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PART I. INTRODUCTION AND SUMMARY DESCRIPTION OF THE
HUNTER VALLEY

I. GENERAL

(a) Reasons for the Survey

The survey was made at the request of the Hunter Valley Research Fonndation,
which has as its main object the conducting and fostering of research into all problems
connected with the land and its use. The foundation was initiated by a group of
private citizens after the heavy and destructive floods in the Hunter valley in 1955.

(b) Location

The location of the Hunter valley (lat. 31 0 30' - 33 0 15' S., long. 149 0 30'
15r E.) is shown on the land system map which accompanies this report. It has a
narrow outlet to the sea and is ringed by a loop in the Great Dividing Range, which
forms a bigh and rugged boundary to the north and south but a low one to the west,
with gentle slopes. It extends inland for 150 miles, with a width of between 60 and
100 miles. Including the Lake Macquarie catchment, which was surveyed also, the
area is a little under 8500 sq. miles.

=0
(I :r;),.:)

~-;)T(-) (c) Records

References to settlement, population, activities, and natural features in the
valley are scattered through a number of publications and reports, including those of
the Hunter Valley Research Foundation (Burley 19610, 1961b; March 1960a, 1960b;
Renwick 1960), the Soil Conservation Service of New South Wales (undated),
Huddleston, Green, and Ka1eski (1948), the Premier's Department, New South Wales
(1954), the Upper Hunter Regional Development Committee (1954), Gray (1955,
1959), Tweedie (1956), and Fraser and Vickery (1937, 1938, 1939). They have been
freely drawn upon in the compilation of this introduction.

(d) Population and Activities

The Hunter valley was first settled in 1817 and now supports about 350,000
people, of whom nearly 60 %live in and around the port of Newcastle. From mines
in the valley, Newcastle handles about half the black coal produced in Australia.
A great deal is put to use in the city itself in the maintenance of factories for the
production of steel (with are from other parts of Australia), machinery, chemicals,
cement and bricks, electricity, textiles, and clothing, and in the processing of building
board and food. These various activities combine to put Newcastle among the major
industrial cities of Australia. About 20 miles inland from Newcastle is a second
densely populated industrial area dependent directly and indirectly upon the Cessnock
coal-fields.
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Only 7· 5%of the total work force is engaged in rural pursuits, but this small
proportion is nevertheless extremely important in its influence on vegetation and on
run-off, and iu feeding the population. Like the industrial population, it is concen
trated in the lowlands, the mountainous country to the north and east being very
thiuly populated and that along the southern watershed virtually uninhabited. Most
of the settled land is grazing land, in the west for sheep and in the east for cattle, and
what arable land there is is mostly on alluvium and under supplementary fodder crops.

(e) Communications

The Hunter River is of importance as a waterway only in the lower reaches.
The two railways and two highways which carry nearly all the traffic between Sydney
and Queensland pass through the Hunter valley and provide for much of the iuternal
traffic as well. In addition there is one major bituminized road out of the valley to
the south from Singleton, and branch railway lines serviug Merriwa and the Cessnock
coal-fields.

II. NATURAL FEATURES

(a) Climate

The mean anuual rainfall is below 30 in. in about half of the valley and is about
20 in. in the driest parts. In the mountains it rises sharply with altitude, reaching a
maximum of 60 in. in the Barrington Tops area 35 miles from the 22-iu. isohyet.
Winter and summer rainfall are about equal on the average, but erratic enough to cause
serious intermittent losses through droughts or floods. Winter snowfalls occur along
the watershed and frosts over practically the whole ofthe valley. In summer, maximum
temperatures sometimes exceed 100°F.

(b) Land Forms

The land forms show a close relationship to the geology. In the south are
rugged hills on resistant sandstone (southern mountains, Plate I, Fig. I). The central
Goulburn valley (Plate I, Fig. 2) is a complex of plateaux on resistant sandstone and
open valleys on weaker shale and sandstone. RolIiug to hilly country (Merriwa
plateau, Plate 2, Fig. I) and steep ranges with high summit plateaux (Liverpool
Range, Mt. Royal Range, Barrington Tops) occur on basalt iu the north. Rugged
country occurs on hard lavas, sandstone, and conglomerate in the north-east (north
eastern mountains, Plate 2, Fig. 2). In the centre of the valley is a belt of lower
country formed on softer sandstone and shale (central lowlands, Plate 3, Fig. I).
Near the coast are swamps and sand dunes developed on geologically young material
(coastal zone).

The Hunter River drains the northern part of the valley and reaches the sea at
Newcastle. Its maiu tributaries are the Wollombi from the south, the Goulburn
from the west, and the Paterson and Williams from the north.



INTRODUCTION 9

(c) Soils

Soil development is influenced by parent material, and also follows the trend
of rainfall; in low-rainfall parts soils with alkaline horizons are cornman but in
higher-rainfall parts the soils are characteristically more strongly leached, and are
acid throughout the profile. Large areas with soils which are physically suitable for
agriculture or improved pasture are only of low to fair fertility. A very small pro
portion of the soils is very fertile. Roughly two-fifths of the area has soils which are
virtually useless agriculturally because of shallowness combined with infertility,
coarse textures, and rugged relief.

(d) Vegetation

In the relatively inaccessible parts of the region the vegetation is mainly encalypt
woodland except for some rain forest in the high and wet Barrington Tops area.
In the more accessible parts the vegetation has been changed greatly by the clearing
of the original woodland and the destruction of many of its grasses through uncon
trolled grazing (Plate 3, Fig. 2; Plate 4, Fig. I). This process is now extending into
the steeper parts of the valley as well (Plate 4, Fig. 2).

III. METHODS USED

(a) Survey Technique

The technique used in the survey was that of Christian and Stewart (1953),
whereby the land is classified, through a study of its natural features, into land systems,
or areas each with its own characteristic combination of land forms, soils, and
vegetation, and consequently its own potential and own reaction under any given set
of conditions. Each usually has a characteristic pattern on the aerial photographs,
which is a valuable aid in mapping.

It will be apparent that land systems may be related in various ways, and may
be grouped together according to the interests of a particular worker.

Units may be similarly defined, but are classified as units rather than land
systems when it is not possible to delineate them satisfactorily on the air photographs
used as the basic document, or on the final map. The subdivision of land systems
into units is largely determined by the scale of working. Some units are characteristi
cally associated with one particular land system and are either scattered throughout
its extent or occupy a significant portion of it, e.g. the sand plains in the Duck Hole
land system. Other units are simply small outliers of different land systems, e.g. the
small areas of undulating country (Bow land system) which occur in the valleys of the
hilly basalt Ant Hill land system. Plateaux (Tubrabucca land system) have been
split into units according to altitude, which affects the local climate and hence the
vegetation and soil.

The detail of the survey was limited by the time available for field work (4
months), by the scale of mapping (4 miles to the inch), and by the space allotted for
the text. Only land systems with a minimum width of a quarter of a mile could be
mapped, and half a mile was the minimum generally aimed at.
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The survey was done as a joint project by a team of workers. They conducted
the study by means of traverses, sample areas, and aerial photographs, and from the
pooled information thus gained they delimited and mapped the land systems, using
their own discretion in deciding how much generalization was necessary. Field work
was done throughout the four seasons in periods of about 2 weeks each, with traverses
along ahnost all the public roads and some fire trails, and with sample areas' as shown
in Figure 1.

d2d'1
, f

i ~.J.,
. t-~-,

1',

Fig. I.-Map of Hunter valley showing sample areas.

This repori has been written' to conform to the standardized pattern of oiber
regiomil reports produced by the Division of Land Research and Regional Survey,
C.S.I.R.O.

(b) Mapping

Forty-three land systems have heen mapped in the Hunter valley. As their
boundaries commonly coincide with lithologic and physiographic boundaries, the
land systems have been organized into groups' accordingly, and the land system map
can serve for maps of lithology and physiography. The distributions of soils and
vegetation are shown on separate maps. Ideally the soil and vegetation mapping
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units should be groups of land systems and this is commonly so. However, the
boundary between soil or vegetation units sometimes cannot be established from the
air photos used for mapping land systems. An example is the bonndary between
solonetzic and podzolic soils, which has been established on the soils map apprmu,
mately from field observation only. Therefore a number of land systems transgress
this boundary.
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PART II. LAND SYSTEMS OF THE HUNTER VALLEY

By R. STORY,* R. W. GALLOWAY,' and R. H. M. VAN DE GRAAFF'

The characteristics of the major parts of the 43 land systems (Christian and
Stewart 1953tl are set out in Table I according to lithologic and topographic affinities.
In the text which follows, the land systems are arranged in alphabetical order, each
described in tabular form and illustrated with a diagram. The section above the block
diagram lists the characters which apply to the land system as a whole, the section
below the block diagram deals with the characters peculiar to each unit.

The areas of the land systems were determined with a dot grid (25 dots per
sq. in.) on maps at a scale of I in. to I mile or (where maps were not available) on
semi-controlled mosaics at approximately the same scale. The proportions of the
land system occupied by the various units were subjectively estimated by the team from
air photos and field experience.

More detailed information about geology, soils, and vegetation of the land
systems can be obtained by referring to Parts IV, VI, and VII. The locality references
are to the eight major types of country described in Part V. The geological ages,
soil names, and vegetation communities are listed in the index.

*Division of Land Research and Regional Survey, C.S.I.R.O., Canberra, A.C.T,

tCHRISTIAN. C. S., and STEWART, G. A. (1953).~General report on survey of Katherine
Darwin region, 1946. C.S.I.R.O. Aust. Land Res. Ser. No. 1.



TABLE 1
CHARACTERISTICS OF THE MAJOR PARTS OF THE LAND sYSTEMS

(Land systems arranged according to lithologic and topographic affinities)

Land Geology Topography Rainfall Soils Vegetation
System (in.)

Rouse Palaeozoic granite Hilly 24 Skeletal soils and bare rock Savannah woodland of box, gum,
and ironbark, some thinned or
cleared

Ulan Palaeozoic granite Undulating 24 Pale brown sandy and gritty Savannah woodland of.box, gum,
earths, some outcrop and ironbark, mostly cleared

.Al;ston Devonian limestone Rugged 28 Much outcrop with shallow crack- Anomalous woodland of large-
ing clays in poclcets flowered bundy and grass-tree

Mt. Butterwicki Carboniferous sediments and Rugged 30-40 Mostly shallow brown podzolic Tall mixed woodlanQ, mainly
some lavas SQils, brown earths, and skeletal gums and stringybarks, or wet

soils sclerophyll forest, mostly thinned
or cleareq

Benmore Devonian and Carboniferous Rugged 26-30 Shallow brown earths, podzolic, Savannah woodland of box and
sediments solonetzic, and skeletal soils gum, mostly thinned or cleared

Wallaroo Carboniferous mudstone, tuff, Hilly 30-40 Mostly brown podzolic soils and Tall mixed woodland, mostly
and chert some earths and skeletal soils thinned or cleared

Upper Rouchel Devonian and Carboniferous Hilly 24-30 Brown solonetzic soils, skeletal Savannah woodland of box and
tuffs, chert, mudstone, and soils, some podzolic soils and gum, mostly thinned or cleared
minor lavas earths

Vacy Carboniferous mudstone and Undulating 28-40 Mostly deep brown podzolic soils Tall mixed woodland, some
chert, tuff thinned or cleared
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Timor Carboniferous sediments Undulating 24 Mostly brown solonetzic soils, Savannah woodland of box and
some degraded black earths gum, mostly thinned or cleared

Rainforest Carboniferous sediments capped Rugged 40-60 Mostly stony krasnozems, associ- Rain forest
by Tertiary basalt ated clayey humic skeletal soils,

and some podzolic soils

Mt. Royal Carboniferous sediments capped Rugged 40-50 Krasnozems, brown earths, and Wet sclerophyll forest
by Tertiary basalt podzolic soils

Cranky Corner Carboniferous lavas with some Rugged 30-40 Skeletal soils and rock outcrop with Tall mixed woodland, mainly
conglomerates and glacial beds some shallow cracking clays, solo- gum, stringybark, and ironbark,

netzic soils, and podzolic soils some thinned or cleared

Colonel Carboniferous and lower Per- Rugged 26 Skeletal soils with some earths and Savannah woodland of box and
mian lavas with some conglom- solonetzic soils gum, with iro"nbark in the south,
erate and glacial beds some thinned or cleared

Barigan Tertiary basic intrusives Hilly to 26 Bare rock, loamy skeletal soils, Anomalous woodland of white
rugged and shallow stony red earths box over dense shrubs

Moonibung Carboniferous lavas, tuffs, con- Hllly 28-32 Shallow podzolic soils, skeletal Tall mixed woodland, mainly
glomerate, and glacial beds soils, and some shallow cracking gum and ironbark, mostly thinned

clays or cleared

Apis Carboniferous, Permian, and Hilly 26 Clayey skeletal soils and often Savannah woodland of box and
Tertiary lavas and intrusives stony shallow cracking clays gum, with ironbark in the south,

mostly thinned or cleared

Parkville Carboniferous and lower Per- Undulating 26 Cracking clays with soionetzic Savannah woodland of box,
mian lavas ,and glacials, Ter- soils and degraded black earths gum, and ironbark, mostly
tiary basic igneous intrusives cleared

~
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TABLE 1 (Continued)

Land Geology Topography Rainfall Soils Vegetation
System (in.)

Ogilvie Permian conglomerates, sand- Rugged 22-32 Skeletal soils, some shallow earths, Savannah woodland, denser than
stone, and shale solonetzic soils, and degraded usual, of box, gum, and ironbark

black earths in the west; wet or dry sc1ero-
phyll forest in the east

Redhead Permian sandstone Hilly 40 Podzolic soils and coastal sands, Heath or dry sclerophyll forest
bare rock on cliffs

Elrington Permian and Lower Triassic Hilly 32-40 Podzolic soils with some skeletal Dry sclerophyll forest
shale, sandstone, and conglom- soils and earths
erate

Glendower Permian shale, sandstone, and Hilly 22-30 Solonetzic and podzolic soils, Savannah woodland of box,
conglomerate earths, skeletal soils, some crack- gum, and ironbark, mostly

ing clays and degraded black thinned or cleared
earths

Beresfield Permian and Lower Triassic Undulating 32-40 Podzolic soils Dry sclerophyll forest, 50%
shale, sandstone, and conglom- cleared
erate

Killarney Permian shale, sandstone, and Undulating 22-30 Mostly podzolic and solonetzic Savannah woodland of box,
conglomerate soils, small patches of shallow gum, and ironbark, mostly

earths, skeletal soils, cracking thinned or cleared
clays, and degraded black earths

Bray's Hill Permian calcareous sandstone Hilly 22 Cracking clays with associated Eucalypt tree savannah, mostly
and shale degraded black earths and solo- cleared, with plains grass

netzic soils
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Blairgowrie Mainly Permian calcareous Undulating 22-24 I Cracking clays with associated Eucalypt tree savannah, mostly
sandstone and shale, also on degraded black earths, solonetzic thinned or cleared, with plains
Carboniferous lavas and glacials , soils, and some podzolic soils grass
and Tertiary basic intrusives

Watagan Triassic sandstone and minor Rugged 36-40 Predominantly sandy, humic, skel- Wet sclerophyll forest
shale etal soils and shallow sandy earths,

and some podzolic soils

Three Ways Triassic sandstone with sub- Rugged 24-36 Sandy skeletal soils, sometimes Dry sc1erophyll forest
ordinate shale beds humic, some earths

Lee's Pinch Triassic sandstone and minor Rugged 22-30 Bare rock and sandy, gritty, or Shrub woodland of ironbark and
shale gravelly skeletal soils, minor areas gum

with podzolic soils and earths

Munghorn Gap Triassic sandstone Plateau 26-30 Fairly deep sandy earths and SOme Dry sclerophyll forest or shrub
skeletal soils woodland of ironbark and gum

Greenhills Triassic and Jurassic sandstone Undulating 22 Shallow brown or yellow earths, Savannah woodland of box,
and shale skeletal soils, and some solonetzic gum, and ironbark, mostly

soils cleared

Rosco11ll11on Jurassic shale, sandstone, and Undulating 22 Deep krasnozems and shallow Eucalypt tree savannah, mostly
Tertiary basalt I stony krasnozems cleared

Liverpool Tertiary basalt Rugged 3Q-40 Clayey humic skeletal soils, shal- Savannah woodland of box and
low cracking clays, and small areas gum, some thinned or cleared
with alpine humus soils

Ant Hill Tertiary basalt Hilly 22-30 Dark, rather shallow, stony crack- Savannah woodland of box and
ing clays gum, mostly thinned or cleared

Bow Tertiary basalt Undulating 22 Deep black and dark cracking Eucalypt tree savannah, mostly
clays, sometimes stony thinned orcleared,withplains grass

~
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TABLE 1 (Continued)

Land Geology Topography Rainfall Soils Vegetation
System (in.)

Tubrabucca Tertiary basalt Plateau 30-60 Leached laasnozems and transi- Eucalypt subalpine woodland or
tional alpine humus soils with or wet sclerophyll forest
without basalt floaters, minor
areas with alpine hmTIus soils, skel-
etal soils, and sphagnum peats

Avicennia Estuarine alluvium Flat 40 Waterlogged, saline, brown, heavy, Scrub (mangroves) and open mud
clayey regosols flats

Nesta Estuarine alluvium Flat 38-40 Permanently wet or moist peaty Fen (swamp) vegetation, mostly
meadow soils cleared

Hexham Recent alluvium Flat 40 Acid swamp soils and meadow Fen (swamp) vegetation, mostly
soils and some clayey regosols cleared

Hunter Quaternary alluvium Flat 24-40 Wide range of soils, cracking clays, Cleared and under cultivation or
chemozemic, solonetzic, podzolic pioneer grasses
soils, and regosols

Yarramoor Quaternary basaltic alluvium Flat 22 Dark and black cracking clays and Eucalypt tree savannah, mostly
some alluvial regosols thinned or cleared

Sandy Hollow Quaternary colluvium Undulating 22-26 Mostly brown earths and solo- Savannah woodland of box, gum,
netzic soils and ironbark, mostly cleared

Duck Hole Aeolian sand Undulating 38-40 Sandy aeolian regosols and humus- Dry sclerophyll forest
to hilly iron podzols, small areas with peaty

meadow and acid swamp soils

Warkworth Quaternary aeolian sand Undulating 24-28 Bro'iffi, singIi?-grained, sandy aeo- Anomalous woodland, mostly
Han regosols cleared, or heath
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LAND SYSTEMS OF THE HUNTER VALLEY

ALsTON LAND SYSTEM (4 SQ. MILES)

Geology.-Devonian limestone.

RainfalL-28 in.

Locality.-North-eastem mountains.

Elevation.-240D-2800 ft. Local Relief.-200-400 ft.

Wooded Area.-40%.

p::..;"...::l COLLUVIUM

~LlMESTONE

t=--.=:-=IMUDSTONE

19

Unit MOO Land Forms Soils Vegetation(%)

1 8. Very rocky bills with slopes up to Shallow, much outcrop; dark reddish Anomalous savannah woodland, E.
50% brown cracking clay (ICrui), in iso_ IIO/'tollii dominant, with AI/gop/lOra

lated karstic pockets; neutIal grading /loribullda and Bracllycllitoll poplll-
into mildly alkaline; phosphate rich lleUIII; XaJlthor,hoea sp, abundant on

outcrops; fair grass cover of A,istida
sp. and Themeda australis

---
2 2. Belt of stony colluvium up to 200 Dark reddish brown, slightly acid Savannah woodland of box and gum

yd wide fringing the rocky hills of krasnozem (Torrielodge); solum free (E. a/bellS, E. b/akelyi, and E. mellio-
unit I; slopes 5-10% of stones dora), with fair grass cover of Aristida

and Dichall/hill/II spp.
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ANT HILL LAND SYSTEM (567 SQ. MILES)

Geology.-Tertiary basalt.

RainfalI.-22-30 in.

Locality.-Merriwa plateau.

Elevation.-1200-2500 ft. Local Relief.-Up to 500 ft.

Wooded Area.-lO%.

1=~:::: IALLUVIUM

L""~ ;"., BASALT

Unit Area Land Forms Soils Vegetation
(%)

I 80 Basalt hills and lower mountain Mainly shallow but also commonly Savannah woodland of box and gum,
slopes; wide range of slopes (5- deep, dark, cracking clays (Guan and mostly thinned or cleared, trees 30 ft,
35%), frequent rocky bluffs 5-50 ft Segenhoe), often stony; fine-textured E. albells, E. blakelyi, E. melliol/ora,
high and subhorizontal benches non-humic skeletal soils; faTe patches and AI/gop/IOTa jloribullda; shrubs
10-100 yd wide; alluvial or col- with"anomalous" krasnozems or rod- rare; fair ground cover of DichaJl-
luvial fill up to 100 yd wide in dish cracking clays thium, Medicago, and Trifolium spp.,
valley bottoms, frequently gullied and Stipa sciacea. with lesser amounts

of Aristida spp., DOIl/hollia lillkii,
Ponicum (lucclIslalldicfilll, and Themeda
al/stralis

2 5 Rugged hills and mountains (simi- As for unit 1, but much shallower and Savannah woodland of box and gum,
lar to Liverpool land system, unit more stony, usually no marked accu~ some thinned or cleared, mainly
I) mulation of organic matter in top- Allgophora /loribunda, E. afbells, E.

soil lacvop;llca, E. memodom. and E.
tereticornis; shrubs rare; ground cover
mainly a short grass turf with Tri~
folium and Medicago spp. (similar to
tne drier paris, below 30 in., of Liver~
pool land system)

---
3 10 Undulating valley floors; slopes Deep black and datk cracking clays Eucalypt 1= savannah (similar 10

7-15%; few outcrops {similar to (Segenhoe) (similar to How land sys- Bow land system, unit I)
How land system, unit 1) tern, unit 1)

4 <5 Terraced alluvium in valley floors; Dark cracking clays (Segenhoe) (sim- Cleared ,nd under various grasses,
less than i mile wide and 10 ft ilar to Yarramoor land system, unit clovers, medics, and weeds; or under
above stream bed; dominantly I); in headwater areas often gravelly crops; or eucalypt tree savannah (sim-
gravel in headwater areas, silt and prairie soils ilar to Yarramoor land system, unit
clay, gravel elsewhere; whole sur- I)
face liable to frequent flooding in

rOe\~~~Yi;::ac~e:~ec~~sdwhereonly



LAND SYSTEMS OF THE HUNTER VALLEY

ArTS LAND SYSTEM (86 SQ. MILES)

Geology.-Carboniferous, Permian, and Tertiary lavas and intrusives.

Rainfall.-26 in.

Locality.-Western and southern fringe of north~easternmountains.

Elevation.-20D-2800 ft. Local Relief.-Up to 500 ft.

Wooded Area.-20%.

p......-..~=3 ALLUVIUM

21

Unit Area Land Forms Soils Vegetation(%)

---
1 " Rocky hills up to 300 ft high; Pine-textured non-humic skeletal Savannah woodland of box and gum

slopes generally 10-30%, locally soils; stony, mostly shallow dark with. ironbark in the south, mostly
steepening to cliffs up to 50 ft high; cracking clays (Guan), but some- thinned or cleared, 40-50 [t high,
undulating low hills, broken by times reddish brown (KIui) and deep commonly E. molucculltl and E. crebm;
rocky strike ridges up to 50 ft high; (Springfield), linear gilgai common in rocky places shrubs of many
broad stony ridge tops; liable to on gentle slopes; small areas with species; usually a good ground cover
gullying and sheet wash where soil coarse-textured non-humic skeletal of DicJlUllthium, Medieago, and Trj~

is present soils; some colluvial slopes with red folium spp.: Aristida spp. and Stipa
podzolic soils (Pokolbin or Ross- setacea common with uncontrolled
cole) grazing

2 <5 Terraced clayey alluvium up to :l Restricted observations; presumably Cleared, and under cultivation 0'
mile wide; liable to flooding on cracking clays pioneer grasses
lower levels
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AVICENNIA LAND SYSTEM (6 SQ. MlLE.'»

Geology.-Estuarine alluvium.

Rainfall.---40 in.

Locality.-Coastal zone.

Elevation.---O-lO ft. Local Relief.-5 ft.

Wooded Area.-50 %.

~ AVICENNIA l.5. 0 HEXIIAM L5. § NESTA L.5.

Unit M~ Land Forms Soils Vegetation(%)

1 50 Tidal mud flats inundated at every Very dark grey-brown, strongly Dense scrub of Avicelillia marina 12 ft
high tide mottled, clayey alluvialrego50ls (Ful- high

lefton); numerous shell fragments,
saline

2 50 Tidal mud flats inundated only at No records; presumably similar but Scrub of Avicenllia marilla patchy or
high spring tides and crossed by not as saline, and possibly even with fringing tidal creeks, elsewhere Arth~

winding tidal creeks acid, peaty topsoils roel/ell/um dominant, with Sporobolus
virgilIiclfs, Pospalunl vaginaillm, and
sedges



LAND SYSTEMS OF THE HUNTER VALLEY

BARIGAN LAND SYSTEM (11 sQ. MILES)

Geology.-Tertiary basic intrusives.

Rainfall.-26 in.

Locality.-Central Goulburn valley and western end of the southern mountains.

Elevation.-80D-2800 ft. Local Relief.-Up to 1000 ft.

Wooded Area.---40 %.

1~~Tt'~1 SII.NDY WII.SIl

!..-;'f-.-w-of-]lI.lKAUNE
'>?- -If' INTRUSION

23

Unit "'~ Land Forms Soils Vegetation(%)

I 45 Extremely steep dome-shaped hills Footslopes mantled by dark medium- Bare rock, or anomalous woodland of
up to 1000 ft high with slopes up textured skeletal soils with abundant E. albens with scattered Brachydlitoll
to 90% and much bare rock angular rock fragments up to 10 in. popull/eum, E. gonioculyx, and E.

in dia.; sometimes humic surface laevopilleu; dense 5 ft shrub layer of
soils; steep upper slopes mainly bare Cassillia spp.; grass cover of Themeda
rock al/stralis and Aristida spp.

2 45 Rocky hills with slopes 10-30% Much rubble; reddish moderately As for unit I, but with Angophora
and stony rubble up to 5 ft thick in coarse-textured non-humic skeletal jlarjbuJlda and E. blakelyi, and less E.
valleys soils locally merging into shallow albe/ls

stony moderately coarse red earths
(Cox's Gap)

---
3 10 Sandy wash on gentle lower slopes Moderately coarse·textured md 'Wiry pioneer grasses, or under culti-

below unit 2 earths (Cox's Gap); probably shal~ vation
low to moderately deep
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BENMORE LAND SYSTEM (323 SQ. MILES)

Geology.-Devonian and Carboniferous sediments.

Rainfall.-26-30 in.

Locality.-Northern part of north~eastcrnmountains.

Elevation.-70Q..-.2700 [t. Local Relief.-Up to 1500 ft.

Wooded Area.-30%.

1=-....:::1 ALLUVIUM

1"- --I MUDSTONE-:_-::7":-. AND CHERT

I~~::: .:-1 CONGLOMERATE
=~"''''

0""_ -/~, Turr
,,( "I

Unit Area Land Forms Soils Vegetation(%)

1 85 Steep ridges usually with narrow Shallow brown earths (Woolooma), Savannah woodland of box and gum
crests; slopes exceeding 25%, dis- locally stony; also brown podzolic 3D n high, mostly thinned or cleared,
sected by closely-spaced ravines; soils (Binnie) and brown or red 8010- E. a/bellS and E. laevopiJlea common
local relief 300-1500 ft; outcrops, net:dc soils (Clanricard or Overton); at low and high altitudes respectively,
slumping, and gullying widc- shallow, moderately coarse- to mod- with E. melliodom and E. rerericom;s
spread erately fine-textured, non-humic throughout; shrubs mre; grasses

skeletal soils Dichol/rlliulIl spp., giving good cover,
less commonly Aristida spp., giving
poor cover; Medicago and Trifolium
spp. thmughout

2 10 Undulating to moderately steep Mainly solonetzic soils (Clanricard As for the lower slopes of unit I
lower slopes with local relief less and others) and earths (sinlilar to
than 300 ft and only occasional Upper Rouchel land system, unit I)
outcmps (similar to Upper Rou-
chel land system, unit 1)

3 <5 Terraced sandy alluvium in valley One record of a chemozem (Aber- Cleared and nnder pioneer grasses
bottoms less than ! mile wide; musdcn) buried under 5 in. of sandy
lower terraces liable to flooding alluvial regosol (ROllChe1)



LAND SYSTEMS OF THE HUNTER VALLEY

BERESFIELD LAND SYSTEM (159 SQ. MILES)

Geology.-Permian and lower Triassic shale, sandstone, and conglomerate.

Rainfall.-32-40 in.

Locality.-Seaward end of the central lowlands.

Elevation.-0-400 ft. Local Relief.-Less than 100 ft.

Wooded Area.-50%.

