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SUMMARY

The aims o f  this study were to provide a sedimentological analysis and environmental 

interpretation for the M ullaghmore Sandstone Formation and its equivalents, extending 

from south Donegal to south Sligo and into the north o f  Ireland. Following this, correlation 

of the sandstone sequences on a local and subsequently a regional scale was attempted 

with a view to identifying any patterns that may exist and their causes. On examination of 

the biostratigraphical data for the M ullaghmore Sandstone as a whole, it was hoped to 

determine whether or not an overall age date could be established for the formation. The 

Mullaghmore Sandstone is a clastic interlude in a dominantly carbonate-shale succession, 

implying that it’s top and basal contacts may represent significant sea level changes. These 

boundaries were examined and correlated between localities.

The M ullaghm ore Sandstone Formation forms part o f  the M ississippian succession of 

north and north-west Ireland. Biostratigraphical evidence indicates that the M ullaghmore 

Sandstone Formation is predominantly Arundian. In this study it has been examined in 

detail at the coastal sections of M ullaghmore, Carrow m oran, Kildoney and Inishmurray 

Island and in the quarries o f  Mountcharles. A reconnaissance study has also been carried 

out to examine the eastern extent of the Mullaghmore Sandstone into Northern Ireland.

Thirteen lithofacies have been identified in these areas which record a variety of deltaic 

environments. The most abundant facies in nearly all localities is the Facies 1, sandstones 

which have been interpreted as the deposits of braided distributary channels. Palaeocurrent 

data recorded from these sandstones indicate a predominant flow to the south-east. Facies 

1 sandstones can be found in close association with Facies 2 (the calcareous, rippled and 

variably fossiliferous)  sandstones  w hich indicate  m arine rew ork ing  of abandoned  

distributary channels. Other facies represent the deposits of delta top bays, foreshore and 

shoreface to offshore.



The balance of facies for each locality can vary considerably with bias towards terrestrial 

or marine environments indicating more proximal or distal positions on the delta. 85% of 

the facies recorded at Inishmurray Island are fluvial in origin, indicating that this locality 

occupied  a more proxim al position on the delta. S im ilar env ironm ents  can also be 

postulated for Kildoney where fluvial sandstones and delta top bay sediments are common. 

At Mullaghmore a number of coarsening upward sequences present progradational deltaic 

sedim ents deposited near the delta front. Carrow m oran  may indicate a more proximal 

position than the latter, whereas the sandstones at M ountcharles are interpreted as being 

deposited in a marine embayment.

There  are substantial thickness differences for the M ullaghm ore  Sandstone recorded 

between localities. Thicknesses range from < 80 m at Kildoney in south Donegal to a range 

at M ullaghmore Head of 155 -  216 m. Thicknesses o f  < 100 m have been recorded at 

Carrowmoran in south Sligo. In Drumkeeran No. I well, south-east of the Ox Mountains, a 

lateral equivalent of the Mullaghmore Sandstone is recorded as having a thickness of only 

40 m. Local correlation of the sequences in each locality has been attempted and is shown 

to be difficult even over distances o f  < 200 m indicating the lateral variability of the 

M ullaghmore Sandstones. Regional correlation as a result was difficult. The basal and top 

boundaries of the formation represent a regionally significant fall and rise of sea level 

respectively, whilst smaller scale sea level changes may occur they cannot be resolved due 

to the natural variability of the deltaic system.

In conclusion, the base of the M ullaghmore Sandstone can be termed a Type I sequence 

boundary and the top a transgressive lag. Correlation of biostratigraphical data suggests 

that this form ation is predom inantly  Arundian in age. The inability to correlate  the 

M ullaghm ore Sandstone between localities may reflect the normal lateral variability 

encountered within delta systems.
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CHAPTER ONE 

INTRODUCTION

1.1 Objectives
The aims of this study were to provide a sedimentological analysis and environmental 

interpretation for the M ullaghmore Sandstone Formation and its equivalents, extending 

from south Donegal to south Sligo and into the north of Ireland (Fig. 1.2). Following this, 

correlation of the sandstone sequences on a local and subsequently a regional scale were 

attem pted with a view to identifying any patterns that may exist and their causes. On 

exam ination of the biostratigraphical data for the M ullaghmore Sandstone as a whole, it 

was hoped to determine whether or not an overall age date could be established for the 

formation. The M ullaghmore Sandstone is a clastic interlude in a dominantly carbonate- 

shale succession, im plying that its top and basal contacts may represent significant sea 

level changes. These boundaries were examined and correlated between localities.

1.2 Geological Setting
This M ississippian succession in the north-w est of Ireland rests unconform ably on 

Dalradian basem ent (Fig. 1.1). Lower Palaeozoic rocks of the Longford -  Down M assif 

border these rocks to the south-east, whilst to the north-east, the boundary is formed with 

the Antrim Igneous complexes. The Dinantian sediments are bounded to the north-west by 

D alradian m etasedim ents o f the Cresslough and K ilm acrennan and Lough Foyle 

successions. The Mississippian succession in north-west Ireland is dominated by carbonates 

and shales. The M ullaghmore Sandstone Formation (and equivalents) is a clastic interlude 

in this dominantly carbonate/shale succession.

1



The entire area is transected by north-east/south-west Caledonide trending faults. The 

extension of the Highland Boundary Fault is represented by the North Ox Mountains Fault 

(George and Oswald, 1957). The Ox Mountains block was a continuously positive element 

up and into Hercynian times, evidence of which is seen by thinning of the Mullaghmore 

Sandstone southwards (Philcox et ai, 1992). The north-west Carboniferous succession was 

deposited in a series of sub-basins, the Ballina, Sligo, Donegal, Omagh and Slieve Beagh 

Synclines as well as the Lough Allen Basin. The development of these sub-basins may have 

been influenced by intra-Dinantian fault activity, which is thought to have controlled 

subsidence and sedimentary facies (Philcox et ai,  1989).

1.3 Previous Research
The first geological account of the Carboniferous rocks of the Sligo Syncline was given by 

Griffith, 1818; Griffith, 1836; Griffith, 1837A; Griffith, 1837B; Griffith, 1857. Though 

challenged, G riffith’s main findings were the foundation for all future work on the 

stratigraphy and the structural geology of the area. The fossils from the area were 

described by McCoy, 1844; Brongniart, 1857; Haughton, 1860; Griffith, 1861; Scott, 1864 

and Harte, 1865. However, members of the Geological Survey of Ireland in thel880s Egan 

et al. (1888) and Hull et ai (1891) were the only ones to make a systematic survey of the 

area.

First reports of the Mullaghmore Sandstone Formation, or equivalents are by Scott (1856) 

who noted a fossiliferous sandstone at Mountcharles, Co. Donegal which he thought 

similar to those at Dunkineely. In 1863 Scott returned to Mountcharles. Then, due to his 

discovery of a number of well known Carboniferous mollusca, he was able to ascertain that 

these sandstones were Carboniferous in age. Plant remains and fish scales were also noted 

at this time.
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Wright (1913) was the first to produce a geological account dealing specifically with the 

Sligo area. Wynne (1864) gave the first application of a zonal stratigraphy in the Sligo 

Syncline in an account of the Bundoran coast.

Simpson (1955) in his review of the Lower Carboniferous stratigraphy of the Omagh 

Syncline, Northern Ireland named the Mullaghmore Sandstone equivalent as the Clonelly 

Sandstone. It was referred to the Sj subzone of Vaughan’s coral/brachiopod based 

zonation.

Oswald (1955) was the first to coin the lithostratigraphical names for the Sligo Syncline 

(eg. The Mullaghmore Sandstone), subverting the divisions of the GSI. The formation 

names were derived from areas in Sligo. In his summary of the Lower Carboniferous 

succession of this region, Oswald included an outline of the petrography of the 

Mullaghmore Sandstone and made a suggestion of provenance from the widespread 

presence of strained quartz possibly indicating a metamorphic source. He suggested that 

the limited fauna from the Mullaghmore Sandstone pointed towards a CjS, age of 

Vaughan’s coral/brachiopod zone.

In their report on the Donegal Syncline George and Oswald (1957) point out that the 

outcrop at Mountcharles was previously confused by Scott (1864) with the “Yellow 

Sandstones” of Dunkineely which lies lower in the succession. Also a possible 

granitic/pegmatite source was thought a contributory in the provenance of the Kildoney 

and Mountcharles Sandstones, along with a Moinian/Dalradian source.

Hubbard (1966) examined in great detail the Carrowmoran Sandstone in the Ballina 

Syncline. She identifies five “deltaic” facies. She also noted that due to lateral facies 

changes, the alternations between marine and non-marine conditions within the
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Carrowmoran Sandstone, could not be traced even over a few kilometres. The 

Carrowmoran Sandstone was reassigned to the Sj subzone, thus not belonging to the CjS, 

subzone as previously postulated by Oswald (1955).

Sheridan (1972) presented the first regional analysis of the Carboniferous of Ireland based 

on microfossils. He also established detailed correlations between the Slieve Beagh 

Syncline and the North-West Carboniferous Basin. The Mullaghmore Sandstone, in all 

areas, was identified and summarised briefly at outcrop and borehole level. Data of the 

Mullaghmore Sandstone is displayed on an isopachous map along with palaeocurrent 

information. Palaeocurrents mainly appear to indicate a flow direction to the south/south

east.

George et al. (1976) in their "'Correlation o f Dinantian rocks in the British Isles"  include a 

summary of the Dinantian of the north-west of Ireland. New regional stages for the 

Dinantian were also proposed (Courceyan -  Brigantian). It was noted that in Ramsbottom, 

(1973) 6 major cycles coincide approximately with the new stages, as “each major 

transgression was accom panied by the migratory faunas that are used to recognise the different stages” 

(George et at., 1976). Ramsbottom’s cycles 1, 2, 3, and 4 correspond with the Courceyan, 

Chadian, Arundian and Holkerian respectively. Group 5 and group 6 of Ramsbottom 

(1973) coincide with the Asbian and Brigantian stages.

In west Fermanagh, the Mullaghmore Sandstone, known locally as the Derrygonnelly 

Sandstone, was assigned to the Ballyshannon Group by Brunton and Mason (1979) and 

given an Sj age. It was thought that the exposure of this sandstone in the 

Enniskillen/Derrygonnelly region marks Ramsbottom’s (1973) upper regressive phase of 

cycle four.
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Higgs (1984) analysed a number of samples of the Mullaghmore Sandstone from a variety 

of areas for palynomorphs, including, M ullaghm ore Head, Dromore W est and 

Mountcharles. The samples yielded assemblages attributed to the TS biozone, which he 

assigned to the Holkerian stage.

A review of the Mullaghmore Sandstone from well log and borehole data within the Lough 

Allen Basin, was included in Philcox's (1986) report on the Carboniferous stratigraphy of 

north-west Ireland. It was also mentioned that cyclic units that could be identified were 

readily correlatable between boreholes. Philcox et al. (1992) further noted, from the 

borehole data, that the geometry of the Mullaghmore Sandstone is a wedge that thins to the 

south. The thinning is accompanied by a reduction in grain size.

Buckman (1992) subdivided a twenty five metre section at the north-west side of 

Mullaghmore Head, Co. Sligo into four to six major coarsening upwards sequences, each 

sequence consisting of three facies. Within this section he recognised 28 ichnogenera and 

four informally named trace fossils. Buckman (1992) interpreted the ichnofacies 

environment as a Cruziana  ichnofacies with an interbedded A ren ico lites  ichnofacies, 

which passes up into a higher energy Skolithos  ichnofacies. Overall a shallow -marine 

deltaic environment of deposition is inferred.

Graham (1996) described the base of the Mullaghmore Sandstone in North Mayo as a 

Type I sequence boundary, with its correlative conformity identified further basinwards 

(east/north-eastwards). He interpreted this as representing a major lowering of sea level in 

north-west Ireland. The top of the M ullaghmore Sandstone was interpreted as a 

transgressive (flooding) surface. Examination of the tidally influenced fluvial channels in 

this formation indicates an increase in river size during the Dinantian. This is possibly due
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“ to river capture during the evolution o f  a relatively low -relief landscape” . The SOUrce and the regional 

extent o f the Mullaghmore Sandstone is also discussed.

The GSI publications on the Geology o f Sligo-Leitrim  and the Geology o f South Donegal 

(MacDermot et a l ,  1996; Long and McConnell, 1999) outline briefly the nature and 

location of the Mullaghmore Sandstone outcrop and its equivalents in these regions.

Sevastopulo and Wyse -Jackson (2001) give a comprehensive overview of Dinantian 

stratigraphy for the northwest of Ireland, a summary of which is given in Chapter 2.

The Mississippian of north-west Ireland and in particular the Mullaghmore Sandstone and 

equivalents have been the subject of a number of theses. Al-Rawi (1972) in his 

investigation of the nature of the margins of the Mississippian basin, gives a brief 

description of the Kildoney and Mountcharles Sandstones.

Avbovbo (1973) identified twelve lithofacies and five facies associations in his 

sedimentological analysis on the Bundoran Shale and the Mullaghmore Sandstone of North 

Sligo and South Donegal. A petrographic, diagenetic and ichnological analysis of the 

M ullaghmore Sandstone were also included. Chandra (1974) extended A vbovbo’s 

ichnological analysis, recording fifty nine ichnospecies which were referred to twenty 

three ichnogenera. Ni Bhroin (1999) in her research on the sedimentology and stratigraphy 

of the Carboniferous Donegal Basin, made a detailed analysis of the Mountcharles 

quarries.

1.4 Layout of the Thesis
This thesis is based on the Dinantian Mullaghmore Sandstone Formation of the northwest 

of Ireland. This unit has been identified in the Sligo, Donegal, Ballina and Omagh
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synclines, the Lough Allen Basin and further eastwards into Northern Ireland in the Slieve 

Beagh Syncline. The age of the Mullaghmore Sandstone Formation is debatable, but is 

thought to be Arundian and possibly partly Holkerian in age (chapter 2).

Chapter 2 gives an account of the varying stratigraphies, in the northwest of Ireland and 

Northern Ireland, to which the Mullaghmore Sandstone Formation belongs, with reference 

to biostratigraphy. Correlations are noted, as are name changes between areas. Chapter 3 

details a lithofacies analysis for the whole of the Mullaghmore Sandstone Formation 

examined, and where possible with an environmental interpretation. Chapters 4 to 9 consist 

of individual descriptions of the formation at particular localities. This includes data on the 

boundaries o f  the M ullaghm ore Sandstone, lithofacies particular to that area, 

environmental interpretation and locality correlation. Chapter 10 provides an overall 

environmental interpretation and palaeogeography for the M ullaghmore Sandstone 

Formation with reference to local variations. Also examination of the Mullaghmore 

Sandstone as a time stratigraphic unit is made in this chapter and the top and basal 

boundaries are compared and interpreted in terms of sea level changes. Attempts at an 

intraformational correlation are made.

1.5 Methods
1.5.1 Data Collection

Prior to fieldwork, maps from the Geological Survey of Ireland (sheets 3 & 7) and the 

Geological Survey of Northern Ireland (sheets 31, 32, 33, 43, 44, 46, 47 & 56) were 

consulted to ascertain the exact positions of outcrop of the Mullaghmore Sandstone 

Formation. The old survey sheets from the 19* century covering the northwest of Ireland 

were also consulted. The study area was then mapped sedimentologically by logging 

vertical sections in the field with various outcrop data being recorded on 6” to one mile
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field sheets. The majority and the best exposure were found in the coastal regions. Outcrop 

mapped in the inland sections was normally located in stream/river sections, the quality of 

which varied, and access of which at times was impossible. Due to the quality of these 

sections, it was not possible to map them in great detail. Hence, the areas of maximum data 

collection are:

• The type locality at M ullaghm ore Head, from Conor’s Island to Rochfort Lodge, 

Bundoran, Co . Donegal.

• The Carrowm oran Sandstone, South Co. Sligo, from Carrickphatrick eastwards to 

Carricknagrauv.

• The Kildoney Sandstone, Co. Donegal, from Altskinning to Wardtown Strand.

• Inishmurray Island.

• The M ountcharles Sandstone Quarries, Co. Donegal.

After returning from the field, data was represented graphically on computer using Aldus 

Freehand.

1.5.2 Sampling

Fieldwork also entailed the collection of samples, of which 308 were collected at various 

field localities. The first field season saw the collection of samples from the top and basal 

boundaries of the M ullaghmore Sandstone at M ullaghmore Head and Carrowmoran. They 

were thin sectioned and examined in an effort to compare and determine the nature of the 

M ullaghm ore Sandstone. In the following field seasons the predom inant sandstones 

sampled were those of the fluvial and the overlying transitional shallow marine facies. 

Thin sections of these sandstones were analysed using transmitted light petrography and 

cathodoluminescence to elucidate the provenance of the deltaic sands. Apart from samples 

of the M ullaghmore sandstone, samples of the Rathlin O ’Birne Granite were also gathered.



again for provenance studies. Thin sections have been cut from the samples gathered in the 

duration of this project.

1.5.3 Petrography

Petrographic analysis was carried out on a suite of samples using a Nikon labophot-pol 

binocular microscope. A systematic description of each section was made, including a 

modal analysis and individual descriptions of the constituent minerals. These are used as 

an aid to a detailed facies analysis, and in the determination of provenance.

1.5.4 Cathodoluminescence

The equipm ent used in this procedure includes a R elio tron  C athodolum inescence  

Instrument which is attached to a Nikon Binocular microscope. Feldspars and quartzes, in 

particular, are examined, using this method as a tool in the identification of the source area 

for the fluvial sandstones of the M ullaghmore Sandstone. It is believed that many grain 

suites carry characteristic luminescence fingerprints which can be related to their source 

rocks (Miller, 1988). Also, authigenic quartzes and feldspars in general do not luminesce. 

Therefore on examination of the luminescence colours of particular minerals, an indication 

as to the nature of their source may be given.

1.5.5 Heavy Mineral Analysis

This technique has been used to analysis a suite of samples of fluvial and shallow marine 

origin in terms o f their heavy mineral content. As the shallow marine sandstones can 

reasonably be interpreted to have been produced by reworking of the fluvial sandstones, 

any differences may highlight likely effects of selective removal during transport. Also 

identification of the various heavy mineral species found, provide information on the 

provenance of the Mullaghmore Sandstone Formation.
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Method

The samples were selected, labelled clearly, and described in hand specimen and then 

disaggregated mechanically using a crushing machine. As a lot of the samples have quite a 

high carbonate content, particularly the shallow marine sandstones, the disaggregated rock 

was immersed in buffered 85% formic acid and the resulting residue was collected.

Acid digest:

Each sample was weighed in order to calculate the am ount of formic acid needed to 

dissolve the carbonate content. A bucket for each sample was filled to slightly over 3/4s 

full with tap water (cold) and labelled with the appropriate sample number, weight, name 

of the experim enter and the date, and also labelled clearly to indicate Formic acid was 

being used. The sample was added first and then the Formic acid, the proportion of the 

latter depending on the weight of the sample. Then the bucket was put in a fume cupboard 

until acid digest was complete. After twenty four hours the samples were tested to ensure 

that the acid digest was complete by adding 10-20ml of Formic acid to the buckets (if they 

are not already bubbling, if they bubble continuously after a couple of seconds, the 

carbonate digestion is not complete). Addition of the formic acid did not cause the samples 

to bubble indicating that they were inert, and that carbonate digestion was complete.

Once the acid digest was complete, the residue was filtered through a 125|lm mesh sieve. 

Calcium formate crystals which may form in some cases can be removed by soaking the 

residue in hot water with a mild detergent for approximately one hour before sieving (or 

just quickly washing the residue in the sieve with hot water and washing up liquid). The 

contents of the sieves were emptied into filter papers which were then placed in an oven 

and allowed to dry.

Once dry, 200g (if available after carbonate leaching) of the bulk sample was weighed out, 

and sieved into the fractions desired for the study. In this case sand grains greater than
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500|J.m, between 180-500|lm and 125-180|a,m were collected and decanted to rid the grains 

of adhering clays. Again the sample was returned to the oven to dry.

A heavy mineral solution of sodium polytungstate was made up, using 835g of powder to 

165ml of distilled water, to achieve a density of 2.9g/ml. As a suitable hydrometer was not 

available the density was checked using the equation:

Density = Mass 

Volume

The mass of 10ml of the heavy mineral liquid was weighed and the density calculated.

To perform the separation of the heavy minerals, using the gravity separation method 

adapted from M ange and M aurer (1992), a flask attached to a retort stand was filled to 

approximately a third of its volume with the sodium polytungstate. The sample was added 

and mixed thoroughly with a glass rod, to coat all the grains with the heavy mineral liquid 

and to disperse them. The solution was stirred every 5 minutes over a 20 minute period to 

prevent rafting of the heavy minerals by the lighter fractions and then was allowed to settle 

for another 20 minutes. The heavy minerals are visible just above the pinch clip. These 

were filtered off into a piece of quartered filter paper in a funnel under the flask, and the 

excess liquid was collected in a beaker. Once the heavy minerals were siphoned off, the 

lighter fraction in the remaining liquid was siphoned through another filter paper (two may 

be needed). Both residues were washed well using distilled water. The resulting wash was 

collected in a different beaker to the siphoned liquid. The filter papers containing the 

residues were labelled appropriately and placed in an oven at 60“C to dry.

Once dry the samples were available to be picked for heavy minerals. This was done by 

em ptying the contents of the filter paper containing the first siphon (supposed heavy



m inerals) into a glass petri dish, illum inating with a light source and m agnified  using a 

Leitz  b inocular m icroscope. O nce picked the heavies were be transferred via a thin nibbed 

paint brush to a glass slide for further analysis and identification.
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CHAPTER TWO 
STRATIGRAPHY

2.1 Introduction
The M ississippian rocks of Ireland can be divided into three very broad areas, the South 

M unster Basin, the M idlands Region, and the N orth-w est Basin. These sections are 

described in detail in chapter ten, Carboniferous (Dinantian), of A Geology o f Ireland  by 

Sevastopulo and W yse Jackson (2001) which is sum m arised below, with particular 

emphasis on the northern region.

D uring the M ississippian, Ireland lay in tropical latitudes. Due to a northw ard 

transgressing sea, Ireland was mostly submerged in a shallow water carbonate shelf, with 

deep water basins developed in the Shannon and Dublin areas and in the South Munster 

Basin. To the north, terrigenous and carbonate sediments accumulated on the margins of 

the Old Red Sandstone continent.

During the Tournaisian, the sea transgressed northwards into Ulster with its northern limit 

thought to be near Draperstown. The north-eastern extent of the Tournaisian sea is now 

postulated to be Belfast Lough, having previously been depicted as a north-west trending 

line through Armagh (Sevastopulo, 1981a). The limit in the west of Ireland is identified 

with more confidence on the south-east flank of the Ox M ountains -  Ballyshannon High, 

where carbonates o f early V isean age overlie thin successions of terrigenous rocks. 

However, some of the non-marine sequences to the west of this, on the north side of Clew 

Bay and Clare Island, may also be Tournaisian in age (Phillips and Clayton, 1980).

During the Visean, a transgression extended the area of marine sedimentation, particularly 

in the west. A number of deep water basins developed with their depocentres close to the
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sites where maximum subsidence had occurred during the Tournaisian. Visean rocks of the 

north and north-w est of Ireland are found north o f a line between Clew Bay and the 

western extent of the Longford-Down Massif. In this region the Visean outcrop exhibits 

major facies and thickness changes. These are thought to be influenced by fault controlled 

subsidence. Also, relative proximity to a siliciclastic sediment source is postulated to be a 

contributory factor. The thickest of the successions in this region, are found in the Lough 

Allen Basin and between Armagh and Cookstown, on an eastern shelf area.

D uring the Visean, the Bundoran Shale and particularly the M ullaghm ore Sandstone 

represent an influx of siliciclastic sediment, which is widespread in the north and north

west of Ireland. It is thought that regional uplift created a siliciclastic sediment source to 

the north, which was subsequently eroded resulting in w idespread progradation in a 

southerly direction. Evidence of this is seen in the thick, coarse grained and carbonate poor 

sections of the north, which contrast with the thinner, finer grained sections with a greater 

carbonate content in the south.

2.2 The Mullaghmore Sandstone in the North and North-West of 
Ireland

Most of the stratigraphical names that are in use at present in the north and the north-west 

of Ireland, have been derived from Oswald's (1955) description of the Sligo Syncline. 

However, outcrops of the Mullaghmore Sandstone throughout this region are still generally 

referred to by their local stratigraphic names, and are outlined below (Fig. 2.1).

The M ountcharles Sandstone represents the youngest strata of the Donegal Syncline. 

A ccording to George and Oswald (1957) the Donegal Syncline “ is com posite” , “ its north

eastward closure suggests a major pitching axis o f inherited caledonoid trend” . The basal contact of this 

sandstone form ation with the underlying Bundoran Shale has been recognised by Ni
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Bhroin (1999) in a stream section near Dromore. The remainder of the section in general, 

is in faulted contact with the Bundoran Shale. The outcrop is transected by the Eglish Fault 

and bounded to the south-east by the Burns Fault. Both display a north-east -  south-west 

trend. W hitaker (1976) discovered a diverse spore assem blage containing the spore 

Knoxisporites stephanephorus, at a quarry in M ountcharles. This spore indicates an 

assignment to the TS biozone (Higgs, 1984), thus indicating an Arundian/Holkerian age 

for the M ountcharles Sandstone (see Fig. 2.2). However, as no beds younger than these 

exist in the Donegal Syncline, the upper age lim it of the M ountcharles Sandstone is 

unknown (Sheridan, 1972).

The K ildoney Sandstone further south, named the “Kildoney O utlier” by George and 

Oswald (1957), defines a subsidiary syncline to the Donegal Syncline. The transitional 

contact with the Coolmore Shale is noted near Altskinning, north-east of Kildoney Point. 

However the south-easterly contact with same is faulted and difficult to pick out in the 

field. Hubbard (1966) suggests an Sj age (Holkerian) for the Kildoney Sandstone.

The M ullaghm ore Sandstone at M ullaghmore Head, the type area, belongs to the Sligo 

Syncline. The conform able basal contact represents the transitional sediments from the 

Bundoran Shale to the M ullaghmore Sandstone at Rochfort Lodge, Co. Donegal. It is 

assumed that the most south-westerly section mapped at Conor’s Island represents the top 

or near the top of the M ullaghmore Sandstone. The contact with the overlying Benbulben 

Shale is not seen due to an extensive sandy beach. Palynological samples taken from a unit 

just less than half way up the succession at M ullaghmore Head yield elements of both Pu 

and TS biozonal assem blages (H iggs, 1984). A ssem blages include Knoxisporites 

triradiatus and K. stephanephorus , which are assigned to the TS biozone. Therefore the 

M ullaghmore Sandstone at its type area is thought to be Arundian/Holkerian in age (see 

Fig. 2.2).
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The Carrowm oran Sandstone in south Co. Sligo is a lithostratigraphic member of the 

Ballina Syncline. It displays conformable contacts with both the underlying Bundoran 

Shale and the overlying Carricknacusha Shale. The core of a local open anticline in this 

area is most evident at the contact between the Bundoran Shale and the Carrowmoran 

Sandstone. A sample yielding Rugospora minuta as the dominant miospores is collected 

from near the top of the Carrowmoran Sandstone. This species is attributed to the TS 

biozonal assem blage (Higgs, 1984), indicating an A rundian/H olkerian age for the 

Carrowmoran Sandstone. The Carrowmoran Sandstone had previously been attributed with 

a CjS, to D, age by Oswald (1955) which was later reinterpreted as S2 by Hubbard (1966).

The Omagh Syncline, north-east of Lower Lough Erne, is a wide, shallow, east-west 

trending syncline, that pitches to the west (Simpson, 1955). The M ullaghmore Sandstone 

equivalent noted here is known locally as the Clonelly Sandstone. The entire section is 

transected by num erous faults, hence upper and basal contacts are not known. 

Stratigraphically the Clonelly Sandstone lies between the Dromore Sandstone M ember of 

the underlying Bundoran Shale, and the overlying Drumchorick Siltstone, which in this 

region precedes the Benbulben Shale. The major faults in this area include the Pettigoe 

Fault which bounds the Omagh Syncline to the north-west. The Cool and Castle Archdale 

Faults are noted to the south-east of the Clonelly Sandstone outcrop, the Cool Fault being a 

boundary fault for the sandstone outcrop. The aforementioned faults all trend in a north

east -  south-west direction. A number of north-south trending dip faults have also been 

documented towards the eastern extent of the outlier (Simpson, 1955).

There are slight variations in the published ages o f the Clonelly Sandstone. Simpson 

(1955) found that in the lower half of the C lonelly Sandstone no fossils of zonal 

significance were obtained. However, fauna of the upper half of the group are marked by
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the incoming of Davidsonina carbonaria and Composita c f.fico id es  (Simpson, 1955). As 

both these species are common in the lower part of the Sj subzone, it is thought that the 

Clonelly Sandstone belongs mainly to this subzone. However, some of the lower beds may 

be of S, age (Sim pson, 1955). Therefore, a possible A rundian/H olkerian age can be 

attributed to the Clonelly Sandstone (see Fig. 2.2). In their examination of the Geology of 

the western part of the Fintona Block, Mitchell and Owens (1990) interpreted Sim pson’s 

data as indicating a mid-Arundian to Holkerian age for the Clonelly Sandstone. However, 

it has been dated as being completely Arundian in age by the GSNI (1995).

The D errygonnelly Sandstone, the west Ferm anagh equivalent o f the M ullaghm ore 

Sandstone, is located south-west of Lower Lough Erne to the north-western extremities of 

Upper Lough Erne, in an area known as the Lough Allen Basin. The conform able 

transition to the overlying Benbulben Shale is noted in the Roogagh River section east of 

Garrison, and also at a roadside section at Derrygonnelly (Legg et al., 1998). The basal 

contact with the Bundoran Shale is not seen. The sandstone outcrop in the Lough Allen 

Basin is transected by a num ber of east-west, north-east -  south-w est trending faults 

including the Belcoo Fault. Legg et al. (1998) noted a selection of primitive archaediscids, 

such as, G lomodiscus sp., Paraarchaediscus sp., Planoarchaediscus sp., Uralodiscus sp. 

and Viseidiscus sp, all of which suggest a mid- to late Arundian age. These microfauna 

were collected from the top limestone of the Derrygonnelly Sandstone Formation, thus 

suggesting that the entire formation is Arundian in age.

In the Slieve Beagh Syncline, the M ullaghm ore Sandstone is represented by the 

Aughnacloy Sandstone M ember (Carnteel Formation) in Co. Tyrone and the Drumman 

More Sandstone Formation in the town o f Armagh. In both areas, neither the top nor basal 

contacts are seen.
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Stratigraphically  the Carnteel Form ation lies between the Ballyshannon Lim estone 

Formation and the Dartry Limestone Formation . At Aughnacloy, the outcrop is transected 

by east-west and north-north-west -  south-south-east faults. The GSNI (1982a) and GSNI 

(1982b) derived a late Arundian to Holkerian age for the Aughnacloy Sandstone Member.

The Drumman M ore Sandstone Formation was formerly assigned to the Armagh Group 

GSNI (1985), but following a recent revision by Som erville et al. (2001) it is now 

considered to be a constituent of the underlying Tyrone Group. The revised Tyrone Group 

now consists of six formations comprising the Mississippian rocks from the unconformable 

base of the Killuney Conglomerate Formation to the top of the Drumman More Sandstone 

Formation (late Courceyan -  early Asbian in age). As a result the Armagh Group now 

consists of just the mainly fossiliferous coarse grained platform limestone formations of 

late Asbian to Brigantian age.

The Drumman M ore Sandstone Formation has previously been dated as being mid- 

A rundian to Holkerian in age (GSNI, sheet 47), with the H olkerian/A sbian boundary 

coinciding with the top of the sandstone formation. However, a miospore zonation by 

M cPhilemy, (1988; 1989) for W ilson’s Bridge borehole, W B3, in county Armagh along 

with a refinement of this work as part of an integrated biozonation by Somerville et al. 

(2001) proves otherwise.

The WB3 borehole drilled vertically to a depth of 359.39 m cored entirely Dinantian strata. 

The Drumman M ore Sandstone Formation in this borehole is 116.9 m thick and occurs 

between 162.65 and 45.75 m. McPhilemy (1988; 1989) noted elements of the TS Biozone 

in the Drumman More Sandstone, with evidence of the Pu-TS boundary in the underlying 

Upper M ixed Beds/M ilford Mills Formation. However, in the same study, samples from 

between 76.6 and 87.7 m yielded TC Biozone flora such as W a l t z i s p o r a  and
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Tricidarisporites, indicating a late Holkerian to early Asbian age, but the zonal taxa were 

not recorded.

In a more recent study (Somerville et ai, 2001), 3 productive samples from between 56.5 

and 80.27 m of the Drumman More Sandstone contained the diagnostic taxon for the TC 

Biozone, Perotrilites tessellatus. As a result the base of the TC Biozone was located at

80.27 m in the WB3 borehole. The TC Biozone ranges from the top of the Holkerian to the 

early Asbian (Riley, 1993). Foraminiferal data from WB3 in Co. Armagh show that the 

Cf4 -  Cf5 Foram inifera Biozone boundary (approxim ately coincident with 

Arundian/Holkerian stage boundary, see Riley, 1993) cannot be precisely located in this 

borehole, but may lie close to the base of the Drumman More Sandstone Formation 

(Somerville et a i ,  2001).

The presence of a rich Cf6y Foraminifera Subzone fauna in the Wilson’s Bridge Limestone 

Formation, which overlies the Drumman More Sandstone Formation, implies that the base 

of this subzone may coincide with the top of the Drumman More Sandstone Formation at 

45.75 m. This might suggest that the TC Miospore Biozone is relatively thin as the TS -  

TC Miospore boundary occurs near the top of the Drumman More Sandstone Formation at

80.27 m (Somerville et a i ,  2001) and is of probable early Asbian age (see Fig. 2.2).

The miospore and foraminifera data (Somerville et a i,  2001) confirm the age of the 

Drumman More Sandstone as extending from the late Arundian to the early Asbian, but it 

is thought to be mainly Holkerian in age. As a consequence of this new data the Drumman 

More Sandstone Formation is no longer considered to be a correlative of the Mullaghmore 

Sandstone Formation as suggested previously (Higgs et al,  1988b; Graham, 1996). New 

possible correlations include the Tubbrid Sandstone Formation of the Kesh-Omagh area 

and the Carland Sandstone in the Cookstown area of Tyrone (Somerville et a i,  2001).
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2.3 Palynological Zones
A brief summary of the defining characteristics and zonal species for the biozones 

mentioned in the text are provided below with extensive reference to Riley (1993) (Fig. 

2 .2).

CM Biozone - Schopfites claviger -  Auroraspora macra

The base of this biozone is defined on the first appearance of Schopfites claviger (Higgs et 

a i, 1988b). The appearance of the taxon Auroraspora macra is in the underlying PC zone, 

but is uncommon until the CM zone. The CM zone represents the top of the Courceyan and 

the early part of the Chadian of the Tournaisian and the Visean Series respectively (Riley, 

1993). The CM zone extends from the mid Courceyan to early Chadian (Fig 2.2)

Pu Biozone -  Lycospora pusilla

The base of this zone was defined by Neves et al. (1971) and is marked the by first 

appearance of miospores belonging to the genus Lycospora. Lycospora pusilla is the index 

species (Higgs et a i, 1988b). At the base of its range Lycospora pusilla first appears in 

only very small numbers, as seen in the Basal Clastic sequences in the Carboniferous of 

north-west Ireland, (Higgs et al., 1988b). Therefore it appears that the Pu Biozone is 

characterised by two divisions. The lower division contains less than 1% Lycospora and 

the upper division is characterised by abundant specimens of Lycospora (Higgs et a l, 

1988b). The boundary between the two appears to be quite sharp (Higgs et al., 1988b). The 

CM-Pu boundary appears to represent the base of the Visean Series. The early part of this 

biozone differs only from the underlying CM Biozone by the presence of Lycospora  

pusilla (Riley, 1993). The Pu biozone extends from early Chadian to late Arundian (Fig. 

2 .2).
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TS Biozone -  Knoxisporites triradiatus -  K. stephanephorus

This biozone was first introduced by Clayton (1984) by the appearance of K . 

stephanephorus, and K. triradiatus Hoffmeister. According to Higgs et al. (1988b) the TS 

biozone characterises the Mullaghmore Sandstone Formation and the Lower Benbulben 

Shale Formations in Sligo and Lough Allen. However, in east Armagh, this biozone occurs 

within the LFpper Mixed Beds and the Drumman More Sandstone (Higgs et a i, 1988b). 

The TS biozone extends from the late Arundian to early Asbian (Fig. 2.2).

TC Biozone -  Perotrilites tessellatus -  Schulzospora campyloptera.

The base of this zone may lie within the late Holkerian. However, there is evidence from 

Owens {in Ramsbottom (1981a) p. 1.9) work at Hassler Brow, near the Asbian stratotype, 

that the base of the TC Biozone probably lies within the early Asbian (Riley, 1993). TC 

biozone assemblages have been recorded from the Drumman More Sandstone of the 

Tyrone Group in Armagh (McPhilemy 1988; 1989; Somerville et al., 2001). The TC 

biozone extends from early to mid Asbian (Fig 2.2).
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CHAPTER 3 
FACIES ANALYSIS

3.1 Introduction
The term facies was introduced into geology by Nicholaus Steno (1669). It meant the 

entire aspect of a part of the E arth’s surface during a certain interval of geological time 

(Teichert, 1958). However, the modern usage of the term facies was first defined by 

Gressly (1838). He used the term to mean the combined lithological and palaeontological 

aspects of a stratigraphical unit (Walker, 1992).

With regard to the facies described below, a Facies is defined by the sum total of features 

which characterise a sediment as having been deposited in a given environment (Whitten 

and Brooks, 1972). In exam ination of the M ullaghm ore Sandstone, facies analysis is 

important for three principal reasons:

• The formation comprises a similar assemblage of facies, albeit in varying proportions, 

at each locality. These are described in outline here to avoid unnecessary repetition.

• To aid correlation and identification of the M ullaghmore Sandstone between localities 

examined in Sligo, Donegal and the North of Ireland.

• Environmental Interpretation.

Thirteen facies have been described and interpreted in this chapter. The facies description 

and interpretation should be read with reference to the appropriate logs mentioned in the 

text, and also Enclosures 9 and 10, the Facies Identification and Summary Sheet, and 

Facies Key respectively. Facies associations are not described at the end of this chapter as 

they are informally referred to in each locality chapter, for that locality.
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3.2 Facies Analysis
3.2.1 Facies 1 -  Thick, Cross-Bedded and Erosively Based Channel Sandstones

The essential characteristics of this facies are the thick (< 7.5m) quartzose sandstone

packages resting on prominent concave up erosion surfaces that cut down into underlying 

lithologies (Plate 3.1). This facies is also characterised by cross bed cosets indicating 

unidirectional transport from the north/north-west, and abundant soft sediment deformation 

and slumping features. Facies 1 is commonly associated with and grades up into Facies 2, 

particularly at M ullaghmore Head.

In places the nature of the base of the Facies 1 thick sandstone units are not discernible, as 

they have been obscured by boulders and beach sand. W here the base can be seen it is 

generally erosive (Plate 3.1) cutting down into the underlying lithologies by 3 m or more. 

However, a number of the sandstones that have been assigned to this facies do not display 

a clearly downcutting base. This may be due to the orientation of the section where an 

erosive base exists but is not obvious in 2-dimensional section. In general the basal part of 

the thick sandstones are of similar grain size to the remainder of the sandstones. However, 

at Pollawaddaroe on Conor’s Island (Fig. 4.1 c) the erosional base of a Facies 1 sandstone 

is extremely pebbly and is thought to be a basal lag conglomerate. The pebbles are up to 3 

-  4 cm in diameter. A gradation into more medium to coarse grained sandstones is noted 

1.5 metres above the erosional base. Also on the western limb of the Portmore anticline at 

Carrowmoran, intraclasts are recorded just above the erosive base of a Facies 1 sandstone 

that appear to belong the underlying muddy sandstone. Similarly placed muddy intraclasts 

are noted in an erosively based sandstone at Pollawaddaroe on Conor’s Island, along with 

quartz pebbles.

The top o f Facies 1 sandstone varies, at numerous localities a gradation into the Facies 2 

calcareous fossiliferous sandstone is seen (Plate 3.2). In places it has been noted that this
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contact can be sharp and planar, and in one example has been noted to be marked by a 2 

cm mud parting. Ripples are noted at the top of Facies 1 sandstones at two localities at the 

south-west end of M ullaghm ore Head. They both exhibit north-east/south-w est trends, 

amplitudes of 4 -  5 cm and wavelengths between 25 -  38 cm. The remaining sandstones 

that do not possess a calcareous top show a variation of planar and irregular top surfaces. 

The latter one possibly due to the presence of soft sediment deformation and dewatering 

structures. Extensive bioturbation and burrowing occurs in both the calcareous and non- 

calcareous tops, as do occurrences of pebble concentrations. Numerous internal erosion 

surfaces are displayed throughout the sandstones (Plate 3.3). These surfaces tend to be very 

irregular and undulate laterally and can be defined by muddy or silty partings. At 

Roskeeragh Point, M ullaghmore Head, muddy intraclasts are recorded just above the first 

internal erosion surface. They are white to pale grey in colour and range up to 10 -  15 cm 

in length.

The am algam ated thickness o f the sandstones in section varies from  63 cm to 

approximately 10 m at the Com orant’s Rock cliff at Kildoney. Thicknesses of individual 

exam ples vary laterally due to the downcutting nature of the erosive base. Individual 

sandstone beds w ithin a Facies 1 unit range in thickness betw een a few cm to 

approximately 2.5 m. The thinner sandstones occur in units or storeys that are up to 3 m 

thick.

The grain size of this facies varies considerably from fine sandstone through coarse to 

pebbly sandstone, however variations between medium and coarse grained sand are more 

common. In general the sandstones appear to maintain a uniform grain size throughout 

their thickness, but some pebbly tops have been noted. Any pebbles are predominantly of 

quartz and range up to 3 -  4 cm in diameter. Numerous top surfaces of Facies 1 sandstones 

at K ildoney and Inishm urray Island record pebble patches. C olour ranges from  a
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beige/brown outcrop to a light grey colour in hand specimen. A number of the sandstone 

surfaces are micaceous.

Muddy or siltstone partings up to 20 -  40 cm, but generally < 15 cm thick occur in a 

number of the sandstones. They can be seen defining the internal erosion surfaces or cross 

bed cosets, often containing fragments of plant debris. At Inishmurray Island, numerous 

muddy/silty partings exhibit red/orange streaks which are parallel to bedding.

Internal structures include unidirectional cross strata, numerous parallel laminae with 

associated parting lineation and soft sediment deformation and dewatering structures. In a 

number of Facies 1 sandstones, parting lineation is noted to parallel local palaeocurrents 

derived from cross strata. The cross strata have set thicknesses which vary between 2 and 

70 cm, but generally range up to 20 cm in thickness. Trough cross-beds are also quite 

abundant in this facies and are recorded on numerous occasions (Plate 3.4). However, it is 

noted that they may actually be more abundant than field observations have indicated as a 

3-D view of the troughs is not always available. Also, troughs are commonly deformed by 

soft sediment deformation and dewatering processes. W here they are observed, troughs are 

up to 6.6 m wide and 1.65 m deep, their bases can be defined by siltstone partings up to 10 

cm thick. Parallel lam inations are found in a num ber of the sandstones of facies 1, 

particularly towards the base, even though laminae have also been recorded through out 

the section.

Dewatering and other soft sediment deformation structures may contribute to a number of 

irregular top surfaces. Dewatering structures are common at Kildoney, Inishmurray Island 

and Carrowmoran but at Mullaghmore Head they tend to be minor features.
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The predom inant type of dewatering structure found in the M ullaghm ore Sandstone is 

known as an “internal cusp” (Owen, 1995). These antiformal structures can be present near 

the top of or within the bed, are truncated upwards and display curved laminae at their 

margins which is generally at a high angle to bedding. Vague laminae may or may not be 

seen in the core of the cusp, where found they tend to be deformed. Also convolute and 

disturbed laminae have been observed associated with dewatering features, particularly in 

the beds above the internal cusp. At one locality in Carrowmoran on the western limb, east 

of C loghadoo, a spectacular dew atering structure, several m etres in diam eter and 

approximately 3 m in height, was recorded. In this instance the cusp is truncated at the 

surface and its core is structureless.

Sand volcanoes up to 80 cm in diameter have been recorded at Inishmurray Island (Plate 

3.5, B & C) and can be classified as interpenetrative cusps” (Owen, 1995) and at this 

locality occur adjacent to “internal cusps” (Plate 3.5, A). B has a distinct volcano shape as 

does C, but with a very flat truncated top, internal lamination in the cores of neither B nor 

C can be seen. Concentric patterns have been recorded at the circumference of C (Plates 

3.6 + 3.7). The adjacent sedim ent between the dewatering structures appears relatively 

undeformed and is parallel laminated.

At Carrowm oran, ju st west of Polladivna Pier, a disorganised assemblage of droplets 

(synformal structures) and cusps were recorded in the same bed and are classified as a 

chaotic unit (Owen, 1995), which implies the development of fluidisation.

Rounded and irregularly shaped concretionary structures have also been noted in the 

Facies 1 sandstone (Plate 3.8). They vary in size from a few cm to 2.5 m in diameter. The 

grain size of these structures is generally similar to the host sandstone, but at times can be 

coarser and even pebbly (pebbles (quartz) up to 1 -  2 mm have been recorded). Internal
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structures of the concretions include parallel to low angle laminae with some laminae 

truncated against the outer rim. Parallel lam inations are more distinct in the larger 

concretions.

