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Abstract  In this paper we reported the " Ar-"Ar dating results of hornblendes in
Grt-Pl-bearing amphibolite from the Larsemann Hills. East Antarctica. Their appar-
ent ages respectively are 1586 Ma, 1011-1080 Ma, 761 Ma, 529 - 582 Ma. Their
plateau ages of 1036 Ma and 554 Ma as well as an Ar-Ar isochron age of 1010 Ma
have also been obtained respectively. These isotopic dating results for the first time
by the Ar-Ar method for hornblendes completely record almost all the structural-
metamorphic thermal events that this region experienced, and provide an answer to
the controversial question on the structural-metamorphic thermal events of this re-
gion in recent several years, namely, which one is more important. the late Protero-
zoic 1000 Ma event (Grenvillian) or the early Palacozoic 500 Ma event ( Pan-
African), as well as whether the former exists or not. The “Ar-"Ar dating results
of hornblendes show that the LLarsemann Hills experienced a complicated poly-meta-
morphic evolutionary history. and their protoliths were probably formed in early to
mid- Proterozoic. The late Proterozoic 1000 Ma event (Grenvillian) has been con-
firmed to be a predominant tectonothermal event whilst the early Palaeozoic 500 Ma
event (Pan-African) has been confirmed just to be the last strong tectonothermal
event in this region.

Key words FEast Antarctica. Grt-Pl-bearing amphibolite, hornblendes, " Ar-" Ar
ages, tectonothermal events.

1 Introduction

As part of extensive late Proterozoic mobile belt of East Antarctica, the upper
amphibolite to granulite facies high-grade metamorphic complex outcropping on the
[Larsemann Hills has commonly been believed to have experienced major low pressure
granulite facies metamorphism during the ~1000 Ma event (Grenvillian) and pas-
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sively overprinted a greenschist facies metamorphism during the late 500 Ma event
(Pan-African) (Sheraton et al. 1984; Stiwe et al. 1989; Stiitwe and Powell 1989;
Fitzsimons and Harley 1991). In recent years, however, Zhao et al. (1992) under-
took the single grain “’Pb/*Pb isotopic evaperation age dating for the zircons from
the syenogranite of moderate to weakly gneiss foliation and obtained the age results
of 556 Ma and 547 Ma, and further believed the Pan-African thermal event ( ~500
Ma) to be regionally important., which led Ren ez a/. (1992) to believe that the major
low pressure granulite facies metamorphic event of this region occurred during the ~
500 Ma rather than the ~1000 Ma, in addition, the relic representative of an early
medium-pressure metamorphic event has also been recognized. This further led Dirks
et al. (1993) and Carson et al. (1995) to restudy the structural deformation and
metamorphic evolution in this region.

The further research results of structural deformation show that this region ex-
perienced at least four-phases of structural deformation (D,, D,, D.,-D, or D,), in-
cluding two major deformational-metamorphic stages, which correspond to the two
unrelated structural-metamorphic thermal events and occur independantly in this re-
gion: the early compressional structures represented by thrusting probably formed
during the 1000 Ma event (Grenvillian). whilst the late decompressional structures
as a result of extension probably occurred during the 500 Ma event (Pan-African).
Both of events occurred at similar temperatures but the latter with somewhat lower
pressure (Dirks ez al. 1993; Carson et al. 1995), nevertheless, the former failed to
be confirmed in absent of direct isotopic age result.

