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Abstract: Tonagh Island within the highest-grade zone of the Napier Com

plex, East Antarctica, consists of a strongly layered sequence of quartzofeldspathic 

gneiss, mafic granuhte and ultramafic gneiss subdivided into five hthostratigraphic 

units by major NE-SW to E-W trending steeply-dipping D6 shear zones. D6 shear 

zones cut the principal foliat10n defined by D1 and D2 structures associated with 

the ultrahigh-temperature metamorphism. Zircons from two mylonite samples 

with moderate NE pitching mineral lmeations within a D6 shear zone and a D6 

mylomte and ultramylomte sample from withm high stram zones that have an 

overpnnting sub-horizontal mineral lineatton were analyzed. All samples have 

anhydrous mineral assemblages with a late textural associat10n of b1ot1te, which 

formed pre- to syn- a secondary overprmting high temperature mylonit1c fabric. 

Zircons in all samples contain a structureless zone that constitutes most of the 

grain area and commonly have a relict discordant, oscillatory-zoned core. The 

core may be obscured to the extent where only a structureless or an indistmct 

remnant remams These internal patterns are consistent with recrystalhsat10n and 

annealing processes resulting m resetting of the U-Pb system during mylomtsation 

involving possibly three events between ca. 2550 Ma and ca. 2470 Ma. The 

timing of D6 mylonitisation between ca. 2470-2550 Ma on Tonagh Island requires 

an earlier timing for UHT metamorphism. This 1s consistent with regional 

models that attnbute UHT metamorphism to pre- ca. 2550 Ma tectonothermal 

events m the Napier Complex. 
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l fotroch11ctiolill 

The Archaean to Paleoproterozoic Napier Complex of East Antarctica is distin

guished by ultra-high temperature (UHT) granulite facies rocks which include garnet and 

pyroxene-bearing quartzofeldspathic orthogneiss with subordinate paragneiss and mafic 

gneiss (Sheraton et al., 1987). The highest-grade region in the west of the Napier 

Complex is characterised by mineral assemblages with sapphirine and quartz-spine!, 

qua11z-orthopyroxene-sillimanite and quartz-osumilite (Dallwitz, 1968; Ellis, 1980; Grew, 

1980; Harley, 1985; Sheraton et al., 1987; Motoyoshi et al., 1990) with P- T conditions 

of 8-10 kb and IOOO-l 120
°
C (Harley and Hensen, 1990; Harley, 1998; Harley and 

Motoyoshi, 2000). 

Three major tectonothermal events defined within the Napier Complex are character

ised by a pervasive low-angle lineated gneissocity (D 1) folded by tight recumbent to 

inclined folds (D2) and refolded by kilometre scale upright to inclined open folds (D1) 

resulting in regional dome and basin structures (James and Black, 1981; Sheraton et al., 
1987). Considerable debate exists on the interpretation and geological significance of the 

available geochronological data in terms of this tectonothermal history. Initially the 

timmg of UHT metamorphism was correlated with a protracted episode from D 1 at ca. 
3100 Ma to D2 at ca. 2900 Ma (Black and James, 1983; Black et al., 1983, 1986; Sheraton 

et al., 1987). More recently Harley and Black (1997), using new SHRIMP U-Pb zircon 

ages, proposed that UHT metamorphism occurred at ca. 2850-2820 Ma in the western 

Napier Complex overprinting a more wide spread 2980 Ma D 1-M 1 lower P- T granulite 

facies event. A protracted DrM, event between 2455-2480 Ma followed, associated with 

considerable isotopic resetting and new z1rcon growth. Still more recently further 

SHRIMP data on leucosomes constrain UHT metamorphism to be older than ca. 2550-

2590 Ma but is considered to be younger than ca. 2980 Ma (Harley et al., 2001 ). In 

contrast, others consider the predominant isotopic imprint at ca. 2450-2500 Ma to represent 

the timing of high-grade metamorphism (e.g. Grew and Manton, 1979; DePaolo et al., 
1982; Sandiford and Wilson, 1984; Owada et al., 1994; Asami et al., 1998; Carson et al., 
In Press a and b). 

Given the continuing controversy regarding the tectonothernal significance of the ca. 
2500 Ma DrM3 event, SHRIMP analysis of zircon from four samples from withm a 

mylonite zone on Tonagh Island was undertaken with the aim of determining the timing 

of mylonitisation which represents the last major ductile deformation event on Tonagh 

Island. The mylonite samples are from one of a series of major NE-SW to E-W trending 

06 mylonite zones on Tonagh Island which have been well constrained within a relative 

structural sequence by Toyoshima et al. (1999). 

2. Geology and deformation of Tonagh Island 

Tonagh Island 1s in the SE of Amundsen Bay at the northern extent of the Scott 

Mountains chain and within the highest-grade zone of the Napier Complex (Fig. l ). 

Orthopyroxene-bearing and garnet-bearing quartzofeldspathic gneiss are the principal 

lithologies within a strongly layered succession (Osanai et al., 1999, 2001 ). The succession 

also mcludes two-pyroxene mafic granulite, garnet-orthopyroxene gneiss and granultte, 
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Fig. 1. The position of D 6 shear zones that separate five lithostratigraphic zones and the sample 
location on Tonagh Island. 

magnetite-quartz gneiss, metamorphosed ultramafic rocks, two series of layered mafic gneiss 

with orthopyroxene-bearing or garnet-bearing quartzofeldspathic gneiss and unmetamor

phosed dolerite and granitic pegmatite (Osanai et al., 1999, 2001). Protolith to the layered 

metamorphic rocks was inferred by Osanai et al. (1999) to be an Archaean greenstone 

succession, which is supported by komatiitic geochemical affinities of some ultramafic units 

(Owada et al., 1999). Five lithostratigraphic units are distinguished and separated by 

major NE-SW to E-W trending shear zones (Osanai et al., 1999; Fig. 1). These are D6 

shear zones, characterised by steeply NW to N dipping thick mylonite zones consisting 

principally of anhydrous mineral assemblages and associated with both foliated and 

unfoliated pseudotachylite (Toyoshima et al., 1999; Table I). 

The D6 mylonite cuts all previous structures including a weak D, foliation associated 

with the UHT metamorphism and the pervasive dextral reverse, layer parallel shearing of 

D2, the principal foliation and lineation forming event (Toyoshima et al., 1999). The DJ 

event is a progressive shearing event from D2 with strain localised along thin mylonite and 

pseudotachylite zones and D4 and Ds represent open orthogonal fold events associated with 

E-W and N-S shortening respectively (Toyoshima et al., 1999). Subsequent post-D6 

deformation involved brittle faulting and intrusion of pegmatite and dolerite (Toyoshima 

et al., 1999). 
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Table 1. Summary of the tectonic history on Tonagh island after Toyoshima et al (1999). 

