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ABSTRACT

The Carboniferous (Courceyan to Arnsbergian) sedimentary rocks
of the Dublin area, between the Balbriggan and Leinster Massifs, are
described and discussed. The region north of Swords was re-mapped at
a scale of 1:10,560 while the region to the south was studied at a
reconnaissance level. Outcrop and borehole material was utilised across
the whole area.
A revised lithostratigraphy is presented. The geographical extent
of the revised formations is shown in detail on two 1:25,0OO solid
geological maps and one 1:126,720 geological sketch map. The disposition
of Carboniferous strata on the coastal section north of Rush is shown in
detail on maps and cross-sections at a scale of 1:2,500.
Sedimentological and petrographical studies were undertaken to
investigate the geological development of the Dublin Basin. A wide range
of basinal facies, ranging from coarse debris flow fans to non-point
sourced turbidity current and storm underflow deposits, are recognised.
The sedimentology of fluviatile and shallow marine carbonate shelf facies
present are also briefly described.
Analysis of the data indicates that the Dublin Basin developed in
an extensional regime and that overall it gradually expanded in extent
from the late Courceyan to early Namurian.
Structural work was undertaken at a preliminary leveb.~;Ana~ysis of
the area indicates deformation by Hercynian transpressi~#and~c%tes
that part of the area has undergone significant clockwis~-rgta~i0n.~
Foraminiferal biostratigraphy was employed as a[contr~l!~,~er of
genera and species are recorded from Ireland for the firs~~
The thesis comprises two volumes of text, figures and plates, and
a box containing seventeen enclosures which include measured lithological
sections and solid geological maps. The second volume is an appendix
devoted mostly to systematic description and discussion of microscopic
foraminiferal and algal fossils.
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SUMMARY
Four new solid geological maps are presented showing the disposition of
Carboniferous strata in the Dublin area between the Balbriggan and
Leinster Inliers. These include one 1:126,720 map of the whole area
and two 1:25,000 maps which show the Carboniferous geology of the area
in more detail. The geology of the north Dublin coastal section is
illustrated at a scale of 1:2,500. Data from outcrop and boreholes was
utilised. The area north of Swords was re-mapped at 1:10,560. The
area south of Swords was studied at a reconnaissance level and reinterpreted using existing and new data.
A revised lithostratigraphy is presented covering Carboniferous strata
in both north and south County Dublin. This includes a number of new
formations and groups and encompasses strata ranging in age from
Courceyan to Arnsbergian.

Most of the larger exposures and the longer boreholes in the area were
logged in detail. Summary logs of these are presented in a series of
nine enclosures.

Sedimentological and petrographical studies were undertaken to
investigate the syn-depositional and diagenetie history of the rocks.
A wide range of facies are recognised from terrigenous non-marine
fluviatile and marginal marine facies to carbonate shelf facies and
basinal limestone/shale facies. The latter includes evidence of
deposition from a wide variety of debris flow and turbidity flow
mechanisms in both point and linear source fans. Storm deposits are
also recognised at a number of horizons.
Results from the stratigraphical and sedimentological studies are
combined in an analysis of the syn-sedimentary evolution of the Dublin
area during the Carboniferous. It is deduced that a basin, the Dublin

(i)

Basin, developed in the area in an extensional regime during the late
Courceyan to early Namurian. This basin was initially confined to
central Dublin. With time it expanded north and south across former
shelf area. Distinct episodes of syn-sedimentary tectonism are
recognised and these are related to phases of basin expansion and
internal basin differentiation.
The structure of the Carboniferous rocks in the Dublin area is briefly
described and discussed. It is concluded that these strata were
deformed by Hercynian transpression. Two sets of oblique-slip faults
are recognised. These are thought to have accommodated a 30 to 40
degree clockwise rotation of Carboniferous and older strata in eastern
Dublin.
Foraminiferal biostratigraphy was employed as a control on mapping and
for determining stratigraphical relationships. Only the results of the
biostratigraphical work are included in this thesis because of
restrictions on length. Details of this work are presented in an
accompanying appendix to support stratigraphical conclusions reached in
the thesis and on the maps. The microfauna recovered are well
illustrated on plates.
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CHAPTER I
INTRODUCTION

"No great reliance .............

can be

placed on the boundaries between the
different groups of the Carboniferous
limestone series in this part of the map.
They must be looked at merely as a result
arrived at with much hesitation, and
giving what appeared to us a probable or
possible arrangement of a few scattered
facts, the precise interpretation of which
has no practical or important significance
one way or other."

In these words Jukes and Du Noyer (1861), who
conducted the first geological survey of County
Dublin, acknowledged the difficulties they
encountered in trying to produce the first
lithostratigraphical map of the Dublin
Carboniferous.

CHAPTER I
INTRODUCTION

I.

Introduction

The Carboniferous strata between the Lower Palaeozoic Balbriggan and
Leinster Inliers in eastern Ireland forms the subject of this thesis
(fig. 1.1). This is a large area of varied geology.
The area roughly north of Swords was mapped at 1:10,560 (6 inches to
the mile) apart from the Skerries-Rush coastal section which was
covered in greater detail. The region south of Swords was covered on
more of a reconnaissance basis. Most of county Dublin and some
adjacent parts of Meath and Kildare were covered.
This thesis forms part of a joint project between Trinity College,
Dublin and the Geological Survey of Ireland to remap parts of Ireland
for a proposed new 1:50,O00 series of geological maps. In this
programme B. Murphy studied the Lower Palaeozoic rocks of the
Balbriggan Inlier and J. Rees examined the Carboniferous strata of the
Drogheda Syncline and west of the Balbriggan Inlier, (see figure 1.1).

A large amount of biostratigraphical work was carried out to provide
control on mapping and to help in determining stratigraphical
relationships. The results of this work are summarised in Chapter 7 of
this thesis. Because of restrictions on length, details of this work
are included in an appendix volume to this thesis. It was felt
necessary to make available details of this work because of the major
role biostratigraphy placed in the geological investigation of the
area. The appendix volume also includes many previously unreported
occurrences of calcareous foraminifera from the Irish Dinantian and
Namurian.
The plates, situated towards the rear of the thesis, augment the data
and discussion presented in the text. Seventeen enclosures accompany
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the thesis.
The first geological mapping of the Carboniferous strata of the Dublin
area was undertaken in the mid-nineteenth century by Du Noyer for the
Geological Survey of Ireland. He showed the general disposition of
these strata but no great confidence was placed on the positioning of
lithostratigraphical boundaries on the map (Jukes and Du Noyer, 1861;
see Chapter front sheet).
Subsequently the better exposed areas in the far north and south were
remapped by Smyth (1949) and Harrison (1968), and Turner (1950) and
Browne (1965) respectively, using varying degrees of palaeontological
control; but the large, more poorly exposed central area was avoided
apart from specific isolated localities.
The problems which beset DuNoyer were a complex stratigraphy, poor and
sporadic exposure, an ill-defined, complicated structure and poor
palaeontological control. Apart from the latter, these problems are
still inherent to the area today. If anything, the problem is worse as
the degree of exposure is less today than in the mld-nlneteenth century
and the number of data points is, therefore, reduced. A number of
boreholes have been drilled, however, and this redresses the balance
somewhat. With the rapidly decreasing amount of exposure and ephemeral
nature of borehole material, working on the Dublin Carboniferous may be
likened to rescue archaeology. A large amount of basic lithological,
structural and palaeontological data is, therefore, included in this
thesis for future use.

1.1 Aims
This study was initiated to produce a map of the solid geology of the
Carboniferous strata in County Dublin and to investigate the geological
history of the Dublin region during the Carboniferous. Data was
gathered from outcrops and borehole cores.

Foraminiferal micropalaeontology was utilised as a control on mapping
and to correlate between localities and between lithostratigraphical

units. Stratigraphical, petrographical and sedimentological studies
were carried out to document the syn-deposition and diagenetic
geological history of the rocks. Studies were also carried out to
explain the structural disposition of the rocks in the area and to
assess their style of deformation.

The results of these various studies were then combined and synthesised
to assess the geological development of the area during the
Carboniferous.
1.2

Geography and Drift

Carboniferous strata underlies most of County Dublin. The topography
is undulatory and of low relief, lying generally below 76m (25Oft),
rising to hills around 152m (5OOft) in the north. There is very little
natural rock exposure in this area of rolling farmland and one relies
on old disused small quarries. With modern farming improvement and
tipping of rubbish in old quarries, the number of these artificial
exposures is decreasing rapidly. Many of the remaining old quarries
are flooded or heavily overgrown, and a lot of the natural stream and
ditch sections noted by the original survey and later workers are now
densely overgrown or badly silted through neglect. However, modern
deep ploughing techniques bring up stones from the bed rock in hilly
areas where the drift is thin, thus assisting mapping.
It was found that the relationship between topographical features and
the underlying solid geology was highly variable even where the drift
is thin or absent and caution needed to be exercised when interpreting
topographical features. Even the crop of the thick Namurian sandstones
of the Naul Hills is only occasionally co-incident with topographic
features.
Glacial drift deposits form a blanket of variable thickness across most
of the area. In the hillier areas bouldery to pebbly till overlies the
solid geology to about 3m to 5m, but is far thicker in the lower areas.
The till is usually ill-sorted, muddy, sandy and conglomeratic. Only in
a few places was a heavier sand-free, clay-dominated till noted.

Unconsolidated glacial outwash deposits and eskers occur spasmodically
around the boundary between the Balbriggan Inlier and Carboniferous.
Hoare (1975, 1977) and McCabe and Hoare (1978) discuss the Quaternary
glacial deposits of the area in more detail.

Bogs occurred scattered throughout the area but many are now drained.
The best remaining examples are Bog of the Ring, east of Naul, and
Ashbourne Bog. The latter includes fossil bones of giant deer (Rees,
pers. comm.).

Sand dunes are well developed on spits at Portrane and Portmarnock and
on Bull Island. Blown sand once covered parts of Rush but has since
been removed into banks between fields.

1.3

Geological Introduction

1.3.1

Pre-Carboniferous

The oldest rocks outcropping in the Dublin region are the lower to
middle Cambrian Bray Group of Howth, Ireland’s Eye and Bray (encl. 5).
Quarzites, greywackes and slates comprise the group (Crimes, 1975;
Br~ck and Reeves, 1976). Slump folds and debris flow conglomerates
were recognised on Howth (Van Lunsen and Max, 1975).

Volcanic and volcaniclastic rocks of andesitic affinities occur within
the Ordovician sequences of the northern Leinster Massif (Br~ck, 1976)
and the Portrane, Lambay and Balbriggan Inliers (France, 1967; Br~ck
and Kennan, 1970; Richards et al, 1973). Limestones of Ordovician age
are known from the Balbriggan Inlier at Bellewstown (B. Murphy pers.
comm.) and Portrane (Lamont, 1938). The latter show slump folding.

Silurian deep sea fan turbiditic greywacke/slate sequences are known
from the Balbriggan Inlier (Richards, Burns and Archer, 1973) and the
northwest corner of the Leinster Massif (Brt~ck, 1976).
The lower Palaeozoic strata of the Balbriggan Inlier are discussed in
detail by Murphy (1985, unpub. Ph.D., T.C.D.). Holland (1981)

describes the regional setting of these rocks.

Granites occur in the Leinster Massif and about 5 miles offshore from
Skerries at Rockabill. The former yielded a main emplacement age of
404~24 Ma, (O’Connor and Br~ck, 1978).
A major unconformity exists between lower Palaeozoic and succeeding
strata. The O.R.S. mapped by the Geological Survey is thought to be
Tournalslan (Marchant, 1978; Sevastopulo and Clayton, pets. comm.).
There are no proven Devonian sedimentary rocks in the Dublin region.

1.3.2

Carboniferous

Sedimentary rocks of Tournaisian to lower Namurian age are known from
the Dublin area. The wide variations in lithofacies within these
strata record the development during the Visean of a sedimentary basin
(the Dublin Basin) flanked to the north, east and south by shallow
shelf areas.
Non-marine red beds and transitional shallow marine facies, comprised
of resistate/lithlc conglomerate and sandstone, marl and shale,
unconformably overlie the lower Palaeozoic rocks on the Donabate
peninsula.

Succeeding the basal clastics is a transgressive unit of shallow marine
shale and sandstone which is in turn followed by peritidal micrites
with oncolites. Shallow shelf marine, bioclastic, and occasionally
oolitic and sandy, limestone and shale overlie the micrites. The
proportion of shale and argillaceous biomicrite increases up-section,
indicating a transition into deeper shelf facies.
Succeeding these are micritic limestone knolls of Waulsortian facies
which span the Courceyan-Chadian boundary. Interfingering with the
knolls is an associated off-bank muddy facies.

A thinner, shallow shelf sequence of sandy dolomite, sandstone and

shale developed on the north Dublin Shelf during the late Tournaisian
and early Vis~an.
During the Vis~an, two very different sequences of rocks developed in
County Dublin. Along the southern margin of the Balbriggan Inlier,
clean well-washed bioclastic limestones, representing an autochthonous
shallow-water, shelf facies, are to be found. Accumulating
contemporaneously with these were deeper-water, basinal facies
consisting of shales and allochthonous bioclastic limestones and
argillaceous calcisiltites which may be observed from Loughshinny in
the north to the boundary with the Leinster Massif in the south. These
show evidence of deposition largely from slumping, debris flows and
turbidity currents. Parts of the coeval southern shelf sequence are
preserved in northeast Kildare. Basin analysis indicates that
throughout much of the Visean a shallow shelf existed along the
northern margin of the Leinster Massif. No remnant of this now
remains, however.
Coarse boulder conglomerates are present in both the basinal and shelf
successions at the lower to middle Vis~an boundary (Chadian-Arundian).
Unconformities also developed along the margins of the basin at this
time. Conglomeratic horizons were spasmodically developed during the
later Visean but these are only to be found within the basinal facies.
One group occurs within the middle to late Asbian in the southern
portion of the basin. Another set, developed around the AsbianBrigantian boundary, is seen in the north. These represent synsedimentary tectonism of the basin and its margins.
Carbonate mud-mounds ("knoll-reefs") were developed along the southern
margin of the Balbriggan Block during the Vis~an. Some of these were
eroded following late Vis~an tectonic movements.

In the early Namurian, deltaic conditions of deposition were
established in northern Dublin. Coarse, feldspathic sublithic
sandstone and shale accumulated during this interval. No Carboniferous
rocks younger than Arnsbergian have been preserved in the area.

Syndepositional tectonic movements are recorded by numerous
unconformities and the development of syntectonic sediments within the
Dinantian rocks along the margins to the Basin. Two major episodes of
tectonism are documented from the upper Chadian and the
Asbian/Brigantian boundary.

Basin analysis indicates that the Dublin area developed as an
extensional syn-sedimentary basin during the lower Carboniferous. Some
component of oblique extension may have been operative during this
period. In northern Dublin the depocentre of basinal deposition
migrated northwards from the Malahide-Swords area during the upper
Tournaisian to the area immediately south of the Balbriggan Inlier in
the early Namurian.
During Hercynian tectonism the basinal strata were deformed into
complex folds in a transpressive regime. The shelf strata deposited in
thinner packages upon more rigid lower Palaeozoic blocks were little
deformed. The present day outcrop pattern of Carboniferous strata in
the Dublin area (encl. 5) partly appears to reflect the syn-sedimentary
geometry of the region developed during the Vis~an and lowerNamurian,
as well as the effects of subsequent Hercynian deformation.

1.4

A Short History of Previous Research on the Dublin Carboniferous

Being close to the major city of Ireland, the rocks around Dublin have
been commented upon since the early days of geology in the eighteenth
century (eg. Rutty, 1772). The rocks around the city were soon
recognised to be distinctive in character. In a description of
"mineral species", Kirwan (1794) set forth the mineralogical properties
of the dark, argillaceous limestone from which much of the city was
built. He appears to have introduced a new term, "Calp", for this rock
(Marchant and Sevastopulo, 1980). Knox (1802) enlarged upon the early
description and "Calp" quickly became the accepted name for this type
of rock from Dublin (eg. Fitton, 1802).
In 1814, Griffith began to apply the term "Calp" in a lithological
sense to similar rocks outside the Dublin region and in 1838 he used it

in his stratigraphical subdivision of the Carboniferous limestone in
Ireland:
"Upper Limestone.

o

3.

Impure Argillaceous Limestone, called Calp,
Black Shale and Sandstone.
Lower Limestone.
Yellow Sandstone, Limestone and Shale."

Subsequently the third division became abbreviated to "the Calp" and
the term thereby acquired dual lithological and stratigraphical
meanings which has resulted in some confusion (Marchant and
Sevastopulo, op.cit.).
The Geological Survey applied the above stratigraphy with reasonable
success over much of Ireland. Ironically, however, they found that
"the Calp", which was originally described in a lithological sense from
the Dublin area, could not be applied in a stratigraphical sense to the
same region. Little palaeontological control was available for the
initial Survey mapping and in the end "the Calp" and "Upper Limestone"
were grouped together over much of county Dublin because of "the very
uncertain value of ...... hypothetical distinctions in the limestone of
the district", (Jukes in Hull 1871, footnote, p.51). The original
mapping by Du Noyer showed the general disposition of Carboniferous
strata in the area though in some cases scattered outcrops were
assigned to the wrong units. His unpublished 6 inch to the mile field
sheets include many outcrops which are no longer in existence and
consequently they have provided valuable information for this thesis.
Subsequent workers, from Matley and Vaughan (1906, 1908) to the
present, have refined and amended the pioneering work by the Geological
Survey. A number of unfortunate cartographical errors in labelling the
various editions of the published Survey one-inch maps were made.
Turner (1950) lists these.
In two excellent papers, Matley and Vaughan (1906, 1908) gave a very
detailed description of the northern coastal section from Rush to
io

Skerries. In some parts the lithostratigraphical subdivision of this
section by Matley has remained virtually intact (figures 1.2a and
1.2b). Though he recognised the decalcificaion in Loughshinny Bay, he
was still influenced by it in his stratigraphical subdivision, thereby
making his "Posidonomya Limestones" and "Loughshinny Black Shales"
partial equivalents. His structural cross-section of the north Dublin
coast also remains little changed and the only major alteration to it
is around Loughshinny, where decalcification again influenced his
interpretation.
Louis Smyth began the long history of involvement of Trinity College in
the Carboniferous rocks of Dublin and published a series of papers
(1915, 1920, 1938, 1949) on the north Dublin area. These included
important bio- and litho-stratigraphical refinements and additions to
previous work. The stratigraphy he devised for the Tournaisian
Malahide section (Smyth, 1920) and Namurian of northern Dublin (Smyth,
1949) formed a standard for these parts of the sequence. His Namurian
stratigraphy and mapping remains little altered to the present day
(figure 1.2a).
Selwyn Turner, from Leeds, a contemporary of Smyth, also had a long
association with the Dublin Carboniferous and published papers on the
area from 1938 (in Lamont, 1938) to 1950. In his 1950 paper he
produced the first detailed stratigraphical subdivision of the
Carboniferous south of the river Liffey. Only relatively minor
amendments and refinements have been made to this stratigraphy (fig.
1.3) and his mapping of the area.
Browne (1965) took advantage of new temporary exposures created during
widening of the Naas-Dublin road and revised and remapped parts of the
stratigraphy and ground covered by Turner (1950).

As the geology of the Carboniferous of the Dublin area is complicated
by widespread lateral facies variations, poor exposure and tectonism,
palaeontology has been of prime importance in the investigation of the
area, and fossiliferous localities have attracted attention since the
nineteenth century (eg. McCoy, 1849). The first important
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Figure 1.2a
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Figure 1.2b
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biostratigraphical work on the region was carried out by Vaughan (in
Matley and Vaughan, 1906, 1908). He encountered the first of the
problems he was to experience in trying to apply his newly formulated
biostratigraphical zonation scheme in areas away from Cheddar Gorge. In
his 1908 paper he erroneously assigned the Lane and Holmpatrick
Limestones to his "D" zone and as a result of this revised his 1906
date of "C2S1" for the Rush Conglomerate to "D". Apart from this, and
problems with dating the poorly fossiliferous Rush Slate, his dating
was essentially correct.
Smyth (1915, 1920, 1938, 1949) refined and corrected some of Vaughan’s
dating and produced the first important biostratigraphical work on the
Namurian of the area. His ideas on a Visean-Namurian break however,
were disproved by Harrison (1968), who also documented a diachronous
progradation of the Balrickard Sandstone from northeast to southwest,
from the Drogheda Syncline to north Dublin.
Hudson, Clarke and Sevastopulo (1966) produced a detailed account of
the macrofauna from the Waulsortian and overlying shales from Feltrim
Hill and assigned the Waulsortian to the late Tournaisian.
Turner also made significant contributions to the palaeontological
knowledge of the Dublin Carboniferous and correlated his southern
stratigraphy with the northern stratigraphy of Matley and Vaughan
(Turner, 1950).
Foraminifera had been noted as being present in many of the earlier
works (Matley and Vaughan, op.cit.; Smyth, 1949; Turner, 1950; Browne,
1965) and had even been used in a limited biostratigraphical role
(A.G.Davies in Hudson and Cotton, 1945) but it was not until
comparatively recently that their potential has been realised. Conil
(1976) and Mamet (1969) published short articles on the Lane Limestone
and Rush Formation respectively. Unfortunately, the latter lacks
illustrations and the fauna was not located well enough to be of much
use.
Tim

Marchant (1978) was the first to fully exploit the
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biostratigaphical usefulness of both foraminifera and conodonts in the
Dublin Carboniferous. He concentrated upon the Tournaisian to mid
VisSan (Courceyan to Arundian) part of the successions. His work is
complemented by this thesis, which utilised foraminifera for
biostratigraphic control in the Vis~an to lower Namurian portion of
the succession.
Comparatively little has been published on the sedimentology of the
Dublin Carboniferous. The pioneering work by Lamont (1938) postulated
that storm activity was partly responsible for deposition of the
Posidonomya Limestone (Loughshinny Formation) of northern Dublin. Gill
(1961) and Harb (1965) attributed the Rush Formation to deposition from
episodic turbidity currents and debris flows. Browne (1965) used the
same processes to explain the mode of formation of the Clondalkin
Formation. Philcox (1963) discussed the sedimentology of the
Waulsortian carbonate mud-mounds of the area.
The presence of boulder beds in the Dublin Carboniferous has
persistently been assigned to syn-sedimentary tectonic activity by many
workers (eg. Turner, 1950; Browne, 1965).
Matley and Vaughan (1906, 1908), Smyth (1920, 1949), Turner (1950) and
Browne (1965) have commented on the structural disposition of the
Carboniferous rocks of the Dublin area but did not attempt to analyse
the deformational history of these strata. Dewey (1966) described kink
bands from Rush and postulated that sinistral strike-slip movement was
responsible. He recorded two cleavages in the Tober Colleen Formation
("Rush Slate").

1.5

Terminology

Standard classifications of terrigenous rocks and of carbonate
lithologies of sand grain size or coarser are used where possible. In
describing the range of fine grained carbonate rocks present the
standard classifications are, however, inadequate. For example, much
of the Fingal Group could be described as "mudstone" (sensu. Dunham,
1962,) or "micrite" (sensu. Folk, 1959). In the past, the term "Calp"
16

was used to describe some of these but usage of this term is
inadvisable because of confusion surrounding its true meaning (Marchant
and Sevastopulo, 1980).

The following terms are used here to describe the various fine grained
lithologies encountered in the Fingal and Knockbrack Groups and Group
A.
a. "Argillaceous

An impure bioclastic limestone with medium

Biomicrite":

sand grain-sized or coarser bioclastic
debris set in a muddy (argillaceous and
calcareous) matrix.

b.

"Argillite":

A well cleaved rock of argillaceous grain
size, with no fissility, in which bedding
is not obvious.

c.

"Calcareous Mudstone":

A non-flssile, poorly cleaved, calcareous
argillaceous rock.

d.

"Calcareous Shale":

e.

"Calcisiltite":

A fissile, calcareous argillaceous rock.
A clean to only slightly impure calcareous
rock composed of silt-grade grains. In
some cases the "silt" size is due to a
diagenetic increase in grain-size from
carbonate mud. The low argillaceous
content of this lithology makes it nonfissile and paler in colour than "f".

"Earthy Limestone":
(Argillaceous calcisiltite & calcilutite)

An impure, homogenised limestone of dull
dark grey to black colour, when fresh,
composed of mud to silt-grade carbonate
sometimes including sponge spicules. This
lithology is more argillaceous than "e".

g.

"Micrite" :

Folk’s term "micrite" strictly can only be

i7

applied after petrographical study where
grain size may be measured. In most of
the section recrystallisation has
increased original micrite to coarser
silt-sized neomorphic crystals. I have
used the term in Folk’s sense and to
describe the original grain size of some
carbonates. The term has also acquired a
lithostratigraphical usage in the lower
parts of the Courceyan: "Micrite Unit".

h.

"Mudstone":

A non-fissile to poorly fissile rock of
argillaceous grain size. The term
"mudstone" sensu Dunham (1962) is
unnecessarily confusing and is not used
here.

j. "Shale":

A fissile to moderately fissile rock of
argillaceous grain size.

"Calp" was described by Kirwan (1794) as having a hardness of 6 to 7, a
splintery to imperfect conchoidal fracture and an effervescent reaction
with acid. It seems to correspond most closely to lithology "f" in its
silicified or partially silicified state. From remapping areas covered
by the Geological Survey, it appears from their nineteenth century
field sheets that they used it to describe cherty dark grey to black
argillaceous micritic limestones (lithology "f"). The "earthy smell
when breathed on" noticed by Kirwan is a feature of the more
argillaceous, unsilicified varieties of lithology "f".
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CHAPTER 2

LITHOSTRATIGRAPHY

2.1

Introduction

The Carboniferous rocks present in County Dublin can be divided into
five major lithological groupings; (fig.2.1).
Group A includes all of the Carboniferous strata developed below the
Waulsortian in central Dublin. It shows transitional features between
the Courceyan North Midlands and Kildare Provinces of Philcox (1984).
The sub-Waulsortian strata of the Irish Midlands are currently under
review by M.E. Philcox and G.D. Sevastopulo.
The Milverton Group is dominated by pale to medium grey, clean,
bioclastic and peloidal limestones of (autochthonous) shelf facies. No
Waulsortian limestone is developed in this group, though shalier "reefequivalent" beds are present. The Milverton Group is developed along
the southern edge of the Balbriggan Block. It is named after a quarry
near Skerries and serves to distinguish the late Courceyan and post
Courceyan shelf sequence from penecontemporaneous deeper water, more
basinal strata.
Parallel, thinly interbedded, dark grey shales and limestones of
basinal facies dominate the Fingal Group. Conglomerates and sandstones
are present at certain intervals. Most of the limestones and
terrigenous clastics show evidence of deposition from various density
current processes, and are composed of allochthonous sediment derived
largely from adjacent shelf areas. The top of the Waulsortian is taken
as the base of the group and the top is drawn at the base of the lowest
sandstone of the L. Namurian Balrickard Fm. "Fingal" is derived from an
old celtic name for the Dublin region meaning "land of the outsiders or
foreigners", which is apt for an allochthonous sedimentary sequence.
The Fingal Group serves to distinguish basinal strata of the Dublin
Basin from penecontemporaneous shelf sequences.
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Figure 2.1
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Lower Namurian, deltaic sandstones and shales dominate the Knockbrack
Group.
The formational subdivision of these groups is shown on fig.2.2. The
observed and estimated thicknesses of these formations are summarised
on fig.2.3.

2.2

Group A and the Waulsortian

Courceyan, Group A, rocks are only exposed in central County Dublin in
a roughly triangular area between Donabate, Howth and Castleknock
(encl.5). Unfortunately, the degree of exposure is low and much of the
borehole information acquired by base metal exploration in the region
is not at present released.
2.2.1

Donabate Formation

Type locality: Portrane foreshore (fig. 2.5, encl.8).
Grid Ref:

0 20565010

The name "Portrane" is associated with the lower Palaeozoic inlier of
that name and to avoid confusion, therefore, this formation has been
called after the nearby village at which Du Noyer (1847) recorded
"about 182ft (55.5m) of Old Red conglomerates, marls and grits" along
the railway. Only loose boulders of conglomerate now occur in the
vicinity of Donabate.

At the type locality, a few metres of red, coarse lithic sandstones and
conglomerates outcrop. The latter are poorly sorted and include
unusually abundant amounts of vein quartz compared to other
Carboniferous conglomerates in the region. This formation probably
rests unconformably upon the Palaeozoic, but the contact is not
expos ed.
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Figure 2.2
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FIGURE 2.3

ESTIMATED STRATIGRAPHICAL THICKNESSES

metres
KNOCKBRACK GROUP

over 300

Walshestown Fm.

over 200

Balrickard Fm.

75 to iOO approx.

FINGAL GROUP - NORTH DUBLIN

1250 to 15OO (max) approx.

Loughshinny Fm.

over 300

Naul Fm.

over 1OO

Dublin Fm.

over 300 approx.

Rush Fm.

O to 300

Tober Colleen Fm.

over 250 to 500 approx.

FINGAL GROUP - SOUTH DUBLIN

13OO to 16OO approx.

Belgard Fm.

probably over 300

Clondalkin Fm.

over 230

Dublin Fm.

600 to 800 approx.

Tober Colleen Fm.

50 to 150 approx.

MILVERTON GROUP

50 to 350 approx.

Asbian Shelf Limestone

50 approx.

Holmpatrick Fm.

1OO approx.

Snuggler’s Cave Fm.

O to 40 approx.

Lane Fm.

O to over 140

McGuinness Fm.

O to 60

WAULSORTIAN - NORTH DUBLIN

O to over 350

- SOUTH DUBLIN/NE KILDARE

ll7 to 200 approx.

GROUP A (Sub-Waulsortian) - NORTH DUBLIN

325 to over 500

Malahide Fm.

300 to over 450

Dozabate Fm.

O to over 55

GR6UP A - SOUTH DUBLIN/NE KILDARE
Lyons Hill Fm.

330 or more

"Lcwer Limestone Shale"

10 to 30 approx.

O.R.S.

30 approx.
Note: Considerable variations in thickness.of
Carboniferous strata occur across the Dublin area.

23

2.2.2

Malahide Formation

Type locality: see under member headings.
This unit was named by Marchant (1978). It includes all the strata
between the top of the red beds of the Donabate Fm. and the base of the
Waulsortian. Limestones dominate the Malahide Fm. though shales are
abundant in the upper half. A subdivision into four members is possible
(fig.2.4).
MEMBER 1

Member I is known at surface only from fragments of brownish grey
sandstones and shale (some with calcareous nodules) in a ditch near
Beverton House at Donabate where an outcrop was recorded last century
by the Geological Survey (fig.2.5). In the railway cutting nearby,
just south of Donabate, Du Noyer (1847) recorded around 10Oft (30m
approx.) of "brown variegated shales and calcareous earthy layers full
of nodules which contain some fossils" overlying red beds of the
Donabate Fm. These are assignable to Member 1.
MEMBER 2 (Micrite Unit)

This unit is known at surface from only one locality, a small disused
quarry near Beverton House (fig.2.5), but is known from boreholes in
the Donabate/Malahide area (encl. 9). Peloidal, fenestral and
oncolitic micrites with lesser amounts of shale and terrigenous quartz
sand comprise Member 2. This unit is cyclic, often with intra-clastic
breccias and oncolitic or pebbly gravels marking cycle boundaries.

MEMBER 3 (Bioclastic Limestone Unit)
Type locality: Malahide foreshore (blocks E and F of Smyth, 1920)
Fig.2.6; encl. 8.
Grid ref.:

0 2444-2445

Medium to dark grey nodular, bioturbated biomicrites and biosparites of
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Figure 2.4
o)
o
¢J

u]

~4
~o

O po

oJ
L0
o~
0J
.,.4
O

.,4

co
I
~ ~.,o

,--4 0J
O O 40

o o ~ 0~
:~ o h o ¯

.

¯,4 0J {J -,~ ¯

O ~ ~ ~.~

~m

¯ m o ¯ N

~ ~ m ~J ~.~
}~ .,4 0) -H o) o
~J ~ ~ ~4 o ~) -~

0
f~
~4
O~
o
o
.io
0
to
,-i

0

o

,-.t

z

~ .,.-t
~
m ,-4 -,-4
1.4
~
-,-I 1,4 ~O ¯
0 O ¢1 ,~J
,-4.,.4,-4
m ,--4 ~
o ~.,~
U .,4
-,-4
.,-i .,-i
.,4
~o ,-4
,-4.,4 r’
u r~
U ~4 -,~ 4J
.-4 u
00~E~ 0
C~ 0-o
}4 0)

0
0
I..4
i-i
:>
H

8
:>
o
o
.io

o
o
40

0
r~
0

v
tn
i.o
~4

0

c~

.,4
-IJ
~4
0
O]
,--4

r~

o
o
o N
¯ ~ :>t-,-~
-~ ~ 0
,0
0
03 0J
I= ~-a
m ~.,4
40 0 o
,-i .Io ~l
U
.,-i ~ q-i

~ ~ ~ ~ O
¯ H In -H -H .~

¯
~) ~-4 ~
u~4
tl~ ~-4
olo ~ 0
o ~ ~ -~
o ,
o
o) 4J ~ ¯ .,4
~4 o) ,-I ’I=I o
~ B ~ ~.~
o.~ ~

~J
~.
m 0
"0

o
,--4
0
-H
14
0
r,.
O~
~O

-,4 -IJ

t

,-4
"o

~u
o

u

25

,<
L;

Figure 2.5

26

Figure 2.6

0

$
u~
c,4
o
Z

/
4
~D
-,4
,C:
,...4

4~
~4
O

O
4-I

o

!
O
-,4
4-I
--4
O
O

¯ %O

&

27

shelf facies, rich in macrofossils but impoverished in foraminifera,
form the dominant lithologies. Some of the limestones are sandy or
oolitic. Shelly and fenestellid calcareous shales and poorly
fossiliferous mudstones are less abundant. Locally this unit may be
intensely dolomitised. Over 200m are known in the type area (see
Marchant, 1978 and encl. S).

MEMBER 4
Type localities: Malahide foreshore (block G of Smyth, 1920) and
Swords stream section. Figs.2.6, 2.7, and encl. 8.
Grid refs:

0 2445 and 0 180468 respectively.

Member 4 is more argillaceous, generally darker in colour and less
fossiliferous than Member 3. It contains fewer coarse bioclastic
limestones and more shale and calcareous mudstone.
The sequence in block G of the Malahide section (encl. 8) includes
around 50m of biomicrites and calcareous mudstones with occasional
biosparites. Strongly laminated calcilutites and fine calcarenites
with shelly lags form the lowest part of this section.
The S2m section at Swords (encl. S) is finer grained overall, more
argillaceous and less fossiliferous. Marchant (1978) regarded the
Swords section as younger than block G. It therefore represents a
higher part of Member 4 than block G.

Across central Ireland the Waulsortian often overlies crinoidal
limestones (Philcox, 1984). This also appears to be the case in the
Huntstown area where a sub-Waulsortian crinoidal unit has been
penetrated in core. A couple of small exposures in the area, at
Luttrell’s Cross Roads (Grid ref 0 10354955), may belong to this unit,
but the isolation of these outcrops makes this tentative.
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Figure 2.7

North

/

Scale 1:25,0OO
Fig. 2. 7

Type locality of part of Member 4 of the Malahide Fm.,

Swords Stream Section (after Marchant, 1978)
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2.2.3

Waulsortian

Best locality:

Feltrim quarry, near Malahide. A working quarry
operated by Roadstone Limited.

Grid ref:

0 200494

No local formational name has been assigned to this unit. According to
common usage it is known throughout Ireland as "the Waulsortian"
("Reef").
The Waulsortian limestone facies occurs as knoll-like masses which are
often expressed as low hills in the central Dublin region (eg. Feltrim
and Cloghran Hills). Lees (1964) found that many of the Waulsortian
limestones possess an original topography with depositional dips up to
40 degrees on the flanks. This together with the absence of any
binding organism led Lees (op.cit.) to reject the term "reef" and use
instead the term "mud-mound" for the Waulsortian knolls. Such usage is
adopted in this thesis.
The Waulsortian consists of two contrasting lithofacies: a mudbank
limestone facies and a dark crinoidal mudstone/shale off-mound facies
with occasional micritic limestone interbeds. These two lithofacies
interfinger with each other. Only the mudbank limestone facies forms
extensive outcrops, while the other is known from borehole cores and
from shaly intervals within mudbank limestones. (Encl.16).
Pale to medium grey (occasionally dark grey as at Feltrim)
recrystallised calcilutites comprise most of the Waulsortian mud-mound
facies. These limestones are quite pure in their carbonate content and
are thickly to massively bedded. Where bryozoans are common, cavity
infilling micrite and calcite cements form a large proportion of the
rock.

Stromatactis spar filled cavities are typical of the Waulsortian
limestones in the area, but they are not always present, particularly
towards the top of mud-mounds.

3o

Shell macrofossils (brachiopods and crinoids) tend to occur in
localised pockets. They are particularly abundant towards the top of
the mud-mounds. Fenestellid bryozoans are common in the central
portions of these mounds.

Syn-sedimentary fissures (filled wi5h laminated micrite and fine spar
parallel to the fissure walls) and brecciated mud-mound limestone (with
fissure fills) may be present (Philcox, 1963).

The quarry at Feltrim Hill is the largest and most studied of the
Waulsortian limestone exposures in the Dublin region. The more
important works on the quarry include a detailed macropalaeontological
analysis of its fauna by Hudson, Clarke and Sevastopulo (1966), the
sedimentological study by Philcox (1963) and the recent
micropalaeontological work by Marchant (1978).
An off-mound facies, known primarily from borehole cores such as OTDDH8
at Oldtown (encl.16) consists of dark grey to black, sometimes pyritic
mudstones and shales with subordinate inter-related micritic crinoidal
and pebbly conglomeratic limestones. The latter are composed of
fragments of mud-mound facies.
Similar facies may occur above the top of Waulsortian mud-mound facies
in the Tober Colleen Fm., indicating that these two formations may
interdigitate.

2.3

Milverton Group

The lithostratigraphy of the Milverton Group is based upon coastal and
inland outcrops around Skerries (fig. 2.8) and the Lane borehole. Pale
grey bioclastic shelf limestones dominate the group. Outcrops of the
group are restricted to scattered localities along the southern margin
of the Balbriggan Block. More extensive outcrops are known to the
north in the Drogheda Syncline (J. Rees, Ph.D. in prep., T.C.D.).
Figure 2.9 summarises the subdivision of the Milverton Group in the
area.
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2.3.1

McGuinness Dolomite Formation

Type section:

Lane borehole 113.81m to 178.3m. Core stored at G.S.I.
core shed at Glencree, County Wicklow. Fig.2.8,
encl.13.

Grid ref. of borehole: 0 270580
This formation is known only from the Lane borehole in which this unit
rests with no appreciable difference in dip upon lower Palaeozoic. A
basal unit of 1.85m (true thickness) of dark grey siltstone and shale
with thin bands of isolated ripples of sand and bioturbated sandy silts
lies with a sharp, un-veined and un-brecciated contact upon the older
strata. No evidence for a fault could be seen and this contact is
regarded as unconformable.
Pale grey, clean, sandy and occasionally pebbly dolomite and
feldspathic sandstone comprise most of the McGuinness Formation. In
thin section the dolomite is seen to have been originally coarse and
biosparitic in composition (Chapter 4). Unaltered sandy biosparites
occur at the top of this formation. Around 30m above the base of this
unit a number of thin shales and a fenestral microdolomite (probably
originally a micrite) occur interstratified in what is otherwise an
essentially mud-free, well-washed sequence (encl.13).

The top of this unit is taken at the top of the last sandy limestone at
113.81m. It is named after Mr. McGuinness of Loughshinny on whose farm
the borehole was sited with his kind permission.

2.3.2

Lane Limestone Formation

The Lane Formation is known only from the Lane borehole and the
adjacent outcrop on the coast north of Loughshinny (fig. 2.8). It is
divisible into two members.

Figure 2.8

NORTH DUBLIN COASTAL SECTION
scale 1:25,0OO

¯
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*

- Type Locality

~--~- Curkeen/Popeshall "Reef" Lst.
[-~’-~- Holmpatrick Pm.
~- Smuggler’s Cave Fm.

~----~ - Lane Fm. Mbr. 2
- Lane Fm. Mbr. 1 and McGuinness
(Lane Borehole)
~’--]- Loughshinny Fm.
- Division 4

~

Ballustree Mbr.
Division 2
Drumanagh Mbr.

~D"~- Dublin Fm.
DGH - Giant’s Hill Mbr.
DBE - Brook’s End Mbr.
DBP - Bathing Place Mbr.

~

- Kate Rocks Mbr.

[’~-’~- Rush Fm.
R5 ~ - Carlyan Mbr.
R4 - Mbr. 4
R3- Mbr. 3
R2 - Mbr. 2
R1 - Mbr. 1
T

- Tober Colleen Fm.
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MEMBER I

Type section:

Lane borehole between 55.5m and 113.81m.

Fig.2.8,

encl.13).
Grid ref.:

0 270580

Dark grey, well packed, bioclastic packstone with silty mudstone and
calcareous shale dominate Member I. The limestones are usually nodular
and are noticeably argillaceous. They are crinoidal and include
solitary horn corals, bryozoans and brachiopods but are impoverished in
foraminiera. Some of the shales are crinoidal or include abundant
fenestellid bryozoans. Lithologically, Mbr. I is similar to parts of
the Malahide Formation. Mbr. I is 51m thick.
MEMBER 2
Type locality:

Lane foreshore, between Skerries and Loughshinny and
Lane borehole above 55.5m. Fig.2.8, encl.13).

Grid ref.:

0 261580/0 270580

Mbr. 2 is much cleaner than Mbr.1. It includes less shale and mudstone
and more packstone and grainstone. The limestones are paler grey, well
bedded and fossiliferous with a higher foraminiferal content. The lower
half of Mbr. 2 is dominated by nodular, bioturbated to pseudobrecciated biosparites and biomicrites with thin shales while the upper
half includes sandy and oolitic limestones and bioclastic sandstones.
Occasional pebbly horizons are present with clasts of vein quartz and
greywacke, probably derived from the adjacent Balbriggan Inlier.
Around 70m of Mbr. 2 are present from the base of this unit in the Lane
borehole to the top of the main Lane Limestone outcrop. A projection
of Lane Fm. sticking up through the overlying formation was noted by
Marchant (1978). A further 15 to 20m of section are calculated as
necessary to include this. The Lane Fm. is therefore 120 to 140m thick
in total, the difference being due to the southerly down cutting of the
succeeding formation. It ranges in age from probably latest Courceyan
to mid Chadian.

35

Some of the clasts of Lane Fm. in the Rush Fm. at Rush (section 2.5.2)
are biostratigraphically younger than the highest beds of the Lane main
outcrop (Marchant, 1978), indicating that significant erosion of the
top of the Lane Fm. occurred during the upper Chadian.

2.3.3

Smuggler’s Cave Conglomerate Fro.

Type locality:

Lane foreshore between Skerries and Loughshinny.
Fig.2.8, encl.13).

Grid ref.:

0 262583

This formation was formerly known as the "Lane Conglomerate" (Matley
and Vaughan, 1908). According to the rules of stratigraphical
nomenclature, the name "Lane" has been retained for the better known
Lane Limestone and has been changed to "Smuggler’s Cave" for the
conglomerate to avoid confusion.

Bouldery lithic conglomerates with an interstitial lithic sandy matrix
compose much of the Smuggler’s Cave Fm. The clasts are sub-rounded to
sub-angular, commonly tabular and are generally under 50cm in width.
They are organised in well imbricated depositional lenses in which it
is difficult to recognise a structural dip. Green metamorphosed
greywacke, slate and siltstone derived from adjacent Silurian strata of
the Balbriggan Inlier comprise over 90~ of clasts present. Vein quartz
and, more rarely, meta-volcanic lithologies are also present.
Fragments of Lane Fm. occur at the base where the Smuggler’s Cave Fm.
overlies a karstic surface in the former with a low angle unconformity
which progressively cuts down section southwards (see section 3.2.3,
encl.S). The formation becomes increasingly sandstone-dominated toward
the top at the type locality.
This unit is known at outcrop only from its type section and from its
probable correlative on Shennick’s Island, where it overlaps to rest
directly upon lower Palaeozoic (encl. 3). It is overlain by lower
Arundian and underlain by mid Chadian strata and is, therefore,
considered to be late Chadian in age (Chapter 7).

2.3.4

Holmpatrick Limestone Formation

Type locality:

Coastal outcrop in Holmpatrick Townland, south of
Skerries. (Fig.2.8, encl.13).

Grid Ref.:

0 2658

Conformably overlying the Smuggler’s Cave Conglomerates on the coast is
a sequence of pale to medium grey, well bedded bioclastic limestone.
These limestones are characteristically very clean and crystalline in
appearance. Shale bands are very rare, and, if present, occur only as
very thin partings. Many of the limestone bedding planes are uneven
and stylolitic with thin films of insoluble residue material upon them.
They probably do not represent sedimentary bedding surfaces in most
cases.
At the type locality some 80 to 90m are exposed. As the top of the
formation is not exposed it is likely that it attains 100m in thickness
and may even exceed that. The lower 20m are oolitic and the basal few
metres include small pebbles and granules of Lower Palaeozoic, possibly
reworked from the underlying Smuggler’s Cave Fm. The contact with the
latter is conformable though a sharp change in facies occurs across the
boundary. A non-sequence may be present.
The Holmpatrick Fm. ranges in age from early to upper Arundian.

Further good exposures of this unit are to be found in the working
quarry at Milverton (Grid Ref. 0 248590) near Skerries (fig.2.8). Some
25m are exposed here. Micropalaeontological dating indicates a
correlation with the upper parts of the type section (Chapter 7).

2.3.5

Asbian Shelf Limestone

Asbian limestones of shelf facies are known from a few scattered
outcrops near the southern boundary of the Balbriggan Inlier (encl.3).
No more than a few metres are exposed at any locality and consequently
the characteristics of this unit are poorly understood. No formation
is proposed here as coeval limestones are known to be better developed
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in the Drogheda Syncline (Whitehead, 1964) and hopefully the current
work by J. Rees (Ph.D. thesis in prep., T.C.D.) (fig.l.1) will result
in the erection of a better type locality than is possible here.
The features of the better exposures of Asbian Shelf Limestone (A.S.L.)
are ncted below.

MilvertemQuarry(Grid Ref. O 248590)

A late Asbian foraminiferal

fauna was recovered from the couple of metres of pale grey, sparry,
fine peloidal calcarenite of A.S.L. which caps the top of the east face
of this working quarry (encl.13). The contact between this and the
underlying Holmpatrick Fm., which comprises most of the quarry section,
was not accessible at the time. No fault could be seen in the east
quarry face and it may be that the A.S.L. rests unconformably upon the
Holmpatrick Fm. Turner’s (1938, p.29) D zone bio-stratigraphical
determination for this locality was probably based on specimens from
the A.S.L.
Ard~illam (Grid Ref. O 225615)

An upper Asbian foraminferal fauna

was recovered from a flat lying, low, seaweed-covered patch of rock at
Ardgillan (encl.3). Coarse, shelly and crinoidal biospar-rudites with
abundant calcareous algae compose this outlier. It is not in contact
with any other rock strata but is flanked along the coast on both sides
by lower Palaeozoic. Along the edges of the outcrop it is extensively
veined and dolomitised. It lies along the line of a major fault
(encl.3) and is probably a sliver caught up in it.
Piercetown House (Grid Ref. 0 085607) Coarse bioclastic limestones
similar to those at Ardgillan form the outcrop of A.S.L. north of
Piercetown House. Low angle cross bedding and "pothole structures" on
bedding surfaces were noted.
No shale beds or partings have been noted in any of the limited
exposures of A.S.L.
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2.3.6

Upper Mud-Mound ("Reef") Limestone (U.M.M.L.)

Crystalline, pale grey, thickly bedded calcisiltites similar in
lithology to, but of differing age from, the Waulsortian occur close to
the edge of the Balbriggan Inlier (encl.3).

Lees, No~l and Bouw (1977) recommended that the name "Waulsortian"
should be applied only to limestones of similar age (Courceyan to
Chadian) and lithofacies to the Waulsortian of Belgium, thereby
excluding the mid to Upper Vis6an mounds of the north Dublin area. This
approach is generally followed in Ireland (Sevastopulo, 1982; Keeley,
1983) and is used here.
The upper mud-mound limestones (U.M.M.L.) have some similarities in
lithofacies with the Waulsortian. A central massive calcilutite facies
capped by a shellier facies was noted in the Curkeen and Popeshall
knolls and at Salmon Hill a fenestellid wackestone facies is present.
There are syn-depositional fissures and breccias in the knoll at
Curkeen similar to those in the Feltrim Waulsortian knolls.
However, some differences do appear to exist between the Waulsortian
and U.M.M.L. Well-bedded foraminiferal limestones ere developed as a
flank facies to the Clonalvy knoll (encl.3) and nowhere has
Stromatactis been seen in the U.M.M.L.
Over much of the Irish Midlands there appear to be usually only two
horizons of mud-mound ("reef") limestone: a lower Courceyan to early
Chadian horizon, the Waulsortian (sens____~u Lees, NoB1 and Bouw, (1977),
and an upper Vis6an horizon (Sevastopulo, 1981; Hudson et al, 1966;
Hudson and Philcox, 1965; Keeley, 1983; Marchant, 1978). These two
horizons are well represented in the Dublin area. In addition there
appears to be another horizon developed around the late Arundian at
Clonalvy (fig. 2.10, encl.3).

Figure 2.10
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2.4

Fingal Group - North Dublin

The Fingal Group is a new stratigraphical name erected to include
strata of basinal facies developed in the Dublin Basin during the
Dinantian and early Namurian and to distinguish these from coeval shelf
facies strata (Milverton Group). A pronounced change in facies in the
Fingal Group occurs between the northern and southern Dublin regions
and for this reason they are discussed separately here (southern basin,
section 2.5). The lithostratigraphy and thicknesses of the units in
the Fingal Group are shown in figures 2.2 and 2.3.

