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SUMMARY

Climate, vegetation, geology, soils and land use were
investigated in an area of basalt soils supporting predominantly
softwood scrub and layered open forest vegetation in part of the
Linthorpe and Ashall Creek catchments of the eastern Darling Downs.
The soils were compared with those supporting grassy open forest
and open woodland vegetation in the surrounding basaltic uplands
region .

Significant differences were found in the climate,
vegetation and geology of the scrub and forest areas. Fifteen soil
series, five phases, two variants and three miscellaneous soil
groups were identified . The majority of the soils were cortmnon to both
scrub and forest areas. No consistent differences were observed in
profile morphology or in physical attributes of comparable soils
of the two areas. Extractable phosphorus and replaceable potassium
are significantly higher in the scrub soils than in the forest
soils.

	

However, as the levels in the soils of both areas are more
than adequate for crop growth, these differences are not agriculturally
important .

The study indicated that the distribution of scrub
vegetation in the eastern Darling Downs reflects differences in
geological activity, rates of erosion in the two areas, the complex
effects of climatic changes and the influence of early man and fire .
It was found that the different vegetation types had no influence
on morphological and physical attributes of the soils formed on
basalt in the areas investigated .

The study concluded that the basalt soils supporting
softwood scrub in the Linthorpe and Ashall Creek area could be managed
similarly to those soils of the forest basalt area in the basaltic
uplands of the eastern Darling Downs.



Open forest and woodland communities with areas of
grassland dominate the landscape o£ the basaltic uplands of the
eastern Darling Downs . Within this region, several areas of layered
open forest and vine forest occur as shown in Fig 1.1 . Some of
these latter areas are associated with soils developed entirely
on basalt, while others occur on soils of mixed basalt/sandstone
origin . In the latter situation, the soils on the ridges are generally
developed on pure basalt while the soils of the lower pediments and
colluvial slopes are of mixed origin .

The objectives were :-

INTRODUCTION

This report describes an investigation of the soils and
land use of that area of pure basalt soils which occupies part of the
Linthorpe and Ashall Creek catchments of the eastern Darling Downs.

-

	

to identify and classify these soils into groups with
similar agricultural management requirements, and to
establish land use limitations and management recommendations
for these groups,

	

and

-

	

to identify any significant differences between the soils
of this area and the surrounding basalt areas .

All of the areas of layered opep forest and vine forest on
the eastern Darling Downs are commonly referred to as 'scrub' . The
Linthorpe area was recognized as having a scrubby vegetation community.
Although the use of the term 'scrub' to classify these types of
vegetation communities is incorrect (Webb, 1968), its common usage
to describe these vegetation/soils associations necessitates its use
in this report .

	

it is thought that grasses establish more easily in
these scrubby areas (Gaunon and Hinds, 1977) and that lighter
texture, finer structure and better fertility are features of the
scrub soils.

The Land System study of Vandersee (1975) and the soils and
land use studies of Thompson and Beckmann (1959) and Beckmann and
Thompson (1960), while identifying the occurrence of scrub and
forest vegetation on basalt, did not differentiate and map separately
the soils of the two vegetation communities . This more detailed
study, similar to that of Vandersee and Mullins (1977), was considered
necessary to obtain the required information for detailed soil
conservation and land use planning in the scrub areas occurring
on pure basalt .



2,1

	

SELECTION OF AREA :

2 .

SURVEY METHODS

The basalt soils supporting scrub vegetation in the
Linthorpe and Ashall Creek catchments north of Pittsworth (see Figure
1.1) were selected for the survey, as they represented the largest
area of scrub in the eastern Darling Downs . The boundaries of the
survey were defined on the purity of the area and on ease of
location in relation to roads .

Some soils locally regarded as scrub soils were included
in the survey area although they have not supported scrub
vegetation in Recent: time .

The history, land use, physiography, drainage and climate
of the study area were described .

2 .2

	

DATA COLLECTION :

2 .2 .1 VEGETATION :

A comprehensive plant collection was undertaken in several
relatively undisturbed areas, as well as in those sites considerably
altered by man and fire . This collection was identified and
specimens were stored in Toowoomba by the author for local reference.
Many species common in the area-were also recorded although
specimens were not collected.

The vegetation communities were classified according to
Specht (1970) and Webb (1959) .

2 .2 .2 GEOLOGY :

The basalts of the area were investigated by sampling rock
outcrop along traverses from valley floor to ridge crests, in
quarries, or where outcrop occurred in creek beds and along roads .

Samples were collected and labelled in relation to location
and elevation . Thirty two samples were analysed in thin section
and the results are reported by van der Zee and Macnish

	

(1979) .
Centres of extrusive and intrusive activity were also identified.

2 .2 .3 SOILS:

A computer was used for all data storage and manipulation,
and information was collected in a fowl compatible with electronic
data processing techniques . Site data were collected in relation to
a fixed grid keyed into the Australian Map Grid . The sampling grid
measured 312 .5 m north-south and 250 m east-west, and was set up by
computer techniques and initially superimposed on the West Toowoomba
1:7920 Topographic Series map sheets . The grid was then transferred
using common points and intermediate scaling methods, onto the 1965
Toowoomba 1:25 000 (approx . scale) black and white aerial photographs .



3.

The grid intersections iden`.ified 583 sites in the scrub
area . All sampling in the forest area was done on a random basis .

Data were collected and stored as both site and areal data .
The areal data collection will be the subject of a future paper.

The site data recorded for all 583 sites in the scrub area
included information on location, landform, geology, slopes, soil
profile morphology, land use, vegetation and other characteristics
as listed in Microfiche I. Each grid intersection constituted a
'site', and was described in code using a format {Dawson, 1976)
which had been modified from earlier surveys in which it had been
used to record land system information . The codes used are listed
in Microfiche 1 .

	

The format is presented in Appendix I and specific
code interpretations are discussed in Appendix Ib .

The soils were classified into Great Soil Groups according
to Stace et ai . (1968), into Principal Profile Forms according to
Northcote (1974)

	

and provisionally into the soil series of Thompson
and Beckmann

	

~1g59) . The soil description terminology of U .S .D .A .
(1951) was used. .

Fifty four sites were randomly sampled in the forest basalt
upland area extending from Toowoomba to Allora and westward towards
the survey area and site information only (Cards l, 3 and 6 of
Appendix I) was recorded .

All site cards were punched, edited and errors corrected .
In addition to the above, many profiles were examined in both the
scrub and forest areas to ensure that the soil variability of both
areas was being adequately covered by the sampling methods used .
Profile descriptions were not recorded for these sites.

Both surface soil and complete profile samples were
taken for chemical and physical analysis .

Bulked surface samples were obtained by taking four 0 - 1Ocm
samples at each site with a tube sampler, bulking, air-drying, and
then grinding to < 2 mm .

	

The samples were collected 1 m north, south,
east and west of each site except when virgin gilgaied soils were
sampled. Here, the bulk samples were collected from either the
depression or the mound, according to which profile was described.

Bulked surface samples from 141 randomly selected scrub
sites, and 49 comparative forest basalt sites, were chemically
analysed for pH, electrical conductivity, chloride, organic
carbon, total nitrogen, acid and bicarbonate extractable phosphorus
and replaceable potassium.

Bulked surface samples from nine representative sites of
the Purrawunda and Irving Clays in both the scrub and forest areas were
also collected for infiltration tests using simulated rainfall
(Anon. 1969) . These samples were also tested for dispersion and
aggregate stability (Loveday and Pyle, 1973), dispersal index
(Pitchie, 1963), and aggregate size distribution by wet and dry
sieving.

Seventeen profiles considered to be representative of the
major soil series in the scrub area, and five profiles from the
forest area, were selected for detailed chemical analysis . The soil
series chosen were biassed towards the important agricultural soils.
The profiles were sampled at standard depths of 0-10, 10-20, 20-30,
50-60, 80-90, 110-120 and 140-150 cm . The samples were air dried
and ground to < 2mm. Sampling depths were adjusted where necessary
to ensure that no sample contained soil from more than one horizon .



The profile samples were analysed for pH, electrical
conductivity, chloride, air dry moisture, particle size distribution
cation exchange capacity and exchangeable cations, 1/3 and 15 bar
water, total phosphorus, potassium and sulphur, organic carbon, total
nitrogen, acid and bicarbonate extractable phosphorus and replaceable
potassium.

Details of the analytical methods used are given in
Appendix 11 and rating categories for the more important chemical
attributes are shown in Appendix 111 .

2 .2 .4

	

LAND MANAGEMENT :

Information was collected from farmers in the area on
cultivation techniques, row spacings, contour bank and waterway
management, soil erosion, fertilizer use, crop response and yields,
grass establishment and the time delay and workability of soils
following rain .

Farmers were also asked if they recognized significant
differences between soil series in relation to cultivation and
cropping .

	

Information was collected on crop types grown and on any
varietal preferences for soil series in the scrub area .

2 .3

	

DATA INTERPRETATION :

2.3 .1

	

SOIL CLASSIFICATION AND MAPPING :

Computer sorting of both morphological and chemical data
was used to further classify the marginal soils according to the
soil series of Thompson and Beckmann

	

(1959) and Reeve et . al . (1960) .
This involved sorting on major profile attributes such as texture,
depth, structure, colour and pH and assigning the sites to the
soil series with which they had most in common . This allowed a more
accurate definition of new soil series phases and variants . The
typical range of profile attributes found for each soil series was
then described, and their agriculturally important physical
attributes were summarized .

The soils were mapped into soil associations at 1 :25 000
scale. Aerial photograph interpretation was done using 1975
Toowoomba 1:31 680 (approx. scale) black and white photographs .
A technique using a colour photo as the second photograph o£ the
stereo pair was used for mapping.

	

The colour tones, when
superimposed on the black and white image, greatly enhanced interpret-
ation. The aerial photographs marked with the sampling grids and the
interpreted soil boundaries were stored for permanent reference.

During photo interpretation, constant cross-checking
was maintained with the site records to ensure that no major errors
occurred . Soils occupying small areas, which could not be adequately
represented at final map scale, were mapped in the appropriate soil
association . The agriculturally important chemical attributes of
the major soil series were summarized .



5 .

2.3 .2

	

COMPARISON OF SCRUB AND FOREST SOILS :

Scrub and forest soils were compared using morphological,
physical and chemical results for both surface and profile soil
samples .

	

in some cases, analytical results were not uniformly
available for all soil series, and so the comparisons were based on
the major soil series .

2.3 .3

	

AGRICULTURAL MANAGEMENT UNITS:

Soil series with similar chemical and physical attributes,
or specific management requirements, were grouped into agricultural
management units.

Soil factors significant in farm management including
texture, structure, depth, soil water storage capacity, fertility,
and workability were considered in deriving these groupings .

2.3 .4

	

SOIL CONSERVATION AND LAND USE REQUIREMENTS :

Field observations, both during and following rain,
as well as information collected during farmer interviews, were
used to determine soil conservation and land use requirements for
the agricultural management units.

The physical characteristics of the soil series were
used to determine land use restrictions in the scrub area . Physical
and chemical soil data as well as crop and pasture management
practices in the scrub area were used to identify specific
requirements for the agricultural management units.



3.1 LOCATION .

The survey area (see map 1) covers approximately 4 500 ha
of part of the Linthorpe and Ashall Creek catchments, and lies 34 km
south-west of Toowoomba and 5 km north of Pittsworth on the eastern
Darling Downs, Queensland . The nearest township is Mt . Tyson,
4 km to the north-west .

Thirty eight landholders were included in the survey area
and property sizes ranged from 64 to 395 ha, with the average size
being 154 ha .

3.2

	

HISTORY AND LAND USE :

6 .

THE SURVEY AREA

The area was first settled in 1840 when Patrick Leslie
brought large flocks of sheep to the Darling Dooms. The survey area
occupies part of the original large pastoral holding of 73eauaraba .
Agricultural activities appear to have commenced in the area later
than 1868, by which stage farming was well established to the east .

Resumptions following the Land Act of 1876 produced
smaller holdings of 32 to 260 ha. After the first dairy co-operative
opened at Pittsworth in 1896, dairying became the major industry in the
uplands of the survey area .

The 8eauaraba holding, centred on Dummies mountain, was
sub-divided in 1900 into blocks ranging from 97 to 260 ha . This
provided the basis for present property sizes .

The areas of scrub basalt soils in this sub-division had
few land use options available as between 40 and 50% of the area is
occupied by stony lithosols . The remaining areas which were suitable
for agriculture were generally small and scattered, so that farmers
did not have large paddocks to cultivate . Soil erosion has not been
serious in these areas because of the low proportion of land under
cultivation .

	

In contrast, erosion is more severe in the forested
areas where the pediments are longer and vegetative cover on the
hills is less . At present, the major land use in the scrub region
is dairying, supplying both fresh and manufacturing milk, with only
one remaining cream supplier . Arable soils are generally used for
summer and winter forage crops, as well as grain crops which are
mainly used for on-farm consumption .

Crops most commonly grown are oats, barley and wheat in
winter, with grain sorghum, forage sorghum and occasionally white
French millet in summer .

	

Sunflowers have been grown in the uplands
but are mainly grown on the broader alluvial areas in the valleys.
Only four farms are used exclusively for commercial grain production .

Fertilizers have not been widely used in the scrub area,
although several farms use nitrogenous or mixed fertilizers on both
summer and winter crops . Fallow farming systems are generally
practised to overcome rainfall deficiencies during the cropping
periods .

	

A short fallow period of six to seven months is used between



7 .

successive summer or winter crops and o: long fallow of twelve to
eighteen months when changing crop rotations .

Only two large areas have been planted to improved pasture
in the last 20 years and one of these is now partially cultivated
again . On the scrubby ridges, where access with conventional
planting equipment is not possible, successful establishment of green
panic has been achieved by broadcasting seed following clearing of
the undergrowth . Two areas established by this method presently
exist on the western slopes of Mt . Wyangapinni and on a ridge to the
east . Pastures used in the scrub area include green panic, Rhodes
grass, buffel grass, medics and lucerne .

Several farms have additional enterprises such as pigs,
or cattle for fattening, and two have established horse studs.
The area is also used for bee keeping, although at this stage there
are only a few commercial operators involved .

Several areas of millable timber exist, and while timber-
getting occurred in the past, current use is mainly limited to on-farm
fencing requirements .

A small area in the north-east has been set aside as an
Environmental Park by the Pittsworth Shire Council.

3 .3 PHYSIOGRAPHY :

The study area lies at the western extremity of the
Toowoomba plateau which falls sharply away to the alluvial plains
o£ the Condamine River.

Two residual hills, Mt . Wyangapinni and Parkers, rise above
a general plateau surface (see Plate 1) which lies at approximately
520 - 560 m A .S .L . These hills represent the maximum height of the
original land surface

	

(van der Zee and Macnish, 1979) . The valleys
which are cutting into the plateau are characteristically narrow and
steep sided, having short pediments and incised creek lines.

	

Small
areas of alluvium have been deposited in the upper reaches of the
drainage lines as defined terraces, (see Plate 2) and these appear
to be associated with several depositional phases controlled by
faulting and subsequent rejuvenation . These narrow steep sided
valleys occupy the eastern and north-eastern parts of the study area .

Broad valleys with long pediments, typical of the forested
uplands, also occur, being associated with Ashall Creek in the west
and Linthorpe Creek in the north. The main streams of the region
are aligned north, north-west or north-east and are often associated
with joint patterns, dyke intrusions and faulting in the basalts .
some steep ridges are also dyke controlled . Relief is generally
less than 30 m except in relation to Mt . Wyangapinni and Parkers on
the upper plateau which rise to 110 m above the plateau surface.

Stepped pediments are characteristic of the area east of
Parkers and Mt. Wyangapinni .

3 .4 DRAINAGE :
The survey area occupies the upper catchments of four main

drainage systems ; Linthorpe Creek, Ashall Creek, Fourteen Mile
Creek

	

(Rocky Creek) and Learmonth's Gully.

	

Eight sub-catchments
were named for use in this study, and these are shown on Map 1.



PLATE 1

	

View looking westwards showing the relationship of
Mt . Wyangapinni (R .H .S .) and Parkers (L .H .S .) to
the upper plateau surface .

PLATE 2

	

Looking westwards up a tributary of Linthorpe Creek
showing the alluvial terraces occupying the narrow steep
sided valleys typical of the survey area .



Linthorpe Creek drains to the north-west, lying over a
syncline in the Mesozoic surface . It drains a large area from
Southbrook westwards, including the major part of the study region .
Flooding occurs in the valley and the creek frequently changes its
course . Begbie (1977) Rave a detailed account of the soil erosion
problems in this valley .

The streams are all non-perennial although intermittent
springs occur in Linthorpe A, and provide small but valuable watering
points for stock. In several sites, also in Linthorpe A, wells
have been dug where the aquifers rise to near the surface.

