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The first comprehensive geological map, a summary of lithologies and new radiogenic isotope data (U–Pb, Rb–Sr) are presented for
crystalline rocks of the Sub-Antarctic Snares Islands/Tini Heke, 150 km south of Stewart Island. The main lithology is Snares Granite
(c. 109 Ma from U–Pb dating of zircon), which intrudes Broughton Granodiorite (c. 114 Ma from U–Pb zircon) on Broughton Island.
Rafts of schist within Snares Granite are common on the outlying Western Chain islets, and rare on North East and Broughton islands.
Zircon grains extracted from one schistose raft on Broughton Island are prismatic and yield an essentially unimodal age population of
c. 116 Ma that is within error of the granodiorite. These properties suggest that the dated raft represents a meta-igneous rock despite its
mica-rich nature. Some schistose rocks on the Western Chain contain coarse relict plagioclase phenocrysts and appear to have an
igneous protolith. No conclusive metasedimentary rocks have been identified, although sillimanite-bearing mica-rich schist occurs on
Rua. Deformation of the crystalline rocks occurred after Snares Granite intrusion and before cooling below muscovite K–Ar closure at
400 ± 50 °C at 95 Ma. This period overlaps the age of extensional ductile shear zones on Stewart Island. The discovery of several
basaltic dykes, which cut across fabrics and are unmetamorphosed, indicates that volcanic rocks are associated with all Sub-Antarctic
island groups. The larger of the islands are overlain by peat, which on North East Island also contains gravel deposits.
Keywords: granite; schist; Snares Islands; Sub-Antarctic; Rb–Sr isotopes; U–Pb zircon

Introduction
Despite the submerged Campbell Plateau representing c. 30% of
Zealandia, very little is known about its composition. Material
representing crystalline ‘basement’ rocks is restricted to samples
from scattered exploration wells (Beggs et al. 1990), dredge
hauls (Cullen 1975; Adams & Cullen 1978; Challis et al. 1982;
Herzer et al. 1989; Timm et al. 2010) and exposures on the
uninhabited and rarely visited Sub-Antarctic Antipodes, Auckland, Bounty, Campbell and Snares Islands/Tini Heke is‐
land groups (Fig. 1). (The name of the latter group was chan‐
ged to Snares Islands/Tini Heke following the 1998 Ngāi Tahu
Claims Settlement Act.) It is the island groups that provide the
best insights into Campbell Plateau basement composition because they commonly expose a range of lithologies for
which field relationships can be established. Although the broad
composition of each island group has long been known
(Marshall & Browne 1909; Speight & Finlayson 1909), detailed
geological mapping has only been conducted on Campbell
Island (Oliver et al. 1950; Beggs 1978; Morris 1984), small
areas of the Auckland Islands (Wright 1966, 1967; Gamble &
Adams 1985; Ritchie et al. 1985) and the Antipodes Islands
(Scott et al. 2013).

In this paper we present a geological map, a summary of
lithologies, new Rb–Sr data and the first U–Pb zircon dates of
rocks from the Sub-Antarctic Snares Islands/Tini Heke (Fig. 1).
This island group, 150 km south of Stewart Island, is a World
Heritage Site because of its spectacular and unmodified flora
and fauna. Access to the island group can only be granted by
the Department of Conservation. On two visits to the Snares in
2014, JMS and IMT mapped the main (North East) island, and
made a geological examination of the second-largest island
(Broughton) and several of the islets forming the Western
Chain. Several new lithologies are reported, including hornblende granodiorite and basaltic dykes. Prior to the discovery of
basaltic dykes, it was thought that the closest unmetamorphosed
mafic volcanic-hyperabyssal rocks were those of the Auckland
Islands, approximately 270 km to the south (Fleming 1951).
Geological background
Early geological observations found North East Island to consist
of granite overlain by a thick peat blanket (Marshall & Browne
1909). Fleming (1953), Reed (1953), Watters & Fleming (1975)
and Denison & Coombs (1977) presented field and/or petrographic descriptions of the granite, with each of these authors
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stacks off Broughton Island) have not yet been visited, but
observations from the sea suggest they are all granitic. Specimens
collected prefixed with ‘OU’ are catalogued in the University of
Otago rock collection, whereas samples with a ‘P’ prefix are
housed in the GNS Science collection. Samples are lodged in the
online PETLAB database (www.pet.gns.cri.nz). Lithologies are
reported below in order of inferred age.

