a
>

Cooperative Research Centre for @E’)EN FDH__IE

Landscape Environments

and Mineral Exploration [REPORTT
SIEERIES

()

CSIRO

REGOLITH TERRAIN ANALYSIS FOR
IRON ORE EXPLORATION IN THE
HAMERSLEY PROVINCE, WESTERN AUSTRALIA

FINAL REPORT

M.FE Killick, H.M. Churchward and R.R. Anand

CRC LEME OPEN FILE REPORT 214

May 2008

(CRC LEME Restricted Report 7R /
CSIRO Exploration and Mining Report 268R, 1996
2nd Impression 2008)

CRC LEME is an unincorporated joint venture between CSIRO-Exploration & Mining, and Land & Water, The Australian ~ _
National University, Curtin University of Technology, University of Adelaide, Geoscience Australia, Primary Industries PA
and Resources SA, NSW Department of Primary Industries and Minerals Council of Australia, established and supported C
under the Australian Government’s Cooperative Research Centres Program. e



‘llilu’ - CRCLEME

CSIRO
Landscape Environments
and Mineral Exploration

REGOLITH TERRAIN ANALYSIS FOR
IRON ORE EXPLORATION IN THE
HAMERSLEY PROVINCE, WESTERN AUSTRALIA

FINAL REPORT

M.F. Killick, HM. Churchward and R.R. Anand

CRC LEME OPEN FILE REPORT 214

May 2008

(CRC LEME Restricted Report 7R /
CSIRO Exploration and Mining Report 268R, 1996
2nd Impression 2008)

© CRC LEME 2008

CRC LEME is an unincorporated joint venture between CSIRO-Exploration & Mining, and Land & Water, The Australian
National University, Curtin University of Technology, University of Adelaide, Geoscience Australia, Primary Industries and
Resources SA, NSW Department of Primary Industries and Minerals Council of Australia.

Headquarters: CRC LEME c/o CSIRO Exploration and Mining, PO Box 1130, Bentley WA 6102, Australia



This Open File Report 214 is a second impression (updated second printing) of CRC for
Landscape Evolution and Mineral Exploration Restricted Report No 7R, first issued in
August 1996. It was prepared for Hamersley Iron Pty Ltd. The confidentiality period for the
research has now expired and it has been re-printed by CRC for Landscape Environments
and Mineral Exploration (CRC LEME).

Electronic copies of the publication in PDF format can be downloaded from the CRC LEME website:
http://crcleme.org.au/Pubs/OFRIndex.html. Information on this or other LEME publications can be
obtained from http://crcleme.org.au

Hard copies will be retained in the Australian National Library, the Western Australian State Reference
Library, and Libraries at The Australian National University and Geoscience Australia, Canberra, The
University of Adelaide and the CSIRO Library at the Australian Resources Research Centre, Perth.

Reference:

Killick MF, Churchward HM and Anand RR. 1996. Regolith terrain analysis for iron ore exploration
in the Hamersley Province, Western Australia. 94pp, plus Appendix 1 Map and Appendix 2 54pp.
CRC LEME Restricted Report 7R / CSIRO Exploration and Mining Report 268R. (Reissued as CRC
LEME Open File Report 214, 2008).

Keywords:
1. Regolith. 2. Mineral exploration. 3. Mineralogy. 4. Geomorphology. 5. lIron ore.
6. Hamersley Province, Western Australia. 7. Sedimentology

ISSN 1329 4768
ISBN 1921039590

Dr MK Killick Dr HM Churchward
Formerly CRC LEME Formerly CSIRO Exploration and Mining

Dr RR Anand

CRC LEME and CSIRO Exploration and Mining
PO Box 1130

Bentley WA 6102.

Publisher:
CRC LEME, c/o CSIRO Exploration and Mining
PO Box 1130, Bentley, Western Australia 6102

Disclaimer

The user accepts all risks and responsibility for losses, damages, costs and other consequences resulting
directly or indirectly from using any information or material contained in this report. To the maximum
permitted by law, CRC LEME excludes all liability to any person arising directly or indirectly from
using any information or material contained in this report.

