath)
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Figure 4.1. Lower Carboniferous lithostratigraphy for the North Midlands Province.
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borehole data are available, inland exposures are rare and generally confined to hilltop 

crags and stream sections. Even where limestones are exposed at the surface, associated 

features are frequently concealed further by the effects of weathering, including 

karstification, and by the growth of lichens. However, the lack of natural exposure is 

partly offset by a number of limestone quarries, including a disused quarry located at 

Mullawornia, situated 3 km northwest of Ballymahon, Co. Longford (INGR N 130 590).

The area surrounding Mullawornia was originally mapped by Foot and O'Kelly (1865). 

Waulsortian limestones, then classified as part of the 'Lower Limestone', were noted for 

their 'gray colour', for their 'massive and sometimes amorphous' nature and, in particular, 

because the rocks appeared to 'abound' with fossils. Figure 4.2 shows a more recent 

compilation map of the bedrock geology of the area surrounding Mullawornia and 

indicates that Waulsortian limestones are well-developed in the area. This expanse 

presumably represents the aggradation, both vertically and laterally, of adjacent buildups 

and includes coeval limestones of both mound and intermound facies. The thickness of the 

Waulsortian Complex in the area is poorly constrained. Borehole data from Keel (Figure 

1.1), situated approximately 9 km to the northeast of Mullawornia, gives a local thickness 

of 132 metres (Crean, 1987). However, Jones and Brand (1986) have demonstrated that 

the thickness of the Waulsortian Complex is variable over relatively short distances; at 

Ballinalack (Figure 1.1) for instance, the thickness of the Waulsortian Complex varies 

from tens of metres to nearly 200 metres over a lateral distance of 0.5 km. Nevertheless, 

present-day exposure in the vicinity of Mullawomia suggests that the thickness is locally 

similar and is in the order of 100 to 200 metres.

The Waulsortian Complex is locally underlain by the Moatfarrell Formation (MacCarthy, 

1990), although this unit is not exposed in the immediate vicinity of the quarry. The 

Moatfarrell Formation corresponds to the sub-Waulsortian part of the Argillaceous
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Key to bedrock geology map:

Holkerian

Arundian

Chadian

Courceyan

SHL: Shallow water limestones.
Shelf and ramp bicx:lastic calcarenites.

CPU: Basinal limestones.
Predominantly dark laminated, argillaceous calci- 
siltites and calcareous shales; some 1st. turbidites.

SHL: Shallow water limestones. 
Predominantly pale calcarenites with dark grey 
micrites.

CPL: Basinal limestones.
Calcareous submarine fan sediments. Proximal 
limestones turbidites and distal calcareous shales.

AWATC: Facies mosaic.
AW - shallow marine, pale grey, massive limestones. 
TC - poorly fossiliferous, bioturbated, black mud
stones of lower ramp or basinal facies.

WA: Waulsortian limestones.
Massive, pale grey biomicrites with spar-filled 
cavities and minor crinoidal calcarenites.

ABL: Argillaceous bioclastic limestone. 
Medium to dark grey fossiliferous, argillaceous 
calcarenites interbedded with thin calcareous shales.

NAV: Navan Group.
Open marine to peritidal carbonates with minor 
shales and locally calcareous sandstones.

Map data based on Chevron Bedrock Geological Map of the Carboniferous of Central
Ireland (Sheet 12). Published by the Geological Survey of Ireland (1992).

Scale 1:100 000. (10 km National Grid squares).

Figure 4.2, Key to the compilation map (shown overleaf) showing the bedrock geology 
of the area surrounding Mullawornia Quarry, Co. Longford.
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Bioclastic Limestone (ABL) shown in Figures 4.1 and 4.2, which according to Philcox 

(1984) can be traced across most of the Midlands of Ireland. It is composed of 

argillaceous medium- to dark-grey wackestones, packstones and rarer grainstones 

interbedded with dark grey bioclastic mudrocks (Crean, 1987). The fauna present is 

indicative of unrestricted marine waters of normal salinity, and has been interpreted as 

representing an open marine shelf environment. The upper contact is gradational with both 

the Waulsortian and its laterally equivalent facies and lithologies up-section are 

representative of increasing water depth and increasing distance from the shore.

Lateral intermound facies are not exposed in the area, but 'reef-equivalent' rocks have 

been logged by Crean (1987) in north Co. Longford as the Newtownbond Formation. 

These lateral lithofacies consist of massive argillaceous very fine-grained calcarenites, 

calcisiltites and calcilutites. The calcarenites are argillaceous skeletal wackestones and 

contain a fauna dominated by crinoid and bryozoan debris with lesser amounts of sponge 

spicules and shelly material. Mud laminae, chert and bioturbation are common. 

Interbedded with the calcarenites are argillaceous calcisiltites which have a lower bioclast 

content. Crean (1987) has interpreted the Newtownbond Formation as representing a 

further deepening of marine conditions prevalent during the deposition of the underlying 

Moatfarrell Formation.

Figure 4.2 shows an outcrop of basinal limestones (CPL), which overlie the Waulsortian, 

located immediately to the northwest of Mullawomia. These rocks belong to the Glannagh 

Formation (MacCarthy, 1990) and are exposed within a small, overgrown quarry located 

on the northern bank of the Royal Canal, close to Pake Bridge (INGR N 129 597). The 

limestones consist of dark calcilutites, with a moderately developed fissility, and show 

repetitive inverse grading to calcisiltites over ca. 30 cm intervals. These intervals are 

separated by centimetre-thick mud partings. In thin-section, they are characterised by large
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quantities of sponge spicules, which are often seen clustered into tight bundles in plan 

view. Field relationships suggest that these rocks lie conformably above and close to the 

limestones exposed at Mullawomia. The limestones exposed within the quarry are 

therefore taken to represent the uppermost units of the Waulsortian Complex locally.

Figure 4.3 shows an interpretation by Lees (1964) of the Waulsortian outcrop pattern in 

the Athlone-Ballymahon area, immediately to the south of Mullawomia. Lees proposed 

that the discontinuous Waulsortian in this area formed as discrete sheets which developed 

by preferred mound progradation towards the northwest. This interpretation was based 

upon observations that the mound facies exhibited consistently steep depositional dips (up 

to 45°) to the northwest, while the intermound limestones separating these sheets 

[Newtownbond Formation] had only gentle dips towards the southeast, concordant with 

the regional dip. In the vicinity of Mullawomia the regional tectonic dip is minimal, as 

indicated by near horizontal geopetal indicators. The northeast-southwest trend recognised 

by Lees appears to be reflected in the buildup geometry at Mullawomia and this is 

discussed in the next section.

Figure 4 .3  (shown overleaf). Geological sketch map of the Athlone-Ballymahon- 

Ballymore area. Counties Westmeath and Longford (redrawn from Lees, 1964, figure 

17). Lees interpreted four elongate northeast-southwest trending sheet-form buildups from 

the outcrop pattern, as shown in the diagrammatic cross-section taken along line XY. 

Although the buildup exposed at Mullawomia is more knoll-form in shape, a similar 

northeast-southwest control appears to have been important during its development and is 

discussed in section 4.2.5
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4.2. The form of the buildup at Mullawornia.

The first step in any palaeoecological study of a carbonate buildup is to establish its 

original geometry (Goldring, 1995). At a very general scale, the geometry of the buildup 

at Mullawornia is partly revealed by the present-day topography. The quarry has been cut 

into the western flank of a small hill, whose slopes appear to be related to the shape of the 

original carbonate buildup. There is a direct relationship between quaquaversal dips 

exposed in the quarry faces, and the slopes of the hillside - a feature first described by 

Tiddeman (1880), who coined the term 'reef-knoll' to describe the present-day topography 

of Waulsortian carbonate buildups, now exposed as knolls, within the Clitheroe 

Limestone (Upper Toumaisian) of northern England.

In general, jointing and bedding are both poorly developed within the quarry faces at 

Mullawornia, particularly towards the mound-core areas. Because individual beds cannot 

usually be traced laterally over more than a few metres, there is a problem in establishing 

'time-lines', or 'palaeosurfaces', which reflect the original geometry of the buildup. 

However, most of the limestones exposed at Mullawornia contain calcite-filled cavities, of 

varying shapes and sizes, whose geometries are closely related to the attitude of the 

original depositional surfaces. The nature of these cavities is discussed in section 4.4. 

Mapping of the attitudes of these cavities, following the approach of Lees (1964), has 

provided a qualitative indication of the original geometry of the buildup.

The two-dimensional attitude of the various calcite-filled cavities, exposed in the four 

quarry faces, has been mapped onto acetate overlays placed over a photomosaic of the 

quarry walls. Along the base of the faces, quantitative dip and strike measurements of 

cavity attitudes have been taken; for inaccessible cavities higher up the faces, binoculars 

facilitated the mapping of the two-dimensional cavity attitudes. The attitudes of the sparry

62



fabrics prove to be generally concordant with apparent bedding features, which include 

discrete mud laminae and bioclastic packstone horizons. Along the steeper, marginal 

slopes of the buildup, the cavity spars often appear to be stacked 'tile-like' (Philcox, 

1963), inclined on top of one another, at slighty lower angles than the mud laminae. 

Abundant geopetal indicators, which appear mostly level, indicate that the local tectonic 

component of the limestones is minimal. The observed buildup slopes are therefore 

interpreted to represent original primary depositional slopes. The completed overlays 

provide a useful impression of the buildup geometry displayed in each quarry face, the 

main features of which are described below.

4.2.1. Northeast quarry face.

Plate 4.1a shows the northeast quarry face; plate 4.1b shows the same quarry face, but 

with the attitudes of the various sparry fabrics superimposed. One of three topographic 

mound-cores is exposed (core A, Figure 4.4) towards the northwestern end of the quarry 

face, between localities 30 and 50. This core represents the axis (and earlier) part of the 

buildup presently exposed within this quarry face, although there is no evidence to suggest 

that it necessarily represents the actual position of the buildup at the initial stages of its 

development, since a thick underlying succession (100 - 200 metres) of Waulsortian facies 

limestones are thought to be present locally. Within the mound-core itself, the attitudes of 

lateral sheet spars, which are particularly well-developed, are near horizontal (see Field 

Sketch M14/FS1). The arrangement of sparry fabrics at the core also indicates that 

asymmetrical growth of the buildup appears to have taken place. This might suggest that 

the mud-producing mechanism may not have been active across the whole surface of the 

buildup at any particular time. Well-developed clinoforms, at locality 42, show preferential 

growth towards the southeast during early stages of mound development (lower portions 

of Field Sketches M24/FS2 and M24/FS3). On either side of the core, steeper, prograding 

marginal slopes are exposed; almost horizontal geopetal indicators on both margins show
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that these were original depositional slopes which are inclined in the order of 40 degrees. 

Bedding appears to be slightly better developed in these marginal slopes, and is revealed 

by a succession of repeated, dark- and light-grey micrite beds which can be distinguished 

at the eastern (right-hand side) of the northeast quarry face. The general strike of the 

sparry fabrics is largely perpendicular to the face itself; the axis of the buildup thus appears 

to trend northeast-southwest, as shown in Figure 4.4.

4.2.2. Southeast quarry face.

This straight quarry face trends northeast-southwest and shows a fairly simple 

arrangement of spar-filled cavity fabrics, as shown in Plate 4.2. The cavities appear to dip 

slightly obliquely into the face, generally towards the southeast. These beds appear to 

represent a continuation of the prograding marginal beds developed parallel to the axis of 

the mound-core exposed in the northeast quarry face. Plate 4.2 also shows a synformal 

structure displayed towards the southern end of the quarry face. On its southern limb, the 

sparry fabrics are inclined towards another of two topographic mound-cores (cores B and 

C, Figure 4.4), located immediately to the west, which outcrop in the southwest quarry 

face.

The presence of this synformal structure indicates that, during the earlier stages of that part 

of the buildup accumulation which is exposed within the quarry faces, the mounds 

exposed in the opposite northeast and southwest quarry faces possessed topographic relief 

and were therefore discrete from one another. Later limestone units, exposed at higher 

levels in the quarry faces, can be traced laterally between cores A, B and C. The three 

mound-cores are therefore considered to have grown simultaneously, initially as discrete 

mounds which subsequendy coalesced as growth continued. There is no evidence to 

suggest that the mounds grew at different times and subsequently overlapped onto one 

another.
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Figure 4.4. Plan view of Mullawornia quarry with form lines superimposed to show the 

increasing areal extent of the buildup(s) at successive growth intervals. The oldest rocks 

exposed are at mound cores A, B and C. Three dimensional representations of the buildup 

at form lines 1, 2 and 3 are shown in Figures 4.5, 4.6 and 4.7.
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4 . 2 . 3 . Southw est quarry face.

Tw o antiformal structures (m ound-cores B and C) become readily apparent when the 

attitudes of the sparry fabrics are plotted onto a photomosaic o f the southw est quarry face, 

as show n in Plate 4.3. Laterally persistent, horizontal sheet-spars appear to be well 

developed at both of these m ound-cores, similar to those seen in the opposite quarry face 

(core A). The strike orientations of these spar cavities are perpendicular to the quarry face, 

suggesting that the axes o f the two m ound-cores trends northeast-southw est, in parallel 

with core A opposite. Micrite units exposed half-way up the quarry face can be traced 

laterally through the synform  separating cores B and C, suggesting that they grew 

discretely, but sim ultanaeously, before continued growth caused them to coalesce. The 

slightly larger core B displays an asymmetrical growth pattern, suggesting that mud 

production may periodically have been localised across the m ound surface, rather than 

being continuous across it. Further to the west o f core B, more uniform , repetitive micrite 

beds are established along its prograding marginal slopes. These are inclined at angles 

between 30 and 40 degrees, and bedding appears to be better developed within these units. 

Nearly horizontal geopetal indicators, along the southw est quarry face, indicate that the 

tectonic com ponent is negligible, so that slopes observed appear to represent primary 

depositional surfaces.

4.2 .4 . W estern quarrv face.

The repetitive m icrite beds displayed in this face are a continuation o f the prograding beds 

developed along the m argins o f core B. Bedding is relatively well-developed in this part of 

the quarry, as shown in Plate 4.4, in rocks which represent the youngest units exposed 

within the quarry. Geopetal indicators at the southern end o f this exposure are generally 

level, indicating that the slopes observed are original depositional slopes. H ow ever, at 

locality 405, adjacent to the quarry entrance, abundant geopetal m arkers within shell 

cavities suggest that the lim estones have been 'tilted ' by at least 30 degrees tow ards the
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south (see Field Sketch M14/FS3). Outcrop along much of this part of the quarry is poor, 

due to the presence of a well-bedded intra-reef shale. This is currently weathering quite 

rapidly, and has produced a fine scree which obscures a good deal of the outcrop.

4.2.5: Reconstruction of buildup geometry.

By extrapolating dip and strike information from the quarry faces onto a plan of the quarry 

floor, form lines have been established which provide a qualitative indication of the 

geometry of the buildup at various stages of growth. In Figure 4.4, form lines show the 

development of three, discrete buildups during earlier stages of buildup growth (stage 1). 

Limestones outcropping at mound-cores A, B and C are thus the oldest rocks exposed 

within the quarry. A three-dimensional reconstruction of the buildup geometry at this 

earlier stage is shown in Figure 4.5. It shows the presence of three, elongate mounds, 

trending subparallel to one another in a northeast-southwest direction. These could be the 

tops of ridges which were connected at a level below the quarry floor.

Continued vertical and lateral accretion of the buildup surfaces over time appears to have 

caused the margins of cores B and C to coalesce. Form lines at this later stage (stage 2) of 

buildup growth also indicate a vergence of the combined southwestern cores (B and C) 

with the northeastern core (A). A three-dimensional representation of this scenario is 

shown in Figure 4.6. As the southerly mound-cores coalesced, they retained a discrete 

topographic expression from one another, as observed from quarry wall exposures. The 

dominant northeast-southwest trend of the buildups is readily apparent and suggests an 

important structural or environmental control on buildup development.

The form lines shown in Figure 4.4 indicate that continued lateral mound progradation 

eventually resulted in the northeast (A) and southwest cores (B and C) coalescing to 

become a single entity. The outcrop pattem in the southwest quarry face does indicate,

67



however, that cores B and C still appeared to be separated by a synformal structure at this 

stage of development, suggestive of higher levels of carbonate mud production at the 

mound-core localities. Figure 4.7 shows a three-dimensional interpretation of the buildup 

at this stage. The northeast and southwest portions of the buildup, which lie outside the 

quarry walls, have been interpreted from dip and strike measurements taken within the 

relevant quarry faces and from the present-day topographic expression of the reef-knoll 

itself.

Difficulties in establishing the maximum size of the buildup developed at Mullawomia are 

presented by the lack of any exposed underlying, lateral or overlying sediments within the 

quarry. However, it is apparent from the present-day quarry exposure itself that the size 

attained by the buildup must have been considerably larger than that represented in Figure 

4.7. Interpretation of the thickness of limestones exposed along the southeastern quarry 

face suggests that continued vertical accredon, in the order of at least 17 metres, must have 

taken place above the surface of the buildup represented in Figure 4.7. Continued latertal 

exposure, outwards from the stage 3 form lines, also indicates that substandal lateral 

mound progradation also appears to have occurred. On the northwestern margins of the 

buildup, lateral accretion over a distance of at least 30 metres is shown directly by 

limestones exposed within the quarry itself. Lateral accretion towards the southeast 

appears to have been even more considerable, judging by present-day topography and 

from limited exposures lying outside the quarry .

Figure 4.3 shows the Athlone-Ballymahon-Ballymore area, located immediately to the 

southeast of Mullawomia, where Lees (1964) differentiated between bank and coeval 

lagoonal limestones within the Waulsortian Complex. A similar northeast-southwest 

influence to buildup development was recognised and interpreted to be a function of some 

mechanical current influence. Lees suggested that the development of a series of northeast-
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southwest trending, sheet-form banks had evolved from a number of closely spaced knoll- 

form banks. He suggested that having coalesced, the development of these banks was then 

characterised by uni-directional flank growth towards the northwest. The development and 

growth of the buildup exposed at Mullawomia appears to have occurred in a similar 

manner, at least during initial stages of growth, with the development of point sources 

followed by their coalescence along a northeast-southwest trend. Continued growth, 

however, appears to have have been important on both the northwest and southeast 

margins of the buildup.

Figure 4.5. Earlier mound developm ent: three-dimensional representation of buildup 

morphology at the ‘form line 1’ stage (refer to Figure 4.4). Three discrete topographic 

mound cores are present, and appear elongate along a similar northeast-southwest 

direction (north to the top of page). These mound cores may have been connected to one 

another below the present level of the quarry floor.

69



Figure 4.6. Intermediate mound developm ent: three-dimensional representation of 

buildup morphology at the ‘form line 2’ stage. Lateral and vertical accretion caused the 

two southerly mounds to coalesce. Steep depositional slopes (-40°) were a feature of the 

northwest and southeast prograding marginal slopes of the buildup.
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Figure 4.7. Later mound development:

three-dimensional representation of the buildup 

morphology at the ‘form line 3’ stage. Continued 

lateral and vertical accretion results in the formation 

of a single buildup aggregate. The buildup shows a pro

minent northeast-southwest orientation. Mound facies lime

stones in the northwest and southeast portions of the quarry 

show that considerable further buildup accumulation occurred 

beyond that shown in this representation.
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4.3. Limestone facies classification and description.

All of the limestones exposed within the quarry faces at Mullawomia belong to the 

Waulsortian bank facies. Laterally equivalent off-bank facies are not exposed and pre- and 

post-Waulsortian iithofacies are not visible either. Nevertheless, the limestones show a 

wide range of lithological variation both laterally and vertically, often over only tens of 

centimetres; this variability is a characteristic feature of Waulsortian limestones generally 

(Dehantschutter, 1995). Variations occur both in terms of texture, and in terms of the 

quantities and types of component grains, which include skeletal bioclasts, non-skeletal 

grains and fabrics, and various sparry caicite-filled cavities. As mentioned previously, 

carbonate mud is the fundamental component of the Waulsortian facies and this is always 

present, though in differing amounts.

At a general level, distinction can be made between those limestones which constitute the 

original mound-cores of the buildup at Mullawomia and those limestones which have 

developed along its prograding margins. The 'core facies' limestones generally appear to 

be more massive, in that bedding and jointing are both poorly developed, and the attitudes 

of cavities and discrete mud laminae tend to be more horizontal. Lateral sheet spars 

(discussed in section 4.4) tend also to be better developed at core localities. The 

‘prograding marginal facies’ limestones are developed laterally from the core facies, and 

although similar, the marginal facies are characterised by much steeper depositional 

slopes, ranging from 25° to beyond 50°, and jointing and bedding both appear to be better 

developed. More digitate 'stromatactoid' cavities are more commonly observed, but 

neither sheet-spar nor stromatactoid cavities are unique to any particular facies. Both 

iithofacies vary in colour, ranging from light to dark grey. The darker grey limestones 

generally contain minor proportions (<1%) of epigenetic bitumen. Typical lithologies 

encountered from each facies are shown in Plates 4.5 and 4.6. The marginal facies
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limestones described herein are not taken to represent a 'flank' facies, as defined by Lees 

and Miller (1995, p. 194), since both the marginal and core facies described from 

Mullawomia are essentially Waulsortian and there is little petrographic distinction between 

the two. True 'flank' facies are not exposed in the immediate vicinity of the buildup at 

Mullawomia.

In addition to the distinction between core and marginal facies, further resolution within 

both categories is made possible by the classification of particular sub-facies recognised on 

the basis of the abundance of particular skeletal components or particular spar-filled 

cavities. Fenestrate bryozoans and crinoids are the two most important skeletal 

components. Where such bioclasts constitute a visibly significant proportion of the 

limestone, the terms bryozoan-rich and crinoid-rich facies are commonly employed. 

Accordingly, stromatactoid- or sheet spar-rich facies contain significant proportions of 

those corresponding cavity types (in terms of total rock volume). Although there is often 

considerable overlap (for example bryozoan-rich facies are usually also associated with 

abundant stromatactoid cavities), classification at this level offers comparison between 

different areas of the buildup, and is well-established in other Waulsortian studies (e.g. 

Lees and Miller, 1995; Dehantschutter, 1995).

The limestones at Mullawomia can be further described by means of a textural 

classification. The terminology of Dunham (1962) was found to be the most appropriate, 

with further resolution of smaller-scale heterogeneities seen in thin-section made possible 

through the use of terms such as mudstone/wackestone, for example, to describe a 

relatively bioclastic mudstone. The limestones at Mullawomia, from both the core and 

prograding marginal facies, range in texture from relatively pure mudstones, which appear 

to lack any macroscopic bioclasts, to grain-supported packstones. Mudstones commonly
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show a very fine-scale m acroscopic lamination parallel to the depositional surface (e.g . 

Field Sketch M 14/FS1, p.lxv), a feature which can also be recognised in thin-section.

W ackestone is by far the m ost comm on depositional texture encountered at M ullawornia 

and within the W aulsortian facies generally. A typical texture, shown in Plate 5 .1 , 

displays characteristic m ud-supported skeletal grains. Occasional packstones usually 

appear as encrinite horizons or lenses within the buildup, as show n in Field Sketch 

M19/FS1 (p.lxxii), and are com posed largely o f disarticulated crinoid colum nals. These 

occur both within the core and the marginal facies, although they do appear to be more 

com m on in the latter. Som e matrix carbonate mud is always present and so grainstones are 

not encountered at M ullawornia, although they have been commonly reported elsewhere 

from transitional flank to off-bank deposits (M acCarthy, 1990, p. 109; M iller, 1986, 

p.315). In terms o f grain size, all o f the limestones can be classified as calcilutites 

(G rabau, 1904), although the term (bio)micrite is also commonly used to reflect the 

microcrystalline nature of the mud com ponent. In any event, the present-day grain size 

maybe more a reflection of the diagenetic history o f the lim estones, rather than of the 

original sedim ent size itself.

Plate 4.7 show s an intra-reef shaley horizon which is exposed in the western portion of 

the quarry. This unit is approximately 40 cm in thickness, and is concordant with the 

under- and overlying marginal facies lim estones. The lithofacies is characterised by 

autochthonous and lenticular patches o f largely unfossiliferous and finely laminated 

micrite, which vary from  1 to 10 cm in thickness and length. Field Sketch M 15/FSI 

(p.lxviii) shows that these patches o f micrite are surrounded by coeval argillaceous shales 

which are highly fossiliferous, at least in the amount of crinoid ossicles, particularly in 

their lower parts. This unit appears to represent a period during the growth o f the buildup 

when the carbonate m ud-producing mechanism was temporarily 'sw itched o f f ,  but not
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completely, as the small micrite wedges testify to some continued carbonate mud 

production. The upper contact of this unit is marked by a sudden return to more typical 

massive carbonate mudstones; this transition presumably reflects a return to more 

favourable carbonate mud-producing conditions.

Another discrete lithofacies which can be recognised in the limestones at Mullawomia is 

so-called fissure muds. These are an integral and characteristic feature of the Waulsortian 

facies generally, but are lithologically distinct from the main bank limestones themselves. 

Their field relationships are discussed in the next section; at this stage it is sufficient to 

mention that they occupy fissures of varying shapes sizes which appear to randomly 

cross-cut slightly earlier depositional textures and calcite-filled cavities seen within the 

main bank limestones, as shown in Field Sketches M23/FS2 (p.lxxvi) and M14/FS2 

(p.lxvi). The fissure muds themselves are characteristically darker than the surrounding 

limestones, which is partly a function of their very fine-grained nature. The muds appear 

to be very finely laminated parallel to the cavity walls and generally appear to be relatively 

unfossiliferous. Rare intraclasts are occasionally observed within the fissures, as shown in 

Plate 4.8. These could be selvages of wall-rock incorporated during the formation of the 

fissure itself.

4.4. Cavity types .

Spar-filled cavities, a distinctive feature of the Waulsortian facies generally, are similarly 

well developed within the limestones at Mullawomia. The cavities are varied, not only in 

terms of their gross morphology, but also in terms of the distribution of individual cavity 

types exposed throughout the quarry. Certain cavities may be volumetrically important at 

particular localities, e.g. anarchic spar cavities developed at locality 43 account for 

approximately 50% of the total rock volume (Field Sketch M22/FS2, p. Ixxiv), yet
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elsewhere cavities may be completely absent, for example at Locality 405 (Field Sketch 

M14/FS3, p.lxvii). Sparry fabrics, which are a common feature of many mud-mound 

facies, have received considerable attention and were long considered to represent cavities 

formed by the remains of organic material actually involved in reef growth (e.g. Bathurst, 

1959, p.520). A variety of distinctive sparry fabrics are present at Mullawomia and these 

probably represent the fillings of different cavity types. Two main types of cavity have 

been recognised; those whose upper surface appears to be maintained by some kind of 

skeletal support, and secondly, those which appear to have developed independently of 

any skeletal roof support. The latter category includes distinctive sheet spars (referred to as 

'zebra rock' by some authors) which appear to be well developed at particular horizons 

throughout the buildup. Numerous explanations have been put forward to explain the 

formation of the different types of cavities, including: the decay of soft-bodied organisms; 

the recrystallisation of former skeletons; the erosion of muds between either microbial 

fabrics or cemented crusts; dilation from lateral compression; and water escape structures 

(Bosence and Bridges, 1995). An understanding of the mechanism of formation of the 

various cavity types is crucial as part of the interpretation of the physical conditions which 

were active within the upper sediment layers of the buildup.

Cavities which show some kind of skeletal roof support are the most commonly 

encountered cavity type at Mullawomia. Representative cavities are shown in Field 

Sketches M15/FS5 (p.lxxi) and M 14/FS2 (p.lxvi); note that the upper surfaces (roofs) of 

many of these cavities are supported by fenestrate fronds which lie parallel to the bedding. 

Such cavities appear to have formed where mechanical skeletal supports were sufficiently 

large and rigid to create shelter cavities below and to support the primary muds 

subsequently deposited above. These cavities presumably represented originally open 

spaces that would have been present within the uppermost layer of the sediment. They
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would have formed beneath skeletal material which was deposited at the same time as the 

surrounding primary mud matrix was being produced.

In appearance at least, some of these cavities resemble the classical 'strom atactis', first 

described by Dupont (1881), which have been widely reported from carbonate mud- 

mounds ranging in age from the early Palaeozoic to the Jurassic (Monty, 1995). Indeed, 

like stromatactis proper, some of the cavities exhibit a somewhat irregular (digitate) cavity 

roof and a flat or slightly undulating cavity floor. The lower surfaces of many cavities 

appear relatively flat because they are commonly floored by finely laminated, internal 

geopetal sediments, as shown in Field Sketch M14/FS2 (p.lxvi). However, many cavities 

are often bigger and are commonly much more complex in shape than classic stromatactis 

cavities. Furthermore, the roofs of these so-called anarchic cavities (Dehantschutter, 1995, 

p. 107) are usually mechanically supported (unlike stromatactis), in most cases by 

fenestellid bryozoan fronds, but also by other skeletal bioclasts. The descriptive term 

'stromatactoid' has been used to describe those cavities which resemble stromatactis, but 

whose roofs show obvious signs of mechanical (skeletal) support.

Plate 4.9 shows an example of typically anarchic 'stromatactoid' cavities which are 

abundant within the prograding margins of the buildup at Mullawomia. These cavities are 

most commonly associated with bryozoan-rich facies limestones and it is the bryozoan 

fronds themselves which can be seen to provide mechanical skeletal supports to the cavity 

roofs. As in this example, the sparry calcite masses can often be more volumetrically 

important than the primary mud matrix. Although many cavity roof supports are visible at 

a macroscopic level, they are more clearly seen in thin-section, as shown by Plate 4.10. In 

this example, fenestellid fronds can clearly be recognised supporting primary carbonate 

muds across the upper and lateral cavity margins. The cavity, originally an open space 

between adjacent patches of primary muds, was only later infilled by the calcite spar.
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Where obvious skeletal support is lacking, cavity formation is more difficult to 

understand. Cavities without skeletal supports, i.e. classic stromatactis cavities, often 

appear similar in morphology to roof-supported ones, having irregular upper surfaces and 

apparently flatter lower surfaces. Typical examples are shown in Field Sketches M14/FS1 

(p.lxv), M15/FS2 (p.lxix), and in Plate 4.11. Careful examination of these cavities on 

polished slabs reveals that, in the majority of cases, their underside actually mirrors the 

outline of the opposite upper cavity margin. Indeed, lower surfaces only appear 

smoother/flatter because they are obscured by internal geopetal sediments which became 

draped across the cavity floors prior to their infilling by early radiaxial fibrous calcite 

marine cements. The mechanism of formation of these types of cavities is not obvious; one 

plausible suggestion is that it may have been related to variations in the consistency of 

successive mud generations. Field Sketch M14/FS1 shows several bioclasts apparently 

'suspended' from matrix muds immediately overlying several cavities. The muds 

surrounding these bioclasts may represent an earlier generation (i.e. M l) which acted as a 

more rigid mass relative to later ones (M2, M3, etc.). Thus, certain mud horizons may 

have been sufficiently coherent to form mechanical bridges (Lees, 1964) during the slow 

collapse of the sediment, a process which could easily have occurred as a result of the 

decay of organic material, particularly soft-bodied organisms such as sponges.

Sheet spars are well-developed within the buildup at Mullawomia, particularly within the 

mound-core facies. They appear to be better developed in relatively muddier sediments 

which lack any appreciable quantities of (?sediment reinforcing) skeletal material, 

especially fenestrate bryozoan fronds. Sheet spars fill laminar stromatactis cavities which 

show no obvious roof support and which may extend laterally over decimetres, or even 

several metres. They appear to be largely concordant with the finely laminated matrix 

muds, as shown in Field Sketch M14/FS2. Geopetal sediments, which thin-sections have 

commonly shown to be peloidal, are usually deposited at the base of these cavities, prior
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to later infilling by various calcite-spar cements. Cryptofibrous calcite, aligned 

perpendicular to the cavity margins, tends to fill most of the cavity spaces and any 

remaining voids then become filled with a later blocky calcite spar. Field Sketch M15/FS2 

(p.lxix) shows that some cavities also contain a further central thin layer of calcite mud 

which clearly post-dates the earlier cryptofibrous calcite that lines the cavity walls. Plate 

4.5 shows the typical geometrical arrangement of sheet spars from mound core A, one of 

the localities where they appear to be particularly well-developed. The cavities are stacked 

one on top of another, 1 -2 cm apart, so that the total rock volume occupied by the cavities 

(spar plus geopetal sediments) commonly equals or may even exceed that of the primary 

sediment itself. The upper and lower surfaces of many such cavities often appear similar, 

i.e. refittable, suggesting that the primary muds were somehow pulled apart. Sheet spar 

cavities are thus considered to have formed as vertical tears in semi-coherent M l muds 

which lacked sufficient reinforcing (skeletal) material. They may represent bedding- 

parallel fractures which formed through a process of vertical dilation in response to 

laterally compressive forces. Adjacent sheet spars usually appear parallel even when 

folded, e.g. Field Sketches M14/FS2 and M15/FS2, indicating that vertical dilation and 

lateral compression were at least related, even if they did not occur exactly at the same 

time. Lees and Miller (1995, p.213) have suggested that sheet spar cavities were probably 

initiated by dewatering during very early diagenesis, and were then held open by 

'hydraulic jacking'. Individual sheet spars are commonly seen connected to their 

'neighbours' by more steeply inclined cracks, e.g. Field Sketch M15/FS4 (p.lxx). They 

appear to have formed discrete layers within an interconnected cavity network, through 

which water and sediment clearly moved.

Many of the regular sheet spar sequences at Mullawomia appear to pass upwards into 

cavities which contain more complex, irregular sparry masses. Such transitions have been 

termed 'void complexing sequences' by Lees and Miller (1995, p.213) who noted that
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they appeared to be a common feature within Waulsortian bank facies limestones 

generally. The upward change in the complexity of the cavity shapes occurs over varying 

intervals from ca. 10 cm to almost a metre. A typical sequence is visible at Locality 42 

(Field Sketch M23/FS1, p.lxxv) and appears to be related to progressive changes in the 

quantity, size and arrangement of skeletal grains. Fenestrate bryozoan fronds, in 

particular, become increasingly conspicuous moving upwards from more simple laminar 

cavities into more anarchic cavities above. Increases in the quantities of skeletal material, 

including hyalosteliid sponge spicules, may have served to reinforce the primary muds, 

preventing the creation of laminar pull-apart sheet spar cavities and instead generating 

more irregular (anarchic) cavity shapes. This upward increase in skeletal components, 

usually at the expense of carbonate mud, may reflect the colonisation of the bank surface 

by successive biotic components. This pattern is described in more detail in section 7.3.

Some of the cavity types described above appear to have also been modified by chemical 

and physical erosion processes. Stromatactoid cavities, for example, whose upper and 

lower cavity margins are not refittable may have been enlarged somewhat by circulating 

pore waters prior to the precipitation of radiaxial fibrous calcite along the cavity margins. 

Miller (1986) has detected two dissolution phases, within the Waulsortian facies generally, 

which pre-dated the first sparry cavity-filling cements and which strongly influenced the 

development of the characteristic Waulsortian fabrics described above. An early 

dissolution of opaline silica was subsequently followed by a phase of carbonate 

dissolution. Many primary void systems, including shelter cavities and sheet spar cavities, 

were enlarged, made more complex and became interconnected as a result of this later 

dissolution phase (Lees and Miller, 1995).

Larger-scale, sediment-filled cavities are another common feature of the buildup at 

Mullawornia. These so-called 'fissures' are characteristic not only of the Waulsortian
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facies generally, but also of many other Palaeozoic mud-mound facies. Examples have 

been provided by Monty et al. (1982) [Devonian], de Freitas and Dixon (1995) [Silurian], 

and Stenzel and James (1995) [Ordovician], The fissures observed at Mullawomia vary 

considerably in thickness from a few millimetres up to several tens of centimetres. They 

frequently extend over lateral and vertical distances of several metres, and their geometry 

tends to be highly discordant relative to the earlier spar-filled cavities which they evidently 

cross-cut, as shown in Plate 4.5 (see also Field Sketch M14/FS1, p.lxv). The fissures 

themselves are usually filled with a relatively fine-grained darker micrite, which is finely 

laminated, sub-parallel to the fissure margins. The fissure micrites are generally lacking in 

skeletal debris, relative to the matrix limestones, but crinoidal packstones and grainstones 

have been reported as fissure fills in other Waulsortian buildups (Lees and Miller, 1995). 

Rare fragments of bank facies limestone, up to several centimetres in diameter, are 

occasionally encountered within the fissure micrites, as seen at Lx)cality 42 (refer to Field 

Sketch M23/FS2, p.lxxvi, and Plate 4.8). These may represent fragments of wall rock 

incorporated during the injection of the fissure muds themselves.

Smaller fissures tend to have matching margins, for example Field Sketches M14/FS1 

(p.lxv) and M14/FS2 (p.Ixvi), which suggests that they were opened through dilational 

stresses. More substantial fissures, with non-matching margins, appear to have been 

further modified/enlarged prior to or during later infilling. The three-dimensional geometry 

of the fissures is commonly difficult to ascertain at outcrop. Whilst some fissures appear 

to have opened upwards and may have been filled from above, many others clearly opened 

downwards and appear to have been filled from below. The development of both fissure 

types has been previously linked to gravitational instability, probably related to differential 

loading caused by buildups accumulating on unstable surfaces, e.g. Philcox (1963). 

Upward-opening fissures tend to be filled with coarser and more skeletal material; as the 

tensional cracks grew, so they became filled with surface debris, much of which was
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crinoidal (Bridges and Chapman, 1988). The majority of fissures seen at Mullawomia, 

however, are filled with fine-grained micrites, and where their geometry is discernible, 

they appear to close upwards. Gravity infilling does not explain the features present and 

some sort of upward injection mechanism seems more likely for the emplacement of the 

micrite fillings. A large fissure exposed at Localities 40-44 shows several generations of 

fissure-filling mud, with discernible crinoidal 'lag' deposits deposited in erosional hollows 

along the base of the fissure (refer to Field Sketches M23/FS2 and M24/FS1, plxxvii).

The lamination of the micrite fissure fills parallel to the fissure wall suggests the injection 

of a viscous fluidised carbonate mud (Lees and Miller, 1995, p.253). However, the actual 

source of this unlithified mud is unclear. A local source seems unlikely, since the matrix 

which borders the cavity margins invariably appears to have been sharply truncated and so 

was probably nearly or completely lithified before the formation of the fissures. Evidence 

for this is shown by fissures, at Locality 42, which clearly cross-cut cavities which had 

already been completely filled by calcite spar (Field Sketch M14/FS2, p.lxvi). Fissure 

muds may have come from locally unlithified horizons at depth, from nearer the bank 

surface, or they may even have been microbially generated within the cavities themselves. 

The presence of lithoclasts and minor skeletal components such as ostracods (seen in thin- 

section) indicates that within-fissure mud generation alone cannot have been responsible. 

A near surface source, whilst providing an obvious origin for the carbonate mud, would 

nevertheless require some sort of filter mechanism to remove skeletal debris which is 

obviously lacking. Philcox (1963) has suggested that a fine meshwork of fenestrate 

bryozoans at an upper fissure entrance could have provided such a filter, but a surface 

source is still difficult to reconcile with the apparent upward-closing geometry of many of 

the fissures. Although the upward injection of micrite from locally unlithified horizons 

seems attractive, and would account for many of the physical features observed, no such 

sources have been identified at the apparent base of these fissures.
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4.5. B iostratigraphv.

Figure 4.8 shows the stratigraphical range of the Waulsortian facies in Ireland, with 

reference to conodont and foraminiferal biozonations. Conodont biostratigraphy provides 

better resolution during the late Tournaisian (ca. 1 Ma for each Sub-biozone) relative to 

foraminifera (ca. 3 Ma). However, from the Visean onwards, better resolution is obtained 

from foraminiferal and algal biozonation (Jones and Somerville, 1996) due to the rapid 

diversification of these groups at the end of the Tournaisian. Conodonts and foraminifera 

recovered from the limestones at Mullawomia have been identified to help establish the 

biostratigraphical age of the buildup(s) exposed at Mullawomia.

Recent confusion has existed regarding the relative positions of the Toumaisian-Visean, 

Ivorian-Moliniacian and Courceyan-Chadian boundaries. Conil et al. (1989) have 

indicated that the base of the Belgian Moliniacian stage is slighdy older than that of the 

Visean Series. Their respective bases are now identified by the appearance of the conodont 

Mestognathus praebeckmanni and foraminifera characteristic of the C f4al Sub-Biozone 

[for the Moliniacian], and by the appearance of the conodont Gnathodus homopunctatus 

and the foraminifer Eoparastajfella which mark the base of the Cf4a2 Sub-Biozone [for 

the Visean]. The base of the Chadian, which had previously also been considered to be the 

same age as the Tournaisian-Visean boundary, has since been shown to be somewhat 

earlier than had been previously thought. A significant part of the early Chadian stage, 

however, cannot be distinguished from the late Courceyan and the boundary in the 

stratotype section, situated in the Craven Basin of northern England, is now 

biostratigraphically unrecognisable. The appearance of Eoparastajfella at the base of the 

Cf4a2 Sub-Biozone is now sometimes used instead to represent the base of the so-called 

'late Chadian', but in light of such confusion, it has been suggested by Riley (1993, 

p.431) that the Chadian Stage should be abandoned or restratotyped.
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In Belgium, the lowermost part of the Moliniacian Stage, between the Ivorian Stage and 

the Visean Series, has been termed the Freyrian interval (Lees, 1997). This interval has 

diagnostic faunas of conodonts and foraminifera, and in light of the problems discussed 

above regarding the base of the Chadian, it has been used accordingly in the interpretation 

which follows. The Freyrian is identified biostratigraphically by the appearance of the 

conodont Mestognathus praebeckmanni, closely followed by M. beckmanni. (Lees, 

1997). It is also marked by the appearance of taxa which characterise the C f4al 

foraminifera zone, including the first appearance of Valvulinella (Conil et a i, 1991).