Figure 1 Location of New Zealand’s Sub-Antarctic islands on the
Campbell Plateau. Continental crust above sea level is dark grey;
continental crust below sea level is light grey; oceanic crust is white.

noting its muscovite-rich nature and variable degrees of re‐
crystallisation. Very small mica-schist fragments collected from
the top of Rua in the Western Chain were interpreted to be roof
pendants of metasedimentary rock (Fleming 1953; Reed 1953;
Watters & Fleming 1975). The granite and schist have been
correlated on a petrographic basis with rocks on Stewart Island
(Watters & Fleming 1975). Isotopic data are restricted to several
whole-rock samples and muscovite separates from the main
granite that yielded variable two-point muscovite-whole-rock or
whole-rock/feldspar model Rb–Sr ages of 148–96 Ma and mu‐
scovite K–Ar ages of 95–92 Ma (Denison & Coombs 1977).
These data were interpreted to show a maximum emplacement
age of 170 Ma with cooling below the muscovite Ar closure
temperature between c. 103 and 93 Ma (Denison & Coombs
1977). The pollen assemblage of the overlying peat is described
in Harris (1953) and McGlone (2002).
Lithologies
The revised geology of Snares Islands/Tini Heke is summarised
in Fig. 2. North East Island, Broughton Island, and the islets of
Rima, Toru and Rua in the Western Chain were mapped and
sampled in the course of our study. Wha and Tahi were not landed
upon, but the geology of both was viewed from very close from
an inflatable boat. Other outlying islets (Daption Rocks, Alert
and Emerald stacks, Vancouver Rock, and several un-named

Mica schist
Numerous rafts and enclaves of muscovite- and biotite-bearing
schist, ranging from banded to thinly laminated and sometimes
mesoscopically folded schist to massive fine- to medium-grained
mica-quartz-plagioclase rocks, occur within Snares Granite on
islets of the Western Chain. Similar enclaves occur on Broughton
Island within a megacrystic facies of Snares Granite. A single
tiny (10 × 3 cm wide) schist enclave was found in granite on
The Razorback on North East Island.
Two fragments of mica schist ‘lying on the surface near nests
of Cape pigeons’ (Reed 1953, p. 29) on Rua were described by
Reed (1953) and Watters & Fleming (1975). Just under half of
Rua is found to be composed of mica schist (Fig. 3A). It
comprises mica-rich and mica-poor horizons that are foliated,
folded, and cut by numerous Snares Granite and pegmatite dykes
(Fig. 3B). Thin-sections show the schist to be rich in biotite,
muscovite and quartz. Traces of fibrolitic sillimanite occur within
muscovite and quartz grains. There is very little plagioclase, and
the protolith was evidently rich in K and Al but poor in Ca and
Na. These rafts are tentatively inferred to be of sedimentary
origin.
Schist inclusions also occur on Toru and Rima and can be
seen in the southern cliffs of Tahi. In these cases they form rafts of
c. 1–30 m length and are commonly very narrow. These schists
are dark coloured, poorly laminated to massive and contain
biotite, muscovite, plagioclase and quartz. Pale green amphibole
occurs in one >50 m long raft on the eastern end of Rima. Some
plagioclases form coarse grains that are much larger than the
matrix. The coarse plagioclase grains are zoned, have dusty cores
and appear to be relict igneous minerals now encapsulated in a
metamorphic matrix. At first view, these elongate rafts may be
metamorphosed dykes; however, they are cross-cut by Snares
Granite.
On Broughton Island, the main minerals within a narrow
elongate (<1 m wide by <10 m long) schist raft in megacrystic
Snares Granite are muscovite, quartz and plagioclase (Fig. 3C).
Minerals present in accessory proportions are zircon and unusually coarse apatite. This sample looks similar to the mica-rich
schist found on Rua, except that many grains have ‘mica fish’
habits and tiny subgrains are present on muscovite margins.
Plagioclase forms porphyroclasts, whereas quartz forms polycrystalline aggregates. Quartz veins in the rock have also been
recrystallised. This sample appeared to be a metamorphosed alu‐
minous sedimentary rock, but zircon data (discussed in ‘Isotopic
dating’) suggest that it may have an igneous origin.
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Figure 2 Geological map of the Snares Islands/Tini Heke. We have revised the shorelines of Tahi and Rua from the ofﬁcial topographic maps, which
are incorrect.

