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ABSTRACT

The North Atlantic Igneous Province (NAIP) is one of the most prospective regions for Ni-Cu-
Platinum-Group Element (PGE) mineralisation in Europe, and recent studies have discovered
elevated PGE concentrations within its early lavas and minor intrusions comprising the British
and Irish Palacogene Igneous Province (BIPIP). This study presents an extended digital map
of the regional mafic dyke swarms associated with the BIPIP in Northern Ireland and Ireland
and a comprehensive new geochemical dataset of these magma conduits, the Antrim Lava

Group and associated minor intrusions, including PGE and Au analyses. Digital mapping using
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aerial electromagnetic data reveals a high density of dyke-related anomalies on the island of
Ireland. Dyke density and orientation indicate at least one swarm originating from an onshore
Palacogene igneous centre (Slieve Gullion, Carlingford, possibly Dromore High), whilst others
are likely propagating from submarine igneous centres in the North Atlantic. The origins and
evolution of dyke swarms provide context for interpreting variations in PGE abundances.
Previous authors have highlighted that early NAIP magmatic rocks (e.g., Greenland and
Scotland) had high Pt/Pd ratios (~1.9), while younger sequences (e.g., Iceland) trend towards
lower ratios (~0.4). Our data reveal that Irish BIPIP centres record a similar transition with an
average Pt/Pd ratio of 1.6 £ 0.8, reflecting an evolving geodynamic setting where the magmatic
conditions transitioned from intra-plate volcanism through to the inception of continental
rifting and ocean opening. A close spatiotemporal association between variable Pt/Pd in BIPIP
rocks in Ireland and high Pt/Pd in BIPIP rocks in Scotland suggests that the geodynamic
transition occurred within a geologically short time interval (<1 Myr). Results from our
samples attest to widespread sulphide saturation, supporting the potential for orthomagmatic

Ni-Cu-PGE mineralisation within related central complexes or magmatic feeder networks.

HIGHLIGHTS

Most Irish Palacogene dykes originate from offshore North Atlantic igneous centres.
e The oldest Erne dykes may originate from onshore Irish central complexes.

e Irish Palacogene magmatism records the earliest stages of North Atlantic opening.

e Pt/Pd ratios record a rapid geodynamic transition during North Atlantic rifting.

e Irish Palacogene magmas have typically saturated in sulphide liquids.

1. Introduction

Platinum Group Elements (PGE) are useful proxies for mantle processes and geodynamic

environment, in addition to being classed as critical raw materials, necessary to achieve climate



mitigation goals (Mudd et al., 2018). They are ubiquitously siderophilic (Barnes and Ripley,
2016) but can be divided into two groups with different geochemical behaviours: the Platinum
group PGEs (PPGE; Pt, Pd and Rh) are mainly hosted in base metal sulphides, whilst the
Iridium group PGEs (IPGE; Ir, Os, Ru) form alloys and monosulphide solid solutions (Maier
and Groves, 2011; Barnes and Ripley, 2016). Recent studies have highlighted a close
association between large igneous provinces (LIP) and PGE mineralisation (e.g., Norilsk-
Talnakh, Bushveld; Maier, 2005; Barnes and Mansur, 2022) with LIP-related Ni-Cu-PGE
deposits sharing geochemical characteristics that have been attributed to a metasomatic
component from the sub-continental lithospheric mantle (SCLM; Griffin et al., 2013; Barnes
et al., 2016), though the extent and significance of this contribution remain debated. It has been
suggested to result from parental magmas intruded at cratonic edge blocks mobilising sulphides

from enriched continental roots (Chen et al., 2025).

Early NAIP magmatism occurred under conditions conducive to PGE mineralisation (Andersen
et al., 2000) and has been the subject of PGE exploration (e.g., Skaergaard, Kap Edvard Holm
and Rum complex; Andersen et al., 2000; Hughes et al., 2015c; Andersen et al., 2017). Recent
studies have shown that metal systematics in the British and Irish Palacogene Igneous Province
(BIPIP), an early manifestation of the NAIP (63-52 Ma; Musset et al., 1988), record
contamination of plume-derived magmas by SCLM at margins of the North Atlantic Craton
(Hughes et al., 2015b), resulting in enrichment of PPGEs. This pattern is consistent with major
global PGE deposits where historic metasomatism during orogenic events can ‘precondition’
the cratonic SCLM, enriching it in Pt, and influencing the precious metal budget and Pt/Pd
ratios of ascending magmas during LIP formation (Maier and Groves, 2011; Griffin et al.,
2013). Furthermore, authors have suggested that the NAIP has a high primary PGE
concentration in the mantle source, which is a critical prerequisite for orthomagmatic Ni—Cu—

PGE mineralisation (Andersen et al., 2000).



Despite extensive work on the PGE potential and geodynamic evolution of the BIPIP, previous
studies have relied strongly on the Hebridean portion of province, extrapolating results to
Northern Ireland and Ireland (Hughes, 2015 and references therein); while the major element,
trace element and isotopic geochemical behaviour of Northern Irish and Irish BIPIP rocks have
been investigated (Mohr, 1988; Andersen et al., 2000; Carter et al., 2024), detailed studies of
PGE systematics are sparse and largely limited to industry datasets (Hurst, 1997; Smyth, 2014).
This study addresses this knowledge gap by first digitising Palacogene regional dyke swarms
on the island of Ireland using newly available aerial magnetic datasets and then presenting a
new geochemical characterisation of these dykes, in addition to the Antrim Lava Group (ALG)
and minor intrusions (sills and plugs), including PGE and Au concentrations. We use these data,
alongside a literature data compilation, to constrain the mantle petrogenesis, S-saturation

processes and PGE mineralisation potential during the evolution of the early NAIP.

2. Geological Setting

2.1. Overview of the North Atlantic Igneous Province

The NAIP includes volcanic and plutonic magmatism in Greenland, the Faeroe Islands, Britain,
Northern Ireland, Ireland, Iceland and the surrounding offshore, which formed as a result of
the (proto-) Icelandic plume impinging on the base of lithosphere (Fig. 1; Saunders et al., 1997),
coupled with extension during North Atlantic rifting (Hansen et al., 2009; Wilkinson et al.,
2016). Magmatic activity began in the Palacogene in present-day western (e.g. Greenland) and
eastern (e.g. Britain, Ireland) Atlantic, with ages broadly converging on modern day Iceland
(Fig. 1). Palacogene magmatism can be divided into two phases with a pre-rift phase at 62—58
Ma, followed by a hiatus at ~57 Ma, and a subsequent voluminous syn- and post-rifting phase

coincided with the opening of the North Atlantic at ~56-53 Ma (Saunders et al., 1997;



Wilkinson et al., 2016). Plume-related volcanism has transitioned from continental to oceanic

geodynamic settings throughout the last ~62 Myr (Hughes et al., 2015b).

