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as oxides. Com parative analyses from the two instruments 
mostly agreed within ±2'l10 for oxides above 5 wt.% , within 
±8'l10 for oxides between 1-4 wt.% and ±30% for oxides 
below 1 wt. % . A semi-quantitative Energy Dispersive X-ray 
Spectrometer (Oxford Instruments Link Isis 200) at the 
Australian Museum, Sydney (R.E. Pogson, analyst), was used 
to determine the Cl content of sodali te. PhotOmicrographs 
of sections were taken using a Leica DMLP petrographic 
microscope, with a digital image capture systems, at the 
Australian Museum (pIs 1,2) . 

Representative analyses selected from the wider EMP data 
set are listed for the essential petrological assemblages in 
tables 2-5. The geochemical data were plotted on triangular 
plots and discrimination diagrams, using Ceo Plot (Zhou 
& Li 2006). Mineral nomenclature foll ows International 
M ineralogical Association guidelines . End members for 
oli vine are based on Deer et af. (1982) . Pyroxene names 
are based on MorimotO (1988) and the computer program 
of Cebeira (1990). Amphibole names are based on Leake 
et af. (1997) and the computer program of Yavuz (1996). 
Rock names follow general recommenda tions in Le Mairre 
(2002) and for Australian intraplate volcan ic rocks those 
in Johnson (1989) . Normative mineral abbreviations follow 
those in Hutchison (1974) , while symbols for rock-forming 
minerals follow Kretz (1983). 

PETROGRAPHIC RES ULTS 

Host nephelinite 

The nephelinite contains olivine and clinopyroxene micro
phenocrysts up to 2 mm across in a groundmass of granular 
olivine, prismatic clinopyroxene, granular to subhedral equant 
opaque oxide grains and interstitial and partly sub-ophitic 
to poikilitic nepheline and alkali feldspar. Acicular apatite 
and small ragged flakes ofdark mica are accessories. Mineral 
analyses (table 2) show the olivine is forsteri te (fo72_74) , partly 
corroded and aI tered to "iddingsiten . Clinopyroxene is zoned 
titaniferous augite-diopside (en41-49 di40_4lsl o_l l; TiOz 
2-3 wt.%) with simple to multiple twinning and partially 
resorbed cores in phenocrysts. Opaque oxide is magnetite
ulvospinel, which forms sporadic clusters. Nepheline is 
sodic (neSO_Slk!sI 4_lsqtzz_3); alkali feldspar is zoned from 
anorthoclase to san idine (or 5zab47an I)' Although overlapping, 
the crystallisation sequence is: olivine, clinopyroxene, 
ulvospinel, apatite, nepheline, alkali feldspar and zeolites. 

Ultramafic cumulates 

These comprise wehrlites and olivine-clinopyroxenites. The 
wehrlites (RL1, 2, 8; table 2; pI. 2A) contain up to 85% 
olivine (f090_9 1fa9_10) as coarse, granular grains up to 5 mm 
across and as smal ler inclusions in branching domains of 
microgranular pale green Cr-bearing augite (en54_55w040-4ls4; 
C rZ0 3 2.2-2.5 wt.%). Accessory interstitial yellow-brown 
C r-bearing spinel (spISZ_S3chr13_14usPzmagl_zhcl) exhibits 
opaque reaction rims. Residual, branching networks and 
veinlets through the assemblage are composed of glassy, low 
relief material that contains rare phlogopite grains (Mg # 
0.87), alkali feldspar, saponitic clays and other alteration 
products. 

The olivine-clinopyroxenites (RL1A, 3B, 5, 10, 19; table 
2; pI. 2B) contain intergrown cryStals ofTi- and AI- bearing 
diopside (w051-57en37-3sfslO-1Z; AlZ0 3 5.2-5.6 wt.%, TiOz 
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PLATE 1 
Photomicrograph of olivine cfinopyroxenite (bottom left) 
and surrounding sodalite-ijolite (right) and ijolite (top left) 
crystaffisations in host olivine nephelinite (centre). Field ofview 
23 mm wide X 22 mm high. R.E. Pogson photograph. 

2.3-2 .8 wt.%) , commonly up to 8 mm across or more 
in some cases. They include small grains of olivine (fo73) . 

Interstitial and vein-like intergrowths consist of sodic 
nepheline (ne76-77k!sI 3_15qtzlO) and accessory alkali feldspar, 
ulvospinel, apatite and rare brown m ica. These may form 
along zones of alteration in diopside. In contact with the 
host nephelinite, the diopside has euhedral overgrowths 
which lack inclusions. Rare, composite diopside aggregates 
show crystal growth radiating out from a nucleus ofsodalite, 
alkali feldspar and poikilitic nepheline that encloses small 
olivine grains. 

A notable composite pegmatOid in the host nephelinite 
(RL lA) contains a nepheline-olivine-bearing clinopyroxenite 
core within flanking ijolite and nepheline syenite pegmatOid. 
This illustrates a localised fractionation process within 
crystallising nephelinite (pI. 1). 

F~ldspathoid-rich pegmatoids 

These foidolites range from sodalite- and nepheline-rich 
assemblages to nepheline-rich assemblages containing minor 
alkali feldspar. Typical sodalite- (sdl93k-sdI7) and nepheline 
(ne67_6sk!s29_30qtz3) -rich examples (RL3, table 3, pI. 2C) 
contain about 50% interstitial feldspathoids (nepheline 
slightly exceeds sodalite) and 50% stum py subhedral to 

euhedral pale yellow diopside (w046-4gen33-4ls9_19)' partially 
grading to pinkish Ti-bearing (TiOz 2 wt.%) and dark 
blue-green sodie pyroxene on its rims and in adjacent grains 
(acm53_57woI 7_21enlO_1 5fsS_ lddz) ' The diopside contains 
small inclusions of olivine (f065-66) , accessory ulvospinel 
and aegirine-augite. 