Meanwhile, however, several workers also obtained much more isotopic age da-
ta of around 500 Ma by Sm-Nd. Rb-Sr and U-Pb dating methods from the other
lithologies in the region and the neighbouring area (Zhao et al. 1993, 1995; Kinny et
al. 1993; Hensen and Zhou 1995), and emphasized that the 500 Ma Pan-African
thermal event was a major granulite facies high-grade structural-metamorphic event
in this region. the early 1000 Ma structural-metamorphic thermal event did not exsist
in the reigon, and further explained that the rocks of this region formed during the
Neoproterozoic, the 1000 Ma age just represented a magmatic intrusive event and had
no involvement in high-grade metamorphism (Zhao et al. 1995) . only in the S¢strene
Island on the west of this region did the relics of the early 1000 Ma structural-meta-
morphic thermal event exsist (Hensen and Zhou 1995), whereas Harley ez al.
(1995) considered that the 990 — 1030 Ma ages of zircon U-Pb SHRIMP dated by
Kinny et al. (1993) from the orthogneisses and leucogneisses on the Rauer Group
provided excellent constraints on the age of the 1000 Ma granulite-facies structural-
metamorphic thermal event, all of the above stimulated a great controversy (Carson
et al. 1995; Dirks and Wilson 1995; Harley and Fitzsimons 1995).

Carson et al. (1995), Dirks and Wilson(1995) as well as Harley and Fitzsimons
(1995) pointed out that the age results of ~500 Ma obtained by Zhao ez al. (1992,
1995) as well as Hensen and Zhou (1995) through the *"Pb/**Pb stepwise evapora-
tion method of zircon and the garnet-mineral and garnet-whole-rock Sm-Nd isochron
method seemed to be unaccurate because the *’Pb/**Pb evaporation technique can not
account for Pb loss during the later overprints of tectonothermal events (Kober
1986 ), particularly with at least two major tectonothermal events in the region.
Therefore, the *"Pb/*'Pb system suffered serious radiogenic Pb loss and was reset
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during the later thermal event, being taken as a minimum age estimate only. On the
other hand, the clousure temperature of the Sm-Nd isotopic systematics for meta-
morphic garnet has been believed to be as low as 600 C (Mezger et al. 1992) . whilst
the low pressure granulite-facies metamorphic temperature of the region was as high
as 750 C (Stiwe and Powell 1989), and in D, normal shearing zone the peak meta-
morphic temperature may be as high as 800 C (Carson et al. 1995), and thus the
Sm-Nd isotopic systematics for metamorphic garnet mineral were equally reset during
the later structural-metamorphic thermal event. In summary, the reasonable expla-
nation should be that the *’Pb/**Pb and Sm-Nd isotopic systematics were all reset
during the later structural-metamorphic thermal event, and the *’Pb/**Pb and Sm-
Nd ages of around 500 Ma were just only representative of the Pan-African resetting
ages in the region. Because D, in the region was the last strong thermal event with
metamorphic temperature in excess of 600 C . the age results of around 500 Ma have
been considered at least to be still indicative of the late D, structural-metamorphic
thermal event in this region (Dirks and Wilson 1995).

