THE UNIVERSITY

OF ADELAIDE
AUSTRALIA

- CRCLEME

Landscape Environments
and Mineral Exploration

LANDSCAPE EVOLUTION OF THE UMBUM CREEK CATCHMENT, WESTERN
LAKE EYRE, CENTRAL AUSTRALIA.

VICTOR G. WACLAWIK

BSc. (HONS) (FLINDERS)

Thesis submitted as fulfillment of the requirements for the degree of Doctorate of Philosophy

Discipline of Geology and Geophysics
School of Earth and Environmental Science
University of Adelaide
Australia



Landscape Evolution of the Umbum Creek Catchment

TABLE OF CONTENTS

ADSEIACE ...ttt ettt ettt e et e e ettt et e et e r e e a e r e a e et et aereeareeareanes i
DBCIATALION ...ttt ettt et e et e et e et e e eteesteeseeeeeeesaeeseeeeaee et et e e teenteenaeenteenreenerenrreaneeans i
ACKNOWIBAGEMENLS ... bbbt ii

1.

2.

3.

4,

INEFOAUGCTION ...ttt ettt e e e e et e st e st e et e et e steeeneeeeeeaeeeseeenteeseeesnenannean

11
12
13
14
15
16
17
18
19

1.10 Dune Orientations ............ccceeevierevesesnsrenenns

Lo A T LTS -

Objectives..............
BACKGIOUNG ..ottt bbb bbbttt -
RS (00 A =Y VOO -
Satigraphy .....cocevveeerrce s,

Quaternary Climate .........c.cooeevrerevrereeerennnn,
Structure and TECLONICS ........coevvvrevrercreerinne,
Mound SPriNGS ......ccvvveeierereers s

1,11 GEOMOIPRNOIOGY ... ettt

MELNOAOIOGY ...ttt 2-1

21

2.2

2.3

24

25

2.6

Seismicity in the Lake EYre REGION........cccovieieiciseice et sss s e 2-1
211 Datasets
2.1.2  Statistical Methods
REMOLE SENSING......coiviiriieiiietiicieiie ettt e b st s bbbt s bbbt bbb en s b s bbb s b aes -
221 LANASAE BTM..oiiiiiiciciiicscc e

2.2.2  Analysis of Multispectral ASTER Data ........ccocveeerienierienininenisienisseesesesessessseens

2.2.3  JERS L SAR ...ttt b -
2.24  JERS-1 SAR and ASTER Image Melding
Tectonic Influences on GEOMOIPhOIOGY .......vrivrrrirerrirririreeerr s erees
231  Digital Elevation Model and Longitudinal Stream Profiles
232 MOIPROMELHC ANIYSIS ...o.vuevrieisierceiiieisit e -
2.3.3  Differential GPS SUINVEY........cccerieurreeriierrieenees e

2.3.4  Ge0logiCal CrOSS-SECHONS. ....c.ccvvrirrrrieeirirrerirsreess s ssseessss e sssssesssessssesssssssssssesessnnes
Geological Structure Mapping.......cccoeeeeveneen.

24.1  Standard Geological Methods
24.2  Ground Penetrating Radar ...........

LR T 0] L CTTo] o] TSRS -
2.5.1  RegOIith MAPPING......cccouierirerrirrrireieenssseesserssss e ssss s ess s sess s sssesssesesss s ssssesnens -
SUIMIMAIY ..ttt bbb f bbbt s b bbbt £ £t s bbb bbb s e e b -

Seismicity in the Lake Eyre REGION ........cccvviriririeirece s

31
3.2
3.3
34

35
3.6

LR LE T [0 o) 3 -
Tectonic Model
RESUIES ...

DISCUSSION ...t

K0 O o Yo (0 TST ] 0RO
Further Implications.........c.coveviernerenirinnn,

CONCIUSIONS ...ttt ettt sttt st b e st e b et e bt st et e et e e st e ae st et s sa b e st st et e st et e beb e st st e sssterestans

REMOLE SENSING ..viviveiiiicee et n s

4.1
4.2
4.3
4.4
45

GraVIMELIC DA ....cvvvvceeseeieeseieese bbb bbb -
MAGNELIC DALA ... ettt bRttt -
Radiometric Data........cccoeveevrnerrniieeniniieiene

Basement Structural INtErPretation.............oceiceiieriisee s bbb s naes -
LANASAE BT ..ottt -
451  False Colour Composites




Landscape Evolution of the Umbum Creek Catchment

5.

6.

7.