Plant debris is quite abundant in a number of localities, though not present in all Facies 1 

sandstones. It normally appears in the form of finely comminuted fragments (some as 

small as 2 -  3 mm); however large pieces of plant debris up to 215 cm in length have been 

recorded. A long the cliff section to Bundoran, ju st west of Pollbrean large scale plant 

debris was found on the top surface of a 5 m thick Facies 1 sandstone (Plate 3.9). They are 

approximately 5 m long with a diameter of 45 cm and oriented in a north-east/south-west 

direction. At Kildoney and Inishm urray Island accum ulations of large pieces of plant 

debris have been noted tow ards the middle and base of the Facies 1 sandstones 

respectively. At Carrowm oran, Stigm aria  roots and possibly associated em ergent tree 

stumps are recorded at some localities. Stigmaria fragments, whose external ornamentation 

is of spirally arranged pit-like scars, are of variable orientation and can be up to 140 cm 

long.

The tops of the sandstones in places are extensively bioturbated and burrowed. Burrows 

include a range of vertical and horizontal types; a u-shaped burrow (Plate 3.10), possibly 

Diplocraterion (Avbovbo, 1973) is the most common. Wave ripples have been recorded at 

the tops of the Facies 1 sandstones at two localities at the south-west side of Mullaghmore 

Head, near Pollayarry. The ripples indicate a general north-east/ south-west trend, with 

wavelengths varying between 25 -  30 cm and the amplitude about 4.5 cm.

Facies 1 sandstones of the M ullaghmore Sandstone Formation have varying geometries 

and internal structures. Geometries include channel fills and the basal erosive surfaces 

which have been detailed at the beginning of this section. Channel fills though not very
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common are recorded in the cliff section to Bundoran and at Kildoney. They are notable by 

their concave up basal surface and horizontally bedded fill, particularly near the top. A 

channel feature at Illanbeg, Kildoney extends approximately 15 m along section and is 

thought to exceed 2 m at its thickest point. Palaeocurrents were recorded at 90 degrees to 

the channel cross-sectional geometry and suggest a south-easterly directed flow.

Internal structures available in the Facies 1 sandstones include Inclined Heterolithic Strata, 

internal erosion surfaces and m ulti-storey sandbodies. Internal erosion surfaces are 

commonly noted in the majority of the Facies 1 sandstones at Mullaghmore, Kildoney and 

Inishmurray. They can are be defined by muddy partings, some up to 20 -  30 cm thick, 

which can contain concentrations of plant debris and coarser debris such as detrital grains. 

At Carrowmoran however, such structures are rare if not absent.

M ultistorey sandbodies represent sequences of Inclined Heterolithic Strata (IHS), trough 

and planar cross-bedded sandstones and horizontally bedded strata. Many of these bed sets 

can be separated by internal erosion surfaces. An example of a small scale multi-storey 

sequence at Inishmurray (Plate 7.2) includes at the base two sets of IHS separated by an 

internal erosion surface, the top set are also terminated by another internal erosion surface 

and are subsequently overlain by trough cross-bedded sandstones and then by parallel 

laminated sandstones floored by an internal erosion surface. IHS sets were recorded at 

Kildoney, M ullaghm ore (Plate 3.11) and Inishmurray Island with only one occurrence 

documented at Carrowmoran. IHS set thicknesses vary from approximately 1 -  5 m, with 

individual strata ranging from 30 cm -  1 m. Dip of the IHS varies locally. The contacts 

between these surfaces are mainly sharp and planar, but some can be highly irregular. 

Pinch and swell may occur along their length.
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3.2.1.1 Facies lb

D ifferences betw een Facies 1 and Facies lb  are found in the grain size and the 

palaeocurrent data. Facies lb  sandstones are slightly finer grained than Facies 1 and 

exhibit palaeocurrents that are generally interpreted to indicate landward transport. 

However, it must be noted that diagnostic features of Facies 1 such as the erosive base are 

absent, as the basal boundary of these sandstones is in general sharp and planar. The upper 

boundaries are variable, many are sharp and planar, however some are irregular, possibly 

due to soft sediment deformation.

The thickness of the sandstone units varies from 130 - 405 cm, with individual beds 

between 35 -  70 cm (i.e. significantly thinner than Facies 1). The beds are laterally 

traceable though do tend to break up laterally over 1 m or so. Some sandstones display 

silty partings and sedimentary structures include, apart from unidirectional cross strata, 

parallel laminae. Plant debris has been recorded at a number of localities as have burrows 

including U -shaped possible D iplocraterion  particularly near the top surfaces of the 

sandstones, where their vertical trace can be identified. Facies lb  were only identified at 

Mullaghmore.

Interpretation -  Facies 1

An abundance of plant debris and absence of marine fossils in Facies 1 sandstones, along 

with concave up erosional lower boundaries and unidirectional cross strata are just some 

features that indicate deposition in a fluvial channel (Collinson, 1996). In conjunction with 

the latter characteristics, the presence of sheet-like sandstones, multi-storey geometries, 

thin veneers of mud/silt and the predominant coarse grain size of the sand, a braided river 

environm ent is suggested (M iall, 1988; Bristow and M yers, 1989; Bristow and Best, 

1993).
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The basal parts of channel sandstones above erosion surfaces might be anticipated to 

contain lag conglomerates which may include pebbles, reworked nodules and plant debris 

(Collinson, 1996). In the majority of channel sandstones docum ented, apart from the 

example at Conor’s Island, M ullaghmore Head and at Carrowmoran, no such lag has been 

recorded. Maintenance of a high flow regime may have prevented the formation of a basal 

lag conglomerate and instead created a random distribution of pebbles (Avbovbo, 1973). 

Pebble clusters are recorded at the tops of some Facies 1 sandstones, particularly at 

Kildoney. The presence of these pebbly patches suggests that the channels were abandoned 

rapidly, probably during flood stage (George, 2000). The pebbly patches on the top surface 

of the uppermost Facies 1 sandstone at Kildoney in Log Kd 4.3a, are particularly notable 

due to the absence of an gradationally overlying Facies 2 sandstone.

Internal erosion surfaces are not ju st restricted to braided river deposits and can be 

observed in most fluvial channel sandstones e.g. the laterally migrating aggrading river 

channels docum ented by Bridge and Diemer (1983) at Kerry Head, Ireland. However the 

internal erosion surfaces, that are frequently observed in Facies 1 sandstones in this study, 

are interpreted as features of braided river deposits (Tucker, 1991) and represent the 

beginning of an episode of channel fill producing a multistorey sequence of vertically 

stacked channel fills. A sim ilar geometry is seen in the Tullig Sandstone, Co. Clare 

(Pulham, 1989).

In his analysis of the internal erosion surfaces in the Rough Rock Sandstone, northern and 

central England (Bristow, 1993b) postulated that they may represent either anabranch 

avulsion within a braided river or channel belt avulsions. However, if the latter were the 

case in the M ullaghmore Sandstone, then facies that would point towards abandonment of 

the channel would be expected to directly precede the erosion surface. Such abandonment
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facies may include evidence of reworking, such as is seen at the tops of the Facies 1 

sandstones and where superim position of another phase of channel growth is not seen. 

However, as the internal erosion surfaces are defined only by m udstone or siltstone 

partings representing waning floods and are superseded by thick fluvial sandstones, 

channel switching within the channel belt is postulated.

The internal erosion surfaces like the basal erosion surfaces don’t tend to have a basal lag 

conglomerate. However, some surfaces e.g. at Roskeeragh display mud rip-up clasts along 

the internal erosion surface which may be derived from the muddy parting overlying the 

previous sandstone phase. The multi-storey sequence of sandstones that can be commonly 

observed in Facies 1 of the M ullaghmore Sandstone coupled with the absence of fining 

upward trends, suggests filling of channels by vertical aggradation during successive flood 

events (George, 2000).

Thin beds of mud or siltstone occur commonly within Facies 1 sandstones particularly 

defining the internal erosion surfaces and the cross strata. Such muddy beds probably 

belong to the top of the lower channel fill, as the deposition of thin silt or mud drapes 

represents the last stage in a waning flood (Miall, 1977). These muddy drapes may be 

laminated and contain fragments of plant debris. Also Ray and Chakraborty (2002) have 

interpreted the mudstones or siltstones as bar top fines or small floodplain deposition in the 

braided alluvial plain.

Parallel lam inae have been noted to occur widely tow ards the base of the Facies 1 

sandstones. Miall (1977) has noted that parallel beds or laminae can form in shallow water 

or during flood stage. The presence of an erosive base in the majority of the sandstones 

indicates the latter. However, the range in grain size from fine to medium may point 

towards variation between the upper and lower flow regimes.
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Trough cross-stratification is produced by dunes with a curved crest, which are formed by 

locally unidirectional flow (Bristow, 1993b). In Facies 1 their consistent unidirectional 

pattern (indicating flow to the south-east) along with the lack of wave action is taken to 

indicate a fluvial origin. Planar cross-stratification is interpreted as the product of straight 

crested dunes, which are considered to form at slightly lower current velocities than trough 

cross-stratification (Ashley, 1990). Straight crested dunes are common in shallow sandbed 

braided rivers (Bristow, 1993b). However, the relationship between these and parallel 

laminae depends on their position within the Facies 1 sandstones. As the parallel laminae 

occur widely towards the base of the sandstones this indicates initiation of flow within the 

upper flow regim e, during flood stage. Transition up into trough or planar cross

stratification may suggest waning flow. W here all these bedforms occur interdispersed 

possibly represents fluctuations in flow or depth.

Drifted plant debris, of no particular orientation, has been recognised throughout Facies 1 

in all areas. The allochthonous origin of the plant debris can be explained by the rapid rates 

of deposition which is indicated by the uniformity in grain size (maintenance of upper flow 

regim e), high rates of avulsion, and subsequent transgression, leaving little time for 

colonisation of abandoned bar tops. However, at Carrowmoran the presence of Stigmaria  

with associated tree stumps has been recorded on few Facies 1 sandstone tops on the east 

limb. Stigmaria are the rooting systems typical of tree-like lycopsids (club mosses), the pit

like scars on the Stigm aria  stems represent the spots where the roots were attached and 

were subsequently shed as the plant grew (Black, 1988). The presence of the Stigm aria  

fragments and the associated tree stumps indicates that the surfaces that they grew on were 

stabilised long enough for the growth of tree-like lycopsids (George, 2000).
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Many of the IHS recorded in Facies 1 dip in different directions to the recorded 

palaeocurrent data and as a result can be interpreted as lateral accretion surfaces. However, 

those that dip in a similar direction to that of palaeocurrent flow, can be termed 

downstream accretion surfaces (Plate 3.11).

Lateral accretion surfaces once thought to be typical of the meandering river environment 

are also observed in braided channels (Allen, 1983; Ramos and Sopena, 1983; Miall, 1985; 

Ramos et a l ,  1986; Ori and Roveri, 1987; Bristow, 1993b; Miall, 1993). According to 

Miall (1977), point bar surfaces are formed in areas of relatively low fluvial energy. 

Ramos et al. (1986) recorded the presence of lateral accretion conglomerates in the fluvial 

sandstones of the Buntsandstein of central Spain. They have recorded a lateral relationship 

between massive conglomerate sheets, lateral accretion conglomerate and channel fill 

conglomerate which is interpreted to represent the evolution of longitudinal bars. First of 

all longitudinal bars begin to develop in the centre of the channel and then due to 

decreasing flow or bars reaching a critical height, clasts can no longer be moved over the 

bar top (Ramos et a i ,  1986). However, flow was still strong enough to move clasts 

laterally along bar margins. As a result lateral foresets are formed dipping towards the 

lateral channel (Ramos et a i ,  1986).

The spectacular dewatering structures detailed above in Facies 1 bear many similarities to 

those of the Applecross Formation (Torridonian Sandstone) in north-west Scotland. Thus, 

they are classified and interpreted accordingly below, with particular reference to the 

research of Owen (1995).

The majority of the soft sediment deformation structures can be classified as cusps, which 

are antiformal structures and of which two types can be seen in the sandstone of this facies. 

With reference to Plate 3.5, observed at Inishmurray Island, A is interpreted to be an
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internal cusp, displaying typical characteristics such as; presence of the cusp near the top 

of the bed, truncated top and curved laminations at high angles to bedding. B and C are 

interpenetrative cusps, with concentric laminae and evolution into sand volcanoes, along 

with many features akin to internal cusps. However, the biggest difference between the two 

lies in their origin.

Internal cusps are related to fluidisation of part of the bed in which the structure is found, 

leading to destruction of laminae (Doe and Dott, 1980; Owen, 1987), particularly in the 

cores e.g. at Carrow m oran. H owever, at Inishm urray Island as in the Applecross 

Form ation, the lam inae in the core of the cusp are deform ed rather than destroyed, 

indicating that fluidisation was short-lived. The truncated top of the cusp at the bed surface 

may imply water escape at the sediment surface (Anketell et a i ,  1969).

Interpenetrative cusps are formed by fluidisation in an underlying bed causing sand to rise 

through overlying sediment. W here this sand reaches the surface sand volcanoes are 

form ed, as indicated by the shape of the preserved cusp (B). The presence of the 

interpenetrative cusps with the undeformed adjacent sediment indicates assignation to a 

type I m ultilayer com plex, as classified by Owen (1995). These com plexes are 

characterised by fluidisation o f a buried layer; rise of sedim ent to the surface via 

interpenetrative cusps; formation of sand volcanoes at the surface and adjacent undeformed 

sediment, as fluidisation is confined to the interpenetrative cusps. A type I multilayer 

complex may be caused by groundwater upwelling or seismically induced liquefaction of a 

buried layer (Housner, 1958). Internal cusps are generally thought to be generated by 

pressure fluctuations in a turbulent flow (Selley, 1969; 1970).

The presence of both internal and interpenetrative cusps in the same layer may imply two 

triggers operated. This interpretation cannot be aided by examination of the underlying

34



beds, to identify the source bed or the path of the interpenetrative cusps, as the section is 

coastal with the underlying units strewn with boulders and submerged by the sea. The 

chaotic unit that is recorded at Carrowmoran (Plate 5.10) represents deformation that took 

place after deposition but before burial. Fluidisation in these beds is thought to have been 

triggered by groundwater movements (Owen, 1995).

Overall , the abundance of internal cusps, relative to other types of dewatering structures, 

implies that the flows that deposited the Facies 1 sandstones were sediment laden and 

turbulent. Dewatering resulted from a decrease in the porosity of originally loosely packed 

sedim ent and an excess of interstitial water which was expelled vertically reducing the 

intergranular friction of the sediment and causing distortion of the bedding (Selley, 1969). 

The remaining structures such as type I multilayer complexes and chaotic units are thought 

to be triggered by groundwater movements or seismically induced liquefaction.

Facies lb  holds a similar interpretation to the Facies 1 sandstones. However, the variance 

in the palaeocurrent data, noticeably thinner beds and the finer grain size of Facies lb  may 

indicate that these sandstones held a more distal position on the delta plain. Braid bars 

deposited at these locations would be susceptible to tidal reworking resulting in a finer 

sediment grain size and landward directed palaeocurrents.

In conclusion, the Facies 1 sandstones of the M ullaghmore Sandstone Formation were 

deposited in a braided-river channel belt. Deposition of sediment in the form of bars and 

channel fill resulted in the deposition of trough and planar cross-strata along with inclined 

heterolithic strata. Although a consistent unidirectional flow to the south-east is recorded 

from the majority of cross-strata, it should be noted that at some localities palaeocurrents 

indicate a subordinate flow to the north-west, particularly in Facies lb  and also near the 

tops of some Facies 1 sandstones, which may indicate tidally influenced distributaries. As
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the dewatering structures suggest these flows were sediment laden and turbulent. Internal 

erosion surfaces, which represent the initiation of an episode of channel fill, also suggest 

that switching within the channel belt occurred. At Carrowmoran, surfaces, which may 

have been the margins of the channel, were stabilised long enough to sustain growth of 

lycopsids.

3.2.2 Facies 2 -  Calcareous, and Variably Fossiliferous and Rippled 
Sandstones.

This facies consists of calcareous sandstones which are generally extensively fossiliferous 

and display wave generated structures such as wave ripples and hummocky cross 

stratification. Colour ranges from a leached orange/brown colour at outcrop level to a dark 

grey on a fresh surface.

Facies 2 is found in close association with Facies 1, particularly at Mullaghmore Head and 

Kildoney where generally a gradational contact between the two is observed with Facies 2 

capping the fluvial sandstone. However, not all contacts are gradational: some are noted to 

be sharp and planar, this may be enhanced by weathering as some Facies 2 sandstones 

display intense and preferential weathering with respect to Facies 1. Facies 2 has also been 

recorded in the succession as occurring independently of Facies 1 and at Carrowmoran is 

noted as having a particular association with Facies 3.

The top surfaces of the Calcareous Sandstones are generally irregular (Plate 3.12). 

Bioturbation and burrowing are commonly observed with the distinctive Chomatichnus 

trace fossil recorded at a number of localities (Plates 3.12 & 3.13). Wave ripples of large to 

mega size scales are also common on the sandstone top surfaces (Plate 3.14). The top 

surfaces often define extensive and prominent bedding planes.
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The thicknesses of Facies 2 sandstone units range from 11 cm to 2.55 m. These thicknesses 

can vary significantly when traced laterally. The grain size varies from fine to coarse 

grained sandstone and in a number of cases can be granule and pebble rich with quartz 

pebbles of 1 -  2 mm and up to 4 cm recorded. In places the grain size coarsens upwards. A 

few of the calcareous sandstones display either muddy or siltstone partings, which can be 

micaceous, and on one occasion contained plant debris.

Internal structures in Facies 2 include parallel laminae, hummocky cross stratification and 

the ripple cross-stratification. Parallel laminae are not common in the Facies 2 sandstone, 

but where found are near the top or the base. Hummocky cross stratification is a diagnostic 

feature in the Calcareous Sandstone Facies and has been recorded in most outcrops, 

particularly near the top of the Facies 2 sandstones (Plate 3.15). Wave ripples are common 

on the top surfaces of the sandstones and crests have a general north-east -  south-west 

trend (Fig 3.1 c). The wavelengths vary between 6 and 63 cm, but usually are between 20 -  

35 cm. Amplitudes of the wave ripples do not exceed 8 cm and are generally in the range 

of 1 -  3 cm. The ripple profile is generally noted to be symmetrical. One occurrence of 

mega sized wave ripples have been recorded at Lackcam, north-west Mullaghmore Head, 

which trend in a south-east/north-west direction with a wavelength of 1.5 m. Smaller scale 

wave ripples, with south-south-east/north-north-west trend, are superim posed on these. 

Interference ripples have been recorded at a number of localities.

Cuspate dew atering structures have been recorded from a calcareous top to a fluvial 

sandstone near the base of the M ullaghmore Sandstone, near Bundoran. The internal cusp 

which is associated with fluidisation on a localised scale (Owen, 1995) deforms the HCS 

laminae. The internal structure of the cusp is intact which implies that the fluidisation was 

short-lived (Owens 1995). Such dewatering structures are thought to form due to pressure 

fluctuations in a turbulent flow (Selley, 1969; Selley, 1970).
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Facies 2 sandstones are characterised by their fossil content. The most abundant fossils are 

crinoid ossicles, brachiopod and gastropod shells, but rare colonial and solitary corals have 

also been found. M ost specimens are fragmentary. Some fossils have been completely 

recrystallised with sparry calcite, with a number displaying geopetal fill while others at 

K ildoney are pyritised. Bioturbation is ubiquitous. Vertical, oblique and horizontal 

burrows are noted throughout the sections and are particularly evident on top surfaces. On 

the top surface of a number of Facies 2 sandstones numerous Chomatichnus trace fossils 

are recorded. These are particularly abundant at the south-west side of Mullaghmore Head 

at Pollayarry (Plates 3.12 and 3.13). Trace fossils such as beaded trails and U-shaped 

burrow s are also com m on at various localities, the la tter possibly representing 

Diplocraterion. At one locality, near Illanmore, Kildoney, horizontal burrows are noted on 

a wave rippled surface particularly concentrated on the ripple crests.

The calcareous sandstones can be tabular and traceable in section, however the thicknesses 

seem to vary laterally, due to either the amalgamation of or pinching out of beds.

At a one locality at M ullaghmore, chert nodules approximately 6 cm in diameter occur 

near the top o f the calcareous sandstones. At Kildoney, irregularly shaped calcareous 

nodules have been recorded in a number of sandstones. In some sandstones they tend to 

occur along a specific horizon, in others they are random ly situated throughout the 

sandstone.

In thin section, the sandstones can be seen to have a high (< 50%) quartz content, with up 

to 20% feldspar, and at least 15% calcite cement. The quartz grains are dominantly 

monocrystalline with only a few polycrystalline (> 3 crystals) grains. Numerous bioclasts 

occur in the majority of the samples, including extensively fragmented shells and some
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ooids, many with an obvious concentric structure. Much of the shell material is difficult to 

identify as it is filled with a calcite mud, making the internal structure unclear. Few 

dolomite rhombs are also recorded in thin section.

Interpretation o f  Facies 2
Features such as a calcareous cement, fragmentary fossils, wave ripples and hummocky 

cross-stratification in the Facies 2 sandstones, clearly indicate a marine origin.

The trace fossils recorded in this facies include Chomatichnus and U-shaped burrows e.g. 

Diplocraterion. Chomatichnus is thought to represent deposition in shallow water 

(Buckman, 1992). Avbovbo (1973) has interpreted these forms as feeding burrows and 

noted that similar modern mounds are produced by ghost shrimps. The presence of these 

crustaceans generally indicates a lower intertidal to subtidal environment. However, 

Avbovbo (1973) pointed out that the association of Chomatichnus with fragmented body 

fossils including gastropods and crinoids suggests that they existed in shallow subtidal 

waters. The fragmentary nature of the fossils indicates a death assemblage that may have 

originated elsewhere.

A shallow marine origin can also be suggested by the presence of symmetrical wave 

rippled sandstone tops, and HCS. Wave ripples indicate deposition above the fairweather 

wave base on the shoreface. The presence of HCS, which has been recorded in most 

outcrops, suggests regular reworking by storm waves, produced by combined oscillatory 

unidirectional flow associated with storm conditions (Johnson and Baldwin, 1996). The 

association of sedimentary structures and trace fossils which exhibit an order of HCS 

followed by wave rippled tops which are extensively bioturbated, are consistent with 

waning and low energy conditions following high-energy depositional events (Ainsworth 

and Crowley, 1994). As the HCS is topped by wave ripples, it may suggest deposition in 

the lower to middle shoreface, where after the storm waned fairweather conditions were re-
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established and wave ripples formed. Extensive bioturbation can imply lengthy periods of 

relatively slow sedimentation and suggests that destruction of sedimentary structures 

occurred below fairweather wave base (Dott and Bourgeois, 1982).

Thin section analysis reinforces the idea of this sandstone representing a reworked delta 

top. Apart from the calcite cement, the mineralogy of both Facies 1 and Facies 2 are very 

similar. However fewer of the less stable grains such as polycrystalline quartz and 

feldspars are present in Facies 2. A lot of these grains were probably preferentially 

removed during reworking, such as washing and winnowing of the delta top.

At M ullaghmore Head in particular, these calcareous sandstones are observed 

gradationally overlying the fluvial Facies 1 sandstones. Such a transition suggests an 

interplay of fluvial and marine processes such as those observed at a delta front, with the 

Facies 2 sandstones representing reworking of the fluvial sandstones. As a result, the 

calcareous sandstones can be regarded as transgressive lags, which can be characterised by 

their bioturbated and pebbly nature with accumulations of shell fragments (George, 2000). 

Such lags are termed simple transgressive lags by Cattaneo and Steel (2002), which they 

noted tend to overly shallower or more proximal facies, which is the case here. The 

presence of large amplitude wave ripples and hummocky cross-stratification indicate that 

transgression and reworking of the fluvial deposits was a high energy event. Extensive 

bioturbation e.g. Chomatichnus implies pauses or lengthy periods of slow deposition 

(Ainsworth and Crowley, 1994).

The Facies 2 transgressive deposits generally range from 30 cm to 1/1.5 m in thickness. 

However, some occurrences of this facies are in excess of this (up to 4 -  5 m) e.g. 

Donaghintraine at Carrowmoran (Log CM 4.3 @ 45 -  48.6 m). At such localities, the 

increased thickness may represent an extensively reworked distributary channel sandstone.
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It is noted in section 3.2.1 that a number of Facies I sandstones record a tidal influence 

towards the top. These thicker Facies 2 sandstones may be as a result of original fluvial 

distributary sandstones recording a strong tidal influence, with many (though not that at 

D onaghintraine) being subsequently reworked by wave processes. W here Facies 2 are 

observed gradationally overlying Facies 1 sandstones, many can be correlated locally, 

which indicates that they possess a sheet geometry with large lateral extent.

3.2.3 Facies 3
3.2.3.1 Facies 3a -  Interbedded Sandstones and Shales

This facies consists of interbedded thin sandstones and grey - black fissile shales (Plate

3.16). Similarities between this facies and Facies 4a exist, however the shales of this facies

differ from the siltstones of Facies 4a by their well defined fissility, extensively micaceous

nature and the presence of distinct trace and body fossils. A close association with Facies 2

is noted.

Overall thickness of the interbedded sandstones and shale facies varies significantly 

between 19 and 240 cm. The individual sandstones range between <1 cm to 25 cm in 

thickness and they are fine grained, though occurrences of fine to m edium  grained 

sandstones have been noted.

Internal laminations include parallel to low angle laminae; most sandstones are particularly 

well laminated. W ave ripples have been recorded at the tops of some of the sandstone 

beds. W avelengths range from 3 -  17 cm and amplitudes from 0.5 -  2 cm. Hummocky 

cross-stratification has been recorded at one locality at Kildoney.

Trace fossils such as Rhizocorallium  (Plate 3.17) have been noted in abundance. Other 

horizontal burrows are also present. Some sandstones particularly those at Carrowmoran,
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have high concentrations of fossils, others show scattered shell hash on their top surface. 

Many o f these fossils have been pyritised. Body fossils have also been noted in some 

sandstones at M ullaghmore Head, however none are recorded from Kildoney. Plant debris 

is rare, but can occur as drifted fragments and at Carrowmoran as roots of Stigmaria. At 

one locality there are em ergent tree stumps in beds that are indistinguishable from this 

facies. Bioturbation and burrowing of the sandstones is common.

The geom etry o f the sandstones varies. A number of the sandstone beds have tabular 

geometries and can be traced laterally for many metres in some cases. However, numerous 

sandstone beds have also been noted to be lenticular in shape and pinch and swell laterally 

across the section.

The shales of Facies 3 are medium grey to black, fissile and extensively micaceous. In 

places they are silty or sandy. Fossil debris including plant debris is rare but where present 

occurs in abundance e.g. near Pollayarry at M ullaghmore Head shelly debris has been 

recorded which includes crinoid ossicles and stems, brachiopods, solitary and colonial 

corals and orthoconic nautiloids (Plate 3.18). Rhizocorallium  trace fossils, which are 

particularly distinctive in Facies 3, are also abundant at this locality. The shales are 

extensively bioturbated and burrowed. In some localities both the sandstones and the 

shales are calcareous.

3.2.3.2 Facies 3h -  Sandstones with Shaley Partings
( Carrowmoran )

This facies, though very similar to Facies 3 differs in the respect that it predominantly 

consists of sandstone with shaley partings. Thicknesses of the units vary from 20 to 153 

cm and they are generally fine grained. The shaley partings are muddy in nature and quite 

bioturbated. The partings are very thin and generally range from a few mm to 2 -  3 cm in

42



thickness. Sedimentary structures include parallel lamination, ripples and rare cross strata. 

Only one sandstone displays ripples and these have two varying trends, north/south and 

north-east/south-w est, the profiles are asym m etric. M ost units are bioturbated and 

burrowed, particularly near the top of the sandstones.

3.2.3.3 Facies 3c -  Interbedded Sandstones and Shales with
Subordinate Limestone beds and Nodules.

This facies consists of interbedded calcareous sandstones and shales with subordinate beds

or nodules of limestone. The limestone nodules occur “  along definite horizons or

within a particular b ed ....” (Raiswell, 1971).

The sandstones of this facies vary in thickness from 1 -  30 cm with the thicker sandstones 

exhibiting 3 mm -  2 cm shale partings. Grain size ranges from very fine to medium 

grained. Sedimentary structures include ripples, few cross strata and parallel laminations. 

W ave ripples have been recorded on only two occasions and then with very different 

trends of north-east/south-west and north-west/south-east. The wavelengths of the ripples 

vary between 2 - 5  cm, am plitudes are generally less than 1 cm and profiles are 

symmetrical. Parallel and low angle laminae are found in numerous sandstones. Only one 

set of cross strata have been noted and they indicate a palaeoflow to the east. Bioturbation 

and burrowing is common in the sandstones. In general the sandstones are flattened lenses 

that pinch out over distances of 3 -  4 m.

The shales of Facies 3b are light grey to black and can be clay rich or sandy in nature. 

They are extensively micaceous and friable. Bioturbation and burrowing are also common 

in the shales, but more extensively. Sedimentary structures are rare in the shales, but one 

set of wave ripples has been recorded. Plant debris is also found at one locality.
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The subordinate limestone beds and nodules are what make this facies distinct from that of 

3a. The limestone nodules are sub-rounded in shape, vary in size from 2/3 - 24 cm and 

have a light grey colour. They tend to occur along definite horizons or within a particular 

bed and are very continuous along section. These beds or horizons are observed 

particularly near the top of the sandstone/shale units, but also have been recorded on a 

number of occasions as occurring elsew here within the unit. There has been fewer 

occurrences of lim estone beds, but where they occur are 3.5 - 15 cm thick and are 

extensively fossiliferous including brachiopod, crinoid, gastropod and orthoconic nautiloid 

debris, some of which is pyritised at Carrowmoran. On one occasion, plant debris was 

found in a limestone nodule.

Interpretation o f Facies 3, 3b, 3c.

The preservation of wave ripples in association with trace fossils such as Rhizocorallium  

and rare fragmented body fossils, indicate a shallow marine environment of deposition for 

this facies. Buckman (1992) noted that Rhizocorallium  represents a sediment-feeding mode 

of life in a normally quiet water environment, and is generally considered a good marine 

indicator. However, this trace fossil is also known although less commonly from non

marine deposits (Fursich and Mayr, 1981; Pollard, 1981) The presence of plant debris may 

also point towards a fluviatile environment, such as floodplain.

The presence of parallel lam inae in the fine to medium grained sandstone beds may 

indicate deposition in the upper flow regime. However, as parting lineation has not been 

recorded in any of the Facies 3 sandstones such conditions cannot be assumed. It is 

possible that the parallel lam inae may have form ed by deposition from  suspension. 

W hether formed under high or low energy conditions, parallel lamination is not indicative 

of any particular environment.
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Facies 3a and 3c, in particular, are noted to occur in close association with the Facies 1 

fluvial sandstones and Facies 2 calcareous sandstones. The Facies 3 sandstones were 

recorded overlying fluvial sandstones and may be punctuated by Facies 2. Such sequences 

are common at Kildoney. They are interpreted to represent sedimentation in delta top bays. 

After abandonm ent of the distributary channel and subsequent reworking by shallow 

marine processes, which can form a beach ridge, interbedded sandstones and shales were 

deposited in the bay area, landward of the ridge. Subsequent punctuation by Facies 2 

indicates periods of higher energy such as transgressions due to storms. George (2000) 

described bay environm ents on delta tops from the Basal Grit of south W ales, however 

only shales were recorded. This indicates that slightly higher energy events may result in 

sand being washed into the bay for the M ullaghmore Sandstone Facies 3, for example by 

waves, wave ripples have been preserved in some sandstone beds. However, quiet water 

shallow marine conditions prevail. Drifted plant debris may have been derived from the 

transgressed fluvial sands.

Although a shallow marine bay environment is favoured for Facies 3a and 3c deposition on 

the distal shoreface cannot be discounted. On the distal shoreface shales that are deposited 

from suspension can be punctuated with regular sediment laden currents from distributary 

channels (Reading and Collinson, 1996).

Facies 3b, which is much sandier than Facies 3a and 3c, suggests that it was deposited in a 

more proximal higher energy shoreface environment. Occurrences of Facies 3b are rare 

and are restricted to Mullaghmore and Carrowmoran.

The presence of the carbonate nodules in Facies 3c at Kildoney, may indicate that these 

sediments were deposited in an interdistributary bay environment, and may have originated 

as crevasse splay deposits.
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According to Raiswell (1971), concretions/nodules, such as those found in Facies 3c at 

Kildoney, may grow within the sediment during diagenesis, which may take place below 

the sediment-water interface or much deeper in the sediment column. Nodular growth also 

occurs in systems that are open or closed to seawater during deposition. The presence of 

sym m etrical wave ripples and marine body fossils in associated limestone beds and 

interpretation of these sediments as deposition in a delta top bay environment, indicates 

that the system in which these nodules grew was open to seawater.

Raiswell (1971; 1987) has proposed two different methods for the formation of limestone 

nodules or concretions in sediments. Firstly, localised precipitation of cem ent from pore 

waters can cause the growth of nodules along specific horizons or beds within the 

sediment, reflecting the level at which supersaturation of the pore waters was achieved 

(Raiswell, 1971). The second hypothesis includes production of carbonates from a 

dissolved organic source (which leaves no fossil trace) by anaerobic methane oxidation 

(Raisw ell, 1987). This is a stratigraphically  confined process, which explains the 

development of the concretions along specified bedding planes. For the latter hypothesis 

Raiswell (1987) indicates the need for a complete absence of sedimentation for a certain 

period of time in order for localised carbonate precipitation to produce a concretionary 

horizon. The evolution of the concretions into nodular limestones is related to the duration 

of the break in sedimentation and the rapidity of cementation.

Which method applies to the nodular limestones of the Facies 3c, Kildoney is difficult to 

ascertain. Though the absence of fossils in the carbonate nodules does not discount the 

anaerobic m ethane oxidation hypothesis, body fossils have not been recorded in the 

enclosing shales at any locality at Kildoney. Therefore a preference for the first hypothesis, 

localised precipitation of cem ent from pore waters, is made. However, carbon isotope
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evidence in Raiswell (1987) has been shown to be consistent with the involvement of 

methane oxidation in concretionary growth. Despite the complete absence of body fossils 

at Kildoney, this last hypothesis must still be considered.

3.2.4 Facies 4
3.2.4.1 Facies 4a -  Interbedded Sandstones and Siltstones.

Though similar to both Facies 4b and Facies 4c the following features characterise Facies

4a (Plate 3.19). Prom inent interbedding of distinct sandstone and siltstone beds are the 

main feature of this facies. The sandstones tend to have a lensoid geometry pinching out 

laterally over distances up to several metres in length, unlike the siltstones which tend to 

maintain their thicknesses. The sandstones in the other sub-facies generally tend to be quite 

tabular and traceable. In Facies 4a the sandstones and siltstones can be of similar 

thicknesses. The top and basal boundaries of the interbedded sandstones and siltstone units 

are variable depending on which lithology defines the boundary. They are irregular if it is 

the siltstone. Overall thicknesses of the interbedded sandstone and siltstone facies is 

between 30 and 355 cm.

The boundaries of the sandstone beds can be sharp and planar, in particular the basal 

boundaries. However, numerous sandstones, show less well defined tops which appear to 

grade upwards into the interbedded siltstones. The thicknesses of individual sandstones 

vary from 1 -  50 cm, but are generally in the range of 4 -  15 cm. The grain size is 

generally fine to medium grained though some coarse grained sandstones have been 

recorded, in places they can be quite muddy, but are generally quartzose.

Internal structures are predominantly parallel to low angle laminations, with the majority 

of the sandstones being very well parallel laminated. Ripples are seen in plan and profile 

on a number of sandstone surfaces. The trend of the ripples varies from north/south, to a
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predom inant trend oriented nortli-east/south-west. W avelengths o f the ripples range 

between 5 to 60 cm, but are generally 5 to 14 cm apart. Amplitudes are everywhere less 

than 3 cm. A number of the rippled sandstones also display hummocky cross-stratification 

(HCS). Cross strata have been noted in some sandstones.

Trace fossils in the form of horizontal, vertical and oblique burrowing are particularly 

com mon in the sandstone beds, as is bioturbation. Silt filled burrows are recorded at 

M ountcharles. Though body fossils are rare, they have been recorded at a number of 

localities at Carrowmoran and include crinoid ossicles and brachiopods, some of which are 

bored. Also at Carrowmoran plant debris is noted in some sandstones, both drifted and 

fragments o f Stigmaria, the latter up to 105 cm in length.

The geometry of the sandstones varies. Quite a number of the sandstones are tabular and 

can be seen to trace laterally almost the entire length of the section. However, the majority 

of the sandstones show a lensoid form and pinch and swell laterally, most eventually 

pinching out laterally.

The siltstones of this facies are a light to dark grey, sometimes black in colour, generally 

quite muddy and vary in thickness from 12 -  133 cm, the latter thickness representing a 

horizon where sandstone interbeds appeared only at the top. The siltstones are also noted to 

be micaceous and extensively burrowed and bioturbated and plant debris is rare. Burrows 

range from vertical, horizontal and oblique to U-shaped. In places the siltstones are 

laminated or contain sandy laminae, the former generally being obliterated by bioturbation. 

Nodules o f sandstone have been noted in the siltstone at one locality. At Inishmurray 

Island, red/orange sandy partings are noted in the siltstones, they are generally parallel to 

bedding and only a few mm thick. In general the siltstones tend to be extensively 

weathered and recessed.
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A num ber of the interbedded sandstone and siltstone horizons demonstrate extensive soft 

sediment deformation, particularly in the form of ball and pillow structures (Plate 3.20), 

best developed at M ullaghmore Head. In these instances the laminations in the sandstones 

are preserved as convolute laminae in the “balls” and the siltstones play the part of the 

“pillows” .

3.2.4.2 Facies 4b -  Fine to Medium Grained Sandstones with Silty
Partings.

This facies is characterised by fine to medium grained sandstones with numerous silty 

partings which are mm to rarely cm (up to 1 . 5 - 5  cm) in thickness. Though many 

similarities exist with Facies 4a, differences are distinctive and are as follows; it is the silty 

partings not the sandstone which tend to pinch out laterally; the siltstones are of the scale 

to constitute being allocated the name of partings or streaks rather than interbeds.

The top and basal boundaries can be variable, but in general the base is muddy and the top 

quite irregular, but at times can also be muddy. Thickness of the units varies from 10 to 

170 cm  and as indicated by the title of the facies the sandstones are fine to medium 

grained. The muddy partings tend to be medium grey to black in colour and micaceous, 

whilst the sandstones are generally medium grey.

Internal sedimentary structures include some parallel laminae and few ripple occurrences, 

which tend to show a north/north-east -  south/south-west trend. Fossils are rare to absent 

though drifted plant debris has been noted at a few localities. Bioturbation and burrowing 

has also been recorded. Geometries of the sandstones varies, but as a whole they tend to 

trace well laterally and are quite tabular. In some cases, though the units trace well, the 

individual sandstones pinch out or amalgamate with others laterally.
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3.2.4.3 Facies 4c -  Fine Grained Muddy Sandstones.

This facies is closely associated with Facies 4a and 4b and is similar, but differs in the

respect that the sandstones of this facies are generally  not interbedded with 

siltstones/m udstones and streaks or thin partings are rare. Facies 4c sandstones tend to 

have a muddy nature and are usually fine grained though some variations to medium 

grained sandstones are recorded. As mentioned this facies is closely associated with Facies 

4a and 4b but also Facies 5, the Parallel Laminated Sandstone Facies.

The top and basal boundaries of Facies 4c are variable, depending on the surrounding 

lithologies. Both can be definite and planar, but some top surfaces exhibit a fining upward 

trend to a silt grade and they can also be quite bioturbated and burrowed. Muddy bases 

have also been recorded at a number of localities. The thickness of the sandstone units 

range between 15 -  230 cm and the colour is a light to dark grey which weathers brown. 

Muddy partings or more appropriately streaks are rare and approximately 2 cm thick.

Internal sedimentary structures include parallel laminae concentrated at the base and the 

middle of the sandstone units. Cross -foresets, with set thickness of 5 -  10 cm, have also 

been recorded, but only from  two localities at M ullaghm ore Head. Soft sedim ent 

deformation features can be quite common, particularly ball and pillow, depending on the 

m ud/silt content of the sandstone and the surrounding units. At Carrowmoran, internal 

structures were not recognisable due to the extensive bioturbation. At Devils Bridge (Log 

MH 2), in the cliff section to Bundoran one occurrence of flame structures (Plate 3.21) 

were noted. Only on few occasions have ripples been noted, whether wave or interference. 

Ripple amplitudes arel cm and wavelengths 7 - 8  cm.
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Body fossils in general are absent, however at two localities in Carrowmoran shelly debris 

including gastropods and brachiopods are recorded, biodebris has also been noted from 

locality on Inishmurray Island. Plant debris on a whole is also rare, but at Inishmurray 

Island the Facies 4c sandstones display abundant drifted plant debris. An abundance of 

burrows, vertical and horizontal, were recorded and numerous sandstones are noted to be 

extensively bioturbated. The geometry of the Facies 4c sandstones varies laterally. Some 

of the units can be tabular and trace the length o f the section; others split or amalgamate 

with surrounding units over a few metres.

Interpretation o f Facies 4a, 4b, 4c.
The geom etry of the interbedded sandstone and siltstone facies (Facies 4a) suggests 

extensive near flat surfaces were available for their deposition. Deposition in a marine 

environm ent is supported by the presence of sedimentary structures such as wave ripples 

and associated HCS. The presence of hummocky cross-stratification suggests influence by 

storm events, where sediment on the shoreface is reworked and deposited as the storm 

wanes (Duke et a l ,  1991). However, fairw eather periods are also indicated, by the 

formation of ripples, some topping the HCS beds, and bioturbation (Young et al., 2000). 

Though some of the ripples recorded may be wave ripples, it cannot be assumed that they 

all have this origin. Most of the ripples display an asymmetric profile and are interpreted as 

being generated by sediment laden current incursions from e.g. distributaries.

Sediments similar to those described in Facies 4a are recorded in the Bearreraig Sandstone 

Formation of the Inner Hebrides of Scotland by M ellere and Steel (1996). They interpret

similar sharp-based sandstones as representing “  discrete emplacement of sand, either

suddenly or after an episode of sea-floor scouring ...” . Abundant parallel laminae in these 

sandstones indicates deposition in the upper flow regime from rapid flows which are 

thought to be as a result of sediment gravity flows (Mellere and Steel, 1996). However, if 

hummocky cross-stratification is present . . .“powerful flows moving on the bottom under
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the influence of storm-generated pressure gradients” may be responsible. Mellere & Steel 

(1996) have interpreted these deposits of the Inner Hebrides as prodelta or shelf deposits. 

As it cannot be ruled out that some of the ripple forms may be wave generated and 

therefore have formed above fairweather wave base, deposition from the lower shoreface 

to the shelf is proposed for Facies 4a. As well as sandstones, the siltstones too are 

bioturbated, which implies a period of inactivity to allow bioturbation before the 

deposition of the next sandstone bed (Young et ai,  2000).

The similarities between Facies 4a, 4b and 4c are paralleled in the sedimentary logs, where 

they generally occur alongside one another. Their close association may also reflect their 

environment of deposition. Transition from 4a to 4b to 4c is defined by an increase in the 

sand content of the units to the point where in 4c, siltstones are very rare if not absent. An 

increase in the number and the thickness of the sandstones indicates an increase in the 

energy of the environment. Therefore it is suggested that Facies 4b and 4c are deposited on 

the middle and upper shoreface. Also preservation of few cross foresets suggest a higher 

energy environment. Extensive soft sediment deformation features such as ball and pillow 

(Facies 4a & 4c) and flame structures (4c) indicate rapid deposition of the sandstone beds 

on water rich muddy sediments (Bhattacharya and Walker, 1991; Prave et ai,  1996).

3.2.5 Facies 5 -  Parallel Laminated Sandstones.

This facies is characterised by very well laminated sandstones (Plate 3.22) which are found 

generally associated with Facies 1 sandstones lying beneath the erosive base and also 

Facies 6 and Facies 7 sandstones. The top and basal facies boundaries are very sharp and 

planar. However in places these boundaries are affected by soft sediment deformation.
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Thicknesses of the sandstone units vary from 14 to 230 cm. Grain size is fine to medium 

grained, the colour of the laminated sandstones is light to dark grey and in places are 

micaceous.

The predominant internal structure is parallel lamination, which is extensive throughout 

the sandstones; associated parting lineation has been noted at some localities. Some 

occurrences of wave and interference ripples have also been recorded, generally on top 

surfaces. Interference ripples are more common. The wavelengths of the ripples are 6.5 to 

9 cm and the amplitude is up to 1 cm. At Carrowmoran and Kildoney, cross strata have 

also been recorded and when plotted on a stereonet show a unidirectional trend parallel to 

the local fluvial transport. Set thickness of the foresets vary from 7 - 2 2  cm. Also at 

Carrowmoran, dewatering structures though rare are noted.

Facies 5 sandstones show an abundance of bioturbation and burrowing, horizontal, vertical 

and oblique; numerous U-shaped burrows. Burrows are particularly noticeable towards the 

top surfaces. A number of sandstones display fragments of plant debris. At one locality 

near Pollemon, north-east of Mullaghmore Head tree trunks with attached roots have been 

recorded on a sandstone surface (Plate 3.23). Stigmaria was recorded at two localities in 

Carrowmoran. The geometry of the sandstones is tabular and individual beds can be traced 

for many metres laterally.