2.2. The British and Irish Palaeogene Igneous Province in Ireland

Palaeogene igneous rocks in Britain and the island of Ireland comprise the BIPIP and include
on- and offshore central igneous complexes, lava flows and regional dyke swarms (Fig. 2;
Andersen et al., 2000; Kent and Fitton, 2000; Mitchell, 2004). Based on previous
geochronological constraints, the first pulse of BIPIP magmatism occurred at ~61 Ma with the
eruption of basaltic lavas into the Hebridean basin and the northeast of Ireland (Mussett et al.,
1988; Cooper et al., 2012). The bulk of magmatic activity followed between ~61-59 Ma,
marked by the emplacement of large mafic and silicic central complexes (e.g., Mull, Rum,
Carlingford, and Slieve Gullion; Chambers and Pringle, 2001), widespread sills and dyke
intrusion and effusive lava extrusions (e.g., Skye, Antrim). A second pulse of late-stage dyke
emplacement continued until ~58 Ma (Mitchell, 2004). Recent work by Cooper et al. (2020,
2026) proposed a third pulse of activity at ~56—56.5 Ma, associated with emplacement of the
Mourne Mountains. Analysing BIPIP samples, therefore, presents an opportunity to investigate
petrogenetic changes through ~5.5 million years of geodynamically diverse magmatism (Fig.
3b) as the NAIP transitioned from a pre- to syn-rift phase (Saunders et al., 1997). Broadly
contemporaneous with this onshore magmatism, offshore magmatism in the North Atlantic
generated submarine igneous centres such as the Anton Dohrn, Hebrides Terrace and
Blackstones Bank which have not been analysed extensively and are predominantly
constrained by geophysical surveys or during dredging expeditions (Ritchie and Kitchen, 1996;

O’Connor et al., 2000).

2.2.1. The Antrim Lava Group



The ALG (Fig. 2) is the most extensive extrusive suite in the BIPIP (59.4-61 Ma), comprising
~3,800 km? of flood basalts preserved in the northeast of Northern Ireland (Saunders et al.,
1997, Mitchell, 2004). The lavas are separated into two stratigraphic sequences: the Upper
(UBF) and Lower Basalt Formations (LBF), which each represent ~0.5 Ma of activity,
separated by ~0.5 Ma of quiescence (Mitchell, 2004; Carter et al., 2024). The age of the LBF
is well constrained between ~61.6 and ~61.1 Ma by U-Pb zircon ages from the underlying Clay
with Flints and Tardree Rhyolite Complex (Cooper et al., 2026). The quiescent (interbasaltic)
period is marked by thick laterites and only minor eruptive activity, which produced the
Causeway Tholeiite Member (Fig. 3b; Lyle and Preston, 1993; Wilkinson et al., 2016). Recent
studies have calculated that mantle potential temperatures varied significantly (Tp 1374-1521
°C) during ALG emplacement as a result of thermal pulsing in the (proto-) Icelandic plume

(Carter et al., 2024).
2.2.2. Dyke Swarms

The BIPIP contains characteristic NW—SE dykes formed as a result of NE-SW extension
during Palacogene mantle plume activity (Geoffroy et al., 1996). Five swarms, dated between
~61-56 Ma (Cooper et al., 2026), traverse the island of Ireland (Cooper et al, 2012, Anderson
et al., 2016, 2018), spatially and temporally overlapping the emplacement of three exposed
onshore central complexes (Mournes, Carlingford, Slieve Gullion) as well as the ALG. The
enigmatic Dromore High, a positive gravity anomaly within low-density Devonian and
Carboniferous bedrock (Reay, 2004), likely represents a buried pluton also within the region
of high-density dyke emplacement. It has been suggested to correspond to a Palacogene
igneous body analogous to the Slieve Gullion Complex (Mitchell, 2004; Shaw et al., 2022),
though other interpretations, including a subsurface extension of the Ordovician Tyrone

Igneous Complex, are also possible (Cooper et al., 2011; Anderson et al., 2018)



While only the Erne Dyke Swarm has an absolute age (Cooper et al., 2026), relative age
constraints exist for other swarms (Fig. 3; Anderson et al., 2018). In decreasing age order: the
oldest dykes comprise the Erne Dyke Swarm (61.34 £ 0.11 Ma) which is most abundant in the
mid-west of the island of Ireland, along the Irish—Northern Irish border. The swarm has a low
dyke density with a general WNW-ESE strike (Cooper et al., 2012). The second-oldest
Donegal-Kingscourt Dyke Swarm is a high-density swarm, emplaced across the northwest to
the southeast of Ireland, with a NW-SE strike (Anderson et al., 2018). Both the Erne and
Donegal-Kingscourt swarms are truncated by the LBF (Cooper et al., 2026) suggesting that
they may have contributed to extrusion of the ALG. Next, the Killala Dyke Swarm, which is
younger than the Killala Gabbro (60.957 £0.041 Ma; Cooper et al., 2026), propagates across
the northwest of Ireland with a W—E strike, contrasting with the general BIPIP dyke trend
(NW-SE; Geoffroy et al., 1996). Killala dykes occur in a lower density than Donegal-
Kingscourt but a comparatively smaller area within the limits of the Tellus geophysical dataset
of the time (Anderson et al., 2018). The NE-SW striking West Connacht (Mohr, 1988) and N-
S striking Dingle dykes (Morris, 1974) outcrop with low densities on the west and southwest
coast of Ireland, respectively, again contrasting with the general BIPIP dyke orientation. These
have not previously been mapped using Tellus aeromagnetic data because prior studies were
conducted before completion of the survey in those areas (Anderson et al., 2016, 2018) but
lithological and magnetic data support a Palaecogene age (Mussett et al., 1988). The Ardglass-
Ballycastle swarm strikes NW—SE on the east coast and cross-cuts the LBF but generally not
UBF, constraining their formation to the interbasaltic period between 59.9-60.5 Ma (Fig. 3;
Cooper et al., 2012; Anderson et al., 2018). Finally, the high-density, NW—SE striking St.
John’s Point Lisburn swarm also occurs on the east coast of the island and cuts both the LBF

and UBF, indicating intrusion after 59.4 Ma (Fig. 3b; Anderson et al., 2018).

2.2.3. Sills and Plugs



Northern Ireland is host to many doleritic and gabbroic sills, with intrusions beneath and within
the ALG (Mitchel, 2004; Holness et al., 2025). In County Antrim, the Portrush Sill has been
dated at 58.453 £ 0.029 Ma (Cooper et al., 2026), whilst in County Down, the Scrabo Sill
complex has been dated at 61.318 £0.026 (i, Fig 3e; Cooper et al., 2026). Several doleritic
plugs associated with the ALG represent sites of localised eruptive activity, with the Slemish
plug representing the largest volcanic vent on the island of Ireland and outcropping on the

Antrim Plateau (Preston, 1963; Mitchell, 2004).