452 BANA RALIOS .....ceuveeiiieeiiseiir ettt bbbt -
453 LandSat SUMMAIY ..c.ccviviriieiieiieesie s ettt sse s en et s s s s -
4.6 ASTER IMAQGE ANAIYSIS . ..viiviitieiiiiei ettt ettt -
46.1  Hawker Springs.......ccoeveeeneenenn.
4.6.2 NEAIES FAN ...t
4.6.3  SUNNY CrEEK....cvvvivericeerircree et
4.6.4  ASTER SUMMAIY ...covviiiriiiien e
A7 JERS-1SAR.....coiiieiiietet ettt et ettt bbbt -
4.8 JERS-1 SAR and ASTER Image Melding
4.9 RemMOote SENSING SUMMAIY ....ceviriveiireiseieiisseesss st sss e st st ss b ssse s s s s s s ses st s sssesanans -

Tectonic Influences on GEOMOIPNOIOGY ......c.cvvruiiiiiiiieeee s
5.1 DraiNAQge ANAIYSIS .....ceuvvvrieieieseiieeseeeieeiee sttt -
511  Neales River and Brown CrEEK .........cririerieririireinirniseiiinieissinissisessssssssssssssssssssssssssessssses -
5.1.2  Umbum Creek and Sunny Creek
5.1.3  Davenport CreeK ..o vrirrieennereineeressseesessseeessssessssens
514 Hawker Creek........ccooovveevieenen.
5.2 River Channel MOrpholOgY........cccuiiriiieiieiiisieiss st ess s sssss st ss s sssesessssenns -
5.3 Longitudinal ProfileS ..o
5.4 SIOPE NG ASPECL ......cvviieiieieicete ettt bbb
5.5 DIaiNAJE DENSILY......vuceiieieeriiieisieisne ettt ettt bbbttt ns bt
5.6 HYPSOMELIC ANAIYSIS .......vveeirieciieteire ettt -
5.7 Elevation Histogram...........ccccvvrerveersrrennns
5.8 Geomorphometry ......cocvvevveeveerreeneeineinenns
5.9 Rangefront SINUOSItY .........ccocvrrerrerrrerniennnans
5.10 Flooding Surface ANalYSIS.........cccvueriinnieinnienesseseee s
5.11 Differential GPS SUIVEY .....cccvveurieerreenseressersseess s ssssesessees
5.11.1  Neales River Cross-channel Profiles..........ocovvnnnnenee e, -
5.11.2  Umbum Creek Cross-Channel ProfileS ..........ocovvrrinnrnnce s -
5.11.3 Neales Fan Axial Profiles
5.11.4  Neales Fan Cross-profiles
5.12 Ge0l0giCal CrOSS-SECHONS. ......vuivivereersersiseseesssreessessiseseess s s sssessssessssnsesesassssssessssssesnssasesassesesns -
5.12.1 Idealised Geological Section Neales Fan Looking North
5.12.2 Idealised Geological Section Neales Fan Looking West

5.13 GeomorphologiCal SUMMAIY.........ccvrrieeriirieeieeisisssisese st sssss s ses s esesss s ssssesassesesns -
Geological StruCture MapPINg ........coceeriiriiriririieeisise e
8.1 NEAIES CUDANK......cui ettt -
6.1.1 Lineaments on the Neales Fan
B.1.2  SUIVEY RESUILS w.ovuiceierciecie ettt st -
6.1.3 ClIMALIC CONIOL......viveceierre et -
6.1.4 Structural Control............ccovvvveene.
6.1.5  Lithological CONtrol.........c.ccoiuerrieerinieniseese e
6.2 Model EVAIUALION.........ccerieriereireeiese e
6.3 Umbum Creek .......ccoovvevnevnrennneesineees
6.4 Geological Structure SUMMArY .........ccocveeee.
6.5 Ground Penetrating RAJAr (GPR).......c.ccot ittt -
6.5.1 GPR SUMMAEIY ..ottt -
REGOITN GEOIOGY ...
7.1 REQONtN MAPPING w..cvuvieeireieirieis ettt bbbt bbb bbb -
711 Surficial Lag DIStHDULION........cvceieieiiiisiscee et -
7.2 LANATOMMS w.eiee bbb -
7.2.1  The Davenport Ranges, Mount Margaret Surface and Mount Margaret Escarpment
T7.2.2  AIUVIBI FANS ..ot bbb -
7.2.3  Reworking of JUrassiC SEAIMENE .........c.ccociriierierer e
7.24  Tilted Silcrete OULCTOPS ....cvveevreererercierereesiseeseseeeessssesesens

7.25 Silcrete and Well-rounded Cobble Float
7.2.6  MOUNG SPIINGS wovrieeeireieiee ettt et -



Landscape Evolution of the Umbum Creek Catchment

7.2.7  Alluvial Overbank Plains and Channel Cross-section Morphology...........ccoeevernieineeenn. 7-19
T.2.8  ClaYPaNS.....cciiieiieieicisss ettt bbbt -
7.2.9 UMBUM OVEIIOW . ...ttt nnes -
7.2.10  Four Hills @and SUITOUNGS.......c.ccvuiirireiriieirieiene et enes