2.4.1

Tober Colleen Formation

Type locality: Coastal outcrop at Rush (fig.2.S, encl.11).
Grid ref.:

0 270536

A thick succession of dark grey calcareous mudstone or argillite
(depending upon local variations in deformational intensity) succeeds
the Waulsortian in County Dublin. This unit was previously known, in
part, as the "Rush Slate". As the prefix "Rush" was also used for the
overlying "Rush Conglomerate", one of these units has had to be renamed
under the rules of stratigraphical nomenclature. The name "Rush" is
more widely associated with the conglomerate unit and consequently I
have renamed the underlying slates. "Tober Colleen" is the name of a
cottage marked on the 1:10,560 map at the western end of the type
locality.
The base of the Tober Colleen Fm. is taken at the top of the
Waulsortian limestones and includes, therefore, the "Cover Shales" (of
Hudson et al, 1966) at Feltrim. At Feltrim, Huntstown (encl.4) and
01dtown (borehole OTDDH 8, encl.16) there is a thin transitional zone
of interbedded fossiliferous shale and bioclastic limestone ("Cover
Shale") immediately above the Waulsortian. These pass up rapidly into
a thick, barren to poorly fossiliferous succession of dark grey shales
and calcareous mudstones with occasional argillaceous, crinoidal
biomicrites (wackestones). In a temporary exposure on the Maynooth Dublin road near Hermitage (encl.4) the contact was sharp with poorly

fossiliferous shales resting directly upon fractured, dolomitised
Waulsortian.
Medium to thickly bedded, homogeneous, calcareous mudstones dominate
this formation. Occasionally these are seen to be mottled and
bioturbated. Paraconglomeratic debris flow beds varying in size from a
few centimetres to decimetres in thickness occur sporadically
throughout the formation. These include clasts of Waulsortian mudmound limestone and, more rarely, shelf limestone.
Apart from the type locality, excellent exposures of the Tober Colleen
Fm. may be found upstream from Killeek Bridge (Grid Ref. 0 1446), the
Malahide coast (Grid ref. 0 247430, fault block H of Smyth, 1949, south
of the Martello Tower) and in the Liffey valley near Hermitage (Grid
Ref. 0 056366) (encls.3, 4). The higher parts of the Malahide section,
south of the Martello Tower, consist of homogeneous dark grey
calcareous mudstones. These are normally covered by sand but are
periodically exposed, near High Water, by winter storms.

2.4.2

Rush Conglomerate Formation

Type locality: Coastal section at Rush (fig.2.8, encl.11).
Grid Ref.:

0 2754

Lithic sandstone and conglomerate characterises the Rush Fm. at its
type locality. Interbedded with these are laminated shale, earthy
limestone and calcarenite. The formation becomes finer grained
westwards. Around Kilsallaghan (encl.3) conglomerates are only rarely
developed and the unit is identified on the frequent occurrence of
lithic sandstones. Many of the limestone, sandstone and conglomerate
beds are graded.
The base of the formation is transitional with the underlying Tober
Colleen Fm. The proportion of sand gradually increases and the amount
of calcareous shale decreases correspondingly across the junction.
Marchant (1978, p. 77-81) defined the base of the Rush Fm. at "the base
of the first clastic pebbly unit". Inland this is not practical

because of the westward fining. The first occurrence of beds of
sandstone 50mm or more in thickness seems to be a better mappable
criterion. At the type locality this difference in definition requires
only a minor lowering of the base to the formation (encl.11).
The sandstones in the Rush Fm. vary petrographically from lithic
sparitic greywacke to lithic biosparite. In the field they are grey in
colour and appear similar to calcarenites of the Fingal Group, and
because much of the lithic sand is composed of relatively soft slate,
phyllite and meta-siltstone, they are no harder than them.
Consequently the distinction between the lithologies in the field may
not be obvious. Wetting samples was found to be helpful in recognising
lithic sand. Sandy limestones are also known from other horizons in
the Fingal Group. They are never as abundant as in the Rush Fm., but
where one is dealing with small outcrops it is advisable to obtain
biostratigraphical control.
The proportion of sand and conglomerate gradually decreases towards the
top of the Rush Fm. and the junction with the overlying Dublin Fm. is
transitional. At the type section, a sequence with lithic, oolitic and
bioclastic sparites marks the top of the Rush Fm. (the Carlyan Mbr).
Marchant (op.cit.) thought that the oolitic character of this unit
might justify formational status. Inland this criterion was not
mappable and the Carlyan is relegated to member status. This may be
related to the westerly fining trend noted above.
Marchant (I 978) subdivided the Rush Fm., below the Carlyan Mbr., into
four members on the relative proportions of sandstone, conglomerate,
shale and limestone (encl.11). These divisions are only recognisable
at the type locality.

Figure 2.11 indicates how the lithostratigraphical subdivisions of the
type section of the Rush Formation by various workers relate to each
other.

Figure 2.11
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2.4.3

Dublin Limestone Formation

The type locality of this formation is discussed in section 2.5.2
below. In the north Dublin area the inland outcrops of the Dublin Fm.
are dominated by tabular, parallel and thinly bedded dull, dark grey,
earthy limestone, calcareous shale and calcisiltite with infrequent
calcarenites (grainstones and packstones). The coarser limestones are
almost invariably graded and show evidence of deposition from waning
event currents (Chapter 3). The Dublin Fm. is generally less cherty,
not as consistently well laminated in character and its shale less
fissile and generally more calcareous than in the Loughshinny Fm.
(section 2.5.5.).
The best exposures of Dublin Fm. in the north are on the coast between
Rush and Drumanagh Head. Fig. 2.12 summarises the subdivision of the
formation at member status on the coastal section which is used on
encls. 1 and 2. Representative lithological logs through this section
are on encl.12. The type locations of the members are indicated on
fig.2.8 and encl.12.

The Kate Rocks, Bathing Place and Giant’s Hill Members are very similar
in character to each other and (apart from containing unusually
frequent calcarenites) to the type area around Lucan (section 2.5.2).
The Brook’s End Mbr. is atypical in containing thickly bedded, nodular
(bioturbated) calcareous mudstones/calcisiltites. Well developed slump
sheets are present in the Brook’s End Mbr. A gap in section exists
between the Kate Rocks and Bathing Place Members. The former becomes
increasingly fine grained and shaly up-section and the latter shows the
same trend down-section. It is conceivable, therefore, that the
missing section may be dominated by shales and earthy limestones.

The base is probably transitional in character with the Rush Fm. The
Carlyan Member of the latter incorporates this transition from a
mappable unit with frequent lithic sandstones, sandy limestones and
conglomerate (Rush Fm.) to one with no or rare sandy or pebbly horizons
(Dublin Fm.).
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Figure 2.12
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Foraminiferal evidence suggests the Dublin Fm. in the north ranges from
early Arundian to early Asbian.

2.4.4

Naul Limestone Formation

Type locality:

Section in banks of gorge and adjacent disused quarries
at Naul along the Delvin River. Fig.2.13, encl.14.

Grid Ref.:

0 1361

The Naul Fm. is similar to the Dublin Fm. but is less argillaceous and
consequently paler in colour. It lacks thick beds of dark grey
calcareous shales typical of the latter and has less earthy limestone
and proportionately more calcarenite and calcisiltite than the Dublin
Fm. It is often less cherty but not extensively so. Two members are
recognisable at the type locality.
Apart from the type locality, good exposures of Naul Fm. occur south
of Clonalvy (Grid Ref. 0 1060) and at Curragh (Grid Ref. 0 0755)
(encl.3).
CASTLE MEMBER
Type locality: Delvin gorge at Naul, fig. 2.13, encl.14.
Grid Ref.:

0 133611

The lower member of the Naul Fm., the Castle Member, is dominated by
tabular, thinly to medium bedded, graded, calcarenites. These are pale
to medium grey in colour and appear recrystallised in the field, which
reflects the extensive neomorphism which they have undergone (Chapter
4). Thinly bedded calcisiltites and very fine calcarenites form
interbeds. Calcareous shales are very poorly developed and seldom
exceed bedding partings of a few millimetres thickness.
The maximum grain size at Oldtown (borehole OTDDH 6,encl.16) is coarse
sand to granule grade while to the north at Naul there are occasional
calcirudites with coral debris and intraclasts, indicating an overall
southerly fining.

Figure 2.13
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At the type locality, the Castle Mbr. is some 65m thick. The base is
drawn at the base of the first medium or coarser grained calcarenite.
In the type section the bottom of a bioclastic calcirudite with
intraclasts of calcisiltite (up to SOcm across) marks a sharp base to
the Castle Mbr. and Naul Fm. (encl.14).
In borehole OT DDH 6 at Oldtown, the junction is more transitional with
a gradual overall upward coarsening of the section from dark grey
shale/earthy limestone lithofacies of the Dublin Fm., to pale grey
calcarenite/calcisiltite llthofacies of the Naul Fm. A gradual overall
upward decrease in the argillaceous content in the upper 3Sm of Dublin
Fm. is also notable at the type section.
The top of the Castle Mbr. is taken at the top of the highest
calcarenite of the calcarenite-dominated sequence which forms that
member. This boundary in the "North Quarry" of the type section is
marked by the top of a series of extensively dolomitised calcarenites
(encl.14).
The overall grain size of the calcarenites decreases up into Mbr.2
MEMBER 2
Type locality: "West Quarry", Delvin River, Naul. (Fig.2.13, encl.14).
Grid Ref.:

0 132611

Mbr. 2 is dominated by thinly to medium bedded, pale to medium grey
calcisiltite with occasional interbedded, graded calcarenites orrarer
thin pebbly limestones. Mbr. 2 exceeds 11m in thickness at the type
locality.
The Naul Fm. as a whole probably exceeds 80m at its type locality. As
its top is not seen here, it may exceed 100m in total. It ranges in
age from mid to late Asbian.

The Naul Fm. is only developed adjacent to the N. Dublin Shelf. It is
likely that it represents, in part, a coarse sedimentary unit flanking
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that shelf. This, together with its transitional base and southerly
overall fining of the Castle Mbr., suggests that the Naul Fm. may be,
in part, laterally equivalent to the upper portions of the Dublin Fm.

2.4.5

Loughshinn2 Limestone Formation

Type locality: Coastal exposures around Loughshinny from Drumanagh Head
to Copper Mine Bay (encls.1, 12, fig.2.8).
Grid ref.:

0 275562 to 273574

The Loughshinny Fm. is characterised by tabular, thinly inter-bedded
flaggy limestones and dark grey to black shales. Both are typically
well laminated and pyrite and chert are common. Dark grey earthy
limestones, similar to those of the Dublin Fm., are the most abundant
carbonate lithofacies. Medium to occasionally thick beds of
calcisiltite and graded calcarenite, or calcirudite and limestone,
breccia may be present, usually in the lower half. Towards the top,
the Loughshinny Fm. becomes overall finer in grain size and more shaly,
with only infrequent calcarenites or breccio-conglomerate bands.
Four divisions are recognisable in the formation (fig.2.14) at the type
locality.
DRUMANAGH MEMBER

Type locality: Coastal outcrop on eastern side of Drumanagh Head
(encls.1, 12).
Grid Ref.:

0 274563

The rapid change from pale/medium grey calcisiltite facies of the Naul
Fm. to dark grey/black earthy limestone/shale facies of the Loughshinny
Fm. is one of the easiest to recognise in the Fingal Group. At the
type locality, this change is further marked by the development of
thick, intensely dolomitised, sedimentary limestone boulder beds. The
dolomitisation often masks the original texture and character of these
beds. The breccias characterise the Drumanagh Member, the lowest
division of the Loughshinny Fm. at the type locality. The base of this
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member and of the Loughshinny Fm. is drawn at the bottom of the lowest
thick breccia bed on Drumanagh Head (encl.1,12), which conveniently
coincides with the transition from Naul to Loughshinny facies.
The breccias are composed dominantly of clasts of Vis6an Milverton
Group Shelf Limestone. Extensive dolomitisation of the breccias
prevents a detailed analysis of clast types. Large boulders and cobbles
of A.S.L. and U.M.M.L. (sections 2.3.5. and 2.3.6) appear to form a
considerable proportion of the debris in the type section. Clasts of
Syrin~opora-bearing limestone, similar to Lane Fm. lithofacies,
intraclasts of earthy limestone and fragments of Lower Palaeozoic
possibly derived from reworking of the Smuggler’s Cave Fm. have been
found on Drumanagh Head in fewer numbers. In the smaller exposure of
the Drumanagh Mbr. north of Copper Mine Bay (encl.1), a few fragments
of "zebra-striped" dolomite have been found which may have come from
the Holmpatrick Fm.
At Lane, north of Loughshinny (encl.1), a chaotic boulder bed
incorporating blocks of U.M.M.L. and lower Palaeozoic (probably
reworked from the Smuggler’s Cave Fm.) forms the base to this member
where it overlaps onto Lane Fm. with a slight angular unconformity.
Single breccia beds are often over 2m thick and individual packages of
breccia may attain as much as 22m in thickness.
Thick to thinly bedded biosparite (often dolomitised) and thinly bedded
dark grey/black earthy limestone and shale occur interbedded with the
breccias. Above the lower breccia at the type section is a distinctive
set of banded argillaceous limestones interpreted as debris flows
(Chapter 3).

The top of the Drumanagh Member is taken at the top of a series of
dolomitised bioclastic limestones capping the upper thick breccia bed
(encls.1, 12).
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BALLUSTREE MEMBER
Type locality: The small headland in Loughshinny Bay (encls.1, 12).
Grid ref.:

0 269567

The Ballustree Mbr. includes frequent tabular, graded biosparite and
sandstone beds interbedded with earthy limestone and shale. The
proportion of biosparite decreases gradually both up and down sequence
and the Ballustree Mbr. consequently has transitional boundaries with
divisions 2 and 4. Decalcification around these boundaries makes the
junctions appear artificially sharp. In the field, the interbedding of
limestone and shale and their deformation into chevron folds result in
spectacular striped folds (pl.26, fig.l).
Divisions 2 and 4 are similar in being dominated by earthy limestone
and shale with occasional medium to thick beds of paler grey
calcisiltite. Graded calcarenites are more frequent in division 2 than
4, but are less abundant than in the Ballustree and Drumanagh Members.
Division 4 includes a number of thin breccio-conglomerates and debris
flow bands which contain intraclasts, occasional reworked clasts of
U.M.M.L. and lesser amounts of A.S.L. Shales become better developed
in the higher portions of division 4 inland. At times, however, the
ratio of shale to earthy limestone may be exaggerated by
decalcification of the latter. Bands of soft earth between harder,
slightly flinty shales are usually a sign of such alteration.
Matley and Vaughan (1906) recognised that decalcification had occurred
at Loughshiny within this formation. It is a reflection of the
dramatic change wrought by this alteration, however, that they were led
to believe that a major synclinorium existed in the northern part of
Loughshinny Bay. They erected a "Loughshinny Black Shale" unit for
these decalcified beds to distinguish them from the "Posidonom2a
Limestone" which included most of the rest of the Loughshinny Fm. at
its type locality. Detailed structural and stratigraphical mapping
across Loughshinny has cast doubt on this interpretation. The sequence
continues to young overall in a northerly direction, across much
folding, from the headland in Loughshinny Bay to Copper Mine Bay

(encls.1, 2). Foraminiferal blostratigraphical data confirmed this
(Chapter 7, and appendix volume).

2.5

Fingal Group - South-Dublin

The stratigraphy of the Fingal Group of S. County Dublin is revised
below (figure 2.15). It is based upon earlier work by Turner (1950)
and Browne (1965), but amended in accordance with recent
stratigraphical usage (fig. 2.16). Refinements have been made
following a reconnaissance level study of the region, during which
borehole material and selected outcrops were examined, and following
new biostratigraphical evidence provided by foraminifera.
It is evident from written descriptions and maps in Turner (1950) and
Browne (1965) that the "Cyathaxonia limestone" and "Clondalkin Fm."
units encompass essentially the same strata. Turner and Browne did not
define a base to their units. The slight differences in the bases of
these units in fig.2.16 merely reflects where these authors drew the
base on their maps.

2.5.1

Tober Colleen Formation

The type locality of this unit is in N. County Dublin (section 2.4.1).
In S. County Dublin, outcrops of the Tober Colleen Fm. are limited to
the Liffey Valley near Hermitage (encl.4) which shows cleaved,
monotonous, dark grey and thickly bedded calcareous mudstones, very
similar to those of the type locality. Scattered crinoidal debris and
rare biomicrites are present and bioturbation is noticeable at most
localities. Goniatites were recovered from this unit by Turner (1950,
p. 173).

A temporary exposure near Hermitage caused by widening of the Dublin Lucan road (fig.2.17) revealed a sharp contact between the Tober
Colleen Fm. and Waulsortian (encl.4). Here, poorly fossiliferous
shales immediately overlay the top of the Waulsortian, which is
dolomitised and slightly fissured. This contact is more abrupt than
that noted at Feltrim and Huntsown (section 2.4.1.).

Figure 2.15
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2.5.2

Dublin Limestone Formation

Type locality:

Weirview quarry, a disused quarried cliff, Lucan (fig.
2.17, encl.4). See log in Marchant and Sevastopulo
(1980).

Grid Ref.:

0 033357

The Dublin Fm. is dominated by thinly to moderately interbedded, dull,
dark grey earthy limestone and calcareous shale and paler grey
calcisiltite. Occasional graded calcarenites (biosparite and
biomicrite) occur interspersed within this sequence. Locally, quartz
sand and detrital muscovite mica may be present.

The Dublin Fm. appears to be fairly homogeneous throughout and no
meaningful subdivision on lithological grounds could be made. A
subdivision on biostratigraphical grounds is, however, possible
utilising foraminifera recovered from calcarenite beds. Because of the
widespread dispersion of data points and structural complexity a twofold subdivision was deemed the most practical. The lower division
includes Chadian to Arundian assemblages, while the upper division
includes Holkerian to Asbian assemblages.

Both the upper and lower boundaries of the Dublin Fm. are transitional
incharacter. In the Liffey valley at Hermitage the thickly bedded
mudstones of the Tober Colleen Fm. are gradually replaced by thinly
bedded earthy limestone and shale of the Dublin Fm. The boundary is
drawn arbitrarily at the first horizon containing obvious detrital
mica. This is the same level and locality where Turner (1950) drew the
base of his Calp unit. Pale/medium grey calcisiltites become common at
the top of the Dublin Fm. in a transitional unit with the Clondalkin
Fm. (encl.17, borehole P12 below 560ft/170.6m)
The Dublin Fm. is a new lithostratigraphical unit. It is essentially
equivalent to Turner’s (1950) "Calp" unit in southern County Dublin.
The term "Calp" has acquired so many different meanings since it was
introduced by Kirwan (1794) that it would be unhelpful to retain it in
a stratigraphical sense (see Marchant, 1978 and Marchant and
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Sevastopulo, 1980). The type section chosen is one of the largest
exposures in the Lucan area of county Dublin, where the term "Calp"
seems to have been first applied. The formation is named after the
county and city of Dublin in which it occurs frequently and with which
"the Calp" has always been associated.
The Dublin Fm. is recognised throughout the county in this thesis. The
plethora of formational names (Canal Fm. of Browne, 1965, Kate Rocks
Limestone, Cyathaxonia Beds, in part, of Matley and Vaughan, 1906, 1908)
erected in both northern and southern parts of the county came about
because previous workers only studied localised areas. As a result of
the present survey of the whole county, the localised formational names
are discarded as they all apply to strata with common
lithostratigraphical characteristics. None of the previous formations
(except Turner’s "Calp" unit) encompassed the same range of strata as
the newly erected Dublin Formation, and, therefore, it would have been
confusing to adopt an earlier name.
The Dublin Fm. ranges in age in S. County Dublin from Chadian to upper
Asbian. From the gradational nature of the boundary with the
Clondalkin Fm. and from analysis of conditions of deposition of the
latter, it is likely that the higher parts of the Dublin Fm. in central
Dublin are lateral equivalents of the Clondalkin Fm. Some support for
this is provided by biostratigraphy (appendix volume). In N. County
Dublin the Dublin Fm. ranges in age from lower Arundian to about mid
Asbian (section 2.3.3).

It is difficult to estimate the thickness of the Dublin Fm. because of
the scattered outcrop, lack of marker horizons and complicated faulting
and folding. Turner (1950) made no estimate. Browne (1965) thought
that about 200Oft (610m) were present between the top of the
Waulsortian and base of the Clondalkin Fm. Over 420m were encountered
in a borehole at the Guinness brewery (fig.2.18). Around 300 to 500m of
strata probably overlie this from calculations based on a traverse from
the Crumlin Road to the base of the Clondalkin Fm. (see encl.4). Under
1000m of strata in the Dublin Fm. are therefore estimated to be present
in central S. County Dublin. This unit probably thins into County
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Figure 2.18

THE GUINNESS BOREHOLE

Glacial Drift

Thin bedded
limestones,
shaly limestone
and shale

Parallel bedded imsts & shs with calcite veining
Lumps of imst in black shale
Fault?
Crinoidal lmst

Lump of imst in black shale

Crinoidal Imst

The log shows true thickness (corrected for 30° constant dip)
Original footages recalculated into metres
Drawn from information in Marchant (1978)
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Kildare as one passes out of the main parts of the Dublin Basin, where
around 600m are calculated as being present.

2.5.3

Clondalkin Limestone Formation
Red Cow quarries (disused), Monastery Road,

Type locality:

Clondalkin
Grid Ref.:

0 0731 - 0831

Auxiliary sections:

Belgard boreholes P12 above 56Oft (170.78m) and
N11, housed in the Geological Survey of Ireland
coreshed, Glencree, (encl.17).

Grid Ref. of boreholes: 0 062287
The type locality of the Clondalkin Fm. is based on the quarries used
by Turner (1950) and Browne (1965) as typical localities for their
Cythaxonia-beds and Clondalkin Formation units respectively.
The Clondalkin Fro. contains the cleanest limestones developed within
the Fingal group in the south of the county and has, therefore, been
extensively quarried.
The Clondalkin Fm. consists primarily of regularly bedded calcisiltite,
calcarenite and calcareous shale. The unit is less argillaceous than
the underlying Dublin Fm. and this character is reflected in the colour
of these two sequences. The latter is generally dark grey, while the
Clondalkin Fm. is a paler medium grey. Frequent calcarenites are
typical of the Clondalkin Fm. These are often graded and some contain
clasts of granite or lower Palaeozoic meta-sediments derived from the
adjacent Leinster Massif. Most of the calcarenites are packstones in
texture but grainstones are not infrequent. Many of the quarries in
this unit show some slump folding or bailing of the sediments.
The Clondalkin Fm. is divisible into three (fig.2.15). Divisions i and
3 are typified by frequent calcarenites while the intervening division
contains proportionately less calcarenite than the other two. Logs P12
and N11 illustrate the Clondalkin Fm. (encl.7).
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Both the upper and lower boundaries of the Clondalkin Fm. are
transitional in character. The lower boundary is taken in borehole P12
at 56Oft (170.78m) down the hole where the lower calcarenite-rich
division (3) passes down into an overall finer-grained sequence
(encl.7).

Over 230m of the Clondalkin Fm. are known from boreholes P12 and Nli.
Browne’s (op.cit.) estimate of 1,630ft (c.497m) for the thickness of
the formation seems too large. It appears from boreholes N11 and P12
that the thickness of this unit is probably not much more than 250m.
It should be noted here that the large working quarry operated by
Roadstone Limited, called "Belgard Quarry", exposes beds of the
Clondalkin, not Belgard, Fm. This quarry offers the largest exposures
of Clondalkin Fm. Some large slump folded horizons are well displayed
in the quarry (pl.8). The rocks here are rather fresh. Sedimentary
structures are better displayed in disused quarries adjacent to
Monastery Road.

2.5.4

Belgard Limestone Formation

Type locality:

Small disused quarries around Belgard cross-roads and
Kilmanagh House, (encl.4)

Grid ref.:

0 080291 - 087295

The proportion of calcarenite decreases towards the top of the
Clondalkin Fm. The overlying Belgard Fm. consists of medium to thinly
bedded, sometimes well-laminated, calcisiltite with shaly partings.
Occasional calcarenites are present. Browne (1965) recorded the
occasional presence of flakes of muscovite, pyrite and small slump
folds. Turner (1950) recorded chert and Posidonomya becheri from his
"Posidonomya" limestones, which are included within the limits of
Browne’s (op.cit.) Belgard Fm. as portrayed on the latter’s map.
Turner equated these beds with the Posidonomya-limestones (Loughshinny
Fm.) of Matley and Vaughan (1908).
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I have, however, been unable to prove the existence of the dark
grey/black earthy-limestones/shale lithofacies characteristic of the
Loughshinny Fm. in S. County Dublin. The microfauna recovered from
borehole CIE 16, between Belgard and Tallaght (Chapter 7), indicates a
probable correlation with the higher parts of the Naul Fm.
The stratigraphically highest exposures marked on Turner’s map could
not be located. As they are not marked on Brown’s map either it is
likely that these are no longer in existence. Consequently, while the
author has not been able to prove the existence of Brigantian or
younger strata in southern Dublin, one cannot discount the possibility
of their presence beneath the extensive drift cover around Tallaght.
The Belgard Fm. is the most poorly exposed unit in S. County Dublin.
Browne (1965) estimated that over S,lOOft (335m) are present. My
calculations suggest that around 38Om of strata may be present from the
top of the Clondalkin Fm. at Ballymount, through Belgard, to the
Clondalkin Fault.

2.6

Knockbrack Group

Apart from a thin slice of the Balrickard Fm. which is caught up in the
Copper-Mine Fault on the coast near Loughshinny (encl.1), all the
Namurian rocks of County Dublin outcrop inland just to the south of the
Balbriggan Inlier (encl.3).

The Knockbrack Group is named after the hill S.E. of Naul where the two
formations of this unit are best developed.

2.6.1

Balrickard Sandstone Formation

Type locality: Disused quarry at Balrickard, ESE of Naul, (encl.15).
Grid ref:

0 175596

The early Namurian (Pendleian) sandstones of the Dublin area were
termed the "Balrickard Sandstones" by Smyth (1949). Harrison (1968,
unpubl. M.Sc. thesis, University of Dublin) formalised this and termed
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them the "Balrickard Formation". Both intended this formation to
include the interval dominated by sandstone of early Namurian age which
occur in the area. They excluded the infrequent sandstone beds which
occur below this main sandstone interval. Harrison (op.cit.) also
showed the formation to be diachronous and to young southwards from
Duleek (in the Drogheda syncline) to northern Dublin.

The sandstones are characteristically thickly bedded at the type
locality (around Sm in thickness). Thinner sandstone beds and
interbedded tabular earthy limestone and shale occur interstratified
between the thick sandstones (encl.15). The fine grained lithologies
are dark grey to black, pyritic and contain disseminated organic
material including plant fragments. Goniatites and "Posidonia-type"
bivalves may be present. At the type section, the sandstones are
medium grey, well sorted, coarse to very coarse grained, feldspathic
sub-litharenites (Chapter 4). They are calcareous and noticeably
micaceous. A little white feldspar is usually evident in the hand
specimens.

A very similar sequence is present in the stream section around Westown
House (SW of Naul, encl.3). The southern crop of the formation appears
to lack sandstone beds over 50cm in thickness and above coarse to
medium sand grain size. It seems possible that the sandstones may thin
and fine overall from north to south across the Naul Hills.

Decalcification of both the sandstones and argillaceous interbeds is a
common feature of natural stream and ditch exposures of this formation.

Until recently, the base of the Balrickard Fm.. was unexposed. Since
field mapping was completed (1983), however, a new quarry near Nags
Head (Grid Ref. 0 154578) (encl.3) has exposed a gradation between this
unit and the underlying Loughshinny Fm. in its northern face. The
highest parts of the latter are dominated by thinly bedded earthy
limestone and shale. These continue into the Balrickard Fm. but
include an upward increasing number of thin (5 to 20cm thick)
sandstones interstratified among them.

Owing to the presence of loose fragments of sandstone the Balrickard
Fm. is the easiest unit to map in northern Dublin across poorly exposed
ground.
2.6.2

Walshestown Shale Formation

Type locality: Rowans Stream, west of Walshestown House, (encl.15).
Best visited in winter when vegetation is low.
Grid Ref.:

0 1758

This unit was named by Smyth (1919, p. 299) the "Walshestown Shales".
Harrison (1968) added the term "Formation" in keeping with recent
practice. The top of the youngest micaceous, coarse to medium grained
sandstone is taken as the base of the Walshestown Fm. This contact is
more abrupt that the Balrickard/Loughshinny Fm. boundary.
Black shale with lesser amounts of mudstone, siltstone and dark grey to
black earthy limestone constitute the Walshestown Fm. Fine sandstone
bands and rippled lenses occur in the highest portions of the unit. A
biosparitic limestone is known from the unit at Courtlough (encl.3).
Finely disseminated plant debris, goniatites and bivalves occur
occasionally among the shales.

The shales are occasionally secondarily enriched in iron-oxides,
producing hard flinty ironstones as is seen south of Westown House
(Grid ref. 0 125596).

The Walshestown Fm. is of late Pendleian to late Arnsbergian age
(Harrison, 1968, N.J. Riley pers. comm.) and stratigraphically the
highest Carboniferous unit preserved in CountyDublin. Around 200+m
are believed to be present.

2.7 Problematic Outcrops in and around the Balbriggan Inlier
Rocks of proven or suspected Carboniferous age, which cannot be readily
accommodated within the stratigraphic framework described above, occur
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as isolated localities within or adjacent to the Balbriggan Inlier.
2.7.1
Grid ref.:

Boolies Shale and Limestone

0 073618

A series of tiny exposures, in a pair of shallow disused quarries at
Boolies, reveal the presence of deeply weathered and decalcified,
bioclastic shale and highly veined fine grained calcarenite within the
western Balbriggan Inlier. A foraminiferal fauna indicating an upper
Chadian or possibly Arundian (see appendix volume) age was recovered
from the limestone. This locality lies along the line of a major fault
(encl.3) and is probably caught up within it.

2.7.2
Grid Ref.:

Clonalvy Breccia

0 103612

On the opposite side of the road to the Clonalvy mud-mound limestone
(U.M.M.L., "knoll reef") is a small exposure in a shallow disused
quarry from which Marchant (1978) recorded an Arundian foraminiferal
fauna. Lithologically this outcrop consists of a dark, argillaceous
heterolithic limestone/mudstone with angular cobbles and pebbles of
lower Palaeozoic meta-volcanic and siltstone similar to rocks from the
immediately adjacent parts of the Balbriggan Inlier. The matrix is
fossiliferous and analysis of the foraminifera by myself indicates that
it contains a late Arundian assemblage younger than any recovered from
the Holmpatrick Fm. or the Kate Rocks Mbr. of the Dublin Fm. (see
appendix volume).

Rocks associated with the Clonalvy "knoll-reef" occur on three sides of
the oucrop of Clonalvy Breccia (encl.3). An old drilling record,
mentioned in Marchant (1978), stated that a breccia was encountered
beneath the "reef". This is plausible but could not be verified either
from a study of the field relations or palaeontology of these outcrops.
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2.7.3
Grid Ref.:

Shenick’s Island Conglomerate
0 270597

Shenick’s Island, Skerries, may be reached by foot from the mainland
along a causeway exposed around low tide. On the southern shore of the
island is a thin sequence of essentially horizontally bedded
conglomerate and red sandstone, unconformably overlying steeply dipping
Ordovician strata. Clasts of locally derived Ordovician and Silurian
rock types together with vein quartz constitute the conglomerates. No
shales are present within the Shenick’s Island Conglomerate and it is
unfossiliferous.
This unit was mapped initially as "Old Red Sandstone" (Jukes and Du
Noyer, 1861). Cole (1908) first suggested that it may be of lower
Carboniferous age and subsequent workers have agreed with this. Matley
and Vaughan (1908), Turner (1938) and Smyth (1950) correlated it with
the similar and adjacent Smuggler’s Cave Fm. ("Lane Conglomerate")
while Br~ck and Kennan (1970) remained uncommited as to its
relationship with the rest of the Carboniferous sequence.
The Lane Borehole was drilled partly to test the correlation of the
Shenick’s Island Conglomerate with the Smuggler’s Cave Fm. No basal
conglomerate unit was encountered at the base of that borehole
(encl.13) indicating that this correlation is quite probable.
The correlation has wide implications for the geological history of the
southern margin of the Balbriggan Block (Chapters 5, 8).
A further isolated outcrop of probable Carboniferous conglomerate
unconformably overlying Lower Palaeozoic is present at Stamullin (Grid
ref. 0 1465) (Jukes and Du Noyer, 1861).
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CHAPTER 3
SEDIMENTOLOGY

3.1

Introduction

The sedimentology of the Carboniferous rocks of Dublin is described and
discussed here within the stratigraphic framework outlined above
(Chapter 2). The plates form an integral part of this chapter and
additional discussion is included in the plate captions.
The stratigraphical position of the plates and figures are shown on the
enclosures referred to.
Most of this chapter is devoted to the sedimentology of the basinal
facies as the study area is probably the best region to study these in
E. central Ireland, and because they outcrop more frequently and
extensively in the study area than strata of carbonate shelf facies.
Detailed sedimentological analysis of the latter facies is hindered by
their limited outcrop and their appearance in quarries and low lying
coastal platforms which are too fresh in most cases to display
sedimentary structures. In addition to this, some boreholes through
carbonate shelf facies which I have studied have not been released from
confidentiality and, therefore, the details from these are not
available. The observations on the carbonate shelf sequences below
should be taken to indicate the variety of facies present, and
hopefully this will point the way for more detailed research.

3.1.1

Previous Research

Since the discovery of exotic boulders of granite, Lower Palaeozoic
slate and limestone within the thin bedded limestone/shale sequences of
the Dublin area (Mallet, 1846; Haughton, 1851; Jukes and Du Noyer,
1861), most of the sedimentological work on the Dublin Carboniferous
has been on rocks of basinal facies. The depositional mechanisms
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invoked for these rocks reflect to some degree changes in thinking
through time on sedimentary processes in aqueous environments.
In the late nineteenth century Jukes and Du Noyer (1861) postulated
that the bouldery Rush Fm. formed in response to earthquakes but did
not suggest a depositional mechanism. Jukes (1875) later postulated
that the occasional granite boulders in the Clondalkin Fm. may have
been dropped from floating trees in whose roots they were caught.
Subsequent workers have invoked less bizarre sedimentary processes.
Intercalation of fine shale and coarse conglomerate prompted Matley (in
Matley and Vaughan, 1908, p. 435) to invoke "many and considerable
fluctuations in the force of the marine currents" responsible for
deposition of the Rush Fm. The presence of graded bedding was noticed
in basinal facies by Lamont (1938). He attributed (p. 16) graded
bedding to deposition of sediment "through a depth of water usually
beyond the reach of surface currents and wave actions". The coarser
grained limestones of the Loughshinny Fm. he attributed to the influx
of episodic high energy currents caused by Tsunamis (storms) on the
presence of structures he interpreted as "anti-dunes". It is evident,
however, from his illustrations (p. 15, fig. 5) that these are flamestructures.
The products of slumping and debris flow mechanisms were recognised in
parts of the basinal sequence by Lamont (1938), Turner (1950) and
others. It was not until the advent of turbidity current theory,
however, that a depositional model was available to explain the
presence of the less chaotic coarser beds in the basinal sections.
Since then "turbidity current deposits" have been recognised by many
workers (Harb, 1965; Browne, 1965; Briggs, 1972, and others) in most
units of the Fingal Group.
The above works are all concerned with the Fingal Group. Of the rest
of the Carboniferous units in the area only the Waulsortian and
Smuggler’s Cave Fm. have received much sedimentological attention.
Philcox (1963) and Marchant (1978) concluded that the Waulsortian
formed as "deep water" lime mud-mounds baffled by bryozoa and crinoids.
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A fluviatile, flash-flood origin was proposed for the Smuggler’s Cave
conglomerate on Shenick’s Island (Br~ck and Kennan, 1970) and at Lane
(Marchant 1978).

3.2

Group A~ Waulsortian and Milverton Group

Apart from the Waulsortian limestone and Smuggler’s Cave Fm., the units
in these groups have received relatively little sedimentological
investigation. This partly reflects their limited outcrop and scarcity
of well displayed sedimentary structures.

3.2.1

Group A

DONABATE FORMATION
The lithotypes present may be described using the facies code developed
by Miall (1977, 1978) and Rust (1978):
Gin: horizontally bedded, commonly imbricated, clast-supported
gravel
Gt:

trough cross-bedded, clast-supported gravel

Gp:

planar cross-bedded, clast-supported gravel

Sh:

horizontally stratified sand.

St:

trough cross-stratlfled sand.

This unit is exposed only at one locality on the mainland: the Portrane
Coast (encl.3, fig.2.5). Here it is composed of fining upward red bed
cycles with lower units of poorly to moderately sorted cobble and
pebble conglomerate (Gm, >Gt/Gp) and upper units of coarse quartzitic
sandstone (Sh, St) (pl. I, fig. I).

Some crude internal cross stratification may be discernible on grain
size variation within conglomerate (Gt/Gp) facies. The clasts are
generally moderately to well rounded, though sharp angular edges are
present where clasts were broken immediately prior to final deposition.
Compared to the other conglomeratic and sandy units of the Dublin
Carboniferous, the Donabate Fm. is unusually rich is resistates (vein
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quartz, etc) and the clasts are generally better rounded.
The coarse sandstones capping the cycles in most cases lie with a
rather abrupt contact upon the conglomerates (pl 1, fig. I). They are
moderately to poorly sorted, commonly pebbly and may be internally
laminated (Sh) or trough cross-bedded (St).

Where cycle bases are visible, they usually appear to be erosive.
Small gaps in exposure separate some cycles. These possibly may be
filled with finer sandstone or marl, as such lithologies were recorded
by Du Noyer (18&7) from equivalent red beds in the Donabate railway
cutting. In places there are no intervening sandstone lenses or
layers, so that wedges of conglomerate occur in amalgamated stacks.
Channelling and imbrication are common.
The poor sorting, coarseness and abrupt changes in grain size within
cycles indicate rapid deposition from upper flow regime currents of
variable magnitude. They are interpreted as sheet flood to low
sinuosity (braided) fluviatile deposits similar to those described by
Bluck (1967). From the high proportion of conglomerate to sandstone a
proximal position in the fluvial system is suggested. This is
reinforced by the stratigraphic position of the sequence immediately
above the basal Carboniferous unconformity, the immature nature of the
detritus and the local derivation of many clasts.
The above features are consistent with the interpretation that the
exposed part of the Donabate Fm. was deposited in an alluvial proximal
to mid fan environment. No debris flow deposits have been recognised
in the Donabate Fm., a feature shared with the only other non-marine
conglomerate unit in the Dublin Carboniferous (section 3.2.3).
The higher parts of the Donabate Fm. are unexposed at the surface.
From the stratigraphic relationships with the overlying units, it is
probable that more distal terrigenous fluviatile and shallow marine
facies constitute these unexposed parts in the overall transgressive
sequence of events present in the area.

MALAHIDE FORMATION
The Malahide Fm. is rather limited in its outcrop and the lower members
are very poorly exposed, though they have been penetrated by boreholes
in the area.

Member I consists of bioturbated marine sandstone, shale and siltstone
with occasional limestones and calcareous nodules. Apart from
occasional linsen bedding, lenses and wavy laminae of sand within
shale, there are relatively few sedimentary structures preserved
because of extensive bioturbation. Mbr. I is interpreted as being of
shallow marine, inshore facies.
Member 2 is dominated by cyclic micrites with fenestrae, oncolites,
chickenwire and nodular structures. Intraclastic breccias commonly
form the lower part of cycles with erosive bases. Pedogenic or karstic
surfaces mark the top of some of the cycles. Little sedimentary
architecture is visible in the one surface exposure of Mbr. 2. Some
well developed cycles are known from boreholes in the area but these
cores are confidential at the time of writing. Mbr. 2 is interpreted
as being of peritidal facies. The scarcity of evaporitic features and
the equatorial palaeolatitude of the area at the time suggest that it
formed in a subtropical environment, similar to that described from the
Bahamas by Ginsburg and Hardie (1975).

Member 3 is dominated by nodular, commonly bioturbated, bioclastic
limestones which show few sedimentary structures. Numerous large
S2Tingopora colonies are present, but these are often overturned and
therefore not in life position. A wide variation in lithofacies is
present between shallow water cross-bedded oolites, open marine,
bioclastic limestones and relatively deeper/quieter water calcareous
shales with unfragmented, delicate fenestellid bryozoans. On the
Malahide coastal section, these variations appear to impart a cyclical
character to this member.
Overall, Mbr. 3 is of comparatively shallow shelf facies.
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Member 4 is finer grained and more shaly in overall character than Mbr.
3. It is also much less fossiliferous (encl.S). The lower part of
Mbr. 4 is transitional in character with Mbr. 3. It is of open shelf
llmestone-shale facies and, llke Mbr. 3, may also be cyclical.
Sedimentologically, the most interesting lithofacies in Mbr. 4 are the
graded and rhythmically banded limestones on the Malahide coastal
section (encl.8, fig.2.6). These are interpreted as a storm bedded
rhythmite llthofacies (pl. I, fig. 3). Very close similarities exist
between these and recent storm deposited rhythmite sequences described
from terrigenous facies by Reineck and Singh (1972) and Aigner and
Reineck (1982).
The occurrence of relatively rare slumps and intraformational debris
flow features on the Malahide coastal section (fig.2.6, encl.8)
indicates that this unit probably formed in a ramp setting (pl.1,
fig.2).
The higher parts of Mbr. 4 are more argillaceous and finer grained. In
the Swords stream section calcareous shales, argillaceous biomicrites
and cherty earthy limestones dominate a rather monotonous sequence.
These are interpreted as deeper water shelf deposits. They generally
lack the thin, tabular, graded calciturbidite lithofacies typically
developed in similar lithofacies from the Fingal Group.

3.2.2

Waulsortian

I have been able to investigate the complex and subtle lithofacies of
the Waulsortian in the area only at a superficial level. Consequently,
a detailed discussion on the sedimentology of this unit is beyond the
scope of this thesis.
The Waulsortian in the area consists of two interfingering lithofacies
associations. One is a knoll limestone association composed of mounds
of predominantly carbonate mud. The other is a shale off-mound
association. In neither association could any evidence of wave or
storm activity be discerned. It is doubtful whether a mound of
cohesive but unlithified carbonate mud could have formed a storm
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resistant structure and it is likely, therefore, that much of the
Waulsortian formed in a relatively deep shelf facies. Brachiopods
become increasingly more abundant towards the top of the knoll
association, possibly indicating an upward shallowing.
From the presence of limestone breccias within the knoll association
and rare penecontemporaneous fissuring on the top of knolls, it is
evident that some syn-sedimentary llthification of this association
occurred. It is unclear what this is related to.
Philcox (1963) and Marchant (1978) described the sedimentology of the
knoll association in more detail.

3.2.3

Milverton Group

Autochthonous, bioclastic shelf facies limestones compose most of the
Milverton Group. These generally display no sedimentary structures and
are either internally massive or heavily bioturbated (pl. I, fig. 4).
From the rare record of trough cross-bedding in the McGuinness Fm.
(Lane borehole) and Holmpatrick Fm. (Milverton Quarry) it is evident
that some of the shallower shelf facies were composed of mobile
bioclastic sands and fine gravels. Oolites developed in the upper Lane
Fm. (Mbr. 2) and lower Holmpatrick Fm. provide further evidence of the
development of mobile carbonate sands in the Milverton Group.
On a broader scale "shallowing up" and "deepening up" sequences may be
identified on proportions of shale to limestone and on petrographical
studies (Chapter ~). In the Lane Fm. shales are well developed in
Mbr.1 (Lane borehole) (pl. ~, fig. 3; encl.13). They become thinner
and less frequent upwards in Mbr. 2. Mbr. I is dominated by highly
nodular argillaceous biomicrites with lesser amounts of slightly
cleaner biomicrite with argillaceous wisps (pl. ~, fig. ~). In Mbr. 2
poorly sorted packstones and grainstones become increasingly abundant
up section. Pebbly, sandy and oolitic limestones and calcareous
sandstones comprise the shallowest facies association at the top of
Mbr. 2. By contrast, the Holmpatrick Fm. records an apparent deepening
trend from oolites at the base up to open shelf bioclastic gralnstones
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(encl.13). Within these general trends a smaller scale cyclical
pattern of shallowing and deepening may be present. This possibility
requires further investigation.
On this evidence, Mbr. I of the Lane Fm. is assigned to a deeper shelf
facies and Mbr. 2 of the Lane Fm. and the Holmpatrlck Fm. are assigned
to a shallower shelf facies.
The McGuinness Fm., in the Lane borehole (encl.13), at its base
includes a siltstone horizon with isolated fine sandstone ripples and
lenticular bedding (pl. 3, fig. I). This is interpreted as a shallow
marine inshore lithofacies similar to Mbr. I of the Malahide Fm.
Shallow marine dolomitised bioclastic limestones and sandstones overlie
this. At a higher level, a relict fenestral fabric is preserved,
indicating the intercalation of peritidal facies into this sequence
(pl. 3, fig. 3; encl.13, 153m). A number of apparently upward
deepening and shallowing cycles appear, therefore, to be present within
the McGuinness Fm.
Little may be said concerning the sedimentology of the U.M.M.L and
A.S.L units in the area because these include few sedimentary
structures and the exposures are of very limited extent. The latter
appears to consist of two lithofacles: a shallow coarse bioclastic
facies with calcareous algae, as at Ardgillan, and a fine grained
biopelsparite/micrlte facies of "reef old" aspect, as at Milverton
Quarry.
Intercalated among the carbonates of the Milverton Group is a bouldery
terrigenous unit of very different facies, the Smuggler’s Cave Fm.
SMUGGLER’S CAVE FORMATION
The Smuggler’s Cave Fm. lies with a low angle unconformity upon the
Lane Fm. (encl.1). At least 30m of Lane Fm. are cut out towards the
south of the Lane section (encl.2). The contact between these two
formations is very irregular. A number of channels are cut into the
Lane Fm. (fig. 3.1). These were subsequently filled with lithic
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Figure 3.1

(29
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sandstone and conglomerate of the Smuggler’s Cave Fm. Lithic sandstone
also occurs infilling solution widened joints within the Lane limestone
to a depth of down to 1.5m below the local unconformity level (pl. I,
fig. 5). These features indicate a period of subaerial, karstic
erosion of the Lane Limestone prior to deposition of the Smuggler’s
Cave Fro.
The Smuggler’s Cave Fm. is unfossillferous. It is dominated by boulder
and cobble conglomerates (pl. I, figs. 6 and 7). These are composed of
clasts of lower Palaeozoic meta-greywacke reworked from Silurian strata
around Skerries to the north and transported south by currents flowing
from the northeast (fig. 3.5). Associated with these are lesser
amounts of lithic sandstone and pebble conglomerate. These finer
lithotypes are most abundant at the top of the formation recording a
gross fining upward sequence through the unit as a whole.
The unit is composed of interbedded lenses of conglomerate and
sandstone. In general no single sedimentary package may be traced
laterally for more than tOm, and most cannot be traced for more than
5m. Each lens erosively overlies preceeding lenses and is, in turn,
truncated by succeeding packages (fig. 3.2). In vertical exposures
these lenses may be observed forming lateral accretion complexes (fig.
3.3, encl.13). The boundaries between individual lenses are marked by
changes in grain size, truncation of structures (eg. cross bedding) or
differences in clast fabric or sorting.

The differing lithotypes developed may be described using the facies
code developed by Miall (1977, 1978) and Rust (1978) (see section
3.2.1).
The conglomerates are clast supported and they often, but not
invariably, have an interstitial matrix of lithic sand and clay. The
clasts are usually well rounded. One sharp edged face on otherwise
well rounded clasts is common.

Internally, many of the conglomerate lenses are moderately to poorly
sorted but are often well imbricated (Gm). Tabular to oblate slabs of
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Figure 3.2
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Figure 3.5

Dip of imbricated clasts:
indicating flow to SW

n = 16

flow direction

n = 6

Dip of cross beds
1
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Figure 3.5

PALAEOCURRENT READINGS FROM THE SMUGGLER’S CAVE FORMATION
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Silurian greywacke are imbricated with the long axes of the clasts
perpendicular to the direction of clast dip. Individual conglomerate
lenses are poorly stratified internally. Occasionally some crude
upward coarsening is discernible. Cross bedding has been only rarely
identified (Gt).
By comparison, cross bedding and lamination are commonly developed in
finer grained sandstone and pebbly sandstone lithofacies (Sh, St).
These lithofacies are volumetrically less important than conglomerates
in the formation. They are most common at the tops of individual
depositional packages (fig. 3.4).

From the style of imbrication, lack of marine fossils and its
geological position (above a karstic surface and below a transgressive
marine limestone), the Smuggler’s Cave Fm. is interpreted as a nonmarine, braided fluviatile sequence. The conglomerate lenses (Gm, Gt)
are interpreted as gravel bars deposited in a proximal alluvial fan.
Superimposed on some of the gravel bars are trough cross bedded sand
dunes (St) or laminated sand blankets (Sh).
Gm facies gravels dominate the formation, particuarly in the lower
part. Towards the top Sh and St facies become more abundant. This
gradual overall fining upward trend is consistent with an
interpretation of fan regression, possibly related to denudation of the
source area (Rust, 1979).
The polymodal grain size distribution in the clast-supported
conglomerates is interpreted as being due to infiltration of sand, fine
pebbles and clay into voids within the clast framework, possibly during
periods of low discharge as postulated by Smith (1974).

Debris flow deposits have not been identified in the Smuggler’s Cave
Fm. Their absence may indicate that this unit was laid down in a humid
alluvial system (see discussion in Rust, 1979, Collinson, 1978).
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3.3

Fingal Group

The rocks of the Fingal Group are formed predominantly from
allochthonous sediment derived from adjacent shelf or shelf margin
environments. This material was transported down slope into the Dublin
Basin and redistributed within the basin by a variety of mass flow and
density flow mechanisms. The nomenclature and classification used here
for these processes is after Middleton and Hampton (1973, 1976) as
modified by Lowe (1976a, 1976b, 1979) and Nardin et al (1979). Two or
more of these processes may operate at the same time or sequentially in
actual flows (Middleton and Hampton, 1976; Hiscott and Middleton, 1979;
Lowe, 1976b).
The discussion on the sedimentology of the Fingal Group begins with
section 3.3.1 on the Tober Colleen and Rush Fm. These are very varied
units and include most of the lithofacies developed in the group. To
avoid repetition as much as possible these lithofacies are not rediscussed at length in the sections on succeeding formations.