2.2.4. PGE exploration in the Irish and Northern Irish BIPIP

The Carlingford Complex was subject to PGE exploration by BHP in the 1990s, sparked by
the discovery of a 'float boulder' containing ~5 wt% Cu, 1.5 ppm Pt and 1.5 ppm Pd (Hurst,
1997). Following BHP’s withdrawal from the area, Belmore Resources Ltd assumed the licence
in 2005, finding further Pt mineralisation in dykes and several boulders containing mineralised
PGE + Au, Ni and Cu (Goodman and Slowley, 2005). Further potential for PGE mineralisation
in Northern Ireland and Ireland was highlighted by the Tellus regional exploration programme
(see Supplementary Text for references to national datasets) which identified significant Pt and
Pd anomalies in stream and soil sediment samples, particularly in northwest and east County
Antrim, associated with the ALG and its feeder dykes (Lusty, 2016). These findings spurred
exploration interest in the region, leading Lonmin Plc. to acquire exploration licences in the
from 20082017 (Smyth, 2014; Lonmin Plc, 2018). More recently, Karelian Diamond
Resources has expressed interest in Ni-Cu-PGE exploration in the southwest of Northern
Ireland, following encouraging results in stream sampling campaigns (Karelian Diamond

Resources, 2025).

3. MATERIALS AND METHODS

3.1. Digital mapping



New digital maps of dyke-related anomalies across Northern Ireland and Ireland were produced
following the method of Cooper et al. (2012) and Anderson et al. (2016, 2018) but using a more
complete aerial magnetic dataset extending across most of the island of Ireland (see
Supplementary Text for references to national datasets), as opposed to only Northern Ireland
and the border counties. Data from West Cork and Kerry are not shown on our map as Tellus
datasets were not available at the time of this study. We used a free-to-access, pre-processed
geoTIFF of First Vertical Derivative of the Reduced to Pole Total Magnetic Intensity anomaly
field to constrain the locations of dyke-related features. Dyke-related anomalies were digitised
in QGIS by tracing linear magnetic anomalies and classified into swarms based on orientation
and location, creating an extended database of georeferenced polylines. At the current
resolution (grid cell size 35m), individual dyke-related anomalies may reflect the cumulative
effect of multiple overlapping dykes rather than a single outcropping dyke. This means that the
number of intrusions is likely to be much greater than the number of mapped anomalies but
may not reflect outcrop exposure. The digital mapping exercise has not yet been extensively
tested on the ground, however, some western dykes have been identified during fieldwork for

sample collection.

3.2. Sample collection and preparation

Samples of putative magmatic 'liquids' (i.e. lavas and dykes, rather than cumulates) were
collected from across the island of Ireland for geochemical analysis (Table 1). They were
collected in multiple field campaigns and analysed in multiple laboratories which we describe
in three methodological subgroups. Dykes, sills and plugs were collected by the Geological
Survey of Northern Ireland during multiple field campaigns in 2013-2014 study (subgroup A).
Dyke samples from the west coast of Ireland and Carlingford cone sheets were collected during
fieldwork in June 2024 and August 2022, respectively, specifically targeting finer-grained dyke

margins (subgroup B). Sills (e.g., Portrush, Magilligan), plug (e.g., Slemish) and cone sheet



samples from Subgroups A and B comprise ‘minor intrusions’ within this study. Antrim lava
samples were collected from boreholes drilled by Lonmin Plc. across Northern Ireland in 2013
(subgroup C), focused on the lowermost (first) flow in drill cores (Lower Basalt Formation).
Lavas constitute extrusive samples within this study. In hand specimen, samples were either
crystal-free or porphyritic with a glassy or microcrystalline groundmass and occasional
phenocrysts of olivine and/or clinopyroxene. Plagioclase was rarely present, and opaque

(presumably oxide) phases were visible in thin section.

Samples from subgroups A and C were similarly powdered at the Centre for Environmental
Geochemistry, Nottingham, and the School of Earth and Environmental Sciences, Cardiff
University, respectively. Samples from subgroup B were prepared in the Discipline of Geology,
Trinity College Dublin, first removing weathered material from the edge of each sample and
washing in deionised water, before crushing in a tungsten carbide jaw crusher and grinding to
a fine powder in an agate mill. If present, amygdales and filled vesicles were hand-picked and

removed from crushed samples.

3.2. Major and trace element analysis

Loss on Ignition (LOI) was measured gravimetrically for subgroups A and B by heating
powders (2g) at 1000°C for one hour. For subgroup C, LOI was measured using ~1.5 +0.0001g
of sample powder baked at 900°C in a Vecstar Furnace for 2 hours. Total sulphur for subgroup
B was measured using an Analytik Jena multi-EA 40000 instrument in the Earth Surface
Research Laboratory, Trinity College Dublin. Accuracy and precision were ~10% and ~2%,

respectively, from repeat analysis of reference material 2648c (Table S1).

Samples from subgroup A were analysed in the Centre for Environmental Geochemistry,
Nottingham (Table 2), with major element concentrations measured on fused beads by

Panalytical Zetium Wavelength Dispersive-Xray Florescence (WD-XRF) spectroscopy and



trace elements by Agilent 7500 Ionising Coupled Plasma-Mass Spectroscopy (ICP-MS)
following sodium peroxide fusion after Hollis et al. (2015). Analytical uncertainties for trace
elements were assessed using BCR-2 certified reference material; while major elements
uncertainties were monitored by repeat analysis of JGla, JG3, BE-N, GXR-1. The major
element compositions of subgroup B were analysed on fused glass beads using a Panalytical
Zetium WD-XRF in the Malvern Panalytical Laboratory, Nottingham, while the trace element
compositions of subgroup B were analysed on pressed powder pellets using a Panalytical
Zetium WD-XRF instrument in the Earth Surface Research Laboratory, Trinity College Dublin.
Samples were prepared and analysed following Carter et al. (2024). Analytical uncertainties
were constrained using certified reference materials GSJ JB-1b, JB-3a and JBb-1 for major
elements and GSJ JA-1a, JA-2 and JB-2 for trace elements. Subgroup C was analysed in the
School of Earth and Environmental Sciences, Cardiff University. Major elements, minor
elements and Sc were measured using a JY-Horiba Ultima 2 Inductively Coupled Plasma
Optical Emission Spectrometry (ICP-OES) and trace elements were measured using a
thermoelemental X series (X7) ICP-MS, following McDonald and Viljoen (2006). Standard
reference materials JB1a, JP1 and MRG1 were used to constrain uncertainties. Representative
accuracy for major elements is typically 1-2%, except for Na;O (3%) and P20s (4%).
Representative accuracy for trace elements is typically 5-8%, except Zr (20%) and Ba (33%;

see Supplementary Text for full certified reference material references).