7.2.11  Sunny Creek/Douglas Creek Interfluve
7.2.12  Midla Milda and Wadlalgla Hills
7213 DUNES....covirrreercirnesrere s

7.2.14  Neales Fan Drainage...........cc.......
7.2.15  Neales Fan PalaeoChannels............occrrriiniicirnceee e
7.2.16  Deltas/Terminal SPIAYS.........ccvviiinrieeiieisiee s sa s -
7.2.17  Carbonate-cemented Conglomerate Palaeochannel Equivalents

7.3 DAtASEL COMPATISON. ... cvuieieseereeiseeseesesesees st -
7.31  Sand Dunes and Gravity
7.3.2  Regolith and MAgNELICS ........ccvrerericierireisse e ssse s eees

7.3.3  Regolith Landforms and Magnetic Lineaments
7.4 REQOIN SUMMAIY.......ciiiiiieiieiseirre ettt s bbbttt st

8. LaNASCAPE PrOCESSES....c.cuiiiiiirieieieieieieieieieie e
8.1 INIOUUCTION. .. vo ettt bbb bbbt -
8.2 Marine Sedimentation, Iron Di-sulphide Formation and Acid Sulphate Soils

821  The Global Biogeochemical Carbon & Sulphur CYCIE .........ccoviririiineninne e

8.2.2  Acid Sulphate Soils and Silcrete
8.3 ACONIAN PIOCESSES. ...vuvvvrtriresetsesisets st eb s s s bbbt -
8.4 Gibber Plains.........ccccovervienrienieennneenns

8.4.1  Wind EroSion........ccoccvvernirienininns

8.4.2  Physico-chemical Weathering ...........cccoooeervevniiennininene

8.4.3  Colluvial Wash and Banded VEgetation ..........ccccvverrinrrrennniensssrsesssesss s ssssssssssesssseens -

8.4.4  Upward Migration of PArtiCIES..........ccovrimrierrinnisssscessessssersess e sessssssesnens

845  ACCIetionary MaNTIES ........cocviirieiiirieierte e -
8.5 Gibber Plain SAmpliNg........cccovernieniinrcenes e

851  JHO02 & JHO028 .....coocvrvrerrieieeirerseiereeesse s

8.5.2  JHOO05, JHO06 & JHOOT .......cvvvrreerceveierremrenenerse e

8.5.3  JHO08 & JHO09 ......coeirerririrreinirneireeseieiseee e

8.5.4  JHOLO, JHOLL & JHOL2 ...ttt

8.5.5  Overprinting of Processes Influencing Gibber Plain FOrmation.............ocovvvevveeeennnnnn, -

8.5.6  Sieve Analysis: Pit JHOOS.........cccerirerirrsen s e
8.6 GYPSUM ANU GYPCIELE ....veeerceeieirire ettt ettt ettt er b -

8.6.1  Modes of Formation of Gypsum in the Umbum Creek Catchment
8.7 Arid ZONE PrOCESSES ....cvvrivirireiiriireiseisieieisise s

8.7.1  Dryland Catchments and Ephemeral Streams

8.7.2  Headward Erosion and Gully FOrMALioN..........c.ceveureiniirnniinninencee s
8.8 LandSCape PrOCESSES SUMMEIY........occuriiriurieiririreeeirereise et sesease st ses bbbt -
8.9 DISCUSSION ..v.vvurveesesceaeseeseeseseesee st ses s bbb et -

9. Landscape EVOIULION MOEL..........cccocviirirececescs e

9.1 LandSCape EVOIULION ......c..covieerieriiietriieeeeie ettt
9.11 PrE-CaINDZOIC ......vueveiieeiieecirieie ettt bbbt -
0.1.2  CAINOZOIC. ... euvrereeirrereeisise s eeee st bbb -
9.1.3  Landscape Evolution of Umbum Creek Catchment
9.14  Landscape Evolution of the NealeS Fan..........ccciseessesee e

10. DISCUSSION & CONCIUSIONS ......cviiriiiricieieiee et
10,1 DISCUSSION 1.vvuearveseeeseeseesesee bbb bbbt
10.2 CONCIUSIONS ...

