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Abstract Sansom Island consists of two low nunataks in Sandefjord Bay, a marginal gulf of Prydz Bay, East Antarctica. These
nunataks are composed of two kinds of undeformed biotite granites, and these granites have been dated by ion-microprobe U-Pb
zircon geochronology. The zircons from these two samples yield SHRIMP zircon U-Pb concordant ages of 516 =5 Ma and
495.8+4.2 Ma, respectively. The results indicate that these granites were emplaced in two pulses in the Cambrian, and further
demonstrates the Pan-African event that has overprinted this area. The age of ca. 516 Ma suggests that the undeformed Sansom
Island Granite had a different geological history from the Landing Bluff Granite, which contains deformed granite xenoliths
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dated at ca. 503 Ma, and probably indicates regional variations in the age and intensity of deformation.
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1 Introduction

The original geological view of East Antarctica was that it is
surrounded by one continuous circum-East Antarctic mobile belt
(Moore, 1991), which is commonly referred to as the Grenville-
age mobile belt, ranging in age from late Mesoproterozoic to
early Neoproterozoic (ca.1400—900 Ma) (Fitzsimons, 2000).
However, more and more evidence indicates that this supposed
Grenville orogenic belt is actually truncated by two younger
belts active from the late Neoproterozoic to early Paleozoic (ca.
650—500 Ma, also termed Pan-African), namely the Lizow
Holm Belt and Prydz Belt (Fitzsimons, 2000; Hensen and Zhou,
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1995). The former is the southward continuation of the East
African Orogen and marks the final suture of the Mozambique
Ocean (Fitzsimons, 2000); while the nature of the latter remains
controversial, with one school of thought suggesting that it
formed by a collision between an Archaean block and composite
terrane (Liu et al., 2014, 2007; Boger et al., 2001; Hensen and
Zhou, 1995) and another considering it the result of intraplate
orogenesis (Phillips et al., 2009; Wilson et al., 2007).
Consequently, both models focus the need for a clear
understanding of the geological evolution of this area, in which
abundant granites were emplaced during the Pan-African. Since
granite records important information related to its generation,
ascent and emplacement, these rocks potentially represent a
powerful tool to investigate the evolution of this orogenic belt.
Sansom Island, an isolated off-shore island at the eastern
edge of the Amery Ice Shelf in Prydz Bay, is completely
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composed of granite. The Sansom Island Granite (hereafter
called SIG) was traditionally considered to have the similar age
to the Landing BIuff Granite (Tingey, 1981) , which has an
Rb-Sr whole rock isochron age of 504 #17 Ma, with an initial
87Sr/88Sr ratio of 0.7184+0.0009 (Tingey, 1981). Later, Sheraton
et al. (1984) recalculated this age as 493#17 Ma using a
different decay constant (A8’Rb=1.42x10""' a%). These data all
have a relatively larger uncertainty, but a more precise U-Pb
zircon age of 500 #4 Ma (Black L Punpublished data) was
reported by Tingey (1991). Further constraints on the age of
Landing Bluff Granite are provided by the deformed xenoliths
within it that have a zircon age of 50348 Ma (Mikhalsky and
Roland, 2007). Although these ages for the Landing Bluff
Granite are widely quoted in the literature (e.g. Mikhalsky and
Roland, 2007; Tingey, 1991), none of the isotopic data have
ever been published. No age data have been reported for the
SIG, although its petrology was described by Tingey (1981).

In this contribution, we present the first SHRIMP U-Pb
zircon geochronological data for the SIG, in order to define
its emplacement age, and we also discuss the geological
implications of this age.

2 Geological background

Sansom Island, one of the offshore islands in Sandefjord
Bay of Prydz Bay, is mostly covered by ice-snow, with
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only its peak partly exposed during our expedition.
Consequently, it is difficult to clarify its relationship with
surrounding geological bodies. Commonly, the SIG,
together with the Landing Bluff Granite, is considered as
one member of the Landing Bluff Adamellite which occurs
in Landing Bluff area and further south to Gillock Island
(Tingey, 1981) and intruded high-grade metamorphic
country rocks that mainly comprise various orthogneiss and
paragneiss units ( Liu et al., 2007; Stiwe et al., 1989; Stlwe
and Powell, 1989; Tingey, 1981). These country rocks were
named the Munro Kerr Gneiss by Tingey (1981) (Figure 1
b), and extend westwards from the Polarforschung Glacier,
along the coastal zone and the eastern edge of Amery Ice
Shelf, as far as the Reinbolt Hills to the south. The
protoliths of these felsic orthogneisses and mafic granulites
show some regional variations. For example, in Sgstrene
Island and the Munro Kerr Mountains area, the mafic
protoliths were Nb-enriched arc basalts, while elsewhere the
mafic protoliths were volcanic arc basalts (Liu et al., 2014).
The felsic orthogneisses all show the characteristics of
volcanic arc granites, with distinct differences in
geochemistry indicating they formed through different
processes (Liu et al., 2014). SHRIMP U-Pb zircon data
indicate these felsic and mafic rocks were emplaced over a
long period from ca.1380 Ma to 1020 Ma (Liu et al., 2014,
2009, 2007).
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Figure 1 Geological sketch map of Amery Ice Shelf—Lambert Glacier region with inset showing the location of Sansom Island (Modified
after Hokada et al. (2016), Liu et al. (2009), Corvino et al. (2008), Li et al. (2007), Mikhalsky and Roland (2007), Carson et al. (1996), Tingey