4.5.1. Conondont biostrati graph v.

Bulk samples collected at various localities throughout the buildup at Mullawomia were 

processed and then examined for conodonts, using the technique outlined below. Samples 

were collected at localities 37, 310 and 250 (mound-cores A, B and C respectively), at 

locality 405 (prograding-marginal facies) and from the Canal Locality (for location refer to 

Figure 1.2).

Technique:-  Samples were broken into fist-sized pieces, but not crushed into chips, in 

order to avoid breakage of any potential specimens. The samples were cleaned, weighed, 

placed into buckets and then dissolved in 10% formic acid (methanoic acid - HCOOH). A 

calcium formate buffer was also added to prevent any unnecessary etching of the 

conodonts. Once the acid had been neutralised, the residues were washed through 20-, 60- 

and 120-mesh sieves, using hot water to dissolve any calcium formate crystals which 

might also have formed. Undissolved fragments were re-weighed and dissolved in acid 

again, the process being repeated until each sample had been completely dissolved. 

Residues were washed, dried on filter paper, and then picked for conodonts using a 

binocular microscope. Conodont yields obtained from the various bulk samples collected 

are recorded below.
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Figure 4.8. Generalised conodont and foraminiferal biostratigraphy for the Waulsortian 

facies in Ireland (Fr. corresponds to the Freyrian interval).
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Sample: Locality: Sample weight: Conodonts: Yield:

M27/S4 37 (core A) 20.4 kg 62 3.04 kg-

M27/S2 310 (core B) 14.1 kg 111 7.87 kg-

M27/S1 250 (core C) 10.4 kg 39 3.75 kg-

M27/405 405 14.0 kg 15 1.07 kg-

M28/S1 Canal locality 5.0 kg 33 6.60 kg-

Several conodont zonations of the Lower Carboniferous exist, but many have been shown 

to be facies restricted, leading to parallel zonation schemes for different facies and regions 

(Riley, 1993). Pseudopolygnathid/polygnathid faunas are typical for most of the 

Tournaisian main shelf of Britain and Ireland (Sevastopulo and Nudds, 1987). The 

conodont biostratigraphical scheme established by Johnston (1976) for the Irish Midlands 

has been incorporated into Figure 4.8. This shows a tripartite division of the Polygnathus 

mehli Biozone into the Polygnathus mehli latus, Polygnathus mehli mehli and Polygnathus 

hischojfi Sub-biozones. The appearance of P. hischojfi at a level corresponding to the 

upper part of the Scaliognathus anchoralis Biozone has been recognised as useful for 

widespread correlation by Conil et al. (1991). The base of the Moliniacian (and Freyrian 

intei val) is marked by the appearance of Mestognathus praeheckmanni, closely followed 

by M. heckmanni. Unfortunately, neither of these diagnostic conodonts have ever been 

recovered from the Irish Waulsortian, even in those places where the facies extends up 

into the Gnathodus homopunctatus Biozone, for example in Co. Kerry (Labiaux, 1997). 

Since both species have been recovered from coeval off-bank facies, they are therefore 

considered to be facies restricted, tending only to be found under agitated, shallow water 

conditions [oolites, etc.] (Sevastopulo, pers. comm.). Even if the buildup at Mullawornia 

had continued to develop into the Freyrian, it seems unlikely that any conodonts diagnostic 

of this interval would have been recovered. The actual conodont assemblages recovered 

from the buildup at Mullawornia are listed on the following pages.
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Core A - Locality 37 (Sample M27/S4 - TCD 50377, 50378 & 50379)

62 conodont elements recovered, including;

Gnathodus pseudosemiglaber (18 Pa elements)

Polygnathus bischoffi (9 Pa, 2 Pb, 2 M, 7 S elements)

Pseudopoly gnathus minutus [cf. juv. P. bischoffi] (6 Pa elements)

Kladognathus sp. (2 Pb, 2 S elements)

Idiognathodus sp. (1 M, 1 S elements)

Unidentified (1 Pa, 1 Pb, IM , 9 S elements) [Also 5 actinopterygian fish teeth]

Core B - Locality 310 (Sample M27/S2 - TCD 50375)

111 conodont elements recovered, including;

Gnathodus pseudosemiglaber (33 Pa, 2 Pb, 3 M elements)

Polygnathus bischoffi (2 Pa, 2 Pb, 5 M, 19 S elements)

Pseudopoly gnathus minutus [cf. juv. P. bischoffi] (1 Pa element)

Gnathodus simplicatus (15 Pa elements)

Idiognathodus sp. (3 Pa elements)

Unidentified (I Pa, 2 Pb, 2 M, 21 S elements)

[Also 3 actinopterygian fish teeth]

Core C - Locality 250 (Sample M27/S1 - TCD 50374)

39 conodont elements recovered, including;

Gnathodus pseudosemiglaber (19 Pa elements)

Polygnathus bischoffi (2 Pa, 1 Pb, 1 M, 3 S elements)

Gnathodus simplicatus (4 Pa, 1 S elements)

Kladognathus sp. (1 Pa element)

Unidentified (1 Pa, 6 S elements)

[Also 2 actinopterygian fish teeth]
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Locality 405 (Sample M27/405 - TCD 50376)

15 conodont elements recovered, including;

Gnathodus pseudosemiglaber (7 Pa elements)

Polygnathus bischojfi (1 Pa, 1 Pb, 2 S elements)

Gnathodus simplicatus (1 Pa element)

Unidentified (1 M, 2 S elements)

[Also 4 actinopterygian fish teeth]

Canal Locality (Sample M28/S1 - TCD 50380)

33 conodont elements recovered, including;

Gnathodus pseudosemiglaber (7 Pa elements)

Polygnathus bischojfi (2 Pb, 2S elements)

Polygnathus mehli (2 Pa elements)

Gnathodus simplicatus (1 Pa, 1 M, 1 S elements)

Kladognathus sp. ( I S  element)

Unidentified (4 Pa, 1 Pb, 1 M, 10 S elements)

[Also 17 actinopterygian and 3 Phrinocodus fish teeth]

Conodont elements recovered from all five of the sampled localities are dominated by 

gnathodid/polygnathid Pa elements. The large Pa element of Gnathodus pseudosemiglaber 

is particularly common within each of the samples processed. However, in terms of its 

biostratigraphical usefulness, this is a relatively long-ranging conodont which extends 

from the Polygnathus communis carina Biozone into the Gnathodus homopunctatus 

Biozone. Polygnathus bischojfi occurs in all five samples, including those collected at 

mound-cores A, B and C, which represent the oldest rocks exposed within the quarry. 

This indicates that no part of the exposed buildup can be earlier than the Polygnathus 

bischoffi Sub-biozone, i.e. the uppermost part of the Scaliognathus anchoralis Biozone.
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Juvenile specimens of Polygnathus bischojfi are similar in appearance to 

Pseudopolygnathus minutus. Juvenile P. bischojfi recovered from mound-cores A and B 

have been recorded separately as Ps. minutus.

Even though conodonts diagnostic of horizons younger than the P. bischojfi Sub-biozone 

have not been recorded from any localities, including Locality 405 and the Canal Locality 

(the youngest parts of the buildup exposed), that cannot be taken as evidence that buildup 

development did not continue to develop into the Freyrian. As previously mentioned, 

conodonts diagnostic of that interval appear to be absent from the Waulsortian facies.

Gnathodus homopunctatus would be expected in Waulsortian facies limestones developed 

from the Visean onwards, as has been recorded further to the south, for example, from the 

Fermoy Syncline in Co. Cork (Shearley, 1988), from north Co. Limerick (Sevastopulo, 

pers. comm., 1998) and from Co. Kerry (Labiaux, 1997). Gnathodus homopunctatus 

elements have not been recovered from Mullawomia, suggesting that buildup growth had 

ceased before the end of the Toumaisian. This pattern is repeated eastwards across much 

of the Irish Midlands, the Dublin Basin and is also similar to that recorded form the 

Craven Basin of northen England, where growth of Waulsortian buildups ended before 

the beginning of the Visean (Riley, 1990).
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4.5.2. Foraminiferal biostratigraphy.

Various foraminifera from Mullawornia Quarry have been identified in thin-section. All of 

the foraminifera recognised are representatives of the Fusulinida, an abundant and 

successful order of benthonic foraminifera which flourished within the shallow shelf seas 

of the Lower Carboniferous (Haynes, 1981). The bilocular foraminifer Earlaiuiia sp. 

appears to be the most common representative and is easily recognised in thin-section 

(plate 5.6). However, the broad range of this genus means that it is of little 

biostratigraphical use. Plurilocular foraminifera provide better biostratigraphical resolution 

and have been identified in 14 thin-sections from various localities within the buildup (the 

distribution of these localities is discussed in section 5.6). The majority of these 

foraminifera belong to the superfamily Endothyracea, with subordinate numbers of 

Tetrataxacea.

No lormal biostratigraphical scheme currently exists for Dinantian foraminifera within the 

British Isles. However, detailed studies based on the type Dinantian in Belgium (Paproth 

et al., 1983; Conil et al., 1991) have established a foraminiferal biozonation which has 

been successfully applied to Ireland (e.g. Marchant et al., 1984; Dehantschutter, 1995). 

Figure 4.8 shows that the Cf3 biozone is based upon the appearance of Tetrataxis and 

Eotextiilaria diversa. Although the genus Tetrataxis is not known before the DoUogmithus 

latiis Sub-biozone in Belgium, it has been recorded slightly earlier in Britain from the 

DoUymae houckaerti Sub-biozone (Marchant et al., 1984). The C f4 a l biozone (Freyrian 

interval) is characterised by the first appearance of Valvulinella which is followed, in order 

of appearance, by the taxa shown below in Figure 4.9, established within the Dinant area 

by Lees (1997, figure 12). The base of the C f4a2 Biozone, i.e. the base of the Visean, is 

marked by the first appearance of Eoparastajfella simplex.
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The various plurilocular foraminifera recorded from Mullawornia are listed below and are 

illustrated in Plates 5.6 and 5.7. Compressed, planispiral coiling is the dominant mode in 

the smaller members of the Fusulinida and is characteristic of the most commonly 

encountered plurilocular foraminifer Endothyra sp.

Sample: Locality: Genu s /Sp ec ies : Age:

M 16/S 10 50 Endothyra sp. Cf3+

Ml 6/S 10 50 Pseudotaxis sp. Cf3+

M16/S10 50 Endothyra sp. Cf3+

M 16/S 10 50 Endothyra sp. Cf3+

Mi 6/S 10 50 Unidentified fragments (X4) —

M16/S13 65 Palaeospiroplectammina sp. Cf3+
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Sample: Locality: G enus/Species: Age:
M 17/87 130 Tetrataxis sp. Cf3+

M17/S17 180 Unidentified —

M17/S18 185 Unidentified —

M17/S19 190 Endothyra sp. Cf3+

M17/S19 190 Earlandia sp. Cf3+
Ml 9/S 14 240 Endothyra sp. Cf3+
M19/S15 250 Endothyra sp. Cf3+

M19/S19 265 Valvulinella sp. Cf4+

M19/S20 270 Endothyra sp. Cf3+

M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Eotextularia sp. Cf3+
M19/S20 270 Endothyra sp. Cf3+
M19/S20 270 Unidentified fragments (X8) —

M20/S1 275 cf. Tetrataxis Cf3+
M20/S4 290 Endothyra sp. Cf3+
M20/S6 300 Endothyra sp. Cf3+
M20/S9 315 Endothyra sp. Cf3+

Summaries of the diagnostic morphological features associated with the two most common 

foraminifers, Endothyra and Tetrataxis, are given below:

Endothyra  Phillips, 1846, emend. Brady, 1876. Type species Endothyra bowmani 

Phillips, 1846, emend. Brady 1876. Test septate, involute, coiling irregular to planispiral, 

normally of 3-4 whorls, usually less than 10 chambers in the last whorl, periphery lobate. 

A variety of secondary deposits may be present (e.g. spines, tubercules). Wall dark, 

microgranular, with thin tectum (see plates 5.5 and 5.6).
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Tetrataxis Ehrenberg, 1854. Type species Tetrataxis conica Ehrenberg, 1854. Test free 

or attached, trochospirally coiled, with a concave base, consisting of low to flattened 

chambers arranged in a helical spiral; four chambers per whorl. Umbilical cavity broad. 

Wall differentiated into two layers; outer layer dark, microgranular; inner layer fibrous, 

radiate. Simple umbilical aperture (see plates 5.5 and 5.6).

Other foraminifera recorded include Eotextularia sp., Palaeospiroplectammina sp. and an 

example of Valvulinella. In terms of biostratigraphy, the presence of Tetrataxis and 

Eotextularia at the mound-cores (the oldest rocks exposed) indicate an age no older than 

the Cf3 Biozone for the earliest parts of the buildup exposed. This is consistent with the 

conodont biostratigraphical zonation. However, the presence of Valvulinella at locality 

265, at an intermediate level within the buildup (between mound-cores B and C, Figure 

4.6) suggests that growth of the upper portion of the buildup did continue into the 

Freyrian interval, i.e. C f4al. Probable reasons for the absence of diagnostic conodonts of 

Freyrian age have been discussed above. Eoparastaffella, which marks the base of the 

Visean (i.e. Cf4a2 Biozone) has not been recorded in thin-section. This is consistent with 

the reported conodont fauna, which also lacks Gnathodus homopunctatus (=Cf4a2 

Biozone).

4.5.3. Other biostratigraphical markers.

Dinantian biostratigraphy has been based on a number of taxonomic groups in addition to 

conodonts and foraminfera. These include ammonoids, algae, corals, brachiopods and 

trilobites, each of which have been used for biozonation. Ammonoid zones tend to be 

relatively broad ranging during the Toumaisian and early Visean (compared to conodont 

and foraminiferal biozones) and it is not until the Asbian that ammonoids provide the best 

biostratigraphical resolution of any fossil group. Similarly, the use of calcareous algae is 

restricted because, although they may be abundant in some Dinantian carbonates, little is
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known of their stratigraphical distribution (Riley, 1993, p.436). Monolaminar 

Koninckopora, used as a marker for the ‘Chadian’, is probably the only 

biostratigraphically useful calcareous alga in the mid-Dinantian (Dehantschutter, 1995, 

p.42). Although this probable dasycladacean has not been recorded from the buildup at 

Mullawornia, it is invariably restricted to shallow-water buildups elsewhere in the 

Waulsoitian facies (i.e. those deposited within the photic zone). The absence of 

Koninckopora may thus reflect buildup development at aphotic water depths, even though 

growth did indeed continue into the Freyrian.

Coral/brachiopod assemblages dominate many Dinantian macrofaunas and they have thus 

been recorded where relevant in most stratigraphical studies published this century. 

However, since these groups form a large and generally immobile part of the benthos, 

they are susceptible to facies controls and are often distributed at discrete horizons, being 

absent from much of the strata which may lie within their zonal range (Riley, 1993, 

p.435). Within the Waulsortian facies generally, colonial corals are conspicuous by their 

absence, although colonial rugose corals were extemely rare in northwest Europe below 

the base of the AiTtndian generally. Waulsortian corals tend to be restricted to a single 

species of the solitary rugose coral Amplexus coralloides. Although tabulate corals were 

common at this time, these appear to have been generally absent from most Waulsortian 

buildups. Sevastopulo and Nudds (1987) have demonstrated the existence of a marked 

lateral diachroneity between the Courceyan coral zones of southwest Britain and Ireland 

and concluded that coral assemblages were of limited value for detailed stratigraphical 

correlation. In general, brachiopods are relatively abundant and well-preserved elements of 

the macrofauna of Waulsortian buildups. Figure 4.10 shows the ranges of selected 

brachiopods in the Courceyan and early Chadian coral zones (from Riley, 1993). Species 

recovered from Mullawornia include Cleiothyridina glabistria (Phillips), Accmthoplecta 

niesoloha, Dictyoclostus semireticulatus and Plicatifera plicatilis. According to this chart.
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the latter three all indicate an age no older than 'early Chadian' (which corresponds 

approximately with the Freyrian). According to Brunton and Mundy (1993), 

Acanthoplecta mesoloba has not been recorded previously from pre-Visean limestones in 

the British Isles. However, it is particularly common at Mullawomia and has been 

recorded from pre-Visean Waulsortian buildups elsewhere in Ireland (refer to Figure 3.1). 

This indicates the relatively crude chronostratigraphical significance of most brachiopod 

species from the Dinantian.

Trilobites are locally common in many Dinantian marine settings and provide a further 

opportunity for biostratigraphical resolution during this period. A series of zones for the 

mid-Dinantian of the Craven Basin, northwest England, has been established by Riley 

(1982) and some of these zones can be traced to Ireland. The presence of Phillipsia 

gemmulifera at Mullawomia indicates an age somewhere between the late Courceyan and 

early Chadian (Riley, 1993, p.442). Although ostracods are an abundant component of the 

limestones at Mullawomia, knowledge of their biostratigraphy for this period is limited 

and very few taxa can be identified in thin-section, where they are almost invariably 

encountered.
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STAGES: C OURCEYA N CHADIAN
Zones: V. vetus Z. delanouei C. patulum S. cylindrica
Avonia schmidti X
Chonetes failandensis X
Cleiothyridina roysii X X
M. mitcheldeanensis X X
Ovatia spinulifera X
Plicatifera stoddarti X
Prod, fremingtonensis X
Pustula subpustulosa X
Spinocarinifera bassa X
Stroph. paeckelmanni X X
Unispirifer tornacensis X X X X
Brochocar. wexfordensis X X X
Cleiothyridina glabistra (P.) X X X
Cleiothyridina glabistra (V.) X
Dictyoclostus multispiniferus X X
Pugilis vaughani X
Pustula tenuipustulosa X X
Rugosochonetes vaughani X
Schellwienella aspis X X ^  X
Syringothyris cyrtorhyncha X
Athyris expansa X
Eomarginifera derbyensis X X
Megachonetes magna X X
Palaeochoristes cinctus X
Tylothyris laminosa X 1 X
Acanthoplecta mesoloba ’ X
Avonia youngiana X
Composita ambigua X
Delepinea comoides X
Delepinea destinezi X
Delepinea notata X
Dictyoclostus semireticulatus X
Levitusia humerosa X
Plicatifera plicatilis X
Pustula nodosus X
Pustula pyxidiformis X
Reticularia bellmanensis X
Spirifer furcatus X
Spirifer bollandensis X
Spirifer coplowensis X
Spirifer konincki X
Syringothyris elongata X

Figure 4.10. Ranges of selected brachiopods in the Courceyan and early Chadian 

(Ivorian and Freyrian). From Riley, 1993, figure 6.
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CHAPTER 5: Petrographic analysis of the limestones at Mullawornia.

5.1. Introduction.

Waulsortian limestones exposed along the combined length of the quarry faces at 

Mullawornia extend over a lateral distance in excess of 400 metres (refer to Figure 4.4). 

Thin-sections of these limestones have been prepared from samples, collected at regular 

intervals throughout the quarry, and the constituent components have been systematically 

logged and ranked for each sample, using the procedure outlined below. This technique 

has involved the identification of 27 different skeletal grain types and 7 non-skeletal 

grains. The relevant plates for this chapter provide a useful petrographic atlas for 

components of the Waulsortian facies which are commonly observed in thin-section. The 

components recorded, shown in Figure 5.1, are described in more detail below, with their 

actual distributions detailed thereafter. Finally, the observed grain-type assemblage has 

been classified according to one of four depth-related ‘Phases’ established by Lees and 

Miller (1985), which they recognised in Waulsortian and mid-Dinantian Waulsortian-type 

buildups developed worldwide.

Many of the organisms recorded from Waulsortian buildups are known to have been 

tolerant across a wide range of conditions, and so rather limited palaeoenvironmental 

information can be inferred from their actual presence. Because different interpretations of 

many of the microproblematica have been proposed, the environmental affinities of many 

of these organisms are still not fully understood. Nevertheless, known parameters are 

discussed in the appropriate sections of this chapter. The ecological and environmental 

parameters of the recorded macrofauna are discussed later in Chapter 6, with reference to 

their modern-day counterparts. Chapter 7 incorporates the results from this petrographic 

study with the taphonomic analysis of the macrofauna at Mullawornia, detailed in Chapter
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6. An attempt is then made to reconstruct the palaeoecology and palaeoenvironmental 

setting of the buildup which developed at Mullawomia.

5.2. Methodology.

Over ninety thin-sections were prepared from representative limestone samples taken from 

Mullawomia and then analysed using a polarising microscope (magnification X20 to 

X400). Samples were collected at 5 metre intervals along the entire length of the quarry 

faces, and additional samples were included where rapid lateral variations in the character 

of the limestone appeared to occur. Thin-sections were prepared from each sample so as to 

limit the amount of calcite spar included, thereby allowing attention to be focused on the 

various components of the carbonate mud matrix itself. Two different stains were applied 

to each thin-section sample; the first. Alizarin sulfonate red-S, to distinguish between 

calcite (stained pink) and dolomite, fluorite and quartz (unstained); the second, potassium 

ferricyanide, to distinguish the presence of ferroan calcite (stained purple) and ferroan 

dolomite (stained blue). Thin-sections were cut to a thickness of 30 microns, left 

uncovered and were then polished on their top surface to allow for possible later study 

using cathodoluminescence. Photomicrographs of particular skeletal and non-skeletal 

grains were made using a 35 mm camera (Nikon Fx-35A) mounted on top of a Nikon 

polarising microscope (model HFX-11). For those components and textural features 

which were too large to be studied under the restricted field of view of the microscope, 

macrophotographs of thin-sections were made using a Nikon Opti-Photo ultramacro 

system, using diascopic illumination. Agfapan APX 25ASA film was found to provide the 

best results for the black-and-white photographs produced.

The quantification of the observed components was made using a ranking system similar 

to that employed by Dehantschutter (1995). It was considered more appropriate to quantify
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the relative abundances of components, rather than to measure their absolute abundances, 

largely because the proportion of carbonate mud matrix (always present) to the skeletal 

components are so variable. Skeletal components were ranked in terms of their hierarchial 

importance (Lees and Hennebert, 1982, p.32) according to visual estimates of their 

relative volumetric abundance. The most important skeletal component was ranked as ' 1 ', 

the second and third as '2' and '3' accordingly. Rank '4' included all those components 

that were present, but were of lower importance than rank 3. Rank 'O' indicated the 

absence of that particular component type. Non-skeletal components were recorded simply 

on a presence/absence basis. The limestones were classified in terms of their depositional 

texture, according to Dunham (1962), as seen in thin-section. Further textural resolution 

was facilitated by the use of intermediate terms, such as mudstone/wackestone to describe 

a more bioclastic mudstone, for example. Representative textures are shown in Plates 5.1. 

The presence of dolomite/ferroan dolomite was also recorded (see Plate 5.1). A measure 

of the degree of cavity development, based upon a visual estimate made in the field at the 

time of sample collection, was included with the petrographic data for each sample. The 

quantification of the microscopic observations was recorded on counting sheets (Figure 

5.1) which also allowed supplementary information to be noted.

5.3. Skeletal grain typ es .

5.3.1. Bryozoans

Four categories of bryozoan material have been recognised. These include fenestrate  

bryozoans such as Fenestella, fenstrate hash (essentially broken fenestrate fronds, 

showing various degrees of comminution, but also including other bryozoan fragments), 

stick/ramose bryozoans such as Sulcoretopora, and encrusting bryozoans such as 

Fistulipora. Bryozoans observed in thin-section have been identified at a species level 

whenever possible. Representative examples of the various species recognised are shown
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Slide  No: M  IS C om m ents:
Locality: L
Skeleta l grains: R ank: 1/2/3-lst, 2nd, 3rd m ost com m on. 4 -presen t. ? d o u b tfu l i.d.
Penetrate b ryozoans
Fenestrate hash
S tick /ram ose  bryozoans
E ncrusting  bryozoans
C rinoids
Echinoid spines

Brachiopods
M olluscs
C orals

O stracods
Trilobites
H yalosteliid  spicules
O ther sponge spicules
P lurilocular foram inifera
Earlandia

Algae (Globochaetes)
M oravam m inids
W orm  tubes
Aoujgaliids
Rectangulina
Salebrids
Sphaerinvia
Asphaltina
C alcispheres
Problem aticum  1 j
Problem aticum  2 |

Problem ahcum  3

N on-skeleta l grains:
Intraclasts
Lithoclasts
G eopetal pelo ids
M atrix peloids
M icritized grains
M icritized cem ents

M icritized cavity w alls

C om m ents:
Texture
Dolom ite

Degree of cavity developm ent
O ther

Figure 5.1. Typical 'counting sheet' used for recording petrographic details observed in 

thin-sections.
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in Plate 5.2. Bryozoans are easily recognised in thin-section by their characteristic 

skeletons, which consist of microlamellae of sub-parallel, fibrous calcite crystals which 

form a framework around pore-like apertures. The ecological and environmental 

parameters of both ancient and modern-day bryozoans are discussed in section 6.2, which 

also details the recorded importance, diversity and taphonomy of this group at 

Mullawomia.

5.3.2. Echinoderms

Two categories of echinoderm material have been recognised. These include 

representatives of the Subphylum Pelmatozoa (Paul and Smith, 1984), i.e. fixed-living 

forms, namely crinoids, and representatives of the Subphylum Eleutherozoa (free-living 

echinoderms), namely echinoid sp ines. Crinoids, essentially primitively stalked 

echinoderms, are most commonly preserved as disarticulated, circular or elliptical 

columnar plates (ossicles) from the stalk. These ossicles are sometimes still joined to one 

another in longer stem sections (pluricolumnals). Plates from the disarticulated theca may 

also be preserved and small pinnular plates are occasionally recognisable. The ossicles and 

plates are themselves preserved as single calcite crystals and therefore show uniform 

extinction under cross-polarised light. The original porous microstructure (stereom) of 

many elements may remain visible, even though the original pores have often been 

occluded by the growth of syntaxial calcite cement during diagenesis. Typical examples of 

crinoidal material observed in thin-section are shown in Plate 5.3. Only echinoid spines, 

which are easily recognised in thin-section due to their characteristic shapes, can be 

classed with any certainty as Eleutherozoan material, since most of the disarticulated 

regular echinoid plates are indistinguishable from plates derived from crinoid thecae. The 

ecological and environmental parameters of both ancient and modern-day echinoderms are 

discussed in section 6.3.
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5.3.3. Shell material.

This category includes shell material which has been classed as belonging either to the 

Phylum Brachiopoda or to the Phylum M ollusca. Material within both categories may 

consist of either fragmented or complete shells, although the latter are rare because 

obvious (spar-filled) shells were avoided whenever possible during thin-section 

preparation. Distinction between brachiopods and molluscs has been made on the basis of 

the intemal microstructure of the shells/fragments. Although molluscan shell material is 

likely to include representatives from the classes Bivalvia, Rostroconchia, Gastropoda and 

Cephalopoda, only the larger, more complete bioclasts can be accurately identified to this 

level, on the basis of recognisable shell morphology.

The calcite mineralogy of articulate brachiopod shells means that their original shell 

microstructure remains largely unaltered during diagenesis and so they can usually still be 

easily recognised and distinguished from molluscan material. Brachiopod shells are 

characterised by a 'fibrous' arrangement of closely-packed, needle-like calcite crystals, 

arranged obliquely, but sub-parallel to the margin of the shell. Certain brachiopod orders, 

particularly strophomenids, have shells which are also ornamented by hollow external 

spines. These hollow spines are easily identified under the microscope and are 

characterised in cross-section by their circular arrangement of concentric fibrous calcite 

crystals, as shown in Plate 5.4. Mollusc shells have a range of original compositions, 

more commonly occuring as aragonite, but also as calcite and as combinations of the two. 

As in the case of brachiopods, the outermost, proteinaceous layer of the shell, the 

periostracum, is not preserved. Unlike brachiopods, in most cases the microstructure of 

the inner shell layer is usually lost during diagenesis. Dissolution of the original metastable 

aragonite is followed by the infilling of the shell mould by replacive, coarse, drusy calcite. 

Occasionally, aragonite may instead be replaced by low-Mg calcite via a fme-scale 

dissolution-precipitation process (calcitization) which results in the preservation of relics
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of original shell stmcture (Tucker and Wright, 1990). Examples of mollusc shell preserv

ation are shown in Plate 5.4. The ecological and environmental parameters of brachiopods 

and molluscs are fairly broad-ranging and are discussed in sections 6.4 and 6.5.

5.3.4. Corals.

The scarcity of corals, particularly of colonial forms, is a well documented feature of 

Waulsortian buildups (Lees and Miller, 1995, p.205). Of those corals previously reported 

from Waulsortian buildups, the solitary rugose coral Amplexus coralloides is by far the 

most common. Representatives of this species may occasionally be recognised in thin- 

section, although macrofossils were generally avoided during section preparation. When 

observed in cross-section, they are characterised by the lack of any form of axial structure, 

and by short septa, which although present, do not extend far inwards from the outer 

epitheca. The obvious lack of colonial corals and the taphonomy of the solitary forms 

recorded provides valuable palaeoecological and palaeoenvironmental information which is 

discussed in more detail in section 6.6.

5.3.5. Arthropods.

O stracods are the most common representatives of this phylum and are relatively 

abundant components within the Waulsortian facies generally (Lees et a l,  1985). They 

have thin, small (generally less than I mm in length), smooth and ornamented bivalved 

shells which are composed of calcite crystals, arranged orthogonally to the shell margin 

(as shown in Plate 5.5). Although many ostracod taxa are present within the Waulsortian 

facies (Coen et. al., 1988), very few can actually be identified in thin-section, with the 

exception of the characteristically ornamented shell of Kirkhya. Trilob ites are relatively 

rare representatives of the phylum. Nevertheless, the distinctive shape of their carapace, 

which is composed of low-Mg calcite, is easily recognised in thin section, as examples 

show in Plate 5.5.
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Like their modem day counterparts, Carboniferous ostracods have been recorded from 

rocks which represent a wide range of palaeoenvironmental settings. These varied from 

shallow to great depths in marine, brackish and fresh waters, and in turn, exerted subtle 

facies variations on the observed ostracod faunas (Robinson, 1978). Similarly, Coen et al. 

(1988) showed that the ostracod faunas observed within the Waulsortian facies of Belgium 

showed environmental variations (notably bathymetric) which largely corresponded to 

those controlling 'Phase' distribution. Lees (1988b) subsequently showed that ostracod 

diversity was inversely proportional to depth, i.e. Phase A (deepest) had the lowest 

ostracod diversity. However, ten Have (1982) recorded rich silicified ostracod faunas 

from just below relatively deep water Waulsortian facies within the Carrick-on-Suir 

Syncline and elsewhere. Ostracods commonly appear as the dominant component of biotas 

found in environments which somehow differ from the 'normal' marine. This is probably 

due to the fact that many ostracod taxa could apparently tolerate relatively harsh or stressed 

environmental conditions in which other organisms could not survive. Recent marine 

benthic ostracods tend to be either crawlers or burrowers and thrive best in muddy sands 

and silts. They are usually filter-feeders, but may also consume detritus, foraminifera and 

small polychaete worms (Brasier, 1980).

5.3.6. Sponge spicules.

The recognition of fossil lithistids (demosponges) and hexactinellids (hyalosponges) is 

based on the presence of spicule moulds. Fossil calcisponges have not been recorded from 

the Waulsortian (Lees and Miller, 1995). Distinction has been made between 

hyalosteliid spicules and other sponge spicules, based largely upon size. Large 

spicules, greater than 90 |j.m in diameter, are considered to represent macroscleres of the 

genus Hyalostelia (Dehantschutter, 1995). Although some triaxon spicules have been 

encountered (see Plate 5.5), most spicules, including all those logged as being 

hyalosteliid, are monaxons. Sponge spicules, originally composed of silica, have
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undergone dissolution during early diagenesis (Miller, 1986); this has been followed by 

niouldic replacement by calcite. Individual spicules are usually observed in cross section, 

where they appear circular in outline. Monaxon spicules are also occasionally seen in 

longitudinal view, and appear cylindrical in shape with tapered ends. Bundles of spicules 

commonly appear clustered together. Aoujgaliids and moravamminids have been regarded 

by Teimier et al. (1977) as organisms referable to the ischryosponges (hyper-calcified 

sponges). However, due to a lack of concensus on the affinity of these organisms, they 

have been identified separately under the various microproblematica.

Although spicules are a common component within the Waulsortian facies generally, 

actual sponge body fossils, corresponding to lithistid demosponges and hexactinellids, 

have only been recorded from well-exposed wave-polished outcrops of Waulsortian facies 

on the coast of Tralee Bay, Co. Kerry (Labiaux, 1997). These are discussed in Chapter 8. 

Most of the body fossils recorded were found to be lying parallel to bedding suggesting 

that they simply toppled over. Modern-day adult siliceous sponges are generally sessile 

benthic animals and are all filter feeders. Hexactinellids are now found in bathyal and 

abysal zones, where they are confined to quiet water settings, but fossil hexactinellids are 

known to have been abundant on the continental shelves; either there has been a shift of 

habitat or the shelf forms have become extinct and only descendants of the former deep- 

sea faunas survive (Clarkson, 1993). Fossil demosponges are usually recorded from the 

continental shelf in relatively quiet water settings associated with fine-grained sediments.

5.3.7. Foraminifera.

At a basic level, distinction has been made between plurilocular foram infera and the 

more simple bilocular foraminifera £ ’ar/an</ia. All of the plurilocular forams have been 

identified at least to a generic level, e.g. Endothyra sp. Earlandia is easily recognised in 

thin-section and is shown in Plate 5.6. It is a simple bilocular foraminifer with a
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characteristic flask-shape, having a simple opening at one end of a tube-like test, and a 

bulbous chamber at the other. The wall of its test is composed of microcrystalline calcite. 

Plurilocular foraminifera are also easily identified components, on the basis of their size 

and morphology. They possess a multi-chambered test, again composed of dark, 

microcrystalline calcite. Endothyra, for example, is made up of an involute, septate test 

whose initial coils are arranged irregularly, but whose successive coils are arranged 

planispirally, usually having less than 10 chambers in the last whorl. The test of Tetmtaxis 

is trochospirally coiled, with a concave base, consisting of low to flattened chambers 

arranged in a helical spiral, with four chambers per whorl. Examples of the various 

plurilocular foraminifera encountered at Mullawomia are shown in Plates 5.6 and 5.7. 

Individual species which have been used for biostratigraphical purposes are also listed in 

section 4.5.2.

The plurilocular foraminifera encountered at Mullawomia generally belong to the 

superfamilies Endothyracea and Fusulinacea. The endothyrids are the most numerous and 

widespread of the calcareous foraminifera during the Lower Carboniferous and seem to 

have been restricted to shallow, offshore, warm, open-water, normal marine 

environments. They occur as fossils in limestones mostly, including cherty limestones, 

and less commonly in shales. The fusulinaceans seem to have been similarly restricted to 

relatively warm, shallow, offshore, open-water environments, and their shells occur as 

fossils most commonly either in limestones or highly calcareous shales. Both types are 

commonly associated with algae, brachiopods, corals, bryozoans and echinoderms 

(Nodine-Zeller, 1981).

The Earlandiidae are relatively ubiquitous within the Waulsortian facies (Lees and Miller, 

1995, p.205) and are not known to have had any specific depth tolerances. They are 

commonly found in rocks of deeper water origin in which plurilocular foraminifera are
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absent (Mamet, 1977). Lees et al. (1985) suggested that the absence of plurilocular 

foraminifera from the deeper Phases (A and B) of most Waulsortian buildups was a 

reflection of their sensitivity to water depth. Plurilocular forms were considered to be 

l estricted to waters shallower than 250 metres and were included as a 'guide' components 

for Phases C and D. Similarly, plurilocular foraminifera were found to be associated with 

the dasycladacean alga Konickopora, a reliable indicator of deposition within the photic 

zone, in Dinantian carbonate rocks from southwest England (Hennebert and Lees, 1991).

5.4. Microproblematica.

5.4.1. Algae.

It is generally accepted that undoubted calcareous algae are rare in the Waulsortian facies 

(Lees and Miller, 1995, p.206) and, even when present, only ever occur as small 

I'ragments. Furthermore, considerable disagreement exists regarding the affinites of certain 

organisms which have previously been classified as algae. Moravamminids and 

aoujgaliids, for example, have both been classified as having an algal origin (Mamet and 

Roux, 1978). However, these components have also been considered to represent the 

remains of ischryosponges, i.e. hyper-calcified sponges (Termier et al., 1977). In light of 

such confusion, these components have not been included with algae and have been 

logged separately.

D asycladacean algae are the only undoubted calcareous green algae (Chlorophyceae) 

recognised and recorded from Waulsortian facies. The presence of modern-day 

dasycladacean algae are generally taken to represent deposition within the relatively 

shallow waters of the photic zone; whilst they may range down to ca. 90 metres, they are 

common only to depths of ca. 30 metres (Flugel, 1982). Accordingly, the probable 

chlorophyte Koninckopora has now been incorporated into the Phase classification
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established by Lees and Miller (1985) and dasyclads are used as a 'guide' component for 

Phase D (shallowest) developments. Dehantschutter (1995) noted the association between 

micritization and the recognition of the dasyclad Atractyliopsis in the Waulsortian facies 

within the Dublin Basin, a relationship that was considered to be taphonomic, rather than 

environmental. Even if originally present, dasycladaceans (apart from Koninckopora) are 

therefore unlikely to be easily recognised in samples devoid of micritization. Accordingly, 

particular attention has been given to those thin-sections in which the micritizion of cavity 

walls, cements and grains appears to have been well-developed.

The organism Globochaete alpina, as described by Skompski (1982), has been interpreted 

to represent the calcified zoospore of green algae. Confusion exists because the same 

organism has been figured under the name Nostocites vesiculosa, e.g. Groves (1986). 

Accordingly, the informal term globochaetes has been used to describe this hypothetical 

green algae. Some doubt has been placed on the chlorophyte nature of these organisms by 

the discovery of globochaetes within a presumably unlit cavity in a Waulsortian buildup 

from northern England (Lees and Miller, 1995, p.208). Examples of globochaetes are 

shown in Plate 5.8. They consist of a thallus made up of a sheet of loosely packed, barrel

shaped cells with calcareous walls. Each cell displays a micrite-filled centre. Although 

globochaetes have been recorded from Waulsortian buildups by many authors (e.g. 

Strogen et a i, 1990; Dehantschutter, 1995; Lees and Miller, 1995), they appear to show 

no obvious facies restriction and have also been recorded from many different Lower 

Carboniferous rocks which are representative of quite different marine environments.

5.4.2. Moravamminids.

Although moravamminids are easily identifiable components in thin-section (see plate 

5.8), the biological affinities of these organisms have been the subject of considerable 

debate. Many of the organisms recognised in this study have also been classified under the
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general name 'palaeoberesellids' which have been largely attributed to the Chlorophyta 

(e.g. Mamet and Roux, 1974; Mamet and Roux, 1978; Tappan, 1980; Brenkle, 1977, 

Jeffrey and Stanton, 1996). However, these organisms were also classified as 

ischryosponges (hypercalcified sponges) by Termier et al. (1977) who placed them in the 

order Moravamminida. Skompski (1987) studied exceptionally well-preserved material 

from the Lower Carboniferous of the Lublin Coal Basin, Poland, and was able to 

demonstrate a dasycladacean affinity for the group. Deloffre (1988) subsequendy 

classified palaeoberesellids as the dasycladacean family Beresellaceae. More recently, 

Vachard (1991) has suggested that moravamminids could belong to a group of 

Rhizoflagellata rhizopod protists, somewhat similar to foraminifers.

In thin-section moravamminids appear as septate, but unsegmented, tubular microfossils 

usually seen as straight or gently curved lengths of 'thallus'. The central axial cavity is 

generally filled with a relatively finer-grained micrite than is seen within the surrounding 

matrix. The walls appear colourless to pale yellowish (hyaline) in plane polarised light, 

commonly with a speckled appearance due to the presence of small inclusions. The walls 

comprise large calcite plates, often single crystals, although in many cases with a marked 

undulose extinction, perhaps indicative of a fibrous precursor (Adams et al., 1992). The 

characteristics of the genera and species of Dinantian palaeoberesellids were described by 

Mamet and Roux (1974), although identification has not been attempted in this thesis.

