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ABSTRACT

The Anmatjira Range of the North Australian Craton contains extraordinarily high heat
producing Paleoproterozoic granites, with heat production being as high as 6.7uwm-
as compared to the average upper crust of 1.69 pWm3, Little previous research has
been conducted as to the source of this enrichment of heat producing elements. This
study investigates the degree of enrichment in these granites as well as their likely
source.

Magmatic ages for the granitic suites were obtained by LA-ICP-MS, U-Pb
geochronology along with inherited zircon ages of the suites which were compared with
detrital ages of the Lander Rock Formation which is thought to have strong similarities
with the source. The magmatic ages for the granites ranged from 1784 + 6.6 to 1779 +
9.9 Ma.

Whole rock geochemistry was used to compare heat production between the granites, as
well as their dominant trends. All samples were peraluminous indicating a
metasedimentary source.

A strong crustal influence on the granites is indicated by negative eNd values, however,
as they are less negative than surrounding metasedimentary units there is a mantle
influence on these granites.

The inherited zircons from the granites present a very similar (slightly younger) U-Pb
age population to the oldest metasedimentary package in the area, the Lander Rock
Formation.

These results support the initial hypothesis that an enriched crustal source with a mantle
contribution formed these high heat producing granites. The inherited zircons strongly
advocate that the already enriched source, with similarities to the Lander Rock
Formation, is the most likely source rock.

KEYWORDS

Geochemistry, Uranium, Thorium, Anmatjira Range, Heat Production



Jessica Browne
High Heat Producing Granites of Anmatjira Range

TABLE OF CONTENTS

Geochemical and isotopic investigation into the source of U and Th enrichment in the
Proterozoic high heat producing granites of the Anmatjira Ranges..........cccccccevvevviiennn, i
High Heat Producing Granites of Anmatjira RanNges ..........cccoovevvevieieeiesiie e, i
N 01 = Tod ST SPRRPR I
(YT LYo 0 USSP i
LISt OF FIQUIES ...ttt ettt e s be e be e e e sreenesraenreeneens 3
LISt OF TaBIES ...ttt nre e 3
I [ o [N Tox { To] o I OSSOSO 4
N C1=To] oo or= LIRS T=1 1 1 Lo USRS 7
2.1 North AUSEralian Craton ..........cooveieiieiese e 7
2.2 ATUNTA REGION ..ottt bbbttt e e bbb 7
2.3 ANMALJITA RANQGE......cueeiieeieiie sttt e e s te et e e et e et e sneesaeeneenee e 8
3. ANAIYEICAl MEENOAS ... 9
3.1 Field Work/ Sample Preparation ...........ccoccoiieiieieienene e 9
3.2 U-Pb GeOChroN0lOgY .......cveiieiecic sttt 10
3.3 RAAIOQENIC ISOTOPES.....c.eieiieiiieiieiie ettt 10
4. Observations and RESUILS..........ciiiiieii e 11
4.1 Sample and Petrography DeSCIIPLIONS.........ccvivieiieiicieceese e 11
4.1.1 anMat]irad OrtNOGNEISS. ......eiuieieieierie ettt e e 11
4.1.2 AlOOIYA GNEISS ...ttt bbb 12
4.1.3 UN-NAMEA GFaNITE ....cveiviiiieiieieie ettt sre e 13
4.1.4 Possum Creek CharnOCKIte. ........cooveiviiiiieece e 13
4.2 U-PD GEOCNIONOIOQY .....eviiiiiiieiieie e 18
4.2.1 Anmatjira OrthOgNEISS........cccviiiiiieii et 19
SAMPIE AMUI-GP-0L8......ee it b e 19
SAMPIE AMUI-GP-L11 ..ottt bbb 20
SAMPIE AMUI-GP-28 ......c.oooieceeieee ettt re e e reere s 20
4.2.2 AlOOIYA GNEISS ...t bbb bbb 20
SAMPIE AMUI-GP-19 ... 20
4.2.3 UN-NAMEA GraANITE ...cviiiieiiieieeie ittt sttt 21
SAMPIE AMUI-GP-36 .....oviieiiiiiiieiieie ettt bbb 21
4.3 Whole ROCK GEOCNEIMISIIY......ccoiiiiiiiiiiiesic e 21
4.3.1 MAJOr CIEMENES.....ooiiiiiie ettt e e e et et e enees 21
4.3.2 Trace Elements and Rare Earth EIemMents ..........ccccvevvvieiieiie e 22