3.3. PGE + Au fire assay

Platinum-Group element and Au concentrations for subgroups A and B were analysed at
Activation Laboratories Ltd, Canada, by Ni-sulphide fire assay followed by ELAN 9000 ICP-
MS, following Hoffman and Dunn (2002). Subgroup C was also analysed for PGE + Au by
Fire Assay and thermoelemental X7 ICP-MS in the School of Earth and Environmental

Sciences, Cardiff University, following Huber et al. (2001). Analytical and preparation



accuracy and reproducibility (including potential nugget effects) were assessed following a
validation approach similar to Passmore (2009; Table S2). Across all laboratories,
representative accuracy for PGEs £ Au was between ~0.5— 9% (Pt 4%, Pd 6%). Precision for
subgroups A and B was better than 5%, based on repeat analysis of standards AMIS 0498 and

OREAS 13b, with potential nugget effects determined to be minor (Table S2).

4. AREVISED PALAEOGENE DYKE MAP

Our enhanced digital mapping of regional dyke swarms reveals a greater density of dyke-
related anomalies than previously identified in the northwest and west of the island of Ireland
and across the Irish Sea (Fig. 3a). Specifically, our new results build on the mapping of Cooper
et al. (2012) and Anderson et al. (2016, 2018), extending the mapped geographic coverage of
the Donegal-Kingscourt, Killala and Erne swarms in the west and northwest. The Fleetwood
dyke swarm, initially thought as an offshore component of the Donegal-Kingscourt swarm
(Anderson et al., 2018), has been mapped to strike WNW-ESE, with a low onshore density in
the east, extending to a high-density swarm across the Irish Sea Basin and outcropping on the
Isle of Man; the dykes crosscut early granites of the Mournes relatively constraining their age
to ~56-56.5 Ma (Cooper et al., 2026). By mapping offshore continuations of the Donegal-
Kingscourt, Ardglass-Ballycastle, St. John's Point, Lisburn and Fleetwood swarms, we provide
new insights into the high density of dyke-related anomalies in the Irish Sea, demonstrating

that the Fleetwood and Ardglass-Ballycastle swarms transect the Isle of Man.

In addition, we identify and map a dyke swarm which was not previously recognised in aerial
magnetic studies by Anderson et al. (2016, 2018): the West Connacht dykes, originally mapped
by Mohr (1988), comprise a high-density swarm with a NE-SW strike inland transitioning to
more W—E on the western coast. They have a much higher density than previously identified

in outcrop by Mohr (1988), occurring in clusters along the west coast, with fewer dykes inland.



The West Connacht swarm shares orientation (W—E) with the Killala swarm on the northwest
coast, however, their northern extent does not overlap inland with the Killala dykes. The Dingle
dyke swarm mapped by Morris (1974) has not yet been resolved in our dataset due to

incomplete Tellus survey data for the area.

The orientation of dyke swarms across the island of Ireland suggests a systematic regional
variation, shifting from NW-SE in the north to predominantly W-E towards the southern
extent of dyke propagation. Previous studies have suggested individual swarms have distinct
strikes and that this shift in orientation reflects a temporal progression as a result of changing
regional crustal stresses during north Atlantic opening (Anderson et al., 2018). However, our
extended mapping demonstrates that some swarms are not continuous linear features with a
constant strike but rather exhibit a pronounced curvature across their length, producing ‘hockey
stick’ shaped regional features. This systematic change is exemplified by the St John’s Point
Lisburn dykes which have a NW—SE strike in the north but reorientate to a WNW-ESE strike
in the south, across the Irish Sea and reach the Isle of Man. A similar re-orientation is observed
in the West Connacht swarm, where more northernly dykes strike NE-SW while southern

coastal dykes trend towards W-E.

5. GEOCHEMICAL RESULTS

For context, we compare our new geochemical results with those obtained for genetically
related lava flows in Northern Ireland (Carter et al., 2024), the Scottish Hebrides (Hughes et
al., 2015c), off- and on-shore East Greenland (Philip et al., 2001; Momme et al., 2002), West
Greenland (Lightfoot et al., 1997; Keays and Lightfoot, 2007) and Iceland (Momme et al.,
2003). This allows tracking North Atlantic plume dynamics from the Palacogene to the present.

Major and trace element results for all dykes, minor intrusions and lava flows are provided in



Table S3 and S4 and PGE+ Au results are in Table S5. Subgroups A and B comprise dykes and

minor intrusions and subgroup C comprise Antrim Lava Group (ALG).
5.1. Major and lithophile trace elements

The major element compositions of our samples are broadly basaltic (Fig. S1; Alkali-subalkali
basalts, tephrites), extending to highly primitive mantle-like compositions (>60 Mg#; Mg# =
molar Mg/(Mg+Fe() x 100 where Fe; = total Fe’" + Fe*"). However, two samples from the
Dingle dyke system are highly evolved (dacite/rhyolite; Fig. S1), compared to other Northern
Irish and Irish samples. The compositions of intrusive rocks and ALG samples overlap with
dykes and minor intrusions, extending to slightly more evolved compositions; individual dyke
swarms do not exhibit any observable geochemical difference with broadly similar major and
trace element signatures across all swarms (Figs S2, S3). Compositional trends are consistent
with fractional crystallisation of a mineral assemblage comprising predominantly olivine +
clinopyroxene + minor plagioclase (Fig. 4a-d), as in other NAIP igneous centres (Lightfoot et
al., 1997; Saunders et al., 1998; Kerr et al., 1999; Carter et al., 2024). While samples from
Greenlandic centres have accumulated significant olivine (Fig. 4a) with high Mg content (>70
Mg#)and Fesconcentrations (~13 O3z concentrations (~13 wt%), our samples show less
extensive olivine accumulation, extending to 50—-70 Mg# and 10-14 % Fe,. Os. Olivine is
consistently the liquidus phase in our samples, but the major element compositions indicate
early clinopyroxene saturation (~55-60 Mg#), marked by an inflection in CaO concentrations
with decreasing Mg#. None of our samples, and few NAIP literature analyses, show evidence
of plagioclase saturation (which would be manifest as a decrease in Al,O3; at low Mg#).
Lithophile trace elements (e.g. Zr and Sr) further support major element trends, with

concentrations of incompatible elements increasing with decreasing Mg# (Fig. S4). The total



sulphur concentrations in our samples are low (average 0.13 wt%), consistent with an absence

of visible sulphides in hand specimen (Table S1).

5.2. Chalcophile trace elements

The highest Ni, Cr and Co concentrations in our dataset are associated with the most mafic
samples, with concentrations in all dyke and minor intrusion samples and most ALG samples
decreasing at lower Mg# (Fig. 5). This mirrors data from other NAIP centres and is consistent
with the ‘incompatible fractionation’ trend of Hughes et al (2015b), reflecting Ni and Co
partitioning into olivine during progressive crystallisation, and Cr into presumably minor
amounts of spinel-group minerals which are not apparent from major element variations (Fig.
4). A subset of ALG samples have lower Ni than the general trend for their given Mg# (Fig.
5a), reflecting early sulphide depletion before extensive crystallisation and sulphur saturation,

as identified in some samples from West Greenland (Hughes et al., 2015).