Rising water tables in Ashall Creek

	

(Rossvale Valley) and
Linthorpe Valley are responsible for the development of some saline
areas.

3 .5 CLIMATE :

9 .

The summers are warm to hot and the winters are cool .
Rainfall occurs mostly during summer with approximately 60 - 70%
falling between October and March, although good rains generally
fall during the winter months as well .

	

The nearest town for which
long term rainfall and climatic records are available is Pittsworth,
5 kin south of the study area . Mean monthly rainfall and temperature
data are presented for Pittsworth in Table 3 .1 .

VALUE

TABLE 3.1

	

-

	

Average Rainfa11 and Temperature

Data for Pittsworth, for the Period 1931 - 1960 .

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NW DEC YEARLY
TOTAL

Standard Period
-i.Ea1 l Normal

	

97 .8

	

75.7

	

54.4

	

39.9

	

38.4

	

44.2

	

36.3

	

23.9

	

35.1

	

78 .0

	

66.0

	

96.5

	

685.8
(mm)

No . of .in Day.

	

8

	

8

	

7

	

5

	

5

	

6

	

6

	

4

	

5

	

7

	

6

	

9

	

76

Average Daily
Maximum Temp .

	

30.1 29 .4 278 24 .4 20 .3 17 .0 16 .3 18 .4 22 .1 25 .9 28 .5 29 .5

rage Daily
Min-um Temp

	

17.0 16 .6 15 .1 12 .0

	

8.4

	

6.1

	

5.2

	

5 .9

	

8.8 11 .9 14 .6 16 .2

Source :

	

"Rainfall Statistic,, Australia", Bureau of Meteorology, Nee 1966, and
"Climatic Averages, Australia", Bureau of Meteorology, 1969 .

Long term rainfall records exist for only a few sites near
the survey area, but local opinion indicates that Linthorpe Valley
and the ridges have better rainfall than the nearby plains . This
indicates that a proportion of the rainfall may be orographic in
nature . Rainfall isohyets for part of the eastern Darling Downs and
rainfall histograms for seven sites are shown in Figure 3 .1 .

	

It is
of interest to note that the 700 mm isohyet extends westwards from
Toowoomba and encircles part of the study region . This approximately
follows the plateau surface lying above the 520 m ASL contour and
further confirms that at least part of the rainfall in this area is
orographic in nature .



Fig . 3 .1

FIGURE 3 .1

	

Isohyets and Rainfall Histograms (in mm) for
part of the eastern Darling Downs, showing
relationship to 500 m A.S .L . contour .

(Rainfall data from "Rainfall Statistics, Australia",
Bureau of Meteorology, November 1966, and local farmer
records . Isohyets interpreted by Irrigation and
Water Supply Commission personnel, Brisbane) .

Frosts are seldom recorded in the uplands of the survey
area, though they do occur in the valleys and on the exposed lower
slopes facing westwards . A high frost risk exists for the Pittsworth
area between June and August,(Foley, 1945) .

	

Occasional early and
late frosts can cause problems with early planted and late maturing
winter crops respectively . For a detailed description of the
climatology of the eastern Darling Downs, see Vandersee (1975) .



VEGETATION OF THE SURVEY AREA

One of the major objectives of this survey was to determine
the nature of the soils developed on basalt and supporting a
distinctive softwood scrub community . An appreciation of the origins
and distribution of this community is therefore an aid to understanding
the soils .

4 .1

	

GENERAL DESCRIPTION OF THE VEGETATION :

The area generally consists of a eucalypt open forest with a
shrub and vine understory (see Plate 3) and several residual areas
of degraded rain forest . These areas of degraded rain forest are
mainly confined to Mt . Wyangapinni, Parkers, the ridges and the steep
slopes of the narrow valleys . The-open forest occurs on the upper
and middle slopes, merging into open woodland and grassland on the
lower slopes and on some plateau surfaces .

PLATE 3

	

General view of softwood scrub showing eucalypts with
understory of scrub and vine species .

	

(Foreground has
been partially cleared and grazed) .



Generalized topographic relationships between the associated
vegetation communities, based on their present forms as influenced by
fire and man, are shown in Figure 4 .1 . There were no vegetation
distribution patterns which had any significant associations with
soil series, although the remaining areas of semi-evergreen vine
thicket occurred most frequently on the skeletal soils .

Fig. 4.1

	

Diagram showing generalized topographic distribution of
vegetation communities in the scrub basalt area .

The residual areas of degraded rainforest are characterized
by a dense understory of vines and creepers (Jasminum spp(Jasmine) ,
Pandorea spp (Wonga Vine)), orchids (Dendrobium spp and Cymbidium spp)
and various low growing trees and shrubs such as Canthium buxifolium
(Myrtle Tree), Beterodendrum diversifolium (Scrub Boonaree) Diospyros
ferrea (Native Ebony), Bridelia leichardtii (Scrub Ironbark) and
Geijera salicifolia (Scrub Wilga) . In a sheltered zone of basalt
rock outcrop near Site 474, an area of pure Maiden Hair Fern is growing .
This area is particularly moist due to seepage and according to the
landowner, seldom receives much sun . Several other varieties of ferns,
masses and lichens thrive throughout the area mainly in rock outcrops,
and deep organic litter layers have accumulated in the rock crevices .
Ficus platypoda (Moreton Bay Fig) occurs irregularly throughout the
study area . A large community of Ficus spp occurs on the exposed
western slopes of Mt . Wyangapinni and also on an adjacent ridge
running to the north-west . No specific reasons were observed for this
distribution but as the whole ridge is dominated by stony lithosols,
it is unlikely that any specific soil relationship exists . Croton
insularis

	

(Native Cascarilla Bark) is almost wholly confined to
this same ridge with only scattered individuals occurring elsewhere .

With the influence of fires and subsequently man, these
degraded rainforest communities have been invaded by eucalypts . West
o£ a line roughly joining Mt . Wyangapinni and Parkers, Eucalyptus
orgadophila (Mountain Coolibah) and Eucalyptus crebra (Narrow-leaved
Ironbark) dominate the upper stratum with occasional Brachychiton
populneum (Kurrajong) and Brachychiton rupestre (Bottle Tree) emergents .
Eucalyptus melanophloia (Silver-leaved Ironbark) on the other hand
does not occur west of this line although it has areas of dominance
in the east .



Several zones of Callitris crolumellaris(Cypres s Pine)
occur as almost pure stands throughout the region (e .g . :- near
sites 23, 359 and 475) . While they are mainly restricted to
shallow lithosols, there are some isolated occurrences on heavy clay
soils . With these few exceptions, distribution is confined to
ridges with shallow stony loams and good drainage associated with
highly jointed and fractured basalt . Callitris spp have been present
in this area for a long time as shown by a fossilized log found 1 km
east of Mt . Wyangapinni and identified as Callitris sp by officers
of the Queensland Herbarium .

An area of tall E . crebra with only a lower stratum of
Dodonaea viscosa (Sticky Hopbush) and D . adenophora and Acacia
implexa (Lightwood), Acacia leiocalyx (Early flowering black wattle)
and Acacia maidenii (Maiden's wattle) occurs on a ridge south-east
of Parkers . This locally atypical tall forest appears to be associated
with a good water supply as shown by nearby springs, and the
Dodonaea spp and Acacia spp are the result of clearing activities and
fire .

Carissa ovata (Prickly Currant Bush), Geijera parviflora
(Tree Wilga) and G . salicifolia, Heterodendrum diversifolium, Canthium
buxifolium, Dodonaea spp and Acacia spp occur throughout the survey
area .

	

These are also the main plants characterizing the understory
in the eucalypt woodland of the ecotonal zone between the scrub area
and the surrounding forest basalt region . nmergents of Callitris
columellaris and Casuarina cristata (Belah) frequently occur, with
the latter mainly being confined to the heavy clays along the
drainage lines .

Angophora floribunda (Rough Barked Apple) occurs in
communities often in association with Eucalyptus tereticornis
(Queensland Blue Gum), mainly in the eastern valleys and in the
Environmental Park in the north east . Here, Callistemon viminalis
(Red Bottle Brush) thrives along the creek .

Many of the typical introduced weeds of the Darling Downs
are found including Lycium ferocissimum (African Boxthorn) and
Lantana camara (Lantana) .

Large areas of native grassland are rare, being confined
mainly to the floors of the broader alluvial valleys . Woodland to
open forest communities flourish on the mid to upper slopes where
early settlers following sub-division recall a more extensive pre-
clearing softwood scrub . This retreat of the scrubby understorey
has been largely due to the influences of fire and man . As the
lower slopes were more accessible and suitable for agriculture,
early clearing activities were mainly confined to this zone .
Subsequently, the middle and upper slopes were cleared but not
cultivated, and woodland and open forest communities of Eucalyptus
orgadophila now occupy these positions .

A transition zone separates the basalt forests from the
scrub area . The boundaries of this zone are migratory depending
on seasonal influences, land use, management and fires . These
factors are thought to be more important in controlling species
composition in this transition zone than any increase in long
term rainfall trends, as was proposed by Hallsworth (1951) for
scrub/forest basalt soils in the Richmond - Tweed region of New South
Wales . This ecotonal zone will therefore be subject to continual
flux unless radical land use changes occur.

A glossary of the more frequently occurring plants of the
survey area is given in Appendix IV, listed under Families with
common names shown where applicable . Some species in particular
E . orgadophila, showed a wide variety of leaf, bud and bark forms .
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CLASSIFICATION OF THE VEGETATION :

Using the classification system of Specht (1970), the
greater part of the area was classified as Open Forest (layered),
with smaller zones of Tall Open Forest, Open Woodland and some areas
of Grassland .

	

(see Microfiche I) . This classification system is
based on the height and projected foliage cover of the tallest
stratum, and does not adequately classify this degraded rainforest
community which has been extensively influenced by the effects of fire
and man .

	

Transitional sites, such as the ecotonal zones between the
dense vine scrub and the surrounding open forest areas, were also
difficult to classify .

Thompson and Beckmann (1959) classified the vegetation of
part of this area as depauperate rainforest with dense softwood scrub
5 - 6 m high having some scattered taller trees such as
E . orgadophila and E . crebra .

	

It is likely that . before man and fire
affected species composition in recent times, the area would have
been classified as Deciduous Microphyll Vine Thicket using
the nomenclature of Webb (1959) . During the high rainfalls of
Pleistocene times, this area was subject to advances of sub-tropical
rainforest from the north . (Webb, 1964) . The Deciduous Microphyll Vine
Thicket is a stunted vine forest community in which the canopy closes at
3 - 9 m, with mostly deciduous emergents to approximately 9 - 15m .
As only scattered, semi-deciduous emergents such as Erachychiton
populneum now occur, this classification does not hold .

The areas of degraded rainforest are more satisfactorily
classified now as Semi-Evergreen Vine Thicket (Webb, 1959), which
today is being invaded by eucalypts .

The term 'vine scrub', which is popularly used in
Queensland for vine forest vegetation of any height, cannot be
justified in terms of established nomenclature (Webb, 1968), and the
classification of 'vine thicket' (Webb, 1959), has therefore been
retained for depauperate forests such as these . Therefore, the less
degraded rainforest areas on the ridges and hills are classified as
Semi-Evergreen Vine Thicket while Open Forest (layered) (Specht, 1970)
is used to cover those areas where eucalypts now dominate the upper
stratum of a layered vine scrub understory .

	

In this report, the term
'scrub' is used in a colloquial sense only and refers to a mixed
vegetation community consisting of semi-evergreen vine thicket,
layered open forest, open woodland and the associated soils .



5 .1 INTRODUCTION :

GEOLOGY OF THE SURVEY AREA

In the survey area, the basalts overlie Walloon sandstones
of Mesozoic origin . The relationship of the basaltic landsurface
to the underlying sandstones is shown in Figure 5 .1 . The dip of the
Mesozoic surface, inferred from boreholes and outcrop west of the
survey area, is 1 - 2% to the north-east .

Near the south-western boundary of the survey area, the
basalts are underlain by the Rossvale Syncline and the Carina Fault,
while in the north-east, Linthorpe Creek is underlain by the
Linthorpe Creek Syncline (Millmerran Coal Pty . Ltd ., pers comm) .
Both synclines contain coal-bearing strata at depths o£ 26 m and
67 m respectively . To the south, Fourteen Mile Creek (Rocky Creek)
is underlain by the Fourteen Mile Creek Fault .

The entire Mesozoic sub-surface, including the north-
westerly bearing synclines at Rossvale and Linthorpe Creek, forms
part of the western side of a large north-north-westerly plunging
syncline . The synclinal axis lies on a line running approximately
through Dummies Mountain and Mt. Irving, while the anticlinal axis
lies on a line running approximately through Pittsworth and rnapdale .

The basalts of the study area were emplaced 26 - 23 million
years ago by local fissure eruptions, probably in a manner similar to
the fissure eruptions which produced the Stormberg basalt lavas of
South Africa, the Columbia Plateau of the U.S .A . and the Deccan Traps
of India . This is supported by the occurrence of numerous dykes
running parallel to the trend of the underlying Mesozoic syncline
on a bearing between 3000 and 3200, and occasionally perpendicular
to the trend at 2200 .

The dykes are often difficult to distinguish in the field
because of their infrequent exposure and limited length and width
(on average less than 50 m long and less than 1 m wide) .

	

Of the
34 observed, most were found in areas where the rock outcrop was
well exposed, such as in creek or gully beds, or in road cuttings .
A limited gravity survey also showed the possible presence of two
large feeder dykes, one near the south-western boundary of the study
area and the other near Linthorpe .

	

A magnetic survey in part of the
eastern half of the study area showed the presence of 11 more dykes
(Macnish and van der Zee, unpublished data) .

The largest feeder dyke outcropping in the area was found
on top of Mt . Wyangapinni where it intruded the last major flow .
Remnants of this north-north-westerly trending dyke are present on
the steep northern face, where basalt columns, lying parallel to
the slope, suggest collapse by gravity faulting . The dyke is
approximately 20 m wide and to the east and west it is flanked by
long basalt columns in excess of 8 m (Plate 4), which together
explain the steep slopes of Mt . Wyangapinni . The dyke does not
appear to continue south of the summit .
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PLATE 4

	

Basalt columns below north-western side of summit of
Mt. Wyangapinni .

The basalts are an accumulation of numerous sub-horizontal
flows, ranging in thickness from several metres to several tens of
metres . Flows are separated by amygdoloidal (vesicular) and
scoriaceous tops, which are sometimes decomposed . Flow separations
can further be recognized by oxidized red tops or partially lateritized
tops, and by interbedded bole which is predominantly red, but may
also be brown . The vesicular tops of flows occur widely throughout
the basalts and serve as aquifers .

The accumulated flows are generally thickest (approximately
180 m) in the south-east due to the low elevation of the Mesozoic
sub-surface and the higher topography . Further to the south and the
east, near Southbrook, the basalts become progressively thinner due
to the low topography and the rise of the Mesozoic sub-surface .

	

In
the north-west (Mt . Tyson) and north-east (Linthorpe Valley), depths
vary from 40 - 70 m. The greatest basalt depths (280 m and 260 m)
coincide with locations of maximum elevation at Mt . Wy-tngapinni and
Parkers respectively .
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DESCRIPTION OF THE BASALTS :

These basalts are similar to the mildly alkaline olivine
basalts near Toowoomba, as described by Stevens (1969) . They consist
predominantly of forsteritic olivine, titan augite and plagioclase,
all of which occur as phenocrysts or in the matrix . The plagioclase
is of andesine composition, which makes it somewhat more sodic than
the plagioclase of labradorite composition described by Stevens (1969) .
Magnetite and ilmenite occur as accessory minerals, but can sometimes
be as high as 8% of the total sample . Apatite occurs interstitially
in the rock matrix and rarely represents more than 1% of the total rock .
Traces of pyrite and chalcopyrite are occasionally present . Chabazite
(zeolite) occurs in amygdoloidal tops of flows, but seems to be mainly
restricted to one flow .

A number of secondary minerals, formed by replacement or
recrystallization, occur in or near the tops of flows . They are :-

Chlorophaeite

	

-

	

an hydrous chlorite produced by devitrification
of volcanic glass at 200OC ;

Calcite

	

-

	

formed under hydrothermal conditions ;

Minnesotaite

	

-

	

an iron rich talc formed from olivine and pyroxene
by recrystallization through hydrothermal activity ;

Iddingsite

	

-

	

a characteristic rusty brown coloured mineral
which has been formed by replacement of olivine
and proxene ;

Bowlingite

	

-

	

a bright green mineral formed by replacement of olivine .
Lack of good exposures, weathering and lateral variation

in composition and texture of flows make it difficult to
differentiate between rock types . This applies to rock exposures
below the 520 m A.S .L . contour line in particular .

