The link between zircon behaviour and ages in high-grade metamorphism:
Pl constraints from zircon-garnet REE relationships.
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Introduction Garnet-Mesoperthite Paragneiss Zircon growth during UHT & HT metamorphism

The timing of zircon growth during metgmorphlsm. with respect t(_) progr.alde, peak and/or retrqgrade metarr_lophllsm IS - Felq§path|c paragneiss (Z{rcon Point) contains coarse-grained garnet and mesoperthite (Fig. 3a), interpreted to reflect * Although bulk of reported ages for ‘metamorphic’ zircon in the _

commonly ambiguous. However, knowing when zircon forms or is modified along a P-T path is key to placing tighter equilibration at UHT conditions. Napier Complex are ~2510 - 2480 Ma (Fig. 5), DREE (Zrc/Grt) 12_F'Q- J B UHT leucosome

constraints on the rates of Orogenic processes. Supporting textural and mineral chemical criteria are essential in * Three generations of metamorphic zircon can be identified: low-moderate CL cores, low CL outer rims and mod-high CL datg indicatep: o'y, o s

order to place such zircon ages in a P-T, reaction and assemblage context, and to discriminate between various pro- rims (Fig. 3b) - all have flat, HREE-depleted patterns, reflecting growth in the presence of garnet (Fig. 3c). 10} Garnet-Mesoperthite

cesses of metamorphic zircon formation. Rare earth element (REE) signatures in zircon and co-existing metamor- * - . . | . . . .- j paragneiss

- . : REE concentration in zircon decreases with age, suggesting sequential growth and depletion of the REE reservoir during 1) peak of UHT conditions >2590 Ma Zircon

phic minerals such as garnet are one key to addressing such problems, and has been applied here to better con- Jimehdbt <iaaes inthe UHTavor - wal _ | 8| growth at Peak UHT

strain the timing of peak UHT metamorphism in the Archaean Napier Complex, east Antarctica. J | . . | | | | 2) equilibration of zircon and garnet occurred at high temperature ~750°C? cf,’f,d,-t,-o,.,so
* DREE (Zrc/Grt) values for each generation (Fig. 3d) suggest that ~2550 Ma zircon is enriched relative to garnet and there- conditions between 2550-2500 Ma - '

. . fore not in equilibrium with the UHT assemblage, and ~2510-2490 Ma zircon is close to equilibrium but MREE-depleted 3) zircon growth and recrystallisation occurred at ~2500 Ma
Napier Complex, east Antarctica > relative to gamet AT« .|
The Archaean Napier Complex (Figure 1) contains orthogneiss precur- - * Although the younger zircon population may have approached equilibrium with garnet, these rims grew after the peak of

sors as old as ~3800 Ma (Black et al., 1986; Harley & Black, 1997) and
preserves evidence for some of the highest grades of metamorphism re-
corded in the continental crust (T=1050-1120°C, P=7-11 kbars; Harley,

UHT metamorphism.

* Suggests that most zircon growth and recrystallisation in the 2|

- Napier Complex occurred much later than the peak of UHT - |

Lk

1998). At least three major episodes of deformation and metamorphism o Co 4,3, 3c = - UHT leucosome Zrc/Grt metamorphism. G800 2300, 2400 ° 2500, 260042700 2800 S 200 .
affected the terrane between ~2980 Ma and ~2450 Ma (Sheraton et al., U B T Y 1008 ‘il + magmatic zircon “’Pb/**Pb Age (Ma)
1987). Although UHT metamorphism is now acknowledged to have oc- N oy, | o A = 2, 100 ;Ziik'ﬁ,lﬂr:ﬁﬁl?fp‘?p'” fffff
curred between ~2600-2485 Ma (Grew & Manton, 1979; Harley etal., |~ Topaghls 5~ %%et,0 > o, ] '_g 100 & %%& > ‘ = 5 - highly lum. rims (Pop-3)
2001; Carson et al., 2002; Hokada et al., 2003; Kelly & Harley, in press), A -~ ENDERBY S NN/ = oscillat d g Jiiialtaredizircor y
: | . . . . . . . | '°z 0 . ) ol ° 4/ \ \ ScClliatory zoned cores
its exact timing is still debated due to ambiguity over the timing of meta- e N g LAND v/ \ = Altered/convoluted zoning o 1 COn CI usions
morphic zircon growth. Pre-UHT ~2626 Ma tonalitic orthogneiss places il a0 SN )= 1 sl S E | * These data suggest that DRee (Zrc/Grt) relationships are useful for assessing the timing and
a maximum age Qn the or_1$eft Of metamorphlsm (CHI’SOH et a!" 2002)’ . & “© Mod. luminescent rims (Pop" 2) 11 Ny Ay o Signiﬁcance Of ageS from metamorphiC ZirCOn.
and although metamorphic zircon ages pre-dominantly fall within the T — - Highly luminescent rims (Pop® 3) ‘ = P _ _ _
period 2500-2485 Ma, it is not clear if this episode of zircon growth is e : al 3 SR e 4 In t.he Napier Complex. gxample, we suggest that most zircon growth occurred at some time fol-
linked to peak metamorphism. T NN, 0.1 3:’3 S . lowing peak UHT conditions, and that the bulk of metamorphic zircon in high-grade terranes
] . ] ] m Eu oEr Tm u
I’.; ’ge‘;g ?Zb;igzg;’” of the NapigeeeRmpiex ey o REE may also grow due to a post-peak process.