\=-=-::::1 ALLUVIUM- -
E~~~±i~~;Jffi~:l SANDSTONE

25

l~~==j SHALE

ti~~£~~ CONGLOMERATE

Unit Area Land Forms Soils Vegetation
(%)

I 9' Undulating lowlands; slopes gen- Predominantly podzolic soils (mainly Dry sc1erophyll forest of gums, iron-
erally less than 10%, steepening Binnie, also Vaux, Buttai, Singleton), barks, and stringybarks, and including
locally to 25% at heads of widely- often with medium to strongly acid Angophora costata, E. gUII/mifera, and
spaced shallow valleys; stony clay subsoils E. pilularis; shrubs usually dense, Leg-
colluvial fill in hollows uminosae common; usually good

ground cover of Imperata cylilldrica,
ThClllcda australis, and non-grasses,
where cleared Paspallllll dilatatllm
dominant, with Senecio lau/us and
Sporobollis spp.

, , Terraced alluvium in valley floors; Restricted observations; soils vari- Cleared and under Paspallllll dilata-
sand, silt, and clay; up to .1: mile able; podzolic soils, earths, me~dow tum, Senecio laulus, and Sporobolus
wide; subject to flooding on lower soils, and alluvial regosols spp.
levels
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BLAIRGOWRIE LAND SYSTEM (71 SQ. MILES)

Geology.-Mainly Pennian calcareous sandstone and shale, also Carboniferous lavas and gIaciais and Tertiary
basic intrusives.

Rainfall.-22-24 in.

LocaIity.-Inland parts of central lowlands.

Elevation.-50D-1000 ft. Local Relief.-lOO ft.

Wooded Area.-lO %.