Interpretation o f Facies 5.
The distinct parallel laminae indicates deposition in the upper or lower flow regime 

(Harms et al., 1975). As these sandstones are generally fine to medium grained, it is fairly 

certain that the parallel lamination indicates upper flow regime conditions (Collinson and 

Thompson, 1984). Ripples occur towards the top of the sections indicating lower flow 

regime conditions (Harms et a l ,  1975). This sequence of sedimentary structures may 

indicate a decrease in the velocity of flow through time (Tucker, 1991) as the parallel
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lamination formed in the upper flow regime passes up into ripples, of lower flow regime 

origin. The diagnostic feature of this facies however is not restricted to any specific 

environment and can be found in many settings.

The strong association with other shallow marine facies, e.g. Facies 6 (Ripple Laminated 

Sandstones) and Facies 7 (Hummocky Cross-stratified Sandstones) may suggest beach- 

barrier deposition. These deposits are characterised by well-sorted horizontally bedded 

sands and are deposited by nearshore wave processes (Reading and Collinson, 1996). 

Reading and Collinson (1996) have also pointed out that these sandstones can be cut by 

distributary channel sands. Facies 5 can be located close to and generally directly beneath 

Facies 1 sandstones. The proximity to the Facies 1 sandstones may account for any plant 

debris that is found in the parallel laminated sandstone facies. A shallow marine shoreface 

environm ent would be consistent with its association with the Facies 6 & 7 sandstones. 

However, deposition on the foreshore is characterised by parallel laminated and single set, 

cross-bedded sandstones (Collinson, 1996; Smith and Jacobi, 1998) as described above.

3.2.6 Facies 6 -  Ripple Laminated Sandstones.

This facies is characterised by the presence of ripple laminations in sandstones. They are

closely associated with the parallel lam inated sandstones (Facies 5) and the HCS 

sandstones (Facies 7). The top and basal boundaries depend on the lithology of the 

underlying unit. The base is generally sharp, but can be irregular. This occurs if the 

underlying unit is muddy, which can result in the rippled sandstone cutting down into it, 

creating a ball and pillow effect. Also, if the top surface of the underlying unit is irregular, 

as seen at one locality just north of Carricknacarta, M ullaghmore Head, the base of the 

rippled sandstone is undulose.
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Thickness of the sandstone units varies from 5 to 100 cm. These light to medium grey 

sandstones are noted to be both quartz rich and micaceous, with grain size varying from 

fine to medium grained. No muddy partings have been noted, however at Pollayarry the 

middle of one sandstone is noted to have a shaley nature.

W ave ripples which are the main sedimentary structure of this facies can be seen in both 

plan and profile. The orientation of the ripple crests shows a well marked north-east/south

west trend (Fig 3.1 g). The ripple wavelength records values between 4.5 to 28 cm, but 

variations between 5 and 12 cm are more common. Ripple amplitudes vary from 0.5 cm to 

5 cm, however the mean amplitude is 1 to 3 cm. W ave ripple profiles indicate that the 

ripples of this facies are mainly asymmetric, recording flow directions predominantly 

tow ards the north/north-west. A num ber of sandstones display parallel to low angle 

laminae, in some examples towards the tops of the sandstone units.

Body fossils have not been found in this facies; however a variety of trace fossils have 

been noted on top surfaces. Bioturbation also is rare. The sandstones of Facies 6 tend to be 

laterally traceable and tabular. However, it has been noted that some beds can amalgamate 

with either the underlying or overlying unit laterally.

Interpretation o f  Facies 6

Features such as wave ripples associated with hummocky cross stratification suggest a 

marine environm ent of deposition. As wave ripples are found above fairw eather wave 

base, sedim entation on the shoreface with an occasional storm influence is inferred. The 

presence of ripples in this facies suggests deposition in the lower flow regime (Harms et 

a l ,  1975). The majority of the ripples have been recorded as asymmetrical, but this does 

not necessarily indicate that they are not wave generated. Ripples with marked asymmetry 

may be caused by shoaling waves or by the interaction of waves and currents of similar 

direction (Collinson and Thompson, 1984). If these ripples are interpreted as shoaling it
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may indicates that they were deposited in quite shallow water, which would indicate a 

proximal shoreface environment of deposition. Soft sediment deformation features such as 

ball and pillow may indicate rapid deposition, which may also account for the lack of 

bioturbation (Bhattacharya and Walker, 1991).

3.2.7 Facies 7 -  Hummocky Cross-Stratified Sandstones.

The presence of distinctive Hummocky Cross Stratification (HCS) (Plates 3.24 & 3.25)

characterises this facies. Facies 7 is closely associated with the Parallel Lam inated 

Sandstone Facies (Facies 5) and the Rippled Sandstone Facies (Facies 6).

The boundaries of the HCS sandstones are generally sharp, though they amalgamate 

laterally at some localities. The top surface in particular can be irregular. This can be due 

to the presence o f muddy tops on a num ber of HCS sandstones. In some exam ples 

sandstone units cut down into the underlying siltstones/interbedded siltstones and 

sandstones, in some cases amalgamating with these horizons laterally.

Thicknesses of the HCS sandstone units vary between 20 to 120 cm, while individual 

sandstone thicknesses are between 4.5 and 60 cm. The Facies 7 sandstones are generally 

fine grained though medium and coarse grained sandstones also occur. In places the HCS 

sandstones are quartz rich and micaceous and are generally calcareous in nature. In a few 

cases muddy and silty partings have been noted; they reach a maximum thickness of 5 cm.

Hummocky cross stratification is the predominant sedimentary structure recorded in these 

sandstones. It is noted on both a large and small scale, the latter indicates heights of 

hum m ocks as small as 5 cm with associated w avelengths of 57.6 cm. The largest 

occurrence of HCS recorded at M ullaghmore Head, ju st north of Lugnashanny, records
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hummock heights up to 29 cm and lateral bed-form spacing (Nottvedt and Kreisa, 1987) of 

130 cm.

As noted previously, Facies 7 is closely related to Facies 5 and 6; as a result Facies 7 

displays numerous occurrences of parallel laminae. Interference ripples have been recorded 

on a number of sandstone surfaces, and wave ripples are also seen in plan and profile. The 

wave ripples that have been recorded show a general trend of north-east/south-west, 

wavelengths vary between 6 - 1 2  cm, whilst the amplitude does not exceed 2 cm. Wavy 

laminations have been noted towards the tops of the sandstones which may be related to 

the rippled top surfaces.

Body fossils have not been recognised in the HCS sandstones, which show considerable 

bioturbation. The burrows provide a mix of vertical, horizontal and oblique geometries. In 

one case vertical burrows can be traced through a HCS sandstone unit into the overlying 

unit.

HCS sandstones are in general tabular and laterally traceable. However some variation 

laterally has been recorded, including a change in lithology to a silty sandstone and some 

pinch and swell of the beds. Minor soft sediment deformation has been recognised at one 

locality. A number of HCS sandstones are extensively weathered, some showing 

brown/orange concretionary patches on their vertical surfaces.

Interpretation o f Facies 7
Hummocky Cross-Stratification (HCS), has generally been attributed to storm 

sedimentation (e.g Brenchley (1989) however there has been much debate as to its origin.

Harms et al. (1975), were the first to define HCS, attributed its formation to vigorous 

oscillatory flow generated by storm waves. The power of such a flow to form the resulting
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bed-form s was questioned and a form ative m echanism  o f random  scour and drape 

proposed (Bourgeois, 1983). Other workers including Hunter and Clifton, 1982; Swift et 

al., 1983; Allen, 1985, have suggested that the addition of a unidirectional component is 

necessary. It is now believed that HCS is formed under both combined oscillatory wave 

motion and unidirectional current flow (e.g. Nottvedt and Kreisa, 1987; Brenchley, 1989; 

M idtgaard, 1996) associated with storm conditions. This is further supported with a study 

by Greenwood and Sherman (1986) which showed that if purely oscillatory currents were 

assumed, flat beds not HCS would be formpd.

H um m ocky C ross-S tratification has been noted to occur in association with other 

sedim entary structures in Facies 7. These structures can show a preferred sequence of 

parallel to low angle lam inae at the base passing up into HCS topped by wave or 

interference ripples, similar to a sequence described by Brenchley (1989). This sequence of 

events is initiated by the movement of coastal sand offshore where it accumulates rapidly 

as the storm current wanes. This results in the production of parallel lamination under 

oscillatory dominant combined flow. Much of the sand is eventually reworked by storm 

and swell waves as the bottom current wanes resulting in the formation of HCS. Finally as 

wave power decreases ripples are formed on or towards the top of the unit (Duke et al., 

1991). Once the storm has passed normal mud deposition is resumed (Brenchley, 1989), 

which may account for the few mud or siltstone partings that have been recorded. The 

general lack of mud in this facies indicates that the storm events were relatively frequent, 

not allowing deposition of mud.

Brenchley (1989) discussed the possibilities of distinguishing between storm sands 

deposited nearshore and those deposited further offshore. Evidence shows that erosion of 

the beds is deeper and steeper in the nearshore environm ent seemingly producing more 

lenticular beds, whereas those beds that are deposited offshore tend to display more tabular
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geom etries. The majority of the HCS sandstones at M ullaghmore Head have a tabular 

geometry and therefore may be interpreted as having been formed in the less vigorous 

offshore zones (Brenchley, 1989).

3.2.8 Facies 8 -  Poorly Laminated and Bioturbated Silts tones.
This facies is made up of siltstones with ranging from silty to muddy (Plate 3.26). The top

and basal boundaries vary depending on the surrounding strata. W here this facies is 

overlain by Facies 1 it is cut out due to the overlying erosive base. The thickness of this 

facies varies between 20 and 60 cm. The colour is a light to medium grey to black. Sandy 

laminae, or even sandstone beds as has been recorded at one locality, up to 4.5 cm thick. 

Siltstones also have been noted to increase in competence laterally and towards the tops of 

their units to fine grained muddy sandstones. At a number of localities this facies has been 

noted to be micaceous. A number of the siltstones have been recorded as being calcareous. 

Bioturbation and burrowing are common. One incidence of wave ripples, trending north

east/south-west and few occurrences of parallel lamination have been noted. The geometry 

of the mudstones/siltstones varies. At some localities this facies is quite extensive and 

laterally traceable, in others it is noted to pinch out after a short distance. In places this 

facies is associated with ball and pillow horizons.

Overall this facies is characterised by its poorly structured and micaceous nature. As noted 

sedim entary structures are rare, many of which may have been obliterated by extensive 

bioturbation. Slumping has been observed, though is rare. The thinner siltstone beds can be 

found in close association with Facies 1 and 2 sandstones.

Interpretation o f Facies 8
The siltstones may represent deposition on the prodelta or offshore zone which is 

characterised by mud and fine silt deposited from suspension to form well laminated
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sedim ents (Reading and Collinson, 1996). Slumping has also been recorded which is 

characteristic of the prodelta environment. The deposition of these sediments reflects 

fluctuations in river sediment carried in buoyant plumes. As lamination and sedimentary 

structures are scarce and bioturbation and burrowing common, it seems that the bottom 

waters w ere aerobic and bioturbation obliterated any structures that may have formed 

(Reading and Collinson, 1996). Siltstones that are recorded in close association with Facies 

and Facies 2 sandstones, particularly succeeding them, may be interpreted as deposition of 

fines from suspension following a high energy event.

3.2.9 Facies 9 -  Micaceous and Variably Fossiliferous Shales.

This facies is entirely composed of shale, generally micaceous and varying from muddy to 

sandy in nature. The fissile nature of the shale is one of the features that distinguishes it 

from Facies 8. Top and basal boundaries are variable depending upon the surrounding 

strata, such as irregular bases due to wave ripples at the top o f the underlying unit. 

Thicknesses of this facies varies from 25 to 122 cm. The shales are medium grey to black 

in colour and are noted to be non-calcareous.

Bioturbation is common, but no sedimentary structures have been recorded. Numerous 

body fossils can be seen in shale units in Carrowmoran, either along specific horizons or 

scattered throughout. Fossils include brachiopods, gastropods, orthoconic nautiloids and 

crinoid ossicles, which in some horizons can be pyritised. Shelly debris has not been 

recorded at M ullaghm ore Head, however, trace fossils e.g. Rhizocorallium  have been 

recognised on some top surfaces. Stigmaria plant fragments has also been recorded at one 

locality at Carrowmoran.
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Interpretation o f  Facies 9

The presence of trace fossil Rhizoc or allium  suggests deposition in a marine environment 

(Buckman, 1992). Shales are generally represented by deposition from suspension in quiet 

w ater conditions, as indicated by the lack o f sedim entary structures. H owever, as 

bioturbation is common, internal structures may have been present but obliterated by the 

movement of organism s. The association of this facies with other shoreface and shelf 

facies may indicate deposition in a sim ilar environm ent. Facies 9 can be recorded 

overlying Facies 2 sandstones and may indicate deposition in a bay environment, where 

quiet shallow marine deposition occurs following a high energy transgressive event.

3.2.10 Facies 10  -  Interbedded Limestones and Mudstones.

Only noted at one locality on the north side o f Inishmurray Island, and situated alone

between two Facies 1 fluvial sandstones, this facies consists of a very fine possibly micritic 

limestone interbedded with mud. The limestone beds tend to have a nodular appearance, 

but despite this trace quite well laterally. However, the beds vary laterally in thickness 

from 2 -3  cm up to 12cm, and tend to undulate slightly. M inute fossil debris has been 

noted in the limestone. This includes crinoid ossicles and some brachiopod debris. Some 

limestones are present in nodular form, with a few possessing large calcite crystals. The 

mudstone of this facies is calcareous and burrowed.

Interpretation o f  Facies 10.

The presence of fine grained lim estone with fossil debris points tow ards a marine 

environm ent o f deposition. The presence of the lim estone beds in nodular form may 

indicate localised precipitation of cement from pore waters within the sediment (Raiswell, 

1971). Formation along a definite plane or within a bed, which was noted in Facies 10, 

reflects a level at which supersaturation of the pore waters was achieved. Also, the
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difference in the carbonate cem ent between the margin and the core (coarse calcite 

crystals) of the nodules, suggests a porosity change in the host sediment during the growth 

of the concretion. Concretions may grow in systems that are open or closed to seawater, 

the form er is indicated by the presence of numerous marine body fossils suggesting a 

shallow marine environm ent. Sim ilar nodules were observed in Facies 3c, which was 

interpreted as occurring in a delta top bay.

The mudstone beds which were recorded interbedded with the nodular limestones indicate 

the presence of a low energy environment. Due to the close association of Facies 10 with 

the fluvial Facies 1, it is reasonable to assume that open shallow marine conditions were 

not achieved and it can be postulated that the environment of deposition was a delta top 

bay. A delta top bay is a low energy environment which is open to seawater and conducive 

to the deposition of interbedded nodular limestones and mudstones.

3.2.11 Facies 11 -  Micritic and Fossiliferous Limestones.

The limestones of Facies 11 are generally very fine grained and micritic. At one locality 

large amplitude wave ripples have been recorded at the top of a limestone bed, they have 

an approxim ate east-west trend, wavelengths of 40 cm and an amplitude of 4 cm. Most 

limestones recorded have abundant shelly debris, including brachiopods and orthocones, 

much of which is pyritised. Ooids have also been noted at one locality. Bioturbation and 

burrowing though not very common is also present. At two localities, Carricknagrauv and 

Carrickphatrick, at the top of the Carrowmoran sandstone, the limestones are noted to have 

an extensively pebbly surface. The calcite pebbles are mm scale, dark and stand proud on 

the surface.
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Interpretation o f Facies 11
Fine grained fossiliferous limestones point towards a shallow marine environment. Ooids 

are generally formed at depths of < 5m and in agitated waters (Tucker, 1991), which in 

Facies 11 were possibly affected by waves as indicated by the presence of wave ripples. 

Overall Facies 11 was deposited in fully open shallow marine conditions. The presence of 

wave form ed structures and ooids indicate a high energy environm ent which is further 

supported by the absence of any muddy interbeds. It is postulated that Facies 11 limestones 

may have been precipitated near the foreshore or the upper shoreface.

The presence of extensively pebbly limestones can be interpreted a transgressive lag 

deposits indicating a rapid rise in sea-level (Flint, 1988).

F ac ies’ 11 high energy environm ent is distinct from  the proposed delta top bay 

depositional system for Facies 10. The latter is low energy, muddy and is only open to 

seawater rather than a fully open marine system as suggested for Facies 11.

3.2.12 Facies 12 -  Horizontally Bedded, Parallel Laminated and Variably

Pebbly Sandstones

Facies 12 sandstones were recorded only at M ountcharles. The well sorted quartzose 

sandstones of Facies 12 are generally a white/beige to grey in colour, though some have an 

orange/brown colour, probably due to the leaching of any calcium carbonate that may have 

been present (Plate 3.27).

Bed thicknesses generally range between 3 - 5 0  cm, usually 40 -  50 cm thick, but beds up 

to 85 cm thick have been recorded e.g. McMonagles quarry C. Thin flaggy sandstones are 

commonly noted at the top of sections in some M ountcharles quarries e.g. McMonagles 

quarry A and M cM onagles quarry C & C2. They are generally 2/3 -  10 cm thick, very
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micaceous and due to their broken up nature are very difficult to trace laterally. Bedding 

planes in all outcrops are nearly horizontal with dips to the south between 1 -  8 degrees. 

The bed contacts particularly in the more tabular sandstones are definite and planar, 

how ever in the thinner sandstone beds which frequently am algamate and split laterally 

they can be more difficult to define.

The grain size of Facies 12 sandstones varies between fine to coarse sand with some 

pebbles noted. Both quartz and calcite pebbles have been recorded particularly at 

Drumconor quarry and range in size up to 1.75 cm and 2.5cm respectively. The presence 

of pebbles appears to be associated with the occurrence of lenses of quartz rich pebbly 

sandstone in the bed or nearby.

Internal laminations are generally in the form of parallel laminae and cross strata, wave 

formed structures such as Hummocky Cross-Stratification and wave ripples have not been 

recorded. Cross strata recorded represent planar cross beds and when plotted on a rose 

diagram  show a predom inant trend indicating flow to the south-w est with a more 

subsidiary trend indicating flow to the north-east. Set thicknesses generally vary between 

2/3 -  10 cm, but thicknesses up to 20 cm have been recorded. Trough cross beds were also 

observed in this facies e.g. at rubbish quarry, Drum keelan and at Drum beagh, but 

directional properties were immeasurable. Parallel laminae are usually found towards the 

middle or the top of the sandstone bed. Many sandstone surfaces are micaceous.

Finely com minuted plant debris, the amounts varying from sparse to abundant, is found in 

a number of sandstones. Larger fragments of drifted plant debris are also recorded. In 

general bioturbation is rare with a few horizontal and vertical burrows recorded, some silt 

filled. However, at St. Peter’s Lough on the scrappy shoreline section, a horizontal trace of 

a U-shaped burrow (Diplocraterion) has been recorded along with some possible beaded
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trails. Though not recorded in outcrop, on a slab in Drumkeelan Quarry A, straight-hinged 

brachiopods and gastropods have been noted, numerous moulds and casts are also present. 

The medium to coarse grained nature of the host sandstone suggests that it belongs to 

Facies 12. A fragm ent of a possible brachiopod has also been noted in M cM onagles 

Quarry A approximately half way up section.

The siltstone partings or interbeds (absent from many quarries) tend to be extensively 

micaceous and black in colour with thicknesses up to 15 cm (M cM onagles quarry A) 

recorded. Plant debris appears to be particularly concentrated along these layers. The 

majority of the interbeds/partings pinch out laterally, many are preferentially weathered.

Geometries of this facies vary considerably. The thicker beds e.g. at McMonagles quarry C 

appear to be quite tabular and trace well laterally. The thinner beds (generally in the range 

of 20 -  50 cm) can barely be traced 1 -  2 m laterally without either an amalgamation with 

another bed, splitting into two or more beds or a change in thickness. The very thin ( 2 - 1 0  

cm) flaggy sandstones cannot be traced laterally at all. At two localities, M cM onagles 

quarry A and Drumbeagh, very shallow concave up bedforms have been recorded.

In thin section the sandstones are classified as moderate to well sorted arkosic arenites. The 

grains generally vary from angular to sub-rounded. Quartz, as expected is the most 

predom inant mineral making up more than 60% of the sandstones. Quartz grains up to 

2mm in size have been recorded. Feldspars (both microcline and plagioclase) are more 

minor components, however some quite large feldspar grains, up to 4mm, are recognised 

in the sections. The feldspars, particularly the plagioclase variety have undergone quite 

severe alteration, giving them a dusty appearance (Tucker 1991) and making them difficult 

to identify. A calcite matrix has been noted, but is not always present.
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Interpretation o f Facies 12
The presence of fragmentary marine body fossils and a calcite cement suggests that the 

sandstones of Facies 12 may have been deposited in a shallow marine environment. The 

abundance of horizontal bedding and the general lack of geometries such as channel cuts, 

erosive bases and internal erosion surfaces indicate that they are not derived by fluvial 

means. The two shallow concave up bedforms that have been recorded at Drumbeagh and 

M cM onagles Quarry A may be interpreted as channels. However, their distinct calcite 

cement and few marine body fossils, make a fluvial affinity unlikely and they may be tidal 

in origin.

Sedimentary structures in Facies 12 include parallel laminae which indicates rapid flow in 

shallow water (upper flow regime conditions. Harms et al., 1975) and some cross-strata 

which indicate a predominant palaeoflow to the south-east. W hat is particularly notable 

though is the absence of wave generated structures such as wave ripples and hummocky 

cross-stratification, indicating that there was little or no wave influence in this area.

Only very few marine body fossils have been recorded in these sandstones and in only two 

areas, these include straight hinged brachiopods and plani-spirally coiled gastropods, 

num erous m oulds and clasts have been noted along side the more com plete fossil 

fragm ents. Only a few trace fossils have been recorded at the quarry sections at 

M ountcharles. One in particular found at St. Peters Lough is D iplocraterion. However, 

Diplocraterion does not necessarily have a fluvial affinity and is typically found in high 

energy shallow w ater environm ents (Buckm an, 1992). Diplocraterion also represents 

colonisation of sandstones after rapid deposition associated with storm events or periods of 

higher river discharge (Buckman, 1992). Such opportunistic colonisation results from 

D ip lo c ra te r io n ’s preference for a high-energy mobile substrate (Buckm an, 1992). 

Diplocraterion  are suspension feeders and rely on the energy of the environm ent to 

replenish their food supply and remove waste material (Avbovbo, 1973). The general lack
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of bioturbation is notable in the Facies 12 sandstones which may reflect a high sediment 

mobility and current energy within the depositional environm ent (Kvale and Barnhill, 

1994).

Overall, a shallow marine environm ent of deposition can be implied for the Facies 12 

sandstones. However, in such an environm ent deposition by waves or currents or from 

suspension would be expected. W ave generated structures are not recorded anywhere in 

this facies and as the sediments are predominantly sandy, apart from the silty partings. It 

has been established due to the presence o f parallel lam inae, trace fossils such as 

Diplocraterion and the general lack of bioturbation, that strong currents prevailed and 

were probably responsible for depositing this facies. Texturally, the arkosic arenites are 

quite m ature, which suggest that they may have been transported, but not by fluvial 

processes. H ow ever, as evidence for waves is absent and that for strong currents 

ubiquitous, tidal processes may have played some part. It is proposed that these sediments 

were transported via longshore processes and may have been deposited in a marine 

em bayment, which amplified the local tidal regime producing strong currents but was 

protected from wave processes.

3.2.13 Facies 13 -  The Quartz Pebble Sandstone Facies
The Facies 13 sandstones were recorded only at Mountcharles. This facies is noted only in

the quarries situated in the D rum keelan area (labelled 1 -  6 Fig 8.1), and also at

Drumconor. Facies 13 is commonly associated with and cross cuts Facies 12.

The Quartz Pebble Sandstone Facies (Plate 3.28) is an extremely coarse pebbly quartzose 

sandstone with the quartz grains ranging up to a few cm in size. The top and basal 

boundaries of this facies are generally sharp and planar. In only a couple of localities has a 

gradation into the quartz pebble sandstone or irregular contacts have been noted. The units
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vary in thickness, generally 9 -  60cm, but a thickness of 160cm was recorded in 

M onaghan’s quarry in Drumkeelan.

In an upper Drumkeelan quarry. Facies 13 has been observed to display medium grained 

sandstone partings. These partings contain traces of parallel laminae, and palaeocurrents of 

variable direction. Similar sedimentary structures have been recorded in the quartz pebble 

sandstone proper. Traces of parallel laminae have been noted towards the tops of beds, 

w hile cross strata have been recorded from the base of a num ber of beds. Again, 

palaeocurrents of variable direction are indicated.

At two localities, finely comminuted plant debris is present at the tops of beds. Silt filled 

horizontal burrows have also been found at these places. It is only very rarely that this 

facies seems to occur as a complete bed, generally outcropping within beds. Pinch and 

swell of the Quartz Pebble Sandstone Facies is common, and thicknesses can vary laterally 

with lenses pinching out within a distance of < Im. As noted earlier Facies 13 is closely 

related to Facies 12 where it occurs as pebbly lenses.

Thin section analysis indicates that the Quartz Pebble Sandstone is a texturally immature 

arkosic arenite. The grains are poorly rounded and the sorting is moderate to poor. Also a 

number of quite large feldspars are present, which are quite weathered and the plagioclases 

in particular have been altered. There is a high proportion of polycrystalline quartz grains 

in the Quartz Pebble Sandstone, which also exhibit strain extinction. The presence of these 

grains along with large feldspars indicates that the sandstones are texturally immature, as 

these grains are usually preferentially weathered out during transportation (Tucker 1991).

Interpretation o f Facies 13
Although recorded in close association with Facies 12, the quartz pebbly sandstones are 

very different. The sediment as observed in thin section is texturally immature with poorly
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rounded and angular grains suggesting that it must not have been transported far from 

source. This indicates that it did not originate from the same source as the Facies 12 

sandstones. These latter sandstones are interpreted as being deposited by means of 

longshore drift and are fully marine.

If the Facies 13 sandstones, were locally sourced, it may mean that they are fluvial. No 

dom inant palaeocurrent directions have been recorded for this facies. However, as 

direction of longshore flows have been recorded moving from a southerly direction, it may 

indicate that Facies 13 sandstones are northerly derived. Deposition from low gradient 

short course rivers with a coarse bedload is proposed. The rivers are thought to be low 

gradient as erosive geometries are not noted at the bases of these sandstones.
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CHAPTER FOUR 

THE MULLAGHMORE SANDSTONE AT MULLAGHMORE

4.1 Introduction
M ullaghmore Head (GR 17025 35836) is the type section for the M ullaghmore Sandstone 

Formation. It is situated in north County Sligo, 4.5 km north of Cliffony off the N15 road 

(Figure 4.1). The outcrop examined in this study extends from Rochfort Lodge (GR 17994 

35888), 2 km west of Bundoran town south-westwards to Conor’s Island (GR 16630 

35240). The m ajority of the exposure is coastal, though river sections on Tievebaun 

Mountain including e.g. Ballaghnatrillick River (GR 17398 34840), Duff River (GR 17950 

35060), Coolagraffy (GR 17672 35125) and Aghamore (GR 17750 35135) have also been 

examined.

The M ullaghm ore Sandstone Formation (154.5 -  215.5 m thick, see section 4.6) in the 

Mullaghmore Head region consists mainly of interbedded shales, siltstones, well-bedded 

sandstones and m assive channelised sandstones. It lies stratigraphically between the 

underlying Bundoran Shale Formation and the overlying Benbulben Shale Formation.

The basal contact with the Bundoran Shale Formation is exposed at Rochfort Lodge (Plate 

4.1). The contact is transitional with an increase in the number of sandstone beds towards 

the top of the Bundoran Shale. The section is moderately fossiliferous with fossils (mainly 

crinoids and brachiopods) mostly concentrated in the sandstone horizons. These sandstone 

beds are not very continuous and pinch out laterally over a distance of 1 -  2 m or so. 

However, the nearer the sandstones are to the base of the M ullaghm ore Sandstone the 

greater their lateral continuity. The shales in the transitional section can be silty or muddy 

and are generally micaceous and have numerous sandstone partings up to 7 cm thick. Like
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the sandstones the shales contain fossils, such as crinoids and brachiopods, but not in the 

same concentrations. Bioturbation and burrowing are commonly noted in the shale beds.

The base of the M ullaghmore Sandstone Formation at Rochfort Lodge has been defined at 

the base o f a 2.15 m thick coarse pebbly sandstone. In thin section it is obvious that the 

basal sandstone is a coarse, pebbly arkosic arenite. It is a poorly sorted sediment with less 

than 50% detrital grains in an extensively muddy calcareous cement. Detrital grains 

include 35% quartz, 5% feldspar and few rock fragments, all range from highly angular to 

subrounded with size ranges from < 0 . 1  -  1.5 mm. Biodebris com prises 15% of the 

sandstone, including bryozoans, forams, gastropods, calcareous algae {Koninckopora) and 

few crinoid ossicles, minor ooids are also recorded. In the field the sandstone is a brown 

orange colour which indicates that some of the calcareous cement may have been leached. 

The base of the formation was not located in the river sections.

The contact between the M ullaghmore Sandstone Formation and the overlying Benbulben 

Shale Form ation is not seen on the coast. However, it is assumed that the most south

westerly section mapped at Black Rock, Conor’s Island (Fig 4.1 c 7) represents the top or 

near top of the formation.

The Benbulben Shale is recorded at the south-west end of Back Strand, near Streedagh 

Point (Fig. 4.1), any possible contact with the M ullaghmore Sandstone is obscured by a 

sandy beach. At the proposed near top of the Mullaghmore Sandstone at Conor’s Island is 

a medium grained, quartzose fluvial sandstone with weathered out calcareous concretions. 

It should be noted that the a calcareous oolitic sandstone is recorded underlying the latter 

sandstone at Black Rock (Log Cl 3). In thin section biodebris as well as ooids are noted in 

a coarse grained calcite cement, numerous detrital grains including quartz and feldspars 

and few rock fragments are also present. Such a sequence (oolitic calcareous sandstone
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preceding fluvial Facies 1) is recorded towards the top of the formation on both east and 

west limbs at Carrowmoran (Logs CM 2.3 east and 4.4 west), where the transition into the 

Benbulben Shale Formation can be observed. This sequence is not observed elsewhere at 

M ullaghmore and therefore it can be assumed that this section at Conor’s Island represents 

the near top of the Mullaghmore Sandstone Formation.

At Tievebaun Mountain the outcrop is sparse although scattered outcrops of Mullaghmore 

Sandstone and Benbulben Shale occur, the actual contact between the two formations is 

not exposed. A sandy lim estone is thought to represent the top of the M ullaghm ore 

Sandstone (Plate 4.2) (Log A gham ore River section). It is very fine grained and 

extensively fossiliferous with large numbers of crinoid ossicles. In thin section, it appears 

that the top o f the M ullaghm ore Sandstone Form ation is represented by a bioclastic 

calcareous sandstone, with the biodebris, non-skeletal grains and the calcite cement 

making up 75% of the rock, very fine grains of quartz and feldspar (generally < 0.1 mm) 

account for the remaining 25%. Coarser clastic grains are only preserved where they form 

the nucleus for non-skeletal grains such as ooids, or where they have been coated in a 

muddy cement, and then are generally 0.3 -  0.75 mm in diameter. An abundance of shelly 

debris including brachiopods, bivalves, bryozoans, forams and crinoid ossicles have been 

recorded. Peloids, ooids and calcareous algae are also present. Fossil debris is variable in 

size (< 0.5 mm -  6/7 mm), but much of it is particularly coarse, crinoid ossicles up to 1 

mm are recorded and other shelly debris, such as brachipods and bivalves are up 6 -  7 mm 

in size, calcareous algae can also reach similar sizes.

It should be noted that like the near top sections at Conor’s Island and Carrowmoran, near 

the top o f the form ation at Tievebaun M ountain, an extensively oolitic calcareous 

sandstone is recorded preceding a fluvial Facies 1 sandstone (Log A gham ore River 

Section). W hether the top of the M ullaghmore Sandstone represents a transgressive lag at
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this locality is difficult to tell. The section beneath this horizon is sparse and therefore 

superposition of the above bed on non-marine facies is impossible to discern. Though a 

coarse grained fossil assemblage is present, the clastic grains are very fine. Both iron and 

phosphate are absent. However the ooids do indicate abundant reworking in high energy 

shallow marine environm ents. It is notable that ooids only occur elsewhere, such as at 

Carrowmoran and in North M ayo (Graham pers. comm.), in the uppermost horizons.

4.2 Previous Research
A vbovbo (1973) identified tw elve lithofacies and three facies associations in the 

M ullaghm ore Sandstone Form ation at M ullaghm ore Head. He claim ed that the 

associations, distributary mouth and bar, fluviatile and reworked delta top, were cyclically 

arranged. Avbovbo (1973) regarded the exposures at M ullaghmore Head as representing 

the distributary lobes of a single lobate delta fringed by barrier islands which prograded 

south-eastwards. Petrographic and diagenetic analyses revealed that the sandstones fall 

within the arkose -  subarkose class of the Folk (1954) classification, and that the 

m ineralogy is related to derivation from a common source and governed by the same 

dispersal patterns. Avbovbo (1973) interpreted the twelve trace fossil genera he identified 

as belonging to the G lossifungites  -  Cruziana  ichnofacies o f Seilacher (1967) and 

indicating deposition between the littoral zone and wave base.

Chandra (1974) recognised ten lithofacies in the Mullaghmore region, which he interpreted 

as being deposited within a delta that built out from the north-west and passed eastwards 

into the north of Ireland into a clastic shoreline and southwards into a shale basin.

Twenty-three ichnogenera were recognised by Chandra (1974) in his study area which also 

included M ountcharles, Kildoney Point and some inland sections in the north of Ireland. 

The assem blages, which were interpreted to fall within the Zoophycos -  Scoyenia
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ichnofacies of Seilacher (1967), were taken to indicate a littoral to supralittoral bathymetric 

profile. Chandra (1974) has defined these trace fossil assemblages as representative of the 

following bathymetric profiles. Trace fossils of the Scoyenia  assemblage represent a 

benthic environment of non-marine to brackish water. Skolithos are typical of the littoral 

zone, where shifting sediments, rapid deposition or erosion is common. Glossifungites are 

also known to belong to the littoral zone, but indicate stable coherent substrates with 

moderate current agitation. Trace fossils represented by the Cruziana  ichnofossil 

assemblage are found in the infralittoral to circalittoral zone. Finally, Zoophycos is 

indicative of the infralittoral to circalittoral zones.

However, it should be noted that Chandra (1974) assigned bathymetric depths to individual 

ichnogenera (e.g. Arenicolites HWM to 7 m), but just bathymetric profiles, not depths, to 

the ichnofacies assemblages (e.g. Skolithos - littoral zone). It would be reasonable to 

assume that the depth ranges of the constituent ichnogenera could be amalgamated and a 

depth range subsequently applied to the ichnofacies assemblage. However, too wide a 

range for each assemblage results and a trend from shallow to deep water such as that 

inferred by the applied bathymetric profile of Seilacher (1967) cannot be identified.

The age of the sandstones at Mullaghmore Head have been investigated palynologically by 

Higgs (1984). Two samples collected from the north-east and south-west of Mullaghmore 

Head proved diverse in composition. They yielded all the elements of the Pu Biozonal 

assemblages, but were distinguished by the presence of Knoxisporites triradiatus 

Hoffmeister, Staplin and Malloy and K. stephanephorus Love. These assemblages were 

assigned to the TS biozone (Higgs, 1984). This indicates that the age of the Mullaghmore 

Sandstone at Mullaghmore Head is Arundian/Holkerian (Riley, 1993).
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Buckman (1992) measured a twenty-five metre thick section at the north-west corner of 

M ullaghm ore Head and identified four to six coarsening upwards sequences, further 

d ivided into three facies divisions. These contained a m inim um  of tw enty-eight 

ichnogenera and four informally named trace fossils. Buckman (1992) stated that, “ . . . i n  

term s o f  ich n ofacies the environm ent can be interpreted as that o f  a C r u z i a n a  ich nofacies, with an 

interbedded A renicolites  ichnofacies, passing up into a higher energy Skolithos ichnofacies” . Overall, each 

sequence was inferred to represent a shallow-marine deltaic environment. Buckman also 

noted the high lateral variability of the ichnogenera, which must be taken into account in 

an environmental interpretation.

Oswald (1955), in his summary of the Lower Carboniferous succession briefly described 

the petrography of the M ullaghm ore Sandstone Form ation and com m ented on its 

provenance. He suggested that although the presence of microcline and albite may indicate 

a granitic source such as the Donegal Granites to the north, the presence of strained quartz 

pointed towards the metamorphic rocks of the Ox Mountains and of Donegal as a source.

4.3 Balance of Facies
Tw elve different facies were identified in the M ullaghm ore Head, c liff section to 

Bundoran, C onor’s Island and D ernish Island logged sections (Fig. 4.2). The logged 

sections for M ullaghm ore Head should be consulted with reference to the Facies 

Identification and Log Key of Enclosures 9 and 10 respectively. Both marine and fluvial 

environments are represented.

The m ost predom inant of the facies is Facies 1 at 39% which has been interpreted as 

indicating deposition in a distributary channel. Apart from Facies lb  all the other facies are 

broadly thought to represent sedim entation in a shallow marine environm ent, which
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include offshore to foreshore facies represented by Facies 4 - 9 ,  marine influenced delta 

top bays of Facies 3 and the transgressive sandstones of Facies 2.

Though Facies 1 is by far the most common of the facies, the sequence appears to be 

dom inated by marine sedimentation. Facies lb, sharing many o f its characteristics with 

Facies 1, differs in that it may record a tidal influence in the fluvial sandstones.

Facies 2, found mainly as gradationally overlying the Facies 1 channel sandstones, indicate 

extensive reworking of delta tops and occur as much thicker sequences at this locality than 

elsewhere in the outcrop of the M ullaghmore Sandstone Formation. The origin of such 

thick units of Facies 2 may indicate a greater degree of subsidence in the M ullaghmore 

area after abandonm ent o f the d istributary channel, resulting in an increase in 

accommodation space with more sediment being preserved. It is also possible that the 

extent o f marine rew orking was greater at M ullaghm ore Head than elsew here e.g. 

Carrow m oran and Kildoney. This is further substantiated by the presence of a large 

number of symmetrical wave ripples, many of which are large amplitude indicating high 

energy conditions. A much lower number of wave ripples in Facies 2 are recorded 

elsew here. It may be that in areas which record reduced thickness of the Facies 2 

sandstones that tidal conditions were more prevalent subsequently causing erosion.

The interbedded sandstones and shales of Facies 3, found in substantial thicknesses only in 

Log 1, m ake up ju s t 3% of the outcrop at M ullaghmore. This facies is interpreted to 

represent sedimentation in quiet water conditions, probably delta top, with periodic sand 

incursions. This is a low energy condensed sequence and its close association with Facies 2 

suggests that it was deposited after marine and erosional transgression o f the fluvial 

phases. These sequences can be however, punctuated by thicker and higher energy beds 

(some containing evidence of storms) of the Facies 2 sandstones (e.g. Log MH 1 @ 12.5 -
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16 m). Also Facies 3 always seems to be cut off by the progradation of a new deltaic phase 

(e.g. Log MH 1 @ 21 m).

Facies 4a present at 18% substantiates the im portance of the distributary channels and 

deltaic progradation. A high energy environment is again represented by Facies 5 at 8%, 

indicating deposition in the foreshore. Facies 5 are particularly notable beneath the erosive 

base of Facies 1 sandstones. Though, only present as 1% of the entire sequence, Facies 7 

(Hummocky Cross-Stratified Sandstones) is much more in evidence at M ullaghmore than 

elsewhere in the other outcrops of the Mullaghmore Sandstone Formation. The Hummocky 

Cross Stratification beds represent periodic storm sedim entation. Overall the shallow 

marine depositional environments seem to be of quite high energy.

The facies that have been recorded in the river sections are displayed in Fig. 4.3 and are 

eleven in total. All four river sections, or at least a large proportion of them, may represent 

transitional sedim ents from the M ullaghmore Sandstone Formation into the Benbulben 

Shale Formation, as the top of the former was sought in all of these sections. Due to the 

scrappy nature of the outcrop in the river sections the top of the M ullaghmore Sandstone 

Formation was not located at Ballaghnatrillick and D uff river sections, but an approximate 

location was noted in the Agham ore and the Coolagraffy river sections. Hence it is 

assumed that the logs taken through the two former sections do represent the transition to 

the Benbulben Shale.

From Fig. 4.3 it can be seen that Facies 1 and Facies 2 are the most predominant facies. 

The high percentage of Facies 1 (31%) indicates that though these sections are thought to 

represent a change to a com pletely marine environm ent, there is still a strong fluvial 

influence right to the top of the M ullaghmore Sandstone Formation. This is not only seen 

at this locality, but also at C onor’s Island, where the topm ost exposed section is an
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approxim ately 6 m Facies 1 sandstone. Underlying this fluvial sandstone is a 2.1 m 

calcareous and oolitic sandstone with a coarse grained calcite cement. It has also been 

noted in the river sections that calcareous Facies 2 sandstones underlying the topmost 

fluvial sandstone appear to be extensively oolitic, much more so than the transgressive lag 

deposits that define the top of the Mullaghmore Sandstone Formation.

The strong fluvial influence to the top of the formation and the presence of extensively 

oolitic sandstones/sandy limestones has also been recorded at Carrowmoran, particularly 

on the west limb. This may indicate that reworking is much greater and a higher energy 

environm ent exists in the calcareous sandstones preceding the topmost fluvial sandstone in 

the upperm ost part of the M ullaghm ore Sandstone Form ation. However, the strong 

presence of Facies 2 along with minor quantities of Facies 3 supports the suggestion of 

transition into the overlying marine Benbulben Shale Form ation. It should be noted 

however, that these three facies alone make up the majority of the Aghamore (Log AH 1) 

and the Coolagraffy (Log CG 1) sections, particularly Facies 2.

The only other facies that have been documented in these sections have been assigned to 

Facies 0 (unknown), as due to the nature of the section enough inform ation was not 

obtainable to facilitate a facies assignation. Facies 2 is not recorded in the D uff river 

section and only at one point in the Ballaghnatrillick section. The facies that make up these 

sections include Facies, 1, 4(a -  c), 5, 6 and 8. Hence while it can be concluded that the 

Aghamore and Coolagraffy river sections do represent a transition into the Benbulben 

Shale the other two sections appear to be comparable to deltaic progradation as seen at 

M ullaghmore Head.
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4.4 Palaeocurrent Data
Palaeocurrent data has been derived from a number of facies in the M ullaghmore area, 

particularly from Facies 1. W hen plotted on a rose diagram (Fig. 4.4) the Facies 1 data 

show a predominant south-eastward trend (Fig. 4.4 a). M inor subsidiary trends indicating 

flow to the north/north-west and the east are also recorded. The trends displayed in the 

rose diagram  in Fig. 4.4 are consistent with those recorded in other exposures of the 

M ullaghmore Sandstone Formation and in general indicate sediment transport in a fluvial 

system from the north-west.

The more dominant of the subsidiary trends for Facies 1 indicating sediment movement to 

the north/north-w est (particularly for Facies lb ) may represent the influence o f tidal 

currents in the distributary channels. These reverse flows can be recorded both near the 

base and the top of the fluvial sandstones, but more commonly towards the top. However, 

it may be postulated that these reverse flows may have formed in the confluence zone in 

the river system. This occurs when during rising flow stages a partially abandoned channel 

segment receives w ater from its downstream junction with an active channel i.e. water 

flows upstream into the abandoned channel (Bridge, 1993). South to north palaeocurrcnts 

have also been recorded at two localities in the major fluvial channel sandstones in North 

Mayo (Graham, 1996). However, in these cases both fluvial sandstone units are thought to 

be southerly derived, indicating evidence for exposed basin to the south (Graham, 1996).

Palaeocurrent data from Facies 1 is recorded from planar and trough cross bed forms. 

Trough cross beds are in particular quite notable in Facies 1 sandstones in Log MH 7, at 

Roskeeragh Point, M erm aid’s Cove and at Conor’s Island. These bed forms can be up to 5 

-  6 m in width, 1 -  2 m deep and have a general north-west/south-east orientation with a 

dip to the south-east. Trough cross beds are particularly evident in the coastal outcrop just 

west of Classic Bawn Castle (Plate 3.4). They become apparent approximately half way up
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the 4.3 m section and give the sandstone unit an irregular top surface due to their surface 

expression. The troughs are well defined by muddy siltstone partings, particularly the 

bases where the siltstone beds can be up to 10 cm. In a number of localities, and 

particularly well defined at Conor’s Island (Log Cl 1), the troughs can be deformed by soft 

sediment deformation. Trough cross beds are not always recognisable due to the 2-D 

nature of some outcrops and therefore may be more common than recorded.

Palaeocurrent data has also been recorded and is plotted from Facies 2 - 8  (Figs. 4.5 & 

4.6), representing both ripple crests and cross bed data. Facies 2 commonly displays ripple 

crests on both its top and other surfaces. When plotted these crests show a predominant 

north-east/south-west trend (Fig. 4.5 a). As the majority of the ripples recorded in Facies 2 

are symmetrical they are assumed to be wave ripples, which with the latter trend (Facies 1) 

would indicate movement perpendicular to the shoreline. A very minor subsidiary trend of 

east-west has also been recorded.