3.3.1

Tober Colleen and Rush Formations

The Tober Colleen Fm. succeeds the Waulsortian in an apparently
conformable manner where the contact is seen. In places the boundary
appears to be transitional (Hudson et a l, 1966; Marchant 1978) (eg.
Feltrim Quarry, Grid Ref 0 202444). There are, however, a few
indications that this boundary may not be everywhere depositionally
continuous. In a temporary exposure at Hermitage (on the Lucan-Dublin
Road, fig.2.17, Grid Ref. 0 094354) the top of the Waulsortian is
fissured and dolomitised and is abruptly overlain by poorly
fossiliferous shales and calcareous mudstones. At 01dtown,
paraconglomeratic beds including angular pebbles and cobbles of
Waulsortian limestone are known from boreholes to occur in the lower
parts of the Tober Colleen Fm. overlying Waulsortian limestone
(encl.16, 0TDDH5).
Much of the Tober Colleen Fm. consists of a thickly bedded, monotonous,
poorly fossiliferous, calcareous mudstone/argillite lithofacies. This
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is seldom true shale and is often heavily bioturbated, indicating that
bottom conditions were not anoxic. In most places the intense
bioturbation has destroyed any primary sedimentary structures which may
have been present. Occasionally thin graded and laminated
calcisiltites (often composed of calcispheres, pi.21, fig.3) and thin
ca!carenites may be seen. These include features assignable to the
Bouma cycle but they are too infrequent and poorly displayed to confirm
a turbiditic origin for them. On the available evidence one cannot
discount the possibility that they may represent tempestite deposits.
Similar lithofacles to those described above are volumetrically very
minor constituents of the Rush Fm. The latter is dominated by
arenaceous and rudaceous clastic lithofacies. Some of these are also
found in the Tober Colleen Fm. It is, therefore, convenient to
consider them together. The features of these lithofacles are
summarised in fig. 3.6.
The rudaceous mudstone (RM) lithofacies is sporadically developed
through much of the Carboniferous sequence in the area. It is
particularly well developed in the higher and lower parts of the Tober
Colleen and Rush Fm. at their type localities. Individual beds of RM
lithofacies vary in thickness from under 20cm to around 3m. There is
no typical bed thickness. Individual beds may lens out laterally over
a few metres or extend for tens of metres across the width of coastal
exposures.
An ill-sorted assemblage of clasts of variable size, sometimes including
outsize blocks over 3m in diameter, supported in a muddy, often
heterolithic and bioclastic, matrix constitutes the RM lithofacies (pl.
5, fig. I). Fragments of early Chadian and Waulsortian-type limestone
constitute the clasts in RM units in the Tober Colleen Fm. By
contrast, early Chadian limestone and lower Palaeozoic metamorphosed
sedimentary or volcanic lithologies constitute the clasts in RM units
in the Rush Fm. The former have been both palaeontologically and
petrographically correlated with the Lane Fm. by Marchant (1978) and
myself. Intraformational clasts of earthy limestone, calcareous
mudstone or shale may also be present but they form the majority of
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Figure 3.6

FIGURE 3.6

SUMMARY OF CLASTIC LITHOFACIES

IN THE RUSH AND TOBER COLLEEN FORMATIONS

/ reverse grading

~normal grading

~M - Rudaceous Mudstone Lithofacies
Illsorted clasts supported by muddy, often heterolithic, matrix.
Cohesive Debris Flow Deposit.
RM1 -Fabric of c!asts sub-parallel to bedding; due to laminar flow.
RM2 - Random clast fabric; possible "floating-plug" fabric due to zone of minimal
shear within the flow.
Three sub-lithofacies associations have been recognised:
(i)

(ii)

(iii)
flat to irregular top; ± protruding
clasts.
RM2

RM1

clasts supported by muddy matrix.
Thin basal layer of non-rudaceous mud.
Conformable base, non-erosional.

CS -

Clast SUDDOrted Conglomerate Lithofacies
Illsorted conglomerate with clast-supported fabric.
granules, bioclasts and mud.
Stratified, Turbulent, Debris Flow Deposit.

Interstitial sand,

CS1 - Reverse graded ± clast orientation fabric, long axis imbrication; due to
density modified grain flow.
CS2 - Random/chaotic clast fabric, no grading ± boulder pile fabric; "floatingplug" fabric due to zone of minimal shear within flow ± some component
of fluid turbulence and grain flow.
CS3 - Crude normal grading with random clast fabric; due to elutriation and
fluidisation/liquifaction caused by mixing of the ambient fluid with the top
of the debris flow, ± various proportions of turbulence and grain flow.
sharp top; ± protruding clasts.
clast-supported + interstitial matrix.

CS1 ~/

(iii)

(iv)

sharp base, possibly erosive, ± flame/
injection structures, loads etc.

Figure 3.6 cont’d

FIGURE 3.6

cont ’d

RS - Rudaceous Sandstone Lithofacies
Poorly sorted grain-supported sandstone with variable proportions of
"floating" clasts.
Rapidly Sedimented, High Density Turbidity Current Deposit.
RS1 -Massive, + normal grading; due to rapid deposition from suspension.
RS2 -Parallel laminated, + normal grading; due to rapid deposition from
suspension and working by traction currents into upper flow regime
plane bed.
(ii)

(i)
RS1 . ’.0-.-.
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"Turbidite" Lithofacies
Thin to medium bedded, usually normally graded, terrigenous/carbonate
arenaceous and argillaceous sediments. Individual beds include
structures assignable to the Bourne cycle.
Turbidity Current Deposits.

Laminated shale.
_----_-----~ - ~ Parallel laminated/inter-laminated very fine
Td~~
sand, silt and clay.
Complete Tc----Current rippled and/or convolute laminated sand.
Bourne
Parallel laminated sand.
Cycle
Tb
Graded.
Massive.
Ta--- -- ~ --~-- ~ ----Sharp base, possibly erosional, + sole structures.
Te

Individual beds may include only some of the above Bouma units. Deposited
from decelerating, waning turbidity currents.
Cross bedding due to dune formation and migration by traction currents
associated with debris flows and/or turbidity current deposits may also be
Dish structures, due to liquifaction, are not
present in this lithofacies.
common in the T lithofacies.
The above lithofacies are often associated together in single beds deposited
under waning energy conditions from flows undergoing sequential changes in
flow mechanism. The following are examples of some of the more frequent
combinations.
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clasts only in comparatively rare cases (pl. 5, fig. 5).
Most of the RM units in the Tober Colleen and Rush Fmspossess random
clast fabrics (RM2) in part or throughout (pl. 5, fig. I). A few,
particularly the intraformational RM units, include oriented clast
fabrics (RMI) (pl. 5, fig. 5).
The RMI sub-lithofacies includes elongate clasts oriented sub-parallel
to bedding. Such fabrics have been attributed to laminar flow which is
thought to form an important component of flow in debris flows
(Johnson, 1970; Hampton, 1972; Enos, 1977; Lowe, 1979). The
recognition of laminar flow fabrics is important as it constrains the
possibility that fluid turbulence may have contributed to particle
support during transport (Enos, 1977). Particle support in RM1 is,
therefore, considered to have been provided by cohesion between clay
and/or mud.
The chaotic RM2 sub-lithofacies lies above the RMI sub-lithofacies or
above a very thin basal layer of mud containing no rudaceous particles.
This type of fabric has been described by Hampton (1972) as a
"floating-plug" zone of minimal internal shear during transport. (In
units with high rudaceous contents some component of frictional
strength (Trask, 1959; Pierson, 1981) may have augmented the cohesive
strength of the debris/water mixture in the floating-plug zone.) Most
of the shear necessitated by transport is thought to have been confined
to the basal RM1 or clast-free basal mud layers in which laminar flow
occurred.
The above features are consistent with the interpretation of the RM
lithofacies as a deposit formed by the "freezing" of cohesive debris
flows (sensu Lowe, 1979).

The clast-supported conglomerate (CS) lithofacies forms the dominant
rudaceous lithofacies of the Rush Fm. Individual beds vary in
thickness from under 0.Sm to around 3m. Some, but not all, of the
thicker beds are composite, being formed from multiple sedimentary
episodes. Some may be traced for tens of metres with little change in
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thickness, others thicken and thin irregularly; some wedge out abruptly
and some pass laterally into RS/S lithofacies. In most instances CS
lithofacies units pass up gradually into RS/T lithofacies. The base of
individual CS units is sharp, often with flame/injection structures,
and may be erosional. Only occasionally is the base highly erosive or
channellised. The latter are generally associated with multiple units
(fig. 3.7).
The CS lithofacies is composed of an illsorted combination of clasts,
(blocks, boulders, cobbles, pebbles and granules) arranged in a selfsupporting fabric. Interstitial to this fabric is a mixture of sand,
granules, fine pebbles and bioclastic debris which itself has a grainsupported fabric. Clastic mud may infill interstitial spaces within
the latter fabric. Volumetrically, this mud generally forms under 10%
(often under 5%). Carbonate cement occludes much of any remaining
porosity (pl.14, figs.5, 6 ).
Over 90% of the clasts present in the Rush Fm. are derived from lower
Palaeozoic strata. These include metamorphosed greywacke, siltstone,
slate, phyllite, green volcanics and vein quartz. Lower Palaeozoic
limestone is also present but in very small quantities. Fragments of
Lane Fm. limestone are not uncommon, particularly in Mbr. 3.
Intraformational clasts of earthy limestone, calcareous mudstone and
shale are frequently present but, unlike in the RM lithofacies, never
form the dominant clast type in individual CS units.
Three sub-lithofacies are recognisable on clast fabric and particle
size distribution characteristics.
CSI includes one or more of these features:
(a) a bulk reverse grading (upward coarsening);
(b) a subparallel alignment of long axes of elongate clasts;
(c) an orientation of flat clasts subparallel to bedding, and
(d) an imbrication of clasts with their long axes dipping up to
25° (pl. 5, fig. 6).
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Figure 3.7
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Mbr. 3, Rush Fm., East of Rush Harbour (from a field sketch)
vertical scale 2x horizontal (approx.)

A - Present section as seen across tectonic strike and disrupted
by faulting
B - Section restored to pre-faulting configuration
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(b) to (d) are usually associated with small (I-2cm), thin, flattened
"flakes" of lower Palaeozoic slate, phyllite and siltstone though
larger clasts may also form these fabrics.

Imbricate fabrics like (d) have been related to inter-grain collision
and grain flow (Rees, 1968; Walker, 1975), to slow deposition from
suspension (Schwarzacher, 1951), and to rapid sedimentation from high
velocity traction currents (Allen, 196~). Terrigenous mud occurs
interstitial to the aligned and imbricated clasts in CSI which renders
the latter two possible mechanisms unlikely in this case. This leaves
the grain flow hypothesis to be considered.
CSI is commonly reversely graded, a fabric often associated with grain
flow (Middleton and Hampton, 1976; Lowe, 1976a, 1976b, 1979). The
association of reverse grading with the oriented clast fabric appears
to reinforce the grain flow theory as a causal mechanism.
In observed grain flows only a very thin (few tens of mm) basal layer
of grains is involved in grain flow and it is theoretically very
difficult to produce thick grain flow deposits from single events
(Lowe, 1976b). This is acceptable in beds where CSI forms a thin basal
layer. In some beds, which show no signs of being deposited by
multiple events, the CSI layer may be up to 0.2m or more thick. In
such cases, the presence of interstitial terrigenous mud is thought to
be signficant. Lowe (1976b) notes, from a theoretical standpoint, that
thicker grain flows may be produced where the particle size is
polymodal and where mud is present. Such "density modified grain
flows" (sensu Lowe, 1976a, 1976b) may move over relatively low slopes
without collapsing and depositing their load (unlike unmodified grain
flows) and may accumulate relatively thick units.

CS2 is characterised by illsorted polymodal assemblages of clasts,
varying from blocks and boulders to pebbles and granules, arranged in a
chaotic/random fabric. Such a poorly sorted fabric indicates rapid
deposition from suspension or from viscous flow (Parkash and Middleton,
1970). The former is obviously not tenable as a mechanism of transport
for the larger clasts.
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In individual beds CS2 often overlies a thin basal CS1 layer. The
interpretation of CSS as a modified grain flow fabric invites an
explanation for CS2 which is dynamically and temporally compatible with
grain flows. In observed grain flows thick layers of scarcely
aggitated grains may be transported upon a relatively thin basal layer
of grain flow (Lowe, 1976a,b, 1979). This is similar to the "floating
plug" of cohesive flows discussed above.

This explanation is tenable for some CS2 layers in the Rush Fm., but it
fails to explain adequately why, in some CS2 layers, boulders and
cobbles may be seen piled up behind (up current) outsize boulders.
Reversely graded, modified grain flow deposits have been observed
underlying turbidity current deposits (Sanders, 1965; Hiscott and
Middleton, 1979). Such occurrences are related to high grain
concentrations in the basal layer of decelerating turbidity currents
immediately prior to sedimentation. Grain flow as a mechanism for
these boulder piles is not a realistic alternative as particle
dispersive pressure would have kept them apart. The possibility that
some fluid turbulence was present within the flow does seem a potential
explanation of this fabric. Debris flows including I0~ or more mud are
generally not turbulent (Hiscott and Middleton, 1979). It is perhaps
significant that the parts of CS2 layers with boulder pile fabrics
contain about 5~ terrigenous mud by volume.

It is concluded, therefore, that CS2 layers may have been formed from
rapid deposition of "floating-plug" debris layers, in which strength
was provided by mud cohesion and grain/clast inertia and friction
strength (Hampton, 1972; Trask, 1959; Pierson, 1981), or from semiturbulent debris layers. In such debris flows the particle
polymodality and relative proportions of mud and water in the flowing
sediment mixture critically affect the types of flow and support
mechanisms operative (Johnson, 1970). Debris flows in which some fluid
turbulence is present were termed "turbulent debris flows" by Lowe
(1979) to distinguish them from "cohesive debris flows" in which
laminar flow operated (see discussion above).
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Like CS2, CS3 lacks any signs of internal stratification or bed form
development indicative of traction currents. CS3 also has a random
clast fabric and is poorly sorted which suggests that traction currents
did not form an important component in the formation of this
sublithofacies. A crudely developed bulk normal grading is typically
present in CS3. The sorting is still relatively poor at any single
horizon within this grading. Compared to CS2, CS3 is relatively
cleaner (mud comprises under 5%, often less than 2% by volume).

CS3 is poorly graded and has a very low (under 2% volume) mud content.
Fluidisation/liquifaction is capable of producing only crude grading
(Allen, 1985) but is inhibited by too much mud (Middleton and Hampton,
1976) which has a cohesive strength. These observations indicate that
some component of fluidisation/liquifaction may have been responsible
for the formation of CS3. CS3 is composed mostly of gravel, however.
Because of high permeability and the strong inertial resistence of
individual clasts to support by fluidised flow (Rupke, 1978), it is
unlikely that gravels may travel very far as fluidised sediment flows.

It has been argued so far that CS3 is unlikely to have been transported
very far by solely fluidised or turbulent flow and is unlikely to have
been deposited from a sediment suspension in which particle support was
provided solely by fluid support. Given the very rudaceous and
arenaceous texture of CS3 it is possible that some element of grain
flow may have provided a component of support. The evidence from the
particle fabric and grading suggests, however, that grain flow could
not have been the sole particle transport support mechanism either.
On the basis of the above observations and arguments it seems most
reasonable to suggest that the gravels of CS3 were transported "semipassively" along with CS2 as a polymodal debris flow upon a thin basal
density modified grain flow layer (CSI). The poor sorting and crude
grading in CS3 are thought to reflect some component of
fluidisation/liquifaction at the top of the debris flow where mixing
could occur between the ambient fluid and sediment flow. This mixing
was probably facilitated by the particulate polymodal nature and low
mud content of the sediment/water flowing mixture. Mixing and
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elutriation of finer particles (mud and sand) from the top of the
debris flow probably occurred resulting in the relatively better
sorting and lower argillaceous content of CS3 compared to CS2.
In this model, varying proportions of turbulent and fluidised flow and
grain flow all probably provided particle support during transport in
the CS3 unit. This unit is usually overlain by, and is often both
vertically and laterally transitional with, the RS lithofacies.
Small pebbles "floating" in coarse to granule-size grain-supported
sandstones typify the rudaceous sandstone (RS) lithofacies. The
pebbles are sometimes randomly distributed throughout the RS unit,
indicating rapid deposition. Occasionally they are more evenly
distributed. The latter texture may indicate the existence of some
component of grain flow (Lowe, 1979) or liquified flow (Lowe, 1976b)
during sedimentation. RS is either internally structureless (RSI) or
coarsely parallel laminated (RS2). The latter indicates the presence
of upper flow regime traction currents.
The RS lithofacies is much better sorted than the CS lithofacies
discussed above. Relatively little fine sand or clastic mud is present
and outsize clasts are absent. RS units frequently display a bulk,
normal grading.

Similar lithofacies to RS are generally thought to have been formed by
rapid sedimentation of the coarse fraction of the suspended load from
high density turbidity currents (Kuenen, 1951, 1958; Middleton, 1966ac, 1976, and others). In such flows particle concentrations are
relatively high. Consequently, as the grains settle to the bottom,
shear is transmitted from the overlying turbidity current producing
grain flow (Sanders, 1965) or liquified flow (Hiscott and Middleton,
1979) in the basal layer of flow during sedimentation. This provides
an explanation for the even dispersion of pebbles and lack of internal
structures in some RS units.
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Thinly bedded terrigenous and carbonate sediments of arenaceous and
argillaceous grain size comprise the remaining lithofacies (T)
developed in the Tober Colleen and Rush Fm. Single beds are often
normally graded (pl. 6, figs. I, 2).

A range of sedimentary structures may be present within individual
beds. These occur in sequences readily described in terms of the Bouma
cycle. From the occurrence of normal grading and vertical supposition
of parallel lamination (Tb), current ripples (Tc) and further parallel
lamination (Td) it is clear that this lithofacies was deposited from
suspension in the presence of unidirectional, waning currents. Such
lithofacies are commonly attributed to deposition from decelerating
turbidity currents. As most geologists are familiar with the
theoretical and experimental reasoning behind the mechanisms of
sedimentation from turbidity currents, it is unnecessary to repeat this
(see discussions and summaries in Kuenen and Migliorini, 1950, Bouma,
1962, Bouma and Brouwer, 1964, Middleton, 1966a-c, Middleton and
Hampton, 1974, Walker, 1979, Pantin, 1979 and Stow and Bowen, 1980).
The major difference between the RS lithofacies and coarser parts of
the T lithofacies is that the latter lacks "floating" clasts. This
difference is usually explained by assigning lithofacies similar to RS
to deposition from turbidity flows with higher densities and/or higher
velocities (Kuenen, 1951, 1958; Middleton, 1966a-c, 1976).
FACIES ANALYSIS

Conglomerate Facies
Although a wide variation of conglomerate lithofacies is present (fig.
3.6) they may be subdivided into two broad facies associations.

Conglomerate association 1 is volumetrically the more important. It
includes those beds composed of clast-supported conglomerate. In this
association the lithofacies discussed above occur in a consistent
vertical ordering in many individual beds. Fig. 3.8 illustrates the
usual vertical ordering of a "complete" or "ideal" cycle. The more
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common variants on this "ideal" CS cycle are shown on fig. 3.6. On
fig. 3.8 the sedimentological deductions made in the above discussion
are related to the "ideal" cycle. From this, it is evident that the
"ideal" CS cycle may be explained in terms of a single depositional
episode in which some sequential changes in flow conditions were
occurring.

Lateral changes in lithofacies occur in the same order as they occur
vertically (eg. CS2 may pass laterally into CSI which in turn may pass
into RS). This indicates that sequential variation in flow occurred
both temporally and spatially. The "ideal" CS cycle is, therefore,
similar to the Bouma cycle in that it forms a sedimentologlcal model
capable of predicting vertical and lateral variation. Like the Bouma
model, various units of the "ideal" CS cycle may be absent, but no
reverse ordering of units occurs in cycles deposited from individual
episodes.
The "ideal" CS cycle is similar to some of Walker’s (1975, 1979, 1984)
models for "resedimented (deep water) conglomerates" but differs from
these in being subdivided into cycle units llke the Bouma cycle. The
"ideal" CS cycle also differs in that it forms a predictive
sedimentological model.
By comparing individual beds to the "ideal" CS cycle one can use the
model to formulate theories for any observed deviations from it. For
example, some beds lack a basal CS1 unit, or CSI is only impersistently
developed. This may be explained by invoking some component of fluid
turbulence at the base of the flow which would cause the collapse of a
basal layer of grain flow (Lowe, 1976a,b), resulting in deposition of
sediment showing varying proportions of random and grain flow related
clast fabrics.

Conglomerate association 2 includes those beds composed predominantly
of rudaceous mudstone (RM) lithofacies. These usually do not show any
vertical or lateral cyclicity with the other lithofacies and are,
therefore, not necessarily genetically related to them. In beds which
only include RM lithofacies it is reasonable to conclude that they were
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deposited by cohesive debris flows which never incorporated enough
fluid during transportation to develop internal turbulence and change
flow characteristics.
Both conglomerate associations 1 and 2 generally have essentially flat,
bedding parallel, non-erosive or only slightly erosive bases and often
include some lateral variation in thickness. These observations
suggest that they were deposited by unconfined debris flows of limited
volume. At certain horizons association 1 conglomerates occur in
stacks representing multiple sedimentary events. These are related to
units with highly erosive bases (fig. 3.7). They are semi-confined
units deposited by flows partly restricted to channellised regions.

Turbidite Facies
Two large scale associations of T lithofacies sediments are
recognisable in the Rush Fm. at its type locality.
Association S is dominated by medium to thin tabular turbidite units
and shale in which individual beds are laterally continuous and many of
which can be traced for over SOOm with little change in thickness (pl.
5, fig. 5; pl. 6, fig. I). These are interpreted as the products of
unconfined, decelerating turbidity currents.

Association 2 is characterised by very thinly interbedded turbidite
beds, dominated by Ta-Tb-Tc Bouma units, with thin shale partings or
drapes. Bedding is wavy and lenticular (pl. 6, fig. 2). In
association S, individual thin beds are generally the most laterally
persistent in thickness. By contrast, in association 2 thin beds,
under 10 to 20mm often vary noticeably in thickness across strike or
even completely wedge out. Another major difference is that in
assocation 2 the bases to individual beds are often demonstrably
erosive, while in association 1 it is relatively rare that one can
demonstrate that turbidite bases are erosive. This is more remarkable
when one considers that this equally applies to the very coarse and
thick beds in association I (pl. 6, fig. 1).
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Association 2 was clearly deposited in an environment in which
powerful, erosive turbidity currents were active. It was subject to a
high sand to mud deposition rate, yet most individual turbidite beds do
not exceed 20mm in thickness. The predominance of Ta-Tb and Tc Bouma
cycles indicates most of the sediment was deposited from relatively
"proximal" (Walker 1965, 1967) turbidity currents. The lower
proportion of mud indicates that either:
(i)

turbidity current frequency was greater in association
2 than in 1;

(ii)

much of the mud in 2 was removed by syn-sedimentary
currents; or

(iii)

the environment of 2 was topographically raised compared to
I and did not receive as much mud.

These hypotheses are not mutually exclusive and all three may have
operated in varying degrees.
It is noticeable that association 2 is usually closely associated with
multi-fill debris flow channel deposits. This is particularly so in
Mbr. 3 in which both association 2 and the channel facies are best
developed. The channelled facies is composed of debris flow units
which were only semi-confined to the channels and it is quite common to
see parts of this facies extending out from the channelled parts (fig.
3.7). If these coarse lithofacies spilled out across the flanks to the
channels on occasions, it is likely that the more dilute turbidity
current deposits associated with them would also have spilled out
forming flanking levee sequences. The above noted features of
association 2 are compatible with the explanation that this association
represents a channel spill-over and/or levee sequence. This
interpretation is tentative, however, because although association 2
shows may similarities with other sequences interpreted as levee
deposits (eg. Walker’s 1984 "CCC" facies), channel sequences in the
Rush Fm. lack the traction current features reminiscent of "fluviatiletype sequences" associated with prolonged periods of channellised flow
(see Winn and Dott, 1979; Walker, 1979, 1984; Stow, 1981; Piper and
Normark, 1982; Normark et al, 1981; Chan and Dott, 1983).
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ENVIRONMENT OF DEPOSITION
The Tober Colleen Fm. conformably succeeds the Waulsortian. It is
dominated by highly bioturbated mudstone indicating a quiet, non-anoxic
basinal environment. Towards the top, cohesive debris flow beds,
including intraclasts and eroded fragments of Waulsortian and shelf
limestone, become increasingly frequent indicating the onset of intrabasin instability. There is no evidence to suggest that the debris
flow units in this formation ever formed fan complexes. Consequently
they are regarded as representing sporadic flows.

The Rush Fm. follows the Tober Colleen Fm. in a transitional manner
both at Rush and inland (encl.11). Sandy turbidites and rubbly,
turbulent, debris flow beds comprised of shelf limestone and "basement"
(pre-Carboniferous) fragments are the dominant lithofacies. These
lithofacies indicate a period of much greater instability than
indicated in the Tober Colleen Fm. Moreover, much of the debris in the
Rush Fm. is derived from the edges of the basin or from adjoining block
areas of pre-Carboniferous rock. This instability was associated with
contemporaneous uplift, subaerial erosion and faulting of the shelf and
block regions (sections 3.2.3, 5.6, 8.2).
Two gross, major-scale upward fining cycles are recognisable in the
Rush Fm. at its type section (encl.11). These include Mbrs.1 and 2,
and 3 and & respectively. Mbr.5 (Carlyan Mbr.), a transitional unit
between the Rush and Dublin Fms., may be arguably included in the second
cycle.

Cycle 2 is discussed first as it is sedimentologically more organised
than cycle I.

Palaeocurrent directions from debris flow and turbidity current beds in
Mbr. 3 indicate a fairly consistent derivation from the east, probably
from a narrow or point source (fig. 3.9). In the lower part of Mbr. 3,
most of the debris flow and turbidity current deposits were formed from
unconfined flows. Individual debris flows would form low, elongate
depositional lobes of sediment while the turbidity currents would have
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formed less spatially restricted, more blanket-llke bodies. The
superposition of such lobes from a point/narrow source would produce an
elongated topographical debris lobe.

In the higher parts of Mbr. 3, many debris flow units are semichannellised. They are commonly formed from multiple flows indicating
continued usage of some channels over a period of time (fig. 3.7).
Many of the debris flows in this part of Mbr. 3 are semi-confined flows
and it is common to find sedimentation of debris on the flanks of
channel areas as spill-over deposits. Association 2 turbldites which
may represent lev6e and/or spill-over deposits are associated with the
semi-channellised sequences.
This gradual change in sedimentological character up through Mbr. 3 is
interpreted as a response to continued topographical construction of
a debris lobe or fan (figs. 3.10, 3.11).
Fig. 3.12 illustrates how such a debris fan is thought to form. Note
that in the initial stages the debris flows are unconfined as there is
a sufficient slope and no obstacles to dispersion. As the debris flows
are stacked upon each other they are affected by topographical features
produced by previous flows. This process continues until the fan has
built out and up. Later flows then produce incised channels in order
to cross the fan top and to dissipate on the fan margin.
Cycle 1 is similar except that it has proportionately more unconfined
debris flow units, including some large cohesive debris flow beds.
This is to be expected as it was forming in a slope environment with no
previous significant topographically marked debris lobes. It also
includes fewer semi-channellised debris flows, indicating that
subsidence in cycle 1 was probably more nearly keeping pace with
sedimentation than in cycle 2.
Both cycles are overlain by finer grained sequences which represent
abandonment phases probably related to avulsion close to the source.
In cycle I part of this late phase in debris fan development is
markedly bioclastic and includes anomalously little terrigenous
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material (Mbr. 2). This may represent a switching of source or a
period of relative tectonic calm.
The Rush Fm. fines to the west. Around Kilsallaghan (encl.3) it is
dominated by calcareous sandstones and shale. Conglomerates are very
rarely exposed here and clasts do not exceed a few tens of milllmetres
in size. This corroborates the palaeocurrent evidence from Rush,
indicating a source to the east. From the facies analysis above, it is
likely that this was a point/narrow source, possibly a fault controlled
canyon or gully.

Fig. 3.13 incorporates the above conclusions on the Rush Fm., and on
the contemporaneous sequence from the north Dublin shelf/Balbriggan
Block (section 3.2.3) and other data from mapping (encl. 3).

3.3.2

Dublin Formation

The Dublin Fm. mostly consists of thinly interbedded calcarenite,
calcisiltite, earthy limestone and calcareous shale. Individual beds
are generally tabular in form and may be traced laterally for tens of
metres across the width of outcrops, often with little or no difference
in thickness (allowing for structural thickening in fold hinges) (pl.
6, fig. 3). Normal grading, parallel lamination and parallel
interlamination are almost ubiquitous in the calcarenite, calcisiltite
and earthy limestone lithofacies (pl. 6. fig. 6). Current ripples are
commonly present in fine sand or silt grade carbonate lithologies.
Calcarenite and calcisiltite beds usually have sharp bases (with or
without load and flame structures), but these are only rarely
demonstrably erosive. Within individual normally graded beds, the
above structures occur in vertical sequences comparable to the Bouma
cycle. Most are readily explainable by invoking deposition during
waning flow conditions from turbidity currents (see section 3.3.1 for
discussion). Calciturbidites with Tb-Td, Tb, Tc-Td and Td Bouma cycles
are the most frequent.
In most outcrops, the Dublin Fm. is sedimentologically rather
monotonous. Sporadic localities in S. County Dublin, however, include
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Figure 3.13

rare beds which have interesting asymmetrical dune or mega-ripple bed
forms (D-MR) at their bases (pl. 6, figs. 4-5, 7-9). They are composed
of fine to very fine calcarenite. Internally they are formed of fine,
convex, low angle (under 10°) cross laminae. The slightly steeper
"foreset" laminae are asymptotic and are better displayed because of
slight differences in grain size between laminae which are picked-out
by weathering. The finer interlaminae on the "foresets" pinch out
below the crest and the "top set" and "back set" laminae are more
homogenous in grain size.
The preservation of the top and back set laminae invite comparisons
with ripples formed experlmentally under rapid rates of sedimentation
relative to bed migration rate (see Allen, 1972). The bed forms
discussed here differ from these, however, in that they have a very low
angle of climb (under 20°). From the presence of asymptotic foresets
and from the interlamination of slightly finer grained sediment along
the lower parts of the foresets, it appears likely that lee separation
eddies were produced in "front" of the bed forms. The low angle of the
laminae in the "foresets" preclude avalanching (see Hunter, 1977) as an
explanation for this interlamination of finer sediment.
Individual laminae thicken slightly across the crests creating low,
swollen bed forms. Packages of laminae are grouped into bundles of
laminae in-phase with the rate of bed form migration. Some slight form
discordance is often present between the bundles in higher and lower
parts of the bed form. This out-of-phase discordance may be due to
slight differences in bed form migration rate or angle of climb of the
crest. In other cases this is related to localised thickening of
laminae bundles on the backset of an underlying bundle (pl. 6, figs. 5,
7). It is rare to find internal erosional truncation surfaces.
Occasionally they are present, however, indicating instability in the
hydrodynamic conditions responsible for the bed (pl. 6, fig. 9).
Draping laminae often blanket the top of the bed form. These may be
isopachous or may slightly thicken in troughs (pl. 6, figs. 8, 9).

These D-MR bed forms are low and lens-like in vertical section.
Wavelengths of 0.3m to over 0.7m and amplitudes of 15mm to 170mm have
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been noted. Larger examples may exist. Mallett (1846) recorded "a
colossal ripple-mark" in the Calp (Dublin Fro.) from "the bed of the
Liffey .... just below the Poddle" (central Dublin city) which had a
wavelength from 2 to 8ft or lOft (0.6 to 2.4m or 3.04m) and an
amplitude of 18 inches (0.58m).

The D-MR bed forms are developed directly upon sharp, sometimes clearly
erosional, bases (pl. 6, figs. 4-5, 7-9).

Owing to the nature of the data, this D-MR structure is known only from
vertical sections, subparallel to the bed form migration direction.
The D-MR bed forms show many similarities with features associated
with Hummocky Cross-Stratification (HCS) (sensu Harms e t a l, 1975; Dott
and Bourgeois, 1982). A number of important differences are apparent,
however:
(a)

Internal low angle truncation surfaces are generally absent. In
HCS sensu stricto, it is the draping of laminae across
destructional wavy internal erosion surfaces which creates the
mound-like bed form (Harms e t a l, 1975, Dott and Bourgeois,
1982). In the D-MR bed form, the mound-like geometry is
initially constructional in nature being formed solely by the
slight swelling of laminae over the crestal region.

(b)

The D-MR bed form is highly, and consistently, asymmetrical,
unlike HCS, suggesting formation from a unidirectional current.

(c)

D-MR bed forms have not been seen in sequences with wave ripples,
unlike HCS, but are associated with current ripples (pl. 6, fig.

9).
The occurrence of the D-MR bed form at the base of normally graded fine
sand/silt grain turbidite beds suggests that it is associated with
turbidity current flow. Its position in such graded beds above a sharp
erosive base and below Tc, current rippled, and Tb/Td, parallel
laminated, units of the Bouma cycle, suggests that it is associated
with upper flow regime conditions. This is supported by the
anomalously large size and wavelength of these bed forms and by the
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preservation of "top-set" and "back-set" laminae which indicate
deposition from super-critical or near-critical flow. In some single
graded beds it is significant that the "foresets" of this structure dip
in the opposite sense to those of overlying current ripples (pl. 6,
fig. 9).

The above evidence indicates deposition from suspension of very fine
sand sized material under unidirectional supercritical/upper flow
regime conditions. It is suggested that these dunes/mega-ripples
formed as antidunes developed at the base of turbidity currents. A
similar structure figured in Blatt, Middleton and Murray (1980, fig. 513) was also interpreted as an antidune.
Allen (1985, p. 66) notes that antidunes may migrate both upstream and
downstream. This may explain the out-of-phase discordance seen within
the D-MR structure under discussion. Antidunes are often inherently
unstable and break, causing re-suspension of previously deposited
sediment. This is commonly thought to produce lenses of up-current
dipping laminae (Middleton, 1965). It is also likely that the breaking
of antidune standing waves will create low angle truncation surfaces
within the bed forms created (pl. 6, fig. 9).

The faintness of lamination recorded from modern natural and
experimental antidune deposits (Middleton, 1965) means that much of the
internal architecture of these deposits is still unknown. If these bed
forms are correctly attributed to antidunes, it is interesting to
speculate whether deposition of fine sand from the suspended load, in
slowly migrating standing waves, was responsible for the observed
slight thickening of individual laminae over bed form crests.

ENVIRONMENT OF DEPOSITION
The Dublin Fm. was deposited in a "deep" basin below storm and wave
base. Shallow-water shelf bioclastic debris was swept into this basin
on episodic occasions forming calcarenite bands. These appear to have
been deposited mostly by (surge-like) turbidity currents. It is
possible, but unproven, that a few may have formed from more prolonged
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(underflow) turbidity currents related to storms. The same processes
were operational in the sedimentation of finer grained calcisiltite and
earthy limestone beds. It is not as easy to assign a source of this
clay sized carbonate. In some, minute foraminifera are present,
indicating a shelf source for some of this material.
Interbedded with the ’event’ deposited beds described above are dark
coloured, pyritic calcareous shales which represent either a
"background" sediment or distal turbidity current deposits. In
weathered outcrops and fresh samples they appear featureless. Etched
samples or slightly polished surfaces (including untreated borehole
core) often have a large amount of bioturbation and burrowing. Bottom
conditions may not, therefore, have been anoxic or only anoxic at
certain periods or in specific areas.

Generally, no cyclicity can be identified in outcrops of the Dublin Fm.
It is likely, therefore, that the turbidity currents operative were not
derived from a point source capable of building up recognisable fan
complexes. Linear sources are more likely.
The nodular calcisiltite of the Brook’s End Mbr. of the N. Dublin
coastal section (pl. 7, fig. 3; encls.1,11) is an anomalous lithofacies
in the Dublin Fm. It is thickly bedded and intensely bioturbated.
Relatively few shale or graded calcarenite bands occur within it. It
may represent a slightly condensed horizon in which more time than
usual was available for bioturbation. Some support for this hypothesis
is provided by the record of more frequent phosphate nodules and
goniatites in this lithofacies than is usual in the rest of the Dublin
Fm.
The Brook’s End Mbr. is also notable for well displayed slump sheets
(pl. 7, figs. I, 2) and an associated intraformational cohesive debris
flow deposit (pl.7, fig.5; encls.1,11). The latter shows aligned
clasts "floating" in a mudstone matrix indicating the presence of
laminar flow (see section 3.3.1 for discussion of this lithofacies).
These testify to slope instability in the Dublin Fm. Fewer slump and
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debris flow units are known from the Dublin Fm. than from the Rush and
Clondalkin Fms. (see section 5.6).

3.S.S

Clondalkin Formation

The Clondalkin Fm. consists of tabular, laterally persistent, thinly
bedded sequences of calcarenite, calcisiltite, earthy limestone and
calcareous shale (pl.8, figs.S, 5; encl.17). The limestone beds are
typically sharp based with internal structures assignable to the Bouma
cycle. Most of the coarser limestones include Ta-Tb or Tb-Td couplets;
Tc units are frequently not developed in individual bed cycles (pl.8,
figs.l, 2). The cycles are interpreted as the products of deposition
from decelerating turbidity currents.
From the numerous slump horizons and intraformational truncation
surfaces seen in most exposures, it appears that these calciturbidites
were deposited on an unstable slope dipping north (fig. 3.14; pl.8,
figs.4, 5). For many years it has been accepted that slumping can give
rise to turbidity current formation (Kuenen, 1953; Dott, 1963; Hampton,
1972; Pickering, 1979). Slumping of the unstable slope probably led to
a redistribution of sediment, by turbidity currents, further into the
basin.
Debris flow beds in the Clondalkin Fm. may be divided into two
lithotypes. Type I consists of poorly sorted heterolithic mixtures of
carbonate mud with "floating" bioclasts. These are interpreted as
intraformational debris flows derived from unconsolidated sediment.
Variants of this lithofacies may only contain argillaceous sediment
and, therefore, lack the heterolithic textures usually needed to
identify debris flow deposits. Such cases are very difficult to
identify except where features like slump balls can be seen (pl.7,
fig.7). In most cases, because of the fine grained nature of these
flows, it is not possible to determine whether they were cohesive or
turbulent debris flows (see section 3.3.1). The low proportion of
arenaceous and rudaceous particles in most probably indicates that
grain flow did not form a significant component of the flow.
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Figure 3.14

A: from a field sketch, Belgard Quarry, S. Dublin.
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from photographs and field sketch, Red Cow Quarries
Monastery Road, Clondalkin, S. Dublin.
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Slump sheets with slump fold closures at noses of deformed layers.
Note that for most of their length bedding within these slumps is
parallel to the undisturbed beds.

SOFT SEDIMENT DEFORMATION: BELGARD AND RED COW QUARRIES
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Type 2 debris flow deposits are composed of heterolithic mixtures of
varying proportions of bioclastic sand and carbonate mud with sand or
clasts reworked from lower Palaeozoic strata and granite of the
Leinster Massif. These are volumetrically less important than type 1,
but are easier to recognise because of their exotic clasts. They vary
texturally from poorly sorted grainstones and packstones to floatstones
or combinations of these. Many are calcarenites. From the textures
and fabrics present most may be interpreted as turbulent debris flow
deposits (see section 3.3.1). Individual units may be associated
either vertically or laterally with high density turbidity current
deposited calcarenites (see section 3.3.1).

Type 2 debris flow deposits occur as either unconfined flows, like type
1, or as semi-confined flows associated with channels incised into
normal calciturbidite slope sequences (fig. 3.15; pl.8, fig.3). The
latter often show evidence of multiple generations of filling or
lateral accretion, the latter associated with channel migration.
Individual flows may exceed the channel margins and extend as
unconfined flows.
Type 2 flows probably originated as extraformational flows derived from
further upslope (S).

ENVIRONMENT OF DEPOSITION
The Clondalkin Fm. is composed predominantly of calciturbidites
deposited in a "deep" basin below storm/wave base. The environment of
deposition was a north-facing slope. Instability of the slope resulted
in redistribution of sediment down-slope by slumping, intraformational
debris flows and turbidity currents.
Incised into this slope were a number of small channel complexes along
which coarser material from upslope was transported deeper into the
basin. These were not major feeder channels, however, and they
probably terminated in unconfined debris flow and turbidity current
lobes in the slope environment. As these channel sequences and related
sediment lobes include extraformational debris derived from the
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Figure 3.15

A - Lens-shaped, normally graded packstone with "wings"
The base is not demonstrably
erosive. Interpreted as a rapidly deposited lobe of sediment. Probably a
liquified flow or turbidity current deposit.
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B - Channel incised into tabular, parallel bedded calciturbidites.
Note signs of
channel migration from a to b and the multiple nature of the channel fill. The
lower part of the channel is filled with poorly sorted packstone including
abundant angular fragments of lower Palaeozoic. The higher part of the channel
is filled with normally graded, coarse to fine grained, calciturbidite packstone
c which spills over across the channel margin b. Only occasional small cobbles
or pebbles of lower Palaeozoic occur at the base of the upper channel fill
sequence at d. (See pl. 8, fig. 3).
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NON-TABULAR BEDDED MASS-FLOW DEPOSITSr CLONDALKIN FORMATION,
(from field sketches)
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Leinster Massif to the south, they were probably initiated outside the
environment of deposition represented by the Clondalkin Fm.

Although there are pebbles, cobbles and even boulders of lower
Palaeozoic and granite in the Clondalkin Fm., there is very little
terrigenous sand. Most of the sand present is bioclastic and of
shallow shelf origin (Chapter 4). This anomaly may be explained by
suggesting that the northern edge (at least) of the Leinster Massif
formed a submergent, shallow carbonate shelf; a source for the
carbonate sediment which comprised the Clondalkin Fm. This shelf was
terminated to the north by a syn-sedimentary fault, the Southern
Boundary Fault, which formed a subaqueous scarp. Angular fragments of
pre-Carboniferous "basement" were spalled off the scarp and were
incorporated into the slope sequence below it.
Fig. 3.16 graphically illustrates the environment of deposition
envisaged. On this it is tentatively inferred that the fault scarp was
gullied to explain the presence of the multiple channel complexes which
presumably must have had point sources.

3.3.4

Naul Formation

The Castle Mbr. of the Naul Fm. consists predominantly of thin
laterally persistent (at outcrop scale) tabular beds of calcarenite
(encl.14). These usually have sharp, sometimes erosive, bases and are
often normally graded. Interstratified within these are calcareous
shales.

The calcarenite beds are evidently event deposited. They seldom show
any internal sedimentary structures, however. Where structures are
visible usually only faint parallel or wavy lamination can be
identified.
The Castle Mbr. fines south. A possible syn-sedimentary slide surface
(slump feature) has been identified beneath the Castle in Naul Gorge.
From the available evidence, it is likely that the Castle Mbr.
represents a slope facies. The palaeogeographical situation and the
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higher proportion of calcarenite in this unit than in the other slope
facies from the Dublin area suggests that the Castle Mbr. may have
formed in a proximal ramp environment. It is not possible from the
meagre sedimentological data to deduce what depositional processes were
operational.

3.3.5

Loughshinny Formation

The Loughshinny Fm. is composed mostly of tabular, thinly interbedded
earthy limestone and black fissile shale. Normally graded limestone
beds are frequently present in the lower portions (divisions I to 3)
but are rare in the upper portion (division 4) (pl.26, figs.l, 3).
Each division has a different sedimentological character.
DIVISION 1 - DRUMANAGH MEMBER
The lowest member of the Loughshinny Fm., the Drumanagh Mbr., is
characterised by the presence of often intensely dolomitised,
sedimentary limestone breccia beds. These are composed predominantly
of reworked Milverton Group limestone but also include intraformational
earthy limestone/shale clasts and fragments of lower Palaeozoic
(probably reworked from the Smuggler’s Cave Fm.). The breccias form
beds varying from a few hundreds of millimetres to over 20m in
thickness (pl.9, fig.4; pl.10, figs.l, 2, 4, 5; encl.12). The thicker
beds are commonly formed by vertical stacking of multiple sedimentary
events.
In both vertical and lateral texture, fabric and organisation, these
breccia beds display close similarities with the "ideal" CS cycle
conglomerates and variants from the Rush Fm. (see section 3.3.1). They
are interpreted as coarse, rubbly debris flow deposits. Some formed
from unconfined flows and others from semi-confined or channellised
flows (fig. 3.17). Most are composed of polymodal mixtures of
carbonate sand and clasts with no or very little carbonate mud (pl. 10,
fig. I) indicating that grain-flow and density modified grain-flow
probably played an important role in transport. This is supported by
the observation that most individual flows are reversely graded, to
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some degree, at the base (fig. 3.18; pl.SO, fig.5).
Interbedded between these breccia beds is a varied sequence of
calcarenite, earthy limestone and shale (encl.12). Many of the
calcarenites are normally graded and include structures assignable to
the Bouma cycle; Ta-Tb-Td and Tb-Td cycles predominate. These are
interpreted as "proximal" turbidity current deposits (see section
3.3.1). Others include "floating" intraclasts indicating some
component of grain flow (see section 3.3.1) (pl.9, fig.3; fig. 3.19).
Fig. 3.20 illustrates some of the variations between grain flow and
turbidity current deposits in the Drumanagh Mbr.
Cohesive debris flow deposits are uncommon in the Drumanagh Mbr. They
are well developed only in the lower few metres overlying the lower
breccia horizon (pl.9, fig.2; encl.12). Here they consist of banded
heterolithic calcareous mudstones with patches of "floating" bioclastic
debris and intra-clasts of earthy limestone or shale. They appear to
be totally intrabasinal in origin (see section 3.3.1).

The Drumanagh Mbr. conformably overlies the Naul Fm. (Fingal Group) but
overlaps northwards to rest with a low angle unconformity upon the
Milverton Group (Lane Fm.) (pl.SO, fig.3).
The above observations and interpretations are combined with data
gathered from field mapping in a facies model, fig. 3.21.
DIVISION 2

Division 2 is generally finer grained than division 1 and lacks
limestone breccia beds. It is dominated by graded earthy limestones
and calcarenites including Bouma cycles (pl.11, figs. 1,2; encl.12)
which are interpreted as calciturbidites. Debris and grain flow beds
are more infrequent than in division 1 (encl. 12).

DIVISION 3 - BALLUSTREE MEMBER

Palaeontological, ichnological and sedimentological information has
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Figure 3.19

MODIFIED GRAIN-FLOW DEPOSITS
UPPER DRUMANAGH MBR., N. E. DRUMANAGH HEAD
(from field sketches)

G - modified grain flow; T - Bouma units - turbidity flow.
Stippled - grainstone;
Unornamented - interlaminated earthy limestone and calcisiltite.

(a)

Reverse graded at bottom with imbricated "floating" intraclasts and some
diffuse lamination. Normally graded at top with Ta, Tb, Td Bouma units.

(b)

A similar bed to the above. Here the clasts are aligned subparallel to
bedding. In this bed, however, a basal layer of shells is present. It
is difficult to explain their presence as part of a single depositional
cycle. It may, therefore, represent a residual lag from a previous
sedimentary event.
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Figure 3.20

VARIATION IN GRAINFLOW AND TURBIDITY CURRENT DEPOSITS
DRUMANAGH MBR., N.E. DRUMANAGH HEAD
(from field sketches)
~EO>

O

II III

~So>
IIII1

15cm

~Ta s

s

3.46m below U. Breccia Horizon
o

1.32m below U. Breccia Horizon

IIIII

O
~EU>

29cm

iiiii
--V/-Tc

T

S

~

2.3Om below U. Breccia Horizon

33cm

Tc
Ta

ii. 5cm

~ e/s

5.5m below M. Breccia Horizon
~

6.3m below M. Breccia Horizon
s = sharp base ± load and flame structures; e = erosive;
Grain size: f = fine; m = medium- c = coarse; vc = very coarse sand.
Ta - Td = Bouma units - Turbidity Current Deposits; G = Grain Flow Deposits.
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Figure 3.21
Facies Model - Drumanagh Member
An erosional, escarpment type, bypass margin.

Carbonate sands and muds of shelf origin were produced on the
Balbriggan Block which must have been partially submerged. These
sediments were transported over a fault scarp onto a comparatively
stable slope environment. Compared to the Clondalkin Formation,
which formed in a similar setting, the Drumanagh Member shows very
little evidence of slope instability and consequent intrabasinal
sediment reworking. Thick grainy debris flow deposits consisting of
chaotic limestone breccio-conglomerates flank the margin as talus
deposits. Associated with these are grainflow beds and grainy
turbidity current deposits. Interbedded with these are finer
grained earthy limestones and laminated calcareous shales which were
deposited from smaller events, possibly including lutite turbidity
flows, and which may partially reflect some "fair weather"
dispersion of fines from the adjacent shelf. Though possibly not as
deep as the Clondalkin Formation, the Drumanagh Member appears to
have been deposited below storm wave base.
The model shows the late Asbian mud-mound (U.M.M.L.) of Curkeen Hill
which occurs along the faulted margin. Fragments of U.M.M.L. occur
as lithified and also slightly mineralised boulders and blocks
within the Drumanagh Member. Until 1983, when it was filled in, the
southern portion of the quarry displayed many early fissures with
both fibrous and micrite banded vertical cement fills. These
fissures trended east-west, i.e. parallel to the postulated basin
margin.
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Figure 3.21
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been utilised in determining the depositional history and environment
of formation of the Ballustree Mbr.

Palaeontological Evidence

Two distinct faunal assemblages are

recognisable in the Ballustree Mbr. A restricted fauna of thin shelled
bivalves of "Posidonomya-type", goniatites, nautiloids and trilobites
is present within shaly facies. This is interpreted as being an
autochthonous basinal fauna. In contrast a very diverse shelly fauna
including corals, brachiopods, bryozoa and trilobite fragments is
present in graded, calcarenite event beds. This fauna is evidently
allochthonous and was probably derived from a shallower, shelf area.

Ichnological Evidence

One of the main lithological characteristics

of the Loughshinny Fm. is that it is dark/black and pyritous and very
well laminated with very few signs of infaunal activity in the shales
and earthy limestones. Burrowing is sometimes present, however. Most
are inclined or sub-horizontal solitary burrows or irregular net-like
Protopalaeodictyon, shallow level structures. Mottled horizons
produced by extensive bioturbation are rare (encl. 12).

These features indicate that the sediment was probably anoxic very
close to the sediment/water interface but the overlying water column
was not necessarily anoxlc. The presence of tracked surfaces (pl.12,
fig.4; fig. 3.22; encl.12), including Kouphichnium, would seem to
indicate that the overlying water was oxygenated.
Kouphichnium (Nopsca) has been confidently ascribed to walking
impressions made by xiphosurids (limulids) (Abel, 1922; Caster, 1938;
Goldring and Seilacher, 1971). In ancient rocks it has usually been
reported from very shallow, inshore to lacustrine facies (fig. 3.23).
This is the first record of the ichnogenus from a "basinal"
limestone/shale sequence and is the only record I am aware of from the
Dinantian. Sedimentologically, the Ballustree Mbr. is very similar to
the Bude Fm. (Westphalian) in Devon, which also includes xiphosurid
trace fossils (King, 1965; Goldring and Seilacher, 1971). The Bude Fm.
appears to be of "basinal" facies but, like the Loughshinny Fm.,
includes evidence of storm deposition (see below) and sedimentation
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Figure 3.23

XIPHOSURID TRACE FOSSILS/FACIES RELATIONSHIPS THROUGH GEOLOGICAL TIME

OCCURRENCE

AGE
Recent

REFERENCES

FACIES

Shallow marine, coastal to
tidal/lagoonal areas

Caster, 1938

Russel, 1940

Paskapso Fm., Alberta,
Canada.

Palaeocene

Solnhofen Limestone,
Germany.

Jurassic

Lagoon/shallow, quiet basin

Abel, 1922; Goldring and
Seilacher, 1971.

L. Jurassic

Shallow marine

Goldring and Seilacher, 1971

Pfrondorf, T~bingen, Germany

Rhaetic

Shallow marine

Goldring and Seilacher, 1971

Newspaper Rock ("Piczograph")
Sandstone, Arizona, USA.

u. Triassic

Shallow marine/coastal to
floodplain/lacustrine

Caster, 1944

Stockton Sandstone, New Jersey,
USA.

U. Triassic

Non-marine floodplain with
lakes?

Abel, 1926, 1935; Caster, 1939;
Goldrinq and Seilacher, 1971

Bundsandstein, Germany.

L. Triassic

Supposed fluviatile

Reik and Lebk~cher, 1928; Linck,
1943; Seilacher, 1963

Rotliegende, Germany.