Adams et al. (1992) noted that palaeoberesellids were found in all the normal subtidal 

marine facies recorded from the late Dinantian (Asbian) of South Wales and northern 

England, but were most common in packstones containing a diverse biota (including green 

algae) which were presumed to represent the shallowest sub-fair weather wave base 

settings of the carbonate platform and lagoonal environments studied. In terms of their 

mode of life, it was suggested that palaeoberesellids inhabited shallow seas of close to
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normal salinity, where they were presumed to have lived shallowly rooted in soft seafloor 

sediment, growing upright to no more than a centimetre or so in height. The delicate nature 

of their skeleton meant that they could have been easily fragmented (and presumably 

transported) by either high-energy events such as storms or by bioturbation. Lees and 

Miller (1995) have shown that within the Waulsortian facies moravamminids are far more 

common within those buildups which have been interpreted to represent relatively shallow 

water settings, i.e. situated within the photic zone (Phase D). This could be taken as 

evidence that these organisms required light, supporting both the interpretations of Mamet 

and Roux (1978), that they are chlorophytes, and Skompski (1987) that they are 

dasyclads. However, Lees and Miller (1995) also indicate that the moravamminids clearly 

extended down to considerably deeper water settings as far as the top of their Phase A 

(water depth >280 metres). Similarly, Hennebert and Lees (1991) also showed that while 

moravamminids doubtlessly lived in photic environments, they also extended to deeper 

sub-photic settings. Although downslope transport of material may have occurred, there is 

no independent evidence to suggest that this occurred in either case.

5.4.3. Worm tubes.

Polychaete worms, members of the Family Serpulidae, are the only marine worms which 

produce calcareous worm tubes in which they live permanently. In tranverse section, the 

wall structure of these tubes consists of sub-circular clusters of radially oriented calcite 

crystals, which yield a sweeping extinction when rotated in cross polarised light 

(Railsback, 1993). However, the actual form illustrated by Railsback (1993, figure lA) is 

somewhat similar in appearance to the organism logged as Asphaltina in this study. Worm 

tubes are often also similar in extemal appearance to tubes of vermiform (uncoiled) 

gastropods and confusion can easily arise even in living specimens (Keen, 1961). An 

example of a Trypanopora-Vike serpulid is shown in Plate 5.9.
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Modern-day serpulids, and their secreted worm tubes, are found in a wide variety of 

mostly marine settings (Howell, 1962). They appear to be tolerant of a wide range of 

environmental conditions, ranging from shallow littoral zones to water depths in excess of 

3000 metres. They live permanently within their secreted worm tubes which may be 

attached to the substratum, to shell or rock fragments, or which may remain free 

throughout their entire length. Serpulids extend their branched or pinnate prostomial 

'tentacles' from the end of their tube to form a feathery crown into open water for the 

purposes of filter-feeding and respiration. Serpulid worms have been recorded from the 

Lower Carboniferous at supposed hydrothermal vent sites, e.g. Von Bitter et al. (1990), 

where they constitute conspicuous components within a largely chemotrophic and 

generally low-diversity fauna.

5.4.4. Aoujgaliids.

Most of the organisms recognised as aoujgaliids are similar in appearance to Mametella, 

a species of supposed calcareous red algae (Family Aoujgaliaceae) described by Brenkle 

(1977). Many similar components have also been referred to as stacheiines (the 

rhodophyte Family Stacheiinae) by some authors, e.g. (Rich, 1974, Jeffrey and Stanton, 

1996). However, the biological affinity of these organisms remains uncertain because 

Termier et al. (1977) have regarded them, like the moravamminids, to represent an order 

of ischryosponges. Nevertheless, aoujgaliids are easily identifiable components in thin- 

section, comprising a variable skeleton which may be either cylindrical, fusiform or 

lemon-shaped. The internal structure consists of a net-like arrangement of square or 

rectangular cells arranged regularly in concentric rows around the attachment area. The 

vertical and concentric portions of the cell wall are calcareous, light in colour, and of equal 

thickness. Representative examples are shown in Plate 5.9.
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Aoujgaliids occur as widely distributed constituents of Carboniferous shallow water 

carbonates in North America (Brenkle, 1977). If the aoujgaliids were indeed red algae, 

then their presence may be bathymetrically significant; requiring less light than 

chlorophytes, the rhodophytes extend down to the deepest parts of the photic zone. 

However, Lees et al. (1985) have shown that relatively rare aoujgaliid fragments appear 

below the photic limit within Phase C, although it is possible that these components may 

have suffered some downslope transport. Hennebert and Lees (1991) also showed that 

aoujgaliids were present at significantly deeper levels than other inferred photic indicators 

such as Koninckopora in Dinantian carbonates from southwest England.

5.4.5. Rectangulina.

Even though Rectangulina  is an easily recognised component in thin-section, the 

biological affinities of this organism are uncertain. It has been regarded as a foraminifer 

(Bykova, 1961), as acoprolite (Conil et a l, 1969), and more recently as an alga (Mamet 

and Roux, 1978a; Skompski, 1986). The environmental significance of Rectangulina is 

thus uncertain. Rectangulina itself occurs as a dark micritic body, up to 1 mm in length, 

which varies from being rounded to sub-rectangular in shape. The internal structure is 

characterised by lighter-coloured lamellae/tubes set within a much darker micritic matrix. 

Towards the centre of its body, the lamellae are arranged sub-perpendicular to the long 

axis, but these lamellae become parallel with the body margin towards the outer edges (as 

shown Plate 5.9).

5.4.6. Salebrids.

First described by Bogush and Brenkle (1982), salebrids are a group of organisms 

recorded from the Toumaisian to the late Visean whose biological affinities are again 

uncertain. In transverse section, salebrids are characterised by a calcareous central 

partitioned tube, surrounded by a series of narrow tubelets. In longitudinal section, as
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shown in Plate 5.10, the outer calcareous tubelets appear to be arranged sub-parallel to one 

another. According to Bogush and Brenkle (1982), data on the environmental distribution 

of salebrids indicates that these organisms mainly occur in shallow water carbonates. They 

tend to be associated with faunas rich in bryozoans and echinoderms, which either lack 

calcareous foraminifera or contain only an impoverished fauna. Salebrids have been 

widely recorded as rare skeletal components in many detailed petrographic analyses of the 

Waulsortian facies, e.g. the Sacramento Mountains, USA (Ahr and Stanton, 1994); from 

Belgium (Lees and Miller, 1995) and from the Waulsortian facies developed within the 

Dublin Basin (Dehantshutter, 1995). In all cases, salebrids occur as rare components, but 

are relatively more common within shallower Phase D buildups. Dehantschutter (1995) 

noted that salebrids also occur as broken fragments within Phases C and B within the 

Dublin Basin.

5.4.7. Sphaerinvia.

S p h a erin v ia , first described by Vachard (1980), is an easily recognised component in 

thin-section, although the biological affinity of this organism remains uncertain. 

Sphaerinvia appears as a calcareous spherical to tubular body which is characterised by a 

relatively thick fibrous lamellar wall with a thin dark inner layer. Regularly-spaced septae, 

similar in composition to that of the dark inner layer, radiate outwards into the inner half of 

the outer wall. Occasionally, septae may also extend through the entire wall structure. The 

inner (and sometimes outer) layers are usually incomplete, providing a functional aperture 

into an inner cavity. Such cavities have generally been subsequently occluded, either by 

matix mud, by calcite spar, or by a combination of the two (see Plate 5.10).

Vachard (1980) noted that Sphaerinvia has many skeletal features which are seen in 

heterocorals, including the pale yellow colour of the wall, its finely laminated 

microstructure, its bilayered architecture, and the existence of the radial septae which are

113



very similar to those seen at the base of heterocorals. Although Bogush (1984) attributed 

Sphaerinvia to the charophytes, the nature of the wall and the mode of life of the organism 

is not consistent with such an interpretation (Dehantschutter, 1995). The biological 

affinities of Sphaerinvia thus remain uncertain. Lees and Miller (1995) noted that 

Sphaerinvia occurs as a rare component throughout the Waulsortian facies.

5.4.8. Asphaltina.

A sp h a ltin a , first described by Petryk and Mamet (1972), consists of an encrusting 

thallus? which is composed of regular, closely-packed, undivided, cylindrical tubes. The 

walls are calcareous and bilayered; a very thin and dark outer layer surrounds a thicker, 

microcrystalline, radial, pseudofibrous, inner layer (Dehantschutter, 1995). An example is 

shown in Plate 5.10. Asphaltina is similar in appearance to Asphaltinella, described by 

Mamet and Roux (1978), although the wall structure in the latter has only a single layer. 

The biological affinities of these organisms are as yet unresolved, although they have been 

tentatively assigned to the green algae (chlorophytes) by Mamet (1991). Groves (1988) 

concluded that Asphaltina was probably tolerant of a wide range of environmental 

conditions, being found in carbonate rocks with varying textures and component 

assemblages. Dehantschutter (1995) noted ihai Asphaltina was a relatively rare component 

of the Waulsortian facies developed within the Dublin Basin.

5.4.9. Calcispheres.

Calcispheres are problematic organisms, included under the family Calcisphaeridae. 

Suggested origins include foraminifera, reproductive cysts of dasycladacean algae, 

charophytes, spores and even inorganic (Dehantchutter, 1995, p.62). All of the 

calcispheres logged in thin-section have been identified as Mendipsia leesi. In thin-section, 

they appear as hollow spheres, about 100 |am in diameter, enclosed by a calcitic test which 

usually exhibits a radially ribbed wall structure. Examples are shown in Plate 5.11.
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Modem calcispheres (algal cysts) are restricted to quiet shallow water environments, 

although Palaeozoic calcispheres can occur in sediments of almost any environment. This 

may have been a result of the ease with which they could be transported, but may also be 

simply due to their pelagic nature. Calcispheres have been recorded as rare components 

throughtout the Waulsortian facies, e.g. Lees and Miller (1995) and Dehantschutter 

(1995).

5.4.10. Problematicum 1.

This organism is identical to that first reported by Dehantschutter (1995, p.71) in 

Waulsortian facies limestones recovered from the SG8 borehole located at Ballynakill, Co. 

Meath (INGR: N 740437). The morphology of the organism is variable, but it usually 

appears as hollow calcareous bone-shaped segments (400 to 2500 |im in length) often 

with slightly bulbous tips. These tips may have formed articulated surfaces upon which 

successive segments were connected. The walls of the organism are laminar and bilayered; 

a hollow centre is enclosed by a thick {ca. 40 |im) inner layer which itself is enclosed by a 

thinner (<10 |am) darker outer layer. Examples are shown in Plate 5.11. Dehantschutter 

(1995) noted that these components were ubiquitous throughout various Waulsortian 

Phases (B-D) studied within the Dublin Basin.

5.4.11 ■ Problematicum 2.

Problematicum 2 corresponds to an encrusting organism previously reported by 

Dehantschutter (1995, p.73), again from the SG8 borehole located at Ballynakill, Co. 

Meath. The organism appears as a series of encrusting tubes (20 to 60 |jm in diameter) 

which grew as a spiral, usually attached to shell material. The monolayered laminar walls 

(about 10 |jm in thickness) are composed of microcrystalline calcite. Outer tubes tend to be 

much smaller in diameter than the inner ones. The organisms are reminiscent of salebrids, 

but lack the central partitioned tube that characterises the latter. Examples are shown in
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Plate 5.11. These organisms were recorded only as very rare components within the 

Waulsortian facies of the Dublin Basin (Dehantschutter, 1995).

5 ■ 4 ■ 12 ■ Problematicum 3.

This category includes all those organisms whose affinities are unknown or whose identity 

is unresolved. They are shown in Plate 5.11.

5.5. Non-skeletal grain ty p es .

5.5.1. Clasts.

Thin-sections have been examined for intraclasts and lithoclasts. Intraclasts consist of 

penecontemporaneous, partially lithified carbonate mud from within the same formation, 

i.e. reworked limestone from adjoining seafloor areas which has been re-incorporated into 

the sediment. Usually consisting of lime mudstone and wackestone, they have a similar 

lithology to the matrix and often prove difficult to distinguish in thin-section (see Plate 

5.12). Intraclasts are commonly generated in moderate to high energy environments, or 

during storm events, by erosive forces which act on at least partially lithified surfaces. 

However, they may also occur as a result of bioturbation so their use as an indicator of 

higher energy cannot be assumed. Intraclasts of lime mudstone and wackestone were 

recorded within the Waulsortian of Belgium (Lees et a l,  1985), particularly within the 

somewhat better bedded upper (Phase D) flank facies. Many of the intraclasts recorded 

were particularly shelly, containing skeletal fragments which were of a noticeably larger 

size than those seen in the matrix. Intraclasts were shown by Lees and Miller (1995) to 

plot at the 'shallower' end of a relay of grain types interpreted as being related to various 

factors which vary with water depth. This corresponds with the assumption that their 

existence implies increased mechanical energy which is more likely to be a feature of 

shallower water. Thin-sections have also been examined for lithoclasts, but these are
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generally considered to be rare components within the Waulsortian facies (Lees and Miller, 

1995, p.208)

5.5.2. Peloids.

Waulsortian facies limestones in some cases display a characteristic neomorphic peloidal 

or 'clotted' matrix as well as peloidal geopetal sediments (Lees et a l, 1985). Accordingly, 

matrix peloids and geopetal pelo id s, consisting of aggregates of cryptocrystalline 

calcite (McKee and Gutschick, 1969) have been logged where they appear in thin-section. 

Examples of both peloidal types are shown in Plate 5.12. Matrix peloids show a gradation 

between a vague, clotted texture in the wackestone matrix and much more distinct peloids, 

with clearly defined boundaries. Their size is variable and ranges from between 40 to 200 

|am. Although some are probably diagenetic, others are clearly allochems (Lees and Miller, 

1995, p.208) and may include faecal peloids produced by deposit feeding organisms, 

small mud intraclasts, and completely micritized skeletal debris (Dehantschutter, 1995). 

Many of the peloids observed correspond to one of three broad types of primary muds 

(Mlc) originally recognised by Lees (1964) and now considered to have formed in situ 

within an active surface microbial film (Pickard, 1996). Geopetal peloids, associated with 

geopetal cavity sediments, are generally more sharply defined than those seen within the 

matrix, and sometimes appear sub-quadrate in form. Following Chafetz (1986), the 

development of these peloidal fabrics has also been linked to microbial activity (Lees and 

Miller, 1995; Pickard, 1996). The microbial production of the primary carbonate mud 

(including peloids) is discussed in greater detail in Chapter 7.

5.5.3. Micritization.

Micritization clearly results from early diagenetic processes (Lees and Miller, 1995, 

p.208). This phenomenon appears in several forms: as micritic fringes to skeletal 

components, i.e. micritized grains; affecting the walls of cavities, i.e. m icritized
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cavity walls; and as micritized cements occuring at distinct intervals during the 

precipitation of fibrous calcite cements within cavites. In thin-section, micritized features 

appear as dark, sometimes laminated, cryptocrystalline coatings. They are easily confused 

with cryptalgal coatings, which affect grains, cements and cavity walls in a similar 

manner. Typical features associated with micritization are shown in Plate 5.13.

Within modem day carbonate sediments, micritization occurs largely as a result of the 

precipitation of microcrystalline calcite or aragonite within intragranular spaces (Moore, 

1989). However, more than one process has been proposed and micritization may also 

occur, under certain circumstances of mineral instability, as a result of a carbonate 

recrystallisation process (Reid et a l, 1992). Modern-day microbial micritization by 

endolithic algae, fungi, bacteria and sponges is a major diagenetic process affecting grains 

(Tucker and Wright, 1990) and appears to be most common in shallow waters, i.e. less 

than 50 metres depth. However, the actual composition of the various micritizing 

populations is known to vary both with water depth and depth within the sediment (May 

and Perkins, 1979). Although many organisms are clearly photosynthetic, the actual 

amount of light required is often low. The endolithic chlorophyte Ostreobium, for 

example, has been recorded living on benthic brachiopods at clear water depths of between 

140 and 220 metres in the Mediterranean and Caribbean seas (LeCampion-Alsumard et al, 

1982). Furthermore, micritization by heterotrophic endoliths has been shown to occur 

within the cool dark waters of the northem Adantic Ocean, at depths in excess of 500 

metres (Hook et al., 1984). Whilst micritization appears to be predominandy a shallow 

water phenomenon, its use as a palaeoenvironmental indicator of absolute water depth 

cannot be relied upon.

Lees and Miller (1995) showed that micritization tended to be more prevalent within the 

'shallower' spectrum of Waulsortian buildups (i.e. Phase D) but that it could also occur
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below the photic zone within Phase C (and even occasionally within Phase B). 

Dehantscutter (1995) noted that, within Phases C and D of the Waulsortian facies 

developed within the Dublin Basin, micritization occurred mostly within cavities (cavity 

walls and cements) or in grains which were in close proximity to micritized cavities. He 

suggested that the micritization process probably operated below the surface, perhaps 

because the various micritizing agents were discouraged from settling on the surface itself, 

and that micritization emanated from the cavity systems into the local matrix. He concluded 

that the process itself probably worked independently of light because much of it occurred 

in what must have been dark cavities.

5.6. Distribution of limestone components at Mullawornia.

Petrographic analysis of limestones collected from the buildup at Mullawornia has 

provided valuable information on the relative abundances and spatial distributions of the 

various components described above. Results from individual thin-sections are listed in 

the appropriate appendix; also included therein are maps which show the areal distribution 

of each component. In the descriptions which follow, the components are ranked in order 

of decreasing importance from '1' to '4', as described in section 5.2, and the presence of 

each component (of any rank) within the sample population as a whole (n=89) is given as 

a percentage.

Fenestrate bryozoans (45%)

More complete fenestrate bryozoan material, occurring as relatively complete fronds, is 

present in just under a half of all the samples. Where present, fenestrates often rank as the 

most important skeletal component, i.e. rank '1'. The component distribution map shows 

that fenestrate bryozoans appear to be slightly more important within the prograding
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marginal microfacies, rather than at the mound-cores, where they are intimately associated 

with the development of anarchic spar-filled cavities.

Fenestrate hash (96%)

Fragmented bryozoan material is ubiquitous throughout the buildup and generally ranks as 

either '1 ', '2' or '3'. Fenestrate hash always occurs where more complete bryozoan 

material is present, and these two categories (complete and broken fenestrate material) 

account for well over half of the rank components from the total sample population. 

The component distribution map shows that the distribution of bryozoan hash does not 

appear to be related to any particular microfacies.

Stick/ramose bryozoans (66%)

Although stick/ramose bryozoans are present in two-thirds of all samples, they always 

appear as a subordinate skeletal component and generally only occur as rank as ' 4' .  

Stick/ramose bryozoans are always associated with bryozoan hash. It therefore seems 

quite likely that some of this hash debris is derived from broken stick/ramose material, 

since these bryozoans possess a relatively delicate skeleton. The component distribution 

map shows no association with any of the particular microfacies.

Encrusting bryozoans (19%)

Encrusting bryozoans only constitute a minor skeletal component and consequently always 

rank as '4'. They do not seem to occur where fenestrate bryozoans are present. They 

show no distinct distribution between the mound-core and prograding-marginal facies.

Crinoids (92%)

Crinoidal debris is ubiquitous throughout the buildup at Mullawomia, and in over half of 

the petrographic samples studied, it occurs as either rank '1' or '2'. The component
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distribution map shows no distinction between the mound-core and prograding marginal 

facies.

Echinoid Spines (48%)

Echinoid spines are subordinate skeletal components and only ever occur as rank '4 ' 

components. The component distribution map shows that they appear to be more common 

at mound-core localities.

Brachiopods (88%)

Brachiopods are present throughout the buildup, but are usually only ranked as '4' or ' 3 '. 

Only at two localities do they rank as '2'. The component distribution map shows that they 

are equally important within the mound-core and the prograding-marginal microfacies.

M olluscs (76%)

The distribution and importance of molluscan skeletal material is similar to that of 

brachiopods, so that in most samples this component only ranks as '4'. No distinction is 

evident in terms of the distribution between mound-core and marginal microfacies.

Ostracods (84%)

Ostracods are a common component of the limestones, but are usually only present in 

relatively minor amounts and so generally rank as '4' or '3'. However, at four localities 

they rank as the most important skeletal components, and at eight others, as the second 

most important. Although many ostracods appear as disarticulated valves, at least as many 

specimens again appear as articulated carapaces. The ratio of valves to whole carapaces is 

approximately equal, suggesting an intermediate to relatively high rate of sedimentation 

(Kilenyi, 1971). Ostracods do not appear to show any preferential spatial distribution 

between the mound-core and marginal microfacies.
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Trilobites (18%)

Trilobite material is a very minor component and is only found in 16 samples, where it 

always occurs as rank '4'. It is unusual to see more than one skeletal fragment in any 

particular thin-section. With one exception, trilobite occurrences appear to be restricted to 

the prograding marginal microfacies.

Hyalosteliid spicules (22%) and other sponge spicules (66% )

Hyalosteliid sponge spicules are present only in relatively minor quantities and usually 

only rank as '4' in the hierachy of components. Other sponge spicules are more common 

and have been identified in two-thirds of all samples. In over 20% of all samples, other 

sponge spicules are an important component and rank as '1' or '2'. Little distinction is 

evident between the mound-core and marginal microfacies in terms of the distribution of 

hyalosteliid or other sponge spicules, although sponge spicules do appear to be more 

common within muddier textures.

Plurilocular foraminifera (16%) and Earlandia (4%)

Plurilocular foraminifera are only very minor components and always rank as '4'. In terms 

of microfacies distribution, they appear to be more common at mound-core localities. The 

bilocular foraminifer Earlandia is a rare component also, and specimens were recorded 

from just four samples, only one of which also contained plurilocular foraminifera.

Dasycladacean algae (not present)

Dasycladacean algae, the only reliable indicators of deposition within the photic zone, 

were not recorded from any of the thin-sections which were analysed. This included those 

samples which showed a well developed degree of micritization, where the Waulsortian 

dasyclad Atractyliopsis, was more likely to have been well preserved (Dehantschutter, 

1995).
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Globochaetes (7%), M oravam minids (1%) and Aoujgaliids (11%)

Globochaetes are only ever observed in minute quantites (rank '4') and were recorded 

from just six localities within the buildup. A single example of the problematic 

moravamminid was recorded at locality 280 (prograding marginal microfacies). 

Aoujgaliids were recorded from 10 localities, where they always occurred as rank '4 ' 

components. They appear to be relatively common at mound-core B.

Worm tubes (4%) and salebrids (6%)

Worm tubes are rare components and were only recorded at four localites, where they 

always ranked as '4' in the hierachy of components. Salebrids only occurred at five 

localities, also as rank '4' components.

Rectangulina  (10%), Sphaerinvia  (7%) send Asphaltina  (10%)

These problematic organisms appear to be randomly distributed throughout the buildup. 

Rectangulina was recorded at nine localities, Sphaerinvia at six, and Asphaltina at nine. All 

of these organisms were logged as rank '4' components.

M endipsia leesi (44% )

The calcisphere Mendipsia leesi is a common skeletal component, but is only ever present 

in relatively minor quantites (always as rank '4'). Mendipsia has been logged at all of the 

mound-core localities, but is only present at about half of the prograding marginal 

localities.

Problematicum 1 (24%) and Problematicum 2 (10%)

Problematicum 1 and 2 are evenly distributed throughout the various microfacies. Both 

organisms only ever occur in relatively minute proportions, and consequently always 

occur as rank '4' components.
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Intraclasts (6%) and lithoclasts (none)

Lithoclasts were not encountered in thin-section. Single small intraclasts were only 

recorded in five thin-sections, four of which were from prograding marginal facies.

Geopetal peloids (20%) and matrix peloids (39%)

Peloidal fabrics appear to be relatively well developed throughout the buildup. Matrix 

peloids are generally less distinctly defined than geopetal peloids. Few samples appeared 

to contain both peloid types, although recognition of geopetal peloids was dependent on 

the presence of cavities within thin-sections (cavities were avoided wherever possible 

during section preparation). Dehantschutter (1995) recognised an association between 

spar-rich facies and the development of matrix peloids. Many of the samples in which 

matrix peloids were developed did appear to have moderate to well-developed cavities, but 

matrix peloids were also observed in cavity-poor facies.

Micritized grains (11%), micritized cements (18%) and micritized cavities (8%) 

Micritization of cements and grains occurs mosdy within cavities; the margins of such 

cavities often show signs of micritization too. Micritization appears to have been better 

developed within anarchic stromatactoid cavities rather than sheet-spars. The micitization 

of grains tends to occur more commonly within cavities, but can sometimes be seen within 

matrix muds, close to cavities which were themselves affected by micritization. The degree 

of micritization of matrix grains appears to decrease with increasing distance from such 

cavities. Bryozoan fronds appear to be the most commonly micritized grain type, but this 

is probably a reflection of the part they played in the formation of stromatactoid cavities.

Dolomite (33%) and ferroan dolomite (9%)

Signs of dolomitization are present in 42% of the samples studied from the buildup at 

Mullawomia. However, such signs are invariably small-scale, and usually occur either as
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small veinlets of dolomite (which often also contain bitumen) that cross-cut earlier textures 

and cavities, or otherwise occur as the final fills of cavities/shells which were lined with 

earlier radiaxial fibrous calcite cements. Ferroan dolomite, in particular, is more commonly 

associated with the latter situation. Dolomitization within the matrix itself was rarely 

observed in thin-section.

Textures

Limestone textures (Dunham, 1962) vary considerably from mudstones through to grain- 

supported packstones; wackestone is by far the most common depositional texture 

observed though. Carbonate mud is always present, even within crinoid ossicle-rich 

encrinite horizons, and so grainstones were not encountered. Of the 89 thin-sections 

examined, the following textures were recorded: mudstone in 12 samples;

mudstone/wackestone, 20 samples; wackestone, 42 samples; wackestone/packstone, 13 

samples, and; packstone, 2 samples. The distribution of these textures, which is shown in 

appendix 3, appears to be quite variable within both the mound-core and prograding- 

marginal facies.

5.7. Occurrence and relative importance of b ioclasts.

Figure 5.2 shows the percentage occurrence for individual bioclasts observed within thin- 

sections prepared from limestones collected at Mullawomia. The percentage occurrence 

does not provide any information regarding the importance or absolute abundance of 

particular skeletal components. Instead, it simply involves the recognition of a certain 

bioclast of any rank, i.e. rank '1', '2', '3' or '4' in the hierachy of components (as 

detailed in section 5.2). Fenestrate hash, for example, occurs in 96% of all samples; 

however, it only occurs as the most important component (rank ' 1') in 34% of samples, 

and otherwise occurs as rank '2' in 37%, rank '3' in 21% and rank '4' in 3% of samples.
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Figure 5.2. Occurrence of skeletal bioclasts (of any rank in the component hierachy) 

observed in thin-section from limestone samples collected from Mullawomia.
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Figure 5.3. Occurrence of relatively ‘important’ skeletal bioclasts (i.e. only those which 
rank as ‘1’ or ‘2’ in the component hierachy) observed in thin-section from limestone 

samples collected at Mullawomia Quarry.
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Figure 5.3 includes only those components which rank as '1' or '2' in the component 

hierachy, i.e. the two most important bioclasts within any thin-section. As such, it 

provides more useful information concerning the relative importance of bioclasts, although 

again, it does not provide any information regarding the absolute abundance of any of the 

bioclasts. Such information is difficult to calculate because the proportion o f carbonate 

mud, the fundamental component of the Waulsortian facies, shows such variability from 

one thin-section to the next, relative to the skeletal components.

Figure 5.3 shows that fenestrate hash and crinoids appear to be the two most important 

bioclasts, similar to that shown in Figure 5.2. However, comparison between the two 

graphs shows that brachiopods and molluscs, for example, whilst commonly encountered 

in thin section (88% and 76% respectively) are only important components (rank '1' or 

'2') in 2% and 1% of thin sections respectively. Figure 5.2 also reveals that sponge 

spicules, other than hyalosteliid spicules, appear to be important components in almost a 

third of the samples investigated. Spicules had not been observed at a macroscopic level 

within the quarry face exposures, and appear to be much more important components than 

had been previously indicated.

5.8. Phase c lass ification .

Detailed petrographic study of Waulsortian rocks from Belgium has shown a great 

diversity of components and strong patterns in their distribution (Lees and Miller, 1995; 

Dehantschutter and Lees, 1996). A succession of four grain-type assemblages, 

subsequently termed 'Phases', was recognised by Lees et al. (1985). Each assemblage is 

characterised by the appearance of marker grains. The distibution of components within 

each Phase is shown in Figure 5.4. The characteristic grain types of each phase are listed 

on the following page.
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Phase A - fenestrate bryozoans, crinoids and ostracods;

Phase B - as A but with hyalostehid sponge spicules;

Phase C - as B but with plurilocular foraminifera;

Phase D - as C but with cryptalgal coating and micritization of grains, cements and cavity 

walls, and undoubted calcareous algae.

The different grain-type assemblages have been interpreted in terms of various 

environmental parameters, the most important of which is considered to have been water 

depth. This is thought to have ranged from depths in excess of 300 metres 

(subphotic/Phase A) to relatively shallow water depths, within the photic zone (Phase D). 

Lees and Miller (1994) have since shown that the only reliable indicators for Phase C are 

plurilocular foraminifera, indicative of depths of 200 metres or less. Furthermore, Lees 

and Miller (1995) now indicate that micritization may be present in Phase C or below. 

Lees (1997) has also shown that the development of cryptalgal (microbial) coatings may 

not be significantly depth-related, as these appear to have been better developed in 

supposedly deeper, coeval, off-bank sediments in Belgium. Accordingly, skeletal 

components alone are now recommended for Phase determination. Dasycladacean algae 

are now considered to be the only reliable indicators for deposition within the photic zone, 

i.e. Phase D (Dehantschutter, 1995).

The distribution of skeletal components recognised from the limestones at Mullawomia 

appears to suggest that the portion of the buildup exposed within the quarry developed 

within Phase C of the revised classification scheme of Lees and Miller (1995). Plurilocular 

foraminfera are present throughout the buildup, suggesting that most of its growth took 

place in water depths which were less than 200 metres. Other Phase C components, 

including geopetal peloids, gastropods and aoujgaliids, are also present throughout the 

buildup. Dasycladacean algae have not been recognised in thin-section, even in heavily
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micritized samples where algal cortices are more likely to have been preserved. Although 

micritization itself has now been shown to occur at greater depths than had been originally 

thought, the process is still likely to have been more pervasive at shallower depths (as 

shown in Figure 5.4). The degree of micritization seen at Mullawomia would therefore 

seem to suggest that the limestones accumulated towards either the shallower end of Phase 

C or the deeper part of Phase D. In absolute terms, buildup accumulation appears to have 

occurred at depths estimated to be somewhere in the region of 90 (maximum depth for 

dasyclads) to 200 metres (maximum depth for plurilocular foraminifera). This broadly 

corresponds with independent depth estimates of 65-170 metres which were previously 

calculated from an assessment of the implosion depths of orthoconic and coiled nautiloids 

at Mullawomia (Histon and Sevastopulo, 1993).

Figure 5.4. Component distribution within Waulsortian Phases A-D, related to major 
environmental paramneters (after Lees and Miller, 1995, figure 21). Upper case 

components are marker grains for their respective Phases.
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CHAPTER 6: Analysis of the preserved macrofauna at Mullawornia. 

6.1. Introduction.

The reconstruction and interpretation of many palaeocommunities has been based largely 

on the taxonomic composition and relative abundance of the preserved species (Powell and 

Stanton, 1985). However, it is important not to place too much emphasis on community 

structure solely on the basis of preservable parts because various decay and taphonomic 

processes have been shown to be responsible for substantial preservational bias in the 

fossil record (Allison, 1990). Detailed ecological studies on modem seafloor settings 

suggest that only half of the species of epifauna and less than a third of the species of 

infauna have hard parts which are preservable as fossils (Craig and Jones, 1966). 

Furthermore, different relative skeletal growth rates between different organisms may 

serve to either over or under emphasise their apparent importance within the sedimentary 

record. Even though taphonomic processes have undoubtedly lead to a loss of information 

concerning the soft-bodied part of the original biota, field data nevertheless indicates that a 

diverse macrofauna does appear to have colonised the buildup at Mullawornia.

This chapter deals with the abundance, diversity, distribution and aspects of the 

palaeoecology of the various groups of macrofaunal organisms, with preservable body 

parts, which have been recorded from the buildup at Mullawornia. Relevant aspects of 

both the ecology of modem and palaeoecology of ancient representative taxa are included 

in the appropriate sections, although many elements prove to be of little use as primary 

aids for palaeoenvironmental interpretation because they are known to have been tolerant 

across a wide range of different conditions. However, in addition to the recognition and 

identification of actual species, particular attention has been paid in the field to the 

taphonomy, i.e. the style of preservation, of the individual faunal components. Such an
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approach should provide valuable information regarding the physical conditions and 

processes which were active across the surface of the buildup during the period of its 

growth.

6.2. Brvozoans.

6.2.1. Bryozoan diversity and abundance.

Bryozoans, particularly fenestellids, are the most common and abundant skeletal 

components from the macrofauna preserved within the limestones at Mullawomia. At least 

some bryozoan material is present in most thin sections (96%), but due to the fragmented 

taphonomic state of much of this material, it is difficult to ascertain absolute numbers of 

individual colonies at any particular locality in the field. Various processes are likely to 

have over emphasised the apparent importance of bryozoans within the palaeocommunity. 

These factors include the relatively high ratio between skeletal material produced by an 

individual colony and its [soft tissue] biomass, when compared against other organisms 

present, such as brachiopods for example, whose slow shell growth produces 

comparatively low quantities of skeletal material relative to the biomass of its soft tissues. 

For the same biomass of each organism, a unit volume of sediment is therefore likely to 

contain more autochthonous bryozoan skeletal material than brachiopod shell, assuming 

other taphonomic factors to have been negligible. Various favourable preservational 

processes, as discussed in section 6.2.3, may have also acted to over emphasise the 

apparent importance of bryozoans.

Within the Waulsortian facies generally, the large-scale abundance of bryozoans is 

seemingly related to Phase development (refer to section 1.6.3) but there are enormous 

small-scale variations below this level (Lees and Miller, 1995). Surprisingly, the 

importance of these colonial organisms had been largely overlooked by many authors.
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particularly in those studies which date from the earlier part of this century, to the extent 

that bryozoans are generally absent from  many otherwise seemingly detailed faunal lists, 

as highlighted in Figure 3 .1. One reason for this may be the fact that, in the field at least, 

bryozoans are relatively 'cryptic ' macrofaunal com ponents, since they are both small and 

delicate, and because they tend to be associated with (and are consequently obscured by) 

various sparry calcite m asses (as detailed in section 4.4). It was not until 1958 that Pray 

recognised the great importance that fenestrate bryozoans played within the W aulsortian 

facies o f the Sacram ento M ountains o f New M exico. Their importance has also been 

lecorded in more recent petrographic studies o f the W aulsortian facies, e.g. Lees and 

Miller (1985), Hennebert and Lees (1991), Lees and Miller (1995), and Dehantschutter 

(1995). The lack o f any systematic studies on W aulsortian bryozoans has been partially 

remedied by W yse Jackson (1991), who has commented on the faunal distribution, 

zonation, ecology and the possible role o f Bryozoa in W aulsortian buildups from  Belgium 

and from the W aulsortian Lim estone Com plex within the Gort Borehole, Co. Galway.

Few bryozoans, even the relatively large fenestrates, can be identified at species level in 

the field. Species recognition, which depends largely on the detailed skeletal architecture 

o f the zoarium and the arrangement o f the autozooecial apertures, instead requires the 

analysis and interpretation o f suitable material under a binocular m icroscope, or 

observation of bryozoan material in thin-section. Petrographic examination is essential for 

the recognition and identification o f small cryptostom e ('stick ') and cystoporate 

('encrusting ') bryozoans. Many limestone sam ples, particularly w ackestones, which 

appear to lack any bryozoan material in hand-specim en, often reveal an abundance of 

broken bryozoan fragm ents ('hash') when observed in thin-section.

Although the bryozoan assemblage at M ullawornia is relatively diverse, it is nonetheless 

dom inated by fenestellids, which are at least an order of magnitude more abundant than
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other bryozoan types. FenestelHds can also attain a much greater size (>30 cm) relative to 

non-fenestrate bryozoans (generally <1 cm). Lees and Miller (1995, p.203) noted that in 

the Waulsortian of Belgium 'non-fenestrate bryozoans are strongly associated with the 

deeper end of the [buildup] spectrum and are rarely encountered in shallower Phases'. 

However, they go on to state that 'examination of some samples from the buildups in 

Phases C and D of Ireland suggests that, although fenestrates are the dominant bryozoans, 

other forms are more important than in Belgium'. The buildup at Mullawornia has been 

inteipreted to have developed within a similar range (upper part of Phase C, refer to 

section 5.8) and the relative abundance of non-fenestrate bryozoans at Mullawornia, as 

seen in thin-section, would seem to be consistent with Lees' and Miller's earlier 

observations. Dehantschutter (1995) also noted that whilst stick, ramose and encrusting 

bryozoans were volumetrically unimportant components, they were consistently present 

throughout the majority of samples collected from Waulsortian facies limestones 

developed within the Dublin Basin.

The following bryozoans have been recorded from the assemblage at Mullawornia: 

Fenestrate Fenestella s.l. frutex  M ’Coy, 1844.

Fenestella s.l. pleheia M ’Coy, 1844.

Fenestella s.l. quadridecimalis M ’Coy, 1844 

Fenestella sp.

Polypora sp.

Cryptostome Pseudonematopora sp.

Rhomhopora sp.

Cystoporate Fistulipora incmstans (Phillips, 1836)

Sulcoretopora sp.

Tiepostome Stenophragmidium  sp.

Stenopora sp.



Non-fenestrate bryozoans, as observed in thin-section, appear to be dispersed fairly 

randomly throughout the buildup. However, the distribution of the larger, more complete, 

fenestrates appears to be more variable. In certain places, such as Localities 5 to 25, a 

bryozoan-rich facies can be identified which is characterised by relatively large (> 3cm) 

fenestrate fronds, which often form mechanical supports above cavities situated between 

adjacent masses of primary carbonate muds. These primary shelter cavities have generally 

been subsequently floored by geopetal muds and then occluded by sparry calcite (refer to 

sections 4.3 and 4.4). Bryozoan-rich facies have been widely reported from the type 

Waulsortian buildups of Belgium (Lees etal ,  1977). At Mullawomia, this facies tends to 

be better developed along the steeply inclined slopes of the prograding margins, rather 

than at the mound-cores. In the hierarchy of faunal components, bryozoans tend to 

provide the greatest skeletal contribution to the limestones at Mullawomia. However, in 

absolute terms, the maximum actual contribution rarely accounts for more than 10% of the 

total rock volume (in the bryozoan-rich facies) and elsewhere is generally in the order of 

<1 to 4% of the total rock volume. Carbonate mud is always the fundamental and 

volumetrically most important component of the Waulsortian facies.

6.2.2. Brvozoan palaeoecology.

Bryozoans have a rich fossil record throughout most of the Phanerozoic, and have played 

a significant ecological role in many shelf and upper slope communities since the 

Ordovician. Lower Carboniferous bryozoans, in particular, were an important component 

of many marine ecosystems and occurred within a wide range of environmental settings 

(Wyse-Jackson, 1991). Most of the important Palaeozoic bryozoan orders 

(Cryptostomata, Fenestrata, Cystoporata and Trepostomata) became extinct at the 

Permian-Triassic boundary, or shortly thereafter. Today, bryozoans are a dominant faunal 

component of benthic communities (up to 80%) in regions of modern cool and cold water 

(<20°C) carbonate deposition (Hageman etal ,  1997).
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Interpretation of fossil bryozoans has been based largely on studies of the ecology, 

morphology and associations of modem bryozoans. However, there are few real data 

about modem marine bryozoans and their ecological requirements, and those studies that 

do exist tend often to be far too narrowly focused (Smith, 1995). Problems of taxonomic 

uniformitarianism mean that with increasing age, the extrapolation of the ecological 

requirements of modem organisms to fossil faunas becomes more tenuous (Bosence and 

Allison, 1995). Species, families and even whole orders of Palaeozoic bryozoans which 

are now extinct may have lived under quite different conditions than present-day 

bryozoans, making modem analogues difficult to apply. Although no extant group is 

closely related to Palaeozoic bryozoans, comparisons are generally made with modern 

cyclostomes (Smith, 1995).

Like their ancient counterparts, modem bryozoans are modular, colonial, usually sessile 

aquatic organisms whose colony zooids secrete a tubular or box-like exoskeleton of high- 

Mg calcite which partially encases the soft parts. Colonies display many forms and may be 

encrusting, erect, foliose, ramose, branched or conical. Bryozoans are filter feeders, 

feeding on bacteria and phytoplankton, and occupy an intermediate tier within the benthic 

hydrodynamic boundary layer, extending upwards from the sediment-water interface to 

heights of 30 cm or more (Ausich and Bottjer, 1990). Spatial partitioning, related to 

fenestmle size, may have allowed different Palaeozoic fenestrates to exploit different water 

currents above the sediment surface (W yse-Jackson, 1991). Modem bryozoan colonies 

can live for up to 12 years, although the usual life span is in the order of 1-2 years. They 

occupy a wide variety of environments, and while some can tolerate low salinities, most 

are found in salinities ranging from 32 to 37 °/oo (Ryland, 1970). They are generally found 

in waters with temperatures ranging from 10 to 30°C, but Antarctic bryozoans may 

tolerate water temperatures as low as -15°C. Modem bryozoans are most abundant on the 

continental shelf, where currents are moderate and the supply of particulate food is
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abundant, although they have been found down to 6000 m water depth. They are generally 

found attached to hard or firm substrates (where diversity tends to be greatest) although 

they may be attached elsewhere to stones and shell material. Even a small shell can provide 

a point of attachment for tens of species (Harmelin, 1988). Like other suspension feeders, 

bryozoans are quite vulnerable to high rates of sedimentation and turbidity. The majority 

of bryozoan habitats are found where sedimentation rates are less than 100 cm ka ' (Smith, 

1995). Low sedimentation rates have been shown to correspond with higher diversity 

within Palaeozoic bryozoan populations (Kelly and Horowitz, 1987). Erect forms, like the 

fenestrates which dominated the assemblage at Mullawomia, may well have tolerated 

higher sedimentation rates than encrusters. Other disturbances, such as predation, 

bioturbation and substrate movement, can also reduce bryozoan abundance.

