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ABSTRACT

Sedimentary uranium systems represent a significant source of economically
recoverable material, with deposits frequently clustered where conditions are favourable
for roll-front formation. Exploration for sedimentary uranium usually attempts to target
redox fronts within paleochannels or clastic sedimentary sequences which could be
potential sites for roll front style uranium mineralisation. Sediments altered by oxidation
can be re-reduced at a later date by bacteria making it difficult to determine if an
oxidised fluid has moved through the sequence.

The movement of oxidising fluids through sediment will inevitably alter both the
chemistry of the sediment and the fluid supplying uranium. Elements which are
sensitive to redox conditions dissolve and precipitate as conditions change creating a
recognisable geochemical footprint. In particular the uranium, molybdenum and arsenic
contents of the sediments are changed in a way which is not reversed by re-reduction.
These changes are distinctive enough to be detected using a handheld X-Ray
fluorescence device which enables rapid decision making in the field even if traditional
methods allow for far greater precision and accuracy.

The findings of this study describe geochemical changes linked to oxidation in the
Pepegoona East and Pannikan deposits, Lake Frome region, South Australia, for use as
an exploration tool. It is hoped that by studying changes in the chemistry of these
sediments that we may not only improve the efficiency of exploration but also gain a
better understanding of how the fluids responsible for uranium mineralisation evolve
over time. The addition of data from new deposits will enhance the accuracy of the data
set and provide a better understanding of how sediment composition effects alteration.

KEYWORDS

Geochemical alteration, Lake Frome, Uranium, Roll Front, Beverley North, uranium
exploration



Sam Crawford
Geochemical alteration signature at Beverley North

TABLE OF CONTENTS

1L LTRSS PPRPP TIPS i
RUNNING TIIE. ... bbb bbb i
N 011 - Tod PSSP i
(VAT o PSSR i
List OF FIQUIES and TabIES.........couiiiiiiei et 4
Ty T (8 To1 AT ] o PSPPSR 4
[€1:T0] (oo [or= LIS T=] 1 1] T RSO SPSTPSRR 7
BACKGIOUNG ...ttt bbbttt 7
Regional geologiCal NISTONY: ..o e 8
Y=L [0 =T o] ) SRR PSURRR 9
ROI-Front Uranium SYSTEIMS: ......c.ooiiiiiiiiiiieiieieee ettt 10
Y TR TCT L ES7- LA o] o PSSR 11
Approach and MethOdOIOQY ........c.couiiiiiieice et nneas 12
X-RaAY FIOrESCENCE GALA .......cvivieiiieiiieieie ettt bbbt 14
Microscopy and MICIOANAIYSIS .......ccuerviriiiriiiiie e 14
RESUITS ...ttt et bRt R ettt b b beer e n et et e 15
Mineralogical and textural analysis of COre SAMPIES ..........ccccoviiiiiiiiiii e 15
ZITCON [ZISTO4] 1ttt bbbt bbbttt bbbttt 16
Chlorapatite [Ca0(PO4)sCla] ....evveeevirereeiieeeieeeceeeeee e et ettt n e 17
RULHTE (THO2) ...ttt ettt st s te s e e seera e st et e stestesteebeasaeneeneeneenees 18
IIMENITE (FETIOS) ...t bbbttt bbbt 18
DatA ANAIYSIS ..ottt b et e et e e ar e e e areenraereanes 21
Differences DEtWEEN JEPOSITS: .....cviiviiiiiiirie e 21
Elements which increase across the roll front............ccoovevv e 21
UTBNTUM L.tttk e bt s e se e bt e bt e b e e be et e e Rt e e b e e nbeen e e ebeeabeentenneenbeeneeanes 22
MOIYDABNUM ..ottt b bbbt 22
N 1= ] oSSR SRS 22
Elements which decreased across the roll-front: ... 23
01 11 PSS 23
Relatively immoDbile IEMENTS............oooiiii e 23
Geochemical data: Pepegoona East unaltered ZoNe..........ccoovviieeiiiiiec e 24
UTBNTUM L.tttk e bt s e se e bt e bt e b e e be et e e Rt e e b e e nbeen e e ebeeabeentenneenbeeneeanes 25
0] 1Y/ oo g 111 ¢ ST 25
E N 65T o o PR R PRSPPI 25
01 R 1] PRSP PR 26
= 1113 o ST P TP U TR PR PRSPPI 26