Stage Deformation Metamorphism 
Regional 
Events 

01 Weak layer parallel S 1 foliation and Prograde 
very weak lineat1on/boudinage. metamorphism D1-M1 

{UHT} and anatex1s. 
02 Moderately NW d1pp1ng S2 fol1at1on Initiation of 

associated with layer parallel retrograde 
shearing and strong mineral lineat1on, amph1bol1te fac1es 
intrafol1al folds. metamor12h1sm. 

03 Thin shear zones parallel to sub- Retrograde granul1te DrM2 
parallel with S2 , mylonite and fac1es 
12seudotachyl1te develo12ment. metamor12h1sm 

04 N-S trending upright open to gentle 
folds. 

05 WNW-ESE to E-W trending upright Retrograde 
tight to 012en folds. metamor12h1sm 

06 Thick mylonite zones trend NE-SW to Retrograde granul1te 
E-W and dip steeply to N to NW fac1es 03-M3 
define maJor unit boundaries. metamorphism. 
Mylon1te and pseudotachyl1te 
develo12ment 

Dr09 Brittle faulting (minor mylon1te Retrograde 
development) and emplacement of amph1bol1te fac1es 
12egmat1te and dolerite dykes metamor12h1sm 

The 06 shear zones are characterised by a complex polyphase reactivation history 

possibly involving a sequence of reverse to dextral-reverse shearing and discrete high-strain 

smistral to sinistral-normal shear zones and later dextral shearing (Toyoshima et al., 1999). 

Subsequent brittle deformation and pseudotachylite development was overprinted by late 

mylornte associated with reverse shearing, followed by further normal brittle faulting and 

pseudotachylite formation (Toyoshima et al., 1999). 

Peak metamorphic conditions determined for aluminous gneisses on Tonagh Island 

where 0.8-1.1 GPa at 1030-l 100
°
C (Hokada et al., 1999). A low temperature isobaric 

coolmg event (at 650-700
°
C and 6.5-8.0 kb) recorded in mafic gneiss is distinct from the 

isobaric cooling at high-grade conditions of ca. 950
°
C prevalent through the western 

Napier Complex (Tsunogae et al., 1999). 

3. Sample petrography 

Four samples from a 06 mylonite zone on Tonagh Island were analysed (Fig. I). 

Two samples, W98021 IOIB and W98021 IOIC2a, are from relatively low-strain areas w1thm 

the mylonite with moderate NE pitching mineral lineations. Sample W98021 IOIC2a 

contams discrete micro-scale high strain zones associated with deformation and recrystal

lisation of pseudotachylite. The remaming two samples (W9802 l IO I D2 and 

W9802 I 102A)  are a mylonite and ultramylonite from within high stram zones that exhibit 

an overprinting sub horizontal mineral lineat1on. 

3.1. Orthopyroxene quartzofelspathic mylonite (W98021101B) 
The orthopyroxene quartzofeldspathic mylonite sample (W98021 IOIB) has a foliation 



SHRIMP geochronology of a mylonite zone on Tonagh Island 21 

defined by zones of plagioclase and K-feldspar with irregular to poor granoblastic texture 

separated by quartz bands (ribbon quartz). Post-dynamic recrystallisation growth of 

quartz is exemplified by rounded and embayed grain contacts, which locally, overgrow or 

include feldspar, orthopyroxene and opaque oxides. Orthopyroxene is xenoblastic with 

sub-rounded to angular grain margins. The larger grains have a preferred alignment 

parallel to the foliation. These larger crystals are commonly fractured and fragments may 

be transposed along the foliation. Only locally is fine recrystallised orthopyroxene 

recognised on grain margins. Small round opaque oxides are present as inclusions within 

orthopyroxene, whereas larger rounded to subangular grains are embayed and intergrown 

with orthopyroxene. Minor phases include apatite, clinopyroxene, and biotite. Biotite is 

characteristically present on grain margins of orthopyroxene, along fractures associated 

with localised alteration of orthopyroxene, and on opaque oxides. 

3.2. Ort hopyroxene garnet quartzofeldspat hic mylonite (W98021101C2a) 

The principal foliation within the orthopyroxene-gamet quartzofeldspathic mylonite 

is defined by bands of recrystallised quartz which have undulose to banded extinction and 

separate zones of recrystallised K-feldspar and plagioclase. The recrystallised feldspars 

have undulose to mottled extinction, indicative of subgrain development, and are surround

ed by a mortar of fine-grained tertiary recrystallised feldspar. Relict porphyroclasts of 

mesoperthite and orthopyroxene are subrounded and mantled typically by fine-grained 

recrystallised phases which also line fractures and broken surfaces of the porphyroclasts. 

Exsolution lamellae within mesoperthite porphyroclasts are commonly bent and locally 

display mottled extinction textures on the crystal margins, consistent with subgrain 
development. Fine-grained biotite occurs sparsely through the tertiary recrystallised 

feldspar and is abundant in foliated pseudotachylite which is characterised by fine-grained, 

sharply-bounded zones that branch into discordant vein-like zones ( cf Toyoshima et al. , 

I 999). The foliation in these zones is parallel with the principal mylonitic foliation and 

is defined by a strong biotite orientation and compositional layering of biotite, feldspar, 

garnet and orthopyroxene. These foliated zones truncate some of the branching discor
dant zones which show a poor preferred alignment of biotite. The garnets within the 

foliated pseudotachylite zones are idiomorphic and contain fine inclusions of biotite. 

Gamet also occurs as a fine-grained mortar on orthopyroxene and forms distinct bands 

within orthopyroxene-rich layers. Larger garnets within these zones contain biotite as 

inclusions and as coarse-grained fracture fills. Rare small rounded orthopyroxenes with 

biotite altered margins also occur as inclusions in garnet. 

3.3. Ort hopyroxene, quartzofeldspat hic mylonite (W98021101D2) 

The orthopyroxene, quartzofeldspathic mylonite is from a thin discrete high strain 
zone with a shallow SW pitching mineral lineation. Recrystallised trails of orthopyroxene 

and zones of recrystallised feldspar with localised bands of comparatively coarse-grained 

recrystallised quartz define a strong pervasive foliation. A mortar of fine-grained recrystal

lised feldspar mantles sub-rounded porphyroclasts of plagioclase and K-feldspar which 
have undulose to mottled extinction consistent with sub-grain development. Elongate 

porphyroclasts of orthopyroxene are mantled typically by fine-grained recrystallised orth
opyroxene that forms aggregate trails along the foliation defining a compositional layering. 
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Other minor porphyroclast phases include clinopyroxene and apatite. Fine-grained 

biotite is present along recrystallised orthopyroxene-rich layers, in the pressure shadows of 

porphyroclasts, and along fracture surfaces in porphyroclasts. Fine-grained opaque oxide 

has a similar late textural association as biotite plus an earlier phase is present as inclusions 

within orthopyroxene and plagioclase. 