On the basis of the controversy above, more workers have done further research
work on istopic chronology and metamorphism of this region and its neighbouring
area. Carson et al. (1996) undertook U-Pb SHRIMP age dating for the zircons from
the late-tectonic-formed syenogranite in the region, whereas Zhao et al. (1997) un-
dertook ""Ar-"’Ar age dating for the hornblendes from the mafic granulite and the bi-
otites from the gray white biotite gneiss in the region, while Fitzsimons et al.
(1997) undertook U-Pb SHRIMP age dating for the zircons and monazites from the
anatectic leucogneisses in the Brattstrand Bluffs coast, as well as Hensen and Zhou
(1997) also undertook Sm-Nd age dating for several types of lithologies in the Prydz
Bay area, the age results of around 500 Ma have been obtained by all of them. Be-
cause they have not yet obtained the direct and reliable age data of around 1000 Ma,
the Pan-African event of around 500 Ma is still considered to be a major granulite-fa-
cies metamorphic thermal event in this region and the Prydz Bay area (Carson et al.
1997; Fitzsimons 1997). We think that these age results still reflect the late strong
structural-metamorphic thermal event in this region and the neighbouring area (see
above and following). Because Carson et al. (1995) and Dirks and Hand (1995) have
respectively identified mafic-felsic basement orthogneiss in this region and the nearby
Bolingen Islands on the west, which is similar lithologically to that of Archaean and
Palaeoproterozoic ages in the southeastern Rauer Group (Sheraton ez al. 1984). In
addition, Zhang et al. (1996) obtained the high-precise U-Pb isotopic age results of
both upper intercept 1000 — 1100 Ma and lower intercept 500 — 550 Ma from mon-
azites and zoned zircons in paragneisses (garnet-biotite-bearing quartzites) of the re-
gion, and confirmed the existence of the early 1000 Ma structural-metamorphic ther-
mal event in this region, and also confirmed that the 500 Ma Pan-African thermal
event was an important thermal event (Liu et al. 1995; Zhang et al. 1996). Further-
more, the earlier remnant sapphirine-bearing mineral assemblages of higher P-T con-
ditions that the authors reported recently further supported the point of view above
from petrographical and textural evidence (Tong et al. 1997a,b; Tong and Liu
1997). The study results of these earlier remnant sapphirine-bearing mineral assem-
blages of higher P-T conditions showed that the early 1000 Ma structural-metamor-
phic thermal event of this region was characterized by an anticlockwise near-isobaric
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cooling P-T path (Tong et al. 1997a; Tong and Liu 1997), which was consistent
with P-T evolutionary history of the high grade metamorphic rocks from the North-
ern Prince Charles Mountains (NPCM) that Thost and Hensen (1992) reported.
More recently. Hensen ez al. (1997) undertook further Sm-Nd isotopic age dating
for the high grade metamorphic rocks from the NPCM, and identified multiple high
grade metamorphic events in the NPCM, e. g. the 1000 Ma and 800 Ma as well as
500 Ma events coexisted in the NPCM ., and they also believed that the Sm-Nd iso-
topic systematics for metamorphic garnet formed during the 1000 Ma metamorphic
event were completely reset during the subsequent events. This further supports the
point of view above that the isotopic systematics were reset and the early 1000 Ma
metamorphic event exsisted in this region. The age results in this paper will suggest
that the LLarsemann Hills had not only the similar P-T evolutionary history to the
NPCM, but also the comparable isotopic age results with the NPCM (see the latter
part of the paper).

Then, what are the relationships between the early 1000 Ma structural-meta-
morphic thermal event and the late Pan-African event of around 500 Ma in this re-
gion? Which one is more important than the other? The further direct and reliable
isotopic age evidence is still absent for this, whilst it is extremely important for us to
know the history of the structural evolution in the region and even in the whole East
Antarctica, and this has become one of the research frontiers for the earth sciences of
East Antarctica in recent several years. In this paper we try to further answer the
question through the Ar-Ar age dating method of hornblende.

2 Geological setting

LLocated in the middle of the Prydz Bay area, East Antarctica, the Larsemann
Hills are composed mainly of three big peninsulas and a number of islands (Fig. 1).
The region consists mostly of upper-amphibolite-granulite facies paragneiss, or-
thogneiss . migmatitic paragneiss, quartzite, and some mafic granulite as well as less
ultramafic xenolith. Generally, the region is taken as a part of late Proterozoic high-
grade metamorphic terranes of East Antarctica, which underwent low pressure gran-
ulite facies metamorphism during the late Proterozoic Grenvillian event of around
1000 Ma and overprinted a greenschist facies metamorphism during the Pan-African
event of around 500 Ma (Sheraton ez al. 1984; Stiwe et al. 1989; Stiwe and Powell
1989; Fitzsimons and Harley 1991), with peak metamorphic P-T conditions of 0. 45
GPa and 750 C and post-peak decompression of 0. 05 — 0. 10 GPa (Stiwe and Powell
1989).