10.2.1  Landscape Evolution
10.2.2  NEOLECIONIC ACIVILY ....covieceierciricieire ettt

11, BiDHOGIaPNY ..o e 11-1



Landscape Evolution of the Umbum Creek Catchment

Appendices

ApPPENIX A: MINEIAl PrOPEITIES. ... vcvivieiceeiiretsiiereiss ettt se st a st st sne s A-1
Appendix B: Stream Longitudinal Profiles...........oiiiriiicsesiees e B-1
Appendix C: Regolith Geology of the Umbum Creek Catchment ...........cc.oceverneniiesnecncenen, MAP INSERT

APPENIX D: DAta LOCALIONS. ......coevriiveriicieiiietsisssissets st e ssss s bbb sss bbbt bbb s e D-1



Landscape Evolution of the Umbum Creek Catchment

LIST OF FIGURES

Chapter 1: Introduction
Figure 1.1: Landsat 7 mosaic of the Australian continent (courtesy Geoscience Australia) indicating major
structural lineaments passing through the study area that broadly align to continent-wide structural corridors

(Campbell & O'DFISCOIl, 1989). ..ottt 1-2
Figure 1.2: Location diagram showing the position of major features within the study area on the western fringe of
LAKE EYTE. ..uvieceeieietei ittt ettt s bbb R ARt 1-3
Figure 1.3: Location Map showing the extent of the Lake Eyre Basin, Lake Eyre and major rivers (from Kotwicki
AN AN, 1998). ...t E bbbt 1-6
Figure 1.4: Map of Australian climatic zones showing the influence of the northern tropical monsoon system and
the mid-latitude westerly circulation system across Australia. (From Nanson and Price, 1998).........ccccceevurvrnnnns 1-7
Figure 1.5: Spring location diagram showing springs clustered in the upper section of the catchment................ 1-8
Figure 1.6: Diagram of Quaternary climatic change in Australia showing the fluctuation of climatic zones across the
continent (From WIllIAmS, 1984). .........cccviiieiiiicieses ettt nne s 1-12
Figure 1.7: Location of the contempoary monsoonal shear zone showing the point of origin of tropical cyclones
(From Croke € al.,; 1999). ......cvveiriciririeeniiersiseseieesesees s sass et sassss et s e s sttt sa st s sssasesessesesns 1-14
Figure 1.8: Diagram of Australian tectonic structure showing the arrangement of major structural features of the
Australian continent (From Gale, 1992). ......c.cccviiiiinienieess et st sses 1-15

Figure 1.9: Diagram of Lake Eyre structural lineaments showing a strong divergence into NW- and NE- trending
SELS (FIOM FIMMAN, 1O75).....ccu ettt bbb bbb 1-16

Figure 1.10: Interpretation of a magnetic survey showing the trends of basement features and sedimentary basins
containing Mesozoic sediment (After TEIUK, 1974). ......ccvoeireeirnsiee et ssse s 1-18

Figure 1.11: Schematic of Great Artesian Basin showing the development of springs at the edge of the basin as a
result of the hydraulic gradient (From Thomson and Barnett, 1985)..........ccccevrirnernnniennineneeneeesiseseeens 1-20

Figure 1.12: Map of artesian water quality in the Lake Eyre region showing highly corrosive waters associated with
the western province (From Thomson and Barnett, 1985).........cccvieriennnieeisess s ssssese s 1-21

Figure 1.13: Map of mound spring locations showing the relationship to springs and structural features (From
Aldam and KUang, 1989). ...t 1-22

Figure 1.14: Diagrams illustrating the structural control of springs by faults. a) Etadurrana Springs. b) Section
through the study area showing how downcutting streams intersect structural features to create springs. c) Billa
Kalina Springs. d) Strangways Springs showing the tilting of fault blocks to create springs. Seismic line 86-AED
shows interpreted structure beneath Dalhousie Springs (From Aldam & Kuang, 1989).. 1-23

Figure 1.15: Idealised mound spring cross-section showing the association of springs with faults (From Thomson

AN BAMELE, 1985). ....cvovieeiieieiisicie s ettt s st s s s st e s st n e n s 1-25
Figure 1.16: Map of Australian dune trends showing the whorl-shaped distribution of trends across the continent
resulting from Pleistocene wind directions (From Nanson et al., 1995). ........cccourernininenniernee e 1-27

Chapter 2: Methodology
Figure 2.1: Location diagram of Landsat 5 TM data showing the position of the Landsat tiles used for analysis
(Landsat 7 ETM mosaic image courtesy of EXXON-MODI)............ccccoeieiiciinnicinnescss s e 2-3

Figure 2.2: Location diagram of ASTER data showing the position of the ASTER tiles used for analysis (Landsat 7
ETM mosaic image courtesy of EXXON-MODII). ........ccvieiniiiinee e 2-5

Figure 2.3: Delimitation of catchments within the study area showing the locations of catchment boundaries. . 2-10

