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2. envIRonMent And HIStoRy oF tHe GWW

This chapter provides an overview of the topography, climate, geology, vegetation 
and recent land-use history—factors that play a pivotal role in determining the current 
carbon stock and carbon carrying capacity of the GWW. 

2.1 TOPOGRAPHY

The land surface elevation of the GWW rises from ~140 m near the southern and 
eastern boundaries to ~500 m above sea level to the west of Kalgoorlie (Figure 2.1). 
The region is characterised by broad flat ridges and broad flat valleys (Figure 2.2). 
There are no rivers to carry water to the sea. The watercourses are shallow and drain 
internally into chains of salt lakes from which the water evaporates.

Figure 2.1 Map showing elevation (above mean sea level) of the land surface in south-
western Western Australia. the GWW is outlined in green. Roads, towns and landmarks 
are also shown. 

Spatial data sources: see Table A1—Elevation, Roads, Towns. This figure incorporates Digital Elevation Model 
Version 3 and Population Centre data, which are Copyright Commonwealth of Australia (2008 and 1998 
respectively) and road location data that are Copyright State of Western Australia 2007.
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Figure 2.2 Map showing the topography of the GWW. Water courses drain into salt lakes, 
which are indicated by stippled patterning. Roads are shown as blue lines. 

Spatial data sources: see Table A1—Topo, Roads. This figure incorporates road location data that are Copyright 
State of Western Australia 2007.

Figure 2.3 Mean annual precipitation over the GWW. Mean annual rainfall (mm) based on 
the historical record is given in parentheses. 

Spatial data source: see Table A1—P. Mean annual rainfall source: Bureau of Meteorology (<http://www.bom.gov.
au/>). This figure incorporates climate data that are Copyright Commonwealth of Australia 2009. 



17

2.2 CLIMATE RANGE AND VARIABILITY

2.2.1 Precipitation

The rainfall across the whole of the GWW is low—ranging from approximately 350 mm 
yr-1 in the south to fewer than 250 mm in the north of the region (Figure 2.3). Rainfall can 
occur during any month of the year but there is more pronounced winter rainfall in the 
south-west, with decreasing seasonality (and total precipitation) to the north-east.

2.2.2 Temperature

The GWW experiences long, hot summers and short, frosty winters. The spatial variability 
in mean maximum (January) and minimum (July) temperatures is shown in Figures 2.4 
and 2.5. There is a gradient in maximum temperature with distance from the coast. 
During the summer, sea breezes have been observed in Kalgoorlie (360 km inland) at 
about 9 pm (Linacre and Hobbs 1977). Closer to the coast, the sea breeze has a greater 
cooling effect. Southern Cross experiences an average of 113 days above 30ºC each 
year and 11 days above 40ºC. In contrast, Salmon Gums experiences 63 days above 
30ºC and four days above 40ºC. The minimum (July) temperatures in Southern Cross 
and Salmon Gums are, however, very similar. Both these centres experience about 38 
frosty nights a year, while Kalgoorlie and Norseman experience, on average, 22.

Figure 2.4 Mean maximum daily temperature (tmax, January) over the GWW. Historical average 
values of tmax, along with the average number of days each year when  tmax exceeds 30ºC, 35ºC 
and 40ºC, are given in parentheses. 

Spatial data source: see Table A1—Tmax. Historical average value source: Bureau of Meteorology (<http://www.
bom.gov.au/>). This figure incorporates climate data that are Copyright Commonwealth of Australia 2009.
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Figure 2.5 Mean minimum daily temperature (tmin, July) over the GWW. Historical average 
values of tmin, along with the average number of frosty nights each year when tmin is less than 
2ºC and 0oC, are given in parentheses. 

Spatial data source: see Table A1—Tmin. Historical average value source: Bureau of Meteorology (<http://www.bom.
gov.au/>). This figure incorporates climate data that are Copyright Commonwealth of Australia 2009.

Figure 2.6 location of major lithological units within the GWW. 

Spatial data source: see Table A1—Lithology, Roads, Towns. This figure incorporates population centre data 
that are Copyright Commonwealth of Australia 1998, and geology and road location data that are Copyright 
State of Western Australia 2007.
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2.3 GEOLOGY AND SOILS

The GWW lies on four major lithological units (Figure 2.6): 1) granite-greenstones; 2) granite 
and mafic intrusive rocks; 3) igneous and metamorphic rocks; and 4) sedimentary and 
volcanic rocks. Two thin bands of mafic intrusive rocks traverse the central GWW. The 
granite-greenstone lithological unit contains the majority of Australia’s high-quality gold 
deposits (Henson and Blewett 2006) in addition to other heavy-metal deposits including 
nickel. The ancient, deeply weathered landscape has given rise to a range of soil types 
formed from alluvial (water-transported) and residual sediments, along with areas of 
exposed bare rock.