However, the study results of chronology and metamorphism as well as struc-
tural deformation in recent years show that the 500 Ma (Pan-African) event was
more important than what had been previously thought (Ren er al. 1992; Zhao et al.
1992; Dirks et al. 1993; Hensen and Zhou 1995; Carson et al. 1995), furthermore,
the main low pressure granulite facies metamorphic event of this region is believed to
have occurred during the 500 Ma rather than the 1000 Ma (Grenvillian) (Ren et al.
1992; Zhao et al. 1993, 1995; Hensen and Zhou 1995), and the region is composed
of at least two major unrelated high grade metamorphic events, one at the 1000 Ma
and another event at the 500 Ma at comparable temperatures but slightly lower pres-
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Fig. 1. The sampled location of the Larsemann Hills. VH: Vestford Hills; RG: Rauer Group; LH:

Larsemann Hills; B;Bolingen Island; S;S¢strene Island.

sure (Dirks ez al. 1993; Dirks and Wilson 1995; Carson et al. 1995).

Meanwhile, Ren ez al. (1992) and Wang et al. (1994) as well as Carson et al.
(1995, 1997) have all identified an early medium pressure granulite facies metamor-
phic event and its mineral assemblages with peak metamorphic conditions of 0. 9 GPa
and 850 C, 0.63 GPa and 750 C, 0.7 GPa and 780 C respectively. Although some
workers ascribed this newly recognized medium-pressure granulite facies metamor-
phic event to 600 Ma (Zhao et al. 1993, 1995; Ren and Liu 1995) . the recent new U-
Pb zircon age dating result obtained from medium-pressure mafic granulite in this re-
gion suggests that the medium pressure granulite facies metamorphic event appears
to have occurred at about 770 Ma (Tong et al. 1995a, b). In addition, the authors
have further identified earlier remnant mineral assemblages such as sapphirine 4
spinel +magnetite +sillimanite +corundum #+ gedrite and orthopyroxene + plagioclase
-+ phlogopite as well as cordierite +sillimanite -+ biotite from several lithologies of
this region, with peak metamorphic P-T conditions of 0. 95 GPa and 870 C by gar-
net-orthopyroxene thermobarometry, and the metamorphic evolution is characterized
by an anticlockwise near-isobaric cooling P-T path (Tong et al. 1997a, b; Tong and
Liu 1997). The recent high-precise U-Pb isotopic age results of monazites and zoned
zircons in the garnet-biotite-bearing quartzites from the region show that these earli-
er remnant mineral assemblages of higher P-T conditions were formed during the ear-
ly 1000 Ma structural-metamorphic thermal event (Liu et al. 1995; Zhang et al.
1996). The earlier anticlockwise near-isobaric cooling P-T path of higher P-T meta-
morphic conditions is completely different from the late clockwise near-isothermal de-
compression P-T path of medium-low pressure metamorphic conditions in this region
(Ren et al. 1992; Carson et al. 1995, 1997; Tong and Liu 1997).
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3 Sample and experimental method
3.1 Sample and fast neutron irradiation

The garnet-plagioclase-bearing amphibolite sample (9248) was collected from
the northern Kolloy Island in 1991 — 1993 austral winter (Fig. 1). This kind of rock
occurs as lenses or layers with dark colour, and is composed of garnet (20%), pla-
gioclase (25%), hornblende (30%), orthopyroxene (10%), magnetite (10%) and
quartz (5%), with less sphene and others as accessory minerals. In the medium-
grain granoblastic texture, the thin garnet corona texture transposed from horn-
blende can be seen under microscope. Hornblende grains were separated by conven-
tional separation techniques, with grain size of 0.2 — 0. 3 mm and purity over 98%.

The selected sample hornblendes and K,SO,, CaF,, KCI that were used as induc-
ing isotope correction of K, Ca, Cl, as well as the standard monitor samples, were
wrapped together according to certain requirements, and stacked in the made-special
reaction ampouple. These samples were irradiated by a fast neutron flux in Beijing
49-2 reactor using a next-to-core B5 facility. During the irradiation period, the sam-
ple capsule was shielded by cadmium and rotated in order to keep the gradient of the
neutron flux, and the exit water temperature was below 42 C. The duration was 52
h and 15 min with a fast neutron flux of about 2X 10" n/(cm’ ¢ s) and an integral
neutron flux of about 3.76X10" n/cm®. The interlaboratory age standards being
used as the neutron flux monitor were the international standard BSP-1 hornblende
and two China’ standards ZBH-25 biotite and ZB]J hornblende with the monitor ages
of (20604+8) Ma and (132.7+1.2) Ma and (132. 8+ 2.4) Ma respectively.