Jessica Browne
High Heat Producing Granites of Anmatjira Range

4.4 Heat Production CalCulations ...........cccoiiiiiiiiiiiiie e 27
S B NN Lo 0] (o] 1= SRS 33
4.6 INNEITEA ZIFCON AGES ..ottt bbb 34
ST B Tod 0 XY (o] o OSSOSO P PR URPR 35
5.1 Geochronology of the Anmatjira RANGE...........ccoiveiiiiiieieeie e 35
5.1.1 Age of Felsic and Mafic rocks and Magmatic evolution.............cccccceeeienenninnne. 35
5.1.2 Difficulty of the Anmatjira Range zircon Dating...........ccccceeveeriiieiiveresiieseenns 36
5.2 Geochemistry of the Granites of the Anmatjira Range ..........ccccoevvvievvereiiieseennns 37
5.3 Heat Production of the Anmatjira RANGE .........cccoeveiiiiniiinieceeee e 40
5.3.1 Variation in Heat ProdUCHION ..........ccccuiiiiriiieieiese s 40
5.3.2 GRS vs. whole rock geoChemiStry ........cooveiiiieiieiccc e 40
5.4 Sources of High Heat Producing Granites...........ccocevererininenieeenese e 41
B. CONCIUSIONS ...ttt bbbttt ettt bbb reens 43
ACKNOWIEAGMENES ...t ae e ra e re e 44
RETEIENCES ...ttt e st e te e beeseesreenteeneeereenteanee s 44
AppendiX A: List Of SAMPIES ....ccvveeiiiiciee e 47
APPENdiX B:GEOCNEMISIIY .....cvviiireie e 49
Appendix C: GEOCNIONOIOGY .........ciiiiiiiieieiesere e 59



Jessica Browne
High Heat Producing Granites of Anmatjira Range

LIST OF FIGURES

Figure 1. Generalised geology of the Reynolds-Anmatjira Ranges, modified after Hand

M & BUICK IS, (2001) ....eeieitieiiiiieeeieieese ettt snenneeneans 8
Figure 2. Field photographs from the Anmatjira Range...........cccocevveieiieiveiesieeseenns 15
Figure 3. Representative photo micrographs of granites and Charnockite of the
ANMALITA RANGE ... ecieciieite ettt e e e e e e s e e s re e eesneesreereenee e 16
Figure 4. A classification plot, after Middlemost 1985............cccooeiiniiiniiiie e 17
Figure 5. Concordia plots, 207Pb/206Pb weighted average plots and represented CL
images for zircons from each sample ... 19

Figure 6. Harker diagrams for the Anmatjira Orthogneiss (black circles), Aloolya
Gneiss (red triangles), Possum Creek Charnockite (green stars) and the Un-named

Granite (bIue diamONdS) .......cveiieiiieieece e 23
Figure 7. Harker variation diagrams (SiO2 versus selected trace elements).................. 24
Figure 8. Alumina Saturation Index plot for all samples from the Anmatjira Range after
FroSt €t al (2001). ..ocueeiiieieee et 25
Figure 9. Primitive mantle normalised after McDonough and Sun (1995) .................... 26
Figure 10. REE Chondrite-normalised (Boynton 1984)..........ccccccvoiviiiiiincnencncsiee 27
Figure 11. Average heat production from Zhao’s (1995) Cat Group, Main Group and
HHP Group as well as heat production of granites from this study ............cc.ccocvvrennns 33
Figure 12. eNd vs time for granitoid samples from the Anmatjira Range ..................... 34

Figure 13. Probability density plots, comparing published 207Pb/206Pb ages for the
Lander Formation (Claoue-Long et al, 2008, Claoue-Long 2008, Vry et al, 1996) with
zircon ages from samples collected as well as published ages (Worden KE et al, 2008)
........................................................................................................................................ 35

LIST OF TABLES

Table 1. Summary of magmatic ages from zircon geochronology for samples from the
ANMALITA RANGE......cieiiicite ettt et este et e e e e s re e beareesaaereenee e 18
Table 2. Heat production calculations from whole rock geochemistry data .................. 29
Table 3. Heat production calculations from gamma ray spectrometer data. m=
megacrystic outcrop, f = fine grained OULCIOP........ccevviiriiere e 31
Table 4. Average heat production of GRS versus whole rock geochemistry................. 32
Table 5. Sm-Nd isotope data for selected samples from the Anmatjira Range.............. 33