L. Permian

Ecca sediments, Dwyka Series,
South Africa

Early Permian

Periglacial lacustrine
varved sediment

Anderson, 1975~ Savage, 1970

Australia

U. Carboniferous

Periglacial varved sediment

Glaessner, 1957

Parrsboro Fm., Nova Scotia

U. Carboniferous

Lacustrine facies within
fluviatile sequence

Goldring and Seilacher, 1971

Stranger Fm., Kansas, USA.

U. Carboniferous

Estuarine/inshore

Bandel, 1967

Abbortsham Fm., Devon, U.K.

L. Westphalian

Basinal, with storm influence?

de Raaf et al, 1955;
Goldring and Seilacher, 1971

Bude Fm., Devon, U.K.

L. Westphalian

Shallow, storm swept basin
(possibly lacustrine)

King, 1965; Goldring and
Seilacher, 1971; Higgs, 1983

Haslingden Flags, Lancs., U.K.

U. Namurian

Inshore deltaic/delta plain

Hardy,

Loughshinny Fm., Dublin,
Ireland

Brigantian

Shallow, basin/ramp

This thesis

Chaigley Lmst., Hodder Fm.,
Craven Basin, U.K.

Arundlan

Shallow, basin/ramp

This thesis

Pennsylvania

U. Devonian*

Lagoonal, marine?

willard, 1935; Caster, 1938;
Goldring and Seilacher, 1971.

Lias,

Plochingen, C~rmany.

Harald, 1980

1970; Chisholm, 1983

* Paraamphibius Willard: Xiphosurid tracks with five pusher blade impressions.
The others are KouDhichnium (Nopsca): Xiphosurid tracks with four or fewer pusher blade impressions.
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under combined flow regimes (Higgs, 1983, and pers. comm.). These
formations are apparently among the deepest ancient environments in
which limulids have left traces of their presence. It is apparent from
Figure 3.23 that, compared to recent limullds, ancient limulids
inhabited more diverse habitats with the greatest diversification of
habitat in the Carboniferous.

Sedimentologlcal Evidence

Division 3, the Ballustree Mbr., is

lithologically very similar to Division 2 with the exception of also
including occasional calcareous sandstone horizons. Both contain
thinly interbedded, normally graded units, deposited from episodic,
waning flows, and infrequent debris flow units (pl. 11, figs. 3 to 8;
encl. 12). The Ballustree Mbr. includes a number of additional
sedimentologlcal features, however, which indicate a slightly different
depositional setting (see schematic log, fig. 3.24).

Superficially, bedding in the Ballustree Mbr. appears to be entirely
tabular, as in division 2 (pl.26, flg.1). In detail, however, many of
the coarse calcarenite beds are seen to have sharp, planar, (sometimes
erosive) bases, but undulatory/wavy tops (pl.IS, fig.3; pl.12, fig.2).
In one instance this feature is so pronounced that a very coarse
biosparite horizon consists of discrete, regularly spaced lenses. This
undulatory character is a primary sedlmentological feature in the
calcarenites because it is draped by the finer phases of normally
graded event cycles and subsequent event units thin or wedge-out across
the swells. It cannot, therefore, be considered to be due to later
bottom reworking or differential compaction. In most cases, the
internal sedimentological structures are undeformed, indicating that
neither is it due to post-depositional loading, boudinage, etc.
Most of the coarser (arenaceous grain-sized) beds in the Ballustree
Mbr. contain internal sedimentary structures associated with deposition
from waning flows. These include: sharp, sometimes erosive bases,
normal grading, and, in ascending order, parallel lamination, rippling
and further parallel lamination (pl.11, figs.4, 7). These are very
similar to the Bouma cycles noted in the calciturbidites of division 2.
They differ from "classic" Bouma cycles in a number of ways, however.
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Figure 3.24

SEDIMENTARY FEATURES OF THE BALLUSTREE MBR.

Isolated clast

Sharp top
Graded bedding
Allochthonous fauna
Debris flow

Trough-like cross bedding
Loads,flames etc.
.~ "Shallow water’trace fossils

Lag with shells preferentially orientated
convex up

& shelter structures

Winnowed horizons
Draping & parallel lamination
Ripples with wave features
Hummocky cross stratification
Sharp/erosive bases

Parallel lamination
~)~) Autochthonous fauna

Regularly spaced
ripple lenses & starved ripples
Ripples with unidirectional cross laminae
& Scoured bases
Wavy top with drape
Low angle cross bedding

Slump folds

Firstly, the lower "parallel laminated" unit (equivalent to Tb Bouma
unit) often includes wavy/undulatory lamination (pl. 11, flg.4; pl.12,
flg.3). Secondly, the ripples present are not simple current ripples.
They are irregular in spacing and shape, varying from depressed to
swollen, even in the same horizon within individual event beds. Some
ripples have irregular to undulatory lower set boundaries and some
possess offshooting and/or draping foreset laminae.

Such

characteristics were regarded by de Raaf et al (1977) as diagnostic of
wave ripples produced by oscillatory flow. Within individual event
beds, these ripples almost always have unidirectional cross-laminae
indicating a net transport in one preferred direction. Some of the
ripples are associated with pronounced current scouring, indicating the
presence of unidirectional bottom currents. In a very few instances,
however, opposed ripple cross-laminae are present in asymmetrical
ripples within individual event beds (pl.13, fig.l; fig. 3.23). These
ripples are interpreted as having formed from a combination of
oscillatory and unidirectional flow. They are similar to ripples in
storm event beds figured by de Raaf et al (1977), Brenchley et al
(1979, fig. 8), Lamens (1985, flg.7) and Fenton and Wilson (1985,
figs.3 and 7).

A third difference from division 2 is that sandstone event beds within
the Ballustree Mbr. may include hummocky cross-stratification (HCS),
wavy internal truncation surfaces (pl.12, fig.l; pl.13, fig.l) and
trough cross-bedding (pl.12, fig.2; pl.13, fig.5).

Individual laminations within sandstone and calcarenite event beds of
the Ballustree Mbr. are vertically graded with sharp, occasionally
loaded, bases. These are similar to "rhythmite lamination" seen
earlier in the Malahide Fm. (pl.1, fig.3) and that depicted from storm
beds by Reineck and Singh (1972, fig. 2), Bourgeois (1980, fig. 11d)
and Hunter and Clifton (1982, fig. 4d). Occasionally this lamination
is convoluted, possibly due to liquifaction associated with rapid
deposition (fig. 3.24).

Given the above evidence for a storm/wave influence on sedimentation in
the Ballustree Mbr., it appears reasonable to postulate that the
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wavy/undulatory upper bedding surfaces to individual event beds, noted
earlier, are also related to storm activity. Such a hypothesis is
reinforced by the observation that this undulatory surface is often
associated with reworking of underlying laminae, draping of overlying
laminae and occasional "armouring" (pl.11, fig.5; pl.12, figs.l,2).

In one instance a sandstone bed with HCS immediately overlies a
disrupted, intraclastic cohesive debris flow bed (pl.12, fig.l).
Nelson (1982), 01sen et al (1982) and others have argued that cyclical
loading of the sea floor by storm waves may liquify the upper layers of
sediment by causing fluctuations in pore-pressure. The above instance
may be an example of such a process. The theory is, however,
untestable in this case.
CONDITIONS OF DEPOSITION
Most of the Ballustree Mbr. consists of shale and earthy limestone,
indicating the existence of a quiet, muddy basinalenvironment. These
lithofacies are usually well laminated, unbioturbated, black and
pyritic, indicating that the sediment was anoxic. The overlying water
was probably aerobic (or sometimes disaerobic), however, because
tracks, including Kouphichnium, occur on numerous bedding planes. A
slope inclined down to the south is indicated by occasional slump
folded horizons and debris flow units. There is no sign of "fair
weather" rippling. From this evidence it appears that the environment
of deposition was a quiet, "basinal", ramp below fair weather wave
base.
Interbedded among the shales and earthy limestones are frequent graded
calcarenite and sandstone beds. These were deposited from episodic,
short duration, higher energy currents. Turbidity currents and storms
are considered to be the only depositional mechanism which could have
been responsible for these in the palaeogeographical setting then
existent.
The sandstones and some of the calcarenites show evidence of having
been deposited from suspension under combined flow (oscillatory +
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unidirection) conditions. As oscillatory flow would disrupt
unidirectional gravity induced (surge) turbidity currents, they are
rejected as a possible mechanism for beds with combined flow
structures. Oscillatory flow would, however, be expected due to wave
activity during storms. Consequently, these units are interpreted as
"tempestites" (sensu Ager, 1974). Associated with these are occasional
event beds with hummocky cross-stratification (HCS) which is generally
attributed to storm activity (eg. Harms et al, 1975; Dott and
Bourgeois, 1982; Hunter and Clifton, 1982, and others) reinforcing the
above interpretation of a storm origin.

Little consensus exists at present regarding the detailed mechanisms of
deposition associated with storms because of the complexity of factors
involved. A number of potential mechanisms have been proposed (see
Aigner and Reineck, 1982) including:- wind induced drift and underflow
currents (Murray, 1972; Creager and Sternberg, 1972; Nelson, 1982;
Allen, 1985), rip currents (Cook and Gorsline, 1972), storm ebb surge
currents (Johnson, 1978; Brenchley et al, 1979; Mount, 1982) and
combinations of waves and density ("turbidity") currents (Hamblin and
Walker, 1979; Walker, 1980).
Petrographical analysis (section 4.1.2) indicates that the mixed
terrigenous/carbonate sand tempestites of the Ballustree Mbr. are
composed of sediment derived from more than one shallow source area.
Modern storms are known to be capable of transporting and mixing large
volumes of sediment from inshore regions (Smith and Hopkins, 1972). In
the Ballustree tempestites, most of the sediment is fine grained and
disposed in thin laterally discontinuous graded laminae ("rhythmite
lamination") indicating deposition from suspension in a fluctuating
flow regime (pl.12, fig.3; pl.13, fig.l). Volumetrically, most
sediment in modern storms is transported in suspension (Smith and
Hopkins op. cit.). The rhythmite lamination is probably produced by
deposition of the suspended load under the influence of waves producing
fluctuating flow conditions. This model is reinforced by the
association of bi-directional rippling with rhythmite lamination in the
Ballustree tempestites (pl.13, fig.l).
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In most of the Ballustree tempestites there is a pronounced
unidirectionality of flow indicated by ripple cross-lamination or low
angle cross-bedding (pl.11, fig.4; pl.12, figs.2, 3; pl.13, fig.5;
encl.12), showing a net transport generally southwards, i.e. into the
basin. As these structures occur in sediment as coarse as fine gravel
and coarse sand, relatively strong bottom currents were operative.
Strong unidirectional offshore bottom currents may be produced by
onshore storm winds (Allen, 1985). Above storm wave-base, these return
bottom currents may be enhanced by an interaction with waves (Smith,
1977; Grant and Madsen, 1979; Cacchione and Drake, 1982; Wiberg and
Smith, 1983). Such a situation may produce "underflow" currents
capable of transporting coarser sediment. However, no stable density
stratification would be possible in such a current (unlike classical,
unidirectional, gravity driven (surge) turbidity currents) as this
would reduce the near bottom shear stress (Long, 1981; Wiberg and
Smith, 1983) resulting in deposition, not transport, of coarse
sediment. Below storm wave-base, however, a stable density stratified
underflow current may possibly develop.

The coarser and thicker tempestite beds in the Ballustree Mbr. show
evidence of deposition under combined flow conditions and consequently
these probably formed initially above storm wave-base. As the storm
waned, wave-base rose and the highest parts of these event beds include
parallel laminated very fine sand and silt deposited from suspension
below rising wave-base. Many thinner and finer event beds associated
with the tempestites do not include evidence of oscillatory or combined
flow. The fine sediment in these may have been deposited under storm
wave-base from the suspended load in underflow currents and/or from
initial suspension in the water column above such bottom return
currents.
Figures 3.25 and 3.27 summarise the above depositional model envisaged
for the Ballustree tempestites.

The Ballustree Mbr. is, therefore, interepreted as having formed on a
submarine ramp within wave-base of large storms but below fair weather
wave-base. In open, exposed shelves storm wave-base may be over 200m
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Figure 3.25
STORM BEDS (TEMPESTITES), BALLUSTREE MBR., LOUGHSHINNY FM.
(Line drawing of pl.13, fig.l)

¯

I

INTERPRETATION

Bed
2
Deposited from suspension below rising
wave base.

W

B wave reworking
Deposition from suspension above rising
wave based under
combined flow.

Bed
1

z
Deposition from suspension in a return
underflow current.
current/wave ._~
reworking

Beds 1 and 2 show an overall upward fining.
Individual laminae are marked by small scale fluctuations in grain size (rhythmite
lamination). Note well formed, low amplitude, lensoid ripples with opposed crosslamination directions (x,y) and wavy bed-forms (z; poorly developed ripples or low
amplitude migrating hummocks).
p = parallel laminated to very low angle cross-bedded and normally graded very coarse
to fine sand.
w = wavy and ripple bedded fine sand.
d = draping laminae of very fine sand/silt.
T = low angle wavy internal truncation surface.
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Figure 3.26
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Figure 3.27

KEY TO FIGURE 3.27
Sedimentological Model for the Deposition of
Tempestites in the Ballustree Mbr.

1

Zone of unidirectional flow

2

Zone of combined flow

3

Zone of oscillatory flow
Medium/coarse sand to very fine gravel in suspension in
underflow current. Deposited in a normally graded bed.
Often reworked by underflow traction currents during
deposition.
Fine sand, silt and mud in suspension. Deposited in
fine graded laminae due to variable flow strengths
associated with wave action and variability in storm
intensity. Often reworked by underflow traction
currents producing combined flow or current ripples.
Onshore storm wind.
Wind induced "onshore" surface current.
Storm induced wave turbulence puts shelf sediment into
suspension.
Return underflow current with coarser sediment in
suspension.
Fine sediment gradually settles from suspension as storm
wanes in energy.

I

Storm wave base rises as storm wanes in energy.

FWB

Fair Weather Wave Base

SWB

Storm Weather Wave Base (variable depending upon storm
intensity).

134a

Figure 3.27

134

below sea level (Komar e__tt a l, 1972; Ewing, 1973). The Dublin Basin
was, however, a relatively small, restricted, intra-shelf basin
(fig.8.6) and consequently storm wave-base would have been much higher.
The presence of limulid tracks in the Ballustree Mbr. suggests a
relatively shallow depth reinforcing this, and it is likely that the
depth of deposition lay between approximately 15m and 50m or possibly
down to 80m below sea level.

DIVISION 4
Division 4 of the Loughshinny Fm. is dominated by shale and parallel
laminated earthy limestone (pi.13, fig.4; encl.12). It includes only
occasional graded calcarenites or muddy cohesive debris flow deposits
(pi.13, figs.2, 3). Overall, division 4 is much finer and energy
conditions were much lower during deposition than in the Ballustree
Mbr. This does not necessarily indicate that division 4 accumulated in
a deeper environment; it may have formed in a less exposed, lower
energy, muddy basin setting. Some support for this hypothesis may be
found in the observation that division 4 passes transitionally up into
the deltaic Balrickard Fm. with little apparent change in lithofacies
and in the presence of ripples and wavy bed forms possibly formed under
combined flow conditions (fig. 3.28).
The scarcity of coarse event beds in division 4 probably partly
reflects the destruction, during the later Brigantian, of the adjacent
carbonate shelf areas which formerly supplied much of the coarser
sediment to the basin.

3.4

Knockbrack Group

A sedimentological analysis of the Knockbrack Group in the area is
hampered by the scarcity of adequately sized exposures and by the nondiagnostic nature of the structures recorded from the few larger
outcrops. The following tentative interpretations rely heavily on the
assumption that the Knockbrack Group was deposited in a deltaic regime.
This appears to be a reasonable assumption as Namurian strata elsewhere
in the British Isles were deposited largely in such a regime.
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Figure 3.28
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3.4.1

Balrickard Formation

The Balrickard Fm. consists of thin to thickly bedded, coarse grained
sandstone, with interbedded shale and earthy limestone. Plant debris
and "Posidonomya-type" bivalves occur in the argillaceous lithologies.
The sandstone beds are almost invariably tabular and vary from a few
tens of millimetres to around 8m in thickness, the thickest beds being
recorded from the type locality. Generally the sandstones are between
0.5m and 1.5m thick. The bases and tops are almost invariably sharp
and the former are occasionally erosive.

Internally, the sandstones are either apparently massive or, in very
coarse sands, a laterally persistent, coarse (10 to 25mm) parallel
lamination may be seen, defined by slight variations in grain
composition and size. Given the grain size, this is probably a plane
bed structure formed from upper flow regime conditions.
Compositionally they are immature, micaceous, feldspathic sublitharenites (Chapter 4) with an interstitial clay matrix which may not
be of depositional origin, but may be related to degradation of
lithic/feldspar clasts or diagenesis. In individual laminae and often
whole beds, the grains are of variable sphericity but are moderately
well sorted. Grading is rare.
Following his palaeontological study, Harrison (1968) deduced that the
formation is diachronous from NE/ENE to SW/WSW across the Donore, N.
Dublin and Tara Outliers. The maximum sandstone bed thickness appears
to decrease approximately from N to S aross the Naul Outlier. In the
northeast, at Balrickard, individual beds may attain 8m; in the
northwest, at Westown House, Naul, individual beds may exceed 3m, while
in the south, individual beds were seldom observed to exceed Im. These
pieces of data are complementary and are taken to indicate a
progradation approximately from NE/ENEto SW/WSW.

The above evidence is inadequate to form a detailed hypothesis on the
sedimentological origin of this formation.
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"Event" deposit characteristics are absent, but so too are signs of
rippling, channelling and cross-bedding. It is tentatively suggested
that the Balrickard Fm. was deposited by deltas prograding southwards
from the NE or ENE. Stratigraphical analysis (Chapter 8) shows that
the deltaic sands did not prograde much further south than N. Dublin.

3.4.2

Walshestown Formation

The Walshestown Fm. is dominated by shale and siltstone with occasional
earthy limestones in its lower part. Bivalves, plant debris and E2a,
E2b goniatites (Smyth, 1949; Scanlon, 1953; Harrison, 1968; Riley,
pers. comm., 1983; material collected by the author) occur in these.
In its upper part fine sandstone lenses and laminae occur interbedded
with these lithologies. Wave ripples, linsen and rare flaser bedding
and occasional grading and basal scouring were noted associated with
the fine sands, indicating deposition in a wave dominated shallow,
muddy shelf. These are interpreted as the distal equivalents of the E2
Carrickleck Sandstone to the north in the Kingscourt Outlier.
A prograding deltaic origin is tentatively interpreted for the
Walshestown Fm. The E2 deltaic sandstone incursion into E. central
Ireland appears not to have prograded as far south as the El incursion
noted above, as only the distal equivalents of the former are present
in N. Dublin.
The early Namurian shales and sandstones of the Knockbrack Group in E.
central Ireland are related to regional N-S deltaic incursions into
northern England and Ireland, (Fig. 3.29).
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Figure 3.29
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CHAPTER I+
PETROGRAPHY

This chapter documents and discusses some of the petrographical
features observed during this study. These observations were made in
connection with other aspects of research and are not comprehensive.
They indicate the wide variations in petrography found in the area and
hopefully will point the way for more detailed investigation.

Observations on sedimentary petrography, made in connection with
sedimentological and stratigraphical studies, are described in section
4.1. Diagenetic features, recognised in connection with the necessity
of distinguishing primary and diagenetic fabrics in the palaeontological research undertaken, are described in section A.2.
Thin sections were used to study the petrography of the Carboniferous
rocks of the area. Alizarin Red S and Potassium ferro-cyanide stains
were used to aid mineralogical identifications of carbonate phases.
Only one half of each individual slide was stained as some features,
particularly in foraminifera, were found to be better displayed when
unstained.
The petrographical classifications of Dott as modified in Pettijohn
(1975, p.211) were used for terrigenous rocks and those of Folk (1959)
and Dunham (1962) for carbonate rocks (see section 1.5).
A series of photomicrographs, plates 1A to 25, illustrate the
lithostratigraphical and diagenetic characteristics of the rocks.

~.1

Stratigraphical Petrography

The petrography of the Malahide Fm. and of the Waulsortian carbonate
mud-mound limestones and their off-mound equivalents was not examined
in detail.
The Malahide Fm. is dominated by bioclastic limestones formed of
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varying proportions of crinoidal, bryozoan (usually fenestellate) and
brachiopod material. Other types of bioclast are proportionately much
less abundant compared to Vis~an limestones. This is particularly true
regarding foraminifera. In his study of the Malahide Formation,
Marchant (1978) found foraminifera to be present only sporadically.
This situation contrasts with that in the Vis~an where foraminifera are
very abundant and are present in most bioclastic limestones. It was
noted that coral and brachiopod material is most abundant in Mbr. 3 of
the Malahide Fm. and is less common in Mbr. 4 of that unit and often
absent in the off-mound facies of the Waulsortian. This appears to be
a facies control with corals and brachiopods being most abundant in the
shallower water limestone shelf facies of Mbr. 3 (Pale Beds) of the
Malahide Fm. and less common in the deeper water facies of Mbr. 4
(Shaly Pales) and Waulsortian off-mound facies (see pl. 14, fig. I).

This low diversity of bioclastic material and preponderance of
crinoidal and bryozoan debris is characteristic of other subWaulsortian limestones I have seen across Central Ireland.

4.1.1

Milverton Group

McGUINNESS FORMATION
In thin section the McGuinness Fm. is seen to be comprised of clean
sandstones, sandy dolomites and sandy limestones. The terrigenous sand
component is of angular to moderately rounded quartz and feldspar with
occasional detrital flakes of muscovite (pl. 15, fig. 4; pl. 207 fig.
4). Much of this unit appears to have been originally bioclastic but
usually only a few relict crinoidal grains may be distinguished because
of extensive dolomitisation (see section 4.2.4).
LANE FORMATION
Bioclastic grainstones and packstones are the dominant limestone
lithotypes in the Lane Fm. In Mbr.S crinoidal and fenestellid bryozoan
debris comprise the dominant grain types and foraminifera are
relatively infrequent. Compositionally and texturally the limestones
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are similar to those of the Malahide Fm.
Mbr. 2 is dominated by poorly sorted, bioclastic grainstones whichare
generally cleaner than the limestones in Mbr.1. They include
proportionately less crlnoidal and bryozoan material. In Mbr.2,
foraminifera become abundant for the first time in the Milverton Group
(pl. 14, fig. 2).
In its higher portions, Mbr.2 includes quartz and lithic sand, and
pebbles of Lower Palaeozoic metamorphosed siltstone and greywacke (pl.
14, figs. 2 and 3; pl. 15, fig. 2). Occasionally the upper limestones
are oolitic (pl. 14, fig. 3; encl.13).
SMUGGLER’S CAVE FORMATION
This unit is dominated by cobble and boulderconglomerates composed of
clasts of Lower Palaeozoic meta-siltstone and greywacke and rare
volcanic debris derived from the adjacent Balbriggan Inlier. Associated are
lithic sandstones composed of quartz and lithic sand similar to Lower
Palaeozoic lithologies mentioned above. They are compositionallyand
texturally very immature. Most of the grains are fairly angular. In
most cases a mixture of clay and fine lithic fragments constitute a
matrix (pl. 14, fig. 4). In one patch, around an upstanding pinnacle of
Lane Fm., haematite cement is present (pl. 17, fig. 4).

In the field a karstic surface is demonstrable on the top of the
underlying Lane Fm. (section 3.2.3). This contact is knife sharp in
thin section (pl. 15, fig. I).

HOLMPATRICK FORMATION
The Holmpatrick Fm. is dominated by clean

biopelsparites and

biopelmicsparites (pl. 16, fig. 3) except in the lower portion of the
type section where oolitic sparites are common (pl. 16, fig. 4; pl.20,
fig. I; encl.13). Throughout, the formation has a crystalline,
slightly recrystallised appearance in the field and in thin-section
(see section 4.2.2 below). The macrofauna and foraminiferal microfauna
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are diverse.
The lower few beds at the type section contain pebbles of Lower
Palaeozoic lithologies and varying proportions of terrigenous sand (30~
or under as a percentage of grains present). Angular quartz and lithic
grains constitute the terrigenous sand fraction. These lowest beds are
also unusual in that they include discontinuous bands and clasts of
laminated micrite and the ooliths present are occasionally aggregated
into grapestones. The terrigenous component was probably reworked from
the underlying formation during the transgression recorded by the lower
part of the Holmpatrick Fm.

After the oolitic transgressive phase, stable, shallow open shelf
conditions were established for a long period during which wellwashed biosparites accumulated.
ASBIAN SHELF LIMESTONE (A.S.L.)
The A.S.L. unit is restricted to a few very small scattered outcrops in
the study area.
At Ardgillan, near Skerries, (encl.6) the A.S.L. is represented by
coarse crystalline biopelsparites in which the bioclasts are heavily
micritised and calcareous algae are unusually abundant (pl. 20, fig.
2). Elsewhere, the A.S.L. consists of fine grained pelbiomicsparite
and pelbiosparmicrite lacking calcareous algae. Blocks similar to the
latter lithologies occur reworked into the Drumanagh Mbr. of the
Loughshinny Fm. (pl. 17, fig. 2).

UPPER (VISEAN) MUD-MOUND "(REEF)" LIMESTONES (U.M.M.L.)
Recrystallised micrites (pl. 16, fig. 2), sometimes with a grumeleuse
texture, dominate these mounds. Recrystallised biomicrites and biosparites rich in foraminifera are associated with the Clonalvy mound
(pl 16, fig. I).
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4.1.2

Fingal Group

The Fingal Group is dominated by thinly interbedded limestone and shale
with variable amounts of terrigenous material. The limestones tend to
be graded and sorted.

TOBER COLLEEN FORMATION
Slightly argillaceous micrites and calcisiltites constitute the bulk of
this unit. Horizons with crinoidal debris or calcispheres form
localised wackestones (biomicrites) (pl. 21, fig. 3). In outcrop the
Tober Colleen Fm. is often heavily bioturbated and in thin section
appears as a homogenised calcilutite with a fine, neomorphic, recrystallised texture (see section 4.2.2 below).
RUSH FORMATION
The Rush Fm. consists of interbedded lithic conglomerates, sandstones,
limestones and shales. Angular quartz, feldspar, lithic grains, and
occasional flakes of mica, make up the terrigenous component (pl. 14,
figs. 5 to 7). Clasts of Chadian shelf limestone (Lane Fm.), vein
quartz and Lower Palaeozoic lithologies are also present. The latter
include slate, metamorphosed siltstone, greywacke and volcanic rocks,
and rare fragments of limestone. This suite is similar to in situ
Lower Palaeozoic sequences at Portrane (and probably also Lambay,
although I have not visited that island).
Bioclastic debris, including a diverse foraminiferal assemblage,
constitute a detrital calcarenitic component to the conglomerates,
sandstones and limestones (pl. 14, fig. 6; pl. 20, fig. 5). Ooliths
occur sporadically throughout the upper parts of the formation but are
most abundant in the Carlyan Mbr.

Most of the arenaceous and coarser grained lithologies are well-packed
to over-packed and the more fragile grains, including some
foraminiferal tests, were often crushed in situ during compaction (pl.
14, fig. 6).
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DUBLIN FORMATION
Interbedded, graded, well sorted calcarenites (pl.20, fig.5),
calcisiltites, earthy limestones (slightly argillaceous calcilutites)
and calcareous shales constitute the bulk of the Dublin Fm.
Terrigenous grains, including angular quartz, lithic clasts and
muscovite (the latter occurs predominantly in the south), occur mixed
in variable proportions with carbonate grains in the limestones.
Bioclasts include foraminifera, calcareous algae, sponge spicules and
macrofaunal elements (pl.li, fig.8; pl.20, fig.5; pl.22, fig.2). The
variations in grain composition probably reflect variations in
provenance.

On the N. Dublin coastal section, the proportion of Koninckopora was
observed to increase up through the Bathing Place Mbr. then drop off
suddenly in the Brooks End Mbr, increasing again suddenly in the
Giant’s Hill Mbr, only to decline again in abundance. This is
interpreted as a reflection of events affecting the shelf area to the
north where the sediment was produced. The gradual rise and fall in
the proportion of Koninckopora in the Bathing Place and Giant’s Hill
Mbrs. is interpreted as being due to a shallowing and deepening of the
source area respectively. The sudden drop in proportion of the algae in
the Brooks End Mbr. was possibly caused by a reduction or destruction
of a suitable environment for the growth of the alga. It is possible
that a regression on the shelf at this time was responsible (see
sections 3.3.2, 8.2.2).
NAUL FORMATION

The Naul Fm. differs from the remainder of the Fingal Group in its
lighter colour and lower proportion of dark grey/black argillaceous
limestones and shales. Though generally cleaner, petrographically the
calcilutites of this unit are not much different to those in the rest
of the group.

Clastic calcarenites form a volumetrically high proportion of the
Castle Mbr. They are composed of bioclasts and peloids set in a
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recrystallised association of neomorphic micrite and spar (see section
4.2.2 below) (pl. 17, fig. I; pl. 21, fig. 4) which imparts a
recrystallised appearance in the field. Originally these calcarenites
ranged from biopelsparitic grainstones (pl. 21, fig. 2) through
heterogeneous biopelmicsparites (pl. 17, fig. I) to biomicrites.

LOUGHSHINNYFORMATION
Interbedded clastic calcarenites (neomorphosed grainstones and
packstones), calcisiltites, earthy limestones and shales are the common
lithotypes in the Loughshinny Fm. Petrographically they are very
similar to rocks from the Dublin Fm.
The lowest portion of the formation, the Drumanagh Mbr., is heavily
dolomitised. The coarse bioclastic limestone and limestone breccia
lithologies are the most heavily altered.
The clastic calcarenites are formed predominantly of bioclastic grains.
Bioclasts with micritic and oolitic coatings occur towards the top of
both the Drumanagh and Ballustree Mbrs. Calcareous sandstones with
angular quartz sand are only rarely developed (pl. 18; pl. 20,figs. l,
5, 6).
Four main types of clastic lithology may be recognised in the
Ballustree Mbr. (pl.18). Where terrigenous and carbonate sands occur
together in the same clastic bed it is noticeable that bioclastic, but
not quartz, grains may form the nuclei to ooliths. This indicates that
sediment from two source areas, one terrigenous and one oolitic, was
mixed during transport, (see fig.4.1).

The upper part of the Loughshinny Fm. (division 4) is dominated by
shale, earthy limestone and calcisiltite of similar petrography to
those in lower units.
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Figure 4.1
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Figure 4.1

Sediment Provenance and Sediment Mixing:
A Petrological Model for the Creation of the
Varied Grain Assemblages Present in the
Loughshinny Formation.

4.1.3 Knockbrack Group
BALRICKARD FORMATION

This unit consists of interbedded shale, earthy limestones
(argillaceous micrites) and sandstone.
The sandstones are composed of quartz sand with lesser proportions of
feldspar, muscovite, lithic clasts (metamorphics including slate and
mica schist), carbonate grains and occasional heavy minerals. An
interstitial argillaceous and quartzitic matrix with patches of dusty
neomorphic spar is present (pl. 19, figs. 2 to 4). Point counting
shows that compositionally these sandstones lie along the sublithic
greywacke/lithic greywacke boundary (fig. 4.2).

All of the sandstones are well-packed to over-packed and compactionally
fractured or folded detrital micas and pressure solution features are
obvious in many thin sections (pl. 19, fig. 3) The sand varies from
well rounded to angular; most is moderately rounded to subangular, and
sphericity is generally high to moderate.
The presence of feldspar, mica schist, slate, strained and
polycrystalline quartz and quartzite, and heavy minerals tentatively
identified as tourmaline (possibly elbaitic in composition) and apatite
suggest a metamorphic and possibly granitic source area for the
sandstones.

WALSHESTOWN FORMATION
Shales and siltstones with occasional sandy bands and beds of earthy
limestone and thin limestone breccio-conglomerate comprise this unit.
Petrographically these are similar to lithologies in the Balrickard and
Loughshinny Fms.

4.2

Diagenesis

Diagenetic features observed using a petrological microscope are
described and discussed in this section.
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Figure 4.2
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Figure 4.2

Composition of Balrickard (Lower Namurian) Sandstones

4.2.1

Cementation

The Carboniferous rocks have been subjected to a pervasive neomorphic
recrystallisation (see section 4.2.2 below), making the identification
of primary cement fabrics difficult.
In a few of the shallow water oolitic lithofacies of the Holmpatrick
and Lane Fms. of north Dublin and the Allenwood Fm. of Kildare a relict
grain lining cement of equant to "fibrous" crystals is preserved
despite the neomorphism (pl. 20, fig. I; pl. 14, fig. 3). This cement
type was not observed in basinal limestones of the Fingal Group except
in reworked clasts of oolitic shelf limestone in the Rush and Dublin
Fms. (pl. 20, fig. 3). It appears, therefore, to be associated solely
with shallow shelf oolitic facies. This cement may be a relict early
marine cement.
Non-oolitic open shelf limestone lithofacies do not possess relict
grain rim cements. In coarse grained sparites, blocky crystals
nucleated as syntaxial overgrowths on echinodermal grains in many cases
form the major pore-filling cement phases (pl. 20, fig. 3). In finer
grained, foraminiferal biopelsparites a neomorphic association of spar
and micrite usually forms the cement (pl. 16, fig. 3).

Apart from in Mbr.1 of the Lane Fm. and the shalier parts of the
Malahide Fm. and Waulsortian, the cements in the shelf limestone are
solely of calcite, or dolomite where altered.
Ferroan calcite and ferroan dolomite cements are developed in basinal
limestones of the Fingal Group and in "deeper-water" facies of the
Malahide Fm. (especially Mbr. 4, "Shaly Pales") and off-mound facies of
the Waulsortian. It is not uncommon to observe a change from calcite
to ferroan calcite or from ferroan calcite to ferroan dolomite into the
centres of inter-grain areas. The bioclasts are usually of calcite. A
progressive change in carbonate chemistry is, therefore, often present,
which may reflect a gradual change in pore-water chemistry during
diagenesis.
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No early grain rim cements have been observed in basinal and "deeper"
shelf limestones. In these limestones the cement has sutured crystal
boundaries and is therefore neomorphic. It still retains a blocky
appearance in thin section however (pl. 20, fig. 5).
Where echinodermal grains are
present it is usual to find syntaxial overgrowths upon them. As these
affect the normal "drusy"-like crystal cement patterns, it appears that
the growth of epitaxial crystals was coeval with the formation of the
usual basinal cement (pl. 21, figs. 2 and 5).

Although no early marine cement could be recognised in the basinal
limestones, it is evident from field observations that they did possess
some cohesiveness in the early stages of burial. This is indicated by
synsedimentary boudinage, slump folding and fragmentation into slump
sheets and debris flows.

4.2.2

Recrystallisation

Many of the limestones in the study region, and in central Ireland as a
whole, have a recrystalllsed appearance in the field.

As noted earlier, the Carboniferous limestones of the Dublin area are
seen in thin section to have a marked neomorphic (Folk, 1965)
overprinting of their original textures and fabrics. The neomorphic
recrystallisation of skeletal grains, matrix and cement has had
important influences in the alteration of primary lithologies and on
the composition of foraminiferal test walls.
Of the various fabrics developed by neomorphism listed by Bathurst
(1975, p. 486-490) the following have been recognised:-

(a)

Abrupt to gradual contacts between micrite and secondary spar,
(see pl. 17, fig. 2; pl. 21, fig. 6).

(b)

Irregular and patchy variation in crystal size distinct from the
"regular vectorial change of crystal size in cements, and from
the relatively uniform crystal size of well-sorted rim-cemented
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grains", (Bathurst, op, cit.) (see pi.18, fig.3 and pl. 17, fig.

Z)(c)

Embayments of spar into original micrite (see pl. 20, fig. 5: pl.
21, fig. 6).

(d)

Calcitisation of molluscan shells. Molluscan grains in the study
area are ubiquitously formed of secondary calcite spar, unless
subsequently altered. The replacement fabrics are like those
cited in Bathurst (op. cit.) (pl. 20, fig. I), though often the
replacement crystals also show some other neomorphic fabrics like
(b). These latter fabrics and replacement of primary calcite
spar with patchy neomorphic spar and micrite indicate that
multiple generations of neomorphism are present.

(e).

Overgrowths on "cement" crystals (see pl. 20, fig. 5; pl. 21,
fig. 6).

One of the most easily discernible changes wrought by neomorphism on
the rocks studied is the alteration of original micrite or spar in
foraminiferal walls to microgranular spar or a "speckled-looking"
association of micrite and microspar (see pl. 22, fig. 1, and the walls
of the foraminiferal test in pl. 16, fig.l). Where the original
micrite was slightly argillaceous, as in much of the Fingal Group, it
is often seen to be altered to clean neomorphic microgranular spar with
argillaeous material concentrated between neomorphic crystals (see pl.
22, fig. 3; pl. 21, fig. 7). Micrite is associated with the more
argillaceous areas between microspar crystals. This is an example of
"crystal enlargment", (Bathurst, 1975).

The presence of neomorphic micrite is demonstrable by the diagenetic
micritisation of the fibrous wall layers of archaediscid
(foraminiferal) tests (see pl. 21, fig. 4; pl. 22, fig. 1 and pl. 16,
fig. 3). The opposite process, "crystal diminution", has therefore
also been operative in these rocks.
In some cases, both processes may be observed in the same thin section.
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These processes have affected both baslnal and shelf facies.
Sometimes, because of these changes, it is not possible to determine
whether a particular rock was originally a biosparite or biomicrite.
This is particularly the case for parts of the Castle Mbr. (Naul Fm.)
and Holmpatrick Fm.
Neomorphic fabrics are also discernible in the cement. These do not
appear to have masked the original cement in many of the limestones
studied (relict grain-rim and blocky fabrics still being discernible),
nor does the neomorphism appear to have affected the distribution of
the different carbonate minerals in these cements (see previous
section, 4.2.1).
Where terrigenous sand is present in significant quantities, a "dusty
carbonate" is usually present between the grains. This has been
observed in sandy limestones and calcareous sandstones of both shelf
(pl. 14, fig. 3) and basin facies (pl. 17, fig. 3; pl. 14, figs. 5 and
7; pl. 18, fig. 4)- It is even present as a relict structure where the
rock has been extensively dolomitised (pl. 15, fig. 4). It is
superficially similar to some of the neomorphic carbonate fabrics
discussed above and, given the extensive neomorphism present, it is
likely, but not proven, that it is also of neomorphic origin. Why it
is often associated with terrigenous lithotypes is not known.
Both neomorphic spar and micrite are therefore present and the effects
of crystal enlargment and crystal diminution may be seen in the same
thin section. Having recognised this, one needs to be careful when
classifying Carboniferous limestones in the Dublin area according to
Folk’s (1959) and Dunham’s (1962) classifications, and caution is
required when interpreting depositional processes from lithological
evidence unsupported by petrographical analysis. It is also important
when studying the foraminiferal content of these rocks to be aware of
the diagenetic changes wrought on test walls.

Other forms of replacement are also present. The commonest,
silicification and dolomitisation, are discussed in sections 4.2.3 and
4.2.4 below. The remaining form seen involves the replacement of

153

carbonate by pyrite. Sometimes the replacement is specific (eg. pl.
22, fig. 2 where the microgranular layer and parts of the adjacent
fibrous layer of the wall of an archaediscid are replaced), while at
other times it is more general. Nodules of pyrite replacing both
calcarenlte and calcisiltite have been seen. Pyrite replacement is,
however, a volumetrically minor feature. It is associated with the
Fingal Group.

4.2.3

Silicification

Silicification is a common feature in rocks of basin and "deeper shelf"
facies in the Dublin area (i.e. the Fingal and Knockbrack Groups and
Mbr. 4 of the Malahide Fm.). It has also been noted more rarely in
shelf facies in the McGuinness Fm. Diagenetic silica occurs as
replacive chert in silicified limestones and in nodules.
A complex diagenetic relationship exists between silica and carbonate
in the limestones studied. Where detrital grains originally of both
siliceous and carbonate composition occur together in spicular
limestones of the Dublin Fm., it is common to find originally siliceous
sponge spicules pseudomorphed wholly, or in part, by carbonate and vice
versa for originally calcareous bioclasts such as foraminifera and
shell fragments.

Generally it is calcarenites which are affected (both grainstones and
packstones), though it is not uncommon to find silicified earthy
limestones (slightly argillaceous micrites), calcisiltites and
occasionally shales. The finer lithotypes appear to be most heavily
altered in portions of the sequence where calcarenites are rare; eg.
the Knockbrack Group.

Nowhere have I seen any evidence of unequivocal synsedimentary
reworking of chert or silicified limestone in debris flows or slumps.
It is likely, therefore, that silicification is post-burial and
late diagenetic in origin. The delica~ pseudomorphing of fabrics within
silicified bioclasts (see pl. 23, fig. 3) illustrates the in situ
diagenetic replacive nature of some of the silicification. This
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alteration is regarded, therefore, as being later than thought by
Turner (1950).
A whole spectrum between slightly silicified (pl. 23, fig. I) and
wholly altered limestone is present. Often some of the original
fabrics and textures are visible to variable degrees, while at other
times these features are completely obliterated by chalcedonic and
occasionally granular (possibly quartz) silica (pls. 23 and 24).

Replacive silicification is the most common type of diagenetic silica
formation present. Other types do occur, however. Silica filled rugs
in the Drumanagh Mbr. are composed of banded, passive, void filling
chalcedony and granular quartz (pl. 25).

Authigenic quartz overgrowths are never well developed and are usually
restricted to a minimal enlargment of detrital quartz grains. Only in
one thin section has authigenic quartz been observed as replaclve
crystals unassociated with detrital quartz (pl. 23, fig. 2).

4.2.4

Dolomitisation

Ferroan dolomite occurs as a late burial cement phase in the final
stages of pore occlusion in basin and "deep shelf" facies limestones
(see section 4.2.1).
Replacive dolomite occurs in a number of habits:-

Ca)

Scattered euhedral rhombic crystals dispersed through silicified
and unsilicified limestones (pl.16, fig.2; pl. 23, figs. 3 and
4). This habit is normally associated with basin and "deep
shelf" facies and carbonate mud-mounds (reefs).

(b)

Crystalline granular and mosaic dolomite. This habit occurs in
completely dolomitised limestones. Where the rock was originally
a micrite the dolomitisation has resulted in an increase in
crystal size (pl. 15, fig. 3). Conversely, where the limestone
was originally coarse and bioclastic or conglomeratic (eg. the
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Drumanagh Mbr.), the opposite may have occurred. This habit is
associated with clean limestones in thick sequences with little
interbedded shale or argillaceous limestone of both shelf and
basin facies.

This form of dolomitisation is controlled by lithostratigraphy
and by structural features. For example, it is prevalent towards
the top of the Castle Mbr. calcarenites where they pass upwards
into undolomitlsed calcisiltites and calcareous shale and on the
Malahide Coast it is associated with faults.
North of Loughshinny, the Lane Limestone was once dolomitised
around faults. These have subsequently been de-dolomitised
however, and in thin-section calcite can be seen to pseudomorph
mosaic dolomite,

(c)

"Zebra dolomite". This habit includes stripes of coarse
dolomite, +/- rugs, within finer crystalline mosaic dolomite.
This habit has been observed in the Holmpatrick Fm., where the
stripes lie at a low angle to bedding, and in clasts in
sedimentary breccias of the Drumanagh Mbr. in Copper Mine Bay.
There is a possibility that the striped "zebra" dolomite clasts
in the Drumanagh Mbr. may be reworked from the Holmpatrick Fm.

4.3

Discussion and Conclusions

When the petrographical characteristics of penecontemporaneous shelf
and basin units are juxtaposed it is evident that the grain
compositions in correlatable horizons are very similar (fig. 4.3). As
the detrital grains in the basin were derived largely from the adjacent
shelf this is not unexpected. By analysing the composition of clastic
grains in the basin, one can, therefore, infer the composition and
facies present on the adjoining shelf for periods when, either because
of lack of exposure, erosion or non-deposition, there is no record of
in situ shelf strata. At times one can also discern from the
petrography of basinal rocks that there was a lateral variation in
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Figure 4.3
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facies on the destroyed shelf (pi.18, and fig. %.I).
The shape and type of grains observed invite a few comments.
Throughout the late Tournaisian and Vis4an, the terrigenous sand
present is always angular to poorly rounded while in the lower Namurian
it is better rounded. The provenance of the Dinantian and Namurlan
terrigenous material is different. Analysis of associated clasts
indicates that the former is derived locally which would explain the
angularity and immaturity of Dinantlan terrlgenous material by invoking
little transport prior to deposition. The better rounded Namurian sand
was derived from the north and, by comparison, probably transported
further. The petrographical analysis of Namurlan sand indicates a
relatively high grade metamorphic and possibly granitic source (see
section %.I.3). Such a source could not be local, supporting the idea
of longer transport. The palaeogeographical situation of this period
(see Chapter 8) reinforces this further.
Angular lamellar twinned plagioclase feldspar grains are present in a
surprisingly large number of terrigenous bearing lithologies. Local
sources for this material may include Lelnster and Rockabill granite
and Lower Palaeozoic volcanics. The feldspar source for the Namurian
probably lay further afield. Similar sources are envisaged for the
muscovite present.
Two types of oold may be distinguished. The most frequent type
observed is relatively large and has well developed radial and
concentric structures (pl. 18, fig. 3; pl. 20, fig.l). These are
mostly spherical in shape, although oblate and other shaped forms may
be frequently observed coating elongate or irregularly shaped nuclei.
They occur in coarse grained oolitic limestones. Examples of this
large type may be observed in the basal Holmpatrick Fm., the Carylan,
Drumanagh and Ballustree Mbrs. and in the sedimentary breccia at
Clonalvy.
The second type of ooid is smaller, has a less well developed
concentric fabric and is more consistently spherical in shape (pl. 1~,
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fig. 3; pl. 20, fig. 2 ). It is found in finer grained oolitic
limestones which often contain very abraded bloclastlc material. The
nuclei around which these small ooliths formed are not as easily or as
frequently seen as in the coarser ooids. Examples of this small type
may be seen in Mbr.2 of the Lane Fm. and in the Allenwood Fm.
A complex diagenetic history has affected the Carboniferous rocks of
the region. Neomorphic fabrics are discernible in all of the carbonate
lithologies. Neomorphism has altered the fabrics of the constituent
grains, cements and matrixes, and in some cases has so changed the rock
as to make its original lithology undiscernible. In other cases,
original cement fabrics may be still preserved and changes in carbonate
cement mineralogy retained despite neomorphism.
Shelf sequences composed essentially of carbonate with little or no
interbedded shale are almost invariably formed solely of calcite.
Sequences with interbedded shale have more varied carbonate
mineralogies in which calcitic bioclasts are surrounded by ferroan
calcite and ferroan dolomite cements. The pore fluids responsible for
cementation may have taken iron and magnesium from the intervening
shales and redeposited them in carbonate cements.
Silicification is a common feature in basinal and "deeper shelf"
lithofacies. Although siliceous sponge spicules are present they do
not appear to be abundant enough to be responsible for the amount of
granular and chalcedonic chert in the sequence. In cherty calcarenites
of the Fingal Group, the silicification usually occurs in a discrete
band near to, but not at, the top or bottom of individual beds.
Perhaps the presence of interbedded shales exerted a local effect,
inhibiting silica precipitation at the contact between shale and
limestone. Williams et al (1985) found that clays will take silica
from solution thereby possibly keeping the concentration below that
required for silica precipitation. It is curious given this
relationship that silicification of Carboniferous strata in the area is
more frequent in argillaceous formations than in purer formations.
The lack of interbedded shales in the chert-free shelf carbonates may
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have allowed higher pore-water diffusion rates thereby preventing
dissolved silica from concentrating in situ (Williams and Crerar,
1985). The converse may, however, apply to the cherty basin and
"deeper shelf" sequences.
Dolomitisation is present in a number of forms and is generally
influenced by structural and stratigraphical features. Thick packages
of bioclastic limestone with minor or no interbeds of argillaceous
material are the most likely to show extensive dolomitision regardless
of facies. Dedolomitisation is not common.
Some of the dolomitisation and silicification appears to post-date
neomorphism as shown by replacement of neomorphic fabrics by silica and
dolomite. It is uncertain in rocks which have undergone both
silicification and dolomitisation whether dolomite rhombs present
within silicified areas are unaltered inclusions or a later phase.
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STRUCTURE

"The margins of an orogenic belt are the
results of a set of boundary conditions in
which the observed structures arise from the
interference of two things: a pre-convergence
geometry (eg. foreland configuration) and the
gross convergence vector. With luck it might
be possible to separate these two important
parameters."

D.H.W. Hutton and D.J. Sanderson, 1984, p. vi.
Editors’ Preface to Variscan Tectonics of the
North Atlantic Region. Spec. Publ. Geol. Soc.
Lond., Blackwells, Oxford.

161

Chapter 5

STRUCTURE

5.1

Introduction

The structure of the Carboniferous rocks of Dublin is quite complex and
in some parts not fully understood because of the paucity of exposure
and limited borehole coverage. Some of the structure shown on
enclosures 3 and 4 is, therefore, tentative in places. I have compiled
the results of my own studies and previous published and unpublished
work on the area and the maps presented differ significantly from
previous maps of the area produced by the Geological Survey of Ireland
(G.S.I.) in the nineneenth century.
A detailed structural analysis of the Carboniferous rocks is beyond the
scope of this thesis. It is hoped this account will form a basis for
future detailed structural work in the area.

Sections 5.2 to 5.5 describe and discuss the structure of the Dublin
Carboniferous rocks by the areas (shown on fig. 5.1). Sections 5.6 to
5.7 respectively try to identify syn- and post- sedimentary stress
patterns which have influenced the structural history of Carboniferous
strata in Dublin.

5.1.1

General Relationships

The Carboniferous rocks of the Dublin area occupy a structural basin
flanked to the north and south by older strata and granites of the
Balbriggan Block and Leinster Massif (encl. 5). Older strata also
occur in a number of small inliers on the coast and on islands. In
between these inliers, the Carboniferous strata are strongly folded and
faulted into complex structural patterns, which in some areas cannot be
resolved because of poor exposure. Fig. 5.2 shows the main folds and
fig. 5.3 the main faults in the area.
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Figure 5.1
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Figure 5.2

" "

MAJOR HERCYNIAN FOLDS OF THE DUBLIN AREA

164

tic~

Figure 5.3

MAJOR HERCYNIAN FAULTS OF THE DUBLIN AREA
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In general terms, the oldest Carboniferous strata form a large
anticlinorial inlier in the centre of the area. Younger rocks form two
synclinoria north and south of this (encl. 4).

5.2

Northern Dublin Coastal Sections

The coastal sections in northern Dublin provide the most continuous
exposure of Carboniferous rocks in the area. The major sections run
from just south of Skerries to Rush and from Malahide to Portmarnock
(encls.3, 4). The Portrane section includes only a little outcrop of
Carboniferous rock, part of the Donabate Fm., which shows little of
structural interest.

