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Abstract: Dalradian meta-sediments of the Laurentian margin and mafic intrusions thereof in SW
Connemara, Ireland, tectonically overlie meta-rhyolites of the Delaney Dome Formation. The two units
are separated by the Mannin Thrust. A new U–Pb age of 474.6 � 5.5 Ma shows that the Delaney Dome
Formation is a temporal equivalent of arc volcanic rocks preserved in the adjacent South Mayo Trough:
the Tourmakeady Volcanic Group, erupted during the collision of an oceanic island arc with the
Laurentian margin in the Grampian Orogeny. New rare earth and high field strength element data show
that the Delaney Dome Formation and Tourmakeady Volcanic Group are chemically similar and arc-like
in character. This suggests that the Delaney Dome Formation is an along-strike equivalent of the
Tourmakeady Group, strike-slip faulted south of the South Mayo Trough during or after the Grampian
Orogeny. Further correlation of these units with northern Appalachian rhyolites is also possible. The
Delaney Dome Formation is an extrusive temporal equivalent of intrusions that penetrate the Connemara
Dalradian. Thus, movement along the Mannin Thrust brought mid-crustal plutons and Dalradian
country rocks tectonically above the extrusive volcanic sequence. The Mannin Thrust is identified as a
major imbricating structure within a continental arc, but not a terrane boundary.
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The Connemara region represents a classic exotic terrane
within the western Irish Caledonides. This metamorphic ter-
rane is located inside an arc–continent suture zone formed
during incipient closure of the Iapetus Ocean in the early
Ordovician Grampian Orogeny (c. 475–462 Ma). Lithologi-
cally, the Connemara block is usually correlated with the
meta-sediments of the Dalradian Group of Scotland and
North Mayo (e.g. Yardley 1976), making it part of the margin
of the Laurentian continent. Its tectonic position south of (i.e.,
oceanward of) the South Mayo forearc terrane, implies that
Connemara has been displaced along strike by transform
faulting from an adjacent section of the Laurentian margin
(Hutton 1987). The timing of this motion is typically consid-
ered to be Late Ordovician (c. 460 to >443 Ma; Late Llanvirn
to Caradoc) based on the age of the Derryveeny Conglomerate
in South Mayo, which contains clasts of Connemara-type
lithologies derived from the south (Graham et al. 1991). A
separate exotic origin independent of Laurentia has remained a
possibility to explain the location of the Connemara terrane
(Bluck & Dempster 1991). In this paper we examine the age
and geochemical affinity of Connemara’s Delaney Dome For-
mation and attempt to relocate it within the original geometry
of the Grampian Orogeny. The purpose is to understand the
original tectonic setting of the enigmatic Delaney Dome For-
mation and its development during the Grampian Orogeny,
which has implications for the interpretation of similar arc–
continent collision zones elsewhere.

The meta-sediments of the Connemara terrane, together
with their North Mayo and Scottish equivalents, have been
interpreted as passive margin sediments and intracratonic
basin deposits of the Laurentian continent (e.g., Harris et al.
1994). These sediments underwent four deformation events
(D1–4; e.g. Leake 1986) during which they were deformed and
intruded by gabbro, diorite and granitic bodies during the

Early–Mid-Ordovician Grampian Orogeny (Friedrich et al.
1999a, b). The Grampian Orogeny, equivalent to the Taconic
of North America (Karabinos et al. 1998), is generally consid-
ered to be the result of a collision between the passive margin
of Laurentia and an intra-oceanic island arc that formed
within the Iapetus Ocean during the Late Cambrian (e.g. Ryan
et al. 1980; Dewey & Ryan 1990; McKerrow et al. 1991; van
Staal et al. 1998). Although in many regions of the
Appalachian–Caledonide orogen the Grampian/Taconic his-
tory has been overprinted by later phases of orogeny and
deformation related to the Silurian final closure of Iapetus, the
Ordovician history is well-preserved in western Ireland. Most
notably a record of arc–continent collision is preserved in the
South Mayo Trough area, adjacent to Connemara, allowing
direct correlation between middle and upper crustal levels
(exposed in the intrusions of Connemara and volcanics of
South Mayo, respectively) during the Grampian Orogeny (e.g.
Leake et al. 1983; Draut & Clift 2001). The South Mayo
Trough has been variously interpreted, but is now generally
recognized as a forearc basin to the Ordovician Lough
Nafooey Arc that collided with Laurentia during the
Grampian Orogeny (e.g. Dewey & Ryan 1990; Soper et al.
1999).