Chapter 3: Seismicity in the Lake Eyre Region

Figure 3.1: Interpreted basement faults in the study area showing the spatial correlation with earthquake
epicentres. The number of stations that record the event and the position of these stations influence epicentre
location. For the South Australian seismic network, spatial error is likely to be within a 25-50km radius. Seismic
stations are located to the south and southeast of this region and thus the error is likely to plot in a north to
NOINEASIENY TIMECHON. .....vvevrceiiet et 3-2



Landscape Evolution of the Umbum Creek Catchment

Figure 3.2: Regional earthquake data as compared to volumetric inflows into Lake Eyre through time (1979-2002)
showing little correlation between earthquake datasets and calculated proxy inflows to Lake Eyre. ................... 3-4

Figure 3.3: Regional earthquake data as compared to estimated lake levels in Lake Eyre (1979-2002) showing
little correlation between earthquake datasets and calculated lake IBVEIS. ..., 35

Figure 3.4: Covariance plot of Frequency versus Inflow data showing a peak in correlation at a delay of six years.

Figure 3.5: Plots of Annual Frequency versus Average Annual Inflow and Average Annual Lake Level versus
Annual Frequency shifted backwards by 6 years showing a stronger correlation between earthquake datasets and

both lake level and proxy iNfOW Jata. ...........cceriiririic e 3-8
Figure 3.6: Jackboot Bore location diagram showing the GAB monitored wellfields network. Jackboot Bore is
circled (From Sibenaler et al., 2000). ........coeirurinriensrrrees st 39
Figure 3.7: Comparison of regional hydrologic datasets with Jackboot Bore RSWL. Inflow displays a minor
correlation with bore pressure, s d08S LaKe LEVEL. ..o 3-10

Figure 3.8: Comparison of Frequency with Jackboot Bore RSWL showing a stronger correlation when Frequency
IS tIME-SNIftEA DY 6 YEATS. .....cveiceieci bbb bbb 3-11

Chapter 4: Remote Sensing

Figure 4.1: Gravimetric Imagery showing broad arrangement of basement structure. High gravimetric levels are
associated with granitic bodies and Proterozoic basement, low gravimetric levels are associated with sedimentary
basins. The basement structureappears to control the alignment and distribution of streams in the study area. 4-2

Figure 4.2: Total Magnetic Intensity image displayed as (a) greyscale image with sun-shading. (b) Interpreted
basement structural lineaments identified and displayed as red (NW-SE) or white (NE-SW) lines. Streams are
SNOWN TN DIUB. ..ttt bbb 4-3

Figure 4.3: (a) Radiometric imagery mosaic of surveys conducted within the study area showing potassium,
thorium and uranium distribution in the landscape for exploration leases investigated in the region; potassium in
red, thorium in green and uranium in blue. (b) Streams displayed in white for reference. ..., 4-4

Figure 4.4: Structural interpretation of geophysical data showing the broad arrangement of basement structure.
Interpreted basement structural lineaments are identified and displayed as white lines. It appears that the
basement structure controls the alignment and distribution of SIreaMS. .........ccvevirenrer e, 4-6

Figure 4.5: Landsat 5 TM RGB321 natural colour image displaying identifiable landforms including 1. sand
dunes; 2. ranges; 3. mound springs; 4. claypans; 5. channels; 6. terminal splay complexes; and, 7. lakes ........ 4-7

Figure 4.6: Landsat 5 TM False Colour Composite image RGB741 showing areas of bedrock highlighted by band
7 in red and clays highlighted by band 4 in green. The dark orange area in the North of the image is a plain
covered by heavily desert-varnished silcrete gibber. Alluvial fans flank the base of the Davenport Ranges and are
composed of quartz sandstone, except in the south where they consist of well-rounded, poorly sorted mixed clastic
sediments that grade into heavily desert-varnished silcrete gibber. Mound springs and associated streams can be
seen as pale patches eroding into the flanks of the alluvial fans near the centre of the image. ..........cccocevvveene. 4-8

Figure 4.7: Detail Landsat 5 TM False Colour Composite Image RGB741 (dashed box on Figure 4.6) showing
distribution of clay sediments across the surface of the Neales Fan. Clay pans are absent along the northern third
of the Neales Fan. Claypans populate the middle third of the Neales Fan and form two arms that may represent
mud-plugs residing in PAlAEOCNANNEIS. ..o 4-9

Figure 4.8: Landsat 5 TM False Colour Composite image RGB532 showing large areas dominated by dunes and
the effects of erosion on Mesozoic sediments in pale purple-blue associated with gypsum-rich colluvium and
QYPSItE CAPPEU ESCAIPMENLS. ..v.vveivisiieiieee sttt ettt bbb s s bbb bbb en bbbt n et b s aesenas 4-11