The ripple crests of Facies 3 are generally symmetrical and are also thought to represent 

wave movement. A distinct north-north-east/south-south-west trend is recorded for this 

facies (Fig. 4.5 b).

In Facies 4, the sandstone beds are taken to represent deposition from sediment laden 

currents offshore which have also been subject to reworking above fairweather wave base. 

As a result both wave and current ripples are recorded. Their ripple crest data has been 

subsequently plotted on different rose diagrams (Fig. 4.5 c & d). Wave ripples generally 

exhibit symmetrical profiles with the asymmetric profiles being displayed by current 

ripples. However, some wave ripples e.g. shoaling waves can have an asymmetric profile. 

In Fig. 4.5 c the wave ripple crests show a strong north-east/south-west and a north-north- 

east/south-south-west trend. These trends compliment that of Facies 2 wave ripple crests
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and may also indicate a similar propagation direction The current ripple crests of Facies 4 

display a number of varying trends (Fig. 4.5 d). Facies 5 (Fig. 4.5 e & f) shows a range of 

data including ripple crests and planar cross beds. The interpretation as these sandstones as 

probable foreshore deposits, indicate the cross strata are as a result of sediment movement 

offshore at velocities slightly lower than those that produce flat beds, which are diagnostic 

of this facies. Fig. 4.5 f  shows a very strong south-easterly trend interpreted as representing 

the progradational direction of these sediments.

The trends o f the ripple crests of Facies 5 display a north-east/south-w est and an 

approximate north-south trend. The predominant north-east/south-west trend compliments 

Fig. 4.5 f  indicating movement of sediment to the south-east. The rippled sandstone facies 

of Facies 6, records both symmetrical and asymmetric ripples both indicating movement in 

a north-west/south-east orientation according to the strong north-east/south-west trend of 

the stereoplot (Fig. 4.6 a).

Facies 7 has been interpreted as representing deposition from storm waves in an oscillatory 

dominant com bined flow. A typical sequence in this facies seen at M ullaghmore shows 

parallel laminae followed by HCS eventually topped by ripples representing a transition 

from storm to fairweather conditions. The flow has both a wave and a current component, 

with the form er dom inant in storm conditions, however it may not necessarily be so on 

return to fairweather. Therefore the ripples that have been recorded at the top of Facies 7 

beds may be attributed to both currents and waves, both symmetrical and asymmetrical 

ripple crests have been noted. Though as stated previously shoaling waves can produce an 

asymmetrical ripple profile and it should not be assumed that all asymmetrical ripples are 

current generated. However the plot for Facies 7 ripple crests (Fig. 4.6 b) shows a very 

strong north-east/south-w est trend, indicating that whatever the source of flow, it is in a 

north-west/south-easterly direction.
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In summary, the Facies 1 fluvial systems, whose palaeocurrent data is recorded in the form 

of trough and planar cross beds, indicates the transport of sediment from the north-west. 

These systems are at times subject to tidal influence represented by north/north-westerly 

directed flows. Transgressive systems, dominated by wave processes and delta top bays 

which are open to marine reworking are represented by Facies 2 and 3 respectively. The 

direction of wave propagation is estimated to be east/north-easterly. The progradational 

sediments of Facies 4, 5 and 6 indicate movement of sediment laden currents offshore 

which can be affected by wave processes. Huummocky Cross-Stratification of Facies 7 

indicates the occurrence of storm events and the subsequent return to fairweather 

conditions, where ripple crests exhibit a distinct north-east/south-west trend, again 

suggesting a possible wave propagation direction to the north-east.

Rose diagrams have not been plotted for any of the facies recorded in the river sections. 

This is due to a sparsity of palaeocurrent data as a result of poor outcrop exposure and 

difficulty of accessibility.

4.5 Locality Descriptions
The Facies 2 sandstones detailed in chapter 3 are characterised by their extensively 

calcareous nature (resulting in their brown weathered appearance at outcrop level), 

biodebris and distinctive trace fossils e.g. Chomatichnus. Sedimentary structures such as 

large amplitude wave ripples and Hummocky Cross-Stratification (HCS) are also recorded.

The wave ripples unlike those found in other facies are formed in medium to coarse 

grained or pebbly sandstones and are in general of high amplitude and have significant 

wavelengths. Amplitudes between 1 and 8 cm have been recorded in Facies 2, though they
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generally range from 1 -  4 cm. W avelengths are recorded between 6 -  60 cm but are 

usually < 40 cm.

Leckie (1988) has docum ented the formation of two-dim ensional ripples in medium to 

coarse grained or pebbly sands under oscillatory or combined flow. For similar hydraulic 

conditions but in very fine to fine grained sands, the formation of HCS has been recorded 

(Leckie, 1988). The conditions under which both coarse grained wave ripples and HCS 

form are similar, which leaves grain size as the bedform determining factor (Leckie, 1988). 

This conclusion is supported by the close vertical and stratigraphic relationship between 

the coarse grained wave ripples and HCS (Leckie, 1988).

Li and Amos (1999) also suggest that large wave ripples for medium to coarse sands can 

be formed under oscillatory dominant combined flow. These ripples are formed after storm

conditions begin to wane due to “  fall out o f sedim ent from  suspension and the

moulding of the sea-bed by the combined steady current and long wave oscillation” (Li 

and Amos, 1999).

However, on examination of the logged sections at M ullaghmore not only has HCS been 

noted in the finer grained Facies 2 sandstones, but remnant bedforms which have been 

interpreted as HCS are recorded in the medium to coarse grained sands also. Many of these 

bedforms are located towards the top of the bed and directly beneath large amplitude wave 

ripples. However, HCS can only be positively identified at outcrop level in sandstones up 

to medium grade, which fits with the data of Li and Amos (1999) who have shown that 

HCS can form in medium grained sand on the continental shelf. The extensive weathered 

nature of the coarser sandstones makes it difficult to identify with any satisfaction the 

presence of HCS and therefore it is postulated that these bedforms may actually represent 

ripple cross-stratification. It should also be noted that many o f the Facies 2 sandstones
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coarsen upw ard into a coarse and pebbly sandstone, so many o f the rem nant HCS 

bedforms may belong to the slightly finer grained sandstones beneath the pebbly tops.

However, Leithold and Bourgeois (1984) (Fig. 3) have recorded the occurrence of HCS in 

coarse-grained sequences in the Sandstone of Floras Lake, south-west Oregon, many are 

interbedded with conglom erate beds. These bedforms are attributed to extremely high 

energy conditions and powerful storm waves which concentrated the coarser clasts while 

transporting the finer sedim ent as suspended load further sea-w ard (Leithold and 

Bourgeois, 1984).

On examination of Facies 7, Hummocky Cross-Stratified Sandstones, the sandstones vary 

between fine to medium grained. These sandstones have been identified as exhibiting well 

defined humm ocks and pertain to the conclusions of Leckie (1988) and Li and Amos 

(1999). In sum m ary, HCS is more common and better developed in fine to medium 

grained sandstones both in this study and in the literature. H owever, it cannot be 

discounted that it may occur in sediments of a coarser grade such as is documented by 

(Leithold and Bourgeois, 1984). This may also indicate that grain size is not the only 

bedform determining factor in respect to the formation of large amplitude wave ripples or 

HCS.

Li and Amos (1999) have also documented the presence of hummocky megaripples also 

form ed under oscillatory dom inant com bined flow during the late stage spin down of 

storms from conditions of sheet flow. However, such forms do not seem applicable to 

interpretation of the ripples at M ullaghmore, as a) evidence of sheet flow (i.e. parallel 

laminae) beneath the hummocky bedforms is rare in Facies 2 sandstones; b) the ripples 

recorded in Facies 2 tend to be two-dim ensional and not low relief three-dimensional 

mound like features recorded by Li and Amos (1999); c) even the proposed coarse grained
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HCS (which at a number of localities lies vertically beneath coarse grained wave ripples) is 

of too large a grain size to be interpreted in this manner. According to Li and Amos (1999) 

these bedforms can only form in sediment from silt to medium grained sand grade.

It is im portant to note that the wavelength (6 -  60 cm, generally < 40 cm)) and the 

am plitudes ( 1 - 8  cm, generally between 1 -  4 cm) of the wave ripples recorded at 

Mullaghmore are generally smaller than those recorded by Leckie (1988), wavelengths (70 

-  200 cm) and amplitudes ( 8 - 1 5  cm), and Li and Amos (1999), wavelengths (50 -  70 cm) 

amplitudes ( 5 - 7  cm) which are more similar in size. These differences may indicate a 

slightly stronger prevailing oscillatory combined flow for those examples in the literature.

At Lackcam on the north-west side of Mullaghmore Head a Facies 2 sandstone (@ 50.5 m 

Log MH 2.3) with megaripples and two superimposed sets of smaller ripples have been 

recorded (Plate 4.3). The megaripples trend in a south-east/north-west direction and have a 

wavelength of 1.5 m. The superimposed smaller scale ripples trend north-west/south-east 

and north-east/south-w est respectively with w avelengths between 20 -  35 cm and 

amplitudes of 2 -  4 cm. The profiles of both sets of superimposed ripples have a slight 

asymmetry and may have been formed by a current rather than waves (unless they were 

shoaling waves). Also recorded from this bed are small scale ripple trough cross laminae, 

with possible superim posed HCS (Plate 5). D istinct foreset lam inae can be identified 

dipping in an approximate north-westerly direction, with some of these ripples appearing 

to be truncated by overlying HCS. Bipolar foresets indicating a north-w est/south-east 

trending current have also been recorded. The trend of the megaripples does not fit in with 

the regional trend observed with the other wave ripples recorded from Facies 2 (Fig. 4.5) 

and appears to be at right angles to it.
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However, that these megaripples are produced by waves cannot be discounted as when 

waves approach the palaeoshoreline obliquely, they are refracted in shallow water resulting 

in an approximately shoreline perpendicular approach (Leckie, 1988). Megaripples of 

these proportions have also been recorded in tidal settings. Tidal regions are generally 

characterised by two sets of ripples (Reineck and Singh, 1973) and three have been 

recorded at this locality. The presence of bipolar currents in this bed may also point 

towards tidal currents being important in this environment. The possible HCS and the 

superimposed ripples may imply reworking by storm waves and subsequent return to 

fairweather conditions.

One set of the aforementioned ripples conforms to the regional trend and appears quite 

symmetrical in profile and may be wave generated The other smaller scale ripple set 

however displays a north-west/south-east trend, is slightly asymmetric and may be tidal in 

origin. As only one occurrence of mega-ripples with superimposed smaller ripples has 

been recorded, enough data is not available to define an overall trend for each set and to 

make a definite assignation to either a wave or tidal origin. However, sedimentary 

structures and trace fossils in the surrounding sediments, as described below, appear to 

favour a possible tidal origin. In the interbedded sandstones and siltstones overlying the 

megarippled platform Buckman (1992) has recorded sand filled desiccation cracks 

representing periods of emergence which leads to an interpretation for a shallow water 

environment for these and also possibly the underlying megarippled sediments. The trace 

fossil Chomatichnus is found in the Facies 2 sandstones at a number of localities at 

Mullaghmore Head and has been interpreted to indicate deposition in an intertidal to 

subtidal environment (Avbovbo, 1972). However, their association with fragmented body 

fossils suggests that they existed in shallow subtidal waters. (Avbovbo, 1972).
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Inclined Heterolithic Strata (IHS) have also been recorded at M ullaghmore Head. One set 

is found at the western side of the headland just opposite Mills Island (Plate 3.11). The IHS 

are present throughout the whole thickness of the 2 -  3 m erosively based sandstone and 

are clearly identifiable for approximately 20 m along the length of the south-west/north- 

east trending cliff section. This section is inaccessible and the individual IHS are estimated 

to be between 30 cm to 1 m thick, with variations in thickness along their length. Contacts 

between the surfaces are sharp but non-planar. Due to the nature of the section, it is 

im possible to calculate the true dip direction of the surfaces, although there is clearly a 

strong southerly component. As the section is inaccessible palaeocurrent data in the form 

of either planar or trough cross-bedding is not available. However, Facies 1 sandstones 

recorded at M ullaghm ore Head, such as those at 81.3 -  89 m in Log MH 7, record a 

palaeoflow to the south/south-east. Therefore it is postulated that the IHS may have formed 

parallel or slightly oblique to the palaeoflow, indicating that they may be interpreted as 

downstream accretion surfaces.

IHS south-west of Pollayarry have also been recorded, and belong to the second fluvial 

sandstone in Log MH 7. These surfaces indicate a general dip direction of north/north

west. The contacts between the individual surfaces appear sharp but non-planar. As 

observation of these IHS in the field can only be made from a distance of 100 -  200 m, due 

to their precarious location, thickness measurements of the entire section or of individual 

surfaces cannot be made.

The base of the M ullaghmore Sandstone Formation , as seen at Rochfort Lodge, represents 

the in itia tio n  o f sed im en t laden cu rren ts  w hich sm othered  carbon a te /sh a le  

precipitation/deposition of the Bundoran Shale Formation (Log 13 contact). Sedimentation 

begins under probable fairweather conditions on the shoreface, as characterised by the 

interbedded sandstones and siltstones with abundant fossil debris. However, the overlying

87



6.5 m (from 3.5 -  10 m in Log MH 13 contact) are dom inated by coarse grained and 

pebbly calcareous sandstones with possible HCS, im plying that the base o f the 

M ullaghm ore Sandstone was dom inated by storm  events with m inor intervening fair 

weather periods. The calcareous sandstones which dominate at the base are those that have 

been assigned to Facies 2 elsewhere in the M ullaghmore region. However, at Rochfort 

Lodge there are slight differences. The grain size of the sandstones varies, but they are in 

general coarse grained and show pebbly top surfaces. However, the two upper most 

sandstones of the 6.5 m, are coarse and pebbly throughout. Pebbles in the Facies 2 

sandstones appear to be in much higher concentrations at Rochfort Lodge than in their 

counterparts at M ullaghmore Head.

Evidence of a fluvial feeder system is not seen in this section until 27 m above the 

proposed base of the M ullaghmore Sandstone, and is located at Pollbrean just to the west 

of Mulleen. The first fluvial sandstones are medium to coarse grained with internal erosion 

surfaces and plant debris. They are topped with a calcareous sandstone displaying HCS 

which is deform ed by cuspate dew atering structures. The top surface is also very 

w eathered and deform ed possibly due to the dew atering structures. W hether these 

sandstones possess erosive bases is unknown as the basal contacts are obscured by 

boulders on the shore. Despite the lack of a fluvial influence in the basal part of the 

sequence, the succession at Pollbrean shows an abundance of fluvial sandstones, almost up 

to 30 m thick with intervening shoreface and foreshore deposits. The sandstone identified 

at 18 m can be traced laterally along the whole of the cliff section to M ermaids Cove. 

H owever the underlying section is difficult to correlate apart from one transgressive 

marker horizon which can be traced to Pollgorm (Log MH 9).
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4.6 Locality Correlations
Correlation of the sedimentary sequences at Mullaghmore were aided by the selection of 

marker horizons (Facies 2 sandstones), which are interpreted here as local marine flooding 

horizons (Enclosure 1 with reference to Figs 4.1, 4.1 a & 4.1 c l  and to Enclosures 9 and 

10 for key to logs). The Facies 2 sandstones are the only facies that have been picked and 

interpreted as marine flooding horizons.

Correlation of the logged sections has been thwarted by faulted sections, the presence of 

sandy beaches e.g. Bunduff Strand and discontinuous exposure along the cliff section to 

Bundoran which is further hampered by accessibility problems. Also it is not known how 

the sections at Conor’s and Dernish Islands fit into the sequence. However, as the sandy 

beach of Long Strand appears to represent either the transition into the Benbulben Shale 

Formation (found at the south-west end of the beach) or the actual top of the Mullaghmore 

Sandstone Formation (recorded at the north-east end of the beach), it is assumed that these 

sections present the top or near top of the formation.

The river sections pose another problem. It is not know'n how they correlate to one another 

or to the remaining sections. However, it has been established that the Coolagraffy and 

Aghamore river sections represent a transition into the Benbulben Shale Formation, so they 

alone of the river sections are comparable.

The marker horizons at Mullaghmore are identified as transgressive surfaces characterised 

by Facies 2 variable calcareous and fossiliferous sandstones. Where these sandstones are 

noted to have a gradational contact with the underlying fluvial sandstones, the latter 

sandstones can also be traced locally between logs indicating that they may belong to the 

same fluvial event.
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A num ber of coarsening upw ard trends can be identified at M ullaghm ore Head in 

particular (Enclosure 1). Each of these cycles is topped and cut erosively by a Facies 1 

sandstone, which is more often than not overlain by a Facies 2 calcareous and fossiliferous 

sandstone. The section beneath the fluvial sandstone consists of a mixture of Facies 3 - 9  

outlining a progression from offshore-transition facies through shoreface to foreshore 

before being cut by a fluvial channel and subsequently reworked by shallow marine 

processes.

The logged sections at M ullaghmore Head are the most easily compared out of the entire 

section at M ullaghmore. However, a number of faults such as those at Pollayarry and 

Pollachurry make precise correlation of the sequences difficult, particularly as throw of the 

fault has been im possible to discern. It seems that the fault influence at Pollayarry is 

negligible and the sections can be traced across the stony beach quite easily. However, it is 

more difficult to calculate how much repetition has occurred at Pollachurry and as a result 

the correlation seen in Enclosure 1 is proposed.

An attempted correlation of the logged sections around M ullaghmore Head has been made 

and results in the following (Enclosure 1). The marker horizons are picked and traced with 

particular reference to Log MH 1, this is the central log in the correlation of the logged 

sections and contains the majority of the correlatable horizons.

The first marker horizon to be picked and correlated is that which gradationally overlies 

the first major Facies 1 sandstone @ 9.2 m. This calcareous and fossiliferous sandstone 

traces well laterally from Log MH 7 at the south-west side of Mullaghmore Head around to 

Log 6 near Pigeon’s Cove. The underlying erosively based Facies 1 sandstones can also be 

correlated with little thickness changes through all the sections. Though these sandstones
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(both Facies 1 and Facies 2) trace well laterally, it was assumed that the underlying 

sections must correlate, but they show little similarity of facies.

However, directly underlying the erosive base of the Facies 1 sandstones. Facies 5 has 

been recorded in Logs MH 1, 4 and 6. The nature of the base and the identification of the 

underlying units of the Facies 1 sandstone in Log MH 7 is not possible as they are 

obscured by a boulder beach. The thickness of the foreshore/beach deposits (Facies 5) 

varies from approxim ately 50 cm in Log MH 6 to 3 m in Log MH 4. The thickness 

variability may be due to the erosive nature of the overlying Facies 1 sandstone at least 

between Logs MH 1 and 4, the base of the fluvial sandstone at Log MH 6 appears to be 

planar and non-erosive. The Facies 5 parallel lam inated sandstones are commonly 

observed preceding Facies 1 sandstones. It is thought that they may form due to the higher 

width/depth ratios of distal channels on the delta plain, where due to flow expansion higher 

flow regime conditions are generated (George, 2000). This sediment is then susceptible to 

reworking by marine processes and results in the deposition of shoreface or beach deposits 

lateral to the channel mouths (George, 2000). Some of these deposits can be subsequently 

eroded by progradation of the distributary channel.

The remaining underlying units are difficult to trace between the logs. Despite this, they all 

represent deposition from the distal shoreface to the foreshore (apart from one episode of 

HCS in Log MH 1 and offshore deposition of siltstone in Log MH 4). The differences in 

the units between the logs may be an indication of lateral variation along the shoreface or 

foreshore.

The second marine flooding horizon that can be picked and correlated is that which lies 

within the distinctive interbedded sandstone and shale facies at 16.5 m in Log MH 1. 

Tracing well through Logs MH 3 & 6 with a slight increase in thickness, this calcareous
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sandstone does not have a corresponding and underlying Facies 1 sandstone. However, on 

tracing this horizon south-westwards to Log MH 7 it nnay correlate with the calcareous top 

to the Facies 1 sandstone @ 12.1 m. This latter sandstone cannot be correlated with the 

remaining logs.

The presence of the Facies 1 sandstone in Log MH 7 only, may indicate the confined 

nature of the distributary channel. Correlating Logs MH 7 and 1 laterally at this point. Log 

MH 1 exhibits delta bay top sediments (interbedded sandstones and shales) which are 

punctuated by Facies 2 sandstones recording storm events. W ith the proximity of both 

these localities (Logs MH 1 and 7) in geographical terms, it m ight be expected that the 

distributary channel would also be in evidence in Log MH 1. However, the delta bay top 

was probably protected by a beach-ridge, which has only been breached by high energy 

events such as storms. Logs MH 3 and 7 at this point appear to represent progradational 

sediments for a different deltaic distributary. The marine flooding horizon which correlates 

all these sections records evidence of storms in all logs. Despite a slight variation in deltaic 

environments around M ullaghmore Head, the storm event recorded in Facies 2 sandstone 

affected the majority of the headland.

The second major fluvial Facies 1 sandstone observed in Log MH 1 is recorded at 22m and 

is approxim ately 4.5 m thick and displays a very thick calcareous top of 2.75 m. This 

horizon as a whole traces across to Log MH 3 quite well but a diminished thickness for 

Facies 1 to less than 2 m. The gradationally overlying Facies 2 appears to maintain its 

thickness quite well. The corresponding horizon in Log MH 6 is a finer grained Facies 1 

sandstone with evidence of tidal currents. A calcareous top is not recorded for this 

sandstone. H owever, it should be noted that directly beneath this fine grained tidally 

influenced sandstone is a parallel laminated sandstone with a calcareous top. The marine 

flooding horizon can be traced south-westwards to Logs MH 7a & 7b but a corresponding
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fluvial phase is not recorded. At 37 m in Log MH 1 an approximately 1.5 m thick Facies 2 

sandstone is noted topping a relatively thin Facies 1 sandstone, which correlates with a 

slightly thicker Facies 1 sandstone in Log MH 7a but its calcareous top is represented only 

by a thin veneer. A thicker calcareous sandstone without an underlying Facies 1 sandstone 

is noted in Log 7b. The thick Facies 2 sandstone @ 37 m in Log MH 1 can be traced across 

into Logs MH 2/3 & 6. Logs MH 6 & 7a term inate at 42 and 36.5 m respectively and 

correlation of the sections is restricted to the west and south-west sides of the headland. A 

medium grained fluvial sandstone at 46 m in Log MH 1 has correlatives in Logs MH 7b & 

2 and is noted to decrease in thickness north-eastwards. A nother two sets of marine 

flooding surfaces at 56 and 60 m respectively in Log MH 1 can be picked and traced across 

to Log MH 2, however only the former can be picked out in Log MH 7.

The section from Bunduff Strand to Rochfort Lodge at Bundoran, apart from the fault 

running through M erm aid’s Cove, is continuous as far as the D uff river, though areas are 

inaccessible. N orth-eastw ards of this point the section is sporadic and therefore quite 

difficult to correlate with any accuracy.

However, in Enclosure 2 (with reference to Fig 4.1 b & 4.1 c) a correlation between the 

logged sections has been proposed. Using the same m arker horizons that aided the 

correlation of the M ullaghmore Head sections only one distinct horizon can be picked and 

correlated from Log MH 11 through 10 and 9 to Log MH 16 at M erm aid’s Cove. The 

Facies 1 sandstone lying above this (not directly) can also be correlated between the 

sections to some degree. However, the sedimentary sequence below the marine flooding 

horizon cannot be correlated at all. The amount and direction o f throw of a fault (marked 

by missing section in Log MH 13c) mapped into the section west of Rochfort Lodge was 

undetectable and therefore as the sedimentary units to the south-west of the fault bore no
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resemblance to those logged at the contact, it is assumed that they conformable overlie the 

first major sandstone of the formation at Rochfort Lodge.

How the cliff section to Bundoran and the Mullaghmore Head section relate to one another 

is not known due to the presence of a sandy beach, Bunduff Strand, and two best guess 

stratigraphies are postulated. It can be assumed that the sandy strand marks the position of 

a fault, but it is impossible to calculate the throw or direction o f such. As the base of the 

M ullaghmore Sandstone Formation has been firmly established to occur at Rochfort Lodge 

it can be assumed that the sections in the cliff to Bundoran are older if not correlatable to 

those at M ullaghmore Head.

First of all, it is postulated that the sections at M ullaghmore may lie directly on top of 

those of Logs 9 - 1 1  and 16. Secondly an attempt to correlate the two areas has been made. 

It is proposed that the first fluvial sandstones of Logs MH 1, 4/5 and 6 and 7 may correlate 

with those that can be traced laterally along the cliff section to Bundoran in Logs MH 9 -  

11 and 16. Evidence for this correlation is sketchy, however both sets of fluvial sandstones 

and calcareous tops compare well at M ullaghmore Head and the cliff section to Bundoran 

respectively. Not every fluvial sandstone in the cliff section portrays a calcareous top, 

however, it should be noted that not all sections are completely accessible. Not only do the 

Facies 1 and Facies 2 sandstones com pare w ell, but the Facies 5 sandstones 

(foreshore/beach deposits) which are recorded beneath the Facies 1 sandstones at 

Mullaghmore Head are also noted in Logs MH 9, 11 and 16. Although it has previously 

been noted that Facies 5 commonly precede Facies 1, they are noted to be particularly well 

correlated at the aforementioned sections at M ullaghmore Head. The Facies 2 sandstone 

which is observed at the base of Log MH 4 at 0.3 -  1.8 m may correlate with those that 

have previously been correlated in the c liff section to Bundoran. H owever, storm
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sedimentation (hummocky cross-stratification) has been recorded in the Facies 2 sandstone 

in Log MH 4, but is not noted in the Facies 2 sandstones of Logs MH 9 -  1 L

It is difficult to correlate the sections at or between Dernish and Conor’s Island. It is also 

not known how they fit into the remainder of the sequence recorded at Mullaghmore. It can 

be postulated that they occur near the top of the M ullaghmore Sandstone Formation, as the 

Benbulben Shale Formation is recorded on the south-west side of the sandy beach at Long 

Strand. It should not be discounted that there may be a fault at Back Strand which may put 

older M ullaghmore Sandstone strata in close proximity to the Benbulben Shale Formation 

and that the sequences at Conor’s Island may not actually represent the near top of the 

Mullaghmore Sandstone Formation.

However, at Black Rock, Conor’s Island in Log Cl 3, the fluvial Facies 1 sandstone which 

is recorded at the top of the log is preceded by an extensively oolitic calcareous sandstone. 

A sim ilar sequence is recorded at the top of the M ullaghmore Sandstone Formation on 

both the east and west limbs at Carrowmoran (Chapter 5) and also the proposed top in the 

Aghamore River section (this chapter). Extensively oolitic sandstones are not recorded 

anywhere else in the M ullaghmore Sandstone Formation. Therefore it can be assumed that 

the section at Black Rock, Conor’s Island represents the near top of the formation. The 

actual contact with the Benbulben Shale Formation is obscured by the sandy beach of Back 

Strand.

The three sections at Conor’s Island are separated by rocky shores which may be faulted, 

the throw and direction of the fault impossible to calculate. Therefore the sections Logs Cl 

1 to 3 may be conformable (all beds dip to the east), despite the possibility of faulting and 

giving a maximum thickness for Conor’s Island at 29.5 m. As it has been established that 

the Log C l 3 cannot be correlated to the remaining sections on the island, and if a
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correlation is to be proposed, it may that the fluvial sandstones o f Logs C l 1 and 2 

correlate, resulting in a minimum thickness for the island at 26 m.

At Dernish Island the Logs DI 1 and 2 do not appear to correlatable in any way, so a 

thickness of 29.5 m is proposed. As stated, it is not known how the sections at Dernish and 

Conor’s Island correlate, it may that those at Dernish are younger than at Conor’s Island, at 

the very least younger than Log Cl 3. Therefore, it is proposed that Log DI 2 may compare 

to the fluvial sandstones of Logs Cl 1 and 2. For Conor’s and Dernish Island a combined 

minimum thickness for the sections can be estim ated at 47 m, while that maximum 

thickness may be 59 m.

As discussed above a definite correlation for the M uilaghmore Sandstone between all 

outcrops is impossible and therefore the resulting thickness must be stated as a range rather 

than an absolute figure.

If the M uilaghm ore Head sections conform ably overlie those in the cliff section to 

Bundoran and if Log MH 8 recorded at Roskeeragh Point is younger than Log MH 7 (their 

relationship is not obvious in the field and may be faulted and repetition may occur 

between the two logs) and the maximum thickness for C onor’s and Dernish Island are 

incorporated, then a maximum thickness for the formation at these localities is estimated as 

215.5m. However, if the proposed correlation between the cliff section to Bundoran and 

M uilaghmore Head is considered, Log MH 8 can be correlated with Log MH 7 and the 

m inim um  thickness for the islands taken into account a minim um  thickness for the 

M uilaghmore Sandstone stands at 154.5m As neither of these estimates is real and either 

one or a m ixture of the two may actually exist a range of 154.5 -  215.5 m is given as a 

thickness range for the Muilaghmore Sandstone Formation at Muilaghmore.
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Of the four river sections that have been recorded in the M ullaghmore region only two can 

be correlated. Both these river sections (Coolagraffy and Aghamore) record the transition 

from the M ullaghm ore Sandstone Formation into the Benbulben Shale. The other two 

sections (Ballaghnatrillick and D uff rivers) are also thought to lie near the top of the 

Mullaghmore Sandstone Formation, but as these contacts were not located in the field, it is 

not known exactly the position of these sections. As a result they cannot be correlated with 

each other or with any other section in this region.

4.7 Depositional Model
The M ullaghmore Sandstone successions at M ullaghmore Head can be characterised by a 

fluvial dominated delta prograding to the south-east with extensive wave reworking on 

abandonment of distributaries (Fig 4.7).

The fluvial portion of the sequence is defined by Facies 1 sandstones. These sandstones 

exhibit erosive bases, multistorey geometries and can form units up to 7 -  8 m thick. 

Numerous occurrences of trough cross-bedding have been recorded (indicating deposition 

in longitudinal bars (George, 2000)), inclined heterolithic strata are also recorded but not 

frequently. Though palaeocurrent data predom inately indicates an overall flow in 

distributary channels to the south-east, in a number of Facies 1 and Facies lb  sandstones, 

particularly towards the top of the sandstones, opposing sets of cross strata are recorded, 

which are taken to indicate a tidal influence in the distributary channel. However, what is 

particularly notable about the top of the Facies 1 sandstones is their gradational contact 

when overlain by Facies 2.

Facies 2, which is a transgressive facies, follows a number of marine flooding surfaces at 

M ullaghmore Head. The rocks are calcareous, rippled and variably fossiliferous sandstones
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and at times pebbly. These sandstones vary in thickness from a few tens of cm to 

approximately 2.5 m.

Facies 2 sandstones are more ubiquitous at Mullaghmore Head than elsewhere in the 

coastal outcrop of this formation and are also in general thicker and observed more 

commonly as gradationally overlying Facies 1 sandstones. The gradational contact 

between Facies 1 and Facies 2 indicates that, after abandonment, the delta lobe began to 

subside and was reworked by marine processes and beach ridges were formed 

(Bhattacharya and Walker, 1992). Transgressive lag deposits which gradationally or 

erosively overly deltaic fluvial sandstones are well documented in the literature and can be 

coarse grained, pebbly and also bioturbated (Weise, 1979; Bhattacharya and Walker, 1991; 

George, 2000). However, location of an analogue for the transgressive sandstones at 

Mullaghmore has been difficult.

The classic model of delta lobe abandonment, subsidence and subsequent marine 

reworking for river dominated deltas is the Mississippi. However, although such a model 

may be similar to the transgressive sandstones at Mullaghmore with regard to process, the 

resulting sedimentary sequences differ enormously. With a greater rate of subsidence and 

available sediment, the sequences formed by the Mississippi can be many metres thick and 

differentiated into tidal deltas, lagoons, shoal crests etc (Penland et a l ,  1988). They are 

also overall muddier. The transgressive sandstones at Mullaghmore are much thinner and 

such differentiation cannot be observed. Also the sediment available in the Mississippi 

system is a lot muddier and finer grained than deposited at Mullaghmore. As a result the 

Mississippi is an inappropriate analogue for the transgressive sequences at Mullaghmore 

Head.
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The Facies 2 sandstones are probably more readily compared with the bioturbated lags 

recorded by George (2000) in the Basal Grit Group of South Wales. He records the lags as 

fine to medium grained sandstones with quartz granules and shell fragments and may 

display bedforms such as antidunes and ripples on the top surface.

On the landward side of the beach-ridge is a delta bay where quiet water sedimentation is 

promoted. However, this can be punctuated by higher energy events such as storms. Delta 

bay sediments are rare at Mullaghmore Head, generally only recorded in Log 1. As 

previously noted Facies 2 units appear to be thicker in this area which may indicate greater 

subsidence.

Although the deltaic sandstones of the Mullaghmore Sandstones appear to be fluvial 

dominated, they also exhibit extensive marine reworking by wave and storm processes on 

the delta front. Tidal currents also manifest themselves in the fluvial Facies 1 sandstones, 

where a number of north-westerly directed cross-beds are recorded, mainly towards the 

tops of the sandstones. The transgressive Facies 2 which are recorded to gradationally 

overly the fluvial sandstones may also have been affected by tidal currents (see section 

4.5). However, the double mud drapes above the planar cross-strata which are generally 

associated with tidal deposits (Seidler and Steel, 2001) are not observed in the Facies 1 

sandstones at Mullaghmore. Similar subordinate bipolar palaeocurrents have also been 

recorded in braid-delta channel deposits in the Magaliesberg Formation, Transvaal 

Supergroup, South Africa by Eriksson et al. (1995). He attributes these trends as the 

beginnings of tidal reworking within braid-delta channels entering the Magaliesberg basin.

The Basal Grit Group of South Wales as documented by George (2000) provides a good 

analogue for the sequences observed at Mullaghmore. These sediments are interpreted as 

braid delta deposits that prograde into a storm dominated, shallow marine environment.
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The fluvial sandstones at M ullaghmore have also been interpreted as braided and compare 

well with the erosively based sandstones with internal erosion surfaces, multistorey 

architectures and pebble concentrations at the sandstone tops, of the Basal Grits. Counter 

flow ripples observed at one locality have been attributed to tidal currents. Foreshore 

deposits are also well developed in the W elsh sections and generally precede the fluvial 

sands. H owever, although the delta front, particularly during reworking of the fluvial 

sands, can display storm features such as HCS, the M ullaghmore sections do not appear to 

be storm dominated as in the Basal Grit Group.
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CHAPTER FIVE 
THE MULLAGHMORE SANDSTONE AT CARROWMORAN

5.1 Introduction
The M ullaghmore Sandstone in south Co. Sligo outcrops along the coast approximately 2 

Km north-east of Drom ore W est (GR 14300 33370) (Fig. 5.1). The coastal exposure 

extends continuously from Carricknagrauv (GR 14665 33470) to Carrickphatrick (GR 

14405 33545). Sporadic exposures are also recorded at Dunmoran Strand, south-east of 

Aughris Head at GR 15200 33557 and GR 15128 33573. The M ullaghmore Sandstone is 

known locally as the Carrowm oran Sandstone, nam ed by Hubbard (1966) after the 

townland in the centre of the outcrop.

The Carrowmoran Sandstone lies stratigraphically between the Bundoran Shale and the 

Benbulben Shale (known locally as the Carricknacusha Shale). The basal contact with the 

Bundoran Shale is exposed at Portmore (GR 14550 33442) and constitutes the centre of a 

north/south trending anticline (see Fig. 5.1 for position of anticline), with the Carrowmoran 

Sandstone making up the two limbs to the east and the west (the logged sections for the 

west and east lim bs of the anticline have their labels appended with west and east 

respectively).

The contact is transitional (Plate 5.1) and is characterised by interbedded shales and 

sandstones and rare m icritic lim estone nodules. The sandstones increase in thickness 

upwards and are quite continuous laterally, though they do tend to pinch out over distances 

of 3 -  4 m. Both sandstones and shales are fossiliferous, however the fossils seem to be 

preferentially concentrated in the sandstones (Plate 5.2) giving them a pink/fleshy colour 

(Plate 5.1). Orthocones, gastropods, brachiopods and few crinoids are some of the fossils 

which are found in this transitionary unit (Plate 5.3), their random orientations suggest a 

death assemblage. Thicknesses of the sandstones ranges from 1 mm/2 mm -  3 cm. Though

101



the sandstone beds increase in thickness upwards, the shell content seems to decrease and 

plant debris appears. The first major sandstone of the Carrowmoran Sandstone is a 2.4 m 

sandstone (Plate 5.4), which is medium grained with larger intraclasts of carbonate derived 

from the underlying horizon and is extensively cross-bedded. The shales in the transition 

from the Bundoran Shale to the Carrowmoran Sandstone are extensively calcareous and 

are generally muddy and fissile. They, like the sandstones, are fossiliferous with similar 

shelly debris to the sandstones, but not in the same concentrations.

The top of the Carrowm oran Sandstone can be observed at both Carricknagrauv and 

Carrickphatrick, along with the transition into the Benbulben Shale (Carricknacusha 

Shale).

At Carrickphatrick, the top of the sequence is represented by an extensively cross-bedded 

sandstone which is calcareous and oolitic towards the top and is subsequently overlain by 

inclined heterolithic strata dipping to the north/north-east. Above these beds are bioclastic 

and pebbly limestones which if they do not represent the Benbulben Shale represent a 

transition into it.

The top o f the Carrowm oran Sandstone at Carricknagrauv is a medium grained, cross 

bedded sandstone of variable thickness, with an irregular top surface and it is extensively 

pebbly with pebbles up to 2 cm in size. Overlying this sandstone is shaley mud and pebbly 

micritic limestone. The pebbles are mm scale and dark in colour. This horizon passes into 

shale and limestone lithologies which are typical of the Benbulben Shale.

As m entioned previously , pebbly lim estones are found tow ards the top of the 

Carrowmoran Sandstone on both the east and the west limbs. However, on the west limb it 

is noted that these limestones occur above (@ 76.5 m Log CM 4.4 west) and below (@
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69.9 m Log CM 4.4 west) the final fluvial phase, whereas on the east limb the pebbly 

limestone unit is recorded only above the fluvial Facies 1 sandstone (@ 80.2 m Log CM 

2.3 east). The pebbly limestone beneath the Facies 1 sandstone on the western limb is 

extensively pebbly and oolitic with minor shelly debris and numerous detrital grains such 

as quartz and rock fragments in a coarse grained calcite cement. W ave ripples are also 

noted on the top surface. The position of this limestone in the sequence suggests that it 

may have formed in a sheltered environment such as a delta bay. The warm shallow waters 

open to wave agitation were conducive to formation of ooids and also the washing and 

winnowing of any detrital grains resulting in the removal of many unstable grains. This 

may have resulted in a calcite pebble lag that is now observed on the surface of the oolitic 

limestone.

The limestones recorded at the top of the both the east and west limbs are not as pebbly as 

the aforementioned limestone and in thin section it is apparent that they are packed with 

shelly debris in a micritic matrix. Ooids are recorded in these limestones but not in the 

same quantities as the oolitic limestone beneath the Facies 1 sandstone at the top of the 

west limb. Detrital grains are also noted in the uppermost limestones on both limbs. It is 

assumed that these limestones are formed under similar conditions to that described above 

but lack of wave formed structures and reduced number of ooids suggests that they may 

have been subject to quieter water conditions.

As mentioned previously the exposure at Dunmoran Strand is sporadic and top and basal 

contacts with the over and underlying formations are not seen. To the east of Dunmoran 

Strand, the M ullaghm ore Sandstone is recorded as being in faulted contact with the 

Glencar Limestone Formation (GSI sheet 7). A conformable contact with the Benbulben 

Shale Formation has also been documented at the west end of the strand, but was not noted 

in this field study.
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5.2 Previous Research
The M ullaghm ore Sandstone at C arrow m oran was first described  by K ilroe & Symes 

(1880), w ho m ade particular note o f the facies variations. Later the outcrop at this locality 

was nam ed the D rom ore Sandstone by Bow es (1957), w hose only extension to the work by 

K ilroe & Sym es (1880) was to enlarge upon the faunal content. H ow ever, he (Bowes) also 

co m p ared  the  B a llin a  L im esto n e  o f  Easky (stra tig rap h ica lly  above the sandstone 

form ation) to O sw ald ’s (1955) B allyshannon L im estone o f C 2S, age, an age w hich was 

also attributed to the M ullaghm ore Sandstone.

The nam e the C arrow m oran Sandstone was assigned by H ubbard (1966), who described 

this form ation as “ ....fine-g ra ined , rusty w eathering, often arkosic sandstones with shaley 

and silty partings w hich are occasionally  fo ss ilife ro u s ...” She recognised  five deltaic 

facies, w hich included ; terresterially  colonised deltaic; transitional delta ic-peridelta ic ; 

perideltaic; o ffshore m ud-zone and offshore clear w ater beds o f m arine origin. H ubbard 

(1966) also  iden tified  five m arine incursions and four p rograding  deltaic phases in the 

eastern outcrop w hile only tw o m arine incursions and one prograding deltaic phase were 

recognised  at the w estern  end. An east/north-east retrea t o f the delta  was thus im plied. 

F inally , H ubbard (1966) attribu ted  the Carrow m oran Sandstone to the second D inantian 

deltaic phase o f Sj age instead o f the CjS, as previously postulated by Bow es (1957).

5.3 Balance of Facies
Thirteen d ifferen t facies including sub-facies have been recorded at C arrow m oran. (The 

logged  sections fo r C arrow m oran  should  be consu lted  w ith  refe rence  to  the Facies 

Identification and Log Key o f Enclosures 9 and 10 respectively.) They can be attributed to
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both shallow marine and fluvial environments. The occurrence of each facies in metre 

thickness is demonstrated in the pie-chart in Fig. 5.2.

It is obvious from Fig. 5.2 that the most abundant facies at Carrowmoran is Facies 1, which 

is interpreted as fluvial. However the remainder of the facies which in broad terms 

represent shallow marine environments, with Facies 2 & 3 the most abundant, constitute 

66% of the total facies count at Carrowmoran. They represent deposition in a range of 

environments from foreshore to shelf.

All the sub-facies of Facies 4 indicate variations in conditions from sediment laden 

currents to deposition from suspension lower on the shoreface to higher energy conditions 

further up the shoreface where siltstones are rare. Facies 5 is interpreted as foreshore 

deposits with wave and current rippled sandstones also in evidence in Facies 6. Facies 10 

demonstrates the existence of conditions for “in situ” precipitation and deposition from 

suspension on the shelf is realised in Facies 8 and 9.

Despite the predominance of marine conditions, hummocky cross-stratification is rare with 

only one occurrence recorded on the west limb. This is in contrast to Mullaghmore Head 

where storm deposition is reported at a number of localities. Although both contain the 

same percentage of HCS facies only one example has been recorded at Carrowmoran. 

Reasons for such a minor storm influence may include the fact that facies that have been 

recorded in the Carrowmoran area suggest a shallower water environment than that 

observed at Mullaghmore Head. Facies 2 and 3 are more dominant than any other shallow 

marine facies and in particular Facies 3 which represents sedimentation in delta bay tops, 

which can be punctuated by higher energy Facies 2. Also the presence of the Ox Mountain 

High to the south-east of the Carrowmoran area may have played some part in dissipating
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the energy of storm waves, which as a result have only a minor role in the formation of the 

Carrowmoran Sandstone.

Differences in the facies distribution between the limbs is evident in the comparison of 

Figs. 5.3 and 5.4. Facies 2 and 3 alone are noted to comprise 37% of the facies recorded on 

the east limb whereas they constitute only 16% on the western limb. Facies 3 is thought to 

indicate sedim entation in delta top bays. Facies 2 is interpreted as a transgressive 

sandstone. Higher energy conditions as displayed by Facies 4a -  4c were prevalent on the 

western limb, whereas the eastern limb appears conducive to quieter settings.

Though from the pie-charts, Facies 1 appears to be present in equal proportions on both the 

east and west limbs of the anticline, comparison of occurrence and thickness from the 

logged sections tells a different story. Facies 1 outcrops with greater frequency on the 

eastern limb of the anticline, but thicknesses rarely exceed 2.5 m. On the western limb, 

there are fewer occurrences of Facies 1, but in greater thicknesses of 3 -  4 m. The entire 

study area at Carrow m oran experienced a fluvial influence, but sedim entation on the 

western limb was longer lived than that on the eastern limb. This is substantiated by the 

abundance of tree stumps (Plate 5.6) and Stigmaria  fragments (Plate 5.5) in surrounding 

sediments recorded on the east limb pointing towards abandonment and emergence. Such 

plant fragments are also noted on the western limb but in reduced numbers.

However, for both limbs the first instances of Stigmaria and lycopsid tree stumps are found 

in close proximity to the core of the anticline at Portmore. They are recorded at the base of 

the Carrowmoran Sandstone and even in the sediments that represent the transition from 

the Bundoran Shale. On the west limb lycopsid tree stumps are noted @ 2.5 m and @ 4 m 

in Log CM la  west. These sedim ents are interpreted as representing the top of the 

Bundoran Shale and the transitional sediments to the Carrowmoran Sandstone. On the east
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limb Stigmaria  are recorded @ 2m on Log CM 2 east, while both lycopsid tree stumps and 

Stigmaria  are found @ 3.2 m in Log CM 2 east above the first fluvial sandstone of the 

Carrowmoran Sandstone Formation. In order for this episode of emergence to occur at the 

base and in the transition into the Carrowmoran Sandstone much of the shallowing must 

have occurred at the top of the preceding Bundoran Shale Formation.