The Delaney Dome

The Connemara Dalradian (Fig. 1) is bounded to the north by
high-angle strike-slip faults, now covered by Silurian and
Carboniferous strata, that juxtapose this unit against the
un-metamorphosed sediments and lavas of South Mayo. To
the south, the Dalradian is intruded by the Devonian Galway
Granite and is transgressed by Carboniferous sediments, ob-
scuring its relations with other arc units or with the Avalonian
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continental block that dominates the southern British Isles.
south of Roundstone the Connemara Dalradian is seen in
tectonic contact with mafic, apparently ophiolitic, rocks that
comprise the top of the South Connemara Group (Ryan &
Dewey, 1991). In SW Connemara the Dalradian is seen to be
in low-angle thrusted contact with the underlying Delaney
Dome Formation. The tectonic contact is called the Mannin
Thrust. The Delaney Dome is a structural high that forms a
tectonic window through a thrust sheet of Dalradian amphi-
bolite into deformed rhyolites and ignimbrites (Fig. 1). The
contact between mylonitic Delaney Dome rocks and the
overlying amphibolite is marked by a tectonic breccia up to
3 m thick (Leake et al. 1983).

The thrust sheet overlying the Delaney Dome Formation is
composed of the basic Ballyconneely Amphibolite and inter-
banded quartz diorite and hornblende gneiss that intrude the
Dalradian sediments (Tanner et al. 1989). Shear sense indica-
tors within the fault zone show motion of the Dalradian and
associated meta-gabbros toward the south over the Delaney
Dome Formation and at a high angle to the earlier (D2)
structures in the Dalradian (Leake et al. 1983; Tanner et al.
1989).

The geological origin of the Delaney Dome Formation and
its significance to the Grampian Orogeny have long been in
question, complicating attempts to restore the Connemara
Dalradian to its pre-strike-slip location. The degree of mylo-
nitization in the Delaney Dome Formation increases toward
the Mannin Thrust, and this alteration has hindered previous
attempts to correlate the original lithology of Delaney Dome
Formation rocks with other formations.

It has been suggested that the Delaney Dome Formation
shares lithologic characteristics with Ordovician volcanic rocks
of the Tyrone Igneous Complex, and on that basis the Delaney
Dome Formation has been correlated with the Midland Valley
Terrane (Tanner et al. 1989). Leake & Singh (1986) used major
element whole rock chemistry to demonstrate a rhyolitic or
granitic protolith for the Delaney Dome Formation, similar to
the siliceous volcanic rocks of South Mayo. Alternatively, it
has been suggested to correlate with post-collisional volcanic
rocks above a south-facing continental arc following the
Grampian Orogeny, such as those comprising the Southern
Uplands Arc (Ryan & Dewey 1991; Williams & Rice 1989). In
that scenario subduction polarity reversal is assumed to have
played a part in forming the Delaney Dome rocks. Williams &

Fig. 1. Simplified geologic map of the
South Mayo and Connemara area, with
an insert showing the location within the
Iapetus Suture Zone in western Ireland.
The terrane boundary between
Connemara and the South Mayo Trough
is obscured by Silurian and
Carboniferous deposits.
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Rice (1989) suggested a similar origin for the Delaney Dome
Formation and the Partry ignimbrites, a syn- to post-
collisional unit of South Mayo (Graham et al. 1989).