(1981)).
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The Munro Kerr Gneiss experienced multiphase
metamorphism with events both in the late Mesoproterozoic
to early Neoproterozoic and the late Neoproterozoic to early
Paleozoic, but the latter metamorphic event is not obviously
observed in rocks from the Reinbolt Hills and the Munro
Kerr Mountains (Liu et al., 2009). The earlier Grenville-age
metamorphism took place at conditions of 8 —10 kbar,
900°C; while conditions were ca. 4—7 kbar, 650—850°C
during the Pan-African (Hensen and Zhou, 1995).

The deformation history of the Munro Kerr gneiss is
poorly constrained. Stiwe and Powell (1989) described the
different deformation styles in the Munro Kerr Mountains
area, and Nichols and Berry (1991) reported three pervasive
deformation phases and two late post-metamorphic
deformation phases in the Reinbolt Hills. The age of
different deformation phases in the Reinbolt Hills was
investigated by Liu et al. (2011). Penetrative tectonic
fabrics are lacking in Jennings Promontory (Nichols and
Berry, 1991).

2 Methods
2.1 SHRIMP U-Pb

Zircons were separated from the crushed granite samples
using conventional techniques (sieving, magnetic separation,
heavy liquids and hand picking). About 200 representative
zircon grains for each sample were selected by
hand-picking, and then mounted in an epoxy disc together
with the Temora zircon standard for U-Pb age calibration.
Zircon grains were sectioned nearly in half and then
polished, in order to expose all of their microgrowth layers.
The mount was gold coated, and cathodoluminescence (CL)
images of zircon grains were taken using the scanning
electron microscope, to characterize the zircon internal
structures.

Zircon U-Pb isotopic analyses were carried out using
the SHRIMP 11 sensitive high resolution ion microprobe at
the Beijing SHRIMP Centre, Chinese Academy of
Geological Sciences. The analytical procedures followed
those reported by Williams (1998). A primary ion beam of
no more than 4 nA and 23 pum spot size was used.
Furthermore, to remove surface contamination, the
primary beam was rastered across the sample surface for
2 min before each analysis. Mass resolution was ca. 6000
at 1% peak height. Five scans were made in each analysis
set, with each scan comprising measurements of the
isotope species %Zr,0 (2 s), 2“Pb (10 s), 2°®Pb (20 s),
207ph (20 s), 2°%Pb (10 s), #8U* (5 s), *°ThO (2 s) and
254U0 (2 s), together with background. The measured
U/Pb ratios were calibrated relative to Temora reference
zircon (416.7540.24 Ma; Black et al., 2003), which was
measured after every two or three unknown spot analyses.
Common Pb correction was carried out using the
measured non-radiogenic 2%*Pb using the Pb evolution
model suggested by Stacey and Kramers (1975).

The data were reduced using the SQUID 1.03 program
(Ludwig, 2001), and the concordia diagrams were plotted
using the software ISOPLOT 3.23 (Ludwig, 2003).
Uncertainties in the measured isotopic ratios are denoted
at one sigma level, however uncertainties for the weighted
mean ages are given at 95% confidence level. Here,
206pp/238y ages are presented for zircons in the text, and
the analytical data are listed in Table 1.

2.2 Field relationships, petrography and mineralogy

Two granite samples were collected when the helicopter
refueled at the Sansom Island fuel base during the 31st
Chinese National Antarctic Research Expedition
(CHINARE) in the 2014/2015 season. No deformation
structures were observed within these two specimens.
Sample SI01-1 is a pale pink megacrystic granite with
abundant flesh-red, medium-coarse grained K-feldspar
crystals (Figure 2a). These euhedral K-feldspar
phenocrysts range from 6 mm to 55 mm in size, but they
show no obvious zoning. Plagioclase occurs as smaller,
cream white grains between the K-feldspar crystals,
ranging from 2 mm to 11mm in size. The quartz in this
sample occurs as crystal clusters between the K-feldspar
crystals, as biotite does. Sample SI101-2 is grey in colour,
and its principal minerals are plagioclase, K-feldspar,
quartz and biotite (Figure 2b). The euhedral cream white
plagioclase phenocrysts range from less than 1 mm to
42 mm in size.

a, Sample SI101-1

b, Sample SI01-2

Figure 2 Photoes of samples S101-1 and S101-2.