	

Above the 520 m
A .S .L . contour line the following basalt types were recognised
in hand specimen:-

The lowest basalt outcrops irregularly throughout (and also
outside) the study area between 480 and 520 m A .S .L . This
flow, henceforth referred to as the marker flow, is
characteristically red in colour, and contains an abundance
of evenly distributed white chabazite crystals throughout
the red matrix . The marker flow indicates a slight dip
of the basalts to the north-east . Soils developed on this
flow are invariably red-brown or dark red-brown .

The most common type, overlying the marker flow, is a grey to
dark grey "coarse grained" basalt containing abundant
phenocrysts of olivine, iddingsite, plagioclase and pyroxene .
This type of basalt weathers in situ to well rounded boulders
surrounded by soil . These boulders latter become exposed on
the land surface by erosion or creep, where they are then
transported by gravity or water .

Overlying the coarse basalt are finer grained varieties o£ the
same rock type which weather to smaller, well-rounded boulders
and gravel . Generally the finer the grain, the smaller the
boulder or gravel . Also, vesicular cavities of amygdoloidal
tops become smaller as the grain size becomes finer . Boulder
size and gravel size are further determined by joint spacing
and joint orientation . For example, if the joints lack
vertical definition and are well developed horizontally,
the boulders and the gravel become more elongate .



5 .3 DENUDATION :

A fine grained basalt with banded texture, overlying the
previously described types, occurs in the eastern part
of the study area .

	

This very distinct basalt called
"aligned basalt", (van der Zee and Macnish 1979), seems
susceptible to oxidation. It weathers to soft red, angular
boulders which are generally found lying on a red kaolinitic
soil .

The so-called "knobby basalt", owing its name to the knobby
appearance of the rock .

	

The name was given by Stevens
(1969), who assigned it to a distinct topographic level .
in the study area it occurs between 580 and 610 m A.S .L . The
knobby basalt can further be subdivided into three distinct
flows

	

(e.g.

	

at Mount Wyangapinni) .

	

The lowest flow is
the most coarse grained, the highest flow the finest .
A dark, fine grained basalt resembling a mugearite overlies
the knobby basalt .

	

It also occurs at lower elevations in
the vicinity of dykes. The rock is usually fresh and has a
platy habit.

The rock representing the last and youngest of the basalt
flows is found at Mount Wyangapinni, Parkers, and on the
crests o£ some ridges and hills near the eastern boundary
of the study area . This rock, which is the finest grained
of all the basalts, is dark and massive. Thin sections
showed alternating lighter bands of very fine grained rock
matrix consisting of needle shaped microcrystals of uniform
size, 0.2 mm in length and 0.05 mm in width, in which no
plagioclase laths were discernible, and dark bands of glassy
material . The most conspicuous feature of this type is the
abundance of inclusions . These include lherzolites (bright
green), pyroxenites (black), garnet (red), plagioclase
zenocrysts (white), kaersutites, and granulite and sandstone
zenoliths (van der Zee and Macnish, 1979) . The inclusions
are believed to be fragments of Upper Mantle material,
which were brought extremely rapidly to the surface during
extrusion under explosive conditions .

The emplacement of the inclusion-bearing basalt marked
the end of the volcanic activity in the area and left a relatively
undissected landscape dipping to the north-east . This is indicated
by the dips of the marker flow, the inclusion-bearing flow, and the
inclined flat top of Parkers, which represents a truncated remnant
of the undissected basaltic topography .

This undissected landscape subsequently underwent a long
period o£ erosion which has resulted in the current landscape .
This landscape becomes progressively more mature going from south
to north. A string of residual hills, namely Parkers, Mount
Wyangapinni, Mount Taylor and Mount Russell, have been left upstanding
as a result of the processes of pediplanation and peneplanation
associated with the expansion of the Condamine drainage system .
Denudation in the study area was mainly controlled by the influence
of the Mesozoic sub-surface and by joints in the basalts. To the
west and south-west of the study area, pediplains have developed
on the Mesozoic sediments.
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Evidence suggests that the pre-basalt valley of
Linthorpe Creek was not completely filled with lava and the
consequent stream that flowed in the new basalt valley developed
a set of subsequent tributaries following the joint directions .
The course of some of these tributaries has been shown to be
related to faulting as a result of local uplift due to isostatic
adjustment, or perhaps regional uplift associated with the continuing
action of the Kosciuski Uplift (Macnish and van der Zee,
unpublished data) .

A considerable depth of alluvium fills the present valley
of Linthorpe Creek . The upper 5 m of this alluvium, separated from
the underlying alluvium by a layer of calcrete which includes
fossil bones of extinct mammals (Macnish, unpublished data), is
thought to be representative of one of the latest of several periods
of accelerated denudation associated with faulting in the uplands .
Sediments were stripped from tributary valleys and are now
distributed throughout the valley and part of the surrounding plains,
where they form the highly fertile low angled fans . Activation or
re-activation of the Fourteen Mile Creek Fault south o£ th e study area
resulting in accelerated denudation, may have had an influence on
the landscape in the southern part of the area . This would explain
the scarps occurring there . Similarly, in the western part of the
study area, steep slopes may be explained by activation or
re-activation of the Carina Fault, which would have created a new
base level .



6 .1 INTRODUCTION :

SOILS OF THE SURVEY AREA

The soils of the study area form two broad groups, generally
recognized by farmers as 'black' and 'red' soils . These were
classified respectively as black earths and euchrozems after Stace
et a2 (1968) . The black earths predominate, and occur mainly on
slopes and in the valley floors, while the euchrozems are generally
associated with plateau remnants, crests and saddles .

Detailed profile descriptions for 572 sites are listed
in Microfiche I . Profile descriptions are not listed for 11 sites
which occurred on roads, farm tracks or farm buildings .

Fifteen soil series, five phases, two variants and three
miscellaneous groups of soils were recognized in the survey area .
The majority of these fitted the soil series descriptions of Thompson
and Beckmann (1959) . However, one new soil series, three new
phases, two new variants and three miscellaneous soil groups were
named . Although two other shallow, skeletal soils described by
Thompson and Beckmann (1959) were identified in the area, they
occupied such small areas that they were grouped with the Kenmuir
Clay Loam soil series .

The soil series, phases and variants observed in the survey
area are listed in Table 6 .1 .

TABLE 6 .1

Soils of the Scrub Basalt Survey Area

yellowish brown
( * Newly classified soils of the scrub basalt area)

Skeletal Soils - Brown to dark Kenmuir Clay Loam Stony Phase
brown soils Kenmuir Clay Loam Gravelly Phase

Croxley Clay .

Sedentary Soils - Dark soils Beauaraba Clay, Purrawunda Clay,
Purrawunda Clay Bouldery Phase,
Wilton Clay, Charlton Clay .

- Red soils Mallard Clay Loam,
Southbrook Clay Loam,
Burton Clay Loam, Type 7 Clay,
Type B Clay, Wyangapinni Clay*,
Miscellaneous Red and Dark
Reddish Brown Soils* .

Colluvial Soils - Reddish brown Irving Clay Linear Gilgai Complex
to dark brown Irving - Shallow Phase
to brownish Irving - Bouldery Phase
black Irving - Friable Red Subsoil Variant*

Irving - Bole Subsoil Variant
Black to Craigmore Clay Linear Gilgai Complex
brownish black

Alluvial Soils - Black, brownish Waco Clay, Unspecified recent alluvium *,
black, reddish Miscellaneous Calcareous Soils
brown and
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SOIL DESCRIPTIONS :

6 .2 .1

	

SKELETAL SOILS

2 2 .

The frequency of occurrence of the soil series in the
basalt scrub survey area is shown in Table 6 .2 . The frequencies
have been calculated as a percentage of 572 sites and reflect the
number of times each series was recorded . This does not
necessarily imply spatial distribution of the soil series - for
example the Kenmuir Clay Loam occupies approximately 40% of the
survey area

	

Macnish (unpublished data) .

TABLE 6 .2
Frequency of Occurrence of Soil Series in the Basalt Scrub Survey Area

Because of the complex distribution of soil series in the
survey area, mapping to soil series level was impracticable . The
soils were therefore grouped into 15 soil associations and these
associations mapped at a scale of 1:25000 in Map 2 . The associations
as mapped have different levels of purity, but in general, the first
named soil of the association occupies more than 75% of the map unit .
The Croxley Clay has been mapped with the Beauaraba Clay, and the
Wyangapinni Clay with the Burton Clay Loam, due to their limited
occurrence in the survey area .

These are generally very shallow soils, less than 25 cm deep,
grading into hard weathering basalt . They occupy flat crests, steep
ridges and upper slopes, with some residual areas in lower slope
positions . Deeper pockets of soil may be present where local rock
jointing has allowed deeper weathering .

Soil Series Freq . Soil Series Freq . Soil Series Freq .
8

Kenmuir 29 .3 Type 7 Clay 2 .9 Southbrook Clay 0.7
Clay Loam Loam

Purrawunda 23 .3 Burton Clay 1 .8 Wilton Clay 0.7
Clay Loam

Irving Clay 16 .6 Unspecified 1 .8 Craigmore Clay 0.5
recent alluvium

Beauaraba 13 .1 Mallard Clay 1 .4 Miscellaneous 0.4
Clay Loam Calcareous Soils

Charlton 5 .0 Waco Clay 1 .0
Clay

Type 8 Clay 1 .0 Miscellaneous Red 0 .4
Loam and Dark Reddish

Brown Soils

Wyangapinni Clay X0 .1
and Croxley Clay
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Only the Croxley Clay exhibits some profile differentiation,
which marks it as an intergrade between the skeletal soils and the
shallow sedentary black earths .

	

The Croxley Clay, which has very limited
occurrence in the survey area, is not described here .

Dark Soils

KENKUIR CLAY LOAM STONY ?NASE

	

-

	

Brownish black, dark brown
and dark reddish brown loams and clay loams ranging from
5 - 25 cm deep to hard basalt .

	

There is generally much
surface stone as well as stone through the profile . Pockets
of reddish or yellowish brown clay may occur in the weathering
rock layer . The profile is slightly acid to neutral
(pH 6 .5 - 7 .2) throughout .

Three areas (Sites 31, 260 and 354) showed slight alkalinity .
No morphological differences were associated with this
higher pH soil and it is assumed that there was either a
slight local difference in parent material composition, or
that carbonates had been washed in in solution from weathered
material above .

KENKUIR CLAY LOAM GRAVELLY PHASE

	

-

	

Generally similar
to Kenmuir Clay Loam Stony Phase but with less stone and
having large amounts of small weathered gravels (2-5 cm)
through the lower part of the profile . Soil depth is
generally 5 - 25 cm to a very weathered basalt layer .
This phase, unlike the Kenmuir Clay Loam Stony Phase which
is more widespread, occurs most frequently on flat topped
ridges and plateaux, often in association with the Southbrook
and Mallard soils .

6 .2 .2

	

SEDENTARY SOILS :

These soils have developed in situ and range from shallow
to moderately deep .

	

They are generally stone-free through the
profile although surface stone may occur in both virgin and cultivated
soils . This surface stone may be either the result of deep ripping,
which has brought stones to the surface, associated with soil creep
from slopes above, or a residual stone surface . The sedentary
soils have been sub-divided into Dark soils and Red soils (Table 6 .1) .

Distinguishing features of this group are a moderate to
strong granular surface grading into coarse blocky or occasionally
lenticular structure at depth . These coarse structural units
characteristically consist of smaller fine angular aggregates .
A colour change generally occurs with depth and is often associated
with a pH change from slightly acid to neutral at the surface to
moderately alkaline at depth .

The clay profiles are dominantly montmorillonitic and swell
and crack with wetting and drying .

BEAUARABA CLAY

	

-

	

The soil depth is generally less than
35 cm to hard weathering basalt .

	

Structure varies from
moderate fine to strong coarse granular at the surface to
moderate to strong, medium to coarse blocky in the subsoil .
The profile is a uniform brownish black to dark reddish
brown heavy clay, but reddish brown clay pockets may occur
in the weathering basalt layer . Basalt gravel may occur



24 .

throughout the profile particularly in cultivated
situations . Soil reaction is neutral throughout .

PURRAWUNDA CLAY

	

-

	

This is a brownish black to dark
reddish brown heavy clay which gradually becomes browner
with depth . surface structure is dominantly strong
medium granular but ranges from moderate fine to strong
coarse granular, becoming coarse blocky or lenticular at
depth with evidence of finer aggregates in the coarse
pods .

Surface consistence is very friable to firm when moist,
and soft to very hard (predominantly hard) when dry .
Carbonate nodules and soft carbonate may be present in the
lower part of the profile and in the weathering basalt
layer . Soil reaction is neutral at the surface becoming
moderately alkaline at depth . Soil depth to basalt varies
from 40 cm to greater than 120 cm in sites developed on
highly jointed rock . The majority of profiles are less
than 90 cm deep . This is one of the most common soils
of the area.

PURRAWUNDA CLAY BOULDERY PHASE

	

-

	

The profile
description is the same as that for the Purrawunda Clay .
The only difference is the presence of surface and sub-
surface boulders (see Fig . 6 .1) . This is purely
schematic and the relationship between subsurface boulders
and the colour horizon is arbitrary . Typical profiles
occur at sites 203 and 443 .

FIGURE 6 .1

	

Schematic representation of Purrawunda
bouldery phase .

WILTON CLAY

	

-

	

This had only limited occurrence in the
area, and was mapped with the Purrawunda Clay which it
closely resembles and with which it generally forms a
complex . It differs from the Purrawunda Clay by having
a reddish brown subsoil layer of irregular blocky
structure .



Red Soils
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CHARLTON CLAY

	

-

	

This soil, while being similar to the
Purrawunda Clay, has some very important differences .
The more important of these are its coarser structure
throughout and its surface colour, which is generally
black to brownish black . Colour changes down the profile
are not marked, although a mottled brown, reddish brown
indistinct layer may occur immediately above the weathering
basalt layer . Consistence at the surface is firm to very
firm when moist and hard to very hard when dry .

	

Carbonate
nodules generally occur in the lower part of the profile
and soil reaction is neutral at the surface becoming
moderately alkaline at depth . This soil series had limited
occurrence in the survey area .

The red soils have lighter surface textures (loam to light
clay) than the dark coloured soils . They overlie medium to heavy
clays with fine to medium blocky structure .

	

The exceptions are the
Type 7 Clay and Miscellaneous Red and Dark Reddish Brown Soils, which
have heavier textures and are discussed below . variation within
the members of this group is high, particularly in relation to depth
to weathering parent material, soil reaction and parent material .

MALLARD CLAY LOAM

	

-

	

These are shallow brownish black
and brown clay loams overlying mottled red, reddish brown
and yellowish brown clay subsoils, generally less than
45 cm deep to weathered basalt . Gravels are generally
scattered through the profile and often small stones occur
on the surface . Soil reaction is slightly acid to neutral
throughout . Surface structure is weak, fine crumb to
moderate, fine granular and consistence is very friable to
friable when moist and slightly hard to hard when dry . This
soil typically occupies flat crests and occurs on extensive
plateau areas .

SOUTHBROOK CLAY LOAM

	

-

	

This soil is characterized by
a dark reddish brown, stony, loam to clay loam (occasionally
light clay) surface horizon overlying a mottled red or
reddish brown, stone-free, clay subsoil, generally 30 cm
deep to soft weathering basalt . Some deeper profiles (to
less than 90 cm) are also found . Soil reaction is slightly
acid to neutral throughout . Surface structure is weak
to moderate, fine crumb to fine granular grading to fine
blocky in the subsoil . The surface is very friable to
friable when moist and soft to slightly hard when dry .
This soil frequently occurs in association with the
Kenmuir soils on the flat plateaux and also on small
benches at the base of hills and ridges .

The orange coloured variant (Thompson and Beckmann, 1959) was
recognized . This differs in having a reddish brown to
bright brown subsoil .

BURTON CLAY LOAM

	

-

	

This soil is a deep reddish brown
to dark reddish brown clay loam to light clay overlying red
to reddish brown finely structured clay subsoil . Depth
to weathered basalt varies from less than 60 cm to greater
than 200 cm . A few carbonate nodules may be present in
the lower horizons . Soil reaction is slightly acid to
neutral at the surface changing to slightly alkaline at
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depth.

	

Surface structure ranges from weak to moderate,
fine crumb to moderate, medium granular or occasionally
fine blocky .

	

Consistence is friable when moist and
slightly hard to hard when dry.

The major feature of this deep, stone-free soil is that it
is formed on bole or on basalts which were strongly
pre-weathered during an earlier climate. These soil layers
which developed earlier during the Tertiary period, were
baked to form bole when covered by subsequent basalt flows .
At this stage, all soil-forming processes ceased to
operate except in some of the partially weathered basalts
where seepage water continued as a weathering agent.
These bole layers have been re-exposed as the present
landscape developed.