f"t" LAVA AND
'fr/v~ GLACIAL ilEDS

~~~!i~ GRAVEL

\

Wcwj ~:~c:S~~NUES

l~=.=~15HALE

Unit Area Land Forms Soils Vegetation
(%)

I 85 Smooth! gently undulating low~ Complex soil pattern; predominantly Eucalypt tree savannah of E. a/bellS,
lands With no outcrop; patches of cracking clays (mainly Segenhoe, E. melliodora, and E. blakely; about
gravelly surface wash on upper also Springfield), linear gilgai COffi- 30 ft high. mostly thinned or cleared;
parts, derived from adjacent basic man; degraded black earths (Rowan, shrubs virtually absent; ground cover
igneous hills; shallow minor valleys also Ellis) and solonetzic soils (Crop- nearly all Stipa aristiglumis with less
at t-l mile intervals with exten- well, Clanricard, PierCefield, Over- DicllWlthiu1/l spp. and Slipa setacea,
sive alluvial or colluvIal fill, par- ton) co-dominant Carthamus lanatus and Dantho/lia
Hally dissected by gnllies linkii often abundant with uncon-

trolled grazing (similar to Bow land
system, unit 1)

2 to Old gravel terrace remnants 50- Red podzolic soils (Rosscole), solo_ Cleared and under Dichuntllium spp.
200 ft above the Hunter River netzic soils (Cropwell, Clanricard), or Stipa setacea, wIth Arilitida and

and cracking clays (Segenhoe); soils Ch/orili spp. and Dallthonia linkii,
often very gravelly shrubs rare; patches of savannah

woodland of box, gum, and ironbark,
40 ft, with CUlil/arilla luehmallnli, E.
a/bellli, E. melllodora, and E. tereti-
comili

3 5 Sandy alluvium in major valleys, Restricted observations; cracking Cleared and under cultivation 0'
occasionally flooded clays (Segenhoe), solonetzic soils pioneer grasses

(Clanricard, PierCefield), and cher-
nozems (Abermusden)



LAND SYSTEMS OF THE HUNTER VALLEY

Bow LAND SYSTEM (294 sQ, MILES)

Geology.-Tertiary basalt.

Rainfall.-22 in.

Locality.-Merriwa plateau.

Elevation.-800-2000 ft. Local Relief.-Less than 100 ft.

Wooded Area.-lO%.

27

f~#jBASALT, ..

Unit

2

4

Area
(%)

80

10

5

5

Land Forms

Gently undulating lowlands and
broad valley-side benches; slopes
generally 3-10%; small valleys
10-40 ft deep at H mile intervals
with colluvial and/or alluvial fill
now being eroded by gullies; occa·
sionallow outcrops

Plateaux of moderate altitude (less
than 2500 ft) with undulating sur
face and widely-spaced, shallow,
dry valleys; slopes less than 10%;
few outcrops except towards
steeper plateau margins

Occasional small steep rocky
areas (similar to Ant Hilt land
system, unit l)

Terraced alluvial and colluvial fill
in major valleys; less than t mile
wide; sand, silt, or clay overlying
gravel; lower terraces subject to
flooding (similar to Yarramoor
Jand system, unit 1)

Soils

Uniformly mantled with cracking
clays (Segenhoe); sometimes stony,
linear gilgai common; occasional
small patches of red soils, krasno
zems (Tornelodge) or cracking clays
(Krui, probably Springfield)

Cracking clays (Segenhoe), some
times non-self-mulching, and de
graded black earths (Rowan)

Mainly the shallower, less mature,
stony cracking clays (Guan) (similar
to Ant Hill land system, unit I)

Deep black or dark cracking clays
(Segenhoe), free of stones (similar to
Yarramoor land system, unit 1)

Vegetation

Eucalypt tree savannah of E. atbens,
E. blakelyl, and E. melliodora, about
30 ft high, mostly thinned or cleared;
shrubs virtually absent; ground cover
nearly all Slipa aristiglllmis with
smaller amounts of Dicholltllium spp.
and Stipa setacea; Carthamus lanafl/s
and DalItho1/ia linkii often abundant
with uncontrolled grazing

As for unit I. but ground cover very
variable, Slipa aristigll/mis absent or
rare, no Carthamus {ana/us with un
controlled grazing, many non-grasses,
dominant grass DOIl/honia Iil/kil, Stipa
selacea, Pallieum qlleel/~lal1dic/(m, Di~

chanthilll1l spp., or Cynodoll incom
ple/I/s

Scattered and patchy savannah wood
land of box and gum with fair grassy
ground cover (similar to Ant Hill land
system, unit l)

Cleared and under cultivation or
pioneer grasses (similar to Yarramoor
land system, unit I
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BRAY'S HILL LAND SYSTEM (23 SQ. MILES)

GeoIogy.-Permian calcareous sandstone and shale.

RainfaU.-22 in.

Locality.-Inland part of central lowlands.

Elevation.-50D-1300 ft. Local Rclief.-50-300 ft.

Wooded Area.-10%.

1::-~~d AllUVIUM
~~

~i1:WEm1~:~C:S~~ONUES

1===~1 SHALE

Unit Area Land Forms Soils Vegetation(%)

1 95 Rounded hills and lower escarp- Dark or reddish cracking clays (Seg- Eucalypt tree savannah largely cleared
ment slopes; slopes generally 10- enhoe "' Springfield), sometimes (mainly E. albens and E. melliodora)
25%; occasional sandstone bluffs shallow, linear gilgai fairly common; with Brachychiton populneum; grasses
up to lOft high on upper slopes; associated dark or reddish degraded Stipa aristiglumis, S. setacea, Aristida,
smooth lower slopes with linear black earths (Rowan or EWs) and Chloris, Danthonia, Dichanthium, Era~
gilgai, sometimes guWed; shallow brown or red solonetzic soils (Clan- grostis, and Urochloa spp.
minor valleys with sand, silt, and ricard or Overton)
clay colluvial and/or alluvial fill

2 5 Terraced sandy or gravelly aIlu- Restricted obserllations; cracking Cleared =d under cultivation "'vium in major valleys crossing the clays aud solouetzic soils pioneer grasses
land system



LAND SYSTEMS OF THE HUNTER VALLEY

COLONEL LAND SYSTEM (81 SQ. MILES)

Geology.-Carbonifcrous and lower Permian lavas with some conglomerate and glacial beds.

RainfalI.-26 in.

Locality.-Western margin of the northMeastern mountains.

Elevation.-1000-3000 ft. Local ReIief.-Up to 1500 ft,

Wooded Area.-80%.

1:,t1;:~;:~;lGLACIAL BEDS

1'-'0-0",-.:-1 CONGLOMERATE

29

Unit

2

Am
(%)

80

20

Land Forms

Steep, massive mountains, hills,
and escarpments > 300 ft high;
cliffs up to 100 ft high frequent;
occasional gently sloping benches
with pockets of colluvium; locally
subject to intense gullying where
cleared of forest

More gently sloping hill tops and
valley floors (similar to Apis land
system, unit I)

Soils

Fine~ to coarse-textured skeletal soils,
with patches of earths aud solonetzic
soils; cooler, more humid sites often
with humic surface soils; rock out
crop; rarely without soil cover (at
Mt. Wallabedah)

No records; presumably similar to
Apis land system, unit 1

Vegetation

Savannah woodland of box and gum,
60 ft, E. a/bells often dominant with
lesser amounts of Angophora jIori
bl/llda, E. /aevopinea, E. melliodora,
and E. tereticornis, and with ironbark
inthellouth;a large variety of fairly
dense shrnbs where rocky; fair ground
cover dominated by Aristida or
DidlOlltllium spp. with a litHe Themeda
aI/strolls, Stipa se/acea, and Chloris
spp,

Savannah woodland of box and gum,
with ironbark in the south (similar to
Apis land system, unit I)
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CRANKY CORNER LAND SYSTEM (91 SQ. MILES)

Geology.---Carboniferous lavas with some conglomerate and glacial beds.

Rainfall.-30-40 in.

Locality.-Sollthern margins of north-eastern mountains.

Elevation.---400-2000 ft. Local ReIief.-300-1000 ft.

Wooded Area.-80 %.

*1~~i_t~ GLACIAL BEDS

Unit

2

Area
(%)

80

20

Land Forms

Extremely steep massive moun
tains, hills, and escarpments with
fubbly slopes and cliffs, up to 200
ft high

Deep ravines

Soils

Coarse- to fine-textured skeletal soils,
with patches of shallow cracking
clays (Guan) or solonetzic or pod
zolic soils (Pokolbin)j cooler, more
humid sites with humic surface soils;
much rock outcrop

Predominantly skeletal soils, often
humic in the surface

Vegetation

Tall mixed woodland, somB thinned
or cleared, usually 50 fl but up to too
ft high, commonly E. acmenioides, E.
calio/iclilata, E. eugeuioides. E. macu
lata, E. tereticol'llis, and ironbllrks,
with medium dense shrubs below and
rather sparse but leafy grasses

Rain forest (similar to Rainforest
land system, unit 1, bul poorer in
species and not as tall)



LAND SYSTEMS OF THE HUNTER VALLEY

DUCK HOLE LAND SYSTEM (47 SQ. MILES)

Geology.-Aeolian sand.

Rainfall.-38-40 in.

Locality.-Coastal zone.

Elevation.-----O--150 ft. Local Relief.-l0-100 ft.

Wooded Area.-90%.

~~{?it\~;~1JSA N0

1~===ICLAY

31

Unit "'~ Land Forms Soils Vegetation(%)

---
I 10 Active dunes adjacent to tho Ye110wish white single-grained sandy Scanty herbaceous vegetation, pros·

beach, tending 10 invade stable aeolian rcgosols (coastal sands); trate or stoloniferous
dunes of unit 2 some lime present from fragmented

sea shells
---

2 35 Steep, stable dunes, up to 100 ft Sandy aeolian regosols (coastal D", sclerophyll forest, trees 60 "high, forming continuous belt sands) with decomposing litter or AngopllOra costata or E. pilularis d m_
adjacent to unit 1, and scattered humus in the surface; humic surfaces inant, R glflllmifera present, scattered
patches on unit 3 coherent and very acid; no free lime trees up to 20 ft high of Dallksia ser_

in upper paris of solum; possibly rata, Melaleuca quinque/wnia, and
also patches with humus-iron pod- Persoonia levis; dense shrubs up to 5 ft
zols on inland dunes high, rich in Leguminosae; sparse

Uu'dulating sand plains, forming
ground cover

3 40 Humus-iron podzols medium to
low ridge·and-swale_ topography extremely acid

4 15 Swampy hollows amongst dunes Black peaty meadow soils (Devon) Fen (swamp) vegetation, dense shrubs,
of unit 2, and between low ridges and similar acid swamp soils with Callistemoll sPp. prominent; scat-
of unit 3 varying contents of mineral matter; tered or dense Melalellca spp., E.

possibly with iron hard-pans in sub- robusta, or Casuarilla glauca
soil
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ELRINGTON LAND SYSTEM (156 SQ. MILES)

Geology.-Permian and lower Triassic shale, sandstone, and conglomerate.

RainfaH.-32--40 in.

Locality.-Seaward end of the central lowlands.

Elevation.-20-500 ft. Local Relief.-Up to 300 ft.

Wooded Area.-90 %.

I~=~ IALLUVIUM

I~;?i!//GISANDSTONE

H~::__:-=~ISHAlE

Unit A= Land Fonns Soils Vegetation
(%)

1 SO Rounded hills Ilnd lower slopes of Mainly podzolic soils (Binnie comO. Dry scierophyll forest, 40 ft, of gums,
escarpments; slopes generally 10- monest); occasional earths likely; ironbarks. and stringybarks, and in-
30% but locally steeper on Deea- soils sometimes gravelly; also coarse- eluding Allgophora costata, E. aemelli-
sional outcrops; some slumping textured non-humic skeletal soils oides, E. pUu/aris, and a little E. sal-
particularly on shales; colluvial igllo and SYI/curpia g/otnllli/era; Legu-
fill of stony clay in valley heads, minosae and Proteaceae prominent in
partially dissected by gullies a fairly dense 6 ft shrub layer; good

ground cover of herbs and leafy
grasses (Imperato cylilldrico, Paspa-
lum dilotutl/tn, SporobolliS spp.,
Themeda australis)

2 15 Undulating foot slopes; gradients Predominantly podzolic soils, Binnie D,y sclerophyll forest (similar to
less than 10%; no outcrop (similar and possibly others (similar to Beres- Beresfield land system. unit 1)
to Beresfield land system, unit 1) field land system, unit I); locally yel-

low earths (Growee) on colluvial
aprons below steep sandstone slopes

3 <5 Terraced alluvium; sand and clay; Restricted observations; coarse- to Dry sclerophyll forest with an admix-
less than t mile wide; liable to fine-textured alluvial regosols (Rou- ture of non-eucalypt trees; shrubs and
flooding on lower terraces chel, Maitland, Errington) ground layer as for unit I



LAND SYSTEMS OF THE HUNTER VALLEY

GLENDOWER LAND SYSTEM (656 SQ. MILES)

Geology.-Permian shale, sandstone, and conglomerate.

RainfaU.-22-30 in.

Locality.-Central lowlands and central Goulburn valley.

Elevation.-200-1700 ft. Local ReIief.-Up to 300 ft.

Wooded Area.-20 %.

l~::::~ IAl-l-UVlUM
~ ~

IE::E~~jSHALE
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Unit "'00 Land Forms Soils Vegetation(%)

1 65 Moderately steep rounded hills, Wide range of soils; predominantly Savannah woodland of box, gum, and
outcrops of sandstone or con- texture-contrast soils; solonetzic soils ironbarks, mostly thinned or cleared,
glomerate frequent, especially to- (Overton, Clanrica:rd, Piercefield) in trees 30-40 ft, ironbarks, E. a/hens,
wards summits; slopes generally drier parts as well as podzolic soils E. molrlCCQl1a, E. mell/odora, E. tere-
10-25%; frequent gullying and (Binnie, VauK, rarely Pokolbin) in licorl/is, E. macula/a, E. dawsollii,
sheet erosion wetter parts; brown earths (Cumbo, and Allgophora f/orihlmda; shrubs

Woolooma) on certain sandstones, sparse; commonest grasses Aristida,
conglomerates, and sandy colluvium; CJzloris, Dan/hollia, and Dic1lUll/hium
cracking clays (Segenhoe, Guan, spp. and Slipa setacea

2 20 Moderately steep hills up to 200 ft Krui) without stony rubble and fre-
high, composed of lime-rich quently with linear giIgai, and de- Savannah woodland of box, gum, and
sandstones and shales, and either graded black earths (Rowan, Ellis) ironbark, mostly thinned or cleared,
rounded with slopes 10-25% or on lime-rich shales and sandstones; often with Brachychitoll popuIlleum
tabular with undulating summits non-humic skeletal soils common and E. a/bem on higher ground, E.
bounded by steep slopes including melUodora below; ground cover Slipa
low· sandstone cliffs; occasional setacea with scattered Aristfda and
linear gilgai on genller foot slopes Medicago spp. and Stipa aristiglllmis

3 10 Undulating areas in major valleys Predominantly podzolic and solo~ Savannah woodland of box, gum, and
with no outcrop (similar to KiUar- netzic soils; mclusions of cracking ironbark moslly thinned or cleared
ney land system, unit 1) clays, degraded black earths and (similar to Killarney land system,

earths (similar to units 1 and 2 but unit 1)
slopes 1~, steep, similar also to
Killarney land system, unit 1)

4 <5 Alluvium in valley bottoms; domi- Restricted observations; solonetzic Cleared and under cultivation m
nanlly sandy but with some clay; soils (Clanricard, Piercefield, Togar) pioneer grasses
terraced; subject to flooding on and podzolic soils (Pokolbin ob-
lower levels served); cracking clays (Segenhoe);

meadow soils (Eskdale); alluvial
regosols (Maitland)
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GREENHILLS LAND SYSTEM (249 sQ, MILES)

Geology.-Triassic and Jurassic sandstone and shale.

Rainfall.-22 in.

Locality.-Merriwa plateau.

Elevation.-lOOD-1800 ft. Local ReIief.-Up to 300 ft.

Wooded Area.--40 %.

I=~-=-~;:j ALLUVIUM- ~

~W@?{~l SANDSTONE

1~~=J5HALE

unit Mo. Land Forms Soils Vegetation
(%)

---
1 60 Roiling lowlands with slopes less Mainly shallow but sometimes deep Savannah woodland of box, gum, and

than 15%; very broad shallow brown earths (Cumbo) and some ironbark, 30 ft high, boxes patchy,
valleys, with sandy floors and fre- yellow and red earths (Dusodie and mostly cleared, fair cover of Aristida,
quently without definite stream Baerarni)j occasional solonetzic soils Chlods, Danthollia, and Medicago
channels (Clanricard) on interbedded shales spp., Sfipa sctacea, and Trifolium spp.

2 15 Rocky sandstone knolls, hills, and Restricted observations; probably Shrub woodland of ironbark and gum,
cuestas, 50-150 ft high mainly coarse-teJ{tured non-humic mainly ironbarks with I~, Callitris

skeletal soils and some shallow earths endlicheri, E. tereticomis, and E.
(Cumbo) trac!lyp!lloia; shrubs frequent, Acacia

spp. prominent; fair grass cover of
Aristida, Dant!lollia, =d Eragrostis
spp. and Stipa setacea

3 10 Smooth, straight slopes (0-10%), Brown earths (Cumbo), shallow to Savannah woodland of box, gum,and
50-500 yd long; no outcrop; cov- very deep, sometimes gravelly; solo- ironbark, mostly cleared (similar to
ered with sandy wash a few inches netzic soils (Clanricard, Piercefield, Sandy Hollow land system, unit J)
deep on upper slopes thickening to rarely Overton); occasional degraded
10 ft on lower slopes black earths (Ellis) on interbedded

shales

4 <5 Horizontal :iUndstone outcrops Restricted observations; mainly Practically bare
forming low bluffs up to 15 ft high coarse-textured non-humic skeletal
or bevelled rock surfaces parallel soils; much bare rock
to the general slope; interspersed
with unit 3

5 5 Narrow valleys 20-200 ft deep, No records; presumably like units 2 As for unit 2 but with denser shrubs
with steep rocky walls often fol- and 4--skeletal soils and bare rock
lowing dominant joint trends

6 <5 Terraced alluvium in major val- Restricted observations; soils very Cleared ,nd under pioneer grasses,
leys; generally sandy, but of finer variable owing to different sources of sometimes under cultivation
texture where derived from basalt parent materials, frequently from

outside this land system; earths
(Cumbo, Mulbring, Baerami), crack-
ing clays (Segenhoe), degraded black
earths (Rowan), soIonetzic soils
(Strathearn), meadow soils (Esk-
dale), and alluvial regosols (Mait-
land)



LAND SYSTEMS OF THE HUNTER VALLEY

HEXHAM LAND SYSTEM (62 SQ. MILES)

Geology.-Recent alluvium.

Rainfall.-40 in.

Locality.-Coastal zone and seaward end of central lowlands.

Elevation.------O--50 ft. Local Relief.-5 ft.

Wooded Area.-lO%.

35

~ HEXHAI.1 LS. d /IESTA ~_s. W AVICEMNIA LS.

Unit

2

Mea
(%)

80

20

Land Forms

Freshwater swamps on alluvial
material near sea-level; ponds
formed by subsidence of low-lying
areas; occasional drier sites on
old levees and patches of wind
blown or marine sand

Brackish swamps, occasionally
covered by high spring tides and
crossed by winding tidal creeks

Soils

Dark, acid swamp soils and meadow
soils (Mangoola); surface soils usu
ally peaty but with considerable con~

tent of ntineral matter; no records
for occasional dricr sites

Acid swamp soils and fine-textured
alluvial regosols (Errington), in
places saline (Fullerton), and some
meadow soils; ground water brackish

Vegetation

Fen (swamp) vegetation; open water
with floating aquatics; wet areas with
dense Melaleuca quillquclIerviu, fringed
by M. slyphelfoideli, E. robusta, Cas~

/farina glauca, and Livistona; drier
areas often cleared and under CYIIO
dOli dactylOIl, Paspa{mn dila/alum, and
Stcnotaphrum lieculldafllm

Fen (swamp) vegetation; wet areas
under Al"throCllemum, Palipalum vag
inatum, sedges. and Sporobolus vir~

gil/iells; drier areas under CYllodQ/I
daetylol', Palipalum dilatalulll. and
Stellotaphrum seeu/ldatllm
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HUNTER LAND SYSTEM (330 SQ. Mll.ES)

Geology.-Quaternary alluvium.

Rainfall.-24-40 in.

Locality.-Throughout the Hunter valley, but mainly in central lowlands.

Elevation.-O-2000 ft. Local Relief.---O-30 ft.

Wooded Area.-Negligible.

En~~:\~ilH SAND

1 =1 CLAY

OTH ERLAND SYSTEMS

Ie" <> <>01 GRAVEL
c <> <>~"

~ROCK

Unit

2

4

M,"
(%)

40

35

20

<5

Land Forms

Higher alluvial terraces, generally
sandy with underlying gravel, but
underlain by clay in the major val·
leys of the sandstone country;
height above stream bed 10-15 ft
and width t mile in upper valleys
increasing downstream to 20-40 ft

. and t-3 miles respectively along
the middle Hunter; generally level
surface with occasional low dunes
or old levees; rarely flooded

Lower alluvial terraces composed
of sand, silt, and clay; rarely more
than 100 yd wide or more than
10 ft above stream bed, but locally
occupying most of the valley floor
in Wollombi, Baerami, Bylong,
Growee, and Williams valleys;
gently undulating surface with
sandy levees and scoured flood
channels 1-3 ft deep near the
stream, and swampy hollows and
abandoned channels away from
the stream

Flood-plains of lower Hunter,
Paterson, and Williams; silt or
clay with some sand layers; 1--4
mites wide; gently undulating
relief with levees, abandoned chan
nels, and backswamps, occasion
ally flooded

Patches of boulders, gravel, and
sand bordering units 1 and 2 and
comprising fragments of older ter
races, tributary fans, or colluvium
derived from adjacent slopes

Soils

Older terraces have cracking clays
(Segenhoe) and solonetzic soils
(Cropwell, sometimes Strathearn,
possibly others) in drier areas, and
some podzolic soils in wetter areas on
alluvium derived from basalt or of
mixed origin; earths (Cumbo, Woo·
looma) occur on well-drained sili
ceous coarse-textured alluvium

Younger terraces (locally two ter
races, or blanketing the older ter
races) have well-developed soils, pre
dominantly chernozems (Abermus
den, Bylong) and some earths where
alluvium was very sandy; also lim
ited areas with prairie soils; minor
recent terraces with immature allu
vial regosols (mainly Rouchel, but
Maitland or Errington on finer-tex
tured deposits); depressions have
meadow soils (Eskdale); in some
localities a sterile sandy deposit is
burying fertile alluvial soils

Immature soils; mainly alluvial rego
sols of medium and fine textures
(Maitland, Errington); swampy de
pression with meadow soils (Esk
dale) and acid swamp soils

Soils ofheterogeneous age and parent
materials in widely differing climates;
in drier areas solonetzic soils (Tagar,
Clanricard) and chernozems (Aber~

musden) along middle Hunter River,
and in wetter areas podzolic soils
(Rosscole, Binnie); also observed
cracking clays (Segenhoe) and earths
(Cumbo, Woolooma, Mulbring);
soils sometimes graveUy

Vegetation

Mostly cleared and under cultivation
or grassland of Cynodoll, Aristida,
Eragrostis, Paspalffln, Sporobollls, and
Hordeflm spp.; weeds common; cover
fairly good; shrubs rare; trees where
present scattered, mainly E. teretiM
cornis, E. melliodora, and Angophora
jforibulIda, but other gums and non
eucalypts commoner where rainfall
over 35 in.

As for unit 1, but non-eucalypts comM
maner, Casllarilla cl/1IIlinghamimlll and
C. glauca frequent and widespread on
river banks

Cultivation

Cleared ground, good cover of Pas
palllm,Imperota,Sporobolus, Cynodo1l,
and Eragrostls spp.



LAND SYSTEMS OF THE HUNTER VALLEY

Kn.LARNEY LAND SYSTEM (539 SQ. MILES)

GeoIogy.-Permian shale, sandstone, and conglomerate.

RainfaIl.-22-30 in.

Locality.-Inland parts of the central lowlands; central Goulburn valley.

Elevation.-20D-1700 ft. Local Relief.-Less than 100 ft.

Wooded Area.-20%.

P::.:==! hLLUVIUM

f~f~~;~lli~SANDSTONE

1.=-=~I SHALE

,*~.;~ICONGLOMERATE
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Unit Area Land Forms Soils Vegetation(%)

1 75 Undulating lowlands with widely- Soils very variable; predominantly Savannah woodland of box, gum, and
spaced broad, shallow valleys; podzolic soils (Binnie, Vaux, some- ironbark, mostly thinned or cleared,
slopes generally less than 10%; times Pokolbin and Rosscole) especi- trees 30 ft high, E. alhens, E. dawsonii,
local relief less than 100 ft; occa- ally towards the wetter east; solo- E. maculata, E. tereticornis, and iron-
sional outcrops near hill tops; up netzic soils (Overton, Strathearn, barks; shrubs rare; ground cover of
to 10 ft of stony colluvial fill in Clanricard, Piercefield, Togar. end Themeda australis where protected.
valley heads; gravelly surface wash possibly others) co-dominant end otherwise Aristida. Chloris. Da/l-
in areas adjacent to steep hills; more extensive in drier centre and Ownia, ond Dichantlliulll spp., end
considerable sheet and gully ero- west; smaUer patches with cracking Stipa setacea, with Medicago ond
sion clays (Segenhoe), degraded black TrifolillJII spp.

earths (Rowan, Ellis), brown end
yellow often shallow earths (Cumbo,
Growee, especially near Wollar and
Ulan); dominant soils different from
area to area

2 ,. Undulating lowlands 'with closely- Similar range of soils to unit 1; more
spaced. small shallow valleys; shallow coarse-textured earths; also
~opes less than 10%; local relief skeletal soils; soil families observed
less than 50 ft; frequent outcrops include Cumbo, Clanricard, Pierce-
and stony surfaces; little or no col- field, Overton, Binnie
luvial fill; very active sheet erosion

3 <5 Terraced alluvium in main valleys Large range of soils due to widely Cleared and under cultivation n'
of unit 1; sand, silt, and clay, differing ages, parent materials, and pioneer grasses
sometimes overlying coarse iron- drainage status; chernozems, solo-
stone. gravel; up to i mile wide netzic soils, earths (Woolooma,

Cumbo); solonchaks in valley bot-
toms patchy but common; salt en-
crustation common on creek banks
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LEE'S PINCH LAND SYSTEM (1386 SQ. MILES)

Geology.-Triassic sandstone and minor shale.

Rainfall.-22-30 in.

LocaIity.-Southern mountains.

Elevation.-50Q-3300 ft. Local Rclicf.-Up to 2500 ft.

Wooded Area.-l00%.

l;i~;;Jii~~W!,~~ SAN DSTON E

I==':--~-~ISHALE

Unit

2

3

4

Area
(%)

30

30

35

<5

Land Forms

Rugged hills with rounded sum
mits; irregularly benched slopes
often littered with boulders and
with very frequent sandstone out~
crops including low cliffs up to
30 ft high; fairly narrow flat
floored valleys 400-1000 ft deep

Rugged hills margined by sand
stone cliffs 50-500 ft high usually
overlooking steep shaly slopes
littered with boulders; cavernous
weathering of the cliffs; narrow
inaccessible valleys 500-2500 ft
deep

Stony, hilly plateaux with ridges
and escarpments up to 200 ft high;
very steep margins including cliffs
up to 100 ft high; narrow gorges
along the major rivers

Sandy alluvium occupying valley
floors in unit I: liable to frequent
flooding and deposition of sand in
middle and upper reaches

Soils

Mainly sllallow coarse-textured skel
etal soils and bare rock; in moist cool
sites humic surface soils; infre
quently on interbedded shales or
arkosic sandstones Shallow podzolic
soils (Binnie, Pokolbin); in stable
sites coarse-textured earths

Similar to unit I: predominantly
coarse-textured non-humic skeletal
soils; probably more bare rock

Restricted observations: similar to
units 1 and 2: deep yellow earth
(Mulbring) in level, stable site on
plateau

Restricted observations; deep sandy
stratified alluvial regosols (Rouchel);
sedimentation in valley bottoms fre
quent and calamitous owing to low
soil stability on sandstone hills

Vegetation

Shrub woodland of ironbark and gum
40-80 ft high, ironbarks common,
with E. ]Jlll/erata, E. agglomemta. and
E. oblollga, and with. scattered or
dense Calli/Tis elldlicherl, Casuarina
torulosa, and Persoonia spp. below;
shrubs usually abundant and mixed,
Leguminosae common; ground cover
poor, of grasses and herbs

As for unit I, but with more herbs,
shrubs, and non-eucalypt trees in
ravines and at bases of cliffs

Shrub woodland of ironbark and gum
30 ft high, including E. PIII/Clata, E.
trachyphloia, and stringybarks: ground
cover poor; many non-eucalypts in
ravines and at bases of cliffs

Shrub woodland of ironbark and gum
with an admixture of non-eucalypt
trees, sometimes cleared and under
pioneer grasses



LAND SYSTEMS OF THE HUNTER VALLEY

LIVERPOOL LAND SYSTEM (450 SQ. MILES)

Geology.-Tertiary basalt.

Rainfall.-30--40 in.

Locality.-Liverpool and Mt. Royal Ranges.

Elevation.-1800--4000 ft. Local Relief.-Up to 1500 ft.

Woaded Area.---60%.

]: ~ ~ ,,!BASALT

39

Unit ill,a Land Forms Soils Vegetation(%)

---
I 70 Rugged mUs and ridge tops; Mostly fine-textured humic skeletal Savannah woodland of box and gum,

frequent bluffs and cliffs liE to soils, but non-humic at lower altitudes some thinned or cleared, trees up to
150 flmgh; narrow valleys 00- or on exposed drier and warmer slopes; 80 ft. Allgophora fioribulIda, E. albens,
1500 ft deep with very steep merging into shallow cracking clays E. laevopinea, E. melliadora, and E.
slopes (up to 90%) and restricted (Guan) in less steep and more stable tereticornis below 30 in. rainfall, grad-
patches of water-worn boulders sites and into alpine humus soils (Bar- ing into Casliarilla torulasa. E. laevo-
on floor; much surface rubble, rington) on minor gentle grassy slopes pinea, E. l1lalmifera, E. saliglla, and
active erosion by sheet wash and at high altitudes E. vimillalis where wetter; shrubs scat-
gullying, plus slumping Where tered, ground cover mainly a short
cleared grass turf with tussocks ofPoa sp. and

Tllellleda auStralis but non-grasses
abundant

2 10 Steep hills with marked benches, Restricted observations; probably Much cleared ground with good cover
frequently ill-drained, up to 200 essentially similar to unit I; soils pos~ of Poa sp. and non-grasses; remainder
yd wide; weathered crumbly sibly slightly more stable and mature; 40 ft anomalous woodland, E. lIor-
rock with occasional more resis- cool, moist, south-facing sLopes with tonU abundant all middle slopes, with
tant layers humic, friable, surface soils E. laevopinea and E. melliodora below

and E. malll/ifel'a above; shrubs un-
common

3 15 Hills less than 300 ft high and Mainly brown stony immature crackM Savannah woodland of box and gum
moderately sloping lower vaney ing clays (Guan) (similar to Ant Hill (similar '0 An, Hill land system,
sides (similar to Ant Hill land land system, unit 1) unit 1)
system, unit I)

4 <5 Rocky slopes usually facing No records; presumably fine-textured Rain forest (similar to Rainforest land
south or south-east with much humic skeletal soils, with some kras· system, unit 1)
surface rubble (similar to Rain- nozems; high organic matter content in
forest land system, unit 1) surface
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MOONIBUNG LAND SYSTEM (61 SQ. MILES)

Geology.-Carboniferous lava, tuff, conglomerate, and glacial beds.

RainfalI.-28-32 in.

Locality.-Southcrn margin of north~easternmountains.

Elevation.--40D-1500 ft. Local Relief.-lOO-300 ft.

Wooded Area.-30%.

[~1~;f,j~GLACIAl BEDS

Unit Area Land Forms Soils Vegetation(%)

---
I 3S Rocky plateau summits with Restricted observations; soils predomi- Tall mixed woodland, 50 ft, mostly

slopes generally 10-25% nantly shallow; mainly podzolic soils thinned or cleared, commonly E.
(Binnie), probably also skeletal soils calla/icll!lIla, E. maculala, E. tereti-

comis, and ironbarks; shrubs fairly
common; usually good grass cover,
mainly Djc!tr11lth{1l11l spp., PaspafuIII
difatatll1ll, and Themeda australili

2 25 Moderately steep scarp-foot No records; probably podzolic soils, Mostly cleared, grasses as for unit 1
slopes with cJ<tensive fans of but deeper and stony
bouldery rubble

---
3 35 Rolling steep hills, ~ to 300 ft Restricted observations; cracking clays As for unit 1

high; slopes 10-250
0 ; frequent (Guan) with some fine-textured skeletal

outcrops on higher areas; col- soils in Mt. View area
luvial fill in hollows

4 <5 Terraced gravelly and sandy Variable soils; alluvial regosols (Mait- Cleared and under pioneer grasses
alluvium of major valleys in unit land), earths (Woolooma), cracking
3; up to 200 yd wide; liable to clays (Segenhoe), possibly also pod-
flooding zolic soils



LAND SYSTEMS OF THE HUNTER VALLEY

MT. BUITERWICKI LAND SYSTEM (479 SQ. MILES)

Geology.~Carboniferous sediments and some lavas.

Rainfall.-30-40 in.

Locality.-North-eastern mountains.

Elevation.-500-3000 ft. Local Relief.~30o-2000 ft.

Wooded Arca.-40%.

I:.~~~ :-l CONGLOMERATE
=~==

(:'=---1 MUosTONE
_-_-_- ANO CHERT

g~;~f~;iNH SANDSTONE
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Unit M~ Land FOTIns Soils Vegetation(%)

1 75 Very steep ridges with narrow Dominantly shallow to deep podzolic Tall mixed woodland, mal)l1)' gums
crests; slopes ranging from 25 to soils (Binnie); with medium- to finc- and stringybarks, or wet sclerophyll
100%, dissected by close1y~ textured often humic skeletal soils and forest, mostly thinned m cleared,
spaced ravines giving extremely brown earths (Woolooma, Cumbo) co- trees up to 100 ft high, commonly
broken topography; much out- dominant; soil depth depends on slope Allgophora fioribullda, E. acmen/oides,
crop; liable to slumping and ease of weathering of parent rocks E. canalic/llata, E. laevopinea, and E.

microcorys; few shrubs; good ground
cover of Imperllta cylindr/ca, PaSpalfil/1
di/alallllll, and Poa and Sporobolus%P, with Preridil/1Il aqrdlillllJII, Trl-
aUulll spp., and many other non-

grasses

2 20 Massive hills with extensive cliffs Norecords; probably similar to Cranky Talllllixed woodland 50-100 ft high,
and much surface rubble (simi- Corner land system, unit 1 (often humic with shrubs and sparse grasses (simi-
lar to Cranky Corner land sys- skeletal soils; some shallow podzolic lar to Cranky Corner land system,
tern, unit I) soils) unit 1)

3 5 Deep, narrow valley heads, gen- Restricted observations; probably simi- Rain forest (similar to Rainforest land
erally facing south, bounded by lar to unit 1, with more skeletal soils; system, unit I, but poorer in species
cliffs or very steep slopes; much podzolic soils (Binnie) and not as tall)
surface rubble
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MT, ROYAL LAND SYSTEM (142 SQ. MILES)

Geology.-Carboniferolls sediments capped by Tertiary basalt.

Rainfall.-40-50 in.

Locality.-NorthReastern mountains.

Elevation.-t000--4000 ft. Local Relief.-Generally exceeding 1000 ft.

Wooded Area.-90 %.

M~:t*gK~15!\NDSTONE

!;,::g~';~~l TUFF

f_=-_=IMUDSTONE
- _ AND cHE:RT

Unit A,~ Land Forms Soils Vegetation
(%)

1 85 Fairly steep to very steep ridges Variable soils; krasnozems (Torrie- Wet sclerophyll forest up to 120 ft
with broadly rounded summits lodge) on hill_tops and slopes below high, of E. campanulal«, E. micro-
or narrow crests; slopes dis- basalt uplands extending from the Bar- corys, and E. saliglla, crowns usually
sected by closely-spaced ravines; rington plateau; podzolic soils (Pokol- touching without overlapping; lower
numerous structural benches up bin, probably Binnie) on lower slopes; tree layer of scattered AngopflOra
to 300 yd wide alternating with alpine humus soils (Barrington) and jioribflllda and Casl/ari!w torulosa 30-
steep slopes and bluffs 20-200 ft transitional alpine humus soils (Mee- 40 ft; shrubs uncommon except near
high; upper slopes usually cov- han) rare; sballow to moderately deep rain forest, good 2 ft ground cover of
ered with basalt rubble; gullying brown earths (Woolooma) on some Poa sp., Themeda altstmlis, Pteridilll1l
and slumping frequent where sedimentary rocks aqui!illum, and [mperata cylil/drica
cleared

2 10 Wide major valleys with hilly No records; probably predominantly As for unit I, but mostly cleared, and
floors podzolic soils, mainly Binnie, some with less E. campul1It/af«

Pokolbin (similar to Wallaroo land
system, unit I, but wetter)

3 <5 As for unit I, particularly on Similar to unit 1; equivalent to Rain~ Rain forest (similar to Rainforest land
slopes facing south or south- forest land system, unit 1; krasnozcms, system, unit I)
east and in heads of ravines possibly with humic fine-textured skele-

tal soils



LAND SYSTEMS OF THE HUNTER VALLEY

MUNGHORN GAP LAND SYSTEM (12 SQ. MILES)

Geology.-Triassic sandstone with minor shale.

RainfaIl.-26-30 in.

Locality.-Western end of southern mountains.

Elevation.-240D-2700 ft. Local Relief.-10-50 ft.

Wooded Area.-lOO%.

M})~~:;;;~!1SANDSTON E

E~~~jSHALE
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Unit "'~ Land Forms Soils Vegetation(%)

I 100 Gently undulating to level sand- Soil cover uniform; moderately deep to Dry sclerophyll forest or shrub wood-
stone plateaux up to 2 mi1~ deep, strongly acid, coarse-textumd land of ironbark and gum, 35 ft, COIIl-

wide; some outcrop at margins; brown earths (mainly Growee), some- monly E. mwmifera and E. J"Ossii, with
gradients 0-5% times with mottled subsoils; shallow ironbarks, stringybarks, and Callitris

soils, skeletal soils, and outcrop near elldlichel"i; shrubs 3 ft, fairly dense;