© This report is Copyright of the Cooperative Research Centre for Landscape Evolution and Mineral
Exploration, (1996), which resides with its Core Participants: CSIRO Exploration and Mining,
University of Canberra, The Australian National University and Geoscience Australia (formerly
Australian Geological Survey Organisation).

Apart from any fair dealing for the purposes of private study, research, criticism or review, as permitted
under Copyright Act, no part may be reproduced or reused by any process whatsoever, without prior
written approval from the Core Participants mentioned above.




1

INTRODUCTION......coortriiiiteieenit et sbemss e sb s et 1

1.1 Exploration problems...........cecceccinriiiinniminic it aesesee s e i
1.2 Objectives.......cooveenne EeeeiteeeesseeeeiiErreeraaseeeaaee i antEheeeaateeenteeabt e e eeanre s e nnnnaehanns 1

1.2.1  Principal Objective .......ccoovveeiierren e et 1

122 Specific ObJeCtives .....cviocveeiieriecee e 1
13 Work Plan ..o rerererererr et et aereaaaneaaneeres 1
1.4 The StUAY ATEAS .cvecivereercrerse oo rere s s e e ra b sas st e e 2
1.5 Locations, Definitions, Terminology .....c.verceerrerrerrereesunesesenseeceeeeesseesssssssseesinens 4

THE REGION: SITES, GEOLOGY AND GEOMORPHOLOGY .......cccovvvvviirinnnee 7

2.1 IOEEOQUCHON corveoreoveeseeeveeveses s eeeeeeessssessessessesassssesasssebassessssssnssansansabsnssnsenenee
211 GEOlOZY . eecviiiiereer et s esa s s benes T
2.1.2  GeomOrPhOlOZY ...cvo vt ssesessssesansan s snennaes §
2.2 BrOCKIAI ATCA......cvceveeeereresteeisestsssesresreentastassvbesn s essateassstastsstassssnssnsssessesseesaess |
221 GEOIOY...oirvcviririererieeieieeeet sttt st sn s snnenenas T
222 Geomorphology ......occoevveciiniiniinrnereeeeirneneenes rerreemeeesineneeneesessneneeseens 10

23 Mount Sheila ATCa.......cooveeeieeiiinireerrer et s 14
23,1 GeOLOZY e eieeeeeeeieeecii ettt e 14
2,32 GeOmMOIPHOIOEY . eeeeiiie ettt 14
233 Valley Deposits ...ccccoocvernmiiiiiicinisii it 16
A . S 01 .- TR OOy U P SRR 16
235 Mount Lois Site.....cooiiiiiiiiiecieit i eeceiee e e es e 16

2.4  Mount Margarct AT .........cocevveevvecersnvnreresinnieseeree s ssiisnsnssrsssssssssssssssnssnenes 11
241 Geology...coocoiiiiiiiccin e ssesessenns 1T
242 HughBIuff SIe .....covrieeeeriiiiierciii e 18
243 RoyParsons GOrge SHe .......ccverrvrrercmriininercrercsesensnsnssessessnnnenn 21
244  GeomOrpholOgY .....cccccceriiiiiriecrenree et s asanaa 21

R R § 1<) g 1< T OO PPV UR OO 21
251 PylonRoad......cccoooeeeiiiiiiiieernr e e 21
252 JeErNal.......ocoiiiiiecieii et et 24

2.6 Tertiarny PiSOLLE ...coveurereeieeeceieiee e esr et 24

THE REGOLITH.......ccoioiiiieiic ittt ssse s s s sss e 26

3.1 INEEOGUCHION ..ot ceeeeeieeceeeee e e rr e e e v be s et et et e et et e et een e st r s s b st 26
3.2 Regolith Maps ..cccvririricicrenr sttt s 26
3.3 Regolith Mapping Units .........ccoeveveereenseeiinnirevrennniiennncemsmssssssisinseseer s 30
3.3.1  Units of Relict TEITAIN.....covvvveeiireiciieee ittt isiesre et sreneseenee 30
332 Units of Erosional Terrain ..........ccccoovvievienniniiiioninnienie s eenessiss 30
3.3.3  Units of Depositional Terrain........coveeviiiervinemirersreremsiisinisiessessnnen 3 1
3.4 Regolith Pattern Development ... 33