3.4. Orthopyroxene,garnet ultramylonite (W98021102A) 

Sample W9802 l 102A is from a 6-10 cm wide ultramylornte band with a shallow W 

pitching mineral lineation. A compositional layering is defined by zones of recrystallised 

quartz, feldspar and biotite interbanded with zones nch with recrystallised orthopyroxene 

biotite, opaque oxide and garnet. Porphyroclasts of orthopyroxene are typically lensoidal 

in shape and aligned parallel to the foliation. Recrystallised grains mantle these porphyr

oclasts and trail along the foliation. Feldspar porphyroclasts, which consist of plagio

clase, K-feldspar, and rare mesoperthite, are rounded and commonly show undulose to a 

mottled extinction. Garnet porphyroclasts are less common and have associated recrystal

lised mantles that are not as prominently developed as those on orthopyroxene porphyro

clasts. Biotite is present throughout the sample and shows a strong preferred alignment 

parallel to the main mylonitic foliation and is concentrated along zones with abundant 

orthopyroxene. Fine-grained biotite is also present along grain boundaries and as inclu

sions within recrystallised quartz and feldspar zones that exhibit a poorly preserved 

granoblastic texture with irregular and curved grain boundaries. Inclusions of biot1te and 

opaque oxides are present within garnet. Locally, relatively coarse-grained undeformed 

biotite occurs along fracture surfaces in garnet. 

4l. Sample preparation and analytical procedlures 

Zircons were separated by conventional crushing, sieving, heavy liquid and magnetic 

procedures and mounted in epoxy disks with zircon U-Pb standard (CZ3), polished and 

gold coated prior to analysis. U-Pb analysis on selected zircons was carried out usmg the 

SHRIMP II ion microprobe at Curtin University, Perth, Australia. Instrument operating 

procedures and conditions are outlined by Nelson ( 1997). 

Inter-element discrimination in the Pb/U isotopic ratios were corrected for by refer

ence to the linear calibration of 206Pb+ ;mu+ to 254UO+ /238U+ for the CZ3 zircon standard 

(2°6Pb/238U =0.0914) (Nelson, 1997). Common Pb corrections were made usmg the 

isotopic composition of Broken HIil common Pb. Most samples had negligible common 

lead corrections with /206 less than 1% (Table I). Data were reduced using KRILL, a 

computer program developed by Peter Kinny at Curtin University. Individual SHRIMP 

analyses are reported with Io errors for 204Pb-corrected 206Pb/238U, 207Pb/235U and 
207Pbj2°6Pb ratios and 207Pb/206Pb ages (Table 2). Calibration errors for U /Pb ratios in the 

CZ3 standard included for each sample are ±1.67% (W98021101B), 1.21% 

(W98021 IOIC2a), ± 1. 1% (W98021 10ID2) and ±0.66% (W98021102A). Weighted mean 
ages for pooled 204Pb corrected 207Pb/206Pb ratios are reported with 95% confidence limits. 
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5. SHRIMP geochronology results 

Table 2 list the isotopic data for individual zircon analyses which are plotted on 

conventional 206Pb/238U-207Pb/235U concordia diagrams in Figs . 3 to 6 .  

Zircons extracted for analysis from the four samples are anhedral to subhedral, ranging 

from rounded grains to subrounded prismatic forms with aspect ratios of 1 : 1 .5 to 1 : 3 .  In 

back scattered electron (BSE) and cathodoluminescence (CL) images, zircons commonly 

have subrounded cores that are structureless or show a disrupted or obscured oscillatory 

zonation, surrounded by a structureless or diffuse broad and patchy banded zircon (Fig . 2). 

Zonation in cores is truncated by the structureless zircon, which may encroach on the cores 

as irregular embayed lobes . This truncating structureless zircon, which has a high-CL 

response and a correspondingly low U concentration and a generally high Th/U ratio, is 

interpreted to represent recrystallisation of original zircon ( cf Pidgeon, 1 992; Vavra et al., 
1 996, 1 999; Schaltegger et al., 1999; Fig . 2a, b and e) . 

Structureless zircon with an intermediate to low CL and a higher BSE response is 

generally associated with relict euhedral zonation . This shows varying degrees of preserva-

Table 2. Analyses of U, Th and Pb for zircons from samples W98021101B, W9802l10IC2a, 
W98021IOJD2 and W98021102A. 

gram- U Th 
spot (ppm) (ppm) 
Sample W98021101B 
1 8- 1 2 . 1  1 4  43 
1 8- 1 1 I 1 0  27 
I 8- 1 I 2 94 434 
1 8- 1 1 3  437 49 1 
1 8- 1 2 2 1 02 1 87 
I 8-4 I 1 7  44 
I 8-4.2 568 1 1 2 
1 8- 1 3  I 1 1  7 
I B- 1 3  2 949 3 1 9  
1 8- 1 4  I 73 84 
I 8- 1 4  2 2235 560 
I B- 1 5  I 1 5  50 
1 8- 1 5 2 274 5 1 8  
I 8- 1 6  I 5 8 
I B- 1 6  2 1 85 1 92 
1 8-8 I 2 1 4 520 
I 8-8 2 6 5 
I 8-7 I 1 73 426 
I 8-7 2 853 494 
1 8- 1 0  I 93 1 730 
l ij- 1 0 2 47 1 0  
I 8-9 I 262 345 
I 8-9 2 292 246 
I 8- 1 7  I 240 1 77 
1 8- 1 7 2 26 1 2 1  
Sample W98021101C2a 

Th 

u 

3.047 
2 7 1 1 
4 63 1 
I 1 25 
1 . 83 1 
2 529 
0 1 97 
0 606 
0 337 
I 1 65 
0 25 1 
3 257 
I 889 
I 38 1 
I 035 
2 433 
0.792 
2 469 
0 578 
0 784 
0 203 
1 .3 1 8  
0 842 
0 736 
4 625 

fio6 
(%) 

I 924 
0 000 
0. 1 37 
0 0 1 4 
0 088 
0 265 
0 007 
I 294 
0 023 
0 1 06 
0.009 
0 662 
0 000 
0 000 
0 005 
0 045 
0 000 
0 452 
0 004 
0 0 1 0  
0 720 
0 027 
0 02 1 
0 03 1 
0 478 

206* 
238  (± I <J) 

0.4909 ± 1 46 
0 4996 ± 1 49 
0 4954 ± 90 
0 549 1 ± 9 1  
0 49 1 4  ± 88 
0.4900 ± 1 30 
0 5 1 03 ± 84 
0 4307 ± 1 44 
0 50 1 7  ± 82 
0 486 1 ± 92 
0 4949 ± 80 
0 47 1 7  ± 1 24 
0 4737 ± 79 
0 3846 ± 1 66 
0 52 1 3  ± 88 
0 49 1 2  ± 83 
0 4887 ± 1 80 
0 4703 ± 8 1  
0 5060 ± 82 
0 4837 ± 79 
0 46 1 9  ± 1 02 
0 4724 ± 80 
0 5438 ± 9 1  
0 4962 ± 84 
0 4307 + 1 03 