Figure 4.9: Landsat 5 TM False Colour Composite image RGB573 showing the delimitation of alluvial units.
Reworked Jurassic fluvial sands are conspicuous as pale yellow bands carried by modern alluvial systems from
the northern and southern ends of the Davenport RANGES. ..........ceurerrieinieieire e 4-12

Figure 4.10: Detail of a pebble lag composed almost entirely of rounded quartz clasts derived from reworked
fluvial Jurassic Algebuckina Sandstone. Scale+10 cm. (0619941E 6828652N)..........cveurierirrreinirereerienieeneens 4-13

Figure 4.11: Landsat 5 TM False Colour Composite image RGB754 showing differences in the spectral response
of surface lag units probably reflecting different degrees of desert varnish coatings............cooevnernrennienines 4-14



Landscape Evolution of the Umbum Creek Catchment

Figure 4.12: Landsat 5 TM band ratio image Bands 3/1 showing the presence of iron oxides in the landscape.
Sand dunes show a high response due to the presence of hematite grains that impart the red colour to dunes in
this region. Alluvial fans and gibber plain surfaces show a high response due to the heavy desert varnish that
coats these sediments. This varnish is deep red in colour and is likely to contain iron oxides. Sand dunes on the
Neales Fan are not illuminated by this ratio and are unlikely to contain iron, suggesting a different source of origin
to those dunes of the SUITOUNAING FEUION. ........c.cviieuiieiiicisrsec et n s 4-15

Figure 4.13 Landsat 5 TM band ratio image Bands 7/5 showing the presence of clay-forming minerals in the
landscape as bright areas. These are associated here with stream channels, claypans and depositional
depressions. There is also a geological unit in the Davenport Ranges that possesses a strong clay signature. .....

Figure 4.14: Landsat 5 TM False Colour Composite of Band Ratios RGB3/1, 5/4, 5/7 designed to highlight iron (in
red) silica (in green) and aluminium hydroxides (in blue). Silica- and aluminium hydroxide-rich rocks form the
ranges and dominate the streams. Dunefields are dominated by iron and silica whereas dunes on the Neales Fan
are dominated by silica. Gibber plains covered by silcrete have a high silica response and appear as green.
Floodouts are associated with aluminium RYAroXIAES. ........ceveevrreeriieeiseessees s sesessseseens 4-18

Figure 4.15: Location diagram of ASTER data showing the position of the ASTER tiles used for analysis. ...... 4-20

Figure 4.16: Non-Negative Principal Component Analysis (NNPCA) of Hawker Springs ASTER scene. The colour
scale on the right-hand side represents 18 enforced endmembers. The magenta endmember highlights areas of
fine-grained clays and evaporites typically associated with underlying Mesozoic sediment. The orange-yellow
endmember highlights alluvial fans fringing the northern end of the Davenport Ranges. Sediment extending from
the southern Davenport Ranges in a northeasterly direction is represented by the green-yellow endmember. The
green endmember highlights erosional plains mantled with longitudinal dunes. A band of clouds is indicated by
8 JASNEA INE. ... bbb 4-21

Figure 4.17: Independent Component Analysis (ICA) results for Hawker Springs showing Mesozoic sediments
exposed by erosion in orange and magenta; fine-grained clays and evaporites associated with mound springs,
floodouts and claypans in red; degraded alluvial fan sediments in pale blue; and, relict colluvial plains in dark blue.

Figure 4.18: Rowan'’s Ratios for RGB muscovite/illite/smectite, calcite, alunite/pyrophyllite for Hawker Springs
ASTER scene, showing a strong response in the calcite ratio from dolomitic units in the Proterozoic sediments of
the Davenport Ranges. Streams have a strong response in both the calcite ratio and alunite/pyrophyllite
suggesting that stream sediments are derived from the Proterozoic sediments in the stream provenance rather
than contribution from the surrounding landscape. Sand dunes display a strong alunite/pyrophyllite signal. ...4-24

Figure 4.19: Rowan'’s Ratios for RGB muscovite/illite/smectite, dolomite, alunite/pyrophyllite for Hawker Springs
ASTER scene, showing a strong response in the dolomite ratio from dolomitic units in the Proterozoic sediments
of the Davenport Ranges. This response is further reflected in streams draining these bedrock units. Alluvial fans
flanking the ranges possess a strong response in the muscovite/illite/smectite ratio with a similar response from
source rocks in the Davenport Ranges. The southern sediments flanking the range and areas of gibber plain
show a strong response in the dolomitic ratio. This is probably due to similar absorption features between desert
varnish and dOlOMItE SPECLIA. ......vuevieerriceiiees e s s np s nnes 4-25

