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COVER PHOTO

Previously mined and rehabilitated
area in the Upper Smoke Creek
catchment. Sediment retention
structures are prominent and larger
trees remain to enhance habitat
restoration.
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Overview of the area proposed for the alluvial mining programme.

The Smoke Creek drainage system is characterised by fringing riverine
vegetation and shallow anastomosing channels.

The high-level gravels forming the ore body range in thickness from
one to two metres.

The alluvial mining area is bounded on the west by low rises.

View across the downstream limit of alluvial mining operations.

Typical fringing vegetation in the proposed mining area.

A typical ‘profile’ in the area of mining.

Other areas proposed for mining contain a thin veneer of ‘topsoil” over
varying depths of alluvial sediment.

Where topsoil is present, it is stockpiled for use in the rehabilitation
programme.

Rehabilitation involves the re-spreading of topsoil or overburden
following area re-shaping.

Growth of sorghum halepense along an absorption bank.

Rehabilitation involves re-instating the Smoke Creck drainage line and
establishing conditions that promote habitat restoration.

Early growth in the Smoke Creek alluvial mining area rehabilitation
programme.

Good rehabilitation results achieved in the current alluvial mining area in
Smoke Creek indicate that these types of mining operations can be
managed successfully in terms of rehabilitation strategies.
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1.0

SUMMARY

This proposed alluvial mining programme is not a new mining venture but an
extension of an existing alluvial mining operation. This report deals only with
those issues arising out of this proposal and does not relate to issues deait with
under the original State Agreement.

Argyle Diamond Mines Pty. Limited proposes to mine alluvial diamonds from its
leases in the Kimberley Region about 200 km south of Kununurra.

The project is of relatively small size involving the removal of approximately
12 million tonnes of alluvial gravels from 282 ha over a five-year period. All
project infrastructure is in place and operational and the overall alluvial programme
forms part of the larger Argyle diamond mining venture.

Alluvial gravels will be mined and processed at the alluvial plant with reject material
being returned to the mining area. Fine waste will be pumped to a tailings dam.

Vegetation and habitats will be destroyed as a result of the mining operation but no
gazetted rare or endangered species are known to occur in the area

A comprehensive environmental management programme will be implemented at
the commencement of mining operations. The current alluvial mining operation has
allowed considerable experience to be gained in the rehabilitation of mined alluvial
areas and this experience will form the basis of rehabilitation programmes for the
proposed operation.

Overall environmental impacts of the proposed alluvial mining programme are not
significant and the project has a very high level of environmental acceptability.
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2.1

2.2

2.3

2.4

INTRODUCTION

LOCATION

The proposed alluvial mining programme is located in the Upper Smoke Creek
catchment within the Argyle State Agreement Area M259SA. The project is
approximately 200 km from Kununurra by road and 25 km south west of Lake
Argyle.

Regional location is shown in Figure 1 and the State Agreement Area boundary and
tenement details are shown in Figure 2. Site location characteristics are given in
Plate 1.

OBJECTIVE

The objective of this programme is to extract known alluvial diamond deposits from
the Smoke Creek drainage system and adjacent terraces. The current alluvial
mining programme and2 associated approvals will end in September, 1991 and this
new programme will allow alluvial mining to continue through to 1995.

THE PROPONENT
The proponent for the proposed alluvial mining programme is:

Argyle Diamond Mines Pty. Limited,
Private Bag No. 11, P.O,,
WEST PERTH. W.A. 6005

The Argyle Diamond Joint Venture (ADMIJV) was established in 1982 to provide
for the development, mining and management of the diamond interests of the
participants. Australian resource-based CRA Limited holds 56.8 per cent of
ADMIV through wholly—owned subsidiary Capricorn Diamonds Ltd. Ashton
Mining Limited holds 38.2 per cent of ADMIJV directly and through wholly-owned
subsidiaries. The balance of five per cent is held by the Western Australian
Diamond Trust. Since 1989, CRA Limited and Ashton have held 97 per cent of the
units in the WADT with Ashton Mining Limited acting as Trust Manager.

The manager of ADMJV is Argyle Diamond Mines Pty. Limited (ADM), a
wholly—owned subsidiary of CRA Limited which operates the mine under a
management agreement. CRA Limited has wide experience in the management of a
variety of operations in the resource sector.