207/206* 207* 
206* (± I cr) Age(Ma) (± I cr) 

0 1 566 ± 65 
0 1 700 ± 34 
0 1 59 1  ± 1 3  
0 1 867 ± 6 
0 1 668 ± 1 2  
0 1 664 ± 37 
0 1 832 ± 5 
0 1 522 ± 88 
0 1 643 ± 4 
0. 1 699 ± 1 6  
0 1 623 ± 2 
0 1 5 1 2  ± 56 
0 1 639 ± 6 
0 1 652 ± 45 
0. 1 847 ± 8 
0 1 700 ± 8 
0 1 599 ± 53 
0 1 6 1 7  ± 1 1  
0 1 846 ± 4 
0 1 744 ± 4 
0 1 68 1  ± 3 1  
0 1 6 1 6  ± 7 
0 1 865 ± 7 
0 1 70 1  ± 8 
0 1 643 + 43 

2420 ± 7 1  
2558 ± 34 
2446 ± 1 3  
27 1 3  ± 5 
2526 ± 1 3  
2522 ± 37 
2682 ± 5 
237 1 ± 99 
2500 ± 4 
2557 ± 1 6  
2479 ± 2 
2359 ± 63 
2497 ± 7 
25 1 0  ± 45 
2696 ± 7 
2558 ± 8 
2454 ± 56 
2473 ± 1 2  
2694 ± 3 
2600 ± 4 
2539 ± 3 1  
2472 ± 7 
27 1 2  ± 7 
2559 ± 8 
2500 + 44 

C2a- I I 1 93 3 1 7  I 639 0 000 0 4833 ± 6 1  0 1 667 ± 8 2524 ± 8 
C2a- l 2 1 27 1 00 0 786 0 0 1 0  0 47 1 4 ± 64 0 1 6 1 9  ± 1 2  2475 ± 1 2  
C2a-3 l 1 97 1 45 0 734 0 093 0 4570 ± 63 0 1 6 1 8  ± 1 5  2474 ± 1 5  
C2a-3 2 653 336 0 5 1 5  0 0 1 1 0 4466 ± 52 0 1 638 ± 5 2496 ± 5 
C2a-5 1 776 1 49 0 1 92 0 027 0 4709 ± 54 0 1 6 1 3 ± 4 2469 ± 4 
C2a-5 2 1 06 97 0 920 0 1 39 0 4949 ± 69 0 1 699 ± 1 5  2557 ± 1 5  
-�-��-_6 _ _! _______ �Q1�------- 7 1 3 ----- 0 350 ----- 0 000 -----0 5039 _ ± ---57 ____ 0 1 770 _ ± --- 2 ----- 2625 _ ± ---- 2 
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Table 2. Continued. 

gram- U Th Th ho6 206* 207* 207 /206" 
spot (ppm) (ppm) U ( % ) 238  (± I cr) 206* (± I cr) Age( Ma) (± I cr) 
Sample W9802110IC2a Cont. 

·c2a-6 2 I 1 88 I 1 3  0 095 0.000 0 46 1 8  ± 53 0 1 63-9 ± 
__ 4 ______ i49(r± ____ 4 

C2a-7 I 3746 277 0 074 0 000 0 47 1 1 ± 53 0 1 568 ± 2 242 1 ± 2 
C2a-7 2 770 65 0 085 0 023 0 4698 ± 54 0 1 650 ± 4 2508 ± 4 
C2a-7 3 1 08 98 0 909 0 023 0 4883 ± 66 0 1 67 1 ± I I  2529 ± I I  
C2a- 1 6  I 856 407 0 475 0 032 0 4580 ± 53 0 1 643 ± 6 250 1 ± 6 
C2a- 1 6 2 6 1 4  239 0 390 0 006 0 4853 ± 58 0 1 750 ± 8 2606 ± 7 
C2a-4 I 3248 1 009 0 3 1 0  0 002 0 4657 ± 53 0 1 6 1 5  ± 2 247 1 ± 2 
C2a- l O  I 744 353 0 474 0 0 1 1 0 4745 ± 55 0 1 656 ± 4 25 1 3  ± 4 
C2a- 1 0 2 2400 1 830 0 763 0 004 0 467 1 ± 53 0 1 650 ± 2 2508 ± 2 
C2a- 1 2  I 3 1 2  1 39 0 445 0 090 0 4787 ± 58 0 1 626 ± 7 2482 ± 7 
C2a- 1 2  2 1 78 262 I 470 0 000 0 476 1 ± 6 1  0 1 640 ± 8 2497 ± 8 
C2a- I 3 I 793 446 0 563 0 000 0 4860 ± 57 0 1 659 ± 4 25 1 6  ± 4 
C2a- 1 3 2 1 287 474 0 368 0 002 0 460 1 ± 5 2  0 1 627 ± 3 2484 ± 3 
C2a- 1 3 3 1 248 4 1 5  0 333 0 0 1 0  0 4643 ± 53 0 1 640 ± 3 2497 ± 3 
Sample W9802H01D2 
D2-5 I 5 1  1 1 2 2 1 75 0 1 42 0.4632 ± 8 1  0 1 622 ± 25 2479 ± 26 
D2-5 2 78 1 99 2 552 0 000 0 4737 ± 68 0 1 620 ± 1 4  2476 ± 1 5  
D2-4 I 340 304 0 895 0 029 0 4862 ± 53 0 1 695 ± 7 2553 ± 7 
D2-4 2 1 725 287 0 1 66 0 002 0 4565 ± 45 0 1 642 ± 3 2499 ± 4 
D2- I I I 097 689 0 628 0 030 0 5006 ± 50 0 1 733 ± 4 2589 ± 4 
D2- I 2 1 35 1 64 I 2 1 0  0 02 1  0 4603 ± 60 0 1 644 ± 1 4  250 1 ± 1 4  
D2 - I I I 1 746 654 0 374 0 064 0 4343 ± 43 0 1 65 1  ± 4 2509 ± 4 
D2- I I 2 353 280 0 793 0 055 0 443 1 ± 49 0 1 693 ± 9 255 1 ± 9 
D2- 1 1 3  1 939 322 0 1 66 0 0 1 6  0 4966 ± 48 0 1 829 ± 4 2679 ± 3 
D2- 1 3  I 1 1 47 685 0 597 0 024 0 4735 ± 47 0 1 655 ± 4 25 1 3  ± 4 
D2- 1 3 2 86 209 2 43 1  0 305 0 4627 ± 75 0 1 620 ± 20 2476 ± 2 1  
D2- 14 I 333 425 1 276 0 034 0 5036 ± 56 0 1 824 ± 8 2674 ± 7 
D2- 1 4 2 1 48 1 63 I 099 0 1 3 1  0 470 1 ± 63 0 1 624 ± 1 3  248 1 ± 1 4  
D2-20 I 927 4 1 6  0 449 0 058 0 4776 ± 48  0 1 7 1 1 ± 5 2569 ± 5 
D2-20 2 488 4 1 4  0 849 0 062 0 4597 ± 49 0 1 660 ± 7 25 1 8  ± 7 
D2- I 9 I 1 623 280 0 1 73 0 009 0 4562 ± 45 0 1 653 ± 4 25 1 I ± 4 
D2- 1 9 2 458 359 0 783 0 039 0 4523 ± 48 0 1 6 1 9  ± 7 2475 ± 7 
D2-5 3 50 95 I 907 0 000 0 5254 ± 99 0 1 8 1 0  ± 23 2662 ± 2 1  -------------------------------------------------------------------------------------------------------------