5.4 Palaeocurrent Data
Palaeocurrent data was recorded from a num ber of different facies, including those 

influenced by both fluvial and m arine processes. H ow ever, the m ajority of the 

palaeocurrent data is derived from the Facies 1 sandstones in the form of cross strata 

measured from planar and trough cross sets. When plotted on a rose diagram they show a 

general trend to the south-east with a very minor subsidiary trend to the north-west (Fig. 

5.5). On plotting cross strata data from separate limbs of the anticline, similar trends are 

recorded. However, in some Facies 1 sandstones on both the east and west limbs, some 

odd trends are noted (Fig. 5.6). At 22m on the west limb (Fig. 5.6 a) a distinct trend to the 

north-east is recorded. As this sandstone shows extensive dewatering structures, this trend 

may simply be as a result of deformed foresets. On the east limb, rose diagram b in Fig. 5.6 

exhibits a minor trend to the north-west. As this sandstone is found near the contact with 

the Benbulben Shale, a marine or tidal influence may be implied. A similar north-west 

trend has also been recorded at Aughris Head Fig.5.5. Also at Aughris Head, a trend to the 

south-west is noted.

Cross strata data has also been collected from Facies 5 and Facies 6 units and are portrayed 

in Fig. 5.7. Facies 5 sandstones show a strong unidirectional trend to the south-east (Fig. 

5.7 c). Their interpretation as probable foreshore deposits along with their association with 

Facies 1 sandstones (see Chapter 3), indicate that the cross strata are as a result of 

movement of the sediment offshore from the river system. Facies 6 which is characterised
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by rippled sandstones also displays a number of cross strata sets which exhibit trends to the 

west, north-west and the south-east (Fig. 5.7 d).

Ripple crest orientations have been recorded from Facies 2, 3 and 6. In Facies 2 a very 

strong east/w est -  w est-south-w est/east-north-east trend is dem onstrated on the rose 

diagram in Fig. 5.7 a, which appears to be coincident with the regional trend and indicates 

m arine rew orking. Tw o subsidiary ripple trends, north-w est/south-east and north

east/south-west are also recorded. In Facies 3 units ripple trends particularly a strong trend 

of north-east/south-west is recorded (Fig. 5.7 b). Subsidiary trends of east-south-east/west- 

south-west and approximately east-west have also been recorded. Similar trends to those 

recorded in Facies 2 and 3 are noted in Facies 6.

The Carrow m oran Sandstone is characterised by the interplay o f fluvial and marine 

processes, whose progradation for the former and orientation of the shoreline for the latter 

can be postulated on examination of the palaeocurrent data. The distributaries that carried 

the sedim ent responsible for the Facies 1 sandstones originated in the north/north-west 

flowing south-eastwards as indicated by the strong trend on the rose diagram. Facies 5 and 

6 which represent foreshore and shoreface sediments respectively were not only affected 

by wave processes but indicate the movement of sediment offshore in the initial stages of 

delta progradation. Facies 2 interpreted as a transgressive facies can be found in close 

association with Facies 3a, which is thought to represent sedimentation in protected delta 

bay areas. Both are affected quite extensively by wave activity with ripple crests trending 

between east/w est and north-east/south-w est. W hen these trends are interpreted in a 

regional sense they indicate movement of the sea in an approximate northerly or north

westerly sense.
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5.5 Locality Descriptions
At Carrowmoran, Stigmaria  roots (Plate 5.5) and possibly associated emergent tree stumps 

(Plate 5.6) are recorded at some localities. Stigmaria  are the rooting systems typical of 

tree-like lycopsids (club mosses). The pit-like scars on the Stigmaria  stems represent the 

spots where the roots were attached and were subsequently shed as the plant grew (Black, 

1988). These fragments are recorded to be up to 140 cm long. The lycopsid tree stumps 

have measured diameters between 1 5 - 2 4  cm. The presence of the Stigmaria fragments 

and the associated tree stumps indicates that the surfaces that they grew on were stabilised 

long enough for the growth of tree-like lycopsids (George, 2000).

Carbonate nodules (Plates 5.7 and 5.8) have been recorded in a variety of facies, 

throughout the Carrowmoran section, particularly Facies 9 (shales) and the shales of the 

interbedded sandstones and shales of Facies 3. However, the carbonate nodules have also 

been recorded in Facies 2 and 4.

The nodules, while they all have a high carbonate content, range from a calcareous 

sandstone to a micritic or sandy limestone. They are a light to medium grey in colour and 

vary in shape from rounded or sub-rounded to very irregular shapes. The size range of the 

nodules is from 5 - 6 cm to 40 -  50cm. The larger nodules (Plate 5.8), as well as being 

larger in size are more irregularly shaped. They may be as a result of amalgamated smaller 

nodules.

The occurrence of nodules in the sedim ent are sparse, dense concentrations are not 

recorded. One sandy limestone nodule in Log CM 4 is noted to be pyritised. It has been 

noted that S tig m a r ia  fragm ents and tree stum ps are found associated with some 

occurrences of carbonate nodules, either in the same unit or an adjacent unit. However, this 

is only noted in the core of the anticline and on the eastern limb. In the some cases the 

plant fragments appear to occur within the same unit of facies but in a position above that
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of the carbonate nodules. The occurrence of carbonate nodules, particularly in association 

with Stigmaria  and tree stumps may indicate emergence and the presence of a palaeosol, 

defined in this study as a fossil soil horizon. However, it should be noted that the carbonate 

nodules that occur independently of the above plant debris cannot definitely be defined as 

palaeosols. Even those that occur with just Stigmaria cannot be defined as such, as it is not 

known whether the Stigmaria  is “in situ” or not. The facies that contain carbonate nodules 

along with Stigm aria  and lycopsid tree stumps are identified as Facies 3 (Interbedded 

sandstones and shale) and 9 (Shale). It may be that the remaining facies that also contain 

carbonate nodules, do so due to an accumulation of carbonate similar to concretions.

The presence of carbonate nodules in the proposed palaeosols record the initial stages of 

pedogenic carbonate accum ulation and are com mon in depositional sequences where 

breaks in sedimentation are of a short duration and there was insufficient time for a more 

extensive calcic palaeosol to form (Blodgett, 1988). Also it should be noted that the fact 

that the plant fragments and the nodules occur in adjacent units rather than the same unit, 

may indicate that emergence was progressive.

The carbonate nodules that are portrayed in Plate 7 are quite similar to those documented 

by W illis and Gabel (2001) in the Sego Sandstone in Utah. They are described as calcite 

encased vertical root casts. The carbonate nodules in Plate 5.7 are approximately 7 cm in 

diam eter and are well rounded. On extraction from the host lithology they have a convex 

base and are approximately 2.5 cm in depth. These nodules are found associated with a 

lycopsid tree stump (Plate 5.6) and therefore an analogy may be drawn with W illis’ and 

G abel’s (2001) interpretation.

Dewatering structures, in Facies 1 sandstones, are particularly evident and spectacular at 

Carrowmoran. As in the other localities of the M ullaghmore Sandstone, internal cusps are
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the variety that are most populous. This is spectacularly displayed at one locality on the 

western limb east of Cloghadoo (Plate 5.9). At this locality a dewatering structure 

approximately 3 m in height and several metres in diameter is recorded. The base of the 

deformed sandstone appears to erosively overly an approximately 1.5 m well parallel 

laminated sandstone of similar lithology, also thought to belong to Facies 1. The internal 

cusp is thought to be formed due to the fluidisation of part of the bed, in this case the 

whole bed, which leads to destruction of laminae (Doe and Dott, 1980; Owen, 1987), 

particularly in the cores, which has happened in this case. The top of the internal cusp 

appears to be truncated at the surface, which may imply water escape at the sediment 

surface (Anketell et a l ,  1969).

Internal cusps are thought to be triggered by pressure fluctuations in turbulent flows 

(Owen, 1995) in a process described below as summarised from Selley (1969). Initially 

deposited sand may be loosely packed, particularly if it has been deposited down inclined 

foresets, as may have happened in the Carrowmoran Sandstone, with an abundance of 

trough and planar cross-bedding recorded in the Facies 1 sandstones. Packing of the sand 

grains can be tightened due to eddies and vortices that are generated by violent sediment 

laden currents. This results in a decrease in porosity along with an excess of interstitial 

water and therefore a high pore pressure. The pressure is released by the vertical expulsion 

of water, which locally decreases the intergranular friction of the sediment, and may result 

in the distortion of bedding on its upward path. This implies that sediment laden currents 

and turbulent flows were common in the waters of the distributaries that deposited Facies 1 

sandstones. It should also be noted that currents could only cause one episode of soft 

sediment deformation, as once the sediment was tightly packed no more water could be 

extracted from it (Selley, 1969). Also where cusps ruptured the surface, sediment ejecta 

was not preserved as it was immediately removed by the current (Selley, 1969).
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As well as internal cusps other dewatering structures are observed at Carrowmoran. Just 

west of Polladivva Pier droplets (synformal structures) are recorded in the same bed as 

cusps (Plate 5.10). This disorganised assemblage can be classified as a chaotic unit (Owen, 

1995), which implies the development of fluidisation and represents deformation that took 

place after deposition but before burial. Fluidisation in these beds is thought to have been 

triggered by groundwater movements (Owen, 1995). Chaotic units have been not recorded 

elsewhere in the Mullaghmore Sandstone Formation.

5.6 Locality Correlation
5.6.1 Correlation o f logged sections between east and west limbs

The M ullaghmore Sandstone Formation at Carrowmoran constitutes an anticline with the 

core located at Portmore and the east and west trending limbs making up the majority of 

the outcrop. Correlation of the sections is made by comparing the logged sequence through 

these limbs (Enclosure 3 and with reference to Enclosures 9 and 10 for key to logs).

A number of logs have been constructed through the section at Portmore, the core of the 

anticline, and they can be correlated as such. As the logged sections of both the limbs have 

a com mon starting point, it could be assumed that a number of similarities between the 

constituent facies could be drawn. However, it is immediately obvious when comparing 

the logged sections from  the east and west limbs of the anticline that they appear very 

dissim ilar and very few matches can be picked out and correlated. Only the top and the 

base of the formation can be correlated with any ease.

Also the sandstone sequence on the west limb (77 m) is thinner than that on the east limb 

(81.2 m). This can be compared to the findings of Hubbard (1966) who recorded the east 

limb (78 m) as also being thicker than the west (72.4 m), however the respective limb 

thickness between this and Hubbard’s study vary. This may be due in part to inaccessible
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sections that have been recorded on both limbs, with only estim ated thicknesses of the 

m issing sections available (w hich are incorporated into the logs), a num ber of 

discrepancies may result.

As initial com parison of the east and west limbs of the Carrowmoran Anticline appear 

dissim ilar, correlation of common boundaries, such as the contacts with the Bundoran 

Shale and the Benbulben Shale respectively are attempted.

The core o f the anticline at Portmore is characterised by the transition of the Bundoran 

Shale Formation into the Carrowmoran Sandstone Formation. A number of logs have been 

constructed through this section and can be correlated as such. The first major sandstone of 

the formation at this locality, fluvial Facies 1 sandstone (@ 7.5 m in Log CM 1 west; @ 

5.9 m in Log CM la  west; @ 5.9 m in Log CM 1 east and @ 1.25 m in Log CM 2 east), 

can be correlated with ease. However, lithologies underlying this can differ considerably 

over a distance of less than 25 m. This may be due to the erosive nature of the base of the 

Facies 1 sandstone, which can cut out corresponding underlying lithologies.

Sea-level curves that have been constructed adjacent to the logged section can also be 

com pared. Evidence of emergence, in the form of tree stumps, Stigmaria  and irregularly 

shaped calcareous nodules, is recorded in Log CM 1 west, Log CM la  west and Log CM 2 

east. In the latter signs of emergence are recorded above the first major sandstone while in 

the other two is found at the top of the Bundoran Shale or in the transitional sediments. 

Though evidence o f em ergence in Logs CM 1 and la  west are at slightly different 

stratigraphical positions, those contained within the transitional sedim ents can be 

correlated.
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At the top of the Carrowmoran Sandstone just below the contact with the Benbulben Shale 

Form ation the sections of the east and west limbs com pare quite well. Both exhibit a 

fluvial influence near the top (@ 71.8 m in Log CM 4.4 west and @ 77.3 & 78.9 m in Log 

CM 2.3 east), though that on the western limb is much thicker than the corresponding unit 

on the east limb.

Even though the sequences nearing the top of the Carrowmoran Sandstone vary slightly 

between the limbs they appear to represent a general shallowing upward trend. On the west 

limb a storm event characterised by the presence of Hummocky Cross-Stratification @ 64 

m is followed by delta bay top sediments which are punctuated by transgressive events. 

Above these units @ 70 m carbonate precipitation is represented by a parallel laminated, 

pebbly and fossiliferous limestone. Large am plitude wave ripples are recorded on the 

surface of the limestone which is also extensively oolitic. The sequence passes upwards via 

lim estone with shaley partings to the 4 m thick trough cross bedded Facies 1 fluvial 

sandstone.

The corresponding sequence on the eastern limb begins above a 5 m stratigraphical gap 

where a fluvial sandstone is topped by a fine grained transgressive sandstone. This is 

subsequently overlain by a Facies 5 sandstone with U -shaped burrows and parallel 

lamination indicating foreshore high velocity flow conditions. Stigmaria roots are found on 

the surface of this sandstone and are indicative of emergence. The sequence above this 

em ergent surface represents an increase in depth from  delta bay top sedim ents to 

limestones. Fluvial facies 1 sandstones are noted to succeed the limestones. The burrowed 

and pebbly limestone at the top of the sequence can be correlated with that at the top of the 

logged section on the west limb.
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O verall despite the differences between the two limbs, the tops both exhibit a vague 

shallowing upward trend with a strong fluvial influence near the top. The sea-level curves 

for the tops of the limbs apart from thickness differences and the absence of any evidence 

pointing towards emergence on the west limb also indicate the shallow nature of the top of 

the Carrowmoran Sandstone on both limbs.

Though com parisons can be made for the top and basal parts o f the Carrowmoran 

Sandstone between the east and west limbs, it is very difficult to correlate the intervening 

sequence. At M ullaghmore Head in north Co. Sligo marker horizons, Facies 2 calcareous 

and fossiliferous sandstones, are picked and are used to correlate logged sections in a local 

area. The Facies 2 sandstones are interpreted as minor marine flooding horizons and can be 

correlated quite extensively around a local area such as a headland. However, though the 

Facies 2 sandstones are recorded on both the east and west limbs of the anticline, apart 

from one exception, they cannot be correlated (@ 73.6 m on the east limb correlates to 

68.5 m on the west limb).

It should also be noted that apart from the first unit of Log CM 4.1 west on the west limb 

Facies 2 sandstones are only recorded from 44 m upwards. W hereas on the east limb they 

are recorded from 17 m upwards. Also at Mullaghmore Head coarsening upwards cycles 

can be defined, the tops of which are characterised by Facies 1 sandstones gradationally 

overlain by Facies 2. These distinctive calcareous tops are rare if not absent above the 

Facies 1 sandstones at Carrow m oran. A lthough coarsening upwards cycles are not 

particularly evident at Carrowmoran the absence of the Facies 1/Facies 2 cycle tops makes 

it more difficult to identify any. The difficulty of picking out and tracing small scale cycles 

has also been noted by Hubbard (1966).
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If any coarsening upward cycles were to be defined for the Carrowmoran Sandstone it 

could only be done by identifying a Facies 1 sandstones as a cycle top. Facies 1 sandstones 

on the west limb have thicknesses two to three times of any of those on the east limb. If 

coarsening upward sequences were to be identified the greater thickness of the sandstones 

on the western limb would give them more definition than on the eastern limb. Using this 

criteria, five coarsening upward sequences can be recognised on the western limb and 

seven on the eastern limb. However, despite the term inology, evidence for coarsening 

upwards is crude and variations between mud grade and medium grained sandstones in the 

units beneath the Facies 1 cycle top is common.

The sea-level curve adjacent to the logged sequences are also examined with respect to 

finding a pattern that may correspond to the proposed coarsening upward sequences. 

However, apart from the change to a fluvial environment at the top of each sequence little 

similarity exists on the sea-level curve between sequences on the same log or between 

logs.

Approximate correlations between the tops of the coarsening upward sequences can be 

made between the east and west limb (see Enclosure 3). However, the underlying units in 

each o f these correlations are very dissim ilar. There are also significant thickness 

differences in the sequences between the limbs and again the Facies 1 sandstones of the 

west limb are two to three times the thickness of those of the east limb.

The thickness of some of the sequences of the west limb are such that two coarsening 

upward sequences in the east limb are equivalent to one sequence on the west limb (e.g. 

from 6.2 m to 26 m on the west limb to 12.4 to 17.35 m and 17.35 to 31.6 m on the east 

limb). No correlation exists between the sea-level curves for these sequences between the 

limbs. Therefore it is suggested that though individual units e.g. Facies 1 sandstones, may
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be correlated loosely between the limbs, the remainder of the sequence, apart from the top 

and the base where contacts with the surrounding form ations are observed, appears 

dissimilar and cannot be easily correlated.

Evidence of em ergence, though present on both Hmbs, is more abundant on the eastern 

limb. The sea-level curve on the eastern limb between 31.5 m and 35 m shows three peaks 

indicative of emergence. On correlation across to the western limb a similar clustering of 

peaks is recorded between 29.9 m and 32.5 m. This correlation may record a regional 

shallowing causing emergent features to be registered on both limbs of the anticline.

It is not possible to correlate the section at Aughris Head with those at Carrowmoran. 

However due to the documented contact with the Benbulben Shale Formation (GSI sheet 

7) at the west end of Dunmoran Strand, it can be postulated that these sections may 

correlate with those at C arrickphatrick and C arricknagrauv defining the top of the 

Carrowmoran (M ullaghmore) Sandstone. However, comparison of the logged sequences 

appear dissimilar.

5.6.2 Correlation o f east and west limb logged sections to those o f Hubbard 

(1966)

Though a number of comparisons exist between Hubbard’s logged sections of the east and 

west limbs of the Carrowmoran Anticline and those of this study it is impossible to make a 

complete comparison (Fig 5.8). The correlation is hampered first of all by a difference in 

the calculated thickness of the individual limbs in the two studies. Hubbard (1966) 

recorded the east limb at 78 m and the west at 72.4 m. Thicknesses of 81.2 and 77 m 

respectively have been recorded in this study. Also in this study a greater number of 

stratigraphical thicknesses have been recorded and incorporated into the logged sections
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than Hubbard has included in her logs. This may account for the thickness differences and 

why correlation between the logged sections of both studies can at times be difficult.

A lthough certain units in H ubbard’s logs can be picked and correlated to the logged 

sections in this study, a complete section wide correlation is difficult for both limbs. Only 

the basal and top contacts with the Bundoran Shale and Benbulben Shale Formations 

respectively can be correlated with any confidence. On the west limb the top 4.5 m trough 

cross bedded Facies 1 sandstone can be correlated with H ubbard’s (1966) cross bedded, 

calcareous and oolitic sandstone at the top of log 6W. Near the base of the west limb at 

Pollnadivva Pier a dewatered sandstone in Log CM 4.1 west (between 3.9 and 6.2 m) is the 

only unit that can be compared to Hubbard’s logs (minor channeling in North on 2W).

On the east limb, in this study towards the top of the section fluvial Facies 1 sandstones 

(Log CM between 77.4 and 80.2 m) can be compared with channel sandstones at the top of 

H ubbard’s log (6E). At the base of the east limb section, the sandstone bearing distinct 

Stigmaria  fragments as documented by Hubbard correlates with the first major sandstone 

of Log CM 2 east (@ 1.25 m).

5.7 Depositional Model
Though equivalent parts of the same structure, the east and west limbs of the Carrowmoran 

Anticline vary enormously (Fig. 5.9). Correlations between the two sequences as can be 

seen from section 5.6, proves difficult and promotes the idea of lateral variability over 

short distances within the same overall environment. Evidence of shallow and quiet water 

sedimentation along with emergence and only minor fluvial events are what characterise 

the eastern limb section. However, on the western limb, thick fluvial sandstones of Facies 

1 with extensive dewatering indicating turbulent flows are recorded. These two different 

sequences may indicate migration of the deltaic distributaries to the west accounting for
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the thinner Facies 1 sandstones on the eastern limb. It is also possible that crevassing may 

have occurred from the main channel forming the fluvial sandstones recorded on the east 

limb (Fig. 5.9).

Although of varying thickness and occurrence, one thing that the Facies 1 sandstones of 

both east and west limb have in common is that internal erosion surfaces are either absent 

or rare, the only docum ented exam ple is that lying between the extensively dewatered 

sandstone and the parallel laminated sandstone east of Cloghadoo on the west limb (not 

docum ented on log, is a freestanding unit correlated with log). The presence of internal 

erosion surfaces at other localities was interpreted as anabranch avulsion, or termination of 

bar growth by channel erosion.

In Carrowmoran, on the west limb, trough cross-bedding is commonly observed in the 

thick Facies 1 sandstones, which may indicate deposition within the channel as opposed to 

on bars. Also the frequency and size of dewatering structures, particularly internal cusps, 

indicates that these were sedim ent-laden and turbulent flows. It is postulated that the 

fluvial sandstones recorded at Carrowmoran may have been deposited in unconfined 

channels, where bar formation was rare.

The Facies 1 sandstones that are recorded on the east limb are much thinner than those on 

the w est limb and of a higher frequency. Also all are overlain by either Facies 2, 

(transgressive facies). Facies 3, (delta bay top sediments) or on one occasion Facies 5, 

(beach or foreshore deposits). M any of these sediments contain evidence of emergence 

such as Stigmaria  roots, Lycopsid trees trunks or carbonate nodules. In general all of these 

facies suggest transgression and reworking of the fluvial sandstones following distributary 

channel abandonm ent and subsidence. The predominance of such facies along with the 

numerous em ergent features indicates shallow water environments existed.
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The reduced thickness of the fluvial sandstones may indicate that the east limb represents 

the more marginal reaches of the channel, where great thicknesses of fluvial sediments 

would not have accumulated. These marginal Facies 1 sandstones may be interpreted as 

crevasse splay deposits. Although rare, such deposits have been recorded in braided 

channels e.g. the braided Niobrara River of Nebraska (Bristow et al ,  1999). The west 

limb, with thicker Facies 1 sandstones, pervasively trough cross-bedded, indicates that it 

may have occupied a more central position in the distributary channel, preserving greater 

thickness of sediments. Also a larger number of upper shoreface and foreshore deposits 

have been recorded on the west limb suggesting that the west limb may have maintained a 

slightly more distal position in the delta. However, Hubbard (1966) suggests that “ ... the 

finer grained gross lithology of the eastern lim b...” results in a “ ...restricted supply of 

sand resulting from the establishment of a terrestrial environment” for this limb. 

Establishment of such a flora results in stabilisation of the land surface, making fluvial 

incision or migration more difficult.

Hummocky cross-stratification is rare at Carrowmoran and has only been recorded at one 

locality on the west limb. Storm events also have not been recorded in any of the Facies 2 

sandstones on the east or west limbs. Low frequency of HCS at Carrowmoran may be 

related to the position of these sections on the delta plain, where they may have occupied a 

more proximal region where evidence of storms was not recorded. Also it can be 

postulated that the Ox Mountains High may have been emergent at this time and may have 

dissipated the effects of the storms before they reached the Carrowmoran area.
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CHAPTER SIX
THE MULLAGHMORE SANDSTONE AT KILDONEY POINT

6.1 Introduction
The M ullaghm ore Sandstone at Kildoney Point, south Co. Donegal has previously been 

known locally as the Kildoney Sandstone (George and Oswald, 1957). It has been so called 

due to the proximity of the townland of Kildoney, which is located c.5 Km north-east of 

the town of Ballyshannon. The Kildoney Sandstone has only coastal outcrop from Blue 

Stairs (GR 18559 36642) south-westwards to W ardtown Strand (GR 18477 36223) (Fig. 

6.1) and at this locality lies stratigraphically above the Bundoran Shale, locally termed the 

Coolm ore Shale by George and Oswald (1957). As in the Donegal Syncline, with the 

M ountcharles Sandstone, strata younger than the Kildoney Sandstone are not known in the 

Kildoney Outlier. Hubbard (1966) suggests an Sj age (approximately Holkerian) for the 

Kildoney Sandstone.

At Rochfort Lodge and Carrowmoran, transitional facies between the Bundoran Shale and 

the M ullaghmore Sandstone were observed. Similarly at Kildoney, a gradation between the 

Bundoran Shale and the M ullaghmore Sandstone is recorded at Altskinning. However, at 

this locality, the transitional facies are up to 17 m thick with the exact base of the 

Mullaghmore Sandstone very difficult to identify (Log Kd 1.1).

The transitional facies are characterised by interbedded sandstones and shales (Facies 3) 

and occasional thicker calcareous sandstones (Facies 2). Both sandstones and shales are 

extensively fossiliferous, with fossils including crinoids, brachiopods and colonial corals 

(e.g. Syringopora). The fossils tend to be present in slightly greater concentrations in the 

sandstone beds. Trace fossils e.g. Zoophycos have also been recorded. In these interbedded 

units the sandstones are up to 25 cm thick, tend to be fine to medium grained and pinch out
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laterally over distances of 2 -  3 m such that they have a flattened lenses geometry. Also the 

extensive bioturbation of the outcrop tends to make the boundaries of the sandstone beds 

indistinct. Towards the top of this transitional section a number of sandstones are noted to 

display hummocky cross-stratification. The shales tend to be quite sandy in nature. One of 

the thicker calcareous sandstones, which are up to 1 m thick, may constitute the first major 

sandstone of the M ullaghm ore Sandstone. These are medium grained sandstones with 

sim ilar fossil debris as the underlying thinner sandstones. Tracing this sandstone south- 

westwards into Leckpeggy calcite pebbles are noticed on the surface.

The Bundoran Shale is also recorded at Portnahasgany at W ardtown Strand. No contact or 

transitional facies between it and the M ullaghmore Sandstone was observed. However, 

outcrops of sandstone near this locality are fine to medium grained, quartz rich with a 

leached calcite cem ent and contain biodebris including forams and calcareous algae and 

some non-skeletal grains such as ooids. According to the GSI (memoir, sheet 7) at this 

locality the Bundoran Shale is in faulted contact with the M ullaghmore Sandstone. No 

evidence for this was noted in the field.

6.2 Previous Research
George and Oswald (1957) describe the sandstone outcrops seen at Kildoney Point, which 

they interpret as characteristic of a “ ...sand delta that grew outwards by marine off lap to 

the south...extending into the Sligo syncline...” where it is identified as the Mullaghmore 

Sandstone. Also on investigation of provenance, palaeocurrent data indicating a flow from 

the north/north-west along with the presence of “ ....strained quartz grains, fragments of 

sheared quartzites and mica wisps and flakes” points towards the metamorphic rocks of 

Donegal for their origin. However, the identification of “ ...large single-crystal grains of 

feldspar and the larger zoned quartzes” suggests a granitic or pegmatitic source possibly 

the Donegal and Barnesmore granites.
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In her exam ination  o f the “C arrow m oran  Sandstone” o f south Sligo, H ubbard  (1966) 

com pares it to the K ildoney and M ullaghm ore Sandstones further east, to which an Sj  age 

is attributed (approxim ately H olkerian (Riley, 1993)).

6.3 Balance of Facies
T w elve d ifferen t facies including sub-facies have been recorded at K ildoney Point. (The 

lo g g ed  sec tio n s  fo r K ildoney  shou ld  be co n su lted  w ith  re fe ren ce  to the Facies 

Identification and Log Key of Enclosures 9 and 10 respectively.) They represent a range of 

fluvial to shallow  m arine environm ents.

W hen plotted on pie-chart (Fig. 6.2) Facies 1, which is interpreted as fluvial, can be seen to 

be the m ost com m on facies in this area. The rem aining facies have been in terpreted  as 

orig inating  in a variety  o f shallow  m arine environm ents and com prise 51%  of the total 

facies docum ented at K ildoney. The m ost abundant o f the latter facies are the am algam ated 

Facies 3, which in general have been interpreted to represent deposition on delta top bays. 

T hese sedim ents indicate quiet w ater sedim entation and deposition  from  suspension on 

abandoned delta  tops. They can be punctuated by h igher energy facies such as Facies 2 

(transgressive facies) and Facies 5, interpreted as foreshore/beach deposits. H ow ever, ties 

with the fluvial facies m ust be considered, as an in terdistributary bay environm ent cannot 

be d iscounted for Facies 3c. It should also be noted that although a greater percentage of 

Facies 1 is recorded, the am algam ated Facies 3 occur ju s t as frequently  as the latter facies 

ju st not in the sam e thicknesses.

Facies 4a indicates deposition from  the low er shoreface to the shelf and Facies 5 parallel 

lam inated  sandstones as m entioned  above are foreshore deposits. Storm  sedim entation, 

w here the sed im ent from  the shoreface is rew orked and deposited  as the storm  wanes,
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results in the formation of hummocky cross-stratification which characterises Facies 7. 

Facies 8 and Facies 9 may represent deposition further offshore. Facies 10 and 10a are 

produced by in situ precipitation and deposition from suspension. The most abundant 

shallow marine facies is Facies 2, representing 14% of the strata at Kildoney. Facies 2 is 

indicative of shallow marine sedim entation with periodic storm reworking generally 

followed by the re-establishment of fairweather conditions on the shoreface.

6.4 Palaeocurrent Data
The majority of the palaeocurrent data recorded at Kildoney Point has been derived from 

the Facies 1 sandstones in the form of planar and trough cross-beds. The many cliff 

sections at Kildoney preclude the observation of much of the cross-bedded strata in 3-D 

and therefore it can be difficult to distinguish between planar and trough cross-beds. 

However where possible, appropriate measurements were recorded.

On plotting the Facies 1 palaeocurrent data on a stereonet (Fig. 6.3a) a strong trend to the 

south/south-east is recognised. This trend, consistent with the statements of George and 

Oswald (1957), is also clearly identified throughout other exposures of the Mullaghmore 

Sandstone Formation, indicates a sediment source to the north-west. The majority of the 

sandstones display this strong trend to the south/south-east. However, as can be noted on 

the stereonet, palaeoflows to the north-east and the south-west are also recorded. Well 

exposed trough cross-beds were recorded at Pollnaleaghy, on the west side of Creevy Pier. 

They dip to the south-west, indicating flow from the north-east (Fig. 6.3a: Kd 4a trough). 

The minor trend to the north/north-west can be observed in the field at Carrickadoo in a 

fine-grained fluvial sandstone (Fig. 6.3b: Kd 6). At this locality distinct bipolar cross

bedding has been recorded which may be due to the influence of tidal currents.
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The sparsity of palaeocurrent data recorded in Facies 1 in the Kildoney area in comparison 

to other areas may be due to the orientation of the outcrop with respect to the regional 

palaeoflow trends. The majority of the sections through Facies 1 sandstones at Kildoney are 

orientated in a north-east/south-w est direction, which is normal to the predom inant 

regional palaeoflow.

Ripple trends (Fig. 6.4a) of Facies 2 sandstones when plotted on a stereonet show a very 

distinct north-east/south-west trend. As the majority of the ripple profiles are symmetrical 

these are assumed to be wave ripples and if they indicate movement perpendicular to the 

shoreline it would have a north-east to south-west trend. Wave advance in a north-westerly 

direction fits with regional trends. However, subsidiary trends of north/south and south- 

south-east/north-north-w est are also recorded. The ripple trends recorded from Facies 3, 

are a com bination o f wave and current ripples. Facies 3 has been interpreted as 

representing shallow marine environment, so the east/east-north-east -  west/west-south- 

west and the north-east/south-w est trends are interpreted to be representative of wave 

interference on the substrate above the fair weather wave base (Fig. 6.4b). The remaining 

approxim ate north/south trend suggest the presence of currents which transport these 

sediments offshore.

6.5 Locality and Facies Descriptions
The Facies 1 fluvial sandstones represented at K ildoney are typical of the channel 

sandstones which are found throughout and characterise the M ullaghm ore Sandstone 

Formation. However, some local differences or variations can be noted at Kildoney Point.

In thin section, the grain size of the Facies 1 sandstones is noted to range between fine to 

coarse grained and the sandstones, as else where, can be classified as arkosic arenites. The 

predominant mineral present is quartz (generally >60%), which are mainly monocrystalline

125



with only rare polycrystalline grains recognisable. This in contrast to similar sandstones 

recorded at M ullaghmore Head, which have a higher percentage of polycrystalline quartz 

grains. A lower percentage of polycrystalline grains may suggest that the sections at 

Kildoney lie a greater distance away from the source than those at M ullaghmore Head. 

However, it has been established, through a combination of palaeocurrent and preliminary 

provenance work that the source area may lie to the north/north-west of the Mullaghmore 

Sandstone outcrop. Both M ullaghmore Head and Kildoney appear to be the same distance 

from the proposed source area, so preferential removal of the polycrystalline grains during 

transport, associated with the length of the transport route, for one area and not the other 

seems unlikely.

It is important to note that thin sections of similar grain size were compared between the 

two localities and as would be expected (as grain size is linked to their abundance) lower 

numbers of polycrystalline grains are found in the finer grained sections in each locality. 

However, on com parison of the very coarse grained (grains up to 4 mm) sandstones 

between Kildoney and M ullaghmore, 30% of the sections in the latter area are composed 

of polycrystalline quartz grains, while they are rare to absent in a similar grained sandstone 

at Kildoney. However, in a number of the fine to medium grained sandstones in both areas 

remnants of a calcite cement are recorded, which may account for the lower numbers of 

polycrystalline grains in the Kildoney area due to the selective dissolution by carbonate 

replacement.

D ewatering structures are commonly observed in the Facies 1 sandstones at Kildoney 

Point in the form of internal cusps (Owen, 1995). Internal cusps are generally though to be 

generated by pressure fluctuations in a turbulent flow (Selley, 1969; 1970) and such flows 

are assumed for the deposition of Facies 1 sandstones with such structures at Kildoney. At 

M ullaghmore Head, however, such dewatering structures are not as common. Therefore it
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is postulated that the rivers that transported the sediment to M ullaghmore Head were not as 

turbulent.

Numerous sets of Inclined Heterolithic Strata (IHS) are found at Kildoney, east of Creevy 

Pier, both on a large and small scale. At C om orant’s Rock, an approxim ately 10 m 

erosively based Facies 1 sandstone with distinct IHS is recorded (Plate 6.1). Tracing the 

erosive base laterally south-westwards, it eventually erodes into the underlying facies by 

up to 2 -  3 m. The IHS are present in the first 5 m of the section, and appear to extend the 

length of the section (approx 30 -  35 m). They are separated from the erosive base by 

horizontally bedded sandstones along which the bases of the IHS truncate. An internal 

erosion surface truncates and cuts down into the tops of the IHS. Though the section is 

inaccessible and therefore the dip of the IHS can only be crudely determined, they appear 

to dip to the north/north-west. The contacts between the individual IHS appear to be sharp 

and mainly planar, but some may be slightly irregular. Again the thicknesses of the 

individual strata are indiscernible due to inaccessibility. The rem ainder of the section 

above the internal erosion surfaces appears to consist of horizontally bedded strata.

A thick Facies 1 sandstone (4 -  7 m) can be correlated between Logs Kd 2, Kd 3 and Kd 4 

and is traceable along the cliff section from Illanmore to Castle Flag. It increases notably 

in thickness from 4 to 7 m south-westwards. A number of IHS have been noted at different 

points along this section and are described below.

A minor set of IHS, are recorded at the base of the cliff section at Illanbeg (Log Kd 2) with 

a set thickness of 80 cm to 1 m (Plate 6.4). Individual strata thicknesses are up to 30 -  40 

cm and they vary in thickness along their length, eventually pinching out. The contacts 

between the individual strata appear sharp and planar. The IHS dip to the north-east and 

appear to be overlain by an internal erosion surface.
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Further south-westwards at Corlack (Log Kd 3) another set of IHS have been observed 

(Plate 6.3). The surfaces dip in a general north-east/easterly direction. They appear to be 

cut down erosively into the underlying facies units and overlain by an internal erosion 

surface, which truncates the tops o f the IHS. The set thickness o f the strata is 

approxim ately 2 -  2.5 m, with the individual strata generally about 80 cm to 1 m thick. 

H owever the latter vary considerably in thickness along their length with thicknesses 

varying between 55 cm and 1.5 m. As a whole the horizon appears to consist of two thick 

IHS, with the top surface cutting down erosively into the lower one, this former strata then 

appears to swell considerably north-eastwards. Tracing the IHS south-westwards in the 

cliff section they break into 30 -  40 cm thick beds. The contacts between the thinner beds 

and the non-erosive thicker strata appear to be sharp and planar. The beds above the 

internal erosion surface are horizontally bedded.

A minor set of IHS can be seen at the base of the Facies 1 sandstone at Illannora (Plate 

6.2). Boulders obscure the basal contact of these surfaces, but their tops are truncated by 

thin horizontally bedded sandstones with muddy partings. A dip to the east/north-east is 

suggested by the IHS and they have a set thickness of 1.5 m. Individual stratal thicknesses 

are approximately 30 -  60 cm which remain fairly constant along their length. The contacts 

between the individual surfaces appear sharp and planar.

Palaeocurrent data recorded from the Facies 1 sandstones at Kildoney predominantly 

shows a south-eastw ard trending vector, indicating flow in this direction. The IHS 

described above dip in varying directions, but not to the south-east. As a result it may be 

reasonable to assume that these IHS represent lateral accretion surfaces.
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From Corm orant’s Rock to Castle Flag, all occurrences of lateral accretion surfaces (IHS) 

appear at the base of the sandstones and many are truncated by internal erosion surfaces. 

Lateral accretion surfaces are well known in meandering river deposits on the inside bends 

of point bars, however lateral accretion surfaces are also common in braided rivers (Ramos 

and Sopena, 1983; M iall, 1985). Lateral accretion of the bars seems to have been 

com m onplace during the early part of the evolution of the braided channel. However 

abandonm ent of these bars, possibly by anabranch avulsion (Bristow, 1993b) and 

subsequent truncation and erosion by a new phase of sedimentation terminates the lateral 

m igration. The internal erosion surfaces are generally overlain by horizontally bedded 

sandstones which represents filling o f the channels by vertical aggradation during 

successive flood events (George, 2000). The thick fluvial sandstone that is traceable from 

Illanm ore to Castle Flag (Logs Kd 2 to Kd 4) appear to have sets o f lateral accretion 

surfaces dipping in an east/north-easterly direction which may represent the overall trend 

of movement of the bars that make up the thick fluvial sandstone.

W hat has been interpreted to be a channel cut is recorded at Illanbeg (Plate 6.5). This 

cross-sectional channel geometry is noted in a cliff section oriented south-west/north-east, 

normal to the regional palaeoflow and extends for approximately 15 m along section. The 

top margin of the channel is difficult to define, however, at its thickest point, the channel is 

thought to exceed 2 m. H orizontally bedded sandstones overlie the channel fill. 

Palaeocurrents recorded at 90° to the channel cross-section suggest that palaeoflow is to 

the south-east.

6.6 Locality Correlations
The exposure at Kildoney has proved difficult to correlate due to some inaccessible 

sections, the presence of numerous faults and a num ber of tidal and barnacle covered
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sections (Enclosure 4 with reference to Enclosures 9 and 10 for key to logs). The section 

on the east side of Creevy Pier however proves easier to correlate than that on the west.

The thick fluvial sandstone at the tops of Logs Kd 2 and Kd 3 and the 8 m sandstone of 

Log Kd 4 can be correlated along the cliff section from Illanmore to Castle Flag and is 

known here as the Castle Flag Sandstone. Sets of lateral accretion surfaces (IHS) have 

been noted towards the base of this sandstone, at a num ber of different localities, all 

indicating accretion in an approximately east/north-easterly direction and are documented 

in section 6.5. The 10 m sandstone at Cormorant’s Rock (Log Kd lb) to the north-east of 

the latter sandstone is difficult to correlate with the remainder of the section as it is in 

faulted contact with Log Kd 1 on its north-eastern edge and the section is inaccessible to 

allow correlation at the south-western side. However, it is postulated that the Cormorant’s 

Rock Sandstone correlates somewhat with the Facies 1 sandstone at the top of Log Kd 1 

and is younger than the Castle Flag Sandstone. The section above the Castle Flag 

Sandstone at Illannore as far as Creevy Pier is accessible and conformable as can be seen 

in the logged sections.

Buntrahan Bay is thought to exist due to the presence of a fault, the throw of which could 

not be calculated, m aking correlation of the sections east and west o f this locality 

immensely difficult. It is thought however that the sandstone that forms the back of the 

cliff section (Log Kd 4.3b at 3 m), west of the pier may be correlated with the sandstone at 

the top of Log Kd 4. The remaining exposure on the west side of the pier is thought to be 

dissected by a num ber of faults, but despite this the correlation that can be seen in 

Enclosure 4 is proposed.
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It should be noted that Chandra (1974) made the assumption that the sections on the east 

and west sides of the pier were conformable and placed the exposure on the west side of 

the pier stratigraphically above that on the east side.

South-east of The Ranny, the scrappy exposures that constitute Logs Kd 5 and 6 are 

completely uncorrelatable with the rest of the section. However, the Facies 1 sandstone 

recorded at Carricknadanty Quarry is thought to correlate to a similar sandstone at the top 

of Log Kd 6.

On correlation of the logged sections at Kildoney, evidence for a cyclical arrangement of 

facies is sparse. D istinct coarsening upwards sequences are difficult to identify at 

Kildoney. Apart from the sequences of delta top bay sediments overlain by Facies 1 fluvial 

sandstones, which do not really necessitate a coarsening up cycle, only one such sequence 

can be identified towards the base. In Log Kd 2.1, 3 and 4, the Castle Flag sandstones can 

be identified across the tops of the logs. The underlying sequences display a coarsening 

upward trend. Also in Log Kd 4, a coarsening upward sequence can be identified nearer 

the base of the log between 6.3 and 11.7 m.

The marine flooding horizons that were identified at M ullaghmore as Facies 2, calcareous, 

rippled and variably fossiliferous sandstones are also recorded at Kildoney. However at 

Kildoney their extent as marine flooding horizons is not well defined. The only Facies 2 

sandstones that can be picked and correlated are those in Log Kd 2.1 at approximately 7 m 

and Log Kd 4 at 10.5 -  12.7 m. Other Facies 2 sandstones that can be identified cannot be 

correlated possibly due to the numerous faults which have been recorded at Kildoney.
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6.7 Depositional Model
The M ullaghm ore Sandstone at K ildoney shows a predom inant fluvial influence 

particularly  tow ards the base. The Facies 1 sandstones are erosively based, have 

multistorey geom etries and numerous sets of lateral accretion surfaces and some are 

locally overlain by Facies 2 sediments. Delta top bay sediments (Facies 3a and 3c) are 

quite common at Kildoney. These sediments are commonly recorded overlying fluvial 

Facies 1 sandstones (Fig. 6.5).

After abandonment o f a distributary channel, subsidence results in the marginal sediment 

being reworked by wave processes forming beaches and beach ridges (Bhattacharya and 

Walker, 1992). On the landward side of the beach-ridge, shallow marine sedimentation and 

deposition from suspension resulting in interbedded sandstones and shales (Facies 3), 

prevails on the abandoned delta top (Fig. 6.5). These sediments can be punctuated by 

Facies 2 (transgressive facies) and Facies 5 (foreshore/beach) sandstones both of which 

indicate higher energy episodes. These sandstones may have been deposited as a result of 

sand being washed over the beach ridge during the high energy events. The deposition of 

these sandstones provides evidence of movement of the beach -  beach-ridge complex 

landwards keeping pace with the transgressing sea (Bhattacharya, 1992). Storm events are 

not recorded in the Facies 2 sandstones that punctuate the delta top bay sediments. Similar 

lobe abandonm ent processes are recorded in the M ississippi Delta (Boyd and Penland, 

1988). However, the sediment load of the Mississippi is muddier in nature, larger amounts 

of sediment are supplied to the delta front, and the degree of subsidence is greater.

Chandra (1974) has interpreted the fluvial sandstones at Kildoney as being deposited by a 

meandering river due to the large num ber of lateral accretion surfaces that have been 

recorded. He has subsequently recorded floodplain deposits, which are assumed to be the 

interbedded sandstones and shales of this study (delta top bay sediments).
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Although this interpretation cannot be ignored, an interpretation as braided distributaries 

for Facies 1 sandstones and delta bay top sediments for the Facies 3a and 3c is maintained. 

Apart from the increased number of lateral accretion surfaces, the Facies 1 sandstones 

show a number of characteristic features which are also common at M ullaghmore Head 

e.g. multistorey geometries, internal erosion surfaces and lack of fining upward sequences. 

Apart from the increased thickness of the C orm orant’s Rock Sandstone and a greater 

num ber of lateral accretion surfaces the Facies 1 sandstones between Kildoney and 

M ullaghm ore Head com pare quite well and therefore are still interpreted to represent 

deposition in braided distributaries.

Interpretation of Facies 3 and 3a sandstones as delta top sediments is preferred, as they are 

commonly interbedded with transgressive and foreshore deposits. Overall the sequence at 

Kildoney is interpreted to represent a more proximal position on the delta due to the 

increased number of fluvial sandstones in association with delta top bay sediments. Thick 

progradational sequences such as those recorded at M ullaghmore are not recognised at 

Kildoney, indicating that deposition of the K ildoney sequences occurred in a more 

landward position.
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CHAPTER SEVEN 

THE MULLAGHMORE SANDSTONE AT INISHMURRAY ISLAND

7.1 Introduction

Inishm urray is an uninhabited island situated approxim ately 7 Km off the coast of 

Streedagh, Co. Sligo in north-west Ireland (Fig. 7.1). The island is composed entirely of 

the M ullaghmore Sandstone Formation, the type name being retained due to the proximity 

o f M ullaghmore Head. Previous fieldwork carried out in this area was in the IQ"* century 

by the Geological Survey of Ireland (1885). The island outcrop is described as coarse red 

sandstone and grit with a predominately south-west dip of 3 - 5 degrees (Thorn in Cotton, 

1987). Inishm urray Island is, at its highest point, 21m above sea-level, one and half 

kilometres long and just less than half a kilometre wide (Heraughty, 1982). This island is 

more popularly known for its early Christian monastic settlement, dating back to the 6’’’ 

century and 19"’ century houses, which now lie in ruins. The island was evacuated in 1948, 

the remaining islanders moved to the mainland coast directly opposite the island.