	

(For a discussion on bole see
Section 6 .5) . As the earlier soils were basically
kaolinitic clays, when re-exposed they have tended to
continue the same weathering pattern.

The Burton Clay Loam generally occurs on plateaux or on
long gentle slopes . In the south-eastern corner of the
survey area the soil toposequence Irving/Purrawunda,
Burton, Irving/Purrawunda exists (see Map 2) due to
localized landform development processes.

TYPE 7 CLAY

	

-

	

This soil has also formed on bole and
frequently overlies baked hardened clays or kaolinized
basalt .

	

It is a reddish brown to dark reddish brown,
coarse structured heavy clay overlying a red or reddish
brown, coarse blocky heavy clay . It is generally less than
75 cm deep to the weathering layer. Carbonate in
either soft or nodular form is always present in the
subsoil and the soil reaction is neutral at the surface to
moderately alkaline at depth.

These soils are not extensive and are generally restricted
to outcrops on saddles or in higher parts of the land
surface . An exception occurs in a valley in the north-east
where this soil rims the valley and lies above an Irving/
Purrawunda Association .

	

The soil cracks appreciably when
dry.

TYPE 8 CLAY LOAM

	

-

	

This soil has only limited occurrence
in the survey area and is commonly confined to upper slopes
immediately below scarps . It is a shallow to moderately
deep brownish black to dark reddish brown clay loam over
a red to reddish brown clay, frequently becoming yellowish
red with depth. It is generally less than 90 cm deep to
weathered basalt and some carbonate nodules may occur
in the deep subsoil and in the gravel layer .

WYANGAPINNI CLAY

	

-

	

This soil series is of minor
importance in the survey area, being associated only with
the slopes below Mt . Wyangapinni .

	

It is shallow to
very deep, brown to reddish brown, fine to medium granular
heavy clay overlying a red to reddish brown, fine blocky,
friable subsoil. Soil reaction is neutral to slightly
acid throughout, with some small manganese nodules in the
lower horizons and secondary quartz gravels on the surface.

This soil is associated with the occurrence of garnets in the
area and frequently phenocrysts of hypersthene, magnetite
and ilmenite occur .
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The genesis of the soil is unknown but it is suspected
that it may be similar to a Burton Clay Loam (i .e . :-
developed from bole) with recent colluvial additions
from upslope . The soil varies from 670 cm deep in upper
slope positions to 430 cm deep in middle to lower slope
positions . This tends to suggest that it may have
developed on a sub-horizontal bole layer which becomes
thinner downslope . At several locations around the base
of Mt . wyangapinni, dykes were found intruding through
this soil, which indicates a pre-existing land surface
on which the bole layer developed .

MISCELLANEOUS RED AND DARK REDDISH BROWN SOILS

	

-

	

These
are shallow red or dark reddish brown clay soils overlying
scoria, bole or highly weathered vesicular basalt . There
is frequently no horizon differentiation, and soil reaction
is slightly acid to neutral throughout, with occasional
alkaline subsoils containing carbonate nodules in the deeper
profiles . The surface is fine to medium crumb to granular
and exhibits rapid extreme swelling on wetting .

In some situations, the profiles appear to be layered
with recent colluvial additions of cracking clay which
overlie the red subsoil . These profiles are similar to the
Purrawunda Clay series . Where these soils are dominantly
red throughout, they are fine structured and friable at
depth with a more plastic clay at the surface (0 - 30 cm) .
These profiles are similar to the Type 7 Clay series .

These soils occur on either small erosional benches
associated with the ridges, or exposed as shallow layers on
steep hillslopes . At any single occurrence they occupy less
than I ha and on flat benches they may occur in association
with Beauaraba, Purrawunda and Kenmuir soil series . They
have variable profile morphology, particularly in colour and
depth, but do not represent a sufficiently large area to warrant
a soil series classification . The main basis for this soil
group is similarities in parent material and topographic
distribution .

6 .2 .3

	

COLLUVIAL SOILS

The colluvial soils are in general characterized by deep
soils with reddish brown, brownish black or black surface horizons
overlying reddish brown to brown subsoil . The surface is strongly
granular and structure becomes coarser and lenticular at depth .
This coarser structured clay can be broken down to very fine primary
aggregates with well developed clay skins . Soil reaction is neutral
to alkaline at the surface and alkaline below .

A major feature of the colluvial soils is the presence of
linear gilgai, which consist of mounds and depressions running parallel
to the main slope . Mound crests or puffs are usually 4 to 5 m apart
and less than 25 cm higher than the depression . The profiles are
similar except that the puff soil often has only a very shallow ( <5 cm)
dark surface horizon overlying the coloured subsoil . Carbcnate
nodules occur on the puff surface and throughout the puff profile
but only occur below 40 - 45 cm in the depression profile .

Cultivation of gilgaied soils tends to spread the topsoil,
together with the carbonate nodules from the puff, uniformly over the
surface and to change the general surface pH to slightly alkaline .
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IRVING CLAY, LINEAR GILGAI COMPLEX

	

-

	

Detailed sampling
showed that the following Irving Clay soils occur in the
scrub area :

IRVING CLAY, DEEP OR NORMAL PHASE

	

-

	

The depression
profile has a dark brown to brownish black fine to
medium granular heavy clay surface, overlying a
brownish black, medium blocky grading to lenticular
structured clay which overlies a reddish brown to
brown subsoil, which generally occurs below 80 cm .
Depth to weathered basalt varies, with 32% of Irving
Clay profiles sampled in the survey area being
greater than 150 cm deep and 56% greater than 120 cm .
(See microfiche I)

Surface consistence is very friable to friable when
moist and soft to very hard (dominantly hard) when
dry . The profile is alkaline throughout . Soft
and nodular carbonates occur below 40 cm in the
depression profile except in some saline profiles,
where soft carbonates occur almost to the surface .

The puff Profile is similar to the depression
except that the reddish brown to brown subsoil horizon
rises to near the surface and is often evident, in -
the virgin state, as a narrow band (15 - 30 cm wide)
of red brown soil strewn with carbonate nodules .
These soils always occupy middle to lower slope
positions on the pediments and form an association
with the Purrawunda soil . Example Sites 88, 92
(Microfiche I) .

SAVING CLAY, SHALLOW PHASE

	

-

	

This has similar
profile features to the normal or deep phase, but
generally overlies weathering brown, red or grey
vesicular basalt at less than 75 cm . Gilgai
microrelief and profile characteristics are not as
well defined in this phase .

	

It frequently occurs on
small flat ridges or saddles, and as a truncated
profile caused by rejuvenation of land forming processes .
Example Sites 174, 242 . (Microfiche I) .

IRVING CLAY BOULDERY PHASE

	

-

	

This soil has the
features of the normal or deep phase, although it
may also be less than 75 cm deep. The significant
feature is the presence of large surface or sub-
surface bounders . Only incipient gilgai features
occur, probably due to the interruption of normal
development by the presence of boulders .

	

It generally
occurs in association with the Purrawunda Clay
bouldery phase on small remnant benches or on stepped
pediments which are higher in the landscape than the
youngest pediments .

	

(This is discussed more in
Section 6 .4) . Example Site 285 . (Microfiche I) .

IRVING CLAY, FRIABLE RED SUBSOIL VARIANT

	

-

	

This
soil has the same general characteristics as the deep or
normal phase . The subsoil is however, much redder than
normal, and is generally very friable . The surface
soil generally has a colour of 5 YR 3/1 or 7 .5 YR 3/1,
showing evidence of red soil influences .

	

Evidence of
clay skins exists but coarse lenticular peds are
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absent . It is thought that the red subsoil is
related to the Burton soil . This is supported
by evidence in deep gullies . This variant frequently
occurs in intermediate slope positions with Burton
Clay Loams in both upper and lower sites . Example
Site 150 . (Microfiche L) .

IRVING CLAY, BOLE VARIANT

	

- This is generally a
deep soil with similar characteristics to the deep or
normal phase . The major difference is that the lower
part of the profile is forming from a weathering bole
layer . This is associated with a relatively sharp
colour change, which may be red, brown or bluish grey,
overlying soft weathering gravelly material with calcite
and zeolites filling the vesicles . Clay nodules
(yellow, red, brown) frequently occur in this developing
clay profile . This is really a layered soil, but surface
erosion and oresent soil formina processes are
tendina to produce a large transitional mottled zone
between the Irving colluvium and the underlying
bole . Example Sites 220, 227, 230 (bole) .
Example Site 162 (clay nodules) .

	

(Microfiche I) .

CRAIGMORE CLAY, LINEAR GILGAI COMPLEX

	

-

	

This soil is
very similar in occurrence and morphology to the Irving
Clay . Two important differences are the coarser surface
structure and the colour which, in the depression profile,
is black to brownish black in the surface with a brown to
yellowish brown subsoil .

	

Both the Irving and Craigmore
profiles may have similar subsoil colours and the difference
in structure is the more important feature . Surface
consistence is firm to very firm when moist and hard to
very hard when dry .

The Craigmore occupies lower slope positions and often
forms an association with the coarse structured sedentary
soil, the Charlton clay . The Craigmore clay has only minor
occurrence in the survey area .

6 .2 .4

	

ALLUVIAL SOILS :

These are generally deep clay soils which have developed
on the basaltic alluvium of the plains or on smaller deposits in
the upper reaches of the valleys . The Miscellaneous Calcareous soils
have only shallow dark horizons overlying deep whitish clay profiles .
The alluvial soils are generally greater than 200 cm deep . They have
dark well-structured surface horizons overlying brown to yellowish
brown, carbonate-rich subsoils at about 90 cm or deeper .

The surface consists o£ 5 cm of self-mulching, moderate,
fine to coarse granular heavy clay grading below into moderate coarse
blocky heavy clay, which often becomes massive and friable in the
deep subsoil . The subsoil in some cases may represent a previous
depositional phase where it has both lower clay content and little
evidence of clay illuviation . These soils crack appreciably in the
dry state . Recent depositional layers may overlie the original
profile in cultivated areas .

Some upland deposits are deeper than 6 m while in the
depositional plains (such as at Rossvale, see Map 2), even greater
depths may occur .

	

In addition, deposits less than 200 cm deep
often occur either in areas of recent deposition . or where the Waco Clay
has been deposited over a residual high in the underlying basalt .
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WACO CLAY, GILGAI COMPLEX

	

-

	

This is a black to brownish
black, strong fine to medium granular heavy clay becoming
browner with depth overlying mottled brownish black
to brown, coarse blocky to lenticular heavy clay
over mottled brown and yellowish brown subsoil with nodular
and soft carbonate . Soil reaction is alkaline to moderately
alkaline throughout . Some areas show evidence of salinity
and excessive alkalinity due to rising water tables .
Surface consistence is friable when moist and hard to
very hard when dry . This is not an extensive soil series
in the survey area .

Waco clays generally have gilgai microrelief, which is
frequently not evident after cultivation .

	

The gilgai form varies from
a Nuram to S Nuram (Paton, 1974) .

UNSPECIFIED RECENT ALLUVIUM

	

-

	

This classifies all other
deposits of alluvium, which individually occupy too small
an area to warrant naming as a soil series .

These soils range from yellowish brown to red to
dark reddish brown and brownish black . They are often
associated with stone layers indicating depositional
phases, and in one case, below Site 286 (Microfiche I),
the alluvium is wholly mixed with rounded stones and
boulders .

	

This is thought to be due to major stream flows
associated with periods of faulting . and uplift in the valley.
They have a moderate to strong, fine to coarse granular
surface structure overlying coarse blocky, grading into
friable and massive, and have heavy clay texture throughout
the profile . All these deposits were restricted to the
upland area and occurred as terraces in association with
the non-perennial creeks . Only on two occasions were
they large enough to be of agricultural value, and here
they can be regarded as similar to the Irving soil .

MISCELLANEOUS CALCAREOUS SOILS

	

-

	

These are not always
strictly alluvial in nature, but the parent materials
on which they formed were laid down by alluvial or fluvial
action, the latter sometimes being ground water flow .
Deposits of highly calcareous material were laid down
either in lakes or depressions in the basalt surface and
either formed a hard calcareous . matrix with basaltic
inclusions

	

(e .g. 20 m north of Site 230) or remained
as soft unconsolidated material

	

(80 m north-east of
Site 101) .

Where these soils are well developed they occur as a Rendzina-
like soil with a thin black to brownish black, weak finely
structured soil overlying soft (or hard) calcareous
parent material . There is generally a sharp distinction
between the soil and the weathering layer . These soils
are generally associated with present stream or gully
lines .

6 .3

	

SUMMARY OF PROFILE DESCRIPTIONS :

The generalized descriptions for the major soil series are
summarized in Appendix V . The descriptions have been presented as
a summary of all the sites in order to create a general impression
of the morphology of the soils and to indicate the range that can
be expected in some of the major attributes .



The ranges as listed do not preclude the occurrence o£
other values (e .g . colour), but rather, they serve to show the
values of maximum frequency for any particular soil series . Variations
in pH outside the range may be attributed to cultivation effects,
local variation in soil parent material, erosion and/or deposition,
excess moisture in the soil sample . or variation in the indicator
solution . The general remarks may aid in separating some borderline
profiles .

In zones of transition from one soil series to another,
particularly where sedentary and colluvial soils intergrade, type
profiles are difficult to find, and many profiles have one or more
attributes vastly different to the norms for that soil series .
There are no hard and fast rules for classification in such cases,
and it is up to the individual to decide the most appropriate soil
series to classify the particular site . A key to the soil series
is presented in Appendix VI .

6 .4 TOPOSEQUENCES :

Basaltic soils in much of the eastern Darling Downs
typically form toposequences (repetative sequences of soil series
on slopes that are related by parent material and drainage) . As
the basalts of the eastern Darling Downs have relatively uniform
chemical composition, these sequences apply outside the survey area
as well . Thus, the recognition of toposequences is an excellent
aid to the location and mapping of soils in the survey area .

A typical soil toposequence relationship in the survey
area is shown in Fiqure 6 .2 .

CREST

FIGURE 6 .2

	

Typical soil toposequence formed
on basalt in the survey area .

The crests may be convex or plateau-like with fringing
scarps which generally indicate the presence of different soil
associations due to the alteration of the drainage conditions .
There are six basic toposequences which regularly occur in the
survey area :



Toposequence 1

Toposequence 2

3 2 .

FIGURE 6 .3

	

Toposequence 1 of the Basalt Scrub Survey Area

Toposequence 1 occurs cost frequently in the survey area .
In the upper reaches of drainage lines and particularly in narrow
youthful valleys, the alluvial soil (Waco Clay) is absent and the
Irving Clay constitutes the lowest soil series of the sequence .

The transition between soil series is generally over
a distance of 20 m or more and discrete boundaries seldom occur .

FIGURE 6.4

	

Toposequence 2 of the Basalt Scrub Survey Area .

The significant difference between toposequence 1 and
toposequence 2 is that the Charlton and Craigmore soils (coarse
structured) substitute for the Purrawunda and Irving soils (finer
structured) . This toposequence has only limited occurrence in the
scrub basalt area and in fact is mainly confined to the area east of
Westbrook Creek, which lies outside the survey .

	

(Thompson and
Beckmann, 1959) .



Toposequence 3

Toposequence 4
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IRVING

FIGURE 6 .5

	

Topcsequence 3 of the Basalt Scrub Survey Area

FIGURE 6 .6

	

Toposequence 4 of the Basalt Scrub Survey Area

WACO

This toposequence is associated with plateau remnants
or small benches in the upper slope position . The scarp face may
be either concave or convex, and is characterized by resistant
basalt rock outcrop . Small areas of Type 8 Clay Loam may occur
below the scarp and these are thought to be related to a particular
flow which was partially weathered prior to burial by subsequent
flows . Alternatively it could be a highly jointed and easily
weatherable flow which is being undercut and therefore maintaining
the steeper scarp face above .

Topasequence 1

BURTON

Toposequence 1

This toposequence only occurs, to a limited extent, in
the south-east of the study area . i t consists of extensive low
sloping plateaux which are typically fringed by either toposequence
1 or toposequence 2 . The Burton soil may also lie immediately
adjacent to the stream line so that toposequence 1 may be absent .
The occurrence of these plateau-like areas of red soils was
recognized by Prescott and Hockings (1936) as 'rising above the general
level and entirely surrounded by black basaltic soils' .



Toposequence 5

FIGURE 6 .7

	

Toposequence 5 of the Basalt Scrub Survey Area .

An example of toposequence 5 occurs in the valley north-east
of Hillview (Map 2) . Where the Type 7 Clay series occurs in these
situations, the soils downslope are often strewn with pieces of
hardened bole and the soils have a reddish hue (5 YR) . The Type 7
Clay may also occur on saddles below higher ridges . The
Miscellaneous Red Soil group and the Burton Clay Ioam also outcrop
in similar situations to the Type 7 Clay soil .

