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RUNNING TITLE 

Pyrite Geochemistry at Beverley North 

ABSTRACT 

The common sulphide mineral pyrite is abundant throughout sedimentary uranium 

systems at Pepegoona, Pepegoona West and Pannikan, South Australia. No in-depth 

geochemical and textural characterisation of this important mineral has previously been 

conducted. Multiple micro-analytical techniques have successfully constrained textural 

and chemical patterns within the pyrite. Results point to variation in fluid composition, 

sulphur source and precipitation conditions during a protracted mineralisation event.  

  

In-situ micron-scale sulphur isotope analysis of pyrite demonstrated broad-scale 

isotopic heterogeneity (
34

S= -43.9 to +32.4‰CDT), indicative of complex, multi-faceted 

pyrite evolution and sulphur derived from two or more sources. Preserved textures 

support this assertion and indicate a genetic model involving more than one phase of 

pyrite formation. Authigenic, pre-ore pyrite underwent prolonged evolution and 

recrystallisation, evidenced by a genetic relationship between archetypal framboidal 

aggregates and pyrite euhedra. Secondary hydrothermal pyrite commonly displayed 

hyperenrichment of several trace elements (Mn, Co, Ni, As, Se, Mo, Sb, W and Tl) in 

ore-bearing horizons. Hydrothermal fluids of magmatic and meteoric origin supplied 

metals to the system but the geochemical signature of pyrite suggests a dominant 

granitic source and influence of mafic lithologies. Irregular variation in 
34

S, coupled 

with oscillatory trace element zonation in secondary pyrite, is interpreted in terms of 

continuous variations in fluid composition and possible cycles of diagenetic 

recrystallisation. A late-stage oxidising fluid, which mobilised selenium from pre-

existing pyrite, caused ongoing pyrite re-crystallisation and precipitation of native 

selenium.  

 

These results provide the first qualitative constraints on the formation mechanisms of 

the uranium deposits at Beverley North. Insight into depositional conditions and sources 

of both sulphide and uranium mineralisation allow for a preliminary paragenetic scheme 

for the ore systems. This new understanding of pyrite geochemistry can also underpin 

an effective vector for uranium exploration, not only at Beverley North, but throughout 

the sedimentary systems of the Lake Eyre Basin. 
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Figure 5: BSE images of euhedral and cubic pyrite (Py) grains found present 

throughout the sample suite. Grains commonly display forms of compositional and 

textural zonation; a) Cubic pyrite with associated U-nodules at grain edges; b) 

Intergrowths of cubic and euhedral pyrites, with U-minerals also present at grain edges; 

c) Porous cubic pyrite demonstrating progressive stages of growth around a spheroidal 

nucleus; d) Compositionally zoned euhedral pyrite grain which has undergone post-

depositional micro-fracturing; e) Porous cubic pyrite demonstrating internal textural 

variance, overgrown by xenomorphic pyrite cement and pervasively fractured; f) 

Texturally zoned euhedral pyrite with porous xenomorphic growth apparent at grain 

edges and between phases of pyrite growth. .................................................................. 22 

Figure 6: BSE images of cement, veined and infill pyrite (Py) morphologies. Pyrite 

ranges from highly porous intergrown to crystalline and compositionally zoned; a) 

Porous, xenomorphic pyrite cement precipitated in the matrix of coarse-grained sub-

rounded quartz (Qtz) sandstone; b) Compositionally-zoned, crystalline pyrite cement; c) 

Porous pyrite cement, bordered by homogenous coherent pyrite veins and associated 

with micron-scale cubic pyrite crystal growth in porous space; d) Massive pyrite cement 

displays deterioration and replacement by pervasive late-stage hematite (Hem) and 

native selenium (Se); e) & f) Pervasive infill pyrite fractured sub-rounded quartz grains; 

g) Framboidal pyrite is overgrown by porous pyrite cement, which is likely intergrown 

with other minerals. Veined pyrite with cubic growth overprints the porous cement; h) 

Veined and infill pyrite fills porous space and pervasively fractures euhedral ilmenite 

(Ilm) grains coexisting with hematite. ............................................................................ 24 

Figure 7: BSE images displaying pervasive precipitation of late-stage native selenium 

(Se) and hematite (Hem) throughout sample EI11, a) infilling micro-fractures in quartz 