Bryozoans have long been recognised as important skeletal contributors to Palaeozoic 

carbonate buildups (Cuffey, 1977) and some authors have even suggested that they were 

responsible for their initiation, development and stabilisation (e.g. McKinney et al ,  1987; 

Ausich and Meyer, 1990). Wyse-Jackson (1991) studied the distribution of bryozoans 

within the Waulsortian facies of Belgium and compared them to their distribution within 

precursor and laterally equivalent facies. Many buildups appear to have been preceded by a 

pioneer community composed largely of cryptostome-trepostome bryozoans which may 

have played an important role in stabilising the sea bed, thus allowing buildup 

development to occur. As at Mullawomia, the bryozoan communities within the Belgian 

buildups were dominated by large erect planar and conical fenestrate zoaria, regarded by 

Kelly and Horowitz (1987) as being the bryozoan type least sensitive to environmental 

controls such as current strength or sedimentation rate. Modem cyclostomes with 

fenestrate growth forms are the most closely related analogues to the Palaeozoic Fenestrata 

which dominated the Waulsortian facies. Recent studies of present-day cyclostome 

colonies with a fenestrate morphology show that they tend to occur in moderate to low
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energy environments and are most common at depth, probably because they are more 

vulnerable to damage by currents than encrusting and flexible species. Higher-energy 

environments are characterised by fenestrates with an unusual lyre-shaped morphology 

(McKinney et a l ,  1993), but these have not been recorded from the Waulsortian facies 

(Wyse-Jackson, pers. comm.). Similarities between species of Fenestella occurring within 

the Waulsortian and their laterally equivalent facies would seem to suggest that the baffling 

and winnowing of sediment by bryozoans (cf. McKinney et al., 1987) was not 

responsible for either the initiation or subsequent development of buildups, although they 

may have had a minor role in the stabilisation of local carbonate muds, thus preventing 

their local export. This is consistent with the low volumetric abundance of bryozoans (at 

most 15%), and their absence from certain muddy portions of many buildups. The relative 

abundance of fenestrates at Mullawomia (Phase C) is consistent with the revised version 

of the distribution of components in Waulsortian Phases (Lees and Miller, 1995, fig. 21). 

Previously, Lees and M iller (1985) had considered fenestrates to be rare within Phase C.

Fenestrate bryozoans required only a tiny point of attachment; hardgrounds were 

presumably rare on Waulsortian buildups and it is likely that most zoaria grew from 

attachment points on small shelly fragments, which were undoubtedly too small to provide 

a stable support as the colony grew beyond a certain size. Later support mechanisms may 

have been created by the development of spines (as seen in thin section), some joining 

adjacent colonies, or by partial burial within the muddy sediment. Buss (1979) has shown 

that due to the modular nature of bryozoan colonies, mortality [by burial] of part of the 

colony need not affect the overall growth. It is probable that bryozoans simply colonised 

Waulsortian mounds as they provided suitable sites for attachment and a topographic high 

above the surrounding sea floor, where nutrient levels would be stronger. In colonising 

the mounds the bryozoans contributed to the growth and enhancement of the system, but 

they were not in themselves responsible for its actual formation.
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6.2.3. Bryozoan taphonomv.

The fossilised bryozoans at Mullawomia encompass a complete spectrum of taphonomic 

states. These range from relatively large, upright, in-situ colonies to tiny, randomly- 

orientated, broken bryozoan fragments. The larger (>7 cm) more complete colonies tend to 

be associated with the fenestrate dominated bryozoan-rich facies, but smaller (<7 cm) 

complete colonies may be encountered throughout the buildup as a whole. Broken 

bryozoan material, referred to as hash, appears to be almost ubiquitous.

Encrusting bryozoans such as Fistulipora, shown in plate 5.2, tend to appear more 

complete, although this is undoubtedly a reflection of the small size of the original 

colonies. These colonies are sometimes preserved with their original skeletal attachment, 

most commonly crinoid ossicles, but also including brachiopod shell fragments, and even 

other bryozoan material. Encrusted crinoid ossicles are invariably observed in a 

disarticulated state, but this does not necessarily imply that the bryozoans were not 

originally attached to upright [living] articulated crinoid stems. Those colonies which 

appear to lack any bioclastic attachment tend to be associated with dark clumps of denser 

primary mud (M l). The autozooecial chambers of Fistulipora generally appear to have 

become occluded by blocky calcite spar, rather than having been filled by carbonate matrix 

muds (see Plate 5.2). Although encrusting bryozoans tend to have fairly random 

orientations within the muddy carbonate matrix, original colony growth could easily have 

occurred in any direction (i.e. upwards, downwards, laterally, etc.) depending on the 

orientation of the initial encrusting surface and the subsequent trajectory of colony growth. 

Fistulipora has not been observed growing within the cavity systems at Mullawomia, as 

has been reported from a Waulsortian buildup located at Feltrim, Co. Dublin 

(Dehantschutter, 1995). However, spar-filled cavities were purposefully avoided during 

thin-section preparation. Other non-fenestrate bryozoans, such as the cryptostome 

Rhombopora and the trepostome Stenophragmidium, tend also to be less completely
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preserved, presumably reflecting the relatively larger size of their colonies. W here colonies 

appear to have become broken, corresponding parts of the zoarium can quite commonly be 

found in close proximity to one another (i.e. within the same thin-section). Intra-skeletal 

spaces within zoaria may be filled with either calcite spar, matrix muds or various 

combinations of the two (see plate 5.2).

It is the larger fenestellid colonies which show the greatest variations in terms of their 

taphonomic state. At one end of the scale, upright fenestellid colonies interpreted to be in 

situ were encountered in the field, whilst at the other, finely comminuted fenestrate hash 

debris has been observed in thin-section. Colony morphology amongst the fenestellids is 

varied. Slightly concave, fan-shaped zoaria were most commonly encountered, but 

generally smaller (<7 cm) cone and cylinder shapes were common also. Zoarial 

morphology does not always appear to be species-related, as identical species may adopt 

quite different colonial strategies. In such cases, environmental parameters are considered 

to be more important in determining the overall colony shape. Erect fan-shaped colonies, 

observed on steep primary depositional surfaces {ca. 45°) between Localities 70 and 90, 

tend to be orientated with their concave zoarial surfaces facing upslope. A relatively large 

(>10 cm), upright, apparently in situ colony of Fenestella quadridecimalis has been 

collected from Locality 220. This species had not been recorded previously from the 

Waulsortian facies. Many of the more complete fenestellid colonies were observed with 

their fronds aligned parallel to the depositional surface. Where breakage within the 

relatively delicate fronds appears minimal, it is likely that colonies simply toppled over and 

did not undergo any subsequent transport. It seems probable that only a small attachment 

site would have been necessary upon which larvae could settle and for initial colony 

growth to then proceed. As the colony grew beyond a certain size, however, a small 

attachment would have become insufficiently stable to support the zoarium. Wyse-Jackson
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(1991) has observed that within the Waulsortian of Belgium many of these 'toppled' 

colonies actually continued to grow after they had fallen over.

Fenestellids are commonly preserved as broken fronds which appear to be randomly 

orientated, with many fragments preserved at high angles to the bedding. However, larger 

pieces do tend to be orientated parallel to bedding (see Field Sketch M15/FS5, p.lxxi). The 

size of individual fragments varies enormously from near complete fronds, greater than 10 

cm in length, down to tiny pieces of bryozoan hash. This 'hash' consists of tiny pieces of 

predominantly fenestrate zoaria, usually less than 1 mm in length. In thin-section, initial 

breakage of the zoaria appears to have occurred at the weaker dissepiments, then branches 

were broken down further into increasingly smaller lengths. The breakage surfaces appear 

irregular and jagged, as though fractured, but delicate skeletal protrusions from the zoaria 

do not appear to have been broken off and many branches also appear to have retained 

their carinal nodes (W yse-Jackson, 1991). These features would seem to indicate little 

abrasion, and therefore presumably little transport and movement. Furthermore, the size- 

distribution of the hash appears to be particularly variable and there appears to be little 

evidence for biostratinomic processes such as size-sorting of hash material through current 

activity. Hash material is commonly observed with much larger, more complete fronds.

The cause of bryozoan fragmentation in Waulsortian buildups has commonly been 

attributed to breakage by current activity (e.g. W yse-Jackson, 1991; Cleary, 1995). This 

was considered by those authors to be consistent with the reported occurrence of relatively 

complete zoaria in Phase A of the Waulsortian (interpreted to be the deepest development) 

and their replacement in Phases B and C (progressively shallower) by bryozoan hash 

(Lees and Miller, 1985). However, the relative abundance of fenestrate bryozoans at 

Mullawomia (Phase C) is consistent with the revised version of component distribution 

within Waulsortian Phases (Lees and Miller, 1995, fig. 21) which shows that complete
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fenestellid colonies also occur within Phases B, C and D and that broken bryozoan hash is 

commonly reduced in Phase D, the shallowest part of the buildup spectrum, where 

mechanical energy would presumably have been at its greatest. Furthermore, the lack of 

either abrasion features or any real signs of size-sorting within the broken material is not 

consistent with breakage by current activity. Currents which were sufficiently strong to 

break relatively rigid bryozoan colonies would presumably have been able to remove (and 

sort) the smaller fragmented material afterwards. In-situ bryozoan fragmentation is 

commonly observed in thin-section, with component parts of broken zoaria seen in close 

association with one another. At least some of this larger-scale breakage may have 

occurred during the initial settling and compaction of the primary M l muds. However, this 

process is unlikely to have been responsible for the generation of the large quantities of 

smaller-scale bryozoan hash which are commonly encountered.

Lees and Miller (1995, p.204) suggested that 'in view of the context of these rocks, 

[bryozoan fragmentation] presumably results from biodegradation rather than mechanical 

comminution by transport'. The increase in bryozoan hash in Phases B and C does 

certainly coincide with the reported introduction of grazing organisms such as echinoids 

and gastropods at similar levels. Bioerosion may equally have been attributable to an 

organism(s) not recorded in the fossil record, perhaps due to a lack of any preservable 

body parts. Evidence for internal macrobioturbation within the Waulsortian facies is 

generally absent; bioerosion of bryozoan material is therefore considered to have occurred 

on the sediment surface, prior to burial. Where an active biofilm covered the sediment 

surface (refer to section 7.3.1), biotic traffic would have been greatly inhibited; fallen 

bryozoan material would be less likely to have become fragmented under such 

circumstances. However, following the periodic and localised demise of parts of the 

surficial biofilm, biotic traffic could then have become temporarily increased. Over a 

sufficient length of time, any bryozoan material present on the surface could have become
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biomechanically fragmented by an organism(s) as yet unidentified. Any subsequent 

localised reworking of bryozoan hash produced in this manner would have required far 

gentler currents than those proposed for the breakage of the colonies themselves.

6.3. Echinoderms.

6.3.1 ■ Echinoderm diversity and abundance.

Unlike bryozoans, echinoderms are relatively conspicuous biotic components. However, 

their importance has been similarly overlooked in many of the reported lists of Waulsortian 

macrofauna. This is largely a reflection of the poor taphonomic state of the vast bulk of 

echinoderm material and the resultant difficulties for identification. Echinoderm taxonomy 

is based largely upon the features of complete or near-complete skeletons, which generally 

only result through exceptional preservational circumstances (Donovan, 1991). A 

collection of well preserved articulated crinoids, monographed by Wright (1949-1959), 

from the Knoll Wood, Coplow and Salt Hill buildups situated in northern England and a 

crinoid fauna collected at Feltrim in Ireland (Hudson et a l ,  1966b) provides some data 

concerning the taxonomy of representative species found within the Waulsortian facies.

The majority of the echinoderm material seen at Mullawomia is pelmatozoan and appears 

principally as crinoid ossicles. In relative terms, crinoids generally occur as the most 

common skeletal component after bryozoans, but in volumetric terms, at certain localities 

they are frequently much more important (e.g. Field Sketch M 19/FS1). Due to the 

disarticulated nature of much of the material, it is generally impossible to ascertain absolute 

crinoid numbers, particularly where components from several organisms have 

accumulated together on the same surface. However, the component parts of individual 

organisms may commonly be recognised in somewhat muddier facies, for example at 

mound-core A. At this locality, the density of discrete accumulations of (semi)-
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disarticulated material from individual crinoids varies from approximately 4 to 20 

organisms per square metre within the vertical quarry faces.

In relative terms, Palaeozoic stalked crinoids were able to generate large amounts of 

skeletal material when compared to the [soft tissue] biomass of an individual. Distal stem 

autotomy seen within modem crinoids, and perhaps by analogy their ancient predecessors, 

may also have allowed individual crinoids to generate considerable extra columnal material 

(Baumiller et a l, 1995). The modem crinoid Metacrinus rotundas, for example, has a 

stem growth rate of 30-60 cm y r ' and continually adds autotomised fragments of stem to 

the surrounding sediment (Donovan, 1991). Similarly, Palaeozoic crinoids may have been 

able to make multiple contributions to the fossil record by a process of autotomy, or self- 

mutilation, with subsequent regeneration of soft parts. There are many instances from the 

Ordovician to the Jurassic (and particularly during the Lower Carboniferous) where entire 

shelf areas appear to have been periodically dominated by pelmatozoans. These 

occurrences are recorded as regional encrinites, i.e. grainstones and packstones composed 

of more than 50% parautochthonous pelmatozoan debris with an average stratigraphic 

thickness of 5-10 m and an areal extent of more than 500 km^ (Ausich, 1997). The high 

ratio of skeletal material to the biomass for an individual crinoid, combined with the 

dispersed nature of much of that material and the likelihood of at least partial preservation, 

may serve to over-emphasise the apparent importance of crinoids within the recorded 

faunal assemblage.

As a proportion of the total biotic constituents and of total rock volume, pelmatozoan 

material varies enormously within the buildup, from a single crinoid ossicle within an 

otherwise unfossiliferous mudstone (<1% total rock volume), to grain-supported 

packstones composed almost entirely from disarticulated ossicles (>50% total rock 

volume), which probably contain some crinoid calyx and blastoid plates also.
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Nevertheless, even these encrinite horizons still contain some carbonate mud, the 

fundamental component of the Waulsortian facies, within the interstitial matrix. On a large 

scale, the variability in the abundance of echinoderm material appears to be related to 

Phase development (Lees et al, 1985), but considerable lateral and vertical variation also 

exists below this level, as observed within the buildup at Mullawomia. In terms of the 

distribution of pelmatozoan material, there is little evidence for any particular facies 

variation between the mound-cores and the prograding margins; crinoidal material may be 

equally common (or rare) within either setting.

Estimates of the diversity of echinoderm material are difficult to assess due to the poor 

state of preservation (i.e. disarticulation) of much of the material. At a broad scale, fixed 

pelmatozoans are estimated to be an order of magnitude more abundant than vagile 

eleutherozoan echinoderms. Crinoids, especially camerates, have been considered to 

dominate the fauna in terms of taxonomic diversity (Lees and Miller, 1995, p.203) and 

camerates have been recognised within the quarry faces at Mullawomia (George 

Sevastopulo, pers. comm., 1997), based on the skeletal architecture of [relatively rare] 

calices. Even though a wide variety of crinoidal material is present at Mullawomia, the 

identification of individual species, on the basis of ossicle morphology, is not possible 

because morphological variations have been shown to occur along the lengths of 

individual stems (Kay Mannifield, pers. comm., 1998).

Two regular echinoid orders were important during the Carboniferous, the Palaechinoida 

(characterised by relatively thick hexagonal plates and minute spines) and the 

Echinocystitoida (with relatively thin plates and larger spines). Although complete 

echinoids are not preserved at Mullawomia, at least some of the disarticulated echinoderm 

plates seen in thin-section must belong to these eleutherozoans. This seems particularly 

likely judging by the numbers of echinoid spines that are commonly observed in thin-
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section. The hollow nature of the echinoid spines recognised suggests that they originated 

from Echinocystitoid genera. The areal distribution of echinoid spines is such that they 

appear to be more common at mound-core localities, rather than along the relatively steeply 

inclined prograding-margins. Holothurian spicules have also been recovered from 

conodont residues obtained from dissolved limestone blocks collected at Mullawornia. 

Although calcitic, the spicules were fortuitously preserved during the extraction process 

involving formic acid (Sevastopulo, pers. comm., 1988). Deposit-feeding holothurians 

are therefore likely to have been a more important element of the trophic structure than has 

been previously considered (discussed later in section 7.5).

6.3.2. Echinoderm palaeoecologv.

Echinoderms are common and conspicuous marine organisms at the present time and have 

been an important and diverse element of marine communities throughout the Phanerozoic. 

In the Waulsortian facies, the vast bulk of echinoderm material is crinoidal (Lees and 

Miller, 1995). Crinoids were the dominant echinoderm group during the Palaeozoic, but 

the three important subclasses at that time - the Camerata, Inadunata and Flexibilia - all 

became extinct at the end of the Permian, leading to the large-scale disappearance of 

stalked morphologies from shallow-water habitats immediately thereafter. Problems thus 

exist in extrapolating the ecological requirements of modem crinoids to Palaeozoic fossil 

faunas. Lower Carboniferous camerates, for example, may have lived under quite 

different environmental conditions than present-day articulate crinoids, including members 

of the Isocrinidae, with which comparisons are often made (e.g. Baumiller et a i,  1991).

Echinoderms include organisms of very different life habits: crinoids are sessile 

suspension feeders and mostly live anchored to the seafloor, whereas eleutherozoans are 

vagile filter or deposit feeders (or carnivores). The majority of fossil crinoids are thought 

to have lived attached to the bottom with their crowns elevated above the substrate by a
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semi-rigid stem and with their arms splayed out into a filtration fan. In this posture, the fan 

of rheophilic (current-seeking) crinoids was orientated perpendicular to the current in such 

a way so as to intercept the greatest amount of particulate organic matter (Baumiller,

1992). This interpretation corresponds, by analogy, with modem stalked crinoids such as 

the isocrinid Cenocrinus asterius (Baumiller et al., 1991) which utilises a mucus net, 

suspended in seawater from its pinnules, to intercept food particles. Although genera and 

species of living stalked crinoids have narrow temperature ranges, crinoids as a class 

range from tropical to arctic waters. Recent stalked crinoids have been recorded from 100 

metres water depth down to abyssal levels (Blyth-Cain, 1968). The associated biota and 

palaeoenvironmental settings of many of the recorded Palaeozoic crinoid faunas indicate 

that these organisms were also previously important within relatively shallow-water 

settings.

Kammer and Ausich (1987) studied the environmental distributions of Mississippian 

crinoids, from the east-central United States, which they interpreted to be a function of the 

different mode of aerosol filtration feeding used by each group. Rheophilic camerates have 

tended to be associated with facies representing higher current velocities (Baumiller,

1993). The majority of inadunate and flexible crinoids have instead tended to be associated 

with quiet and poorly aerated waters; many were considered by Clarkson (1993) to be 

rheophobes (current-avoiding) on the basis of their functional morphology. Most living 

stalked crinoids, even from supposedly quiet waters, are classified as being rheophilic 

(Ausich, 1980). Data on current strengths of the habitats of modem crinoids are sparse, 

but the isocrinid Cenocrinus asterius has been shown to maintain a typical feeding posture 

with the stalk erect and the arms splayed out into a vertical plane at velocities from as low 

as 2 cm s ' to as high as 25 cm s-’ under extreme conditions (Baumiller, 1992). Camerates, 

advanced cladid and articulate crinoids, all of which possessed pinnules, are considered to 

be the only fossil crinoids that engaged in full mucus net feeding comparable to that of
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living crinoids (Lane and Breimer, 1974). Excessive currents and other turbulence are 

disadvantageous to modem crinoids since they may disturb bottom sediments, with the 

danger of fouling the tiny hydropores, and crinoids are liable to break or become uprooted 

in particularly strong currents (Breimer, 1978). As such, their fossil counterparts are likely 

to have lived under somewhat similar hydrodynamic conditions as living crinoids, at 

similar as well as shallower water depths.

Few modern-day echinoids are related to their Palaeozoic predecessors, with the exception 

of the cidaroids (Kier, 1965), and so the ecological requirements of many ancient 

echinoids are uncertain. In any event, Palaeozoic echinoids seem to have been a relatively 

small and unimportant part of the Palaeozoic biota (Clarkson, 1993) and were probably 

environmentally restricted. Most Palaeozoic echinoids were spherical and epifaunal; 

modem regular epifaunal species are found both in deep waters and in shallower reef 

settings, and because they dislike mud, they tend to be most abundant in clean water with 

either a rocky, sandy or limey substrate (Cooke, 1957). Blastoids, an extinct class of 

small pentamerally symmetrical pelmatozoans (Silurian-Permian), reached a maximum in 

abundance and distribution during the Lower Carboniferous. However, they were never 

an abundant component of any fauna, except locally (e.g. Joysey, 1959). They tended to 

be associated with relatively shallow normal marine settings, typically containing mgose 

corals, brachiopods, fenestellid bryozoans and crinoids (Beaver, 1967). Although 

blastoids have not been identified at Mullawornia, Waters and Sevastopulo (1984) 

recorded Ellipticoblastus ellipticus (Sowerby) from the top of the Waulsortian at the now 

abandoned Carrickboy Quarry (refer to Lees, 1964, for a description of this locality) 

located 8 km to the north (INGR N 206 648). Holothurians have been present from the 

?Ordovician to the present time but are poorly known in the fossil record; only small 

calcareous deposits of the body wall (sclerites and spicules) have the potential for 

preservation. Modem holothurians are fusiform or cylindrical echinozoans which
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generally lie unattached or crawl over (or burrow into) the seafloor. They are found at all 

water depths but are most abundant today in warm shallow waters (Pawson, 1966).

6.2.2. Echinoderm taphonomv.

The nature of the preservation of articulated echinoderm skeletons has the potential to 

provide valuable information about their depositional setting. Differential disarticulation 

can be indirectly correlated with exposure time, the degree of transportation prior to burial, 

and likely rates of sediment accumulation. Many echinoderms are considered to be 

taphonomically fragile organisms (Kidwell and Baumiller, 1990) and the poor record of 

many classes probably reflects their low preservation potential rather than a low original 

abundance. The robustness of the echinoderm skeleton is determined by two principal 

features: the individual calcite plates which form the test and the ligaments and soft tissues 

which bind these ossicles together. Unless buried alive, or removed to an anoxic 

environment, it is the fate of nearly all echinoderms to disarticulate completely following 

death, as the ligaments and other soft tissue decay, and the skeleton is subjected to the 

effects of scavengers, bioturbation and physical disturbance (Donovan, 1991). The state 

of preservation of echinoderms at Mullawomia is highly variable and the vast bulk of 

material (pelmatozoan) is preserved in a relatively disarticulated state. The actual degree of 

disarticulation may provide a qualitative indication as to the relative rates of burial for 

echinoderm material and/or the influence of current activity on the post-mortem transport 

and dispersion of this material.

Isolated crinoid ossicles are ubiquitous components and are present even in the muddiest 

portions of the buildup. These ossicles vary in size from a few milimetres up to 2 cm, but 

tend to be less than a centimetre in diameter. Dispersion of crinoidal material is presumed 

to have occurred through current activity; due to their porous skeletal architecture, 

columnals and individual ossicles would have required a lower current velocity for
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entrainment than other relatively 'solid' bioclasts of an equivalent size (Savarese et a i, 

1996). Although Schwarzacher (1963) estimated the competent velocities for moving 

crinoid debris to be between 2 and 10 cm s ', his experiments worked with relatively crude 

models which had specific gravities that differed from those of actual columnals. 

Furthermore, Schwarzacher (1963) suggested that individual crinoid ossicles may have 

become more buoyant, due to the pore spaces within the stereom becoming filled with 

gases formed during the decomposition of the associated soft tissue. However, there is 

little, if any, evidence to support this speculation (Donovan, 1991) and Meyer and Meyer 

(1986) found that modem comatulid crinoids die and then rapidly disarticulate in situ, 

without undergoing any buoyant transport. More recent entrainment experiments on 

columnals, conducted by Savarese et al. (1996), found their threshold velocities to range 

from 9 to 19 cm s '.

In addition to individual ossicles, varying lengths of articulated stem sections 

(pluricolumnals) may also be observed throughout the buildup. Stalks of the modem 

isocrinid Cenocrinus asterius break into pluricolumnal segments between 1 and 3 weeks 

after death. Before this the stem remains intact, whereas exposure for periods longer than 

3 weeks results in disintegration into individual ossicles (Baumiller and Ausich, 1992). 

Where transport occurred in the immediate aftermath of death, this may have had relatively 

little effect on the excellence of preservation, and repeated reworking of material may have 

been necessary for complete disarticulation to occur in the short-term (Donovan, 1991). 

The pluricolumnal stem sections at Mullawomia tend to be orientated lying parallel to 

bedding, but may rarely be encountered in more upright positions, inclined at relatively 

high angles to the mud laminations (see Field Sketch M24/FS3, p.lxxix). The directional 

orientation of pluricolumnal stem sections, such as those seen in Plate 6.1, appears to be 

fairly random across the buildup. Similarly, the orientation of individual stem sections, 

relative to that of the slope on which they are observed, also appears random. On steep
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depositional slopes, one would expect pluricolumnals to be orientated parallel to the 

direction o f dip (otherwise they should presum ably roll dow nslope), but many stem 

sections are encountered lying strike-parallel on depositional slopes in excess o f 40 

degrees. Schw arzacher (1963) dem onstrated that similarly orientated crinoid stem s were a 

reflection o f the prevailing palaeocurrent direction; either currrents were of an insufficient 

strength to reorientate pluricolum nals, currents were not uniformly directed, or the 

cohesive nature of the substrate itself resisted reorientation o f the colum nals by currents.

Larger concentrations o f disarticulated ossicles comm only occur in either crinoid-rich 

horizons or as 'p iles' o f (semi)disarticulated component parts, which often include calyx 

plates. Crinoid-rich horizons vary considerably, both in terms o f their thickness and their 

lateral continuity. They sometimes appear as a thin veneer (1-2 cm thick) o f disarticulated 

ossicles which pick out a particular bedding horizon. One such exam ple, between 

Localities 39 and 40, show s a discrete layer o f similarly-sized ossicles, extending over 

several m etres, m arking the upper 'toplap ' surface of a series o f laterally prograding 

clinoform s (see Field Sketch M 24/FS2, p.lxxviii). Below this ca. 2 cm thick ossicle-rich 

horizon, the clinoform s consist o f bryozoan/cavity-rich facies, but the onlapping 

limestones above are noticably different, and are lacking in both fenestrate bryozoan 

material and the associated cavities. Elsew here, thicker concentrations o f crinoid ossicles 

occur in encrinite horizons. These are developed at various localities throughout the 

buildup, including the m ound-cores, but are more comm on within the prograding- 

m argins. Tw o well-developed encrinites are exposed at Locality 275, on the flanking 

slopes of m ound-core B (see Field Sketch M 19/FS1, p.lxxii). These horizons vary from 2 

to 7 cm in vertical thickness and are laterally continuous over several m etres. They appear 

to terminate rather abruptly, over a distance of just a few centimetres. W ell-laminated and 

unfossiliferous m icrites below these horizons grade upwards from  a m udstone texture into 

increasingly crinoidal wackestones. In turn, these grade further into the packstone textures



of the encrinites themselves. The sizes of the component ossicles are variable throughout 

the thickness of the encrinite units and there is little sign of any material having been size- 

sorted. Relatively short lengths (<2 cm) of randomly orientated pluricolumnals are 

commonly included and rare calyx plates also provide a minor bioclastic contribution. The 

upper contacts of these distinctive horizons are particularly abrupt, marked by a sharp 

change from crinoidal material back into very well-laminated, unfossiliferous micrites.

Elsewhere, pelmatozoan material is preserved as distinctive pockets of (semi)disarticulated 

component parts. These 'piles' of ossicles and plates probably represent the remains of 

individual organisms which have been disarticulated in-situ and have not undergone any 

subsequent transport. Mechanisms which would contribute to such a style of preservation 

include a lack of suitably strong currents and/or relatively rapid post-mortem burial of 

material. These accumulations are relatively common at mound-core localities (see Field 

Sketches M15/FS4, p.lxx, and M 23/FS1, p.lxxv). Plate 6.2 shows a typical crinoid 

calyx, at Lxjcality 39, preserved in plan view. In detail, it clearly shows that the five 

distinct radial plates have remained articulated to one another. Other component plates and 

ossicles from the stem are located immediately adjacent and pick out a 'bedding plane' 

which is concordant with the local micrite laminations.

6.4. Brachiopods

6.4.1. Brachiopod diversity and abundance.

Brachiopods tend to be relatively conspicuous elements of the fauna of Waulsortian 

buildups and have been well documented in macrofaunal lists from most, if not all, 

previously reported localities from the British Isles and Belgium. In terms of taxonomic 

diversity, many faunal lists are dominated by brachiopods (e.g. Demanet, 1923; Hudson 

et a l ,  1966b) with the result that the importance of brachiopods have been somewhat
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overstated by many authors, particularly in relation to more 'discrete' and less well 

preserved components such as bryozoans, crinoids and sponges. This effect is probably a 

reflection of the high preservation potential of brachiopods, the relative ease of collection 

and identification of suitable material, and their historical use as a biostratigraphical marker 

and tool for regional correlation (e.g. Vaughan, 1905; Garwood, 1913).

In relative terms, the brachiopod fauna observed within the buildup at M ullawomia is both 

abundant and diverse. The distribution of these organisms is somewhat patchy and 

brachiopods frequently occur in fossil 'pockets' (cf. Mundy, 1980; Gutteridge, 1990), 

which generally include several different species, usually seen alongside other common 

elements of the macrofauna, e.g. Field Sketch M14/FS3 (p.lxvii). Brachiopod density 

within these pockets is not necessarily high in absolute terms (>50 m‘2) but the density is 

markedly higher than normal (usually <10 m'^). Elsewhere, solitary brachiopods appear to 

be fairly widespread and are common throughout the buildup. However conspicuous, 

brachiopods contribute negligible amounts of skeletal material to the buildup as a whole. 

Even where brachiopods are relatively abundant, they rarely account for anything more 

than 1 % of the total rock volume.

The diversity of the fauna is highlighted by the presence of representatives from all of the 

then extant orders of articulated brachiopods. Many of the species are the same as those 

recorded from Waulsortian buildups elsewhere in Ireland, England and Belgium. 

Strophomenids appear to be the most diverse and abundant representatives, with 

productaceans such as Dictyoclostus, Acanthoplecta and Pustula being particularly 

common. Spiriferids are common also, especially Brachythyris and Syringothyris. In 

terms of diversity and abundance, rhynchonellids are less important, although Pugnax and 

Pleuropugnoides (Camarotoechia) may both be locally plentiful. Representatives of the 

orders Terebratulida, Orthida and Atrypida are less common, and inarticulate brachiopods
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appear to be absent altogether. The relative abundance of the various calciate orders is 

consistent with that observed within late Palaeozoic brachiopod assemblages generally. 

Most of the brachiopods have been observed in-situ within the quarry face exposures at 

Mullawornia. This has allowed important details concerning their orientation, the matrix 

sedinientology and their association with other faunal components to be noted. Only a few 

representative members of each species have been collected for identification purposes. 

Those brachiopods actually identified include the following;

Orthida;

Strophomenida:

Rhynchonellida:

Spiriferida:

Atrypida:

Terebratulida:

Schizophoria resupinata (Martin)

Acanthoplecta mesoloha (Phillips)

Antiquatonia antiquatus (Sowerby)

Dictyoclostus semireticulatus (Martin)

Linoproductus corrugatus (M'Coy)

Plicatifera pseudoplicatilis (Muir-Wood)

Pustula pustulosa (Phillips)

Pustida tenuipustulosa Thomas 

Pugnax pugnus (Martin)

Pleuropugnoides (Camawtoechia) pleurodon (Phillips) 

Brachythyris pinguis (J. Sowerby)

Martinia glabra (Martin)

Phricodothyris lineata (J. Sowerby)

Spirifer attenuatus J. de C. Sowerby 

Syringothyris cuspidata (J. Sowerby)

Athyris (Cleiothyridina) glabistria (Phillips)

Dielasma hastatum (de Koninck)

Dielasma securiforme (de Koninck)

Actinoconchus paradoxus M ’Coy
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Within the overall brachiopod assemblage, the size distribution within most species is 

quite varied. Although adults appear more common, this is probably largely a reflection of 

the fact that larger specimens are more easily recognised. Many juvenile brachiopods have 

been observed on closer examination of the quarry face exposures, and small post-larval 

examples are commonly seen in thin-section. In terms of the variable depositional textures, 

most species appear equally common in both mudstones and wackestones, although 

brachiopods do tend to be less abundant in very muddy laminated micrites. Similarly, 

brachiopods have not been observed within the finely laminated fissure muds.

6.4.2. Brachiopod palaeoecologv.

Brachiopods were an important faunal component within many Palaeozoic marine settings 

and are preserved as the dominant benthic organism in many assemblages. The phylum 

suffered greatly at the end of the Permian and many previously important orders, such as 

the Orthida, Strophomenida and Spiriferida, becoming extinct at that time or shortly 

thereafter. Although some genera continued as the dominant benthos in localised areas 

during the Mesozoic, their importance has since continued to decline. Most Recent 

brachiopods are members of the Terebratulida and Rhynchonellida. A great discrepancy 

now exists between the abundance and diversity of modern-day calciate brachiopods and 

their Palaeozoic counterparts (Fagerstrom, 1996) so that in progressively older rocks, 

predictions based on analogies with living brachiopods become increasingly tenuous. The 

present-day occurrence of many brachiopods, particularly in deep and cold waters, 

appears to represent a real evolutionary shift in their environmental distribution through 

time (Fursich and Hurst, 1974).

Despite such problems of taxonomic uniformitarianism, much information exists 

conceming the palaeoecology of both modern and ancient brachiopods. Considerable 

attention has been focused on interpretations of the functional morphology of particular
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genera, their substrate relationships and their various modes of attachment. Brachiopods 

are sessile, benthic, marine organisms. They are filter feeders which generally occupy the 

lowest tier within the epifaunal community at the sediment-water interface. Living 

brachiopods are found over a wide range of different water temperatures (tropical to arctic) 

and water depths (sub-littoral to abyssal). Modem brachiopods, such as Terebratulina, live 

for a maximum of 7 years (Curry, 1982); similarly, specimens of the Carboniferous 

brachiopod Productus hibemicus from the Namurian shales of Edale, northem England, 

were estimated to average 3 years, with a maximum lifespan of 5 years (Timms, 1978).

Observations of living articulated brachiopods show that their movements are directed 

toward the maintenance of a stable position at the water-substrate interface, an essential 

requirement for suspension feeders. The pedicle system is adapted in a variety of ways to 

fulfil this need, according to the energy of the environment and nature of the substrate. 

Most modem fixosessile brachiopods are plenipedunculate and remain attached to rocks 

and shell debris throughout life by means of a stout and unbranched pedicle. Although 

adult plenipedunculate brachiopods were common at Mullawomia, this does not 

necessarily imply that considerable hardground was available; small quantities of shelly 

debris could have provided hard microenvironments necessary for attachment (Brunton, 

1987). In some brachiopods, such as the living terebratulacean Chlidonophora chuni, the 

pedicle is divided into thin threads like byssus (rhizopedunculate) which can penetrate like 

roots into soft sediments (Blochman, 1906). The palaeoenvironmental distribution of 

many fossil pediculate brachiopods suggests that this mode of attachment is likely to have 

been far more important than is seen at the present time. Although pedicles may act as a 

stalk and anchor under certain circumstances, elsewhere functional pedicles may remain 

free and act almost as an appendage to adjust the position of the organism relative to its 

external environment (Richardson, 1997). Similarly, functional pedicles present in 

Palaeozoic brachiopods need not necessarily be always regarded as a sign of attachment.
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Whereas nearly all Recent brachiopods remain attached to hard or firm substrates, many 

fossil articulate brachiopods are often abundant in rocks that appear to have accumulated as 

soft sediments (Rudwick, 1961). The nature of the substrate consistency is often evident 

in morphological features of brachiopod shells, particularly strophomenides, interpreted to 

have represented a liberosessile lifestyle within soft sediments. In some species there is 

evidence (e.g. a diminutive or plugged foramen) that the pedicle atrophied during 

ontongeny and that the adult shells became free-living. Such a habit is rare in Recent 

brachiopods, and this may be linked to the increase in bioturbation since the Palaeozoic 

(Clarkson, 1993).

Brunton and Mundy (1993) have described Lower Carboniferous (mainly Asbian) 

productoid genera from carbonate mud-mound facies in the Craven Reef Belt of North 

Yorkshire. They concluded that many productoid brachiopods, including Acanthoplecta 

and Plicatifera (both seen at Mullawomia), were free-living adults which lived epifaunally 

or quasi-infaunally, supported in the sediment on their dish-like recumbent pedicle valves 

and supporting spines. Many species were considered to have had an initial thread-like 

pediculate stage, followed by the development of clasping (rhizoid) spines which 

augmented and secured the initial juvenile attachment to other skeletal material. With 

further growth, shells broke clear of their attachment surfaces and lived free on the soft 

substrate stabilised and supported by various spine configerations. Geniculation 

(resupination) of the pedicle valve in other productoids was interpreted as marking the 

onset of adulthood and a change in their mode of life from free-lying to a quasi-infaunal 

position; this adaptation enabled the anterior commissure to be retained above the level of 

the substrate (Timms, 1978). The adult free-living species described by Brunton and 

Mundy (1993) occurred in both the flank and bank facies within the carbonate buildups 

with little or no obvious bathymetric selection between deeper or shallower water over a 

depth range of up to 120 metres. However, an earlier study by Mundy (1980) of the
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Stebden Hill reef knoll, North Yorkshire (Asbian), did reveal the presence o f a number of 

discrete benthic biotic associations, although these were interpreted to reflect both temporal 

as well as spatial (bathymetric) differentiation.

Other soft sediment adaptations described for Lower Carboniferous brachiopods include 

the development of a large resting interarea situated along the hinge line between the two 

valves (Brunton, 1987), such as that seen in the spiriferid Syringothyris cuspidata, a 

species commonly encountered at Mullawornia. This adaptation allowed such brachiopods 

to sit on the substrate in a stable position, usually without a pedicle, and also ensured that 

the commissure was orientated as far as possible from the muddy sediment surface. 

Certain productoids were covered by a dense mat of fine (prostrate) spines which 

apparently acted like a snowshoe, preventing the shell from sinking too deep into soft 

sediment (Timms, 1978). The varied functional morphologies and inferred lifestyles of the 

seemingly opportunistic brachiopod population at Mullawornia suggests that a wide range 

of potential habitats were available across the surface of the buildup, although individual 

brachiopods may have employed different modes of life throughout their ontogeny. 

Although soft sediments are suggested by many brachiopods, dispersed fragments of 

skeletal material may have also provided a niche for apparently hard-substrate dwellers.

6.4.3. Brachiopod taphonomv.

The state of preservation for the majority of brachiopod specimens observed at 

Mullawornia is indicative of in-situ fossil accumulation and/or of only minimal movement 

or transport after death. Individual specimens are largely preserved as conjoined valves, 

including such types as the non-toothed productaceans which are characterised by 

relatively weak articulation strengths. Occasional disarticulated brachial and pedicle valves 

are observed throughout the various brachiopod orders, and the overall ratio between 

articulated and disarticulated valves is approximately 10:1. Disarticulated valves tend to be
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randomly orientated with both their convex and concave side facing down, lying parallel to 

the depositional dip. Similarly, the hinge orientations for brachiopods in general appear to 

be quite random.

After the death of most organisms, brachiopod valves appear to have remained closed. 

This is revealed by shell interiors which have been partially or largely occluded by later 

void-filling sparry calcite. The lower portions of many these shell interiors are commonly 

floored by geopetal muds. Although the commissure may have been closed at death, very 

fine-grained geopetal muds could have easily been carried through quite small apertures, 

including the pedicle foramen, into the shell cavity by circulating pore fluids. Plate 5.4 

shows the typical geopetal muds associated with an internal brachiopod shell cavity. The 

muds are identical to, and appear to have come from, the surrounding matrix. Geopetal 

muds are rarely seen above the level of the commissure or hinge line; these openings 

would have become blocked once geopetal sediment reached this level, thereby preventing 

the inclusion of any further sediment and leaving an upper cavity space which would be 

later filled by sparry calcite. The attitude of geopetal muds within individual shell 

chambers tends to record the palaeohorizontal orientation (Plate 6.3). This provides a 

useful means of estimating the angle of inclination of primary depositional slopes, by 

comparing geopetal attitudes to the orientation of discrete matrix mud laminations, 

apparent bedding and/or primary stromatactoid cavities, e.g. Field Sketch M14/FS3.