5.2.1

Skerries to Lane

The section from the Lane borehole to Shenicks Island is considered
here (encls.1, 2). In this section rocks of the Milverton Group dip
gently (20 degrees or less), with slight undulations, in a consistent
northerly to northeasterly direction (encl.1). Such gentle dips were
present also throughout the length of the Lane Borehole.
The Smuggler’s Cave Fm. lies upon the Lane Fm. with a low angle
unconformity which cuts progressively down section towards the south
(fig.3.1). This indicates a tectonic event occurred in the upper
Chadian during which the southern margin of the Balbriggan Block was
tilted northwards. If the correlation of the Shenicks Island
Conglomerate with the Smuggler’s Cave Fm. is correct, which seems
likely, the northerly overstep of that unit onto Lower Palaeozoic
strata indicates that substantial fault movement accompanied this
tilting event (encl.2). Over 200m of vertical throw on the Holmpatrick
fault may be ascribed to this event. The well developed NW-SE joint
set in the Lane Fm. is infilled with lithic sand of the Smuggler’s Cave
Fm., indicating that this is also an early structure associated with
the upper Chadian event.
North of the Lane borehole, shear related structures are only
occasionally developed. These generally take the form of E-W to NW-SE
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dextral en-echelon tension gashes and shear fractures.

South of Lane there is a very unusual contact between the Lane Fm. and
Popeshall boulder bed (encl. 1). Matley and Vaughan (1908) interpreted
this contact as a fault, the "Angular Fault". No fault could be
recognised here, however. The late Visean terrigenous and carbonate
conglomerates and breccias of the Popeshall boulder bed overlap an
anticline in the Chadian Lane Fm. in a WNW direction. The contact
appears to be a low angle unconformity.
5.2.2

Lane to Rush

In general terms the Lane/Rush section youngs predominantly northwards
like the Skerries/Lane section. It is, however, highly folded and
faulted and differs markedly in structural style from the latter.
Fold axial traces in the Lane/Rush section generally trend NE to E and
are in many cases sinuous. The style of folding is largely controlled
by the nature of the different stratigraphical units. For instance,
chevron folding characterises the thinly bedded limestone-shale
sequences which have a relatively high ductility contrast between
interbedded lithologies. The Loughshinny Fm. (pl.26, fig.l) and Kate
Rocks Mbr. of the Dublin Fm. have well developed chevron folds. In the
more homogeneous Tober Colleen Fm., much of the shortening has been
taken up by a well developed pressure solution cleavage (pl.26, fig.2)
and consequently the unit has been distorted into broad, open folds.
The folds in this section are of various orders of magnitude with
wavelengths from 500m to 6m or less. The large, first order, folds
have wavelenths between SO0m amd 500m; eg. the Brooks’ End Anticline
has a wavelength of 175m and the wavelength of the southern Loughshinny
Bay Syncline is around 500m. These folds are large open structures with
slightly sinuous axial traces aligned E-W to ESE and with axial planes
which are either vertical or dip steeply southwards at 85° or more.
Superimposed on these are second order folds which have wavelengths
under 100m, generally in the range of 25m to 75m. They are noncylindrical and usually of chevron type. The axial traces of these
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folds trend between NW and E-W and their axial planes dip southwards at
~0° or more. Second order folds are best displayed in the small
headland in Loughshinny Bay (encls.1, 2; pl.26, fig.l). Superimposed
on both first and second order folds are small, third order folds with
wavelengths of 25m or less. Third order folds have a rather variable
orientation but often their axial traces transect the larger folds in
an anticlockwise direction. At any given locality the third order
folding is the tightest and is usually of chevron type. It is best
developed in the crests of first or second order anticlines (eg. the
Brooks’ End and Loughshinny Bay Anticlines, encls.1, 2).
Small scale thrusting occurs on the steep northern limbs of some
anticlines (pl.26, fig.3). This is related to continued tightening of
the folds and is considered to be an accommodation structure.
Normal faults are well developed between Rush and Roaring Well (encl.
I). These are oriented approximately perpendicular to the axes of
first order folds in the maximum extension direction. Some component
of oblique slip is often associated with some of these faults (eg.
around the Brooks’ End Anticline).
A number of shear faults are developed in the section, particularly
around Loughshinny and south of Rush. These have a minimal effect upon
the outcrop pattern at the 1:2,500 scale on which the section was
mapped. North and east of Loughshinny Harbour it can be demonstrated
that these faults in many cases have a reverse sense of movement, but
in some the sense of movement may change from reverse to normal along
their length. Some are small scale structures, under 50m long, which
turn into bedding parallel slip planes at their tips, while others
exceed 200m in length. These faults trend NE and ESE-SE. The NE set
has a demonstrable sinistral sense of movement in places (e.g.N. of
Loughshinny Harbour, encl. I). These shear faults may be a conjugate
set. They clearly postdate the folding as they displace fold axes.
Two large oblique-slip faults also trending NE cut the section, the
Copper Mine and Roaring Well Faults. The latter has an apparent
vertical throw of around 150m while the Copper Mine Fault has an
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apparent vertical throw of approximately 300m. The presence of a thin
sliver of younger Balrickard Fm. within the Copper Mine Fault zone
indicates that this is a complex structure. These faults are parallel
to the NE sinistral shear faults in the bay north of Loughshinny
Harbour (encl.S) mentioned above . A set of sinistral shear fractures
are associated with the Copper Mine Fault, indicating that the analogy
between the large and small faults may possibly be justified.
No systematic survey was made of the cleavage developed in the
Lane/Rush section. A few interesting geometrical relationships were
observed, however, and these are noted below.
The main cleavage is a pressure solution type which is pervasive in the
more argillaceous llthologies. Insoluble argillaceous material along
the cleavage planes is re-orientated parallel or sub-parallel to the
cleavage.
Around Loughshinny Bay, the main cleavage dips steeply northwards, but
south of Drumanagh Head and north of Loughshinny Harbour it dips
steeply southwards. In most areas this cleavage transects most fold
axes in an anticlockwlse sense. North of Loughshinny Harbour the
cleavage transects some fold axes in a clockwise sense. Here the
cleavage swings into the ENE/NE shear faults (mentioned above),
indicating that it may have formed prior to or partly concurrently with
the development of these faults. Both structures postdate much of the
folding, but further work is necessary to establish their interrelationships.
Kink bands were found only in the Tober Colleen Fm. at Rush (pl.26,
fig.~) (see Dewey, 1966). These trend NNE and affect the cleavage,
indicating that they are a late structure.

5.2.3

Malahide

Smyth (1920) produced the first detailed account of the Malahide
coastal section (fig. 5.4). He recognised three main faults: the
North, Coastguard and Carrickhill Faults, and labelled the fault-bound
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blocks of strata E, F, G and H. This terminology has been followed by
later workers (Chatterton, 1965; Marchant, 1978).
The section dips predominantly northwards and the beds are the right
way up. Marchant (1978) showed biostratigraphically that the fault
blocks become younger southwards. The largest faults are the E-W
trending Coastguard and SSE trending Carrickhill faults. The former
separates blocks F and G and down-throws Mbr.4 of the Malahide Fm.
south against Mbr.3 (Marchant, 1978). The Carrickhill Fault separates
upper Malahide Fm. (block G) from calcareous mudstones and limestone
breccias (block H) referred to the Tober Colleen Fm. An apparent
vertical throw of over 250m to possibly over 300m is calculated for the
Carrickhill Fault.
A few folds are developed in the section. An anticlinal and synclinal
fold pair with axes trending NE-ENE occur near the coastguard station
and a complex fold pattern is present near the Carrickhill Martello
Tower (fig. 5.4). These are all in close association with faults and
may be related to them.
Smyth (1920), Chatterton (1965), Marchant (1978) and the nineteenth
century G.S.I. maps all show the Malahide Section as extending only a
little distance south from the Martello Tower. Following a storm, I
was able to observe that gently dipping, cleaved, dark grey, calcareous
mudstones continued intermittently south along Velvet Strand for 150m
or more. Unfortunately, these low outcrops were covered again with
sand before they could be mapped.

5.3

Northern Dublin Inland

Inland the boundary between the southern margin of the Balbriggan Block
and Carboniferous is not exposed. The consistent northerly dip of
Carboniferous strata near Skerries suggests that this boundary is
faulted. Smyth (1949) recorded the presence of over 10Oft of
limestone, possibly Holmpatrick Fm., in a borehole immediately south of
the boundary in Skerries, which would support the fault hypothesis.
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To the east of the Balbriggan Road (N1, Grid Ref. 0 1959) the most
northerly Carboniferous exposures are heavily veined, brecciated and
dolomitised. Further west at Naul (Grid Ref. 0 1361) the Carboniferous
strikes at a high angle to the boundary. These observations again
support a fault hypothesis.
This fault is termed the "Northern Boundary Fault", (fig. 5.3).

A series of northerly trending inferred faults offset the Northern
Boundary Fault. None of these are exposed but their approximate trace
to the south has been followed by 1:10,560 field mapping (encl. 3) and
aerial photolineament interpretation (encl. 6). In Milverton Quarry,
near Skerries (encl. 3, Grid Ref. 0 2459) N-S jointing becomes
increasingly developed in the east face as one passes nearer to the
inferred trace of one of these structures: the Milverton Fault (fig.
5.3). In a few areas a cleavage was observed orientated approximately
sub-parallel to these faults (eg. near Garristown, encl. 3, Grid Refs.
0 0459 and 0 0958).
Barry Murphy (pers. comm.) regards these faults as lower Palaeozoic
structures in the Balbriggan Block. As they also affect Carboniferous
strata, they appear to have been reactivated by Hercynian movements.
The later movements appear to have been of a normal to obllque-slip
nature from mapping and from the associated jointing and cleavage.
A few NE trending faults, parallel to the Copper Mine Fault (section
5.2.2) are shown on fig. 5.3. The Walshestown Fault (Smyth, 1949) is
exposed in stream sections while the Naul Fault is inferred from field
mapping. These are regarded as possible sinistral oblique-slip faults
like the Copper Mine Fault.

The sinistral offset of the

Carboniferous/Lower Palaeozoic boundary by the Naul Fault supports
this.

Folding on small to moderately large scales is seen to be well
developed in areas with reasonable rock exposure, eg. south of
Garristown and between Naul and Clonalvy (fig. 5.2, encl. 3).
Distinguishing major folds inland in north Dublin is, however, a

172

problem because of the extensive faulting and paucity of data points in
many areas. A major anticlinal structure could be invoked to separate
the Garristown and Knockbrack Namurian outliers, but no evidence for a
SE limb could be found to validate such a hypothesis.

Although the extent of the Namurian outliers in N. Dublin can be quite
closely inferred by mapping outcrops and the occurrence of sandstone
fragments in the float, the amount of rock exposed in them is
insufficient to resolve confidently how much of their present outcrop
pattern is structural in nature and how much is an effect of
topography.

5.4

Central Dublin

Delineating the disposition of Carboniferous stratigraphical units in
Central Dublin is a problem because of very poor exposure in the area.
I have reinterpreted the structure of this region, based partly on my
own mapping and observations and partly on unpublished stratigraphical
and palaeontological information from Chatterton (1965), Marchant
(1978) and nineteenth century G.S.I. 1:10,560 field sheets. My map
differs significantly from the only previous published map of the area
by Jukes and Du Noyer (1861) (fig. 5.5). It is necessarily highly
interpretative because of the scarcity of data points and is
consequently very tentative in many places, particularly between
Huntstown and Howth (fig. 5.1).

As in northern and southern Dublin, folding is known on a number of
scales of magnitude. The NE trending Castleknock Anticline, WNW of
Dublin city (fig. 5.2, encl. 4), is the most readily identifiable first
order fold in central Dublin. It appears from the map pattern to
consist of a series of en-echelon folds, but this may partly reflect
the knoll-form of the Waulsortian limestone in the area.

SSE of Malahide, two subparallel lines of Waulsortian limestone knolls
indicate the presence of the Kinsealey Syncline. This is a large first
order fold trending approximately ENE/NE. The core of this structure
is unexposed. The occurrence of shales in this area on nineteenth
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century G.S.I. 1:10,560 field sheets suggests that the Tober Colleen
Fm. may form the core. This interpretation is reinforced by the record
(Chatterton, 1965) of rocks attributable to that unit in boreholes
south of Nalahide which lie in the core of the syncline (encls. 4, 9).

A large anticline, the Forrest Anticline, west of the Kinsealey
Syncline, is recognisable on nineteenth century G.S.I. 1:10,560 field
sheets. From here Carboniferous strata generally young NW towards the
Broad Meadow Water River (encls.3, 4). A number of smaller folds are
recognisable NW of the Forrest Anticline from nineteenth century
1:10,560 field sheets and my own mapping (encl. 3).

The remaining large folds in the area are less well defined. In the
north a series of boreholes sunk by Elf-Aquitaine have helped to
delineate the Oldtown Anticline (encl. 3). It is apparent from
subsurface and surface information in the Oldtown area that this
structure plunges down to the SW. Today no evidence exists at the
surface for folds at Donabate (encl.3) but these are retained as they
are well defined on nineteenth century G.S.I. 1:10,560 field sheets and
in Du Noyer (1847).
In the south, major folds are recognised in the Liffey valley from
biostratigraphical analysis of borehole cores (Chapter 7). A number of
possible outcrop patterns may be devised which are compatible with the
known data. Fig. 5.6 illustrates three of the simplest interpretations
of this area. A large gravity and magnetic low, indicating a thick
Carboniferous sequence, is situated on Dublin city on G.S.I.
geophysical maps. Alternative B on fig. 5.6 is, therefore, preferred
as this allows a greater thickness of Carboniferous strata in Dublin
city.

Before leaving a discussion on folding in central Dublin, mention ought
to be made of the largest fold in the area shown on nineteenth century
G.S.I. maps, the "Swords Anticline" (fig. 5.5). Marchant (1978)
questioned the presence of such a structure because of the scarcity of
SE dipping strata on the SE limb. He showed palaeontologically that the
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Figure 5.6

BG - Belgard Fm.

CL - Clondalkin Fm.

D2 - Dublin Fro.

(Holkerian/Asblan).

Dl- Dublin Fm.~

/
(Chadi an/Arundian).

T - Tober Colleen Fm.

M - Malahide Fm.

ALTERNATIVE OUTCROP PAX’FERNS FOR SOUTH CENTRAL DUBLIN

lithological designation of the Swords stream section as "Lower
Limestone Shale" (Jukes and Du Noyer, 1861) was incorrect, thereby
destroying the central piece of evidence for an anticline at Swords.
In my interpretation of the available data, the "Swords Anticline" is
replaced by three smaller structures, the Castleknock, Forrest and
Donabate Anticlines. These are separated by major strike/oblique-slip
faults (see below).
The scarcity of data points also makes the recognition and tracing of
faults difficult in central Dublin. A number of large strike/obliqueslip faults are inferred to transect the area.

In the north, two large WNW trending fault systems are inferred to be
present (fig.5.3). The southerly one, the "Carrickhill Fault", is
exposed on the Malahide coastal section (section 5.2.3). It was traced
4km inland by Chatterton (1965) and Marchant (1978) using borehole and
surface data. I have tentatively extrapolated this major structure
further inland following field mapping (encl.3) and aerial
photolineament analysis (encls.6, 7).

To the north, another fault, the "Portrane Fault", was recognised on
geophysical evidence (Robinson, 1975; Marchant, 1978) trending WNW,
parallel to the Carrickhill Fault (fig. 5.3). I have tentatively
extrapolated this large structure inland following aerial
photolineament analysis (encl. 6) which shows numerous WNW lineaments
between 01dtown and Donabate.

It is difficult to assess the sense of movement on the Carrickhill and
Portrane Faults because of the scarcity of data points. As their trace
is oblique to the regional strike they are likely to be oblique-slip
faults. A sinistral component of motion along these faults appears to
provide the simplest resolution of the available data and, therefore,
is adopted here.
To the south, another set of large strike/oblique-slip faults trending
approximately NE-SW is inferred to be present (fig. 5.3). One of
these, the "Balscadden Fault" is exposed east of Howth Harbour (Van
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Lunsen and Max, 1975). Here, late Tournaisian (Marchant, 1978) limestones are faulted against Cambrian rocks with an apparent vertical
throw down to the north of 200m or more.
Around 14km west inland Marchant (1978) recognised two large strike
faults at Huntstown using both surface and subsurface information.
These faults are termed here the "Huntstown North" and "Huntstown
South" Faults on fig.5.3. The trace of these faults is delineated in
places by aerial photolineaments (encl. 7) and anomalies in the outcrop
pattern of the Waulsortian limestone (encl 4). At Huntstown these
strike faults have apparent vertical throws of 200 to 300m down to the
north. The throw appears %o diminish NE and SW away from Huntstown.
Both of these structures show a sinlstral sense of movement from the
outcrop pattern (encl. 4).
The Huntstown faults and Balscadden faults are probably part of the
same system of NE-SW trending strike/oblique-slip faults. They are
parallel to the Copper Mine Bay and related faults in N. Dublin
(sections 5.2.2 and 5.3) which are also sinistral structures.
Faults on a smaller scale are known from a number of areas in central
Dublin.
A set of NNW trending normal/oblique faults is developed north of
Huntstown (fig. 5.3). These are mostly inferred from borehole
information (Marchant, 1978) or mapping. One of these faults is,
however, exposed west of Skephubble (Grid Ref. O 117458). Another set
of similar faults trending NNE are inferred on the Donabate Peninsula
from geophysical evidence (Robinson, 1975; Marchant, 1978) and a reinterpretation of nineteenth century G.S.I. 1:10,560 field sheets.
The area between Huntstown and Howth (fig.5.1) is extremely poorly
exposed and no borehole information is known from here. Thick glacial
drift probably masks the Carboniferous here. Consequently the map in
this region is highly speculative.
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5.5

Southern Dublin

This area was studied at a reconnaissance level. The following account
relies heavily upon the mapping by Turner (1950) and Browne (1965)
(figs. 5.7 and 5.8). The amendments to their mapping shown on encl. 4
are the results of my own studies.
The Carboniferous strata south of the river Liffey is folded and
faulted but overall youngs southwards. This led Du Noyer (in Jukes and
Du Noyer, 1861) and later workers (eg. Turner, 1950; Browne, 1965) to
infer that the Carboniferous is down-faulted against the granite and
lower Palaeozoic rocks of the Leinster Massif. This fault is termed
the "Rathcoole" or "Southern Boundary" Fault.
This fault has an arcuate trace. The apparent vertical throw on it
decreases both E and W from a maximum of approximately 2km around
Tallaght. It is evident from stratigraphical and sedimentological
analyses that this fault was active during the Dinantian (sections
3.3.3, 5.6). Consequently it is difficult to assess how much postsedimentary vertical movement has occurred on it. Present topographical
relationships would tentatively suggest a post-Dinantian apparent
vertical movement of at least 40Om SE of Tallaght.
The Southern Boundary Fault divides into numerous splay faults at its
tip where it dies out westwards (fig. 5.3). Here it is evident that
some right lateral component of movement has also occurred along this
fault system. The Southern Boundary Fault is, therefore, considered to
be a dextral oblique-slip fault.
Both Turner’s (1950) and Browne’s (1965) maps (figs.5.7 and 5.8) show
the presence of large, gentle, open first order folds in the Clondalkin
Fm. (partly equivalent to the Cythaxonia Limestones and SupraCythaxonia Limestones) with wavelengths of 0.Skm to 3km. Smaller scale
folds of second and third order magnitude are superimposed on the large
first order folds in the Clondalkin Fm. (eg. in Belgard Quarry SSW of
Clondalkin).
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Figure 5.7
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The major structures in the remaining part of south County Dublin are
not fully understood because of the paucity of exposures (eg. between
Tallaght and Rathfarnham) and lack of stratigraphical markers in the
Dublin Fm. A subdivision of the Dublin Fm. on biostratigrahical
grounds is, however, possible and the dating programme undertaken in
this study (Chapter 7) has provisionally identified a number of large
first order folds within Dublin City (encl. 4, fig. 5.6). These folds
appear to have wavelengths between 3km and 4.3km. By comparison with
the other first order folds in the area, it is likely that these folds
are also broad, open structures.
Superimposed on the first order folds are smaller chevron folds. These
appear to be most commonly developed in the axial regions of first
order folds. This relationship is best displayed in the HermitageLucan-Leixlip area west of Dublin City (encl. 4).

A number of large faults have been inferred in the area by various
workers. Both Turner (1950) and Browne (1965) delineated a NNW
trending fault passing through Clondalkin. From the map pattern this
structure, the "Clondalkin Fault", appears to have a component of
oblique, left lateral movement on it.
A number of whole brachiopods recovered from a temporary exposure at
Hermitage (fig.2.17) were found to be sinistrally sheared in an
approximately N-S vertical plane with some component of E-W flattening.
No flattening in the horizontal plane was seen. This observation would
seem to support the idea of N-S sinistral movement in the area suggest
by the Clondalkin Fault.
Turner (1950) rscognised a number of NE-ENE trending faults between
Newcastle and Donnybrook (fig.5.7) but Browne (1965) could find no
justification for these in the part which he remapped (fig. 5.8).
Roadstone Limited, however, found HE trending faults and fractures in
Belgard Quarry south of Clondalkin (encl.4) which may support Turner’s
interpretation. Consequently, I have retained these faults. From the
map pattern it appears that these are strike or oblique-slip faults,
possibly with a dextral component of movement.
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Before interpreting these structures in terms of Hercynian tectonism,
it is appropriate to consider first the possible effects of synsedimentary tectonics.

5.6

Carboniferous S~n-Sedimentar2 Tectonism

Since the mid nineteenth century, numerous geologists have inferred
that Lower Carboniferous syn-sedimentary tectonism occurred in the
Dublin area (Jukes and Du Noyer, 1861; Hudson and Turner, 1933; Lamont,
1938; Smyth and Turner, 1948; Smyth, 1949; Turner, 1950; Browne, 1965).

5.6.1

Recognition and Timing of Dinantian Tectonic Episodes

The following geological features were considered in an attempt to
recognise whether Dinantian syn-sedimentary tectonics occurred in the
Dublin area:

(a)

Unconformities and erosion surfaces.

(b) Reworking of Carboniferous units and pre-Carbonlferous rocks.
(c) Slump folding.
(d)

Debris flows.

(e)

Areal facies variation and differential subsidence patterns.

0nly the presence of angular unconformities offers direct evidence of
synsedimentary tectonic tilting of strata. The presence in a section
of any one or most of the other categories only offers indirect evidence
of possible tectonic activity.

Fig.5.9 illustrates the spatial and chronostratigraphical relationships of evidence for instability in the Dublin area during the
Dinantian.

Two major episodes of syn-sedimentary tectonic activity are recognised
during the late Chadian/early Arundian and early Brigantian (fig.5.9).
These are both marked by angular unconformities on block edges and the
development of submarine, boulder conglomerates and breccias in the
adjacent parts of the basin.
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Figure 5.9
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UPPER CHADIAN/EARLY ARUNDIAN
The major Dinantian tectonic period occurred in the late Chadian/early
Arundian. Low angle unconformities belonging to this episode are
recognisable at Lane, NE Dublin, around Newcastle, SW Dublin, (R. Crowe
pets. comm.) and at Navan, west of Drogheda (Browne, 1979; Andrew and
Ashton, 1982). The example at Lane on the N. Dublin coastal section is
well exposed (fig.3.1). Here, the Lane Limestone Fm. was tilted
northwards approximately 5 degrees and subaerially eroded prior to
deposition of the overlying conglomerates.

A substantial fault lies between Lane and Shenick’s Island, where the
Smuggler’s Cave Fm. is thought to overlap directly onto Lower
Palaeozoic (see section 2.3). Some 200m of strata are cut out by late
Chadian movement on that fault (encl. 2). The Smuggler’s Cave Fm. is
formed of non-marine bouldery conglomerates derived from rapid erosion
of immediately adjacent Silurian strata (section 3.2.3). From the
northerly tilting of the Lane Fm. on the down-thrown (hanging wall)
side of this fault, it is likely that the faulting was of listric
normal type (see Gibb, 1983).
The Navan and Newcastle unconformities show down-cutting relationships
onto progressively older Courceyan/early Chadian horizons as one traces
them towards the basin. This is similar to the Lane situation
indicating that late Chadian fault-block tilting was widespread along
the margins of the Dublin Basin.

Further, more indirect, evidence of late Chadian tectonism is to be
found around the periphery of the Dublin Basin in the form of submarine
debris flow/turbidite fans and talus deposits. These are highly
immature and include large boulders of older Carboniferous and preCarboniferous units. They are known at Rush, at Navan (Browne, 1979;
Andrew and Ashton, 1982) and from the subsurface around Newcastle (R.
Crowe, per. comm.). The outcrops at Rush on the N. Dublin coastal
section (pl.5) form the best exposed example of these late Chadian
basinal boulder beds (section 3.3.1.).
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The boulder beds have a close association both spatially and temporally
with the above mentioned unconformities. Micropalaeontological work by
Marchant (1978) and myself (Chapter 7) has shown that the
biostratigraphical range of these boulder beds approximates very
closely to the gaps in section represented by unconformities on the
block margins.
EARLY BRIGANTIAN

The second major episode of Dinantian syn-sedimentary tectonism
recognised here occurred during the early Brigantian. Like the case
discussed above, it is represented both by low angle unconformities on
the blocks (eg. on the N. Dublin coastal section just south of Lane,
encls.S, 2) and by the presence of submarine boulder beds (in the
Loughshinny Fm.) in the peripheral parts of the basin (eg. Drumanagh
Mbr., section 3.3.5, encl.12).
The basinal boulder beds are composed almost entirely of reworked
limestones from the Milverton Group and no evidence is present to
suggest erosion of previously unworked in situ pre-Carboniferous rocks.
This, together with the more limited areal extent of the boulder beds,
suggests that the early Brigantian phase of tectonic movement was not
as great as the late Chadian phase. It does appear, however, to be
widespread. Whitehead (1965) suggested that shales, referable to the
Loughshinny Fm. (Brigantian/early Pendleian), lie unconformably upon
Asbian shelf limestones in the Drogheda Syncline and recently Rees
(pers.comm.) has recognised the sporadic development of Loughshinny Fm.
boulder beds in the same area.

The evidence for any further Dinantian syn-sedimentary tectonic
activity is more circumstantial (fig. 5.9).

MID ASBIAN

In S. Dublin the mid Asbian basinal sequence is marked by the
development of calciturbidites and debris flows with sporadic fragments
of lower Palaeozoic or granite (Clondalkin Fm.). Stratigraphicaland
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sedimentological analysis (section 3.3.3) indicates that these are
probably related to growth faulting on the southern margin of the
Dublin Basin.
Unlike the former cases, there is no proven unconformity on the
adjacent blocks which corresponds temporally to the tectonic episode
indicated by the Clondalkin Fm. An unconformity is suspected, however,
beneath the upper Asbian (U.M.M.L. and A.S.L.) units of the Milverton
Group as no Holkerian or lower Asbian shelf limestones are known from
N. Dublin.

LATE COURCEYAN/EARLY CHADIAN
Syn-sedimentary fissuring, brecciation and erosion are known to have
occurred in Waulsortian knolls in the area (Philcox, 1963; Marchant,
1978) and blocks of Waulsortian limestone occur reworked into the
succeeding Tober Colleen Fm. The Waulsortlan is thought to have formed
as topographical mounds (Philcox, op.cit.) and consequently it is
unclear how much of the reworking of that unit is due to topographic
effects and whether any tectonic activity need be invoked. It is
noticeable that the largest clasts of Waulsortian limestone in the
Tober Colleen Fm. occur towards the top of that formation. This may
possibly indicate the beginnings of the upper Chadian tectonic phase
which produced the overlying Rush Fm. (section 8.2).

5.6.2

Tectonism and Basin Development

Taking a wider view of the occurrences of evidence for syn-sedimentary
tectonic activity, it appears from basin analysis (Chapter 8) that
major phases of Dinantian tectonism are associated with periods of
basin expansion and basin differentiation (figs. 5.9, 5.10).

To conclude, major episodes of Dinantian syn-sedimentary tectonic
activity, associated with phases of basin expansion, are recognised in
the upper Chadian/early Arundian and early Brigantian of the Dublin
area (fig. 5.9). There is also strong circumstantial evidence to
suggest that other periods of tectonism may have occurred, such as
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Figure 5.10

during basin expansion and development in the late Courceyan and Asbian
(section 8.2), but these cannot be positively recognised from the
evidence available.
The major late Chadian/early Arundian and early Brigantian tectonic
phases are also clearly recognisable elsewhere including the Craven
Basin in N. England (Hudson and Mitchell, 1937; Hudson and Dunnington,
1945; Earp et al, 1961; Arthurton, 1983, 1984; N.J. Riley, pets.
comm.). As with the Dublin Basin, further episodes of tectonic
activity have been invoked in the Craven Basin. The inter-relationships
of these other phases are insufficiently investigated at present.

5.6.3

Style of Dinantian Tectonism

The Dublin Basin has many of the features which, according to Bott
(1976), are associated with extensional, graben-type basins. These
include:(a)

Rim Uplifts ("complementary horts") in the form of the Balbriggan
and Leinster Blocks.

(b)

A crustal thickness which is constant or thinned beneath the
basin. Thinning of the crust beneath the Dublin Basin may be
reflected in the anomalously shallow depth to crystalline
continental basement indicated by geophysical evidence (Robinson,
1975) and the relatively high local heat flow in the area which
remagnetised lower Palaeozoic strata (Morris, 1972; Howard and
Morris, 1980). The depocentre appears to have migrated during
the development of the Dublin Basin resulting in a nearly
uniform thickness of Carboniferous strata in the basin (fig.
5.10).

(c)

Subsidence is controlled by movement on basement faults which
causes the development of hinge-lines. These hinge-line zones
are marked by the angular down-to-the basin unconformable
contacts within the Dinantian sequence on block edges. These
faults also involve motion on the pre-Carboniferous basement.
These relationships are similar to the basement controlled "tilt-
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blocks" of N. England (Hudson and Cotton, 1945; Miller and
Grayson, 1982).

(d)

Subsidence occurs spasmodically with intervening periods of
relative quiescence in which tension is built up again. It was
documented above how recognisable tectonic activity in Dublin
occurred in spasmodic phases (fig. 5.9).

(e)

The predicted width of elementary grabens according to the theory
of elastic bending is between 30 and 60km (Bott, 1976). The
portion of the Dublin Basin under consideration here lies within
this width limit, allowing for around 201 post-sedimentary
shortening.

It is likely, therefore, that during the Dinantian the Dublin area was
in an extensional tectonic regime. From the available evidence it
appears that the local extension direction was orientated approximately
N-S. This delineation is not very accurate, however, as the area has
undergone later tectonic rotation (section 5.7.5).
The Dinantian extension regime deduced here is in broad agreement with
suggestions based on studies of coeval basin development in Britain
(Leeder, 1976, 1982; Francis, 1978; Miller and Grayson, 1982).

5.6.4

Wider Considerations

For a number of years, it has been accepted that the distribution of
block and basin facies in the Carboniferous of the British Isles is
influenced to a large extent by earlier structures and crustal
heterogeneity (Bott and Johnson, 1966; Johnson, 1982; Leeder, 1982).
When inquiring into the geological factors responsible for the
formation of the Dinantian basin, therefore, it is logical to consider
the nature of the pre-Carboniferous crust.

Prior to the Caledonian orogeny, the Dublin area probably lay on the
thinned northern margin of the European Plate (Phillips et al, 1976).
A high level of tectonic instability is recorded in Cambro-0rdovician
strata of the area (Lamont, 1938; Van Lunsen and Max, 1975; Stillman,
1981). Consequently it is probable that deep crustal lines of weakness
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may be present. With the intrusion of Devonian granites (O’Connor and
Bruck, 1978) immediately north (eg. Rockabill) and south (Leinster) the
pre-Carboniferous crust in the area acquired a marked heterogeneity.
The Dinantian Dublin Basin developed on a less positive piece of crust
lacking granites. This situation is very similar to that in N. England
(see Bott and Johnson, 1966; Johnson, 1982; Leeder, 1982).
TECTONIC MODELS

A number of regional stress models have been proposed to account for
the occurrence of Carboniferous blocks and basins in the British Isles.
These include models invoking N-S tension related to:
(i)

Rheic subduction south of the British Isles (Leeder, 1976, 1982;
Francis, 1978);

(ii) early rifting of the North Atlantic (Haszeldine, 1984); or
(iii) regional dextral megashear (Phillips et al, 1979; Reading, 1980;
Arthurton, 1983, 1984; Sanderson, 1984; Coller, 1984).
No single theory has gained predominance, which probably reflects the
lack of control supplied by available data. The small number of
detailed local case histories makes testing the validity of the various
models difficult. Of the above models, the megashear theory appears to
be the most amenable to testing.

DINANTIANMEGASHEARMODEL
The currently popular megashear model has gained support from
observations that Carboniferous dextral motion occurred on pre-existing
ENE faults in central Ireland (Taylor and Andrew, 1978; Coller, 1984).
The model explains the limited extent of some Dinantian basins in
central Ireland and N. Britain and the occurrence of contemporaneous
volcanism in relation to localised crustal thinning and higher heat
flow. Fig. 5.11 models central Ireland invoking megashear on preexisting Caledonide ENE-NE faults.

Some features of pull-apart basins are present in the Dinantian basins:
(a) They were relatively deep (topographically) in relation to their
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7 extensional-E

narrow width.
They commonly possess asymmetrical cross-sections caused by
differential fault motions on opposing sides of the basins.

These features are known from this study on the eastern arm of the
Dublin Basin (fig. 5.10, Chapter 8). They are not, however, exclusive
to pull-apart basins, and no one has demonstrated the occurrence in
Dinantian basins of some of the more distinctive patterns of
sedimentation associated with pull-aparts (see Reading, 1980; Rodgers,
1980; and Mann et al, 1983) such as:(a)

Migration of depocentres away from the direction of strike-slip
motion.

(b)

Strata younging directions opposite to palaeoflow and fining
directions.

(c)

Lateral displacement of sediment bodies away from source areas or
the occurrence of vertical changes within sediment bodies
reflecting changing compositions of source due to oblique
movement.

Such features cannot be demonstrated in the Dublin Basin. This does
not negate the megashear model, however, because if relatively little
net oblique motion occurred such features would not be developed
(Rodgers, 1980; Mann et al, 1983).

5.6.5

Conclusions

Tectonic activity in the Dublin Basin during the Dinantian was
temporally spasmodic. Major periods of activity, during the upper
Chadian/early Arundian and early Brigantian, produced widespread
unconformities on block edges and the development of boulder beds in
the peripheral parts of the basin. These episodes accompanied major
phases of basin expansion. This was probably facilitated by
extensional footwall collapse of the block margins. Less intense
tectonic activity may also have occurred in the mid Asbian and upper
Courceyan but the recognition of these events is more circumstantial
(section 8.2).
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The major phases are recognisable elsewhere, including the Craven Basin
in N. England, suggesting that they are probably regional events as
suggested by Hudson and Turner (1933) and Smyth and Turner (1948).
It is concluded that the Dublin Basin developed as an extension
structure during the Dinantian. The situation of the basin was
controlled by pre-existing faults and crustal heterogeneities. Many of
the characteristics associated with both graben (Bott, 1976) and pullapart (Reading, 1980; Rodgers, 1980; Mann et al, 1983) basins are
present in the Dublin Basin. Conclusive evidence is, however, lacking
to form an adequate regional model for basin development.

5.7

Hercynian Compressional Tectonics

The style, areal variation and kinematic relationships of Hercynian
structures in the Carboniferous rocks of the Dublin area are considered
here. Deductions are made on stress conditions in the area and how
they changed during Hercynian compression.
The Carboniferous rocks of the Dublin region have undergone an
anomalously high degree of Hercynian deformation for an area so far
north in Ireland (Sevastopulo, 1981). To explain this, the structural
history of the Dublin Carboniferous is referred to wider aspects of
Hercynian tectonism in Ireland.

5.7.1

Hercynian Deformation in Dublin

It has been established above (section 5.2.2) that the folds are the
oldest compressional Hercynian structures (excluding reactivated
structures) identifiable in the Dublin Carboniferous. The pronounced
swing in the orientation of fold axes from NE-SW towards E-W across the
Dublin region from W to E has been known since the G.S.I. mapping last
century. If one analyses the areal variation in the orientation of
fold axial traces, it is apparent that the local maximum compressional
stress direction (81) responsible for folding apparently rotates
clockwise across the area (fig. 5.12). Allowing for lithostratigraphlcal control on folding (section 5.3), the tightness of the
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Figure 5.12
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folding is seen to be very heterogeneous across the area. Tightness of
folding increases as one passes north towards the southern margin of
the Balbriggan Block and also from west to east in southern Dublin
(fig. 5.12). Folding is most gentle in the western part of the area
around Maynooth and possibly also around Summerhill, immediately west
of the region studied. It appears that folding in central Dublin is
also less tight than in NE and SE Dublin.

5.7.2

North Dublin

In stratigraphical units composed of thinly interbedded lithologies of
differing shear strengths, a wide variation in orientation of fold axes
is present. This is most readily apparent on the N. Dublin coastal
section (encl. 1). Some of this variation trends (fig. 5.13a) may be
due to the presence of non-cylindrical folds and/or a relative change
in the ~ direction during compression.
The cleavage on the N.Dublin coastal section is non-axial planar and
transects fold axes. Cleavage development appears to postdate the
initiation of folding. The strike of the cleavage here shows
variations, some of which may be due to being developed in an already
folded sequence. Generally, however, it is noticeable that the mean
strike of the cleavage is slightly clockwise to the mean fold axial
trend (fig. 5.13). This implies that the mean ~I direction
responsible for the development of cleavage was rotated clockwise
relative to that responsible for much of the folding. A kinematic
rotational relationship is indicated.
The cleavage swings into and is also cut by NE-SW and WNW-ESE trending
shear faults (section 5.2.2) illustrating that the initiation of these
faults postdates cleavage initiation. If one plots the stress
directions responsible for the development of this, probably conjugate,
fault set more evidence of clockwise rotation is indicated (fig. 5.13).

The N-S (approximately) trending faults in the N. Dublin area show a
combination of normal and oblique movement (Sections 5.2, 5.3). Some
of these probably initiated as normal faults in the maximum lateral
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Figure 5.13

extension direction (62) and then later developed oblique motion as a
response to a relative rotation of the stress field.
The structural observations and deductions made allow a kinematic
history of deformation to be constructed for the N. Dublin
Carboniferous as follows:(A)

Folding was initiated first as a response to NW-SE/NNW-SSE
compression.

(B)

Continued compression initiated new folds whose axial trends were
controlled to some degree by the trends of previously formed
folds. Further, compression caused local thrusting on steep
northern limbs as folds became tighter.

(C)

Continued compression also caused the development of a non-axial
ENE-WSW planar cleavage.

(D)

Further compression and rotation produced a conjugate set of
WNW/NE trending shear faults.

(E)

The local maximum compression direction rotated (relatively)
clockwise during tectonism from NW to approximately N-S.

(F)

Faults trending approximately N-S developed a combination of
normal and lateral movements as a response to rotation of the
local stress regime.

The clockwise rotational stress regime deduced is independently
supported by palaeomagnetic data. Morris (1972) and Howard and Morris
(1980) found that the late Palaeozoic palaeomagnetic pole direction
recorded in Carboniferous rocks in E. Dublin was rotated clockwise 30
degrees relative to the direction found in Carboniferous strata over
much of central Ireland.

5.7.3

South Dublin

The fold axial trends swing from a NE to ENE orientation from W to E
across S. Dublin (fig. 5.14) and the folds in the east are tighter than
those in the west. This is explicable in terms of a clockwise rotation
and intensification of the local principal compression direction
responsible for the folding from NW to NNW across S.Dublin from W to E.
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Figure 5,14
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Here, however, there is a possibility that part of the rotation may be
related to dextral strlke-slip motion on the arcuate Southern Boundary
Fault (fig. 5.14). From the present outcrop pattern, a post-Dinantian,
lateral displacement of 3 to &km on this fault is realistic. The long
wave lengths of the folds in S. Dublin and their long axial traces
suggest that they are too large to have been produced solely by lateral
movement on this fault. It is likely, therefore, that the swing in
fold trend here is also partly due to the relative clockwise rotation
of the local principal compresslonal stress direction noted above in N.
Dublin.
Although the details of the structural inter-relationships in S. Dublin
are less well understood than those to the north, a preliminary
kinematic history of deformation for the area can be deduced, based on
the outcrop pattern.
As the fold axes are cut and sometimes offset by faults, the folds were
probably initiated prior to the development of new Hercynian faults.
The Southern Boundary Fault, however, is thought (from stratigraphlc
studies, Chapters 2 and 3) to have acted as a syn-sedimentary structure
and clearly must pre-date the folding. Later Hercynian dextral
movement on this fault produced NNW trending antithetlc, sinistral
faults such as the Clondalkin Fault (figs. 5.14, 5.3). A number of NE
(approx.) trending, probably synthetic, dextral faults also developed
in the south as a response to rlght-lateral movement on the Southern
Boundary Fault (fig. 5.14).

5.7.4

Central Dublin

It is evident from field evidence and outcrop patterns that the
structural styles and history of tectonism in central Dublin can be
regarded as broadly similar to those in N. Dublin. The only major
difference here is that the folding is more gentle than in NE and SE
Dublin. From the stratigraphic study (Chapters 2, 3 and 8) and
geophysical evidence (Robinson, 1975) it appears that the Carboniferous
rocks of central Dublin are situated upon relatively shallow basement.
The positioning of Carboniferous strata in central Dublin at a shallow
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level upon a rigid/semi-rigid basement, the "Mid Dublin Block", may
partly account for their gentle folding here.

5.7.5

Basement Control

Some pre-existing faults were reactivated during Hercynian compression.
It was shown above that the Southern Boundary Fault, which was active
during the Dinantian, was reactivated as a dextral oblique-slip fault
and N-S lower Palaeozoic faults of the Balbriggan Block were
reactivated as obllque-slip faults.

It is also evident that where the Carboniferous cover lies at a
relatively shallow structural level above lower Palaeozoic basement, it
is relatively gently deformed (eg. in central Dublin, encl. 4, or north
of Lane on the N. Dublin coastal section, encls. I, 2). Where the
cover is thicker and the depth to basement is greater, the
Carboniferous rocks are more highly deformed (eg. N.E. Dublin between
Rush and Loughshinny, encls. I, 2, and S.E. Dublin, encl. 3). In the
Dublin area, therefore, the heterogeneity in intensity of Hercynian
deformation in Carboniferous rocks appears to be closely associated
with position relative to basement blocks. This applies equally within
the Dublin Basin and between the basin and surrounding Lower Palaeozoic
Inliers. A similar explanation was proposed for Hercynlan tectonism in
west central Ireland by Coller (198~).

So far it has been deduced from structures in the Carboniferous that
some degree of clockwise rotation in the orientation of the local
maximum compression direction occurred during Hercynian compression.
The presence of pre-existing N-S faults in the Balbriggan Block meant
that it was not effectively rigid to torsion. A greater amount of
shortening between the Balbriggan and Mid Dublin Blocks was, therefore,
possible. This may explain the higher degree of Hercynian deformation
in the basinal Carboniferous strata of NE Dublin.
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5.7.6

Wider Considerations

From the geometry of Hercynian structures it appears that the local
principal compression direction rotated clockwise during deformation.
The difference in orientation of Hercynian fold axial trends in east
Dublin is between 45 and 20 degrees clockwise from the trends of
Hercynian folds in central Ireland. Independent evidence for a 30
degree clockwise rotation of E. Dublin is provided by palaeomagnetic
data (Morris, 1972; Howard and Morris, 1980). The conjugate set of NESW and WNW-ESE sinistral shear faults in north and central Dublin
probably accommodated some of this rotation.
It is evident that some pre-existing faults were reactivated during the
Hercynian. The rotation was probably facilitated by motion on preexisting structures including the N-S faults in the Balbriggan Block
and the Southern Boundary Fault. From these relationships it is likely
that both the Carboniferous and pre-Carboniferous rocks in the Dublin
area were rotated.
What, however, was the regional stress regime which caused the local
rotation of the Dublin area?
The block geometry of the Dublin area was roughly modelled using pieces
of cardboard cut along the lines of pre-existing faults indicated by
this study. The Navan-Silvermines fault was also included as this is
known to have been a major pre-existing fault (Browne, 1979; Andrew and
Ashton, 1982; Phillips, pers. comm.).

It was found that by applying a principal compressive stress in a NW-SE
to NNW-SSE direction, approximately perpendicular to the axes of
Hercynian folds in central Ireland, a net clockwise rotation was
achieved for the area bound by the Navan-Silvermines Fault and Southern
Boundary Fault. This fault-bound rotated block is termed the "Dublin
Wedge" (fig. 5.15).

The NW-SE to NNW-SSE regional principal compression direction indicated
by this modelling is in agreement with that proposed for the Hercynlan
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in south central and southwest Ireland, S. Wales and S.W. England
(Coward and Smallwood, 1984; Coller, 1984).
One consequence of applying a pure compressional stress regime on the
model was to induce a slight sinistral motion on the Navan-Silvermines
Fault when the principal stress orientation approached NNW-SSE. There
is, however, a growing body of evidence to suggest that pre-existing
faults trending ENE in central Ireland (such as the Navan-Silvermines
Fault northeast of Navan) underwent dextral shear during Hercynian
deformation (Moore, 1975; Taylor and Andrew, 1978; Andrew and Ashton,
1982; Coller, 1984).
It was found, using the model, that dextral motion could be produced on
the Navan-Silvermines Fault, while still retaining a clockwise rotation
of the Dublin Wedge, by combining a component of E-W to ENE-WSW dextral
shear with the NW-SE to NNW-SSE compression (fig. 5.16). A dextral
transpressional stress regime, therefore, appears to explain the
rotation of the Dublin Wedge with regard to central Ireland. This is
compatible with recent theories by Sanderson (1984) and Coller (1984)
who have invoked E-W dextral transpresslon during Hercynian deformation
in Ireland and by Arthurton (1984) in England.

5.7.7

Conclusions

The pattern of Hercynian deformation in Carboniferous rocks in the
Dublin area is very heterogeneous. Basement control upon Hercynian
deformation of the Carboniferous cover is noticeable. Comparatively
gently deformed Carboniferous strata lie at relatively low structural
levels upon positive rigid or seml-rigid basement blocks. More highly
deformed Carboniferous rocks appear to lie above negative basement
blocks.
Similar relationships to these have been noted on a large scale in west
central Ireland by Coller (1984). This study in Dublin suggests that
inhomogeneities in structural intensity in the Hercynian foreland may
also occur on a smaller scale. In the Dublin area it appears that the
effective rigidity of basement blocks to torsion was of importance in
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Figure 5.16
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the development of a heterogeneous distribution of Hercynian strain.
Pre-existing faults cutting the Balbriggan Block were reactivated
during Hercynian rotation of the Dublin Wedge. This allowed higher
deformation in the Carboniferous cover over negative basement blocks
between the Balbriggan and mid Dublin positive basement blocks.
A clockwise rotation of the Dublin area by up to 30 degrees is
indicated by this analysis of the Hercynian structures in the area and,
independently, by palaeomagnetic results (Morris, 1972; Howard and
Morris, 1980). Local clockwise rotation has also been noted by other
workers in the Hercynlan of west central Ireland (Emo, 1978; Coller,
1984) and southwest Wales (McCelland-Brown, 1983; Coward and Smallwood,
1984).
The presence of reactivated pre-existing faults in the Hercynian
foreland of the British Isles has been suggested by many authors (eg.
Moore, 1975; Taylor and Andrew, 1978; Arthurton, 1984; Coller, 1984).
This study suggests that the geometric relationship between two preexisting faults, the Navan-Silvermines and Southern Boundary Faults,
and the regional stress regime was responsible for the rotation of a
wedge of rock (the Dublin Wedge) bounded by these faults.

Two possible regional stress regimes may have produced the clockwise
rotation of the Dublin Wedge. The first possibility is that rotation
occurred by differential lateral motion on pre-existing faults as a
response to NW-SE/NNW-SSE compression (fig. 5.15). The second
possibility is similar but invokes a response to E-W/ENE-WSW dextral
transpresslon (fig. 5.16). Recent work suggests a widespread component
of dextral shear accompanied Hercynian deformation in the British Isles
(Taylor and Andrew, 1978; Coller, 1984; Sanderson, 1984; Arthurton,
1984; Coward and Smallwood, 1984; Max and Lefort, 1984) which is
compatible with the second option above.
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CHAPTER 6

ECONOMIC GEOLOGY

Until the early part of this century, the local Carboniferous stone was
extensively quarried for building. The numerous quarries around Lucan
provided most of the building stone for Dublin, (Kirwan, 1794). These
quarries were in the Dublin Formation which, because of its flaggy
bedding, provided convenient blocks. As there is some variation in
thickness between beds of the Dublin Fm., it is quite common to find in
the older buildings of the city that stones in individual courses
originally came from the same bed. Adjacent stones in the old library
in Trinity College, for instance, contain sedimentary structures which
may be matched, although some blocks have been inserted upside down
compared to their neighbours.
The Dublin Fm. is a heterolithic unit and contains beds of variable
hardness and resistance to weathering. In Dublin it is noticeable that
the expensive buildings were constructed of the more durable limestones
and less important constructions, such as boundary walls, contain a
higher proportion of the less durable limestones and harder shaly
lithologies.
Many of the older buildings have features such as quoins, sills and
steps made of Leinster granite, which is harder but because of the
distance involved in its transport was probably more expensive. The
industrialisation of Dublin this century and the lack of control on
pollution of the air has caused a rapid chemical decomposition of these
granite features. One may notice decayed roll moldings and capitals
etc. in the churches of the Ascendancy and later years in the city.
Features carved from limestone, such as the flowers on the Museum
Building in Trinity College, and the capitals and filials of the
restored Dublin Cathedals, have survived this chemical corrosion a bit
better.

2O7

The earthy limestones ("Calp") of the Dublin Fm. exhibit a tendency to
absorb moisture and then to "sweat" it out again during dry periods or
when used in chimney stacks. This property and the variability in the
size of bedding caused problems when using it as a building stone and
brick was preferred in the fabrication of houses in Georgian Dublin - a
practice continued to the present day.
Today limestone is still quarried in County Dublin but is used mostly
as road aggregate or in concrete. As the purer types of limestone are
used in the construction of modern roads these are being exploited, and
the Dublin Fm. is no longer actively worked. The Holmpatrick Fm. is
currently being exploited at Milverton Quarry and the Clondalkin Fm. at
Belgard Quarry. The Waulsortian is being quarried at Feltrim Hill,
and this and the Malahide Fm. are being worked at Huntstown.
Earthy limestones are still being quarried south of Naul at Nags Head.
The rocks here are very argillaceous and not much suited to modern
building practices.
In the past, some of the drift-deposits were also quarried, the esker
sands and gravels being used for aggregates. There is still a small
operation exploiting an esker immediately north of Naul.
Base metal ores such as galena, chalcopyrite and sphalerite have been
encountered occasionally during the course of this survey, though never
in large concentrations. Most of the ores are associated with
Courceyan rocks and these have been the target for the exploration
companies who have held acreage in the county. The mineralised
horizons at Navan occur in strata equivalent to the Malahide Fm. (S.
Finley, Tara Mines, pers. comm.) and traces of mineralisation have been
found on the Malahide coastal section. Galena was observed in similar
lithologies in Courceyan sandy beds (McGuinness Fm.) in the Lane
Borehole. D’Alton (1838, p. 134) recorded a disused Copper/Lead adit
in the rock on which St. Doulogh’s Church of Cloghran (near the
airport) was situated. (This should not be confused with the more
famous St. Doulogh’s south of Feltrim.)

