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Dating prograde conditions: garnet-stable zircon rims
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Background Geochronology synthesis

Lu-Hf garnet geochronology

Microcontinent formation

- The Alpine Schist provides a unique opportunity to investigate the geodynamic 
processes involved in the genesis of microcontinents such as Zealandia.
- Although the metamorphosed accretionary complex was long thought to record 
Jurassic – Cretaceous subduction at the eastern Gondwana margin, recent Lu-Hf 
garnet geochronology has resolved prograde ages as young as 75 Ma.
- Young prograde ages post-date the cessation of Paci�c-Gondwana subduction 
(~105 Ma) and record prolonged convergence at the margin, while adjacent areas 
record extension and detachment of the Zealandia microcontinent.     
- This study uses LASS-ICP-MS depth-pro�ling 
of metamorphic zircon overgrowths to 
constrain the duration of this late-stage 
convergence at the Gondwana margin. 

Median Batholith (continetnal arc)
Haast/Alpine Schist (accretionary complex)

1

2

Fig. 1: Zealandia bathymetry shows 90% of the 
microcontinent is submerged. Continental arc and 
accretionary complex assemblages are highlighted in 
purple and pink. The Alpine Schist accretionary complex 
is well exposed in the Southern Alps due to uplift and 
exhumation along the active plate boundary that 
traverses the South Island [9].
  
Fig. 2: Reconstruction of the Paci�c - eastern Gondwana 
continental margin showing along-strike continuation of 
continental arc  assemblages. Hikurangi Plaetau (green) 
arrived at the margin at ~108 - 105 Ma [10]. 

90 Ma reconstruction

LASS-ICP-MS Depth Profiling
- Enables the analysis of sub-micrometer, isotopically and/or 
geochemically distinct zircon domains which are too thin to 
be analyzed by other in situ methods (Fig. 12). 
- Targets thin and discontinuous metamorphic zircon 
overgrowths capable of recording multiple short-duration 
tectonothermal events (Fig. 13). 
- LASS depth-pro�le data linked to speci�c metamorphic 
events using zircon/garnet DREE to discern the timing of 
garnet growth versus garnet breakdown (Fig. 7).
- 35 μm spot, continuous laser pulse at 2 Hz for 40 seconds, 
80 pulses per depth-pro�le, ~8 μm deep.
- Rapid depth-pro�le analysis of ~350 detrital zircon grains. 

Fig. 12: SEM secondary 
electron images of ablation 
pits in Himalayan zircon 
analysed using the 
single-shot depth-pro�ling 
method [11]. 

Fig. 13: Cathodoluminescene 
images of Alpine Schist 
zircon analysed in this study 
using the continuous-pulse 
depth-pro�ling method. 
Rims range from <1 - 8 μm 
and show either turbid or 
oscillatory zoning.

12

20 μm 13

Volume % of Crystal (Core to Rim)

0

20

40

60

80

100

20 40 60 80 100
Volume % of crystal (core to rim)

Cu
m

ul
at

iv
e 

%
 L

u

WC14_01

WC14_31

WC14_34

WC14_38
WC14_42

WC14_46

oldest

youngest
no isochron

Acknowledgements

Lu-Hf garnet geochronologyReferences
Thanks to Andrew Kylander-Clark, Gareth Seward, and Joshua Garber for input and assistance in the lab. 

Hikurangi Plateau extent 

90

85

80

75

Hikurangi
Plateau

Alpine Schist
accretionary complex

Fig. 3: The multi-grain bulk dissolution Lu-Hf garnet 
geochronology technique produces a ‘mean’ age for 
protracted garnet grwoth. The distribution of parent 
isotope 176Lu through the garnet grain volume 
determines the age bias toward core or rim.

Fig. 4: Variation in garnet ages re�ects progressive 
fold-thrust deformation in the accretionary complex. 
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4

- HREE pro�les used to di�erentiate between zircon formed during garnet-stable conditions, and zircon 
formed in the presence of melt/�uid or during garnet breakdown (Fig. 7).
 - The corresponding U-Pb zircon ages are consistent with the timing of garnet growth and partial melting 
determined independently by Lu-Hf garnet geochronology and U-Th/Pb monazite from anatectic 
pegmatites (Fig. 5).
- U-Pb zircon data span the transition from garnet growth to garnet resorption and can be used to 
corroborate bulk or ‘mean’ Lu-Hf garnet ages where garnet grew over protracted timescales. 
- Comparison of zircon and garnet REE compositions provides estimates of DREE (zircon/garnet) for 
quartzofeldspathic compositions at greenschist – amphibolite conditions. (Fig. 8).
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Fig. 8: DREE (zircon/garnet) calculated using 
average zircon rim REE concentrations for each 
age population and the �rst 8 rim analyses from 
garnet REE transect in top right. Published D’s 
shown in gray are from [12], [13], [14], [15].   
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11
- Thin (<8 µm) metamorphic zircon overgrowths are easily distinguished from igneous cores based on Th/U (<<1) 
and distinct enrichment/depletion in HREE (Fig. 9, 10).
- Steep HREE pro�les in zircon indicate garnet breakdown, �uid in�ux, or melt-present conditions (Fig. 11). 
- Both garnet and zircon (re)crystallization in the Alpine Schist are contemporaneous with the rifting of the 
Zealandia microcontinent from eastern Gondwana during 83 – 52 Ma (Fig. 5).
- South of Karangarua Rivzer, the transition from prograde to retrograde conditions occurs earlier than in the north. 
This area is closer in proximity to the Otago region which experienced extension from ~105 Ma onwards (Fig. 5). 

- The results of this study show that prograde conditions (contraction) in the 
outboard accretionary complex occurred simultaneously with extension and 
thinning in the inboard regions of the Gondwana margin during detachment of the 
Zealandia microcontinent.
- Numerical modeling of mantle wedge buoyancy [16] shows that gravitational 
collapse and detachment of microcontinents can be driven by stresses from the 
buoyancy of the mantle wedge when subduction ceases  (Fig. 14). 
- Models predict that these stresses cause both extension in the overriding 
plate and shortening in the microcontinent as it is pushed against the oceanic 
lithosphere.  
- The history of synchronous contraction and extension in Zealandia is 
consistent with these models, suggesting that the formation of the Zealandia 
microcontinent was driven by mantle wedge buoyancy (active) rather than 
passive orogenic collapse. 

Fig. 14: Snapshots showing a time sequence of results 
from numerical modeling for an experiement with 
trench-normal velocity of 2.5 cm/yr [16]. Yellow hatched 
region is hydrated, partially molten (buoyant) mantle. 

Fig. 15: Reconstructions of eastern Gondwana margin 
showing post-subduction plate reorganization [9]. Note 
slab roll back occurs only in NW Zealandia.
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