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ABSTRACT

In situ monazite U-Pb dating from metasedimentary rocks in the core of the crustal
scale Kalinjala Shear Zone in the eastern Gawler Craton indicate that peak condition
of > 9 kbar at temperatures of around 810 °C occurred at ¢. 1700 Ma during the craton
wide Kimban Orogeny. Detrital zircon ages in metasedimentary rocks that contain the
peak metamorphic assemblages indicate that maximum depositional ages for rocks in
the core of the shear zone were around 1780 Ma, indicating that sedimentation
occurred in the interval c¢. 1780-1700 Ma. Metapelite contains an early assemblage
preserved in garnet cores characterised by a kyanite-rutile association. The enclosing
matrix contains a cordierite-bearing assemblage that formed during the development
of the principle gneissic fabric within the shear zone and documents ~4 kbar of
decompression of the shear zone core during deformation. Garnet-biotite diffusional
modelling suggests that the shear zone core cooled > 50 °CMyr"' implying rapid
exhumation of the core. Fe-mg garnet diffusional modelling suggests that on the
flanks of the shear zone that exhumation and cooling rates were slower, and the
maximum metamorphic pressures were less than in the core, suggesting that the
central region of the Kalinjala Shear Zone was rapidly exhumed compared to the
flanks of the shear zone. Where the shear zone reworks rocks belonging to the early
Paleoproterozoic Carnot Gneiss, early formed high pressure, high temperature
assemblages are overprinted by lower pressure granulite assemblages leading to the
formation of secondary cordierite-spinel at the expense of garnet-sillimanite. In Mg-
Al rich rocks these early assemblages include rare garnet-sillimanite-orthopyroxene
assemblages which formed at the expense of early sapphirine-rutile bearing
associations. The garnet-sillimanite-orthopyroxene assemblage has been overprinted

by cordierite-spinel-sapphirine-biotite at ¢. 1745 Ma. This age is slightly older than



typically assigned to the Kimban Orogeny, and suggests that the event may be longer
lived than previously thought. The timing of the earlier high pressure assemblage is
equivocal, and could conceivably be related to the previously recognised c. 2450 Ma
high-grade metamorphism in the Carnot Gneiss, and therefore not part of the Kimban-
aged metamorphic architecture. The metamorphic constraints and age data from the
core of the Kalinjala Shear Zone, combined with existing data, support a
transpressional setting associated with the Kimban Orogeny. No evidence was found
to support previously proposed models that include an extensional setting, or a ¢. 1850

Ma evolution of the shear system.



TABLE OF CONTENTS

INTRODUCTION ...ttt sttt sttt ettt sttt sttt s sbe e 6
GEOLOGICAL SETTING AND PREVIOUS WORK.........cccooiiniiiiiinienieieeen 7
LITHOLOGICAL UNITS ...ttt sttt sae e 13
Bratten Cairn, Central Eastern Eyre Peninsula...........c.ccocooveviiiiiiieiiiiieeee, 13
Carnot Gneiss, Southern Eyre Peninsula ...........ccccccooviiiiiiiiiniiieecee e 14
SAMPLE PETROGRAPHY .....oooiiiiiieeeeee et 16
Bratten Callm.....cooooiiiiiiiiiieieee ettt e 17
(O 101 101 A € 51 1S 1 OO TP P O SOPRRPRRTOP 19
Shoal Point East .......ccoeiiiiiiiiii e 21
SHOAL POINL ...ttt ettt et 21
ANALYTICAL METHODS ..ottt 22
Bulk rock and mineral ChemisStry..........ccccooviiiiiiiiiieeceeeeee e 22
Zircon U-Pb LA-ICPMS geochronology........cccceecveeeiiiieeiiieeeiie e 23
In-situ monazite U-Pb LA-ICPMS geochronology .........ccccceeveeeiieeniieenieeeieeenee, 24
Quantified metamorphic analysis ........ccceecvieeiiieiiiieeiieeee e 25
Temperature-time MOdeIlING ........cceeviiiiiiiiiiiiiieiee e 26
RESULTS L.ttt sttt sttt ettt st e b 27
Mineral CREMISIIY .....oiiuiiiiiiiii ittt et ettt et e eeebeesaeeeas 27
LA-ICPMS GeOChIONOLOZY .....veuviiiiiieiieniieieeeettee sttt 28
Temperature-time MOdellINg ........coceeveriiriiiiiiiniieeeee e 33
Phase Diagram ANALYSIS .....ccceeiiiiiiieiieeiieiie ettt 34
DISCUSSION ..ottt ettt ettt ettt e st e ste et esstesseenbesseenseensesseeseeneas 37
Age and Provenance of Protoliths...........ccccocueeciiiiiiiiiieiiicieeeeeeee e 37
Age of MetamorphiSm ........cccviiiiiiiiiiiieie ettt et be e ees 41
Evidence of pre-Kimban metamorphiSm ..........c.cecveeeieeriieiiieiiierie e cee e 43
Rates of cooling across the Kalinjala Shear Zone ...........cccccoeevevieeciienienciieniee, 44



Metamorphism across the Kalinjala Shear Zone ...........cccocoeevieniiiiienieiiiciiee 46

Tectonic IMPIICATIONS. .....ccuieiiieiieiie ettt ettt et eee 51
CONCLUSIONS. ... ettt ettt ettt et ettt ese st ese e e e s enaenaeee 54
ACKNOWLEDGMENTS ...ttt 56
REFERENCES ...ttt ettt sae e eneene s 57
FIGURE CAPTIONS ..ottt sttt saesae e 64
TABLE CAPTIONS ..ottt sttt 71