TIMING OF THE PROJECT

Under the current approved mining programme, the alluvial ore resource will be
exhausted by September 1991 and the proposed new alluvial mining programme
will commence at this time.
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PLATE 1

(@)  Overview of the area proposed for the alluvial mining programme. The
downstream limit of mining for this programme extends just past the end of
the old airstrip.

The Smoke Creek drainage system is characterised by fringing riverine
vegetation and shallow anastomosing channels.
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EXISTING FACILITIES

The Argyle diamond mine alluvial mining programme has been operating for the
past three years and the existing facilities are commensurate with such a
programme.

The transport, processing and waste disposal facilities all remain unchanged.
However, as mining progresses, the distance to haul the ore for processing will
decrease. A new alluvial tailings dam was recently approved and is currently under
construction adjacent to the process plant. A new load station is proposed for the
processing plant and this is outlined in Section 3.5.

Operational workforce, schedules, and infrastructure are in place as part of the
current alluvial mining programme and no changes are planned.

STATUTORY REQUIREMENTS

The proposal for a new alluvial mining programme was submitted to the
Department for State Development under the terms and conditions of the Diamond
(Argyle Diamond Mines Joint Venture) Agreement Act 1981. The proposal, which
constituted a brief summary of the project, was submitted to the Environmental
Protection Authority for determination of the level of assessment. The EPA
determined that the proposed alluvial mining programme would be formally
assessed under S40 of the Environment Protection Act 1986, and set the
assessment level at Consultative Environmental Review (CER).

On completion, the CER will undergo public review for a period of four weeks.
The proponent will respond to submissions received as a result of public review
and the document, together with the proponent’s responses will then be assessed
by the EPA who will report to the Minister. Subject to appeals, the Minister will
set conditions based on the proponent’s commitments and recommendations of the
EPA. Final approval for the project will be given by the Minister to the decision-
making authority which will then issue the proponent with authority to proceed.

PROJECT SCOPE

The Argyle diamond mine alluvial mining programme is of relatively small size and
of five years’ duration. The project involves the mining of alluvial
diamond-bearing gravels in the Upper Smoke Creek drainage system, and as such
represents an extension of the current alluvial mining operation.

The major components of the operation are:

* Site preparation including the removal of topsoil, alluvial overburden where
present, and vegetation from the mining area;

* Mining of the gravels by hydraulic shovels, field scalping of coarse material,
and the transport of ore to the alluvial plant for processing;

*  Return of reject material to the mining face and disposal of fine waste in the
alluvial tailings dam;

* Rehabilitation of the mined area.
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It is anticipated that further alluvial gravels will be upgraded to a ‘proven’ resource
during the next five years, and subsequently further approvals for mining will be
sought.

PREVIOUS INVESTIGATIONS

The Argyle diamond mine State Agreement Area and surrounding lands have been
the subject of a wide range of investigations since 1979. As as result of these
investigations, Argyle Diamond Mines Pty. Limited have contributed extensively to
an environmental data base and to an understanding of this part of the Kimberley
Region generally.

Randolph and Ackerman (1979) carried out early studies on Aboriginal
ethnography on the Argyle lease area and this work has subsequently been
supplemented on a broader scale by Palmer & Williams (1980), Humbree (1983),
O’Connor et al. (1989), Troilett (1982), Kirkby (1985), O’Connor (1991) and
Quartermaine (1990, 1991).

The original ERMP for the Argyle diamond project (Dames & Moore 1982)
established an excellent basis on which to develop an ecological understanding of
the Argyle Project Area. Since 1982, many investigations and surveys have been
completed in association with both project development and regional development.

Various aspects of both local and regional vegetation have been studied by a
number of workers. Weston (1980, 1991a, 1991b) has made a significant
contribution to an understanding of project area vegetation and flora. The fauna of
the project area has been examined by Ninox Wildlife Consulting [1991(a),
1991(b)].

Significant contributions to regional knowledge have been made by a number of
workers including Stewart etal. (1970), Woinarski (in edit), Forbes & Kenneally
(1986) and Kabay and Burbidge (1975).

The proposed alluvial mining project involves a total area of less than three square
kilometres over a five-year period. The project is not large but as usual for such a
proposal, discrete investigations rely heavily on previous work in the area for
background information. The site-specific and discrete field studies generally
confirm the trend of the regional knowledge.