MINERALISATION: PROCESS AND GEOLOGICAL SETTING .....cccccccvvmmnnrenne 34
4.1 InErOQUCHION .....veceiiteieeieice ettt in et e e 34
4.1.1 Sample Analysis.......coveecceerrrrnenciiiiini e 34
42 Petrography...........................................i ........................................................ 34
421 In Sife Material .. .34
422 Mature Detritus.. cereennnn 39
423 Immature Detntus Tertlary Plsohte ()ther Ferrugmous Crusts ........... 39
43 XRD and XRF AnalySes.......cccooivmniiiiiinicnncnsns s 40
4.4 Microprobe ANAlYSes ....ccocvceiiiiiiriiiercee bttt s 41
45 Mineralisation: Interpretation .......c.ccevvevececeeiecriniirisrisveeciesesssesrssssssesrisieeens 49
4.6 Geological Setting.....ccooiieriiirr 45
4.6.1 Bedded MineraliSAtion ..........ccvievieenienriveeiiecruninenisiessessssseessessresnnessss 46
4.6.2 Surface Weathering of Bedded Mineralisation..........c...cceeeevvvrienvnenenn 46
4.63 Post-Erosional MineraliSation .........cccevrereveerieccieiiniinninnesinssnnesesseecnes 46
4.6.4 Surface Weathering Mineralisation of BIF .........occcoiiiiiiiienccninee 47
4.7 DHSCUSSION ......ocvviererirrieieerunreeresrsreesseasrneaeesssneesrrarenessasaressnrrsy e esrene ereamtennans 47
48 CONCIUSIONS ..veieeeie et ceir e e et a s e e ameeee s er e et e ssabeeseteesaassenassrrmnessanesennnneesss 438
SEDIMENTOLOGY .....oocoiiiiiiieeieeeeeenesiessr s rnnassesssasnsssnessessceneeensssntasssasisssis 50
5.1 IIErOQUOHION ......ootiiciecceeeeiieec e ee st s seseaeses s ms s eceebe et bbeeanes 50
52  Mass Wastage Deposits ....ccooievrimeecieniiiii i 51
5.3 Alluvial Fan Deposits.........ccccoiiriirrieeiierreerseneeneeseceecsnessesssenssnnessmesaneessss 51
5.4 Mature DEPOSIES ..vevveeeiereeveeercerirseseesessm e e e e e ee et et ab b sras s e rnesngnreenes 51
54.1 Mature Alluvial Fan Deposits ........cccccoceviiiriieeeeiennine e eemeeseeeenene 51
542 INterpret@tion........ovcciiiicrireieesirieint e 52
5.4.3 Mature Distal DEPOSItS .......ocociiiiiiiinii e 55
544 TInterpretaion.......ccoooeeecrieeieeeeie s erceceresene e san e e e e 55
5.5  Immature DEPOSItS.....c.ccorimiiiiniieiiieiienii e e 56
5.5.1  DDISCUSSION....civiisrriiieeeenrisrasseasseesitieseesseseassamsnnsarssssesssesneesnsnennnessses 59
5.6 Modern Fluvial Deposits........cccoecevecreriinniiinississne s sesrssrsrsesssnssnnsnsonis 59
57 CANEA.....ooiececeieieire e e b et e r s e et e g e s e e s 59
57.1 Introduction... .59
572 TransportedCanga oot r s sesseesennnnesneseeseesresreenaenees OO
573 Amblguous “Eluvial” Canga60
5.7.4 Discussion... ...60
FACIES ARCHITECTURE (SUBCROP) .....oveveeieeceeeci e 62
6.1 THEOAUCHION ..ottt ce e et e e e b e res v nnre e s be e e s tee s reesenas o nneesonseneeabbaas 62
6.2  Data MoQellin .....cocveirreirieeirreeeceereeree s resesnrss e e s r e s s b s as s aaa b 62
6.3  Western Brockman Valley ..o eeeieieeieeeecnn e 62
6.3.1 Brockman 2.........cocecoviiiiiericiriineecnniiesssssnsssssessssssesessesssssesessesseneenens 02
6.3.2 Superband.... .63
6.4 EastemBrockmanValley . SRTRRRTTPPROURROORNY o ¢
6.5 Deposition and Preservation of Mature Detntus Discussmn ............................ 76
6.6 Conclusions.. U USRS PUTUOPPRRTRRRORRNY A |
6.6.1 Deposition ......................................................................................... 77
6.6.2  PreSErVALION .....occiiverrriiiriir e cerresnee et aenas 77