The age of the Delaney Dome Formation

Previous age estimates of the Delaney Dome Formation have
yielded widely variable results. These include an Rb–Sr er-
rorchron age of 460 � 25 Ma for a geographically separated
set of metarhyolite Delaney Dome Formation samples (Leake
et al. 1983). Those data were reinterpreted by Kennan &
Murphy (1987), using a multiple errorchron technique to yield
a mylonitization age of 426 � 10 Ma. Cliff et al. (1996)
analysed a muscovite-bearing quartz vein from central
Connemara, interpreted to have formed within deformation
event D4, and obtained a Rb–Sr muscovite–feldspar isochron
age of 456 � 6 Ma. This implied an older age for the Delaney
Dome Formation and syn-D3 Mannin Thrust. Even more
restrictive evidence for an older Delaney Dome Formation age
is provided by the 462 Ma age of the Oughterard Granite
(Friedrich et al. 1999b), which intrudes an F4 anticline that
deforms the Mannin Thrust.

Sampling and analysis

In order to address the origin of the Delaney Dome Formation
we have analysed the whole-rock trace and rare earth element
composition of five Delaney Dome Formation samples taken
along the shore in Mannin Bay (Fig. 1). We will also discuss
previously unpublished U–Pb dates of zircon grains from a
mylonitic meta-rhyolite within the Delaney Dome Formation
obtained by Friedrich (1998).

Two of the whole-rock Delaney Dome Formation samples
were collected on the NW side of the Dome (ODD-1, 2) and
three are from the south side (ODD-3 to -5). Samples were
powdered and dissolved prior to trace and rare earth element
analysis by inductively coupled plasma–mass spectrometry at
the Woods Hole Oceanographic Institution. Analytical uncer-
tainties are <2%, determined by analysis of USGS standard
BCR-2.

U–Pb dating was performed by Friedrich (1998) on zircon
crystals from a meta-rhyolite collected from the NW region of
the Delaney Dome Formation (sample AF94-DD2). Zircons
were air-abraded for 40 hours until all crystal faces were
removed. Pb and U were isolated by HCl-based anion
exchange chromatography (Bowring et al. 1993; Krogh 1973).
U–Pb isotope analysis was performed by thermal ionization
mass spectrometry at the Massachusetts Institute of Tech-
nology (Friedrich 1998).

Results

Geochemistry

The trace element characteristics of the Delaney Dome For-
mation can be rapidly assessed through use of a multi-element
spider diagram (after Pearce 1982; fig. 2a). In this diagram
elements are normalized against N-MORB values (Sun &
McDonough 1989) to assess the chemical contribution from
subduction-related processes beyond normal melting of a
depleted upper mantle source. The elements are arranged with
water-mobile elements to the left of Nb and water-immobile
elements on the right. Compatibility of elements in mantle

phases increases left and right away from Nb. Water-mobile
elements may have been affected by burial alteration, but
concentrations of water-immobile elements can be considered
to be close to those originally in the volcanic rocks because
metamorphic grade in the Delaney Dome Formation does not
appear to be higher than greenschist. The Delaney Dome
Formation shows a strong enrichment in most of the water-
mobile elements and an overall enriched pattern to the water-
immobile elements. A moderate relative Nb depletion is seen,
together with stronger relative P and Ti depletions.

Figure 2b shows the rare earth element (REE) character of
the Delaney Dome Formation normalized against the chon-
drite values of Anders & Grevesse (1989). The Delaney Dome
Formation is clearly enriched in the light rare earth elements
(LREE). Four of five Delaney Dome Formation samples show
REE patterns with a slight negative Eu anomaly. Figure 3
shows La/Sm (a measure of LREE enrichment) plotted against
Nb/Zr (a measure of high field strength element enrichment)
for the Delaney Dome Formation compared with volcanic
rocks from the forearc strata preserved in the adjacent South
Mayo Trough.