7.2 Balance of Facies

Eight different facies including sub-facies are recorded at Inishmurray Island (Fig. 7.2). 

(The logged sections for Inishmurray Island should be consulted with reference to the 

Facies Identification and Log Key of Enclosures 9 and 10 respectively.) The total numbers 

of metres of each facies taken from the logs are plotted on a pie chart. The results show the 

succession on Inishmurray Island is dominated by fluvial facies of Facies 1.

However, despite the predominant fluvial influence, marine strata are also represented in 

the succession at Inishm urray Island. Facies 4 (4a -  4c), which represents deposition
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ranging from the lower shoreface to the shelf (chapter 3), is the most abundant of the 

marine facies, occupying 11% of the pie chart. The presence of features including 

biodebris, the trace fossil Rhizocorallium and hummocky cross-stratification in these 

sediments at Inishmurray, though rare, are generally indicative of marine conditions. 

Rhizocorallium  represents a sediment-feeding mode of life in normally quiet water 

environments and is a generally a good marine indicator (Buckman, 1992). Hummocky 

cross-stratification is indicative of storm sedimentation where sediment on the shoreface is 

reworked and deposited as the storm wanes (Duke et a l ,  1991).

Other facies present in more minor quantities also reflect a marine influence. These include 

Facies 6 (the rippled sandstone facies) noted in Log IM f, which records a number of sets 

of symmetrical wave ripples and rare interference ripples, which are interpreted as being 

deposited above the fairweather wave base on the shoreface. Also in Log IM c at 12 m, 

Facies 10 (interbedded limestones and mudstones) are interpreted to represent deposition 

in delta top bays. Numerous minute fossil debris has also been recorded at this locality, 

including crinoid ossicles and brachiopod debris. Facies 8 may represent deposition on the 

shoreface or shelf.

The association of the marine and fluvial facies as seen in the logs at Inishmurray Island 

represents a deltaic sequence, with the sequence of facies indicative of progradation. 

Facies 4 may represent incursion of sediment laden currents from distributaries, 

responsible for the deposition of Facies 1 sandstones, onto the shoreface and shelf where 

they are then reworked by basinal processes. These processes include storm waves and 

fairweather waves.

The strong fluvial influence as indicated by the predominance of Facies 1 implies that 

Inishmurray Island may have held a proximal position during the delta building, on the
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delta plain or proximal delta front. Though reworking and deposition of the sediment by 

basinal processes did exist, it played a minor role at this locality.

7.3 Palaeocurrent Data

Palaeocurrent data at Inishmurray is derived from the Facies 1 sandstones in the form of 

trough and planar cross beds. The overall trend when plotted on a stereonet (Fig. 7.3 a) 

indicates net transport of sediment to the south/south-east. However, subsidiary flows are 

recorded to the east/north-east and more minor ones to the north and south-west. Set 

thicknesses of the cross beds ranges between 2.5 -  19 cm.

Trough cross bedded sandstones are particularly evident at the base of Log IM south 1, just 

west of Rue Point and in Log IM a and Log IM b in scattered outcrops on the east and 

north-east side of the island. Troughs up to 6.6 m wide and 1.54 m deep have been 

recorded (Plate 7.1). Only few 3-D sections are available and even then can be difficult to 

m easure due to the presence of extensive dewatering. However, trough cross-bedded 

planes that have been measured in general dip to the south/south-east.

When com pared to the palaeocurrent trends for the M ullaghmore Sandstone on a regional 

trend, the Inishmurray data can be seen to fit in well. Both display a distinct flow to the 

south/south-east.

7.4 Locality Descriptions

7.4.1 Log IM  south 1

This log describes the section on the south side of the island from just west of Rue Point to 

west of Portachurry. Facies 1 sandstones predominate, particularly towards the top of the
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section and appear to be traceable laterally for up to 500 m. These sandstones are medium 

to coarse grained with muddy partings, along which plant debris is concentrated. The bases 

are erosional and the total thickness of the sandstone along the section varies from 4.1 -  

6.4 m. A num ber of distinctive features can be noted in these sandstones and are as 

follows.

Just west of the pier, in a small alcove section, Inclined Heterolithic Strata (IHS) are noted 

(Plate 7.2). They erosively overlie a south-w esterly gently dipping sandstone. The 

am algamated thickness of the IHS varies between 2.1 -  3.4 m, decreasing in an easterly 

direction. The individual strata pinch and swell along their length, some pinching out 

completely and the contacts between the strata are irregular. The dip of the IHS is recorded 

as 20 degrees to the south-east. As the majority of the palaeocurrent data indicates flow to 

the south-east, the aforementioned IHS appear to have accreted in a downstream direction, 

indicating that they are downstream accretion surfaces. These surfaces are in turn overlain 

by another erosively based sandstone varying from 0.9 to 3.4 m in a easterly direction, 

with a similar dip to the accretion surfaces. The contacts between individual beds are also 

irregular and the beds appear to contain shallow troughs which are dipping to the south. 

Finally the whole cliff section is topped by a 1.5 m well parallel laminated medium to 

coarse grained sandstone.

On the east side of the pier the thick erosively based sandstone of Log IM south 1 can be 

traced into a set o f undulose beds (Plate 7.3). At this locality the section varies from 5.2 -  

5.8 m thick with the base of the undulose bed set representing an internal erosion surface. 

Cross strata are noted in the top bed indicating a current direction from the west/south-west 

and have a set thickness of 71 cm. The underlying beds appear to contain vague or single 

cross strata which dip in the same direction and are estim ated to have sim ilar set 

thicknesses.
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7.4.2 Log IM c

Log IM c docum ents the sedim entary sequence along the north coast o f Inishmurray 

Island, and contains a number of major Facies 1 sandstones. The sandstone at 4 m is the 

thickest and probably the most notable. I t’s base is spectacularly erosive cutting down into 

the underlying sediments by up to 2.5 to 3 m. This sandstone is also characterised by the 

medium to coarse grain size, numerous internal erosion surfaces and abundant plant debris. 

Lensoid geom etries are notable particularly towards the base. Prominent IHS have been 

recorded at the top of this sandstone unit (Plate 7,4). They are medium to coarse grained 

and are very well parallel laminated and increase in thickness westwards from 1 0 - 2 0  cm 

to 4.85 - 5  m. The contacts between the individual strata are very sharp and planar, 

however the top surface is quite irregular. The IHS, like those recorded in Log IM South 1, 

dip to the south-east, by 11°, indicating that they may be downstream accretion surfaces.

7.4.3 Log IM e

Log IM e is recorded on the coastal section just west of Pollnashantunny and as seen in the 

other sections, contains a number of Facies 1 sandstones. The Facies 1 sandstone recorded 

at the top of the section, approximately 2.5 - 3 m  thick, has an erosive base and internal 

erosion surfaces which are characterised by thick muddy partings (30 cm) with thin beds of 

sandstone (< 10 cm) (Plate 7.5). W hat is particularly notable is between the erosive base 

and the previous Facies 1 sandstone is a 3.2 m section o f interbedded sandstones and 

siltstones, the sandstones range in thickness to 30 cm and the muddy siltstone decreases in 

abundance upw ards. Tow ards the m iddle top o f this section two sandstone beds 

(approxim ately 30 cm thick) have an undulose or hummocky nature, which is evident 

along the section for approxim ately 4 -  5 m. A “hum m ock” o f the upper sandstones 

appears to be truncated by the overlying tabular sandstones and siltstones before pinching
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out south-eastw ards. These sandstones may represent a hum m ocky cross-stratified 

topography.

At the base of the 3.2 m unit, abundant fragments, or what appear to be beds of plant debris 

are recorded interbedded with the interbedded sandstones and siltstones. Some of the plant 

fragments appear to be 10 cm thick and over 1 m in length.

7.4.4 Log IM g

Log IM g is recorded at the south-west corner of Inishm urray Island, south-east of 

Illaunkinavally. Again what is striking about this section is the thick sandstone packages 

belonging to facies at the top of the cliff face. This medium to coarse grained sandstone is 

approxim ately 5 m thick with an erosive base (Plate 7.6). In the basal 1 -  2 m of the 

section trough cross bedding is particularly well defined. These bedforms may be present 

in the remaining section but are difficult to identify due to growth of lichen and the broken 

up nature of the section. The trough cross-beds at the base of the section have an 

approxim ate north/south orientation. Beneath the thick fluvial sandstone interbedded 

sandstone lenses and siltstones are apparent. The sandstone lenses are up to 7.5 m in length 

and 1 . 1m thick and exhibit cross strata dipping to the north-east and are noted to overlap. 

The siltstone beds have a maximum thickness of 66 cm to 1.1 m.

7.5 Detailed Local Description

7.5.1 Haematitic streaks and other opaque minerals in fine grained 
sandstones and siltstones.

At a number of localities around the island red/orange clayey/muddy streaks/partings have

been observed in Facies 8 siltstones. Facies 4 amalgamated sandstones and siltstones and

in some instances in the muddy partings associated with the Facies 1 sandstones (Plate
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7.7). These red streaks/partings are generally observed parallel to bedding though some 

may bifurcate.

A sample collected from a Facies 4b sandstone in Log IM c, on the north side of the island, 

with distinct clay partings was sectioned and examined. In the field this horizon was 

recorded to contain hummocky cross-stratification with the laminae draped by the red clay 

partings. On examination with reflected and transmitted light microscopy, this sample is a 

fine-grained sandstone with mostly quartz and feldspar, the latter which appears to be quite 

altered. The fine grain size makes a lot of mineral identification difficult, but this 

sandstones appears to be an arkosic arenite with an iron-rich calcite cement (stains 

green/blue with potassium ferricyanide). Elongate flakes of muscovite are also recorded 

aligned roughly parallel to the red clay partings. These partings are interpreted to be 

haematitic, while other opaque minerals; pyrite, magnetite and limonite are also observed. 

A number of the haematite partings appear fractured and infilled with fibrous calcite 

crystals. However, under CL the calcite crystals do not luminesce, which may indicate that 

they have a very high iron content which acts as a quencher. Magnetite is present as an 

accessory mineral and may be detrital.

The source for these sediments, as indicated by the palaeocurrent data, appears to be the 

metamorphic or igneous rocks to the northwest in south Donegal. Magnetite can be found 

in both. Limonite appears to have been formed by the hydration of pyrite. Pyrite can be 

interpreted as a secondary mineral in these deposits and its presence in sedimentary rocks 

generally points towards an anaerobic environment (Hamilton et ai,  1993). In sediments 

hematite is present either as a cementing medium (Deer et ai,  1996) or it may be 

precipitated from iron-bearing percolating waters, replacing other minerals (Hamilton et 

ai, 1993).
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One o f these interpretations may apply to the red partings in the muddy sediments at 

Inishmurray. However, in the fluvialtile Ringerike red beds of Norway, Turner (1974) 

describes the formation of haematite in the mudrocks and siltstones as follows. Iron rich 

muds are deposited in areas of the fluvial system above the water table, e.g the flood plain, 

where oxidising conditions prevail. Under these conditions iron hydroxides “age” into 

haematite which, along with the diagenetic breakdown of iron-silicates and iron-bearing 

detrital clays produce the red colour in the sediments. Haematitization of biotite and 

chlorite is also thought to continue after burial. Turner (1974) has also noted that in the 

river environm ents below the water table, reducing conditions prevail and extensive 

haem atite form ation does not take place. This process o f reddening may explain the 

presence of extensive haematite in the muddy sediments at Inishmurray. It should also be 

noted that similar to the channel sandstones of the Ringerike Group, extensive haematite 

formation hasn’t occurred in the Facies 1 sandstones at Inishmurray.

7.5.2 Diplocraterion burrows in Facies I  sandstones 

The presence of Diplocraterion burrows in Facies 1 sandstones is not rare and numerous 

exam ples are noted at M ullaghmore Head. However, only two such examples have been 

recorded at Inishmurray Island in Log IM b and Log IM c. They are found only in Facies 1 

sandstones at these localities and are noted towards the tops of the beds with their U- 

shaped burrows truncated at the top surface.

Diplocraterion are typically found in high energy shallow-water environments (Buckman, 

1992). This ichnogenera also represents colonisation of sandstones after rapid deposition 

associated with storm events or periods of higher river discharge (Buckman, 1992). Such 

opportunistic colonisation results from D ip lo cra terio n ’s preference for a high-energy 

mobile substrate (Buckman, 1992). Diplocraterion  are suspension feeders and rely on the 

energy o f the environm ent to replenish their food supply and remove waste material
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(Avbovbo, 1973). As well as containing Diplocraterion burrows, this Facies 1 sandstone in 

Log IM b becom es quite coarse grained and pebbly towards the top, with some larger 

random pebbles up to 8 cm in diameter. Such a random distribution o f pebble points 

towards rapid abandonment of channels during flood stage (George, 2000), decreasing the 

energy o f the environm ent which then becom es inhospitable to the survival of 

Diplocraterion, resulting in the truncation of their U-shaped burrows at or near the top 

surface of the sandstone bed.

7.6 Locality Correlations

A 360“ correlation of logs around the island has been attem pted and is displayed in 

Enclosure 5 (with reference to Enclosures 9 and 10 for key to logs). Definite correlations 

can be made from Kinavally southwards along the coastal section, across Clashymore 

Harbour as far as Tobernasool. This correlation is based on an approximately 5 m Facies 1 

sandstone at the top of Log IM d, which forms the base of the sections represented in Logs 

IM e, IM f, IM g, and IM h. However, the sediments overlying the 5 m sandstone in the 

latter logs varies. Logs IM f, g and h show a sequence of interbedded sandstones and 

siltstones and muddy siltstones which are roughly correlatable between the sections. These 

units can not be correlated with Log IM e. Above these sedim ents a second Facies 1 

sandstone is recorded and correlated, though thicknesses recorded at Log IM h and Log IM 

f  are diminished in comparison to the that of Log IM g. The aforementioned 5 m Facies 1 

sandstone can also be traced into and across C lashym ore H arbour and is distinctly 

traceable to Tobernasool.

The remainder of the section on the south side of the island is documented in Log IM south 

1. It was originally assumed that the Facies 1 sandstone at the top of this log correlated 

with the top sandstone of Log IM d and the basal sandstones of Logs IM e -  h and across
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Clashym ore Harbour. However, it is now thought that the sandstone of Log IM south 1 

may be younger. At the base of this log the trough cross bedded sandstones are correlated 

with those noted at Log IM a and Log IM b and the basal sandstone of Log IM c. Using 

this correlation the major fluvial sandstones of Log IM south 1 and Log IM c correlate 

well. As with Log IM south 1 the correlations between the Log IM c and the remainder of 

the sections are questionable.

If the correlations that are documented in Enclosure 5 are correct, one complete fluvial 

phase can be traced around the island, with very notable thickness differences. However, 

successive fluvial phases do not correlate as readily.

7.7 Depositional Model

The outcrop at Inishmurray Island is predominantly fluvial with almost 80% of the units 

recorded belonging to Facies 1. This indicates that the m ajority of the M ullaghmore 

Sandstone Formation at Inishmurray was deposited in a proximal position on the delta 

plain (Fig 4.7).

Sedim entation occurred in the form of downstream accretion of bars and trough cross

bedded dunes in channels. Parallel laminae indicating high velocity flows in shallow water 

are also recorded and are particularly common towards the tops and bases of the sandstone 

units. N um erous internal erosion surfaces indicate that many different phases of 

sedimentation occurred within one distributary channel. These fluvial sediments compare 

well with the braid delta deposits docum ented in the Basal G rit Group of South Wales 

(George, 2000).
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A few north-w esterly  directed palaeocurrents have been recorded in the Facies 1 

sandstones at Inishm urray Island and that may reflect a tidal influence in the braided 

distributary. However, the interpreted proximal position of this area on the delta plain 

suggests that this is unlikely and may be as a result of back flow at a confluence (Bridge, 

1993). The presence of red beds in the muddy sediments, indicating formation of haematite 

under oxidising conditions above the water table, further supports the interpreted proximal 

position of Inishmurray.

Progradation of the distributaries is indicated by the presence of Facies 4a, which generally 

are interpreted as indicating deposition on the distal shoreface, but may represent mouthbar 

sedimentation which is subsequently eroded by the prograding distributary channel. These 

sediments are generally recorded directly below the Facies 1 fluvial sandstones.

Storm events though rare have reached Inishm urray Island, only one incidence of 

hummocky cross-stratification has been recorded. Facies 2, the calcareous, rippled and 

variably fossiliferous sandstones, have not been recorded at any locality on Inishmurray 

Island. At M ullaghmore Head, only 12 km to the east, Facies 2 sandstones gradationally 

overlying the Facies 1 fluvial sandstones are commonly recorded. They are thought to 

result after abandonm ent of the distributary channel leads to subsidence and subsequent 

reworking by marine processes. Their absence at Inishmurray may again be due to the 

proxim al position which it holds on the delta plain, such that reworking of the fluvial 

sandstones at the delta lobe m argins is not recorded. Interbedded lim estones and 

mudstones with minute fossil debris have been recorded overlying a 8 -  9 m thick Facies 1 

sandstone and may indicate marine influenced delta top bay sedimentation.
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C H A PT E R  E IG H T  

T H E  M U L L A G H M O R E  SANDSTONE A T M O U N TC H A R LES

8.1 Introduction

The M ullaghmore Sandstone equivalent, which outcrops in south Co. Donegal (Donegal 

Syncline) is known locally as the Mountcharles Sandstone (Fig. 8.1). It shall be referred to 

as such inform ally from  here on in although in regional term s this is clearly the 

M ullaghm ore Sandstone Formation. The village of M ountcharles is located 6 km west 

along the N56 from Donegal town (GR 18745 37767). Numerous quarries to the west and 

the north-west of the village expose the Mountcharles Sandstone, some of which are still 

worked to produce stone for decorative purposes.

In the M ountcharles region the M ountcharles Sandstone lies stratigraphically above the 

Bundoran Shale. The contact with the Bundoran Shale has been observed in a stream 

section, in the townland of Dromore by Ni Bhroin (1999), where it is represented by flat 

bedded lam inated siltstones, fine sandstones, and after a 2m gap, non-calcareous 

sandstones with minor siltstone layers. This contact was not observed in this field study 

due to the dense overgrowth surrounding the stream section. An upper contact with an 

overlying formation is not present as no beds younger than the Mountcharles Sandstone are 

known in the Donegal Syncline, as a result its upper age lim it is unknown (Sheridan, 

1972).

8.2 Previous Research

The M ountcharles Sandstone was m is-correlated by Scott (1864) with the “Yellow 

Sandstones” of Dunkineely. Scott (1864) reported that the plant remains discovered at
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M ountcharles were very similar to those found previously in the “Yellow Sandstones” , 

leading him to believe that the sandstones that yielded the debris belonged to the upper 

member of this formation. Scott (1864) described a number of Carboniferous molluscs 

including O rthis crenistria  and Euomphalus calyx  which he found associated with the 

plant remains in one M ountcharles quarry. Shelly material such as Cuculloea griffilhii 

(Salter), Avicula dam noniensis  and Orthis crenistria  were discovered and according to 

Scott (1864) could be found in great abundance in the quarries under the town of 

Mountcharles. A portion of a palatal tooth of Psammodus species was also recorded (Scott, 

1864).

Palynological work on a shale horizon in a roadside quarry (M urrays’ of Drumconor) 

approxim ately 2.5km  west of M ountcharles has helped to constrain the age of the 

M ountcharles Sandstone. The discovery by W hitaker (1976) of a diverse spore assemblage 

reports the presence of Knoxisporites stephanephorus. This spore indicates an assignment 

to the TS biozone (Higgs 1984), which is considered to be Arundian/Holkerian in age 

(Riley 1993). However no beds younger than the M ountcharles Sandstone are known in 

the Donegal Syncline, so its upper age limit is unknown (Sheridan 1972). Pu biozone 

assemblages that are commonly recorded at M ullaghmore Head have not been found at 

Mountcharles.

In A vbovbo’s (1973) analysis of the Visean clastics of northwest Ireland, he identified 

seven different facies in the M ountcharles area (Table 8.1). A vbovbo identified the 

dom inant facies as being a m assive sandstone facies (Facies K, Table 1.1) which is 

equivalent to Facies 1 in this study. However, Avbovbo noted that the sandstones assigned 

to this facies in M ountcharles do not exhibit the same features that were noted in the 

M ullaghmore and Kildoney areas. Erosional bases, internal erosion surfaces and m ulti

storey geometries are generally absent from the quarry outcrops. Avbovbo maintained that
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Letter Facies Formation Locality
A Lam inated Shale Bundoran Shale 

M ullaghmore Sandstone
Bundoran

M ullaghmore
B Lam inated Siltstone Bundoran Shale 

M ullaghmore Sandstone
Bundoran

M ullaghmore

C Alternating Limestone - Shale Bundoran Shale 

M ullaghmore Sandstone

Bundoran

M ullaghmore

Kildoney

Ballaghnatrillick

D Alternating Siltstone - Shale Bundoran Shale 

M ullaghmore Sandstone

Bundoran

Coolmore
M ullaghmore

Kildoney
E Alternating Sandstone - Shale M ullaghmore Sandstone M ullaghmore

Kildoney

M ountcharles

F Alternating Sandstone - Siltstone M ullaghmore Sandstone Mullaghmore
Kildoney

Mountcharles
G Lam inated Sandstone Mullaghmore Sandstone Mullaghmore

Kildoney
M ountcharles

Ballaghnatrillick
H Festooned Sandstone M ullaghmore Sandstone M ullaghmore

Kildoney
M ountcharles

Ballaghnatrillick
I Cross Stratified Sandstone M ullaghmore Sandstone Mullaghmore

Kildoney
M ountcharles
Ballaghnatrillick

J Thin Bedded Sandstone M ullaghmore Sandstone Mullaghmore
Mountcharles

Ballaghnatrillick
K Massive Sandstone M ullaghmore Sandstone Mullaghmore 

Kildoney 

M ountcharles 
Ramp Hole 

(Doorin)

L Fossiliferous Sandstone M ullaghmore Sandstone Mullaghmore

Kildoney

Table 8.1 Avbovbo’s (1973) facies analysis of the Bundoran Shale and 
Mullaghmore Sandstone Formations, recorded at Mountcharles, Kildoney and 
Mullaghmore. Sections at Castlegal and Doorin were also included.
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the absence of the channel outlines at least could be attributed to the 2-D nature of the 

section at Mountcharles, or that they may be extremely wide and therefore unrecognisable.

A vbovbo (1973) also iden tified  m arine ichnogenera, such as C h o n d r i te s  and 

Rhizocorallium  and fossils including brachiopods which were not recorded in supposedly 

similar sandstones in the M ullaghmore and Kildoney areas. Based on the presence of these 

trace and body fossils and the lack of an upward coarsening textural trend (such as 

coarsening upw ard sequences as seen at M ullaghm ore Head), he proposed a shallow 

marine environm ent of deposition for these sandstones in M ountcharles, unlike deposition 

in braided distributary channels proposed for the other areas.

As both the geom etries and various other characteristics along with the environmental 

interpretation of these sandstones between M ountcharles and the M ullaghmore-Kildoney 

region differ it is not known why Avbovbo assigned them to the same facies (his Facies 

K), as they are clearly not of a fluvial origin as this facies assignation suggests.

One of A vbovbo’s (1973) proposed modern analogues forms part of a gravel delta system 

on the steep mountain coast of Var, near Nice in France where the streams have a short 

length and a steep gradient. However, it would be expected that despite their short length, 

the steep gradient stream s with a coarse grained bedload would incise channels or be 

floored by erosive bases. As m entioned previously such geom etries are lacking both in 

Avbovbo’s (1973) and in this study.

A second modern analogue proposed by Avbovbo (1973) is that of the Cook Inlet Basin of 

Alaska where the vertical sequence bears no similarity to deltaic deposits. These deposits 

are thought to be as a result of either the rate of sedimentation being equal to subsidence or 

where sedim entation exceeds subsidence, waves were able to distribute the excess
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sediments to the delta flanks (Avbovbo, 1973). However Avbovbo (1973) does not record 

any wave derived sedimentary structures, such as wave ripples, in any of the seven facies. 

Similarly in this study no wave generated features have been recorded. Avbovbo (1973) 

attributes the lack of fine grained materials to having been easily “ ...flushed away by wave 

and current activity” and em ploys the present day Nigerian coastline as an analogue 

(Pugh, 1954). This implies that fine grained material was removed from the Mountcharles 

region by means of longshore drift.

Regardless of the depositional model em ployed by A vbovbo for the M ountcharles 

Sandstone, assignation of the majority of the sandstones in this area to his Facies K is not 

justified. Lack of diagnostic geometries and sedimentary structures along with the presence 

in M ountcharles o f marine body and trace fossils, clearly eliminate a fluvial origin. Also 

his proposed environm ental interpretations all require wave generated features, such as 

wave ripples, which are notable in their absence in Mountcharles.

Like Avbovbo (1973), Chandra (1974) also idenitified seven facies in the M ountcharles 

quarries (Table 8.2). Again the dominant facies was proposed to be a thick sandstone 

facies (his Facies I, equivalent to Facies K of Avbovbo (1973) and Facies 1 of this study). 

Also Chandra’s Pebble Sandstone Facies (his Facies K) is thought to be equivalent to the 

Quartz Pebble Sandstone Facies (Facies 13) of this study.

Both Chandra’s (1974) Facies I (Thick Sandstone Facies) and Facies K (Pebble Sandstone 

Facies) were attributed to a fluvial environment. Chandra did mention the difference in 

geometries in his Facies I between M ountcharles and the M ullaghmore-Kildoney region, 

but did not provide an interpretation. He interprets all occurrences of the Thick Sandstone 

Facies (Facies I) as indicating deposition in a low sinuosity braided stream. The Pebble 

Sandstone Facies (Facies K) bears a similar interpretation despite the presence of
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Letter Facies Locality
A Laminated Shale Kildoney, Mullaghmore,, 

Ballaghnatrillick,
Castlegal, Saddle Hill, Derrygonnelly, 
Clonelly

B Interlaminated Shale -  Siltstone Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Castlegal, Saddle Hill,

C Interlaminated Shale -  
Sandstone

Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Castlegal, Saddle Hill, 
Clonelly

D Interlaminated Limestone -  
Shale - Sandstone

Kildoney, Mullaghmore, Castlegal, 
Saddle Hill, Derrgonnelly, Clonelly

E Interlaminated Siltstone -  
Sandstone

Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Clonelly

F Laminated Sandstone Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Castlegal, Saddle Hill, 
Derrygonnelly, Clonelly

G Well Bedded Sandstone Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Castlegal, Saddle Hill, 
Derrygonnelly, Clonelly

H Cross Stratified Sandstone Kildoney, Mullaghmore, 
ballaghnatrillick, Castlegal, Clonelly

I Thick Sandstone Mountcharles, Kildoney, Mullaghmore, 
Ballaghnatrillick, Castlegal, 
Derrygonnelly

J Bioclastic Sandstone Kildoney, Mullaghmore
K Pebble Sandstone Mountcharles, Kildoney

Table 8.2: Chandra’s (1974) Facies analysis of the Mullaghmore Sandstone Formation at 
Mountcharles, Kildoney, Mullaghmore, Ballaghnatrillick, Castlegal, Saddle Hill, 
Derrygonnelly and Clonelly.
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distinctive marine body and trace fossils, which he attributed to an intertidal marine origin. 

However, Chandra (1974) still interpreted these sandstones as being deposited in high 

gradient braided rivers due to their coarse grain size and he emphasised the lack of well 

developed cross-stratification as being due to rapid lateral flow expansion. These 

conditions may have been formed where rivers rapidly introduced large quantities of 

sediment into shallow seas.

It should also be noted that out of the 9 ichnogenera that were identified by Chandra 

(1974) in the Mountcharles region not one was attributed to a fluvial environment. All the 

trace fossils that Chandra has identified in the Mountcharles Sandstones he has interpreted 

as indicating a shallow marine environment, mainly littoral to sublittoral. Many of the trace 

fossils e.g. straight or “U” shaped vertical burrows and Kilindrichnus also suggest strong 

current agitation prevailed. Conostichnus also indicates proximity to the shore. Despite his 

extensive study and identification of 9 trace fossil ichnogenera in the Mountcharles 

Sandstone, all implying a shallow marine environment, Chandra persists in comparing 

many of the sandstones to the fluvial facies of Mullaghmore and Kildoney. Such 

sandstones in the latter areas lack any marine ichnogenera, while their geometries and 

sedimentary structures cannot be compared to any recorded at Mountcharles. Chandra’s 

assignation of the Mountcharles Sandstone to a fluvial origin cannot be justified.

Ni Bhroin (1999) recognised three facies in the Mountcharles Sandstone on examination of 

the quarried outcrop. The reduced number of facies is explained by grouping five of both 

Avbovbo’s (1973) and Chandra’s (1974) facies into Ni Bhroin’s (1999) Facies S (tabular, 

well sorted, variably fossiliferous sandstones). Modern analogues as deduced by Ni Bhroin 

(1999) include fluvial-wave interaction deltas such as the Rhone and Ebro (Oomkens, 

1970; Nelson and Maldonado, 1990) or the Nile delta, within a wave constructed coastline 

(Davis, 1985).
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8.3 Balance of Facies

The facies division in this study (Fig. 8.2) most closely resembles that by Ni Bhroin 

(1999). Facies 12 is analogous to her Facies S (tabular, well sorted and variably 

fossiliferous sandstone) and Facies 13 to her Facies R (buff, massive bedded, coarse to 

pebbly sandstone). An equivalent to Ni Bhroin’s (1999) Facies T (interbedded siltstone and 

fine-grained micaceous sandstones) has not been assigned in this study. Ni Bhroin (1999) 

recorded this facies as generally occurring in the Dromore and Drumbaran Stream sections, 

possibly representing the transition of the Bundoran Shale Formation upwards into the 

M ountcharles Sandstone. Due to the very scrappy nature of these sections such sets of 

lithologies were not recognised in this study.

Ni Bhroin (1999) also records occurrences of Facies T towards the base of the section in 

her “west o f M ountcharles” quarry (M cM onagles quarry A in this study). Although the 

siltstone beds may reach slightly greater thicknesses at this locality, the difference in the 

thicknesses of the these siltstones to the siltstone partings recorded elsewhere in Facies 12 

is negligible and with similar sandstones. Therefore, a separate facies division can not be 

constructed with confidence and is all contained within Facies 12.

It is difficult to recognise how both Avbovbo (1973) and Chandra (1974) identified seven 

distinct facies in this area. However, it is assumed that a number of their facies such as 

Avbovbo’s (1973) Facies G, H, I, J, K and Chandra’s (1974) F,G, I can be assimilated into 

Facies 12 o f this study. The logged sections for M ountcharles should be consulted with 

reference to the Facies Identification and Log Key of Enclosures 9 and 10 respectively.
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8.4 Palaeocurrent Data

Palaeocurrent data was collected and plotted for Facies 12 only (Fig. 8.3). Facies 13 

displays very few sedimentary structures, therefore the amount of data that was collected 

was negligible and was not plotted on a rose diagram.

Sedimentary structures particularly cross strata are not very abundant in Facies 12 either, 

however those that were collected were plotted on a rose diagram. Two distinct trends, one 

predom inant one, indicating flow to the south-east and a more minor trend suggesting a 

flow to the north-east are recognised. The north-easterly trend may represent evidence of 

longshore drift from the M ullaghmore-Kildoney areas. The south-easterly trend recorded 

in Facies 12 may be as a result of tidal currents. Due to the proposed shallow marine origin 

for this facies the possibility that these palaeocurrents are due to fluvial processes is not 

entertained.

When rose diagrams for individual quarries are plotted very different trends are recorded. 

Both the rubbish quarry of upper Drumkeelan (Log MC 8) and M cM onagles quarry C 

(Log MC 19) show the distinct flow to the south-east trend. However, the latter quarry and 

M cM onagles quarry B (Log MC 18) both indicate a palaeoflow  to the north-east, 

Palaeocurrent data recorded from Drumconor (Log MC 13) predominantly displays a flow 

to the north-north-west. Comparison of palaeocurrent data from M ountcharles with that 

from other areas is not possible as Facies 12 is recorded only at Mountcharles.

8.5 Locality Descriptions

Only two facies have been assigned to the M ountcharles area and they are not recorded 

elsew here in the M ullaghm ore Sandstone Formation. Facies 12 which makes up the 

majority of the outcrop (87%) are characterised by well sorted arkosic arenites with a
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calcite cem ent and few siltstone partings. Bedding can range from tabular to wedge and 

towards the top of the sections thin flaggy beds are commonly noted. Despite this variation 

bedding is nearly horizontal, with dips not exceeding 8 degrees. Grain size is fine to coarse 

with some pebbles, lenses of quartz rich pebbly sandstones can be noted interbedded at a 

few localities. Sedim entary structures include parallel laminae and cross strata, wave 

ripples and hummocky cross-stratification are notable in their absence.

Plant debris in Facies 12 is common and bioturbation rare, though some beaded trails and 

Diplocraterion  trace fossils have been recorded at St. Peter’s Lough. Marine body fossils 

(brachiopods and gastropods) have been recorded at D rum keelan Quarry A and 

McMonagles Quarry A.

Channel like geom etries have been recorded at M cM onagles Quarry A and Drumbeagh 

quarries in Facies 12 sandstones. The former has been measured as 7.5m wide and at the 

deepest part 38cm deep and has an irregular concave up base. Orientation of the channel is 

approxim ately north-north-w est/south-south-east. No associated cross strata have been 

recorded. M inor fossil debris has been recorded in the top 12 cm of this channel form bed.

At D rum beagh a sim ilar but less d istinct geom etry is inferred. The channel is 

approximately 5m in width, with a maximum thickness of 40-45 cm, thinning to 20-25 cm 

at the margins. It may be orientated in a north-easterly/south-westerly direction.

Due to the calcite cem ent of the host sandstones, the presence of marine fossil debris and 

an overall shallow marine origin for these sandstones, a fluvial affinity for these channels 

is immediately discounted (Plate 8.1 & 8.2). However, the presence of strong currents has 

been inferred by the lack of bioturbation, presence of appropriate trace fossils such as
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Diplocraterion  and also the prevalence of parallel lamination, which suggests that these 

channels may be tidal in origin.

Facies 13, the Quartz Pebble Sandstone Facies makes up the remaining 13% of the 

Mountcharles Sandstone and is recorded only in the Drumkeelan Quarries (Localities 1 -  6 

Fig 8.1) and at Drumconor. It is characterised by a poorly sorted and texturally immature 

coarse pebbly sandstone. Bed thickness is generally between 9 - 6 0  cm, while pinch and 

swell is common. Sedimentary structures are rare, but include parallel laminae and cross 

strata. What is particularly notable about this facies is it’s occurrence in the north-westerly 

outcrops.

The Mountcharles Sandstones exhibit significant variation to the remaining outcrop of the 

M ullaghmore Sandstone Formation. The predominantly sandy sequences not only 

constitute a different facies analysis, but lack such things as coarsening upwards 

sequences, which are particularly evident at Mullaghmore Head. The sedimentary 

sequences from Carrowmoran to Kildoney all exhibit approximate progradational 

successions, none of which can be identified in the Mountcharles area. Distinct horizons 

which have aided correlation of the Mullaghmore Sandstone, identified as marine flooding 

horizons, are completely absent in Mountcharles.

8.6 Locality Correlation

Due to the lack of continuous outcrop and overlapping sections it is very difficult to 

ascertain the relative stratigraphical position of individual quarries. The order of the 

sequence that has been determined has been done so by taking into account the dip of the 

bedding and the proximity of the outcrop to contours along with field observations 

(Enclosure 6 and 7 with reference to Enclosures 9 and 10 for key to logs). The names of
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the quarries are used in this section in conjunction with their locality numbers detailed in 

Fig 8.1. Specific m arker horizons are not available to aid correlation of the sections, 

though at times in the Drumkeelan area the Facies B pebbly sandstone can be traced to 

some extent between logs.

In the Drumkeelan area (Enclosure 6), Drumkeelan Quarry B (locality 1), situated on the 

80m contour, seems to lie stratigraphically beneath Drumkeelan Quarry A (locality 2) on 

the 90m contour. North-eastwards up the road, the Drumkeelan roadside section (locality 

3), situated just slightly above the 100m contour again, overlies the previous two quarries. 

At Upper Drumkeelan, quarry C at locality 4 situated on the 110 m contour, appears to be 

stratigraphically younger than those at lower Drumkeelan detailed above. Slightly north

east again Upper Drumkeelan Quarry D (locality 5) passes laterally into the rubbish quarry 

(locality 5a) both seem to be at the same stratigraphic level as Drumkeelan quarry C 

(locality 4). The Upper Drumkeelan Roadside section, (locality 6), outcrops just below the 

110m contour therefore stratigraphically older than the other Upper Drumkeelan sections. 

It is possible that this section may be correlated with the roadside section recorded in 

Lower Drumkeelan (locality 3). A correlation between the Drumbeagh quarry (locality 13), 

approximately 95m above sea-level, and Drumkeelan Quarry A (Locality 2) is suggested.

M cM onagles have three working quarries west and north-west of Mountcharles (Enclosure 

7). Both quarries A (locality 8) and B (locality 9) have south/southeastwardly dipping beds 

and are situated quite close to the 100m contour. However it seems from field relations, 

that the outcrop in quarry B (locality 9) may be equivalent to beds near the top of the 

section in quarry A (locality 8), or actually younger. Though quarry C (locality 10) also 

displays south/southeastwardly dipping beds, at an angle of only one degree, they are quite 

horizontal. The section in this quarry is situated above the 100m contour, and is thought to 

be younger than those noted in the previous two McMonagle quarries. Quarry C2 (locality
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10a) is laterally correlatable to the top of the section in quarry C (locality 10). A minor 

quarry in the Corn Mill area (locality 11), slightly west of M cM onagles quarry B, may be 

of a similar stratigraphic position to same. The section at St. Peter’s Lough (locality 7), at 

112m above sea-level, may be slightly younger or equivalent to the top of the section at 

M cM onagles Quarry C (locality 10).

M urray's quarry at D rum conor (locality 12) is situated at the periphery of the remaining 

M ountcharles outcrop and therefore is difficult to correlate. However, as this quarry 

outcrops near the 50 m contour, it may be possible that the entire section is 

stratigraphically older than the combined Drumkeelan and Drumbeagh quarries.

As stated earlier the Dromore Stream section shows the transition from the Bundoran Shale 

to the M ullaghm ore Sandstone (Ni Bhroin, 1999), hence it is older than other sections 

recorded. It is not known whereabouts in the sequence the Drumaderry stream section lies.

Some o f the difficulties of correlating the quarry sections are hindered further by the 

presence of a number of north-east/south-west trending faults (George and Oswald, 1957).

The Eglish Fault, extends from the base of the Blue Stack M ountains into Inver bay at 

Buncronan Port. This fault has been documented in the M ountcharles area, as north-west 

of D rum keelan, separating the Drumkeelan, Drumbeagh, D rum conor and McMonagle 

quarries from the Drumaderry stream section.

The position of the similar trending Burns Fault known in the M ountcharles area as the 

M ountcharles Fault (George and Oswald, 1957), runs through the town of Mountcharles 

and into Inver Bay at Portnalong. Its position separates the Dromore stream section from 

the remaining outcrops of the M ountcharles Sandstone. However Ni Bhroin (1999) has
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estim ated the position of the Burns Fault as dividing the Drumkeelan, Drumbeagh and 

Drumconor quarries to the north-west, with the remaining quarries being located on the 

south-east side of the fault. Evidence for this fault is taken from the shape of the contours 

between Glencoagh and St. Peter’s Loughs. It is difficult to determine the exact position of 

the continuation of the Burns Fault in the M ountcharles area as it is not actually noted at 

outcrop level.

Also Ni Bhroin (1999) has suggested that the Eglish Fault runs through the more north

westerly region of the Drumbaran townland (located north-east of Drumaderry).

Two other faults, with a north and northeasterly trend are present in the Mountcharles area. 

It is possible that the latter may be a splay of either the Eglish (GSI Memoir, 1999) or the 

Burns/Mountcharles Faults (George and Oswald 1957).

Though a suggested correlation can be postulated for specific regions in Mountcharles e.g. 

D rum keelan, an overall stratigraphic sequence is difficult to produce. There is no 

indication as to how the Drumkeelan and Drumbeagh quarries correlate with McMonagles 

and Com Mill quarries. As mentioned Ni Bhroin (1999) has suggested that the position of 

the B urn’s Fault may cut through these two regions. On the basis that they cannot be 

correlated, it is reasonable to assume that a fault is present here, not necessarily the B um ’s 

Fault though. W hat is notable about the quarries to the north-west of this proposed fault is 

that the majority of them contain either lenses of quartz pebbly sandstone in lenses cross

cutting Facies A or present on its own as Facies B. Facies B has not been recorded at any 

locality south-east of the proposed fault line.
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8.7 Depositional Model

As can be seen from the distinctly different facies analysis at M ountcharles, the sections at 

this locality differ considerably from those observed in the coastal sections from Kildoney 

to Carrowmoran.

In previous studies many of the rocks seen at M ountcharles have been assigned to the 

equivalent of Facies 1 of this study (Avbovbo, 1973 and Chandra, 1974), but they bear 

very little similarity to the sandstones that have been included in this facies division in 

other areas. The M ountcharles sandstones are thought to be shallow marine in origin due to 

the presence o f albeit sparse marine body fossils, a calcite cem ent and previously 

recognised marine trace fossils. However, despite this interpretation expected sedimentary 

structures such as wave ripples and hummocky cross-stratification are not recognised.

A fluvial interpretation, such as that employed by Avbovbo (1973) and Chandra (1974), 

has been discounted due to the lack of appropriate geom etries such as erosive bases, 

m ultistorey geom etries and internal erosion surfaces. However, two proposed shallow 

channel geometries were identified (Plates 8.1 and 8.2) at Mountcharles in this study which 

were attributed to a tidal origin. Their geometries are distinctly different to any erosive 

geometries recorded in Facies 1 sandstones elsewhere.

The sandstone units at M ountcharles show horizontal bedding with internal stratification 

dips not exceeding 8 degrees. Deposition in a shallow marine environment, but yet with no 

wave form ed structures, suggests that sedimentation may have occurred in an protected 

area such as a closed marine em baym ent (Fig. 8.4). The em baym ent may have been 

fronted by a barrier which would have dissipated wave and storm effects and prevented 

them from entering the bay area.
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A lthough there is no evidence for wave or storm  generated features, high energy 

environm ents w ere in existence during deposition of the M ountcharles Sandstone. The 

pervasive presence of parallel lamination in Facies 12, indicates high velocity flows in 

shallow water.

U-shaped burrows, interpreted as Diplocraterion have been recorded in the same facies at 

St. P e te r’s Lough. Buckm an (1992) has previously observed D ip lo c ra te r io n  at 

M ountcharles. This trace fossil was commonly found in the Facies 1 fluvial sandstones at 

M ullaghm ore Head etc. However, Diplocraterion does not ju s t seem to have a fluvial 

affinity, as they are typically found in high energy shallow-water environments (Buckman, 

1992). This ichnogenera has a preference for high energy mobile substrates. The Facies 12 

sandstones are also noted to have a general lack of bioturbation, suggesting the presence of 

strong currents (Kvale and Barnhill, 1994) and num erous trace fossils identified by 

Chandra (1974) indicate similar conditions and proximity close to the shoreline.

The presence of strong currents indicated above, may be tidal in origin. Palaeocurrent 

vectors indicating a strong flow to the south-east are portrayed on the rose diagram in Fig. 

8.2 a and may represent an ebb tidal current. Also in the Drumbeagh /Inver Oil quarry and 

M cM onagles Quarry A very shallow channel form features have been recorded which may 

represent rem nants of tidal channels. Furtherm ore M ellere and Steel (1995) report 

enhancement in the tidal prism by creation of a more embayed coastal morphology.

It is postulated from a strong north-easterly directed vector on the rose diagram (Fig. 8.2 a) 

that the sediment may have reached the M ountcharles area by means of longshore drift 

from regions such as Kildoney. However, even though wave processes are thought to be
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absent from this environment, the succession is predominantly sandy. This implies that the 

fluvial supply near M ountcharles was predominantly sandy.

Although interpretation of these sandstones in a marine embayment seems probable, there 

is no evidence in the M ountcharles area that a barrier on the sea-w ard side of the 

embayment existed.

In the Tyler basin of the northern Gulf of Mexico, a strongly prograding delta system has 

been documented by Ramos and Galloway (1990). The Sabine uplift has restricted a delta- 

flank embayment on the east thus creating a semi-enclosed body of water which opens into 

the G ulf of M exico and narrows to the north. As a result of this geometry, the normally 

low G ulf Coast tidal range has been am plified (Hobday, 1980). The m ajority of the 

sediment supplied to this embayment is by means of longshore drift.