i



LANDSCAPE EVOLUTION ..ottt

T. 1 IrOAUCLION coovveei ittt eecitteessssette e e e s er e s srmeeeesesrnee e e anesnssnsssesssnnseesasnsans
7.2 The Hamersley SUrface.......oooviviiiciieniinreniervsneesn e s eeseree st ssssassaas

T2l DiISCUSSION.......coccivnmentirriiiee e e e s sieessseneesassssstaaaesssassssnnseresssssnnnnnennnnanes
7.3 Palynology....cccverirreeee et

T R B 3T 1o 1T 7o) | WU OO '

7.4  External Controls on Erosion and Sediment Storage..........ccoccvvevennieniiiiinininnnn,
741 CHmate ..coooevervecveerveenvneeenns ot nrarrrrerii et etttaees e nneeteeeeeabbbterrrraatrarans
.82 Base Level. .o e e e eaaaaaraaae s
TS5 Mass Balance ...t e e e r e e
T.5. 1 DISCUSSION.....eeeiiieeeetrneeeierrrrerssseerrereeereeersttnessorrbee e i tessnsbsstaessansrreaens

SUMMARY AND CONCLUSIONS ..ottt sssaissnassens

8.1 INtrOQUCHION......ceeiricieriaeii sttt st r e b e se e e nes
8.2 Repolith Terrain Analysis Model..........ccocoiiiiie,

RECOMMENDATIONS........ootimmmiiiimmmmnn sttt

9.1 Potential Exploration Targets ...t
9311 Sediments.....c.coe e e e e e et
9.1.2  In Situ Mineralisation .............cccivnimniiiniinii s

9.2 TImplications for EXpPIOTation...........ccoveeeerrermnesemincinieisieenseseesesneneesesecnens
02.1 GeomOIPholOZY .. .oooiiiiiii e et
0.2.2  EXCEPLONS. ..eeeveeeeerrrerirecie e cre st e ennene e b

9.3 Further ResCarch.......ccoooveceiiiiiiiiiee vt
9.3.1 Quantitative Description and Analysis of Weathering Profiles .............
0.3.2 Three-Dimensional Modelling ..o
9.3.3 Regional Mass Balance Modelling ..........ccooovirinceincnciiiniiene
9.3.4 High-Resolution Shallow Seismic Reflection Survey ..........cocvienines
0.3.5 Geochemical Fingerprinting .........ccveveevrvernromrerscescreeicseesscevesenens

AcCKNOWIEAEIMENTS ...t st et

R T EIICE8 e eeeeeeeeeeeeeeese e e e e ee e e sttt etetssassssssnssnnsnnssssssisasssssssssssssssssssssnssnsansnnsarannrnnnannnnen

Appendix 1 Regolith Maps
Appendix 2 Hand specimen descriptions and photomicrographs

iii



SUMMARY

This report presents the findings of our study of the processes responsible for the genesis,
transport, deposition and preservation to the hematite-rich, low-phosphorous sediments
(“lump” ore) commonly distributed throughout the study areas.