tion from a "ghost" out-line of zonation to well defined euhedral zoning that may show 

only a patchy diminished definition (Figs. 2c, t� i, m, n and o). These features have been 

attributed to annealing processes that involve a solid-state reorganisation of the lattice 

caused by differential a-decay between distinct U and Th composition growth zones 

(Schaltegger et al., 1999). Characteristic products of this process are partial preservation 

of textural and primary Th/U ratios (Schaltegger et al., 1999). 

The U and Th concentrations for structureless to disrupted euhedrally zoned zircon 

are variable and show no correlation with degree textural preservation. The Th/U ratios 

are also significantly variable, up to nearly 5 in sample W98021 I O I . B. Only sample 

W9802 I 102.A show a more restricted Th/U ratio values below 0.8. Most grains also show 

a thin sharply defined structureless overgrowth rim. 

The concordance of the data for these samples suggests recrystallisation and annealing 

at ca. 2500 Ma has resulted in near complete Pb-loss and resetting of the U-Pb system. 

Complete Pb-loss and resetting associated with recrystallisation and annealing processes are 

described by Vavra et al. (1996; 1999), Gebauer et al. (1997) and Schaltegger et al. (1999). 

Some zircons show incongruent apparent 207Pbj2°6Pb ages ( outside er I limits) between core 
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Table 2. Continued. 

gram- U Th Th hcl6 206* 207* 207/206* 
spot (ppm) (ppm) U ( %) 238 (± l cr) 206* (± l cr) Age(Ma) (± l cr) 
Sample W98021101D2 Cont. __ 
D2-7 . I 1 45 1 65 1 . 1 34 0.050 0.4790 ± 60 0 1 637 ± 1 2  2495 ± 1 2  
D2- J 2 I 2 1 5  1 22 0 566 0 045 0.5080 ± 59 0 1 8 1 8  ± 1 1  2669 ± I 0 
D2- 1 2.2 274 1 79 0 655 0.063 0.4739 ± 54 0 1 6 1 9  ± 9 2475 ± 9 
D2- 1 2  3 396 475 I 200 0.077 0.5 1 1 2  ± 55 0 1 829 ± 7 2680 ± 6 
Sample W98021102A 
A-7. 1 1 60 76 
�7 2 200 � 
A- J O  I 742 5 
A- 1 0  2 452 57 
A-3. 1 2 1 8  8 1  
A-3.2 362 82 
A- I .  I 1 335 1 8  
A- I 2 609 35 
A- 1 1  I 449 84 
A- 1 1  2 1 85 1 2 1  
A- 1 3  I 458 1 58 
A- 1 3.2 90 1 1 42 
A- 1 8 . 1  203 1 44 
A- 1 8 .2 403 29 
A- 1 9 . 1  205 69 
A- 1 9.2 582 1 9  
A-2 1 . 1  33 1 24 
A-2 1 .2 205 1 1 5 
A- 1 7 . 1 204 1 1 0 
A- 1 7 .2 88 1 26 
A-2 I 2240 1 1 5 
A-8 I 554 1 4  

0 472 
0 353 
0 006 
0. 1 26 
0 372 
0.226 
0.0 1 3  
0.057 
0. 1 88 
0 655 
0.346 
0. 1 58 
0.7 1 1 
0.072 
0 335 
0.033 
0.072 
0 56 1  
0.537 
0.030 
0 05 1  
0 025 

0.067 
0.000 
0.002 
0 064 
0 000 
0.058 
0.000 
0 000 
0.040 
0.000 
0.0 1 2  
0.000 
0 030 
0.053 
0.077 
0.0 1 8  
0.009 
0.043 
0. 1 94 
0.006 
0 0 1 5  
0.0 1 3  

0 5202 ± 47 
0 4966 ± 37 
0 5237 ± 27 
0 5203 ± 30 
0 4245 ± 32 
0 47 1 7  ± 30 
0 5 1 0 1  ± 22 
0 4803 ± 25 
0 46 1 4  ± 27 
0 4887 ± 38 
0 5 1 87 ± 30 
0.462 1 ± 22 
0 585 1 ± 45 
0 5053 ± 30 
0 5345 ± 40 
0 4882 ± 25 
0 4689 ± 29 
0 4899 ± 42 
0 5325 ± 4 1  
0 5307 ± 26 
0 4338 ± 1 8  
0 4942 ± 27 

0 1 78 1  ± 
0 1 676 ± 
0. 1 842 ± 
0. 1 798 ± 
0 1 474 ± 
0. 1 583 ± 
0 1 8 1 5  ± 
0 1 636 ± 
0. 1 553 ± 
0 1 6 1 3  ± 
0. 1 803 ± 
0. 1 603 ± 
0 2 1 09 ± 
0. 1 737 ± 
0. 1 855 ± 
0 1 754 ± 
0 1 553 ± 
0. 1 648 ± 
0. 1 970 ± 
0 1 8 1 5 ± 
0 1 60 1  ± 
0 1 738 ± 

1 3  
9 
6 
7 
9 
7 
4 
5 
7 

1 0  
7 
5 

I I  
7 

I O  
6 
8 

1 1  
1 2  
5 
4 
6 

204Pb corrected data. f206 = the proportion of common 20
6Pb i n  measured 206PbTotal · 

2636 ± 
2534 ± 
269 1 ± 
265 1 ± 
23 1 6  ± 
2438 ± 
2666 ± 
2493 ± 
2405 ± 
2470 ± 
2656 ± 
2458 ± 
29 1 3  ± 
2594 ± 
2703 ± 
2609 ± 
2405 ± 
2506 ± 
280 1 ± 
2667 ± 
2457 ± 
2595 ± 

1 2  
9 
6 
7 

1 0  
8 
3 
5 
7 

1 1  
6 
5 
8 
7 
9 
6 
8 

1 1  
1 0  
5 
4 
6 

206Pb/238U calibration uncertainties ( l cr) :  W9802 1 1 0 1 B  = 1 .67%; W9802 1 1 0 1 C2a = 1 .2 1 % ; 
W98020 1 D2 = 1 . 1 %;  W98020 I 1 02A = 0 .66% 

and rim indicating preferential Pb-loss has occurred in the core ( e.g. Fig. 2g and k). These 

cores are typically structureless and the associated analyses yield concordant younger ages 

consistent with ages from structureless and disrupted zoned rims from other grains. 