In addition to the fact that the majority of brachiopods are preserved with their valves 

conjoined, the obvious lack of any apparent shell damage probably also precludes them 

from having been transported over any appreciable distances. Signs of shell damage 

caused by predation {cf. Brunton, 1966) have not been recognised either. Many of the 

brachiopods, particularly the productids and chonetids, would have had prominent 

supporting spines attached to their pedicle valve. Although these spines have not been
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observed on any of the collected specimens, attachment bosses from which spines likely 

protruded are visible on certain valves. Although the long spines are impossible to extract 

from the matrix itself, brachiopod spines appear as common bioclasts in thin-section. 

Brachiopods, complete with their long spines attached, have been recovered elsewhere 

from limestones in which the fauna has become silicified (e.g. Brunton, 1987).

Despite the lack of evidence to suggest any appreciable transport, many brachiopods 

appear to be randomly orientated within the sediment. Few specimens are actually 

preserved in life position; those that are tend to be the larger strophomenids. To some 

extent, this may reflect the nature of the original mode of attachment. Those brachiopods 

which were originally anchored to the substrate or skeletal debris by a functional pedicle 

attachment, such as the terebratulids and rhynchonellids, would have expectedly become 

randomly orientated at the surface on death. However, brachiopods resting on the surface 

also appear to have been reorientated, and yet there is very little sedimentary evidence for 

any internal bioturbation. Only those brachiopods which were anchored by long 

protruding spines, such as certain chonetids and productids, tend to be more commonly 

preserved in upright (life?) positions. Possible mechanisms of reorientation, which include 

current activity, the collapse and settlement of the underlying semi-coherent sediment and 

surface bioturbation, are discussed in Chapter 7.

6.5. Molluscs

6.5.1. Mollusc diversity and abundance.

Molluscs are an important component of the macrofauna at M ullawomia and are 

represented by a variety of classes, including bivalves, rostroconchs, gastropods, but 

most importantly by cephalopods. The overall fauna is therefore relatively diverse, 

although in terms of absolute numbers, molluscs are far less abundant than brachiopods.
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Bivalves, in particular, do not appear to be very common and only a few semi-infaunal 

representatives are observed at outcrop. Cardiomorpha appears to be the most common 

genus, but in absolute terms, is still rare. Although previously unrecorded from the 

Waulsortian facies of the British Isles, the semi-infaunal bivalve Pinna flabelliformis 

(Martin) has been collected in-situ from the buildup at Mullawomia. The rostroconch 

Conocardium hibemicum  is rare and has been noted only twice, from locality 250 

(mound-core C) and the Canal Locality (prograding marginal facies). The molluscan fauna 

identified from the buildup includes the taxa listed below [* denotes material collected by 

Histon (1991) during an earlier study of the preservation of cephalopods at Mullawomia].

Gastropoda: Euomphalus (Straparollus) pentangulatus (J. Sowerby)

Gastropods are more abundant than bivalves, although in absolute terms, they are still 

relatively rare (<1 m'^). The gastropod fauna is dominated by Euomphalus pentangulatus 

[syn: Straparollus pentangulatus]. Euomphalus is easily recognised because of its

Bivalvia;

Rostroconchs:

Cephalopoda:

Soleniscus sp.

Cardiomorpha sp.

Pinna flabelliformis Martin 

Conocardium hibemicum  J. Sowerby 

Beyrichoceras sp.

Dolorthoceras difficile (de Koninck)* 

Dolorthoceras sp.*

Mitorthoceras affine (Portlock)* 

Mooreoceras sp.

Subvestinautilus crassimerginatus (Foord)* 

Vestinautilus cariniferus (Sowerby)* 

Vestinautilus semiglaber (Foord)
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characteristic sub-quadrate whorls (in cross-section) and by its wide umbilicus and very 

low spire. The more highly-spired Soleniscus has also been identified at several localities. 

In terms of the distribution of sizes, a complete range is observed from juveniles, seen in 

thin-section, through to large adults which reach almost 10 cm in diameter. Gastropods 

appear to be more common within the mound-core facies, although they are also present 

within the prograding marginal facies.

Cephalopods are the most prominent components of the molluscan fauna and show a 

higher diversity and abundance than the other classes. Nevertheless, they are 

volumetrically unimportant in terms of their overall skeletal and macrofaunal contribution. 

In terms of phragmocone morphology, cephalopods include both longiconic orthocones 

and coiled nautiloids in approximately equal abundance. Neither type shows any particular 

variation in terms of its distribution, and both appear equally common along the steeply 

inclined prograding margins and the mound-cores. A large distribution o f sizes is 

observed within the various coiled varieties, ranging from a few centimetres up to more 

than 20 cm (see Plate 6.4). Vestinautilus, with its characteristically broad venter, is the 

most abundant of the coiled nautiloids. Similarly, orthocone shells vary in length from as 

little as 2 cm to more than 20 cm.

6.5.2. Mollusc palaeoecology.

Molluscs are a long-living phylum (Cambrian-Recent), and though mainly marine, 

modern-day representatives inhabit a wide range of environments. Bivalves are both 

abundant and diverse at the present time, and although their modes of life are varied, the 

majority are benthic, marine, suspension-feeding organisms which live either infaunally or 

epifaunally. However, bivalves were generally of limited abundance during the 

Palaeozoic, being subordinate in number to brachiopods, but whilst the latter have 

declined since the Permian, bivalves have instead come to dominate the hard-shelled
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shallow marine fauna. According to Lees et al. (1985, p. 140), the distribution of bivalve 

debris logged in thin-sections within the Waulsortian facies is generally so patchy that it 

cannot be interpreted with any real meaning.

The few bivalve taxa that are encountered at Mullawomia have functional morphologies 

which are characteristic of very shallow partial burrowers (quasi-infaunal), requiring 

sediment depths of only a few centimetres at most. Modern representatives of the 

Pinnidae, for example, are semi-infaunal bivalves whose characteristic long, slender, sub- 

triangular shells become half embedded in soft sandy, silty or clayey substrates, with the 

narrow umbonal tip of the shell facing downward. Deep burrowing bivalves do not appear 

to be present and the characteristic lack of macrobioturbation suggests that the consistency 

of the substrate played a major control on the composition of the biota. Rostroconchs 

became extinct during the Permian and so there are no living representatives with which 

comparisons can be made. Nevertheless, like the other bivalves described from 

Mullawomia, they are similarly considered to have been shallow infaunal types (Pojeta 

and Runnegar, 1976) with the posterior tip of the shell lying close to the sediment-water 

interface. Yancey and Stanley (1999) described similar alatoform bivalves from micritic 

limestones of the Upper Triassic of northeastem Oregon and concluded that their 

distinctive shell morphology was indicative of a semi-infaunal life position, with the 

development of marginal wings a direct adaptation to maintain a horizontal position on the 

sediment surface and to spread the weight of the shell over a large area by using a 

snowshoe-type of support. They suggested that such a shell morphology could also 

maintain its position by a 'boating' or 'iceberg' type of support provided by the large body 

chamber, which could displace sediment of a higher specific gravity than that of an 

equivalent volume of combined tissue and shell of the bivalve. At those localities where 

such semi-infaunal bivalves are encountered, it seems that the upper few centimetres of 

sediment are likely to have been soft.
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M ost o f the cephalopods known from  the Palaeozoic became extinct before the end o f the 

Permian. The only living cephalopod genus which has a coiled external shell is Nautilus, 

belonging to the Nautilida, of which there are six living species confined to the Indo-W est 

Pacific faunal province (Clarkson, 1993). It has an optimal depth range o f between 300 

and 600 metres (W ard, 1987), swimm ing above the seafloor as a rather generalised 

scavenger. The varied morphologies of fossil nautiloids imply widely differing m odes of 

life, so that direct comparison with Nautilus  is likely to be valid in only a few fossil forms.

An interpretation of the palaeoecology o f the cephalopod fauna recorded at M ullawornia 

formed part of an earlier study on Carboniferous nautiloids which was carried out by 

Kathleen Histon (1991) at Trinity College. W ell-preserved nautiloids, apparently found in- 

sitii, were seen to occur in abundance at M ullawornia, where they appeared to be 

dom inantly vertically orientated in a northwest-southeast direction. This was interpreted by 

Histon to be a general reflection o f the palaeocurrent direction. Only two conch form s 

were recorded, longiconic orthocones and broad ventered coiled shells. These are both 

indicative of a nektonic mode o f life, although the broad flat venter of Vestimiutilus 

suggests that it may have periodically rested on the sea floor. The prim ary vertical 

preservation of the coiled nautiloids was interpreted by Histon and Sevastopulo (1993) to 

leflect either sedimentation rates which were rapid enough to anchor the dow nw ard-facing 

body chamber of the shells before they toppled over, or because the shells were instead 

kept stable by the sticky nature o f the surficial biofilm. Settling rates alone were not 

considered sufficient to have embedded the coiled shells into the carbonate m ud o f the 

buildup surface, although those orthoconic shells which were preserved at high angles to 

the sedimentary surface with the apex down were considered to have possibly become 

completely flooded during sinking and reached velocities sufficient to have then become 

em bedded in the sediment.
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6.5.3. Mollusc taphonomy.

The bivalve assemblage appears to be autochthonous and most specimens show little 

evidence of having been transported over any appreciable distances. Bivalves are generally 

preserved complete, with both valves still articulated, and few specimens show any signs 

of shell damage. Like brachiopods, bivalves tend to be fairly randomly orientated, with 

respect to the substrate, and they rarely occur in life position. Exceptions include the 

specimen of Pinna flabelliformis, collected from Locality 57, which is preserved apex 

down with its posterior margin facing upwards from the muddy sediment. Similarly, 

gastropod shells tend to be preserved complete; they too show few signs of having 

suffered any damage. Those shells with a discoidal shape, such as Euomphalus, tend to be 

orientated with their spire facing upwards, whereas those gastropods which have higher 

spires tend to be preserved with their spiral axis orientated parallel to bedding.

It is the style of preservation within the nautiloids which is perhaps the most interesting. 

Both coiled and orthocone varieties have well-preserved shells which show few signs of 

damage. Shells do not appear to have imploded and in most cases the siphuncle remains 

intact. Orthoconic shells are generally preserved as expected, with their long axis lying 

parallel to bedding, as shown in Plate 6.5, usually orientated parallel to the dip of the 

slope. However, orthoconic shells are sometimes also preserved at relatively high angles 

to the original sedimentary surface, usually with the body chamber orientated upwards. 

The taphonomy of the coiled nautiloids is more unusual, and the majority of specimens 

appear to have been vertically preserved within the sediment. Histon (1991) noted that the 

alignment of these vertically orientated specimens was predominantly northwest-southeast 

and suggested that this was a reflection of the primary current direction. However, this 

apparent alignment could be the direct result of sampling bias, caused by the fact that two 

of the three quarry faces from which material was collected are aligned parallel to this 

direction. Similarly, a lesser orthogonal trend found by Histon parallels the northeast-
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southwest ahgnment of the third quarry face. Direct field evidence would appear to 

suggest no particular preferred directional trend for vertically orientated nautiloids. These 

nautiloids are not confined to any one particular horizon, but are instead found at various 

levels throughout the buildup.

Level geopetal sediments within some cameral chambers indicate that the preserved 

orientations observed within the vertically orientated nautiloids were indeed the original 

orientation of the shells at their time of burial. Those specimens preserved with the body 

chamber facing downwards tend to show geopetal sediments only within the [open?] body 

chamber; interior cameral chambers tended to remain free of carbonate mud and later 

became infilled by sparry calcite. Less frequent specimens, preserved with the aperture 

facing upwards, do tend to show geopetals within the cameral chambers, probably 

resulting from the draught infill of sediment through perforations of the shell wall (Histon, 

1991, p .l86).

6.6. Corals

6.6.1. Coral diversity and abundance.

Corals are conspicuously rare components of the macrofauna and few taxa are observed 

within the limestones at Mullawomia. Colonial corals, including tabulates, are absent from 

the buildup altogether and the fauna is instead dominated by cylindrical and horn-shaped 

solitary rugose corals, such as that shown in Plate 6.6. The restricted coral fauna recorded 

from Mullawomia is listed below:

Amplexus coralloides J. Sowerby 

Amplexizaphrentis enniskilleni (Edwards & Haime)

Caninia sp.

Zaphrentites sp.

166



Amplexus comlloides is by far the most common coral, although in absolute terms, it is 

never volumetrically abundant. Am plexus occurs as isolated individuals throughout the 

buildup, in generally muddier sediments, both in the mound-core and prograding-marginal 

facies. Other common macrofaunal elements, including bryozoans, crinoids and 

brachiopods, tend also to be present where Am plexus occurs. Caninia occurs only within 

the uppermost prograding marginal facies along the western quarry face and at the Canal 

Locality. Its occurrence is also associated with other faunal components, including 

productoid brachiopods and disarticulated crinoidal material. Single specimens of 

Amplexizaphrentis and Zaphrentites were recorded only from the prograding marginal 

facies exposed at the Canal Locality.

Amplexus shows a broad range of sizes which vary from 1 to >15 cm in overall length. It 

is characterised by a thin wall, widely spaced tabulae, and by short septa which only 

extend a short distance into the corallite, so that no axial structure (columnella) is 

developed. An interesting and characteristic feature of Am plexus is that many specimens 

show repeated geniculations during their ontogeny, particularly during the earlier stages of 

growth, reflecting the ability of the polyp to redirect its growth axis after being overturned. 

Later cylindrical growth of the corallum tends to be straighter, i.e. showing less 

geniculations.

6.6.2. Coral palaeoecologv.

Modem corals are marine organisms of cosmopolitan distribution that are found living on 

various substrates at depths of 0-2750 metres (Clarkson, 1993). Recent corals belong to 

the class Scleractinia, but the corals observed at Mullawomia belong the to class Rugosa, 

which became extinct either towards or at the end of the Permian. Palaeozoic coral 

diversity was much lower than that of Recent hermatypic scleractinian corals in 

comparable environments (Scrutton, 1998), and problems of taxonomic uniformitarianism
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therefore mean that deductions based upon analogies between modem corals and their 

fossil counterparts have obvious limitations. Nevertheless, considerable information 

regarding the Rugosa has been inferred from the fossil record on the basis of their 

functional morphology, associated fauna and palaeoenvironmental occurrence.

Palaeozoic corals occurred in a wide range of carbonate facies and were most abundant in 

conditions of low water energy, normal salinity and oxygen concentration. Most solitary 

Rugosa had no really effective means of anchorage onto the sea floor, such as 

cementation, and so must have led a predominantly liberosessile lifestyle. They seem to 

have preferred soft substrates, where the hom-like (ceratoid) shape would have given a 

reasonable degree of support if the coral were to rest partially submerged in mud, convex 

side down (Elias et a l,  1988). This would have allowed the polyp to remain exposed 

above the sea floor, in the same general attitude, whilst the coral grew. The tolerance of 

substrate aggradation for rugose corals was essentially limited by their growth rates, 

which have been estimated to range between 9 and 25 mm yr^  (Scrutton, 1988).

Geniculations are common within many rugose corals; these probably represent occasions 

when the coral toppled over and was able to achieve a substantial reorientation of its 

growth vector, allowing it to grow upwards once again. Repeated geniculations occur 

throughout the ontogeny of many examples of Amplexus seen at Mullawomia, particularly 

during their earlier growth stages. Thereafter, continual upright growth of the corallum 

appears to have occurred, possibly as its lower reaches became more deeply embedded 

within the sediment and as its stability was thus increased. Hubbard (1970) suggested that 

Lower Carboniferous caninioid corals from northwest Ireland would not have been stable 

were more than a third of the corallum exposed above the sediment-water interface. 

Toppling events, resulting in actual geniculations of the corallum, may have been caused 

either by partial collapse and settlement of the underlying semi-coherent sediment or by
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periodically increased current activity. The relative abundance of Am plexus over other 

corals may partly reflect its relative ability to successfully recover from these toppling 

events, a characteristic in rugose corals which Scrutton (1998) considered to be genetically 

determined.

6.6.3. Coral taphonomy

Amplexus is usually well preserved, in that the corallae do not appear to show any signs 

of abrasive damage. Internal areas between the widely spaced tabulae are generally filled 

with sparry calcite. The position of individual specimens, with respect to the substrate, is 

variable; many are seen in a 'toppled' position lying parallel to the sediment, but a number 

of specimens are observed with the straight upper part of the corallum facing upwards, 

presumably in life position. The toppled corals are randomly orientated and do not lie in 

any preferred direction. Other corals tend to have been similarly well preserved, and are 

usually observed lying parallel to the sedimentary surface, with their calices showing no 

preferred orientation.
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CHAPTER 7: The palaeoecologv and palaeoenvironmental setting of the 

Waulsortian buildup at Mullawornia.

7.1. Introduction.

This chapter incorporates information reported from the preceding sections to provide a 

logical interpretation of the palaeoecology and palaeoenvironmental setting of the carbonate 

buildup which developed at Mullawornia. Although many details have undoubtedly been 

lost through various taphonomic and diagenetic processes, considerable information 

remains, both in terms of the fauna which has at least been preserved in part, and also in 

the characteristic sedimentological features which are associated with the buildup itself. 

Figure 7.1 shows the logical succession in the development of any mud-mound; the 

proceeding sections of this chapter detail each of these stages in succession, incorporating 

relevant field observations. The overall aim of this chapter is to provide a model for the 

palaeoecology of the Waulsortian facies in general, which can then be applied to and 

compared against similar buildups developed elsewhere (as reported in Chapters 8 and 9). 

The first stage outlined in Figure 7.1, the geological setting of the Waulsortian facies, has 

been covered in detail earlier in this thesis (Chapter 2). The section which follows below 

gives a somewhat generalised account of buildup initiation and the subsequent generation 

of carbonate mud to produce the mud-mound itself. The mechanism proposed has 

important consequences for section 7.3, which describes the apparent colonisation of the 

buildup at Mullawornia by the attendant biota. It appears that the fundamental mud- 

producing mechanism acted independendy of the recorded fauna, which are therefore 

interpreted to have acted as 'dwellers' rather than 'constructors’ of the buildup. 

Information from Mullawornia has been incorporated with relevant data recorded from 

other carbonate mud-mounds to provide a palaeoecological reconstruction of the buildup 

surface. Aspects relating to the trophic structure of the biota are also discussed.
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Figure 7.1. Controlling factors affecting the various stages of development for a typical 

carbonate mud-mound, from its inception through until the present time (major controls 

are shown in plain text, related factors shown in italics).
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7.2. Buildup initiation and the source of carbonate mud.

7.2.1. Buildup initiation.

In general, detailed information concerning lithologies developed immediately below 

Waulsortian buildups is scarce (Lees and Miller, 1995, p.231). Because the Waulsortian 

Complex in Ireland is made up of an accumulation of both vertically and laterally 

juxtaposed buildups, the underlying lithologies beneath individual buildups may 

commonly comprise bank, flank or off-bank facies related to slightly earlier local buildup 

development. The buildup exposed at Mullawomia occupies the uppermost portion of the 

locally developed Waulsortian bank facies (thickness ca. 150 metres). Neither precursor 

nor laterally equivalent facies of the buildup are exposed within the quarry, or in its 

immediate vicinity. Nevertheless, it seems unlikely that the mound(s) exposed within the 

quarry would represent the top parts of a single buildup which is 150 metres thick; 

instead, they probably represent the uppermost units within a stacked accumulation of 

buildups which comprise the Complex locally, and are therefore most likely to be 

underlain by earlier bank or off-bank facies.

The Waulsortian Complex as a whole is locally underlain by the Moatfarrell Formation 

(MacCarthy, 1990). This corresponds to the sub-Waulsortian part of the Argillaceous 

Bioclastic Limestone (Philcox, 1984) which can be traced across most of the Midlands of 

Ireland (refer to Figure 4.1). It is composed of argillaceous limestones which contain a 

fauna indicative of unrestricted marine waters of normal salinity. The palaeogeographical 

setting has been interpreted as representing an open marine shelf environment (Crean, 

1987). The upper contact of the Moatfarrell Formation is gradational with the Waulsortian 

and its laterally equivalent facies, the Newtownbond Formation. This comprises massive 

argillaceous limestones containing chert and has been interpreted as representing a further 

deepening of the marine conditions prevalent during the deposition of the underlying
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Moatfarrell Formation. The pattern seen in Co. Longford is similar to that seen within the 

Waulsortian facies generally, where precursor facies are commonly similar to the laterally 

equivalent facies observed within the lower part of buildups (Lees and Miller, 1995). This 

suggests that the lithological change which marks the onset of buildup accumulation 

appears to represent a change in the localised style of sedimentation, rather than a sudden 

change in the general environmental conditions. Initiation of the Waulsortian facies in the 

vicinity of Mullawomia appears to have followed the usual pattern involving a phase of 

deepening water conditions, and the laterally equivalent facies would appear to suggest 

that relatively low background sedimentation rates were prevalent.

In general, there does not appear to be any single precursor lithotype to Waulsortian 

buildups, which seem to have been initiated within a variety of depositional environments 

(Somerville et al, 1992b, p.97). Specific mechanisms for the initiation of an individual 

buildup on an otherwise featureless seafloor are unclear, although numerous possible 

mechanisms have been proposed. Neither basal nor lateral transitions from sub- or off- 

bank into Waulsortian facies necessarily coincide with an increase in fenestrate bryozoans, 

and this would appear to preclude the necessity for these organisms to have acted as some 

kind of initial sedimentary baffle {cf. McKinney et al,  1987). Initiation may simply have 

been purely fortuitous at a particular site, or may have occurred where slightly more 

favourable environmental conditions, such as a slight topographic high or a more suitable 

substrate, provided preferential sites for mound development. For example, typical 

Waulsortian buildups developed in Belgium and New Mexico often show precursor facies 

which are discernibly more bioclastic than their surrounding sediments and which formed 

low relief biostromes which were preferentially overlain (colonised?) by the earliest 

developments of bank facies limestones, e.g. Lees et a l ,  1985 [Furfooz buildup, 

Belgium]; George and Ahr, 1986 [Sacramento Mountains, New Mexico]; and Stone, 1972 

[Waulsortian-type buildups, Bridger Range, Montana]. The base of the Waulsortian
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Complex at many localities in Ireland often shows small micritic lenses which are 

interbedded with pre-Waulsortian facies over several metres. Examples are provided by 

Grennan, 1986 [Courtbrown, Co. Limerick]; Somerville et ai, 1992b [Dublin Basin]; 

Dehantschutter, 1995 [Athboy Borehole]; Murphy, 1988 [Dungarvan Syncline]. The 

presence of these incipient bodies of bank limestone, interbedded with pre-existing facies, 

would not appear to suggest a sudden change in the prevailing environmental conditions. 

These embryonic patches of bank facies limestone instead appear to represent failed 

precursors to the overlying Waulsortian bank facies proper.

Other mechanisms which have been proposed to account for the initiation of Waulsortian 

buildups include their nucleation over light hydrocarbon seeps or hydrothermal vents. 

Hovland (1990, p. 16) has suggested that, by analogy with some [supposed] modern-day 

carbonate mud-mounds, Waulsortian buildups may have developed over seepages of light 

hydrocarbons, which are presumed to have escaped to the surface along fault conduits. 

The seeping hydrocarbons, particularly methane, are considered to have acted as the base 

for a complex food chain, providing a nutrient source for chemosynthetic bacteria, which 

in turn provided a source of nourishment for higher invertebrates. The proposed microbial 

origin of the matrix muds would appear to fit well with this hypothesis, which provides an 

obvious source of labile carbon for sequestration by cyanobacteria. However, although 

seep-associated fossil mud-mounds have been reported from the early Carboniferous in 

Newfoundland (Von Bitter et ai, 1990), these buildups are relatively small by comparison 

(<16 metres across) and are associated with a very low-diversity community of largely 

chemosyntheitc invertebrate organisms. Hovland (1990) further argued that the stacked 

nature of many buildups might be explained by their development above a continuously 

active seep. Whilst many Waulsortian buildups are indeed stacked in such a way, lateral 

bank growth appears to have been equally as common. Furthermore, there is no 

geochemical or isotopic evidence from Waulsortian carbonates to suggest that methane
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was involved in the production of any of the lime mud or skeletal material. Most 

importantly, the seep hypothesis also fails to explain the great lateral spread and thickness 

of the Waulsortian Complex which accumulated in Ireland over several million years 

during the late Toumaisian.

1.2.2. The source of the carbonate mud.

Although several workers have attached considerable importance to the role of fenestrate 

bryozoans acting as sedimentary baffles for carbonate mud transported from an 

allocthonous source (e.g. Pray, 1958; Lees, 1964; McKinney et a l, 1987; Davies et a l ,  

1989), this process is now considered unlikely as the fundamental mound-producing 

mechanism. Similarly, crinoid thickets are not considered to have been responsible for 

baffling sediment either, as has been suggested by Wilson (1975). These assumptions are 

in agreement with direct field evidence from Mullawomia, which indicates that even 

though fenestrate bryozoans and crinoids may have been locally abundant, their presence 

was not a prerequisite for buildup development, as often the muddiest portions of the 

buildup appear to lack any skeletal material whatsoever. Instead, large unbroken fenestrate 

zoaria are more commonly encountered within sparry lithologies where the primary 

carbonate muds are at a minimum. Nevertheless, fenestrate bryozoans may have been 

locally important in helping to trap and stabilise locally-produced carbonate mud, and they 

may also have helped to reinforce muds during subsequent burial and diagenesis.

Many authors (e.g. Bridges and Chapman, 1988; Lees and Miller, 1995; Pickard, 1996) 

have now interpreted Waulsortian buildups to be microbial mud-mounds {cf. Bosence and 

Bridges, 1995). These are mud-mounds in which the dominant texture, microfabric and 

composition is considered to have a more or less in situ microbial (e.g. cyanobacterial) 

origin, rather than biodetrital mud-mounds, in which the dominant composition is broken 

and transported skeletal debris. Carbonate mud, the fundamental component of the
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Waulsortian facies, is therefore considered to have originated from locally generated, 

rather than externally supplied sources. Pratt (1982) has proposed that the lim e mud found  

in microbial mounds was trapped and bound by organic matter, largely cyanobacteria, so  

that in effect the mud-mounds are giant thrombolites (unlaminated strom atolites). It now  

appears that cyanobacteria played a much more active role than sim ply trapping and 

binding material, and were instead involved in the actual production o f the lim e mud itself. 

Very little is known about Palaeozoic microbial micritic grains and their related fabrics, so  

that ancient bacterial micrites are not easily recognisable (M onty, 1995, p .34). Direct 

evidence for a microbial mud-producing agent, in the form o f  stromatolitic macrostructures 

and/or the preservation o f calcim icrobes such as Renalcis, is not apparent in the lim estones 

at M ullawom ia, although traces o f  bacterial filaments have been traced throughout the 

entire thickness o f  som e Belgium  buildups (Conil et al., 1988). H ow ever, there is 

considerable secondary evidence at M ullawom ia for microbial activity, particularly in the 

form o f non-faecal M lc  peloidal mud (Plate 5 .12), which form s a conspicuous part o f  the 

limestone matrix. These matrix peloidal micrites closely resemble m odem  microbially 

mediated (algal and bacterial) carbonate precipitates (Pickard, 1996).

Morita (1980) has shown that certain ancient strains o f  bacteria were capable o f  inducing 

the precipitation o f calcite directly from seawater. This active carbonate-producing process 

was accomplished by the secretion o f  a m ucilaginous polyionic polysaccharide sheath onto 

the outer surfaces o f bacteria; this material then acted as a template for the sequestration o f  

Ca2+ and H CO 3 2 - from seawater, kinematically favouring the formation o f  CaCO s. The 

highly anionic nature o f  this extracellular material also enabled it to directly rem ove Mg^+ 

and so this process o f  bacterial carbonatogenesis could produce relatively high-M g calcite 

(Greenfield, 1963). This active process is now  considered to act in concert with more 

passive bacterial precipitation routeways, which include num erous metabolic activities o f  

bacteria, such as anaerobic respiration, which alter the physiochem ical environment
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towards increased alkalinization (Monty, 1995). The continual degradation of the bacteria 

would also have been very important; those processes involved, such as nitrate reduction, 

sulphate reduction and methanogenesis would have promoted further passive precipitation 

of carbonate mud, under the appropriate conditions.

Mud-producing cyanobacteria within a typical Waulsortian buildup are most likely to have 

existed predominandy in the form of a surficial microbial mat (biofilm), somewhat akin to 

modern-day mud producing microbial mats described from the Bahamas by Monty 

(1995). The large quantities of extracellular mucilage associated with the bacteria would 

give a gel-like consistency to such a biofilm. Within the upper living surface layers of the 

biofilm, carbonate mud and peloids could be directly precipitated within the viscous 

extracellular substances, on the surfaces of microbes, and even within microbes 

themselves. Further down within the microbial mat, further passive precipitation of 

carbonate mud could have continued as a result of the bacterial degradation of the 

mucilages themselves. Webb and Jell (1997) have reported an almost identical 

precipitation pathway for Holocene high-Mg calcite microbialites produced within a 

surficial biofilm on the Heron Reef (Great Barrier Reef) in Australia. Below the surface 

layer of the biofilm, the number of (cyano)bacteria would have decreased due to 

interspecific competition, the development of anoxic conditions, and due to a significant 

decrease in the availability of nutrients. Dead trichomes, sheaths and mucilages are likely 

to have been attacked by heterotrophic bacteria, which would have been able to break 

down organic material, either aerobically or anaerobically, depending on the local 

conditions (Monty, 1995). Such degradation processes would have been important in 

erasing any traces of the bacterial filaments. The composition of the surficial biofilm 

probably included a diverse assemblage of autotrophic and heterotrophic microbes, whose 

relative importance was largely dependent on the local environmental conditions, 

particularly water depth. Accordingly, variations in the composition of the microbial
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cohorts may have controlled differences in the proportions of M ia  muds and M lc  peloids 

in the matrix, which do appear to be partly phase-related (Lees and Miller, 1995).

Geopetal cavity muds are likely to have been sourced externally from muds precipitated 

relatively locally within the surficial biofilm. The fine fraction of this microbially mediated 

carbonate material could have been reworked and later introduced into an open cavity 

network by circulating pore waters. Geopetal peloids, on the other hand, are more likely to 

have been generated in situ within the cavities themselves. Chafetz (1986) has detailed the 

formation of marine peloids within cavities, peloids which he considered to have 

originated as a fine-grained precipitation of high-Mg calcite around active clumps of 

bacteria. Micritized cavity walls and cements at Mullawomia provide further evidence for 

the presence of active microbial organisms within many of the cavities developed.

There has been growing interest in the role of sponges and their related microbial 

communities in the genesis of Palaeozoic mud-mounds (e.g. Bourque and Gignac, 1983; 

Bourque and Boulvain, 1993). Even though sponge remains within the Waulsortian facies 

have been largely recorded as spicules and spicule bundles, Labiaux (1997) has recently 

documented lithistid demosponges and hexactinellid body fossils from well-exposed 

wave-polished outcrops from the coast of Tralee Bay, Co. Kerry (described in detail in 

Chapter 8). Several microscopic fabrics were identified as being associated with the 

sponges relics, including irregular peloids (50 to 100 |am in diameter) scattered within a 

microsparitic matrix. Labiaux (1997) suggested that these peloids were attributable to the 

in situ calcification of sponge tissues, and that many of the stromatactoid cavities were 

formed by the collapse of incompletely lithified sponges. The degradation of sponge body 

tissues by heterotrophic bacteria may certainly have induced passive carbonate 

precipitation, in a similar manner to the degradation of biofilm mucilages, but whilst this 

may have provided an additional local source of carbonate mud, it is unlikely that the
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degradation of sponge body tissue was responsible for primary mud production. The 

sponge body fossils seen at Co. Kerry are unique, and although spicules are common at 

Mullawomia, they are by no means ubiquitous throughout the Waulsortian facies.

7.3. Colonisation of the carbonate buildup.

7.3.1. Initial surface conditions of the carbonate buildup.

The previous section details the various mechanisms which could have lead to the in-situ 

production of carbonate muds within a surficial microbial biofilm. This mechanism has 

several important implications for the physical (and chemical) nature of the buildup 

substrate which would have then been available for colonisation by the attendant fauna. It 

might also help to explain many of the sedimentary features, associated with various 

mechanisms of accretion, which are observed throughout the buildup at Mullawomia. 

Perhaps the most important consequence of carbonate mud precipitation within a sticky 

mucilage-rich biofilm would have been the fact that this surficial mat would have provided 

a self-sealing system to protect newly formed, loose carbonate mud and thus prevent its 

immediate entrainment and removal by current activity. This would have been a 

particularly important stabilisation process prior to any incipient cementation of the muds.

The active biofilms are unlikely to have been continuous, either temporally or spatially. As 

soon as surficial biofilms became established, organic matter contained therein would have 

quickly begun to decay. Even though new bacterial filaments would have continued to 

grow at the surface of the biofilm, the overall degradation and disappearance of the biofilm 

would have occurred from time to time. Typical mechanisms might have included the 

smothering of biofilms by sediment (Pratt, 1995), increased browsing by vagile benthos 

(Monty, 1995), or by the mechanical disintegration and detachment of the biofilm as a 

result of periodically higher current activity. The regular disappearance of biofilms would
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certainly help to account for the absence of any widespread lamination not only at 

Mullawomia, but in Waulsortian (and other microbial) mud-mounds generally. This is 

particularly relevant since it appears that internal bioturbation does not appear to have been 

an important sediment-modifying process, even though the sediments themselves would 

have presumably been soft initially.

It seems probable that an active bioflim would rarely have been so laterally continuous that 

it actually covered the whole surface of the buildup at any one moment in time. Localised 

biofilm development would certainly help to explain many of the situations observed at 

Mullawomia where asymmetrical growth of the buildup surface appears to have taken 

place. Localities 35 to 42, for example, show well-developed clinoforms which 

presumably indicate a period of the lateral progradation of an 'active' bank surface to the 

southeast only. These horizons would appear to represent the periodic positions of an 

active biofilm which was not continuous across the whole surface of mound-core A. 

Similar asymmetrical growth patterns are observed within the other two mound-cores 

exposed in the southwest quarry face and correspond with observations made by Lees 

(1994) of localised progradation within a Waulsortian buildup exposed at Masonbrook 

Quarry, Co. Galway. Further possible evidence for the presence of a surficial biofilm at 

Mullawomia comes from the prograding marginal facies, developed outwards along the 

flanking slopes of the mound-cores. These consist of steeply inclined primary depositional 

slopes, commonly in excess of 45° (as observed from level geopetals), which are 

composed primarily of carbonate mud. How these enigmatic muddy slopes, which show 

no apparent signs of failure, e.g. slumping, could have been maintained at such high 

angles has been the subject of considerable discussion. Some mechanism must have held 

the [initially loose?] sediment in place before sufficient stabilisation was achieved by 

cementation. Whilst skeletal material may have had a localised reinforcing effect, biofilms 

developed across the surfaces of accreting slopes would probably have provided a more
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important stabilising mechanism, in effect providing a self-sealing system in which new 

carbonate mud was both produced and protected from subsequent downslope removal. 

Evidence for the fairly rapid cementation of carbonate muds exists within the intra-reef 

shaley horizon exposed within the western quarry face (refer to plate 4.9). Lenses of dark, 

relatively pure micrite which appear to have been produced in situ suggest that microbial 

activity did not die out entirely during this apparent 'hiatus' in carbonate mud 

accumulation. These micritic lenses evidently stiffened early as plastic compactional drape 

of the bioclastic shaley horizons occurred around them. Elsewhere within the buildup, 

further evidence for early lithification includes the preservation of unsupported cavity 

networks and the absence of any signs of pervasive compaction.

The presence of a mucilage-rich biofilm at the surface would have had a controlling 

influence on the colonisation of the substrate by metazoans, particularly as an initial 

inhibiting factor affecting the settlement of larvae. However, as discussed above, many 

areas of the surface of the buildup would have been temporarily free of this biofilm, 

probably for sufficient a length of time for colonisation (and modification) of the substrate 

to have occurred. Metazoans may even have temporarily inhibited the re-establishment of 

the surface biofilm; indeed, at those sites where epifauna is abundant, there is often 

noticeably less mud. The pattern of colonisation by the fauna, i.e. the ecological 

succession, is discussed below. Areas free of any biofilm would have been at least 

partially indurated, but probably no further than achieving a firm gel consistency (Lees and 

Miller, 1995, p.239). There is little evidence to suggest that there were any initial 

hardgrounds available for colonisation; these were probably only achieved through 

substantial substrate-modification by the incorporation of large amounts of skeletal 

material into the sediment. Nevertheless, skeletal material may have provided suitable 

points of attachment for many organisms. A variety of likely substrates available for initial 

colonisation are shown in Figure 7.2.
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Figure 7 .2 . The microbial generation of carbonate mud beneath an active surficial 

biofilm would have played a controlling factor on the nature of the substrate consistency 
which was available for colonisation. Three distinct substrates are shown in the lower 
portion of the diagram. These [and their intermediate] conditions would have been present 

at various stages during the accumulation of the buildup, and were probably also present 

together across the surface of the buildup at any one particular time.
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7.3.2. Colonisation of the buildup.

Assuming a surficial biofilm to have been both spatially and temporally discontinuous, a 

whole range of intermediate substrates, in addition to those shown in Figure 7.2, would 

have been present during the overall growth of the buildup, and probably even across an 

individual buildup surface as well. Different surface conditions would have exerted a 

strong localised control on the relative level of colonisation which could have been 

achieved by the attendant fauna, due to differences in substrate consistency, rates of 

surface accretion, and perhaps even substrate chemistry too (where biofilms were 

involved). This control may help to explain the pronounced lateral and vertical variations 

observed within the distributions of many of the biotic components. Those parts of the 

buildup surface which were actively producing new carbonate material would have been 

covered by a mucilage-rich microbial mat, whose gel-like consistency (and perhaps 

unfavourable chemistry) would have discouraged the successful settlement of most 

organisms at the surface, including their larvae. Signs of internal bioturbation are 

essentially absent within the sediments at Mullawomia; the lack of exploitation of the 

infaunal niche may further reflect the fact that suitable organisms were denied access to the 

sediment by some sort of protective mat, although synsedimentary or early cementation 

may also have played a contributory factor. However, even though the surface biofilm 

may have discouraged colonisation by much of the macrobiota, the organic content of the 

biofilm itself would have provided an attractive food source for many of the smaller filter- 

feeding epipelagic and vagile microbiota such as foraminifera and ostracods, and possibly 

some of the microproblematica also (Lees and Miller, 1995, p.256).

Representative horizons are preserved at Mullawomia as apparently massive mudstones 

(although they often appear finely laminated when viewed in detail) which generally lack 

any appreciable quantities of macrofaunal skeletal debris. When viewed in thin-section, 

these limestones often appear to contain numerous microfaunal bioclasts, particularly
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ostracod shells, which presumably reflects the relative tolerance of these organisms to 

withstand the more unfavourable environmental conditions associated with a surficial 

biofilm. Typical horizons are shown in Field Sketch M15/FS2 (mound-core C). Simple 

stromatactis cavities and lateral sheet spars (both cavity types which have skeletally 

unsupported cavity roofs) are often well developed in these 'muddier' lithologies. Any 

larger bioclasts which do appear present, such as dispersed crinoid ossicles, are likely to 

have been transported, i.e. reworked, from adjacent [colonised?] areas of the buildup 

surface. Indeed, most of these muddy horizons at Mullawomia often pass laterally into 

noticably more fossiliferous wackestones and packstones; this lateral variation suggests 

that individual biofilms were probably not continuous across the whole buildup surface.

The actual colonisation of new surfaces of the buildup by the macrofauna appears to have 

been closely related to the periodic disappearance of the biofilm, or parts thereof, a process 

which probably occurred with relative frequency (Monty, 1995). Following the break-up 

of either parts of, or the entire biofilm, the substrates that would have been immediately 

available for colonisation are likely to have ranged between a soft plastic consistency and 

somewhat firmer gels, depending upon variations in the proportions of M ia  muds and 

M lc peloids. This would have been a function of the relative importance of the different 

bacterial cohorts which were active in the biofilm prior to its demise. The substrates are 

unlikely to have been completely lithified at this stage, as subsequent cavity formation 

seems to have occurred in semi-coherent muds. It therefore appears that substrate 

consistency continued to play a controlling factor in the pattern of colonisation even after 

the localised degradation of the surficial biofilm had occurred.

Those organisms which were relatively more mud-tolerant, such as hyalosteliid sponges 

and fenestrate bryozoans, appear to have been relatively early colonisers of surfaces which 

became free or partially free of the surficial biofilm. This colonisation pattern is partly
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revealed in so-called 'void complexing sequences' (refer to Section 1.6.3) which involve 

initially simple unsupported cavities which pass upwards into more irregular and complex 

cavity systems. A typical example from Locality 42 is shown in Field Sketch M14/FS2 

(p.lxvi). When viewed in thin-section, the character of the M ia  mud within this upward 

sequence appears to change somewhat, becoming finer and more optically dense, and 

skeletal components, particularly sponge spicules and fenestrate bryozoan fronds, increase 

in concentration. The proportion of mud, relative to both cavity spars and skeletal material, 

also decreases considerably. These sequences are interpreted to reflect a change from 

muds (produced beneath a continuous surface biofilm) which lack any appreciable skeletal 

reinforcement to muds (produced within increasingly discontinuous patches of biofilm) 

which contain increasing concentrations of substrate-modifying skeletal components, as 

shown in Figure 7.3. The upper parts of these sequences, comprising somewhat firmer 

skeletally reinforced muds, are likely to have provided a more favourable substrate for 

subsequent colonisation by other invertebrates, such as brachiopods.

