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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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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.
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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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