The 1:250 000 geological series of sheet maps published by the Geological Survey of 
Western Australia (2007) provide more detailed mapping of surface geology. (The index 
to these sheet maps is shown in Figure 2.7.) The surface geology depicted by these 
sheet maps was generally derived using a combination of field survey and aerial photo 
patterns, with much dependence on the latter in those areas that were inaccessible by 
four-wheel-drive vehicle (see Table A2).

Figure 2.7 Coverage of GWW by 1:250 000 geological series map sheets.

Data sources: see Table A1—Map Sheets and Table A2 for information extracted from the Explanatory Notes 
that accompany the map series. This figure incorporates map sheet Index250 data that are Copyright State of 
Western Australia 2007. 
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2.4 VEGETATION 

Surveys of the vegetation of the GWW region by Beard (1968, 1972, 1976) and the 
Western Australia Museum (Newby et al. 1984) identified six plant formations: 1) scrub 
heath; 2) broombush thicket; 3) rock pavement vegetation; 4) mallee; 5) sclerophyll 
woodland; and 6) halophytes (see Figure 2.8). The relationships between these plant 
formations, the dominant species and soil types are summarised in Tables A3 and 
A4. Soil type is an important determinant of species composition as it affects both 
the availability of nutrients and water storage (Brady and Weil 2002). Leached sands 
support low scrub heath vegetation (also known as Kwongan). Prominent species in 
these scrub heath shrublands belong mostly to the Proteaceae and Myrtaceae plant 
families, while eucalypts are absent. Broombush thickets (tall shrublands) are found on 
shallow, sandy soils and consist mostly of Casuarina, Acacia and Melaleuca species. 
Rock pavement vegetation includes a range of plant structures from lichens and 
mosses through to shrubs that occupy crevices where soil has accumulated. Mallee 
(multi-stemmed eucalypt) shrublands occur on both leached granite soils and deeper 
residual and alluvial soils. Sclerophyll (eucalypt) woodlands occur on the deeper soils. 
The understorey of sclerophyll woodlands is often lacking or is made up of a sparse or 
open shrub layer or layers or occasionally spinifex. The composition of the understorey 
shrubs reflects the soil type. Finally, the halophyte plant formation (consisting of succulent 
or semi-succulent low shrubs) is found on the highly saline depressions around salt lakes. 

Distributions of plant formations and the species that constitute them cannot readily be 
mapped over large areas without homogenisation of finer-scale spatial heterogeneity. 
Consequently, various classification schemes have been developed, including the 
schemes used by Carnahan (AUSLIG 1990) and the National Vegetation Information 
System (NVIS) (DEWHA 2005) for mapping the continent’s vegetation cover. Beard 
(1968) also applied a scheme to map the vegetation for the 1:250 000 printed map 
sheet series. 

Natural (1780s) vegetation and present (1980s) vegetation structural formations, as 
mapped by Carnahan (AUSLIG 1990), are shown in Figure 2.9. The vegetation structural 
groups form the framework of Table 2.1. Carnahan’s continental vegetation map 
(AUSLIG 1990) identified five vegetation structural groups in the GWW in both the present 
(1980s) and the natural (1780s) vegetation. More recent mapping by the National 
Vegetation Information System (NVIS 3.1; DEWHA 2005) identifies 14 major vegetation 
groups (MVGs) within the GWW (Figure 2.10). Based on that mapping, the areal extent 
of the MVGs in the GWW can be estimated using a Geographic Information System 
(see Table 2.2). We present the NVIS ‘extant’ vegetation layer in Figure 2.10, but not 
the NVIS ‘pre-1750’ layer. These layers differ only where vegetation has been cleared 
for agricultural crops. Thus, it might be assumed that the vegetation in the GWW has 
changed little in the past two centuries. As detailed below, however, extensive areas 
have been impacted on by fire, mineral exploration, pastoralism and timber cutting. Of 
these impacts, only timber cutting is well documented.
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Figure 2.8.  Major vegetation types in the GWW identified by Beard (1968).