3. 2 Experimental method

The isotope dating and analyses were performed at the Laboratory of Isotope
Geochronology in the Institute of Geology of the Chinese Academy of Sciences.

The irradiated samples have strong radioactivity. When cooling to safe dosage
(below 10 microgal), the appropriate samples were selected and put into the united
system of the modified RGA-10 mass spectrometer and the Ar degassing instrument,
and then the “Ar-"Ar stepwise heating experiment was undertaken. In static vacum
mode of 133.32X5X10 " Pa (= 6.67X10 °), the samples were heated and melted
by high-frequency induction, and the melting temperatures ranged from 500 C to
1500 C. The released gases passed through the copper oxide and 5 A -molecular sieve
and titanium sponge, and the active gas was purified out. At last the inert gas Ar di-
rectly flowed in the RGA-10 mass spectrometer and the static Ar isotope spectrum
analysis was done. The sensitivity of the RGA-10 mass spectrometer was 8.4X10 °
A/Pa (corresponding to 1.42>X10 " mol/mV), and the interlaboratory static vacum
was 7X 10 " Pa. Six sets of Ar isotope spectrum peak were generally measured, and
besides measuring “Ar., “Ar. “Ar, “Ar and “Ar, furthermore, the m/e values of 35
and 41 were monitored. The former was used to check whether there was Cl inference
in gas, and the latter was used to decide whether there was remnant hydrocarbon in
gas.

The peak data of Ar isotope were obtained by using the peak values to reduce the
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average value between the former and the latter basic lines, and then the memory ef-
fect, the fractional effect, the backgroungd and the inducing isotope correction of K,
Ca, Cl and the radioactive decay correction of ’Ar were undertaken for the peak da-
ta. The interlaboratory correction factors were as follows: C°Ar/*"Ar)., = 2. 64 X
107", (Ar/”Ar)y=3.05%X10"7%, (*Ar/"Ar)e,= 6.87X10 ", (*Ar/¥Ar)=0.01,
C'Ar/*Ar)e, = 3.81 X 107, (® Ar/” Ar), = 0.1869, (" Ar/" Ar), = 294.1,
("Ar/*Ar)¢ as a function of time and 4. 35X 10 ' was selected this time. The t,, of ¥
Ar is 35.1 d and the decaying constant of K is 5.543X10 '"/a. The ratios of "Ar"/

“Ar, apparent ages, plateau ages and isochron ages were calculated by the formula

that Wang et al. (1985) and Wang (1992) published.
4 Experimental results and geological explanation

The isotopic data and age spectrum of “"Ar-"Ar for hornblendes in Grt-Pl-bear-
ing amphibolite (9248) are presented in Table 1 and Fig. 2.