U–Pb dating

Three populations of zircon crystals were identifiable within
mylonitic meta-rhyolites of the Delaney Dome Formation
analysed by Friedrich (1998): clear, short crystals (c.100 µm);
cloudy, large crystals (c.200 µm), and clear prismatic crystals
(up to 160 µm). Zircon crystals from the two non-prismatic
groups yielded discordant analyses with 207Pb/206Pb dates
ranging from 992 to 1268 Ma (Z4, Z7, Z8; Table 1). Five
zircon crystals from the prismatic population are discordant

Fig. 2. (a) N-MORB normalized multi-element spider diagram (after
Pearce, 1982) for samples of the Delaney Dome Formation.
(b) Chondrite-normalized rare earth element diagram of the Delaney
Dome Formation.
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and yield a weighted mean 207Pb/206Pb date of 475.9 � 2.2 Ma
(Z5, Z9, Z10, Z11, Z12; Table 1). A linear regression through
these five analyses of prismatic zircons yields an upper inter-
cept age of 474.6 � 5.5 Ma (Fig. 4; Friedrich 1998).

Interpretation

Geochemistry

The general form of the Delaney Dome Formation spider
diagrams (Fig. 2a) is consistent with the generation of these
rocks within a continental subduction zone setting. The en-
riched trace and LREE character (Fig. 2) is typical of conti-
nental arcs (e.g., Andes; Pearce 1982) and contrasts with the
flat patterns on spider diagrams of oceanic arcs (Ewart &
Hawkesworth 1987), including the basaltic Lough Nafooey
Group of South Mayo (Clift & Ryan 1994). The slight relative
Nb depletion apparent in Figure 2a is characteristic of arc
magmatism (e.g. Ryerson & Watson 1987; Davidson 1996).
Relative depletions in P and Ti probably reflect removal of
apatite and Ti/Fe oxides during fractional crystallization,
consistent with the evolved high-silica major element compos-
ition (Watson & Capobianco 1981). The LREE enrichment
and high field strength element content of Delaney Dome
Formation samples indicated in Figure 3 demonstrate clear
differences between the Delaney Dome Formation and primi-
tive South Mayo units such as the oceanic basalts of the Lough
Nafooey Volcanic Group. Excepting one outlying sample, the
element ratios in Figure 3 show similarity between the Delaney
Dome Formation and the more evolved Tourmakeady Vol-
canic Group of South Mayo.

Geochronology

The discordant 992–1268 Ma ages from the clear, short zircon
crystals and the cloudy, large crystals are interpreted to have
been derived from a crustal source that predated the collisional
magmatism (Friedrich 1998), i.e., they are xenocrystic zircons
assimilated from Laurentian country rock. The age of Delaney

Dome Formation volcanism is derived from the upper inter-
cept of the linear regression through the five analyses of
discordant prismatic zircons (shown in Figure 4), and is thus
estimated as 474.6 � 5.5 Ma (Friedrich 1998).

Discussion

In an attempt to understand the place of the Delaney Dome
Formation in the magmatic evolution of the Laurentian mar-
gin we attempt to correlate this unit with stratigraphic ele-
ments of the adjacent South Mayo Trough terrane, where
chemical evolution during the Grampian Orogeny has been
well documented (Ryan et al. 1980; Clift & Ryan 1994; Draut
& Clift 2001). Trace and rare earth element data are particu-
larly valuable tools of stratigraphic correlation when used in
conjunction with lithology, major element composition, and
geochronology. We employ a matrix of all of the above lines of
evidence to demonstrate a close comparison between the
Delaney Dome Formation and the Tourmakeady Volcanic
Group of the South Mayo Trough.

The new U–Pb age of 474.6 � 5.5 Ma for the Delaney
Dome Formation correlates well with the Arenig biostrati-
graphic age of the Tourmakeady Volcanic Group (e.g.
Graham et al. 1989), using the most recent time scale estab-
lished for Ordovician stratigraphy (Tucker & McKerrow
1995). The age of the Tourmakeady Volcanic Group is as-
sumed to span c. 482–470 Ma based on that time scale and the
well-documented graptolite record of South Mayo. No other
stratigraphic units of South Mayo are believed to lie within
that age range.