plateau margins ground cover mainly non-grasses,

fairly dense
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NESTA LAND SYSTEM (6 SQ. MILES)

.8ERESFIELD L.S

Geology.-Estuarine alluvium.

Rainfall.-38-40 in.

Locality.-Coastal zone.

Elevation.-----D-IO ft. Local ReIief.-O-lO ft.

Wooded Area.-Negligible.

HUNTER L.S.

~ NESTA Ls.

,
,

[QJ AY!CEriNIA LS. W HUHAM LS.

Unit Area Land Forms Soils Vegetation
(%)

I 100 Flats formed on recently Black meadow soils of moderately fine Fen (swamp) vegetation, mostly under
emerged marine silt and clay, to fine texture (Eskdale, Mangoola) on cultivation; or old cultivation with
occasional patches of fine aeo- marine sediments, and of coarse tex- Cynodoll daceY/Oil dominant and PenM
lian sand and coarse marine lure (Devon) on superficial wind- lIisefllm clolldesti/lum, Stellotaphrum
sand formii::lg very low rises a few blown sands; soils are badly drained, seCI/1/datum, Sporoboilis v;rgi/liclls,
feet above the general level peaty, mottled, leached, and acid Pospa{lII11 vagil/atum, P. dilatatuIII,

sedges, and weeds; scattered Cusllaril/a
glUllca, Mefalellca spp., and Livistollu
{fflstl'olis



LAND SYSTEMS OF THE JruNTER VALLEY

OGILVIE LAND SYSTEM (233 SQ. IIfILES)

Geology.-Permian conglomerate, sandstone, and shale.

Rainfall.-22-32 in.

Locality.-Northern edge of southern mountains.

Elevation.-2So-1S00 ft. Local Relief.-30o-700 ft.

Wooded Area.-lOO%.

~4i~~W~}~SANDSTONE

t=-=--=-==1 SHALE
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Unit A<~ Land Forms Soils Vegetation
(%)

I 85 Steep hills and escarpments sev- Skeletal soils of various textures; Savannah woodland of box, gum, and
eral hundred feet high; frequent earths (Baerami observed); soionetzic ironbark, denser than usual and about
outcrops of sandstone and con- soils (Overton, Clanricard); degraded 40 ft high; broad-leafed shrubs fre-
glomerate forming cliffs up to black earths (Rowarr, Ellis); soils ofterr quent on cool slopes. scarrty other-
50 ft high and providing much shallow, with fragments of sandstone wise; grourrd cover of grasses 'nd
blocky surface rubble; oeca- or shale non-grasses good on cool slopes, poor
sional benches up to 300 yd wide otherwise

---~~-- on thick, Tesistant sandstone or
2 15 conglomerate beds; elo~ely- Restricted observations; analogous to Wet or dry selerophyll forest, boxes

spaced ravines on shales often unit I hut wetter; presumably coarse- absent, smaller non-eucalypt trees
partly choked with sandstone to medium-textured skeletal soils, some frequent where sheltered; fairly dense
rubble; slumping, gullying, and humic; shallow earths and podzolic mL>:ed shrubs; dense ground cover of
sheet erosion active, especially soils (Pokolbin seen) grasses and non-grasses
where cleared
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PARKVILLE LAND SYSTEM (41 SQ. MILES)

Geology.-Carboniferous and Lower Permian lavas and glacials, Tertiary basic igneous intrusives.

Rainfall.-26 in.

Locality.-North-eastern mountain belt and central1owlands.

Elevation.-200-2300 ft. Local ReIief.-Up to 100 ft.

Wooded Area.-Negligible.

s\--

~:f:!fif~ GLACIAL BEDS

Unit Mea Land Forms Soils Vegetation
(%)

I 95 Undulating lowlands; slopes less Complex soil pattern; predominantly Savannah woodland of box, gum, and
than 10%; few outcrops; areas cracking clays (Segenhoe, some Spring- ironbark. mostly cleared and under
of gravelly wash derived from field); solonetzic soils (Clanricard, Diclralllllillln spp. and lesser amounts
adjacent steep hills; widely Cropwell, Glenbawn) ""d degraded of Medicago spp. and xeromorphic
spaced shallow valleys (H mile black earths (Rowan) co-dominant; grasses; shrubs rare; trees scattered,
apart. 10-50 ft deep) rarely podzolic soils (Pokolbin) (simi- about 50 ft high. E. a/bells dominant,

lar to Blairgowrie land system, unit 1) associated with E. lae~opinea. E. mel-
liodom. and E. teretkurllis

~--

2 5 Gravelly. saudy alluvium in the Restricted ohservatious; brown earths qeared. =d under cultivation m
larger valleys partially dissected (Cumbo, Woolooma); alluvial rego- pIOneer grasses
by recent gullies 5-15 ft deep sols; presumably cracking clays and

solonetzic soils



LAND SYSTEMS OF THE HUNTER VALLEY

RAINFOREST LAND SYSTEM (156 SQ. MILES)

Geology.-Carboniferous sediments capped by Tertiary basalts.

Rainfall.--4Q.-.60 in.

Locality.-Southem margin of Barrington Tops.

Elevation.-lOOO-5000 ft. Local Relief.-Up to 2000 ft.

Wooded Area.-lOO%.

l~~~:[BASALT

[i~!~fjUfflSANDSTONE

1--- _jMUDSTONE
-~-_ liND CHERT
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Unit

2

3

4

Area
(%)

65

5

20

10

Land Forms

Steep ridges with narrow uneven
crests; slopes generally about
80%, with closely-spaced deep
ravines or with cliffs and bluffs
10-200 ft high

Basalt serees and cliffs

Wide major valleys with mode
rate slopes; boulder terraces or
narrow gorges 10-50 n deep in
valley Roars

Soils

Restricted observations; deep krasno
zems (Torrie1odge), probably strongly
acid, locally with stones or boulders

As for unit I (related to Mt. Royal land
system, unit 1)

Restricted observations; extremely
stony, fine-textured, humic, skeletal
soils of acid reaction; rock outcrop

Restricted observations; red, strongly
acid podzolie soils (pokolbin); some
times have watcrworn pebbles; rock
outcrop

Vegetation

Subtropical rain forest, rich non
eucalypt flora, no dominant species,
abundant lianes and epiphytes; upper
layer of 100-ft trees, lower layer of
20-ft trees, both with unbroken can
opy; dense shrubs; herbaceous ground
cover of varying density, grasses rare

Wet sclerophyll forest up to 120 ft
high with Poa sp. below (similar to
Mt. Royal land system, unit 1)

Temperate rain forest of Nothofagus
lIloorei 100 ft high and more; smaller
trees and shrubs rare; epiphytes rare
except for mosses and lichens; ground
cover of mosses and ferns

As for unit 1
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REDHEAD LAND SYSTEM (4 SQ. MILES)

Geology.-Permian sandstone.

Rainfall.---40 in.

Locality.-Coastal zone.

Elevation.-D-300 ft. Local Relief.-Up to 300 ft.

Wooded Area.-85 %.

Unit

k{!r.H~H!~1SANDSTONE

Land Forms Soils

E~=~5HALE

Vegetation

2

15

50

35

Cliffs

Steep to rolling hills, partly over·
lain by wind-blown sands in thin
patches or forming dunes up to
10 ft high

Valleys up to 100 ft deep with
slopes 10-25%; sometimes
blocked by wind-blown sand to
form swamps and lagoons

Mainly bare rocks

Podzolic soils (Yaux) and sandy aeo
lian regosols (coastal sands), often with
extremely acid. humic, coherent top
soils

No records; presumably acid swamp
soils in swamps, otherwise similar to
unit 2

Practically bare

Dense heath of many species; sparse
ground cover of PteridiulIl aqllili,lItlll.
Thellleda australis, and mixed herbs;
scattered clumps of E. gU/Ilmifera

Dry sclerophyll forest, 40 ft, includ
ing AI/gop/lOra costata, E. gl/llll1lifera,
and stringybarks, with scattered
smaller trees of Ballksia illtegrifo/ia,
Coslforil/a (oru10sa, and Persoonia
lanceo/ata; scattered mixed shrubs;
fair grass cover of Imperata cylindricu
and Themeda australis



LAND SYSTEMS OF THE HUNTER VALLEY

ROSCOMMON LAND SYSTEM (36 SQ. MILES)

Geology.-Jurassic shale and sandstone, and Tertiary basalt.

Rainfall.-22 in.

-Locality.---Southern margin of Merriwa plateau.

Elevation.-lOOO-1200 ft. Local Relief.-Less than 100 ft.

Wooded Area.-Negligible.

49

l.S.

~~(~:~i';~;@ SANDSTONE

[:;~~j SHALE

Unit

2

3

Area
(%)

45

50

5

Land Forms

Almost level plains with maxi
mum gradients less than 3% and
no surface drainage

Undulating basalt country with
stony surface and occasional
outcrops; slopes less than 8%

Undulating basalt plateaux be
low 2000 ft; widely-spaced shal
low valleys; no outcrop; slopes
less than 10%

Soils

Mainly deep permeable krasnozems
(Torrielodge); sometimes secondary
lime at depth; rare patches with high
content of ferruginous fragments (Ros
common); small unchannclled depres
sions with brown, mottled soils (Hook);
minor inclusions of cracking clays
(Segenhoe) and possibly degraded
black earths

Restricted observations; mainly shal
low stony krasnozems (Tunbridge);
minor inclusions of cracking clays

Krasnozems (Torrielodge, with minor
areas of Hook)

Vegetation

Eucalypt tree savannah, mostly
cleared and under cultivation or Stipa
setacea, with some Aristida, Dichan
thill/II, and Medicago spp.; scattered
20-30 ft E. albens with SOUle Brachy~

chiton poplilnelllll and E. mel/iodora

Eucalypt tree savannah, mostly
cleared, with pioneer grasses and
Medicago spp.; scattered or patchy
20-30 ft AI/gop/lOra floribllllda or E.
albens

Eucalypt tree savannah, mostly
cleaTed, good coveT of mixed grasses
commonly Danthonia racelllosa, Chlor
is spp., Panlculil queeJlSlalldiclIm, and
Sporobolus spp.; remainder tree
savannah up to 80 ft high, E. tereti~

com!s dominant, E. melliadora occa
sional
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ROUSE LAND SYSTEM (13 SQ. MILES)

Geology.-Palaeozoic granite.

Rainfall.-24 in.

LocaUty.-Western end of central Goulburn valley.

EIevation.-1500--Z000 ft. Local ReIief.-30-300 ft.

Wooded Area.-80%.

If+:+":)GRANlTE

Unit A= Land Forms Soils Vegetation(%)

I 100 Rolling to rugged hills with No records; I?resumably mainly coarse- Savannah woodland of box, gum, and
rock outcropping over about textured, gritty, non-humic skeletal ironbark, some thinned or cleared,
half the area; gradients 10-35%; soils; much rock outcrop 30 It high; common additional trees
shallow, stony colluvial fill in Acacia spp., Angophora flaT/bullda,
valleys; strong control of relief Camtris endlicheri, Ca:marino striclo,
by jointing E. macrorrlryncha. Ficus rubig;llosa;

ericoid shrubs occasional; poor
grmmd cover of Aristlda and Djchml-
tllium spp. and Stipa setacea
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SANDY HOLLOW LAND SYSTEM (106 SQ. MILES)

Geology.-Quaternary colluvium.

Rainfall.-22-26 in.

Locality.-Central Goulburn valley, south~eastern part of Merriwa plateau, and northern margin of southern
mountains.

Elevation.---40o-1000 ft. Local Relief.-Up to 100 ft.

Wooded Area.-l0 %.

n;?m~W~j SANDSTONE

1===~l SHALE

Unit

2

95

Land Forms

Smooth slopes with gradients
less than 10% covered by wash
from adjacent rugged sandstone
hills, gravelly at head of slope
and finer downslope; rarely, an
admixture of fine-grained bas
altic material derived from
dykes; occasional outcrops of
sandstone in upper parts; gen
erally dissected by shallow val
leys (10-30 ft deep) issuing from
adjacent hills

Terraced sandy or gravelly allu
vium in major valleys fringing
lower edge of unit 1; less than
1- mile wide; liable to flooding
and deposition of sand

Soils

Upper slopes, sometimes also lower
slopes, mainly deep coarse-textured
brown and red earths (Cumbo, Baer
ami); may contain gravcl; lower slopes
usually with solonetzic soils (Pierce
ficld, Stratheam) or more rarely pod~

zollc soils (Vaux)

Alluvium mainly belonging to through
going drainage; chernozemic soils
(Bylong, Abermusden), meadow pod~

zolic soil (FaL Brook), prairie soil
observed

Vegetation

Savannah woodland of box, gum, and
ironbark, mostly cleared and under
Aristidu spp., DuutJlOlJia Hukii, Era
grostis spp., and Stipa setacea; shrubs
rare; trees usually Ironbarks with E.
mc/liadara and E. tel'eticamis, up to
50 ft high

Cleared and under cultivation or
pioneer grasses
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THREE WAYS LAND SYSTEM (567 SQ. MILES)

Geology.-Triassic sandstone with subordinate shale.

Rainfall.-24-36 in.

Locality.-Southern mountains.

Elevation.-S00--3500 ft. Local Rclief.---400-2500 ft.

Wooded Area.-lOO%.

[Hii~%~~1m SANDSTONE

1-=-.=-===1 SHALE

Unit "'" Land Fanns Soils Vegetation(%)

I 50 Rugged hills with rounded sum- Restricted observations; mainly s1J.al~ Dry sclerophyll forest of Angophora
mits; irregularly benched slopes low coarse-textured skeletal soils, spp., E. eximia, E. tmchyphloia, and
often littered with boulders and sometimes humic; some coarse-tex- stringybarks with a rich flora of dense
with my frequent sandstone tured brown earths (Cumbo); much 4-ft shrubs and herbs; patches of nOD-
outcrops; naITOW ridges with outcrop (similar to Lee's Pinch land eucalypt trees and shrubs in sheltered
subhorizontal crests; narrow system, unit 1) places; grasses uncommon
valleys 400-1000 ft deep (simi-
lar to Lee's Pinch land system,
unit 1, but valleys narrower)

2 30 Rugged hills margined by sand- No records; presumably similar to As for unit I, but with more herbs,
stone cliffs 50-500 ft high, usu- unit 1 shrubs, and non-eucalypt trees
ally overlooking steep shaly
slopes littered with boulders;
narrow, inaccessible valleys 500-
2500 ft deep (similar to Lee's
Pinch land system, unit 2)

---
3 20 Moderately sloping (25% or Restricted observations; similar to Anomalous woodland usually 50 ft

less) ridge tops and upper hill units I and 2 but soils somewhat high, of E. crebra with poor cover of
slopes, only occasional outcrops deeper and earths more common shrubs and herbs below
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TIMOR LAND SYSTEM (51 SQ. MILES)

Geology.-Carbonllerous sediments.

Rainfall.-24 in.

Locality.-Major valleys of the north-eastern mountains.

Elevation.-30D-ZOOO ft. Local Relief.-Less than 100 ft.

Wooded Area.-lO%.

1=........:::: IAllUVIUM
~

I;~~}..;.::~l TUFF
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Unit

2

90

10

Land Forms

Undulating country with slopes
less than 10%; few outcrops;
widely-spaced shallow valleys;
sandy, gravelly surface wash
around foot of steep hills adjac_
ent to this land system; some
sheet and gully erosion

Alluvium in valley bottom; less
than t mile wide; terraced; gen
erally sandy, but of fmer te-,.::ture
where derived from base-rlt:h
rocks; liable to flooding on
lower levels

Soils

Mainly texture-contrast soils, predomi
nanily solonetzic (Clanricard, possibly
others), rarely podzolie (Singleton) in
easternmost more humid parls; small
areas with degraded black earths
(Rowan), brown earths (\Voolooma)
especially on fans

Soils variable; chemozems (Abermus
den), alluvial regosols (Rouehcl),
cracking clays (Segenhoe); also a pod~

zolic soil (Binnie) and a brown earth
(Cumbo)

Vegetation

Savannah woodland of box and gum,
30 ft high, mostly thinned or cleared,
commonly Augophora f/oribulIda, E.
albens, U. !/Iellior/ora, and E. tereti
cornis; shrubs rare; ground cover
usually Aristida spp. dominant, less
commonly Dichanthilll1l spp.

Cleared and under cultivation or
pioneer grasses
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TUBRABUCCA LAND SYSTEM (62 SQ. MILES)

Geology.-Tertiary basalt on granite or sandstone.

Rainfall.-30-60 in.
Locality.-Mainly Barrington Tops, also Liverpool Range and southern mountains.

Elevation.-3000-5400 ft. Local Relief.-Lcss than 150 ft.

Wooded Area.-90%.

I~' "vvv'IBASALT FLOWS
v v v "

F++++1 GRANITE

Unit Area Land Forms Soils Vegetation(%)

I 25 Gently undulating plateaux !-3 Mainly strongly leached, deep, per~ Eucalypt subalpine woodland, 50 ft,
miles wide, over 4500 ft above meable transitional alpine humus soils E. dalrympletma and E. pauciflora
sea-level; occasional low rocky (Meehan), often with many angular co-dominant, E. stellulata present;
knolls and escarpments; gradi- basalt floaters throughout and on sur~ dense Poa sp. below, or patches of
ents 0-5% increasing somewhat face; gmding into krasnozems of unit dense Acacia shrubs with spame herbs
towards plateau margins and at 2 at lower altitudes; minor areas of and grasses; minor communities of
breaks of slope between adjoin- Nothofaglls have similar soils but with Nothofagus moorei
;"g plateaux; shallow widely- thick humic surfaces
spaced vaUeys; coarse surface
rubble frequent

2 50 As for unit I, but 3500 to 4500 Strongly acid krasnozems (Torrie- Wet sclerophyll forest partly cleared,
ft with less surface rubble lodge); deep, generally free of slones up to 100 ft, E. dalrympleauo, E,

fostigota, E. laevopblea, E. pal/eiflara,
E. stellulata, and E. vimillolis; fairly
dense 15-ft Acacia shrubs; good
ground cover, Poa sp. dominant, with
Festuca and Dallthollia spp. and
PteridiuIII aquililllll1l and other non·
grasses

-------
3 20 Restricted observations; similar to unit Wet sclerophyll forest, 50 ft, of E.

2; basalt floaters once observed bicostattl, E. blaxlal/dU, and E.
laevopinea with a few Acacia shrubs,
two-thirds cleared and under grass
turf with Pteridlltl1l aquilillllm and tus-
socks of Themeda allstralis, Poa sp.,
and Cyperaceae

4 <5 As for unit 1, but below 3500 ft Restricted observations; soils probably Trees in a scattered or patchy anoma-
and with no surface rubble variable owing to thinness of basal t lous woodJand, 30 ft, E. laevopillea

capping and influence of underlying dominant, E. manllifera present;
sandstone; krasnozems (Hook, pro- shrubs rare; mostly cleared and under
bably Torrielodge); possibly '''0 gras~land of Sporobolus, Eragrostis.
brown and red earths and Poa spp. and The11leda australis,

with localized infestations of Hyperi-
cum perforatl/1Il

---, <5 Plateau margins with steep On basalt equivalent to parts of Liver- Savannah woodland of box and gum
slopes (14-50%), rocky benches pool land system, unit I, mainly fine- up to 80 ft, with Poa sp. and Themeda
up to 50 yd wide and frequent textured humic and non-humic skeletal australis below (similar to Liverpool
gullies and slumps; much boul- soils; on sandstone mainly as for Three land system, unit 1)
dery rubble on steep slopes Ways- land system, earths or podzolic
(similar to Liverpool land sys- soils (Vaux)
tern, unit 1)

---
6 Yo" Shallow swampy basins in unit I Grassy upper basin slopes with alpine Dense climax grassland, mainly Poa

small humus soils (Barrington) with much sp., with PIal/togo sp., Cyperaceae,
basaltic rubble; swamps with black Restionaceae, and ericoid shrubs;
sphagnum moor peats, in places over- trees absent butEo stellulata present in
lying lake sediment shrub form
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ULAN LAND SYSTEM (14 SQ. MILES)

Geology.-Palaeozoic granite.

Rainfall.-24 in.

Locality.-Western end of central Goulburn valley.

Elevation.-140o-1600 ft. Local Relief.-Less than 100 ft.

Wooded Area.-20%.

I::::-~::::IALLUVlUM

a
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Unit Area Land Forms Soils Vegetation(%)

I 80 Smooth, gently undulating Mainly pale brown sandy and gritty Savannah woodland of box, gum, and
slopes, 3-7%, up to 1- mile long earths (Ulan); sometimes gradual tex- ironbark, mostly thinned or cleared,
.nd covered by gritty wash ture increase to moderately fine in sub- 30 ft high, ironbarks commonest, with
derived from adjacent steeper soil; some low rock outcrop scattered Allgophora floribullda, E.
granite country; wash thin on macrorJ'hyllcha, E. me/liodora, and E.
upper parts of the unit, bnt fereticomis and other non-eucalypts,
thickening to more than 10 ft on dense 4 ft cricoid shrubs; poor ground
lower parts; occasional slabby cover of AI'istida and Danthonia spp.
granite outcrops and Stipa setacea

2 20 Gritty sand and clay in valley Restricted observations; presumably Cleared and under pioneer grasses
bottoms forming alluvial belt up mainly solonetzic soils; near gully heads
to t mile wide, resting on wea- or along gullies patches of grey crack-
thered granite; no terraces; ing clays (Moolarban) strongly alka-
extensive recent gullying line throughout or in subsoil, possibly

on truncated solonetzic soils
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UPPER ROUCHEL LAND SYSTEM (293 SQ. MILES)

Geology.-Devonian and Carboniferous mudstone, tuff, and chert, and minor lavas.

Rainfall.-24-30 in.

Locality.-North-eastern mountains.

Elevation.-500-2700 ft. Local Relief.-50-500 ft.

Wooded Area.-lO%.

l~~--_::-'! ALLUVIUM
~ ~ ~

I~~-:_=1 MUDSTONE
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Unit AIo, Land Forms Soils Vegetation(%)
---

1 80 Moderately steep (10-30%), Predominantly solonetzic soils (Clan- Savannah woodland of box and gum
rounded hills, and lower slopes, ricard, also Overton, Strathearn, 30 ft high, mostly thinned or cleared,
spurs, and major valley floors Piercefield); non-humic skeletal soils, mainly E. a/bens where warm, E.
in more rugged areas; broken mostly fine-textured, co-dominant; laevopinea where cooler, with E.
topography with close drainage small areas with podzolic soils (Binnie, melliodQTa and E. tereticornis through-
pattern; sheet erosion and out- Pokolbin) in eastern wetter parts; some out and ironbarks confined to the
crops frequent brown or red earths (Monnao) especi- southern areas; shrubs rare; good

any on fans grass cover of Dicllanthium spp. or
poor grass cover of Aristida and Hor-
deum spp. andStipa .-;etacea; Medicago
and Trifolium spp. present

---
2

"
Undulating areas with few out- Predominantly solonetzic soils (Clan- Savannah woodland of box and gum
crops, and slopes less than l5% ricard) (similar to Timor land system, 30 ft high, with Arhtida and Dichan-
(similar to Timor land system, unit 1) thlum spp. (similar '0 Timor land
unit 1) system, unit 1)

3 d Alluvium in valley bottoms, less Restricted observations; cracking clays Cleared and under cultivation "'than 1 mile wide; terraced; (Segenhoe) and solonetzic soils (Clan- pioneer grasses
liable to flooding in lower parts ricard); possibly also chernozems
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VACY LAND SYSTEM (112 SQ. MILES)

Gcology.-Carboniferous mudstone, tuff, and chert.

RainfalI.-28-40 in.

Locality.-North~eastern mountains.

Elevation.-100--700 ft. Local Relief.-Less than 100 ft.

Wooded Area.-lO%.

r-=-AALlUV1UM
~~
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Unit M~ Land Forms Soils Vegetation(%)
---

I 8S Undulating country with slopes Predominantly deep podzolic soils Tall rni;;:ed woodland, mostly cleared
less than 12% and occasional (mainly Binnie, rarely Pokolbin); pas_ and under a good cover of Dichall-
outcrops, particularly on rises; sibly also earths on fans or colluvium tllium spp., Paspalul/1 dilmafIlIJI, 0'
sandy or gravelly fans and sur- Sporobolus spp., with Themeda alls-
face wash in vicinity of steep tralis where protected; otherwise poor
hills in adjaccnt land systems; grass cover under 50 ft E. amplifolia,
shallow valleys at H mile intcr_ E. macl/lata, E. 11l0lllCcalla. E. lereti-
vals with up to 10 ft of colluvial cOl'llis, and ironbarks; scanty to dense
and/or alluvial fill shrubs

2 10 Rolling hills with frequent out- No records; probably similar to unit 1 Tall mhed woodlands, dense leafy
crops (similar to Wallaroo land but shallower (similar to Wallaroo land grasses where cleared (similar to
system, unit I) system, unit 1) Wallaroo land system, unit 1)

3 10 Sandy alluvium ;0 valley boc No records; probably not dissimilar to Cleared and under cultivation 0'
toms; less than 1 mile wide; Hunter land system, units 3 and 4 with pioneer grasses
terraced; liable to flooding at alluvial regosols, earths, meadow soils;
lower levels some prairie soils
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W ALLAROO LAND SYSTEM (358 SQ. MILES)

Geology.-Carboniferous mudstone, tuff, and chert.

RainfaIl.-3D-40 in.

Locality.-North-eastern mountains.

Elevation.-lOO--lOOO ft. Local Relief.-l00-400 ft.

Wooded Area.-20%.

1:-=11 ALLUVIUM

j':::--:::_=1 MUDSTONE
- - AND CHERT

r~.;-:;':\il CONGLOMERATE

Unit

2

Are,
(%)

80

15

<5

Land Forms

Moderately steep rounded hills
50-300 ft high, with slopes 10
30%; lower slopes of major val
leys in more rugged areas; broad
structural benches and plateaux
with slopes around 10% fringed
by cliffs and blufl:'s lip to 50 ft
high

Undulating lowland areas with
few outcrops (similar to Vacy
land system, unit 1)

Sandy alluvium in valley bot
toms; terraced and liable to
flooding at lower levels; less than
t mile wide

Soils

Predominantly podzoIic soils (mainly
Binnie, also Vaux, Pokolbin); earths
(Cumbo, Woolooma, Dusodie) and
skeletal soils co-dominant; rUTe patches
of krasnm:ems (Torrielodge) on some
hill crests

Similar to unit 1, but without krasno
zems (similar to Vacy land system,
unit 1)

Older terraces with podzolic soils
(Binnie, Vallx, Rosscole); rarely solo
netzic soils (Clanricard) or cracking
clays (Segenhoe); also meadow pod
zolic soils (Fal Brook), earths (Duso
die); young terraces with alluvial rego
sols (Rouchel, Maitland); may be
stony

Vegetation

Tall mixed woodland, mostly thinned
or cleared, 60 ft high, of E. maelliata,
E. aemel/ioides, E. eanalieulafa, E.
eugenioil!es, E. globoidea, E. pro·
pillqua, E. teretieornis, with scattered
smaller trees of Crrsuari/la torulosa;
shrubs and grasses sparse to dense;
cleared ground lllldcr dense cover of
Imperata cylindrica, Medicago spp.,
PaSpalft111 dilatafum, Pferidium aqui
!ilIum, Sporoboills and Trifolium spp.

Tall mixed woodland mostly cleared
(similar to Vacy land system, unit I)

Cleared and under pioneer grasses
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WARKWORTH LAND SYSTEM (31 SQ. Mll.ES)

Geology. -Quaternary aeolian sand.

RainfaU.·-24-28 in.

Locality.-Centrallowlands.

Elevation.-100--300 ft. Local Relief.-Up to 25 ft.

Wooded Area.-50%.

/
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~SOLlD ROCK

Unit

2

15

2'

Land Forms

Linear sand dunes 3-20 ft high,
resting on high river terrace;
aligned NW.-SE.; generally
stable but subject to blow-outs;
swampy seepage zones at mar
gins

Long, low, linear dunes; less
tban 3 fthigh, 100-200 yd apart,
and up to ! mile long, aligned
NW.-SE.; thin sand sheets with
gentle undulations reflecting the
underlying rock surface

Soils

Sandy aeolian rcgosols (Warkworth)
of single grain structure; very little
organic matter in surface

Sandy aeolian regosols (Warkworth)
over mottled clay at shallow to mod~

erate depth

Vegetation

Anomalous woodland, trees usually
scattered, 12-40 ft high, Brmksia
imegrifolia, AnKophora floribul/da, E.
terelicomis, Callilris endlicheri, much
cleared and under grassland of Aris
tida and Eragrostis spp., with Imperata
cylindrica, PteridiulIl aquiflmu1J, and
Slellolaphrul/I seculldafum where
damp; shrubs uncommon

Dense heath 5 ft high, of many
species; scanty grasses; trees scat
tered, up to 40 ft high, E. agg/om~

erata, E. crebra, E. lereticomis



60 R. STORY, R. W. GALLOWAY, AND R. H. M. VAN DE GRAAFF

WATAGAN LAND SYSTEM (58 SQ. MILES)

Geology.-Triassic sandstone and minor shale.

Rainfall.-36-40 in.

Locality.-Eastern end of southern mountains.

Elevation.-500-1800 ft. Local Relief.-Up to 1000 ft.

Wooded Area.-lOOr.;.

F;;f\Nf:~SANDSTONE

1-=::.-=--::::.1 SHALE

Unit

2

Area
(%)

95

Land Forms

Steep ridges; slopes 25-40%
wIth boulder-strewn, narrow,
sloping benches below sand
stone or conglomerate bluffs and
cliffs up to 50 it high; rounded
crests up to IOO yd wide; deep,
narrow valleys

Rolling plateau and broader
ridge tops; slopes 0-15%; out
crops rare except where shallow
valleys steepen abruptly at ouler
margins of the unit

Soils

Predominantly shallow coarse-textured,
humic, skeletal soils, occasionally fine
textured; also earths (Woolooma,
Cumbo), and podzolic soils (Pokol
bin, Vaux) on shaly sandstones in
stable sites

Predominantly earths (Growee, Wool~
ooma, Baerami) of mostly moderate
depth; possibly podzolic soils

Vegetation

Wet sclerophyll forest, 100 ft, E. sal·
ig1/a dominant over most, with E.
acmellioides, E. agg/omerata, E. pilu
laris, and SYllcarpia gloll/uli/era; djs~

continuous lower layer of Cas/farilla
toru/osa, Acacia spp., and regrowth
trees; dense 6 ft shrub layer; non
eucalypt trees and shrubs where shel
tered; scanty grasses in sparse herb
aceous ground layer

10% as for unit 1, remainder pine
plantalions or eucalypt regrowth



LAND SYSTEMS OF THE HUNTER VALLEY

YARRAMOOR LAND SYSTEM (38 SQ. MILES)

Geology.-Quaternary basaltic alluvium.

Rainfall.-22 in.

Locality.-Merriwa plateau.

Elevation.--600-1500 ft. Local ReJief.-Up to 30 ft.

Wooded Area.-Negligible.

61

1=::=:-~AllUV1UM .-'

~BASAlT
~

Unit kea Land Forms Soils Vegetation(%)

---
1 90 Alluvium derived from basalt; Mainly deep dark or black cracking Cleared and under various grasses,

main terrace with level surface, clays (Segenhoe); lime nodules usually clovers, medics, and weeds; or under
rarely flooded, 10-30 ft above throughout, sometimes only in sub- crops; or eucalypt tree savannah of
stream bed and H mile wide, soil; sometimes with thin eluvial A Angophora jforibllflda associated with
and of silt and clay, with sub_ horizons, grading into degraded black Eucalyptus melliodora "nd lesser
sidiary sand, overlying gravel; earths (Rowan); rarely grey coloured amounts of E. tereticomis and E.
lower sandy, silty terraces of (Moolarban) around saline depres- albens; Caslfarilla cll1Il1illghamlolla
minor extent with undulatinl sions; younger terraces with alluvial along river banks; shrubs rare
~urface liable to frequent 1100 - regosols of various textures
mg

2 10 Patches of undulating basalt Predominantly cracking clays (Scgen- Eucalypt tree savannah (similar to
lowlands (similar to-Bow land hoe) (similar to Bow land system, Bow land system, unit I)
system, unit I) unit I)



PART III. CLIMATE OF THE HUNTER VALLEY

By A. D. TWEEDIE*

I. GENERAL CLIMATIC CHARACTERISTICS

Weather sequences underlying the climatic character of the Hunter valley in
the main relate to six air masses and the pressure patterns that stimulate their move
ment. In detail, in a region of strong relief contrasts, topography and aspect will also
influence the climatic pattern.

Winter climates are strongly influenced by southern maritime air masses whose
source region lies to the south of the continent. Cool to cold temperatures are
characteristic, but the moisture condition of the air mass depends in large measure on
its trajectory before reaching the Hunter valley, and in particular the track in relation
to the trend of the New South Wales coast south of Newcastle. Onshore streams of
southern maritime air in winter months are usually conditionally unstable and bring
instability rains to localized areas of the coast and adjacent highlands. Southern
maritime air streams that cross the coast before reaching the Hunter valley, however,
are more or less dehydrated, the drying out reaching a climax in the modified southern
maritime air mass which, in response to pressure patterns created by wave depressions
south of Victoria, moves into the valley from the west. Light rain in the far west of the
valley near Dalkeith and snowfalls on the western slopes of the Barrington plateau
and Mt. Royal Range may result, but for most of the Hunter valley the outcome is
clear, sparkling, and dry weather, with cold westerly winds and a high risk of frost.
In contrast, wave depressions forming off the New South Wales coast stimulate the
inflow of tropical Tasman air masses of moderate temperature, high moisture content,
and high conditional instability. The outcome is widespread and frequently heavy
rain in the lower Hunter.

In the summer, weather sequences normally progress from a cool and relatively
stable southern air mass, through indifferent air masses of light airs, cool nights,
and the possibility of afternoon thunderstorms to the inflow of moist warm air from
the north-east with increased prospect of thunderstorm rain. The new cycle com
mences with squall line conditions as the southerly air replaces the northerly flow.
A check to the eastward migration of anticyclones, and a more than normal east-west
orientation of the intervening trough will introduce a strong flow of hot dry blustery
air of tropical continental origin. Heatwave conditions obtain, with day temperatures
in excess of 95 of and usually little relief at night, though the change to southerly air
with the onset of the "southerly buster" can produce a faIl of 20°F in as many
minutes. Still less frequently, moving through western New South Wales in the trough
between two successive anticyclones, warm saturated air of equatorial origin clashing
with adjacent air masses will produce widespread flood rains which can register heavy
falls in stations of the upper Hunter.

"'Department of Geography, Newcastle University College.
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The region, then, is one that is centrally located in relation to the weather
sequences of eastern Australia. In average years its pattern of rainfall and temperature
reflects this intermediate location, but unusual years can produce climatic conditions
more characteristic of the winter rain-summer drought of southern Australia or of
the summer rain-winter drought of the north.

The greater part of the region is a subhumid zone which becomes more humid
in a thin coastal strip in the east and the higher country in the south and, even more so,
in the north-east. There is no marked seasonality in the distribution of measured
precipitation, though coastal stations have a maximum in the late autumn-early
winter, with a secondary maximum in December. Inland stations, in contrast, have a
maximum in the summer months with a secondary maximum in July. Most of the
precipitation occurs as rain, though the high country of the Mt. Royal Range and
the Barrington plateau experience at least one snowfall each year.

In summer throughout the valley high daytime temperatures occur. Only on
the coast ate they tempered by sea breezes which rarely reach more than 20 miles
inland. There is no frost on the coast itself, but frosts are experienced in winter in all
other locations, the season of frost risk extending from 2 months at Maitland to
5 months at Dalkeith and Murrurundi. High summer temperatures and associated
water need together with the moderate rainfall bring a seasonal moisture stress for
plant life in summer at all but the highest parts of the region, and frost hazards and
low temperature restrict the growing season in winter in all but a very narrow coastal
strip of the Hunter valley.

(a) Precipitation

In many of its important features (annual total, seasonal distribution, intensity,
and variability) measured precipitation shows broadly similar characteristics over much
oIthe valley. A general relation to relief and distance from the sea is evident through
out, but only on the thin coastal strips downstream from Maitland and on the steep
slopes of Barrington plateau do the values change rapidly. The data for seven
stations are summarized in Table 2.

Over half the valley (Fig. 2) measured precipitation totals between 22 and 30 in.
a year, but on the coast the total rises to 40 in. and in the higher part of the Barrington
plateau to more than 60 in. Lowest annual totals (less than 20 in. a year) are recorded
in the middle valley near the confluence of the Hunter and Goulburn Rivers, and
from this semi-arid core, rainfall totals increase steadily in all directions except
westward until the gradients steepen in the high country of the north-east or on the
coastal fringe.

The number of rain days per year shows a similar pattern. Coastal stations
(Newcastle, 128) and south- and east-facing slopes of the north-east highland areas
record more than 100 rain days per year. Elsewhere 80 to 90 rain days are typical.
Intensities of rainfall per rain day, however, are highest at the subcoastal stations
of Maitland and Cessnock, the values of 0·37 in. for these stations falling to 0·32 in.