2O8

Pyrite is a common constituent of the Fingal Group in which it
generally occurs disseminated. Kane (18%%, p.210) records a few small
veins of "lead ore, accompanied by blende" in the Dublin Fm. at
Clontarf and galena in the same unit at Dolphin’s Barn and Kilmainham.

In northern County Dublin, badly weathered copper-sulphide ore was
observed at the unconformable contact between the Lane and Smuggler’s
Cave Formations on the coast near Loughshinny. The ore was
disseminated through a coarse lithic sandstone which infilled joints
and channels within the underlying Lane Limestone. One of the larger
infilled joints had been worked and the adlt seen on the coast follows
this joint inland.
Nearby, copper was also mined from a quartz-vein in a fault zone which
passes out onto the foreshore in Copper Mine Bay near Loughshlnny (see
Jukes and Du Noyer, 1861).
Traces of chalcopyrite were noticed in blocks of reworked Visean mudmound limestone in the Popeshall Boulder Bed (part of the Fingal Group)
at Lane (Briggs’ 1972 "slump complex").

None of the above-mentioned occurrences of base metal ore in the Dublin
area was large.
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CHAPTER 7
BIOSTRATIGRAPHY

7.1

Introduction

A major problem in this, and previous, studies on the Dublin
Carboniferous was to work out how the sparsely scattered rock outcrops
and widely different lithofacies relate to each other. Various forms
of biostratigraphy have been employed in attempts to provide this basic
information. Biostratigraphy has in fact been the key to the
understanding much of the Dublin Carboniferous.
The initial survey had very little biostratigraphical control and this
is reflected in the uncertainties expressed by Jukes and Du Noyer
(1861) on the recognition of lithostratigraphical units in the area and
in the very generalised map produced (fig. 5.5). Important advances
were made with the application of biostratigraphy using macrofossils
(Matley and Vaughan, 1906, 1908; Smyth, 1915, 1920, 1949, 1951; Turner,
1939, 1950; Nevill, 1958; Scanlon, 1965; Harrison, 1968; Hudson et al,
1966; Hahn et al, 1973).
Macrofossils, however, are often either absent or only present in low
numbers in the finer-grained basinal facies which comprise much of the
Carboniferous rock in the area. This limits their biostratigraphical
usefulness. By comparison microfossils usually may be recovered in
relatively large numbers from such facies.
The presence of microfossils in the Dublin Carboniferous has been known
since early this century (Hinde, in Matley and Vaughan, 1906; Davies,
in Smyth, 1949, and in Turner, 1950; Mamet, 1969; Conil, 1976). It was
not until recently, however, that significant advances were made upon
the existing macrobiostratigraphy by Marchant (1974, 1978) who utilised
foraminifera and conodonts.

Most of the Carboniferous rock outcropping in the Dublin area is of
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Vis6an age. As foraminifera are currently the most useful microfossil
group for the biostratigrahical subdivision of Vis~an carbonate facies,
I concentrated upon them.

The systematic description of the microfaunas and floras recognised in
this study are included in the appendix to this thesis (Volume 2).
This palaeontological information is included as an appendix as it
contains a lot of new and basic biostratlgraphical data on the Dublin
area.
This chapter summarlses my biostratigraphical work and recent
palaeontologlcal results of other workers in the area.
The abbreviations Tn3, VSb etc. refer to widely used divisions of the
Belgian Carboniferous. Cf3, Cf46 etc. and C~a, C~f etc. are biozones
from the Belgian and Russian Dinantian (see section C, volume 2).

7.2

Microbiostratigraphy

This section is concerned mostly with the foraminiferal biostratigraphy
of the Carboniferous formations of the Dublin area. Reference is also
made to conodont and spore data where this is available.

The foraminiferal microbiostratigraphy of the Dublin area is based upon
work by Marchant (1974, 1978) and myself. Marchant’s work forms the
basis for the Courceyan to Chadian parts of the sequence and mine the
basis for the Arundian to early Namurian. In areas where there is some
overlap between Marchant and myself, identifications by Marchant are
indicated. 0nly a summary of the results is presented here. Details
and systematic palaeontology are included in the appendix. Sample
localities are shown in more detail on the enclosures.

7.2.1

Group A and Waulsortian

DONABATE AND MALAHIDEFORMATIONS
The only known exposures of the Donabate Fm. are in non-marine, red bed
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facies and are unfossiliferous. The stratigraphically lowest
palaeontological samples recovered from the Dublin Carboniferous
sequence come from boreholes near Donabate. The lowest grey shales
from two holes, one from the upper (marine facies) Donabate Fm. and one
from Mbr. I of the Malahide Fm., yielded spores. These appear to
belong to the HD miospore zone (fig. 7.1) (G. Clayton, pets. comm.,

1985).
Marchant (1978) recently investigated in detail the foraminiferal and
conodont biostratigraphy of the Malahide Fm. He recovered a
foraminiferal assemblage including Eoforschia sp., Endothyra sp.,
Latiendothyra sp., Septatournayella sp., Tournayella sp. and
TuberendothEra sp. from the lower part of the Malahide Fro. (Mbrs. 2 to
3) (Fig. 7.2). From Mbr. 4 he recorded a similar fauna. The
disappearance of TuberendothEra sp. and appearance of Tetrataxis sp. in
the higher parts of Mbr. 4 marks a significant change in the
assemblage.
Among the conodont faunas he collected, PseudopolyEnathus
multistriatus, Bispathodus sp. and Clyda~nathus sp. appear not to be
present any higher than Mbr. 3. From his results (fig. 7.2),
Polygnathus mehli and Gnathodus simplicatus appear to have long ranges
through Mbrs. 3 and 4 up into the overlying Waulsortian and Tober
Colleen Fm.

Very few foraminifera are known from this unit. Marchant (1978)
recorded Tetrataxis sp. from shales associated with Waulsortian
limestone. He found the conodont fauna to be similar to that recovered
from Mbr. 4 of the Malahide Fm. with the notable exception of
Polygnathus cf. bischoffi which was not recorded in the latter
(fig.7.2).

7.2.2

Milverton Group

Only a preliminary investigation into the biostratigraphy of the Lane
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boreholes has been possible to date. Consequently, the biostratigraphy
of the McGuinness Fm. and unexposed parts of the Lane Fm. is known only
at a reconnaissance level.
McGUINNESS FORMATION

Dr. G. Clayton kindly examined a number of shale samples from this unit
for spores. Two samples were productive (figure 7.3). One from near
the base (180m) yielded an assemblage including Grandispora echinata
and Retusotriletes incohatus which he also recognised in Group A from
Donabate. These were absent from the second sample which was from the
middle of the McGuinness Fm. (150.5m). This second sample included
Lycospora pusilla and L. ru~ulosa.
LAIEFORMATION
Foraminifers occur sporadically throughout the Lane Fm. Their
diversity and abundance is comparatively low in Mbr. I and the lower
part of Mbr. 2 and rises in the upper exposed parts of Mbr. 2.
Eblanaia spp. and Endothyra spp. occur throughout. Towards the top of
Mbr. 2 Eoendothyranopsis sp., Palaeospiroplectammina sp., Pseudolituotubella sp. and Latiendothyranopsis sp. 1 appear for the first
time (fig. 7.3). Eoparastaffella simplex was recorded by Marchant
(1978) from clasts of Lane Fm. in the base of the overlying Smuggler’s
Cave Fm. He also recorded Koninckopora sp. from the inlier of Lane Fm.
within the latter.
The Smuggler’s Cave Fm. is essentially unfossiliferous and the only
fossils known from it occur in reworked clasts.
HOLMPATRICK FORMATION
A very diverse foraminiferal fauna was recorded by Marchant (1978) and
myself from this unit at its type locality. The lowest few metres
contain an assemblage of primitive archaediscids including
Glomodiscus sp.p Nudarchaediscus sp. and Uralodiscus sp. I similar to
those recovered from the Carlyan Mbr., Rush Fm. (section 7.2.3).
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Eoparastaffella simplex and Koninckopora tenulramosa are also present
in the lowest few metres. Uralodiscus rotundus and more advanced forms
of Glomodiscus appear higher in the lower Holmpatrick Fm. (SE of the
Holmpatrick Fault; see encl. 1) together with genera like Brunsia,
Omphalotis and Pseudolituotuba which were not recorded in the Lane Fm.
(fig. 7.3). NW of the Holmpatrick Fault Archaediscus spp. at the
involutus stage and primitive Nodosarchaediscus sp. appear in the upper
Holmpatrick Fm.

Globoendothyra, Mediocris, Propermodiscus and Urbanella were recorded
from the Holmpatrick Fm. in Milverton Quarry, but not at the type
locality.
ASBIAN SHELF LIMESTONE

A foraminiferal assemblage including Eostaffella sp., Vissariottaxis compressa and Nodasperodiscue spp. was recorded in this unit from
Milverton Quarry. The latter, together with Archaediscus spp. at the
angulatus stage and Millerella sp. were also recorded from this unit at
Ardgillan.

7.2.3

Fingal Group

TOBEROOT.nm~FORMATION

This unit is very argillaceous and includes foraminifera in only a few
localities. Marchant (1978) noted the presence of Tetrataxis sp.
immediately above the Waulsortian. A sparse, low diversity fauna is
present throughout the type section. It includes Endothyra spp.,
Eblanaia spp., Septatournayella sp., Tetrataxis sp. and Latiendothyra sp. which first appeared earlier in the Malahide Fm. Significant
new additions to this assemblage were recorded by Marchant (1978) in
his sampling through the unit. Eoendothyranopsis sp. was first
recorded 185m below the top of the unit with Eoparastaffella sp.,
Dainella sp. and Koninckopora sp. appearing within the top 73m. He
also recorded the first appearance of the conodont
Mestognathus beckmanni from the upper 73m.
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RUSH FORMATION
Marchant (1978) showed that foraminiferal diversity increases up
through the type locality of the Rush Fm. The elements present in the
higher parts of the underlying Tober Colleen Fm. continue to be
recorded but additional, new genera and species gradually appear up
through the section (fig. 7.3).

At the type locality, Eoparastaffella simplex is first recognisable in
Mbr. I of the Rush Fm. Thereafter this species is a common element in
higher members of the Rush Fm. and lower Dublin Fm. Latlendothyranopsis sp.1 also first occurs in Mbr. I.
New foraminiferal elements which appear in the Rush Fm. at its type
locality include: in Mbr. 2, Eostaffella sp.~ Pseudoammodiscus sp. and
Valvulinella sp.; in Mbr. 3, Eotextularia diversa, Plectogyranopsis paraconvexa and Urbanella sp. and in Mbr. 4, Brunsia sp. and
Pseudolituotuba ~ravata. In the Carlyan Mbr. (Mbr. 5), primitive
Glomodiscus sp. and Chomatomediocris sp. are notable new additions to
the assemblage (fig. 7.3).
Some interesting features are noticeable when comparisons are made
between assemblages gathered from the Tober Colleen, Rush and Lane Fms.
The upper 73m of the Tober Colleen Fm. and Mbr. I of the Rush Fm.
include many similar foraminiferal elements to those from the upper
(exposed) parts of the Lane Fm.

In the Lane section

Latiendoth2ranopsis sp.1 and Palaeospiroplectammina sp. were recorded
earlier than Eoparastaffella sp. and Koninckopora sp. while the
opposite was noted in the Rush section. Eoendothyranopsis sp. was,
however, recorded earlier than these in both sections.
The primitive archaediscids and the associated fauna noted in the
Carlyan Mbr. are very similar to those from the base of the Holmpatrick
Fm. (section 7.2.2, fig. 7.3).
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DUBLIN FORMATION

It was not found possible to subdivide the Dublin Fm. on mappable
lithostratigraphical grounds except on the North Dublin coastal section
(Chapter 2). The formation includes a large variety of foraminiferal
assemblages, however, which do allow a biostratlgraphical subdivision.

A fauna including Eoparastaffella sp, but lacking archaediscids, was
recorded from the base of the Dublin Fm. at Hermitage (S. Dublin) by
Marchant (1978). In S. Dublin Eostaffella mosquensis, primitive
Nodasperodiscus spp., N. saleei saleei, Archaediscus spp. at the
concavus and low angulatus stages and Pseudoendothyra sp. occur in the
upper Dublin Fm. and in the transition with the overlying Clondalkin
Fm. In the north, the top of the Dublin Fm. is very fine grained and
only includes small/minute size-sorted forms of limited
biostratigraphical use.
Within the Dublin Fm., typical assemblages recorded include
combinations of the following foraminifera and algae:
(i)

Uralodiscus sp., U. rotundus, U. settlensis, Glomodiscus spp.,
Archaediscus sp. at the involutus or concavus stages,
Propermodiscus spp., Latiendothyranopsis menneri, Bogushella sp.,
Plectogyranopsis paraconvexa, Mediocris sp., Eoparastaffella
g~m~, Eostaffella sp., Koninckopora tenuiramosa,
Endothyranopsis sp., Eotextularia diversa, primitive
Nodosarchaediscus spp, 0mphalotis sp., Brunsia sp..

(ii)

Archaediscus spp. at the concavus or angulatus stages,
Koskinotextularia sp., Koskinobigenerina ~ Nodosarchaedlscus
Eostaffella ~ Endothyranopsis s_R~.

(iii) Archaediscus spp. at the concavus or angulatus stages,
Nodosarchaediscus spp., N. aff saleei, N. cornua, primitive
Nodas~erodig~g_~p_t, Nibelia sp., Eostaffella s~p_t,
E. mosquensis, E. sp. A., Palaeotextularia sp., Pseudoendothyra sp.I Koninckopora inflata, K. tenuiramosa.
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NAUL FORMATION
Assemblages from the Castle Mbr. of the Naul Fm. include
Archaediscus spp. at the concavus and low angulatus stages,
Nodosarchaediscus spp., Endothyranopsis sp., primitive Nodasperodiscus spp.~ Palaeotextularia sp., Koninckopora mortlemansi and
Draffania biloba. Member 2 of the Naul Fm. includes Palaeotextulariidae with an inner fibrous layer to the wall, Globoendothyra,
Howchinia(?)cummingsi and Nodasperodiscus spp..
CLONDALKINFORMATION
A very diverse foraminiferal and algal assemblage was recovered from
the Clondalkln Fm. (fig.7.4). This included Archaediscus spp. at the
concavus and angulatus stages, Draffania biloba, Endothyranopsis sp.~
Eostaffella mosquensis, E. parastruvel, large specimens of
Globoendothyra, Koninckopora mortlemansl, Nodasperodiscus spp.,
N. saleei saleei, N. permodlscoides?, Palaeotextularla spp., Planoendothyra sp. and Pseudoendoth2Ta sp..
BELGARD FORMATION

Only one productive sample was recovered from the Belgard Fm. during
this study (borehole C.I.E. 16). This included Archaedlscus spp. at
the angulatus stage. The assemblage recovered was of relatively low
diversity and further sampling of this formation is required to
investigate its biostratigraphy.

LOUGHSHINNYFORMATION

Very diverse foramlniferal and algal assemblages were recorded from the
Loughshinny Fm. including Archaediscus spp. at the angulatus and tenuis
stages, numerous specimens of Asteroarchaediscus spp., Asteroarchaediscus baschkirlcus, Cllmacammina sp., Eostaffella ikensls,
E. mosquensis and E. parastruvei, abundant Howchinia bradyana,
Neoarchaediscus spp., Nodasperodiscus occlusus, N. permodiscoides?,
N. pirleti and Pseudoendothyra spp. (see fig. 7.4).
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7.4 Foraminifera and Algae from T~pe Sections and Areas of Asbian
to lower Namurian Units of the Fingal and Knockbrack Groups

221

U

At the type locality, divisions I (Drumanagh Mbr.) and 2 of the
Loughshinny Fm. contain many elements recorded from earlier formations
including Eostaffella mosquensis, E. parastruvei, Nodasperodiscus
occlusus, N. permodiscoldes?, N. saleei saleei, N. saleei hirta and
Koninckopora sp.. The latter was not recorded from any higher
horizons.
Divisions 3 (Ballustree Mbr.) and 4 at the type locality contain a
larger proportion of small stellate archaediscids including
Asteroarchaediscus baschkiricus and Neoarchaediscus aff. subbaschkiricus and numerous Howchinia brad2ana. Eostaffella ikensis is known
only from one sample in division 3.
Inland, an isolated exposure of Loughshinny Fm. at Jordanstown
(fig.7.9) yielded a specimen of Monotaxinoides cf. subconlca.

7.2.4

Knockbrack Group

BALRICKARD AND WJT.~iR.qTOWN FORMATION

No foraminifera were recorded from the Balrickard Fm.
A limestone from the lower part of the Walshestown Fm. at Courtlough
(fig.7.9) yielded a foraminiferal assemblage including Asteroarchaediscus sp., Eostaffella sp., Neoarchaediscus aff. subbaschkiricus
and Pseudoendothyra sp. This assemblage was similar to those recorded
from division 4 of the Loughshinny Formation.

7.3

Discussion

In this section, the major results and implications of the
biostratigraphical study are presented and discussed (subsections 7.3.1
to 7.3.2). Correlations are made between the Dublin sequence and the
Carboniferous stages currently used in Britain and Ireland (subsection

7.3.3).
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7.3.1

Local Biostratigraphically Useful Foraminiferal Assemblages

During the course of this study, it became apparent that the
foraminiferal faunas recovered from the Fingal Group were less diverse
than assemblages reported (Conil and Lys, 1964, 1968; Conil, Groessens
and Pirlet, 1976; Conil e_~t al, 1979; Fewtrell e_~t al, 1981; Strank,
1981) from contemporaneous shelf limestone sequences in Britain and
Ireland. Attempts at dating a particular locality or sample based on
biostratigraphical correlation with Britain or Belgium were found to be
unsatisfactory in many cases. To achieve more accurate local
correlations, microfaunas from type and paratype Dublin sections were
documented and assemblages recovered from other localities were
compared with these. A number of foraminiferal and algal assemblages
of local biostratigraphical usefulness were recognised using this
method. These are summarised in fig. 7.5. The relationship between
these assemblages and the lithostratigraphy is shown in figs. 7.6 and
7.7.
Five broad foraminiferal assemblages were recognised in this survey.
Where recovery was good or sampling was more extensive, it was possible
to subdivide these into subassemblages (fig. 7.5). These assemblages
are termed "Dublin Foraminiferal Assemblages" (DFA). Each DFA is
intentionally stratigraphically broad because in the basinal
lithofacies of the area the assemblages recovered were often sizesorted and, consequently, of restricted diversity. They are informal
biostratigraphical units of local significance. The alga Koninckopora
and Draffania biloba have also been included in the scheme (fig. 7.5)
as these are biostratigraphically useful. DFA-I and DFA-2 are based to
a large extent on data from Marchant (1978). DFA-3 to DFA-5 are based
mostly on my survey.

DFA-1

DFA-I is characterised by members of the Tournayellidae including
Eoforschia, Eblanaia, Tournayella, Septabrunsiina and Septatournayella,
and two members of the Endothyridae, Endothyra and Tuberendothyra. The
latter appears to be restricted to subassemblage DFA-Ia. Subassemblage
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Figure 7.5

ASSEMBLAGE

c

Asteroarchaediscus baschkiricus, A. rugosus, Archaediscus (rarer than
below), Howchinia bradyana, (Monotaxinoides), Neoarchaediscus,
N. aff. subbaschkiricus, Nodasperodiscus, Pseudoendothyra.

b

Archaediscus, Asteroarchaediscus, (Eostaffella ikensis), Globoendothyra,
Howchinia bradyana, (Mil!erella), Nodasperodiscus (advanced form only),
Nodosarchaediscus, Palaeotextularia, Pseudoendothyra.

a

Asteroarchaediscus, (Climacammina), Eostaffella, Howchinia bradyana,
Endothyranopsis, Koninckopora, Neoarchaediscus, Nodasperodiscus occlusus,
N. Permodiscoides?, N. saleei, N. pirleti, N. cf. stellatus, Nodosarchaediscus, Omphalotis, Palaeotextularia, Pseudoendothyra,
Archaediscus, Mediocris, Valvulinella.

d

Nodasperodiscus, Archaediscus, Koninckopora, (Vissariotaxis), (Howchinia
(?) cummingsi), (Millerella), Palaeotextulariidae with an inner fibrous
layer.

c

Endothyranopsis, Plectogyranopsis, Pseudolituotuba, Pseudoendothyra,
Eostaffella, Archaediscus, Nodasperodiscus saleei, N. permodiscoides?,
Draffanaia biloba, Koninckopora mortlemansi, Nodosarchaediscus sp. i,
Globoendothyra, Omphalotis.

b

Archaediscus, Nodosarchaediscus, (primitive Nodasperodiscus), (Nibelia),
Eostaffella, (primitive Pseudoendothyra, towards top of sub-zone).

a

Archaediscus, (Koskinotextularia), Palaeotextularia, Nodosarchaediscus,
Eostaffella.

c

Nodosarchaediscus, Archaediscus, Uralodiscus settlensis, U. rotundus,
Glomodiscus, Omphalotis, Globoendothyra, Latiendothyranopsis menneri,
Urbanella, Pseudolituotubella, Eoparastaffella.

b

Archaediscus (towards top of sub-zone), Eoparastaffella, Eostaffella,
Eotextularia, Glomodiscus, Uralodiscus rotundus, Propermodiscus,
Eoendothyranopsis, Omphalotis, Globoendothyra, Endothyranopsis, Mediocris
Urbanella.

a

Chomatomediocris, Koninckopora, (Bogushella), Planoarchaediscus,
Nudarchaediscus, primitive Propermodiscus, Glomodiscus and Uralodiscus,
Pseudolituotuba, Eoparastaffella, Omphalotis.

b

Eoparastaffella, Dainella, Koninckopora, Urbanella, Valvullnella, Brunsia,
Pseudoammodiscus, Eostaffella, Eblanaia, Tetrataxis, Endothyra,
Eotextularia.

a

Eoparastaffella, Koninckopora, Terra,axis, Endothyra, Latiendothyranopsis
sp.l, Eblanaia, Pseudolituotubella, Pseudolituotuba, Dainella.

c

Eoendothyranopsis, Endothyra, Latiendothyranopsis sp.l, Tetrataxis,
Eblanaia, Pseudolituotubella, Palaeospiroplectammina.

b

Tetrataxis, Endothyra, Eblanaia, Septabrunsiina.

a

Eoforschia, Eblanaia, Endothyra, Septabrunsiina, Septatournayella,
Tournayella, Tuberendothyra.

DFA
5

DFA
4

DFA
3

DFA

CHARACTERISTIC TAXA
(Taxa in brackets are uncommon)

2

DFA
1

DFA = Dublin Foraminiferal Assemblage
DFAI, 2 based mostly on information in Marchant (1978); DFA3-5 based upon this thesis.
See Section 7.3.1 for reasons for inclusion of Koninckopora in DFAs.

Figure 7.5 Biostratigraphical Foraminiferal Assemblages Recognisable in the Dublin Area
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Figure 7.6
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Figure 7.7
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DFA-Ib lacks Tuberendoth2ra but includes Tetrataxis. Subassemblage
DFA-Ic is similar to DFA-Sb but includes Eoendothyranopsis and large
specimens of Endothyra.
Compared to higher DFAs, DFA-S has a very restricted diversity and
commonly also has a low foraminiferal yield. Both the yield and
diversity increase towards the top of DFA-S.
Marchant (1978) recorded Tuberendoth2ra from Mbr. 3 and the lower part
of Mbr. 4 of the Malahide Fm. These are referred to DFA-la.
Tetrataxis was recorded from the upper part of Mbr. 4 at Balscadden
Bay, east of Howth harbour (encl. 4), from shale bands within the
Waulsortian at Feltrlm and from higher units. Tuberendoth~ra is absent
from the higher parts of Mbr. 4 and higher units. The upper part of
Mbr. 4 of the Malahide Fm. and the Waulsortian are referred to DFA-Ib.
Eoendoth2ranopsls enters the Tober Colleen Fm. 185m from the top at the
type section. The lower parts of the Tober Colleen Fm. below this are
also referred to DFA-lb.
Preliminary blostratlgraphical work on the Lane borehole indicates that
the McGulnness Fm. and much of the Lane Fm. belong to DFA-I. The
exposed parts of Mbr. 2 of the Lane Fm. include Eoendoth2ranopsis
(Marchant, 1978), indicating that this part is referable to DFA-Ic.
The lower parts of Mbr. 2 and Mbr. I may belong to DFA-Ib though
further sampling is necessary to investigate this.

DFA-2 is characterised by a greater diversity of foraminifera than DFAI. The first appearance of one or more of Dainella, Eoparastaffella
and Koninckopora is taken to indicate the base of DFA-2. In the Rush
section this occurs 73m from the top of the Tober Colleen Fm. In the
Lane section the record of Koninckopora from the inlier of Lane Fm.
within the outcrop of Smuggler’s Cave Fm., and the occurrence of
Eoparastaffella in a clast of Lame Fm. from the base of the latter unit
indicates that the base of DFA-2 probably lies within Mbr. 2 of the
Lane Fm. not far above the top of the main outcrop.
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Subassemblage DFA-2b differs from DFA-2a in having a greater diversity.
In the Rush section, Brunsla, Pseudoammodiscus, Urbanella and
Valvulinella appear for the first time in DFA-2b.
Marchant (1978, p. 167) recorded "A fauna of Eoparastaffella and
endothyrids similar to that found in the Rush Formation" from the base
of the Dublin Fm. at Hermitage (see section 2.5.2). The base of the
Dublin Fm. in S. Dublin, therefore, lies within DFA-2. On
stratigraphlc grounds it is likely that this is within the lower levels
of DFA-2, possibly DFA-2a.
Most of the Rush Fm. lies within DFA-2. Mbrs. 3 and 4 are assigned to
DFA-2b on the presence of Urbanella, Valvulinella, Pseudoammodlscus and
Brunsia.

DFA-3 is characterised by early members of the Archaediscldae such as
Planoarchaediscus, Glomodiscus, Propermodiscus and Uralodiscus.
Mediocris, Archaediscus and Bogushella first appear in DFA-3. The
first occurrence of archaediscids in a sequence marks the base of DFA3. Eoparastaffella is also a common element in DFA-3.
DFA-3 is subdivided into three subassemblages. DFA-3a is characterised
by primitive archaediscids. In DFA-3a specimens of Glomodiscus and
Uralodiscus the fibrous wall layer forms only a very thin, rudimentary
covering across the renter of the test. Better developed, more robust
forms of archaediscid occur in the higher subassemblages. DFA-3b
includes robust archaediscids such as Uralodiscus rotundus and early
forms of Archaediscus at the involutus or low concavus stage. DFA-3c
differs from DFA-3b on the presence of Nodosarchaediscus.
The Carlyan Mbr. (Mbr. 5) of the Rush Fm. and the base of the
Holmpatrick Fm. are assigned to DFA-3a. The uppermost 35m of the
Holmpatrick Fm. at the type section include Nodosarchaediscus
(Marchant, 1978) and are referred to DFA-3c. DFA-3b occupies most of
the type section of the Holmpatrick Fm.. The Kate Rocks section of the
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Dublin Fm. near Rush includes Nodosarchaediscus and is referred to DFA3c.
Many of the inland samples from isolated localities within the Dublin
Fm., including the type locality, contained assemblages referable to
DFA-3.

DFA-~
DFA-4 is characterised by the absence of rotund, rugby-ball shaped
Uralodiscus and Propermodiscus and an abundance of Archaediscus at the
concavus to low angulatus stages. Glomodiscus is usually absent; it is
known only from one specimen in DFA-4. Eoparastaffella and Eotextularia are absent. Palaeotextulariidae are well represented for the
first time in the Dublin area in DFA-4.
Four subassemblages are recognisable. DFA-4a and DFA-4b are very
similar.

DFA-4b differs in including primitive forms of

Nodasperodiscus. Early forms of Nodasperodiscus are never common, and
are very similar to advanced forms of Nodosarchaedlscus from which they
evolved. It may not be possible, therefore, to distinguish between
DFA-4a and DFA-4b without extensive sampling.
DFA-4c is characterlsed by the presence of Draffania biloba and large
celled forms of Koninckopora such as K. mortlemansi. Early forms of
Nodasperodiscus, including N. saleei, N. permodiscoides? and N. sp. I
may be present, though they are uncommon and may not be recorded unless
sampling is extensive. Pseudoendothyra, Eostaffella mosquensis and
E. parastruvei may be present and Pseudolituotuba is more frequent than
usual in DFA-4c.

Nodasperodlscus is more abundant and is better developed in DFA-4d.
Vissariotaxis compressa, Howchinia? cummingsl, Archaediscus at the
angulatus stage and palaeotextulariidae with an internal fibrous layer
to their wall structure are recorded from DFA-4d.
At Leixlip the Dublin Fm. is intermittently exposed in the Liffey
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Valley. The lower part of the section, east of the bridge across the
Liffey, contains Uralodiscus settlensls and primitive Nodosarchaedicus,
and is assigned to DFA-3c. The higher parts of the section here, west
of the bridge, lack Uralodiscus, Glomodiscus and Nodasperodiscus but
include Archaediscus at the concavus stage and are assigned to DFA-~a.

Primitive Nodasperodiscus was recorded from the Brook’s End and Bathing
Place Mbrs. of the Dublin Fm. on the N. Dublin coastal section. These
are assigned to DFA-~b.

Draffania biloba, Koninckopora mortlemansi and Nodasperodiscus were
recovered from the Castle Mbr. of the Naul Fm. and from the Clondalkin
Fm. in their type areas.

The latter unit also included

Pseudoendothyra. These are referred to DFA-4c. Well developed early
forms of Pseudoendothyra are also known to occur along with
Nodasperodiscus in the higher parts of the Dublin Fm. in boreholes from
Belgard Quarry. The base of DFA-4c in S. Dublin occurs, therefore,
within the upper parts of the Dublin Fm.
DFA-4d has been recognised in the Naul Fm. above the Castle Mbr. and in
the "Asbian Shelf Limestone" unit at Milverton Quarry and Ardgillan.
On stratigraphical grounds it is possible that the Belgard Fm. may
partly lie within DFA-4d. Further sampling of that unit is necessary
to establish its biostratigraphical position.

DFA-5
DFA-5 is distinguished easily from DFA-4 by the relative abundance of
stellate archaediscids. In DFA-4 the occluded archaediscids present
are usually lenticular to swollen in form, for example
Nodasperodiscus saleei, N. permodiscoides?. In DFA-5 the occluded
archaediscids are more stellate and discoidal forms are relatively more
frequent, for example N. pirleti. DFA-5 also includes more numerous
small globular stellate archaediscids of the genera Asteroarchaediscus,
Neoarchaediscus and Nodasperodiscus; Ast. baschkiricus, Neo.?subbaschkiricus, Ast. rugosus, for instance. The angulatus stage is
better developed in Archaediscus in DFA-5. Archaediscus at the tenuis
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stage may often be recorded and Howchinia bradyana, Eostaffella
mosquensis, E. parastruvei and Pseudo-endothyra are frequent elements
in DFA-5.

DFA-5 is divisible into three subassemblages. DFA-5a contains abundant
stellate archaediscids and Howchinia bradyana, distinguishing it from
DFA-4c. It retains, however, many elements typical of DFA-4 including
Nodasperodiscus occlusus, N. permodiscoides?, N. saleei, Valvulinella
and Koninckopora.
DFA-5b lacks the above mentioned lenticular shaped species of
Nodasperodiscus. Koninckopora is absent in DFA-5b and 5c.
Palaeotextularia, Globoendothyra and Nodosarchaediscus are last
recorded in DFA-5b, thereby distinguishing it from DFA-5c.
DFA-Sc is characterised by relatively low diversity assemblages
dominated by advanced stellate archaediscids such as
Asteroarchaediscus baschkiricus and Ast. rugosus. Archaediscus is
noticeably less frequent than in preceeding DFAs.
At its type locality, the lower part of the Loughshinny Fm. comprising
divisions I (Drumanagh Mbr.) and 2, is assigned to DFA-Sa. DFA-5b is
transitional in character between DFA-5a and 5c. Division 3
(Ballustree Mbr.) is referred to DFA-5b. The remaining, upper, part of
the Loughshinny Fm. (division 4) is assigned to DFA-5c. One productive
sample recovered from the lower part of the Walshestown Fm., at
Courtlough, yielded a foraminiferal fauna very similar to those
recovered from the upper Loughshinny Fm. DFA-5c is, therefore,
extended into the Namurian. No further foraminifera were found above
this level.
The relationships between DFAs and the Carboniferous lithostratigraphy
of the area are summarised in figures 7.6 and 7.7.
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7.3.2

Local Correlations

The results of the biostratigraphical study undertaken on isolated
exposures and boreholes in the Dublin area are summarised in figures
7.8 to 7.15.
By combining the litho- and bio-stratigraphical data it was possible to
graphically plot the relative stratigraphical positions of the numerous
isolated areas and localities studied (figures 7.16 to 7.18). These
data form a basis of the stratigraphy of the Dublin Carboniferous
(figure 7.19) and in some cases have provided important contributions
to the tectonic structure of the area in poorly exposed ground. For
example, no rock is exposed in central Dublin. Fortunately a large
number of boreholes have penetrated the Dublin Fm. in this area (fig.
7.10), and a biostratigraphical analysis using foraminifera (fig.
7.11) revealed areas of relatively older and younger strata (fig.
7.20). These are interpreted in fig. 5.6.

7.3.3

Chronostratigraphy

George et al (1976) subdivided the Dinantian of the British Isles into
six regional stages. The recognition in the Dublin area of these and
the Tournaisian-Vis4an boundary is discussed below.

The lowest productive samples recovered by Marchant (1978) were from
Mbr. 3 of the Malahide Fm. The conodont and foraminiferal assemblages
recovered led him to assign the earliest Carboniferous marine strata to
the Courceyan stage. By comparison with other faunas in the British
Isles and Belgium, these strata were referred to the late Courceyan,
approximately equivalent to the late Tournaisian (Tn3) of Belgium.

Preliminary palynological work in the area by G. Clayton (pers.comm.)
on samples collected from lower stratigraphic levels (top of the
Donabate Fm. and Mbr. I of the Malahide Fm.) indicate that the onset of
marine deposition in the area was slightly earlier. The palynological
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Figure 7.9
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Figure 7.12
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Figure 7.17
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assemblages recovered from these strata were referred to miospore
subzone HD which may be equivalent to the mid Tournaisian (Tn2) of
Belgium (G. Clayton, pers.comm.).

There is no evidence to suggest that early Courceyan strata exist in
the Dublin area.
CHADIAN

Some uncertainty exists in the recognition of the base of the Chadian
away from the stratotype section. The base of the Chadian was "taken
at the first change in lithology occurring below the entry of the
eostaffellid foraminiferal genus Eoparastaffella" (George eta l, 1976).
Eoparastaffella was initially recorded 4m above the defined base of the
Chadian. This specimen has been lost, however.

Eoparastaffella is first recorded in Dublin in the upper 73m of the
Tober Colleen Fm. and higher parts of Mbr. 2 of the Lane Fm.
Levitusia humerosa, a productid brachiopod regarded as typical of the
Chadian (George et al, 1976) was recorded (Smyth, 1949, emended Hudson
et a l, 1966) some metres below the first record of Eoparastaffella in
the exposed part of Mbr. 2 of the Lane Fm.
These pieces of evidence suggest that the base of the Chadian may occur
either within or at the base of the Tober Colleen Fm. and Mbr. 2 of the
Lane Fm. Recent unpublished work on macrofossils suggests that the
base of the Chadian may be even lower, within the Waulsortian
(N.J.Riley and G.D. Sevastopulo, pets.comm.).

TOURNAISIAN/VIS~AN BOUIDARY
At the stratotype for the Tournaisian/Visean boundary in Belgium,
Dainella, Eoparastaffella and Mestognathus backmanni first occur only
a few metres above the base of the Visean (Conil and Groessens, in
Bless eta l, 197~, Excursion B). Using these forms, the base of the
Vis~an in Dublin would be drawn within the Tober Colleen Fm. or Mbr. 2
of the Lane Fm. This would not be readily compatible, however, with
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palynological results from the Lane borehole.

Lycospora pusilla, the index fossil for the Pu miospore subzone, is
present within the McGuinness Fm. in the Lane borehole (fig. 7.1). The
CM-Puboundary is usually taken at approximately the Vis6an/Tournaisian
boundary, though uncertainty exists regarding their relative positions
(G.Clayton, pets.comm.). In the Lane borehole L. pusilla occurs 140,
150 and 170m respectively below the first appearance of typical Chadian
and lower Vis6an elements L. humerosa, Eoparastaffella and
Koninckopora.
On stratigraphical grounds, it seems more reasonable to correlate the
McGulnness Fm. with the upper Malahide Fm. as both are sandy and the
Waulsortian does not contain terrigenous sand. The Malahide Fm. was
assigned to the upper Courceyan/late Tournaisian (Tn3) by Marchant
(1978) on its conodont and foramlnlferal content. The Pu-CM boundary
possibly may lie, therefore, in the upper parts of the late
Tournaisian in the Dublin area, far below the first occurrence of
Eoparastaffela, L. humerosa and Mestognathus beckmanni.
The reason for these anomalies is not clear. It may be that
Eoparastaffella and other diagnostic forms appear anomalously late in
the Dublin area. A facies control cannot be easily invoked as both
carbonate shelf and muddy basinal facies are known in the area from
this period. The earliest recorded specimens of Eoparastaffella in
Marchant (1978) are of primitive form, by comparison with Vdovenko
(1964), which does not support the late appearance hypothesis either.
One obvious difference between Dublin and the Belgian stratotypes is
that the early Dinantian sequence in Dublin is far thicker. This
inclines one to ask whether the Belgian sections are condensed by
comparison and whether they include large periods of net nondeposition. These questions are unresolved at present.

ARUNDIAN
The base of the Arundian was placed by George et al (1976) at "the
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first lithological change occurring below the entry of typical members
of the foraminiferal family Archaediscidae". This criterion was used
by Marchant (1978) in his studies on the Dublin area in placing the
local base of the Arundian stage at the bottom of the Holmpatrick Fm.
In the Fingal Group, the same criterion places the base of this stage
within the Rush Fm. at the base of the Carlyan Mbr. in N. Dublin and
within the Dublin Fm. in S. Dublin. The exact position of the ChadianArundian boundary has not been identified in the Fingal Group because
of a gap in exposure at Rush (between the Carlyan rocks and the main
outcrop of Rush Fm.). and because the survey of S. Dublin was conducted
only at a reconnaissance level.

In the Dublin area, very primitive archaediscids are recognisable at
the base of the Arundian, suggesting that a full sequence spanning the
early Arundian is present.

HOLKERIAN

The Holkerian was erected by George et al (1976) as a stage essentially
encompassing strata formerly assigned to the S2 (Seminula) zone of
Vaughan. It is a particularly awkward stage to recognise and to
separate from the lower Asbian using foraminifera and conodonts.
Because of this, its recognition in the fine grained basins of central
Ireland and England is difficult.

In shelf limestone sequences in Britain, the Holkerian may be
recognised on the presence of the large brachiopods Davidsonina
carbonaria, C omposita ficoides and Linoprotonia corrugatohemispherica
(George e__tt a_~l, 1976, Field Guide to the Boundary Stratotypes of the
Carboniferous Stages in Britain, 1981). These are absent from the fine
grained Fingal Group in Dublin.

A change in the foraminiferal fauna occurs from the Arundian to
Holkerian stages. New elements include Koskinotextular~,
Nibelia nibelis, Holkeria and Dainella holkeriana (Fewtrell e t al,
1981; Anon. 1981). Nibelia nibelis occurs sporadically in large
numbers in shelf limestone facies in assemblages of low diversity.
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There is some cause, therefore, to believe that this species is facies
controlled. The other three are comparatively rare. Archaediscus at
the concavus and low angulatus stage is typical of the Holkerian
(George et al, 1976; Anon. 1981). All of the above mentioned
foraminifera also occur in the early part of the Asbian which limits
their usefulness in distinguishing between the lower Asbian and
Holkerian (Anon. 1981).
An alternative approach in using foraminifera to recognise the
Holkerian is to document the disappearance in a sequence of typical
Arundian assemblages including Uralodiscus. These have not been
recorded in Holkerian strata (Conii e__tt a_~l, 1979; Fewtrell e__tt a l, 1981;
Anon. 1981). In the Dublin area, because of intermittent exposure
and/or structural complexity, this transition from Arundian assemblages
yielding Uralodiscus to those without has only be found once, at
Leixlip. Here the section west of the bridge across the Liffey is
assigned to the Holkerian. No change in lithofacies was noticed between
parts of the sequence yielding Uralodiscus and those where it is
absent. The Holkerian in the Dublin area is encompassed within the
Dublin Fm.
No shelf facies strata assignable to the Holkerian stage have been
recognised in the Milverton Group. All the outcrops of Milverton Group
which have yielded fossils have all been positively assigned to higher
or lower stages. It appears, therefore, that the Holkerian is absent
in the Milverton Group. This is compatible with mapping south of
Skerries (NE Dublin) where late Asbian Shelf (A.S.L.) and/or reef
(U.M.M.L.) appear from their field relations to lie above various older
units of the Milverton Group (encl.3).

ASBIAN

As discussed above, lower Asbian foraminiferal assemblages are very
similar to earlier, Holkerian ones. Between 6 and 13.5m above the base
of the stage at the stratotype, Anon. (1981) recorded the appearance of
new foraminiferal elements. These included Nodasperodiscus?,
Palaeotextulariidae with a fibrous layer to their walls, Millerella and
249

Vissariotaxis.
Early forms of Nodasperodiscus and forms showing transitional features
between this genus and Nodosarchaediscus were recovered from the
Brook’s End and Roaring Well Mbrs. of the Dublin Fm. on the N. Dublin
coastal section. Coarse walled Eostaffella and Nibelia? were recorded
from the Brook’s End Mbr. These forms were regarded as Holkerian by
Conil et al (1979). The early Asbian does however include "typical
Holkerian" foraminiferal elements (Strank, 1981). Their presence with
primitive forms of Nodasperodiscus indicates that the Brook’s End and
Giant’s Hill Mbrs. should be assigned to the early Asbian.

This designation is reinforced by the first appearance in the Giant’s
Hill Mbr. of ceriod Lithostrotion corals which are known from the
Asbian but not from the Holkerian of Ireland (J. Nudds, pers.comm.).
Bollandites varians Riley nom.nud. (identified by N. Riley) was found
in the Bathing Place Mbr., which underlies the Brook’s End Mbr. This
goniatite has been recorded from the Holkerian to possibly early Asbian
of the Craven Basin (Riley, pers.comm.).
It has not been possible to locate accurately the base of the Asbian in
the Dublin area. From the available evidence it would appear to lie at
the base of the Brook’s End Mbr. or within the Bathing Place Mbr. of
the Dublin Fm.

Early forms of Nodasperodiscus occur in the Castle Mbr. of the Naul Fm.
at Naul about 50m below the first record in Mbr. 2 of
Palaeotextulariidae with a fibrous layer to their wall and
Howchinia ? cum_mingsi. Associated with the early forms of
Nodasperodiscus in the Castle Mbr. are Draffania biloba and
Koninckopora mortlemansi. The latter two are characteristic elements
from Asbian limestones in Britain (Conil et al, 1979). The Clondalkin
Fm. includes a similar assemblage with the notable addition of
Pseudoendothyra. The Naul Fm. and Clondalkin Fm. are assigned to the
Asbian. From their micropalaeontology and stratigraphical relationship
with the Dublin Fm. they are assigned to a later position in the Asbian
than the Brook’s End and Roaring Well Mbrs. discussed above.
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Specimens of Nodasperodiscus are more advanced in form in the A.S.L.
unit of the Milverton Group than in the units discussed above. On this
evidence the A.S.L. unit is regarded as being of late Asbian age.

The foraminiferal assemblages recovered from the type locality of the
Loughshinny Fm. include abundant stellate archaediscids and common
Howchinia brad2ana. These assemblages are very similar to those
reported by Hallett (1966, 1970), Conil etal, (1979), Fewtrell et al
(1981) and Strank (1981) from strata assigned to the Brigantian stage
of George et al (1976). In Britain, early Brigantian assemblages
include many "typical Asblan" elements (Strank, 1981). This was noted
also in the Loughshinny section. Of particular note is the highest
record of Koninckopora in the lower Loughshinny Fm. (division 2).
Previously Koninckopora has only been reported from strata this young by
Somerville and Strank (1984). As in Britain, Asteroarchaediscus
baschkiricus becomes frequent in the upper Brlgantlan.
The Brigantian age indicated by the foraminifera agrees with the
macrofossil evidence. The characteristic Brigantian coral
Lonsdalia floriformis (identified by J. Nudds) was collected from the
Ballustree Mbr. and PI and P2a goniatites have been identified (W.H.
Ramsbottom and N.J. Riley, pets. comm.)from the Drumanagh Mbr. (below
the upper Breccia Bed) and upper Loughshinny Fm. (on the north side of
Loughshinny Bay) respectively.

The first major change in lithofacies in the Loughshinny section below
strata with Brigantian faunas is at the base of the Drumanagh Mbr.,
i.e. at the base of the Loughshinny Fm. This would form a convenient
level at which to draw the local base of the Brigantian. Smyth (19&9),
however, identified a P1a fauna from the "reef" (U.M.M.L.) at Salmon
Hill. Pieces of U.M.M.L. are reworked into the lower Mbr. of the
Loughshinny Fm. The possibility exists, therefore, that the base of
the Brigantian may lie within the upper parts of Mbr. 2 of the Naul Fm.
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The highest Carboniferous rocks in N. Dublin have been assigned to the
Pendleian and Arnsbergian stages (lower Namurian) on the basis of their
goniatite faunas (Smyth, 1949; Scanlon, 1953; Harrison, 1968).
Harrison (op.cit.) showed that the base of the Pendleian stage lies
within strata attributed to the upper Loughshinny Fm. (division 4) in
this thesis and the base of the Arnsbergian lies within the lower parts
of the Walshestown Fm. The Balrickard Fm. is consequently assigned to
a position within the Pendleian stage.
Monotaxinoides cf. subconica was identified from the upper Loughshinny
Fm. at Jordanstown. M. subconica is a characteristic Serpukhovian
(equivalent to the lower Namurian of Britain) foraminifera in the
U.S.S.R. (Aisenverg et a l, 1979). This seems to confirm Harrison’s
interpretation. Apart from this single occurrence, the foraminiferal
assemblages recovered from the lower Namurian and Late Brigantian were
very similar. The characteristic Namurian form Eosigmoilina was not
recorded. Fewtrell et al (1981) noted that this genus does not appear
until the Arnsbergian or later in Britain which may explain its absence
in Dublin.

7.4

Conclusion

The micropalaeontological studies undertaken by Marchant (1978) and
myself have in part confirmed previous biostratigraphical
interpretations based on macrofossils. In particular, the first
detailed biostratigraphical work in the area by Vaughan (1906, 1908)
has been mostly vindicated. The only major emendments to this work are
in the Rush section and the section north of the Copper Mine Fault.
Much of Turner’s (1950) and Smyth’s (1915, 1949) work has also been
vindicated. The only major difference here is that the strata which
comprise the Naul and Clondalkin Fms. of this thesis were designated by
them as $2DI. My analyses indicate that these strata are entirely
Asbian in age (i.e. DI).
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The most important advances upon previous blostratigraphical work have
been in the fine grained parts of the Fingal Group in which
macrofossils are rare. The biostratigraphical subdivision of the
Dublin Fm. is perhaps the most significant advance. Previously no
subdivision of the Dublin Fm. was possible on either
lithostratigraphical or biostratigraphical grounds. The application of
foraminiferal biostratigraphy in this thesis allowed a subdivision of
this thick, relatively homogeneous unit. This in turn permitted the
recognition of major tectonic structures in the area which hitherto
were unknown.
A series of informal local biostratigraphically useful foraminiferal
assemblages (DFAs) were constructed following difficulties in
correlating sections and localities within the area by reference to
reported assemblages collected hundreds of miles away in Britain or
Belgium. Application of the DFA scheme allowed the relative
stratigraphical positions of isolated sections and localities to be
plotted against each other (figs 7.16 to 7.18).

The available biostratigraphical data allowed the recognition of the
regional Dinantian stages of George et al (1976) in the Dublin area.
Some uncertainties still persist, however, with regard to the
identification of chronostratigraphical boundaries.

The local stratigraphical ranges of various foraminiferal genera
identified in the Dublin region are shown against the DFA scheme and
regional stages in Figs 7.21 to 7.23.
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Figure 7.21
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Figure 7.22
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Figure 7.23
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CHAPTER 8
DISCUSSION AND CONCLUSIONS

8.1

Stratigraphical Conclusions

In this section the Carboniferous stratigraphy of the Dublin area is
briefly compared and contrasted with that from adjacent areas.
Parallels are also drawn with the contemporaneous Shannon and Craven
Basins.

8.1.1

Group A and Waulsortian

Group A has many stratigraphical similarities with contemporaneous
Tournaisian strata in east central Ireland. Red beds (generally
referred to as "O.R.S.") equivalent to the Donabate Fm. are known to
form the lowest part of the Carboniferous in the region (Philcox, 1984;
Strogen and Somerville, 1984; Sevastopulo, 1981). Overlying this there
is generally a transitional facies followed by peritidal micritic
facies (Philcox, 1984; Strogen and Somerville, 1984) equivalent to
Members I and 2 of the Malahide Fm. These are followed by well bedded
bioclastic, and occasionally oolitic, limestones with variable
proportions of shale, equivalent to Member 3 of the Malahide Fm. The
equivalent sequence in N. Kildare is relatively less argillaceous than
that in the Dublin area, while that to the west, at Trim, is
comparatively more shaly. Northwest, at Navan, the sequence is very
similar and includes occasional sandy limestones, like Mbr.3, and
sandstones (fig. 8.1, encl. 10).

In N.E. Meath and N. Kildare (Philcox, 1984; Strogen and Somerville,
1984) and in Dublin, the strata described above are followed by more
argillaceous limestones. In north central Dublin around Swords, this
part of the sequence (Mbr.4 of the Malahide Fm.) becomes very shaly and
is probably most similar to equivalent strata at Trim to the west. The
equivalent strata in N. Kildare are less shaly (Philcox, 1984; Strogen
and Somerville, 1984). Those to the northwest at Navan are occasionally
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sandy (Philcox, 1984).
The lower Malahide Fm. (including Mbrs.1 to 3) shows transitional
features between the sequences at Navan and N. Kildare. Overall,
however, it is easier to correlate with the Navan sequence (fig. 8.2).
This part of the Dublin sequence is, therefore, considered to show
slightly closer similarities with the Courceyan North Midlands Province
than the Kildare Province (of Philcox, 1984; and Strogen and
Somerville, 1984). In north central Dublin Mbr.4 of the Malahide Fm.
is very argillaceous and shaly and shows very close affinities with
Trim.
From these relationships it may be concluded that in the Courceyan the
Dublin area lay in a transitional region between the North Midlands and
Kildare Shelf Provinces. In the late Tournaisian the shalynese of the
sequence appears to record the expansion of a shale depocentre
eastwards from Trim into north central Dublin (fig. 8.2). It is likely
that this shaly lithofacies represents deeper water deposition in a
small proto-Dublin Basin.
The Waulsortian mud-mound limestones are similar to those reported from
other parts of central Ireland. Unlike most of central Ireland, these
mounds often are not coalesced into laterally continuous sheets in the
Dublin area.