D [ati hi : HT | * Better understanding of DREE (Zrc/Grt) relationships, including the effects of pressure, tem-

REE re atlons IPS n U eucosome perature, fO2 and mineral composition is required to place more confidence Iin the interpretation

Aluminous Paragneiss

* Reaction textures suggest garnet-breakdown to orthopyrox-
ene and sapphirine following peak metamorphism.

* Zircon grains have zoned, detrital magmatic cores with ~2800

Ma ages, and weakly zoned, lobate rims with ages between
2600-2400 Ma (Fig. 4a).

* DREE (Zrc/Grt) coefficients were calculated empirically using zircon
and garnet that crystallised in equilibrium in garnet-bearing leucosome
(Mcintyre Island) that cuts across UHT fabrics.

* Texturally simple zircon grains (Fig. 2a) have flat HREE depleted pat-
terns (Fig. 2b) similar to garnet (Fig. 2c) that produce DREEg (Zrc/Grt)
values in the range 1.0 (Eu) decreasing to 0.7 (Yb; Fig. 2d).

of such information in natural systems.

Ongoing research

* Integrated experimental & empirical study of DREE between zircon-garnet-melt:

" Grains typically have ages between 2590-2550 Ma, with older ages not * Zircon cores have steep REE profiles typical for magmatic 10000 - — 1) Distribution experiments will be carried out at P-T conditions of 5 and 10 kbar, and 900 and 1000°C, and appropriate
confined to cores of grains. 1000 zircon, whereas rims have flat, HREE-depleted profiles that %Hé‘i’L‘ZéﬁeﬂL‘? ;ifri);es e %gé water activities. Experiments will involve production and equilibration of garnet and melts with compostions ap-
* Crystallisation of zircon in equilibrium with garnet is interpreted to have d suggest growth in the presence of garnet (Fig. 4b). ¢1°°°‘ -o- Altered zones %%”'é_/ propriate to typical pelites, and zircon with typical Hf, REE and Y contents.
occurred at ~2590 Ma, a minimum estimate for peak UHT conditions. 100 * DREE (ZrclGrt) values indicate that zircon rims are MREE- .w%- pr L 9 & ="
e ¥ depleted relative to garnet, and therefore out of equilibrium S 2) Empirical study of distribution of REE between zircon and garnet in HT/UHT granulite facies migmatites, leuco-
10 Fig. 4d). S 10 somes and leucogranites. Natural samples are being targeted on the basis of: mineralogical and textural simplicity,
—0- UHT leucosome Zrc/Grt 9 L ; . J g : g g 9 5 y
/’\ %Egg ;rc;gr’: (migma:i:e) ,‘é’. * Zircon rims most likely grew during post-UHT garnet- §_ 1 simple geological evolution and well defined P-1-f histories.
_ 10—/ e e - breakdown - their age does not record peak metamorphism. %
E / -#- R02 Zrc/Grt core (eclogite) .g 2b 0.1
——WPO02 Zrc/Grt (grt rim) o 0.1 . < & D e 1000
R E/mﬁ & 1000 4d References
N 10 = ] 5 M /\ »! Aﬁ&% Black et al. (1986). Contrib Mineral Petrol 94: 427-437; Carson et al. (2002). Precambrian Res 116: 237-263; Grew & Manton (1979).
I N\ \ 5 - s . 4e 0.01 v/ Science 206: 443-445; Harley et al. (2001) 4th International Archaean Symposium, Extended Abstract Volume, AGSO Geoscience Aus-
3 !‘_ 1 M/Dﬂ 10 ® -+ Al-paragneiss Zrc Core/Grt D LaCe PrNd SmEuGd Tb Dy Ho Er TmYb Lu tralia Record 2001/37, 511-513; Harley (1998), Memoir Nat Inst Polar Res, Special Issue 53: 49-73; Harley & Black (1997), Antarctic Sci
1 = % O -o- Al-paragneiss Zrc Rim/Grt ' = REE 9: 74-91; Hokada (2003). Precambrian Res 127: 215-228; Kelly & Harley (in press). Contrib. Mineral. Petrol.; Rubatto (2002), Chem Geol,
VA ey s * 1 s - UHT leucosome Zrc/Grt L 184, 123-138; Whitehouse & Platt (2002), Contrib Mineral Petrol 145: 61-7.
] L < 10 0.52' g
T = .. . . 0.1 n :
" La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu L o 0 g 0.45 | ACknOWIedgementS
REE " LaCe PrNd SmEuGd Tb Dy Ho Er TmYb Lu 1 | y Magmatic and This work was funded in part by a Royal Society grant to SLH, and by a Royal Society of Edinburgh SEELLD Personal Fellowship to
RO02 - Rubatto et al. (2002) REE -k altered cores NMK. Nicola Cayzer is thanked for assistance with SEM imaging (School of GeoSciences, University of Edinburgh), and Richard
B T e | 7 Altered cores/rims Hinton for assistance and advice during operation of the lon Microprobe (NERC lon Microprobe Facility, School of GeoSciences,
B g . el . A iy | R .~ Homogeneous rims University of Edinburgh). Lance Black is thanked for providing the Zircon Point paragneiss samples for analysis.
" La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu - 9 11 13 15 17 19

REE 27pp/ 25y