Broughton Granodiorite
The northwest corner of Broughton Island is composed of
a medium-grained brown-grey granodiorite (Fig. 4A–B). The
name Broughton Granodiorite is proposed for this new lithology. Broughton Granodiorite is composed of biotite, plagioclase, quartz, K-feldspar and accessory epidote (some with
allanite cores), subhedral but commonly discoidal titanite, small
grains of hornblende, an opaque oxide and zircon. Biotite is
the dominant mafic phase and has dark brown to pale bro‐
wn pleochroism. The brown pleochroic nature of the biotite,
coupled with the presence of allanite/epidote, hornblende and
titanate suggests that Broughton Granite is I-type, according to
the nomenclature of Chappell & White (2001). Plagioclase
grains are zoned and commonly have dusty cores. K-feldspar
has myrmekitic margins. Quartz has been recrystallised to finegrained polycrystalline aggregates with sawtooth margins. The
degree of recrystallisation varies between samples; some have
igneous textures whereas others are proto-mylonitic.

Snares Granite
The dominant lithology found in the island group is palecoloured muscovite granite (Fig. 5A). It occurs over the entirety
of North East Island, on the east of Broughton Island and makes
up much of the Western Chain. This lithology is formalised as
Snares Granite. As noted by previous workers (Marshall &
Browne 1909; Fleming 1953; Reed 1953; Watters & Fleming
1975), Snares Granite is extensively altered and fresh material
is difficult to find. The freshest samples contain muscovite,
plagioclase, K-feldspar and quartz with accessory apatite, garnet
and zircon (Fig. 5B). Snares Granite on the Western Chain also
contains biotite (Watters & Fleming 1975), sometimes as small
schlieren several centimetres in length, as well as topaz and
tourmaline. The granite shows recrystallisation textures throu‐
ghout the islands and is gneissic in some places, especially on
Toru. The fabric is, however, subtle and commonly difficult
to find in outcrop or hand specimen; consequently, few field
measurements were made. On North East Island, foliation
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Figure 3 A, Mica-rich schist on Rua in the Western Chain. Lens cap for scale; B, Folded schist/gneiss on Rua, cross-cut by a Snares Granite dyke.
Foliation orientations are enhanced by white lines drawn on the photo; C, Cross-polarised light image of a specimen from a schist raft in Snares
Granite on Broughton Island. This is the specimen (OU84693) from which zircon was dated.

Figure 4 Field relationships of Broughton Granodiorite on Broughton Island. A, Megacrystic dykes of Snares Granite cut across the granodiorite.
The dyke labelled ‘megacrystic granite’ is approximately 1 m wide; B, Xenoliths of Broughton Granodiorite occur in the megacrystic granite. Hand
lens is 5.5 cm long.
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Figure 5 A, Snares Granite in Station Cove on North East Island. The granite is cut by pegmatite and aplite granite dykes that, in turn, are cross-cut
by cataclastic fractures containing carbonate. The dykes and fractures have systematic orientations (see Fig. 2); B, In crossed-polarised light, Snares
Granite shows evidence of subsolidus deformation such as strained and partially recrystallised quartz, deformed mica and partially recrystallised
feldspar.

generally strikes east with variable but steep dips. Very rarely,
the foliation itself has been refolded about subvertical shear
planes.
On Broughton Island, Snares Granite is megacrystic near the
intrusive contact with Broughton Granodiorite and dykes of
megacrystic Snares Granite intrude the granodiorite (Fig. 4A).
The megacrystic facies extends along the west coast of Broughton
Island and is between 100 and 200 m wide. The facies contains
distinctively coarse K-feldspar grains that reach up to 4 cm in
diameter. These megacrysts have myrmekitic margins and are set
within a finer matrix composed of plagioclase, biotite and quartz.
A 2 × 2 m raft of porphyritic granite that occurs within Snares
Granite at Station Cove on the east coast of North East Island is
probably a different lithology.
A striking feature of Snares Granite is the occurrence of
cross-cutting granitic dykes (Fig. 5A). On North East Island these
dykes rarely exceed 10 cm in width, but have a very consistent
north-striking and steeply dipping orientation. Some are pegmatitic (composed of quartz, K-feldspar, coarse muscovite and rare