Figure 2.8.2a Broombush thicket. Figure 2.8.2b

Figure 2.8.3a Rock pavement vegetation. Figure 2.8.3b

Figure 2.8.4c Mallee shrublands and woodlands. Figure 2.8.4d

Figure 2.8.1bFigure 2.8.1a Scrub heath.
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Figure 2.8.5a Sclerophyll woodlands. Figure 2.8.5b

Figure 2.8.5c Figure 2.8.5d

Figure 2.8.5e Figure 2.8.5f

Figure 2.8.6a Halophytes. Figure 2.8.6b Photos: S. Berry
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Figure 2.9a

Figure 2.9b

Figure 2.9 natural vegetation (a) and present vegetation (b) as mapped by Carnahan 
(AuSlIG 1990). the GWW study area is outlined in red. For growth form and foliage 
cover codes, see Figure 1.1. the alpha-numeric codes describe the dominant 
structural floristic cover. the first three (or occasionally four) characters describe the 
tallest stratum while the remaining character refers to the growth form of the lower 
stratum. the lower-case letters denote the predominant floristic type: b = Banksia; c = 
Casuarina (including Allocasuarina); e = eucalyptus; f = Fabaceae (including clovers 
and medics); w = Acacia; x = mixed or other; y = other grasses. 

These figures incorporate natural and present vegetation data that are Copyright 
Commonwealth of Australia 2003.
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Figure 2.10 extant vegetation cover of the GWW as mapped by nvIS 3.0 (see table A1).

This figure incorporates NVIS Version 3.0 data that are Copyright Commonwealth of Australia 2005.

We show the relationships between the classification schemes of Carnahan, the NVIS 
and Beard in Table 2.1. Although the schemes all classify the vegetation according to 
canopy height, canopy cover and floristic association of dominant taxa, the derived 
classes cannot be readily equated across schemes. 

table 2.1 Relationship between the classification schemes used by Carnahan (AuSlIG 1990) 
shown in bold, nvIS MvGs (deWHA 2005) and Beard (1968) shown in italics. Classes with green 
shading do not occur in the GWW.

Canopy height 
(m) and 

height class
Projective foliage cover of tallest stratum (PFC; %)

100–70 70–30 30–10 <10

10–30            M M4—closed forest
M3—open forest
MVG 3

M2—woodland
MVG 5, 6, 7, 8, 14
Sclerophyll  woodland

M1—open 
woodland
MVG 11, 14

5–10              l l4—low closed forest
MVG 15

l3—low open forest
MVG 4, 6, 7, 8, 14, 15?

l2—low woodland
MVG 5, 6, 7, 8, 14

l1—low open 
woodland
MVG 11, 13, 14

2–5                S S4—closed shrub
MVG 15 Broombush 
thicket Mallee

S3—open scrub
MVG 14, 15?, 16, 17, 18
Broombush thicket Mallee

S2—tall 
shrubland
MVG 14

S1—tall open 
shrubland
MVG 14

<2                  Z
Z4—closed heath 
MVG 15, 18 
Scrub heath

Z3—open heath
MVG 16, 17, 18, 22 
Scrub heath

Z2—low shrubland 
MVG 18, 22
Halophytes
 

Z1—low open 
shrubland
MVG 18, 22
Halophytes

<1                  H H2—hummock 
grassland MVG 20

<1                  F F2—open herbfield

F1—sparse 
open herbfield 
Rock pavement 
vegetation
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table 2.2 Areal extent of cover of nvIS Major vegetation Groups (version 3.0) in the GWW.

Major vegetation group Area 
(× 1000 ha)