(Qtz) and pyrite (Py) associated with hematite; b) crystalline native selenium growth in 

porous sandstone; c) associated with hematite septial replacement textures in 

homogenous pyrite cement and d) as bladed fragments associated with quartz and pyrite 
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Figure 8: BSE images of fine-grained uranium minerals, predominantly coffinite and 

uraninite existing as; a) intergrowths with porous framboidal pyrites; b) small nodules 

associated with the presence of lignite and framboidal pyrite; c) porous cement 
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pyrite; b) Ilmenite with linear alteration patterns intergrown with pyrite; c) Hematite 

with relic framboidal textures present in oxidised sandstones and d) Hematite coexisting 

in euhedral pyrite grains. ................................................................................................ 27 

Figure 10: Inter-element plots display strong positive correlations between trace 

elements Co & Ni (a), V & W (b) and As & Sb (c) within pyrites from across the 

dataset. Plots a) and b) demonstrate that these correlations appear independent of pyrite 

morphology. Plot c) demonstrates a trend of greater trace element enrichment in pyrites 
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Figure 11: Inter-element plot of Co and Ni demonstrates that pyrites from core PRC021 

are consistently more enriched in trace elements than pyrites from core PRC022, 

irrespective of morphology or horizon. Core PRC021 is shown on the deposit model to 

be from within the roll-front system whilst PRC022 is taken from in front of the 

oxidising system (blue arrow demonstrating the approximate direction of the roll 

movement). This supports the hypothesis that trace element enrichment is primarily 

associated with hydrothermal fluids which supplied uranium to the system. ................ 32 

Figure 12: Inter-element plots As v Tl, Co v Ni and V and Sb (a to c, respectively) 

demonstrate consistent trace element enrichment in pyrites from ore-bearing horizons 

relative to their non-mineralised counterparts. Consistently, pyrites from zones proximal 

to ore-bearing horizons display moderate enrichment generally just below levels seen in 

mineralised horizons. Sample EI11 appears as the exception to these trends. For 

samples taken proximal to mineralised horizons, moderate enrichment occurs in most 

elements (e.g. 12a and 12b) however in plot c) and d) pyrite shows significant 

enrichment in samples from proximal to mineralised horizons. d) The plot of Se against 

Mo further supports this exception to the trend. The samples from EI11 are significantly 

more enriched in both elements and this is interpreted in terms of a late-stage oxidising 

fluid and consequent precipitation of native Se and hematite into the sandstone. ......... 34 

Figure 13: LA-ICP-MS elements maps of an intergrowth of cement, framboidal and 

veining pyrite from sample EI7 ( PRC015, Pepegoona) (a) petrographic image of 

ablated pyrite displaying authigenic framboids, overgrown by porous pyrite which is 

subsequently overprinted by veined and cubic pyrite. Throughout the element maps 

framboids show limited enrichment of As, Sb, Co, Ni and Tl relative to the adjacent 

veined and cement morphologies. Minor zonation is observable within As and Ni. 

Porous cement is enriched in As, Sb, Co, Ni and Tl. The late-stage veined pyrite is 

enriched in As, Mo and intra-vein zonation is apparent on the Co, Ni and Tl maps. The 

resolution of pyrite mapping was not sufficient to delineate any zonation patterns within 

cubic infill which displayed compositional zonation on BSE images............................ 36 

Figure 14: LA-ICP-MS element maps of sample EI11 (PRC023, Pepegoona West) 

displaying a highly crystalline nature of cement; a) petrographic image of massive 

pyrite cement on which the analysis was conducted. Cement displays some septian 

textures associated with hematite replacement. These patterns appears to be nucleic 

zones for trace element portioning as they are highly enriched in As, Co, Mo, Tl, Se and 

V. Arsenic displays strong zonation, which correlates with an enrichment in Sb and Tl. 

Molybdenum displays a gradient of enrichment centred around the nucleic zones. 

Cobalt, V and Se (and Ni and W not shown) show similar patterns of trace element 

enrichment. ..................................................................................................................... 37 

Figure 15: Recorded 
34

S values are displayed against 
33

S values for each individual 

analysis. Analyses are displayed by sample type and display an association with pyrite 

morphology (Appendix F). The information displayed by this plot can be used to extract 

information about the source of the sulphur and the formation processes that affected 

the pyrite. Despite the limited number of analyses per sample, a large variation of 

sulphur isotope compositions was recorded. Fit to the MDFL line indicates that all 

sulphur isotope fractionation was carried out by Mass-Dependent Fractionation 

processes (Ono et al. 2006). ........................................................................................... 41 
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