8.1.2

Milverton Group

The lowest part of the McGuinness Fm. consists of shale and siltstone
with sandstone bands and linsen of similar aspect to, but
biostratigraphically younger (section 7.2) than, Mbr. 1 of the Malahide
Fm. No basal conglomerate to the Carboniferous is developed in the
Lane borehole. Elsewhere, however, due to syn-sedimentary tectonics
(section 5.6) the Smuggler’s Cave Conglomerate Fro. may overstep to rest
directly upon lower Palaeozoic strata. Consequently, the Milverton
Group may have a basal conglomerate in some places and not others. A
parallel to this may be found around the margins of the Longford-Down
Massif (Sheridan, 1972).

259

Figure 8.2

I I I

I

LOCH SHEELIN

DROGHEDA

o

KEEL

BALLINALACK

2NDMILL
~) HILL

WHEATFIELD

BOSTON
HILL
ROSENALi

Borehole

0
I
0

,

i

’

Waulsortian mud-mound limestone absent
Waulsortian mud-mound limestone present

20 miles
,I
4Okm
NORTH
MIDLANDS
PROVINCE

Courceyan Shale Depocentre
KILDARE PROVINCE

TRANSITIONAL

LIMERICK PROVINCE

~.~o

NORTHERN LIMIT OF
WAULSORTIAN MUDMOUND LIMESTONE.

Note: Positions of lithoprovince boundaries are very imprecise

SUB-WAULSORTIAN COURCEYAN LITHOPROVINCES

after Philcox (1984)

SCN 1985

260

The Milverton Group of N. Dublin exhibits many similarities with the
Dinantian sequence in the Drogheda Syncline (currently being studied by
John Rees, Ph.D. thesis in prep., T.C.D.). Fig. 8.3 offers a tentative
correlation of these sequences. In both areas the Waulsortian is
absent and the early Dinantian is dominated by sparsely foraminlferal,
bloclastlc limestone with variable proportions of shale. On
palaeontological and stratigraphical grounds, the Lane, Droghedaand
Mell Formations are in part correlated. These are thought to be in
part laterally equivalent to the Waulsortlan (see chapters 2 and 7).
No lateral equivalents to the McGuinness Fm. can be identified in the
Drogheda Syncline, but the base of the Dinantlan is unknown from the
eastern part (J. Rees, pers. comm.) where any possible correlative of
this unit would be expected to occur.
The Arundlan to late Asbian shelf sequences of N. Dublin and the
Drogheda Syncline are dominated by crystalline, pale grey, bloclastic
and sometimes oolitic and/or peloidal limestone with no or few shaly
partings. In both areas mud-mound "reef" limestones are developed in
the late Asblan (fig. 8.~. An unconformity may exist within the
Milverton Group below the Asblan in the Dublin area and also in the
Drogheda Syncline (J. Rees, pets. comm.).
Further north in the Kingscourt Outlier the Waulsortlan is again
absent. Marchant (1978) recorded a poor fauna including Eblanaia sp.
and Tetrataxls sp. from the Kilbride Fm., indicating that this unit is
in part a correlative of the Lane Fm. The underlying Rockfield Fm. is
sandy and is probably correlatable with the McGuinness Fm. and the
upper parts of the Malahide Fm. (Mbr. 4) and Navan Beds (Shaly Pales).

There are no nearby shallow shelf facies correlatives of the Milverton
Group to the west of the Dublin area as this area formed part of the
Dublin Basin. To the southeast in N. Kildare the Waulsortian is
overlain by the fine grained, oolitic and peloidal Allenwood Limestone
Fm. (M. Holdstock, pets. comm., 1983) which is of Chadian age (Chapter
7). It is, therefore, in part a correlative of the Lane Fm. The
Allenwood Fm. in N.E. County Kildare is overlapped by the Fingal Group.

261

Figure 8~3

z

Z
<

<
n,

Ov
O

I ~. I
I :~I

I

t
c

I

.
u
KNOCKBRACK
GROUP

J
J
’

FINGAL
GROUP

M

I L V E R T 0 N

O

l_zot

I
I
I

I
I
I

/

G R 0 U P

,-4

F-

5

Ii

L

L

>

Z

o

U--

Iz

Ioi

KNOCKBR.~CK
GROUP

F

I N G A L

I o

Z

,8__/,

I

oZ

I

~n

I

o
~ROUP
A

G R 0 U P

Z
IZ
:=
:~ (n
"

<
Z

O ~"
~J ~

,,"
0
(a

Z

<
0
Z
<

Z

Z
2:
e~
<

rn
e~

O

262

R. Crowe (pers. comm., 1985) considers that this may be an
unconformable contact, possibly related to the late Chadian tectonic
episode recognisable in N.E. Dublin (Chapter 5).

8.1.3

Fingal Group

Dinantian basinal strata referable to the Fingal Group are known north,
west and southwest of the Dublin area.
It has not been possible to recognise the Tober Colleen Fm. outside the
Dublin area from the sparse and inadequate documentation available.
The Rush Fm. appears to be confined to the N. Dublin area. It is
absent from S. Dublin and probably does not continue very far west into
Meath. The Dublin Fm. by comparison is widespread. It is recognised
around Navan (J. Rees, pers. comm., 1985), in N. Kildare and E. Meath
and probably extends even further west. The Arrigal Fm., of the
Kingscourt Outlier, is probably all, or in part, a correlative of the
Dublin Fm.
The Naul and Clondalkin Fms. are laterally restricted in extent. The
former has not been recognised anywhere except from the northern margin
of the Dublin Basin in this study area. The Clondalkin Fm. has been
tentatively recognised by M. Holdstock (pers. comm., 1983) from N.E.
Kildare where it is finer grained than in S. Dublin and loses much of
its coarser grained character. It is to be expected that these coarse
marginal facies fine into the centre of the Basin and pass laterally
into the Dublin Fm. J. Rees (pers. comm., 1985) has recognised a
slightly coarser facies of the Dublin Fm. in the Navan area which he
tentatively correlates with the Naul Fm. on palaeontological and
stratigraphical grounds. This is also thought to be a local marginal
facies to the Dublin Basin.
The Loughshinny Fm. may be recognised northwest, west and north of the
Dublin area around Summerhill, Navan and in the Drogheda Syncline. In
J
¯
the latter, it appears to unconformably overlap onto V1sean
shelf/reef

limestones (Whitehead, 1964; J.Rees, pers. comm., 1985) of the
Milverton Group as in N. Dublin. A number of breccia horizons,
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including fragments of Vis~an shelf limestone like those in N. Dublin,
occur in the Loughshinny Fm. between Navan and Drogheda. The Agher Fm.
of the Trim/Summerhill area (Sheridan, 1972) is regarded in part as a
correlative of the Loughshinny Fm.
G. LI. Jones (pers. comm., 1981) regards Arundian thin to medium
interbedded, dark grey clastic limestones and shales of the Cloneen Fm.
in E. Tipperary to be lateral equivalents of the Dublin Fm. These
strata may mark the widest extent of the Dublin Basin or they may
represent the localised development of further small basins in the
central Irish shelf llke that recognised by R.A. Carruthers (1985
unpubl. Ph.D. thesis, T.C.D.) in W. Tipperary (fig.8.4).
The Dublin Basin is one of a number of Vis~an basins which lie across
central Ireland and England. Fig. 8.5 tentatively illustrates how the
stratigraphies of two of these, the Shannon and Craven basins, are
thought to relate to the Dublin Basin. In detail, for any single
interval there is considerable variation in facies both within
individual basins and between basins. On a gross scale, however, there
are some interesting similarities.
Although the Shannon Basin was spatially separate from the Dublin Basin
during the Vis~an, a number of striking stratigraphical similarities
are apparent between them. The Rathkeale Beds consist of thin bedded,
dark grey argillaceous limestone and shale (Shephard-Thorn, 1963)
similar to the Dublin Fm. Like the Dublin sequence, coarser grained
facies (Durnish and Shanagolden limestones) are developed in the
Shannon Basin during the Asbian. In the Brigantian of the Shannon
Basin, a return to fine grained dark grey/black, earthy limestone and
shale (Corgig Lodge Beds), similar to the Loughshinny Fm. again finds a
parallel in the Dublin area, even to the extent of including limestone
breccia beds.
The Craven Basin, though further from the Dublin Basin than the Shannon
Basin, also shows significant similarities. Perhaps the most striking
is the presence of well developed boulder beds in the late
Chadian/early Arundian and early Brigantian which have been attributed
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to tectonic influences (Hudson and Turner, 1933; Turner, 1938;
Dunnington, 1944; N.J. Riley, pers. comm., 1982).

Gross similarities in succession also occur. For example, similar black
shale/earthy limestone facies (Bowland and Loughshinny Fms.) are
developed in the Brigantian with sandstones in the middle (around the
PS/P2 boundary) of this stage in both Basins (Earp et al, 1961;
Ramsbottom, 1967; encl. 12).

Coarser bioclastic limestone facies (Pendleside Limestone, Naul and
Clondalkin Fms.) are present around the flanks of both basins in the
Asbian (Ramsbottom, 1974; encls. S&, 17). It appears that the Holkerlan
in both basins is dominated by shale with few bioclastic limestones.
Interbedded shale/graded limestone sequences dominate the Arundian in
both basins.
In general gross lithological and stratigraphical similarities between
the Dublin and Craven Basins are most evident in the upper Vis~an and
become less directly comparable further back in the Dinantian until in
the Courceyan there are few gross lithostratigraphical similarities.

8.1.4

Knockbrack Group

In N. Dublin the Knockbrack Group is divided into a lower sandstone
bearing unit, the Balrickard Fm., and an upper shale dominated unit,
the Walshestown Fm. This bipartite stratigraphy is recognisable in the
Donore (Drogheda Syncline) and Tara Outliers north and northwest of the
Dublin area (Harrison, 1968; Whitehead, 1964). In these areas the
major sand incursion is slightly diachronous but is entirely Pendleian
(EI) in age. (Harrison, 1968).
Further north in the Kingscourt Outlier there are two major sandstone
units, the Ardagh and Carrickleck sandstones, of Pendleian and
Arnsbergian age respectively (Jackson, 1965; Sevastopulo, 1981). In N.
Dublin a laterally persistent unit of shales with fine sand linsen and
wavy interlaminated sand and shale was recognised during this survey in
the upper (probably E2b) Walshestown Fm. in the Naul Outlier. These
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are thought to represent the "feather edge" of the Arnsbergian deltaic
sandstone incursion.

Neither sand incursion reached the Summerhill Outlier where shales were
deposited throughout the lower Namurian (Neville, 1957) (fig. 8.6).
8.2

Basin Analysis

A large amount of basic information still needs to be gathered on the
Dublin Basin, particularly on the areas west of Dublin, before a
detailed analysis can be undertaken of the whole basin. This section
is concerned primarily with the Dublin area for which most information
is available.
8.2.1

Syn-Sedimentary Tectonics

In Chapter 5 it was argued that the Dublin Basin developed in an
extensional regime with two major episodes of tectonic activity: late
Chadian/early Arundian and early Brlgantian. Comparisons with coeval
basins in central Ireland and England indicate that these were
widespread tectonic events (section 8.1.3). Consequently, one would
expect to find evidence of these events in those parts of the Dublin
Basin not covered in this thesis.
There is good evidence in the Dublin area that syn-sedimentary normal
faulting was associated with Dinantian tectonic episodes (sections
3.2.3, 3.3 and 5.6). This does not, however, preclude the possibility
of different structural responses to the stress regime responsible. It
may be likely that some form of gentle warping occurred. The
recognition of such features would be very difficult given the poor
amount of exposure. Fig. 8.7 graphically illustrates one possible
warping event in the Chadian which may be invoked to explain why the
Rush Fm., despite being deposited by high energy debris flows and
turbidity currents, has such a limited areal distribution. This
restriction is explained by invoking a depocentre in N. Dublin, the
"North Dublin Trough", developed by normal, possibly listrlc, faulting
along the southern margin of the Balbriggan Block (see sections 3.2.3,
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Figure 8.6
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Figure 8.7
A Model for the Development of the North Dublin Trough

The Rush Fm. was deposited by high energy debris flows and turbidity
currents which would have been capable of dispersing terrigenous
sediment over a wide area in the Dublin Basin. Deposition was,
however, confined to only one portion, the northern part, of the
basin. This anomaly is explained by invoking a northern sub-basin
termed the "North Dublin Trough" (NDT).
How was this feature produced? There is evidence of normal fault
movement of substantial amounts (20Om or more) along the southern
margin of the Balbriggan Block (see sections 3.2.3, 3.3 and 5.6) at
the time of deposition of the Rush Fm. The northern flank of the
NDT was therefore probably fault controlled. No evidence could be
found of syn-sedimentary faulting of the southern flank, however.
In this model the NDT is explained as a half graben sub-basin. The
model produces warping of the hanging wall creating fissuring and
erosion of massive Waulsortian limestone knolls on the outer arc.
Such features are known from the upper parts of Waulsortian knolls
such as Finglas and Oldtown (see sections 2.2.3, 3.2.2, 3.3)
adjacent to the NDT. The gradual warping of the hanging wall
sequence may explain why many horizons of Waulsortian limestone
boulders occur not at the base of the succeeding Tober Colleen Fm.
but within or near the top of it.
The model envisages a situation in which tectonic stress is
gradually built-up during the late Courceyan to early Chadian. A
little of this stress is released during the early Chadian in a
gradual manner. Most is released, however, by large movements in
the late Chadian. A similar pattern may be applicable to the upper
Visean movements which reached their acme in the early Brigantian.
The model is reinforced by the observation that the major episodes
of tectonic stress release are correlatable between basins but the
minor episodes, prevalent during the period of stress build-up, are
not correlatable even within individual basins.
Here the style of growth faulting postulated as occurring during the
Chadian is shown as extending back into the Courceyan. Another
explanation would be to invoke a longer period of gradual
heterogeneous subsidence in the Dublin area continuing throughout
the Courceyan.
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3.3, 5.6). As a consequence of this faulting a relative upwarp is
envisaged as developing in central Dublin confining deposition of the
Rush Fm. to a narrow trough. This theory also provides one explanation
of why blocks of Waulsortian limestone occur more frequently within or
towards the top, rather than at the base, of the Tober Colleen Fm.,
which stratigraphically succeeds the Waulsortian (fig. 8.7).
Another period of warping may have accompanied the upper Visean
tectonic episode as no direct evidence for syn-sedimentary faulting
could be found associated with early Brigantian basinal overlap onto
the southern margin of the North Dublin Shelf (encl. 1, 2, sections
2.4.5, 3.3.5). One cannot, however, exclude the possibility of faulting
further north in the Balbriggan Block.
The models of syn-sedimentary tectonism developed above and in
preceeding chapters suggest a cyclicity in which tectonic stress was
gradually built up and then released. In cycle one, stress built up
during the early Chadian, and possibly late Courceyan, was released
primarily during the late Chadian and early Arundian. In cycle two,
stress was built up during the Asbian and released in the mid Asbian
and early Brigantlan. In both cycles the major episodes of stress
release are correlatable between basins. During the periods of stress
build-up some local releases of stress occurred but these are not
correlatable between basins and appear, in many cases, not to be
correlatable even within individual basins. Of the two major synsedimentary tectonic episodes recognised, the late Chadian/early
Arundian event was the most marked. In this respect, close parallels
may be drawn with contemporaneous events in the Craven area (Arthurton,
1983, 1984 and N.J. Riley, pers. comm.) and South Wales (George, 1974).

8.2.2

Eustacy

In a series of papers W.H.C. Ramsbottom (1973, 1974, 1977, 1978, 1979,
1980, 1981) synthesised his personal knowledge of Dinantian and
Namurian stratigraphy in the British Islaes into a model relating
sedimentation to eustatic rises in sea level. The model provoked much
discussion and criticism, particularly regarding the Dinantian where

275

inadequacies in palaeontological control and biostratigraphical
revisions have hampered the assessment of the theory by both "pro-" and
"anti-eustatic" proponents.

To assess adequately the validity of the theory it would be necessary
to consider Dinantian and Namurian successions across the whole of the
British Isles. This is obviously beyond the scope of this thesis. It
is pertinent, however, to consider whether eustatic cycles may be
recognised in an area like the Dublin Basin where good evidence is
present for syn-depositional tectonic influences (sections 5.6 and
8.2.1). To this end, the results of the stratigraphical,
sedimentological and palaeontological studies were combined on fig.8.8
and compared to Ramsbottom’s (1973, 1977) cycles.

Relatively little apparent correlation was found between these cycles
and the Carboniferous succession in the Dublin area. Here the
available evidence supports the idea of tectonic control on apparent
"transgressions" in the early Arundian and early Brigantian. There
appears to be no need to invoke eustatic factors for these
transgressions. Similarly, apparent "regressions" in the area during
the upper Chadian and early Brigantlan may also be attributed to
tectonic rather than eustatic influences.
One possible eustatlcally controlled feature may, however, be
recognised in the Dublin Basin in the early Asbian.
On the N. Dublin coast a thin (15m) thick unit of atypical nodular
calcisiltite/mlcrltic limestone, part of the Brook’s End Mbr., occurs
within the Dublin Fm. (encl. 12, sections 2.4.3, 3.3.2). This unit is
very unusual in that it includes very little shale or graded event beds
and is intensely bioturbated (in the rest of the basinal section the
opposites are generally the case). In section 4.3 it was noted that
the proportion of derived calcareous algae increases up-section below
this unit and decreases up-section above it. This was tentatively
ascribed to a shallowing of the area of carbonate production (i.e. the
adjacent shelf). A regression on the shelf could have caused a
reduction in the volume of carbonate production resulting in less
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material being swept off into the basin and more time for bioturbation
to occur.
A somewhat similar, atypical horizon, the Great Falls Fm.
(Bollandoceras hodderense Beds), occurs in the Craven Basin. From
information supplied by N.J. Riley (pers. comm., 1983) and Ramsbottom
(1974) it appears that these units may be correlatives of each other.
As no tectonic influences may be discerned at this level, there is a
possibility that they represent an early Asbian eustatic (regressive?)
event.
This is apparently consistent with Ramsbottom’s (1973, 1981) contention
that the early Asbian was a "regressive" period across the British
Isles (fig. 8.9).

At present, insufficient attention has been paid to recognising
potential eustatic influences in the Carboniferous basins of the
British Isles and further investigation of the above possibility is
required.

8.2.3

Basin Development and Evolution

A number of attempts have been made to delineate the areal extent of
the Dublin Basin by drawing a line between "basinal" and "shelf" facies
(see MacDermot and Sevastopulo, 1972; Sevastopulo, 1981; and fig. 8.4
of this thesis). These are rather imprecise in places with a scarcity
in data points and in regions where rocks of "basinal" facies (Fingal
Group) gradually pass laterally into "shelf" facies (Milverton Group
and equivalents). Despite these shortcomings, they illustrate that the
areal extent of the Dublin Basin varied between the Chadian and
Brigantian (fig. 8.$. In the Dublin area there were two major
episodes of basin expansion during this period. One appears to be
intimately associated with the late Chadian/early Arundian tectonic
episode and the other with the early Brigantian one. It would be
tempting, and possibly reasonable, to surmise that areal variations in
the western margin of the Dublin Basin and the extent of the Shannon
Basin were also tectonically related during this period, but there is
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Figure 8.9
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little evidence at present from these areas to support such a
hypothesis.

BASIN INITIATION - UPPER COURCEYAN
The above method for delineating the extent of the Dublin Basin has one
major inherent failing: it relies on a fairly well established
stratigraphical distinction between sequences of "basinal" and "shelf"
facies. Because of this, previous depictions of the Dublin Basin have
been drawn for early Vis~an/Chadian times, a period when the basin was
established well enough to be easily distinguished. When, though, did
the Dublin Basin begin to develop as a major depocentre and when did it
differentiate into the form of a topographical basin?
In a preliminary attempt to answer these questions an isopach map of
sub-Waulsortian, and laterally equivalent, strata was compiled for
central Ireland (fig. 8.10). This line of inquiry showed that a major
depocentre, the "North Midlands Depocentre", was already established by
upper Courceyan times in the region of E. central Ireland which was to
develop obvious "basinal" facies later in the Dinantian (compare fig.
8.10 with fig. 8.4). It is evident, therefore, that the Dublin Basin
existed as a major depocentre in upper Courceyan times.
Although very little basin analysis and sedimentological information is
available, it appears likely from areal variations in lithostratigraphy
that the N. Midlands Depocentre (N.M.D.) was also a topographical basin
during the late Courceyan. The centre of the N.M.D. lay in E. County
Meath around Trim where over 1800m (Sheridan, 1972) of shale dominated
sub-Waulsortian strata accumulated. Elsewhere the proportion of shale
in strata of equivalent age is much lower (see Philcox, 1984; Strogen
and Somerville, 1984, and encl. 10.)
An arm of the N.M.D. appears to have developed in the Dublin area. The
first certain signs of the development of a topographical basin in the
Dublin area are occasional slump folded and "slurry-like" debris flow
units in the upper Malahide Fm. (Block G, Malahide coastal section,
encl. 8; pl. I, fig. 2). In N. Dublin, in the Swords area, the upper

28O

Figure 8. I 0

Sketch Isopach Map of Sub-Waulsortian Courceyan Strata
and Lateral Equivalents (excluding basal Red Beds) in
Central Ireland

From this diagram it is evident that a major depocentre existed
during the Courceyan west of Dublin. This is termed the "North
Midlands Depocentre" (NMD). An arm of this feature extends east
into Dublin. This is seen as representing the initial stages of
development in the formation of the Dublin Basin (compare with
Figure 8.7).
The form of the NMD finds a close correlation with the Courceyan
Stratigraphical Provinces of Philcox (198A) and Strogen and
Summerville (198A) which is probably no mere coincidence. The
intermediate position of Dublin between the North Midlands and
Kildare Provinces explains why the central Dublin succession shows
similarities with and differences from both. The presence of
basinal facies showing affinities with Trim is thought to be related
to the development of Dublin as an arm of the NMD during the late
Courceyan ................................
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SKETCH ISOPACH MAP OF SUB-WAULSORTIAN (COURCEYAN) STRATA AND LATERAL EQUIVALENTS
IN CENTRAL IRELAND, EXCLUDING BASAL RED BEDS
Note:

It is possible that a thin veneer of Courceyan strata may have covered the
Balbriggan Block but was later eroded during the Chadian.
Borehole data points from Philcox, 1984; Strogen and Summerville, 1984; and
this thesis.
Borehole and/or outcrop estimates from Marchant, 1978, and this thesis.

/~OO/ Isopach line - the positioning of these is very approximate
/ Northern limit of Waulsortian. Along the northern limit the Waulsortian is
/" composed of scattered knolls of mud-mound limestone with intervening shales.
/"
The knolls are coalesced to form an almost continous blanket of limestone in
the area approximately S of a line drawn from SW Dublin through Navan and
Lough Ree to Gort.
(Based on data from numerous sources but principally from Philcox, 1984 and
Crowe et al, 1984).
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Malahide Fm. is dominated by dark grey/black shales and cherty, thinly
bedded micrites of "deep" shelf facies. South of Swords, bedded,
sometimes cherty, argillaceous bioclastic limestones, of probably
slightly shallower facies, dominate the upper parts of the Malahide Fm.
This areal variation is thought to reflect the development of a subbasin in N. Dublin, possibly the initial stages of development of the
N. Dublin Trough (figs. 8.7 and 8.10).
It is evident from fig. 8.10 that the thickness of Courceyan strata in
E. central Ireland may be partly controlled by differential subsidence
across pre-Carboniferous structures such as the Chair of Kildare (near
Boston Hill) and Balbriggan Blocks and the Navan-Silvermines Fault Zone
("Iapetus suture") (compare with figs. 5.11 and 8.4). As yet no
unconformities, major slump horizons or boulder beds have been reported
from within the sub-Waulsortian sequence in E. central Ireland. This
is a major difference between Courceyan and post Courceyan sequences in
the region. It appears, therefore, that although Courceyan deposition
in E. central Ireland may have been in part structurally controlled,
the style of early Dinantian syn-depositional tectonism was different
in character from the "half-graben style" tectonism of the later
Dinantian (see fig. 8.7 and below). The existing tectonostratigraphical models for deposition of Dinantian strata in the
British Isles (eg. Leeder, 1976, 1982; Francis, 1978; Haszeldine, 1984;
Arthurton, 1983, 1984, and others) have failed to distinguish patterns
of sedimentation in the Courceyan from post-Courceyan patterns.
Consequently they have failed to identify and account for differences
in style in the early and later Dinantian.

BASIN DEVELOPMENT - CHADIAN TO EARLY BRIGANTIAN
It was argued above that the Dublin Basin was initiated as a major
down-warp in the late Courceyan. The scarcity of boulder beds, slumps
and debris flows in the sub-Waulsortian sequence in the Dublin area is
taken to indicate that palaeoslopes were relatively gentle. These
features become common in the Chadian to Brigantian basinal succession
(Fingal Group) indicating that palaeoslopes were more marked in the
Dublin Basin during this period. This is thought to be related to
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active growth-faulting along the margins of the basin (sections 3.6,
5.6 and 8.2.1) creating "half-graben" sub-baslns such as the North
Dublin Trough (fig. 8.7).

Two major, regional episodes of syn-sedimentary tectonism affected the
Dublin Basin (section 5.6). The earlier one began in the early Chadian
and reached its acme in the late Chadlan/early Arundian (section
8.2.1). This episode exaggerated an existing topographical difference
between the Dublin Basin and surrounding shelf. Substantial erosion of
Chadian and upper Courceyan strata occurred on shelf areas adjoining
the Dublin Basin in east central Ireland. Simultaneously, thick
localised debris flow/turbidity current fans, with boulders of
Carboniferous (and pre-Carboniferous) basement, were developed along
the flanks of the basin.
The late Arundian and Holkerian appears to have been a time of relative
quiescence with no recognisable major tectonic influences upon
sedimentation in the Dublin area. No shelf facies strata of proven
Holkerian age were found along the southern margin of the Balbriggan
Block. The reason for this absence is uncertain. One possibility is
that a major (possibly eustatic) regression may have occurred during
the early Asbian (section 8.2.2) which resulted in erosion of Holkerian
shelf sequences. A second possibility is that, for unknown reasons,
Holkerian shelf facies were never deposited on the Balbriggan Block.
Hopefully the current investigations by John Rees (Ph.D. in prep.,
T.C.D.) in the Drogheda Sycline will throw further light on the
Holkerian geological history of the area. In the basin there appear to
be relatively few bioclastic limestones of Holkerian age. Because of
this there is a strong possibility that the Dublin Basin may have been
partially "starved" of coarse sediment during the Holkerian. Further
work is required to test this and to investigate whether a similar
situation may exist in the Craven and Shannon Basins.

During the Asbian the northern and southern flanks of the Dublin Basin
developed differently in the study area. In the north the palaeoslope
was relatively shallow with only occasional slump and debris flow
horizons developed in a ramp setting. The southern flank developed as
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a relatively steep slope with numerous slumps and debris flows and
frequent signs of instability and reworking of sediment down-slope
(section 3.3). It is probable that syn-sedimentary motion on the
Southern Boundary Fault was in part responsible for much of this
instability and for maintaining the steep slope (sections 3.3.3 and
5.6).
At present it is unclear why the Asbian basinal sequences display
overall upward coarsening trends followed by similar upward fining
trends in both N. and S. Dublin (sections 2.4.4, 2.5.3 and encls. 14,
17).
The second of the two major regional syn-sedimentary tectonic episodes
to affect the Dublin Basin during the Dinantian reached its acme in the
early Brigantlan (sections 5.6, 8.2.1). Like the earlier episode, this
one also resulted in erosion of shelf areas adjacent to the basin and
incorporation of eroded material into boulder beds on the basin flanks.
On the N. Dublin coast, basinal strata (Loughshinny Fm.) are thought to
overlap unconformably onto the southern margin of the Balbriggan Block
to rest upon deeply eroded and tilted Chadian to Asblan shelf facies
(section 3.3.5, 5.6 and encls. I to 3). The early Brigantlan episode
of tectonlsm significantly reduced the influence of the Balbriggan
Block upon sedimentation and expanded the basin (fig. 8.~.

BASIN DEVELOPMENT - LATE BRIGANTIAN TO ARNSBERGIAN
During the Brigantian and early Pendleian the carbonate producing shelf
areas adjacent to the Dublin basin are much reduced and bioclastic
bands in the basinal sequence become progressively more infrequent upsection (fig. 8.4, encl. 12). In the middle Brigantlan (?early P2) a
number of storm induced sandstone bands occur in N. Dublin (encls. 12).
These are thought to reflect the onset of deltaic sedimentation north
of the Dublin area. Subsequently deltaic facies prograded as far south
as N. Dublin region. Deltaic sedimentation dominated the area
throughout the later Pendlelan and Arnsberglan (section 8.1.4, fig.

8.4) ¯
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The Namurian basin of deposition in E. central Ireland is usually
referred to as the "Leinster Basin" (e.g. Sevastopulo, 1981). In the
study area, it is a continuation of the Dinantian Dublin Basin but
elsewhere it exceeds the extent of the latter (fig. 8.4). A similar
situation is to be found in England where the Dinantian Craven Basin is
succeeded by a late Brigantian to Namurian basin of greater areal
extent, the Bowland TroughI (e.g. Arthurton, 1982, 1984).

BASIN INVERSION
From the stratigraphical variation in space and time across the area
and from sedimentological analysis it appears that during the upper
Courceyan a depocentre existed in central Dublin. This appears to have
been partially inverted to form an intra-basin "high" during the
Chadian¯ Two sub-basins, the North and South Dublin Troughs, are
thought to have developed north and south of this central Dublin high
(see sections 3.3, 5.6, 8.2.1, figs. 8.11, 8.12). This configuration
was exaggerated by Hercynian compressional tectonics. The present
outcrop pattern partially reflects the syn-depositional configuration
of the Dublin Basin at the end of the lower Namurian (fig. 8.12, encl.

5).
The Dublin area underwent a geological evolution from a period (Upper
Courceyan) of early differential subsidence, probably involving warping
of the pre-Carboniferous crust, through a period (Chadian to
Brigantian) of half-graben controlled subsidence to a later period of
further differential subsidence.

I ¯

There is a recent trend to change this to "Bowland Basin" and
unhelpfully apply this latter term to the Dinantian Craven Basin
which had a different areal extent and style of development to the
Namurian Bowland Trough.
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Figure 8.1 1
Syn-Sedimentary and Post-Sedimentary Tectonism
of Carboniferous Strata in the Dublin Area

Key

Depocentre of generalised subsidence
Depocentre of localised subsidence
Extension

Compression

Syn-sedimentary fault

Reverse fault/thrust

Extension and fissuring along outer arc areas due to
warping and possible listric faulting.
A - Upper Coureeyan to early Chadian. A period of differential
generalised subsidence. In the late Courceyan the Dublin Basin
expanded onto the southern margin of the Balbriggan Block and
block/basin differentiation was initiated.
B - Mid to late Chadian. Tilt-block relationships are initiated during
the mid to upper Chadian as a response to substantial normal faulting
along the margins of the Dublin Basin. Angular unconformity and
overstep relationships develop on the southern edge of the Balbriggan
Block. In the basin, gentle warping of hanging wall sequences produces
fissuring and reworking of the Waulsortian. Extensive erosion of preCarboniferous basement and Carboniferous shelf occurs on the blocks.
C - Arundian. A period of differential generalised subsidence. Thick
shelf sequences are developed on the Balbriggan Block and possibly also
on the Leinster Block. Very thick calciturbidite sequences are
developed in the Dublin Basin, particularly around the Liffey.
D - Asbian. Localised half-graben subsidence related to active growth
faults. The Southern Boundary Fault was the most active of these
producing a submarine scarp and a steep, unstable slope into the centre
of the basin. A low gradiant ramp developed on the north flank of the
basin.
E - Early Brlgantian. Tilt-block relationships are again developed by
active faulting along the southern margin of the Balbriggan Block.
This produces warping, fissuring and erosion of shelf sequences on the
block and produces steep slopes on the northern flanks of the basin
with localised submarine talus deposits. During this period the Dublin
Basin expands northwards and the Balbriggan Block is gradually reduced
in importance as a positive feature controlling deposition.
F - Late Brigantian to lower Namurian. In the lower Namurian and late
Brigantian a further period of generalised subsidence is initiated.
G - Late Carboniferous?. Hercynian deformation and inversion of the
Dublin Basin.
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8.3

Conclusions

The geological history of sedimentation and deformation in the
Carboniferous Dublin Basin is seen to be complex. Six major phases are
recognised in the geological development of this Basin in the Dublin
area from the Courceyan to Arnsbergian, (fig. 8.12).

PHASE I - MIDDLE TO UPPER COURCEYAN
The Dublin Basin was initiated during the middle to early upper
Courceyan as a major down-warp, the North Midlands Depocentre, centred
around Trim where over 1800m of sub-Waulsortian strata are developed.
An arm of this basin extended east into central Dublin where around
500m of coeval strata are present (fig. 8.12).
Carboniferous sedimentation in central Dublin probably commenced during
the late middle Courceyan with deposition of non-marine red beds,
Donabate Fm., unconformably upon lower Palaeozoic strata. This red bed
sequence consists of interbedded quartz-pebble conglomerate and
sandstone deposited by low sinuosity, probably ephemeral, streams and
rivers in a non-marine fan environment. Towards the top of the
Donabate Fm. boreholes have encountered marginal marine sandstones
which are grey/green in colour. These record the initial stages of the
Carboniferous marine transgression.

Compared to later Dinantian terrigenous horizons the Donabate Fm.
strata are relatively mature with a high proportion of resistate
material. This is thought to reflect erosion of a subdued, low relief
landscape as suggested by Doran et al (1978) for S. central Ireland.

The Donabate Fm. is probably of variable thickness. Over 55m are
developed at Donabate.

Conformably succeeding the Donabate Fm. is the Malahide Fm., the lower
part of which records the slow, but continued, transgression of marine
facies across the area.
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Mbr. i of the Malahide Fm. varies between 6 and 30m in N. central
Dublin. It consists of interbedded shale, siltstone and sandstone with
occasional carbonate nodules. The sandstone portion is characteristically arranged in linsen or flaser bedded units. Mbr. I was
deposited in a lower energy, shallow, probably tidally influenced,
marine environment.
Mbr. 2 of the Malahide Fm. varies between 40 and over 75m in thickness.
It consists of cyclically interbedded micrites, nodular micrites,
oncoidal and intraclastic limestone deposited in an extensive, low
energy, peritidal environment.
Mbr. 3 of the Malahide Fm. is composed of 80 to over 200m of cyclical,
interbedded bioclastic, and occasionally sandy or oolitic, limestone,
calcareous mudstone and shale. This sequence was deposited in a
shallow, open shelf environment. A few of the grainstone and oolitic
horizons were deposited as shoals. Most of the remainder appears to
have been lain down in a low-energy situation which allowed the
accumulation of poorly sorted biomicrites and shales with relatively
unbroken delicate fenestellid bryozoans.
PHASE 2 - LATE COURCEYAN TO EARLY CHADIAN
During Phase 2 an areal differentiation develops within the Dublin
Basin in the study area. In N. central Dublin this is recorded in the
development of fine grained, dark grey/black, cherty, argillaceous
limestone (calcisiltite/micrite)/shale facies of basinal aspect. This
unit, Mbr. 4 of the Malahide Fm., probably exceeds 120m in the Swords
area. It developed gradually from the shallow, open shelf facies of
Mbr. 3. The lower parts of Mbr. 4 include some storm/tempestite units
indicating the onset of deeper, more open oceanic conditions.
Associated with these are the first signs of slumping and reworking by
debris flows. Mbr. 4 is concluded to have formed in a ramp to
relatively deeper, shelf environment. In the south biomicrites
continue to dominate the sequence.

In the late Courceyan the Balbriggan Block began to subside, creating
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the North Dublin Shelf. The shelf facies which accumulated here from
the late Courceyan to basal Brigantian comprise the Milverton Group.
The group has a very restricted outcrop today, but at various periods
during the Dinantian it probably covered much of the Balbriggan Block.
Most of it was removed by a combination of tectonism and erosion during
the Dinantian. Only a remnant was preserved in down-faulted blocks
along the southern edge of the Balbriggan Inller.
The McGuinness Fm. comprises the earliest Carboniferous strata on the
N. Dublin Shelf. It is known only from the Lane Borehole and is
probably mostly of late Courceyan age. 1.85m of shale, siltstone and
lenticular to linsen bedded sandstone form the lowest part of the
McGuinness Fm. It is of similar low energy, marine facies to Mbr. I of
the Malahide Fm. No basal red beds or conglomerates are present. The
McGuinness Fm. is around 60m thick. Relatively well sorted massive and
cross bedded, feldspathic sandstone and sandy dolomite, formed in a
high energy, shallow shelf environment comprise most of the formation.
Interbedded at one horizon is a thin interval of peritidal
microdolomite and shale.
Conformably following the McGuinness Fm. in the Lane Borehole are 51m
of cyclically interbedded, poorly sorted, argillaceous, bioclastic
limestone and shale which comprise Mbr. I of the Lane Fm. This
sequence is interpreted as having formed in a relatively deep, quiet,
low energy marine environment. Mbr. 1 of the Lane Fm. is of probably
late Courceyan to early Chadian age.
During the late Courceyan to early Chadian,Waulsortian knolls of
carbonate mud accumulated in the Dublin Basin. These never coalesced
to form a continuous sheet but remained as discrete mounds or
assemblages of mounds. The Waulsortian knoll facies varies from zero
to over 350m at individual localities. Dark shales with occasional
micritic limestone beds accumulated in between the mounds.
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PHASE 3 - LATE CHADIAN TO EARLY ARUNDIAN
In phase 3, areal differentiation within the Dublin Basin and between
the basin and N. Dublin Shelf becomes increasingly more pronounced
through the upper Chadian, finally resulting in the development of
angular unconformities on the uplifted edges of the block areas
adjoining the basin. Analysis showed that these events were related to
extensional faulting along the edges of the blocks, creating tilt-block
geometries and half-graben sub-baslns, the N. and S. Dublin Troughs, at
the margins of the Dublin Basin.

In the basin, the Waulsortian is followed by a monotonous sequence of
calcareous mudstone, the Tober Colleen Fm. This rests conformably upon
Waulsortian knolls in some localities, while at others it probably lies
disconformably upon the fractured, eroded and dolomitised tops of
knolls. This supposition is supported by the presence of reworked
boulders and blocks of Waulsortian knoll limestone in debris flow
horizons which occur sporadically within the Tober Colleen Fm. The
reworklng of the Waulsortian knoll limestones is thought to be
partially due to gravitation instability of the knolls themselves and
partly to warping of the centre of the Dublin Basin in relation to
normal, listric faulting of the basin margins. The Tober Colleen Fm.
varies in thickness between 50 and 500m, reaching its maximum
development in the N. Dublin Trough. It was deposited in a low energy
basin. Bottom conditions were probably not anoxic as it is usually
well bioturbated.
The Tober Colleen Fm. is succeeded in the N. Dublin Trough by up to
250m of interbedded conglomerate, sandstone, limestone and shale: the
Rush Fm. The Rush Fm. was deposited from debris and turbidity current
flows derived mostly from the east. It fines west and at Kilsallaghan
rarely includes units coarser than sand or granule grade. In the east
at Rush, it includes blocks and boulders of lower Palaeozoic and
Carboniferous shelf limestone. The Rush Fm. was derived from a point
source and displays a crude cyclicity related to phases of
debris/turbidity current lobe formation and abandonment.
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In S. Dublin, the Tober Colleen Fm. is followed by the Dublin Fm.,
which is comprised of thinly interbedded earthy limestone, graded
calcarenite and calcareous shale deposited by turbidity currents.

On the N. Dublin Shelf deposition of cyclical limestone and mudstone
continued through the middle Chadian. These are relatively cleaner
than Mbr. 1 of the Lane Fm. and included fewer and thinner
shale/mudstone horizons. Towards the top such horizons are rare and
the limestones become oolitic, sandy and pebbly. This cleaner part of
the Chadian shelf sequence comprises Mbr. 2 of the Lane Fm. It
originally exceeded 1&0m but was uplifted and subaerially eroded during
the late Chadian and, owing to substantial fault movements on the
Balbriggan Block, was completely stripped off most of the block.
Boulders of this unit occur reworked into the Rush Fm.
The Lane Fm. is overlain with a low angle unconformity by the
Smuggler’s Cave Fm. The latter is composed of bouldery, non-marine
conglomerate deposited by ephemeral, probably flash flood, streams. It
rests upon an irregular karstic and channelled surface in the Lane Fm.
and varies in thickness up to around 40m. Because of contemporary
tectonic movements, the Smuggler’s Cave Fm. oversteps older units to
rest unconformably upon lower Palaeozoic on Shenick’s Island.
Petrologically the formation is highly immature and over 90% of its
constituent clasts were derived from immediately adjacent lower
Palaeozoic units.
PHASE 4 - EARLY ARUNDIAN TO EARLY ASBIAN

Phase 4 was a period of more generalised subsidence. A thick,
monotonous sequence of thinly interbedded, graded calcarenite, earthy
limestone and calcareous shale, the Dublin Fm., was deposited across
the Dublin Basin with little areal variation, except in accumulated
thickness. In S. central Dublin deposition of the Dublin Fm. continued
from phase 3. In all, between 600 and 800m of Dublin Fm. accumulated
here. In N. Dublin and N.E. Kildare/S.E. Dublin around 300m or less
are developed. Only in N.E. Kildare does the Dublin Fm. rest
unconformably upon older strata (R. Crowe, pers. comm.).
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The Dublin Fm. was deposited predominantly from low density turbidity
currents. Deposits from higher density turbidity current and debris
flow mechanisms are relatively infrequent.
The Balbriggan Block was very rapidly transgressed by the sea in the
early Arundian. Around 100m of essentially shale-free, bioclastic
limestone, the Holmpatrick Fm., accumulated on the N. Dublin Shelf
during the Arundian. The Holmpatrlck Fm. rests conformably upon the
Smuggler’s Cave Fm. with such an abrupt contact that a dlsconformity
may exist at the junction. The lower part of the Holmpatrlck Fm. is
oolitic and well sorted while the higher parts are predominantly
bioclastic and slightly less well sorted. Both were probably formed in
a relatively high energy, very shallow marine shelf environment.
No shelf sediments of Holkerian or early Asbian age were found on the
Balbriggan Block. The reasons for this are unclear at present. It is
possible that erosion on the N. Dublin Shelf during the early Asbian
removed any Holkerlan/early Asbian shelf facies.
PHASE 5 - MIDDLE ASBIAN TO EARLY BRIGANTIAN

Phase 5 is similar in syn-sedimentary tectonic development to Phase 3.
Renewed active normal faulting occurred along the edges of the
Balbriggan and Leinster Blocks, rejuvenating the N. and S. Dublin
Troughs as half-graben structures. Low angle unconformities, resulting
from these tectonic movements, were developed on the Balbriggan Block.
During the early Brigantian the N. Dublin Shelf ceased to exist as the
Balbriggan Block subsided allowing basinal facies to overstep across
eroded units of the Milverton Group. These events were related to
episodes of basinal expansion and to initial phases in the evolution
from the Dinantian, Dublin Basin to the laterally more extensive,
Namurian, Leinster Basin.

In S. Dublin, the Clondalkin Fm. transitionally follows the Dublin Fm.
It was deposited during the middle Asbian by turbidity and debris flows
on a steep, unstable slope with a large amount of down-slope reworking
involving slumping. This instability was probably related to growth
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faulting along the Southern Boundary Fault. Analysis revealed that
this probably exposed Leinster granite and lower Palaeozoic in a
submergent fault scarp. Fragments up to boulder size were incorporated
into the Clondalkin Fm. This formation is around 230m thick around
Clondalkin. It probably interfingers northwards with the Dublin Fm.

The Belgard Fm., which succeeds the Clondalkin Fm., is over 300m thick
but is very poorly exposed. It is generally finer grained than the
Clondalkin Fm. The age of the Belgard Fm. is poorly constrained. It
is upper Asbian to possibly Brigantian in age, though the latter is
unproven.
In north Dublin, the Naul Fm. developed penecontemporaneously with the
Clondalkin Fm. The lower division, the Castle Mbr., is dominated by
graded calcarenites formed on a gentle ramp by either turbidity
currents or storm generated underflows. It is around 65m thick at Naul
but probably fines south and interfingers with the Dublin Fm. It is of
middle Asbian age. The upper part of the Naul Fm. consists mostly of
calcisiltites. Overall the Naul Fm. probably exceeds 100m in
thickness.
On the southern edge of the Balbriggan Block, late Visean shelf and
mud-mound ("reef-knoll") limestones appear to overlie unconformably
older units on the N. Dublin Shelf. These are of late Asbian, to
possibly earliest Brigantian, age and are correlated with the higher
parts of the Naul Fm. They do not exceed 50m in thickness. These
limestones were probably eroded relatively soon after lithification
during an early Brigantian tectonic episode.

In N. Dublin, the Loughshinny Fm. conformably succeeds the Naul Fm.
within the basin but overlaps north to overstep units of the Milverton
Group with a low angle unconformity. The Loughshinny Fm. rests upon
middle Chadian Lane Fm. on the coast and probably overlies Asbian shelf
and mud-mound limestones inland. Boulders of the latter Asbian units
are reworked into debris flow breccias in the basal Drumanagh Mbr. of
the Loughshinny Fm. The Drumanagh Mbr. was deposited by proximal
turbidity, debris and grain flows in a submarine talus apron at the
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foot of a steep slope in response to faulting and/or warping of the
southern margin of the Balbriggan Block. Division 2 of the Loughshinny
Fm., which follows the Drumanagh Mbr., is finer grained overall. It was
deposited predominantly by turbidity currents, debris flow deposits
being infrequent.
During the early Brigantian, while Divisions I (Drumanagh Mbr.) and 2
of the Loughshinny Fm. were accumulating, the Balbriggan Block
subsided, terminating the intermittent history of carbonate shelf
facies deposition in the area.
PHASE 6 - LATER BRIGANTIAN TO ARNSBERGIAN
During phase 6, subsidence in the Dublin area appears to have been more
generalised. Apart from infrequent, thin debris flow horizons, there
are few signs of instability to indicate localised, tectonically
controlled, subsidence patterns. From the late Brigantian, deltaic
influences dominated the area. No Carboniferous units younger than
late Arnsbergian are preserved in the Dublin area.

Division 3, the Ballustree Mbr., of the Loughshinny Fm. was deposited
by a mixture of turbidity current and storm-induced under-flow
mechanisms on a relatively gentle slope. This unit is comprised
predominantly of thinly interbedded grainstone, earthy limestone and
shale with a few sandstone storm beds. The latter were probably derived
from "Yoredale"-type deltaic sequences to the north.
Division 4 is finer grained overall and includes relatively few
calcarenite horizons coarser than very fine sand grade. It is
interpreted as having formed in a quiet, low energy, muddy environment
by the accumulation of dilute under-flow/turbidity current deposits. A
small number of debris flow horizons occur within division 4. These
may include small fragments of Visgan mud-mound ("reef") limestone,
indicating possible erosion/tectonic instability outside the Dublin
area.
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Division 3 of the Loughshinny Fm. is of mid Brigantian age while
Division 4 ranges from upper Brigantian to lower Pendleian. Overall
the Loughshinny Fm. is around 300m thick.
The Loughshinny Fm. is conformably succeeded by the Balrickard Fm.
which consists of thick to thinnly bedded, very coarse, feldspathic,
sublitharenites, earthy limestone and shale. It varies between 75 and
100m (approx.) in N. Dublin but probably thins south and is absent in
the Summerhill Outlier. The Balrickard Fm. includes occasional plant
debris and is assumed to be of deltaic origin.
Following the Balrickard Fm. is the Walshestown Fm. which is over 200m
thick. It is divisible into a lower portion dominated by shale and
siltstone and an upper part, the Knockbrack Mbr., which is similar but
includes thin bands and isolated ripples of fine sandstone. The
Walshestown Fm. ranges in age from late Pendleian to late Arnsbergian
and probably is of mostly deltaic origin.
DIAGENESIS
The Carboniferous strata in the Dublin area have undergone significant
post-sedimentary diagenetic changes and tectonism.
All of the limestones have pervasive neomorphic fabrics which in some
cases obliterate original sedimentary and diagenetic fabrics. Relict
early marine grain fringe cements were recognised in some shallow shelf
facies. Only burial cements were seen in basinal limestones.
Terrigenous lithologies with carbonate cements possess neomorphic
fabrics in that cement.
Dolomitisation is more prevalent in the less argillaceous parts of the
Carboniferous limestone sequence irrespective of whether they are of
shelf or basinal facies. The history of dolomitisation is complex and
is incompletely known. Dolomitisation appears to have occurred a
number of times as zebra-striped dolomite, llke that developed in the
Holmpatrick Fm. (Arundian), occurs as clasts within limestone breccia
beds of the Loughshinny Fm. (Early Brigantian) which were dolomitised
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themselves subsequently. Dedolomitisation also occurs associated with
faulting in the Lane Fro. (Chadian).

Silicification occurs in most units of the Fingal Group and in "deeper
shelf" facies of the Malahide Fm. In contrast, silicificatlon is
infrequent in shallower shelf facies. In basinal limestones including
original siliceous sponge spicules and calcareous bioclasts, both
carbonate and silica were seen to have been remobilised during
diagenesls. Some vugs within the Loughshinny Fm. contain numerous
generations of silica and carbonate precipitation. The history of
siliclfication, therefore, also appears to be complex.
STRUCTURE

Carboniferous strata in the Dublin area were extensively deformed
during the Hercynian. It is concluded that folding was initiated
before cleavage formation and that fold style was controlled by
ductility contrasts within individual formations and by depth above
more rigid pre-Carboniferous strata. Cleavage is better developed in
the more argillaceous lithologies as might be expected. It is of a
pressure-solution type and appears to have involved some element of
shear as fossils and beds may be distorted or boudinaged along it. The
cleavage is rotated in NE-SW shear faults indicating that these faults
were initiated after the cleavage. Another set of shear faults
orientated WNW-ESE are thought to be conjugate with the NE-SW set.
Northerly trending kink-bands appear to be one of the latest Hercynian
structures in the area.