Nepheline- and alkali feldspar-rich assemblages (RL 
lA, 2A, 4, 6, 11, 12; table 3, pI. 2E) contain nepheline 
(neS2_S3k!sI 5_16qtzz) as oriented narrow hexagonal prismatic 
crystals in coarser anhedral anorthoclase (ab59-610r33-35an6) 
and associated domain-zoned, anhedral pale purple Ti- and 
AI-bearing diopside (wosO_SZen36-41fs9_13; TiOz 2-4 wt.%, 
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TABLE 2
Representative analyses host nephelinite and ultramafic cumulates

Analysis wt.% 01-nephelinite Wehrlite 01v-clinopyroxenite
(RL3A) 1

Mineral 01 Ne 01 Ne

Si02 38.62 48.95 44.33 40.82 54.88 0.59 38.12 49.03 47.48
Ti02 2.42 0.16 0.14 2.33 0.06
Al20 3 5.14 32.64 53.69 15.19 5.34 31.67
Cr20 3 0.24 2.55 13.51 0.10 0.29
FeO 20.39 6.04 0.85 8.74 2.66 9.18 0.29 4.98 24.32 0.76

Fe203 1.69 1.20
MnO 0.27 0.17 0.11 0.12 0.77 0.09
MgO 40.14 13.69 49.57 18.39 21.01 25.88 12.67 36.62 0.26
CaO 0.32 22.07 0.88 0.13 18.73 0.71 24.18 0.26 0.32
Na20 0.68 16.48 1.26 0.41 15.32
K20 4.15 0.05 3.86

Total 99.74 99.23 99.49 99.26 99.11 99.81 80.40 100.50 100.36 99.82

Cations 4 6 32 4 6 20 6 4 32
Si4+ 0.999 1.826 8.500 1.002 1.998 0.124 5.336 1.814 1.005 8.945
Ti4+ 0.068 0.023 0.021 0.065 0.001 0.009
Al3+ 0.226 7.379 13.215 2.506 0.233 7.035
Cr3+ 0.007 0.073 2.231 0.011 0.009
Fe2+ 0.441 0.152 0.136 0.179 0.081 1.603 0.034 0.154 0.533 0.120
Fe3+ 0.036 0.2648 0.033
Mn2+ 0.006 0.005 0.013 0.004 1.431 0.014
Mg2+ 1.547 0.761 1.813 1.023 5.399 0.699 0.007 0.073
Ca2+ 0.009 0.882 0.180 0.003 0.730 6.566 0.106 0.958 0.065
Na1+ 0.049 6.126 0.089 0.029 5.598
Kl+ 1.015 0.002 0.928

Sum 3.001 4.007 23.358 4.001 24.098 4.000 2.994 22.790

Cation ratio (0/0)
Mg 77.5 41.5 90.8 55.8 61.3 97.5 37.8 73.0
Fe 22.1 10.3 9.0 4.4 17.7 0.6 10.3 27.0
Cr 21.0
Ca 0.4 48.2 2.46 0.2 39.8 1.9 51.9 0.9
Na 83.7 85.0
K 13.9 14.1

1RL3A 01: Forsterite (fo7Sfa22); Cpx: Diopside (wo4Sen42fslO); Ne: Nepheline (neSOkls14Qtz6).
RL8 01: Forsterite (fo91 fa9); Cpx: Augite (ensswo4ofss); Spl: Cr-rich spinel (spS2chr14usp2mag2hcl);

3RL19 Cpx: Diopside (woS2en3SfslO); 01: Fosterite (fo73fa27); Ne: Nepheline (ne77kls 13QtzlO).

PLATE 2 (opposite page)
Photomicrographs ofselectedpegmatoid and xenolith textures within the Round Lagoon nephelinite. Field ofview for each
5 mm wide X 3.5 mm high. A. wehrlite (RLB)) with olivine (large grains)) Cr-rich augite (long crystals) centre and bottom
left) and Cr-bearing spinel (opaque grain) centre top). B. Olivine-nepheline-clinopyroxenite (RL 19) with diopside (large grains)
riddled with olivine (small crystals) light and dark altered grains) and nepheline (light coloured crystals). C. Sodalite ijolite

with nepheline and sodalite (light crystals)) diopside (spongy included cores)) Ti-rich diopside (rims)) aegirine-augite (dark
overgrowths) bottom right) and ulvospinel (opaque interstitial crystals) top). D. Ijolite (RL2A)) with nepheline and anorthoclase
(light crystals)) strongly zoned Ti-rich diopside (dark crystals). E. Nepheline syenite (RL6)) with nepheline (light aligned
crystals))sanidine (light coloured enclosure) centre left)) diopside (intergrown darker area) and ulvospinel (large crystals) bottom
left). F. Alkali syenite (RL15) with sanidine (light aligned crystals)) diopside (small crystals top centre) and aegirine-augite and
aegirine (dark intergrowth). G. Spinel meta-lherzolite (RL9) with olivine (large crystal centre bottom), diopside (crystal centre
top) and orthopyroxene (centre right and top left). HAltered meta-wehrlite (RL6A) with olivine (crystals top right and bottom
left)) diopside (crystals bottom right)) Cr-bearing spinel (black irregular grains) and extensive fine grained recrystallised zones.
All images taken in plane polarised light. R.E. Pogson photographer.
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