As Cu is incompatible in common basaltic silicate minerals it increases in silicate melts as these
phases crystallise (i.e., towards lower Mg#). If a sulphide liquid exsolves, however, Cu
partitions strongly into this phase and decreases in the residual silicate melt. Both incompatible
and compatible Cu trends are seen in the NAIP with sulphide-undersaturated crystallisation
apparent from some Greenlandic samples and sulphide-saturated crystallisation dominant
elsewhere (Hughes et al., 2015; Fig. 5d). Most of our data show decreasing Cu abundance with
decreasing Mg#, consistent with magma being S-saturated (e.g. following trends in Scottish
samples). However, a small number of our mafic ALG samples and one sill (Scrabo Sill; i, Fig.
3e) have anomalously high Cu relative to other samples at equivalent Mg#; this ‘high Cu group’

is consistent with sulphide-undersaturated crystallisation (Fig. 5d).

5.3. Platinum-Group elements and gold



Our samples contain negligible IPGE but PPGEs + Au are generally above detection limit;
Table S5). The highest total PGE concentration in our sample set is 34 ppb in an ALG sample,
with the highest intrusive sample (a dyke from the Killala swarm) containing 28 ppb. The
highest Pt concentration is 13 ppb and Pd 12 ppb, in the same dyke sample from the Killala
swarm. The highest Au concentration is 26 ppb in an ALG sample. All other samples span the
concentrations between these high values and the analytical detection limit. These
concentrations are elevated relative to background mantle levels; average whole-rock MORB

contains 0.5 ppb Pt and 0.9 ppb Pd (Hao et al., 2021).

Our data show similar systematics to the broader NAIP, with the highest and most variable Pt
and Pd concentrations in the most mafic (highest Mg#) samples and lower concentrations in
more evolved samples (Fig. 6a). Most of our samples have higher Pt than Pd concentrations.
Only onshore East Greenlandic samples significantly deviate from this relationship, with high
Pd even at low Mg#. Ruthenium concentrations are ubiquitously low, both in our samples (<4
ppb) and other NAIP centres (Fig. 6¢). Similarly, Au concentrations are close to the detection
limit and show do not correlate with Mg#; only onshore East Greenlandic centres and one of

our samples from ALG (26 ppb) have higher concentrations.

The relationship between PGEs and other chalcophile elements can be used to identify their
partitioning into immiscible sulphide liquids. For example, Cu and Pd are both incompatible in
silicate minerals but partition strongly into sulphide liquids when magmas become S-saturated.
Our data fall between two endmember trends in Cu versus Pd (Fig. 7a): one where Pd and Cu
positively correlate up to ~15 ppb Pd and ~150 ppm Cu, and a second where Pd concentrations
remain constantly low over a wide range of Cu abundances. The former trend is broadly
consistent with other NAIP centre which show a general positive correlation between Cu and
Pd, extending to the highest values and most variable concentrations in onshore East

Greenland. The latter trend is more prominent in in group of samples from the ALG and a



single sill (subsequently denoted the ‘high Cu group’). Gold shows only a weak correlation
with Pd in most of our samples (Fig. 7b), with slightly diverse populations between the ALG
and intrusive samples, again consistent with the general NAIP trend except East Greenland

which has higher and more scattered Au and Pd abundances.

While both Cu and Pd are chalcophilic, there is approximately an order of magnitude difference
in their silicate melt—sulphide liquid partition coefficients, with Pd partitioning more strongly
into the sulphide phase; Cu/Pd ratios of residual silicate melts therefore increase following S-
saturation (Hughes et al., 2015¢). The Cu/Pd ratios of mineralised PGE deposits tend to be
lower than mantle values as they have not yet segregated sulphides and can concentrate PGE
(Barnes et al., 1993, 2004, 2015); the extent of enrichment is enhanced through further silicate-
magma interaction, with higher R-factors representing a greater volume of silicate magma
interacting with sulphide, upgrading the sulphide tenor through additional PGE scavenging
(Maier, 2005; Barnes et al., 2016; Lindsay et al., 2018). In contrast, magmas which have
segregated sulphides have Cu/Pd ratios greater than mantle values as PGEs are preferentially
lost (Barnes et al., 1993, 2004, 2015). The Cu/Pd ratios of our samples generally increase
linearly with decreasing Pd concentration, and plot significantly above mantle values consistent
with other NAIP centres (Fig. 8). Only the ‘high Cu group’ of samples plot slightly above the

main data array.

As with major elements, there is little observable difference between our dyke, minor intrusion
samples and ALG samples (or between dyke swarms) in terms of chalcophile elements, PGEs

and Au, except that ALG samples extend to the highest Cu/Pd ratios.

5. DISCUSSION

5.1 Dyke origins

Of the seven mapped swarms, six show no obvious association with the onshore Palacogene



central complexes of Slieve Gullion, Carlingford or the Mourne Mountains; they do not radiate
from or curve towards these centres (e.g. as with the Mull swarm in southern Scotland and
northern England; MacDonald et al., 2018) and in some cases are reported to crosscut them
(Beckwith et al., 2026; Cooper et al., 2026). Irish dykes are also too far south to have originated
from Hebridean Palacogene centres (Mull, Rum, Skye; Fig. 2); their NW-SE strike would not
intersect these intrusions. Figure 3a projects the offshore trajectories of dyke swarms from the
north and west coasts of the island, assuming a constant strike. Dykes extending off the north
coast (St. John’s Point Lisburn) trend towards the Blackstones Bank complex, while dykes
extending off the northwest coast (Donegal-Kingscourt) strike towards Anton Dohrn and the
Hebrides Terrace (as previously identified by Ritchie and Kitchen, 1996). At larger map scales,
these dykes appear to deflect close to the northwest coast as they intersect strike-slip faults
(Fig. 3b). Our new mapping of the Killala and West Connacht swarms indicates that the
predominantly W-E orientation of the coastal dykes does not align well with any offshore
centre, including the more southern Brendan Igneous Centre (Figs. 2, 3) which has previously
been suggested as the source of these intrusions (unless they reorientate dramatically offshore;
Mohr 1982; Dewey 2000). Rather than originating from onshore Palaecogene centres, we
suggest that most Palacogene dyke swarms transecting the island of Ireland originate from

offshore centres in the North Atlantic.

Existing age constraints support most dykes originating from offshore centres. The Donegal-
Kingscourt swarm are relatively dated as being older than 61.4 Ma (early Palaeogene) owing
to their being unconformably overlain by the LBF (Zircon U-Pb geochronology; Cooper et al.,
2026), with an extended period of episodic volcanism at Anton Dohrn and the Hebrides Terrace
between 70.4 Ma and 42.0 Ma (*°Ar—°Ar; O’Connor et al., 2000). The St. John's Point Lisburn

swarm (5658 Ma) agrees well with dating of the Blackstones Bank dated at 58.6 £ 1 Ma (Pb



isotopes; Dickin and Durant, 2002).