Figure 4.20: Rowan’s Ratios for RGB muscovite/illite/smectite, dolomite, calcite for Hawker Springs, showing a
strong distinction between sources of sediment. Proterozoic sediments and alluvial fans have large amounts of
muscovite-type minerals; the surrounding gibber plains appear to be dominated by a dolomite signal This is
probably due to similar absorption features between desert varnish and dolomite spectra. A unit in the Proterozoic
sediments of the Davenport Ranges has a strong calcite signal. This is also evident along streams and indicates
that this unit is the source for much of the stream SEdIMENL. ...........c.cociriirniei s 4-26

Figure 4.21: Continuum removed comparison of dolomite and desert varnish spectra showing similar absorption
FBALUIES. 1.vueveviveritet ettt ettt bbb bbb bbb bR bbb bbb bR R bbb bt e R bbb bbb s s R a bbb ee 4-26

Figure 4.22: Mahalanobis Distance Classification image for ASTER Hawker Springs scene showing a strong
correlation between spectral properties and landform type. There is a clear distinction between alluvial fans (in
red) flanking the ranges and the sediment flanking the ranges in the southeast of the image (in orange). There is
a strong similarity between sediment carried by the Neales River and sediment in the Davenport Ranges. .....4-28

Figure 4.23: Non Negative Principal Components Analysis (NNPCA) results for ASTER Neales Fan image
showing poor discrimination of surface features. It identifies areas of erosion in yellow; relict surfaces in green;
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Figure 4.24: Independent Component Analysis (ICA) Neales Fan ASTER Image showing classification of the
surface of the Neales Fan into several units. One of these appears to be a palaeochannel that bifurcates down
the length of the fan (pink and pale blue). The yellow/green member is associated with a plateau on the northern
side of the Neales River. Similar material is evident on the SOUthern SIde. ..........ccovvrernernesneneeenes 4-31

Figure 4.25: Rowan's Ratios of RGB muscovite/illite/smectite, calcite, alunite/pyrophillite for the Neales Fan
showing a strong signal response to muscovite minerals across the scene and an association with sand dunes
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Figure 4.26: TIR Silica Index for ASTER Neales Fan showing a strong signal response for areas covered in gibber
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Figure 4.27: Mahalanobis Distance Classification Image for Neales Fan ASTER scene, showing areas classified
into three main units: areas of gibber plains (dark blue), areas undergoing active erosion (cyan) and areas that
have been reworked by fluvial/shoreling proceSSeS (Fed). .......couererrirriernierierere e 4-35

Figure 4.28: Non Negative Principal Component Analysis (NNPCA) of ASTER results for Sunny Creek showing
dunefields to the south with significant inputs of sand from reworked Jurassic sediments............ccccovveevirernnnns 4-37

Figure 4.29: Independent Component Analysis ASTER Image for Sunny Creek scene showing a difference in
dunefield composition between eastern dunes in green and western dunes in pink. Algebuckina sandstone is
displayed clearly in red. Orange defines erosional depressions that grade into alluvial depositional plains defined
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Figure 4.30: Rowan’s Ratios for RGB muscovite/illite/smectite, calcite, alunite/pyrophyllite for Sunny Creek
ASTER scene, showing that the Davenport Ranges have a strong response in the calcite band ratio in green
corresponding to the Skillogalee Dolomite Formation. This signal is also evident in the alluvial channels flowing
from the ranges and is interpreted as the provenance for the sediment in these streams. Dunes in the east are
dominated by alunite/pyrophillite signal in blue. Dunes in the west show a greater influence from
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Figure 4.31: Rowan’s Ratios for RGB muscovite/illite/smectite, dolomite, alunite/pyrophyllite for Sunny Creek
ASTER scene showing a strong response from the alluvial fan Sediments. ... 4-40

Figure 4.32: Rowan'’s Ratios for RGB muscovite/illite/smectite, dolomite, calcite for Sunny Creek ASTER scene
showing a mixed calcite and dolomite signal across the landscape. Alluvial fans have a strong muscovite mineral
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Figure 4.33: Mahalanobis Distance Classification image for Sunny Creek ASTER scene, showing strong signal
separation between defined units. Proterozoic sediments of the Davenport Ranges are well-defined in blue as are
Algebuckina Sandstone sediments in red. Green defines areas associated with erosion of Bulldog Shale
particularly in the Hawker Springs area. The eastern and western dunefields are clearly visible in yellow and cyan
respectively. Alluvial channels are evident in maroon. These are flanked by alluvial erosional depressions in coral
and alluvial depositional plains in chartreuse. These two features are interspersed downstream and demonstrate
the heterogeneous nature of the erosion/deposition cycle in the region. Surficial lags composed of degraded
fluvial sediment are evident in magenta. These mantle the area between Sunny and George Creeks and the area
around Mount Anna where remnants of silcrete-cemented fluvial sediment are preserved and topographically
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Figure 4.34: Location diagram for JERS-1 SAR data showing the position of the JERS-1 SAR tiles used for
analysis (Landsat7 ETM mosaic courtesy of EXXON-MODII).........ccccoevnieiniienicsnseses s 4-45