Mineralisation

A weathered mantle comprising an upper hematite-rich zone overlying a lower goethitic
zone was developed throughout the region. The mineralisation process was driven by the
disequilibrium between meteorically derived groundwater and substrate, in the weathering
zone. Mineralisation proceeded by incongruent dissolution of BIF, with silica being
removed in solution, and iron precipitating as goethite prior to dehydration to hematite.
Weathering zones were also developed in bedded mineralisation, where present. BIF
texture is preserved in weathered/mineralised BIF. Shales weathered to pisoliths, clays
and microcrystalline goethite.

Climate

Weathering occurred in the humid climatic condition which prevailed for an extensive
period of time prior to the mid-Miocene. Until this time, landscape stability was
maintained by rates of weathering exceeding rates of erosion of weathered material.
Change of climate from humid to arid in mid- to Late Miocene times suppressed
vegetation cover and destabilised the weathered mantle,

Erosion and Deposition

The weathered mantle was eroded from the uplands, and transported to lower lying areas.
Sediments were deposited at sites of gradient reduction and flow expansion, burying
weathered zones in the floors and sides of valleys. Primary sediment deposits typically
comprise mature lower sections of hematite-rich gravels overlain by immature mixtures of
goethite, hematite and BIF, recording an inversion of the weathering stratigraphy. Some
sediments have been subject to erosion and local re-distribution by valley fluvial systems.

Subcrop

The basement unconformity preserves significant elements of the Tertiary landscape,
although weathered zones have been eroded from some areas. Structural and erosional
lows in the resultant surface have the demonstrated capacity to retain commercial deposits
of mature detritus. Alluvial fan, sheetflood and fluvial facies have been recognised in
subcrop.

Preservation

Mature detritus deposits are preserved where they were cemented, or were by-passed by
later, erosive systems. By-passing was controlled by factors intrinsic to sedimentation,

including excess of sediment supply, choking and causing avulsion of channel systems.
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Figure 6. Topographic map showing location of a dextral strike-slip fault in the Brockman range front.

Mineralisation is confined to the area of BIF outcrop located immediately NE of the fault
{e.g. location B).

S(A) N (A}
-50m
Dales Gorge
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{unmineralised) %
(Approx) 200m

McRae Shale
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(mineralised) ~2
/ AN

Figure 7. Section A-A’ (see Fig. 2) showing schematic distribution of mineralisation relative to the fault,
and Dales Gorge Member folded steeply down to the north.

Dextral fault
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Figure 8. Schematic cross section of the northern range front at Brockman. Mineralised BIF is located
NE of strike-slip fault, grading into unaltered BIF. Unaltered BIF is also located immediately
SW of faults.

Where NW-SE oriented faults cut the north dipping anticline limbs, the mineralisation is
locally silica-enriched. In these zones, the Fe-silicates are botryoidal and have conchoidal
fracture (Fig. 9).

A corollary of the preservation of the northern limb of the Dales Gorge Member parasitic
antiform dipping under the sediment cover of the Brockman Valley requires (at least
part of) that Member to be preserved as a synform in valley subcrop (Fig. 7). Where the
Dales Gorge Member is preserved dipping down to the'base of outcrop, it is commonly
mineralised.

Where the range front has been incised by gullies, fresh BIF is generally exposed by the
incision, although outer and lower margins of the re-entrants may expose sections of
weathered in situ material (e.g. Locations AMG 545350:7519300, 528600:7512800).

2.2.2 Geomorphology

The modern drainage systems run axially along the strike valleys developed over the
Wittenoom Dolomite, then cut radially outwards via gorges through the ridge formed by
the Marra Mamba Formation. This ridge has been breached along planes of weakness
created by faults in the BIF (Fig. 10). Rivers have encroached from the surrounding
plains, and captured the internal drainage of the Brockman Valley.

10



Figure9.  Silica-enriched mineralised BIF from fault zone. Silica enrichment is recognisable by
rounded/botryoidal appearance (arrow) and conchoidal fracture.