Toposequence 6

KENMUIR

BEAUARABA
PURRAWUNDA

34 "

IRVING

KENMUIR WITH

	

EAUARABA

ROCK OUTCROP

	

PURRAWUNDA

	

-

	

_ _ ----
IRVING

FIGURE 6.8

	

Toposequence 6 of the Basalt Scrub Survey Area

Stepped pediments may have up to three or four recognizable
pediment surfaces . In some cases these are erosional remnants of
earlier land surfaces and in others they may be caused by structural
controls imposed by basaltic intrusions or resistant flows . A
third cause is a change in baselevel o£ the stream with the slope
being subsequently regraded to the new base level .

The arrangement of the landscape in a series of stepped
levels like a staircase is a common world wide feature (Rube, 1969) .
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Generally, succeeding lower members of the sequence are erosion
surfaces cut into and below pre-existing surfaces, with specific soil
associations related to the different levels . Hillslopes have evolved
later on many of these erosional and depositional surfaces and have
added complexity to the pattern . Soils related to any stratigraphic
or geomorphic past may have developed during one or more climatic
cycles during the Quaternary.

Frequently, the Purrawunda and Irving Bouldery Phase soils
are found on these stepped pediments particularly on the higher
level steps

	

(Fig . 6 .8) .

	

it is possible that the boulders are due
to collapse of the overlying scarp following rejuvenation of the
landscape . It is more probable, however, that the boulders are
largely resistant core stones remaining in the profile, with some
boulders being also due to scarp collapse .

6 .5

	

SOIL OCCURRENCE IN RELATION TO GEOLOGY :

Prior to uplift and faulting in the region, the majority of
the basalt flows were horizontal and sub-horizontal in nature, with
areas of infilling associated with ancestral drainage channels .

Many of the current plateaux and stepped pediments can
be related to individual flows, where it appears that undercutting
of more weatherable basalts has resulted in the development of scarps .

Frequently the weatherable zone develops into a Type 8 Clay
Loam or if it is due to an outcrop of bole, a Type 7 Clay or
Miscellaneous Red Soil may occur .

The plateau lying between 520 - 560 m A.S .L . is dominated
by outcrops of red soils (mainly Burton Clay Loam) and appears to
correlate well with the red earth residual theory of late Pliocene
times as proposed by Bryan (1939) . The Burton Clay Loam occurs at
or about this elevation in many parts of the eastern Downs,

	

and seems
to suggest a continuous land surface which was exposed for a period
long enough for soil development and dissection to occur . This
surface was then covered by a series of basalt flows and subsequently
redissected to produce the current landforms . The red soil is
fairly stable, and typically produces low sloping plateaux and crests .
The soil is largely kaolinitic and free draining and upon reweathering
has tended to remain dominantly kaolinitic . Basalts exposed to
the present climate tend to produce montmorillonitic clays, as leaching
is not sufficiently intense to produce kaolinitic clays . Because
of these weathering features, kaolinitic and montmorillonitic clay
soils can be found side by side on the same slope, although they did
not develop contemporaneously . Similar observations have also been
made by Ferguson (1954) and Hallsworth (1951), in other areas of basalt
derived soils . This high permeability and free internal drainage
reduces runoff and erosion and results in stable areas with low slopes .

In some situations on long pediments, the Burton Clay Loam
outcrops in a mid-slope position and may have Purrawunda/Irving Clay
soils above and below . The soils below tend to have much redder
hues than normal for the soil series, and the deep subsoil of the Irving
Clay is developed on a buried Burton Clay Loam profile . This is the
Irving Clay, friable red subsoil variant .

More than one stratigraphic level of bole occurs in the
study area, and while many outcrops can broadly be related to an
undulating or irregular topography at about the same level (i .e . :-
a similar earlier land surface), there appear to be three major
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outcrops .

	

The lowest is in Keane's Creek (470 m A.S .L .), the
major one is associated with the "Burton Plateau" at 520 to 560 m A.S .L .,
and the highest being a small residual area beneath the second
last flow on top of Mt . Wyangapinni at 660 m A.S.L .

The boles are typically kaolinized and are red, brown and
purplish in colour . In lower slope positions the Irving Clay
bole subsoil variant occurs, while Miscellaneous Red Soils have
developed in small discrete areas in mid-slope positions and Type
7 Clays in mid to upper slopes or on saddles .

A roughly triangular area of Wyangapinni Clay occurs
on the eastern lower slopes of Mt . Wyangapinni .

	

it is also exposed
in smaller areas around the base of the mountain . It appears to have
been partially

	

preserved from dissection by dykes which flank it in
the north and south, and has since been covered by colluvial deposits
from upslope . This has produced a mixed mottled clay surface over a
very deep "Burton-like" subsoil, which is related to the 520 to 560 m
A .S .L . zone .

In many instances, zones of atypical soils intersect
toposequences on otherwise normal slopes and it seems reasonable
to assume that these are due to local small flows of slightly different
composition or weatherability .

6 .6

	

OCCURRENCE OF SALINE AND SODIC SOILS :

There is evidence for the development of salt-affected
soils, mainly on the lower colluvial slopes and on the valley floors .
The areas affected at present are too small to be indicated on map 2
at 1 :25 000 scale but they occur mainly near Rossvale and in the upper
Learmonth's Gully catchment .

The affected areas are characterized in the early stages
by patches of stunted, chlorotic plants or, if the level of salts
is low, by areas showing abnormally lush growth in an otherwise
fairly dry paddock .

	

In severe cases, crop germination is completely
inhibited and salt tolerant weeds and rushes may establish, particularly
where the water table is high .

These soils are characterized by high field pH ( > 9 .0)
where bicarbonate is present, a dispersible finely structured surface
and in severe cases, evidence of salt efflorescence on the surface .
Where excess salts occur, these either remain in solution in the water
table or segregate out as whitish-grey patches in the profile .

	

If
the soil is sodic, the structure becomes coarse and the soil is difficult
to cultivate except over a narrow range of soil moisture .

The soil series most commonly affected are Waco Clays in
the valley floors and Purrawunda and Irving Clays on the middle and
lower slopes .

In the survey area, salt affected soils were observed where :

saline water discharges from aquifers at the point above
where a relatively impermeable basalt intersects the slope .
This water then re-enters the groundwater, percolating
through various layers until another impermeable layer
is reached . At this point it again springs out on the
surface . This is the process thought to be operating
along the middle reaches of Learmonth's Gully .



saline water moves laterally from upper slope positions
to lower slopes or valley floors and causes the
groundwater table to rise .

6 .7

	

NUTRIENT STATUS OF THE SCRUB SOILS :

Organic carbon, total nitrogen, extractable phosphorus, and
exchangeable and replaceable potassium values for the scrub soils
are presented in Microfiche I .

6 .7 .1

	

ORGANIC CARBON :

Organic carbon content for all soils of the scrub area
varies from low to very high (Appendix III), with the majority
of soils being in the medium category . Values range from 0 .98
for a Mallard Clay Loam to 7 .18 for a virgin Southbrook Clay Loam .

6 .7 .2

	

TOTAL NITROGEN :

All the black earths, and the euchrozems, with the
exception of the Southbrook Clay Loam, have fair to very fair levels
of total nitrogen (Appendix III) .

	

The black earths and other
euchrozems range from 0.078 to 0 .30 % while the Southbrook Clay
Loam has a very high total nitrogen content

	

(0.518) . The stony
lithosols, Kenmuir Clay Loams, have high total nitrogen

	

(0.468) .

6 .7 .3

	

EXTRACTABLE PHOSPHORUS :

The soils of the scrub basalt area have uniformly very
high mean levels of acid extractable phosphorus and high mean levels
of bicarbonate extractable phosphorus

	

(Appendix III) . Acid
extractable phosphorus values ranged from 106 ppm to 999+ ppm and
bicarbonate extractable phosphorus values ranged from 51 ppm to 315 ppm .
Lower values were recorded for some eroded soils . In general, the
arable soils have more than adequate extractable phosphorus for
crop growth .

6 .7 .4 POTASSIUM :

Surface (0-10 cm) values for exchangeable potassium
ranged from 0.42 to 2 .3 m - equivs 100 g -1 with a mean value for
all soils of 1 .3 m-equivs 100g -1 . Exchangeable potassium as a
percentage of the total exchangeable cations ranged from 1 .3 to 5 .48
for the surface layer and decreased considerably with depth for all
soils .

Values of exchangeable potassium were generally higher
than those for replaceable potassium which ranged from a low of 0 .3
to 3 .4 m-equivs

	

1008 -1, with a mean value for all soils o£ 1 .1
m-equivs 1009 - 1 .

Using 0 .2 m-equivs l00g -1 of exchangeable potassium as the
limiting value (Crack and Isbell, 1970), all soils had adequate
levels of potassium . However, if a critical value of 28 for exchangeable
potassium as a percentage of total exchangeable cations

	

(Karr and
von Steiglitz, 1938) is used, then several Purrawunda and Irving
Clay soils sampled during this survey are deficient in potassium .



7 .1 INTRODUCTION :
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COMPARISON OF SCRUB AND FOREST AREAS INVESTIGATED

one of the major objectives of this project was to identify
any differences between the scrub soils of the study area and the
surrounding forest soils . The vegetation communities o£ the scrub
and forest areas studied are vastly different, allowing for the
sometimes relatively wide ecotonal zone . While eucalypts dominate
both areas, the forest basalts are characterized by low open woodland,
grassy woodland or open forests, and the scrub area is largely open
forest with a dense layered shrub and vine understory with pockets of
residual depauperate rainforest .

The composition of the basalts of both areas appears to
be relatively chemically uniform, although fabric differences, which lead
to different rates of weathering, do exist . However, significant
differences exist in the mode of emplacement of the basalts of the
scrub and forest areas .

The scrub area was the centre of major fissure flows and
local volcanic activity . Many dykes were identified and there is
evidence to support minor faulting in the region . Magnetometer
and gravity investigations further revealed major anomalies which are
not evident as surface exposure .

There was no evidence to support widespread dyke activity in
the forested basaltic uplands, although same centres were observed
along the eastern range .

The scrub area represents a mainly youthful landscape with
narrow, steep-sided valleys with short pediments, entrenching an upper
plateau surface which lies between 520 - 560 m A.S.L .

	

These valleys
and a characteristic stepped-pediment landform are partly due to dyke
control and minor faulting as well as to differential erosion of basalt
and bole layers .

The forest area represents a more mature landscape with
long pediments, broad valleys and low rounded hills, with some steeper
ridges and mesa-like hills associated with the eastern upland areas .
Even though both areas have different vegetation, geology and
geomorphology, the same soil series were identified . The only exception
was the Wyangapinni Clay which appeared to be specific to the scrub area
around Mt . Wyangapinni .

There appears to be a tendency towards a greater frequency of
bole derived soils in the scrub than in the forest area . This is largely
due to the differences in landform, as a greater proportion of the higher
parts of the landscape, on which the bole layers developed, have been
protected from erosion .

The soil series recognized in the two areas appeared similar
in the field with no observable profile differences . Morphological,
physical and chemical differences, with particular relevance to
agricultural land use, were therefore considered in more detail .
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Most comparisons are based on attributes o£ the Irving
and Purrawunda Clays which are the most important agricultural soils
in both the scrub and forest basalt upland areas . While the Kenmuir
Clav Loam soils have the widest occurrence (see Table 6.2) in the survey
area, they remain largely uncleared of dense scrub and, with the
exception of several areas suitable for pasture improvement, are of
little agricultural value .

7 .2

	

MORPHOLOGICAL AND PHYSICAL ATTRIBUTES :

Structure

Classification

7 .2 .1 STRUCTURE :

A range of structure classifications were recorded for the
Irving and Purrawunda Clays in both the scrub and forest areas . A
summary of surface structure classifications recorded in Microfiche I
is presented in Table 7 .1 .

TABLE 7 .1

Frequency of Surface Structure Classifications Observed
for Irving and Purrawunda Clay Soils of the Scrub

and Forest Areas

Frequency of Structure Classifications

	

(6)

Irving Clay

	

Purrawunda Clay

Scrub Forest Scrub Forest
(48 sites)

	

(10 sites)

	

(92 sites)

	

(10 sites)

Weak fine crumb
Moderate fine

crumb

2 .1

2 .1

-

-

2 .2

-
Strong medium

crumb - - 1 .1
Weak fine granular 2 .1 - 2 .2
Moderate fine

granular 4 .2 20 6 .5 10
Moderate medium

granular - - 9 .8 10
Moderate coarse

granular - - 3 .3
Strong fine

granular 62 .4 60 14 .1 20
Strong medium

granular 22 .9 10 42 .3 40
Strong coarse

granular 4 .2 10 16 .3 20
Strong fine
angular blocky - - 1 .1 -

Strong medium
angular blocky - - 1 .1 -



The modal distribution for both soil series was similar
for each region and conforms to the structure classifications of
Thompson and Beckmann (1959) and Reeve et al ., (1960) .

	

The scrub
soils of both series had some soils recorded with fine structure .
This is most likely due to the larger sample recorded .

The data in Table 7 .1 do not show any gross differences
in structure which would indicate that scrub soils have consistently
finer structure than forest soils .

7 .2 .2

	

SOIL COLOUR :

Surface colours of all scrub sites are presented in
Microfiche I . Soil colours were not recorded for the forest sites
and the data used are those of Thompson and Beckmann (1959) and Reeve
et al . (1960) .

There was a general tendency for some scrub soils to have
a redder Hue (7 .5 YR or 5 YR) than the forest soils . This reddish
trend could be associated with the fact that many of these soils have
either formed on boles or lie downslope from red soils and have
therefore received recent colluvial additions . There is no evidence
that these scrub soils are higher in iron oxides than the forest soils
due to any differences in parent materials (van der Zee and Macnish,
1979) .

A feature of the scrub soils, particularly around the
colluvial/sedentary soil interface, is that colour changes with depth
are often diffuse or pass through a mixed mottled zone, rather than
showing distinctive boundaries as in the forest soils . This appears
to be a feature of the shorter pediments of the scrub area, where the
transitional zone between soil series occupies a wide area in
proportion to the length of slope .

7 .2 .3

	

FIELD TEXTURE:

7 .2 .4 CONSISTENCE :

7 .2 .5 EROSION :

4 0 .

No differences in field texture were observed between soil
series in both the scrub and forest areas (Microfiche I) .

Consistence data are presented for 10 Irving and 10 Purrawunda
Clay soils in the forest region, and for all scrub soils, in
Microfiche I . There appears to be a tendency for consistence
determinations of the scrub soils to be one class lower than the
forest soils . However, as consistence is a subjective assessment,
and although all records were made by the one operator, the
consistence differences observed are not regarded as conclusive .

The erosion status of all scrub basalt sites is presented
in Microfiche I . Field observations further indicated that gullies
were more frequent in the forest area than in the scrub area where
paddocks were smaller and slope lengths shorter . As rill initiation
increases with increasing runoff and slope length, (Meyer et al .,
1975)

	

gully development in the scrub area is probably inhibited
largely by paddock size and shape . Where rilling and gullying were
observed in the scrub area, they could often be attributed to plough



furrows and cattle pads which had channelled runoff . Sheet erosion
is probably the more dominant erosion process operating in the scrub
area .

7 .2 .6

	

INFILTRATION AND SOIL SURFACE STABILITY:

Mean infiltration results for surface samples of Purrawunda
and Irving Clays from both the scrub and forest areas subjected to
simulated rainfall are presented in Table 7 .2 .

TABLE 7 .2

Mean Infiltration into Purrawunda and Irving Clays from
the Scrub and Forest areas under Simulated Rainfall of

160 mm at 60 mm/hour

* P < 0 .05 )

Infiltration was significantly higher (P < 0 .05) in the
forest soils than in the scrub soils within both soil series . This
may have been due to greater surface sealing in the scrub soils,
where structure broke down first and produced runoff earlier than
in the forest soils (Glanville, pers . comm .) .

Mean dispersal indexes (Ritchie, 1963) of the samples used
for the infiltration tests are presented in Table 7 .3 . While the
Irving scrub showed a slightly lower dispersal index than the Irving
forest sample, all samples had values greater than 3 .0 which
indicates that no sample was very dispersible (Ritchie, 1963) .
Dispersion indexes (Loveday and Pyle, 1973) for all soils in the
initial state were zero and no total index exceeded 7, also showing
that none of the soils of either the scrub or forest areas were
significantly dispersible . Therefore, while infiltration was higher
in the forest soils there is no analytical evidence to suggest
this was due to differences in surface structural stability .