4. Eucalypt low open woodlands 4.4

5. Eucalypt woodlands 8 377.1

6. Acacia forests and woodlands 299.7

7. Callitris forests and woodlands 4.6

8. Casuarina forests and woodlands 227.9

11. Eucalypt open woodlands 15.5

13. Acacia open woodlands 64.2

14. Mallee woodlands and shrublands 2 748.3

15. Low closed forests and tall closed shrublands 1 048.7

16. Acacia shrublands 748.6

17. Other shrublands 527.8

18. Heathlands 304.4

20. Hummock grasslands 332.4

22. Forblands 227.3

24. Salt lakes 616.4

25. Cleared, non-native vegetation, buildings 222.1

27. Naturally bare—sand, rock, claypan, mudflat 202.4

Total native vegetation cover 14 931.0

Total area of GWW 15 972.0

2.5 TIMBER CUTTING IN THE GWW

The timber resource of the GWW was pivotal to the development of the Eastern 
Goldfields. Between 1897 and 1969, the woodlands were cut to provide 22 million tonnes 
of timber and fuel wood for the mines of the Golden Mile (Kalgoorlie region), mostly to 
fuel the boilers to power mining machinery (Figures 2.11–2.13) (Western Australia Forests 
Department 1969). Additionally, the woodlands were exploited to provide timber and 
fuel wood to the Norseman goldfields, 2.2 million railway sleepers, 3.4 million fence posts, 
84 000 bean sticks and 110 000 posts, poles and bridge timbers (Western Australia Forests 
Department 1934–70). Salmon gum (Eucalyptus salmonifloia) and gimlet (Eucalyptus 
salubris) were the preferred species for timber cutting in the GWW. ‘Woodlines’—railway 
lines—were constructed to transport the timber to the mines in Kalgoorlie. Wood was 
also cut to fuel—continuously for 55 years—the six pumping stations of the Goldfields 
Water Supply Scheme between Cunderdin and Coolgardie. Approximately one-
quarter of the GWW (4.4 million ha; see Table 2.3) was cut over (estimated from the 
map shown in Figure 2.12), producing, on average, 10 tonnes of firewood per cut-over 
hectare (Western Australia Forests Department 1969). These figures indicate that the 
total eucalypt timber harvest could have been about 40 million tonnes. Sandalwood 
was also cut to provide raw materials for the production of incense, soap and perfumes 
(Western Australia Forests Department 1934–70). 
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Figure 2.11a

Figure 2.11 b

Figure 2.11c

Figures 2.11 timber cutting in the GWW was carried out principally by the Kalgoorlie 
Boulder Firewood Company. train loaded with logs (a); Horse-drawn carts stacked with 
wood, 1910. (b); and logs stacked by the woodline (c). 

Photos reproduced by permission of The Battye Library, State Library of Western Australia (image reference 
numbers: 005703D, 005705D, 005708D).
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Figure 2.12 Map showing the extent of timber cutting in the GWW. the area within the GWW 
that was not subjected to timber cutting is coloured pink. the timber-cut area is shown as a 
transparent overlay over the 1:50 000 scale map ‘timber tramlines and cutting areas in the 
Goldfields Region 1900–1975’ (Fd no. 1610, 1978), which identifies the location of woodlines 
and coupe boundaries. Roads (see table A1) are shown as blue lines.

This figure incorporates road location data that are Copyright State of Western Australia 2007.

 

 
Figure 2.13 timber harvested (tons) for fuel wood and mining from public land in the eastern 
Goldfields in the period 1898–1963. data from Forests department reports are shown in solid lines 
with black diamonds (fuel wood) and dashed lines with ‘+’ (mining timber). to estimate the total 
harvest of fuel wood, a linear interpolation between the reported values was used (shown by the 
dashed line). Before 1938, there is a linear relationship between fuel wood and mining timber 
(mining = 0.0438; fuel wood = 3245.8; R2 = 0.92) and this is used to estimate the mining timber 
consumption pre-1939 (also shown as dashed line). note: 1 ton is equivalent to 1.016 tonne.
Data from Forests Department reports compiled by Bianchi et al. (2008).
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table 2.3 Area within current (1993) land tenure types that was utilised for fuel wood and 
mining timber between 1900 and 1975.

land tenure type
estimated area affected by timber 

cutting between 1900 and 1975  
(ha × 1000)

total area 
(ha × 1000)

1. Aboriginal reserve 0 108

2. Aboriginal leasehold 22 252

3. Forestry reserve 38 120

4. other freehold 10 249

5. other leasehold 1 598 3 513

6. Mixed 9 9

7. nature conservation reserve 155 1 651

8. other 91 160

9. vacant crown land 2 402 9 859

10. Water reserve 42 44

total 4 367 15 965

Spatial data sources for calculations: see Table A1—Land tenure, timbercutting.

2.6 OVERVIEW OF ANTHROPOGENIC IMPACTS IN THE GWW

With the exception of the freehold land (cleared for cropping) on the western boundary, 
the GWW retains a cover of native vegetation. About half of the GWW, however, has 
been subjected to direct anthropogenic impacts of mineral exploration and mining, 
timber cutting and pastoralism (Figure 2.14) that have resulted in the thinning or removal 
of biomass. As discussed in Chapter 3, a consequence of these impacts is that the 
current carbon stock will be below the natural carbon carrying capacity. In Chapter 3, 
we also quantify the extent of another major agent of disturbance in the GWW: recent 
intense wildfire.
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Figure 2.14 Map showing area affected by timber cutting, mining and mineral exploration 
(indicated by the granite-greenstone lithology) and land-use change in the GWW. the 
index of 1:250 000 geological series map sheets is shown as an overlay. 

Reference: see Table A1—Map Sheet, Land Tenure, Lithology and Table A2. This figure incorporates Australian 
land tenure (1993) data that are Copyright Commonwealth of Australia 1993, and map sheet Index250 and 
geology data that are Copyright State of Western Australia 2007. 