Figure 10. A tributary of the Beasley River breaching Marra Mamba Formation BIF (middle distance)
along fault plane. It thus has captured the internal drainage of part of the Brockman strike
valley.
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Close to these gorges, incision into the valley sediments has led to the development of a
complex of linear ridges separated by V-shaped gulleys (Fig. 11). These immature detritus
ridges consist of goethitic and clay rich fines with an admixture of BIF clasts. Headward
incision has not yet gone to completion, leaving areas such as Silvergrass Plains at what
was probably the local balanced base level.

2.2.3 Valley Deposits

The valleys surrounding the Brockman Range are filled with a variety of immature and
mature detritus, The surface expression of these sediments is variable. Close to incisions
and gorges where drainage passes out through the ridge formed by the Marra Mamba
Formation, the detritus is deeply incised (Fig. 11). Away from these drainage outlets,
headward stream incision has not progressed far enough upstream to erode some areas
(e.g. Silvergrass Plains).

Mature detritus may be exposed at surface, but most commonly are covered by mixed and
immature detritus. Close to the range front, immature detritus typically comprise pebble-
to boulder BIF clasts in a silty goethite/soil matrix (Fig. 12). Clast size decreases away
from scarp slopes towards the Marra Mamba Formation dip slopes, and the proportion of
matrix increases. The most distal deposits typically comprise a silty goethite-rich matrix
supporting lenses and layers of BIF pebbles and cobbles (Fig. 13). The silty matrix is

- commonly partly indurated with ferruginous cement. In the southern exposures, immature
detritus coarsens upwards from silty sands with moderately well rounded pebbles, to
cobbly sands with angular to very angular BIF clasts.

Where the immature detritus has been incised, erosion has rarely exposed the underlying
mature detritus. Crystalline goethite cemented hard-pans containing immature and mature
clasts are commonly exposed in creek beds. Calcretes are also developed in the immature
detritus.

224 Canga

The spurs running north from the Brockman range front are commonly vencered with
variable thicknesses of mineralised clasts. These veneers vary from loose sediment filling
irregularities in the surface to goethite cemented wedges of canga which increase in
thickness down slope until they pass under immature valley fill sediments. Where cangas
overlie the Dales Gorge Member, the BIF has typically been mineralised and is hematitic
in composition. Where the substrate comprises the aluminous Mount Sylvia and McRae
Shale units, it is goethitic in nature. In some cases, relict weathered zones developed on
the ends of spurs have been preserved against erosion by canga crusts, while the
connection with the range front has been eroded, leaving outliers standing free from the
range front (Location AMG 538550:7519550; Fig. 14).

Minor pockets of loose and mature cemented detritus overlying weathered in situ
basement are also rarely preserved in saddles and depression of the Brockman Range
(AMG 537450:7518350). However, most high-level outcrop in this area comprises
relatively fresh rock. '
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Figure 11.

Figure 12.

Figure 13.

Figure 14.

A fan of immature detritus incised by vee-shaped gulley, leaving linear ridge.

Coarse immature detritus with angular BIF clasts and rounded-canga boulder and cobble
infraclasts overlying weathered (bleached) McRaé Shale near (proximal to) range front.

Angular pebble and cobble clasts of immature detritus supported by goethite matrix, distal
from range front

Small hill (arrowed) is weathered Dales Gorge Member overlain by canga crust. This hill
records the base of the Tertiary range front, about 400 metres out from the modern range
front, and indicates the maximum degree of range front retreat in the Brockman area. From
middle to far distance behind small hill are the Brockman Strike Valley, Marra Mamba ridge
and Hamersley Range, respectively.
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2.3 Mount Sheila Area

2.3.1 Geology

Outcrop in the Mount Sheila area is stratigraphically higher than in the Brockman area.
The relatively flat-lying BIF units of the Dales Gorge Member outcrop close to valley floor
level. Therefore, the valleys are typically floored with the Dales Gorge Member, McRac
Shale or Mount Sylvia Formation (Fig. 15). The Mount Sheila area is dissected by long
and sinuous valleys which form a dendritic drainage system, in contrast with the curvi-
linear strike valley of the Brockman range front.