The Erne swarm is an exception as its orientation does not trend towards any known offshore
centre. From detailed inspection of our new aerial magnetic map, we suggest that these dykes,
which have previously been grouped into a single swarm, in fact comprise two discrete
populations: the Northern Erne sub-swarm with a NW-SE strike (similar to but slightly offset
from the Donegal-Kingscourt dykes; light orange in Fig. 3a) and the Southern Erne sub-swarm
with a more WNW-ESE strike (dark orange in Fig. 3a). The Southern Erne sub-swarm extends
across the width of the island of Ireland but reorientates in the east, swinging towards and
radiating from the Slieve Gullion and Carlingford central complexes (Fig. 3¢) which have a
near-contemporaneous age relationship with the Erne dykes (Cooper et al., 2012; Fig. 3e). In
contrast, the Northern Erne sub-swarm has a notably high density proximal to the Dromore
High gravity anomaly and do not extend more than 50 km southeast or northwest of this feature
(Fig. 3d). While a component of the Dromore anomaly is thought to belong to Late Caledonian
magmatism (Shaw et al., 2022), the possibility of a coincident Palacogene central complex has
not been discounted. The density of our mapped Northern Erne dykes supports the occurrence
of Palaeogene magmatism in the Dromore area feeding these dykes. Hence, in contrast with
other dykes which strike towards offshore NAIP igneous centres, we suggest that the Erne

swarm may uniquely originate from onshore central complexes on the island of Ireland.

Recent work has also suggested that the Irish Sea experienced significant lithospheric thinning
during the Palaeogene through uplift and magmatism caused by magmatic underplating
(Bonadio et al., 2025). A thinned lithosphere may have accomodated propagating dykes more
easily owing to the high density of intrusions identified in the Irish Sea basin (Fleetwood, St.

John’s Point Lisburn and Ardglass-Ballycastle dyke swarms).

5.2 Crystalisation and S-saturation in Northern Irish and Irish Palaeogene magmas



Our new geochemical results provide insights into Palacogene magmatic processes during early
lithospheric impingement of the proto-Icelandic plume and North Atlantic Rifting. Samples
follow a typical tholeiitic fractional crystallisation trend with the liquid line of descent
controlled predominantly by olivine £ clinopyroxene crystallisation with only minor late-stage
plagioclase (Fig. 4a-d), consistent with previous studies of the BIPIP (e.g. Carter et al, 2024).
Olivine crystallisation progressively depleted the residual melts in chalcophile Ni and Cr
during magma evolution (Fig. 5a), with Co concentrations decreasing through the fractionation

of spinel-group minerals.

The highest Pt, Pd and Ru concentrations are at high Mg# with lower concentrations in more
evolved magmas, mirroring general trends in the NAIP and broadly consistent with PGE
partitioning into sulphide liquids which progressively exsolve during magma evolution (Fig.
6a-c). However, there is a significant range in PGE concentrations at any given Mg# (Fig. 6a-
d), suggesting heterogeneity in magmatic fractionation and S-saturation histories which exerts

a primary control on magma chalcophile budgets.

While Naldrett (1999) suggested that whole-rock Ni concentrations as a Ni-Cu-PGE
exploration vector, Barnes et al. (1993) highlight that other chalcophiles (e.g. Cu, PGEs) have
much higher partition coefficients into sulphide liquids and are therefore more sensitive to S-
saturation. Copper, for example, shows a continuous depletion in most of our data, consistent
with sulphide saturation early in magmatic evolution and mirroring trends in most other NAIP
centres, particularly Scotland. Only samples our ‘high Cu group’, comprising samples from the
ALG and Scrabo Sill, have higher Cu concentrations consistent with incompatible behaviour
during crystallisation of silicate minerals in the absence of sulphides and recording an absence
of S-saturation (Fig. 5d). These samples represent some of the oldest samples in this study;
Scrabo sill has been dated to 61.318 & 0.026 Ma and falls within the estimated age range of the

LBF which was erupted between 61.6 and 61.1 Ma (Fig. 3b; Cooper et al., 2026). Rather than



reflecting Cu enrichment by simple silicate fractional crystallisation, the ‘high Cu’ indicate the
presence of minor disseminated chalcopyrite, implying that these samples sit within or adjacent
to a mineralised system or area. This interpretation is consistent with chalcopyrite-bearing
orthomagmatic sulphide assemblages described at the margin of the Skaergaard intrusion
(Andersen et al., 2017). The low Pd contents of the ‘high Cu group’ (Fig. 7a) are consistent
with early sulphide saturation that removed Pd from the silicate melt, followed by local
separation and retention of a Cu-rich sulphide liquid. The subsequent magmatic evolution
appears to have continued under sulphide-undersaturated conditions, such that the samples do

not follow a typical sulphide-depletion trend (Fig. 5d).

The sulphur saturation history of a magma is critical to determining its orthomagmatic Ni-Cu-
PGE sulphide mineralisation potential; the timing and mechanism of S-saturation are critical
for deposit formation. In this study, the analysed lavas are interpreted as residual liquid
compositions that had already experienced fractional crystallisation and attained S saturation
prior to eruption. Consistent with this, whole-rock Cu/Pd ratios indicate that the melts had
undergone sulphide segregation and are therefore chalcophile depleted, comparable with
patterns reported from other NAIP centres (Fig. 8). As these sulphides are no longer associated
with the magma (i.e. our samples are not sulphide-rich), they must have segregated from the
melt, either within central complexes (e.g., Bushveld; Barnes et al., 2004) or conduit systems
during crustal magma transport (e.g., Norilsk; Barnes et al., 2016), conducive to deposit
formation. Mineralisation has previously been identified in Carlingford, both within the central
layered complex and associated dykes (Goodman and Slowley, 2005; Beckwith et al., 2026),
and positive mineralisation indicators have been identified in Northern Irish and Palaeogene
dykes (Lusty, 2016; Group Eleven Corp., 2020). A key exploration challenge will be identifying
any zones of localised sulphide accumulation, for example fluid dynamical traps (Barnes et al.,

2016; Hughes et al., 2016) within the dyke systems which extend across the island of Ireland



(Dewey, 2000; Cooper et al., 2012; Anderson et al., 2016, 2018). Zones where dykes deflect
across major faults (Fig. 3b) could provide such traps, as could areas proximal to the Dromore
High, where conduits appear to be ascending near-vertically towards the surface; this is
corroborated by soil compositions analysed in the Tellus geochemical survey which show
elevated PGE concentrations associated with heavily faulted terranes and surrounding the

Dromore High and along the northwest coast (Fig. 9).