3 Results
3.1 SHRIMP U-Pb geochronology of sample S101-1

The zircons in this rock have euhedral and anhedral shapes
(Figure 3a). They have grain sizes ranging from ca. 100 to
500 um. Most zircons exhibit oscillatory zoning or sector
zoning in CL images. While some grains have evidence for
a local intermediate stage of resorption, their overall
morphology indicates that they were crystallized from
magma.
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Seventeen zircon grains of this sample were analyzed
and the results are listed in Table 1. The U concentrations
vary between 106 and 1473 ppm, and the Th concentrations
between 185 and 1151 ppm, with Th/U ratios from 0.41 to
2.61, which indicates the heterogeneity of the zircon grains
and suggests a magmatic origin. Exclusion of the reversely
discordant analysis spot 13.1 yielded a weighted mean
206pp/238Y age of 495.844.2 Ma (Figure 4a), which reflects
the granite crystallization or emplacement age.

a, Sample SI01-1

O 21
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3.2 SHRIMP U-Pb geochronology of sample S101-2

The morphology of zircons in this sample is similar to
sample SI01-1, showing euhedral and anhedral shapes
(Figure 3b). They have grain sizes ranging from ca. 100 to
600 pm. Most zircons present oscillatory or sector zoning,
and again while some grains have evidence for a local
intermediate stage of resorption, their morphology indicates
that they crystallised from magma.

b, Sample SI01-2

Figure 3 Cathodoluminescence (CL) images of zircons from the SIG. Ellipes represent SHRIMP spots annotated with analysis number

and 2%6Pp/238Ph age (with 1 sigma error).

Fifteen zircons were analyzed and the results are also
listed in Table 1. The U concentrations vary between 81 and
540 ppm, and the Th concentrations between 175 and
612 ppm, with Th/U ratios from 0.60 to 2.34, retaining
typical magmatic values. Spot 2.1 has the oldest age of
53810 Ma, and is slightly reversely discordant. Exclusion
of spot 2.1 yielded a weighted mean 2°°Pb/?*®U age of
51645 Ma (Figure 4b), which reflects the granite
crystallization or emplacement age.

4 Discussion

4.1 The emplacement age of SIG

The SIG has not previously been dated to our knowledge. It
has been always considered to have intruded simultaneously
with the Landing Bluff Adamellite, a pink-grey coarse-
grained porphyritic biotite granite with giant K-feldspar

phenocrysts, and deformed xenoliths of gneissose biotite
granodiorite (Sheraton et al., 1996; Tingey, 1981) that was
emplaced during the Pan-African event (Tingey, 1991, 1981;
Sheraton and Black,1988; Sheraton et al., 1984).

The SHRIMP U-Pb zircon geochronological data
collected in this study provide new insight into the Sansom
Island magmatism and its relationship with the Landing
Bluff Granite. Our SHRIMP U-Pb zircon data for two
granite samples from Sansom Island yield two ages, 495.8
#4.2 Ma and 51635 Ma, respectively. The prevailing view
about pluton emplacement is that it is a relatively rapid
process, taking less than 1 Ma (Wu et al., 2007; Petford et
al., 2000). The notable age difference between our two
samples indicates that the SIG was emplaced in two
separate stages in the Cambrian, which is contrary to the
previous assumption that this body formed at one time
(Sheraton and Black, 1988; Tingey, 1981 and references
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b, Sample S101-2
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Figure 4 SHRIMP U-Pb concordia diagrams for zircons from the SIG (analyses plotted with 1 sigma errors). Analyses excluded from

weighted average calculations are indicated by red ellipses.

therein). Such episodic magmatic activity in one pluton can
be found in many places worldwide, including the Manaslu
Intrusive Complex in the Himalaya (Harrison et al., 1999)
and the Tuolumne Intrusive Suite in California (Coleman et
al., 2004).