This alluvial mining project lies well within the limits of an envelope encompassing
contemporary understanding of both the human and bio-physical environments of
the Kimberley region generally.

SCOPE OF THE REPORT

This report deals only with those issues arising out of this proposal and does not
relate to issues dealt with under the original State Agreement. As such, the report
describes the project and the environment of the project area, it identifies potential
impacts, and outlines management strategies for protection and conservation of the
environment.
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PROJECT DESCRIPTION

INTRODUCTION

The alluvial mining programme involves the mining of approximately 11.99 million
tonnes of alluvial gravels over a five-year period commencing in September, 1991.
The total area to be mined is approximately 282 ha of which some 91.67 ha are
composed of high-level terraces. The proposed alluvial mining area and existing
project infrastructure are shown in Figure 3, and Plates 2 and 3.

ALTERNATIVES

The location of the proposed alluvial mining programme is dictated by the presence
of diamond-bearing gravels and accordingly there are no options available in terms
of project location.

The mining programme will contain a degree of flexibility within the area to be
mined each year. This inbuilt flexibility is necessary to counter considerable
variability in ore body grades and as a result, the location of the mining face may be
discontinuous. There is also a need for flexibility to counter adverse drainage
situations where outside catchments discharge to the mining area resulting in
flooding of the working face.

SITE PREPARATION
Site preparation involves a number of operations and these are outlined below:

(1)  Prior to any kind of site disturbance, the area to be mined will be inspected
and any species of vegetation present that are listed as rare or endangered,
priority species, or are recorded as being significant, may be tagged for
protection. In addition, single trees and clumps of trees will be tagged for
retention in the mining area.

(1) Once key species have been identified and tagged, all other vegetation will
be removed from the area and placed in windrows.

(i)  If topsoil is present, this will then be removed and stockpiled adjacent to the
mining area.

(iv) Where overburden is present, this will be removed and stockpiled
separately from topsoil. Issues associated with the management of alluvial
overburden are discussed elsewhere in this report.

The key feature (of site preparation) is that site preparation is progressive and
involves an operation that advances with the mining face in accord with rate of
mining. At no time will large areas of land be denuded in advance of mining and
the “cleared area’ front would normally precede the ‘mining’ front by only 100 m.
In the event that field screening is not possible across the alluvials, the area cleared
may be up to 400 m downstream of the mining front.
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PLATE 2

The proposed mining area contains discrete blocks of high-level gravels in addition
to the alluvial deposits along the Smoke Creek drainage line. The high-level gravels

shown here range in thickness from one to two metres below a thin veneer of
surface material.




PLATE 3

(a) The alluvial mining area is bounded on the west by low rises and low
terraces. Typical is this area on the western edge of Block C3.

(b)  View across the proposed downstream limit of alluvial mining operations.
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MINING

Mining involves the removal by excavator of all alluvial gravels plus the top
150 mm of bedrock. The mined material will be fed through a mobile field
screening unit located at the mining face. This field screening unit is planned to
commence operation in June, 1991 and once the unit is in place, all +20 mm
material will be returned directly to the mined area. The field screening plant has
also been designed to remove -1.2 mm gravels, however the quantities removed in
the field will depend on the material to be treated. It is expected that an average of
30% may be removed in the field. The -20 mm +1.2 mm will be transported to the
alluvial plant for processing. The proposed mining schedule is set out in Table 1
and shown in Figure 4.

TABLE 1

Mining Areas and Schedule

Tonnes of
Area Ore

Year Block Code (ha) (t)
1991 C3 5.61 248,000
1692 C3 64.72 2,863,000
Cc4 842 336,000
1993 Cc4 68.74 2,953,000
1994 Cc4 4278 1,863,000
Al 28.61 1,221,000
1995 Al 63.06 2,510,000

1. Total area to be mined in five-year programme : 281.9 ha
2. Total alluvial ore to be mined :  11.99 million tonnes

Mining Summary

Year Area(ha)  Tonnes (t x 106)
1991 5.61 0.248
1992 73.14 3.199
1993 68.74 2.953
1994 71.39 3.084
1995 63.06 2.510
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PROCESSING

Processing is essentially a sizing operation followed by a density separation stage.
At the front of the plant, the ore passes over sizing screens where the oversize
material is removed. The remaining material then passes through a rotary scrubber
where the soil aggregates are broken down. Following scrubbing, all the ore is
sized to three fractions:

a)  material larger than 15 mm
b)  material smaller than 1.2 mm, and
C) material between 15 mm and 1.2 mm.