5.3 Mantle dynamics recorded in the Northern Irish and Irish NAIP

Almost all of our samples only contain detectable PPGEs, with IPGEs largely below detection
limits (>1ppb; subgroups A and B). This disparity may reflect the higher compatibility of IPGE
in mantle sulphide phases, particularly monosulphide solid solutions, which preferentially
retain IPGEs during partial melting (Maier, 2005; Singh et al., 2018). In addition, any
subsequent sulphide saturation in the crust may depress total PGE without removing the
PPGE/IPGE signature. Consequently, the following interpretations focus on PGE ratios rather
than absolute concentrations within the samples.The Pt/Pd ratios of mafic melts preserve a
record of geodynamic environment and mantle source conditions during magma generation
(Hughes et al., 2015¢; Lindsay et al., 2021). In the NAIP, Pt/Pd ratios generally decrease from
high, near chondritic values in older igneous centres (~1.9; West Greenland ~63 Ma and
Scotland ~61 Ma) to lower values in younger centres (~0.4; Iceland <50 Ma; Fig. 10a; Lindsay
et al., 2021). This variation has been suggested to reflect transient mantle conditions associated
with the opening of the North Atlantic. Higher Pt/Pd ratios are interpreted to reflect pre-rift,
intraplate magmatism at the inception of the proto-Icelandic mantle plume and proximity to
the North Atlantic Craton, whereas lower Pt/Pd ratios are suggested to record contributions
from shallower mantle sources syn- and post-rifting of the Eurasian and North American plates
(Griffin et al., 2013; Hughes et al., 2015c¢). Furthermore, the proximity of magma generation

to cratonic boundaries impacts the PGE ratios of primary magmas (Griffin et al., 2013; Hughes



et al., 2015¢; Lindsay et al., 2021) with higher Pt/Pd ratios in older NAIP centres thought to
record partial melting of the SCLM at the margin of the North Atlantic Craton and lower ratios
in younger centres recording the absence of a SCLM component (pre-rift). For example,
Hebridean magmas generated close to the cratonic keel have had more opportunity to

incorporate metasomatised Pt-enriched components within ascending magmas (Hughes et al.,

2015c; Lindsay et al., 2021).

The Pt/Pd ratios of our samples range 0.4—5.04 with an average of 1.6 (Fig. 10a), spanning the
range between older and younger NAIP centres reported in the literature data. There is structure
within our dataset: older samples which formed before/during eruption of the LBF (61.6-61.1
Ma) have higher Pt/Pd ratios of ~1.85 (comparable to the Greenlandic and Scottish NAIP),
whereas younger samples which formed during/after eruption of the UBF have a lower average
Pt/Pd ratios of ~0.87 (comparable to offshore East Greenland; Fig. 10b;), trending towards
modern Iceland. Our data record the disappearance of the SCLM component in primary melts
between the LBF and UBF emplacement. The interbasaltic period between eruption of these
basaltic formations marks a ~0.5 Myr near-hiatus in volcanic activity and correspond with a
stabilisation and step-wise cooling of the proto-Icelandic plume (Fig. 10b; Cooper et al., 2020;
Carter et al. 2024); we suggest that this period marks a major geodynamic transition from
intraplate plume-dominated magma generation towards oceanic rifting-controlled petrogenesis
(syn-rift). The time window between our oldest (e.g. LBF, Erne dykes, Donegal-Kingscourt
dykes) and youngest (e.g. Fleetwood and St. John’s Point Lisburn dykes) samples spans ~6
Myr (Fig. 3e; Cooper et al., 2026) which is comparable to the timescales inferred for the
geochemical transition between West and East Greenland (Lindsay et al., 2021). Within this
broader interval, our new data indicate that the critical transition from pre-rift SCLM-

influenced magma generation to syn-rift melting that appears to have occurred during the



interbasaltic period (<1 Myr), highlighting transitional mantle conditions over a geologically

short timescale (Fig. 3e, Fig. 10b).

6. CONCLUSIONS

Analysis of igneous centres on the island of Ireland provides new insights into precious metal
behaviour and petrogenesis during a crucial phase of NAIP development. Our new digital maps
show the distribution of seven discrete dyke swarms across Northern Ireland and Ireland,
demonstrating that some swarms originate from submarine centres in the North Atlantic but
that the Erne dykes likely derive from onshore centres; a Southern Erne sub-swarm appears to
originate from the Slieve Gullion and Carlingford central complexes, while a Northern Erne
sub-swarm is concentrated around the Dromore High gravity anomaly suggesting sub-surface
Palacogene magmatism. The major element compositions of our dykes, minor intrusions and
lava samples are broadly consistent with other NAIP centres, with major elements controlled
by olivine and clinopyroxene crystallisation and chalcophile trace elements recording
persistent sulphide saturation, even in our most mafic magmas. The PGE concentrations of
magmas feeding our samples are elevated relative to background mantle values and Pt/Pd ratios
are highly variable, recording a changing geodynamic environment. Our work shows that older
dyke swarms and related intrusive complexes, near contemporaneous with the LBF, have
higher Pt/Pd ratios compared to younger rocks. The paucity of modern reliable isotopic ages
prevents firm constraint of the younger dyke swarms and UBF, but they are likely to been
emplaced <60.5 Ma. This transition records a major geodynamic shift in the interbasaltic period
with older magmas recording plume-dominated melting and inclusion of a SCLM mantle
component as a result of their proximity to the North Atlantic craton, and later magmas
recording variable depletion and the absence of an SCLM component away from the cratonic

margin. By integrating our results with existing absolute and relative dating of Northern Irish



and Irish igneous centres, we show that the transition from pre- to syn-rift environments in the

NAIP occurred within a geologically short timeframe.
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direction of offshore seamounts (see Fig. 2). Red arrow = towards Anton Dohrn and Hebrides
Terrace, Green arrow = towards Blackstones Bank. Boxes show detailed regions: b) the
northwest coast of Ireland where the Donegal-Kingscourt swarm intersects heavily faulted
terrane and reorientates along coastal fault structures (in red), c¢) the area around Slieve Gullion
and Carlingford where the Southern Earne sub-swarm reorient towards/radiate from the central
igneous complexes, and d) the high-density Northern Erne sub-swarm proximal to the Dromore
High. e) Overview stratigraphy of relative Palacogene activity in Northern Ireland and Ireland,
including data from Anderson et al. (2016, 2018) and Cooper et al. (2012, 2020, 2026). LBF =
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Figure 10: a) Binary plot showing Pt versus in NAIP samples. Undepleted mantle contains

approximately chondritic PGE proportions (Carlson, 2005) and comparing samples to

chondritic values therefore provides insight into the mantle PGE source enrichment. Samples

in this study are in colour (see legend Fig. 10b) and other NAIP centres in grey (see legend and

data sources in Figure 4). b) Pt/Pd ratios of samples in this study versus eruption/emplacement

time from 61.5-56 Ma. Older samples (before or contemporaneous with the LBF; Cooper et

al., 2026) are represented in red-orange and younger samples (after or contemporaneous with

the UBF) are represented in blue-purple. Shaded pink area denotes the interbasaltic period

hiatus (Carter et al., 2024).