Brockman Iron Formation BIFs are locally folded and faulted, but Brockman style in sifu

mineralisation has not been identified. Weathered zones are generally absent in outcrop,
except where they have been preserved underneath canga deposits.

Mount Sheila )
20 m
E [ W

(approy 100m
Immature detritus Canga Dales Gorge Member

Abandoned

LR A Active channel . T -'\ channel — Dales Gorge—

Member

Figure 15. Schematic cross-section in Mount Sheila area, Canga overlies margin of valley incised into
Dales Gorge Member. Valley has subsequently been filled with immature detritus. An
abandoned incised channel separates the canga and some immature detritus from steep valley
slopes. The currently active channel has cut through immature detritus to expose un-
mineralised Dales Gorge Member BIF in the channel base.

2.3.2 Geomorphology

In the Mount Sheila area, headward incision by channels has progressed to the ends of the
drainage systems. In the broader valleys, the typical local expression of this process is the
linear ridge and gulley morphology, where ridges comprise relict deposits of aluminous
and goethitic fines mixed with BIF clasts. These ridges are separated by straight- to
sinuous gulleys containing the down-cutting channels (Fig. 16).

In the narrower tributary channels, headward incision has resulted in the removal of
exposed high grade detritus (typically cangas) from virtually all slopes except those in the
highest parts of the drainage system, at the heads of valleys. Where canga deposits are
preserved, channels have cut precipitous gulleys through them and down to fresh bedrock
(Fig. 17).

At present, some of the sediments being liberated from the upper- and middle reaches of
the tributary system are undergoing temporary storage in Weelumurra Creek, but they are
being removed from the area on reaching the Fortescue river system.

14



Figure 16.

Figure 17.

Figure 18.

Incised fans of BIF clasts mixed with aluminous and goethitic fines (immature detritus).
Note linear ridge and gulley morphology, where ridges are separated by straight- to sinuous
vee-shaped gulleys incised by the down-cutting channels,

Canga (arrowed) excised by headward incision of channel system. Canga rises smoothly to
link valley floor with rounded hill tops.

Canga overlying siliceous but weathered and goethitic BIF.
‘ 15



2.3.3 Valley Deposits

Sediments exposed on valley floors and in sections incised by gullies comprise immature
detritus. Where channels have been constrained by valley sides, landforms are erosional.
Where channels exit the range (e.g. Weelumurra Creek), flow expansion has led to
deposition of sediment, and landforms are aggradational.

2.3.4 Canga

Canga deposits are very well developed and preserved in the Mount Sheila area. They are
typically located near the heads of valleys, where they form smoothly curved crusts which
pass down from upper- and mid level slopes to valley floors (Fig. 17). Cangas are
developed across the Dales Gorge Member as well as the Whaleback and McRae Shale
Members.

Canga outcrops may be greater than 10 metres thick and extend for more than 1 kilometre
(e.g. AMG 563000:7547700). Fracture patterns in these deposits align with the regional
fault patterns, indicating that slight movement has occurred along these lines of weakness
since the Tertiary. Deposits are bedded on a decimetre- to metre scale, and can rarely be
seen to contain cross bedding structures. These indicate that the clasts have been
transported by an aqueous medium and deposited as bedload. Depressions on the tops of
beds may contain crystalline goethite, interpreted as an alteration product of fines ponded
on the tops of flows.

The in situ substrate on which the cangas are preserved is commonly heavily weathered.
As at Brockman, underlying shale units are goethitic in composition. Weathered BIF units
are typically hematite enriched, but still goethitic and siliceous (Fig. 18).

2.3.5 Mount Lois Site
Two sections have been visited to the north and west of Mount Lois, in the Weelumurra
valley.

The western section is exposed in a railway cutting (AMG 572751:7556330) adjacent to
the eastern bank of Weelumurra Creek. It comprises about 4 metres thickness of gravelly
conglomerate. It can be sub-divided into three units each of about 1-1.5 metres thickness
and separated by clay-rich layers (Fig. 19). The units extend over the length (hundreds of
metres) of exposure.