at Newcastle and to 0·26 in. at Dalkeith. In the north-west, at Murrurundi, intensi
ties rise again to a yearly average of 0·35 in. for each rain day. Throughout the
valley intensities are higher in the summer 6 months, a reflection of the increased
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incidence of thunderstorm rain in that season. For the middle and lower valley,
however, the highest recorded daily fall was in June 1930. Dalkeith and Murrurundi,
in contrast, recorded their highest daily total in February 1955.

The variability of the mean annual rainfall, expressed as a mean deviation from
the mean, again shows a contrast between the coastal fringe and the remainder of the
lowland sections of the valley. At Newcastle average annual variability is 16%; at
Maitland and Cessnock it is 21 %; at Jerry's Plains, Scone, and Dalkeith it increases
to 24% and it falls again to 21 % at Murrurundi. Throughout the valley monthly
variability values are highest in late autumn-early winter.

Fig. 2.-Isohyets of annual rainfall distribution (in.).

(b) Temperature and Humidity

Temperature records are available for the seven stations of Newcastle, Mait
land, Cessnock, Jerry's Plains, Scone, Murrurundi, and Dalkeith (Table 3). Each
of the inland stations is in a lowland location near mountainous country and the
records may be less representative than they should, becanse of air drainage and local
radiation effects.

Differences in montWy temperature data show some correlation with distance
from the coast though, as with rainfall, the maritime influence diminishes most rapidly
in the lower valley between Newcastle and Maitland. Daily mean temperatures show
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a regular progression from month to month with a slightly asymmetric curve.
Minimum values for all stations are in July and maxima in January, except for New
castle where maximum mean temperatures occur in February. This suggests that
maritime influences are felt throughout the valley, but that in Newcastle the maritime
influence is most evident in summer. Mean daily temperatures in the 3 summer
months, December, January, and February, exceed 70°F for all stations, and in the
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Fig. 3.-Mean maximum temperature at seven stations.

3 winter months are less than 56 of. Annual mean temperature ranges exceed 20 of
for all stations except Newcastle, and the distance from the sea is again reflected
in the increase of ranges from 22·3 OF at Maitland to 27·4 OF at Murrurundi.

Continentality with distance from the sea is better illustrated with mean monthly
values of daily maximum and minimum temperatures (Figs. 3 and 4), and again the
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distinction between Newcastle and the remainder of the valley upstream from New
castle is apparent. The mean minimum temperature for Newcastle in July is 47 ·7°F.
Mid-valley and upper-valley stations record July minima below 39 OF, Newcastle's
minimum being 11 OF higher than that of Murrurundi. In summer, mean minimum
temperatures show a closer homogeneity for the valley, Newcastle's figure of 67 OF

_______ MAITLAND

.--. JERRY'S PLAINS

.. --- .. SCONE

.-.....-. CESSNOCK
30

_._ MURRURUNOI

.. DALKEITH

F. M. A. M. ,. A. ,. o. N. D.

Fig. 4.-Mean minimum temperature at seven stations.

being only 6OF higher than the corresponding reading for Murrurundi. Mean
maximum temperatures show a similar effect of distance from the sea. Values in
su=er at Newcastle are 77'7"F whereas mean maximum temperatures of over
85 OF are recorded at all other Hunter valley stations in the warmest summer month,
with Jerry's Plains recording maximum temperatures over 90°F for all 3 summer
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months. In winter mean maximum temperatures are more uniform, Newcastle's
6l·4°F for July being only 2·4°F lower than Jerry's Plains and 4°F higher than
Dalkeith in that month.

Altitude and location in relation to the sea and local relief features are reflected
in. the recorded incidence of frost at Huuter valley stations (Table 4). Severe frosts
with screen temperatures below 32OF are not recorded at Newcastle in the average
year, but 1·2 such days occur at Maitland, and Jerry's Plains records 18·5 days.
Heavy frost incidence is highest at Dalkeith. (40·7 days) despite an elevation of
only 800 ft, but at Scone and Murrurundi local air drainage conditions have reduced
this figure to 18·8 and 29·5 days respectively. The period of frost risk, however,
shows a closer correlation with distance from the sea. The average incidence of light

TABLE 4
FROST INCIDENCE AT SEVEN CLIMATOLOGICAL STATIONS*

Average Date of Average Date of
First Record of Last Record of Average Prost-free

Period
(days)

36"F 32°F 32°F 36°F

Newcastle - - - - 365
Maitland June 13 July I July 12 Aug. 16 300
Cessnock May 17 June 5 Aug. 13 Sept. 10 248
Jerry's Plains May 8 May 26 Aug. 28 Sept. 26 223
Scone May 4 June 3 Sept, 3 Oct. 2 213
Murrurundi Apr. 24 May 17 Aug. 20 Oct. 5 200
Dalkeith . Apr. 21 May 9 Sept. 30 Oct. 9 193

* Source of data: Foley (1945).

frosts (screen temperatures less than 36 OF) begins in late April in the inland stations of
Murrurundi and Dalkeith and lasts till early October. At central valley stations
(Scone and Jerry's Plains) early May till the end of September is a frost risk period, and
at Maitland light frosts can~be expected between:mid June and mid August. Growing
seasons unrestricted by frost are thus reduced from 365 days at Newcastle to 193 days
at Dalkeith with the figure for intervening stations reflecting their distance from the sea.

Although the higher elevations of the inland locations have a modifying effect,
heatwaves in summer increase in frequency with distance from the sea. Maximum
temperatures exceeding 95 OF are recorded on 3·3 days in the average year at New
castle, on 32·9 days at Jerry's Plains, 9·3 days at Dalkeith, and 14·3 at Murrurundi.

Relative humidity is recorded at three stations only-Newcastle, Maitland, and
Dalkeith (Fig. 5). At Newcastle values are highest (76 %) in late summer with lowest
values (67%) in September. Maitland, only 20 miles away, almost reverses this
pattern with a maximum (76 %) in August and a minimum (68 %) in January
emphasizing again the strong climate gradient, particularly in regard to moisture,
in this area for the lower Hunter. Dalkeith, with a seasonal range double that of the
other stations, has a maximum (78 %) in June and a minimum (58 %) in November,
a rhythm more in harmony with the temperature values for that station.
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II. CLIMATE IN RELATION TO PLANT GROWTH

Significant aspects of climate affecting the plant growth of a region are the
seasonal values and critical limits of heat and moisture which determine the length
and characteristics of the growing season. In tms region both factors are operative,
both summer moisture stress and low winter temperatures placing limitations on the
period of active plant growth. Occurring separately in different seasons, these limita
tions reduce the period of unrestricted plant growth for most of the Hunter valley
to the intervening seasons of spring and autumn.
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Fig. 5.-Mean monthly relative humidity at three stations.

A full assessment of the moisture factor as a limitation to the growing season
demands a knowledge of soil moisture above wilting point. In the absence of the
direct measurement of this feature, methods have been suggested for its computation
from existing climatic data by the compilation of a moisture balance between the
income of water as indicated by measured precipitation and the outflow of water as
drainage and evapotranspiration. Of the methods put forward to compute evapo
transpiration, those suggested by Penman (1948) and Prescott, Collins, and Shir-
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purkar (1952) were precluded by lack of adequate data in a region where local relief
reduces the representativeness of the available records for the values specified. Mean
temperature values, however, are more readily available, eight stations in the valley
recording this feature, so that the formula put forward by Thornthwaite (1948) and
the refined application of this suggested by Thornthwaite and Mather (1957) can be
more widely applied.

Field experience in Canterbury, New Zealand, a region of comparable moisture
status, suggests little practical difference between results computed from Thorn
thwaite's method and those obtained from Penman's (Fitzgerald and Rickard 1960).

Fig. 6.~Annualmoisture deficit (in.).

Moreover, by applying a standard lapse rate of I OF per 300 ft of altitude to recorded
mean temperature data, this procedure can be extended to embrace a larger network
of rainfall recording stations to obtain a more realistic picture of the moisture status
of a hilly region than would otherwise be possible. Thornthwaite's method has
accordingly been used throughout this paper.

In the computation of the water balance by this method three assumptions are
made. First, that surface run-off is negligible until soil storage reaches 4 in.; and all
measured rainfall enters the soil at the point of impact to add to the reservoir of soil
moisture or to subsoil drainage. Secondly, that the soil moisture reservoir (i.e.
water available for plant use between wilting point and field capacity) is 4·00 in.
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Thirdly, that only when the soil moisture reservoir is close to capacity can plants
use water at the potential rate, and that moisture stress builds up, and plant growth is
restricted, as the soil moisture reservoir is depleted. Thornthwaite and Mather
(1957) give tables of available water at different soil moisture reservoir levels.

At Maitland and Cessnock the period of moisture adequate for unrestricted
growth is reduced to the 6 winter months, April to September, and the soil moisture
reservoir falls close to wilting point iu late summer (Table 5). Between October
and March a total deficit of 4·92 in. accumulates at Maitland, and of 5·27 in. at
Cessnock. Although rainfall totals exceed current demands for the winter months at

Fig. 7.-Period (wk) of moisture adequate for unrestricted plant growth.

Singleton, Jerry's Plains, Scone, and Dalkeith, the surplus in normal years is not
adequate to bring the soil moisture reservoir to capacity, so that the higher demands
of su=er reduce soil moisture practically to wilting point in autumn. High moisture
deficits accumulate in summer and autumn to give a total of 8 ·12 in. at Singleton,
9· 58 in. at Jerry's Plains, 9·77 in. at Scone, and 8 ·18 in. at Dalkeith. Lower su=er
values of potential evapotranspiration and higher rainfall figures reduce the severity
and duration of drought at Murrurundi. Current rainfall or a soil moisture reservoir
at capacity is adequate to provide moisture for unrestricted plant growth at Murrur
undi from May to October and the cumulative deficiency in the summer months
totals 4·04 in.
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A wider application of these water balance procedures by an adjnstment of
temperature to altitude and the use of measured rainfall records from 62 stations
has beeu used in the compilation of Figures 6-8. Figure 6, of the total annual moisture
deficits for the region, shows that a total deficit of 7 .5 in. annnally is typical of half the
valley. Deficits increase westward to a maximum of 12·5 in. in the upper Goulburn
area and decrease to a negligible amount in the higher parts of the Barrington plateau.
The pattern of the intensity of moisture stress is repeated in the map of length of the
growing season unrestricted by moisture (Fig. 7). The direction of increasing values is
reversed, a growing season approaching a year in length on the higher north-east and

Fig. 8.~Annual moisture surplus (in.).

the coastal fringe decreasing to one of 20 wk in the lowland reaches of the central
and western parts of the valley.

However, the season in which moisture is adequate for plant growth in all cases
falls in the cooler months so that the periods shown in Figure 7 need to be inter
preted in the light of frost data given in Table 4. Only in the coastal fringe is this
growing season uninterrupted by lower temperatures. Elsewhere there is an average
interruption ranging from 6 wk at Maitland to 20 wk at Dalkeith when frost risk
inhibits plant growth. In the latter case, indeed, the growing season unrestricted by
moisture stress is ahuost entirely eliminated by frost hazard.
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The combination of the heat and moisture factors as limitations on the length
of the season for unrestricted plant growth reveals that for most of the region, as
shown elsewhere for the Yass valley (Slatyer 1960), growth is most favoured in two
separate periods of the year. The first is in spring when plants are able to use water
stored over winter in the soil moisture reservoir together with spring rainfalls under
conditions ofrising temperature. The second is in summer and autumn when sporadic
rains but an inadequate soil moisture reservoir may give short-lived conditions of
adequate moisture under conditions of high temperature. Shallow-rooted herb
aceous vegetation would be able to take advautage of both these seasons; but for
much of the Hunter valley, autumn rains do not restore the soil moisture reservoir to a
level beneficial to deep-rooted arboreal species. These would be more favoured by the
conditions for active growth in spring.

III. CUMATE IN RELATION TO SOIL CHARACTER

In the absence of any single numerical value to express the total climatic factor
conditioning soil propertiesit is necessary to consider individually the components of
heat and moisture.

(a) The Heat Factor

Soil temperature data in the region are restricted to short-term records taken at
the Soil Conservation Experiment Station at Scone. It is improbable that they will
be representative of any large area, and they have accordingly been disregarded.
It is necessary to rely instead on the assumption that air temperatures are related to
soil temperatures and that standard temperature data from the 10 climatological
stations in the region or immediately adjacent areas will give some indication of tem
perature conditions affecting soil character.

Jenny (1941) has suggested that although the mean annual temperature is an
abstraction that masks many variations in heat conditions throughout the year, it has
proved a satisfactory index in soil investigations in many parts of the world. By
the application of a standard lapse rate of 1°F per 300 ft of elevation to the mean
annual temperatures recorded at the eight climatological stations, values of the mean
annual temperatures were computed for other sites in the area. From these Figure 9
has been constructed to show variations in this index for the area. Throughout,
temperature gradients show a marked correlation with relief. For most of the Hunter
valley mean annual temperatures higher than 60 OF are characteristic, the highest

. value in excess of 65°F being typical of the valley floor between Maitland and Wark
worth. Values lower than 50°F are restricted to the higher parts of the Barrington
plateau where rapid changes in values of temperature correspond with steeper slopes.
Adjustment for altitude for mean daily temperatures in the winter months in this
higher area brings values close to freezing, but the area where, and the period when, the
freezing of soil moisture might be expected will be restricted.

(b) The Moisture Factor

Annual precipitation in the region (Fig. 2) provides a very generalized assess
ment of the moisture factor in soil development. As with vegetation it is the effective
ness of precipitation rather than its measured amount which is critical. However,
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many of the studies cited by Jenny (1941) point to critical changes in soil character
which correlate with an annual precipitation of about 26 in. In particular, in the
world pattern, changes between soils developing pedalferric characteristics and those
of pedocaleic character seem to occur at about this point. The critical isohyet of
26 in. (Fig. 2) encloses about half of the region so that pedocalcic conditions in soil
character may be expected in the region as far downstream as Branxton, and soils of
pedalferric character will be restricted to the coastal fringe and the higher land to the
south and north.

Fig. 9.-Mean annual temperature (OF).

Moisture for subsurface drainage and active leaching, however, will depend
not only on total precipitation but also on the demands of evapotranspiration.
The water balance studies outlined above allow some measure to be made of water
available for free drainage above field capacity, and values of this computed for
rainfall recording stations in the region have been used for the compilation of Figure
8-the annual moisture surplus in inches. This is the amount which can be expected
as subsurface drainage after all soil moisture reservoir and evapotranspiration
requirements have been met. Although it ignores the effect on soil formation of
water moving downward to recharge the soil moisture reservoir before leaving the
soil by processes of evapotranspiration, the figure does indicate the varying degrees
of active leaching that will occur.
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There is a general sympathy of pattern between the isohyets of Figure 2 and
the isolines of annual moisture surplus, but there are also what might be significant
differences. In particular the isohyet for 26 in., though coinciding fairly well with an
annual moisture surplus of 2·5 in. in the lower valley, embraces a smaller area in the
north-west and south, so that soils in these areas might exhibit more arid characteristics
than the annual rainfall totals might suggest.

For a large part of the region there is no moisture surplus for subsoil drainage.
If one ignored the effect of heavy sporadic rains, which is masked in the average
monthly values used in these computations, water movement in the soil would be
restricted to precipitation entering the root zone to recharge the soil moisture reservoir
and its subsequent movement in relation to evapotranspiration. Elsewhere soils reach
field capacity for some time each year, so that leaching of material from the soil
might be expected. With increasing moisture surplus as the coast is approached or
as altitude increases, the leaching will increase, the impoverishment reaching a maxi
mum in the high areas of the Barrington plateau where a total of 20 in. of rainfall a
year, one-third of the amount precipitated, is estimated to pass through the soil in
this fashion.

IV. REFERENCES

BUREAU OF METEOROLOGY (1956).-Climatic averages, Australia. (Mimeo.)
FITzGERALD, P. D., and RICKARD, D. S. (1960).-A comparison of Penman's and Thomthwaite's

method of determining soil moisture deficits. N.Z. J. Agrie. Res. 3: 106-12.
FOLEY, J. C. (1945).-Frost in the Australian region. Bur. Met. Aust. Bull. No. 32.
JENNY, H. (1941).-"Factors of Soil Formation." (McGraw-Hill: New York.)
PENMAN, H. L. (1948).-Natural evaporation from open water, bare soil and grass. Pme. Roy. Soc. A

193: 12<l-46.
PRESCOTI, J. A., COLLINS, J. A., and SHIRPURKAR. G. R. (1952).-The comparative climatology of

Australia and Argentina. Geogr. Rev. 42: 118-33.
SLATYER. R. O. (1960).-Agricultural climatology of the Yass valley. C.S.I.R.O. Aust. Div. Land

Res. Reg. Surv. Tech. Pap. No.6.
THORNTIIWATIE, C. W. (1948).-An approach towards a rational classification of climate. Geogr. Rev.

38: 55-94.
THORNTHWAITE, C. W., and MATHER, J. R. (1957).-Instructions and tables for computing potential

evapotranspiration and the water balance. Johns Hopk. Univ. Pub!. Clim. No. 10.



PART IV. GEOLOGY OF THE HUNTER VALLEY

By R. W. GALLOWAY*

I. INTRODUCTION

Tbis brief account of the geology of the Hunter valley is intended as a basis
for an understanding of the land systems of the area. Following an outline of tbe
geologic setting and of the stratigraphy, the geologic criteria employed in separating
the major land system groups are tabulated.

For further information on the geology the best general source of information
is David (1950). Information on the Devonian and Carboniferous rocks can be found
in papers by Osborne (1922a, 1922b, 1925a, 1925b, 1926, 1927, 1928, 1929, 1950),
Browne (1926), Scott (1947), Osborne, Jopling, and Lancaster (1948), Voisey (1958),
Crook (196Ia), and Roberts (1961). The Permian and Triassic rocks arc discussed by
David (1907), Dulhunty (1937, 1939, 1940, 1941), Jones (1939), Hanlon (1947),
Osborne (1949), Booker, Bursill, and McElroy (1953), Booker (1960), and McElroy
(1957). Other sonrces of information on the Permian and Triassic rocks include
doctoral theses by Raggatt (1938a) and Booker (1953) and an unpublished report
by Roset. On the Jurassic rocks papers include those of Dulhunty cited above and
Raggatt (1938b). References dealing with Tertiary basalt include Carne (1908),
Crook (196Ib), and the papers by Dulhunty. Information on otber Tertiary volcanics
can be found in Carne (1903, 1908), Raggatt (1929), and Raggatt and Wbitworth
(1932). Aspects of the Quaternary geology are dealt with by David and Etheridge
(1890), David and Guthrie (1904), Browne (1926), Maze (1942), Scott (1947), Ritchie
(1951), Brewer and Butler (1953), and Williamson (1958).

II. GEOLOGIC SEITTNG

The Hunter valley occupies part of fouf major geologic provinces of eastern
Australia (Fig. 10): the New England Geosyncline in the north-east, the Sydney
Basin in the centre and SQuth, the Great Artesian Basin in the north-west, and the
East Australian Tertiary Volcanic Province in the north and west.

11,e New England Geosyncline is the oldest of these provinces. During Devonian
and Carboniferous times it was part of a great trough in which immense thicknesses of
marine sediments, tuffs, lavas, and glacial beds accumulated. In Permian and Triassic
times the centre and south of the area formed the northern part of the Sydney Basin
in which thousands of feet of marine and terrestrial sediments were deposited,
together with some lavas in the lower part of the sequence. During the latter part of
the deposition ofthe Permian rocks there was a considerable amount of folding and
faulting particularly in the north-east where the Carboniferous and Devonian rocks
were uplifted along a great fault known as the Hunter Overthrust.

*Division of Land Research and Regional Survey, e.S.I.R.O., Canberra, A.C.T.

tThe geology of the Triassic rocks in the southern section of the Hunter River catchment,
N.s.W. Dep. Mines Prelim. Rep. No.1, 1959.
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After the Triassic period significant sedimentary rock formation was confined
to the north-west where Jurassic terrestrial sediments related to those of the Great
Artesian Basin were deposited. In the Tertiary period great basalt flows were poured
out at many points in eastern Australia and they covered much of the north and west
of the Hunter valley: their extent has since been greatly reduced by erosion. There
was also some further movement along the Hunter Overthrust and related faults.

Siuce the basalt flows ceased, the Hunter valley has been continuously subject
to erosion with only minor sedimentation in valleys and along the coast and there
has been marked uplift in the north-eastern and southern margins as well as broad
regional uplift of the whole area.

GREAT ARTESIAN

BASIN

BASIN

~ TERTIARY BASALT
~

_ _ BOUNDARY OF

HUNTER VALLEY

Fig. lO.-Geologic setting of the Hunter valley.

III. STRATIGRAPHY

(a) Devonian and Carboniferous

Rocks of this age crop out over one-quarter of the Hunter valley east and
north of the New England Highway. Within this area a distinction can be drawn be
tween the dominantly marine sediments in the north-east and the terrestrial rocks
which form a belt some 10 to 20 miles wide on the south-west, with small outliers
near Pokolbin.

The marine sediments consist dominantly of siltstone, sandstone, and chert,
interspersed with tuffs, conglomerate, and limestone. The rocks are strongly folded
and dips of20-30° are co=on. Faults are frequent, some having throws of thousands
of feet, but they play little part in determining the present land forms and as a rule
the major valleys are not aligned along them. The rocks are generally highly resistant
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and consequently much of the country is extremely rugged with thin stony soils. The
steep dips preclude the development of structural plateaux. In the upper Isis valley
near Timor, limestone beds several hundred feet thick form a distinct type of country
with much rocky outcrop and some karstic features.

The terrestrial rocks were deposited contemporaneously with the upper part of
the marine rocks discussed in the previous paragraph. They include resistant lava,
conglomerate, and tillite, which commonly form rugged country, and less resistant
tuffs and varve shales which generally form lowlands. These rocks have been moder
ately folded into a series of low domes and shallow basins; the basins have stood up
better to erosion and now form hills such as the Colonel, while the domes have
become the site of valleys such as Lambs valley. The inteuse faulting of the rocks has
little significance for the present relief, except on the south-west margin, where the
powerful Hunter. Overthrust separates the Carboniferous rocks from the weaker
Permian strata.

The terrestrial rocks, particularly the lavas, have high proportions of base-rich
minerals, and consequently many of the derived soils are fertile, though often thin
and stony on account of the resistant nature of the rocks.

Near Ulan, Palaeozoic granites have been exposed by removal of overlying
younger sediments. Granitic rocks of uncertain age also exist in the Barrington Tops,
where they appear to be old hills revealed by partial stripping of overlying basalt.

(b) Permian

Permian rocks occupy fully one-fifth of the Hunter valley and extend in a
central belt from Newcastle to Murrurundi. Outlying occurrences are found in the
west where southern tributaries of the Goulburn have stripped off overlying Triassic
sandstone.

The Permian rocks consist of shale, tuffs, sandstone, and conglomerate, with
some lava beds in the basal portion of the sequence. They attain a thickness of some
17,000 ft in the east and centre but thin out to no more than a few hundred feet in the
west round Ulan. They have been folded into a series of more or less meridional
elongated domes with moderate dips except in the vicinity of major faults.

As a whole the Permian rocks are only moderately resistant and consequently
form lowlands although variations in resistance are reflected in the relief. The lower
Permian rocks include lavas which give rise to roIling country with heavy soils round
Lochinvar. East of Muswellbrook, Wingen, and Blandford, however, these lavas are
more resistant, have been heavily faulted, and give rise to rugged country with thin,
stony soils. Rocks in the middle of the Permian sequence are rather shaly and form
undulating country, e.g. round Singleton, except where resistant sandstones and
conglomerates form hills such as occur immediately west of Mulbring. The upper
Permian rocks tend to be fairly resistant and form hilly country in the vicinity of
Newcastle and at intervals from Broke to west of Aberdeen, while resistant Upper
Permian conglomerates are responsible for marked structural benches in the Bylong,
Growee, and Wollar valleys.

The varied composition of the Permian rocks results in varied soils, usually of
moderate fertility. Some of the sandstone, particularly in the vicinity of Cessnock
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and Newcastle, is highly quartzose and the soils correspondingly poor; in the Widdin,
Bylong, and Growee valleys in the west and in the Denman-Aberdeen district in the
centre, on the other hand, the sandstone is often calcareous and weathers to a clayey
soil.

(c) Triassic

Rocks of Triassic age occupy one-quarter of the Hunter valley, extending
along the entire southern side of the catchment from Lake Macquarie to Ulan, with
an extension running northwards from Sandy Hollow to 'Murrurundi. These rocks
were laid down as sediments in lagoons and consist of sandstone, conglomerate,
and shale.

Broadly speaking, the rock texture becomes coarser on passing to the west
and north while the sequence becomes thinner, decreasing from nearly 2000 ft in
the Lake Macquarie district to a few hundred feet in the Ulan and Murrurundi areas.
Around Lake Macquarie the lower part of the sequence consists of shales and clay
stoues with some sandstone beds; the middle part consists mainly of pebbly sand
stones and some shale layers; the upper part comprises quartz sandstones. In the
Wollombi area in the east) the rocks consist dominantly of quartz sandstone and
lithic sandstone, interbedded with claystones, shales, and conglomerates; individual
beds never exceed a few tens of feet in thickness. Westwards to Bylong in the centre
the rocks resemble those of Wollombi area, except that the sandstone beds become
much thicker and more continuous, often forming prominent cliffs extending for
many miles along the vaHey sides; on the higher ridge crests quartz sandstone is
dominant. From Bylong througb Wollar to Ulan in the west the Triassic rocks
become markedly thinner and take the form of a basal conglomerate overlain by
medium-grained sandstones. This dual character is maintained and even accentuated
north of the Goulburn River; the basal conglomerate becomes coarser on passing
northwards from Denman (on the western side of the Kingdon Ponds valley it
contains pebbles of jasper and quartz up to 6 in. long) while the overlying sandstone
is much more shaly in the vicinity of Owen's Gap.

The rocks have suffered only gentle folding and practically no faulting except
in the vicinity of Murrurundi, although vertical joints are prominent and have greatly
infiuenced the development of the relief. From Lake Macquarie westwards to Martin
dale Creek the Triassic rocks dip gently south or south-west. In the Goulburn
valley the dip is generally northwards, about one or two degrees, towards a basin
underlying the Liverpool Range. From Denman to Murrurundi the dip is generally
westwards and is locally up to 7°. In addition to these broad regional dips the rocks
have warped into a series of more or less meridional shallow folds, several miles
across, which are apparently related to folding of the underlying Permian rocks.
Many of the streams are aligned along tbe axes of these shallow folds.

Being highly resistant, the Triassic sandstone forms extremely rugged country
with shallow, infertile soils. The contrast in soil fertility with the underlying Permian
rocks is often clearly expressed by an abrupt change in tree species at the strati
graphic boundary between the two land systems. In many places, however, the
contact is masked by aprons of sand and gravel washed off the hills of Triassic sand
stone.
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(d) Jurassic

Jurassic rocks are confined to a tract west of Merriwa and a narrow belt to the
north-east. They consist dominantly of soft, porous, lithic, orange sandstone about
300 ft thick which dips gently northwards at about 10 under the basalt of the Liver
pool Ranges. This sandstone overlies clay shale, sometimes tuffaceous, which may
be Lower Jurassic in age or which possibly forms the uppermost member of the
Triassic sequence. These shales are only 30 ft thick at Merriwa, thickening to a few
hundred feet to the west and north-east. The porous nature of the sandstone makes
it an excellent aquifer.

(e) Tertiary Basalts and Intnlsives

During Tertiary times great basalt flows were poured out over the landscape.
It is possible that the basalt once covered the entire nOJ"thern half of the Hunter
valley or an even wider area, but subsequent erosion has reduced its extent and it
now occupies just over one-sixth of the area. It is found in the Liverpool and Mt.
Royal Ranges, around Merriwa, on the Barrington Tops, and as isolated patches in the
southern paJ"t of the Goulburn catchment, notably Nullo Mountaiu. Underlying and
interbedded with the basalts are old soils and beds of water-worn gravel, sandstone,
and shale, representing riverine deposits laid down before, and during intervals
between, the basalt flows. While individual flows rarely exceed a few tens of feet in
thickness, the total accumulation exceeds 2000 ft in the Liverpool and Mt. Royal
Ranges.

In addition to the extrusive basalt flows there are a number of igneous intrusions
whose age relationsbip to the basalt is not clear. In the Barigan district in the south
west, dome-shaped alkali intrusions have been exposed by erosion of overlying
Triassic sandstone. Necks, dykes, and sills of basalt and dolerite are known from the
Triassic sandstone belt where their occurrence locally gives better soil; they also
occur frequently in the areas of Permian rock.

The basalt and most of the Tertiary igneous rocks weather to a heavy, rich soil.
In some places between and under basalt flows relics of old leached soils ("bole")
are preserved and these can affect the character of the present soils.

(f) Quaternary

The Quaternary period was marked by great fluctuations of climate and sea-level
which resulted in a complex interplay of erosion and deposition and the production
of a wide range of unconsolidated deposits which are found throughout the Hunter
valley, particularly in low-lying sites where they form the raw material for m~lch of the
soil. Over one-fourteenth of the area they compose the entire land surface and give
rise to distinct types of country. The Quaternary deposits may be conveniently classi
fied into four types according to their dominant mode of origin: marine, fluviatile,
colluvial, and aeolian.

The marine deposits consist of sand, silt, and clay which accumulated in an
estuary that formerly extended as far inland as Maitland. Borings have proved a
maximum thickness in excess of 200 ft, and the deposits are currently accumulating
along the present shore, in mangrove swamps, and in coastal lagoons.
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The fluviatile deposits consist of riverine alluvium, generally forming terraces.
The highest, oldest terraces are represented only by patches of weathered gravel
and may date back to the preceding Tertiary period. The younger, better preserved
terraces consist of sand, silt, and clay often overlying gravel; coarse material is
dominant in headwater regions and fine material in the lower valleys. The nature
of the alluvium varies according to the parent rock. It is dominantly a gritty clay when
derived from granite; gravel and sand without much clay when derived from the
Carboniferous marine and terrestrial rocks; sand, silt, and clay when derived from
the Permian shales and sandstones; and sand or clay when derived from the Triassic
and Jurassic rocks. Alluvium derived from basalt is distinguishable by a high pro