TABLES

Sample Sample material/dyke Sample Easting Northing
swarm subgroup
A1007507 Erne B 275396 329861
A1007505 Donegal-Kingscourt B 287267 324574
A1007506 Donegal-Kingscourt B 286630 324732
MRC404 Donegal-Kingscourt A 219476 356499
MRC407 Erne A 244329 354599
MRC462 St. John's Point Lisburn A 323705 367595
MRC464 St. John's Point Lisburn A 352760 333317
MRC467 Scrabo Sill A 347890 372416
MRC471 Fairhead Sill A 317616 442690
MRC472 Ardglass-Ballycastle A 324243 425872
MRC475 Ardglass-Ballycastle A 330388 377893
MRC482 Ardglass-Ballycastle A 335617 381079
MRC483 Erne A 244329 354599
MRC496 Fleetwood A 336090 326710
MRC507 Donegal-Kingscourt A 174979 373231
MRC510 Killala A 111404 341170
MRC513 Killala A 128560 330528
MRC517 Donegal-Kingscourt A 305557 322080
MRC521 Portrush Sill A 285600 441400
MRC523 Slemish Plug A 322400 405700
MRC558 Donegal-Kingscourt A 307017 339585
MRC574 St. John's Point Lisburn A 315788 347482
MRC607 Magilligan Sill A 268300 435300
MRC612 Slemish Plug A 322099 405469
MRC613 Slemish Plug A 321969 405488
22CCCI.35 Carlingford Cone Sheet B 314162 307791
22CCl.23 Carlingford Cone Sheet B 318325 309050
22CCl.6 Carlingford Cone Sheet B 313032 313769
MRC622 Fleetwood A 352405 371156
MRC490 Ardglass-Ballycastle A 345600 402600
MRC552 Donegal-Kingscourt A 306637 340314
24-PM-01 West Connacht B 054400 267200
24-PM-02 West Connacht B 054200 267400
24-PM-04 West Connacht B 098200 281800
24-PM-05 West Connacht B 081100 263500
24-WIT-01 Dingle B 054237 0452370
24-WIT-02 Dingle B 054237 0452370
24-WIT-04 Dingle B 052447 042336
24-WIT-08 West Connacht B 058805 253276
24-WIT-10 West Connacht B 054285 257158
24-WIT-12 West Connacht B 082549 272496
24-WIT-14 West Connacht B 076934 268576



24-WIT-15
24-WIT-16
24-WIT-17
24-WIT-18
24-WIT-19
24-WIT-20
24-WIT-21
24-WIT-22
24-WIT-23
24-WIT-25
24-WIT-28
24-WIT-29
24-WIT-30d
24-WIT-32
NIRE-01-08-0006
NIRE-03/08-0004

NIRE-09/08-0001 (59)

NIRE-08/08-0002
NIRE-01/08-0003
NIRE-03/14-0001
NIRE-11/08-0001
NIRE-02/08-0001
NIRE-03/08-0003
NIRE-03/08-0002
NIRE-01/08-0005
NIRE-04/08-0002
NIRE-01/08-0002

NIRE-09/08-0001 (120)

NIRE-03/08-0001
MBC49
NIRE-05/08-0002
NIRE-04/08-0001
NIRE-08/08-0001

West Connacht
West Connacht
West Connacht
West Connacht
Killala
Killala
Killala
Killala
Killala
Killala
Killala
Killala

Donegal-Kingscourt
Donegal-Kingscourt

Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt
Lower Basalt

OO0O0O0O0O00O0O0000000000000 W W W W W W W WwWwWwWwWww

075542
087842
094896
094893
099368
122313
122321
122335
128609
128584
128522
120449
180912
184921
309473
332255
294362
295284
309689
314741
287917
316129
332828
333053
308528
277179
302489
294362
326391
297230
278240
277233
296903

267469
277133
280295
280302
341768
333160
333119
332890
330399
330514
331092
338152
382130
374462
416438
414987
434582
417562
421897
403813
413754
412540
414530
414144
416359
415701
419822
434582
406143
425100
430729
415430
417587

sampled, subgroup classification and sampling GPS location.

Table 1: Details of samples analysed in this study, including the type of igneous material



Source GSNI Fieldwork Cardiff Research Group
Subgroup A B C
Sample .
Type Dykes, sills, plugs Dykes, cone sheets Lavas
C(E)uerrl:lesD,g:'glgl, Alsr(;rxangh, Counties Cork, Donegal,
Location Y gd, ) Galway, Kerry, Louth, Mayo, County Antrim
Fermanagh, Mayo, Sligo, )
Monaghan, Sligo
Tyrone
Discipline of Geology, Trinity
Centre for Environmental College Dublin; Earth School of Earth and
Sample . i .
Preparation Geochemistry, Surface Research Environmental Sciences,
P Nottingham Laboratory, Trinity College Cardiff University

Dublin

Panalytical Zetium

Panalytical Zetium
Wavelength Dispersive X-ray
Fluorescence spectrometer

JY-Horiba Ultima 2 Inductively

Coupled Plasma Optical
Emission Spectrometry

Thermoelemental X series
(X7) ICP-MS

GSJ JB-1b, JB-3a, JBb-1, GSJ
JA-1a, JA-2, JB-2, AMIS 0498,
OREAS 13b

JB1a, JP1, MRG1

Nickel sulphide fire assay followed by ELAN 9000/ thermoelemental X7 ICP-MS

Activation Laboratories Ltd, Canada

School of Earth and
Environmental Sciences,
Cardiff University

Major Wavelength Dispersive-
elements Xray Florescence
spectroscopy
Trace Agilent 7500 lonising
elements Coupled Plasma-Mass
Spectroscopy (ICP-MS)
JG1a, JG3, BE-N, GXR-1,
Standards BCR-2, AMIS 0498, OREAS
13b
PGE and Au
PGE
analytical
laboratory
A;Z‘:’;:’;l Hollis et al. (2015),
. Hoffman and Dunn (2002)
details

Carter et al. (2024),
Hoffman and Dunn (2002)

McDonald and Viljoen (2006),

Huber et al. (2001)

Table 2: Summary of analysis methods used for each sample subgroup in this study.
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Figure S1: Total Alkali Silica diagram showing the classification of volcanic samples in this

study (after Le Bas et al., 1986). See legend and data sources in Fig. 4.
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Figure S2: Binary plots showing the major element compositions of intrusive samples
analysed in this study with MgO versus a) Fe>O3, b) A1,O3, ¢) CaO and d) TiO,. Dykes are
categorised according to swarm (see Fig. 3a). Minor intrusions comprise Portrush sill,

Magilligan Sill, Slemish plug and Carlingford cone sheets.
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Figure S3: Binary plots showing the chalcophile element compositions of intrusive samples

analysed in this study with Mg# versus a) Ni, b) Cu, ¢) Cr and d) Co. Dykes are categorised

according to swarm (see Fig. 3a).
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Figure S4: Binary plots showing Mg# versus lithophile trace elements a) Sr and b) Zn. New
data in this study are coloured and literature data from the ALG and other NAIP centres are in

grey. See legend and literature data sources in Figure 4. 26 error bars are shown or are less than

the size of a data point.