Ramos and Galloway (1990) record tabular bedding with millimetre mudstone layers and 

occasional plant debris, which appear similar to Facies 12 at M ountcharles, but the bed 

thicknesses in the Tyler basin are reduced. However, heterolithic beds and estuarine 

channel fill sedim ents that have been docum ented in M exico are not recorded in 

Mountcharles.

W ave form structures are also limited in the Tyler basin embayment. Ramos and Galloway 

(1990) have interpreted these sediments as being deposited in a constricted shallow marine 

em baym ent and broad subtidal platform which limited wave influence and resulted in a 

coastal morphology typically found in macrotidal settings. It should be noted that the 

actual tidal range was only 1 -  3 m, similar to the Holocene Niger delta, which displays 

similar sediments to those in the Tyler basin (Oomkens, 1974). Overall between periods of 

direct delta building, marine processes reworked sands alongshore from the active delta
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system resulting in much of the sand entering the marine em baym ent by means of 

longshore drift. The amplified tidal range and the resultant currents within the embayment 

reworked the coastal sands (Ramos and Galloway, 1990). Comparison to the Mountcharles 

area, indicates that wave processes may not have been in operation due to the presence of a 

constricted marine embayment which subsequently would have amplified tidal currents, 

resulting in the strong currents that have deposited much of the M ountcharles sandstones. 

Therefore a barrier barring the shoreline may not have been present, as no evidence for this 

is recorded at Mountcharles.

The lenses and beds of the quartz pebbly sandstones facies do not appear to be of a shallow 

marine origin. In thin section the sandstones appear to be texturally immature, with poorly 

rounded grains and poor sorting, which may indicate that they are not deposited too far 

from their source. These sediments may have been deposited by local low gradient short 

streams. This is further substantiated by their occurrence only in the more north/north

w esterly outcrops. They are not recorded south-east of the proposed fault between 

Glencoagh and St. Peter’s Lough. Due to the coarse grained nature of the sediment, 

sedimentary structures are not well preserved so there are no palaeocurrent data.

Overall, the M ountcharles Sandstone appears to have been deposited in a constricted 

marine embayment, in a marginal deltaic setting, where wave and storm influences were 

reduced. Sedim ent may have been supplied by means of longshore drift, with the source 

being to the south and west. M inor fluvial input via low gradient short course streams is 

represented by pebbly beds and lenses of quartz rich sandstones (Facies 13).
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8.8 Are the Sandstones at Mountcharles Part of the Mullaghmore

Sandstone Formation?

On examination of the sandstones at Mountcharles and comparison to the coastal outcrops 

of the M ullaghm ore Sandstone Formation, it is reasonable to ask, are the M ountcharles 

Sandstones part of this formation?

The facies that have been recorded at M ountcharles are not recorded elsewhere in the 

formation. Also the thick erosively based fluvial Facies 1 sandstones which characterise 

the M ullaghmore Sandstone Formation, many which exhibit a reworked calcareous and 

variably fossiliferous top, are completely absent from this area. Lithologically all evidence 

seems to indicate that these sandstones (M ountcharles) do not belong to the same 

formation as the Mullaghmore Sandstone.

However, discovery by W hitaker (1976) of a diverse spore assem blage in a road side 

quarry (interpreted to be M urrays’, Drumconor) reports the presence of K noxisporites  

stephanephorus. The presence of this spore indicates assignment to the TS Biozone which 

according to Higgs et al. (1988b) characterises the M ullaghmore Sandstone Formation and 

the Low er Benbulben Shale. Due to the presence of extensively sandy lithologies at 

Mountcharles it is clear that assignment to the latter is not viable and that the sandstones 

must be attributed to the M ullaghm ore Sandstone Form ation. However, Pu Biozone 

assemblages that are commonly found at M ullaghmore Head have not been recorded at 

Mountcharles.

A lthough present in a scrappy stream section, a clear transition from the underlying 

Bundoran Shale Form ation into sandier lithologies is recorded at Dromore. An upper 

contact for the M ountcharles Sandstone and an overlying formation is not present, as no 

beds younger than these are known in the Donegal Syncline.
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Despite the lithological contrast, palynological evidence overwhelmingly suggests that the 

sandstones at M ountcharles are stratigraphically equivalent to those recorded in the coastal 

exposures at M ullaghm ore, Carrowmoran, and Kildoney. As a result the M ountcharles 

Sandstones must at least be regarded as a lateral equivalent of the Mullaghmore Sandstone 

Form ation. The m arkedly different environm ental interpretation for the M ountcharles 

Sandstones suggests that this area may have been on the very margin of the overall deltaic 

environment which defines the Mullaghmore Sandstone Formation.
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CHAPTER NINE 
THE MULLAGHMORE SANDSTONE IN NORTHERN IRELAND

9.1 Introduction
The M ullaghmore Sandstone has been recorded in a number of localities from Fermanagh 

to Armagh in the north of Ireland (Fig. 1.1). This area can be divided into a number of 

basins and synclines each which contains the M ullaghmore Sandstone Formation under a 

local name. These include the Derrygonnelly Sandstone of the Lough Allen Basin, the 

Clonelly Sandstone of the Omagh Syncline and the Aughnacloy Sandstone and Drumman 

More Sandstone Member of the Slieve Beagh Syncline.

In contrast to the clean coastal exposures of the M ullaghm ore Sandstone Formation 

recorded elsewhere, this formation is found in river sections, random field outcrops, few 

road-cuts and small quarries in the north of Ireland. The sections in general can be scrappy 

and discontinuous and it is therefore difficult to log continuous exposure for more than a 

couple of metres. Coupled with extremely faulted outcrop, it is impossible to correlate the 

sections either in a particular area or between synclines/basins. Also as contacts with the 

surrounding formations are rare, more often than not position within the formation at each 

locality is indeterminable.

Due of the nature of the outcrop, facies analysis has also proved difficult. Much of the 

section has been covered in w ater, mud or lichen therefore obscuring diagnostic 

sedimentary structures and geometries of the various units. However, a facies analysis has 

been attem pted from  a best fit of the previously established facies divisions from the 

coastal sections at M ullaghmore Head, Kildoney Point, Carrowmoran, Inishmurray Island 

and the quarries at Mountcharles.
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As well as field outcrop, the Mullaghmore Sandstone equivalent has been recorded in the 

Lough Allen Basin in a number of bore-holes (Fig. 9.2), including Kilcoo Cross-1, Big 

Dog-1, Slisgarrow-1, MacNean-1 & 2, Dowra-1 and Drumkeeran-1. In their examination 

of the evolution of the Lough Allen Basin, Philcox et al. (1992) have briefly described the 

nature of the Mullaghmore Sandstone equivalent in each of these boreholes and also 

indicated the thickness. The thickness ranges from 217 to 195 m moving eastwards from 

Kilcoo Cross-1 through Big Dog-1 to Slisgarrow-1.

The Mullaghmore Sandstone in these boreholes is described as pale grey sandstone (up to 

medium grained) and silty mudstones with subsidiary limestones (Philcox et a l ,  1992). 

The thickness decreases considerably from Big Dog-1 to McNean-2, where it is only 87 m 

and has a lower proportion of sandstone. The Mullaghmore Sandstone is slightly thicker at 

the Dowra-1 well at 93 m and consists mainly of silty mudstone. The Mullaghmore 

Sandstone is also seen to thin considerably southwards where it is represented in the 

Drumkeeran-1 borehole as a 40 m thick succession of limestone, siltstone and silty shale. 

This latter lithology is present towards the top of the horizon at this locality and contains 

fossils such as, crinoids, ostracods, brachiopods and stick bryozoans.

9.2 Balance of Facies for Northern Ireland
Eleven facies were recorded in the entire northern Ireland outcrop, with both marine and 

fluvial environments represented (Fig. 9.3). As a whole shallow marine facies predominate 

making up 64% of the total outcrop, with Facies 2 being the most common facies at 38%. 

Facies 1, the only indisputable fluvial facies, which represents deposition in distributary 

channels, is present at 24%. Shoreface, foreshore and offshore deposits along with 

carbonate precipitation and deposition from suspension are represented in the remaining 

outcrop.
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Overall the outcrop recorded from the various basins and synclines in the North of Ireland 

is predominantly marine, but with a strong fluvial influence particularly manifested in the 

Omagh Syncline. The Derrygonnelly Sandstone has only a minor fluvial input and is a 

dominantly marine succession. It is difficult to conclude an environmental interpretation 

for the Aughnacloy Sandstone as only a handful of localities have been identified and 

logged and may not give a representative view of the total facies present. The outcrop at 

Drumman More Sandstone Formation has been mentioned and detailed briefly as it is no 

longer thought to be equivalent to the Mullaghmore Sandstone Formation.

It is important to note that due to the scrappy and weathered nature of the exposures, the 

sandy facies are likely to be over-represented, while much of the finer muddier facies may 

have been weathered away.

9.3 The Derrygonnelly Sandstone
9.3.1 Introduction and Previous Research

The Derrygonnelly Sandstone in Fermanagh is located south-west of Lower Lough Erne to 

the north-western extremities of Upper Lough Erne (Fig 9.4a 2). The documented 

thickness of the Derrygonnelly Sandstone varies from 100 -  200 m (Brunton and Mason, 

1979) to 241.5 m as estimated by the GSNI (1991, sheet 44, 56 and 43).

As in the north-west of Ireland, the Derrygonnelly Sandstone lies stratigraphically between 

the Bundoran Shale Formation and the Benbulben Shale Formation. The basal contact with 

the latter is not seen at any locality in this region. The conformable transition into the 

Benbulben Shale, however, is reported from the Roogagh River section east of Garrison 

and at a road-side section south of Derrygonnelly town (Legg et a i ,  1998). The top 

limestone of the Derrygonnelly Formation from the latter locality yields a selection of 

p rim itive a rchaed iscids such as; Glomodiscus  sp., Paraarchaediscus  sp .,
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Planoarchaediscus sp., Uralodiscus sp. and Viseidiscus sp, all which indicate a mid to late 

Arundian age, suggesting an Arundian age for the entire formation.

Brunton and Mason (1979) describe the sandstones at Derrygonnelly as well-sorted with 

approximately 50% calcite content. Indications that the deposits were fully marine were 

given by the presence of an extensive macrofauna of bryozoans, brachiopods, coiled 

cephalopods and bivalves. A delta front environment was postulated (Brunton and Mason, 

1979).

9.3.2 Balance o f  Facies 

Ten different facies including subfacies were identified in the Derry gonnelly Sandstone 

portion of the Lough Allen Basin (Fig. 9.5). Both marine and fluvial environments are 

represented. However, marine facies very much predominate at 85% over the fluvial 

facies.

The most predominant of the facies is Facies 2 at 67%, which is shallow marine in origin 

and previously has been interpreted as representing extensive reworking of delta tops. 

Facies 2 in the Lough Allen Basin varies slightly from that recorded elsewhere in the 

Mullaghmore Sandstone Formation. It is in general finer grained in this region, with grain 

sizes varying between fine to medium grains along with a few instances of coarsening up 

beds. A number of diagnostic features such as large amplitude wave ripples and extensive 

bioturbation e.g. by the trace fossil Chomatichnus are not distinguished or are rare. Also 

Hummocky Cross-Stratification, recorded in Facies 2 at a number of localities particularly 

at Mullaghmore Head is present in the Derrygonnelly Sandstone Facies 2, but rare. It may 

be that the nature of the outcrop prevents identification of such structures. Other 

sedimentary structures such as parallel laminae are common.
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Also it is noted that the Facies 2 sandstones have a particularly shaley nature in the Lough 

Allen Basin and much of the outcrop is weathered an orange/brown colour. Marine body 

fossils such as gastropods, brachiopods, crinoids and few orthocones are recorded in 

numerous Facies 2 sandstones. In one river section, the Bradoge River, oolites are noted in 

an extensive calcite cement with abundant biodebris and bioclasts. Oolites are also noted at 

Lough Melvin. The remainder of the sandstones are composed of quartz grains with minor 

feldspar and mica.

Other shallow marine facies that have been noted include the interbedded sandstone and 

shale facies (Facies 3) which may indicate sedimentation in delta top bays (transgressive 

shelf deltas) and are generally closely associated with Facies 2. The remaining marine 

facies include a variety of foreshore and shoreface facies represented by the amalgamated 

Facies 4 and Facies 5. Facies 10 and 11 indicate that conditions for “in situ” carbonate 

precipitation and deposition from suspension also prevailed.

The only fluvial facies present is Facies 1, interpreted as indicating deposition in a 

distributary channel, and it represents only 15% of the total outcrop. Again, due to the 

nature o f the outcrop, the geometries and sedimentary structures typical of Facies 1 can be 

absent. However, palaeocurrent indicators such as cross strata, though sparse, are still 

observed, as is plant debris. Other sedimentary structures such as parallel laminae, ripples 

and soft sediment deformation are rare but are observed. Again as noted with Facies 2 the 

grain size for Facies 1 is finer grained and ranges from fine to medium grained.

Overall in the Lough Allen Basin the Derrygonnelly Sandstone appears to be dominated by 

facies indicating marine reworking and deposition. Evidence of a fluvial influence in this 

area is low as are the facies which have previously been indicative of deltaic progradation. 

This indicates that even though fluvial input and deltaic progradation are registered in this
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area they are not pervasive as seen in the coastal outcrops and shallow marine processes 

predominate here. 9% of the outcrop recorded didn’t have enough information available to 

allow designation to a particular facies and is represented on the pie-chart by Facies 00.

9.3.3 Palaeocurrent data

Palaeocurrent data is rare in the D errygonnelly Sandstone Form ation, but has been 

recorded in Facies 1, 2 and 4b in the form of cross strata. However, only a few readings 

have been recorded for each of these facies and for this reason have not been plotted on a 

rose diagram. More readings have been recorded for Facies 2 than any other facies and 

these portray a predom inant trend of flow to the north-east with a subsidiary trend 

indicating flow to the north-west, the cross strata recorded for the remaining two facies are 

random and show no dominant trend.

9.3.4 Locality Descriptions

9.3.4.1 The Roogagh River Section.

The Roogagh River Section is probably one o f the only sections where continuous 

exposure is available and a reasonably conformable log can be constructed (Log locality 

217 and 218b).

As with the majority of the section in the Lough Allen Basin it is com posed mainly of 

shallow marine deposits. These include interbedded sandstones and shales, both are 

generally calcareous and contain numerous marine body fossils, sandy limestones and 

calcareous and fossiliferous sandstones of Facies 2. Facies 2 is the most common of the 

facies, present as a fine to medium grained sandstone which can coarsen upwards, is cross 

bedded and displays rare HCS. Numerous marine body fossils such as brachiopods are also 

recorded and in one instant wave ripples.
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Towards the top of the section in the Roogagh River a 6 -  7 m gorge section is taken to 

represent the transitional sediments from the top of the Mullaghmore Sandstone Formation 

to the Benbulben Shale Formation. The top sandstone in this section is a coarsening up 

medium grained calcareous sandstone with cross beds from the north-east. In thin section 

this sandstone is observed to be quartz rich with an extensive calcite cement. Numerous 

fragments of biodebris including crinoid ossicles, byrozoans and brachiopods are noted. A 

few ooids are also recorded. The actual contact between the two formations is documented 

as being obscured by a minor fault (Legg et a l ,  1998).

9.4 The Clonelly Sandstone
9.4.1 Introduction and Previous Research

The Clonelly Sandstone forms part of the Omagh Syncline, a wide, shallow, east-west

trending syncline, that pitches to the west (Simpson, 1955). The Clonelly Sandstone in this

area extends from the north-eastern extremity of Lower Lough Erne, including Boa Island

and extends further north-eastwards over approximately 15 sq. km (Fig 9.4a 1).

The Clonelly Sandstone is calculated by the GSNI (1995, sheet 33; 1994, sheet 32 and part 

31) as being 210 m thick, but it has previously been estimated by Simpson (1955) as 457 m 

thick (1,500 feet) and ranging between 305 -  457 m (1,000 -  1,500 feet) in the northern 

portions of the Omagh Syncline. Chandra (1964) suggests a thickness of 290 m (950 feet) 

for the lower and middle parts of the Clonelly Sandstone.

Stratigraphically this formation lies between the Dromore Sandstone Member of the 

underlying Bundoran Shale Formation and is overlain by Drumchorick Siltstone, which in 

this region precedes the Benbulben Shale Formation. However, the top and basal contacts 

of the Clonelly Sandstone with these formations were not recognisable in this study.
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However, Simpson (1955) has documented the contact between the Clonelly Sandstone 

and the Pettigoe Limestone in several stream sections on the flanks of Dunnaree Hill. The 

Pettigoe Limestone Group is equivalent to the Ballyshannon Limestone Formation and the 

Bundoran Shale Formation. The base of the Clonelly Sandstone at these localities is 

described as a pale yellow quartzite with plant and marine body fossils which appears to 

conformably overlie calcareous flags at the top of the Pettigoe Limestone. However, 

Simpson (1955) points out that the Bundoran Shale equivalent is only 100 feet (approx. 

32.8 m) thick in the Omagh Syncline, a significant reduction from the documented 700 feet 

(approx 229.7 m) in the type locality, which maintains its thickness from Bundoran to 

Belleek and the area south of Lough Erne (George, 1953). This decrease in the thickness of 

the shales may mean that there is a slight unconformity between the Pettigoe Limestone 

and the Clonelly Sandstone.

Numerous faults transect this area including the Pettigoe Fault which bounds the Omagh 

Syncline to the north-west, while the Cool and Castle Archdale faults are documented to 

the south-east of the Clonelly Sandstone outcrop. The Cool Fault is a boundary fault for

the sandstone. These faults all trend in a north-east - south-west direction. A number of

north-south trending dip faults have also been documented towards the eastern extent of

the outlier (Simpson 1955).

Variations in the published ages of the Clonelly Sandstone Formation are demonstrated by 

Simpson (1955), Mitchell and Owens (1990) and the GSNI (1995, sheet 33). Simpson 

(1955) found that in the lower half of the Clonelly Sandstone, no fossils of zonal 

significance were obtained. However, fauna of the upper half of the formation are marked 

by the incoming of Davidsonina carbonaria and Composita cf.ficoides (Simpson 1955). 

As both these species are common to the lower part of the Sj subzone, it is thought that the 

Clonelly Sandstone belongs mainly to this subzone. However, some of the lower beds may
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be of S ,ag e  (Sim pson, 1955). Therefore a possible A rundian/H olkerian age may be 

attributed to the Clonelly Sandstone Formation (Riley, 1993). Mitchell and Owens (1990), 

in their examination of the Geology of the Western part of the Fintona Block, interpreted 

Sim pson’s data (1955) as indicating a mid-Arundian to Holkerian age for the Clonelly 

Sandstone. However, it has been dated as being completely Arundian in age by the GSNI 

(1995, sheet 3).

Simpson (1955) proposes that the most likely source for the clastic material in the Clonelly 

Sandstone is the metamorphic and granitic terrain of north-west Donegal.

9.4.2 Balance o f  Facies.

Eleven facies and sub-facies have been recorded in the Clonelly Sandstone Formation (Fig. 

9.7). However 15% of the total outcrop recorded was unable to be assigned to a particular 

facies. This is due to scrappy and muddy exposures and inaccessible sections where 

sufficient information about the lithologies is unattainable to allow facies division. Both 

marine and fluvial facies are represented in the Clonelly Sandstone.

A lthough 70% of the form ation in this area is assigned to shallow marine facies, the 

dominant facies recorded is the fluvial Facies 1 (30%). Formation of this facies has been 

attributed to deposition in fluvial channels and its presence is quite distinctive in the 

Omagh Syncline. The presence of these sandstones is also noted by Brunton and Mason

(1979) w ho re fe rred  to them  as “ ........  coarser, less ca lcareous near-shore

sands derived from the north and the no rth -w est....” in com parison to the fully

marine delta front sandstones recorded at Derrygonnelly, which lies approximately 10 km 

to the south of the Clonelly Sandstone on the south-west side of Low er Lough Erne 

(Brunton and Mason, 1979).
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Sim pson (1955) described sandstones sim ilar to Facies 1 and interpreted them as 

dominating the lower part of the succession. However, it should be noted that the top and 

basal contacts were not recognisable in this field study and therefore the position of 

individual sections in the sandstone formation is unknown. It may be postulated however, 

that those sections with an increased number of limestones, calcareous sandstones and 

shales may represent the transitional sediments from the Clonelly Sandstone into the 

Benbulben Shale. An attempt to plot the distribution of the Facies 1 sandstones in relation 

to overall outcrop has shown that there is no pattern or significant clumping of this facies 

in the Omagh Syncline. This is possibly due to the numerous faults which transect this 

area. As a result the upper and lower parts of the succsssion as defined by Simpson (1955) 

cannot be identified. It should also be noted that the majority of the Facies 1 sandstones 

outcrop in the Drumskinny Sandstone M ember of the Clonelly Sandstone (GSNI, 1995, 

sheet 3).

Apart from large scale geometries and structures such as multistorey bedding and basal 

erosion surface, Facies 1 in the Clonelly Sandstone compares quite well with those seen in 

other regions. However, the grain size of these sandstones appears to be finer than that 

generally recorded and ranges between fine to medium grained, some coarser grained 

sandstones have been recorded. Sedimentary structures such as parallel and low angle 

laminae and cross strata are present in Facies 1 in the Omagh Syncline. Plant debris also 

has been noted.

Thin section analysis of Facies 1 sandstones indicates moderate to well sorted quartz rich 

sandstones with generally minor amounts of feldspars, mica and rock fragments. However 

in the coarser of the sandstones both plagioclase and microcline feldspars are in greater 

abundance indicating the correlation of their abundance with grain size. In contrast to 

M ullaghmore Head and surrounding areas where polycrystalline quartz is abundant, it is
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rare to absent in the Facies 1 sandstones in the Omagh Syncline. However, once again it 

occurs in higher percentages in the coarser sands and this may again be partly a grain size 

linkage. The m onocrystalline quartz grains which make up at least 65% of the sandstone 

are generally tightly packed.

The shallow marine facies are particularly well represented by Facies 2, 3a and 11. Facies 

2, making up a significantly reduced 17% in comparison to the Derrygonnelly Sandstone, 

represents a reworked delta top environment. As mentioned for the Lough Allen Basin, 

typical sedimentary structures for this facies such as large amplitude wave ripples and HCS 

are rare if not absent. The associated Facies 3a represents 9% of the outcrop and can be 

interpreted as being deposited in a delta top bay.

Facies 11 at 10% indicates significant carbonate precipitation. Thick sequences of Facies 9 

are obvious in the logged sections and are present as 11 % of the total outcrop. These 

sedim ents are interpreted as offshore suspension deposits and may also represent a 

transition into the Benbulben Shale Formation (or the preceding Drumchorick Siltstone 

Member) at some localities. Similar lithologies to those found in these facies are according 

to Simpson (1955) part of the upper half of the Clonelly Sandstone Group. Infrequent 

occurrences of foreshore and shoreface facies form the remainder of the section.

There is a significant contrast between the facies percentage recorded at Derrygonnelly and 

that recorded at Clonelly. The Derrygonnelly facies indicate a predom inantly shallow 

marine environm ent, with minor fluvial influence. It appears from the facies pie-chart of 

the Clonelly Sandstone that the fluvial influence is a lot stronger on the north-east side of 

Lough Erne, though shallow marine processes still predominate.

175



9.4.3 Palaeocurrent Data

Palaeocurrent data was recorded from Facies 1 only (Fig. 9.8), in the form of cross strata. 

However, due to the muddy nature of the sections and because they were difficult to 

access, measurable cross strata are sparse. When plotted on a rose diagram they show a 

random array of orientations. However, a south-easterly trending vector is recognised, the 

predom inant trend observed in rose diagrams of trough and planar cross strata of the 

M ullaghmore Sandstone Formation in the north-west of Ireland. Also a trend indicating 

flow to the north-west is also noted and may represent the impact of tidal currents in a 

distributary channel near the delta front.

9.5 The Aughnacloy Sandstone
9.5.1 Introduction and Previous Research

The Aughnacloy Sandstone Member is part of the Carnteel Formation of the Slieve Beagh 

Syncline (Fig. 9.4b). S tratigraphically  the Carnteel Form ation lies between the 

Ballyshannon Limestone Formation and the Dartry Limestone Formation respectively. The 

Aughnacloy Sandstone M ember is calculated as being 300 m thick GSNI (sheet 46, 1983) 

and the top and basal contacts are not observed in the field. The section at Aughnacloy is 

transected by east-west and north-north-west - south-south-east trending faults. The GSNI 

(1982a, b) have derived a late Arundian to Holkerian age for the Aughnacloy Sandstone 

Member.

9.5.2 Balance o f Facies

Only a handful of outcrops of the Aughnacloy Sandstone M ember were identified in the 

field and in these four facies were recognised (Fig 9.10). The most predominant is Facies 

1, interpreted as deposition in a distributary channel and represents 47% of the total 

outcrop. It should be noted that only one outcrop of Facies 1 was recorded in this area at 

Annaghsallagh, Co. Tyrone. At this locality Facies 1 was represented by a medium to
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coarse grained 3.1 m sandstone which coarsened upwards. The surface is very pebbly and 

the outcrop was weathered a buff/orange colour.

Shallow marine facies are also identified such as Facies 10, which is representative of 

carbonate precipitation and deposition from suspension. Facies 3b and Facies 9 are also 

noted in the field indicating deposition on the shoreface and offshore respectively. Overall, 

it is difficult to get an overall view of the exact nature of the Aughnacloy Sandstone 

Member due to the limited outcrop. However, from the outcrop available it appears that as 

in the Clonelly Sandstone a strong fluvial influence is at play along with some more minor 

shallow marine processes.

9.5.3 Palaeocurrent Data.

Palaeocurrent data is very rare in the observed sections of the Aughnacloy Sandstone and 

has only been recorded in Facies 1 and even then is sparse. Planar cross strata indicate flow 

in a north-westerly direction and may be representative of a tidally influenced distributary 

channel. Cross strata following the predominant regional trend to the south-east as seen in 

Facies 1 sandstones elsew here is not observed at this locality. The palaeocurrents 

indicating flow to the north-west are recorded in a buff/orange coloured sandstone which 

may represent leaching of a calcite cement.

9.6 The Drumman More Sandstone Formation
The Drumman More Sandstone Formation, which was previously assigned to the Armagh 

Group (GSNI, sheet 47), is now considered to be a constituent of the Tyrone Group 

detailed in chapter 2. It is now assigned a late Arundian to early Asbian age, on the basis 

of recorded Pu, TS and TC assigned biozone flora (see chapter 2.2) (Somerville et al., 

2001). As a result of this it is no longer considered to be a correlative of the Mullaghmore
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Sandstone Formation, but possibly of the younger Tubbrid Sandstone or the Garland 

Sandstone (Somerville et al,  2001).

Only a solitary outcrop of the Drumman More Sandstone has been located in this study and 

this is found a stream section (GR 288750 346849) to the north-east of Armagh town- 

centre and south-west of Drumman More Lake. The section consists of fine to medium 

gramed calcareous sandstones, which tend to have a shaley nature and are sparsely 

fossiliferous. Fossils include planispiral gastropods and brachiopods, colonial corals and 

crinoid debris were also observed. The Drumman More Sandstone Formation varies from 

116.9 m measured from WB3 borehole, Wilson’s Bridge, Co. Armagh (Somerville et al, 

2001) to 121.5 m (GSNI, 1985, sheet 47).

9.7 Facies Model for the North of Ireland
Chandra (1974) has divided the depositional environment for the Mullaghmore Sandstone 

in the Donegal, Sligo and Omagh Synclines and the Lough Allen Basin into two main 

prograding deltas. The deposits of the western Mullaghmore Delta at Castlegal, 

Ballaghnatrillick, Mullaghmore, Kildoney and Mountcharles are formed by a delta that has 

a north-west -  south-east depositional axis south of Mullaghmore. Outcrops at Clonelly, 

Derrygonnelly and Saddle Hill are part of the northern delta whose depositional axis runs 

north -  south, probably east of Kesh and Derrygonnelly.

However, despite Chandra’s assumptions, in this study there is no evidence that two 

separate deltas exist. Very little palaeocurrent data is available from all areas in Northern 

Ireland and therefore it is difficult to postulate the actual source of the sandstone and the 

direction from where it came.

• Derrygonnelly consists of predominantly shallow marine sandstones with very little 

fluvial influence. This, along with the position of the area to the south-west of Lough
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• Erne and in a much more southerly position than the Clonelly Sandstone indicates 

proximity to the shoreline. High energy conditions are also indicated by the presence 

of oolites at Bradoge river.

• The Clonelly Sandstone has a very strong fluvial influence, however no predominant 

directional properties have been recorded and therefore it is not known whether this 

has a similar sediment source as the coastal and quarry outcrops of the Mullaghmore 

Sandstone in the north-west of Ireland. A strong marine influence is also recorded.

• The Aughnacloy Sandstone gives very little inform ation as to the position of the 

shoreline as only few outcrops have been recorded, sufficient information may not 

have been obtained.

The im portance of this scattered information from elsewhere in northern Ireland is in 

placing some constraints on the palaeogeographical maps presented in Figs. 10.1; 10.2 in 

chapter 10.
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CHAPTER TEN 
THE MULLAGHMORE SANDSTONE

10.1 Introduction
In this study the M ullaghmore Sandstone Formation has been exam ined in a number of 

localities extending from south Donegal to south Sligo and eastwards into the north of 

Ireland. The purpose in studying this formation so extensively is to provide an overall 

environmental interpretation for the M ullaghmore Sandstone with particular reference to 

the local variations. Such an interpretation can provide a palaeogeography for the north 

and north-west of Ireland at this time which can be compared to times immediately before 

and after this formation. The palaeogeographic reconstruction will also allow assessment 

of whether the M ullaghmore Sandstone Formation represents a genuine regional lowstand 

of sea-level.

10.2 Depositional Model and Palaeogeography for the Mullaghmore 
Sandstone Formation

The M ullaghm ore Sandstone Formation which can be recorded from North Mayo into

south Donegal and eastwards into the north of Ireland, is in very broad terms interpreted as 

deltaic in origin (Figs 10.1 and 10.2). The presence of this clastic form ation in an 

otherw ise predom inantly carbonate/shale succession makes it and its basal and upper 

boundaries quite distinctive.

The base of the M ullaghmore Sandstone Formation is marked by a relative sea level fall. 

This varies from  fluvial incision into the M oyny Limestone in North M ayo (Graham, 

1996), through nearshore sedim entation with em ergent features at Carrowm oran into 

offshore deposition as represented by the basal sandstones of M ullaghmore and Kildoney. 

Such a transition indicates a basin-w ards progression of the base of the sandstone
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formation and that originally deeper water lay to the south-east. Important climate changes 

in the Carboniferous were characterised by a change from an arid climate in the very early 

Carboniferous through semi-arid to monsoonal in later Dinantian times (Besly, 1987). If 

the relative sea level fall leading to the initiation of the Mullaghmore Sandstone Formation 

was accompanied by climate change then this lowstand deposit may also have a climatic 

signature.

The M ullaghmore Sandstone has been interpreted as a fluvial dominated delta and with the 

exception of M ountcharles where fluvial facies are absent and Derrygonnelly where they 

are rare. A high percentage of fluvial sediments have been recorded at all other localities. It 

has been shown by the analysis of palaeocurrent data, from trough and planar cross- 

bedding, for the Facies 1 sandstones, that the fluvial systems are derived from the 

north/north-west of the study area. However, the nature and extent of the river system can 

not be examined directly. Two hypotheses are proposed; (1) the river system consists of a 

large trunk channel which is spilt at the delta front into a number of smaller distributaries 

sim ilar to those docum ented at the N iger or the M ississippi. (2) the coastal plain is 

traversed by numerous smaller channels which are constantly switching.

If the upstream river system is characterised by a single large channel, preservation of at 

least some large scale channel geom etries in the M ullaghm ore Sandstone m ight be 

expected. However, not one has been recorded at any locality. It could be suggested that 

the absence of such large scale geom etries is a function of preservation, such that, the 

channel form geometry may be too wide to be recognised in any of the preserved sections 

or the sections recorded at various localities record a more distal position such as the delta 

front.
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At M ullaghm ore Head numerous progradational and coarsening upward sequences are 

recorded and interpreted as more distal deltaic deposits i.e. at the delta plain/delta front 

intersection. The distal position of these outcrops is also supported by the relatively 

frequent and thick foreshore deposits which can be deposited at the delta front indicating 

lateral flow expansion. At Inishm urray however, where 85% of facies recorded are 

interpreted as fluvial Facies 1 sandstones and may indicate a more proximal position in the 

delta, large scale channel forms have not been recorded. Again function of preservation 

and outcrop extent need to be accounted for before the possible presence of large scale 

geometries is discounted. However sections reported by Graham (1996) also show only 

channels of the sizes indicated by this study despite the apparently proximal location in 

North Mayo.

In case two, it is postulated that the M ullaghm ore distributary system may have been 

com posed of numerous smaller scale channels that record frequent avulsive events. At 

M ullaghm ore and Kildoney, sm aller channel form geom etries along with numerous 

internal erosion surfaces have been recorded. Although such geometries and structures can 

be interpreted as forming by switching of smaller channels they may be also be as a result 

of channels within a larger river system (such as anabranch avulsion (Bristow, 1993b).

Although the fluvial sandstones of the M ullaghm ore Sandstone recorded at different 

locations are very sim ilar and as a result are assigned to Facies 1, slight variations in 

geometry and structure can be observed between localities.

At Kildoney an increased number of Inclined Heterolithic Strata (IHS) with respect to the 

other areas are recorded, along with numerous internal erosion surfaces and multistorey 

geometries. At Mullaghmore, multistorey geometries again can be identified but there are 

many fewer occurrences of IHS. Some channel cuts and also internal erosion surfaces and
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abundant trough cross-beds are also noted. At Carrowmoran however, only single storey 

geometries are recorded in the fluvial sandstones, IHS are rare but trough cross-beds are 

prevalent on the west limb but not on the east. The latter sandstones have previously been 

interpreted as representing deposition in unconfined channels from sedim ent laden and 

turbulent flow s. IHS are com m only recorded in North M ayo, as is trough cross

stratification (Graham, 1996).

W hile the differences that exist between localities may be as a result of orientation of the 

section or position on the delta, deposition from separate channels or variant depositional 

styles within the same river can be postulated. Bristow (1993b) discussed such theories in 

his com parison of outcrops in the Rough Rock Group Delta across northern and central 

England.

The outcrops at Shipley Glen and Baildon Bank are 2 km apart and record differences in 

geometry and sedimentary structures. As a result the former (Shipley Glen) is interpreted 

as a relatively shallow braided river while the outcrops at Baildon Bank are thought to 

represent deposition in a larger river with large macroforms, although they are essentially 

part of the same depositional (river) system. A number of hypotheses are proposed to 

explain the lateral variations between these outcrops: two subparallel fluvial systems 

flowing across the alluvial plain at the same time; deposition at different times, indicating 

evolution in fluvial style over time; two different sequences deposited contemporaneously 

within a single large braided river e.g. Brahmaputra (Bristow, 1993b).

Comparison with this case study suggests that slight lateral variation between sections can 

be accounted for by deposition in separate smaller scale fluvial channels which may switch 

periodically or a larger braided river. The latter can display a variety of depositional styles 

within the river at any given moment in time resulting in lateral variability between
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sections such as in the Brahmaputra (Bristow, 1987). However, of these possibilities in the 

Mullaghmore Sandstone it must be remembered that the variations in the geometry and 

structures of the Facies 1 sandstones may be a function of their position on the delta or 

preservation.

It is postulated that the source for much of the M ullaghmore Sandstone is the 

Galway/Mayo High, an emergent landmass to the north-west of the study area. A north

westerly source has been indicated by analysis of palaeocurrent data collected from fluvial 

Facies 1 sandstones. Cope et al. (1992) suggested that much of the drifted plant debris 

recorded in the fluvial channel sandstones may have been derived from here. However, if 

the Mullaghmore Sandstone Formation is postulated to be deposited by a large river 

channel system rather than numerous small scale switching channels, the distance between 

the source of the sediment and the outcrops of the Mullaghmore Sandstone may be too 

narrow to facilitate such a lateral spread of deposition. This is more likely to have formed 

by numerous constantly switching smaller scale channels. However, it cannot be 

discounted that the source may lie much further to the north-west than the Galway/Mayo 

High. Possibilities of it being channelled in structurally controlled or antecedent conduits 

through the emergent landmass resulting in a wide scale dispersal of sediment on the 

south-east side can be postulated. Therefore a large scale single channel feeder to the delta 

plain remains a possibility.

The wide dispersal of sediments by the Mullaghmore Delta results in the distribution of the 

sandstones from North Mayo to south Donegal and eastwards into the north of Ireland. The 

Mullaghmore Sandstone at North Mayo is documented by Graham (1996) and has been 

examined only for comparative purposes in this study. The remaining outcrops as has been 

discussed in chapters 4 to 9 exhibit local variations. This may be due in part to a more 

proximal or distal position of that area in the delta system. However, for areas such as

184



M ountcharles, w here an environm ental interpretation varies considerably from  other 

localities examined in detail, such an explanation is not viable and will be discussed below.

The depositional models for each locality are detailed in the latter part of each appropriate 

locality chapter, their general characteristics and lateral relationships through the formation 

as a whole are summarised below.

The sandstones at North M ayo as docum ented by Graham (1996) probably represent 

proximal deltaic sequences. Fluvial channel sandstones are commonly recorded with IHS 

and trough cross-bedding. Most are draped with fossiliferous limestone tops indicating that 

sedimentation in the coastal areas throughout the M ullaghmore Sandstone Formation was 

in part estuarine (G raham , 1996). Storm events docum ented by hum m ocky cross

stratification are commonly recorded throughout the sequence at North Mayo. Emergent 

surfaces implied by the presence of palaeosols and Stigmaria  are also noted (Graham, 

1996). Overall the sandstone formation in this area represents a proximal position on the 

delta with an abundance of fluvial sandstones and em ergent features. However, a marine 

influence is recognised including estuarine and storm facies.

85% of the facies recorded at Inishmurray Island are interpreted as the fluvial Facies 1 

sandstones indicating that this section presents by far the most proximal position on the 

delta (Fig. 4.7). Channel and bar sedim entation and evidence of braiding are well 

preserved. M inor exposures of interbedded limestones and mudstones on the north side of 

the island record shallow marine sedim entation and are recorded as delta top bay 

sediments.

The sequences recorded at Kildoney indicate a more proximal position on the delta. They 

are com posed mainly of fluvial sandstones with numerous lateral accretion sets and
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internal erosion surfaces (Fig. 6.5). Quite thick sequences of delta top bay sediments are 

recorded generally overlying the fluvial sandstones which are punctuated by higher energy 

events such as Facies 2 transgressive sandstones. After abandonm ent of the distributary 

channel, subsidence and reworking of the fluvial sands occurs, forming a beach ridge. On 

the land-w ard side of this ridge, sedim entation takes place on the abandoned and 

submerged delta top bay in the form of interbedded sandstones and shales (Facies 3a).

N um erous lim estone nodules are recorded in bands at K ildoney, which have been 

attributed to diagenetic processes in an environm ent open to seawater (Raiswell 1971). 

Punctuation of these sediments by Facies 2 indicates movement of the beach ridge shore- 

wards in an attempt to keep pace with the transgressing sea. Progradational or coarsening 

upward sequences such as those recorded at Mullaghmore are not noted at Kildoney. This 

reflects the more proximal position of these sections on the delta.

At Carrowmoran (Fig. 5.9), the fluvial sandstones are quite distinctive in that they are 

single storey. This geometry has been interpreted as representing unconfined channels with 

turbulent and sediment laden flows. The fluvial sandstones are significantly thicker on the 

west limb than on the east, due to position of the section with respect to the main channel. 

Sediments on the west limb indicate deposition towards the centre of the channel whereas 

the east limb sedim ents represent more marginal areas which record delta top bay 

sediments and emergent features. Like Kildoney, Carrowmoran is interpreted to represent a 

more proxim al position on the delta. As a result Facies 2 are rare and not found 

gradationally overlying the fluvial sandstones.

At M ullaghm ore Head the type area (Fig. 4.7), progradational and coarsening upward 

sequences are recorded, particularly evident in the headland area (chapter 4 section 4.5). 

They represent a transition from offshore through shoreface and foreshore deposits to delta
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plain and indicate a general shallowing upward trend. The tops of the sequences defined by 

erosively based fluvial sandstones are generally gradationally overlain by calcareous 

sandstones which indicate reworking of the fluvial sedim ents after abandonm ent and 

subsidence of the delta lobe. Such sandstones record a greater thickness at Mullaghmore 

than elsew here. M any of these sandstones record storm  influence in the form of 

hummocky cross-stratification.

Overall the section at M ullaghmore is interpreted to represent delta plain to delta front 

sequences where fluvial progradation and marine reworking are well recorded. Delta top 

bays though rare can also be recorded. George’s (2000) description of the storm dominated 

braid delta and shoreface sequences in the Basal Grit Group of south W ales provides a 

good analogue for the M ullaghmore Sandstone at Mullaghmore. However, the delta front 

is not as storm influenced as the Basal Grit, and the tidal influence in the distributary 

channels manifested itself in the form of ripples rather than cross strata, as is recorded at 

Mullaghmore.

The exposures at Mountcharles (Fig. 8.4) vary significantly to those observed elsewhere in 

the M ullaghmore Sandstone. They are horizontally bedded, shallow marine sediments with 

few marine body fossils and intercalated pebbly lenses or beds. The pebbly sandstones, 

however, are interpreted to be fluvial in origin as they are poorly sorted with angular grains 

indicating that they were deposited not far from source and did not undergo any reworking. 

The pebbly sandstones cross-cut the horizontally bedded parallel laminated sandstones and 

may indicate brief fluvial input into a marine embayment.

The sandstones at M ountcharles are interpreted to be a product of longshore drift, with 

K ildoney as the possible sedim ent source. The presence of strong currents has been 

inferred by parallel lamination, trace fossils including Diplocraterion  and the general lack
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of bioturbation. It has been postulated that these currents may be as a result of tides. 

D istinct lack of wave generated processes such as ripples and hum m ocky cross

stratification, indicate that the shoreline may have been barred. However, no evidence of 

such a barrier has been recorded at any of the localities at M ountcharles. Shallow 

geometries with concave up bases may be interpreted as remnant tidal channels.

A detailed depositional model has not been provided for the outcrops in the north of 

Ireland. This is mainly due to the scrappy nature of the section and the numerous faults 

which transect the area m aking it im possible to construct a conform able sequence. 

However, these outcrops represent the east-ward extent of the M ullaghmore Sandstone 

Formation.

At Derrygonnelly, fluvial sandstones are present in minor quantities. The sections here are 

dom inated by shallow marine calcareous sandstones, which have been interpreted as 

belonging to the transgressive facies recorded in the coastal sections.

At C lonelly and Aughnacloy, Facies 1 sandstones are recorded through much of the 

sequence. It should be noted that at Aughnacloy only few outcrops were located and 

exam ined and as a result there is an over representation of sandy facies. However, the 

record of Facies 1 at Clonelly is taken to be a true representation.

In Fig. 10.1 it can be seen that the outcrop of the Clonelly Sandstone lies to the south-east 

of the M ountcharles outcrop. It has been established that the sandstones in the latter area 

are not deltaic in the sense that they are elsewhere in the M ullaghmore and constitute their 

own facies divisions, incomparable to the other outcrops. If the Clonelly Sandstones derive 

their sedim ents from  the same source as the coastal outcrops, a problem arises with a 

marine embayment (Mountcharles) lying directly in the path of proposed progradation. As
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the sandstones at M ountcharles are definitely not of a fluvial origin, it leaves us with the 

question as to where do the Clonelly sands come from? It can be postulated that the 

Galway/M ayo High may extend further north-wards than indicated in Fig. 10.1 and that the 

progradational sedim ents may have bypassed M ountcharles. Palaeocurrent data for the 

Clonelly Sandstone is sparse and doesn’t indicate a predominant direction of flow when 

plotted on a rose diagram. Therefore it should not be assumed that the Clonelly Sandstones 

was deposited from the same delta as the westerly coastal sections.

Chandra (1974) docum ented a north-south trending deltaic influence for the north of 

Ireland, separate to the north-w est/south-east trending delta for M ullaghm ore and 

K ildoney. H owever, little evidence is available to support this hypothesis. If the 

Galway/M ayo High did not extend further than recorded in Fig. 10.1, an alternative route 

for the sediment to Clonelly may be via the south-western extremity of the M ountcharles 

area. However, this would demand palaeocurrents slightly skewed to the north-east of the 

regional trend.

10.3 Facies Distribution Throughout the Mullaghmore Sandstone 
Formation

Facies distributions (Fig. 10.3) are recorded and displayed in each locality chapter in the 

form of a pie-chart. On comparison of the data between localities it is evident that Facies 1 

is common throughout the M ullaghmore Sandstone, apart from maybe at Derrygonnelly 

where it is present in more minor proportions (15%). Inishmurray Island exhibits the other 

extrem e and records a 85% occurrence of Facies 1. H owever the rem aining localities 

record Facies 1 fluvial sandstones as generally varying between 30 -  50%. Apart from the 

extrem e cases at Inishm urray and D errygonnelly the fluvial sandstones seem to be 

represented by relatively similar amounts.
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At Carrowmoran and Kildoney the transgressive and delta top bay sediments are present in 

relatively high proportions. W hereas at M ullaghm ore where Facies 2 is im portant, 

particularly in its gradational contact with the preceding fluvial sandstones, Facies 3a 

(delta bay top) sedim ents are rare. Larger portions o f the sequence at M ullaghmore 

indicate high energy sedimentation in the form of foreshore and shoreface deposits and 

these facies are present in much higher proportions than the transgressive sediments which 

are pervasive particularly at Kildoney. However, at Carrowm oran the foreshore and 

shoreface deposits are recorded in similar proportions to the transgressive sediments, but 

on exam ination o f the facies proportions of the individual limbs, it can be seen that 

transgressive and delta bay top sedimentation are very common on the east limb, whereas 

on the west limb shoreface and foreshore facies prevail. The facies pie-chart for the river 

section east/south-east of Mullaghmore appear to show almost equal proportions of fluvial, 

transgressive and progradational sequences.