garnet), whereas others are aplitic. Offsets on these dykes
preserve a good record of the brittle fracturing and cataclasis
that has affected North East Island (Figs 2, 5B). Pegmatitic and
aplitic dykes, often occurring together, are common on the
Western Chain. Some dykes on Rua are over a metre in width.
Basaltic dykes
Two 20 cm thick unmetamorphosed basaltic dykes were
discovered on cliff tops of the southwest side of Broughton
Island (Figs 2, 6A). They are both moderate to steeply dipping
and intrude the megacrystic facies of Snares Granite. Another
basaltic dyke was tentatively identified (from a boat) at sea level
on the southeast point of Broughton Island. The cliff-top dykes
are extremely altered and now largely composed of clay;
however, relict euhedral feldspar laths up to c. 1 mm in length
and opaque oxides set in a trachyitic matrix confirm a basaltic
origin (Fig. 6B). Alteration is too advanced to allow comparison
with the volcanic pebbles described from North East Island by

Figure 6 A, Basaltic dyke on Broughton Island cutting across megacrystic granite. The hammer head, which rests directly above the dyke, is c. 10
cm wide; B, An igneous texture is well preserved in the basaltic dykes, although the mineralogy is highly altered.
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Reed (1953). Unlike the granitoids and schists, the dykes show
no sign of a metamorphic fabric and must therefore postdate
deformation of the granitoids and schists.
Faults and joints
Most outcrops on the islands show some form of brittle fracturing.
This is most obvious where the cataclasite-bearing fractures cut
offset pegmatite/aplite dykes (Fig. 5A). The fractures have a
systematic east–west orientation and steep dip. Both sinistral and
dextral apparent offsets have been observed, generally in the order
of only a few centimetres, in agreement with Fleming (1953). Two
larger east-striking faults, through Sinkhole Gut and the Sink‐
hole, have gently east- and west-plunging slickensides respectively, indicating strike-slip movement although the relative offsets
are unknown. Most major indentations on the coastline of North
East Island, such as those on the southern promontory extending
towards Broughton Island (Fig. 2), are fault zones and have abun‐
dant fractures. These fault zones strongly influence the shape of
the islands’ coastlines.
Snares Granite is strongly jointed, with joint spacing generally c. 1–2 m but ranging down to a few centimetres locally near
faults. The predominant sets trend north–south and east–west
(see also Fleming 1953); however, joints on many other
orientations are locally developed. Subhorizontal joints are also
prominent. The latter are particularly well-developed on Rua and
Toru on the Western Chain, at spacings of 1–2 m.
Gravel/gastrolith deposits
Fleming (1951, 1953) described ‘scattered well-rounded waterworn pebbles’ in the bush across North East Island. These
pebble deposits are widespread at about 20 m above sea level
on the eastern side of North East Island in bare penguin colonies
and in the Olearia forest nearby (Fig. 2), mainly on the tops of
spurs or in flattish areas such as the head of Penguin Creek. The
pebbles are predominantly locally derived Snares Granite, with
rare basalt (also reported by Reed 1953) and even rarer diorite
and thinly laminated rock that may be metasedimentary. Clasts
range from sand-sized to 6–8 cm across (Fig. 7) and range from
subrounded to very well rounded. Gravel was found at only one
spot on Fleming’s lower terrace (see fig. 8 in Fleming 1953), in
a penguin colony immediately north of the huts. The only
modern pebble beach known on North East Island, at the mouth
of Mutton Bird Creek, comprises well-sorted and well-rounded
granite gravel with clasts averaging 2–3 cm in diameter.
The origin of these pebbly deposits is controversial. Fleming
(1953) interpreted them as sea lion gastroliths, originally thinly
distributed throughout the peat and since winnowed out, especially in old (and existing) penguin colonies where a lag deposit
of pebbles has accumulated as the peat has eroded away. Part of
Fleming’s argument is based upon the occurrence of basalt
cobbles that he thought must originate from the closest volcanic
centre, which at the time was thought to be the Auckland Islands
c. 270 km to the south. However, the discovery of basaltic dykes

Figure 7 Pebbles of Snares Granite, basalt and diorite have accumulated in a penguin colony about 20 m above sea level between Mutton
Bird Creek and Ho Ho Creek. The origin of these pebbly deposits is
unclear; they may be sea lion gastroliths (Fleming 1951) or they could
be raised beach deposits (see text).