After sizing, the ore larger than 15 mm goes to waste and is returned to the mine
face. Any material smaller than 1.2 mm is pumped to the tailings dam as a slurry.
The remaining ore (between 15 mm and 1.2 mm) goes on to density separation.
All waste from the density separation (+1.2 mm, -15 mm) is added to the +15 mm
waste to go back to the mine face.

The concentrates from density separation are then further treated using magnetic
and x-ray separation techniques. Finally, water used in the density separation is
pumped to the mine tailings sump where it joins any material -1.2 mm to be
pumped to the tailings dam. Water is recovered from the dam via a return water
pond and re-used in the process plant.

In December 1991, a new Load Station is to be installed which will change the
plant processing circuit. At the new front end, the gravels will pass over sizing
screens where oversize material is removed, the remaining -15 mm +1.2 mm
material then proceeds to the density separation circuit. The new circuit bypasses
the scrubbing circuit.

FACILITIES AND INFRASTRUCTURE

The proposed five-year alluvial mining programme is an extension of the current
alluvial mining operation. Accordingly, all infrastructure and facility requirements
are in place and operational, and there will be no requirement to change the present
mode of operation, other than to modify and upgrade the processing circuit to
improve operational efficiency.



4.0

4.1

THE EXISTING ENVIRONMENT

REGIONAL SETTING

The project area is located in the Halls Creek Province within the morphotectonic
Kimberley Region of Western Australia. The Halls Creek Mobile Zone is an early
Proterozoic geosynclinal sequence of sediments that has undergone high-grade
metamorphism. The region as a whole is characterised by complex faulting and
folding.

The Argyle diamond mine is located in the upper reaches of Smoke and Limestone
Creeks. The proposed alluvial mining area starts approximately 5.5 km north-east
of the AK1 mine and extends downstream along Smoke Creek for a distance of
approximately 2.5 km.

The project area falls within the Koeppen semi-arid climatic region in which there is
at least one cool month and a dry winter (Gentilli, 1972). In terms of landuse
zones, the area falls within the northern semi-arid pasture region. This region is the
drier inland extension of the Monsoon Zone and rainfall is almost exclusively
summer.

Weather data spanning approximately 11 years has been developed at the Argyle
mine site. Regional climatic data are given in Table 2. Local rainfall data for the
preceding six years are presented in Table 3.

Because of project location, summer rainfall often occurs in short- duration, high-
intensity storms. The erosivity of rainfall resulting from summer thunderstorms is
well documented (Hudson 1973, Lal 1977) and high rainfall erosivity and high
intensity play a major role in the design of environmental management
programmes.

GEOLOGY AND LANDFORMS

The proposed alluvial mining area is located in the upper reaches of the Smoke
Creek drainage line with smaller areas located on higher level terraces adjacent to
the existing watercourse.

The gravels are of quaternary age and are underlain by various lithologies of the
Ragged Range Conglomerate. The alluvial deposits generally consist of two
horizons:

(i) gravel in a sandy matrix, loosely to moderately compacted, and
(i)  gravel in a clay matrix, moderately to well compacted.

Landforms of the project area are dominated by the Smoke Creek channel and flood
out areas that have an average width in the proposed area of mining of 500 metres.
The high level terraces adjacent to the existing drainage system represent paleo
drainage systems. These terraces have gently summital convexities and rise
approximately six metres above the Smoke Creek system.