In a transect through the coastal facies from south Donegal to south Sligo, apart from a 

very slight decrease in the proportion of Facies 1 no significant trend is recognised. A 

strong fluvial influence preceding transgressive and delta bay top sedim entation is 

recorded at Kildoney with more minor foreshore and shoreface deposits. At Mullaghmore 

along with the predom inant fluvial influence, high energy progradational sequences are 

also well represented. At Carrowmoran fluvial, transgressive and progradational sediments 

are all present in significant proportions, but variance can be noted between the limbs. 

Despite the variance of facies distribution between localities no significant trend in one 

direction can be identified.

H owever, moving eastw ards into the north o f Ireland, particularly D errygonnelly a 

significant decrease in fluvial sediments is apparent and an increase in the percentage of 

Facies 2 including extensively oolitic calcareous sandstones/sandy limestones. However in
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the Clonelly Sandstone recorded to the north/north-east of Derrygonnelly, a strong fluvial 

influence is once again commonly expressed along with numerous transgressive 

sequences.

10.4 Biostratigraphical Correlation of the Mullaghmore Sandstone 
Formation

As detailed in chapter two, numerous biostratigraphical dates have been proposed for the 

various localities of the Mullaghmore Sandstone by different authors and are summarised 

below.

At Mountcharles, Whitaker (1976) discovered a diverse spore assemblage containing 

Knoxisporites stephanephorus at Murrays’ quarry at Drumconor. As the appearance of this 

miospore defines the base of the TS biozone, a subsequent age date of Arundian/Holkerian 

is assigned. However, it should be noted that the stratigraphic position of this quarry in the 

sequence is unknown. A number of faults which transect the area make correlation 

between the sandstone outcrops difficult.

At Kildoney a Sj date has been suggested by Hubbard (1966), which implies that the 

sections at Kildoney can be given an Holkerian age. Half way up the succession at 

Mullaghmore Head palynological samples yield elements of both Pu and TS biozonal 

assemblages which include Knoxisporites triradiatus and K. stephanephorous. The 

appearance of the latter miospore, as noted above, defines the base of the TS biozone. 

K noxispor ites  tr irad ia tus  can also be assigned to this biozone, indicating an 

Arundian/Holkerian age (Riley, 1993).
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Near the top o f the Carrowmoran Sandstone a sample yielding a dominant microfauna of 

Rugospora minuta is identified by Higgs (1984). This species is typical o f the TS biozone 

indicating an Arundian/Holkerian age date (Riley, 1993) for the Carrowmoran Sandstone.

In the Omagh Syncline Simpson (1955) has identified the incom ing o f D avidson in a  

carbonaria  and Com posita  c f  fico id es  in the upper half o f the Clonelly Sandstone, which 

indicate an S 2 age (Holkerian, (Riley, 1993)) for the top of the formation. In the same paper 

Simpson (1955) has postulated that the lower half of the formation may be attributed a S, 

date (Arundian, Riley, (1993)). It should be noted that it was attempted in this study to 

divide the C lonelly Sandstone into a lower and upper part, but due to the extensively  

faulted section, it was impossible to do so. Therefore it is not certain that Sim pson’s (1955) 

biostratigraphical assignations can be placed in a sound stratigraphical setting. Mitchell 

and O wens (1990) interpreted Sim pson’s (1955) data as indicating a mid-Arundian to 

Holkerian date for the Clonelly Sandstone, while it is documented as completely Arundian 

by the GSNI (1995, sheet 33).

At the top o f the Derrygonnelly Sandstone Legg et al. (1998) have identified a selection of 

primitive archaediscids, G lom odiscus sp., Paraarchaediscus sp., Planoarchaediscus  sp., 

U ralodiscus sp., and Viseidiscus  sp., all indicating a mid to late Arundian age, which 

suggests that the entire Derrygonnelly Sandstone is Arundian (Riley, 1993). In the Slieve  

Beagh Syncline, the Aughnacloy Sandstone member has been assigned a late Arundian to 

Holkerian age by GSNI (1982 a; 1982 b).

The Drumman More Sandstone o f Armagh previously dated as mid-Arundian to early 

Holkerian by the GSNI (Sheet 47) with the Holkerian/Asbian boundary coinciding with the 

top of the sandstone formation has been assigned a new date. In a recent examination of 

the W B3 borehole by M cPhilem y (1988; 1989) and Som m erville et al. (2001), the
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Drumman More Sandstone yielded TS and TC biozone assemblages, including diagnostic 

taxa for the TC biozone. This miospore data together with foraminiferal data confirms the 

age of the Drumman More Sandstone as extending from the late Arundian to the early 

Asbian, but it is thought to be mainly Holkerian in age. Therefore it is suggested that the 

Drumman More Sandstone is no longer a correlative of the Mullaghmore Sandstone 

Formation. Palynological data has not been recorded for Inishmurray Island.

Correlation of the age dates for the Mullaghmore Sandstone Formation show a very slight 

variability between areas. Palynological data is only available for Mountcharles, 

Mullaghmore and Carrowmoran and in all three areas reveals an Arundian/Holkerian age 

date. Age dates for the remaining areas have been refined from various other data sources 

such as coralA)rachiopod zones and archaediscids.

Overall there is little variation from an Arundian/Holkerian age date; coral/brachiopod 

zones at Kildoney indicate a Holkerian age, while archaediscids from the top of the 

Derrygonnelly Sandstone suggest a completely Arundian age. There is some variation in 

the date provided for the Clonelly Sandstone. Though division of the Clonelly Sandstone 

Formation into an upper and lower part by Simpson (1955) is treated with caution, a 

Holkerian age was recorded by incoming of Davidsonina carbonaria and Composita cf 

ficoides. This along with the Arundian age provided by the GSNI (1995) may suggest that 

an Arundian/Holkerian age may actually apply to the Clonelly Sandstone, as implied by 

Mitchell and Owens (1990).

In summary, the base has not been identified as Holkerian and an Arundian age is most 

likely. The ages of the basal parts of the Mullaghmore Sandstone are biostratigraphically 

indistinguishable. The uppermost parts of the formation are assigned to an Arundian or
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Holkerian age, depending on the biozonal correlations. The Derrygonnelly Sandstone is the 

exception where archaediscids dated from the top limestone reveal an Arundian age.

U sing and correlating different age date m ethods for the M ullaghm ore Sandstone 

Form ation, it is to be expected that some variation may occur. However, it cannot be 

discounted that true variations do exist in the age of the sandstone formation between 

localities, reflecting regional variation in sedimentation. Despite this variation an overall 

date of Arundian to Holkerian can be suggested for the M ullaghm ore Sandstone from 

south Donegal to south Sligo and into the north of Ireland.

10.5 Correlation of the Top and Basal Boundaries of the Mullaghmore 
Sandstone

The M ullaghmore Sandstone Formation has been examined in six broad areas in this study 

from south Donegal to south Sligo and eastwards into the north of Ireland. However, little 

evidence is available as to how they may correlate laterally. The estimated thickness of 

each section varies although the extent of this is uncertain due to the difficulties of 

estimating fault displacements. Even on correlation of the better exposed coastal sections 

parts are obscured by sandy beaches e.g. Bunduff Strand to the east of Mullaghmore Head 

and numerous faults e.g. correlation of the logged sections at Kildoney is uncertain due to 

a number of cross-cutting faults. However, as discussed in section 10.2, a broad age range 

of Arundian/Holkerian can be applied to the M ullaghmore Sandstone Formation, thus, it is 

proposed that a correlation between the various localities can be made.

The basal and top contacts of the formation with the Bundoran Shale and the Benbulben 

Shale Formations respectively have been recorded at a number of localities. As these are 

stratigraphically constrained boundaries they provide a reasonable starting point in an 

attem pt to establish an intraform ational correlation for the M ullaghm ore Sandstone
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Formation. However, these boundaries are not observed in all six areas e.g. Inishmurray 

island, where an attem pted regional correlation will pose greater difficulties. Also, the 

outcrop in the Lough Allen Basin and the Omagh and the Slieve Beagh Synclines is so 

extensively faulted that correlation is impossible. Though the top and basal boundaries of 

the M ullaghm ore Sandstone Formation are not observed in these areas, they have been 

inferred at a number of localities.

10.5.1 The base o f the Mullaghmore Sandstone

The base of the M ullaghm ore Sandstone Formation along with associated transitional 

sediments from the Bundoran Shale can be observed at Altskinning, Kildoney; Rochfort 

Lodge, Bundoran (M ullaghm ore, will be referred to as such in text) and at Portmore, 

Carrowmoran. The base of the M ullaghmore Sandstone Formation can be defined as the 

first >1 m thick medium to coarse grained sandstone which can be traced laterally for at 

least 10 m. The base of the form ation is also inferred at M ountcharles, but differs 

considerably to those above and shall be discussed later.

Comparisons can be made of the transitional sequences between typical Bundoran Shale 

successions and the first major sandstone of the M ullaghmore Sandstone Formation at 

Mullaghmore, Kildoney and Carrowmoran. The transition from the Bundoran Shale to the 

M ullaghm ore Sandstone consists mainly of interbedded sandstones and shales which 

correlate well. Both lithologies are fossiliferous but with the fossils preferentially 

concentrated into the sandstone layers. The sandstone layers tend to pinch out laterally 

over distances of 1 -  3 m, giving them a flattened lens geom etry. However, moving 

upwards towards the base of the M ullaghmore Sandstone they have less of a tendency to 

pinch out and they are also noted to be of a higher frequency and a greater thickness.
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Though many sim ilarities exist in the transitional sedim ents there are a number of 

differences in the upperm ost sequences between localities. The sediments at Kildoney 

(Log Kd 1.1) vary in that they tend to be punctuated at 3 -  4 m intervals by Facies 2 

sandstones, which are also extensively fossiliferous and show evidence of storm 

sedim entation. A lso the transitional sedim ents tend to be very gradational over 

approximately 9 m making it difficult to pinpoint with certainty the first major sandstone 

of the M ullaghmore Sandstone as has been done at both M ullaghmore and Carrowmoran. 

The transition into the M ullaghmore Sandstone at Rochfort Lodge (Log RL) is dominated 

by Facies 2, many of which exhibit storm events and are quite pebbly. The transitional 

sediments here are much coarser than elsewhere and exhibit a slight coarsening upward 

trend.

At Carrowmoran (Log CM 1, la  west and 1 east and 2 east), the transitional sediments 

consist mainly o f Facies 4a -  4b with some occurrences of Facies 2. But what is 

particularly notable is the evidence of emergence towards the top of the Bundoran Shale at 

this locality. This is in the form of tree stumps (lycopsids) and associated Stigmaria stems 

along with calcareous nodules which may be interpreted as pedogenic. Evidence of 

shallowing is not confined to the top of the Bundoran Shale alone and is also recorded in 

the transitional sediments and in the interbedded sandstone and shale units above the first 

m ajor sandstone on the east and west limbs in the form of pedogenic nodules. The 

transitional sediments in all of these areas suggest that shallowing defines the transition 

into and the base of the M ullaghmore Sandstone. However at Carrowmoran, from the 

presence of emergent features, it appears that much of the shallowing occurred at the top of 

the Bundoran Shale.

The greatest difference between the base of the M ullaghmore Sandstone at the various 

localities is the nature of the first major sandstone. Those at Kildoney and Mullaghmore
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are quite similar. The base at Rochfort Lodge (M ullaghmore) is a 2.15 m calcareous and 

pebbly sandstone (Facies 2) with hummocky cross-stratification towards the base. At 

Kildoney the first major sandstone is a medium grained calcareous Facies 2 sandstone with 

shaley partings and evidence of storm conditions (hummocky cross-stratification). Apart 

from grain size differences the first major sandstones in these areas compare well. At 

Carrow m oran there is a significant change in the basal sandstone of the M ullaghmore 

Sandstone Formation. It is defined at this locality by a thick erosively based and cross 

bedded fluvial sandstone (Facies 1).

Though the transitional sediments into the M ullaghmore Sandstone Formation correlate 

well, significant variation is recorded between the first major sandstones from south 

Donegal to south Sligo. These variations provide inform ation on the position of the 

shoreline. Overall this formation represents a clastic influx in an otherwise dominantly 

carbonate/shale sequence indicating a major regression or lowering of sea level. W hether 

this regression was gradual or rapid can be discerned on examination and correlation of the 

exposed bases of the sandstone formation.

The base of the M ullaghmore Sandstone in North M ayo is described by Graham (1996) as 

a fluvial channel sandstone which has a spectacularly erosive base and cuts down into the 

underlying Moyny Limestone with up to 4 m of relief. As documented above, the base at 

Carrow m oran represents a transition from the Bundoran Shale to the M ullaghm ore 

Sandstone with numerous emergent features and the first major sandstone is an erosively 

based fluvial (Facies 1) sandstone. At Mullaghmore and Kildoney the base, also indicating 

a transition from the Bundoran Shale, is represented by storm dom inated calcareous 

sandstones.
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On correlation of these areas, the base of the Mullaghmore Sandstone is observed to 

represent a transition from erosive fluvial plain (North Mayo) through nearshore sands and 

delta tops with evidence of emergence, such as that seen at Carrowmoran, to offshore 

storm dominated deposition (Mullaghmore and Kildoney). Graham (1996) termed the base 

at North Mayo a Type I unconformity (Van Wagoner et a l ,  1988). The progression of the 

base into the Mullaghmore/Kildoney region can be termed the correlative conformity of 

the overall Type I sequence boundary and represents a basin ward movement of the 

regressive sands (Fig 10.1). If the lowering of sea level was a gradual event then a 

sequence from offshore sediments through nearshore sands to the fluvial plain would be 

observed at all of the above localities. Instead such a sequence is recorded progressively 

from North Mayo to south Donegal indicating that a rapid lowering of sea level defines the 

base of the Mullaghmore Sandstone Formation.

The base of the Mullaghmore Sandstone at Mountcharles is recorded in the Dromore 

stream section and is characterised by medium grained sandstones which pass up into 

pebbly sandstones. As mentioned previously the contact with the Bundoran Shale 

Formation is not observed in this study, but it has however been documented by Ni Bhroin 

(1999). The base is described as “ ...the transition of argillaceous limestones, through to 

calcareous siltstones, into plant-bearing siltstones and eventually overlain by coarse

grained, quartzose sandstones....” . As with the bases of the Mullaghmore Sandstone 

described elsewhere, this sequence appears to represent a shallowing upward sequence.

The transition from the Bundoran Shale into the Mullaghmore Sandstone at Mountcharles 

can be documented over less than 2 m (Ni Bhroin, 1999), which is in general thinner than 

the transitional sediments observed elsewhere. This may be a function of exposure, as very 

little section is observed. It would appear from correlation of the base of the sandstone 

formation elsewhere that basin appears to be deepening in a north-easterly direction and
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that this trend would continue into the M ountcharles area. If so the base as seen at 

M ountcharles would be a further basin-ward extension of the correlative Type I sequence 

boundary defined further south. However, this apparent deepening may run contrary to the 

regional trend, as the M ountcharles sandstones are defined as representing deposition in a 

marine em baym ent and differ considerably from an overall deltaic environm ent such an 

assumption may not be reasonable to make.

10.5.2 The top o f the Mullaghmore Sandstone Formation

The top of the M ullaghmore Sandstone Formation is observed at fewer localities than the 

base. It can be defined with confidence only at Carrowmoran for both east and west limbs, 

Carricknagrav and Carrickphatrick respectively, where the transition into the overlying 

Benbulben Shale Form ation can be observed. The top o f the form ation is inferred at 

Conor’s Island (M ullaghmore) and in the Aghamore and Coolagraffy river sections. The 

base of the overlying formation (The Benbulben Shale) can be defined where the sandy 

lithologies give way to interbedded shale and limestone units with thicknesses >1 m.

In all the above sections a strong fluvial influence is noted tow ards the top of the 

formation. W hat is particularly notable is that at all these localities an extensively oolitic 

calcareous sandstone/sandy lim estone is recorded to be either directly or closely 

underlying the top fluvial (Facies 1) sandstone. The calcareous oolite towards the top of 

the west lim b at Carrow m oran is also extrem ely pebbly, possibly representing a 

transgressive lag. The abundance of oolites suggests a high energy shallow marine 

environm ent heralded the end of the M ullaghmore Sandstone. Such an environment must 

have been ubiquitous during this time, as the tops or near tops of the sequences at 

Carrowmoran and M ullaghmore so far have been the only correlatable unit between these 

areas. Such extensively oolitic sandstones are uncommon elsewhere in the M ullaghmore 

Sandstone Form ation. The presence of thick fluvial sandstones near the tops of the
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M ullaghmore Sandstone at the above localities may indicate that a final regressive event 

occurred before the regional transgression which defines the top of the formation.

At Carrowmoran (east and west limbs) and in the Aghamore River section (River sections 

of Chapter 4) the top fluvial sandstone is succeeded by a calcareous sandstone/sandy 

limestone which can be variably oolitic but is mainly packed with biodebris, including 

brachiopods, crinoids, gastropods etc. At Carrowmoran, the top sandstone/lim estone is 

defined as a pebbly lag, with small mm scale weathered black pebbles standing proud on 

the surface. The sandstone/limestone on the east limb of the anticline at Carrowmoran, is 

more extensively pebbly than that on the west limb. This sandstone or limestone represents 

a transition into the Benbulben Shale and may be defined as the top of the Mullaghmore 

Sandstone Form ation. This (calcareous sandstone/sandy limestone) is not observed at 

C onor’s Island as the top fluvial sandstone is the topm ost unit observed for the 

M ullaghmore Sandstone Formation at this locality. The transition into the Benbulben Shale 

is thought to be obscured by the sandy beach at Back Strand. However, the presence of an 

oolitic calcareous sandstone preceding the thick fluvial sandstone at C onor’s Island, 

indicates that this sequence can be defined as the near top of the formation.

The top o f the M ullaghm ore Sandstone in North M ayo at K ilcum m in H ead varies 

significantly from those recorded elsewhere (Graham, 1996). It is documented as a 7 m 

thick sequence of bioturbated green mudstones with common micritic palaeosols which 

abruptly overlie marine sandstones. This sequence overlies an erosion surface, which has 

cut down locally into the underlying sandstones, representing at the very least a local 

regressive phase (Graham, 1996). Above this the base of the overlying Ballina Limestone 

Form ation as defined by the Geological Survey of Ireland (1992) is a coarse pebbly 

bioclastic limestone with a sharp basal contact. Further south near Killala, cross-bedded
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oolitic sandstones (The K illala O olite M em ber) define the upper contact of the 

M ullaghmore Sandstone.

Overall the top of the M ullaghmore Sandstone as defined by oolitic sandstones/limestones 

and local pebble lags representing not only a high energy shallow marine environment but 

also a period of winnowing. Such occurrences are typical of rapid sea level rises and are 

termed transgressive surfaces (Van W agoner et al. 1988). Similar pebbly lags are recorded 

elsewhere in the stratigraphic record such as in the Eocene Cardium Formation of Alberta 

by (Flint, 1988; Flint and W alker, 1992) indicating rapid sea level rises.

However, the top section at Kilcummin differs extensively from those at Carrowmoran and 

Mullaghmore, and has been interpreted by Graham (1996) as being the more landward part 

of such a transgressive system. In these areas transgressive surfaces might be expected to 

overlie a non-depositional hiatus e.g. a soil horizon (Galloway, 1986), indicating that the 

top 7 m of the M ullaghm ore Sandstone may represent a considerable amount of time 

(Graham, 1996). The Killala Oolite M ember may have been overstepped by the final 

transgressive event at the top of the Mullaghmore Sandstone and as a result is not recorded 

at the coastal sections.

Correlation o f the top and basal contacts of the M ullaghm ore Sandstone Formation 

suggests that the events that heralded the initiation and termination of this formation were 

regional. Though the contacts are not exposed at all localities, those that are, exhibit 

distinct similarities as illustrated above. However, what is particularly notable is that even 

though differences exist between the Carrowmoran and M ullaghmore sections at the base, 

their tops or near tops com pare extrem ely well in terms of both fluvial and marine 

processes. This indicates that although the base of the M ullaghmore Sandstone Formation 

is defined by a regional shallowing event, local differences between localities are



expressed providing inform ation on the position the shoreline and position of the 

sequences within the depositional basin. However, the top (near top) is widespread and can 

be correlatable between previously dissimilar sequences and record a regional sea-level 

rise.

10.6 The Distribution and Nature of the Fluvial Sandstones in the 
Mullaghmore Sandstone Formation

Graham (1996) notes that in very general terms, the fluvial (Facies 1) sandstones appear to

increase in thickness up section at both Carrowmoran and Mullaghmore. On examination 

of the sequences such a trend can be observed on the west limb at Carrowmoran. However, 

on the east limb there is a slight variation in thickness of these sandstones up section. Also 

in a very general sense at Mullaghmore Head in Log MH 7 -  7.5, the fluvial sandstones are 

noted to increase in thickness upwards. However, this trend cannot be picked out at 

Inishm urray Island or K ildoney. In the form er despite 85% of the sequence being 

composed of fluvial sediments no thickening or thinning upward trends are recorded. At 

Kildoney, the thicker fluvial sandstones are recognised towards the base of the section. The 

absence of such a trend in these latter areas may be due to their proximal position on the 

delta.

In each locality chapter, an attem pted local correlation has been made and fluvial 

sandstones among others have been com pared laterally. W here these sandstones do 

compare well and exhibit lateral thickness differences, may be as a result of proximal distal 

relationships on the delta plain. Apart from local lateral correlations and a very general 

thickening up trend at Carrowmoran (west limb) and M ullaghmore Head, no patterns are 

recognised for the fluvial sandstones of the Mullaghmore Sandstone.
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Evans (2000) has divided the Mullaghmore Sandstone documented in the exploration wells 

in the Lough Allen Basin as exhibiting upper, middle and lower units. However, he can 

correlate only the upper subsurface stratigraphic unit with the measured cliff sections at 

Mullaghmore Head and Kildoney, on identification of “ ....the thickest and most prolific 

reservoir (fluvial) sands...”. As the basal contact with the Bundoran Shale Formation can 

be observed at both these localities, it is not known how the lower and middle units were 

not compared. Differences in stratigraphic thicknesses between these areas is assumed. 

However, caution is advised on such a division of the Mullaghmore Sandstone as lateral 

variation is common within the formation and such units may be difficult to identify and 

correlate.

The erosively based fluvial sandstones (Facies 1 of this study) have previously been 

interpreted as Incised Valley sandstones by Ketzer et al. (2002). However, little evidence 

for such an interpretation has been recorded in this study. Incised Valley Fills (IVF) 

typically have width:thickness ratios of 1:1000 (Reynolds, 1994), erosively based 

sandstones of such proportions are not recorded in the Mullaghmore Sandstone Formation. 

The width'.thickness ratios of the Facies 1 sandstones recorded are more fitting of channel 

proportions which are 1:100 (Reynolds, 1994). Also the mean thickness of IVFs are 30.3 m 

(Reynolds, 1994), thicknesses of less than 7.5 m were recorded for Facies 1 sandstones. 

Finally interfluves which typically separate IVFs are not present in the Mullaghmore 

Sandstone Formation. Though the base of the formation can be defined as a Type 1 

sequence boundary, the Facies 1 sandstones of the Mullaghmore Sandstone do not 

constitute an Incised Valley Fill sequence.

10.7 Intraformational Correlation
Through correlation of the base of the Mullaghmore Sandstone Formation at Kildoney, 

Mullaghmore and Carrowmoran a within sequence correlation has been attempted
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(Enclosure 8). Though the base at Kildoney and M ullaghm ore com pare quite well, the 

remainder of the sequence differs substantially, but some similarities are proposed.

The basal section at Kildoney becomes fluvial dominated above the first major sandstone 

(Facies 2, calcareous and hummocky cross-stratified sandstone), that at Mullaghmore does 

not show fluvial influence until approximately 20 m above the proposed base. However 

once initiated fluvial facies predominate for over 30 m in Log MH 11. Facies 2 which at 

M ullaghm ore is defined as a marine flooding surface and a m arker horizon is not as 

prevalent at Kildoney. However in Log Kd 2.1 (7.5 -  8.5 m) and Log Kd 4 (10.5 -  11.7 m) 

a Facies 2 sandstone is picked and correlated with that in Log MH 13c (21 -  23.3 m) and 

Log MH12.1 (8.2 -  9.5 m). Below this the 4m Facies 2 sandstone of Log Kd 4 may 

correlate with the sandstones at 14 -  15m  (Log MH 13c) and 0 -  1.5 m of Log MH 12.1.

Though the above sandstones are compared, the surrounding units bear no similarity to one 

another. Those at Rochfort Lodge maintaining a shallowing upward sequence in a marine 

environm ent, while those at Kildoney record fluvial environm ents and delta top bays. 

Therefore if these Facies 2 sandstones can be recorded as marine flooding horizons or at 

least transgressive facies their effect is ubiquitous despite the variety of environments.

As a result of these correlations it is suggested that the Facies 1 sandstone which can be 

traced along the cliff section at Kildoney from Log Kd 2.1 (11.3 -  15.3 m) through Log Kd 

3 (3.5 -  8.5 m) to Log K d 4 (14.8 -  22.1 m) may compare with that of L o g l l . l  ( 0 - 9  m). 

Again the units underlying these sandstones do not correlate well, those in the Kildoney 

log recording deeper marine facies such as HCS, while the M ullaghm ore logs are of 

shallow marine origin including foreshore deposits. The sea-level curves adjacent to the 

logs reiterates the difference.
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In the Bundoran cliff section one marine flooding horizon can be traced through the 

sections and therefore a correlative is sought in the K ildoney section. A suggested 

correlation with the Facies 2 sandstones of either Log Kd 4.2 (28.6 -  30.4 m) or Log Kd 

4.2 (32.5 -  33.2 m) is proposed. W hat is interesting to note is that much of the fluvial 

dominated Log MH 11 compares laterally with delta top bay sediments of the Kildoney 

section, which are punctuated with Facies 2 sandstones. This implies that while fluvial 

sedim entation was active in the M ullaghmore area quiet shallow water conditions were 

prevalent at Kildoney on abandoned delta tops. At this point in time the focus of sediment 

input was at M ullaghmore, not Kildoney. Furthermore the top fluvial sandstone at Log Kd 

4.3a (43.2 -  46.7 m) and Log Kd 4.3b (3 -  6 m) and Log Kd 4a (3.2 - 6  m) may correlate 

with that towards the top of Log MH 11.2. Again the delta bay top sediments above these 

fluvial sandstones in Kildoney compare laterally with Facies 1 sandstones at Log MH 11.2.

Neither o f the basal sections at Kildoney and Mullaghmore appear to bear any similarity to 

those of the Carrow m oran east or west limb sections. Firstly the bases are radically 

different. The base at Carrowmoran is fluvial dominated with much of the shallowing 

recorded at the base of the sandstone formation in other areas obvious at the top of the 

Bundoran Shale Form ation at this locality, as indicated by the presence of em ergent 

features. The Facies 2 sandstones, defined as marker horizons at M ullaghmore, cannot be 

picked and correlated between Carrowmoran and the remaining areas.

As M ullaghm ore and Kildoney lie in closer proximity to one another than either do to 

Carrowmoran it may have been expected that correlation between these sections would be 

less difficult. Due to their distance apart it may be reasonable to assume that Carrowmoran 

was affected by different distributaries to those which deposited Facies 1 at Kildoney and 

M ullaghmore. The position of the Ox M ountains High which may have been emergent at 

this time may have dissipated the effects of the sea such as storm events. The variety in the
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nature of the base between Carrowmoran and the M ullaghmore and Kildoney sections 

reflects the position o f each of these areas in the depositional basin, Carrowmoran was 

located nearer the basin margin in the shoreface and displays numerous emergent features. 

M ullaghmore and Kildoney represent deposition in the offshore zone as outlined in section 

10.4. It should be noted that only one storm event has been recorded at Carrowmoran.

It should be noted that although the logs that comprise the cliff section to Bundoran can be 

correlated with those at Kildoney, a correlation with the logs of Mullaghmore Head has not 

been attempted. This is due to the presence of Bunduff Strand which creates difficulty in 

the correlation of the cliff and headland sections, leaving the correlation to depend on a 

best guess stratigraphy.

It is proposed that the first fluvial sandstones of Logs MH 1, 4/5 and 6 and 7 may correlate 

with those that can be traced laterally along the cliff section to Bundoran in Logs MH 9 -  

11 and 16. Evidence for this correlation is sketchy and it is the actually comparability of 

both sets o f sandstones at outcrop level in their respective localities that leads to the 

comparison. No other fluvial sandstone correlation at M ullaghmore Head is so extensive. 

Not only can the Facies 1 sandstones be correlated but also the overlying Facies 2 

sandstones, which is ubiquitous across these sandstones at M ullaghmore Head, but not as 

common in the cliff section to Bundoran. The sedimentary units underlying the Facies 1 

sandstones, though they cannot be correlated exactly, represent progradational sediments 

deposited in a foreshore and shoreface environment with some more offshore sediments 

also represented. The sea-level curves for both sets of logs also appear to correlate quite 

well show ing a progression from  shallow m arine sedim entation, with some m inor 

perturbations indicating deeper marine sedimentation, to a major drop in sea-level with 

fluvial input.
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Though this correlation has been proposed for the Facies 1 and 2 sandstones, as well as the 

underlying units between the c liff section to Bundoran and M ullaghm ore Head, no 

correlation is available above this sequence, as it is term inated above this in the cliff 

section. Apart from the above comparisons only one other correlation can be proposed 

between the sections at Mullaghmore Head and those of the cliff section to Bundoran. This 

is the Facies 2 sandstone which is observed at the base of Log MH 4 at 0.3 -  1.8 m. This 

may correlate with those Facies 2 sandstones that can be correlated in the cliff section to 

Bundoran. H ow ever, storm sedim entation in the form of HCS has been recorded at 

M ullaghmore Head and is not noted in the other sections. The majority of the sections 

correlated between M ullaghmore Head and the Bundoran cliff section can be picked at 

Kildoney. However, the correlated Facies 2 sandstones in the cliff section to Bundoran 

which have previously been correlated with the Facies 2 sandstone in Log Kd 4.2 (28.6 -  

30.4 m) may also now be assumed to correlate with that at the base of Log MH 4, 

indicating that the transgressive facies is quite widespread and can be traced from north

east of Kildoney Point to the headland at Mullaghmore.

The inability to correlate the M ullaghm ore Sandstone between localities may simply 

reflect the position of each area in the depositional basin or on the delta. The base of the 

formation illustrates a progression from fluvial erosive sediments in North M ayo at the 

basin margin to fully m arine offshore sedim ents above a conform able contact at 

Mullaghmore and Kildoney. The latter represent deposition deeper in the basin.

Although the bases at M ullaghmore and Kildoney are observed to correlate well and be 

attributed a sim ilar basinal position, little else above this is correlated with ease. The 

differences in this respect are interpreted to represent varying positions on the delta. 

K ildoney is thought to represent deposition in more proxim al delta top bays and 

distributaries, while M ullaghmore exhibits distinct coarsening upward sequences typical of
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the delta front. Carrowmoran, is also thought to indicate deposition in a more proximal 

position on the delta.

Facies 2 sandstones recorded pervasively at M ullaghmore gradationally overlying fluvial 

sandstones and also to some extent at Kildoney are not recorded in this context at 

Carrowmoran. Not only do the Carrowmoran sections appear dissimilar to those recorded 

elsewhere, variation between the east and west limbs is also observed. These differences 

may be due to the east limb indicating deposition in the more marginal channel areas, such 

as the delta top bays, while the west limb occupies a more central position in the channel.

Correlation of the above three areas has not been attempted with the remaining sections for 

the following reasons. At Inishmurray, 85% of the facies recorded indicate deposition in 

the deltaic plain, suggesting that this region lies in a much more proximal position than 

other localities. In M ountcharles, the sandstones have been interpreted as indicating 

deposition in a marine embayment and not in a delta as such. The M ullaghmore Sandstone 

recorded in the north o f Ireland is scrappy and transected by numerous faults making 

correlation even on a local scale very difficult and hence regional correlation was not 

attempted.

10.8 Causes of the Mullaghmore Sandstone Formation
The major theme of the mid to late Mississippian is the areal growth of the Pennine fluvio-

deltaic system, of which the M ullaghm ore Sandstone is thought to be a part (Leeder, 

1987). Regional uplift must have occurred in the North Atlantic region reactivating large 

areas o f the Caledonides (Leeder, 1987; Sevastopulo and W yse Jackson, 2001). Uplift 

coupled with a change from an arid climate in the very early Carboniferous through semi- 

arid to monsoonal in later M ississippian times (Besly, 1987) resulted in southerly directed 

flow s which characterise the M ullaghm ore Sandstone. The onset o f Mississippian
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sedimentation in NW Ireland is due to creation of accommodation space, indicating 

regional subsidence for which tectonics may have been responsible (Graham, 1996). 

However, this is also a time of widespread sea level rise in north-west Europe so that initial 

accommodation may be eustatically produced. Local variations in subsidence resulted in 

the formation of a number of smaller basins for which subsidence patterns were strongly 

controlled by the mainly north-east/south-west orientated faults of the Caledonian (Graham 

and Clayton, 1994).

In addressing the question on whether the Mullaghmore Sandstone Formation was 

eustatically produced, comparisons must be made with sequences of a similar age 

elsewhere. In Ramsbottom’s (1973) synthesis of the British Dinantian (Mississippian) 

stratigraphy he divides the Dinantian into 6 major cycles. The third and fourth cycles can 

be compared to the Arundian and the Holkerian respectively (George et ai,  1976).

In North-West England, there appears to be a regression towards the top of the third cycle, 

succeeded by a transgression that defines the base of the fourth cycle (Ramsbottom, 1973). 

It is possible that these events may be related to the basal and top boundaries of the 

Mullaghmore Sandstone Formation respectively. As a result the Mullaghmore Sandstone 

might be comparable to the Ashfell Sandstone (upper beds of the Fells Sandstone) in 

Ravenstonedale.. The Ashfell Sandstone represents a fluvio-deltaic incursion, the top of 

the formation is marked by delta abandonment followed by a marine transgression, all 

occurring in the Holkerian (Gawthorpe et ai,  1989). The majority of the Ashfell Sandstone 

and associated Fells Sandstones appear to be assigned an Arundian age. Therefore as the 

boundaries of the Mullaghmore Sandstone can be compared to part of Ramsbottom’s 

(1973) major cycles and comparisons drawn with a fluvio deltaic sandstone in Britain, it 

may be that a eustatic signature for the Mullaghmore Sandstone exists.
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Palaeocurrent analysis of the Facies 1 sandstones, which provide the majority of the 

sediment for this formation, indicate a predominant flow from the north-west. Preliminary 

work has been carried out to assess the provenance of these sandstones. Techniques such 

as heavy mineral analysis and observation of the sandstone thin sections under cathode 

luminescence were used. In the coarser sandstones numerous large plagioclase grains are 

noted and their composition estimated by means of the Becke line test, 85% of which were 

sodic in composition indicating albitic plagioclase feldspar. It is stated that this is a 

preliminary study as in the heavy mineral analysis only up to 200 g of sample are crushed 

and separated. A larger study would require at least 2 Kg of sample for each sandstone in 

order to be statistically viable. However, the small quantities used in this study can give an 

indication as to what heavy minerals are found in the Mullaghmore Sandstone and a 

possible source can be suggested. It also serves as a precursor for further study.

Heavy mineral analysis (chapter 1, 1.5 .6 ) was carried out on a suite of samples from 

Mullaghmore Head which consisted of a Facies 1 fluvial sandstone and the corresponding 

reworked transgressive Facies 2 sandstone. Along with identification of any heavy 

minerals that may be present the possibility that sediment was been recycled from Facies 1 

to be deposited as Facies 2 was also examined.

A series of pie-charts in Fig. 10.4 display the sandstone suites that were examined and 

which heavy minerals were separated and their proportions. Overall, heavy minerals such 

as rutile and tourmaline were most common, with few zircons and some possible garnets. 

Apatite was also recognised under Cathode Luminescence (CL) but was not identified as 

one of the heavy mineral separates.

Many of the grains are fragmented, with crystal shapes indistinguishable. However, this is 

probably due to the crushing of the sandstone sample where the crystals are fractured as
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they do not appear to be weathered as if they were broken down and rounded during 

transport. Well developed crystal forms, particularly for tourmalines, can also be observed. 

In general the tourm aline grains are prismatic, if not mechanically fractured or rounded, 

with term inations at one end. The colours range from a brown/green to almost opaque, 

those that are rounded appear to be opaque. Many of the tourm alines contain dark 

inclusions. Due to a number of well preserved prismatic grains it is assumed that much of 

these tourm alines are first cycle. Tourm alines crystallise in granites, granite pegmatities 

and metamorphic rocks such as schists, gneisses and phyllites (Mange and Maurer, 1992).

Rutiles are distinctive by their amber orange to red/brown colour and most are translucent. 

Like the tourm alines the rutiles can be fractured and rounded but many well preserved 

grains are prismatic. Striations can also be noted parallel to the long axis or diagonal to the 

prism face. Rutile can be found widely as an accessory mineral in metamorphic rocks 

(such as schists, gneisses and amphibolites), though it is not as common in igneous rocks it 

can be found in hornblende-rich plutonic types and in pegm atites (M ange and Maurer, 

1992). Rutile is also known to form authigenically in sedim ents as clusters of thin 

needles/laths, as this crystal habit was not observed in the heavy mineral assemblage it is 

ruled out and assumed that the rutiles recorded are detrital.

The Becke line test for numerous large plagioclase grains in Facies 1 sandstones appear to 

be predom inantly sodic in com position pointing towards the albite end of the feldspar 

ternary diagram. Such feldspars point towards a granitic origin. Apatites observed under 

CL are also a common accessory mineral of most types of igneous rocks (Mange and 

M aurer, 1992). Exam ining the possible sources for the heavy mineral suites and the 

plagioclase feldspars, it appears that there is a strong granitic source involved in the 

form ation o f the M ullaghm ore Sandstone Form ation. Sedim ent is also provided by 

metamorphic rocks.
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Palaeocurrent data indicates that the source of the sediment originated in the north/north

west and if a granitic as well as a metamorphic source is postulated, then such terrain needs 

to be identified. Looking at the position of the granites in the north-west of Ireland, they all 

appear to lie due north of the outcrops of the M ullaghmore Sandstone Formation (Fig. 

10.5). However, as the palaeocurrent data suggests that the sediment originated more to 

the north-west, they would be discounted as a possible source unless there was a major 

structurally controlled bend in the main river system. However, to the south-west and 

offshore of Malin Beg, the whole of Rathlin O ’Birne Island is composed of a felsite and 

feldspathic porphyry granite. It is poorly documented and its extent and contacts are not 

known. However, there are contact metamorphic effects observed on the adjacent mainland 

coast indicating that the granite body may be much bigger than the island (GSI, 1999). The 

position of Rathlin O ’Birne Island in relation to the outcrop of the M ullaghmore Sandstone 

and the fact that the granite body appears to have been bigger suggest that this granite may 

have been a source for much of this formation.

10.9 The Nature of the Southern Termination of the Mullaghmore 
Sandstone Formation

The southern term ination of the M ullaghm ore Sandstone is represented by a 40 m

equivalent in Drumkeeran South No. 1 borehole (Fig. 9.1). This exploration well is located 

east of Lough A llen and to the south-east of the Ox M ountains. This horizon is 

characterised  by lim estones, siltstones and silty shale particularly  tow ards the top 

containing uncommon fossils such as crinoids, ostracods, brachiopods and stick bryozoans 

(M ike Philcox pers. comm.). The associated gam ma ray and sonic logs, reflect these 

lithologies with frequent relatively high radioactivity readings. M ore minor deflections 

indicating low radioactivity readings are also recorded probably representing the limestone 

lithologies. Because of the fine grained, silty and shaley nature of the M ullaghmore
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Sandstone equivalent the transitions from and into the Bundoran and Benbulben Shales 

respectively are not well constrained on the gam ma ray and sonic well logs. The Ox 

M ountains, which may have been emergent at this time, may have contributed to ponding 

of sediments on its north-west side leading to only an equivalent fine grained member of 

the M ullaghmore Sandstone being preserved on the south-east side.
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CHAPTER ELEVEN 

CONCLUSIONS

The M ullaghmore Sandstone Formation represents a broadly deltaic clastic interlude in an 

otherwise dom inantly carbonate-shale succession. This implies that the top and basal 

boundaries may represent significant sea level changes. On documentation and comparison 

of the base from south Sligo to south Donegal and com parison with the base in North 

Mayo (Graham, 1996) a rapid lowering of sea level is indicated. Evidence for this is in the 

transition from an erosive fluvial plain in North Mayo through nearshore and delta tops 

with evidence of em ergence at Carrowmoran to offshore storm dom inated deposits at 

M ullaghmore and Kildoney. It can be termed a Type I sequence boundary and represents 

the basin ward movement of the regressive sands. The top of the M ullaghmore Sandstone 

is defined by oolitic sandstones/limestones and local pebble lags, indicating a high energy 

shallow marine environment along with a period of winnowing. This surface can be termed 

a transgressive surface and indicates a rapid sea level rise. The top of the M ullaghmore 

Sandstone at North M ayo differs in that it is presented by bioturbated green mudstones 

with com mon palaeosols (Graham, 1996) beneath the transgressive lag. This is interpreted 

to represent the more landward part of the transgressive surface.

Correlation of the various biostratigraphical data derived for the M ullaghmore Sandstone 

through the north and north-west of Ireland indicates a predominantly Arunidan age for 

this sandstone formation. The base seems consistently to have an Arundian age. The upper 

parts o f the form ation may be assigned an Arundian or Holkerian age date, although 

Arundian archaediscids are recorded from the top limestone in the Derrygonnelly area. As 

this latter location has limited outcrop control it is possible, even here, that it ranges up 

into the Holkerian.
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Initiation of the M ullaghmore Sandstone Formation may be due to regional uplift coupled 

with a change to a wetter climate. The distance of the depositional area from the source is 

not known. Depending upon the nature of the river system, the delta may have prograded 

from the Galway-M ayo High if composed of numerous small scale switching channels, or 

to the north-w est of this land mass, if a large trunk stream traversed the High before 

spreading and distributing its load. The absence of any really large channels suggests the 

former situation is more likely. Preliminary provenance studies suggest that a granitic 

terrain may have been part of the source, such as the Rathlin O ’Birne Granite.

Attempts were made to correlate the sandstone sequences on a local scale and subsequently 

on a regional scale. However, even local correlations were difficult. The inability to 

correlate the M ullaghmore Sandstone with confidence between localities as little as <200m 

apart may reflect the normal lateral variability encountered within delta systems. A very 

general thickening upward trend has been noted for the Facies 1 fluvial sandstones at 

Carrowmoran and Mullaghmore. However, this trend is not observed at any other localities 

in the M ullaghm ore Sandstone Formation. This implies that this trend is local to these 

particular localities and may represent their position within the deltaic environm ent. 

A pproxim ate coarsening upw ard sequences, which are topped by fluvial Facies 1 

sandstones and subsequently gradationally overlain by Facies 2 calcareous sandstones can 

be identified at M ullaghm ore Head. These can be interpreted as progradational deltaic 

sequences and indicate a distal position for the sandstones at M ullaghm ore on the delta 

front. Only crude coarsening upward sequences are identified at Carrowmoran, the tops of 

which are defined by Facies 1 sandstones, which do not have a calcareous top. This 

suggests that the sandstone sequences at Carrowm oran may be deposited on a more 

proxim al part of the delta. Coarsening upward sequences have not been identified at 

Kildoney or Inishmurray Island.
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Distinct lateral variation between localities are recorded from south Donegal to south Sligo 

and may be linked to the proximal -  distal relationship of the sequences on the delta. The 

sequences at Kildoney (Fig 6.5) are represented mainly by fluvial sands and delta top bay 

sediments. At M ullaghm ore more distal positions on the delta shoreface are recorded, 

where distinct coarsening upward sequences can be identified (Fig 4.7). It appears that the 

sections at Kildoney may represent a more proxim al and lateral environm ent to those 

recorded at M ullaghmore. As a result correlation between localities is generally difficult. 

This implies that any variation within the M ullaghmore Sandstone Formation due to small 

sea level changes are swamped by the natural variation of the delta system and are not 

resolvable.
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Enclosure 5: Facies correlation for south, east and north side (A) and west side (B) of 
Inishmurray Island
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L o g K d l Enclosure 4: Proposed log correlation of the Mullaghmore Sandstone Formation at Kildoney
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Enclosure 3: Proposed correlation for logged sections of the 
east and west limbs of the anticline at Carrowmoran
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Enclosure 2: Proposed log correlation of the Mullaghmore 
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Proposed correlation of the Facies 2 sandstones

Proposed coarsening upward sequences

Enclosure 1: Proposed log correlation of the Mullaghmore Sandstone 
Formation at Mullaghmore Head
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Correlation of Facies 2 sandstones between Kildoney and cliff 
section to Bundoran

Correlation of Facies 1 sandstones between Kildoney and cliff 
section to Bundoran

Enclosure 8: Intraformational Correlation between Kildoney 
and Cliff Section to Bundoran (Mullaghmore)
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