Figure 4.35: JERS-1 Synthetic Aperture Radar Scene A, showing strong reflections from two areas of bedrock and
exposed faulted margins, moderate reflection from stream beds, sand dunes, mound springs, escarpments and
areas with high surface roughness and poor reflection from clay. Original Data © NASDA, MITI (1995) distributed
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Figure 4.36: JERS-1 Synthetic Aperture Radar Scene B, showing high reflection from some areas of the Lake
Eyre playa surface, streams, sand dunes, mound springs and topographically inverted silcrete (indicated by
arrows); and poor reflection from claypans. Original Data © NASDA, MITI (1995) distributed by ACRES. ......4-48

Figure 4.37: Scene A meld image JERS-1 SAR/ASTER showing distinction between geologic units within the
Davenport Ranges. Claypans and springs are evident as red areas and floodplains flanking the Neales River are
clearly defined in dark blue. The surficial lags between George and Sunny Creek in blue are distinct from the
alluvial fans flanking the ranges iIN PUIPIE. ..ot 4-50
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Figure 4.38: Scene B meld image JERS-1 SAR/ASTER showing the surface of the Neales Fan. Areas of gibber
plain are green; yellow tends to highlight eroded alluvial channels and sand dunes. Alluvial sand plains are visible
in orange and are associated with interdunal pans in blue. A palaeochannel can be seen diverging from the sharp
bend in Sunny Creek. Coastal dunes and palaeo-shorelines can be distinguished near the modern shore of Lake
Eyre. Topographically inverted silcretes are distinguished in purple and pink along the northern edge of Sunny
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ABSTRACT

Landscape evolution is important for mineral and petroleum exploration concepts, especially in
dryland continental settings. This study seeks to understand the main issues and controls on
landscape evolution that have produced the regolith and young sediments around the western
side of Lake Eye, in the arid heart of Australia.

Several methods were employed including satellite image analysis, geomorphometry,
geological mapping, regolith mapping and surveying.

Outcomes indicate that the underlying structural fabric of the basement has controlled the
development of the surface morphology of the Umbum Creek Catchment. The arrangement of
basement faults is reflected in the distribution of surface landforms and in the topography of the
land surface. Significant deformation of the Etadunna and Eyre formations indicate tectonic
activity occurred at the end of the Miocene and was probably related to movement in the Lake
Eyre Fault Zone. Pleistocene faulting is expressed as minor blind faulting associated with pre-
existing basement faults. These faults remain active and current seismic activity is driven by
changes in hydrostatic pressure (hydroseismicity). The scale of Pleistocene faulting and
modern seismic activity demonstrates that since the Pliocene tectonic activity has been
subdued.

Climate change caused landforms developed under wet conditions during the Palaeogene and
Neogene to be preserved by the development of aridity in the Pleistocene. High erosion rates
associated with tectonism and the onset of aridity in the Pleistocene led to topographic
inversion of many features. Palaeo-Proterozoic inliers formed inselbergs, silcrete outcrops
formed capstones, gypsum hardpans protected underlying sediment from erosion creating
plateaux of gypsum patterned ground and palaeo-channels on the Neales Fan were eroded to
make heavily armoured mounds and associated sand dunes and sand sheets.

The dominant factor influencing the evolution of the landscape in the Umbum Creek Catchment
was the deposition of sedimentary sulphides within the Bulldog Shale. The excess sulphur that
this sediment supplied to the landscape over time created the necessary conditions for the
formation of a range of landscape features that would not otherwise exist. Weathering,
oxidation and leaching of the sedimentary sulphides led to the development of silcrete.
Subsequent weathering and tectonic activity led to the breakdown of the silcrete and the
distribution of silcrete pebbles widely across the landscape forming gibber plains. Sulphur from
the Bulldog Shale continued to contribute to the landscape forming intra-formational gypsum
and precipitating as gypsum hardpans.

This study has implications for petroleum exploration in dryland continental settings as potential
reservoirs may be affected by secondary diagenetic processes, such as the formation of
gypsum or silcretes, that could act as baffles or result in reduced porosity within the reservoir.

The broad-scale architecture of fluvial systems, like the Neales Fan, may not conform to
traditional fan-shaped models being, instead, comprised of structurally rearranged channels.

In terms of earthquake risk assessment, the identification of hydroseismicity active within the
Lake Eye Basin allows for a new level of predictability of earthquake behaviour within Central
Australia.
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