The enrichment of incompatible trace elements in the
MORB-normalized spider diagram, the pronounced LREE
enrichment shown in Figure 2b, and the relative Nb depletion
indicative of arc magmatism (Fig. 2a) are all characteristics
shared with the Tourmakeady Volcanic Group of South Mayo
(Draut & Clift 2001). Additionally, Leake & Singh (1986)
demonstrated a rhyolitic or granitic protolith for the Delaney
Dome Formation based upon a detailed analysis of its major
element composition that agrees well with the highly siliceous
character of the Tourmakeady Volcanic Group. Tuff and
rhyolite samples from the Tourmakeady Volcanic Group
display 70% silica content (Clift & Ryan 1994), similar to that
of the Delaney Dome Formation at 73% (Leake & Singh
1986).

These characteristics are all consistent with the theory that,
like the Tourmakeady Volcanic Group, the rhyolites that
comprise the Delaney Dome Formation protolith were erupted
during the arc–continent collision of the Grampian Orogeny
(Draut & Clift 2001). A comparison of incompatible element
ratios (Fig. 3) clearly shows that the trace element character of
the Delaney Dome Formation is quite distinct from the more
depleted compositions of the Lough Nafooey Volcanic Group
in South Mayo, the eruption of which preceded arc–continent
collision (Ryan et al. 1980; Clift & Ryan 1994). Although the
trace element character of the Delaney Dome Formation is not
unlike that of the more enriched volcanic rocks of the Rosroe
and stratigraphically equivalent Derrylea Formation that suc-
ceed the Tourmakeady Volcanic Group within the South
Mayo Trough (Fig. 3), the chemical composition of the
Delaney Dome Formation best correlates with that of
the Tourmakeady Group, and that also provides the best age
and lithologic correlation. The overall similarity in compo-
sition, and in age, between samples from the Delaney Dome

Fig. 3. La/Sm v. Nb/Zr ratio plot comparing the incompatible
element composition of the Delaney Dome Formation to that of
volcanic units in the South Mayo Trough (data from Clift & Ryan
1994; Draut & Clift 2001). Using these ratios the Delaney Dome
Formation is shown to be similar to the Tourmakeady Volcanic
Group and to the Derrylea and Rosroe Formations. Temporally the
Delaney Dome Formation correlates with the Tourmakeady
Volcanic Group and yields an older age than the Derrylea/Rosroe
Formations.
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Formation and Tourmakeady Volcanic Group of South Mayo
strongly suggests that the Delaney Dome is a part of the
syn-collisional arc volcanic sequence preserved in the South
Mayo Trough that has since been underthrust by Dalradian
rocks and their associated mafic intrusions.

Eruption and emplacement of the Delaney Dome
Formation

The similarities in age, lithology, and trace element compo-
sition between the Delaney Dome Formation and an
Ordovician arc volcanic unit such as the Tourmakeady Vol-
canic Group imply that the Delaney Dome Formation origi-
nated in a syn-collisional arc setting. The Delaney Dome
Formation therefore has a distinctly different parentage from
the metamorphosed continental margin sediments and intra-
cratonic basin deposits that comprise most of Connemara.
Despite being approximately equivalent in age to the Delaney
Dome Formation (Friedrich et al. 1999b), intrusions within the
Connemara Dalradian are dominantly mafic and coarser
grained. The finer grained character of the Delaney Dome
Formation (Leake & Singh 1986) supports the chemical impli-
cation of a meta-extrusive origin. We believe that the Delaney
Dome Formation represents a fragment of the evolved upper
crust of the syn-collisional arc, while the gabbroic intrusions
within the Connemara Dalradian represent the exhumed
middle crust of that same arc. The Delaney Dome Formation
is therefore an extrusive temporal equivalent of intrusions that
penetrate the Connemara Dalradian. Thus, movement along
the Mannin Thrust brought mid-crustal plutons and Dalradian
country rocks tectonically above the extrusive volcanic
sequence, emplacing the mid-crust of the arc over its extrusive
upper crust. In this scenario, as postulated by Friedrich (1998),
the Mannin Thrust represents a major structure imbricating a
syn-collisional arc but does not represent a boundary between
two exotic terranes, as does the boundary between South
Mayo and Connemara. The motion on the boundary between
the South Mayo Trough and the imbricated Connemara
Dalradian/Delaney Dome Formation apparently postdates all
motion on the Mannin Thrust.