TABLE 2

Regional Climatic Data

Summary
Turkey Halls
Parameter Wyndham(D) Kununurra Creek Creek

Mean Temperature

Maximum 35.5 35.4 353 33.8

Minimum 23.1 21.5 20.2 19.9
Mean Relative Humidity (%)

0900 hours 46.0 36.0

1500 hours 33.0 26.0
Mean Rainfall (mm)

Annual 735 813 681 517

No. of wet days 63 64 58 62
Mean Evaporation (mm)

Annual 2800 3097 3301
Source: Bureau of Meteorology
Notes: (1) New Site - established 1983

TABLE 3
Argyle Mine Site - Rainfall Data
Month 1985 1986 1987 1988 1989 1990

January 68.7 237.7 287.0 72.6 91.6 135.3
February 85.3 43.6 229.7 79.1 82.8 67.4
March 139.0 11.0 0.0 90.4 310.8 68.0
April 21.5 0.0 3.6 0.6 7.4 13.4
May 0.0 0.0 0.0 25.0 0.0 0.0
June 7.0 20.8 4.6 0.0 0.0 0.0
July 0.0 28.2 0.0 0.0 0.0 0.0
August 0.0 0.0 0.0 0.0 0.0 0.0
September 0.0 5.2 3.6 4.0 0.0 2.8
October 42.4 11.4 20. 19.0 0.0 6.4
November 24.4 33.2 80.0 51.2 13.8 47.8
December 110.2 17.0 159.0 194.0 109.0 62.8
Year 498.5 408.1 788.3 535.9 615.4 403.9

Source:  Argyle Diamond Mines Pty. Limited
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SOILS

The soils of the proposed alluvial mining area are typical alluvial soils in that they
tend to be medium- to coarse-textured, generally lack coherence, but may be
weekly pedal in some localities. The soils do not have uniform depth along the
drainage line and surface material may range from a depth of 15 c¢m to a depth of
200 cm before gravels occur.

As a general rule, the alluvial soils show little pedologic organisation, but the
surface horizon (10-15 cm) is a valuable resource for rehabilitation programmes.
In many instances, apparent horizonation within the solum is not pedologic
development but rather stratification reflecting depositional history.

Away from the drainage line both lithosols and chocolate soils occur. Principal
profile forms (Northcote, 1971) are typically Ucl.23 and Um1.44 indicating
uniform coarse- and medium-textured soils, with little profile development.
Um1.44 soils are best described as firm shallow siliceous loams and Uc1.23 are
essentially shallow siliceous sands.

The chocolate soils are texture contrast soils, dull reddish brown in colour with
fabrics ranging from weakly pedal to massive or earthy.

HYDROLOGY

The surface hydrology of the proposed mining area is complex in that catchment
areas externally to the area to be mined contribute to local hydrology.

The Smoke Creek system is ephemeral and generally only flows during the period
November through to March. Even in this time span, discharge is irregular and
totally dependent on the distribution and nature of rainfall events in the local area.
As noted above, runoff may occur in Smoke Creek as a result of rainfall
occurring in a catchment area away from the immediate area. This external
contribution to the discharge complicates the dynamics of the hydrologic regime in
terms of sediment load and water yield.

The Smoke Creek drainage system in the area proposed for mining is not deeply
incised and consists of a series of anabranches. These are at times discontinuous
and the preferred flow channel in any one year is a function of debris levels,
regrowth along the system, and the volume of discharge.

VEGETATION AND FLORA

4.5.1 Introduction

Surveys of the vegetation and flora of the Smoke Creek Project Area were
carried out in mid-January 1991, at the beginning of the wet season, and
in late March 1991, at the beginning of the dry season. Notes were made
at approximately 100 sites during the surveys, and the locations of the
sites were recorded onto aerial photographs.

4.5.2 Vegetation

The vegetation of the Project Area is described by Weston (1991) in terms
of the vegetation complexes and their component vegetation associations

10



originally described for the Smoke Creek system (Weston 1980) and later
for the Argyle Diamond Mines area (Dames & Moore 1982), including the
Smoke Creek system.

The distribution of six vegetation complexes and 18 vegetation
associations is shown by Weston (1991) at a scale of 1:10,000 in his
Figure 2, and the units are listed in his Table 1, along with the dominant
species of the associations. Weston's table and his vegetation map
covering the Project Area are reproduced here as Table 4 and Figure 5,
respectively.

One of the complexes and a few of the associations mapped and described
by Weston (1991) are outside the area proposed for alluvial mining and
would not be affected by the mining or activities associated with it.