Individual beds within each unit comprise amalgamated and laterally discontinuous lenses
of conglomeratic and pisolitic hematite gravel. Some fossilised plant fragments are
recognisable in hand specimen. Some large scale cross-stratification is preserved in lenses
of the more pisolitic clasts. The basal unit is more fractured and goethitic than the
overlying two units.

The other site, at the base of the north slope of Mount Lois (AMG 575600:7557100),
comprises a tongue of relict ferruginous crust surrounded on three sides by breakaways.
The profile of the top surface of this crust rises smoothly to connect with the sloping
flanks of Mount Lois, indicating the form of the Tertiary landscape (Fig. 20).
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Figure 19.  Gravelly conglomerate containing fossilised plant fragments at Mount Lois. Conglomerate can
be sub-divided into three units each of about 1-1.5 metres thickness and separated by clay-rich
layers. The units are laterally extensive over the length (100's of metres) of exposure.

Figure 20. Ferruginous crust (arrows) rising smoothly SE (left) to connect with the sloping flanks of
Mount Lois, indicating the form of the Tertiary landscape.

The top of the rise is capped with about 2 mefres thickness of transported material
comprising pisoliths, detrital fragments and fossilised wood in a goethite matrix. This
crust overlies weathered McRae Shale(?).

2.4  Mount Margaret Area

2.4.1 Geology

Brockman Iron Formation rocks in the Mount Margaret area, like those of the Mount
Sheila area, are not systematically folded. The open valleys within this area are typically
floored at an elevation of about 600 metres by weathered basal Dales Gorge Member or
McRae Shale. Substantial scarps have been developed to the north and west, which has
resulted in the area being preserved as a high plateau with hills of remnant BIF. The
scarps are incised by a number of gorges (e.g. at Hugh Bluff and Roy Parsons Gorge)
which have been eroded from the level of the high plateau directly to the base level of
Weelumurra Creek and the Fortescue valley. In comparison, approaches to the Mount
Sheila area are mantled with sediments, and the ground rises gently to meet the hills.

17



Two different types of weathered surfaces are exposed here. The first is seen at the Mount
Margaret drilling site, which comprises a narrow and confined valley set in a synclinal fold
in the Joffre(?) Member (Fig. 21). On each side of the valley, spurs of weathered BIF are
preserved under canga caps. Along the margins of gullies separating the spurs, reasonably
complete sections are exposed. These sections show a weathering profile passing down
from fully mineralised BIF to relatively unweathered/un-mineralised BIF over ver’ucal
sections of about a few metres. Canga is patchily preserved over the spurs.

Mount Margaret

Inferred palaec-weathered zone (eroded)

T, 100 m

(approx 500 m

Weathered BIF
(hematite)

Weathered BIF ;

(goethitic}

Pisoliths, mature
detritus

Figure21. Schematic cross-section from Mount Margaret drilling site. Canga overlies weathered BIF.
The weathering profile passes down from fully mineralised BIF (hematite) to relatively
unweathered/un~-mineralised BIF over vertical sections of a few metres.

The second type is seen at Hugh Bluff and Roy Parsons Gorge, where the lowest parts of
the Dales Gorge Member and the top of the McRae Shale are exposed in the valley floors
(Figs. 22 & 23). These outcrops are heavily weathered and support a thin and patchy
cover of sediment. These sites offer the most extensive probable analogues of Tertiary
weathered terrain. The sides of these valleys and their surrounding hills have been
stripped of weathered cover, leaving relatively fresh BIF exposed.

2.4.2 Hugh Bluff Site

At Hugh Bluff, the base of the Dales Gorge Member is exposed in the floor of a broad
valley which is inclined gently down to the south and east, sub-parallel with the underlying
bedding. Hugh Bluff is truncated to the west by a scarp slope which has been penetrated
by gorges (Fig. 24).
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