Figure 5 shows a tectonic model for eruption and emplace-
ment of the Delaney Dome Formation within the context
of the western Irish Caledonides. Previous work has

demonstrated that the Lough Nafooey arc began as an
intraoceanic arc (Ryan et al. 1980; Clift & Ryan 1994) and
collided with the Laurentian continent prior to the Silurian
final suturing of Iapetus (e.g. McKerrow et al. 1991; van Staal
et al. 1998). The Laurentian margin was passive prior to
collision, but subsequently developed as a SE-facing continen-
tal arc due to a reversal in subduction polarity following the
Grampian Orogeny (e.g. Dewey & Ryan 1990). By approxi-
mately 478 Ma, as the Lower Tourmakeady Volcanic Group
was erupted in South Mayo, the Lough Nafooey Arc had
collided with the continental margin. Dalradian passive mar-
gin sediments had undergone extensive metamorphism during
the collision. Continental material was incorporated into the
volcanic material (Draut & Clift 2001), supporting the assump-
tion of advanced collision and arc–continent suturing by this
stage. During eruption of the Upper Tourmakeady Group
(until approximately 472 Ma) and Delaney Dome rhyolites,
mafic intrusions penetrated the Dalradian country rock (e.g.
Friedrich et al. 1999a, b). The reversal in subduction polarity
and establishment of a continental arc that followed the
Grampian Orogeny had begun.

Following the eruption of rhyolites that comprise the Tour-
makeady Volcanic Group and Delaney Dome Formation
protolith, continued compression thrust Dalradian rocks and
associated mafic intrusions over a section of the syn-collisional
volcanics along the Mannin Thrust, separating the Tour-
makeady Volcanic Group and other South Mayo units from
the Delaney Dome Formation protolith and causing mylon-
itization of the Delaney Dome Formation rhyolites along the
thrust zone. At the same time, metamorphic cooling rates
derived from U–Pb ages and 40Ar/39Ar data (Friedrich et al.
1999a, b) indicate rapid cooling of mafic intrusions within
Connemara. Exhumation of the arc core by uplift and exten-
sional faulting has been proposed as a mechanism by which
rapid cooling of an orogen could be explained (e.g. Sonder
et al. 1987; Herren 1987). Such rapid cooling rates (minimum
35oC Ma−1 from 468–460 Ma; Friedrich et al. 1999b) could
have been accomplished by extension along an east–west-
trending tectonic discontinuity through northern Connemara
known as the Renvyle–Bofin Slide, as proposed by Wellings
(1998), and/or on low-angle extensional faults south of
Connemara (Williams & Rice 1989). Uplift and extension must
have been synchronous with motion on the Mannin Thrust to
allow the metamorphic complexes in the hanging wall of the
thrust to be extruded from depth and subsequently exposed.
This model of uplift and extension in the latter stages of
arc–continent collision and orogenesis parallels that of larger-
scale continent–continent collisions such as that which pro-
duced the Himalayas; we suggest that synchronous extension
and compression in the Irish Caledonides resembles the syn-
chronous activity of the Himalaya Main Central Thrust and
the major Zanskar and South Tibetan detachments (Herren
1987; Burchfiel et al. 1992; Hodges et al. 1992; Edwards &
Harrison 1997).

By the time of eruption of the Rosroe and Mweelrea tuffs in
South Mayo, around 460 Ma (e.g. Draut & Clift 2001), a new
subduction zone had developed in which a North-dipping slab
descended below a continental arc (Dewey & Ryan 1990).
Late in Grampian history, strike-slip faulting emplaced the
Connemara metamorphic terrane next to the South Mayo
volcanic and sedimentary sequences. The exact timing of this
strike-slip motion has not been well-constrained, but is typi-
cally considered to be Late Llanvirn to Caradoc (c. 460 to
>443 Ma) based on the approximate age of the Derryveeny

Fig. 4. U–Pb concordia diagram for five prismatic zircon crystals
from a metarhyolite of the Delaney Dome Formation (Sample
AF94-DD2; Friedrich 1998).
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Conglomerate in South Mayo, which contains clasts of
Connemara-type lithologies derived from the south (Graham
et al. 1991).