Soil Series
No . of

Scrub

Samples

Forest

infiltration (cm)

Scrub Forest
t

Purrawunda Clay 12 8 8 .2 10 .0 2 .35*

Irving Clay 8 8 7 .6 10 .0 2 .91*
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TABLE 7 .3

Mean Dispersal Indexes and Clay Contents for Purrawunda
and Irving Clays from Scrub and Forest Areas .

7 .2 .7

	

AGGREGATE SIZE DISTRIBUTION :

Mean aggregate size distributions, as measured by wet
and dry sieving, for soils of the scrub and forest areas are
presented in Table 7 .4 .

TABLE 7 .4

Mean Aggregate Size Distribution Measured by Wet and Dry
Sieving Soils of the Scrub and Forest Areas .

TEST

	

WET SIEVING

	

DRY .SIEVING

AREA

	

Scrub Forest Scrub Forest

There are no obvious differences in aggregate size
distribution between soils of the scrub and forest areas . Large
differences in modal distribution would be needed to show that the
scrub soils are finer structured than the forest soils .

Soil Series Area No . of
Samples

Mean
Dispersal

Index
Mean Clay

B

Purrawunda Clay Scrub 3 7 .7 60 .1

Irving Clay Scrub 2 5 .3 65 .3

Purrawunda Clay Forest 2 7 .7 63 .3

Irving Clay Forest 2 6 .7 74 .7

No . of Samples 10 8 5 4

Frequency o£ > 5mm 0 .6 0 .5 28 .3 26 .2
Aggregates in 2 - 5mm 3 .7 4 .5 33 .0 24 .1
Differing 1 - 2mm 6 .3 8 .4 20 .7 20 .9
Size 0 .5 - 1 .0mm 15 .0 23 .5 10 .6 16 .8
Categories 0.25-0 .5mm 29 .3 31 .6 7 .4 12 .0

< 0 .25mm 45 .1 31 .5



7 .3

	

CHEMICAL ATTRIBUTES :

7 .3 .1 pH :

4 3 .

7 .2 .8

	

SUMMARY OF MORPHOLOGICAL AND PHYSICAL CHARACTERISTICS :

No consistent significant differences were found in structure,
colour, field texture, consistence or aggregate size distribution
between soils o£ the scrub and forest areas . Infiltration under
high intensity simulated rain was significantly higher in the forest
than in the scrub soils . Less gully erosion was observed in the
scrub area than in the forest area and this is thought to be due to
shorter slope lengths and smaller paddock sizes in the scrub area .

Mean laboratory pH values for surface samples of both the
scrub and forest areas are presented in Table 7 .5 .

TABLE 7 .5

Mean pH Values, Standard Deviations and Probabilities
of Surface Soil Samples (Oto 10cm) from the Scrub
and Forest Basalt Areas .

Mean pH values for the scrub soils are uniformly higher than
the forest soils . However, due to the limited number of samples
available for some soil series, these differences were not all
significant (P < 0 .05) .

	

This trend probably reflects a difference
in the percentage base saturation of the soils of the two regions .
Base saturation can be altered by the degree of leaching of the
profile, which would vary under the two types of vegetative cover .
Other factors which could have some influence on pH are the presence
of carbonate and the amount and composition of leaf drip and the
composition of the soil organic matter .

No .ofSamples MeanSurface p
StandardDeviation t Values

Soil Series Scrub Forest Scrub Forest Scrub Forest

Beauaraba 11 3 7 .3 7 .0 0 .39 0 .15 1 .22 NS
Burton 7 3 6 .9 6 .4 0 .56 0 .15 1 .41 NS
Charlton 6 5 7 .5 7 .1 0 .49 0 .23 1 .58 NS

Craigmore 2 4 8 .5 7 .2 0 .0 0 .60 2 .89

Irving 28 12 8 .0 7 .5 0 .64 0 .65 2 .00 NS

Kerunuir 8 9 7 .1 6 .9 0 .31 0 .32 1 .00 NS

Purrawunda 33 12 7 .5 6 .9 0 .50 0 .43 3 .69
Southbrook 3 3 7 .5 6 .8 0 .62 0 .46 1 .49 NS

Waco 4 2 8 .8 8 .2 0 .13 0 .07 4 .85

* P < 0.05, NS P > 0 .05 .
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7 .3 .2

	

ELECTRICAL CONDUCTIVITY :

Electrical conductivity data for shallow and deep profiles
of the Purrawunda Clay from both scrub and forest areas are presented
in Table 7 .6 .

7 .3 .3 CHLORIDES :

TABLE 7 .6

Electrical Conductivity of Purrawunda Clay Soils
From Scrub and Forest Areas .

The electrical conductivity values of all profiles are low
with no consistent difference between scrub and forest soils .
Electrical conductivity increases with depth in the deep forest
profile due to an increase in soluble salt accumulation (Microfiche I)
typical of many well developed profiles . The degree of accumulation
is, however, not large enough to affect plant growth .

Chloride values for representative profiles of the
Purrawunda Clay from both scrub and forest areas are presented in
Table 7 .7 .

These chloride levels are. very low (Appendix III) with

	

the
exception of Site 991, which has medium to high levels below 50-60 Cm .

When the values are expressed as sodium chloride (Table 7 .7)
all profiles classify as Category O - (Non-saline), using the
salinity classification of Northcote and Skene (1972) .

Depth
(Cm)

Electrical

Scrub
(shallow)
Site 444

Conductivity

Forest
(Shallow)
Site 993

( mSem -1 )

Scrub
(Deep)

Site 441 .

Forest
( Deep )
Site 991

0- 10 0.08 0 .06 0 .17 0 .08
10- 20 0 .12 0 .13 0 .10 0 .08
20- 30 0 .08 0 .08 0 .10 0 .11
SO- 60 0.13 0 .10 0 .36
80- 90 0 .14 0 .53

110-120 0 .13 0 .57
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TABLE 7 .7

Chloride Values for Purrawunda Clay Soils from
Scrub and Forest Areas

C h l o r i d e

Depth Scrub Forest Scrub Forest
(cm) (Shallow) (Shallow) (Deep) (Deep)

Site 444

	

Site 993

	

Site 441

	

Site 991

Mean particle size distribution for 0-10 and 20-30 cm layers
of Purrawunda and Irving Clays from both scrub and forest areas are
presented in Table 7.8 . Results are available from only 19 profiles
and apparent differences are not necessarily conclusive .

Particle size distributions are similar within depth categories
for each soil series of both the scrub and forest areas . There are
no apparent changes in particle size distribution down the profile within
the limits of the analytical method used .

Mean C.E .C . and C .E .C ./clay ratios for the same soils are
presented in Table 7 .9 . C .E .C ./clay ratios were also calculated using
C.E .C . values corrected for the exchange capacity due to organic matter (i .e .
Organic carbon x 1.72) (Coughlan,1969) . Surface values only are
shown in Table 7 .9, as organic carbon was not determined for the 20-30 cm
layer . However, as both soil series are uniform cracking clays, the
organic matter contribution to the exchange capacity would be similar
for the 0-10 and 20-30 cm layers .

The C .E .C ./clay ratios are similar for both depth categories
for each soil series from the scrub area and the shallow forest soils .
Only the deep forest soils have considerably lower ratios which suggest
a lower proportion of montmorillonite clay tvne . Usinct the C .E .C .
(corrected) values, the deep forest soils ratios suggest an even
lower proportion of montmorillonite clay type .

The potential for montmorillonite alteration to kaolinite,
which has a lower C.E .C ., increases with age and degree of leaching
(Birkeland, 1974) . As the deeper forest soils generally occur on a more
mature land surface, some clay alteration can be expected to have occurred .
The data in Tables 7 .8 and '7 .9 suggest that the shallow and deep scrub
soils and the shallow forest soils contain a higher percentage of
montmorillonite clay than the deep forest soils . It therefore appears
that greater differences in clay content and C .E .C . occur between depth
categories of the soil series than between the soil series of the scrub
and forest areas .

C1
0)

NaCl C1
($) M

NaCl
($)

Cl NaCl
M ($)

C1
($)

NaCl
($)

0- 10 0.001 0.002 0.002 0 .003 0.004 0 .007 0 .003 0.005
10- 20 0.001 0.002 0.002 0 .003 0.002 0 .003 0 .003 0.005
20- 30 0.001 0.002 0.001 0.002 0 .002 0 .003 0 .007 0.012
50- 60 0.001 0.002 0 .002 0 .003 0 .040 0.066
80- 90 0 .002 0 .003 0.066 0.108

110-120 0 .001 0 .002 0.067 0.111

7 .3 .4 PARTICLE SIZE DISTRIBUTION AND C .E .C ./CLAY RATIOS :



* Figure for clay % for one site is low by analytical method used .

Mean C.E .C . and C .E .C ./Clay Ratios for 0-10 and 20-30 cm Layers of
Purrawunda and Irving Clays from Scrub and Forest Basalt Areas .

46 .

TABLE 7 .8

Mean Particle Size Distribution for 0-10 and 20-30 cm Layers
of Purrawunda and Irving Clays from Scrub and Forest Basalt Areas .

TABLE 7 .9

*C .E .C ./clay ratio not calculated due to inaccurate clay 8
determination for one site .

Soil Series No . of
Sites

Depth
(cm)

Coarse
Sand(%)

Fine
Sand(%)

Silt
(%)

Clay
M

Purrawunda Clay 5 0-10 3 18 20 59
(Scrub-shallow) 20-30 3 16 18 63
Purrawunda Clay 1 0-10 1 9 18 71
(Scrub-deep) 20-30 1 8 15 75
Purrawunda Clay 2 0-10 2 15 20 63
(Forest-shallow) 20-30 9 16 14 61*
Purrawunda Clay 2 0-10 1 13 17 69
(Forest-Deep) 20-30 1 13 18 68

Irving Clay 3 0-10 2 10 15 72
(Scrub-shallow 20-30 2 10 13 75
Irving Clay 2 0-10 3 12 19 66
(Scrub-deep) 20-30 2 13 19 66
Irving Clay 1 0-10 1 12 17 71
(Forest-shallow) 20-30 1 12 17 71
Irving Clay 3 0-10 1 9 14 76
(Forest-deep) 20-30 1 9 11 79

Soil Series Depth
(cm)

C .E .C . (m .
equivs 1002 -1 )

C .E .C ./
Clay

C.E .C .
(Corrected)/Clay

Purrawunda Clay 0-10 54 0 .91 0 .80
(Scrub-shallow) 20-30 56 0.89 -
Purrawunda Clay 0-10 63 0.89 0 .79
(Scrub-deep) 20-30 66 0 .88 -
Purrawunda Clay 0-10 65 1 .03 0 .93
(Forest-shallow) 20-30 70 * -
Purrawunda Clay 0-10 46 0 .66 0 .56
(Forest-deep) 20-30 51 0 .74 -

Inning Clay 0-10 68 0 .93 0 .83
(Scrub-shallow) 20-30 70 0.93 -
Irving Clay 0-10 62 0.94 0 .87
(Scrub-deep) 20-30 59 0 .90 -
Irving Clay 0-10 65 0.92 0 .83
(Forest-shallow) 20-30 73 1 .03 -
Irving Clay 0-10 60 0.80 0 .72
(Forest-deep) 20-30 60 0.75 -
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7 .3 .5

	

ORGANIC CARBON, TOTAL NITROGEN :

Mean organic carbon, total nitrogen and carbon/nitrogen
ratios for surface samples of six soil series, in both the virgin and
cultivated state, of the scrub and forest areas are presented in
Table 7 .10 . The values are means o£ the Charlton, Beauaraba,
Purrawunda, Irving, Kenmuir and Burton soils for which virgin and
cultivated sites were sampled in both areas . In most cases the
virgin sites were either shrubby grassland or grassland, from which
much of the original timber had been cleared .

TABLE 7 .10

Mean Organic Carbon, Total Nitrogen and Carbon/Nitrogen
Ratios for Virgin and Cultivated Surface Layers
(0-10 cm) of Six Major Soils of the Scrub and

Forest Areas .

There are no significant differences between organic carbon
values of the scrub and forest soils . Total nitrogen differences
are significant (P < 0 .05) between areas only in the cultivated state .
There is, however, a significant difference (P < 0 .01) between the
carbon/nitrogen ratios of scrub and forest soils in the virgin but not
the cultivated state . The organic litter contribution to the soil
surface was observed to be higher under scrub than forest vegetation .
Due to the presence of leguminous plants and soft leafy vines it is
probable that under scrub total N accession is also higher and that the
C/N ratio in the litter is lower than under forest . As organic carbon
and total nitrogen levels are not significantly different between the
two areas, it is likely that there is a higher rate of carbon cycling
and nitrogen mineralization in the scrub soils . This is reflected
in the lower soil C/N ratio in virgin scrub soils . Following
cultivation, the effects of processes operating in the virgin condition
are lessened and the C/N ratios become similar .

The data in Table 7 .10 also show that the cultivated soil
series in both regions have significantly lower ( P < 0 .01) levels of
organic carbon and total nitrogen than the virgin soils, thus supporting
the common observation that long periods of cultivation reduce organic
carbon and total nitrogen levels considerably .

Area
No .

Virgin

of
Samples

Cult .

Organic
Carbon (%)

Virgin Cult .

Total Nitrogen
(%)

Virgin Cult .

Carbon/
Nitrogen

Virgin Cult .

Scrub 34 82 2 .86 1 .80 0 .24 0 .15 11 .5 12 .7
(t = 9 .64 **) (t = 9 .0 **) (t = 4 .44 **)

Forest 17 25 3 .20 1 .75 0 .23 0 .13 13 .6 12 .9
(t = 6 .30 **) (t = 5 .0 **) (1 .17 NS)

t 1 .21 0 .63 0 .50 2 .00* 4 .67** 0.51
(NS) (NS) (NS) (NS)

( ** P < 0 .01 ; * P < 0 .05 ; NS, P > 0.05)
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The differences shown in Table 7 .10 are unlikely to cause any
agricultural differences, or result in structural or tilth differences
between soils of the scrub and forest areas .

7 .3 .6

	

PHOSPHORUS, POTASSIUM AND SULPHUR :

Mean levels of total phosphorus, potassium and sulphur for
surface samples of the Purrswunda and Irving Clays sampled in the
scrub and forest areas are shown in Table 7 .11 . Total phosphorus
levels of both soil series are significantly higher ( P < 0 .01) in the
scrub area than in the forest area .

	

Total potassium and sulphur do
not differ significantly between areas .

TABLE 7.11

Mean Values of Total Phosphorus, Potassium and Sulphur for Surface
Samples (0-10 cm) of Purrawunda and Irving Clays of the

Scrub and Forest Areas

** P < 0 .01 ;

	

NS

	

P > 0.05 ;

	

ND Analysis Not Valid :

The mean levels of acid and bicarbonate extractable phosphorus,
and replaceable potassium, in the 0-10 cm layer of the Purrawunda and
Irving Clay soils sampled in the scrub and forest areas are presented
in Table 7 .12 . Extractable phosphorus values (both acid and
bicarbonate forms) and replaceable potassium values are significantly
higher

	

( P < 0.05) for both soil series of the scrub area than for the
forest area . The modified t Test (Snedecor and Cochran, 1967) was
used for those comparisons where the F test was significant .

Soil Series Item Scrub Forest t

No . of samples 33 11

Purrawunda Total P (%) 0 .19 0.11 4 .00 **
Total K (B) 0 .42 0.61 1 .73 (NS)

Clay Total S (8) 0 .03 0 .03 ND

No . of samples 29 11

Irving Total P (8) 0 .18 0 .10 4 .00 **
Total K (B) 0 .51 0 .59 0 .80 (NS)

Clay Total S (8) 0 .03 0 .02 0 .06 (NS)
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TABLE 7 .12

Mean Values of Extractable Phosphorus and Replaceable Potassium
for Surface Samples (0-10 cm) o£ the Purrawunda and Irving

Clays of the Scrub and Forest Areas

Soil Series

Purrawunda
Clay

Irving
Clay

**

	

P <0 .01 ;

	

*

	

P < 0 .05
# tl calculated for unequal variances and tl (-) is the

modified t statistic .

The mean levels of acid and bicarbonate extractable phosphorus
and replaceable potassium for surface samples of all soils sampled
in the scrub and forest areas are presented in Table 7 .13 . Phosphorus
and potassium values are significantly higher in the scrub area than
in the forest area ( P < 0 .01) .

TABLE 7 .13
Mean Values of Extractable Phosphorus and Replaceable Potassium

for Surface Samples (0-10 cm) of all Soils Sampled in the
Scrub and Forest Areas .