Free-swimming crinoid larvae, probably originating from adjacent [colonised] parts of the 

buildup, are also likely to have settled quickly onto areas which became clear of the 

surficial biofilm. Larvae would have been able to select suitable sites for fixation (i.e. no 

biofilm) with the help of their anterior apical tuft. Upon death, and perhaps even during 

the their ontogeny, crinoids would have contributed considerable quantities of skeletal 

material to the matrix muds. Although this material would not have been particularly 

effective in actually reinforcing the mud matrix, variably disarticulated crinoid ossicles and 

plates would have nevertheless made available an important source of bioclasts suitable for 

use by both encrusting organisms and those organisms which required some sort of initial 

(or continued) byssal attachment. Some of the horizons at Mullawomia which show thin 

(1-2 cm), but laterally continuous accumulations of unsorted crinoidal (and other skeletal) 

debris may represent surfaces upon which local biofilm activity ceased altogether, albeit
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only temporarily, thereby allowing skeletal material to accumulate free of primary M ia 

muds. Such a horizon, shown in Field Sketches M24/FS2 and M 24/FS3, is well- 

developed at locality 40, and appears laterally continuous for several metres across the top 

surface of a series of prograding clinoforms. These clinoforms mark the unidirectional 

development of mound-core A and probably represent the successive positions of earlier, 

laterally discontinuous biofilms. Immediately above this more fossiliferous horizon, 

relatively cavity-free and poorly macrofossiliferous muds are developed; these presumably 

reflect the re-establishment of the mud-producing surficial biofilm not long afterwards.

A wide variety of epifaunal organisms would have been available to colonise the relatively 

firmer skeletally-modified substrates. The typical assemblage recorded from Mullawomia 

includes brachiopods, bivalves, gastropods, trilobites, echinoids and solitary rugose 

corals, all organisms which would have been otherwise inhibited from initially settling on 

areas which were covered by an active biofilm. Recruitment was apparently not an 

important controlling factor on their distribution, as the spat of brachiopods, gastropods 

and bivalves are regularly encountered in thin-section. The 'patchy' distribution of many 

of these organisms, such as the pockets of autochthonous brachiopods described in 

section 6.4.1, may instead be a reflection of their somewhat opportunistic and successful 

colonisation of only those patches of substrate which had become suitably free of the 

biofilm. Although surface microbial mud generation would have ceased in these biofilm- 

free areas, continued mud accumulation is likely to have occurred in the form of M lb  

skeletal muds, thought to have been generated from the on-site biodegradation of skeletal 

material and probably mixed with some locally reworked M ia  muds. Biofilm-free patches 

of soft plastic sediment appear to have been suitable sites for colonisation by solitary 

corals, echinoids, gastropods, trilobites and a shallow infauna of bivalves and 

brachiopods. The sizes of the largest infaunal rostroconchs would appear to indicate a soft 

sediment depth of no more than 6-7 centimetres.



The eventual re-development of a microbial biofilm would have had a profound effect on 

any sessile organisms which had colonised the previously clear buildup surfaces. In 

particular, semi-infaunal brachiopods and bivalves, occupying the lowest tier in the 

community, would have soon had their gapes obstructed by the surficial mat. However, 

those elements of the sessile macrofauna which occupied a higher tier in the community, 

namely crinoids and larger fenestrate colonies, which had already become well-established 

may have continued to thrive for some time after the re-development of the surficial 

biofilm. Piles of semi-disarticulated, but near complete, component parts of crinoids 

observed within otherwise unfossiliferous muds (as described in section 6.3.3) may thus 

have accumulated when, following the death of the organism, they came to settle onto the 

gelatinous microbial mat at the surface. Because crinoid ossicles and plates became bound 

within a somewhat sticky mucilage, the component parts were thereby protected from 

subsequent removal by current activity and/or dispersal by biotic traffic. As a taphonomic 

process, this may have been far more important than rapid burial as a mechanism by which 

many of the macrofaunal components came to be well-preserved. In this context, the 

estimated rates of sediment accumulation are discussed in the proceeding section.

Figure 7.3 (shown overleaf). Schematic representation of the faunal colonisation of a 
typical buildup surface at Mullawornia. The upper diagram shows a laterally continuous 
biofilm which inhibits the successful colonisation of the surface by much of the 
macrofauna (including their larvae). At the same time, this biofilm may have provided a 
rich food source for vagile and epipelagic microbiota. The periodic break-up of the biofilm 
would have allowed more mud-tolerant organisms, such as hyalosteliid sponges and 
fenestrate bryozoans, to colonise the surface. These organisms would have contributed 
reinforcing skeletal material to the microbially mediated muds and also have led to the 
formation of primary shelter cavities. M lb skeletal muds, produced by the localised 

biodegradation of skeletal material, probably included some locally reworked M ia 
material. The ultimate re-establishment of the surficial biofilm would have had a profound 

effect on any sessile organisms, particularly those occupying the lowest tier in the 
community.
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7.3.3. Estimated carbonate production and accumulation rates.

The Waulsortian facies has been typically regarded to have accumulated relatively rapidly, 

and certainly with respect to its laterally developed coeval off-bank facies, this often 

appears to have been the case. For example, in knoll-form the thickness ratio between 

bank and off-bank facies has been shown to exceed 20:1 (Lees and Miller, 1995, p. 199), 

although many sheet-form buildups would have possessed considerably less seafloor 

relief. Even though relatively high sediment accumulation rates have often been regarded 

as providing an important taphonomic mechanism, thereby enabling successful faunal 

preservation to occur through rapid burial, actual estimates of carbonate production and 

accumulation for the Waulsortian facies have not been made previously. The lack of any 

absolute dates to accurately constrain the ages of either the base or the top of the 

Waulsortian developed in Ireland [and elsewhere] make this procedure particularly 

difficult. However, typical sediment accumulation rates from Palaeozoic and early 

Mesozoic carbonate systems of between 2 and 20 cm k y ’ (Schlager, 1981), which equate 

to surface accretion rates of less than 0.2 mm y r-', would appear to suggest that rapid 

burial of the benthic biota may not necessarily have been the fundamental preservational 

process involved.

The thickest Waulsortian succession developed in Ireland (up to 1 km) appears to have 

accumulated during the Toumaisian within the Shannon Trough depocentre and was 

probably associated with continued fault-controlled and/or differential subsidence during 

this period. Based upon the biostratigraphical data presented in section 2.2, and absolute 

radiometric age dates of 354 Ma and 342 Ma for the lower and upper Toumaisian 

boundaries respectively (Gradstein and Ogg, 1996), tentative estimates bracket the 

duration of this depositional phase as lasting somewhere in the region of between 6 Ma 

(maximum) and 2 Ma (minimum). Assuming 50% porosity and no subsequent 

compaction, the longer (6 Ma) interval would require a constant carbonate accumulation
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rate of 16.7 cm ky* (0.167 mm y r ’), which equates to an estimated annual carbonate 

production rate of 225g m-2 yr-'. For the shorter (2 Ma) interval, this would require a 

proportionally higher constant accumulation rate of 50.1 cm ky* (0.501 mm yr'*)> 

equating to an estimated annual carbonate production rate of 675g m-2 yr*. Although these 

production rates assume that no net export of carbonate material took place, there appears 

to be little evidence that this was not the case. These figures compare with an estimated 

annual carbonate production rate of 500g m'2 yr* for Recent biodetrital carbonate mounds 

which develop considerable seafloor relief within the Florida Keys area (Bosence et a i ,  

1985).

In general, long-term rates of carbonate sediment accumulation tend to be much lower than 

are suggested by measurements of carbonate production made in modem seas, which may 

be greater than 4.0 kg m'2 yr'*. This phenomenon may reflect the incompleteness of the 

geological record due to multiple pauses in sedimentation, compaction, or even periodic 

demise of the carbonate-producing system (Reading, 1996). It has been suggested in the 

preceding sections that there is considerable evidence to show that the carbonate-producing 

surficial biofilm at Mullawornia was discontinuous both in space and time. Even if active 

biofilms had been periodically ‘switched on’ for only half of the time during which the 

Waulsortian facies is estimated to have taken to accumulate within the Shannon Trough, 

then even at the maximum carbonate production and accumulation rates calculated above, 

surface accretion rates need not have exceeded much more than 1 mm per year. If this is 

assumed to represent a relatively high value, then the overall mud accretion rates on the 

surface of Waulsortian buildups generally would seem to have been slow, at least in 

absolute terms. This has important consequences for both the palaeoecological and 

taphonomic processes which were operational at the surface, and which are discussed in 

more detail in the following section.
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7.4. Palaeoenvironmental setting and palaeoecological reconstruction o f  

the buildup.

The Waulsortian facies at Mullawomia developed within an open marine shelf setting. The 

buildup exposed within the quarry appears to represent an aggregation of three smaller, 

laterally juxtaposed mud-mounds which developed simultaneously as sites of relatively 

higher carbonate mud production and which later came to form a larger composite buildup 

through continued lateral and vertical aggradation. Biostratigraphical evidence indicates 

that growth occurred during the late Toumaisian, mainly within the Polygnathus bischoffi 

Sub-biozone, although the recognition of Valvulinella at an intermediate level shows that 

development of the upper portion of the buildup continued into the Freyrian (C f4 a l) . 

Detailed petrographic data collected from Mullawomia suggests that the buildup formed 

marginally below the level of the photic zone (Figure 7.4) at water depths interpreted to lie 

within the shallower portion of the 90-170 m range. This corresponds to Phase C-l- of 

Lees and Miller (1985, revised 1995). The buildup at Mullawomia represents the upper 

part of the locally developed Waulsortian Complex, which appears to have been initiated 

regionally following an apparent deepening of water. Although the top of the buildup is 

not exposed, the facies is overlain by deeper water sediments which are exposed locally.

The buildup shows a marked asymmetry and is elongated along a northeast-southwest 

direction. This is consistent with an identical regional trend previously recognised by Lees 

(1964), who considered it to represent some sort of mechanical current influence. This 

trend also corresponds to the underlying regional stmctural grain, which may have 

controlled buildup development within the NW Midlands area (Jones and Brand, 1986). 

Direct field measurements of the quarry exposures show that a characteristic feature o f the 

buildup were steep depositional slopes which developed along its northwest and southeast 

flanks, inclined at angles of 30 to 50 degrees, and which level geopetal indicators show to
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have been primary depositional features. During the latter stages of development, the 

buildup would have therefore exerted considerable relief above the surrounding seafloor; 

the limited quarry exposures gives a minimum estimate of at least 35 metres.

X

Figure 7 .4 . Schematic reconstruction showing the form and bathymetric setting of the 
Waulsortian buildup at Mullawomia during an intermediate stage of development (refer 
also to Figure 4.5). The diagram shows three discrete mud-mounds, elongated along a 
northeast-southwest trend, which petrographic evidence indicates to have accumulated 

marginally below the level of the photic zone (refer to text). The seafloor is likely to have 
been at a lower level than that represented by the present-day level of the quarry floor.
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Buildup accumulation is presumed to have occurred through an in-situ carbonate 

production mechanism which utilised cyanobacteria. This process involved the microbial 

mediation of carbonate mud and peloids directly from seawater, using several different 

bacterial pathways, to produce relatively high-Mg calcite. This process is likely to have 

occurred within a surficial microbial mat which contained large quantities of extracellular 

mucilage, giving the biofilm a gel-like consistency. The biofilm would have provided a 

largely self-sealing system, preventing the entrainment of newly formed carbonate mud 

prior to any incipient cementation, and would have acted as an important stabilising 

mechanism along the steeper prograding margins developed at the flanks of the buildup. 

The surficial biofilm is not thought to have been continuous, either in terms of its lateral 

coverage across the buildup surface, or in terms of its active presence during the overall 

accumulation of the buildup itself. These features of the biofilm are considered to have 

played a fundamental control on the distribution and abundance of the colonising biota.

A seemingly rich and diverse fauna appears to have colonised the buildup at Mullawomia 

during much of the time taken for it to accumulate. For the main part, this biota consists of 

an autochthonous and apparently opportunistic assemblage of largely sessile, epifaunal, 

filter-feeding organisms, which clearly acted as buildup dwellers, rather than as 

constructors. Because the buildup at Mullawomia probably displayed considerable 

topographic relief above the seafloor, it would have thereby provided a more favourable 

niche for filter-feeding organisms where higher current and nutrient levels could thus be 

exploited. In volumetric terms, skeletal material is usually subordinate in quantity to 

carbonate mud, which as the fundamental component of the Waulsortian facies, clearly 

accumulated independently of any of the preserved faunal components. Nevertheless, it is 

important to acknowledge the likelihood that a large proportion of the original micro- and 

macrobiota, including (cyano)bacteria and many of the soft-bodied organisms, may not 

have had component parts which were ultimately preservable within the fossil record.
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The Waulsortian facies has been typically associated with a well-preserved and relatively 

more abundant macrofauna than is generally observed within proximal laterally equivalent 

facies (e.g. Hudson et al., 1966b). Even though favourable taphonomic processes appear 

to have resulted in the successful preservation of a large part of the macrofauna at 

Mullawornia, perhaps the most interesting observation to be made concerns the apparent 

scarcity of faunal components, i.e. the overall lack of bioclasts (expressed in terms of low 

faunal densities and numerical abundances), particularly in light of the apparently slow 

rates of surface accretion that were detailed in the preceding section. Those estimated rates 

suggest a [minimum] time interval of at least 6000 years for the vertical accumulation of a 

single metre of sediment. However, the typical paucity of bioclasts within such a sediment 

interval would seem to suggest that conditions at the surface of the buildup were either not 

generally conducive to colonisation or that taphonomic and/or biostratinomic processes 

acted to the detriment of successful faunal preservation. There appears to be little specific 

evidence within the Waulsortian facies as a whole for any export of skeletal material from 

buildups into laterally adjacent facies. The coeval Leffe facies described from the Waulsort 

area of Belgium, for example, contains virtually no macrofauna (Lees et al., 1977). 

Macrofauna preserved within the sediment at Mullawornia show few signs of having been 

transported over any appreciable distances and individual buildups therefore appear to 

have acted as rather self-contained sedimentary units and ecosystems. Instead, it seems 

more likely that conditions across the buildup surfaces at Mullawornia were, for the most 

part, prohibitive in terms of allowing their colonisation by most endemic organisms to take 

place. The major control is considered to have been the presence of the surficial biofilm.

Wherever present, the physical and chemical characteristics of the biofilm would have 

prevented the successful colonisation of the buildup surface by most organisms, 

particularly by inhibiting the initial settlement on the surface by their larvae. Exceptions 

may have included epipelagic and vagile microbiota such as foraminifera, ostracodes and
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possibly some of the microproblematic organisms which would have been attracted to the 

abundant organic carbon food supply contained within the biofilm itself. Instead, 

colonisation of the buildup surface by most organisms appears to have been related to the 

periodic disappearance of at least parts of the biofilm. The subsequent pattern of 

colonisation, as detailed in section 7.3.2, initially involved the establishment of more 

environmentally mud-tolerant organisms such as fenestrate bryozoans, hyalosteliid 

sponges and crinoids on newly emergent patches of the buildup surface which became free 

from the effects of the biofilm. Continued degradation of the surface biofilm, the addition 

of greater quantities of mud-reinforcing skeletal material, and the possible localised 

reworking of some of the primary carbonate muds, would have then made available more 

favourable substrates which could become colonised by other opportunistic organisms, 

including brachiopods, molluscs and solitary corals.

The wide range of shell morphologies observed within brachiopods, and their inferred 

modes of life, suggests that a wide range of different substrates were periodically available 

for colonisation across the surface of the buildup. The 'patchy' distribution of many 

brachiopods is thought to reflect their preferential colonisation of more suitable, biofilm- 

free patches of the buildup surface. Although it is unlikely that actual hardgrounds were 

ever present, numerous bioclasts would have been available for those brachiopods which 

required some sort of initial or continued byssal attachment. Many brachiopods show soft 

sediment adaptations which indicate a quasi-infaunal lifestyle, but the prevalence of 

epifaunal habits is notable, and it appears that the consistency of the substrate was not 

generally conducive to burrowing from either brachiopods or bivalves, even though 

largely infaunal representatives of both of these groups were reasonably well-established 

by this time (Ausich and Bottjer, 1990). The control played by substrate consistency is 

reflected in the lack of any macrobioturbation observed within the sediment. The absence 

of any burrowing macrofauna or signs of bioturbation provides indirect evidence that the
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M lc peloids are not faecal in origin. Infaunal organisms may have either been denied 

access to the sediment by the protective nature of the surficial biofilm, or where the biofilm 

became temporarily absent, relatively early induration of the muds may have been 

responsible for preventing any subsequent burrowing.

Microbially mediated M ia  muds are the most abundant sediment type at M ullawomia, but 

because it appears that the buildup surface did not accumulate particularly rapidly, it 

therefore seems unlikely that preservation of many of the faunal components observed 

within these muds was achieved through rapid burial. However, M lb  skeletal muds may 

have occasionally been produced in sufficient quantities elsewhere for localised burial of 

material to have occurred. Instead, successful faunal preservation within M ia  muds was 

probably related to the initial trapping and subsequent binding of bioclastic material within 

the gelatinous mucilages associated with the surficial biofilm, which is estimated to have 

ranged in thickness from a few centimetres to a probable maximum of about 10 cm (c/. 

Gutteridge, 1995, fig. 12). Renewed biofilm growth across a previously colonised surface 

would have quickly enveloped any sessile organism which then occupied the lowermost 

faunal tier. In doing so, most primary-tier filter feeders, such as brachiopods and bivalves, 

would have soon had their gape occluded, although filter feeding organisms which 

occupied a higher tier above the biofilm, such as crinoids, may not have been as 

immediately affected. The distinctive piles of semi-disarticulated crinoid parts described in 

section 6.3 (and shown in plate 6.2) are likely to have formed subsequently, following the 

ultimate death of the crinoid organisms, when their component parts fell onto and became 

bound within the sticky surficial biofilm (see also Figure 7.6). Similarly, even where an 

active biofilm became re-established around the base of a fenestrate bryozoan, colony 

growth rates (up to 4 cm yr^) would have rapidly outpaced the surface accretion rates 

associated with the biofilm itself. Even if death occurred within the lowermost part of the 

bryozoan colony, this need not have affected the continued health of the colony as a
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whole. However, as a consequence of such slow accretion/burial rates, it is unlikely that 

bryozoan colonies would ever be preserved either whole or in an erect position. Indeed, 

most larger bryozoan fronds observed at Mullawomia are generally orientated parallel to 

the bedding. Even where bryozoan colonies toppled over after death, large portions of the 

zoaria are likely to have remained unburied at the surface for a considerable length of time. 

This particular taphonomic aspect may help to explain the fragmentation observed within 

much of the bryozoan material. Increased surface biotic activity during periods of biofilm 

quiescence is likely to have had ample time to bring about the biomechanical comminution 

of bryozoan material, ultimately leading to the production of bryozoan hash. The 

previously invoked mechanism of breakage by current activity fails to explain the lack of 

either abrasion features or any of the expected signs of size-sorting within the broken 

bryozoan material. Neither does it account for the presence of relatively complete zoaria 

which are commonly recorded from the shallowest water Waulsortian buildups (Phase D), 

where mechanical energy was presumably at its greatest.

Although substrate-related faunal zonation helps to explain the varied distribution observed 

within much of the attendant biota at Mullawomia, there does not appear to be any real 

evidence for depth-related biozonation within the buildup itself, like that reported by 

Mundy (1980) within Asbian carbonate buildups from northern England. However, this 

may be a reflection of the narrow bathymetric range of that portion of the buildup which is 

exposed within the quarry itself, since the recognition of depth-related phases within the 

Waulsortian facies as whole (Lees and Miller, 1985) suggests that buildups which 

displayed considerable vertical relief would have been quite strongly zoned ecologically. 

The lack of colonial corals at Mullawomia may also reflect the bathymetric setting of the 

buildup (below the photic zone) rather than any specific control of substrate consistency. 

Indeed, colonial tabulate corals are reported in size and abundance from shallower water 

(Phase D) Waulsortian buildups in the Craven Basin, England (Parkinson, 1926).
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In terms of biofilm coverage, how much of an individual buildup surface at Mullawomia 

was ever 'active' at any one time remains uncertain, but it appears that this would have 

varied considerably. Evidence for non-continuous coverage is provided by the lateral and 

vertical variations seen within sediments and their bioclastic content, and by the various 

examples of unilateral progradation observed at mound-cores A and B. The surface 

biofilm may have been more laterally continuous along the relatively steeply inclined 

prograding margins of the buildup, because these horizons tend to show slightly less 

obvious lateral variability and because traceable 'bedding' horizons are considerably better 

developed at those localities. The buildup at Mullawomia does not appear to have grown 

into water depths which are indicative of any deposition having occurred within the photic 

zone. In particular, undisputed calcareous algae (dasyclads) are absent, even within those 

heavily micritized sediments where their preservation is more likely to have occurred 

(Dehantschutter, 1995). Although modem microbial micritization tends to be more 

prevalent in warm shallow waters, evidence that this process occurred independently of 

light at Mullawomia is shown by the pervasiveness of the phenomenon in so many of the 

cavities. The total lack of lithoclasts and almost complete lack of intraclasts at Mullawomia 

also appears to suggest relatively quiet environmental conditions associated with 

deposition below storm wave base. Further evidence that strong currents were not 

generally an important feature of the buildup is suggested by the apparently self-contained 

nature of the sedimentary system and by the lack of transport-related features observed 

within skeletal material. However, most organisms would have required at least moderate 

currents for feeding (see section 7.5) and the overall buildup morphology suggests that the 

orientation of bottom currents may have had an influence on its development.

At a more general level, the model proposed for microbial carbonate generation has 

particular consequences for Waulsortian buildups which grew upwards to water depths 

within the reach of normal wave base. If this were to occur, then the surface microbial
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biofilm would soon have come under the effects of constant wave agitation and scouring, 

and might ultimately have become destroyed. This process may help to explain why the 

Waulsortian Complex in Ireland does not appear to have ever become fully emergent, 

although relative rates of subsidence and sea-level rise may also have been able to outpace 

the slow estimated rates of carbonate sedimentation. Phase D may have thus represented a 

climax phase in buildup accumulation, beyond which mechanical energy levels became too 

high for the successful continuation of an active surficial biofilm. The continued 

generation and accumulation of M lb  skeletal muds may have been more important in such 

shallower water settings.

F igure 7.5. Major faunal characteristics of the buildup at M ullawornia as a consequence 

of the controlling factors of a surfiial microbial biofilm.
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Figure 7.6. Palaeoecological reconstruction of a typical buildup surface showing the effects 
of a microbial biofilm on the distribution of the attendant fauna (refer to text for explanation).
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7.5. Trophic structure.

The trophic structure of a biotic community can be defined as the cumulative feeding habits 

of its component species and the metabolic energy flows involved (Crame, 1990). By 

convention, trophic analysis in fossil communities has been based largely on either an 

analysis of the energy pathways, usually expressed as food webs and chains (e.g. 

Hoffman, 1979), or on a description of the feeding habits and substrate-niche patterns of 

the attendant organisms (e.g. Scott, 1978). Based on the assumption that the trophic 

proportions of the fossil community reflect those of the original total community, 

interpretations of palaeoenvironmental conditions have then been attempted on the basis of 

the trophic characteristics observed (see, for example, Stanton and Dodd, 1976). Despite 

the widespread application of trophic analysis to palaeocommunity studies, the procedure 

faces several problems and limitations, the most potentially serious drawback being the 

fidelity of the fossil record in terms of the selective preservation of certain elements of the 

fauna. For example, estimates of the proportion of marine organisms which do not have 

preservable parts (i.e. the soft-bodied fauna) range from between 50 and 70% (Craig and 

Jones, 1966). Further problems can also arise in identifying correctly the feeding habits of 

fossil organisms, as these may have evolved over geological time or may even have varied 

during the ontogeny of an individual species.

Because of the inherent problems of taphonomic selectivity, analysis of the trophic 

structure at Mullawomia has not been based solely on the numerical abundance of fossils, 

as this would arguably give a poor picture of the original community. Instead, a general 

analysis of the trophic structure of the palaeocommunity has been attempted on the basis of 

the inferred feeding characteristics of all the constituent species, on their substrate-niche 

relationships, and on the likely energy pathways involved within the trophic system. The 

two major sources of food for primary consumers in marine communities are organic
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matter suspended in the water and organic matter on or in the sediment (detritus). The vast 

majority of species preserved at Mullawomia appear to fall into just three basic trophic 

categories: suspension feeders, detritus feeders (which include herbivores and scavengers) 

and predators. The inferred feeding types are detailed as part of the faunal list shown in 

appendix 4. Within these three groups, suspension feeders apparently dominated the 

trophic structure of the palaeocommunity. A preponderance of one feeding type usually 

implies that its food source was likely to be both widespread and abundant (Scott, 1978). 

Those communities which are dominated by suspension feeders tend to be associated with 

substrates that are either hard or contain an inadequate food supply. Instead, muddy 

substrates tend to sustain detritus-based chains (Scott, 1976). Even though substrates 

appear to have been almost exclusively muddy at Mullawomia, the trophic structure of the 

community would seem to suggest that the properties of the sediment could not have been 

particularly conducive to detritus feeding. It is possible that, due to their lack of 

preservation potential, many detritus-feeding groups such as annelids and arthropods are 

actually missing from the fossil assemblage. However, there is no secondary evidence, in 

the form of faecal pellets or bioturbation, for example, to suggest that infaunal detritus 

feeders were particularly important components of the palaeocommunity at Mullawomia. 

Nevertheless, there is evidence that some substrates were at least periodically suitable for 

epifaunal grazers and deposit feeders. Respective representatives of these trophic groups 

would have included echinoids and holothurians, the latter fortuitously recorded by their 

calcitic spicules. Gastropods, and some arthropods, are also likely to have been grazers.

The simplified food chain shown in Figure 7.7 shows the relative importance of the 

various trophic groups (estimated as a percentage of the total number of species present 

within each category) and the various energy-flow pathways involved within the trophic 

system. Organic carbon contained with the microbial biofilm is likely to have provided a 

rich food supply for many of the epipelagic and vagile microbiota such as ostracodes and
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Figure 7.7. Simplified trophic web of the palaeocommunity at Mullawomia, apparently dominated by sessile supsension feeders. 
The relative importance of each trophic category is given as a percentage of the total number of species recorded. Thicker arrows 
represent more important food pathways
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foraminifera. Many of the microproblematica identified in chapter 5 may have similarly 

found nourishment from this food source. However, the largest trophic category, the 

suspension feeders, would have relied on an extemally supplied food source carried by 

currents to bring nutrients to its largely sessile representatives. Death and decay of these 

organisms would have contributed to the detrital food supply, and the presence of both 

suspension and detritus feeders would have, in turn, attracted predators into the trophic 

system. It seems likely that the apparent lack of detritus feeders is probably more of a 

reflection of the relatively unfavourable substrate characteristics associated with a surficial 

biofilm, rather than an actual lack of available nutrients or the unsuccessful preservation of 

representatives of this group.

7.6. Summary of the main palaeoecological features - a general model for 

the Waulsortian facies.

The aim of this chapter has been to provide a description of and possible explanation for 

the palaeoecological characteristics of the attendant biota recorded from a typical 

Waulsortian buildup. Those features, which are summarised overleaf, are thought to have 

resulted from a distinctive set of sedimentological, biological and taphonomic processes 

which probably occurred commonly throughout the Waulsortian facies. Accordingly, 

features observed at Mullawomia are likely to have been replicated within other 

Waulsortian buildups, if similar processes and controls had been in operation during their 

development. However, because the Waulsortian facies in Ireland accumulated over such a 

considerable lateral extent during the late Toumaisian, it seems quite likely that 

Waulsortian buildups would have developed under a relatively broad range of 

palaeoenvironmental conditions, particularly in terms of variations in water depth. 

Chapters 8 and 9 provide additional palaeoecological information from Waulsortian 

buildups developed elsewhere in Ireland and serve to ascertain whether or not those
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processes considered to have been important at Mullawomia were indeed a fundamental 

component of the Waulsortian facies generally. The key palaeoecological indications are 

summarised below (shown in bold text). Their observed effects, which should generally 

be replicated within other Waulsortian buildups, are bracketed thereafter (plain text).

-the buildup accumulated through an in-situ carbonate production 

mechanism, probably related to microbial activity within a surficial biofilm

[the buildup would have shown depositional relief above the seafloor; there is little 

evidence to show that the baffling of carbonate mud, produced from an external source, 

was an important growth mechanism; evidence for microbial activity exists in the form of 

non-faecal M lc peloids and is indirectly reflected by the high degree of micritization 

generally observed within the sediments]

-the surficial biofilm provided a self-sealing sedimentary system

[there is little evidence for any net export of carbonate material into coeval off-bank facies 

within the Waulsortian facies generally; the overall absence of intraclasts suggests little 

internal re-working of carbonate material; newly-formed carbonate muds were apparently 

maintained on steeply inclined primary depositional slopes, without any sign of 

subsequent failure]

-the attendant fauna acted largely as opportunistic sediment dwellers and 

were not responsible for the basic construction of the buildup

[this is reflected by the overall low faunal density observed within most of the attendant 

biotic groups; a recognisable form of skeletal framework is apparently lacking within the 

matrix carbonate muds]
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-the fauna were, for the most part, denied access to the sediment, either by 

early induration of the carbonate muds or by some kind of protective 

covering (surficial microbial biofilm)

[this is reflected by the apparent lack of any internal macrobioturbation observed within the 

sediments and by the fact that the majority of the preserved fauna were epibionts]

-surface conditions were both laterally and vertically discontinuous, 

particularly in terms biofilm coverage and substrate consistency

[this is reflected in the distinctive lateral and vertical variability observed within the 

bioclastic content (i.e. 'patchy' faunal distribution), and by the asymmetrical growth 

vectors which are commonplace within the mound-core facies]

-colonisation of the buildup surface was probably related to the regular 

disappearance of the surficial biofilm

[the regular disappearance of the biofilm is reflected by an absence of widespread 

lamination observed within the carbonate muds; there are generally less M ia  and M lc 

muds where faunal components became better established]

-substrate consistency exerted a strong influence on the nature of the 

colonising fauna

[the fauna recorded is predominantly epifaunal; early surface colonisers tend to be 

relatively more mud-tolerant, such as hyalosteliid sponges and fenestrate bryozoans; many 

of the recorded brachiopods show soft-sediment morphological adaptations; colonial 

corals are absent, and solitary corals such as Am plexus  commonly show geniculations 

which may relate to soft sediment toppling events]
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-currents provided the most important source of food

[this is reflected in the overall trophic structure of the attendant fauna, particularly by the 

fact that the majority of organisms were sessile particulate filter-feeders]
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Part Three 

TESTING THE MODEL

Chapter 8; Aspects of the palaeoecology of the Waulsortian facies 
developed in Co. Kerry

Chapter 9: Aspects of the palaeoecology of the Waulsortian facies 
developed at Knockastia Quarry, Co. Westmeath

Chapter 10; Conclusions
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CHAPTER 8; Aspects of the palaeoecologv of the Waulsortian facies  

developed in Co. Kerry.

8.1. Introduction.

The previous chapter incorporated field data collected from Mullawomia with the 

currently-held hypothesis that the fundamental mechanism controlling the development of 

Waulsortian buildups was the presence of a surficial microbial biofilm (cf. Lees and 

Miller, 1995, p.255). Such a biofilm is considered not only to have been responsible for 

the in-situ production of carbonate mud at the buildup surface, but its physical (and 

perhaps chemical) characteristics are also likely to have exerted a strong influence on the 

patterns of colonisation observed within the attendant biota. The synthesis of field 

observations, petrographic data and the inferred palaeoecological parameters of organisms 

recorded from Mullawomia has facilitated the development of a generalised 

palaeoecological model for the Waulsortian facies (summarised in section 7.6).

Characteristic features of this model should be replicated elsewhere, if similar processes 

and controls had been in operation. As reported in section 2.3, the Waulsortian facies in 

Ireland appears to have developed over a considerable area (more than 30 000 km^) during 

the late Toumaisian. Accordingly, Waulsortian buildups are likely to have developed 

across a wide range of palaeoenvironmental conditions, particularly in terms of varying 

water depth. The following section of the thesis provides further sedimentological and 

palaeoecological information from typical Waulsortian buildups which developed 

elsewhere in Ireland. The purpose of this additional data is to allow comparable aspects of 

the palaeoecological model developed from observations made at Mullawomia to be tested 

against other Waulsortian buildups. This should help to ascertain the general applicability 

of model itself, and if necessary, to further refine its parameters.
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8.2. Regional geological se t t in g .

The general sratigraphical and palaeogeographical setting o f the Waulsortian facies which 

developed in Ireland has been discussed in Chapter 2. Within the Tralee area, the facies 

accumulated as a laterally continuous aggregate of buildups which formed along a 

relatively stable shelf area, located immediately to the south of the Shannon Trough (refer 

to Figure 2.8). The Lower Carboniferous succession between Tralee and Castleisland has 

been described by Hudson et al. (1966a), who estimated the thickness of the Waulsortian 

facies developed in the Castleisland area to be in excess of 300 metres. To the west of 

Tralee, the corresponding succession was mapped by Thornton (1966) who estimated the 

thickness of the Waulsortian facies developed in that area to vary between 150 and 310 

metres. The succession itself records the northward passage of a regional marine 

transgression and is similar to Courceyan lithostratigraphy recorded across much of 

southern Ireland (e.g. Shephard-Thom, 1963; Hudson and Philcox, 1965).

Sediments above the Old Red Sandstone in the Tralee area begin with the calcareous 

Gortatlea Shales, which contain an abundant benthic fauna of brachiopods and fenestellid 

bryozoans. These pass upwards into the Springmount Limestones (ca. 240 metres in 

thickness) which contain abundant crinoidal bioclasts and a well-developed Cyathaxonia 

coral fauna (Brennand, 1962). These limestones reflect the continued deepening of water 

associated with the northward passage of the transgression and the development of well- 

oxygenated open marine conditions. They are succeeded by the Ballyseedy Limestones 

{ca. 500 metres in thickness) which contain two discrete mud-mound facies. The Lower 

Bank limestones are typically Waulsortian in character and consist predominantly of knoll- 

form buildups, rich in fenestrate bryozoans, which are associated with a well-developed 

network of spar-filled cavities. The Upper Bank limestones are markedly different and 

instead appear to be both muddier and generally lacking in fenestrate bryozoans, and they
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have a relatively poorly developed cavity network as a result. Although W aulsortian-like in 

many respects, they are not representative of the facies proper, either in terms of their 

gross lithological characteristics or their stratigraphical setting; they have not therefore 

been included in this study. The two bank facies are separated by well-bedded and often 

cherty limestones, corresponding to those observed within their lateral off-bank facies.

The Lower Carboniferous rocks are presently exposed close to sea level, within relatively 

low-lying land areas which surround much of Tralee Bay and which extend inland 

towards the east along low ground that forms the Vale of Tralee. These rocks occupy a 

broad east-northeasterly plunging syncline, whose axis corresponds to the Namurian 

rocks of the Stacks Mountains, situated 20 km further to the east. This syncline is flanked 

on both limbs by distinctly higher ground comprising Old Red Sandstone rocks, which 

represent the positions of the more tightly folded Slieve Mish Anticline to the south, and 

the Kerry Head Anticline to the north. These structures both plunge at a low angle towards 

the east-northeast, in a similar manner to the intervening syncline. Together they make up 

part of a regional series of anticlines (the Slieve-Mish - Galty system) which were formed 

largely as a by-product of Hercynian earth movements, but which lie beyond the main 

limit of thrusting and regionally developed cleavage (identified to the south of a line drawn 

from Dungarvan to Dingle Bay). The Hercynian event probably occurred at some time 

between the late Carboniferous and the early Permian (Sevastopulo, 1981, p. 189) and 

appears to have followed a relatively quiescent tectonic interval during which the regional 

transition from alluvial sedimentation to marine conditions is recorded by a succession of 

Upper Devonian clastics and Lower Carboniferous carbonates.

Additional minor folding is also developed parallel to the major Hercynian structures and 

presumably dates from the same event. Both Thornton (1966) and Hudson et al. (1966a) 

drew attention to the occurrence of a series of north-northwest trending wrench faults
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which icommonly offset these minor fold axes. The local tectonic component is clearly 

reflected in the variably inclined geopetal indicators observed within the relatively 

unbeddied Waulsortian limestones. These appear to have shown a variable response to 

Hercyn;ian compression, as a lesser tectonic component is generally observed within the 

relatively massive mound-core facies than is seen within the slightly better bedded 

prograding margins. Even though cleavage is generally absent, some limestones 

neverthieless show signs of a localised development.

8.3. B.arrow. Co. Kerrv.

8.3.1. Field localities.

Waulsoirtian facies limestones are particularly well exposed along much of the coastline 

which surrounds Tralee Bay, Co. Kerry. Although many of the exposures are obscured 

by weathering above high water mark and are encrusted by seaweed and barnacles below 

this level, most exposures nevertheless show a narrow zone of exposure (several metres 

wide) along the upper foreshore where the limestones have become polished by wave 

activity. These exposures provide a unique opportunity to observe Waulsortian facies 

limestones in detail at a macroscopic level. Very good exposures occur along the coastline 

of the Barrow Peninsula. These continue towards the southwest, with good exposures to 

be found around the shores of Fenit Island and beyond to the headland at Fenit itself.

Figure 8.1 shows the various field localities at Barrow and Fenit which are discussed 

within the following sections of this chapter. For the most part, attention has been 

concentrated along a relatively continuous cliff section at Carrahane Strand (IGNR Q 726 

185), which is situated immediately below the golf course of Tralee G olf Club. A 

petrographic study has been made of the Waulsortian facies which developed locally, and 

is based on limestones collected from this section. Additional macroscopic observations
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Field localities at Barrow, Co Kerry: Scale 1:45 000
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Figure 8.1. Wave-polished exposures of Waulsortian facies limestones occur along 
the coast at Barrow and Fenit, Co. Kerry (localities referred to within the text).
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have been recorded along the western shoreline of Fenit Island and along the foreshore to 

the west of Fenit Pier. Although these exposures are generally clean, they tend to be 

relatively discontinuous, making the recognition of buildup geometry particularly difficult. 

Neither the base of the Waulsortian facies nor its lateral passage into off-bank facies are 

exposed locally. However, the top of the Waulsortian facies is exposed along the southern 

shore o f Barrow Harbour (INGR Q 741 169) and along the westem shoreline of Fenit 

Island (INGR Q 715 164). At these particular localities, well-bedded cherty limestones are 

exposed, which appear to have been draped conformably over the massive bank facies 

limestones.

8.3.2. Macroscopic observations.

The field sketch shown in Figure 8.2 shows part of the relatively continuous strike 

section, exposed within the cliff faces above high water mark at Carrahane Strand, 

Barrow, Co. Kerry (INGR Q 731 187). This section is composed entirely of Waulsortian 

bank facies limestones and displays several juxtaposed mound-cores within the cliff faces. 

Although bedding is poorly developed, the orientations of major lateral joints generally 

appear to coincide with original depositional surfaces, as inferred from the orientations of 

nearby bioclastic horizons and primary spar-filled cavities. Relatively massive mound-core 

facies (refer to section 4.3 for facies definitions) are particularly well exposed at the 

northeastern end of the section, where steep depositional slopes are visible on both flanks 

of a lower mound-core (mound-core 1). Dip measurements within the cliff face suggest 

that this buildup possessed a typical knoll-form geometry, and was apparently centred 

seawards of high waterm ark. The slopes observed within the prograding-marginal facies 

appear to have been primary depositional features because they commonly display level 

geopetal indicators within the shell cavities present. The tectonic component therefore 

appears to be negligible at this particular locality, where the limestones appear to be 

relatively massive. However, within the cliffs at the southwestern end of Carrahane

214



Figure 8.2. Field sketch of the cliff face at Carrahane Strand. Barrow. Co. Kerry.
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Strand, close to Barrow Castle (INGR Q 726 184), geopetal indicators which dip towards 

the north-northwest reveal a tectonic component in excess of 30 degrees within relatively 

well-bedded prograding marginal facies. This may reflect a variable response within the 

Waulsortian facies to later Hercynian deformation, resulting in frequently steepened 

prograding margins.

A second mound-core (mound-core 2) is exposed within the cliff face almost 200 metres 

along strike towards the southwest. It appears to have developed coevally with mound- 

core 1 since lithological horizons are traceable from one buildup to the other through a flat 

intermound section. Figure 8.2 also reveals the presence of a third buildup (mound-core 3) 

whose typically massive limestones can clearly be observed overlapping those of the 

earlier mound-core 1. The massive horizons of the upper buildup appear to be more 

laterally continuous and uniform in thickness than those observed in the earlier mound 

cores and they can be seen to pass upwards into relatively well-bedded Waulsortian 

limestones towards the top of the cliff section.