Table 1. Isotopic data of " Ar-""Ar step heating analysis of hornblendes in Grt-Pl-bearing amphibolite
(9248)
Sten Tempera- ("Ar/ ("Ar/ ("Ar/ (“Ar/ YAy, P AT ("Ar"/ Apparent age
P ture/ C “Ar),, “Ar),, “Ar),, “Ar),, /10 "mol /% “Ar), /(Ma=+10)
1 500 63.103 0.1034 2.0514 0. 2414 0. 064 6. 82 32.84+0.19 529.247.8
2 650 77.442 0.1395 2.9078 0.1628 0.093 9. 91 36.6740. 24 581.7+8.3
3 800 87.778 0.1296 8.1682 0.1852 0.052 5.54 50.53+0. 27 760.7+12.5
1 900 139. 756 0.2317 15. 862 0. 1463 0. 089 9.49 73.594+0.18 1023.84+19.2
5 1000 97.924 0.0943 17. 806 0.1321 0.114 12.2 72.414+0.16 1011.2+£18.8
6 1150 95. 349 0. 0756 19. 398 0.1047 0. 184 19.6 75.59+0.18 1045.0420.0
7 1300 89. 764 0.0629 58.917 0.1338 0.275 29.3 78.97+0.22 1080.1+23.5
8 1500 192. 581 0.2258 56. 051 0.4194 0. 067 7. 14 135.69+0.53 1585.8+38.2
Notes: Plateau age tp,=(1035. 9+14. 1) Ma; Plateau age tp,= (553. 8+ 26. 2) Ma; Specimen weight W=0.3 g; |]=
0.01038.
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Fig. 2. ""Ar/"Ar step heating age spectrum of hornblende.
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The hornblendes released Ar through eight heating stages. During the first two
stages from 500 C to 650 C, the amount of ”Ar release was fairly large and account-
ed for 16. 7% of the total amount. The two apparent ages of 529 Ma and 582 Ma and
one plateau age of (554+26) Ma have been obtained respectively, and they are just
the age record of the Pan-African event of about 500 Ma and suggest that the Pan-
African event was the last strong structural-metamorphic thermal event of this re-
gion. During the third heating stage of 800 C, the amount of *Ar release accounted
for 5. 5% of the total amount, and an apparent age of 761 Ma has been obtained,
which is consistent with the U-Pb zircon age of 770 Ma obtained from the mafic gran-
ulite in the region (Tong et al. 1995a, b). Because the amount of ”Ar release at this
stage exceeded 5%, this probably reflects that the position of high lattice energy in
hornblende preserved part of the early-formed “Ar" ., and it could be the record of the
information on the tectonothermal event of about 770 Ma in this region.

During the four heating stages from 800 C to 1300 C. the ratios of “Ar"/"Ar
and the apparent ages were stable, and the spectra were plain, whilst the amount of
“Ar release was the largest and accounted for 70. 6% of the total amount, corre-
sponding to a plateau age of (1036 4 14) Ma. After the four sets of data in the
plateau zone were treated by the "Ar/* Ar - Ar/” Ar isochron, a well-regressed
isochron was obtained, with an isochron age of (1010+30) Ma (Fig. 3). The ("Ar/
“Ar); initial value of 289. 0 was very approximate to the Nier value (295.5+5),
showing that these hornblendes did not capture the atmospheric Ar during their for-
mation. The correlation coefficient is 0. 9991, and the linear is very well. The
isochron age is consistent with the plateau age. which precludes the excess Ar re-
lease, and this suggests that the ""Ar-"Ar ages of hornblendes are real and confident.
Both the plateau age and the isochron age suggest that the major structural-metamor-
phic thermal event of this region occurred during the ~1000 Ma rather than the ~
500 Ma.

An older apparent age of 1586 Ma was obtained at the last heating stage. The

2000 [ Ar-Ar 1isochron of homblende (9248)
A=289.0
B=7225
r=0999]

150

1000

“Ar/*Ar

500 1

4] 3 ¢ 9 12 15 I8 21
“Ar/*Ar

Fig. 3. "“Ar/"Ar-"Ar/*Ar isochron diagram of hornblende.
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amount of “Ar release accounted for 7. 1%, this implies the formation age of the rock
itself, and probably preserves the older protolith age information of the region. This
apparent age is well comparable with the U-Pb zircon age of 1616 Ma that Zhang et
al. (1996) reported from the quartzites in the region.