( ** P < 0 .01)

Item

No . of samples

Scrub

32

Forest

12

t tl #
(tl (a))

Extract . P . (acid) 638 .8 152 .9 - 7 .48 **
PPM (2 .89)

Extract . P .
(bicarb) ppm 83 .8 47 .3 2 .67

Replac . K .
1m . equivs l00g 0.89 0 .47 - 4 .08 **

(2 .86)

No . of samples 26 11

Extract . P . (acid) 669 .1 180 .9 4 .78 ** -
PPM

Extract . P . 64 .9 36 .0 - 2 .98 **
(bicarb) ppm (2 .89)

Replac . K.
1m . equivs l00g 1.05 0 .50 - 5 .34 **

(2 .97)

Item Scrub Forest

No . of samples 154 54 -
Extract . P . (acid) ppm 721 .5 240 .6 10 .81 **
Extract . P . (Bicarb) ppm 96 .9 57 .4 3 .63 **
Replac . K . m . equivs l00g-1 1 .04 0 .59 4 .50 **



For further comparison of the fertility of the scrub and
forest soils, the mean values of extractable phosphorus and replaceable
potassium were calculated as a percentage of the mean levels of the
respective total elements . These values are presented in Table 7 .14 .

Soil Series

Purrawunda
Clay

Irving
Clay

5 0 .

TABLE 7 .14

Mean Levels of Extractable Phosphorus and Replaceable Potassium
Expressed as a Percentage of the Total Element Value for Surface
soils (0 - 10cm) of the Purrawunda and Irving Clays of the Scrub

and Forest Area .

Item

	

Scrub Forest

Total P

While bicarbonate extractable phosphorus as a percentage of
total phosphorus is similar for both soils for both areas, the scrub
soils have much higher levels of acid extractable phosphorus and
replaceable potassium as a percentage of total element than do the
forest soils . Although the soil series are genetically different
(i .e . :-

	

the Purrawunda Clay is sedentary while the Irving Clay
is colluvial), there is a remarkable similarity in the extractability
o£ phosphorus and potassium, as a percentage of total element between
soil series within areas . The bicarbonate extractable phosphorus is
an important factor in alkaline soils as it is generally used as a basis for
phosphate fertilizer recommendations .

In summary, it appears that both the absolute amounts and the
forms in which phosphorus and potassium are held in the soils differ
significantly between scrub and forest areas .

7 .3 .7

	

SUMMARY OF SOIL FERTILITY :

Extractable phosphorus, total phosphorus and replaceable
potassium were significantly higher in the scrub soils .

	

organic
carbon and total nitrogen levels were not significantly different .
However, the C/N ratios for the virgin soils were significantly lower
in the scrub than in the forest area . As the soils of both areas
generally have more than adequate levels of the major nutrients, these
differences will have little agricultural importance in the short term .

Replaceable K (~)
Total K

No . of Samples

8 .3

26

3 .0

11

Extract . P . (acid) (8) 37 .2 18 .1
Total P
Extract . P . (bicarb) (~) 3 .6 3 .6
Total P
Replaceable K (8) 8 .1 3 .3
Total K

No . of Samples 32 12

Extract . P . (acid) (%) 33 .6 13 .9
Total P
Extract . P . (bicarb) (2) 4 .4 4 .3
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DISCUSSION ON POSSIBLE ORIGINS OF THE SCRUB AREA :

At the close of volcanic activity during the Tertiary, the
basaltic landscape of most o£ the eastern Downs region was
relatively flat and uniform . Suitable hot and wet climatic conditions
existed at that time for the establishment of sub-tropical rainforest
communities .

Differential erosion, faulting and uplift resulted in areas
of upstanding plateaux in parts of the eastern Downs, which still
supported the rainforest communities, while the areas which now support
forest and grassland were more actively denuded . Species composition
altered with climatic changes during the late Tertiary and early
Pleistocene, but the local micro-environment, once created and aided by
the more favourable rainfall which continues even today (see section
3 .5), enabled the rainforests to continue, though in a much degraded
form . The present depauperate rainforest mainly has species affinity
with sub-tropical rainforest communities with some cool temperate
species also present .

	

The greater part of the scrub (i .e . depauperate
rainforest)

	

areas now lie above 500 m A .S .L .

By the late Pleistocene, the landform had developed largely
to the state in which it appears today . Several climatic changes
occurred during more recent times

	

(Whitehouse, 1940) which further
affected species composition and contributed to valley alluviation .
Some 30 000 - 50 000 years ago, the climate was much wetter and colder
than today . Evidence for this exists in the location of fossil
deposits of Diprotodon and Nototherium in alluvial beds within the study
area (Macnish, unpublished data) . Fossil records indicate that
Diprotodon preferred to live in wet, swampy conditions (Archer, pers .
comm .), and soil stratigraphy in the area tends to indicate that at
least two suitable locations existed nearby . This wet cycle would have
maintained the rainforest while causing some changes due to the
introduction of cool temperate species more suited to the colder
temperatures . Several other subsequent climatic fluctuations further
affected species composition . Since the arrival of aboriginal man, fire .
has undoubtedly played a major part in altering the original forest,
and more particularly since settlement by white man (Pedley, pers . comm) .

It would appear therefore, that what persists today is a
substantially degraded community, which established originally in an
area of high relief and favourable rainfall . This would explain the
existence of similar depauperate communities in other parts of the
eastern Downs on areas of dissimilar lithology .

As chemical composition of the rocks is relatively uniform,
the chemical differences in the soils of the two areas must either be
due to differences in pedologic development and degree of leaching, or
to vegetation induced differences .

Rainforest and vine forest communities require a higher
rainfall for establishment and persistence than do sclerophyllous
open forests (Beadle, 1953, Loveless, 1962, o'lmeck, 1973) . As the
basalts are relatively uniform chemically (van der Zee and Macnish,
1979), then fertility differences would not have been a factor in the
initial establishment of the original rainforest . Subsequent climatic
changes are assumed to have been relatively uniform over the whole
eastern Downs region but due to geological controls, the landforms
developed were markedly different .

	

The broad valleys with large
expanses of deep cracking clays which developed in the now forested
area, precluded their recolonization by the rainforest . Due to dyke
controls and faulting, the study area was less affected and the
scrub persisted on the ridges and upper slopes . The nutrient cycling



system therefore continued under the scrub vegetation and has maintained
phosphorus and potassium at much higher levels than in the more
mature forest area .

As the rainforest further degraded due to the effects of
fire, climate change and man, eucalypts established in the depauperate
community and residual areas of pure scrub (semi-evergreen vine
thicket) can now only be found on the steep and less accessible ridges .
It is fair to assume that the vine scrub is now probably on an
irreversibly regressive path (Webb, 1968) unless the effects of man
can be eliminated .

As the depauperate forest retreated to the higher ridges
under these several influences, the soils on the pediments and lower
slopes became exposed to processes similar to those operating in
the forest area . The soils therefore are morphologically similar,
although those of the forest area are considerably more leached and
therefore of lower fertility .

The dyke intrusions and the faulting are still exerting
landform controls in the scrub area, so it is likely that the present
scrub landscape is more stable than the forest area . Therefore the
residual plateaux and the higher peaks with the associated depauperate
rainforest should persist unless radically altered by man or fire .

DEPAUPERATE RAINFOREST WITH LANOFO
STABILITY DUE TO GEOGICAL CONTROLS .

In summary the following sequence is thought to have occurred :-

CONTINUATION OF DEPAUPERATE RAINFOREST WITH
SUBSEQUENT CLIMATIC CHANGES ; NUTRIENT CYCLING
UNDER SCRUB, MAINTAINS HIGHER LEVELS OF P AND K
THAN IN THE FOREST REGIONS.

5 2 .

UNIFDRM LANDSCAPE WITH WIDELY
DISTRIBUTED RAINFOREST

	

IMMUNITY

UNIFORM CHEMICAL STATUS OF BOTH
SOILS AND PARENT MATERIAL .

" 4

CLIMATIC-CHANGES: DENUDATION
DIFFERENCES DUE TO DIFFERENCES
IN GEOLOGY .

RESIDUAL PLATEAU% AND NARROW,

	

LONG, LOW SLOPING PEDIMENTS,
STEEP SiDEO VALLEYS.

	

BIgAD VALLEYS AND SOME RESIDUAL HILLS.

CONTINUATION OF RAINFOREST.

	

DISAPPEARANCE OF RAINFOREST .

SEVERAL FLUCTUATIONS IN CLIMATE, AND
THE EFFECTS OF EAZY MAN AND FIRE

LANDFOIM INSTABILITY, DEVELOPMENT OF MATURE
LANDFORM AND LOSS OF NUTIENTS BY EROSION AND LEACHING

LOWER NUTRIENT LEVELS AND LOWER RAINFALL PREVENT
iECOLONIZATION BY SCRUB: DEVELOPMENT OF GRASSLAND
AND FOREST : HIGH LEVELS OF P AND K, DUE TO PARENT
MATERIAL COMPOSITION BUT STILL LOWER THAN IN SCRUB REGION.



7 .5 CONCLUSIONS :

53 .

In summary, the comparison of scrub soils of the Linthorpe
area and the forest soils of the surrounding basalt areas has shown that :-

The same soil series occur in both areas with the
exception of the Wyangapinni Clay .

(2)

	

Some chemical differences occur within soil series
between areas due to the effects of differential
erosion and changes in vegetation .

(3)

	

In spite of these chemical differences, the
fertility levels of soils of both areas are more
than adequate for crop growth, and therefore the
soil series can be treated as agriculturally similar .

(4)

	

The vegetation distribution on the eastern basaltic
uplands developed because of climatic change and
differential erosion due to differences in geology .

(5)

	

The influence of vegetation alone does not cause
major physical differences in soils developed on
basalt, and if physically different soils do occur,
the differences must be due to lithology and
not vegetation .
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LAND USE AND SOIL CONSERVATION RECOMMENDATIONS

FOR THE BASALT SOILS

8 .1

	

AGRICULTURAL MANAGEMENT UNITS :

The soil series of the basalt area were grouped into 14
agricultural management units (see Table 8 .1) . These management
units apply to both the forest and the scrub basalt areas as the soils
are essentially the same (see Chapter 7) . The groups were based
largely on similarities in one or more of the following factors;

soil depth
surface structure
soil texture
topographic position
presence of rock or gravels
workability

other factors were directly associated with these but were
not specifically considered . For instance, soil depth also denotes
limitations on soil water storage capacity and nutrient levels, as
well as rooting depth for crops.

8 .2

	

LAND USE IN RELATION TO SOILS :

The physical and chemical properties of soils as well as
topography and environment impose limitations on land use and
management practices . With improper use and/or management, soils
degrade and this is reflected by a loss of productivity, structural
breakdown and an increased susceptibility to erosion. Soils can be
protected by using them according to their capabilities and by applying
safe management practices.

The following general agricultural land use restrictions
should be followed for the basalt soils :

Soils less than 30 cm deep are unsafe for continuous
cultivation due to their shallow profile, low soil water
storage capacity and susceptibility to erosion . They
should be either left under pasture, or sown to pasture if
presently being cultivated .

	

In most cases improved pastures
could be sown using conventional planters . Stony lithosols
and shallow, sedentary black earths on steep slopes supporting
semi-evergreen vine thicket should be left uncleared.

Soils from 30 - 45 cm deep can generally be cultivated for
winter forage cropping, but may not have sufficient moisture
storage for grain or summer cropping in a dry season .
Pasture leys should be considered for these soils .

	

Improved
pastures could be sown using conventional planters .

Soils greater than 45 cm deep, with the exception of the
Miscellaneous Calcareous Soils, are safe for continuous
cultivation . The calcareous soils are subject to wind
erosion and due to poor soil water storage capacity are
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not suited for the construction of contour banks and
artificial waterways . In some cases where erosion has
been severe on these deeper soils, land use should be
temporarily changed until stability has been achieved
through the implementation of conservation practices
and/or pasture leys .

Salt-affected soils, particularly cracking clays, present
several management problems and the treatment of these
areas is difficult and generally uneconomical in the short
term . The following methods are suggested for the treatment
and control of saline areas :-

If the affected area is in the valley floor and surrounded
by cleared hills, the re-establishment of timber cover on the ridges
provides a long term solution by lowering the groundwater table
and by controlling the release of salts to the groundwater .

Drainage of areas with high water tables will reduce salinity
effects, but this is not always possible in valley floors . The saline
water should be discharged into flowing water to aid dilution . Tile
and mole drains have been used with some success

	

(Cull, pers . comm .) .
Open drains are not recommended as the evaporation and concentration
of salts in low spots leads to difficulties in maintaining stable
channels on low slopes .

Although cultivation is not generally recommended, if the
salt levels are not excessive, salt tolerant crops such as barley or
maize can be grown . Deep rooted plants such as lucerne will successfully
lower the water table and allow some removal of salt by leaching from
the profile . The establishment of permanent grass pastures is the
most successful treatment although establishment is often difficult
and fertilizer is generally required . Rhodes Grass is moderately salt
tolerant .

Heavy applications of gypsum are recommended for sodic soils .
The high inputs of Ca++ tend to improve surface structure and therefore
promote better infiltration and subsequent leaching . This is not a
permanent treatment and subsequent applications of gypsum will be
necessary .

High levels of coarse straw mulch on the surface have also
shown some success (Richards, 1954) . The mulch reduces evaporation
and prevents the capillary rise of salts as well as improving surface
permeability and subsequent leaching in the profile .

Leaching of salts from the profile in montaorillonitic soils
is difficult due to their low permeability . However, if
permeability is improved, controlled irrigation can lower salt
concentrations sufficiently to allow plant germination .

The major management and land use aspects of the agricultural
management units are summarized in Table 8 .2 .
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8 .3

	

SOIL CONSERVATION MEASURES :

The scrub soils require adequate protection with soil
conservation measures as the percentage of suitable arable land is low
in the hilly area, and the rainfall is also somewhat higher than
in the surrounding forest region .

Contour banks are required on most cultivated slopes above
1% and the standards used for contour bank design in the forest basalt
areas are applicable .

	

Cracking causes problems with bank stability
for all black earths in the area . The red soils (euchrozems) are
not affected by cracking problems . As a general rule, broad base
banks are recommended for all black earths . However, the shallow
black earths on the steeper slopes have insufficient soil depth to
allow construction of broad base banks . Broad base (topside) banks,
or narrow base banks, are therefore recommended in these situations .
Recommended types of contour banks are specified for each agricultural
management unit in Table 8 .2 .

With the exception of unstable soils such as the
Miscellaneous Calcareous Soils, the salt-affected soils, and shallow
soils, all agricultural management units may be used for the
construction of artificial grassed waterways .

8 .4

	

MAINTENANCE OF SOIL CONSERVATION MEASURES :

The continued effectiveness of contour banks and artificial
waterways is entirely dependent on management practices and careful
attention to maintenance of structures .

The designed bank height and channel capacity should be
regularly checked and maintained for both contour banks and waterways .
The establishment of grass in artificial waterways and the continued
maintenance of a good surface cover are two important factors in
waterway success .

The establishment of improved pastures is recommended for
all situations where severe erosion has resulted in high levels of
soil loss and badly gullied paddocks .

	

Suitable pasture species are
recommended in Table 8 .2 . Problems with pasture establishment may
occur due to cracking and surface structure (Leslie, 1965), and
due to low fertility in badly eroded soils . Applications of nitrogen,
phosphorus and sulphur are recommended to aid establishment, and
improve productivity of both grass and legume based pastures (Loader,
1974 ; Jones, 1970 and Swann, 1973) .

Recommended methods of establishment and suitable pasture
species can be found in Lloyd (1970 a, 1970 b) and Cull (1974), who
have investigated problems of pasture establishment and production
in the eastern Darling Downs .
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APPENDIX I

(B)

	

INTERPRETATION OF CODES

A listing of the codes used for site description can be
found in Microfiche I.

Most of the codes used are concisely defined and, by
their objectivity, eliminate many of the problems of interpretation
associated with free-form survey . Attributes have been quantified
where possible . Several items however are still subjective and as
interpretations may differ with each surveyor, the particular
emphasis used in this survey is detailed below. All other item
codes not specifically mentioned here have been interpreted literally.

ITEM 112, POSITION :

The Nine Unit Land Surface Model of Dalrymple et al .
(1968) was used to describe the position of each site in relation
to the landform . The model was originally derived for an area of
grassland in the North Island of New Zealand, and does not in all
cases apply to the basaltic uplands. The model is a summary of
contemporary process in soil formation (Fig Ib .l) .
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Fig Ib .l

	

The Nine-Unit Landsurface Model .

	

(After Conacher and Dalrymple,
1977)



Conacher (1968, 1970) investigated the use of this model
in south-east Queensland and concluded that the nine units could
satisfactorily be applied, though with surface wash assuming a greater
role than previously allowed .

The approach taken here was to disregard the slope limits and
to consider process as the most important factor . The imposition of
contour banks and waterways into the natural pedomorphic system caused
most difficulties with the model .