Additional correlations within the Appalachian/
Caledonide Orogen

The Grampian extrusive volcanic sequence represented by the
Delaney Dome Formation and South Mayo Trough units such
as the Tourmakeady Volcanic Group is not extensively pre-
served in the Iapetus suture zone of the British Isles. Ad-
ditional along-strike equivalents of these syn-collisional arc
volcanic units have likely been subject to overthrusting and
burial, in a similar manner to the overthrusting of the Delaney
Dome Formation, during the Grampian Orogeny and the
Silurian final closure of Iapetus. The Tyrone Igneous Complex
of Ireland does contain Ordovician volcanic rocks which,
although they have been suggested to correlate with the
Delaney Dome Formation (Tanner et al. 1989), apparently
postdate the Delaney Dome Formation/Tourmakeady Vol-
canic Group rhyolitic eruptions and yield Llandeilo–Caradoc
ages (Hutton et al. 1985).

Although later deformation and burial preclude confident
correlation of the Delaney Dome Formation/Tourmakeady
Volcanic Group volcanics with other units in the British
Isles, additional correlative units may exist within the North
American continuation of the Iapetus suture zone, where

Grampian/Taconic volcanic units are present (e.g. Dunning
et al. 1987; Swinden et al. 1997; Karabinos et al. 1998). In
particular, Newfoundland sequences that comprise the north-
eastern end of the Appalachian orogenic belt contain Arenig–
Llanvirn arc volcanic rocks that are likely related to the
syn-collisional volcanic sequence of western Ireland (see
Swinden et al. 1997 for detailed review of Ordovician units in
Newfoundland). A series of Late Cambrian to Early Ordovi-
cian arc volcanic rocks are preserved within Newfoundland’s
Notre Dame subzone, including boninites, island arc tholeiites,
calc-alkalic basalt and andesite, and felsic volcanic units. These
are considered to have formed within island arcs and back-arc
basins in the Iapetus Ocean (e.g. Jenner & Fryer 1980; Coish
et al. 1982; Swinden et al. 1997; Whalen et al. 1997; van Staal
et al. 1998), although their spatial relationships within Iapetus
are difficult to constrain (Swinden et al. 1997). Among this
volcanic series, the felsic Buchan Group and Robert’s Arm
Group (Strong 1977) in particular display very similar traits to
the Delaney Dome Formation and Tourmakeady Volcanic
Group.

The 150 km long Buchan–Robert’s Arm volcanic belt, lo-
cated within the Notre Dame subzone, contains basaltic and
rhyolitic volcanic sequences that yield Arenig to early Llanvirn
biostratigraphic ages (Nowlan & Thurlow 1984). This volcanic
belt is bounded to the west by faults that juxtapose the
volcanic sequences against the Arenig Eastern Ophiolite Belt,
and to the east by the major Red Indian Line suture, which