Pb-loss in these cores may have been facilitated by fracturing and the presence of a fluid 

phase as is suggested by the healed fracture network pattern and age association for the 

zircon in Fig. 2j and the new zircon growth and associated recrystallisation along a 

fractured surface of the zircon in Fig. 2d . 

5 .1. Or t hopyroxene quar tzofeldspa thic myloni te (W980211 01B ) 

A total of 25 SHRIMP analyses yield concordant to near concordant and a number 
of slightly reversely concordant ages that define two age groups for which no weighted 
mean ages can be calculated (Fig. 3) . The main data group are spread between ca. 2550 
and 2480 Ma and possibly comprise three distinct age components defined on probability 

frequency diagrams (Fig. 3 inset). Analyses that make up this group are from recrystal

lised zircon and from relict cores that are structureless or preserve a disrupted euhedral 
zoning. Younger analyses and some of the most positively and reversely discordant 
analyses are defined by low precision data resulting from very low U contents. Most of 

these analyses are from the low U recrystall ised outer zone zircon. 
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Fig. 2. Cathodoluminescence and back scattered electron 
images of zircon from W98021 1 0 1 B  (a- d); 
W9802J J OJ C2a (e-h); W9802JJOJD2 (i- l) and; 
W9802Jl02A (m-p). Indicated apparent 2 0 7  Pbj 2° 6 Pb 
ages in Ma with 1 (5 uncertainty limits. Scale bar in 
all images is 10 µm. 
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Fzg 3 Conventzonal 2 06Pb/238U- 2 0 7Pb/235U concordza dzagram for 18 analyses of sample 
W98021101B uszng 204Pb corrected SHRIMP data Analyses wzth U concentratzons 
(below 20 ppm U) result zn large analytical errors and are not plotted These data 
(analyses 4 I, 8 2, 11 1, 12 1, 13 1, 15 1, 16 1) are zncluded wzthzn Table 2 

Concordant and near concordant data define an older group at ca 2695 Ma These 

analyses are from vanably preserved euhedrally zoned zircon cores (Figs 2a and c) A 

restncted Th/U rat10 range between O 2 and I I for these analyses compared with rat10s that 

range up to 4 6 for the mam age group suggests sigmficant U and Th mobihsat10n was 

associated with event(s) between ca 2550-2480 Ma A s1m1lar age component of ca 2660 

Ma was denved from SHRIMP analysis of zircons from a quartz-feldspar gneiss on Tonagh 

Island by Shiraishi et a l  ( 1 995) 

5 .2 Or t hopyr oxene ga rnet quar tzo feldspa t hz c  myloni te (W98021 l OJ C2a ) 

A total of 21 zircon analyses were obtamed for this sample A concordant and near 

concordant group of 1 5  analyses yield 207Pb/206Pb age group between ca 25 1 5  Ma and 2470 

Ma with a vanable Th/U rat10 between O I and I 6 This group does not define a 
statistically valid age representative of a smgle populat10n (Fig 4) Four over lappmg 

peaks defined on a probability d1stnbut10n diagram for this mam age group do not 
d1stmgmsh any clear age populat10ns except perhaps for the strongest peak at ca 2508 Ma 
(Fig 4 mset) 

These data are from structureless cores, cores that show an irregular and patchy BSE 

image response, recrystallised nms and rare structureless grams (e.g Fig 2h) Some grams 

have an mcongruent age relat10nsh1p between core and nm analyses (e g. Figs 2e and g) 
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Fig 4 Conven tzonal :> 06PhjJ 18U-l0 7Ph/n )u  conco, dza dzagrarn for 21  ana/)'se5 of rnmple 
W9802/ IO IC2a us111g 1 0 4Ph corrected SHRIMP data 

I n  both examples the U content for the younger cores are relat i vely greater than for the 

correspond 1 11g nms The Th/U rat ios for core and nm analyses 1 11 Fig 2e are nearly dn 

order of degree d i fferent Th is  1 s  attributed to U and Th mob i l i ty assoc iated wi th 

recrystal 1 1 sat1on of the outer n m  In contrast the patchy near structureless core and nm 

z ircon that pre1,erve a ghost rel ic euhedral zon 1 11g  1 11 F i g  2g  have s1 111 1 l ar Th/ U  rat ios 

These re l at 1onsh 1 ps reflect a selecti ve Pb-loss 1 11 cores duri ng a subseq uent event wh ich was 

possi bly dependant of U content and probably on the degree of fl L1 1 d  1 11 teract1on A 

spuri ous young and negati vely d i scordant analysi s ( 7  I )  w i th  e>,.tremely h igh U content 

( 3746 ppm) 1 s  not considered as geological ly s 1g11 1 ficant due to a possib le matnx-denved 

analytical b ias ( Black et a l ,  1 99 1 )  

Two o lder analyses (6 1 and 1 6 2) record 2rl7Pb(06Pb ages of 2625 ± 2  Ma and 2606± 7 

Ma respect ive ly and have consi stent Th/ U  rat ios of �O 4 Analysis 1 6  2 1s d i scordant and 

from a d 1 st 1 11ct zone w1th 1 11 a nm wh ich mantle a st ructurele�s core that yields a younger 
207 Pbj2°<1 Pb age of 247 1 ± 2 M a  ( analym 1 6  I Fig 2g) The concordant analysi s 6 I 1s from 

a euhedral ly zoned core 

5 3 Ortho py ro xene, qua rtzo felds pa thz c  mylo nzte (W9802 l l O I D 2) 
A total of 22 z i rcon analyses were obta 1 11ed for th i s  sample Five concordant and 

near concordant analyses define a 207Pb/ 206Pb age of 2678 ± 8  Ma ( Fig  5) These analyses 

are from cores that show a d i srupted euhedral zornng and cores. wi th an i rregular to 
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Fzg 5 Conventzonal 206Pb/238 U- 20 7Pb/ 235U concordza dzagram for 22 analyses of sample 
W9802l l01D2 using 2 04Pb corrected SHRIMP data Wezghted mean 2 0 7Pb/206Pb ages 
have errors reported at 95 percent confidence level 

structureless BSE and Cl response In one core a euhedrally zoned portion yielded an 

mdistmgmshable 207Pb/206Pb age (withm 1 6  uncertamty hmits) of 2680+ 6  Ma with a 

truncatmg structureless zircon which yielded a 207Pbj2°6Pb age of 2669+ 10 Ma (Fig 21) 
Structureless zircon that truncates and mantles both core associations yield an age of 