The vegetation of the area proposed for mining and other vegetation that
might be affected by activities associated with the mining are basically of
the following three types:

*  Low riverine forest of Bendee trees (Terminalia bursarina) and
occasional larger trees and small groves of Lophostemon
grandiflorus, Terminalia platyphylla and, to a lesser extent, River
Gum (Eucalyptus camaldulensis) bordering the main channels (see
Plate 4), and in them,

* A variable and intergrading mosaic, often of small patches, of
woodlands, savannas and grasslands characterised by Baobabs
(Adansonia gregorii), bloodwoods (Eucalyptus polycarpa,
E. opaca), Cabbage Gums (E. confertiflora), Silver-leafed Box
(E.  pruinosa), species of Terminalia (Terminalia platyptera,
T. canescens), paperbark (Melaleuca nervosa, M. minutifolia), Curly
Spinifex (Plectrachne pungens) and other grasses (Aristida
hygrometrica, Aristida spp., Whiteochloa biciliata, Eriachne sp.) on
alluvial flats and islands, and

*  Low tree curly spinifex savanna and thickets dominated by Snappy
Gums (Eucayptus brevifolia), bloodwoods (E. durackiana/
coniophloia), wattles ( Acacia retivenia, A. acradenia), Caustic Bush
(Grevillea dryandri) and Curly Spinifex (Plectrachne pungens) on
slopes and higher stony ground.

None of these vegetation units or other Project Area vegetation either
inside or outside the Project Area sensu stricto is exceptional or have
special significance.

Associations and other vegetation units are considered to be exceptional or
have special significance if they:

*  are rare, either within the phytogeographical zone within which the
survey area lies or, more importantly, throughout the range of the
association,

* occur only within a restricted area,

*  have been little recorded, or

*  are, for any reason, in need of special protection.
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Table 4

Vegetation Complexes and Associations of the Smoke Creek Project Area

Map
Symboel Complex Association Dominant Species Sample Sites(199])
A RIVERINE COMPLEX
(1) Mixed Fringing Forest 21
Eucalyptus camaldulaensis, Lophostemon grandiflorus, Terminalia platyphylla
2 Bendee Low Riverine Forest 9, 13, 19, 56
Terminalia bursarina
(3) Mauve Sand Grass Tall-grass Savanna F
Whiteochloa biciliata, Aristida hygrometrica
4 Watttle/paperbark Low Woodland 36
Acacia holosericea, Melaleuca nervosa, M. minutifolia
B LEVEES/TERRACES COMPLEX
(6) Three-awn Tall Bunch-grass Savanna F
Aristida hygrometrica
7 Baobab/Rough-leafed Cabbage Gum Low Tree Bunch-grass Savanna 20, 31
Adansonia gregorii, Eucalyptus confertiflora, Aristida hygrometrica
7t with Terminalia spp. dominant instead of eucalypts 55
8 Mixed Low Tree Bunch-grass Savanna 22
Eucalyptus opaca, Terminalia arostrata, Lysiphyllum cunninghamii,
Chrysopogon pallidus, Dichanthium fecundum, Aristida ingrata, Heteropogon contortus
C PLAINS COMPLEX
10 Wing-seed Terminalia Curly Spinifex Low Tree Savanna 55
Terminalia platyptera, Plectrachne pungens
13 Silver-leafed Box Curly Spinifex Low Tree Savanna 8, 12, 13A, 17, 27
Eucalyptus pruinosa, Plectrachne pungens, Eriachne cf. obtusa
14 Terminalia canescens Steppe Woodland 1B, 18, 22, 25, 30
Terminalia canescens, Plectrachne pungens, Aristida spp.
D CRACKING CLAY GRASSLANDS COMPLEX 7. 57
Dolichandrone heterophylla, Terminalia volucris, Cassia sp.,
Chrysopogon ? pallidus, Neptunia ? dimorphantha
E HILLS COMPLEX
19 Snappy Gum Curly Spinifex Low Tree Savanna 1,6, 14, 32, 42, 63
Eucalyptus brevifolia, Plectrachne pungens
19e:  Eucalyptus brevifolia replaced by E. coniophloia &Jor E. durackiana as dominant
20 Wattle Thickets 2, 18B, 29, A
Acacia retivenia, A. acradenia
F MOUNTAINS COMPLEX
(22) Kimberley Gum Low Tree Steppe

Eucalyptus confluens, Plectrachne pungens, Triodia sp.

Source: Weston (1991)
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