In terms of their gross lithological characteristics, most limestones appear to be particularly 

rich in fenestrate bryozoan material. Plate 9.1 shows a typical exposure in which 

'bedding' is revealed within the otherwise massive limestones by the presence of regularly 

spaced fenestrate-rich horizons and by the anarchic spar-filled cavities with which they are 

intimately associated. Many of the bryozoan fronds appear to have formed primary shelter 

cavities within the accumulating muds; these cavities have subsequently become infilled by 

calcite-spar cements. The intervening mud-rich/cavity-poor horizons are similar in 

thickness {ca. 20 cm) but lack the fenestrate bryozoan material. The development of these 

fairly rhythmic and laterally continuous bryozoan horizons is commonplace, particularly 

within the prograding marginal facies. Similar facies are exposed along the shoreline at 

Fenit Point (INGR Q 721 153).
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Other macrofaunal components include relatively abundant crinoidal material, which 

occurs both as disarticulated crinoid ossicles, randomly dispersed throughout the matrix, 

and as longer pluricolumnal stem sections. Individual crinoid ossicles vary markedly in 

size, ranging from a few millimetres up to several centimetres in diameter. At Carrahane 

Strand, the pluricolumnals tend to be orientated parallel to the direction of dip within the 

more inclined prograding marginal facies. Where limestone beds are relatively flatter, 

pluricolumnals tend to be rather randomly orientated, as shown in Plate 9.2. These 

particular horizons occur within tectonically steepened prograding marginal facies exposed 

along the northwestern shores of Fenit Island (INGR Q 713 181), and are characterised by 

particularly long pluricolumnals, often in excess of 10 cm in length, which generally occur 

in close proximity to one another. Disarticulation and/or transport prior to burial appears to 

have been minimal, although occasional encrinitic packstones, several centimetres thick, 

are also present within the local succession. Wave polishing of the rock surfaces is so 

well-developed at this particular locality that the various polymud generations are often 

visible within the matrix.

Perhaps the most interesting macrofaunal component preserved within the buildups at 

Carrahane Strand are lithistid demosponge body fossils. Hyalosteliid and other siliceous 

sponge spicules are a commonly encountered component within thin-sections prepared 

from Waulsortian limestones, but the actual preservation (or at least the recognition) of 

sponge body fossils appears to be unique to those facies presendy exposed along the 

coastline surrounding Tralee Bay (Labiaux, 1997). These occurrences are probably a 

reflection of the particularly good wave-polished exposures studied within the area, rather 

than of preferential conditions for sponge preservation. An excellent example of a lithistid 

demosponge can be seen within a locally-derived loose block of bank-facies limestone, 

which is located at beach level, 100 metres to the northeast of the main cliff face (INGR Q 

733 188). This example is shown in Plate 9.3 and in Field Sketch B l/F S l (refer to
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Appendix; 5). The sponge body fossil is roughly circular in outline, approximately 14 cm 

in diametter, and is preserved as a calcite spar-filled radial network which encloses 

irregular patches of micrite. These appear to be somewhat darker than the carbonate muds 

which are; observed within the surrounding matrix. The matrix itself is charcterised by 

regularly spaced fenestrate-rich horizons with well-developed spar-filled cavities, although 

the spong'e body fossil itself occurs within the intervening muddy horizon. Smaller more 

degraded lithistids, which occur within similar lithofacies towards the southwestern end of 

Carrahane Stand, are shown in Plate 9.4 (INGR Q 729 186). A typical lithistid body 

cavity, fo'und close by (INGR Q 726 184), is also figured in the lower portion of Field 

Sketch B1/FS2 (p.lxxxiv). Both examples contain characteristically dark internal micrite 

patches, e;nveloped within a spar-filled channel network. The actual recognition of sponge 

body fossils provides direct evidence of these organisms occurring within the Waulsortian 

facies (there presence was always suggested by the large quantities of spicules), but body 

fossils remain a rare occurrence nevertheless.

The macnofauna associated with the bank facies limestones also includes brachiopods, 

molluscs and corals. These components are usually well-preserved and appear to be an 

autochthonous element, but in terms of absolute abundance, they are generally scarce. The 

brachiopo'd assemblage appears to be dominated by strophomenids, which sometimes 

occur as autochthonous shell pockets, ca. 15 cm in diameter, containing a range of 

conjoined valves of various sizes. Within these concentrations, brachiopods may account 

for up 30% of the total rock volume. Subordinate numbers of spiriferids, rhynchonellids 

and terebratulids are also present as randomly dispersed individuals, again with conjoined 

valves. The valves appear to have remained closed following death, as shell cavities are 

generally seen to contain later void-filling calcite spar. However, geopetal muds are 

present at the base of at least some of the shell cavities, and the inclination of these 

originally level muds provides a useful indication of any subsequent tectonic component.
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The preserved molluscan fauna is dominated by randomly distributed coiled and 

orthoconic cephalopds, and otherwise contains only occasional gastropods such as 

Euomphalus and Soleniscus. Bivalves are very rarely observed in the field, although their 

shells (sometimes complete and articulated) are a relatively common occurrence within 

thin-sections. The fenestrate bryozoan-rich horizons within the prograding marginal facies 

at Carrahane Strand appear to contain an abundant cephalopod fauna, with a typical 

example shown in Field Sketch B1/FS2. Exposed bedding surfaces often show a high 

density of cephalopods, sometimes with as many as 50 individuals per square metre, 

which range in size from juvenile examples just a few centimetres in diameter, to large 

orthocones over 50 cm in length. Most of the cephalopods are preserved flat-lying along 

apparent bedding surfaces, with orthocones showing no preferred long-axis orientation. 

Internal chambers within the cephalopod shells are generally filled with calcite spar, 

although the outer chambers of both coiled and orthoconic nautiloids commonly contain 

carbonate muds identical to those seen within the surrounding matrix.

Corals appear to be rare components, and usually occur as the solitary rugose coral 

Amplexus coralloides. Along the northwestern shoreline of Fenit Island, relatively large 

examples of this coral occur towards the top of the local bank sequence, with individual 

corals reaching up to 20 cm in length. Many of these examples show repeated 

geniculations of the corallum, presumably caused when the coral toppled over and growth 

was reorientated upwards. From the same locality, Plate 8.5 shows a large colony of 

Syringopora which is well over a metre in diameter and is apparently preserved in life- 

position. Colonial corals are rare within the Waulsortian facies generally, and so the 

occurrence of this large colony is unusual. However, their overall scarcity may be a partial 

reflection of the relatively deep bathymetric setting of many buildups, rather than a control 

of substrate consistency alone.
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8.3.3. Limestone petrography and Phase classification.

Samples of Waulsortian bank facies limestone were collected at 10 metre intervals along 

the cliff face section at Carrahane Strand (shown in Figure 8.2). All of the samples were 

collected close to high water mark along a transverse section through the lower buildup, 

and therefore include representatives from both the mound-core and prograding-marginal 

facies. Thin-sections were subsequently prepared from these samples and their constituent 

components were systematically logged, using the technique outlined in section 5.2. This 

involved the ranking of skeletal components in terms of their hierachical importance (c/. 

Lees and Hennebert, 1982, p.32) according to visual estimates made of their relative 

volumetric abundance. The actual grain types encountered correspond to those previously 

detailed in section 5.3. Wide variations in the relative proportions of matrix carbonate 

muds and skeletal material were commonly observed from one thin-section to another, and 

the use of relative abundances, rather than absolute abundances, helped to offset these 

differences. This variability, as observed at Mullawomia, appears to have been a 

characteristic feature of the Waulsortian facies in general.

Petrographic results for individual thin-sections are listed in Appendix 2. From this data, 

consistency indices have been calculated for each of the grain types recognised in thin- 

section; these are described below and are also displayed graphically in Figure 8.3. These 

values represent the presence of each component (of any rank) as a percentage within the 

sample population as a whole (n=16). For example, ostracodes were found to be present 

in 50% of the samples from Carrahane Strand, although this does not necessarily imply 

that they were volumetrically important in any of those samples. Relatively important 

skeletal components, i.e. those that rank as either the first or second most important 

components, are shown in Figure 8.4, but again, this does not provide any information 

regarding the absolute abundances of any of the bioclasts included. Through the 

recognition of certain 'marker' grains, the limestones have been classified according to one
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of four revised grain-type assemblages, i.e. 'Phases A-D', which have been recognised by 

Lees and Miller (1985, revised 1995). These assemblages are thought to have been related 

to various environmental parameters, the most important of which is considered to have 

been water depth. The various grain types recognised (and their consistency indices) are 

listed below. Specific reference has been made to those bioclasts which appear to have 

been relatively more important (as listed in Figure 8.4).

Fenestrate bryozoans (86%)

Fenestrate bryozoans appear to be the most conspicuous macroscopic skeletal component 

observed within the wave-polished exposures at Carrahane Strand. This observation has 

been confirmed in thin-section, with relatively complete fronds apparently preserved in 

most of the samples studied. Figures 8.3 and 8.4 show that, where present, fenestrates 

often rank as a relatively more important skeletal component, i.e. rank '1' or '2'.

Stick/ramose bryozoans (86%)

Although these bryozoans have a high consistency index, they rarely occur as a high 

ranking component (rank '1' or '2' in only 21% of the samples). Because these bryozoans 

possessed a relatively delicate skeleton, they probably contributed some material to the 

large quantities of broken bryozoan hash with which they are commonly associated.

Fenestrate hash (79%)

Broken bryozoan zoaria are present in many of the samples studied, where they frequently 

occur as a relatively important, i.e. high ranking, component (Figure 8.4). The hash 

material shows quite varied degrees of comminution and is usually associated with those 

samples which contain more complete bryozoan material in relative abundance. Figure 8.4 

shows that hash is more important than stick/ramose bryozoans, even though the latter 

have a higher consistency index.
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Crinoids (79%)

Pelmatozoan material appears to be fairly ubiquitous and is at least present in 79% of all 

the samples studied. However, it rarely occurs as a relatively important component (21% 

of samples), and crinoidal material generally occurs instead as small numbers of 

disarticulated ossicles and/or plates.

Brachiopods (79%)

Although brachiopods are a commonly observed component in thin-section, they are 

volumetrically unimportant nevertheless. They generally occur as complete, articulated 

valves, although disarticulated valves and shell fragments are present also.

Hyalosteliid spicules (21%) and other sponge spicules (50% )

Sponge spicules are present in at least half of the samples studied, although hyalosteliid 

spicules are only important (rank 1) in one of the thin-sections (B3/S5 - TCD 50372). 

Nevertheless, these observations show that sponges appear to have been more widespread 

than the distribution of macroscopic sponge body fossils would seem to suggest.

Other components present include molluscan shell material (71%) and ostracodes (50%). 

These categories both comprise articulated valves with lesser quantities of fragmented 

material. Even though these grain types both have a relatively high consistency index, they 

never exceed rank '3' in terms of importance. Other relatively rare components include the 

calcisphere Mendipsia leesi (50%), fragments of trilobite carapace (36%), calcareous 

worm tubes (36%), echinoid spines (21%), aoujgaliids (14%), the bilocular foraminifer 

Earlandia (14%), unidentified plurilocular foraminifera (7%), Sphaerinvia (7%) and 

moravamminids (7%). These grain types only occur as rare components (rank 4) within 

the limestones and are never volumetrically abundant. In terms of depositional texture, the 

limestones are dominated by wackestones.
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A range of non-skeletal grain types are also present, corresponding to those previously 

described in section 5.5. These include geopetal peloids (consistency index 21%), matrix 

peloids (57%), micritized grains (14%) and micritized cavity walls (14%). Intraclasts and 

lithoclasts were not recorded in thin-section. The overall grain-type assemblage appears to 

be representative of deposition having occurred well below the photic zone in relatively 

quiet waters. This corresponds to the deeper portion of Phase C (ca. 200 metres water 

depth), to which the exposures at Carrahane Strand are tentatively assigned. Although 

plurilocular foraminifera are marker grains for this phase, only a single non-tuberculate 

endothyrid was encountered in thin-section. Nevertheless, micritized cements and grains 

are present in several samples, which Lees and Miller (1995) have shown in their revised 

Phase classification scheme to extend to deeper water levels than were previously 

considered, i.e. Phase D. The only reliable photic zone indicators, dasycladacean algae, 

were not encountered in any of the thin-sections studied, but the generally low level of 

micritization developed and the lack of intraclasts would not otherwise appear to suggest 

deposition within relatively shallow water depths.

8.3.4. Biostratigraphv.

The stratigraphical range of the Waulsortian facies in Ireland, with reference to conodont 

and foraminferal biozonations, is shown in Figure 4.8. Diagnostic foraminfera were not 

encountered in any of the petrographic thin-sections prepared from bank facies limestones 

collected at Carrahane Strand, probably as a direct reflection of the depth at which these 

limestones are considered to have developed. Nevertheless, a 5.2 kg bulk sample of bank 

facies limestone was collected from the lower mound core exposed at the northeastern end 

of Carrahane Strand (INGR Q 731 164) and was processed for conodonts using the 

technique outlined in section 4.5.1. The block was almost completely dissolved in formic 

acid, leaving behind a small residue of authigenic quartz, lithic fragments, pyrite and 

chalcopyrite crystals, bitumen, and 22 conodont elements (yield = 4.23 elements kg‘0-
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Carrahane Strand (Sample B4/S1 - TCD 50383)

22 conodont elements recovered, including;

Gnathodus pseudosemiglaber (12 Pa elements, 4 S elements)

Polygnathus bischoffi (1 Pa element, 4 S elements)

Unidentified (1 Pa element)

The conodont residue is dominated by Pa elements of Gnathodus pseudosemiglaber. This 

is a relatively long-ranging conodont which extends from the Polygnathus communis 

Carina Biozone into the Gnathodus homopunctatus Biozone. However, the appearance of 

Polygnathus bischoffi, at a level corresponding to the upper part of the Scaliognathus 

anchoralis Biozone, has been recognised by Conil et al. (1991) as a useful marker for 

widespread correlation. The recovery of this conodont from the bank facies limestones 

exposed at Canahane Strand indicates that the lower part of this buildup could not have 

developed earlier than the Polygnathus bischoffi Sub-biozone.

8.4. Camp. Co. Kerry.

8.4.1. Field localities.

Further exposures of Waulsortian limestones occur in several places along the northeastern 

coastline of the Dingle Peninsula, Co. Kerry. These include bank facies limestones, which 

have been studied along the foreshore to the north of the village of Camp (for general 

location refer to Figure 1.3). These limestones are situated close to the Old Red 

Sandstones of the Slieve Mish Anticline, and therefore probably represent a relatively low 

position within the locally developed Waulsortian Complex. However, the nature of the 

contact between the underlying Springmount Limestones and the Old Red Sandstones is 

uncertain, and local topography suggests that this contact may in fact be fault-related. The 

Camp locality comprises two main separate exposures of bank facies limestones, referred
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to here as East Camp and West Camp (INGR Q 710 105 and Q 693 105 respectively). 

These are situated at either end of a largely sandy stretch of beach (refer to Figure 8.5), 

which contains several small exposures of bank facies limestone that are only visible 

during very low tides. The two main exposures both consist of discontinuous wave- 

polished bedding surfaces, which occur between high and low water mark. Towards low 

water mark, weathering and encrustation have rendered the majority of these limestones 

difficult to study for macroscopic interpretation, but the upper portions of the beach 

generally show good clean exposures which have been kept fresh by wave activity. 

Individual exposures, although discontinuous, are generally close enough to one another 

to allow the gross morphology of the buildup form to be ascertained, and inferred form 

lines have been included in Figure 8.5. The breaks in exposure are nevertheless useful in 

allowing the individual outcrops to be viewed in three dimensions.

8.4.2. Macroscopic observations.

The exposures at East and West Camp are composed entirely of Waulsortian bank facies 

limestones. Although bedding is generally poorly developed at East Camp, the geometries 

of recognisable depositional surfaces and the orientations of primary spar-filled cavities 

would appear to indicate the presence of a topographic mound-core located close to the 

cliff face. Relatively more inclined prograding marginal slopes, which show quaquaversal 

dips of 20°, are developed away from this core towards the sea. Generally level geopetal 

indicators suggest that the tectonic component at this locality is negligible. A range of 

primary spar-filled cavities are present within the limestones and these include distinctive 

laminar sheet spars (shown in Plate 8.6) which are particularly well-developed at the 

mound core. These spars are generally 1-2 cm in thickness (although the height of 

individual cavities may reach 5 cm) and they appear to contain multiple generations of 

cavity-filling calcite cements. They are commonly laterally continuous over several metres 

and are regularly-spaced vertically, about 8 cm apart. They appear to have developed

227



Field localities at Camp, Co Kerry: Scale 1:12 500

Figure 8.5. Locations of wave-polished exposures of Waulsortian facies limestones 
which occur along the coast close to the village of Camp, Co. Kerry.
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within mudstones which were less bioclastic (skeletally reinforced?) than the bryozoan- 

rich wackestones observed within the prograding marginal facies, which instead contain 

spar-filled cavities which are much more anarchic in shape. Individual sheet spars 

sometimes bifurcate laterally, and this seems to be related to the presence locally of skeletal 

bioclasts which are visible within the matrix. Actual discontinuities along an individual 

spar cavity sometimes occur where unconsolidated mud from an underlying layer appears 

to have been forced upwards into the overlying horizon. This would seem to suggest that 

the cavities themselves were formed within only partially-lithified sediments. Well- 

laminated geopetal muds are present at the base of most of the cavities, and a few also 

contain small matrix mudstone intraclasts. The size and shape of the sheet-spar cavities 

would appear to suggest that many were enlarged by circulating fluids, prior to their 

becoming infilled by sparry calcite. The upper margins of many cavities appear distinctly 

lobate, and give an impression that relatively high-pressure fluids, once contained therein, 

attempted to escape upwards into the overlying sediments.

The Waulsortian limestones exposed at West Camp comprise relatively poorly-bedded 

prograding marginal facies, which occur as a discontinuous series of wave-polished 

bedding surfaces dipping towards the northwest. The limestones at the southeastern limit 

of the exposures (which have been sampled for biostratigraphical purposes) presumably 

represent the oldest rocks exposed at this locality. Recognisable bedding features, such as 

bioclastic horizons and primary spar-filled cavities, become progressively steeper towards 

the northwestern limit of the locality, so that at INGR Q 692 107 ‘bedding’ appears to 

have become almost vertical. However, geopetal indicators show a similar trend and also 

steepen considerably towards the northwest, reflecting a comparable and increasing 

tectonic component in this direction. The original depositional dips are estimated to have 

been fairly constant, with primary slopes inclined between 20 and 30 degrees. Primary 

spar-filled cavities are also common within these exposures and tend to be relatively
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anarchic in shape (as shown in Plate 8.7). In many places, these primary cavities appear to 

account for a high proportion (up to 50%) of the total rock volume. Void-complexing 

sequences, which pass upwards from lateral sheet spars into increasingly more digitate 

cavities, are also a common feature at West Camp. Many of the more complex cavities 

appear to be closely related to the presence of relatively complete fenestrate bryozoan 

fronds, which can be recognised within the matrix. These fronds occur within vertically 

repetitive and laterally continuous horizons, similar to those observed within prograding 

marginal facies at both Carrahane Strand and the headland to the west of Fenit. Individual 

bryozoan fronds appear to have acted as mechanical bridges, forming shelter cavities 

beneath; these fronds appear to have then been sufficiently rigid to support the primary 

carbonate muds which were subsequently deposited above them. Similar horizons are 

observed within the prograding marginal facies exposed at the East Camp locality.

Pelmatozoan material appears to be relatively abundant at both of the Camp localities and 

disarticulated ossicles (and presumably at least some thecal plates) appear to be scattered 

throughout the matrix. These ossicles show a relatively wide size-frequency distribution, 

and range from just a few millimetres in diameter up to 3 centimetres. Much of the 

crinoidal material occurs either within distinctive encrinitic packstone horizons, or more 

commonly, as ossicle-rich wackestone horizons. Individual crinoid-rich layers vary from 

10 to 20 cm in thickness and appear to be laterally continuous over many metres. They 

occur relatively frequently within the vertical succession, usually within several metres of 

one another. Elsewhere, generally flat-lying pluricolumnals frequently occur across many 

of the wave-polished bedding surfaces (e.g. Field Sketch C l/F S l, p.lxxxi), with many of 

these longer stem sections apparently aligned parallel to the original slope direction. Many 

of these pluricolumnals lie alongside clusters of more disarticulated ossicles, material 

which was presumably derived from the same crinoid organism, and which is suggestive 

of in-situ disarticulation and of litde subsequent transport.
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Several of the wave-polished surfaces exposed at West Camp provide a rare opportunity to 

observe original ‘palaeosurfaces’ in macroscopic detail. Many of these display coiled and 

orthoconic nautiloids in relative abundance, as depicted in Field Sketches C i/F S l and 

C1/FS2 (p.lxxxii). The inner cameral chambers of most of the coiled and orthoconic 

cephalopods appear to have remained largely sediment-free so that they subsequently 

became spar-filled; only the outer (and presumably open?), downward-facing body 

chambers appear to contain any primary carbonate muds. The attitude of the geopetal muds 

within these chambers reveals the ‘palaeohorizontal’ and it appears that, although many of 

the coiled cephalopods appear to be flat-lying, those representatives which possessed a 

relatively broad venter, such as Vestinautilus, were commonly preserved upright, in a 

similar manner to those examples observed at Mullawornia (e.g. Plate 8.8). The molluscan 

I'auna also includes relatively rare examples of the low-spired gastropod Euomphalus.

Other macroscopic faunal components are relatively scarce, but include brachiopods 

(density <1 m‘2 on exposed bedding surfaces) which are generally well-preserved, but 

which rarely appear to occur in life position. Most representatives are strophomenids, such 

as Dictyoclostiis, which show particular functional shell moiphologies which are 

indicative of soft sediment conditions. The solitary coral Amplexus coralloides is also 

present, and repeated geniculations appear to have occurred during the ontogeny of many 

individuals. These characteristic geniculations are likely to have formed when growth of 

the corallum was reorientated upwards after it had toppled over. Colonial corals appear to 

be absent altogether. A degraded sponge body fossil had been previously reported from 

the West Camp locality by Labiaux (1997, plate 63, figure 4). This corresponds to the 

outlined portion of Plate 8.7, and occurs in similar bryozoan-rich facies to the sponge 

body fossils which have been recorded from Carrahane Strand (Plate 8.4). Despite careful 

examination of the limestones, other macroscopic sponge body fossils were not 

encountered within similar facies exposed at either the East or West Camp localities.
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There is at least some macroscopic evidence, which exists in the form of stylolites, for 

post-depositional compaction having occurred within the limestones. These thin seams 

commonly cross-cut crinoidal allochems whose upper or lower parts appear to have been 

dissolved away. Stylolites are particularly common within the tectonically steepened beds 

at W est Camp, where they occur with well-developed calcite veins which trend east-west 

(shown in Field Sketch C l/F S l, p.lxxxi).

8.4.3. Limestone petrography and Phase classification.

Samples of the Waulsortian bank facies limestone were collected close to high water mark 

at 10 metres intervals along two transverse sections through the East and W est Camp 

localities. Thin-sections were subsequently prepared from these samples and their 

constituent components were systematically logged using the technique outlined in section 

5.2. This involved the ranking of skeletal components in terms of their hierarchical 

importance, according to visual estimates made of their relative volumetric abundance. The 

petrographic results of individual thin-sections are listed in Appendix 2, and the actual 

grain types recognised correspond to those catalogued previously in section 5.3. 

Consistency indices have been calculated for each of the grain types recognised in thin- 

section and these are displayed graphically in Figure 8.6. Because of the petrographic 

similarity between both localities, these values represent the percentage occurrence of each 

component (of any rank) within the combined sample population for East and West Camp 

(n=6+8=14). The actual values do not give any indication of the absolute volumetric 

abundance of any of the skeletal bioclasts involved. The occurrence of relatively important 

bioclasts (i.e. those that only rank as either the first or second most important components) 

within the combined sample population are also shown in the upper graph of Figure 8.4. 

The limestones have also been classified according to one of the four grain-type 

assemblages (Phases) recognised by Lees and Miller (1995). The distribution of the most 

important skeletal components are discussed as follows.
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Figure 8.6. Occurrence of skeletal bioclasts (of any rank in the component hierachy) 

observed within thin-sections from bank facies samples collected at East and West Camp.
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Crinoids (100%)

At least some pelmatozoan material is present within all of the thin-sections studied (rank 1 

or 2 in 64% of samples) and this generally occurs as disarticulated ossicles and plates. 

Where such material appears to have become relatively more concentrated, e.g. within the 

encrinite horizons, many of these allochems show some signs of having been either 

reworked or transported. Syntaxial overgrowth cements are also more common where 

ossicles are relatively abundant.

Fenestrate bryozoan hash (86%), fenestrate bryozoans (36%), and stick and 

ramose bryozoans (50%)

Although relatively complete fenestrate bryozoan fronds are only present in just over a 

third of the samples, they always occur within these samples as an important component 

and rank as either ‘1’ or ‘2’ in the component hierachy. More commonly, fenestrate 

material occurs in broken form as variably comminuted hash, which is present in most of 

the petrographic samples studied. Stick and ramose bryozoans, particularly Sulcoretopora 

and Rhomhopora, are present in half of the samples, although they only ever occur as a 

minor component, and always rank as ‘4 ’ accordingly.

Brachiopods (86%) and molluscs (71%)

Brachiopod material is far more abundant in thin-section than initial macroscopic 

observations would appear to suggest. The material itself occurs as both articulated and 

disarticulated valves, in almost equal proportions, which show a varied size-frequency 

distribution and which include many juvenile representatives. Brachiopod spines are also 

present, as well as broken shell fragments. Mollusc shells are slightly less abundant, and 

include fragments from cephalopods, gastropods and bivalves. Like brachioods, bivalves 

also appear to be far more abundant in thin-section than macroscopic observations of the 

exposed surfaces would seem to suggest. Likewise, the articulation ratio for bivalves is
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similar to that observed within the brachiopods. Some of the mollusc shell material 

appears to have been completely micritized.

Other recognisable components include sponge spicules (present in 43% of samples) 

which have been preserved as calcite-filled spicule moulds. These are commonly seen 

clustered together and were presumably derived from the same organism. Broken 

fragments of trilobite carapace are also present (36% of samples), but only as relatively 

scarce components. Other rare components include ostracodes (present in 29% of 

samples), echinoid spines (29%), the calcisphere Mendipsia leesi (21%), worm tubes 

(21%), hyalosteliid sponge spicules (7%), moravamminids (7%), aoujgaliids (7%), the 

bilocular foraminifera Earlandia (7%) and Rectangulina (7%).

Although wackestone is the predominant depositional texture, the proportions of the 

various skeletal bioclasts present are quite varied, so that mudstones and packstones may 

be present locally. The matrix muds often appear mottled, representing the successive 

polymud generations, and a microsparite matrix is also commonly developed. A range of 

non-skeletal grains are present, corresponding to those previously described in section 

5.5. These include small intraclasts of bank facies limestone, which are present in 21% of 

the samples. Matrix peloids are relatively abundant and are present in almost two-thirds of 

all the samples. These range from a vague clotted texture within the matrix to well-defined 

peloids (50 - 550 microns in diameter), which commonly occur within a microsparite 

matrix. Similarly well-developed geopetal peloids are also present (in 14% of samples) at 

the base of some of the cavities sectioned. Microscopic stylolites provide evidence of post- 

depositional compaction within the tectonically-steepened exposures at the West Camp 

locality. An alignment of allochems is also visible in thin-section WC1/S7 (TCD 50352) 

from the same locality. At least some of the mollusc shells show varying degrees of 

micritization, although micritized cements and cavity walls have not been observed.
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Comparison between the overall grain-type assemblage observed within the limestones at 

Camp and Figure 5.4, which shows the component distribution within Waulsortian 

Phases A to D, suggests that limestone deposition occurred well below the level of the 

photic zone, within relatively quiet waters. The low level of micritization observed, and 

the absence of plurilocular foraminifera (the ‘marker’ component for Phase C proper), 

suggests that the limestones probably accumulated within the shallowest portion of Phase 

B, or the very deepest part of Phase C. This corresponds to an estimated water depth in 

the region of 250-280 metres (Lees et a l, 1985).

8.4.4. Biostratigraphy.

The stratigraphical range of the Waulsortian facies developed in Ireland, with reference to 

conodont and foraminiferal biozonations, is shown in Figure 4.8. Diagnostic foraminifera 

were not encountered in any of the petrographic thin-sections prepared from the bank 

facies limestones collected at either of the Camp localities. However, a 5.2 kg bulk sample 

of limestone was collected from the most southeastern exposure at the West Camp locality 

and has been processed for conodonts using the technique oudined in section 4.5.1. This 

yielded 60 elements, equivalent to 11.54 elements kg'*, and included the following 

conodonts:

West Camp Locality (Sample WC2/S1 - TCD 50382)

60 conodont elements recovered, including;

Gnathodus pseudosemiglaber (26 Pa and 6 S elements)

Polygnathus bischojfi (3 Pa, 7 Pb, 1 M and 5 S elements)

Polygnathus minutus [cf. juv. P. bischojfi] (2 Pa elements)

Idioprioniodus (4 S elements)

(also 6 unidentified S elements)
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The conodont residue is dominated by large Pa elements of Gnathodus pseudosemiglaber. 

However, this is a relatively long-ranging conodont which extends from the Polygnathus 

communis carina Biozone into the Gnathodus homopunctatus Biozone. Nevertheless, the 

presence of Polygnathus bischoffi within the lowermost exposures at West Camp indicates 

that the limestones at this locality could have developed no earlier than the Polygnathus 

biscojfi Sub-biozone.

8.5 Palaeoecological and palaeoenvironmental indications.

At the conclusion of chapter 7, an attempt was made to qualify a distinctive set of 

sedimentological, biological and taphonomic processes which were considered to have 

characterised the development of Waulsortian carbonate buildups. This seemingly unique 

set of processes (for buildups identical to the Waulsortian facies do not appear to have 

developed at any other time during the geological record) should have resulted in particular 

lithological and preservational effects which are likely to have been replicated throughout 

the facies. The following section of this chapter integrates the various field observations 

and petrographic data recorded from Waulsortian buildups exposed along the coastline of 

Co. Kerry, and compares these results to the palaeoecological characteristics which were 

inferred from similar observations made of the buildup which developed at Mullawornia. 

Particular attention has been focused towards any possible evidence, direct or otherwise, 

which is consistent with the hypothesis that the primary mechanism of buildup 

accumulation is likely to have involved the in situ microbial production of carbonate mud 

within a surficial biofilm. The consequences of such a mechanism are likely to have 

exerted a strong influence on the ability of any attendant biota to colonise the accreting 

buildup surfaces. Recently, there has been growing interest in the role of sponges and 

their related microbial communities in the genesis of Palaeozoic mud-mounds. In light of 

the recognition of actual sponge body fossils preserved at several localities in Co. Kerry, a
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re-assessment has also been made on the likely contribution that these organisms may have 

had on the overall development of the Waulsortian facies.

Like their counterparts at Mullawomia, fenestrate bryozoans have been shown to be the 

most common skeletal components within the Waulsortian limestones examined in Co. 

Kerry. Although complete fronds are relatively commonplace, much of this fenestrate 

material also occurs in a more fragmented state as variably comminuted bryozoan hash, 

and thin-sections show that both taphonomic states may commonly occur together. 

Although several workers have attached considerable importance to the role that fenestrate 

bryozoans played as sedimentary baffles, the distribution of these bryozoans at 

Mullawomia showed that this process could not have been responsible as a primary 

buildup accumulation mechanism. At Carrahane Strand and West Camp, large unbroken 

fenestrate zoaria are commonly encountered within particularly sparry lithologies, where 

the carbonate muds appear to have been minimal. Furthermore, muddy horizons present at 

all of the localities studied in Co. Kerry clearly indicate that buildup accumulation often 

occurred in the absence of any skeletal material whatsoever. Even though fenestrate 

bryozoans appear to have been an important faunal component on many buildup surfaces, 

their relative abundance is more likely to have been a reflection of the environmental 

tolerance of these organisms, rather than their presence being prerequisite for buildup 

development to actually have occurred. Similarly, fenestrates tended to form a relatively 

conspicuous biotic component within a broad spectrum of other carbonate mud-mounds 

which were developed throughout the Dinantian (Bridges et a i,  1995).

The exact geometries of the Waulsortian buildups examined in Co. Kerry are often 

difficult to reconcile from the relatively limited coastal exposures. Nevertheless, the 

presence of primary depositional slopes would appear to suggest that most buildups 

displayed at least some topographic relief above the seafloor, and this implies that
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carbonate accumulation rates on the buildups must have been relatively greater than those 

within laterally equivalent off-bank sediments. The lack of any recognisable organic 

framework would appear to preclude the sedimentary baffling of externally supplied 

carbonate mud, i.e. allomicrite (Wolf, 1965), and instead suggests that the buildups are 

more likely to have accumulated through an in situ carbonate mud (automicrite) production 

mechanism. The Waulsortian limestones developed in Co. Kerry show little direct 

evidence for microbial activity though, either in the form of stromatolitic macrostructures 

or through the preservation of calcimicrobes such as Renalcis. However, micro

problematic, tubular, spar-filled moulds, which lack definite calcareous walls or sheaths, 

are occasionally observed within the matrix muds, and it may be possible that at least some 

of these are related to poorly preserved bacterial filaments. It is likely that degradation of 

the organic matter associated with a microbial biofilm by heterotrophic bacteria would have 

been responsible for erasing any traces of bacterial filaments anyway. As at Mullawornia, 

petrographic thin-sections from each of the localities do show some indirect evidence for 

microbial activity though, which exists in the form of non-faecal M lc  peloids. These 

peloidal micrites, which appear to be well-developed throughout the matrix muds, closely 

resemble modern microbially mediated (algal and bacterial) carbonate precipitates (e.g. 

Chafetz and Buczynski, 1992; Pickard, 1996). Similarly, Chafetz (1986) considered the 

formation of marine peloids within cavities to have originated as a fine-grained precipitate 

around active clumps of bacteria; distinct geopetal peloids are also present within cavities 

at all of the localities studied in Kerry. Further evidence for continued microbial activity 

has been observed in the form of micritized cements and grains from both Carrahane 

Strand and Camp. The actual level of micritization observed is considerably less than that 

recorded at Mullawornia, and probably reflects the relatively deeper bathymetric setting in 

which the buildups in Kerry are interpreted to have developed. It also indicates that, even 

though micritization is considered to be a predominantly shallow water phenomenon, its 

effects commonly appear to extend well below the level of the photic zone.
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The suggestion of a protective surficial biofilm was forwarded to help explain the initial 

maintenance of steep primary depositional slopes developed along the prograding margins 

of the buildup at Mullawomia. Similar features can be observed along the margins of 

individual buildups exposed within the cliff face at Carrahane Strand. Although 

synsedimentary cementation is likely to have been an important process in partially 

stabilising the carbonate muds on these steeply inclined slopes, there is little suggestion 

that any significant internal reworking of carbonate material took place, either in the form 

of features related to slope failure, or in the amount of intraclasts which have been 

observed in thin-section. Evidence of internal macrobioturbation within the primary muds 

also appears to be absent, suggesting that the fauna were largely denied access to the 

sediment, as appeared to be the case at Mullawomia. Although these features may reflect 

the early induration of the carbonate muds, there is little evidence to suggest that there 

were any intial hardgrounds, and the draught-infill of loose muds into the outer chambers 

of cephalopods suggests that at least some of the matrix carbonate muds were not 

indurated immediately and were instead subjected to localised reworking. An altemative 

explanation could have been the presence of some sort of protective covering, in the form 

of a surficial microbial biofilm, which may have helped to stabilise the newly formed 

carbonate muds. This would have maintained a largely self-contained sedimentary system, 

with little net export of carbonate material into coeval off-bank facies.

Most of the macrofauna recorded is epifaunal and appears to have been fairly tolerant of 

soft sediment conditions. With the exception of localised concentrations of fenestrate 

bryozoans and crinoids, the general density and the diversity of most other macrofaunal 

components appears to have been very low, perhaps even more so than was recorded at 

Mullawomia. The overall impression gained from their occurrence and distribution is one 

of a generally unfavourable setting for many elements of the available benthos. The 

relatively opportunistic colonisation of more favourable areas of the substrate is suggested
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by the rather patchy distribution of many components, such as brachiopods. This may 

have been controlled by the intermittent disappearance and/or lateral discontinuity of the 

surficial microbial biofilm. Laterally continuous bryozoan-rich horizons which occur 

within the prograding margins are similar to those observed at Mullawomia, and may 

reflect periods of more successful colonisation of the buildup surface. These horizons 

usually contain lesser volumes of carbonate mud, and may even represent periods in 

which the re-establishment of the surface biofilm was temporarily inhibited by metazoan 

activity. Intervening horizons are considerably more muddy and probably represent the 

continued presence of the surficial biofilm. In thin-section, these muds generally contain 

only ostracod shells, sponge spicules and rare microproblematic organisms which were 

able to tolerate the unfavourable environmental conditions locally associated with a 

biofilm. Although many organisms appear to have been relatively well preserved, they 

frequently do not appear to be in life position, and yet they show little evidence of having 

been transported. It is quite possible that the gel-like consistency of the surficial biofilm 

could also have played an important taphonomic role, effectively trapping and binding 

bioclasts at the surface as they became enveloped within its spreading mucilages. This 

mechanism may help to explain how even soft-bodied sponges could have come to be 

preserved whole.

8.5.1 .A reappraisal of the role of sponges on buildup development.

The role that sponges and their related microbial communities had on the development of 

deep-water carbonate mud-mounds has received growing attention recently, and many 

authors have documented the apparent importance of sponges within these buildups (e.g. 

Bourque and Boulvain, 1993; Hammes, 1995; Leinfelder and Keupp, 1995; Pratt, 1995; 

Wamke and Meischner, 1995; Labiaux, 1997; Reitner and Schumann-Kindel, 1997). 

Particular interest has been focused towards the relative importance between sponges and 

other microbial communities as the primary mechanism involved in carbonate production
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and mound accretion. Bourque (1997) has suggested that the typical stromatactis-rich 

facies, which is characteristic of these mounds, could have originated from the 

transformation and cementation of a primary sponge network through microbial decay 

during very early diagenesis, destroying the shape of the sponges and most of the 

spicules, and leaving behind a finely crystalline limestone which is often seen as a 

pelletoidal microspar. Stromatactis cavities were also considered to have been formed by 

the decay and collapse of unlithified bodies of sponge tissue. In light of the current debate, 

the recognition of lithistid sponge body fossils at West Camp and Carrahane Strand has 

prompted a reappraisal of the possible contribution which sponges may have made to the 

sediment budget of the Waulsortian facies in general.

Soft-bodied sponges are taphonomically fragile organisms and have a relatively low 

preservation potential. Therefore, it is not unexpected to find that the preservation of 

sponge body fossils appears to have been a rare occurrence within the Waulsortian facies. 

However, the former importance of these organisms is perhaps better reflected by the 

relative abundance of sponge spicules, which are commonly observed in thin-section as 

spar-filled moulds within the primary M l muds (refer to Plate 5.5). Only a small 

proportion o f an originally siliceous spicule network is likely to have been preserved as 

moulds during the calcification of sponge body tissues (Bourque and Gignac, 1983), and 

even the large numbers of spicules actually preserved within the Waulsortian facies are 

unlikely to reflect the former importance of these organisms. An early dissolution phase of 

opaline silica, which pre-dates the first recorded radiaxial marine cements, appears to have 

been a widespread and significant feature of early diagenesis within the Waulsortian facies 

generally. Land (1976) has documented a similar rapid recycling of sponge-derived 

opaline silica within modem fore-reef sediments from North Jamaica, and noted that 

biologically controlled spicule dissolution began even before the death of sponges had 

occurred. It has been suggested that this early Waulsortian dissolution phase may have
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been related to an increase in the alkalinity of pore waters as a result of the bacterial 

metabolism of certain organic substrates (Lees and Miller, 1995). Only those spicules 

contained within primary muds which had become sufficiently coherent at a very early 

stage could have actually been preserved as moulds, and many spicules are therefore likely 

to have been lost during this dissolution phase. The spicule moulds themselves provide 

valuable evidence for at least partial synsedimentary cementation of some of the muds.

The presence of hyalosteliid sponge spicules has been documented from the very inception 

of many buildups. Miller (1986) has described the transitional relationships observed 

between Waulsortian bank facies and both precursor and laterally equivalent facies. He 

noted that the bankward transitions were characterised by the sudden appearance and 

increase of discrete lenticular masses of optically dense micrite, petrographically similar to 

the M l primary muds, which contained the moulds of hyalosteliid sponge spicules. 

Although hyalosteliid sponge spicules were excluded from the revised Phase classification 

scheme of Lees and Miller (1995) for the deepest buildups (i.e. Phase A), Dehantschutter 

and Lees (1996) have since recorded these spicules from lowermost portion (=Phase A) of 

the Pauquis buildup in the Dinant area of Belgium. Smaller sponge microscleres have also 

been recorded from many buildups developed within this Phase.