	

Instead of considering a repetitive
sequence of paleo and contemporary soil units associated with each
slope, Conacher (pers . comm .) suggested that if new responses can
not be identified in the soil profile then, as far as the model is
concerned, no change has occurred . Accordingly, Units 5 and 6 were
recorded as representing the initial mode of formation of the soil and
not the current processes .

ITEM 118, MICRORELIEF :

Ib - 2

The method used was that of Paton

	

(1974), who redefined
gilgai as two forms based on surface representation ;

Linear - elongated in one direction, and
Nuram

	

- no consistent preferred orientation .

The linear form dominated the gilgaied soils in the survey
area . The nuram type is mainly restricted to lower slopes and
floodplains . As only small areas of deep alluvial soils were included
in the study area, the nuram gilgai form had only minor occurrence .

ITEM 203, ALTERATION OF PARENT ROCK :

soils which had formed on bole or on materials overlying
bole, where the latter consituted a C/D horizon .

ITEM 210,

	

ROCK EXPOSURE :

0 -

	

0 to 1%

	

This was interpreted as 0% outcrop only .
1 -

	

1 to 5%

	

This was applied as < 5% .

This differentiation was necessary to indicate the many
sites where no rock outcrop occurred . With computer sorting all sites
would otherwise have indicated rock outcrop where in fact it did not
exist .

ITEMS 310 - 318, SOIL COLOUR :

All soil colours were recorded in the moist state using
the Japanese Revised Standard Soil Colour Charts (Oyama et al . 1967) .
Colour names in this system frequently differ from the Munsell Colour
names as used by Reeve et al .

	

(1960), and any comparisons should
therefore be made using both the notation as well as the descriptive name .

0 - No parent rock - This was applied to alluvial or deep ( > 2m)
colluvial soils where no rock contact was made and where
the soil had formed from transported materials .

4 - Weathered, chemically altered < 2m - This was applied to



ITEM 636, LAND CAPABILITY :

lb - 3

Due to coding limitations, the classification was restricted
to Capability Class only, and the system used was that of Klingebiel
and Montgomery (1961) . As most data coded for each site were
quantified, it is possible to derive a classification to conform to
that of Rosser et al .

	

(1974), which uses notations to indicate the
limitations . These limitations can be obtained from Items 612 to
624 and 213.



SAMPLE PREPARATION :

PARTICLE SIZE DISTRIBUTION :

ELECTRICAL CONDUCTIVITY :

pH

CHLORIDES

APPENDIX II

SOIL ANALYTICAL METHODS

by

	

C . Ahern,
Agricultural Chemistry Branch,

D .P .I ., Brisbane .

All samples were dried at 400C in a forced air draught .
Gravel was sieved out using a 2 mm sieve, while samples not containing
gravel were ground to less than 2 mm . All determinations were carried
out using the less than 2 mm soil fraction . All results are reported
on an air dry basis except where indicated .

Particle size determinations were conducted using a
modification of the hydrometer method of Piper (1942) . The modifications
were :

	

that the soils were dispersed with sodium hexametaphosphate
and sodium hydroxide, and samples high in gypsum were sieved with 0 .2 mm
sieve after an initial boiling treatment prior to an acid treatment .
Results are reported on an,oven dry basis .

With soils containing carbonate, the sum of particle sizes
may be less than 100% if acid treatment was used .

A 1 :5 soil :de-ionized water suspension was shaken for one
hour and the electrical conductivity (E .C .) was measured at 25oC .

A 1 :50 soil water suspension was generally used on soils
with E.C . greater than lmscm1 , particularly if gypsum was suspected
of being present .

Soluble salts may be estimated using the factor of Piper
(1942) % T .S .S . = E .C . mScm-1 x 0,336 at 25oC,

After determination o£ electrical conductivity, the same
1 :5 suspension was then used to determine pH using a glass electrode
and saturated calomel reference .

After conductivity and pH readings were completed, potassium
alum was added to the 1:5 soil water suspension . Chlorides were
determined on the stirred suspension using a specific ion electrode
(Haydon, Williams and Ahern, 1974) .



ORGANIC CARBON

The wet oxidation method of Walkley and Black (1934)

	

++
was used on a finely ground sample . The reduced chromic ion (Cr

	

)
was read colorimetrically (Sims and Haby, 1971) . Results reported
are uncorrected Walkley and Black values .

TOTAL NITROGEN

The sample was finely ground . Selenium catalyst was used
in a semi-micro Kjeldahl digestion . An Auto Analyser system was used
for estimation of ammonium in the digests .

EXTRACTABLE PHOSPHORUS

Acid Extractable P

	

(0 .01 N H2SO4 ) was determined by the Kerr
and von Stieglitz (1938) method . Readings were carried out using an
Auto Analyser technique .

Bicarbonate Extractable P (0 .5 M NaHC03 adjusted to pH 8.5)
was determined by the Colwell (1963) method .

TOTAL PHOSPHORUS, TOTAL POTASSIUM, TOTAL SULPHUR

About 3g of soil sample were very finely ground and pelleted
with boric acid .

	

The pellet was then exposed to a beam of X-rays in
a Phillips 1410 vacuum X-ray spectrograph . Simple linear calibration
was used to obtain percentage phosphorus, potassium and sulphur from
fluorescent intensities .

EXCHANGEABLE CATIONS

A method similar to that reported by Loveday (1974) was used .

Prewashing was done with 60% ethanol . Exchangeable cations
were removed with 1N NH4CL at pH 8.5 in 60% ethanol. Absorbed ammonium
was removed with 1N Sodium Sulphate .

Ammonium N and Cl were determined in milliequivalents on an
auto analyser using colorimetric methods similar to those described
by Loveday (1974) . The difference was reported as the C .E .C .

REPLACEABLE POTASSIUM

The method used was described by von Stieglitz

	

(1953) .

	

5g
of soil was shaken for 4 hours in 200 ml of .O5M hydrochloric acid .
The suspension was then centrifuged, and potassium concentration
determined by flame photometer .

MOISTURE CHARACTERISTICS

Moisture percentage at metric potentials of 1/3 and -15 bar
was determined on samples ground to less than 2 mm . A pressure plate
apparatus of Soil Moisture Equipment Co . of California was used .
Results are reported on an oven dry basis.

'Available soil water capacity' can be approximated by
the difference between these two laboratory measurements .
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SOIL SALINITY, SODICITY AND ALKALINITY :

The categories specified here are those of Northcote and
Skene (1972) .

SALINITY CATEGORIES :

APPENDIX III

INTERPRETATION OF SOIL ANALYTICAL RESULTS

Chloride ion is used expressed as percent sodium chloride
equivalent (610 ppm Cl - = 0 .18 NaCl) .

contain more than 0 .38 NaCl in the subsoil or
below 20 cm if the profile is undifferentiated .

SODICITY CATEGORIES :

E .S .P .

	

(Exchangeable Sodium Percentage) is the criteria
and is calculated as a percentage of exchangeable Na+ over the C.E .C .

Category O

	

-

	

Non-sodic, E.S .P . < 6

Category 1

	

-

	

Sodic, E.S.P . 6 - 19
Category 2

	

-

	

Strongly sodic, E .S .P . > 15 .

ALKALINITY CATEGORIES :

Source :

	

Agricultural Chemistry Branch, Queensland Department of
Primary Industries .

SOLUBLE SALTS :

% TSS C1 - %

Very Low < 0 .05 < .01
Low 0 .05 - 0 .15 .01 - .03
Medium 0 .15 - 0 .30 .03 - .06
High 0.30 - 0 .70 .06 - .20
Very High > 0 .70 > .20

The criterion is the pH of a 1 :5 soil ;water suspension .

Category O - Acid or insignificantly alkaline, pH < 8 .0

Category 1 - Alkaline, pH 8.0 - 9 .5

Category 2 - Strongly alkaline, pH > 9 .5

Category O - Non-saline in either the surface (0 .18 NaCl)
or subsoil (0 .28 NaCl) .

Category 1 - Surface salinity ; soils contain 0 .18 NaCl if
loams or coarser, and 0 .28 NaCl if clay loams
or clays .

Category 2 - Subsoil salinity ; not surface saline but



ORGANIC CARBON AND TOTAL NITROGEN :

% Org . C .

Very Low
Low

- Medium
High
Very High

Source :

	

Agricultural Chemistry Branch, Queensland Department
o£ Primary Industries .

EXTRACTABLE PHOSPHORUS :

Source :

	

Agricultural Chemistry Branch, Queensland Department
of Primary Industries .

POTASSIUM :

Crack and Isbell (1970) use the value of 0.2 m equiv
per 100 gr of exchangeable potassium as the critical deficiency level .

REFERENCES :

Crack, B.J . and Isbell, R.F . (1970) - 'Studies on some solodic
soils in north eastern Queensland I . Morphological and
chemical characteristics . Rust . J . Exp . Agric . Anim .
Husb . 1 0 : 334-41 .

Northcote, K.H . and Skene, J .K .M .

	

(1972) - 'Australian soils with
saline andsodic properties' . Div . of Soils, CSIRO
Aust . Sail Publ . No . 27 .

(Walkley and Black) 8 Total Nitrogen (Kjeldahl)

< 0 .59 Very Low 0 .05
0 .50 - 1 .75 Low 0 .05 - 0 .09
1 .76 - 2 .90 Fair 0.10 - 0 .14
3 .00 - 5 .80 Very Fair 0.15 - 0 .24

> 5 .80 High 0 .25 - 0 .49
Very High 0.50

Acid extractable P (ppm) Bicarbonate extractable P (piss)

Very Low < 10 Very Low < 10
Low 10 - 20 Low 10 - 20
Fair 20 - 35 Fair 20 - 30
Very Fair 35 - 45 Very Fair 30 - 40
High 45 - 100 High > 40
Very High > 100



APPENDIX IV

GLOSSARY OF THE MORE COMMON VEGETATION OF THE
LINTHORPE AREA



v - 1

APPENDIX V

GENERALIZED PROFILE DESCRIPTIONS
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Effective use of this key will be greatly facilitated if
standard procedures are followed, at least until the user is
familiar with the soils . At most stages, the user is required to
answer 'yes' or 'no' to the questions and then be directed to the
next logical choice . A guessed answer could lead to problems . The
key has been kept as simple as possible and the user need only know
surface texture, depth, pH and structure to successfully use the key.

The first step is to ensure that the soil to be keyed has
developed on pure basalt and does not belong to a mixed resource
area, such as basalt/sandstone .

	

If this criterion is satisfied, the
key can be used

	

-

v2 - 1

APPENDIX VI

KEY TO THE MAJOR BASALT SOILS

surface becoming slightly alkaline at depth (H) .

A. Texture is loam to clay loam (B) .

Al . Texture is heavier than clay loam (J) .

B. Soil shows no horizon differentiation (C) .

Bl soil shows horizon differentiation (either
colour, structure or texture) (D) .

C. Profile is C 25 cm deep, stony or gravelly
and often associated with rock outcrop,
slightly acid to neutral throughout,
generally found on hill crests or upper
slopes .

- KEPIItiUIR

D. Profile is less than 50 cm deep to
weathering rock (E) .

Dl . Profile is deeper than 50 cm to weathering
rock (J) .

E. Profile is characterized by gravels throughout (F) .

E1 . Profile is characterized by a stone layer
in the. surface horizon only (I) .

Profile is slightly acid to neutral throughout (G) .

F1 . Profile is slightly acid to neutral at the
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G .

	

Clay loam immediate surface over light to
medium clay, mottled yellow, yellow
brown, red brown and white at depth,
generally on flat plateau areas .

H .

	

Clay loam over light to medium clay becoming
yellowish red with depth and some carbonate
nodules in the subsoils . Generally
associated with upper slopes below scarp
zones .

I .

	

Surface stone layer associated with a dark
reddish brown horizon overlying red,
red brown or yellowish red, fine structured,
stone-free clay subsoil . May be slightly
acid to neutral throughout or occasionally
slightly alkaline at depth . Generally on
flat hill crests and often associated
with Kenmuir soils .

J .

	

Texture is clay loam to light clay, and surface
is red brown (x) .

Jl . Texture is light clay to heavy clay, and
surface is dark coloured (L) .

K.

	

Profile is deep, stone-free, red or reddish brown
(cultivated), becoming redder or yellowish
red with depth ; occasionally carbonate nodules
in the lower subsoil ; finely structured subsoil,
generally associated with plateau areas

L .

	

Profile is < 45 cm to weathering rock

	

(M) .

Ll .

	

Profile is > 45 cm to weathering rock

	

(R) .

Reaction is neutral throughout

	

(N) .

Ml .

	

Reaction is neutral to slightly alkaline at
the surface becoming alkaline to
moderately alkaline at depth

	

(0) .

Brownish black to dark brown heavy clay with
occasional gravels, overlying hard
weathered basalt by 30 - 40 cm . No
horizon differentiation evident though
reddish brown or yellowish brown clay
pockets may occur in the weathering zone .
Generally occupies upper slope positions .

_ MALTann CLAY LOAM

- TYPE 8 CLAY LOAM

- SOUTHBROOK CLAY LOAM

- BURTON CLAY LOAM

BEAUARABA CLAY
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O .

	

Surface is fine to medium granular

	

(P) .

01 .

	

Surface is coarse granular to fine blocky (Q) .

P .

	

Profile is brownish black to reddish brown
overlying yellowish brown, brown or
reddish brown alkaline subsoil, with
carbonate nodules generally present in
the lower subsoil which overlies highly
weathered basalt . Generally occupies
mid slope positions .

Q .

- PURRAWUNDA CLAY

Profile has the same physical and chemical
characteristics of P but differs in having
large surface and subsurface boulders in
the solum .

	

Generally in stepped pediment zones .

- - - -

	

PURRAWUNDA CLAY,

	

BOULDERY PHASE

Surface is black to brownish black over coarse
structured subsoil, uniform colour throughout
with occasionally a mottled clay layer
associated with the weathering zone ; carbonate
nodules at depth ; overlying hard weathering
basalt . Generally occupies mid slope positions .

- - - - CHARLTON CLAY

Q1 "

	

Surface has hard consistence dry and stiff plastic
consistence when moist, may be dark reddish
brown or reddish brown, overlying red or red
brown coarse structured heavy clay, overlying
highly weathered basalt, bole or baked
hardened clays . Carbonate nodules always
present in the subsoil . Generally associated
with mid slopes or on saddles .

- - - - TYPE 7 CLAY

R.

	

Profile often deeper than 150 cm but almost always
deeper than 75 cm

	

(S) .

R1 .

	

Profile generally < 75 cm but may be up to 120 cm
in favourable sites . Has the same characteristics
as P except for depth . This is a deeper phase of

- - PURRAWUNDA CLAY

S .

	

Surface structure is fine to medium granular (T) .

S1 .

	

Surface structure is coarse granular to fine blocky (W) .

T .

	

Neutral at surface (virgin) to alkaline (cultivated)
overlying moderately alkaline heavy clay subsoil,
generally with gilgai

	

(U) .
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T i .

	

Profile is alkaline to highly alkaline throughout,
overlying whitish marly, light to medium
clay . Shallow, fine structured black surface
horizon prone to wind erosion .

- - - - CALCAREOUS SOILS

U .

	

Associated with linear gilgai on colluvial slopes

	

(V) .

Ul .

	

Associated with nuram gilgai

	

(i.e .- melon-hole
or lattice) and generally in valley floors or
floodplains (X) .

V .

	

Brownish black to reddish brown, overlying reddish
clay subsoil, carbonate nodules and/or soft
carbonates from 60 - 70 cm, although they may
be present at the surface in cultivated situations .
(The puff profile is similar except for a shallow
dark horizon). . Neutral over alkaline for virgin
sites and slightly alkaline over moderately
alkaline for cultivated soils . Friable and
well structured throughout and may have lenticular
structure at depth .

- - - - IRVING CLAY

V1 .

	

Same characteristics as V except for the presence of
large surface and subsurface boulders ; generally
occurring on stepped pediments . Often associated
with Pl ; may have only incipient gilgai evident,
due to the effect of the boulders .

- - - - IRVING CLAY, BOULDERY PHASE

W .

	

Black to brownish black coarse structured over brown
to yellowish brown

	

(sometimes reddish brown)
friable clay subsoil . Carbonate nodules and
soft carbonates from 60 - 70 cm . Puff profile
is similar but only has a shallow dark surface
horizon . As for Irving Clay except for surface
colour and structure .

- CRAIGMORE CLAY

X .

	

Alluvial soil . Well structured dark clay surface
overlying brown, yellow brown and mottled brown
clays with soft and nodular carbonate throughout
the subsoil . Often deeper than 300 cm, though
shallower forms overlying weathered basalt may
occur in upper drainage lines . Frequently,
recent siltation has deposited additional
layered surface horizons .

- - - - WACO CLAY
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