portion of cracking clay. The youugest fluviatile deposits are found on the present
flood-plain and are still accumulating during floods. Below Maitland there is a
transition to the marine deposits in swampy areas such as Hexham swamp. The
friable structure, level sites, wide range of mineral composition, and the possibility
of irrigation make the soils on the fluviatile deposits the most valuable in the Hunter
valley.

The colluvial Quaternary deposits comprise a wide range of materials formed
by weathering of the bed-rock. They include cemented rubble a few feet thick encoun
tered between the rock surface and the overlying soil, stony uncemented rubble on
high ground above 3500 ft, and colluvial debris on slopes. Peat is accumulating in
swampy areas near the coast and on the high plateaux of the Barrington Tops.

The aeolian deposits comprise sand dunes and sand sheets. A narrow belt
of active dunes fringes the present sea beach and behind it there are tracts of fixed
dunes under forest. Sand dunes and sand sheets derived from dry river beds fringe the
lower Wollombi and the Hunter below Singleton. Thin sand sheets also occur away
from rivers near Cessnock, probably derived from weathering sandstone outcrops.

IV. GEOLOGY AND THE LAND SYSTEMS

Lithology, through its influence on topography and soils, provides the basis
for the initial division of the Hunter valley into major land system groups. Structure
is also of some significance, but stratigraphy is less important. The stratigraphic divi
sions discussed in the previous section only partially correspond to lithologic cate
gories and consequently the geologic information must be rearranged to emphasize
lithologic rather than stratigraphic unities.

Eleven lithologic categories, each with a characteristic structure, have been
recognized (Table 6). The nature of most of the land systems is clearly related to
these categories, which are, therefore, used in tbe major headings of the key to the
land system map. Resistant rocks form rugged country with thin, stony soils; weak
rocks form lowlands with deeper soils. Lavas, intrusives, glacial beds, and cal
careous sediments tend to give more fertile soils than do quartzose sediments since
they contain a higher proportion of weatherable minerals. Flat-lying rocks tend to
form plateaux and plains while highly folded and faulted rocks encourage the develop
ment of rugged country. Moderately folded rocks usually form rolling to hilly country
with cuestas. Country on the unconsolidated Quaternary deposits is very different
from that on all solid rocks.
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However, in some cases the association of particular land systems with par~

ticular lithologic categories is not so close, because lithology plays a less important
part in determining the character of the country, or because there is an overlap
between one lithologic category and another, or because the geomorphic development
had modified the lithologic control. Consequently Table 6 shows only the dominant
correlations of land systems with lithology.

TABLE 6
UTHOLOGY AND LAND SYSTEMS

Dominant Lithology and Structure

Granite; massive, resistant
Limestone; folded, resistant
Mudstone, chert, tuff; highly folded,

resistant

Mudstone, chert, tuff; highly folded,
resistant; plus basalt; flat-bedded,
moderately resistant

Lavas, glacial beds. basic intrusives;
folded, faulted, r~istant

Shale, sandstone, conglomerate;
moderately folded, relatively
unresistant

Calcareous sandstone and shale;
moderately folded, weak

Sandstone, minor shale; gently
folded. resistant

Shale. sandstone, basalt; flat
bedded, weak

Basalt; flat-bedded, moderately
resistant

Alluvium, colluvium, aeolian sand;
unconsolidated

Geologic Age

Palaeozoic
Devonian
Devonian, Carbon-

iferous

Carboniferous and
Tertiary

Carboniferous,
Lower Permian,
Tertiary

Permian and some
Lower Triassic

Permian

Triassic, SOme
Jurassic

Jurassic

Tertiary

Quaternary

Associated Land Systems

Rouse, Ulan
Alston
Mt. Butterwicki, Benmore, Wal

laroo, Upper Rouchel, Vacy,
Timor

Rainforest, Mt. Royal

Cranky Corner. Colonel,
Moonibung, BaTigan. Apis,
Parkville

Ogilvie, Redhead, Elrington,
Glendower, Beresfield,
Killarney

Bray's Hill, Blairgowrie

Watagan, Three Ways, Lee's
Pinch, Munghorn Gap

Greenhills, Roscommon

Liverpool, Ant Hill. Bow,
Tubrabucca

Avicennia, Nesta, Hexham,
Hunter, Yarramoor. Sandy
Hollow, Duck Hole, Warkworth

Both the Mt. Royal and Rainforest land systems overlap two lithologic cate
gories, but in these areas the dominant factors determining the nature of the country
are rainfall and steep slopes, while lithology is of little significance. The Blairgowrie
land system has an undulating topography and cracking clay soils and is generally
found on calcareous shales and sandstones but can occur also on lavas and intrusives.
In the Sandy Hollow land system sand and gravel aprons from adjaceut rugged
sandstone hills obscure the underlying Permian shale and sandstone and give rise
to relief, soil, and vegetation not in accord with the solid geology. Resistant granite
round Ulan (Rouse land system) does not give rise to really rugged country because
deep dissection has not occurred. The greater part of the Roscommon land system is
developed on sandstone and shale but owes much of its character to the residue
of a former basalt cover and a deep pre-basalt soil.
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PART V. GEOMORPHOLOGY OF THE HUNTER VALLEY

By R. W. GALLOWAY*

I. INTRODUCTION

The dominant theme in this account of the geomorphology of the Hunter
valley is the close dependence of the land forms on geological structure; conse
quently Part IV on geology forms an essential introduction. A secondary theme is the
importance of past climates, particularly during the Quaternary era.

Contributions concerned primarily with the geomorphology of the Hunter
valley include papers by Browne (1924), Dulhunty (1937), Sussmilch (1940), and Maze
(1942). Some discussion of geomorphic topics is also found in publications dealing
mainly with geology, pedology, or hydrology (Brewer and Butler 1953; Browne 1926;
David 1950; Osborne 1922, 1926, 1927, 1928; Raggatt 1938a, 1938b; Scott 1947;
Williamson 1958).

II. GENERAL DESCRIPTION

The Hunter valley is scenically one of the most varied areas in Anstralia and
includes a wide variety of land forms, ranging from rugged mountains to plains and
extending from sea-level to over 5000 ft. It is bonnded by mountainous terrain on all
sides except on the west, where only a low rise divides it from country draining to
the Darling River, and on the south-east where the sea forms the boundary (Fig. II).

Four major elements can be distinguished in the drainage pattern. The western
half of the valley is drained by the Goulburn, which flows eastwards to Denman
and receives more or less meridionally-trending tributaries from the south and north.
From the north-eastern part of the valley the upper Hunter flows south-west to
unite with the Goulburn at Derunan. The combined rivers then flow east-south~east

as the lower Hunter to reach the sea at Newcastle. In the east, the Williams and
Paterson drain the high country of the Barrington Tops and join the Hunter near its
mouth.

The watershed of the Goulburn coincides with the Great Divide, which here
swings west in a vast loop, so that the Hunter valley extends much further inland than
most coastal valleys of New South Wales. The Lake Macquarie catchment, although
separate from that of the Hunter, has been included in this survey because of its close
association with the Hunter valley.

Eight major types of country may be distinguished in the Hunter valley (Fig.
11).

(a) Southern Mountains

The southern one-third of the Hunter valley is occupied by a wide tract of
rugged mountains on Triassic sandstone. The highest ridges rise to about 3500 ft while
the intervening valleys are as much as 1500 ft deep and have steep sides, often con
sisting in part of spectacular cliffs.

*Division of Land Research and Regional Survey, C.S.I.R.O., Canberra, A.C.T.
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(b) Central Goulburn Valley

Along the Gou1burn River is a belt of country some 20 miles wide with irregular
plateaux and ridges rising to 1000-1500 ft above sea-level, and broken by steep-sided
valleys 300-500 ft deep. The plateaux and ridges generally consist of Triassic sand
stone but some are capped by basalt, particularly on the northern margin of this belt.
Where the valleys are cut in hard sandstone they form veritable gorges, notably along
the Goulburn itself; elsewhere the valleys widen out into undulating lowlands on less
resistant Permian rocks, fringed by steep escarpments, e.g. round Wollar. Included
in this belt is a small area of low, rocky granite hills and broad open valleys south
of Ulan in the extreme west.

Fig. I I.-Drainage pattern and major types of country.

(c) Merriwa Plateau

North of the Goulburn River is an area of rolling to hilly basalt country here
termed the Merriwa plateau. It rises northwards from around 1000 ft above sea-level
near the Goulburn River to about· 1500 ft at the foot of the Liverpool Ranges which
mark its northern limit. The Merriwa plateau is crossed by parallel south-flowing
streams which in the lower sections of their courses have cut valleys up to 300 ft deep
in the plateau surface. On its western margin the Merriwa plateau passes into country
of broadly similar topography developed on Triassic and Jurassic sandstone with
some shales, which extends to the western boundary of the Hunter valley.
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(d) Liverpool and Mt. Royal Ranges

The northern watershed of the Hunter val1ey is formed by the rugged Liverpool
and Mt. Royal Ranges rising to over 4000 ft above sea-level and composed of basalt.
Deep val1eys, cliffs, and bouldery surface rubble are characteristic of these ranges.
The summits general1y take the form of narrow ridge crests, but 10cal1y consist of
smal1 plateaux.

(e) Barrington Tops

The more extensive plateau known as the Barrington Tops delimits the Hunter
val1ey on the north-east. It ranges in altitude from 4000 to 5400 ft above sea-level
and consists of basalt overlying folded Carboniferous sedimentary rocks.

(f) North-eastern Mountains

In the north-east is a tract of mountainous country some 25-35 miles wide
traversed by deep val1eys draining from the high Mt. Royal Range and from the
Barrington Tops. This tract is formed on resistant, folded, sedimentary rocks and
lavas of Devonian and Carboniferous age with basalt caps in the higher areas and it
can be divided into three belts concentric to the Barrington Tops. Adjacent to the
high watershed areas steep, narrow ridges rising to 4000 ft above sea-level are found
with slopes cut by deep ravines tributary to the upper val1eys of the Williams, Pater
son, Glennie's Creek, Rouchel Brook, and Hunter. On the periphery of this belt is an
area of rather lower broken hil1s occupying most of the Isis catchment and the lower
valleys of Glennie's Creek, the Williams, and the Paterson. The third belt within the
mountainous tract occupies its western and southern margin and consists of steep,
massive hil1s and plateaux rising to 2000-3000 ft above sea-level between Blandford
and Muswel1brook and recurring at somewhat lower altitudes south-eastwards to
the Clarencetown district.

(g) Central Lowlands

Through the centre of the Hunter valley a belt of lowlands developed on rela
tively weak sedimentary rocks extends from Murrurundi to Newcastle. While the
general altitude gradually rises inland from sea-level to 1600 ft at Murrurundi, the
local relief in any given locality rarely exceeds a couple of hundred feet. The land
scape is undulating or gently hilly, with an abrupt transition to the steep country
on either side. The country round Lake Macquarie is generally similar and is likewise
overlooked by steep sandstone hills immediately to the west. A line of alluvial flats
between half a mile and 4 miles wide extends along the Hunter River and its major
tributaries where they flow through the lowland belt.

(h) Coastal Zone

In the neighbourhood of the coast the landscape is very complex with many
different types of country in close juxtaposition. East of the Hunter mouth there is a
landward sequence of parallel belts of active dunes, forested dunes, swampy flats, and
undulating sand flats; a small area of similar country also occurs in the Redhead
Swansea area on the east side of Lake Macquarie. Around the Hunter mouth occur
mangrove, brackish, and freshwater swamps, together with flats on fine-textured
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riverine and marine alluvium. From Newcastle to Redhead undulating to hilly
country on sandstones and shales extends to the sea where it terminates in high
wave-cut cliffs or steep hill-sides plastered with wind-blown sand.

111. GEOMORPHIC HISTORY

The land forms of the Hunter valley have been fashioned by many agents which
have been at work with widely varying intensity over an immense span of time. Only
a few salient points of this long and complex history can now be deciphered, and
only in the later phases can some of the details be discerned.

Most of the land forms that existed during the Palaeozoic and Mesozoic eras
have long since been destroyed, but some, buried by younger rocks, have been locally
re-exposed at the present land surface in the granite area near Ulan and on the
Moonibung plateau west of Paterson. Apart from these minor exceptions, the history
of the present landscape can be said to have commenced about 140,000,000 years
ago at the end of the Jurassic period when deposition of shales and sandstones in
lagoons in the north-west ceased and the entire area became subject to sub-aerial
erosion. The history can be divided into five phases: the pre-basalt phase of planation,
the phase of basalt flows, the post-basalt phase of erosion, the Quaternary phase of
fluctuating climate and sea-level, and the phase of European settlement.

(a) The Pre-basalt Phase ofPlanation

During this phase the landscape, apart from granitic hills in the north-east,
appears to have been worn down into a gently undulating erosion surface cut across
all rocks, probably under warm and humid climatic conditions which favoured
deep weathering. Towards the close of this phase, probably as a result of regional
uplift, a system of fairly shallow valleys developed. Much of this landscape was
covered by basalt during the next phase and has since been partially re-exposed by
removal of the basalt cover. Consequently, the present land surface in the vicinity
of the surviving remnants of the basalt flows is largely inherited from the pre-basalt
phase of the geomorphic history and retains the generally level form cut across various
rock strata, the shallow valleys, and sometimes the deep weathered profile. Examples
include the plains south-west of Merriwa, plateau summits round Wollar, and
valley-side benches along Page's Creek.

Where no protective basalt cover existed, or where it was early removed, the
landscape formed during this first phase of the geomorphic history was entirely
destroyed or can only be tentatively reconstructed from the accordant summits found
in the upland areas of Triassic and Carboniferous rocks.

(b) The Phase of Basalt Flows

The great basalt flows which were poured out some time during the lower or
middle Tertiary era entirely covered at least the northern half of the area. The actual
eruption of the basalt appears to have occupied only brief intervals, between which
erosion took place, deep soils formed, and thick gravel layers accumulated locally.
The type of soils and sediments indicates that the warm, hmnid conditions of the
previous phase continued to prevail. Where exposed today the old soils by their
highly leached nature affect the character of the contemporary soils developed on them.
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The basalt filled the shallow valleys cut towards the eud of the previous phase,
but in many cases the streams subsequently re-occupied their old courses and thus
many of the present"day valleys originated in pre-basalt times: examples are the upper
Hunter above Gundy, the Goulburn, and at least the lower parts of some valleys on
the Merriwa plateau. On the other hand, some valleys were completely obliterated,
and their surviving remnants, traceable under the basalt, show no relation to the
current drainage pattern; one such valley appears to underlie the basalt-capped
range just south of Murrurundi.

(c) The Post-basalt Phase ofErosion

It was during this phase, which probably occupied the last 30,000,000 years of
the Tertiary era, that the major and many of the minor features of the present land
scape evolved. It was a phase of intermittent uplift and valley planation when the
work of erosion was guided primarily by contrasts in lithology and secondarily by
the relation to the base level of erosion at the coast.

The weaker (Permian) rocks were reduced to an undulating lowland while the
more resistant Triassic and Carboniferous rocks survived as uplands in which fairly
wide valleys developed, generally along lines of weakness. These lowlands and valley
floors were partially dissected when regional uplift reactivated stream incision, but
their form is still preserved in rounded, accordant summits on the Permian tract and
on valley-side benches in the Carboniferous tract. (On the Triassic rocks and on the
basalt, it is not easy to distinguish between such remnants of old valley floor, and
structural benches.) Valley incision was more rapid and effective near the sea, and
consequently valleys were more deeply cut and old erosion surfaces more thoroughly
destroyed in the east than in the west and north. Indeed, erosion associated with the
last major fall in base level has not yet penetrated to the head of the Goulburn or of
the upper Hunter and here the wide old valley floors survive practically intact.

On the granite at Ulan the major lines ofthe relief appear to have been inherited
from an ancient planated landscape buried under Permian sediments and later
exhumed as these sediments were stripped off. This pre-Permian land surface has
not been extensively modified by erosion on account of the lack of marked uplift in
this area and the distance from the base level of erosion at the coast. Consequently,
although granite is a resistant rock, it does not form high country in this locality.

On the Carboniferous marine sediments, narrow valleys with rugged broken
interfluves developed where dips were steep, streams transverse to the structure, and
the available relief considerable. Open valleys with more rounded interfluves formed
where the rocks dipped less steeply and where streams were aligned along the strike,
particularly in the northern headwaters of the Hunter (e.g. the valleys of the Isis
River and Page's Creek). Resistant, gently-dipping sandstone beds often formed
summit plateaux of limited extent as on Mt. Ararat, or gave rise to cuestas and struc
tural benches.

On the Carboniferous and lower Permian terrestrial rocks, thick, resistant lavas,
conglomerates, and tillites formed massive hills, escarpments, andplateaux, often fringed
by cliffs and locally dissected by deep ravines following prominent joints or faults.
Lowland areas were largely restricted to outcrops ofless resistant varve shales and tuffs.
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On the Permian sedimentary rocks structural control of the land forms was
somewhat less in evidence and erosion largely planed off faults, domes, and basins.
Some gently-dipping sandstone or conglomerate layers, however, proved more resis
tant and formed cuestas such as the Broken Back Range south of Cessnock. Weak
shaly layers tended to form the smoother, lower parts of the landscape. Some streams
developed courses cutting indifferently across the structure; others, particularly the
smaller tributaries, became aligned along the strike of the rocks or along faults. The
generally unresistant Permian rocks did not develop steep slopes except where a
resistant cap of sandstone or conglomerate acted as a protection against erosion,
e.g. the north slopes of Myall Range south of Cessnock.

On the Triassic rocks, the land forms evolved during this fourth phase of geo
morphic evolution were particularly closely controlled by the geological structure.
Erosion took place by vertical incisions of the major streams along lines of weakness,
followed by undermining of shaly beds near the foot of the resultant steep valley
sides, causing the latter to retreat parallel to themselves without losing much of
their initial steepness. Where resistant beds extended down to the level of the valley
floors, the valleys remained narrow. This is the case in tbe Goulburn gorge from the
vicinity of Bylong to Kerrabee and in the narrow bottleneck exit of the Widdin and
Wollar valleys. Thick and homogeneous sandstone beds formed cliffs such as those
lining the Widdin and Bylong valleys or overlooking Broke; thinner beds alternating
with shales formed stepped slopes with low bluffs and benches such as characterize the
Wollombi area. The jointpattern largelydeterminedthedetailedform ofthe cliffs, bluffs,
and benches, and the location of gullies. Because ofthe horizontal bedding, interflnves
tended to have flattish tops, though few are wide enough to be termed plateaux.

On the Jurassic sandstone and shale, the forms produced were undulating low
lands with broad valleys on the softer materials and low rocky hills and escarpments
on the harder rocks. Much of the relief has been inherited from the pre-basalt land
scape and only in the vicinity of the few deeply incised valleys has this old landscape
been extensively modified through headward erosion by tributary creeks.

Contrasted land forms developed on the basalt according to the altitude of
the sub-basalt surface. On the Merriwa plateau this underlying surface was at a mode
rate altitude (800-1700 ft) and consequently extensive areas of basalt were preserved
as undnlating lowlands and hills, and only on the southern fringe did the major streams
penetrate the basalt to expose, and locally cut into, the underlying pre-basalt surface.
South of the Goulburn, the sub-basalt surface was higher (2000-2800 ft) and the basalt
cover was reduced to plateau remnants capping the ridges, notably the Nullo Moun
tain plateau. In the upper Hunter, the base of the basalt was also high (2200-2800 ft)
and consequently erosion cut through it and bit deeply into the underlying folded
Carboniferous rocks, leaving the basalt as cappings on the ridges.

The horizontallayerillg of the basalt flows favoured the development of cliffs and
bluffs in the rugged Liverpool and Mt. Royal Ranges and around the margins of the
Barrington Tops. The structure also favoured the preservation of plateaux on the
summits, some of which may well approximate to the initial surface of the basalt flows.

On less steep country, the layered basalt structure resnlted ill stepped slopes
where more or less flat soil-covered benches alternated with rocky bluffs.



96 R. W. GALLOWAY

During the post-basalt phase of erosion it is probable that the climate had a
tropical character since relics of old laterites and silcrete layers are preserved on level
sites in many places. However, these relics are all of very limited extent and play no
significant part in determining the present soils, unlike the old sub-basalt and inter
basalt soils which affect the present surface on parts of the Merriwa plateau. It is
probable that these old soils were formerly much more extensive but were stripped off
during the succeeding phase of geomorphic history.

(d) The Quaternary Phase of Fluctuating Climate and Sea-level

This phase occupied the last million years and was characterized by marked
fluctuations of climate and sea-level associated with the growth and decay of the
great ice sheets in other parts of the world. The climatic fluctuations were most
significant for inland areas, while in coastal areas it was the sea-level changes which
were important.

Under climatic conditions favouring dense vegetation and moderate fun-off
the slopes were stable and a thick mantle of soil and weathered material accumu
lated; under conditions inducing scanty vegetation and high run-off the slopes were
unstable and subject to erosion by surface wash and soil creep. During the Quater
nary phase the overall rate of stripping appears to have exceeded the rate of weather
ing, and consequently unconsolidated material was removed from steep slopes
(slopes in excess of 12 %have very little soil) and deposited on adjacent lowlands or
valley floors. This transported material providcs the raw material for the present soil
except on level sites where soil formation from the underlying rock took place in situ.

The material involved in this stripping and deposition varied according to the
source rock and, presumably, the climate. On granite it consisted of gritty clay or
quartz sand, the end products of prolonged chemical weathering. On hard Carbon
iferous rocks and on resistant Permian sandstones a stony rubble formed on the
lower slopes, presumably as a result of some process of mechanical disintegration
followed by mass movement, and was subsequently cemented into a breccia. On
more shaly rocks, a stony clay accumulated to depths of up to 15 ft in minor valleys.
Steep slopes on Triassic sandstone became littered with boulders of sandstone and
conglomerate, while surface wash spread gravel and sand over the gentler slopes
below. On basalt at moderate altitudes unconsolidated stony silts and clays accu
mulated to depths of many feet at the foot of slopes; downslope creep of the material
was facilitated by the tendency for basalt-derived clay to expand and contract with
wetting and drying. Coarse, angular basalt rubble found above 3500 ft was probably
produced by frost shattering during cold climatic phases.

The formation of alluvial terraces can be correlated with stable and unstable
phases on the slopes. During unstable phases, the streams were heavily laden with
debris supplied from the slopes and consequently they deposited alluvium on the
valley floors. When slopes were stable, on the other hand, the less heavily-laden
streams cut into the alluvium to form a terrace. This sequence must have happened
many times during the Quaternary, but in general only one main terrace is now well
preserved with older remnants at higher levels and with younger minor terraces cut
into it adjacent to the streams.
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The main terrace nsnally consists of sandy or silty material overlying gravel
ein basalt areas it is a cracking clay over gravel) and has a level surface, rarely flooded,
with mature soils. Prohably during a phase of slope instability when the rivers had
particularly wide, sandy beds, north-west winds piled up sand dnnes on the main
terrace along the Hnnter below Singleton and along the lower Wollombi. In certain
areas of high run-off, the slopes have been unstahle at all times and allnvimu has been
deposited more or less continuously without intervening phases of slope stability
and stream incision. Consequcntly terraces have not formed and the entire valley
floors arc subject to flooding and have a complete microrelief of levees, back-swamps,
and abandoned channels.

Ncar the coast, the land form evolution was largely determined by fluctuations
of sea-level. During periods of low sea-level, the lower Hunter and its tributaries cut
deep valleys as much as 250 ft below present sea-level. During succeediug phases
of high sea-level, these valleys were transformed into a gulf or estuary which was
then filled by fluviatile and marine sediments.

Beforc the last glaciation sea-level was 10-20 ft highcr than at present and a
marine gulf cxtended as far inland as .Maitland, Paterson, and Clarencetown over
what is now the delta and lower flood-plains of the Hunter, Paterson, and Williams
Rivers. Waves cut cliffs around the margins of this gulf and subsequently, as it was
filled in, an undulating sandy plain composed of low beach ridges developed from
Hexham to Port Stcphens. With a fall in sea-level this plain was subject to wind
action which locally piled up dunes on its surface. Sea-level was low during the
succeeding glacial period, and the Hunter re-excavated and modified the deep valley
cut during previous periods of sea-level; it did not, however, remove all the deposits
which had accumulated during the last interglacial. At the close of the last glaciation
sea-level rose rapidly until by 6000 years ago it stood as high as, or even a few feet
higher than, at present. The former marine gulf reformed and shore-line features
developed on its margins, but it was soon filled in partly by a combination of marine
or estuarine sand and clay and partly by fluviatile material brought down the Hunter
and its tributaries. A second, outer sand beach ridge plain was formed, extending
from Stockton to Anna Bay and enclosing a shallow strait now occupied by the
swamps along Tilligerry Creek and Fullerton Cove. On this sand plain three parallel
belts of dunes developed; the outermost belt is actively forming today, the inner belts
are stabilized under forest.

A somewhat similar sequence of events) complicated by the presence of islands,
took place along the eastern side of Lake Macquarie and transformed a former bay
into the brackish lake of today. Since no large river carries great quantities of sedi
ments into the lake, it has not been filled in by alluvium as is the case with the former
marine gulf of the lower Hunter.

Between the mouth of the Hunter and Lake Macquarie, high land on Permian
sandstone terminates at the sea, the complex depositional features found to the north
and south arc missing, and instead the erosional forms of a cliffed coast are found.

ee) The Phase of E!'ropean Settlement

This latest phase has lasted only 150 years but, short as it is, has brought
about considerable changes in the landscape. Forest-clearing, burning, grazing,
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and cultivation have significantly increased soil erosion on the slopes, causing
concomitant deposition in the valley bottoms in areas of high run-off and along the
lower Hunter.

Gnllying has been particularly effective in drier parts of the valley on the stony
clay formed during the Quaternary on shaly rocks and on the stony silts and clays
derived from basalt. Slumping has mostly occurred after forest clearance in steep
couutry with a fairly high rainfall. On cleared slopes of 40-100 % in the basaltic
Liverpool and Mt. Royal Ranges the slumps tend to form sickle-shaped scars fronted
by low, irregular mounds; on Carboniferous marine sediments the slumps usually
occur as narrow, steep-fronted tongues filling valley heads. Rnn-off and sheet
wash have been particularly violent on the Triassic sandstone country, causing the
deposition of sterile sand over the alluvial flats in the valley bottoms, especially
after fire. Sheet wash has also occurred widely on the Permian rocks in the dry
central and western areas, encouraged by less dense vegetation.

It should not be forgotten, however, that European settlement has only aug
mented a marked natural tendency to serious soil erosion, bush fires, and flooding.
Evidence for this is provided by layers of charcoal, ash, and fire-reddened sand
grains in the alluvial terraces, and by historical records of great floods in the early
days of settlement when most of the valley was untouched by Europeans. Buried
soils in the alluvial deposits of streams in the Triassic sandstone country show that
sudden floods, spreading masses of sterile sand over the valley floors, have fre
quently occurred in the past.

IV. GEOMORPHOLOGY AND TIIE LAND SYSTEMS

The initial division of the lands of the Hunter valley was made according to
lithology, as outlined in Part IV. Further subdivision can now be made according
to geomorphic criteria (Table I).

In the Hunter valley, with its steep average slopes and consequent rapid geo
logic erosion, the distinctive characteristics of the old land surfaces (e.g. laterite)
have been mainly destroyed, lithologic factors have largely controlled the development
of the land forms, and a chronological classification of the landscape is of little
value in understanding its nature. Accordingly, simple descriptive geomorphic criteria
have been adopted for the erosional land forms which occupy the pre-Quaternary
rocks: rugged, hilly, undulating, and plateau types of country have been recognized.

On Quaternary deposits, the land forms are predominantly depositional and
consequently are closely related to the mode of accumulation of the materials on
which they are developed. Thus the break-down into deposits of dominantly marine,
fluviatile, colluvial, and aeolian origin outlined in Part IV is also used here as the
basis of the geomorphic classification.

(a) Rugged Country

The rugged type of country has mean maximum slopes in excess of 25 %and
local relief greater than 300 ft, a preponderance of rocky outcrops, skeletal soils, and
high risk of erosion by sheet wash, gullying, and slumping. Most of the rugged
country is found on resistant rocks: Triassic sandstone (Lee's Pinch, Three Ways,
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and Watagan land systems); Devonian and Carboniferous marine sediments (Ben
more and Mt. Butterwicki land systems with parts of the Mt. Royal and Rainforest
land systems); Carboniferous, lower Permian, and Tertiary lavas, glacials, and
intrusives (Colonel, Cranky Corner, and Barigan land systems). From 40% to
90 %of the area occupied by these rocks is classified as rugged.

Rugged country is also found on the basalt (Liverpool land system) covering 33 %
of the area occupied by this rock. This moderately resistant rock appears to form
rugged country on account of its horizontally bedded structure which has impeded
downward erosion of hill tops and favoured the retreat of valley-side slopes without
loss of their initial steepness.

Limited occurrences of rugged country on Permian sediments (13 % of the
Permian outcrop) are correlated with the presence of resistant cap rocks (Ogilvie
land system) or with marine cliffing (Redhead land system).

The rugged land systems all show a high degree of structural control, with
prominent cliffs and bluffs coinciding with resistant beds. Valleys are deep and
narrow and access from one to another across the divides is extremely difficult.
These land systems provide the bulk of the run-off supplying the Hunter River and
should be protected from indiscriminate clearing, grazing, and fire.

(b) Hilly Country

The hilly country has mean maximum slopes between 10% and 30 %, local
relief less than 500 ft, frequent outcrops on the upper slopes, thin soils except in the
valley bottoms, and considerable risk of gully and sheet erosion. This type of country
is found on all the non-Quaternary rocks of the Hunter valley. On the granite at man
(Rouse land system) the major forms are inherited from the pre-Permian landscape
and at least one dome-shaped hiII could have originated as a tropical inselberg.