4.2 Geological implication

SHIRMP U-Pb zircon dating of the SIG in this study
supports the idea that rocks in Prydz Bay were affected by
Pan-African events (Fitzsimons et al., 1997; Hensen and
Zhou, 1995; Zhao et al., 1992). The Pan-African Prydz
Belt extends along the coast of Prydz Bay, and then
extends southward to the southern Prince Charles
Mountains through the Amery Ice Shelf (Liu et al., 2009
and reference therein). It is a belt of Late Neoproterozoic/
Cambrian magmatism, deformation and metamorphism.
The period of magmatism can be divided into five phases
(Figure 5), based on the new data presented here
accompanied with previously published data. The oldest
magmatic age of 7064285 Ma is reported at Mt. Stinear in
the southern Prince Charles Mountains (Mikhalsky and
Roland, 2007), but the very large error means this cannot
be reliably distinguished from the more common 550—500
Ma ages. Magmatic ages of 550—530 Ma are obtained
from Mt. Meredith, Rofe Glacier of the southern Prince
Charles Mountains and the Grove Mountains (Gongurov et
al., 2007; Mikhalsky and Roland, 2007; Liu et al., 2006),
while ca. 525 Ma magmatism is not so common but is
reported from the Grove Mountains, and Mt. McCauley of
southern Prince Charles Mountains (Mikhalsky and
Roland, 2007; Liu et al., 2006). Magmatic rocks aged ca.
515-520 Ma crop at several mounts/bluffs of the southern
Prince Charles Mountains and Larsemann Hills (Li et al.,
2007; Mikhalsky and Roland, 2007), whereas ca. 500 Ma
magmatic activity is widespread in the Prydz Belt (Li et al.,
2007; Mikhalsky and Roland, 2007; Liu et al., 2006).

These granites can also be divided into two groups based
on their deformation. Most of the granitic rocks are
deformed, but undeformed granites crop out at Mt
Meredith and in the Larsemann Hills area (Gongurov et al.,
2007; Li et al., 2007; Wang et al., 2003; Zhao et al., 2003;
Carson et al., 1996; Zhao et al., 1992). The ca. 515 Ma
deformed granites in the Prydz Belt were synchronous
with a high-grade transpressional event (D2) (Carson et al.,
1996). These relationships suggest that there are regional
variations in the deformation history.

Our data show that Sansom Island records two-stage
magmatism, which is different from the single stage
inferred from granites at Landing Bluff, suggesting that
the Landing Bluff Adamellite is a composite body with a
more complex evolution than believed previously. Granite
from Landing Bluff is not deformed and was emplaced at
about 500 Ma (Tingey, 1981), but it contains deformed
xenoliths with a zircon age of 50348 Ma (Mikhalsky and
Roland, 2007). These ages date the deformation at
Landing Bluff between 500 Ma and 503 Ma. This raises
the question of why this deformation at Landing BIuff is
not seen at Sansom Island. The most reasonable
explanation is that the deformation seen in xenoliths at
Landing Bluff is only of local extent and did not occur at
Sansom lIsland, even though these two locations are close
to one another. A detailed integrated study of petrogenesis
and deformation in this region might help to resolve these
uncertainties.

5 Conclusions

The SHRIMP U-Pb zircon geochronology was conducted
on SIG to understand the emplacement time of it. The
following conclusions are achieved:

(1) New SHRIMP U-Pb zircon isotopic data show that
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Figure 5 Time-space diagram for major Pan-African granitic bodies in the Amery Ice Shelf — Prydz Bay region. Five magmatic phases

are divided based on the published age data (for detail see in text). The age scale is from Walker et al. (2012). References: the Mt Stinear
granite, the Mt Dummett granite, the Mt McCauley granite, the Wilson Bluff granite and the Rofe Glacier granite are from Mikhalsky and
Roland (2007); the Grove Mountains granite is from Liu et al. (2006), while age of 52646 Ma is from Zhao et al. (2003); the Landing Bluff
granite is from Tingey (1991); the Munro Kerr Mountains granite and the Amanda Bay granite are from Li et al. (2007); Mt Meredith
granite is from Gongurov et al. (2007); the Larsemann Progress granite (a) is from Carson et al. (1996); the Larsemann Progress granite (b)
is from Zhao et al. (1992); the Larsemann Dalkoy Island granite (a) is from Wang et al. (2003); the Larsemann Dalkoy Island granite (b) is
from Li et al. (2007); the Larsemann Dalkoy Island granite (c) is from Zhao et al. (2003).

the SIG was emplaced in two episodes: 51645 Ma and
495.844.2 Ma. These data challenge the traditional
one-stage model for magmatism in this area and instead
argue for a more complex history.

(2) The data indicate that Sansom Island is part of the
Pan-African Prydz Belt, but also point to some
discrepancies in local geology. In particular, the lack of
deformation in the older ca. 516 Ma intrusion at Samson
Island conflicts with evidence for gneissose xenoliths at
nearby Landing Bluff dated at ca. 503 Ma. Detailed
research on regional petrogenesis and deformation will
improve our understanding of these events.
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