2475 ± 9  Ma (Fig 21) The disparate nature of the zircon core associat10ns with the same 
age are associated with vanable Th/U rat10s of between O 2 and 1 9 

Two weighted mean 207Pb/206Pb ages of 25 1 2+ 8  Ma (5 analyses) and 2477+ 1 5  Ma 
(5 analyses) are defined withm the mam concordant and near concordant data group (Fig 

5) and consistent with the defined age components resolved on the probability d1stnbution 

diagram m Fig 5 mset Analyses that compnse these two populat10ns are from structure

less and partially preserved zoned nm and core ztrcon Two concordant and near 

concordant analyses ( 4 1 and 20 I )  at ca 2550 Ma are consistent with concordant analyses 

m sample W9802 l 10 I B (Fig 3) and suggest these ages might be geologically sigmficant 

An older near concordant analysis ( 1  1) possibly represents partial Pb-loss associated with 

the younger ca 2470-2500 Ma event(s) M mor recent Pb-loss 1s attnbuted to two 

normally discordant analyses ( 1 1  1 and 1 1  2), a core and nm analysis respectively from the 

same gram (Fig 2k and Fig 5) 
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5 4 Orthopyroxene, garnet ultramylom te (W98021 1 02A) 

Analyses for thi s sample define a reversly discordant to concordant array of 2°7Pbj2°6Pb 

ages between ca 2700 Ma and ca 2400 Ma (Fig  6) Analyses that comprise this data 

array are from cores preservmg a rel ict euhedral zonat1on and wide structureless rims 

Older analyses of this  data array tend to be from cores, which typically preserve rel ic 

primary zircon ( e g Fig 2m-n) Two older core andlyses with :rJ7Pbj2°6Pb ages of 

280 1 ± 1 0 Ma (spot 1 7 1 )  and 29 1 3±8 Ma (spot 1 8 1 )  record relict Archaean component-; 

w1thm the mylomt1c rocks (Fig 6) 

The reverse discordance of most analyses m this  sample 1s not considered to be an 

artefact of poor ca! J  brat10n Sample W9802 I I 02A has a ca! J  bration uncertamty of O 66% 

and was run 1 11  a smgle session with sample W9802 I IO I D2 which does not show any 

s 1g111ficant negat ive discordance m the datd The low to moderate U concentration and 

Th/U ratios between O 03 and O 8 are comparatively low with respect to the other three 

-;amples and there 1 s  no evidence to mdicate these z ircons were metam1ct, suggestmg 

apparent Pb-gam attributed to analytical bias 1 11 response to exceptional mdtnx characteri s

tics 1s not tenable The reverse discordance 1s therefore due to excess rad10ge11 1c Pb or U 

and Th loss 

Reverse di scordance of data 1s not an uncommon phenomenon m the Napier 

Complex This  has been variously attributed to excess rad10gemc Pb associ ated with 

UHT metamorphism at 2820-2840 Ma, an event at or before ca 2225 Ma and a metamor

phic  event at ca 2400 Ma by Harley and Black ( 1 997 ), Black et al ( 1 986), Will1a1rn, et a l  
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( 1984) respectively The reverse discordance of zircon data smgularly present m one 

sample from three other closely located samples suggest this 1s only a local effect This 

sample 1s an ultramylomte and d1stmgmshed from the other three samples by a greater 

degree of dynamic recrystallisation late m the D6 sheanng sequence It 1s suggested that 

entramment of excess radiogemc Pb or removal of U and Th m zircon 1s attnbuted to the 

localised high stram associated with ultramylomt1sation which possibly mvolved 

s1gmficant flmd ingress and 1sotop1c mobilisation 

6. Discussion 

6 1  D6 shearing between ca 2470-2550 Ma 
Typical for all samples 1s the late textural association of biot1te with respect to the 

mam mylomtic fabnc The preferred alignment of fine-gramed biotite, biot1te associated 

with the foliated pseudotachyhte, the wrap-around fabncs on porphyroclasts and the 

relatively coarse gramed biot1te developed along fracture surfaces and pressure shadows of 

rounded and sub-rounded porphyroclasts md1cates biot1te formed pre- to syn- a secondary 

overpnntmg mylomt1c fabnc High temperatures were associated with this secondary 

hydrating mylomt1sation event as md1cated by the presence of late garnet with biot1te as 

inclusions and as a relatively coarse-gramed fracture fillmg and the apparent stability of 

orthopyroxene These textural associations suggest the rehydration of anhydrous mmeral 

assemblages was associated with 06 sheanng and the presence of a flmd phase dunng 

sheanng 

Internal textures of zircon m BSE and CL images suggest the presence of a flmd was 

associated with the recrystallisation and annealing which record a near complete resettmg 

of U-Pb 1sotop1c systematics between ca 2550 and 2470 Ma The presence of outer nm 

zircon growth and associated recrystallised embayed z1rcon on the fractured surface of 

broken grams (e.g. Fig 2d) and the vem-like net work of healed fractures with 207Pb/206Pb 

ages of ca. 2480 Ma (e g Fig 2J) are consistent with an mterpreted relationship between 

sheanng and the t1mmg of zircon recrystallisation and annealmg Added support for the 

correlat10n of z1rcon recrystallisation and annealing with the t1mmg of 06 sheanng 1s 

provided by the promment reversely discordant zircon data from w1thm a D6 ultramylomte 

(sample W9802 1 102A, Fig 6) This discordance has been shown to be a localised effect 

only recorded m z1rcon from the most strongly deformed sample, therefore md1catmg that 

Pb, U and Th mobility was associated with D6 sheanng and considered to have resulted 

from localised high stram and possible enhanced flmd mgress dunng this deformation 

Only m one sample (W9802 l l0 1D2) were weighted mean 207Pb/206Pb ages for the ca 
2470-2550 mterval able to be denved These md1cated two possible d1stmct events at ca 
2500 Ma and ca 2480 Ma Concordant and near concordant data m samples 

W9802 1 10 IB  and W9802 1 101C2a are consistent with these two ages and suggest the 

presence of an earlier event at ca 2550 Ma Compansons of probability d1stnbution 

frequency diagrams for three samples show the presence of three d1stmct age populations 

at ca 2555 Ma, ca 2500 Ma and ca 2475 Ma (Fig 7) These three age populations 

w1thm the 2470-2550 Ma interval may be related to a smgle Pb-loss event at ca 2480 Ma 

However, the consistent record of these age populations m three samples suggest they may 

be related to three d1stmct thermal events associated with reactivation of 06 shear zones 
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207pl:)J200pb age (Ma) 

Ftg 7 Comparative probabt!a; d1stnbutwn diagrams for mm pies W98021 1  OJ B, 
W98021 101 C2a and, W98021101 D2 Shaded a, eas delumt const �tent age populatzons 
between ca 2560 and 2470 Ma See text Jo, d1scusswn 