The varying characteristics of their apparent ages in the age spectrum of the
hornblende show that it is a typical spectrum of suffering thermal disturbing. During
the eight heating stages, the changes of the apparent ages indicate an uprising trend.
The apparent ages range from 529 Ma to 1080 Ma with the "Ar release. This age
spectrum obviously reflects that these hornblendes were affected by the 1000 Ma
(Grenvillian) and the 500 Ma (Pan-African) tectonothermal events during their for-
mation, namely, the complicated “Ar-"Ar age spectrum of the hornblende suggests
that this mineral systematics suffered a strong effect of multiple structural-metamor-
phic thermal events. However, from the fourth to the seventh stages, the amount of
*“Ar release accounted for 70. 6% of the total amount, and this suggests the major ef-
fect of the Grenvillian thermal event.

5 Discussion

In this paper, we undertook the "Ar-""Ar stepwise heating isotopic age dating
for hornblendes in Grt-Pl-bearing amphibolite {rom the Larsemann Hills, East
Antarctica, and the ideal results have been obtained. These isotopic dating results
record almost all the ages of the structural-metamorphic thermal events that this re-
gion experienced, and provide a nice answer to the controversial question on the
structural-metamorphic thermal events of this region in recent several years.

In recent several years, the study results of chronology and metamorphism as
well as structural deformation on the LLarsemann Hills suggest that the Pan-African
thermal event of about 500 Ma was a more important structural-metamorphic thermal
event than previously thought (Zhao et al. 1992; Ren et al. 1992; Dirks et al. 1993;
Carson et al. 1995; Hensen and Zhou 1995). However, there are completely differ-
ent points of view as to which one 1s more important, the earlier 1000 Ma (Grenvil-
lian) event or the late 500 Ma (Pan-African) event, as well as whether the former
exists or not. One of the viewpoints is that the Pan-African event of around 500 Ma
was the major granulite facies structural-metamorphic thermal event in the region
and the neighbouring area (Ren ez al. 1992; Zhao et al. 1993, 1995; Hensen and
Zhou 1995). It is further emphasized that the rocks of this region were formed during
the Neopreterozoic, the major granulite facies metamorphic event occurred during the
500 Ma event rather than the 1000 Ma event, the early medium pressure granulite fa-
cies metamorphic event occurred during the 600 Ma, the earlier 1000 Ma structural-
metamorphic event did not exist at all in the region, and the 1000 Ma just represent-
ed a magmatic intrusive event not involving high-grade metamorphism (Zhao ez al.
1993, 1995). Only in the S¢strene Islands to the west of this region did the relics of
the earlier 1000 Ma structural-metamorphic thermal event exist (Hensen and Zhou

1995, 1997). The other opinion holds that at least two equally important granulite
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facies structural-metamorphic events existed in this region, e.g. the early medium
pressure granulite facies metamorphic event probably occurred during the 1000 Ma,
and the late low pressure granulite facies metamorphic event occurred during the 500
Ma, both of which occurred at similar temperatures but the latter with somewhat
lower pressure (Dirks et al. 1993; Carson et al. 1995). Meanwhile, Carson et al.
(1995) and Dirks and Hand (1995) respectively identified mafic-felsic basement or-
thogneiss in this region and the nearby Boligen Islands west which they thought to be
lithologically similar to the mafic-felsic basement orthogneiss of Archaean and
Palaeoproterozoic formation ages from the southeastern Rauer Group (Sheraton et
al. 1984). Furthermore, Harley et al. (1995) also considered that the zircon U-Pb
SHRIMP isotopic ages of 990-1030 Ma ages that Kinny et al. (1993) reported from
the orthogneisses and leucogneisses on the Rauer Group provided excellent con-
straints on the age of the 1000 Ma granulite facies structural-metamorphic event. Be-
cause the direct isotopic ages of 1000 Ma were absent in this region. whether the
1000 Ma Grenvillian event existed or not and a number of uncertaities of the 500 Ma
induced a great controversy (Carson et al. 1995; Dirks and Wilson 1995; Harley and
Fitzsimons 1995).