A clockwise rotation of the Dublin area by up to 30 degrees was
indicated by analysis of Hercynian structures in the area, supporting
previous independent palaeomagnetic results. Structural modelling
indicated that during Hercynian compression, oblique motion occurred on
a number of pre-Hercynian faults, including principally the Southern
Dublin Boundary Fault and the Navan-Silvermines Fault. Oblique motion
on these faults in response to N-S/NW-SE compression produced a
clockwise rotation of a block of strata, "the Dublin Wedge", bound by
these faults. N-S pre-existing faults in the Balbriggan Block were
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reactivated during rotation. Consequently, the Balbriggan Block was
not effectively rigid to torsion. A combination of
(i)
(ii)

Hercynian compression,
lithostratigraphical control on structural response to
tectonism, and

(iii)

the influence of rigid and semi-rigid pre-Carboniferous blocks
and pre-existing faults

resulted in a very heterogeneous pattern of Hercynian deformation in
the Carboniferous cover. The structural model produced indicates that
the Hercynian principal compression direction was orientated NW-SE/NNWSSE which is compatible with regional models invoking some component of
E-W/ENE-WSW dextral transpression.
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4.

Tabular to wavy bedded bioclastic grainstone and packstone with
argillaceous limestone partings. Bed ’A’ is highly nodular and
pseudobrecciated as a result of intense bioturbation. Bed ’B’
is less bioturbated and is laminated. A well displayed inclined
burrow passes down from the top of the bed left of the hammer.
Bed ’C’ is sandy and includes pebble bands with well rounded
clasts of vein quartz and, less commonly, lower Palaeozoic metagreywacke/siltstone.
Lane Fro., Mbr. 2, Lane coast, N. of Loughshinny.
Interpreted as shallow marine shelf facies.

.

Karstic unconformity developed at the top of the Lane Fm.
Coarse, green lithic sands infill widened cracks and joints
within the limestone. Note pale fragments of limestone in the
conglomerate lying on top of the in situ limestone. Badly
weathered iron and copper sulphides occur within the green sands
which infill the cracks and Joints. The larger Joint fills have
been worked for their minerals and Smuggler’s Cave itself
appears to be an adit driven along one of these infilled Joints.
Smuggler’s Cave, Foreshore at Lane.

6.

Well imbricated boulder conglomerates. Flow left to right
(SSE). Most of the clasts are of rounded, flaggy, green
Silurian turbidite sandstone. Only very rare volcanic clasts
are present.
Smuggler’s Cave Fm., Foreshore at Lane.

.

Detail of a single cycle within the Smuggler’s Cave Fm. Note
initial broad coarsening upwards in clast size and the sharp
contact with the thin coarse sandstone which infills
irregularities within the top of the conglomerate and which
marks the top of the cycle (T). The conglomerates which begin
the next cycle may have an erosive contact with the sandy top to
the underlying cycle. Note the hint of erosion surfaces and
possible channelling within the conglomerate portion of the
cycle (E). Imbricated in places. Flow towards left out of the
page (southwards).
Smuggler’s Cave Fro., Foreshore at Lane.

PLATE 1
I ¯

Crude, fining upward cycle from the red bed sequence of the
Donabate Fm. Type locality, Portrane Coast.
A poorly sorted, cobbly, pebble conglomerate forms the lower
part of the cycle. This has a clast supported fabric and is
composed of lower Palaeozoic and vein quartz clasts. The top of
the cycle is formed by a well laminated, pebbly, coarse
sandstone which lies rather abruptly upon the underlying
conglomerate.
The coarseness, poor sorting and abrupt changes in grain size
suggest strong but fluctuating flow conditions were responsible
for deposition of these sediments. The lack of well developed
fining upward cycles and lack of interbedded overbank facies
argues against deposition from a high sinuosity, fluviatile
system. It is interpreted as the product of a low sinuosity
(possibly ephemeral) fluviatile system in a proximal fan
situation.

.

Tabular, wavy bedded biomicrite and biosparite with shaly
partings¯ The limestones include abundant crinoid, bryozoan,
brachiopod and coral material (overturned Syrin~opora sp. colony
- ’A’) but only occasional foraminifera. These limestones
appear to be of open carbonate shelf facies. Thin slump sheets
(’B’) or intraformational debris flow deposits are present
occasionally indicating the presence of a slope to the S. An
open shelf ramp situation is therefore suggested.
Malahide Fm., Mbr. 3, Malahide coastal section.

.

Normally graded limestone with lower shelly layer, developed
above a basal erosion surface, and an upper banded calcisiltite
with occasional load structures and later burrows. The shells
in the basal layer show a preferential convex-up orientation.
Interpreted as a storm induced event bed deposited under waning
current conditions.
Malahide Fm,. Mbr. 4, Malahide coastal section.
The finely banded/laminated character is very similar to recent
storm produced rhythmite lamination (see Reineck and Singh,
1972; Aigner and Reineck, 1982).

PLATE 2
THE LANE BOREHOLE

The Mobile Drilling Rig of the Geological Survey of Ireland on
site above the north Dublin foreshore during May, 1983

Above:

Recovering the inner core-barrel at the end of a drillrun.

Below:

The situation of the drill site.

The rocks on the foreshore labelled ’A’ belong to the Lane Limestone
Fm. (lower Chadian). These are unconformably overlain to the north
by the Smuggler’s Cave Conglomerate Fm. which form the low ground
labelled ’B’. Around ths headland these are overlain by the
Holmpatrick Fm. (Arundian). These units comprise part of the
Milverton Group. They dip gently northwards towards Skerries. The
island, Shenick’s Island, labelled ’C,’ with the Martello Tower is
composed of Ordovician volcanics and slates. Shenick’s Island is the
closest outcropping lower Palaeozoic to the borehole site.
On the foreshore adjacent to the rig site the Drumanagh Mbr. of the
Loughshinny Fm. unconformably overlaps the Lane Fm. from the south.
The former is of lower Brigantian age and is of basinal facies while
the latter is of lower Chadian age and of shallow shelf facies.

The borehole cored continuously through Carboniferous strata into
the lower Palaeozoic beneath and proved a much thicker lower
Chadian/Late Courceyan limestone sequence than was expected.

B

PLATE S
LANE BOREHOLE, UNSPLIT 2 INCH (51ram) DIAMETER CORE
Depths given are from the top of the borehole

¯

Dark grey silty and finely sandy mudstone. Much of this
lithofacies has been homogenised to some extent by bioturbation.
In places the primary fine interbedding of shale, siltstone and
fine sandstone is preserved. The sand occurs as impersistent
laminae and isolated ripples ("lenticular bedding")¯ Note the
load and flame structures and sharp bases to the bottoms of some
sand lenses.
Interpreted as shallow inshore marine tidally influenced facies.
McGuinness Fm., basal shale unit. 180m.

¯

Dolomitic sandstone with unusual sharp edged vug infilled with
mud. Interpreted as a shallow marine shelf facies¯
McGuinness Fm., 170m.
This formation is mostly massive but may show some rhythmic
cross-bedding in places. The banding in this illustration is,
however, an artifact of drilling.

3.

Finely crystalline microdolomite with relict "birds-eye"
structures. This is the only occurrence of this unusual
lithofacies in the core. The mosaic microdolomite is thought to
have replaced an original micrite. Interpreted as a peritidal
facies.
McGuinness Fm., 153.5m.

Finely pebbly, dolomitic sandstone with calcite filled veins.
Galena occurs in small amounts both within the veins (A) and
within the rock (B).
McGuinness Fm., 124.5m.
5.

Partly dolomitised, nodular calcarenite with argillaceous wisps
and bands of argillaceous limestone. Note the presence of
unusual lath-like crystals cutting shaly intervals at ’X’
(?evaporite pseudomorphs?).
McGuinness Fm., 115m.

PLATE 4
LANE BOREHOLE, UNSPLIT 2 INCH (51cm) DIAMETER CORE
Depths given are from the top of the borehole
I.

Pale grey, nodular, illsorted calcarenite with shaly wisps.
Shallow shelf limestone facies.
Top of McGuinness Fm., 11Am.
The McGuinness Fm. is typically cleaner and paler in colour than
the lower Mbr. of the overlying Lane Fm. It also includes less
argillaceous limestone and shale. Much of the McGulnness Fm. is
dolomitic and/or sandy except at the top where the boundary with
the Lane Fm. is transitional.

.

Nodular, medium grey, slightly argillaceous limestone with
solitary coral and shaly wisps. This lithofacies is
heterolithic due to the nodularity and individual beds may vary
internally between grainstone, packet.he and wackestone. This
lithofacies and the slightly more argillaceous variety shown in
fig. ~ (below) comprise most of Mbr.1 of the Lane Fm. in the
core.
Lane Fm., Mbr. I, 112m.
Shale with abundant fenestellid bryozoans and occasional crinoid
ossicles. This lithofacies is very reminiscent of the
fenestellid shales inthe Malahide Fm. (Mbrs. 3 and i) and the
shales associated with the Waulsortian.
Lane Fro., Mbr. I, I05m.

4.

Poorly sorted, heterolithic, mottled limestone with shaly wisps.
A typical example of the most common lithofacies of Mbr. I of
the Lane Fm. in the core. Relatively thick shales occur
interbedded with this lithofacies in Mbr. I.
Lane Fro., Mbr. 1, 90m.

.

Dark grey, poorly sorted, heterolithic, mottled argillaceous
limestone with crinoid ossicles, horn corals and Syringoporasp.
The relatively thick shale beds typical of Mbr. I of the Lane
Fm. are much reduced in thickness in Mbr. 2. Thick mottled,
argillaceous limestones, like this example, are frequently
interbedded with purer, paler limestones instead of shales at
the base of Mbr. 2.
Lane Fro., Mbr. 2, 5Ore.

.

Isolated clast of limestone (possibly Lane Fm.) lying within
thin bedded sequence of graded calcarenite and bioclastic,
pebbly sandstone, earthy limestone and shale. Occurrences of
isolated clasts are not frequent in the Rush Fm. They may
represent outsize clasts deposited from flows which travelled on
further before depositing the remainder of their load.
Alternatively, these clasts may have been deposited as part of a
more complete bed, the finer particles of which were reworked
and removed by subsequent currents. A third possibility is that
they may be isolated boulders which rolled down slope.
Rush Fm., Rush.

4. Heterolithic conglomerate composed of blocks, boulders, cobbles,
pebbles, sand and mud (CS2). The latter comprises under 5~.
The unit is predominantly clast supported with an interstitial
matrix of sand and small pebbles but there are patches present
in which cobbles and large pebbles are supported within a grain
supported framework of sand and finer pebbles. A thin graded
pebbly sandstone (RS) to sandstone (T) caps the unit.
Interpreted as the product of a grainy, turbulent debris flow.
The thin graded cap is interpreted as the product of a turbidity
current produced by mixing of the ambient fluid with the top of
the debris flow.
Rush Fm., Mbr. I, Rush. (Scale: hammer left of centre.)

.

Rudaceous mudstone (RMI) (bottom) consisting of intraclasts of
calcareous mudstone and earthy limestone supported in a
heterolithic, bioclastic, calcareous mudstone matrix. Some of
the clasts are folded or have diffuse edges indicating that they
were soft and plastic when incorporated into this bed. This, in
turn, implies that they were derived from unllthifled sediment.
The high proportion of clasts lying subparallel to bedding
probably reflects internal shear caused by laminar flow.
Interpreted as a cohesive debris flow deposit. Above this unit
are thinly interbedded graded biosparite (T), earthy limestone,
calcareous mudstone and shale beds. These are interpreted as
turbidity current deposits. Note the truncation surface within
the sequence (top) probably caused by slope failure rather than
channelling (there is no evidence for the latter at this point).
Local slope failure was probably also responsible for the debris
flow discussed above.
Rush Fro., Mbr. 2, Rush.

.

Poorly sorted conglomerate (CS) composed of boulders, cobbles,
pebbles, sand and mud. The latter constitutes under 5~. The
bed is mostly particle supported. Variations occur between
areas of clast support and areas of sand/pebbly sand support
fabrics. The base of the bed is sharp but has been disrupted by
injection of mud from the underlying unit after deposition. The
bed is reversely graded at the bottom and normally graded at the
top. In the centre the clasts are imbricated; flow right to
left (W). Interpreted as the product of a grainy, turbulent
debris flow. Some component of grain flow may have operated at
the base of the flow to produce the reverse gading. Mixing of
the ambient fluid with the top of the flow produced turbidity
current flow which was responsible for deposition of the graded
sandstone top to the unit.
Rush Fm., Mbr. I, Rush. (NB: the large white patches are vein
surfaces, not clasts.)

PLATE 5
I.

Rudaceous mudstone (RM2) lithofacies. Matrix-supported breccioconglomerate with clasts of shelf limestone ?) in a
heterolithic, bioclastic, calcareous mudstone matrix. The unit
is chaotic and unstratified with sharp top and bottom and nonerosive base. Interpreted as the product of a cohesive debris
flow.
Tober Colleen Fm., Rush.
Other examples of this lithofacies in the Tober Colleen Fm. may
include Waulsortian-type limestone and individual clasts may
exceed 2-3m in width. Examples of this lithofacies in the Rush
Fm. usually include clasts of Lane Fm. and lower Palaeozoic but
are otherwise very similar.
(Note cleavage imparts a fabric to the shaly matrix orientated
from top right to bottom left.)

.

Interbedded conglomerates (CS), pebbly sandstones (RS) and
sandstone (T) with thin calcareous shale partings. The outsize
boulders visible are 2.5m or more across. Note well developed
parallel lamination in sandstones and pebbly sandstones. Bed ’A’
thins rapidly W. (left). The nearest conglomerate bed (C) is
composed of a heterolithic mixture of boulders and cobbles,
gravel, sand and mud. The latter comprises less than 10: and
the deposit is particle supported. There is a hint of reverse
grading at the base intermittently across strike (CSI).
Interpreted as the product of a turbulent, grainy debris flow.
Some component of grain flow may have operated at the base of
the flow. Not visible here is the thin graded coarse sandstone
top to the bed (see fig. 4 for a similar occurrence) which is
interpreted as the product of a turbidity current caused by
mixing of the ambient fluid with the debris flow. The
accompanying thinner bedded pebbly sandstones (RSS-RS2) and
sandstones are interpreted as proximal turbidity current
deposits. They generally include Ta-Tb units of the Bouma
cycle. Their coarse grain size and internal structures suggest
they were deposited from relatively high velosity, high density
turbidity flows.
Rush Fm., Mbr. I, Rush. Looking NW towards harbour. (Scale:
hammer on top of near boulder.)

.

Mottled calcareous mudstone with fine sandstone bands. The
mottling is due to bioturbation. The sandy bands have sharp
bases sometimes with load and flame structures. Occasionally
they may be graded with less heavily bioturbated siltstone caps
(top). Interpreted as muddy basinal muds with occasional
turbidity current deposited bands of sand and silt.
Tober Colleen Fm., Transition with Rush Fm., Rush. (Scale:
height iOcm.)

C

A

9.

Similar to figs, 5, 7, and 8. Note the internal erosion surface
(E) within the basal mega-rippled horizon. This is overlain as
before by convoluted and disturbed lamination (C). Note the
presence of current ripple lenses within the lower part of this
zone (r).
Interpreted as the product of turbidity currents.
Dublin Fm., dressed stone from TCD library.
Note that the cross-laminations of the mega-ripples (R) and
small ripples (r) dip in opposite directions. This may be
interpreted in a number of ways:
(a)
(b)
(c)

R and r units were produced by two separate currents;
They were formed by one turbidity current flowing to
and fro along the floor of a confined basin;
The R units are antidunes, formed by standing waves
associated with turbidity current flow, and the r units are
current ripples formed later under lower flow regime
conditions in the same turbidity current.

The internal truncation surface (E) formed between the R units
indicates flow instabilityand reworking of previously deposited
sediment. Note also how in the upper R unit the low angle cross
laminae (left) pass (right) into draping sub-parallel laminae.
These observations reinforce option c.
The preservation of stoss-side laminae in the R mega-ripple/dune
bedforms may be related to a deposition rate relative to megaripple migration rate.
If these are interpreted as antidunes, the "stoss-side" laminae
may be related to deposition of part of the suspended load from
a standing wave. The gradual migration of the crest and "leeside" laminae on this interpretation may be related to upstream
migration of the standing wave.

5.

Upward fining limestone beds with fine calcarenite to coarse
calcisiltite bases and earthy limestone tops. Note sharp base
to bed (B) with small load and flame structures. Above the bed
is parallel to low angle cross-lamination (p). A train of low
amplitude mega-ripples is present with a wavelength of 37cm (R)
and low angle internal cross-lamination. The overlying earthy
limestone and calclsiltite includes convolute lamination, ball
and pillow structures, and syn-sedimentary recumbent folds.
Dublin Fm., dressed stone from TCD library wall.
Interpreted as the product of low density turbidity currents.

.

Parallel to convolute laminated, multiple beds of calcisiltite.
Faint ball and pillow structures are present in the finer
grained layers.
Dublin Fm., dressed stone from TCD library.
Interpreted as probably the product of turbidity currents.

7.

Similar to fig. 5 but here the mega-ripple bed form (R) is
topographically more pronounced and the wavelength is longer
(over 70cm). The base of the mega-rippled bed is demonstrably
erosive here. Internally the ripple is composed of low angle
cross-laminae with asymptotic bottom sets. Note the darker
coloured, recessively weathering, interlamination of slightly
muddier carbonate on the lee side of the mega-ripple. Stoss
side laminae are preserved on top of the bed form. The
overlying slightly argillaceous calcisiltite includes load, and
ball and pillow structures. Note how some of these form trains
passing down the topographic slope of the ripple stoss side (L).
Overlying this is a parallel laminated calcisiltite (P). Above
is a further slightly argillaceous calcisiltite which also shows
ball and pillow structures.
Interpreted as the product of turbidity currents.
Dublin Fm., dressed stone from TCD library.

.

Similar to figs. 5 and 7. Here the mega-ripple bed form (R)
overlies a lower level of parallel to slightly wavy lamination
(P) and is draped by further parallel lamination (D). Above are
convoluted layers showing ball and pillow structures (L, C).
Interpreted as the product of turbidity currents.
Dublin Fm., dressed stone from TCD library.

PLATE6
(figs. 5 to 9 are approximately 25cm in height)
I.

Thin to medium bedded, normally graded biosparite and bioclastic
sandstone (T) beds. These have sharp bases often with load and
flame structures. Internally individual beds display a range of
structures assignable to the Bouma cycle, Ta, Tb, Td units being
the most common. Interbedded are calcareous shales and earthy
limestone. Interpreted as turbidity current deposits.
Transition between Mbr. I and 2, Rush Fm., Rush.

.

Amalgamated thinly bedded calcareous sandstones (T). Individual
units may be graded and Tb, Tc, Td units of the Bouma cycle.
Ripple cross-lamlnation indicates deposition from currents
flowing towards the W and SW.
Thin bedded packages like this, together with calcareous shales
and earthy limestone, form the sequences between the
conglomerate beds. Interpreted as a possible levee sequence
(see text for discussion).
Rush Fm., Mbr. 3, Rush.

.

Chevron folded, thin bedded calcareous shale and earthy
limestone with occasional calcarenites (T).
W. end of Wierview Quarry. Type locality of the Dublin Fm., N.
side of the Liffey, Lucan.

Thin graded, fine calcarenite with sharp base. Note internal
low angle cross-laminatlon and low, flattened, mega-ripple bed
form at top. The upper boundary to the bed is less distinct
than the lower one. Above and below are apparently featureless
calcareous shales. Contrast this typical field appearance with
the etched dressed blocks in figs. 5 to 9.
Dublin Fm., Wierview Quarry, Lucan.
Interpreted as a low density, turbidity current deposit. Crosslamination indicates deposition from a current flowing E-W.
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PLATE ?
I ¯

Thinly interbedded calcareous shale, earthy limestone and
blosparite showing soft sediment deformation features including
folding, thrusting and boudinage. Two deformational sheets are
recognlsable (numbered). These are Interstratified amongst
undisturbed beds. Note how the degree of deformation in each
sheet is most intense in the centre and decreases towards the
upper and lower boundaries. These are interpreted as slumps
bounded by shale d~colement horizons, i.e. they are internal to
the sediment package. Sequence youngs to right. Palaeoslope to
left (S).
Brook’s End Mbr., Dublin Fm., the Bathing Place, near Rush.

¯

.

Detached slump fold nose formed of graded biosparite.
Sequence youngs to right¯ Lower part of Giant’s Hill Mbr., Dublin
Fm., Brook’s End.
Typical appearance of nodular calcisiltite of the Brook’s End
Mbr., Dublin Fro., Brook’s End. Note cleavage dipping right (S);
bedding dips and youngs left (N).
Anticline and syncline, chevron fold pair in partly decalcified
Giant’s Hill Mbr., Dublin Fm., N. of the Bathing Place. The
hammer rests against a boulder of ceriod Lithostrotion coral¯

.

Intraclastic rudaceous mudstone (RMI). Interpreted as a
cohesive debris flow deposit. Note subparallel to bedding fabric
of "floating" clasts indicating laminar flow was operative.
Brook’s End Mbr., Dublin Fm., Brook’s End.

6. Thick normally graded limestone (T) with sharp, erosive base,
graded massive lower part and parallel laminated upper part. The
bed fines upwards from a granule gravel with calcisiltite rip-up
clasts (pebbles) at the bottom to a very fine packstone. The
vertical sequence of structures is assignable to the Ta, Tb, Td
units of the Bouma cycle. Interpreted as the product of a
turbidity current.
Clondalkin Fm., Belgard Quarry.
Note: this bed is much thicker than the majority of the
calciturbidites in the Clondalkin Fm. which are usually under
40cm thick¯ This bed is approx. 86cm thick.

¯

Soft sediment deformation structure; detached load or slump
ball, within wavy, disturbed beds.
Clondalkin Fm., Red Cow Quarries, Monastery Road, Clondalkin.

PLATE8
¯

Thinly bedded, normally graded fine packstone and earthy
limestone with internal parallel lamination (Tb-Td Bouma units).
Interpreted as turbidity current deposits¯
Clondalkin Fm., Red Cow Quarries, Monastery Road.

.

Thinly interbedded packstone, calcareous shale and earthy
limestone. In the centre is a normally graded packstone with an
earthy limestone top, sharp, erosive base and internal
structures referable to Ta, Tb, Td Boumaunits.
Interpreted as turbidity current deposits. The linear, black
patches are chert nodules.
Clondalkin Fm., Red Cow Quarries, Monastery Road.

.

Small channel complex infilled with poorly sorted, packstone
with angular, pebble sized fragments of lower Palaeozoic¯
Erosive, onlap and interdigitation relationships between the
channel-fill and surrounding sediment indicate that some
switching and migration of channels occurred to form this
complex (see fig.3.15). Interpreted as turbidity current
channels.
Clondalkin Fro., Belgard Quarry¯
Angular truncation surface within interbedded limestone/shale
sequence. Width of view 16.5 m (approx.).
Interpreted as a slump scar caused by instability in a submarine
slope environment.
Clondalkin Fm., Red Cow Quarries, Monastery Road.

.

Angular truncation surface (bottom left) passing laterally into
a bedding parallel slide (bottom right). Above the decSlement
surface an anticline is developed in the hanging wall.
Interpreted as a slump toe feature.
Clondalkln Fm., Belgard Quarry.

PLATE 9
All figures of the Drumanagh Mbr., Loughshinny Fm.,
Drumanagh Head, S. of Loughshlnny.
¯

Isolated boulder of A.S.L. within thinly bedded sequence of
graded biosparite and shale. (Divisions on hammer are each 20
mm).

Above lower breccia horizon.

.

(a): Unit with intraclasts of shale and earthy limestone
supported in a heterolithic, bioclastic muddy matrix. Many of
the clasts lie subparallel to bedding. Interpreted as a
cohesive debris flow. Laminar flow was responsible for aligning
the clasts and for imparting a strong bedding parallel "streaky"
or "banded" appearance to the matrix.
(b): Biosparite, normally graded at top with structures
assignable to Ta, Tb, Td units of the Bouma cycle. Reverse
graded at base with "floating" outsize clasts and coral
fragments (c) lying scattered within the main body of the unit.
Interpreted as a density modified grain flow deposit. Mixing of
the ambient fluid into the flow produced turbidity current flow
which was responsible for sedimentation of the upper normally
graded top. The contact between (a) and (b) may be sharp (left)
or the two may interdigitate (right) where mud has been injected
up into unit (a) or the latter has loaded down into unit (b).
Above lower breccia horizon¯

.

Thin grainstone with sharp, non-erosive base including small
load and flame structures. Most of the grainstone is of coarse
sand grade but it fines rapidly upwards in the top 2 to 3cm to
fine calcarenite and calcisiltite. Impersistent wispy
lamination in the lower part and slightly wiggly parallel
lamination towards the top. Half way up the unit is a large
"floating" block of intraclastic earthy limestone. Interpreted
as a modified grain flow deposit. The graded top is interpreted
as the deposit of a turbidity current produced by mixing of the
ambient fluid with the subaqueous grain flow. The wispy
lamination may be due to liquidisation effects during or
immediately after deposition.
The dark impersistent band near
the top of the unit is chert.
Between upper and middle breccia horizons.

Upper breccia horizon (a) and associated interbedded limestone
and shale (b). The grassy slope (c) covers the middle breccia
horizon.
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Coarse, rubbly limestone debris beds. Note reversely graded
base (a), massive central portion with chaotic to crudely
imbricated fabric (b) and upper, normally graded top (c).
Interpreted as a rubbly debris flow in which modified grain-flow
formed a significant component. (a) is interpreted as the thin
basal "flowing grain carpet" upon which the whole flow
travelled. Modified grain-flow operated in this basal layer.
(b) is interpreted as a semi-"floating-plug" in which the
particles were less agitated. (c) is interpreted as the product
of fluidisation of the top of the flow and as the product of
sedimentation of a suspended load from (a) following turbidity
current produced by mixing of the ambient fluid with the debrisflow.
Popeshall coast.

PLATE I0
All figures Drumanagh Member, Loughshinny Formation

I.

Detail of limestone breccia bed. Usually the original fabric of
the limestone breccia beds has been completely destroyed and all
that remains is sucrosic, crystalline dolomite. In a few
patches the recrystallisation has been less severe and a relict
fabric may be preserved, as here. This example shows a
heterogeneous mixture of angular boulders, cobbles, pebbles and
coarse bioclastic sand with shell debris. In places the fabric
appears clast supported; elsewhere clasts may be seen "floating"
in a fine gravel or coarse sand "matrix". Interpreted as a
modified grain-flow deposit. Note the "zebra"-striped dolomite
clast (below lens cap). "Zebra" dolomites have only been seen
in situ in the Holmpatrick Fm. (Ikm approL N.). This clast may
have been reworked from that unit. Palaeontological
confirmation of this is lacking, however, because of the intense
dolomitisation.
Popeshall coast immediately N. of the Copper Mine Fault.

2.

Top of the lower Breccia Horizon (a) on Drumanagh Head. Note
the coarse, rubbly appearance with projecting clasts. Unlike
the other breccia horizons on Drumanagh Head, this one does not
have a laterally continuous capping of calcarenite.
E. side Drumanagh Head. Hammer for scale at (b).

.

Contact between the Lane Fm. (bedded limestone on left, L) and
the chaotic melange of the Popeshall boulder bed (right).
Figure for scale (right). This contact is interpreted as a low
angle unconformity.
Lane coast.

4.

Thinly bedded calciturbidites and shales (left) draping the
Popeshall boulder bed (right). From the thinning of beds onto
the boulder bed and occurrence of slump folds (a) it appears
that the Popeshall boulder bed had some initial topography
(slope down to south).
Popeshall coast.

PLATE 11
All figures Loughshinny Formation

1.

Limestone normally graded from coarse packstone at base to
calcisiltite at top. Note Tb, Tc, Td units of Bouma cycle
(b,c,d), sharp base and burrowed top (x) overlain by darker
earthy limestone (below compass). Interpreted as the product of
deposition from a turbidity current. Ripple cross-laminae
indicate current flowing towards SSW.
Division 2, N. side of Drumanagh Head.

2.

Interbedded, normally graded calciturbidites, shales and cherty
earthy limestones.
Division 2, N. side of Drumanagh Head.

3.

Well bedded limestone and shale. Figure on right for scale.
Note the non-tabular swelling and pinching of coarse biosparite
(a). Bed (b) is shown in fig. 5 below.
Ballustree Mbr., SE side of small headland in Loughshinny Bay.

4.

Normally graded biosparite. Note the low amplitude pinching and
swelling of laminae (w) below rippled horizon and parallel
lamination above ripple (p). Ripple cross-laminae indicate
deposition from a current flowing towards SE.
Ballustree Mbr., NW corner of southern Loughshinny Bay.
Interpreted as a storm deposit (see text for discussion).

5.

Coarse, intraclastic packstone with slump folded clasts of
earthy limestone incorporated into the bed while still soft.
Interpreted as a cohesive debris flow deposit. Coarse productid
shell mudstone forms an impersistent basal layer. Note
reworked, wavy biosparitic top. Ballustree Mbr., SE side of
small headland in Loughshinny Bay.

6.

Well bedded limestone and shale with isolated boulder of coral
(c) (Lithostrotion sp.). Note the non-parallel nature of some
of the coarser limestones. Top of Ballustree Mbr., NW corner of
southern Loughshinny Bay.

7.

Normally graded biosparite with coarse shelly layer at base
(with shells orientated convex-up) and overlying parallel
laminated and rippled layers.
Ballustree Mbr., E side of small headland in Loughshinny Bay.

8.

Parallel laminated and streaked earthy limestone with shale
partings.
Ballustree Mbr., SW corner of southern Loughshinny Bay.

3
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e

Multiple event beds of calcarenite with intervening earthy
limestone and shale. Two types of event bed are recognisable.
One type is normally graded and records deposition under waning
flow conditions in its succession of sedimentary structures (as
discussed above in fig. 2). Note that here the ripples record
deposition from currents flowing towards the north. The second
type consists of well sorted to slightly graded coarse
calcarenite (above and below lens). Note low angle ripple or
antidune lamination in the basal coarse layer.
Ballustree Mbr., NW corner of southern Loughshinny Bay.

4.

Kouphichnium sp. Nopsca (Limuludichnulus Linck). "Birds-foot"like trace fossils attributed to limulids (king crabs). Limulid
trace fossils have been almost invariably recorded from shallow
marine to marginal marine/paralic facies (see text). The
occurrence of occasional densely tracked horizons in a "basinal
sequence" is highly unusual. This is an "undertrack"; pressure
solution of the top few microns of this earthy limestone bed has
destroyed traces of all but the characteristic pusher limb
prints.

PLATE 12
All figures Loughshinny Formation
1.

Hummocky cross-bedded calcareous sandstone (2) with reworked
biosparite top and sharp, erosive base ovelying intraclastic
breccia (I). Bed 2 interpreted as the product of deposition
from storm surge under-flow currents bringing allochthonous
sediment from a shelf area into the basin. The underlying
breccia (I) appears not to have been transported much and
essentially represents an in situ disruption of earthy
calcareous muds on the sea floor. This may be related to
failure under the influence of gravity or cyclical loading of
the sea bed by storm waves related to deposition of the
overlying bed. The numerous internal truncation surfaces and
reworked top present in the hummocky cross-bedded calcarenite
(2) are interpreted as being caused by fluctuations in storm
activity. Note coarser grained "armoured" layers associated
with truncation surfaces near top of bed.
Ballustree Member, NW corner of southern Loughshinny Bay.

.

Interbedded calcarenite, earthy limestone and shale. The lower
prominent bed (I) shows normal grading and an upward transition
from parallel lamination to ripple cross-lamination and back to
parallel lamination, recording deposition under waning flow
conditions. The ripples indicate deposition from currents
flowing towards the south. The upper prominent bed (2) is a
fine calcirudite composed of fairly well sorted granule to fine
pebble sized bioclastic debris. It has a sharp, possibly
erosive, base and has a low parallel laminated unit which is
erosively overlain along a low angle truncation by a low angle
cross-bedded/laminated unit of variable thickness. A thin,
reworked lamina, of the same grain size as the rest of the bed,
forms a wavy top to the bed. It is draped by finer sediments.
Interpreted as the products of deposition from storm surge
under-flow currents. The reworking noted here is interpreted as
being due to mixed flow conditions caused when oscillatory flow
(due to storm activity) impinged upon unidirectional under-flow
currents and/or newly deposited sediment on the sea floor.
Ballustree Mbr., NW corner of southern Loughshinny Bay.

TI

3.

Thinly bedded, normally graded calcisiltite, earthy limestone
and shale. Note the sharp base with minute load and flame
structures, parallel lamination and low angle ripple crosslamination in bed ’x’. At the bottom of the photograph is a
thin heterolithic debris flow bed.
Division 4, NE of Loughshinny Harbour.

Thinly bedded, normally graded calcisiltite, earthy limestone
and shale. Note low lens-shaped ripple.
Division 4, S. of the Copper Mine Fault.
.

Interbedded, normally graded calcarenite and earthy limestone
with shale partings. Bed ’2’ has a lower parallel to low angle
cross,laminated coarse unit and an upper trough cross-bedded
unit. Bed ’I’ also has a lower parallel laminated coarse unit
and an upper laminated to rippled unit. Note the irregular
shape of the ripples from swollen ones with "off-shooting"
foresets (a) to low flattened ones (b) and the fine rhythmite
lamination in the upper part of bed ’I’.
Interpreted as storm sediments ("tempestites") deposited from
suspension under the influence of basinward flowing (SE)
underflow traction currents.

PLATE 13
All figures Loughshinny Fm.

I.

Two normally graded calcareous sandstone event beds (A, B) see
also fig.3.23). The lower one (A) has a sharp base, a lower
massive to parallel Imainated unit (p), a wavy laminated unit
(w) with ripple lenses (showing opposed cross-lamination
directions), a parallel laminated unit (d) which drapes a wavy
internal low angle truncation surface and at the top another
wavy laminated, or convoluted, layer. The second bed (B) has a
lower coarse unit (a) which has loaded down into the top of bed
A and an upper parallel laminated to interlaminated unit with
occasional minute load structures and fading ripples.
The wavy internal truncation surface and succeeding
laminae are reminiscent of Hummocky Cross-Stratification
interpreted as such. The fine variation in grain size
laminae within these beds in interpreted as rhythmite
which it closely resembles.

draping
and are
between
banding

Interpreted as storm deposits ("tempestites") deposited mostly
from suspension during waning storm conditions. The basal
coarse sand layers may possibly have been deposited from storm
generated underflow traction currents. The presence of such
currents is indicated by the predominant ripple drift direction
to the right in unit (w) (flow to SW, slightly into the
picture). Some component of oscillatory flow is indicated by
the presence of opposed cross-lamination.
Ballustree Mbr., SW corner of the small headland in Loughshinny
Bay.

2.

Heterolithic mudstone/shale with patches of "floating"
bioclastic debris and sporadic limestone clasts.
Interpreted as a cohesive debris flow deposit. The well
developed fissility may be due to the orientation of clay
flocules and silt particles by laminar flow during transport and
deposition.
Division 4, immediately N. of the bay N. of Loughshinny Harbour.
This is the bed which may be mapped across the folding N. of the
harbour (encls. I, 2).
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Poorly sorted feldspathic, lithic sandstone with dusty
carbonate cement.
Moderately rounded to angular grains of quartz, plagioclase,
feldspar and lower Palaeozoic meta-siltstone and slate.
XPol. 0.22B, Mbr. 3, Rush Fro., Rush foreshore.

@

Well packed bioclastic and lithic microconglomerate with
clasts of lower Palaeozoic meta-siltstone and slate.
Forschiinae foraminiferal test (centre) crushed between
terrigenous grains. The lack of a significant amount of
included mud and no early cement possibly allowed overcompaction during burial.
0.27Y. Mrb. 3, Rush Fm., Rush foreshore.

.

Sandy limestone with bioclastic debris and angular detrital
grains of quartz, feldspar and mica. A recrystallised
association of micrite and fine spar occurs between the grains.
XPol. borehole OA 13, S.4m, Rush Fro., near Blanchardstown.

.

Spicular calcisiltite with laminated fabric of alternating
less argillaceous and more argillaceous layers.
Dublin Fm., CIE Borehole l, 2S.Sm, Heuston Station.

Plate 14
(all figures x75)

.

Argillaceous bioclastic packstone with abundant fenestellate
bryozoan debris, brachiopod spines and sponge spicules.
Malahide Fm., loc. XI.20, N. of Dublin Airport.
Like most limestones in the Malahide Fm., and other Tournalsian
limestones throughout Central Ireland, this one has abundant
fenestellate bryozoan material.
Tournaislan shelf limestones generally contain abundant crinoid,
fenestellate bryozoan and brachiopod material but very low
proportions of foraminifera.

.

Biosparite with scattered lithic grains (L) and abundant
foraminifera: Palaeospiroplectammina sp. and Paracaligelloides
sp. top right and Endothyra sp. centre.
7A-4 Upper Lane Fm. (Mbr. 2), Lane foreshore, near Loughshinny.

.

Sandy, oolitic limestone with recrystallised cement. Angular
quartz and lithic (meta-siltstone) sand grains. Note the small
size of the ooliths. Note also the partially preserved relict
"fibrous" grain rim cement on ooid WSW of ’R’.
5.4A Upper Lane Fm. (Mbr. 2), Lane foreshore, near Loughshinny.

4.

Lithic greywacke with clasts of lower Palaeozoic meta-siltstone
and greywacke, angular quartz sand and a matrix of finely
comminuted lithic fragments and clays, probably derived from
erosion and weathering of the lower palaeozoic. An immature
detrital sediment.
7B.I

Smuggler’s Cave Fm., Lane foreshore, near Loughshinny.
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Plate 15
(all figures x75)

¯

Quartzose, lithic, silty, sand infilling karstic topography in
limestone. Contact between Smuggler’s Cave (top) and Lane
Formations (bottom, with Endothyra ~ is about half-way down.
Lane foreshore.

.

Pebbly, sandy bioclastic limestone. Grains of quartz and
lower Palaeozoic meta-greywacke and siltstone comprise the
terrigenous component. The grains are angular and poorly
sorted¯ Note syntaxial overgrowth to crinoid ossicle (top
right).
Top of Lane Fm. (Mbr. 2) outcrop, Lane foreshore; shallow water
regressive facies associated with the fine grained, well sorted
and abraded bio-oosparites.

Fenestral microdolomite. The coarse dolomite infills the
fenestrae while the more equigranular dolomite replaces the
sediment¯
McGuinness Fro., Lane Borehole, 153.5m.

.

Detrital angular quartz and feldspar grains in a sandy
dolomite. The former have occasional syntaxial overgrowths
(bottom left)¯ Relict crinoid grain at bottom right. Probably
originally a sandy bioclastic limestone.
McGuinness Fm., Lane Borehole, 120.5m

4

Plate 16
(all figures x75)

I.

Biosparite showing partial micritisation of crinoidal grain.
Pseudolituotubella sp.attopandEndothyrinaebelow.
Note neomorphic recrystallisation of foraminifera and bryozoan
zoecium and neomorphic pseudospar ("cement").
Calcarenite from Clonalvy ("Reef") Mud-mound (U.M.M.L.).

Veined recrystallised micrite with dolomite rhombs.
Naul ("Reef") Mud-mound (U.M.M.L.).

.

Biosparite with a varied microfauna including Uralodiscus
rotundus (centre) and Endothyra spp. (top and bottom).
Koninckopora sp. (bottom left). The bioclasts show varying
amounts of slight neomorphic alteration but not as much as the
surrounding "cement" which consists of patches of blocky calcite
and microgranular neomorphic calcite. Note incipient neomorphic
alteration of crinoidal grain (top right) and the fibrous layer
of U. rotundus.
Holmpatrick Fm., Milverton Quarry.

.

Lithic biopeloosparite with angular fragments of
metasiltstone/greywacke (lower Palaeozoic). Micritic and
oolitic coating to grains visible in varying degrees of
development. Eoparastaffella simplex (top centre) and Endothyra
sp. (bottom) present.
Basal Holmpatrick Fm., Holmpatrick foreshore.
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Plate 17
(all figures x75)

¯

Bioclastic calcarenite with Pseudolituotuba sp. encrusting a
crinoid ossicle (top) and Koninckopora inflata (lower left).
The intra-grain area is composed of a mixture of neomorphic
microsparand fine microspar/micrite with dedolomite rhombs.
Typical grainstone/packstone from the Castle Mbr. Naul Fm.,
01dtown, Borehole 0T6/63m.

Fine, neomorphosed, crystalline wackestone. The articulated
shells of the ostracods (upper centre) are recrystallised.
(Note geopetal infilling in the right hand ostracod.)
Boulder of A.S.L. from the Drumanagh Mbr., Drumanagh Head.

.

Micaceous (muscovite) sandy limestone. Angular detrital
quartz grains and compactionally deformed micas in a basinal
limestone of the Dublin Fm.
Heuston Station, Borehole CIE 10.
Immature lithic sandstone with interstitial haematite between
grains of angular detrital quartz, meta-siltstone and greywacke
(derived from the lower Palaeozoic).
Smuggler’s Cave Fm., Lane foreshore.

4

Plate IS
(all figures x75)

VARIATIONS IN PROVENANCE OF GRAINS COMPRISING
THE BALLUSTREE MEMBER, LOUGHSHINNY BAY

¯

.

Non-oolitic biosparite comprised of slightly abraded bioclasts
including fenestellate bryozoa (lower left) and Archaediscus sp.
(upper middle).

Biosparite comprised of abraded bioclastic debris with
superficial oolitic and micritic rims. Note fragmented, angular
Asteroarchaediscinae as nucleus (centre)¯

Sandy oobiosparite. The bioclastic nuclei to the ooliths are
angular and abraded. Note the contrast with the uncoated
detrital quartz grains (eg. upper left).

Fine calcareous quartz arenite composed of detrital uni- and
poly- crystalline quartz and very few carbonate grains.
X. pol.

4

Plate 19
(all figures x75)

Bioclastic argillite with limestone clasts (limestone breccia,
matrix supported).

I.

Courtlough V13. Upper Loughshinny Fm.

.

Feldspathic sublitharenite with detrital strained quartz
grains and silty interstitial matrix.
X. pol.

3.

B.IO

Balrickard Fm., Balrickard Quarry.

Angular quartz grains and compactional folded mica.
B.IO Balrickard Fm., Balrickard Quarry.

Sublitharenite with rounded to subangular quartz and
lithic/silty matrix.
Balrickard Fm., Copper Mine Bay, N. of Loughshinny.

:3

Plate 20
(all figures x75)

0opelbiosparite/grainstone with impersistent grain rim cement.
Note patchy neomorphic recrystallisation of ooliths to microspar
(B). Prediagenetic micritisation of grains is indicated by the
presence of micrite coats to spar filled mollusc grain molds
(A).
Holmpatrick Fm., Holmpatrick.

.

Fine accicular grain rim cement developed in clast of oolitic
shelf limestone (right) reworked into basinal limestone (left)
which lacks a grain rim cement phase.
Bathing Place Mbr., Dublin Fm., The Bathing Place, near Rush.

.

Coarse pelbiosparite rich in calcareous algae and with
extensive micritisation of bioclasts. Large blocky calcite
cement crystals, syntaxially overgrown on echinodermal grains,
occlude a large amount of pore space. No evidence for early
grain rim cements can be discerned.
Asbian Shelf Limestone, Ardgillan forshore, NW of Skerries.

Bioclastic feldspathic sandstone with muscovite mica. A dusty
carbonate cement with later dolomite rhombs occludes intergrain
porosity.
X. pol. McGuinness Fm., Lane Borehole 115.3m.

.

Sandy oobiosparite/grainstone with Forschiinae, Loeblichidae
and ?Lituotubella sp.. Angular quartz sand forms the nuclei to
some ooliths.
No early grain rim cement phase is discernable and the grains
are moderately well packed.
Syntaxial overgrowths on crinoid grains (C). Note neomorphic
overgrowth on cement crystal (X) impinges on side of ?Lituotubella test on right hand side and replaces part of micritic
test wall.
62/F3.16 Carlyan Mbr., Rush Fm., Carlyan Rocks, Rush.

.

Biosparite/grainstone similar to fig. 3. The presence of
small equant grain rimming crystals (the first phase in the void
filling cement phase) on the broken edges of the shattered
foraminiferal test indicates that cement overgrowth is
postcompactional. Note how the growth of the syntaxial crystal
on the echinodermal grain at the bottom (E) has prevented the
formation of equant crystals nucleating on the bioclastic debris
and how the latter are better developed furthest away from it,
indicating that the syntaxial phase and void filling phase were
probably coeval. Later neomorphism has partially affected the
cement (top left).
Drumanagh Mbr., Loughshinny Fm., Drumanagh Head.

.

Oobiopelsparite. Prediagenetic micritisation of some grains
is shown by the occurrence of micrite coats around spar filled
mollusc fragment molds (M). Much of the cement is in the form
of fine granular spar/microspar. Some of the ooliths show a
recrystallisation of primary micrite to a similar spar type (N)
indicating that a neomorphic origin is likely. Note also the
overgrowth of "cement" crystal and replacement in part of
original micrite of oolith (N).
Upper Loughshinny Fm. (division 4). Goniatite locality,
Loughshinny Bay.

.

Shelter porosity ("umbrella structure") beneath productacean
shell occluded by void infilling cement. Elsewhere an
association of micrite and fine spar occurs between the grains.
The absence of this association from the umbrella structure
cement indicates that it probably is not an alteration of cement
but may be a neomorphic fabric related to alteration of a
micritic matrix.
Bathing Place Mbr., Dublin Fro., The Bathing Place, near Rush.

Plate 21
(Figure I x170, other figures x75)

¯

0obiopelsparite/grainstone with moderate packing¯ The ¯¯lithe
are extensively micritised (0). In some cases the bioclast
nuclei to the ¯¯lithe are also micritised. Neomorphic s~ntaxial
overgrowth on nucleus has replaced micrite of oolith wlth spar
(C).
Again no early grain rim cement phase can be discerned¯ Some of
the pore filling "cement" crystals have sutured contacts
indicating some neomorphism may have occurred.
Ballustree Mbr., Loughshinny Fm., Loughshinny Bay.

¯

Biosparite/grainstone with small equant crystals partly
rimming bioclasts (R). Large sy~axial pore filling crystals
(E) have formed on echinodermal grains. These syntaxial
crystals appear to have grown more rapidly than the small equant
ones.
Naul Fm., Clonalvy.

Calcisiltite with calcispheres. The slightly argillaceous
calcilutite here has been altered to an association of micrite
and fine spar and the terrigenous mud is now concentrated along
crystal boundaries.
Later dolomite rhombs occur in the
neomorphic carbonate.
Tober Colleen Fm., Shallon Stream near Kilsallaghan.

Heavily recrystallised bioclastic limestone¯ Between the
grains is a close association of micrite and microspar. At
first it may be supposed that one of these phases may be
replacing the other, but if one examines the test of the
foraminifera (Archaediscus sp.) in the centre it is evident that
both are replacing the wall of that test in places¯ Both are
then probably of neomorphic origin and the two grain sizes may
be part of the same phase.
Castle Mbr., Naul Fm., 01dtown borehole 0T DDH 6, 63m.

Plate 22
(all figures x75)

Neomorphic micritisation of the test of Glomodiscus sp. Note
that the sparry fibrous layer is more heavily affected than the
dark microgranular layer which is already fine grained.

Io

Clonalvy Breccia.

.

Diagenetic replacement of the dark microgranular layer and
parts of the sparry fibrous layer of Glomodiscus sp. by iron
sulphide. Argillaceous, spicular, bioclastic packstone.
Dublin Fm., Glasnevin.

.

Fine equigranular neomorphic calcite which has replaced
argillaceous micrite matrix. Much of the non-carbonate fraction
of the matrix now lies along neomorphic crystal boundaries.
Loughshinny Fm., (division 4), Loughshinny Bay.

Crystalline dolomite replacing a neomorphic association of
microspar and micrite. From the biosparites and biomicrites
associated with the Clonalvy ("Reef") Mud-mound, (U.M.M.L.).
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Plate 23
(all figures x75)

¯

Partly silicified spicular packstone. Dark grey/black slightly
argillaceous micrite forming the matrix has been partly replaced
by silica cement nucleated mostly upon siliceous sponge
spicules.
Dublin Fm., Kate Rocks, near Rush.

.

Authigenic quartz crystals with inclusions replacing calcite in
peloids and foraminiferal tests¯ These crystals are mostly
confined to replacing micrite.
Naul Fm., Castle Mbr., Naul Gorge.

.

Silicified calcarenite with unaltered dolomite rhombs. Note
pseudomorphing of bioclast structures by chalcedonic silica.
Clondalkin Fm., Roadstone Borehole, PS2/499ft., Belgard Quarry.

.

Similar to Fig. 3 with unaltered dolomite rhombs but here there
is very little relict structure pseudomorphed by the silica.
Ballustree Mbr, Loughshinny Fm., Loughshinny Bay.

Plate 2&
(all figures x75)

1,2

Partly silicified grainstone with unaltered dolomite
rhombs.
Partly silicified crinoidal debris and completely silicified
Archaediscidae (foraminifera) test (top centre). Both fibrous
chalcedonic and microgranular (possibly quartz) silica are
present. Fine replacement of original calcitic bioclasts is
seen in the reproduction of the Archaedlscidae test which shows
some mimicking of the original fibrous calcite wall structure
by silica. In other cases the alteration to silica may
obliterate the original grain structures or even their
outlines.
I plane pol., 2 x pol. Drumanagh Mbr., Loughshinny Fm.,
Drumanagh Head.

3.

Silicified grainstone.
The amount of destruction of the original texture and fabric is
more severe in this example than in figures 1 and 2 but the
original Archaediscidae test is still readily identifiable as
Archaediscus ex. gr. A. moelleri.
Plane pol. Ballustree Mbr., Loughshinny Fm., Loughshinny Bay.

Silicified oolbiosparite. Note extinction cross in oolith (A).
.

x pol. Drumanagh Mbr., Loughshinny Fm., Drumanagh Head.

Plate 25
(all figures x75)

1,2

Alternating generations of fibrous silica and iron oxide
lining rug. Final rug infill is of granular silica. Note
euhedral dolomite crystals.
1 plane pol., 2 x pol. Drumanagh Mbr., Loughshinny Fm.,
Drumanagh Head.

3,4

Multigeneration silica and euhedral dolomite.
3 plane pol., 4 x pol. D.13A.
Drumanagh Mbr., Loughshinny Fm., Drumanagh Head.

PLATE 26
I ¯

Northerly verging second order chevron folds superimposed on
large first order Loughshinny Bay Anticline.
Loughshinny Fm., Loughshinny Bay.
Limestone band (A) deformed into lensoid boudins along well
developed penetrative pressure solution cleavage.

me

Tober Colleen Fm., Rush. (Hammer for scale, centre left.)

e

Chevron anticline hinge zone with small scale thrusting on
steep limb (N) (interpreted as an accommodation structure).
Loughshinny Fm., Loughshinny Bay. (Hammer for scale, low
centre.)

e

Oblique view of NNE (028°) trending dextral kink band
deforming cleavage¯
Tober Colleen Fm., Rush.

e

N-S normal fault zone, with subsiduary N-S fracture
cleavage/jointing and drag folds, throwing Balrickard Fm.
(left) down to the W. against upper Loughshinny Fm. (division
4) (right).
Nags Head Fault, Recent quarry Ikm east of Nags Head Cross
Roads. (Grid Ref. 0 154579).

e

Interbedded shale, earthy limestone and coarse sandstone.
Balrickard Fm. Recent quarry Ikm E. of Nags Head Cross Roads.
(Grid Ref. 0 154579. 30m (approx.) of strata visible.
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