on Broughton Island means that a local source (perhaps not
exposed at the surface) cannot be ruled out. Alternatively, the
pebbles could represent uplifted beach deposits that have been
redistributed into the peat. The presence of the pebble deposits at
a similar height across the eastern part of North East Island
supports an interpretation of them representing the relicts of an
uplifted beach. Even if the pebbles are gastroliths, sea lions tend
to congregate on beaches; this also supports a raised beach origin.
Isotopic dating
U–Pb zircon
Zircon grains were dated from three samples: Broughton
Granodiorite, Snares Granite and a schist raft occurring in Snares
Granite on Broughton Island. The analyses were conducted by
laser ablation attachment on an Agilent 7500 quadrupole
inductively coupled plasma mass spectrometer at the University
of Otago. The method for obtaining a U–Pb zircon date is
described by Scott & Palin (2008).
Zircon grains in Broughton Granodiorite (OU84689) range
from stubby to elongate prisms that have c. 100–300 μm long
axes (Fig. 8A). Many zircon grains have irregular-shaped cores
that are surrounded by oscillatory-zoned and prismatic crystal
terminations. Forty-seven dates from 45 spot analyses range
from 100 to 1128 Ma (Table S1). The isotope profiles in
analyses 4 and 37 could be subdivided into two separate dates;
see Scott et al. (2009) for an example of this workflow. Of these
45 analyses, 40 yielded dates between 101 and 128 Ma; all
older dates were from the irregularly shaped zircon cores. Thirty
of the Early Cretaceous dates give an error-weighted mean age
of 114.2 ± 1.2 Ma (MSWD = 1.5, 2σ error), which excludes the
four youngest and the two oldest Early Cretaceous dates
(Fig. 8B).
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Figure 8 Cathodoluminescence image and age systematics of representative zircon in A, B, Broughton Granodiorite; C, D, Snares Granite; E, F, a
mica schist raft in Snares Granite. Note the presence of inherited cores in many grains. Cathodoluminescence images were taken before and after laser
ablation, and the analytical sites are highlighted with white circles. Dark boxes in histograms under the probability density diagrams B, D and F are
data included in the main population. Grey boxes in histograms represent excluded age data.

The zircon grains from Snares Granite (P63138) have stubby
prismatic morphologies and exhibit faint oscillatory zoning under
cathodoluminescence (Fig. 8C). Some grains have distinct cores
with broad or convoluted zoning. Thirty analyses yielded 31
dates ranging from 101 to 1965 Ma (Table S2). Twenty-five of
the dates are Cretaceous (101–144 Ma), of which 12 give a
pooled age of 109.1 ± 1.6 Ma (MSWD = 1.5, 2σ error; Fig. 8D).
Dates outside of this population are considered to be from
inherited zircon or the result of sub-solidus Pb loss, and are not
considered for the pooled age.
Most zircon grains from the mica-rich schist raft (OU84693)
in Snares Granite form stubby prisms that measure c. 150–200
μm in their longest direction (Fig. 8E). Generally well-formed
zircon terminations mantle pale interiors of oscillatory zoned,
homogeneous or broadly zoned cores. Sixty-seven dates were
obtained from 60 analyses (Table S3). Sixty-three of the dates

are Cretaceous, with four distinctly older dates. Forty analyses,
which exclude the 10 youngest and 12 oldest Cretaceous dates
on the basis that represent Pb loss or subtle inheritance,
respectively, yield an age of 116.0 ± 1.0 Ma (MSWD = 1.5,
2σ error; Fig. 8F). Although this sample was initially thought to
have a metasedimentary origin, the essentially unimodal Cretaceous age population, the similarity to the Broughton Granodiorite zircon data and the lack of zircon rounding suggest that
the schist has an igneous protolith.
Rb–Sr and Sm–Nd whole-rock
Rb–Sr and Sm–Nd concentrations and Sr and Nd isotopic
compositions were measured on a whole-rock sample of Snares
Granite (P63138) from North East Island using methods similar
to those described by Scott et al. (2014). The resulting data,

0.16255

Nd
Sm/

144
147

9.935

Nd
(ppm)

0.718487

0.705928

0.709878

0.71049

0.7247
0.8876
0.7234
0.935
0.7187
0.9709
0.723569
9.09
130.6
8.65
126.5
8.17
175.8
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77.23
17.90
81.97
19.06
90.26
14.28
94.01
243.2
809.7
245.5
835.0
255.4
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P 63138

OU 11966

OU 11961

whole rock
muscovite
whole rock
muscovite
whole rock
muscovite
whole rock
OU 11960

Sr/ Sr
Rb/ Sr
Sample

2.676

Sm
(ppm)
Sr/86Sr
(100 Ma)
87

86
87
86
87

Sr
(ppm)
Rb
(ppm)
Material
analysed

Table 1 Rb–Sr and Sm–Nd data for the Snares Granite.