Fig. 5. Cross-sectional images showing the proposed tectonic model for eruption of the Delaney Dome rhyolites and emplacement in the context
of the present-day suture zone in western Ireland. In all diagrams North is to the right, south to the left. (a) At approximately 478 Ma, during
the time of eruption of the Lower Tourmakeady Group in South Mayo, the Lough Nafooey Arc had collided with Laurentia following the
closure of a south-dipping subduction zone. Metamorphism of Dalradian passive margin sediments had occurred. (b) By 472 Ma, the Upper
Tourmakeady Group and Delaney Dome rhyolites had been erupted, incorporating Laurentian continental material into their composition.
Mafic intrusions penetrated the Dalradian country rock. Subduction polarity reversal that followed the Grampian Orogeny had begun. (c) By
approximately 465 Ma, continued compression caused movement of a thrust sheet containing Dalradian and mafic intrusions over part of the
rhyolites erupted during orogeny, separating Delaney Dome Formation protolith from Tourmakeady Volcanic Group volcanics and causing
mylonitization of the Delaney Dome Formation. The orogen underwent rapid uplift as inferred from metamorphic cooling rates, and associated
extension (probably along the Renvyle–Bofin slide) that exposed the metamorphic complexes present in the hanging wall of the Mannin Thrust.
(d) By 460 Ma, evidence of resumed subduction is apparent in the chemical signal of the Rosroe and Mweelrea tuffs in South Mayo. The newly
subducting slab dipped to the north. Late in Grampian history, strike-slip faulting emplaced the Connemara metamorphic terrane next to the
South Mayo volcanic and sedimentary sequences.
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separates the Notre Dame and Exploits subzones of the
northeastern Appalachians (e.g. van Staal et al. 1998). Trace
element analyses of the Buchan and Robert’s Arm Groups
reveal uniform LREE enrichment and strong relative Nb
depletion, implying formation in a continental volcanic arc
setting (Swinden et al. 1997). �Nd(t) values of −10 have been
obtained for rhyolites in the Buchan and Robert’s Arm
Groups (Swinden et al. 1997). While no Nd data are available
for Delaney Dome Formation samples, the negative values for
the Buchan and Robert’s Arm Groups are similar to �Nd(t)

values of −12 and −14 obtained for the Tourmakeady Volcanic
Group (Draut & Clift 2001). Such pronounced negative �Nd(t)

indicates substantial involvement of continental material in arc
petrogenesis for both the Tourmakeady Volcanic Group and
Buchan–Robert’s Arm Groups.

U–Pb analyses of zircon grains from the Buchan and
Robert’s Arm Groups have yielded ages of 473 Ma and
473 � 2 Ma respectively (Dunning et al. 1987), in excellent
agreement with the U–Pb age of 474.6 � 5.5 Ma for the
Delaney Dome Formation discussed herein. Some age dispar-
ity is to be expected between eruption of volcanic units of
similar origin in Ireland and the northern Appalachians
given the diachronous nature of the Grampian Orogeny
along strike (van Staal et al. 1998). However this close
temporal association between eruption of highly evolved arc
rhyolites with a continental component in western Ireland
and in Newfoundland, together with the similarity in trace
and major element composition and Nd isotope chemistry of
these rhyolites, suggests that a correlation may be established
not only between the Tourmakeady Volcanic Group and
Delaney Dome Formation of western Ireland but also be-
tween these units and the Buchan–Robert’s Arm volcanic
belt in the North American continuation of the
Appalachian–Caledonide orogen.

Conclusions

Multiple lines of chemical, lithologic, and geochronologic
evidence point to a correlation between the Delaney Dome
Formation of Connemara and the Tourmakeady Volcanic
Group of South Mayo. This implies a syn-collisional volcanic
arc origin for the Delaney Dome meta-rhyolites. The magma-
tism that accompanied arc–continent collision during the
Grampian Orogeny preserved in western Ireland is manifest as
mid-crustal plutons within the Dalradian meta-sediments and
as rhyolitic volcanic rocks in the Delaney Dome Formation
and their lateral equivalents in the Tourmakeady Volcanic
Group of South Mayo. Toward the end of the Grampian
Orogeny, mid-crustal plutons and Dalradian country rock
were thrust toward the SW over these rhyolites along the
Mannin Thrust, resulting in the tectonic window into the
Delaney Dome Formation now exposed. This represents a
major imbrication of the syn-collisional arc, emplacing the
mid-crust of the arc over its extrusive upper crust. The Mannin
Thrust is thus interpreted as a major intra-arc structure but not
a terrane boundary. The recognition of such intra-arc thrust-
ing is of tectonic significance to interpretation of similar
collision zones elsewhere and to an understanding of the
general processes of arc–continent collision. We suggest a
correlation not only between the Tourmakeady Volcanic
Group and Delaney Dome Formation of western Ireland but
also between these units and felsic arc volcanic rocks in the
northern Appalachians of Newfoundland.
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