Preservat ion of d i st i nct age populat ions that record mu lt i ple events associated with near 

complete Pb-loss would requ i re a vanable durat ion and efficiency of Pb mob1hsat 1on 

The myl omte samples d isplay a range of overpn nt 1 11g and stra1 11 vanat 1on textures at 

mi l l imetre and cent imetre scales which are attnbuted to successive mylomt1sat 1on and 

pseudotachyhte stages These are consi stent with a complex react1 vat 1on h istory 1 11 vo lv 1 11g  

mult i -stage mylomt1sat1on and pseudotacthy!Jte development out lmed for the Dti shear 

zones by Toyosh i ma et al ( 1 999) Therefore efficiency and doma1 11 vanab 1 1 Ity of Pb-loss 

1 11 z ircon may be a consequence of loca l i sed stra1 11 state, flu id  1 11gress and 1 sotop1c 

compos1t 1on 1 11 ddd1 t 1on to temperature and fluid compos1t 1on cons1derat10ns, al l wh ich 

mdy have vaned between successive stages of deformat ion 

Carson et al ( 2002a, b )  and Sh 1 ra 1sh 1  et al ( 1 997) report s im i l ar resu lts with 

concordant ages between ca 2550 and 2440 Ma from SH RIM P analysis of 1 11ternal ly 

complex z ircons from orthogne1ss on Tonagh Is land attri buted to two separate events A 

four pomt whole-rock Sm-Nd 1sochron age of 2458 ± 6 1  Ma obtamed by Owada et al 
( 1 994) for samples with 1 11tercrystal l 1 11e deformed granoblast 1c fabrics are considered to date 

the regional DrM, event These resu lts 1 11d1cate the 2470�2550 Ma events were pervasi ve 

through Tonagh Island and not restricted to the Dc, mylomte zones 
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6 2 The significance of the ca 2700 Ma ages 
A weighted mean 207Pb/206Pb age of 2678 + 8  Ma (sample W9802l l01D2) 1s consistent 

with concordant and near concordant 207Pb/206Pb ages m sample W9802 1 10 I B  and a 

concentrat10n of reversely d iscordant 207 Pbj2°6Pb ages between ca 2640 Ma and ca 2700 

Ma in sample W9802 1 102A This ca 2680 Ma age is denved from vanably preserved 

euhedrally zoned cores, structureless embayed z ircon and structureless core and nm zircon 

(e.g. Figs 2a, c, g, J, k, 1, m and p) A similar age of ca 2626+ 28 Ma were obtained by 

Carson et al (2002a) from oscillatory zoned cores of zircons from the orthogne1ss on 

T onagh Island These ages are considered to represent the timing of emplacement of the 

fels1c intrusive protohth to the Tonogh Island orthogneiss based on a typical magmatic 

Th/U rat10 for zircon analyses and the oscillatory zoned nature of the analysed cores 

(Carson et al , 2002a) 

The sigmficance of the ca 2680 Ma age for the D6 mylomte is unclear Analyses 

which define this age populat10n show a vanable Th/U rat10 (between O 2 and I 9) and 

are obtamed from both structured and structureless zircon though all are from core zones 

In light of the results of Carson et al (2002a), this age may represent preserved relics of 

magmatic zircon associated with protohth emplacement of the orthogne1ss 

The presence of older Archaean components are indicated by an imprecise five pomt 

Sm-Nd 1sochron age of 3708 + 533 Ma, inhented zircons yielding SHRIMP 207Pb/206Pb ages 
of 3280 Ma, 3230 Ma and 2660 Ma and SHRIMP 207Pb/206Pb ages of 2801 and 29 1 3  Ma 

(Owada et al , 1994, Shiraishi et al , 1997, this study respectively) 

6 3. lmplicatzons for the timing of UHT metamorph,sm 
The controversy over the timmg of UHT metamorphism within the N ap1er Complex 

in part stems from the poor constraints of geochronolog1cal data within the relative 

deforrnat10n sequence and interpretat10n of the geochronolog1cal data from vanous 

geochronometers through a protracted senes of granuhte facies events between ca 3070 Ma 

and ca 2450 Ma To reiterate from the introduct10n there are currently two principal 

schools of thought in regard to the timing of U HT metamorphism, a pre- ca 2550-2590 

Ma peak (Harley and Black 1997, Harley et al , 2001) or a peak associated with the 

predominant 1sotop1c imprmt at ca 2450-2500 Ma (DePaolo et al , 1 982, Black et al , 
1986, Asam1 et al , 1998, Carson et al , 2002a, b) 

The relative timing of U HT metamorph ism on Tonagh Island 1s synchronous with D 1 , 

whereas DrD6 deforrnat10n 1s associated with retrograde granuhte fac1es cond1t10ns (Toyo

shima et al , 1999) The timing of D6 mylomt1sat10n is constrained at ca 2470-2550 Ma 

by this study If the timing of UHT metamorphism 1s associated with the ca 2450-2500 

Ma tectonothermal event then D1-D6 on Tonagh Island must be constramed within th is 

same time interval Harley et al (2001) constrain UHT metamorphism to pre- ca 2550-

2590 Ma and argue that the ca 2450-2500 Ma U-Pb ages record post metamorphic peak 

zircon growth and/ or Pb loss associated with flmd mfiltrat1on and partial garnet break 

down This scenano is consistent with an earlier t1mmg for D 1 and associated U HT 

metamorphism on Tonagh Island which was followed by retrogress10n through DrD5 

culmmatmg with the development of the 06 shear zones and flmd mgress at ca 2470-2550 

Ma 
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7. Colllldusfollll 

The poly-phase 06 mylomte zones on Tonagh Island developed late m the relative 

deformation history associated with the last high-grade event(s) to have affected the area, 

truncatmg all previous structures (Toyoshima et al , 1999) Recrystallisation and anneal

mg associated with near complete Pb-loss 111 zircon from samples of the 06 mylomte 1s 

attnbuted to fluid mgress and high temperatures associated with reactivation and over 

pnntmg mylomte format10n SHRIMP 207Pbj2°6Pb dates for these zircons constram the 

timmg of D6 shear111g and mylomte development to possibly three events at ca 2550 Ma, 

ca 2500 Ma and ca 2475 Ma An older 207Pbj2°6Pb age of 2678±8 may represent 

mhented relics of magmatic zircon 

The results of this study have wider 1mp1 Icat10ns for the reg10nal tectomcs. of the 

Napier Complex The UHT metamorphic assemblages associated with D 1 fabrics on 

Tonagh Island are cut by the D6 mylomte zones (Toyoshima, 1999) The constramts on 

the t1mmg of D6 to ca 2470-2550 Ma md1cate that the UHT metamorphism was associated 

with an earlier event In a regional context, these results are consi stent with models for 

pre- ca 2550 Ma UHT metamorphism 
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