More recently, although the much more isotopic ages of around 500 Ma have
been obtained from the region and the neighbouring area, because the direct and reli-
able age data of around 1000 Ma have not yet obtained, the Pan-African event of
around 500 Ma is still considered to be a major granulite-facies metamorphic thermal
event in this region and even in the Prydz Bay area (Carson et al. 1996, 1997; Fitzsi-
mons 1997; Fitzsimons et a/. 1997; Hensen and Zhou 1997; Zhao et al. 1997). We
believe that these age results still reflect the late strong structural-metamorphic ther-
mal event in this region and the neighbouring area, because Zhang et al. (1996) re-
cently obtained the high-precise U-Pb isotopic age results of both upper intercept
1000 — 1100 Ma and lower intercept 500 — 550 Ma by conventional U-Pb method for
monazites and zoned zircons in the garnet-biotite-bearing quartzites from this region,
and confirmed the coexistence of the earlier 1000 Ma event and the late 500 Ma event
in this region (Liu ez al. 1995; Zhang et al. 1996). Furthermore, a series of petro-
graphical and textural evidences also supported the existence of the earlier 1000 Ma
event in the region, with peak metamorphic P-T conditions of 0. 95 GPa and ~900
C, and the metamorphism was characterized by an anticlockwise near-isobaric cool-
ing P-T path (Tong et al. 1997a; Tong and Liu 1997). In the S¢strene Island 25 km
west of this region, the earlier granulite facies metamorphic event of higher P-T con-
ditions (1.0 GPa and ~900 C) that Thost et al. (1991) reported has been confirmed
to occur during the Grenvillian structural-metamorphic thermal event of around 1000
Ma (Hensen and Zhou 1995), this further supports the existence of the earlier 1000
Ma metamorphic event in the region. However, what the relationships between the
earlier 1000 Ma event and the late 500 Ma event are, and which one is more impor-
tant than another, these questions have never been well resolved because of the com-
plexity of the structural deformation and metamorphism.

The "Ar-"Ar isotopic age dating results for the hornblendes in garnet-plagio-
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clase-bearing amphibolite show that the LLarsemann Hills experienced a complicated
multiple structural-metamorphic evolutionary history. The apparent age of 1586 Ma
is well consistent with the solid U-Pb age of 1616 Ma that Zhang et a/. (1996) report-
ed from the region, this probably reflects that the rocks of the region were formed
during the early to mid-Proterozoic rather than the Neoproterozoic (Zhao et al.
1995). The obtained plateau age of 1036 Ma and the isochron age of 1010 Ma for the
first time revealed that the Grenvillian event of around 1000 Ma was just the major
structural-metamorphic thermal event in this region, and these ages of about 1000
Ma correspond to the earlier granulite facies metamorphic event of higher P-T condi-
tions (0. 95 GPa and ~ 900 C) recognized recently from the region (Tong et al.
1997a; Tong and Liu 1997), which is consistent with the earlier granulite facies
metamorphic event of higher P-T conditions (1.0 GPa and ~900 C) that Thost et
al. (1991) reported from the S¢strene Island 25 km west of this region and formed
during the 1000 Ma event (Hensen and Zhou 1995). The second plateau age of 554
Ma suggests that the Pan-African event of around 500 Ma was the late overprinted
strong structural-metamorphic thermal event in this region, which represents the age
of the late low pressure granulite facies metamorphic event in the region, whilst the
apparent age of 761 Ma probably represents the medium pressure granulite facies
metamorphic event that occurred during the ~770 Ma (Tong et al/. 1995a., b). This
suggests that the 1000 Ma, 770 Ma and 500 Ma events coexisted in this region,
whereas the earlier 1000 Ma event was characterized by an anticlockwise near-isobar-
ic cooling P-T path (Tong et al. 1997a; Tong and Liu 1997), which shared a similar
P-T evolutionary history with the the high grade metamorphic rocks that Thost and
Hensen (1992) reported from the Northern Prince Charles Mountains (NPCM ).
This shows a complete consistence with the conclusion that multiple high grade meta-
morphic events (e. g. the 1000 Ma, 800 Ma and 500 Ma) coexisted in the NPCM
which Hensen et al. (1997) reported recently.
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