On the Devonian and Carboniferous marine rocks, hiIly conntry is widespread in the
upper Hunter catchment (Upper Rouchel land system), where distance from the
coast bas precluded really deep dissection, and along the Paterson and WiIliams
(Wallaroo land system) where this type of country seems to consist of dissected
remnants of old valley floors. On Carboniferous, lower Permian, and Tertiary lavas,
glacials, and intrusives the limited areas of hilly country (Apis and Moonibung land
systems) are particularly rocky on account of the resistant lavas present.

On the Permian rocks, most of the hilly country' (Elrington and GlendoweI'
land systems) is found on the more resistant sandstones and where streams are
dissecting the undulating surface of a former broad valley floor. The small Bray's
Hill land system is unusual in that, though hiIly, it is partly on rather weak shaly
sandstone. Hilly basalt country (Ant Hill land system) is characteristic mainly of the
northern half of the Merriwa plateau; this landscape has benched slopes where
rocky bluffs alternate with small, soil-covered flats. The Alston land system on
Devonian limestone is particularly rocky, with soil confined to the lower slopes and
a few pockets between the outcropping strata.

On the Triassic sandstone all uplands have been classified as rugged and no
hilly landscape has been recognized, since almost all areas on this rock are so bare
and stony that a distinction between rugged and hilly country is not worth while
from the point of view of soil, run-off, and vegetation.
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(c) Undulating Country

The undulating country has mean maximum slopes less than 15 %, local relief
less than 100 ft, widely-spaced shallow valleys, usually few outcrops, deep soils, and
only moderate risk of sheet and gully erosion. As is to be expected, it is best developed
on weak, shaly rocks, but it is also encountered on granite (Ulan land system) where
deep dissection has been largely precluded by distance from the sea. The most exten
sive tract of undulating country is found on the Permian rocks (Beresfield and Kil
larney land systems), particularly inland in the centre and west of the valley where
dissection of an undulating lowland formed during the post-basalt phase has not
proceeded as far as in areas nearer the coast. There are also extensive tracts of undu
lating country on basalt (Bow land system) on the southern half of the Merriwa pla
teau. To the south, between the Merriwa plateau and the Goulburn River, undulating
country on Jurassic and Triassic sandstone and shale (Roscommon and Greenhills
land systems) probably owes its form to resurrection of the old pre-basalt land
surface. The occurrence of resistant beds in these sandstones makes outcrops more
frequent than in other undulating land systems.

Undulating country on the resistant Carboniferous marine sediments (Timor
and Vacy land systems) is confined to narrow tracts in the main valleys, consisting of
survivals of pre-Quaternary valley floors. Undulating country with heavy soils
(Blairgowrie and Parkville land systems) extends across Carboniferous, Permian, and
Tertiary rocks with a high base content, but is most extensively developed on the
weakest rocks in this group, shales and calcareous sandstones around Scone.

(d) Plateau Country

The plateaux have undulating surfaces and range in altitude from 2700 to
5400 ft. They are developed only on rocks with a horizontally layered structure:
basalt and Triassic sandstone. Easily the most extensive are those on the basalt com
prising the Tubrabucca land system, subdivided iuto units according to altitude.
On the Triassic sandstone, plateaux of limited extent (Munghorn Gap land system)
are found only on the extreme western watershed. They are relics of an extensive ero
sion surface cut across the sandstone in pre-basalt times and have survived on account
of their positi9ll in a headwater area.

(e) Marine Deposits

Two very small land systems occur on recently emerged and contemporary
marine or estuarine silts and clays (Nesta and Avicennia land systems).

(f) Fluviatile Deposits

Strips of alluvium in the valley bottoms are encountered throughout the area,
and when over t mile wide have been mapped as the Hunter 01' the Yarramoor land
systems. If less than this width, they have been incorporated as units in other land
systems. The Hunter land system is found on non-basaltic alluvium and the Yarra
moor on basaltic alluvium which gives a heavy cracking clay soil. Differences in age,
microrelief, and liability to flooding between the varions terraces have served as
criteria for distinguishing the various units within these two land systems.
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In the infilled estuary which once extended inland to Maitland, extensive swamps
remain between the river levees and the former shores of the estuary. These swamps
form the Hexham land system.

(g) Colluvial Deposits

Unconsolidated terrestrial deposits of various types mantle lower slopes
throughout the Hunter valley, masking the underlying rock, modifying the land forms,
and providing the raw material for most soils. Only in one case has it been possible
to distinguish a separate land system (Sandy Hollow) on such deposits. This land
system comprises fans and sheets of sand and gravel laid down on gentle lower
slopes overlooked by rugged Triassic sandstone hills. These deposits are no longer
accumulating to a significant extent, and consequently have mature soils.

(Ii) Aeolian Sand

The Duck Hole land system consists of sand dunes up to 100 ft high overlying
undulating flats composed of old beach sand ridges. The old dune and beach ridge
complex extending from Hexham to Port Stephens has deep podzols; the younger
complex between Stockton and Anna Bay has shaIlower podzols, while the active
coastal dunes have no soil profile. Wind-blown sand derived from the beach is plas
tered over the high ground that reaches the sea between Newcastle and Redhead
(Redhead land system), largely concealing the underlying Permian rock and resulting
in soil and vegetation like those of the true sand dunes.

The Warkworth land system consists of low dunes fringing the lower Hunter
and WoIlombi; the deep soil on these dunes indicates a considerable age. Thin sand
sheets near Cessnock, probably derived from weathering sandstone outcrops, have
been included in this land system.

V. CLIMATE AND THE LAND SYSTEMS

Further subdivisions of the lithologic and geomorphic divisions outlined in this
and the preceding Part have been made according to climatic differences (mainly
rainfall), as revealed primarily in the vegetation. However, these differences are
also significant from the geomorphic point of view, since for a given slope and rock
type, outcrops, sheet wash, and gullying are more prevalent in dry areas than in
humid areas, on account of the more open vegetal cover.
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PART VI. SOILS OF THE HUNTER VALLEY

By R. H. M. VAN DE GRAAFF*

I. INTRODUCTION

This Part is divided into three sections. The first section contains a short
discussion on the five main factors which control soil formation in general. With
this concept as a theme, some major differences between the soils are explained on a
regional basis. The second section deals with some different classification schemes in
nse and with the value of the criteria on which they are based. It also su=arizes
the criteria that play an important role in this report. The last section consists of
descriptions of each great soil group or combination of great soil groups and the
soil families into which they have been subdivided. Their relationships with more
or less equivalent great soil groups as defined in some other classifications are also
briefly discussed.

This report has drawn heavily on the work of Brewer and Butler (1953), who
did a detailed soil survey of 120,000 acres (2' 2 %of the area described in this report)
on the flood-plains and the adjoining valley slopes of the Hnnter River between
Denman and Scone.

II. SOIL FORMATION AND REGIONAL DISTRIBUTION

Soils, which result from the weathering of rocks, differ according to the influence
of climate, organisms, topography, parent material, and time (Jenny 1941). There
is a wide range of these factors in the Hunter valley, and as a result there is an enor
mous variety of soils.

A large proportion of the Hunter valley consists of erosional surfaces on fresh
rock or with a shallow regolith. Ancient soils, such as "Tertiary" laterites, which
most likely were present in the past have been almost completely removed.
Therefore most soils can be called young, although they are sufficiently mature to have
developed well-expressed and characteristic pedological properties. This relative
youthfulpess of the soils is significant because young soils reflect their parent materials
better than very old soils, and it is in striking contrast with many areas in other parts
of the Australian continent. In these other parts the soils are often found on land
surfaces of great antiquity, and are the original soils or have formed from parent
materials which were already highly weathered.

Depositional surfaces are much less extensive and the age of their soils is of the
same order as that of the soils of the erosional surfaces. They are mostly of Holocene
age or older. Very recent (present-day) alluvial soils are restricted to small areas.

Old soils, which possibly pre-date the last glacial period, exist only in small
areas. Examples are the transitional alpine humus soils of the Barrington plateau
(Tubrabucca land system, unit 1). Elsewhere old soils are restricted to the Ros
common and Mt. Butterwicki land systems and some other units of the Tubrabucca

*Division of Land Research and Regional Survey, C.S.I.R.O., Canberra, A.C.T.
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land system, where krasnozems occur on basalt as relics from earlier and probably
wetter climates. Many of these old soils would not have formed under present-day
conditions on the same parent materials.

The factor of parent material can best be discussed by comparing extremes,
the Triassic sandstones and conglomerates on the one hand and the Tertiary basalts
of the Merriwa plateau on the other. In situ, the dominant soils on the first are shal
low, coarse-textured skeletal soils of extremely low fertility (Lee's Pinch, Three
Ways, Watagan, Munghorn Gap, and Greenhills land systems), while the soils
on the basalts range from deep cracking clays to clayey skeletal soils of moderate
to higb fertility (Bow, Ant Hill, and Liverpool land systems). Colluvium and alluvium
tend to retain many of the propcrties that belong to the source rocks. For example,
sheets of colluvial sand and gravel low in weatherable minerals (Sandy Hollow land
system) flanking hill slopes which are wholly or partly in Triassic rocks are dominated
by coarse-textured infertile earths. The soils differ from those formed in situ on the
sandstones only in that their topographical situation permits them to become deep.
Tn the same way, deposits derived from basalt (Yarramoor land system and colluvial
parts of Bow land system) give rise to the same cracking clays which can also be
found in situ (other parts of the Bow land system).

The natural chemical and physical fertility of the soils is also strongly influenced
by the composition of the rock. It in1luences the grain size of the soils, tl,e type of
clay minerals, the initial amounts of plant nutrients, and the capacity of the soil to
retain these against removal by leaching. However, a survey by Wild (1958) indi
cated that Australian soils generally have low contents of total phosphorus which
could not be attributed to low phosphorus contents of the parent rock. It was sug
gested that the phosphorus was lost by leaching from the soil. In the absence of
representative data from rocks and soils in the Hunter valley, the applicability of this
finding remains obscure. It should be noted here that, whilst the basalts are undoubt
edly among the richest rock types, the chemical fertility of basalt-derived soils should
not be exaggerated. There is, for instance, some evidence that fertilizers containing
phosphorus (also sulphur) give significant responses on the cracking clays of the
Merriwa area (Monteith 1954; Kaleski 1962).

High rainfall has produced many different but highly leached soils, often
having pH values between 4 and 6 and with low base saturation percentages in their
subsoil. They occur in the eastern lowlands and hills (Redhead, Duck Hole, Beres
field, Elrington, Vacy, and Wallaroo land systems) on a great variety of Permian"and
Carboniferous sedimentary rocks and Quaternary dune sands, and on the Barrington
Tops (Tubrabucca land system), where the soils are of basaltic origin. In contrast,
less heavily leached soils, with subsoil pH values between 6 and 9, were produced in the
drier central and north-western parts such as the cracking clays on basalt, shales,
and alluvium (Bow, Ant Hill, Blairgowrie, Parkville, Bray's Hill, Yarramoor, and
Hunter land systems).

Similarly, the leached texture-contrast soils with acid subsoils of the eastern low
lands and hills can be contrasted with those with subsoils which are alkaline owing
to the presence of free lime or high base saturation percentages, occurring mainly in
the western and central parts (Blairgowrie, Parkville, Timor, Upper Rouchel, Kil-
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lamey, Glendower, and Bray's Hill land systems). In this report these two groups
of soils are termed respectively podzolic and solonetzic. Obviously the composition
of the parent materials determines the amounts of soluble components that can be
removed by the process of leaching and consequently the time it takes to reach cer
tain stages of depletion. The rate of leaching is presumably also influenced by the
porosity of the parent material. With regard to the sedimentary rocks, none of
these factors can be considered as constant in the Hunter valley and this could
explain such phenomena as gradual and sharp soil boundaries, small inclusions of
soils differing from tbose immediately surrounding them, and in places highly com
plex soil patterns. Downes and Sleeman (1955) report leached acid texture-contrast
soils from the low-rainfall areas west of the Dividing Range. This example illustrates
that tbe relationships may not be simple and that a different combination of soil
forming factors may result in soils that are, as yet, indistinguishable from one
another.

The soil-forming factor "organisms", which consists of the combined effects on
soil formation of the vegetation, the microorganisms that live in the soil, and the
fauna, will not be discussed bere because, except for the general principles that apply
universally, no facts are known which are especially pertinent to the Hunter valley.

Differences in relief and steepness of slopes give rise to differences in the sta
bility of the soils. The low-lying areas are generally also those with gentle slopes and
deep stable soils, wbile in tbe rugged and steeply sloping parts tbe rate of natural
erosion is so much faster that the soils tend to be shallow and to contain many frag
ments of the parent rocks. Such skeletal soils are also more prevalent when the parent
rock is poor (Triassic sandstones, Carboniferous granites) or more resistant to weather
ing (Carboniferous lavas), or where the climate is drier.

Ill. SOIL CLASSIFICATION

(a) Various Classification Systems

Soils can be classified according to suitability for a certain crop, erodability,
acidity, properties important to road engineers, morphology, or factors which played a
role in their formation, to name only a few. A classification according to the last two
criteria is more permanent and natural.

The traditional classification of Australian soils is by Stepbens (1956). This sys
tem is not quite satisfactory, for three reasons. First, it is based not only on observ
able or measurable properties of the soil, but also on its geographical distribution,
its presumed pedogenetical evolution, and the climate. Second, it does not cover
all soils. Third, it is in parts somewhat vague or ambiguous.

A new American classification (United States Department of Agriculture 1960),
although not yet in its final stage, is very different. It is a natural or taxonomic sys
tem, also based on observable or measurable soil properties, with emphasis on those
that affect soil genesis or result from it. However, even for higher orders it often
leans heavily on laboratOly analyses, which handicaps field workers. Moreover, the
proposed soil names may be somewhat awkward, although not more so than the
scientific names used by botanists. Despite its shortcomings it is likely to be univer-



T
A

B
L

E
7

R
E

L
A

T
IO

N
S

H
IP

S
T

O
P

R
E

V
IO

U
S

L
Y

D
E

S
C

R
IB

E
D

SO
IL

S
A

N
D

O
T

H
E

R
SO

IL
C

L
A

S
S

IF
IC

A
T

IO
N

S

B
re

w
er

an
d

B
ut

le
r

(1
95

3)
C

la
ss

if
ic

at
io

n
us

ed
in

th
is

R
ep

or
t

U
.S

.D
A

.
(1

96
0)

t

S
oi

l
Se

ri
es

G
re

at
So

il
G

re
at

S
oi

l
F

am
il

y
O

rd
er

S
ub

or
de

r
G

re
at

G
ro

up
o

r
T

yp
e*

G
ro

up
G

ro
up

(S
ub

gr
ou

p)

R
ou

ch
el

se
ri

es
A

llu
vi

al
so

ils
A

llu
vi

al
re

go
so

ls
R

ou
ch

el
E

nt
is

ol
s

P
sa

nm
ie

nt
s

O
rt

ho
sp

sa
m

m
en

ts
(O

rt
hi

c)
M

ai
tl

an
d

U
de

nt
s

H
ap

lu
de

nt
s

(O
rt

hi
c)

E
rr

in
gt

on
U

de
nt

s
H

ap
lu

de
nt

s
(O

rt
hi

c)

F
ul

le
rt

on
A

qu
en

ts
II

H
yd

ra
qu

en
ts

(O
rt

hi
c)

S
an

dy
ae

ol
ia

n
W

ar
kw

or
th

E
nt

is
ol

s
P

sa
nl

m
en

ts
?Q

ua
rz

op
sa

m
m

en
ts

re
go

so
ls

C
oa

st
al

sa
nd

s
P

sa
m

m
en

ts
?O

rt
ho

ps
am

m
en

ts

Sk
el

et
al

so
ils

E
nt

is
ol

s
an

d
In

ce
pt

is
ol

s

A
lp

in
e

hu
m

us
B

ar
ri

ng
to

n
In

ce
pt

is
ol

s
U

m
br

ep
ts

C
rY

l1
m

br
ep

ts
so

ils
(O

rt
hi

c)

M
an

go
ol

a
se

ri
es

G
re

y
so

ils
o

f
M

ea
do

w
so

ils
M

an
go

ol
a

1Enti
so

ls
an

d

}
U

de
nt

s,
he

av
y

te
xt

ur
e

A
qu

en
ts

,
an

d
'j

In
ce

pt
is

ol
s

A
ql

1e
pt

s
E

sk
da

le

D
ev

on
M

os
tl

y
P

sa
m

m
en

ts
M

os
tl

y
E

nt
is

ol
s

O
rt

ho
ps

am
m

en
ts

I

~ o '" " '" ~ ~ tJ '" ~



A
ci

d
sw

am
p

E
nt

is
ol

s
IA

qu
en

ts
IH

yd
ra

qu
en

ts
so

ils

M
o

o
r

pe
at

s
H

is
to

so
ls

(N
ot

fu
rt

he
r

su
bd

iv
id

ed
)

A
be

rm
us

de
n

se
ri

es
,

C
he

rn
oz

em
s

C
he

rn
oz

em
s

A
be

rm
us

de
n

M
ol

li
so

ls
U

do
ll

s
H

ap
lu

do
ll

s
an

d
K

oo
ri

ng
a

se
ri

es
A

rg
ud

al
ls

B
yl

on
g

U
do

ll
s

H
ap

lu
do

ll
s

P
ra

ir
ie

so
ils

M
ol

li
so

ls
U

da
ll

s
H

ap
lu

do
ll

s
an

d
A

rg
ud

al
ls

S
eg

en
ho

e
cl

ay
,

K
yu

ga
B

la
ck

ea
rt

hs
C

ra
ck

in
g

cl
ay

s
S

eg
en

ho
e

V
er

ti
so

ls
M

os
tl

y
M

ai
nl

y
G

ru
m

aq
ue

rt
s

cl
ay

,
S

t.
A

ub
in

's
cl

ay
,

A
qu

er
ts

,
an

d
G

ru
m

us
te

rt
s

B
al

m
or

al
cl

ay
,

S
co

ne
So

m
e

cl
ay

U
st

er
ts

G
u

an
U

st
er

ts
M

ai
nl

y
G

ru
m

us
te

rt
s

K
ru

i
U

st
er

ts
M

ai
nl

y
G

ru
m

us
te

rt
s

S
pr

in
gf

ie
ld

U
st

er
ts

M
ai

nl
y

G
ru

m
us

te
rt

s
M

oo
la

rb
an

A
qu

er
ts

M
az

aq
ue

rt
s

(?
N

at
ra

qu
ol

li
c

an
d

N
at

ra
qu

al
ii

c)

R
ow

an
cl

ay
lo

am
,

D
eg

ra
de

d
D

eg
ra

de
d

R
ow

an
V

er
ti

so
ls

A
qu

er
ts

,
IM

az
aq

ue
rt

s,
R

us
se

ll
cl

ay
lo

am
,

bl
ac

k
ea

rt
hs

bl
ac

k
ea

rt
hs

an
d

lo
r

U
st

er
ts

,
M

az
us

te
rt

s,
M

ac
qu

ee
n

cl
ay

lo
am

A
lf

is
ol

s
an

d
U

st
al

fs
,

H
ap

lu
st

ol
ls

,
po

ss
ib

ly
al

so
U

st
ol

ls
T

yp
us

ta
lf

s,
M

ol
li

so
ls

A
rg

us
ta

ll
s

R
ox

bu
rg

h
cl

ay
lo

am
,

R
ed

-b
ro

w
n

E
lli

s
U

st
er

ts
,

M
az

us
te

rt
s,

E
lli

s
cl

ay
ea

rt
hs

U
st

al
fs

,
H

ap
lu

st
ol

ls
,

U
st

ol
ls

T
yp

us
ta

lf
s,

I

A
rg

us
to

ll
s

,

~ iil !iJ '" I ., ~ - :'3



T
A

B
L

E
7

(C
on

ti
nu

ed
)

B
re

w
er

an
d

B
ut

le
r

(1
95

3)
C

la
ss

if
ic

at
io

n
us

ed
in

th
is

R
ep

o
rt

U
.S

.D
.A

.
(1

96
0)

t

I
S

oi
l

Se
ri

es
G

re
at

S
oi

l
G

re
at

S
oi

l
F

am
il

y
O

rd
er

S
ub

or
de

r
G

re
at

G
ro

u
p

o
r

T
yp

e*
G

ro
u

p
G

ro
u

p
(S

ub
gr

ou
p)

O
ve

rt
on

cl
ay

lo
am

,
R

ed
-b

ro
w

n
S

ol
on

et
zi

c
so

il
s

O
ve

rt
on

A
lf

is
ol

s
I

O
ve

rt
on

lo
am

ea
rt

hs
S

tr
at

he
ar

n
lo

am
y

sa
nd

R
ed

-b
ro

w
n

S
tr

at
he

am
ea

rt
hs

C
la

nr
ic

ar
d

cl
ay

lo
am

,
D

eg
ra

de
d

C
la

nr
ic

ar
d

C
la

nr
ic

ar
d

lo
am

bl
ac

k
ea

rt
hs

M
er

to
n

se
ri

es
S

ol
on

et
z

B
ro

ug
ha

m
lo

am
,

R
ed

-b
ro

w
n

D
ur

ha
m

lo
am

ea
rt

hs
M

us
w

el
lb

ro
ok

lo
am

D
eg

ra
de

d
bl

ac
k

ea
rt

h
I

M
ai

nl
y

T
yp

us
ta

lf
s

an
d

P
ie

rc
ef

ie
ld

sa
nd

y
lo

am
,

S
ol

od
iz

ed
•

P
ie

rc
ef

ie
ld

S
t.

H
il

li
er

se
ri

es
,

so
lo

ne
tz

U
st

al
fs

N
at

ru
st

al
fs

K
ia

O
ra

sa
nd

y
lo

am
,

T
og

ar
sa

nd
y

lo
am

(p
ar

t)
C

la
nr

ic
ar

d
sa

nd
y

lo
am

D
eg

ra
de

d
bl

ac
k

ea
rt

h
C

ro
pw

el
l

se
ri

es
,

S
ol

on
et

z
C

ro
pw

el
l

B
ru

sh
y

H
il

l
se

ri
es

T
og

ar
sa

nd
y

lo
am

S
ol

od
iz

ed
T

og
ar

(p
ar

t)
so

lo
ne

tz
G

le
nb

aw
n

sa
nd

y
lo

am
S

ol
od

iz
ed

G
le

nb
aw

n
so

lo
ne

tz

o 0
0 " '" ~ >' Z ~ ~ ~



P
od

zo
li

c
so

ils
P

ok
ol

bi
n

A
lf

is
ol

s
an

d

1Al
ba

qu
al

fs
,

U
lt

is
ol

s
R

os
sc

ol
e

lo
am

R
ed

po
dz

ol
ic

R
os

sc
ol

e
B

in
ni

e
l,,- Udalfs,

rT
yp

ud
al

fs
,

V
au

x
se

ri
es

Y
el

lo
w

po
dz

ol
ic

V
au

x
rO

cb
ru

lt
s

R
ho

do
ch

ru
lt

s,

j~d
T

yp
um

br
ul

ts
B

ut
ta

i
U

m
br

ul
ts

I
Si

ng
le

to
n

Q
ua

rr
yb

yl
on

g
J

M
ea

do
w

F
al

B
ro

ok
A

lf
is

ol
s

an
d

A
qu

al
fs

an
d

po
dz

ol
ic

so
ils

?U
lti

so
ls

?A
qu

ul
ts

H
um

us
-i

ro
n

S
po

do
so

ls
?M

os
tl

y
po

dz
ol

s
O

rt
bo

ds
--

E
ar

th
s

M
oo

na
n

M
ai

nl
y

B
ae

ra
m

i
A

lf
is

ol
s,

al
so

U
da

lf
s,

C
ox

's
G

ap
pr

ob
ab

ly
U

st
al

fs
,

D
us

od
ie

U
lt

is
ol

s
an

d
?O

ch
ru

lts
,

M
ul

br
in

g
E

nt
is

ol
s

?U
m

br
ul

ts
,

G
ro

w
ee

so
m

e
Ps

am
-

C
um

bo
m

en
ts

an
d

W
oo

lo
om

a
U

de
nt

s
U

la
n

K
ra

sn
oz

em
s

T
or

ri
el

od
ge

O
xi

so
ls

?I
do

x
an

d
?U

do
x

T
un

br
id

ge
?U

st
ox

H
oo

k
?A

qu
ox

R
os

co
m

m
on

?U
st

ox

T
ra

ns
it

io
na

l
M

ee
ha

n
O

xi
so

ls
U

do
x

C
la

ss
9.

31
al

pi
ne

hu
m

us
so

ils

S
ol

on
ch

ak
s

I
A

ri
di

so
ls

*I
n

so
m

e
ca

se
s

th
er

e
is

a
ce

rt
ai

n
am

ou
nt

o
f

ov
er

la
p

w
it

h
ot

he
r

so
il

fa
m

ili
es

.
t

In
th

e
ab

se
nc

e
o

f
ad

eq
ua

te
ch

em
ic

al
,

m
in

er
al

og
ic

al
,

an
d

ph
ys

ic
al

da
ta

,
th

e
ap

pl
ic

at
io

n
o

f
th

e
ne

w
U

.S
.D

.A
.

so
il

cl
as

si
fi

ca
tio

n
is

te
nt

at
iv

e.

~ ~ ~ ~ ~ ~ § ~ @



110 R. H. M. VAN DE GRAAFF

sally accepted. In Table 7 the soils of the Hunter valley are classified, where possible,
according to the two systems. Table 8 gives the structure of the two systems in
order of increasing detail.

In this report, for practicability and usefulness, a classification based on great
soil groups according to Stephens (1956) has been employed, and also a further
classification into soil families.

Because of difficulties in Stephens's system, minor alterations in the definition
of some great soil groups are suggested, and some of his great soil groups have been
grouped together. These alterations are dealt with under the respective great soil

TABLB 8

COMPARISON OF CLASSIFICATION SYSTEMS

Stephens (1956)

Solnm classes
Soil orders
Soil suborders
Great soil groups
Soil families*
Soil series*
Soil types
Soil phases*

V.S.D.A. (1960)

Orders
Suborders
Great soil groups
Subgroups
Soil families
Soil series
(Soil typeslt

* Not described, only mentioned as categories.
t The lowest category in all previous American

classifications, not to be retained in their new
natural system.

groups. Soils which could not be accommodated in his system were classified accord
ing to other workers. The most important criterion in dividing the texture-contrast
soils into two main groups, the solonetzic and the podzolic soils, has been subsoil
reaction.

The great soil groups have been further subdivided into soil families according
to texture, thickness of horizons, mineralogy, and colour, which should provide
families fairly homogeneous with respect to plant growth. The range of differences
within these families is still large enough to produce important differences in pro
ductivity, but further classification was beyond the scope of this survey.

The soils described by Brewer and Butler (1953) have been taken into account.
These authors did not use the Munsell notation, and consequently it is not always
possible to place their soil series correctly into the proposed soil families. There is
little doubt that there are other unrecorded soils in the area which would not fit
into any of the families listed.

(b) Classification Problems Concerning Texture-contrast Soils

These soils are particularly common in the undulating and hilly land systems
on Permian and Carboniferous rocks and on older alluvial terraces (Beresfield,
Elrington, Vacy, Wallaroo, Timor, Upper Rouchel, Moonibung, Killarney, Glen-



SOILS OF THE HUNTER VALLEY III

dower, Bray's Hill, Blairgowrie, Parkville, and Hunter land systems). Elsewhere in
Australia it has been found that in many texture-contrast soils the A and B horizons
do not form a pedogenetical entity and that in fact the A horizon was a later colluvial
deposit (K cycles of Butler 1959) which could have come from a different source
altogether. The principle of K cycles is also applicable to the survey area. Some A
horizons might therefore consist of younger K cycle material. Standard field tech
niques are inadequate to reveal the genetic unity, or lack of it, of A and B horizons in
texture-contrast soils. However, it is the author's opinion that, whilst this explana
tion may be valid in some particular cases where potential sources for the later
deposits can be readily indicated, in most other cases in the Hunter valley these A
horizons are true pedogenetical features. The reasons for this belief are that these
texture-contrast soils are often found occupying both isolated hill tops as well as the
surrounding lower slopes, and that the thickness of their A horizons varies between
fairly narrow limits. Moreover, when the soils occur on sedimentary rocks the two
horizons cannot have been derived from different parent rocks because they run
parallel with the soil surface and not necessarily with the bedding plane of tbe rocks.

The classical view on the genesis of a large group of texture-contrast soils
Stephens's (1956) solonetz, solodized solonetz, and soloth-is that sodium ions ad
sorbed on the clay render the clay particles mobile so that they cau be moved down
ward with percolating rainwater to accumulate in the subsoil. In the Hunter valley
such sodium is most likely to have come from the weathering rocks themselves.
Another possible explanation that could apply to all texture-contrast soils is that
the products of the decomposition of clay minerals in the surface are transported down
the profile, where at a certain depth new clay minerals are formed. Both theories are
incomplete as neither explains why the increase in texture from the A to the B horizon
is sharp rather than gradual. It must be concluded that the different steps and pro
cesses oftheir formation are poorly understood. So far only hypothetical explanations
can be offered with regard to their genesis, which is especially unfortunate because
it is vital to a proper genetic classification.

IV. DESCRIPTION OF THE SOILS

The soil families and great soil groups recognized in this survey arc listed in
Table 7 where their classification according to various systems is indicated. The
distribution of the soils within land systems is shown in Table 9.

The descriptive terms are those of the United States Department of Agriculture
(1951, 1960), and the soil colour names are those of the Munsell soil colour charts.
The soil colours described are those of moist soils unless otherwise indicated. The
terminology for soil depth is according to the United States Department of Agri
culture (1959). For convenience the definitions of some of the terms are reproduced
in Table 10.

In this report the soils are arranged in great soil groups, but as their pattern
was too intricate to map, they were combined for mapping purposes into the broader
soil associations. The land system boundaries have been used for the mapping
associations because these were the most reliable boundaries available.
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The chemical analyses of the soil samples were mostly carried out by the Royal
Tropical Institute, Amsterdam, Netherlands. X-ray analyses were carried out by
Dr. Odd Gjems, Norwegian Forestry Research Institute. Analytical methods for
phosphorus are: "available" phosphorus according to Truog, "total" phosphorus
by boiling for 3 hr in 25 %hydrochloric acid.

(a) Alluvia! Regoso!s

The great soil group of alluvial soils (Stephens 1956) includes only those soils
which are found on recent alluvial deposits and which on account of their i=aturity
have not developed any true pedological differentiation with depth, other than some
accumulation of organic matter in the surface. If the profile consists of a sequence
of layers of different textures, they me not the result of processes of soil formation
(like the mobilization and translocation of clay particles), but of fluctuating condi
tions during deposition (like stream velocity and turbulence).

In order to differentiate them from mature soils which also can occur on allu
vium, and because immature soils of any origin are called regosoIs (U.S. Department
of Agriculture 1957), these soils will be called alluvial regosols in this report.

A general description would not be meaningful because of the extremely wide
range of texture, gravel content, and thickness of layers which may occur.

The alluvial regosols are important in the agriculture of the Hunter valley,
because they are often fertile and flat and occur maiuly in the east, where the rainfall is
high. They are intensively utilized at present. One profile of a medium- to moderately
fine-textured alluvial regosol was sampled north of Duckenfield. This soil contains
approximately 0'08% of "total" phosphorus over its full sampled depth of 36 in.
About one-quarter of this phosphate is readily "available" to plants. Its exchange
capacity ranges from 27 to 37 m-equiv./IOO g and the saturation percentage remains
uniform between 85 % to 90%, with calcium dominant and magnesium subdominaut.
Reactions range from slightly acid to neutral (pH 6·1 to 7· 3).

Four families are proposed on the basis of texture and origin.

(i) The Rouchel Farni/y.-It is dominantly coarse- to moderately coarse-tex
tured in the upper 24 in. of the profile. The soils are often single-grained when dry.

(ii) The Maitland Forni/y.-It is dominantly medium- to moderately fine-tex
tured in the upper 24 in. of the profile and consists of fertile arable soils.

(iii) The Errington Farni/y.-It is dominantly fine-textured in the upper 24 in.
of the surface and a fertile arable soil.

(iv) The Fullerton Farni/y.-This family is of marine origin, saline, and domi
nantly fine-textured. It is too saline for any agricultural use. The definition of
solonchaks excludes this family.

(b) Sandy Aeolian Regoso!s

Aeolian sands have been described by Stephens (1956) in a similar way to the
alluvial soils, that is, recent aeolian sands which show little profile development
beyond the accumulation of some organic matter in the surface or the solution and
redeposition of lime in the profile. These soils can therefore also be called regosols,
or, more appropriately, sandy aeolian regosols.
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In some cases the parent material is so poor in weatherable minerals or wea
thering conditions are so weak or infrequent that hardly any soil development could
take place. This is probably the case with the only named family proposed in this
great soil group. It occurs scattered along the Hunter and Wollombi Rivers between
Singleton and Warkworth. Elsewhere in high-rainfall areas humus-iron podzols
have developed in older similar deposits. The regosolic sands of the most recent
coastal dunes and the beaches have not been subdivided into named families, but are
simply referred to as coastal sands. Fertility of all these aeolian sands is likely to be
extremely low. The more recent coastal sands possess some lime in the profile, but
because of their position they are also subject to salt spray from the ocean.

(i) The Warkworth Famtly.-This is derived from fluviatile sands and has a
single-grained coarse-textured profile of speckled sand and hardly any accumulation
of organic matter in the surface. Most of the sand grains consist of clear uncoated
quartz particles. Because of the inertness of these leached sands their reaction is only
slightly acid (pH 6 '1-6' 5).

(ii) The Coastal Sands.-These are derived from marine sands, originally con
taining seashell fragments Oime). The parts farthest inland consist of the oldest sands
which have been longest leached. The lime has been removed completely from the
soil profile. They may have developed an organic surface horizon. The youngest
sands near the beach are not leached and have not changed since deposition. They
do not have an organic surface horizon. In between these extremes are many trans
itional soils.

(c) Skeletal Sotls

Skeletal soils are stony or gravelly soils showing no profile development other
than organic matter accumulation in the surface. They are normally shallow and
contain coarse-textured fragmented rock, which may show some weathering. Such
soils are essentially non-arable. The name skeletal soils will be used here to cover
also those immature soils of less th~n 10 in. depth which may already show some
structure development.

No families are proposed for this group, but there are naturally differences in
texture and organic matter content, which are important in determining their poten
tial.

The humic varieties occur in areas with a high rainfall and commonly lower
temperatures as well as on high mountain ranges. The texture of the soil between the
rock fragments or stones depends on the parent rock. On the basalts of the Liverpool
land system the textures are always fine, while at the other extreme the sandy con
glomerates in the Lee's Pinch land system give rise to a sandy gravelly mass.

It is obvious that the humic and fine-textured skeletal soils have a greater poten
tial, for instance for grazing or forest establishment, than the non-humic and coarse
textured ones.

(d) Alpine Humus Sotls

The name alpine humus soils was suggested by Costin, Hallsworth, and Woof
(1952) and Costin (1954) for a group of soils which have developed in high mountain
areas. Subsequently these soils were adopted as a great soil group by Stephens (1956).