Many authors have attributed the primary peloidal microspar texture observed in many 

fossil mud-mounds to represent a product of the in situ calcification of sponge body 

tissues (e.g. Bourque and Gignac, 1983; Bourque and Boulvain, 1993; W amke and 

Meischner, 1995; Bourque, 1997; Labiaux, 1997). Reitner et al. (1995) have described 

the possibly analogous process of modem sponge tissue diagenesis and calcification at 

Lizard Island in the Great Barrier Reef, Australia. This process is considered to be largely 

controlled by the presence and activity of symbiotic bacterial populations which exist 

within the living sponge body. Following the death of the sponge, the subsequent
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proliferation of these bacteria can alter the chemistry o f the enclosed microenvironm ent 

w ithin the sponge walls, resulting in the oxidation o f organic carbon contained within the 

sponge tissue to CO 2 , and eventually leading to the precipitation o f a micropeloidal 

automicrite. Occasional peloidal m icrospar textures, similar to those recorded from other 

fossil m ud-m ounds, have been recognised in thin-section from  the various localities, both 

in Kerry and at M ullawornia, and spicule m oulds have been comm only observed in the 

immediate vicinity of such textures. W here the two occur in close association, these may 

represent automicrites produced by the in situ calcification o f sponge body tissue.

Plate 8.3 shows a large circular lithistid dem osponge preserved within the bank facies 

lim estones exposed at Carrahane Strand. The sponge body fossil itself is characterised by 

dark patches of internal mud, which form the interstices o f an otherwise spar-filled 

(blocky calcite) radial channel system (see Field Sketch B l/F S l) .  It seem s quite possible 

that these darker muds were generated in situ  through the calcification o f sponge tissues 

within the enclosed chemical microenvironment of the sponge body, whose outer walls 

must clearly have been sufficiently coherent and rigid for it to have been preserved whole 

within the matrix muds. The internal muds appear to be discernibly darker than those 

which are observed within the surrounding matrix, and it is possible that slightly different 

bacteria may have been responsible for their generation. Reitner and Schum ann-Kindel 

(1997) have shown that automicrites associated with the calcification o f modern sponge 

body tissues usually contain minute pyrite crystals (generally < l |im )  which are 

precipitated by sulphate-reducing bacteria already present within the sponges. These tiny 

pyrite crystals give the associated muds a generally dark appearance.

The rare preservation of the lithistid body fossils may have occurred through the sponge 

body becoming enveloped within the spreading gelatinous mucilages associated with a 

surficial microbial biofilm. Labiaux (1997) noted that the bodies of lithistid sponges had a
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relatively better preservation potential than those o f hexactinellids. W hatever the 

m echanism , the calcification of preserved sponge walls m ust have been fairly rapid, for 

they appear to have supported the weight o f overlying sedim ents and were able to maintain 

the shape of the body cavity, which probably only later became infilled by blocky calcite 

spar during burial (Miller, 1986). Labiaux (1997) considered many of the digitate 

stromatactoid cavities observed within the bank facies at Co. Kerry to have formed 

through the partial collapse of more degraded sponge material (see Plate 8.4, which 

corresponds to his plate 63, fig. 4). How ever, many of these structures are clearly features 

relating to either shelter or dewatering cavities, and do not appear to be collapsed sponge 

body fossils at all. Nevertheless, there are some unsupported cavities which do not contain 

earlier radiaxial fibrous calcite marine cem ents, but instead appear to have become infilled 

by later (burial) blocky calcite spar (the lighter coloured cavities shown in Plate 8.4). By 

analogy with the more definitive body fossils recognised, these cavities may have 

corresponded to the form er presence of m ore degraded (collapsed) sponge body tissues.

Bourque and Boulvain (1993) have suggested that the equal ratio between pelletoidal and 

mottled matrix microspar in Silurian m ud-m ounds implied that these were, to a large 

extent, sponge-constructed buildups. The actual percentage o f peloidal m icrospar, which 

could perhaps be attributed to automicritic sponge calcification, observed in thin-section 

from the W aulsortian facies in Co. Kerry, is estim ated to be less than 5 %.  Similar peloidal 

textures could also easily have been produced by non-sponge-related microbial activity 

within cavities (e.g. Gutteridge, 1995). The different (lighter) colour and largely non- 

peloidal texture of the external matrix muds suggests that they were m ediated by a different 

microbial population (probably related to surficial biofilm) than that responsible for the 

automicrite production within the sponge body fossils. In terms of the overall carbonate 

production budget, sponges are therefore considered to only have made a relatively m inor 

contribution (<5%), and the primary m ud-producing m echanism  is still considered to have
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been automicrite production within a surficial microbial biofilm. In particular, there are 

many instances where the primary muds appear to have accumulated in the complete 

absence of any recorded sponge material. Sponge spicules appear to have been equally 

important bioclasts within off-bank facies, where there is no evidence for automicrite 

production having taken place. Similarly, the lower part of the Glannagh Formation, 

which conformably overlies the Waulsortian at Mullawomia, consists of highly spicular 

basinal limestones, but there is no evidence for any autochthonous carbonate mud 

production having taken place within these sponge-rich rocks. Where sponges appear to 

have been abundant, this is probably more likely to be a reflection of the relative ease with 

which these organisms were able to colonise the initially soft sediments associated with the 

surfaces of the buildup. Sponges are therefore generally not considered to have made an 

appreciable contribution to the carbonate budget of the Waulsortian facies.
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CHAPTER 9; Aspects of the palaeoecologv of the Waulsortian facies

developed at Knockastia Quarry. Co. W estmeath.

9.1. Introduction.

The Waulsortian limestones which are exposed within the presently disused quarry at 

Knockastia (Figure 9.1) provide a further opportunity to test the palaeoecological model 

which has been developed for this facies. The generalised model that is proposed has been 

largely based upon observations made of similar quarry face exposures from the nearby 

locality of Mullawomia Quarry, which is situated only 16 km to the northwest. 

Accordingly, recognisable features of this model should be replicated within the 

limestones exposed in the quarry faces at Knockastia, if similar processes and controls had 

been in operation during their generation and accumulation.

The approach taken is similar to that adopted at those localities in Kerry which were 

discussed in the previous chapter. This has involved the integration of macroscopic 

observations made of the exposed quarry faces with the subsequent results of a 

petrographic analysis made of those same limestones. The presence of certain skeletal 

grains observed during the microscopic analysis has also enabled the palaeobathymetry of 

the buildup to be estimated, according to one of four revised grain-type assemblages 

(Phases) which have been proposed by Lees and Miller (1995). A biostratigraphical 

assessment of the limestones has been made through the collection and subsequent 

processing of a bulk limestone sample for conodonts. A comparison of the results from 

Knockastia and Mullawomia is presented in the final section of the chapter. Any 

differences which might be observed will then be compared against any apparent 

variations in the bathymetrical setting of the two buildups. Such a methodology should 

help to further refine the parameters of the palaeoecological model.
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Location of Knockastia Quarry: Scale 1:90 000
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Figure 9.1. Location of Knockastia Quarry, Co. Westmeath, and boreholes DM35, 
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9.2. Regional geological se t t in g .

The general stratigraphical and palaeogeographical setting of the Waulsortian facies which 

developed across much of Ireland has been discussed previously in Chapter 2. Similarly, 

the regional setting of the facies within the Knockastia area, and the local lithological 

succession, corresponds to that described in section 4.1 for Mullawomia Quarry and the 

Irish Midlands in general. This succession records the northward passage of a major 

marine transgression during the Tournaisian and typically contains red-bed sediments 

(Hastarian in age) which pass upwards through shallow-water clastics and carbonates into 

deeper ramp carbonates, finally culminating in deep basinal facies during the early Visean. 

The Tournaisian lithostratigraphy for this region (the North Midlands Province) has been 

informally oudined by Philcox (1984) and is shown in Figure 4.1. This chart includes the 

corresponding formational names used in the area immediately to the north by McCarthy 

(1990) and from the Athboy borehole in West Co. Meath (Strogen et al ,  1990).

The buildup exposed within Knockastia Quarry forms part of a laterally extensive complex 

of coalesced buildups developed to the southwest of Mullingar which were described by 

Nevill (1958). He considered the portion of the buildup then exposed at Knockastia to be 

‘high, steepsided and ridge-like, rather than circular, and lacking the flat top characteristic 

of many knolls in the neighbourhood’. He also noted that the rocks were ‘sparingly 

unfossiliferous’. Lees (1964) described a series of sheet-form buildups situated to the 

west of Knockastia. He interpreted these to represent the lateral extensions of the same 

continuous aggregate of dominantly knoll-form buildups, situated to the east and west of 

the town of Ballymore. His somewhat simplified geological sketch map and cross-section 

(shown in Figure 4.2) depicts a laterally continuous development of bank facies 

limestones developed in the Knockastia area, with a minimal development of laterally 

equivalent off-bank limestones.
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Some borehole data has been collected locally by companies involved in base metal 

exploration within the area and material from these cores has been used by Johnston 

(1976) and Keegan (1981) in biostratigraphical studies of the area (their results are 

referred to later in section 9.6). Keegan (1981) described two borehole cores covering 

nearly all of the local Tournaisian succession. The first, borehole DM35, located in the 

townland of Raheen (INGR N 214 440), covers the lower part of the succession. A 

second borehole DM64, located in the townland of Killarecastle (INGR N 271 490), 

records the upper part of the succession and overlaps slightly with DM35. The location of 

these boreholes and Knockastia Quarry are shown in Figure 9.1. The succession in 

borehole DM35 begins with coarse terrestrial conglomerates at the base, which are 

overlain by a 35 m interval of fluviatile sandstones. The succeeding units represent more 

marginal marine conditions and pass upwards from interlaminated mudrocks and 

calcareous sandstones into predominantly calcareous sandstones (24 m thick). Overlying 

the sandstone is a distinctive micrite marker unit (35 m thick) that contains ‘bird’s eye’ 

structures which were considered to be indicators of a supratidal depositional 

environment. This micrite unit correlates with an identical unit (71 m thick) present at the 

base of DM64, and micrite units in both cores are overlain by sandy limestone with oolitic 

limestone bands (72 m thick).

The succession continued in borehole DM64 consists of 248 metres of muddy bioclastic 

limestones. The carbonate content decreases upwards within this unit, with a 

corresponding increase in the argillaceous content. These limestones are conformably 

overlain by the Waulsortian Complex, whose exact thickness is not known from this 

borehole, as DM64 was collared in bank facies limestones. However, Johnston (1976) 

has recorded at least 293 metres of bank facies limestones from a nearby borehole core 

(DM49, Figure 9.1), although the actual local thickness may be somewhat greater as this 

borehole was also collared in the Waulsortian. This particular borehole is situated less than
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3 km to the west of Knockastia Quarry and is located close to DM35 in the townland of 

Raheen (INGR N 211 445). Although the top contact of the Waulsortian is not exposed 

locally, it has been logged by McCarthy (1990) from another local borehole core, 

B D CN l, drilled midway between M ullawomia and Knockastia (INGR N 130 507). This 

core shows bank facies sparry micrites which are conformably overlain by an interbedded 

sequence of mudstone and micrite. This unit, which comprises the lower part of the 

Glannagh Formation, was interpreted by Crean (1987) as representing low density 

turbidity currents deposited in deeper waters than the underlying bank facies.

9.3. Field location.

Knockastia Quarry (INGR N 242 430) is located approximately 21 km WSW of the town 

of Mullingar, Co. Westmeath, and can be reached by road by heading due south for 6 km 

from the village of Ballymore (see Figure 9.1). The quarry itself, which is currently 

disused, has been cut into the lower western flanks of Knockastia Hill, which forms a 

prominent northwest-southeast trending topographic feature locally. Several vertical faces 

are exposed within the quarry and all reveal bank facies limestones. Neither the base nor 

the top of the Waulsortian facies appear to be exposed either within the quarry or within its 

immediate vicinity. The quarry floor lies at 92 metres above sea level, and bank facies 

limestones are intermittently exposed up to the summit of Knockastia Hill, situated a few 

hundred metres to the east, which lies at 202 metres above sea level. The tectonic 

component observed locally appears to be minimal and it is estimated that at least 110 m of 

bank facies limestones were developed above the floor of the quarry. Therefore, the 

buildup probably occupies an intermediate level in the locally developed Complex. 

Because the quarry has not been worked for several years, the state of the exposed faces is 

such that they have become favourably etched, but not too weathered; they therefore reveal 

considerable internal detail and are well-suited to macroscopic study.
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9.4. Macroscopic observations

The field sketch shown in the upper portion of Figure 9.2 depicts the main eastern quarry 

face at Knockastia Quarry. All of the Waulsortian limestones exposed therein belong to the 

prograding marginal facies (refer to section 4.3 for facies description), and are generally 

observed dipping steeply towards the south-southeast, inclined at angles of between 40 

and 50 degrees. Generally level geopetal indicators, which are present throughout the 

quarry, indicate that these slopes were primary depositional features. A crude form of 

bedding is discernible within the limestones and is picked out by the orientations of spar- 

filled cavities, by slightly more bioclastic horizons, and by later jointing. The strike of the 

depositional surfaces is not constant and alters from the west to the east side of the quarry 

by as much as 30 degrees; form lines inferred from these measurements are shown in the 

lower part of Figure 9.2. The primary depositional surfaces observed within the eastern 

quarry face become slightly less steep towards the south.

More recently exposed limestones, located along a higher bench at the back of the quarry, 

show that the bedding becomes less steep towards the top of the face (=top of the 

buildup?). These exposures would not have been present when Nevill (1958) previously 

surveyed the quarry, and may explain his remark that the buildup ‘lacked the flat top 

characteristic of many knolls in the neighbourhood’. The actual three-dimensional 

geometry of the buildup is impossible to reconstruct from the limited quarry exposure, but 

it seems likely that the growth centre was located beyond the northern limit of the quarry 

itself. It also seems probable that the buildup would have originally displayed considerable 

topographic relief above the seafloor, since individual depositional surfaces can be traced 

up to a height of 35 metres above the quarry floor in the eastern quarry face. The long axis 

of the exposed portion of the buildup appears to trend northeast-southwest, and is similar 

to that observed at Mullawomia.
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Figure 9 .2 . Field sketch showing the eastern face of Knockastia Quarry, Co. 
Westmeath. The lower portion of the diagram shows a plan view of the quarry.
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In terms of their gross lithological characteristics, the limestones at Knockastia appear to 

be particularly rich in fenestrate bryozoan material. Field sketch K N l/FSl (p.lxxxv) 

shows a typical exposure, from the east quarry face, in which the bedding inclination is 

revealed by the sub-parallel attitudes of long, relatively unbroken, fenestrate bryozoan 

fronds and the primary, spar-filled, shelter cavities with which they are intimately 

associated. Most of these cavities appear to be roof-supported (by bryozoan fronds) and 

they show a wide variation in terms of morphology, ranging from simple laminar cavities 

to relatively anarchic cavity systems. Where cavity systems are particularly well- 

developed, they may account for up to 50% of the total rock volume. Smaller bundles of 

cavities commonly appear to be stacked ‘tile-like’ on top of one another (c/. Philcox, 

1963, fig. 4), inclined at a slightly lesser angle (by about 10 degrees) than the surrounding 

matrix mud laminations (refer to the upper portion of Field Sketch K N l/FS l). Cavities 

within individual bundles tend to become increasingly complex in shape as they pass 

upwards. These bryozoan- and cavity-rich patches, which are ca. 10 cm in height and 

width, are laterally and vertically discrete from one another and are separated by similarly- 

sized patches of less fossiliferous and relatively cavity-free matrix muds. It appears that 

these intervening muds were maintained along the steep slopes of the prograding margins 

without the need for skeletal reinforcement of any kind.

Individual cavities tend to have become infilled by multiple generations of fibrous calcite 

spar, and the centres of larger cavities also commonly contain final blocky calcite 

infillings. Although geopetal sediments are present at the base of some cavities, they 

generally do not appear to have been particularly well-developed at Knockastia. Vertical 

variations occur in the relative proportions of spar-filled cavities which can be observed 

from one bed to the next, although the degree of cavity development may remain relatively 

constant for tens of metres when traced laterally along an individual bedding horizon. The 

resulting series of spar-rich, then mud-rich horizons, which are characteristic of the
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prograding marginal facies in general, appear to have been similarly well-developed at 

Knockastia. Individual horizons are ca. 20 cm in thickness, and tend to be spaced a similar 

distance apart. However, a considerably thicker and laterally continuous bryozoan-rich 

horizon, which is several metres in thickness, appears to have developed at an intermediate 

level within the quarry. This is exposed within the east face of the quarry and is depicted 

in Figure 9.2.

The large bryozoan fronds associated with the spar-filled cavities are the most conspicuous 

macrofaunal component present within the limestones. Many of these fronds appear to be 

relatively complete, some in excess of 10 cm in length, although smaller fragments are 

also commonly observed. Many of the larger fronds are preserved flat-lying, i.e. parallel 

to the original depositional surfaces, although at least some fronds do appear to have been 

preserved upright, in apparent ‘life position’. Other macrofaunal components present 

within the matrix muds tend to be scarce, not only by comparison with bryozoans, but 

also in absolute terms. The next most common skeletal components are pelmatozoans, 

which occur in a wide range of taphonomic states, from a single disarticulated crinoid 

ossicle within an otherwise unfossiliferous mudstone, to discrete piles of the component 

parts from a relatively complete crinoid organism. Flat-lying crinoid pluricolumnal stem 

sections, up to 10 cm in length, are commonly observed and tend to be randomly 

orientated, even on the well-exposed steep primary depositional surfaces observed in the 

northern quarry faces (refer to Field Sketch KN1/FS2, p.lxxxvi). These palaeosurfaces 

reveal considerably more pelmatozoan material than is suggested by the occurrence of 

ossicles within the vertical quarry faces.

A scarce biota of brachiopods is also present, and includes the typical assemblage of 

strophonemids, spiriferids, and terebratulids and rhynchonellids. Many of the larger 

strophonemids appear to have been preserved in ‘life position’, and most others show
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minimal signs of damage and remained articulated. The valves of many brachiopods 

appear to have remained closed after death, as shell cavities usually contain later void- 

filling blocky calcite spar. Molluscs are similarly scarce and are represented by gastropods 

and by relatively small cephalopods. The only coral representative is the solitary rugose 

species Amplexus coralloides, which usually shows the characteristic geniculations 

developed along its corallum, which were probably related to toppling events on soft 

sediment and the subsequent upward re-orientation of its growth. Amplexus is usually 

preserved with the later and somewhat straighter part of the corallum lying parallel to the 

depositional surface.

9.5. Limestone petrography and Phase classification

Limestone samples from the prograding marginal facies exposed at Knockastia Quarry 

were collected at 10 metre intervals along the base of the eastern quarry face. Although the 

samples were collected at the same horizontal level, they were taken from increasingly 

younger horizons within the buildup, because the bedding itself dips steeply towards the 

southeast. Several thin-sections were subsequently prepared from each of these samples 

and their constituent components were systematically logged, using the technique outlined 

in section 5.2. This involved the ranking of skeletal components in terms of their 

hierachical importance, according to visual estimates made of their relative volumetric 

abundance. The petrographic results for individual thin-sections are listed in Appendix 2, 

and the actual grain types recognised corresponded to those catalogued previously from 

Mullawomia in section 5.3.

Consistency indices were calculated for each of the grain types recorded in thin-section 

and values are displayed in the histogram shown in Figure 9.3. These values represent the 

presence of each component (of any rank) as a percentage within the sample population as
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a whole (n=16) but do not give any indication of the absolute volumetric abundance of any 

of the components involved. The occurrence of relatively important bioclasts (i.e. only 

those that rank as either the first or second most important component) are shown below in 

Figure 9.4. Again, these values are not intended to convey any information regarding the 

absolute volumetric abundances of any of the bioclasts included. Based on the recognition 

of certain marker grains, the limestones have been classified according to one of four 

grain-type assemblages (Phases A-D) recognised by Lees and Miller (1995). The 

distribution of the more important skeletal components is discussed on the following page.
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Figure 9.4. Occurrence of relatively important skeletal bioclasts (i.e. only those which 
rank as 1 or 2 in the component hierachy) observed in thin-section from samples collected 
at Knockastia Quarry, Co. Westmeath.
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Fenestrate bryozoans (100%), fenestrate hash (100%), stick and ram ose 

bryozoans (63%), and encrusting bryozoans (50%)

Relatively complete fenestrate bryozoan fronds are present in all of the thin-sections 

analysed, and occur as important components (rank 1 or 2) in 69% of samples. However, 

fenestrate material also commonly appears as variably comminuted bryozoan hash, which 

is not only present in every sample, but is also relatively important in 88% of these 

samples. Due to its microscopic nature, the importance of this hash material had not been 

resolved at the quarry face exposures. The petrographic importance of bryozoans is also 

highlighted by the relative abundance of stick and ramose bryozoans, such as 

Rhombopora. These bryozoans are present in almost two thirds of all the samples 

analysed, and are even relatively important in 13% of these. Similarly, encrusting 

bryozoans such as Fistulipora are present in half of the samples studied, although they 

only ever occur as minor components in these.

Crinoids (100%)

Although at least some pelmatozoan material appears to be present in each of the samples 

analysed, comparison with Figure 9.4 shows that crinoids only occur as a relatively 

important component in one sample. They are most commonly recorded solely in terms of 

their actual presence, i.e. rank ‘4’ in the component hierachy. This concurs with the 

macroscopic observations made of the distribution of pelmatozoan material within the 

quarry face exposures.

Hyalosteliid spicules (44%) and other sponge spicules (94% )

Although macroscopic sponge body fossils were not encountered at Knockastia, small 

sponge spicules are present in most of the thin-sections analysed and are relatively 

important in 19% of these. Larger hyalosteliid sponge spicules are also present in 44% of 

the samples studied, although these only ever occur as minor components.
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O ther components recorded include ostracods (88% ), brachiopods (75% ) and m olluscs 

(69% ). Although these are present in a high proportion of the sam ples, they only occur in 

relatively minor quantities. Similarly, fragm ents o f trilobite carapace (38% ), the 

calcisphere Mendipsia leesi (31% ), the bilocular foram inifer Earlcuulia (25% ), echinoid 

spines (19% ), Sphaerinvia (19% ), Asphaltina (13% ), serpulid worm  tubes (6%) and 

aoujgaliids (6%) only ever occur as rare skeletal allochems and always rank as ‘4 ’ in the 

com ponent hierachy. In terms of their depositional texture, m udstones and wackestones 

characterise the limestones at Knockastia Quarry in roughly equal proportions. A range of 

non-skeletal grain-types are also present, corresponding to those previously described 

from M ullawornia in section 5.5. These include relatively well-defined geopetal peloids 

(consistency index 56%) and more vaguely formed matrix peloids (31% ), which are 

som etim es observed within a microsparite matrix. Lithoclasts are not present, but 

intraclasts were recorded in 19% of the thin-sections analysed. Signs o f micrititzation are 

generally absent, apart from the apparently slight micritization o f some early cavity 

cem ents observed within one of the thin-sections (K1/S5A, TCD-50341B).

The overall grain-type assemblage appears to be representative of deposition having 

occurred well below the level of the photic zone, under relatively quiet water conditions. 

The distribution of components observed at Knockastia corresponds to the upper portion 

of the revised Phase B classification o f Lees and Miller (1995). A similar interpretation 

was also made by Bourque (1997), who also comm ented that ‘the texture o f Phase B 

limestones at Knockastia Quarry in Ireland is very similar to the spicular pelletoidal 

m icrospar of the fenestellid-sponge facies o f the W aulsortian-type m ounds of Algeria and 

the red stromatactis limestone o f the recifs-rouges m ounds [of the Belgian A rdennes]’. 

Figure 5.4 shows that hyalosteliid sponge spicules are the m arker grain for this phase; 

these are present at Knockastia, along with other com ponents associated with the upper 

part of Phase B, including geopetal peloids, gastropods and aoujgaliids. Typical Phase C
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components, including the marker grain plurilocular foraminifera, are absent from the 

limestones at Knockastia. Although slight micritization does appear in one sample, Lees 

and M iller (1995, p.218) have stated that the micritization phenomenon may occur below 

Phase C. The water depths at Knockastia are estimated to have been in the region of 250 to 

280 metres, and thus appear to have been considerably deeper than those of the buildup 

which developed at Mullawomia.

9.6. Biostratigraphv

The stratigraphical range of the Waulsortian facies developed in Ireland, with reference to 

conodont and foraminferal biozonations, is shown in Figure 4.8. Diagnostic pluriloculai' 

foraminifera were not encountered in any of the thin-sections analysed, but this is likely to 

have been a direct reflection of the relatively deep bathymetric setting in which the buildup 

is considered to have developed. Nevertheless, a 3.2 kg bulk sample of limestone was 

collected from the lowermost exposures within the north quarry face (the oldest rocks 

exposed) and this was processed for conodonts using the technique outlined in section 

4.5.1. The sample was almost completely dissolved in formic acid, leaving behind a small 

residue of authigenic quartz, lithic fragments, pyrite and chalcopyrite crystals, bitumen, 

and conodont elements. The sample yielded 21 elements in total, equivalent to 6.56 

elements kg-', and included the following conodonts:

Knockastia Quarry (Sample K2/S1 ■ TCD 50381)

21 conodont elements recovered, including;

Gnathodus pseudosemiglaber (2 Pa and 4 S elements)

Polygnathus bischojfi (1 Pa, 1 Pb, 2 M and 4 S elements)

Idioprioniodus (2 P elements)

(also 5 unidentified elements)

261



The presence of Polygnathus bischojfi within the lowermost portion of the quarry 

indicates that no part of the buildup exposed therein could have developed earlier than the 

Polygnathus bischojfi Sub-biozone, i.e. that the limestones can be no earlier than late 

Ivorian in age. This result concurs with two earlier biostratigraphical studies from this area 

which were conducted by Keegan (1981) and Johnston (1976). Keegan noted that the 

marine transgression which terminated the ‘Old Red Sandstone’ facies sedimentation 

occurred locally during the PC miospore Biozone (Hastarian to middle Ivorian). He also 

recorded the presence of a CM Biozone (late Ivorian) miospore assemblage 3 metres 

below the base of the Waulsortian mudbank limestones within borehole DM64. Johnston 

(1976) also recorded conodont faunas belonging to the Polygnathus bischoffi Sub- 

Biozone from Waulsortian limestones cored in the nearby borehole DM49. Polygnathus 

bischojfi was first recorded 169 metres above the base of the Waulsortian within this 

borehole, and it is therefore possible that the facies may have begun to develop within the 

preceding Polygnathus mehli mehli Sub-Biozone. The base of this zone was recorded 

within the underlying Moatfarrell Formation (=Argillaceous Bioclastic Limestone) 150 

metres below the base of the Waulsortian facies, but P. mehli mehli was not actually 

recorded within the lower part of the mudbank complex itself.

9.7. Palaeoecologv and palaeoenvironmental setting.

All of the key palaeoecological characteristics which were inferred from the buildup 

exposed at Mullawornia, which are listed in section 7.6, appear to have been replicated at 

Knockastia. These two buildups developed close to one another during the late 

Toumaisian, and in terms of their gross lithological and taphonomic characteristics, many 

similarities appear to have existed between these two settings. The buildup at Knockastia 

is probably slightly older (late Ivorian) and occupies an intermediate level within the 

Waulsortian Complex. The facies is locally developed as a relatively thicker basinward
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sequence of buildup aggreagrates, which appear to have been closely juxtaposed. In 

contrast, the buildup at Mullawomia formed at a slightly later stage during the late 

Toumaisian (the upper portion is certainly Freyrian) and the buildup itself occupies the 

uppermost part of the complex. The more marginal setting of the facies which developed 

locally is characterised by a relatively thinner and more discontinuous sequence of 

buildups, which appear to have been separated from one another by greater proportions of 

off-bank limestones and shales.

The palaeoecological variations recognised between these two buildups appear to have 

been quite subtle, even though the difference between their respective bathymetric settings 

is estimated to have been in the order of a hundred metres. This suggests that, once 

established, the fundamental mechanisms controlling buildup growth had a greater effect 

on mound ecology (and probably its subsequent taphonomy) than any variations which 

may have reflected local environmental parameters such as water depth. Although the 

diversity and density of fauna appears to have been markedly higher within the shallower 

buildup at Mullawomia, the prevailing conditions on the surfaces of both banks appear to 

have been largely unfavourable for all but a few particularly mud-tolerant organisms, 

notably fenestrate bryozoans and sponges. Colonisation by many of the other recorded 

epibionts appears to have been largely opportunistic on both buildups.

Laterally continuous, repetitive, fenestrate bryozoan-rich horizons appear to have been a 

common component of the steeply inclined prograding marginal facies which developed at 

Mullawomia, and similar horizons occur within the prograding facies exposed at 

Knockastia. These beds represent particular intervals during the growth history of the 

buildup when surfaces apparently became more favourable for colonisation by bryozoans, 

not only the more obvious fenestrates, but also other ramose, stick, and encrusting 

bryozoans which can be observed in thin-section. The actual proportion of primary muds
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tends to be markedly lower within these horizons, and this reduction is offset by a 

corresponding increase in the volume of primary spar-filled shelter cavities. The level of 

carbonate mud production appears to have been suppressed by some means during these 

intervals. This may reflect periods of partial breakup of the surficial biofilm and the 

subsequent colonisation of uncovered areas of the substrate, initially by more mud-tolerant 

organisms. Once established, continued metazoan activity may have even temporarily 

hindered the re-development of the biofilm.

Many of the larger fenestrate colonies observed within these horizons appear to have 

simply toppled over onto the depositional surfaces, where they remained intact until they 

eventually became buried within the carbonate muds. Rapid burial would not seem to be a 

likely preservation mechanism though, as the associated non-fenestrate bryozoans would 

have only tolerated relatively low sedimentation rates. Instead, the toppled fronds may 

have been protected during the interim by becoming enveloped within parts of the surficial 

biofilm; primary muds were commonly deposited directly onto the upper surfaces of these 

fronds, which were sufficiently strong to have maintained shelter cavities which formed 

beneath them. Fenestrate bryozoan colonies would have only required a small attachment 

point for initial larval settlement and growth, but as the colony grew beyond a certain size, 

this may have become insufficient to support the weight of the zoarium. The uppermost 

surfaces of fallen colonies frequently came to rest slightly above the depositional surface, 

which may explain why many of the resulting shelter cavities appear to be inclined like 

roof tiles at a lesser angle than that of the depositional slope (cf. Philcox, 1963).

Elsewhere, the steep primary depositional slopes generally appear to lack any appreciable 

quantities of possibly reinforcing skeletal material, which necessitates some other 

mechanism to explain how slopes composed of newly-formed carbonate muds were 

initially maintained at steep angles of 40-50 degrees. At least partial synsedimentary
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cementation of the muds is likely to have been a contributory factor. The preservation of 

spicule moulds, which formed during an early silica dissolution phase prior to the earliest 

recorded calcite cements, testifies to the early induration of some of the carbonate muds. 

Similarities in bioclast content and the level of cavity development along individual 

horizons also suggest laterally continuous conditions (e.g. biofilm coverage) along those 

surfaces. Colonisation of muddier horizons by other macrofaunal organisms appears to 

have been minimal, and the only biota represented in thin-section tend to be sponge 

spicules, ostracods and other microproblematica. Thus, the mechanism invoked for the 

production of the carbonate mud itself may also have had a subsequent role in helping to 

protect that mud, at least until such time as it had aquired a sufficient level of coherency.

Individual piles of (semi-)disarticulated crinoid component parts point to generally quiet 

hydrodynamic conditions, with in situ disarticulation and negligible transport occurring 

after death. Rheophilic crinoids would have required moderate currents for filter feeding 

(probably at least 2 cm s-'), but at slightly greater current strengths, any disarticulated 

pelmatozoan material is likely to have become entrained and removed (Savarese et a i,  

1996). Some material may have been protected from initial entrainment by the binding 

qualities of the mucilages associated with the surficial biofilm, onto which component 

crinoid parts may have fallen. Occasional thin encrinitic horizons which do occur 

elsewhere, demonstrate that some localised reworking of pelmatozoan material did also 

take place. Similarly, the varied taphonomic state observed within bryozoans generally 

indicates in-situ breakage and minimal subsequent reworking of all but the most finely 

comminuted bryozoan hash material. Other organisms that successfully managed to 

colonise patches of the buildup surface also appear to have undergone minimal post

mortem transport and were relatively well-preserved. For example, the high articulation 

ratio observed within ostracods, brachiopods and bivalves, and the lack of any appreciable 

signs of shell damage, suggests that minimal transport by currents occurred after their
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death. The scarcity of intraclasts also points to minimal reworking of the muds and 

relatively quiet environmental conditions.

The sessile, epifaunal, filter-feeding assemblage recorded at Knockastia appears to have 

been composed of largely opportunistic dwellers. Because the buildup is likely to have 

displayed considerable topographic relief above the seafloor, it may have thus provided a 

more favourable niche for many filter-feeding organisms, where higher current velocities 

and nutrient levels could possibly be exploited. Buildup accumulation at Knockastia 

clearly occurred independently of any of the preserved macrofaunal components, a 

conclusion which was also reached at Mullawornia, where the density of fauna appears to 

have been markedly highly. However, the fauna actually recorded are unlikely to represent 

the original assemblage in its entirety, as many components of both the micro- and 

macrobiota are unlikely to have had component parts which were ultimately preservable.

Although taphonomic processes appear to have been generally favourable, the number of 

successfully preserved faunal components nevertheless remains scarce, probably as a 

direct reflection of the originally low levels of colonisation. Surface conditions, for the 

most part, appear to have been prohibitive for the majority of endemic organisms, and 

initial larval settlement may have been prohibited by the effects of the surficial biofilm. 

Instead, successful colonisation may have been related to the periodic and temporary 

disappearance of parts of the biofilm. Increased biotic surface traffic during periods of 

biofilm demise may have been responsible for some of the fragmentation observed within 

the bryozoan material. The addition of skeletal material, initially by more mud-tolerant 

organisms, and the localised reworking of some loose muds may have provided more 

favourable sites for colonisation by other opportunistic organisms. The different shell 

morphologies observed within brachiopods, for example, indicates that a range of 

substrates could have become available for colonisation.
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Evidence for any depth-related biozonation which might have been expected between the 

two buildups which developed at Knockastia and M ullawomia appears to be minimal. The 

only real differences in the faunal composition between these two settings are the lack of 

any plurilocular foraminifera recognised at Knockastia. Microproblematic globochaetes, 

salebrids, moravamminids and Rectangulina were not recorded at Knockastia either, but 

these components only occurred in minute proportions at Mullawomia, and were 

recognised from a much larger sample size of thin-sections (moravamminids and 

Rectangulina were recorded from the Phase B buildups examined at Camp, Co. Kerry). 

Depth-related biozonation instead appears to have been masked by the over-riding effects 

of substrate-related colonisation controls, which presumably resulted from the presence of 

a surficial microbial biofilm.
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CHAPTER 10; Conclusions and suggestions for further work.

10.1.Summary of conclusions.

A detailed study has been made of the taphonomy and sedimentology of limestones 

associated with a typical Waulsortian carbonate buildup exposed at Mullawomia Quarry, 

Co. Longford, Ireland. Macroscopic observations and petrographic studies have 

established a series of distinctive palaeoecological and palaeoenvironmental parameters 

which appear to have characterised the development of the buildup. Similar conditions 

were shown to have been important within Waulsortian buildups developed elsewhere in 

Ireland. A summary of the main palaeoenvironmental and palaeoecological conclusions is 

given below.

10.1.1. Palaeoenvironmental setting.

The Waulsortian facies formed the earliest and most conspicuous member of a diverse 

spectrum of carbonate buildups (mud-mounds) which developed in Ireland during the 

Lower Carboniferous (Dinantian). The development of the facies occurred in the aftermath 

of a sudden reduction in the availability of many previously important framework reef 

taxa, and the widespread appearance of a microbial mud-mound facies at this time may 

have represented a disaster form which filled the frame-building role during a period of 

reduced metazoan competition.

The actual development and initiation of the Waulsortian facies was closely associated with 

cyclically rising sea levels which transgressed the southern shelf margin of the Laurussian 

continent. The northward passage of this marine transgression is reflected in the 

diachronous age of the base of the Waulsortian facies in Ireland, which conodont 

biozonation has shown to become progressively younger towards the north and east.
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G row th of the facies ceased at different times in different areas but generally occurred 

before the end of the Tournaisian, except in the south and southw est of Ireland, where the 

facies was slightly longer-lived and clearly extended into the early Visean. The demise of 

the W aulsortian facies was commonly m arked by a change in the background 

sedimentation to deeper water carbonates.

The buildups studied appear to have form ed offshore in relatively deep w aters, and 

petrographic evidence indicates that their development occurred under generally quiet 

hydrodynam ic conditions, below the level of the photic zone. The estimated rates of 

carbonate production and accumulation suggest relatively moderate rates o f surface 

accretion, and rapid burial is not considered to have been the principal taphonomic process 

involved in the preservation of the recorded macrobiota. N everthless, accretion rates were 

generally far greater than those observed within coeval off-bank facies, and many buildups 

developed considerable depositional relief above the level o f the seafloor. This is recorded 

by the presence o f steeply inclined primary depositional slopes which commonly 

developed along the margins of many buildups.

Fine-grained carbonate mud is the fundamental com ponent o f the W aulsortian facies and 

buildups clearly developed independently o f any of the recorded m acrofauna. The 

available field and petrographic evidence concurs with the autochthonous carbonate 

production mechanism proposed by Lees and Miller (1995), which envisaged the 

microbial mediation and precipitation of carbonate m ud within the mucilages of a surficial 

biofilm. This process would have maintained a largely self-enclosed sedimentary system  

and probably played an important role in stabilising and protecting the newly form ed 

carbonate muds prior to any incipient induration. The presence o f a surfical biofilm is 

considered to have had a generally deleterious effect on the colonisation of buildup 

surfaces by the available macrofauna.
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10.1.2. Palaeoecologv.

Waulsortian carbonate mud-mounds lacked a recognisable organic framework and the 

recorded macrofauna clearly acted as ‘dwellers’ rather than ‘constructors’ of the buildups. 

Despite the successful preservation of a diverse benthic fauna, the overall density and 

distribution of the recorded biota suggests that, for the most part, surface conditions were 

generally not conducive to colonisation.

Previous lists which have recorded the macrofauna associated with these buildups have 

tended to over-represent the importance of particularly well-preserved groups, such as 

brachiopods. However, fenestrate bryozoans and sponges are considered to have been the 

most important colonisers of the buildup surfaces, and their success is attributed to their 

relative environmental tolerance within this particular setting. A characteristic association 

of macrofaunal species has been recognised from the literature, and appears to be similar 

to that recorded from later Dinantian buildups

Substrate consistency, particularly the presence of a surficial microbial biofilm, is 

considered to have played a fundamental control on the colonisation of the buildup 

surfaces by the available biota. The physical and chemical characteristics of such a biofilm 

would have inhibited the initial settlement of many organisms, particularly their larvae, and 

colonisation was probably related to its periodic demise and disappearance. The recorded 

macrofauna appears to have been largely epifaunal, and the functional morphology of 

many organisms suggests that soft sediment conditions prevailed. The infaunal niche does 

not appear to have been exploited and signs of internal macrobioturbation and burrowing 

appear to be absent.

The trophic structure of the recorded assemblage is dominated by largely sessile filter 

feeding organisms. External currents are considered to have supplied the main source of
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suspended particulate food. The organic content o f the biofilm itself may also have 

provided an attractive food source for many o f the epipelagic and vagile microbiota.

Rare, but well-preserved sponge body fossils have been recorded from w ave-polished 

W aulsortian bank facies limestones exposed along the coastline of Tralee Bay, Co. K erry. 

H ow ever, automicrite production associated with the decay and calcification o f sponge 

body tissues is considered to have only contributed a very m inor proportion to the overall 

volume of the primary carbonate m uds. Few of the stromatactoid cavities recognised are 

considered to have form ed through the collapse of incom pletely lithified sponges.

In the case of those organism s which had preservable body parts, the initial protection and 

subsequent preservation of bioclasts within the gelatinous mucilages associated with a 

surficial microbial biofilm is considered to have been an important taphonomic process. 

The rapid burial of bioclasts appears to have been an unlikely mechanism of preservation 

within this particular setting.

10.2. Suggestions for further w ork.

The W aulsortian buildups included in this study are representative o f Phases B and C , 

according to the classification scheme developed by Lees and Miller (1995), and were 

interpreted to have developed at intermediate water depths. W aulsortian buildups which 

developed in relatively deeper water (Phase A) are likely to have been fairly sim ilar to 

those of Phase B, certainly in terms o f the actual m acrofauna present, although biotic 

density and distribution may have been even lower on the surfaces o f these buildups. 

However, the palaeoecology of shallow er Phase D buildups, which are considered to have 

developed within the photic zone, may have been quite different. U sing the 

palaeoecological parameters established in this study, it would be w orthw hile to
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investigate the palaeoecology of the fauna associated with typical Phase D buildups, 

particularly to assess the importance of depth-related versus substrate-related biozonation. 

It may be that other framework carbonate buildups would have been more successful in 

the photic zone, where higher mechanical energies and surface biotic traffic could have 

interfered with the biofilm mud production mechanism. Further palaeoecological and 

palaeoenvironmental work could also be directed towards an analysis of the rocks which 

developed immediately above the top of the Waulsortian facies, to ascertain if there are any 

clues as to its apparent demise. The biological affinities of some of the microproblematic 

organisms, such as moravamminids, also needs to be addressed, as some of their 

proposed affinities would have serious implications on the inferred settings of those 

buildups where they occur.
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