Downloaded by [University of Otago] at 13:48 24 April 2015

143

Nd/

144

0.512243

Nd

143

0.512126

Nd/144Nd
(100 Ma)

εNd
(0)

−7.71

−7.23

εNd
(110 Ma)

8 JM Scott et al.
together with recalculated Sr isotope data of Denison &
Coombs (1977) (from samples OU11960, OU11961 and OU
11966), scatter roughly between isochrons of 125 and 100 Ma
(Fig. 9A). The lack of an isochron may be the result of dis‐
turbance of the Rb–Sr system in the white micas, which are
typically deformed (Fig. 5B).
Initial isotope compositions for a single sample of Snares
Granite (P63138) are 87Sr/86Sr(110Ma) = 0.71849 and εNd(110 Ma)
= −7.2 (Table 1). Previously published data of Denison &
Coombs (1977) yields 87Sr/86Sr(110Ma) of 0.70593–0.71050.
This wide range likely reflects some post-crystallisation disturbance of Rb–Sr ratios, plus error magnification as a
consequence of the relatively large whole-rock 87Rb/86Sr
(ranging from 3 to 9). Plotting all Sr isotope data at the single
εNd(110 Ma) value of sample P63138 shows that the Snares
Granite has a relatively evolved isotopic composition, suggesting the magma has either interacted with, or was derived from,
a moderately radiogenic component such as continental crust
(Fig. 9B).
In comparison with other broadly contemporaneous Cretaceous granitoids from the Western Province, it can be seen that
the Snares Granite has compositions similar to the 115–107 Ma
Rahu Suite (Waight et al. 1997) but with somewhat less
radiogenic Nd, and is distinct from the typically slightly older
Separation Point Suite granitoids (Muir et al. 1997, 1998;
Fig. 9B). This conclusion is supported by the similarity in zircon
U–Pb ages of the Broughton Granodiorite and Snares Granite
with Rahu Suite plutons found in Westland (Muir et al. 1997;
Waight et al. 1997; Ritchie et al. 2015). However, although
Snares Granite has similar major element concentrations to Rahu
Suite Buckland Granite at equivalent SiO2 (Table 2), it has
distinctly lower Sr and Ba and higher Y, Nb and Rb. Correlation
with Rahu Suite is therefore considered tentative at best.
Discussion
Petrographic observations show that the granitoids and schists
have been ductilely deformed. Many Snares Granite specimens
have ductile deformation textures in which quartz forms strained
polycrystalline aggregates. The schist rafts on Broughton Island
contain quartz with prominent recrystallisation textures and
muscovite that forms mica fish textures. The emplacement age
of Snares Granite, 109 Ma, provides a maximum older time
constraint on deformation, and the Rb–Sr muscovite ages of
c. 103–93 Ma and muscovite K–Ar ages of 97–94 Ma provide a
rough younger constraint (ages recalculated with modern decay
constants from data presented in Denison & Coombs 1977).
Cretaceous ductile deformation is a common feature of New
Zealand basement rocks and represents a time of crustal
extension preceding eventual opening of the Tasman Sea at c.
85 Ma. Cretaceous crustal extension has been documented from
shear zones across South Island (e.g. Gibson et al. 1988;
Tulloch & Kimbrough 1989; Gray & Foster 2004; Scott &
Cooper 2006), as well as on Stewart Island (Kula et al. 2007)
150 km to the north of Snares Islands/Tini Heke. Rahu Suite
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Table 2 Whole-rock geochemical data for Snares Granite and Broughton Granodiorite.
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Snares Granite

SiO2
TiO2
Al2O3
Fe2O3
MnO
MgO
CaO
Na2O
K2O
P2O5
LOI
Total
Ba
Ce
Cr
Cu
Ga
La
Nb
Ni
Pb
Rb
Sc
Sr
Th
U
V
Y
Zn
Zr

Buckland Granite

Broughton Granodiorite

P39782

P63138

OU84671 fr

OU84671 alt

P46072

OU84689

74.45
0.14
13.94
1.05
0.01
0.22
0.52
2.70
4.75
0.34
1.10
99.22
85
26
nd
2
27
13
22
nd
29
389
3
38
6
10
9
5
48
61