Sam Crawford
Geochemical alteration signature at Beverley North

MOIYDABNUM ...ttt n e 26
Geochemical data: Pepegoona East altered ZONe..........ccecvevveiieiienecie s 27
N 5T o o USSR OTOPTRSPRS 28
01t 1] PSR PR 28
= 1113 o OSSP PRURUSPRRPN 28
Geochemical data: Pannikan unaltered ZONE ...........ccooveieiieiinie e 29
MOIYDABNUM ...ttt 30
AATSEINIC ..ttt bbbttt R sttt b e bbb bRt R et R bR bbbt e e 30
016 1] PSSR 30
O 2T 0 PSSR 31
Geochemical data: Pannikan altered ZONE ...........ccovieiiiiieie i, 32
MOIYDABNUM ...ttt n s 33
N 5T o oSSR 33
POLASSTUIM ...ttt bbbt b et et bbb b e bt e st e s e b et e st et e nb et e e neane et nes 33
U010 F= AU UP R TPPSPPR 34
[ 1T 1S3 o] PSSR 36
Uranium as a pathfinder for uranium............cccooveii i 36
() ISP UR PR PR 36
(1 ) SRS 37
Authigenic Uranium (U-(Th/3)) ..ottt sneas 38
(8774 9 (O 7 ) ST SR PR 39
(877 ) TR (8 74 SRS 39
Arsenic as a pathfinder for UraniUum.............ccoooiiiiiiiie e 40
() ST USPR RS 40
(AASIFR) ettt ettt ettt h e Rttt e R e R e R e et et et e nreereereeraene e e e e e s 41
(AS, FE AN Cl) e 42
(ASTK), (ASTAL ettt sttt b e n ettt b e re et nes 42
Molybdenum as a pathfinder for Uranium............cccoooiiiiiiiiiiiiee e 43
(YL ) PSR PR PR 43
(IMO/IK), (IMO/ST) .ttt ettt sttt s et e et nae st et e b e e s e e nes 44
Practical application of handheld XRF ............ociiiii e 44
(O00] 0 10d [T o] SRR RTRURRI 45
ACKNOWIBAGMENES. ...ttt st seesbeebeaneenneas 46
RETEIENCES ...ttt bbb bbb bbbt 47
Appendix 1: XRF device specifications and sampling equipment ............ccooevvreneencninnen, 49
Appendix 2: GEOCNEMICAl UALA..........ccueiieiiiie e 49



Sam Crawford
Geochemical alteration signature at Beverley North

LIST OF FIGURES AND TABLES

Figure 1: Vertical cross section of a typical sandstone-hosted roll front including geochemical

changes associated With redoX CONAITIONS .........ccveiuiiiieiieeie e 6
Figure 2: Location of Uranium deposits within the Lake Frome Region and position relative
to regional geology. Adapted from (Wulser et al. 2011) .......cccooveeiieiiiieieciecece e 8

Figure 3: Map of geochemical sampling holes within the Pannikan deposit overlayed on a
satellite image of the surrounding region. The tenement boundary which represents the limit
of data available for this study is outlined in black. Image courtesy of Heathgate Resources
(2004) ettt bt e R Rt Rt et et et et benreere e e e e e e s 12
Figure 4: Map of geochemical sampling holes within the Pepegoona deposit, only main
mineralised roll which was the target of this study is shown. Image courtesy of Heathgate
RESOUICES (2014). ..ttt et e e et e et e e st e s b e e teene e s taesteanteaneesraenneanes 13
Figure 5: Back scatter electron images showing the relationship between pyrite, quartz and
clays a) and b) boundary between quartz-pyrite zone and clay zone c) pyrite infill in quartz
grains and replacement of quartz by pyrite d) pyrite and quartz grains in a clay matrix,
suggesting transportation following an early phase of pyrite growth...........ccccccoeveiiiiiiienn, 15
Figure 6: back scatter electron image showing accessory phases with the potential to host
uranium in unaltered sediments a) hafhium-bearing zircon crystal within quartz grain b)
detrital zircon within clay matrix c) chlorapatite in quartz grain d) sphalerite grains in an
irregularly shaped QUAINZ Qrain ..........cceeiveieiieiece et sre s 16
Figure 7: Back scatter electron images of titanium minerals in unaltered sediments: a)
ilmenite grain within pyrite with pyrite veining b) decomposed rutile grains in clay matrix c)
ilmenite grain with zone of iron depletion on outer rim d) tungsten-bearing rutile grain in clay
IMAETIX 1.ttt ettt et bbb bRt R e et R b b e R e R e Rt e e et bR benbeereen e e e e e s 17

Table 1: Elemental abundance in the altered and unaltered zones of the Pepegoona deposit

based on drill Chip SAMPIES ........oeiii s 19
Table 2: Elemental abundance in the Pannikan deposit based on XRF analysis of drill chip
SAMIPIES .t bbbt e bR h ettt 20
Table 3: Correlation between elements in the unaltered zone of the Pepegoona East Deposit
based 0N geOCNEMICAL AALA............cveeeieieiec e 24
Table 4: Correlation between elements in the altered zone of the Pepegoona East Deposit
based 0N geOCEMICAL AALA...........ccviieiiieie e 27
Table 5: Correlation between elements in the unaltered zone of the Pannikan Deposit based
0N GEOCNEMICAI TALA. ......c.vieieiiii et 29
Table 6: Correlation between elements in the altered zone of the Pannikan Deposit based on
GEOCNEMICAL UALA........eeeieeieieie bbbt bbbt 32
Table 7: Geochemical alteration indicators based on changes in uranium concentration....... 36
Table 8: Geochemical alteration indicators based on changes in arsenic concentration ......... 40

Table 9: Geochemical alteration indicators based on changes in molybdenum concentration43