74.94
0.07
14.01
0.68
0.07
0.03
0.67
3.47
4.57
0.28
0.74
99.53
173
35
3
<1
21
23
24
3
34
314
6
60
15
1
5
37
48
65

74.82
0.05
14.02
0.64
0.09
0.12
0.72
3.92
4.24
0.23
0.49
99.33
97
13
<1
<1
20
<5
20
1
30
231
8
47
5
4
2
30
21
48

74.95
0.06
14.04
0.66
0.08
0.13
0.71
3.83
4.28
0.27
0.54
99.54
81
16
<1
<1
19
6
21
<1
31
235
5
45
6
4
2
29
21
48

73.32
0.14
14.57
1.21
0.02
0.32
1.12
4.12
4.26
0.10
0.62
99.80
743
39
6
<1
20
16
7
<1
37
197
2
381
10
5
9
17
36
88

60.83
0.91
16.83
5.89
0.07
2.21
3.96
3.58
2.60
0.76
1.70
99.34
814
87
4
<1
24
49
13
11
21
128
9
699
12
2
104
25
75
213

Alt, pale brown weathering rind 1–3 cm deep; fr, relatively fresh 4–8 cm deep.

Figure 9 A, Rb–Sr isotope ratios from whole-rock and muscovite separates of Snares Granite (P63138) together with published data from Denison
& Coombs (1977) recalculated with modern decay constants are broadly encompassed by 125 and 100 Ma isochrons; B, Sr and Nd isotope data for
Snares Granite are plotted with metasedimentary rocks and Cretaceous igneous rocks that occur in the Western Province of New Zealand. All Sr
isotope ratios for the Snares Granite are plotted using the single εNd value of −7.23 of P63138. All data are recalculated to 110 Ma. Data for other
Cretaceous rocks come from Waight et al. (1998) and Tulloch et al. (2009).
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magmatism has also been linked to crustal extension (Waight
et al. 1998). The orientation of a swarm of subvertical northstriking pegmatite dykes intruding Snares Granite on North East
Island potentially supports the concept of the area having
been affected by extension. These dykes are deformed and were
therefore emplaced after 111 Ma and before 103–93 Ma. However,
their notably similar subvertical and north-striking orientations
indicate that there was a strong structural influence on their
emplacement. Andersonian fault theory suggests that dykes should
open perpendicular to σ3, the smallest principal stress. Assuming
this to be the case, the steep orientation of the dykes means that σ3
was horizontal and implies that the regional stress regime at the time
of dyke emplacement was extensional or strike-slip.
Conclusions
The first comprehensive geological map is provided for the
Sub-Antarctic Snares Islands/Tini Heke. The oldest rocks are
schists that crop out on parts of the Western Chain. Some of
the schists are likely igneous in origin, whereas the protolith
to mica-rich aluminosilicate-bearing lithologies is less clear. The
schists are enveloped by c. 109 Ma muscovite-rich Snares
Granite that also makes up most of North East Island and most
of Broughton Island. Snares Granite on Broughton Island has a
distinctive megacrystic facies that intrudes biotite-hornblendebearing Broughton Granodiorite. Zircon dates indicate the
granodiorite was emplaced at c. 114 Ma. Similarities in age
and Nd isotope composition suggest tentative correlation of
Snares Granite with Rahu Suite plutons elsewhere in the
Western Province of New Zealand. Zircons extracted from a
mica-rich schist raft in Snares Granite are prismatic and have
an age spectrum that is strikingly similar to the granodiorite;
they therefore may have a meta-igneous origin. Basaltic dykes
intrude Snares Granite on Broughton Island. The dykes are
strongly altered but retain an igneous texture. The discovery of
these dykes means that all New Zealand’s Sub-Antarctic island
groups now contain unmetamorphosed mafic volcanic-hyperabyssal rocks. Pebbly deposits lying in the thick peat across
North East Island represent lag deposits of sea lion gastroliths or
are remnant raised beach deposits.
Broughton Granodiorite, Snares Granite and associated
schist rafts have been deformed and contain variably developed
ductile recrystallisation textures. The zircon ages coupled with
published K–Ar age constraints indicate that deformation was a
Cretaceous event. Time constraints indicate deformation could
have been synchronous with extensional shear zones active on
Stewart Island, 150 km to the north.
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