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General description

A l Medium- to fine-textured soils with a conspicuous and thick black organic surface horiwn;
stable crumb structure; friable when moist; extremely acid to medium acid (pH < 4·5-6·0)

Gradual transition

B Subsoil in which the organic matter content gradually decreases with depth; consistence changes
from friable to firm when moist; structure becomes rapidly weaker with depth; colours change
to brown, dark yellowish brown, and yellowish brown; little or no change in texture; soils usually
shallow, ·often stony,

Since most or all these soils in the Hunter valley occur on Tertiary basalt,
their morphology and chemical properties are probably also uniform. None was
sampled for analysis, but from inference from the alpine humus soils from the Kos
ciusko region they are expected to be strongly acid and highly leached. The extreme
climate under which they occur also limits their potential for more intensive use.

The Barrington family is the only family proposed for these soils in the Hunter
valley.

(e) Meadow Soils

According to Stephens (1956), wiesenboden or meadow soils are black earths
(cracking clays) of which the subsoils have been modified by the seasonal presence
of ground water resulting in dull mottled colours. It is proposed here that the defini
tion be widened to include all soils, with or without lime in the subsoil, which have
gradational mineral profiles, high organic matter content in the surface, poor internal
and external drainage, and subsoils which are periodically invaded by the water
table, causing mottled colours.

The majority of the meadow soils are permanently moist.
General description

A Dark soils, yellowish brown to brownish yellow (msty) mottles along root channels common;
coarse- to fine-textured; high.content of organic matter in surface; may have fine crumb structure;
friable when moist; strongly acid to neutral (pH 5 ·1-7, 3)

Usually gradual transition

AC Subsoil of same wide texture range; colours lighter, with much grey, often strongly mottled with
dark yellowish brown, black, red, or yellowish brown; structure often massive; consistence
varying with texture from plastic to non-plastic when wet; medium acid to moderately alkaline
(pH 5'6-8·4)

Three families are proposed on the basis of the texture of the surface 12 in.
(i) The Mangoola Farni/y.-This family has fine-textured surface soils. Soils of

the Mangoola series (Brewer and Butler 1953) reportedly often show gilgai features.
(ii) The Eskdale Farni/y.-It has medium- to moderately fine-textured surface

soils.

(iii) The Devon Farni/y.-It has coarse-textured surface soils.
No chemical analyses are available but most meadow soils are of mixed alluvial

origin and are probably fairly fertile. Periodic waterlogging is frequent in the natural
state preventing their use for anything other than pasture. However, except perhaps
for those of the fine-textured Mangoola family, most could probably be used for crop
production where the surface soils could be drained of excess water.
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(f) Acid Swamp Soils

Acid swamp soils are defined by Stephens (1956) as soils which have formed
under the influence of a water-table at, above, or near the soil surface, and with
an acid reaction. They are closely related to the meadow soils and can be regarded as
acid, permanently waterlogged phases of them.

General description

A Black to dark grey surface, often with yellowish brown to brownish yellow (rusty) mottles;
coarse- to fine-, but usually medium- to fine-textured; usually high coptent of decomposed organic
matter or peat in surface; crumb or massive surface structure; slightly plastic when wet; friable
when moist; acid

Gradual transition

AC Very dark grey, dark grey. sometimes black, usually strongly mottled subsoils; varying textures;
may be peaty; massive structure; consistence varies with text.ure; acid, grading into neutral
with depth

C Mainly stratified alluvial deposits

In their natural state acid swamp soils carry only low-grade pasture with many
sedges and rushes, but when properly drained, they can be highly productive and
support good grassland or various crops, especially vegetables and potatoes.

In the absence of more detailed morphological or chemical data, and because
of the varied parent materials, no families are proposed at this stage.

(g) Moor Peats

Moor peats are defined by Stephens (1956) as black soils consisting pre
dominantly of organic matter, and at or near saturation with water. The upper part
of the profile may consist of brown, relatively undecomposed fibrous material. The
main difference from the acid swamp soils of the lower altitudes is apparently that they
should occur above the winter seasonal snow-line.

In the Hunter valley the moor peats occur exclusively in swamps on the Barring
ton plateau at altitudes of over 4500 ft. In some places the sphagnum peats overlie
lake sediments. The peat swamps are extremely important in that they regulate the
flow of water in creeks and rivers issuing from the plateau, giving them a steady
discharge. However, most swamps on the plateau do not drain into the Hunter
River system.

Because of their extremely small extent no detailed description is given and
no families are proposed.

(h) Chernozems

The chernozems are lacking in Stephens's (1956) classification but they have been
recognized by Brewer and Butler (1953) in the Hunter valley. Their classification
was later confirmed by Thorp (1957), who agreed they were equivalent to the mini
mal southern chernozems in the United States of America.

General description

A Usually moderately fine-textured soil; colour rather uniform throughout solum, black, very dark
greyish brown, dark and very dark brown, dark yellowish brown, are the most common; strong
grade, fine, granular or crumb structure; slightly plastic when wet, very friable to friable when
moist and slightly hard to hard when dry; slightly acid to neutral (pH 6·1~7·3)
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Gradual transition
B Fine-textured, dark soil but coarser textures are possible; strong grade, fine to medium, angular

blocky or blocky structure; consistence generally similar to A horizon but becoming slightly less
friable with depth; neutral to moderately alkaline (pH 6'6-8,4) or even strongly alkaline (pH
8· 5-9' 0); lime usually finely dispersed or in nodules in lower B horizon

C Nearly always alluvial sediments

As can be seen from the general descriptions, the chernozems and the cracking
clays"both have little or no change in texture and colour with depth and are closely
related. The most important differences are their structure and consistence. Whereas
the cracking clays have a coarse structure and a consistence which allows them to be
cultivated only at a narrow range in moisture content, the chernozems have a .fine
structure and are easily worked at a much wider range in moisture content. It would
appear also that chernozems can hold more water which is available to plants, and the
variety of crops which can be grown successfully is greater than for the cracking clays"

The content of organic matter of the solum is high, diminishing gradnally with
depth, and in general is greater than in the cracking clays (Stephens 1950; Brewer and
Butler 1953). In both soils the exchange complex is dominated by calcium. As the
parent material has been largely derived from basalt and as they have been formed
in a climate of low leaching power, their fertility is generally high. Their phosphorus
content seems to vary from 0" 1 to 0"2% (Brewer and Butler 1953). Also they are
youthful soils which still have weatherable ininerals. Although small in area, they
probably constitnte the best of the arable land in the Hunter valley and are inten
sively nsed"

The chernozems have been subdivided into two families on the basis of depth of
the solnm, which reflects their history of evolution.

(i) The Abermusden Family.-The soils are deep and dark, and although not
all of the same age they can be called matnre chernozems. They were formed on
alluvial terraces on which deposition was no longer active. They occur mainly along
the Hunter and Goulburn Rivers.

(ii) The Bylong Family"-It has shallow dark soils (less than 12 in" deep) over
stratified and little-altered alluvium, which is often coarser than the snrface soil.
They were formed on allnvial terraces in valleys under less stable erosional and
depositional circumstances. Occasionally soil formation was interrupted by the
deposition of a fresh, often thick layer of allnvium. Buried fossil A horizons are
common and the soils are relatively immature. They occur mainly in valleys. running
north throngh the belt of Triassic sandstones and Permian shales in the south-west
of the Hunter valley.

The Bylong family also includes some soils in which the water-table comes
rather close to the surface and which can be regarded as intergrades between cher
nozems and meadow soils.

(i) Prairie Soils

The prairie soils (Stephens 1956) are very similar to the chernozemic soils, the
main difference being the absence of lime from the solum owing to their formation
under a slightly more hnmid climate with a greater leaching power. The stronger
degree of leaching has also affected the reaction of the soil to some extent.
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General description

A Usually moderately fine- to fine-textured soils; commonly dark brown, very dark greyish brown,
dark greyish brown, and very dark brown; usually strong degree of crumb or fine blocky structure;
friable when moist and slightly hard to hard when dry; slightly acid to neutral (pH 6,1-7'3)

Gradual transition

B Moderately fine- to fine-textured, dark soils, mainly lOYR Munsell hue; usually strong degree of
a somewhat coarse, subangular blocky or blocky structure; consistence similar to A horizon;
neutral to possibly mildly alkaline (pH 6'6-7'8)

C Alluvial deposits

The prairie soils occupy a relatively small area mostly in the more humid
eastern parts where they merge with the young to recent alluvial regosols in the
lower reaches of the major rivers. They occur also on alluvial terraces in headwater
areas where the alluvial deposits are derived from basalt, and are then rather shallow
and often contain waterworn basalt pebbles or cobbles. From field records it appears
that they are somewhat poorer in organic matter than the chernozemic soils. Their
natural fertility should not be very differeut but no analyses are available to sub
stantiate this assumption. Since the total area of the prairie soils is small, the number
of observations limited, and their parent materials varied, no families are proposed.

(j) Cracking Clays

The cracking clays are a group of soils which include Stephens's black earths,
brown soils of heavy texture, and grey soils of heavy texture. Alternative names
sometimes used are black soils, black plains soils (vernacular), or grumusols (used
in the now outdated American classification).

The similarities, except for unimportant colour differences, between Stephens's
black earths and brown soils of heavy texture are such that a separation of these two
at great soil group level seems rather meaningless. They often occur very closely
intermingled grading into one another, and the differences in colour could be caused
by many factors, such as minor differences in drainage, parent materials, or maturity
of the soil. Although the grey cracking clays of the Hunter valley (Stephens's grey
soils of heavy texture) were observed always in alluvial situations under rather special
conditions, they are similar enough to be regarded as cracking clays also.

General description

A Fine-textured throughout, no significant changes in clay content and colour with depth in solum;
colours usually dark and ranging from black, very dark brown to dark yellowish brown and
brown, but occasionally lighter colours ranging from grey to grey-brown; structure usually
granular and self-mulching in surface, becoming coarse blocky or coarse subangular blocky in
subsoil; firm to extremely firm when moist, plastic and sticky when wet, very hard to extremely
hard when dry; usually slightly acid to mildly alkaline in surface (pH 6 ·1-7, 8) and mildly to
strongly alkaline (pH 7·4-9· 0) in subsoil; lime often present in nodules throughout profile and
on surface, and always present in the subsoils

C Weathering products derived from basic igneous rocks, fine-textured calcareous alluvium, and
certain shales or sandstones

The cracking clays often give rise to a surface relief called gilgai. On sloping
sites this usually takes the form of "linear gilgai", ridges and depressions at approxi
mately right angles to tlle contour. On the flats circular depressions are found
called "crabholey gilgai", but they are rare.
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An important part of the clay minerals in the cracking clays consists of mont
morillonite. At one site near Merriwa there was approximately 66 %montmorillonite.
27 %kaolinite, and 7 %illite in a soil which. contained between 50 %and 78 %ofclay.
A( various depths the soil was either saturated or well supplied with calcium and
magnesium, but "available" phosphorus was only a fraction of "total" phosphorus,
which varied from O· 02 %to 0·06 %in the surface.

The effect of a large proportion of montmorillonite on the moisture regime of
a soil is to increase the amounts of water that soil must hold before water becomes
available to plants.

Also montmorillonite is a clay mineral which expands considerably on wetting
and shrinks again on drying. This causes the deep cracks in dry cracking clays and is
presumably responsible for the formation of gilgai relief. The cracks in the soil
probably snap many plant roots and only certain species may be able to endure this.
They also play a role in the high erodability of the cracking clays because run-off
water tends to concentrate in the cracks and to form underground watercourses which
may collapse to form gullies (Tewkesbury 1948).

It was found that otherwise common trees like ironbarks are absent from the
cracking clays and that one grass species, Stipa aristiglumis, is almost exclusively
dominant on soils of the Segenhoe family, which display the properties discussed
above more strongly than other families in this group. Colonization of eroded
patches, anti-erosion banks, etc., by the natural grasses is very slow. It seems that
the Segenhoe soils offer a specialized environment in which only a few plant species
are at home.

The cracking clays have been subdivided into five families on the basis of soil
colour, depth, and sioDiness.

(i) The Segenhoe Farnily.-The soils are dark, the most common colonrs being
black, very dark brown, or very dark greyish brown. Typical Munsell colours are
values 2 to 3, chromas I to 3, for hue lOYR. They are deep and usually free of
stones. Where stones are present they are often concentrated in the upper part of the
profile and on the surface. Linear gilgai is common.

(ii) The Guan Farnily.-It has dark-coloured soils with the same colour range
as the Segenhoe family except that black is uncommon. The soils are shallow or
moderately deep and usually stony, particularly on the surface. They are in less stable
sites in the landscape and erosion seems to be removing them at approximately the
same rate at which they are forming from the parent material. They are conse
quently somewhat less mature than those of the Segenhoe family. The vegetation is
not as poor in species as that of the Segenhoe soils. The proportion of montmorillon
ite in the clay is probably lower than in the mature Segenhoe soils and linear gilgai is
uncommon. The Segenhoe and Ouan families grade into one another. A sharp
division between the two cannot be proposed at this stage.

(iii) The Kl'ui Farnily.-The soils are normally dark reddish brown although
the surface may be very dark yellowish brown. Typical subsoil colours are Munsell
hues 5YR and 2'5YR, values 2 to 3, chromas 2 to 4. Like the soils of the Ouan
family they are shallow and may be stony. They are rare, and linear gilgai has not
been observed.
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(iv) The Springfield Family.-The soils are reddish, normally dark reddish
brown, and are deep and free of stones. They are rare, and linear giIgai has not been
observed.

(v) The Maolarban Family.-The soils are greyish coloured and range from
dark grey, grey, light brownish grey, to greyish brown, sometimes with a slight
olive tinge. Typical Munsell colours are lOYR, values 4 to 6, chromas 1 to 2. They
seem to be rather rare in the Huuter valley. They have been observed on alluvia in the
Ulan land system where they may have formed on truncated solonetzie soils and
where tbeir high alkalinity may be the result of high exchangeable sodium content,
although lime does also occur in the solum. On one occasion a soil of this description
was found on the Yarramoor land system not far from a solonchak. In all cases there
is a notable lack of vegetation except for some halophytic species.

(k) Degraded Black Earths

Degraded black earths are soils which presumahly have been derived from
black earths (cracking clays) by degradation through leaching and/or solonization,
and are not necessarily black themselves. They are only mentioned by Stephens
(1956) but a definition has been suggested by Brewer and Butler (1953). To simplify
the profile morphology of the degraded black earths it is suggested in this report that
their definition be narrowed so that soils which have an abrupt textural break, with
or without an A z horizon, are excluded, and fan into the solonetzic category with
which they have nluch more in common.

General description

A Usually medium- to moderately fine-textured rather dark soil; either granular or fine,subangular
blocky structure; finn to friable when moist and very hard when dry; slightly acid to neutral
(pH 6·1-7'3)

Gradual transition

B Fine-textured soil; black to very dark brown, dark and very dark yellowish or greyish brown,
dark and light brown, reddish and dark reddish brown; blocky or subangular blocky like the
cracking clays, structure coarser with depth; plastic when wet, firm when moist and very hard to
extremely hard when dry. similar to consistency of cracking clays; lime usually present in upper
but more often in lower B horizon; reaction neutral to strongly alkaline (pH 7' 3-9' 0)

C Weathering pmducts derived from intermediate volcanic rocks, calcareous shales, basic colluvium
or alluvium

It appears that the degraded black earths are similar in fertility to the cracking
clays. Their coarser surface textures should make them somewhat easier to work
although the difference is likely to be small. In most other properties, including their
erodability, they should resemble the crackiug clays.

The degraded black earths have been subdivided into two families on the basis
of soil colour.

(i) The Rowan Family.-It has dark subsoils and seems to occur mainly on
fine-textured alluvial deposits but was also observed in situ. Subsoil colour limits
are Munsell hues 7· 5YR to lOYR, values 2 to 4, chromas 2 to 6.

(ii) The Ellis Family.-It has commonly yellowish red, reddish, and dark reddish
brown subsoils. Subsoil colour limits are Munsell hues 5YR and 2· 5YR, values 3 to
5, chromas 3 to 8. This family seems to occur mainly on calcareous shales.
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([) Solonetzic Soils

This group includes soils with abrupt texture changes* of which the whole or
at least the lower B horizon has a pH of more than 7 -8.

From Brewer and Butler (1953) and field evidence it appears that a bleached
A, horizon is strongly correlated with a coarse-textured A horizon. A bleached A.
is diagnostic in distinguishing the great soil groups of Stephens, but texture differences
of this nature in the A horizon do not seem significant enough for separation of soils
on the great soil group level.

All these soils have high contents of exchangeable sodium in the B horizon
(Brewer and Butler 1953) and all appear to have undergone appreciable solonization.
Owing to the difficulty of recognizing a columnar (domed) structure from a prismatic
structure in auger samples, differences in macrostructure of the B horizon are ignored
in the present classification. It should be noted also that both types of structure are
usually compound and consist of smaller and similar blocky aggregates. Lime fre
quently occurs in the lower B horizon or just below the solum in Stephens's solonetz
or solodized solonetz profiles while~by definition-there is a lime accumulation
in the lower B horizon in his red-brown earths and brown earths.

General description

Alt Very dark greyish brown to yellowish brown; coarse- to moderately fine-textured; usually
of massive structure; may be friable when moist. often hard when dry; usually slightly acid
to neutral (pH 6·1-7'3)

Usually clear transition

A 2 Sometimes absent; similarly textured; colours lighter, e.g. very light grey or brownish grey or
even more bleached, dry colours often very light; massive structure usually slightly acid to neutral
(pH 6-1-7'3)

Abrupt transition

B1 FineRtextured; wide range of colours from black. very dark greyish brown, dark brown, grey
brown. reddish brown, and yellowish brown or intermediate shades, often mottled; strong grade
or subangular blocky, blocky. prismatic, or more rarely columnar structure; very hard when
dry. plastic when wet; moderately to strongly alkaline (pH 7-9-9-0); lime may be present

Gradual transition

B 2 Texture and colours same range as for HI horizon, mottling often occurs; structure also similar,
often weaker grade, or even massive; very hard when dry. plastic when wet; moderately to
strongly alkaline (pH 7 -9-9 -0); lime often present

C Weathering material derived from colluvium or alluvium and ill situ from bed-rock

The solonetzic soils are formed on alluvial materials of mixed origin and shales,
arkosic sandstones, and intermediate volcanic rocks. Most by far occur west of
the Wollombi River and Fal Brook, i.e. in an area with an annual rainfall of less
than 24 in. To judge from the data presented by Brewer and Butler (1953) from a
limited area in the centre of the Hunter valley it seems that their natural chemical
fertility is generally low, the "total" phosphorus content being mostly low (in the
order of 0·01 % to 0 -04 %) with an exception perhaps for most alluvial solonetzic
soils (0'09 to 0- 16%).

*Profiles with true or pseudo A horizons could not be distinguished in this classification.
tThe A horizon generally varies between 2 and 12 in. in thickness, but is mostly about 6 in.

thick.
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The high content of exchangeable sodium in the subsoil results in clays which
are easily dispersable in water and consequently gully erosion is serious in some
abused areas of the Hunter valley. Tunnel erosion (see podzolic soils) is reported
to occur also.

The solonetzic soils have been subdivided into seven families on the basis of
dominant subsoil colour and texture of the A horizon.

(i) Red Solonelzlc Sol/s.-Colour limits for the subsoils are Munsell hues
5YR, 2· 5YR, values 3 to 5, chromas 3 to 6.

The Overlon family has medium- to moderately fine-textured surface soils and a
typically reddish brown or dark reddish brown subsoil. This family is common.

The Strathearn family has coarse- or moderately coarse-textured surface soils
and reddish brown or dark reddish brown subsoils. One profile with a columnar
subsoil was also placed in this family. The family is common.

(Ii) Brown Solonelzlc Sol/s.--Subsoil colour limits are Munsell hues 7· 5YR,
10YR, and 2·5Y, values 3 to 6, chromas 2 to 6.

The Clanrlcard family has mediuru- to moderately fine-textured surface soils
and subsoil colours are various shades and intensities of brown, greyish brown, very
dark grey-brown, yellowish brown. May contain waterworn gravel. The family is
very common.

The Piercefield family has coarse- to moderately coarse-textured surface soils
over brown, very dark grey-brown, greyish brown, or yellowish brown subsoils as
above. The family is common.

(iii) Dark Solonelzlc Sol/s.-Subsoil colour limits are 2/0,3/0,2/1, 3/1, and 2/2
for Munsell hue IOYR.

The Cropwell family has medium- to moderately fine-textured surface soils and
black or very dark grey or in general very dark-coloured subsoils. This family is not
common.

The Togar family has coarse- to moderately coarse-textured surface soils over
very dark-coloured subsoils. This family is relatively rare.

(iv) Grey Solonelzlc Soils.-Subsoil colours are values 4 to 6, chromas 0 to I,
for Munsell hue IOYR.

The Glenbawn family has coarse- to moderately coarse-textured surface soils
over dark grey or grey subsoils. The family is rare.

(m) Podzollc Sol/s

The podzolic soils will be defined here as all texture-contrast soils' which have
a pH of 7·8 or less in the B horizon. In the Hunter valley this group of soils occurs
on a wide range of parent materials including alluvium, conglomerates, shales and
shaly sandstones, intermediate volcanic rocks, and colluvium of mixed sedimentary
and volcanic origin.

*True or pseudo A horizons are not distinguished.
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The grouping of these soils can be justified on the uniformity of their profile
forms and the absence of free lime in the solum, the colours of their subsoils being
the major differences between them. According to Stephens (1956) the subsoil colours
reflect to a large extent whether the internal drainage of the subsoil is good or
restricted, or whether the subsoil is periodically invaded by the water-table.

The soloth or solodic soil answers the same general description and will there
fore be regarded here as a podzolic soil, although some workers presume that it has
developed from a solonetz by leaching. Its unconfirmable genesis is, however, not
relevant to its classification. Its resemblance to podzolic soils is noted by Stephens
(1956).

In this connexion it should be noted that a high proportion of sodium in the
exchange complex is taken by some workers to mean that the soils are solodic rather
than podzolic. Because this condition is likely to be common among the soils
described in this section, they could also be called solodic. However, both names,
solodic and podzolic, imply certain soil-forming processes which cannot be checked
in the field and therefore they are far from ideal. In this report no new name will be
suggested and the name podzolic has been arbitrarily chosen for all these soils. The
podzolic soils occur mainly east of the Wollombi River and Fal Brook, but there
is no sharp or regnlar boundary between them and the solonetzic soils because it is not
rainfall alone that affects their distribution. Their parent material, internal drainage,
and age playa role as well. As a rule the most acid podzolic soils occur in the higher
rainfall areas in the extreme east. In some of these soils the severe acidity (pH values
of 4· 5 may occur) may be expected to restrict or prevent the growth of otherwise well
suited crops and pastures.

The very scanty analytical information available indicates that most podzolic
soils in the Hunter valley are of low natural fertility. Upland soils, probably for a
large part podzolic, of the Williams and Paterson valleys show a number of defici
ciencies, with phosphorus as the main one, but also involving molybdenum. sulphur,
and copper (R. S. Wetherall, personal communication). Responses to lime are also
reported and hetween 1000 and 2000 tons are used annually in this area.

The base saturation percentage of the soils may be very low. A podzolic oil
1.5 miles south-west of Beresfield, for instance, had saturation values of 12%to 17 %
with magnesium and sodium dominant and subdominant respectively. It is likely
that magnesium and sodium play important roles in the exchange complex of the B
horizon of most podzolic soils and this might explain the tendency of the clay to
"run".

Provided the necessary predisposing factors are present, such as slope, cracking,
and sheet erosion, resulting in high run-off and localized areas of high infiltration,
tunnel erosion is a problem on these soils with high exchangeable sodium (G. H.
Knowles, personal communication).

General description

A 1* Surface soil of coarse to-moderately fine texture; colours ranging from very dark brown, very
dark greyish brown to brown, greyish brown, or dark yellowish brown; usually massive structure;
may be friable when moist, soft to hard when dry; usually strongly acid to neutral (pH 5 '1-7' 3)

*The A horizon varies generally from 2 to 12 in. in thickness, but is mostly about 6 in. thick.
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Usually clear, sometimes gradual transition

A 2 Similarly textured to AI; colours often lighter ranging from dark brown, greyish brown, dark
yellowish brown, strong brown to brown and yellowish brown; dry colours often much lighter,
resembling "ashy" greys and ranging from light grey via light brownish grey to very pale browns;
always massive structure; strongly acid to neutral (pH 5 -1-7' 3)

Abrupt transition

B1 Fine-textured subsoils; wide range of colours from very dark grey-brown, very dark brown. dark
reddish brown, yellowish red to brown, yellow, and grey, often mottled; usually strong grade of
subangular blocky or blocky structure, rarely massive; plastic when wet, firm to very firm but
rarely friable when moist, and very hard when dry; normally strongly acid to neutral (pH 5 '1
7-3) but never more than mildly alkaline (pH 7-4-7'8), sometimes very strongly acid (pH 4,5
5,0)

Gradual transition

B2 Textures and colours same range as for B 1 horizon; structures often of a weaker grade or massive;
plastic when wet, firm when moist, very hard when dry; strongly acid to mildly alkaline (pH
5'1-7·8)

C Weathering material derived from bed-rock. colluvium, or alluvium

The podzolic soils of the Hunter valley have been subdivided into seven families
on the basis of surface soil texture, dominant subsoil colour, parent material, and
gravel content.

(i) Red Podzolic Soils.-Colour limits are Munsell hues 5YR and 2· 5YR,
values 3 to 5, chromas 3 to 8.

The Pokolbin family has medium- to moderately fine-textured surface soils and
a reddish subsoil, commonly with a yellowish tint. Dark red, red, dark reddish brown,
and reddish brown subsoil colours also occur. The B, horizon is usually not mottled,
but in a few cases where mottling did occur the reaction was strongly acid (pH 5· 1
5· 5). Only once was a soil observed with a fine sandy surface texture but a separate
family for this soil is not proposed. The family is common.

The Rosscole family has moderately coarse- to moderately fine-textured
gravelly surface soils, which may contaiu between 30 %and 70 %of waterworn gravel
by weight. The subsoils are dark reddish brown and usually contain less gravel.
These soils have been found only on remnants of old alluvial gravel terraces. Tbis
family is common in certain parts of the Hunter valley.

(ii) Brown Podzolic Soils.-Subsoil colour limits are Munsell hues 7· 5YR,
IOYR, 2' 5Y, values 3 to 6, chromas 2 to 6.

The Binnie family has medium- to moderately fine-textured surface soils and
brownish or yellowish coloured subsoils which are commonly mottled. The family
is very common.

The Vaux family has coarse- to moderately coarse-textured surface soils. The
Vaux series (Brewer and Butler 1953) is somewhat atypical because of its massive
structure in the B horizon. This family is widespread.

(iii) Dark Podzolic Soils.-Subsoil colour limits are 2/0, 3/0, 2/1, 3/1, and 2/2
for Munsell hue IOYR.

The Buttai family has medium- to moderately fine-textured surface soils over
very dark-coloured subsoils. This family is rare.
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The Singleton family has coarse- to moderately coarse-textured surface soils
and very dark-coloured subsoils which may be black or very dark grey, the latter
colour probably being more common. The family seems to be rare.

(iv) Grey Podzolic Soils.-The subsoil colour limits are values 4 to 6, chromas
oto 1, for Munsell hue lOYR or yellower.

The Quarrybylong family has medium- to moderately fine-textured surface
soils over grey-coloured subsoils. This family is rare.

(n) Meadow Podzolic Soils

These texture-contrast soils have a great number of properties in common
with the podzolic soils. The main difference in the meadow podzolic soils is the
strong influence of the water-table on the solum, which causes mottling in the A
horizon and dull colours and mottling in the B horizon. Apart from these differences,
the general description of the podzolic soils applies. These soils occupy only very
small areas in the Hunter valley and generally occur in natural depressions or on
ill-drained alluvial terraces.

The Fal Brook family has coarse- to moderately fine-textured surface soils which
may be black and often show slight mottling, especially along root channels. The
subsoil colours generally vary from very dark grey to greyish brown with strong
mottling.

(0) Humus-Iron Podzols

The humus-iron podzols of the Hunter valley are restricted to the older aeolian
beach sands which occur under a humid climate in the Duck Hole land system.
Because of the very variable profile morphology (Maze 1942) and the limited field
observations, subdivision into families is not warranted.

General description

A l Dark grey often speckled sand to loamy sand; humic; extremely to strongly acid (pH <4· 5-5- 5);
usually coherent; massive

A 2 Very light grey to nearly white sand or loamy sand; massive or single-grain structure; reaction
very strongly acid to strongly acid (pH 4· 5-5' 5)

Usually abrupt, sometimes clear transition

B Sand; coheres because of accumulation of humus or iron oxides or both; usually soft but someM

times hard and panRlike; colours vary from brown to black; very strongly acid to medium acid
(pH 4'5-6'0)

C Aeolian sand

The humus-iron podzols are very likely to be deficient in a number of plant
nutrients. "Total" phosphorus in samples from one profile ranges between 0 .0028 %
and 0'0014%. Exchange capacities in these inert sands are extremely low, ranging
from approximately 5'4 m-equiv.jlOO g of soil in the humic A, horizon to 0·61
m-equiv.jIOO g in the A2 and I .65 m-equiv.jlOO g in the B, horizon. The low exchange
capacity for the B, horizon is perhaps atypical. This particular profile had very little
organic matter in this horizon. It would not be surprising if trace elements were
also in short supply.
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Maze (1942), who did some detailed work in this area, distingnished three
different kinds of podzols, which he called humus podzols, iron-humus podzols, and
iron podzols according to the dominance of the cementing agent, which can be humus,
iron, or a mixture of both.

A typical profile of the humus podzol of Maze (1942) is:
Al 0-10 in. Dark grey sand with variable amounts of organic matter

A 2 10-36 in. Light grey-white sand

B 1 36-60 in. Black and brown sandy organic hard-pan of variable hardness

B 2 60 in. and deeper. Light brownish yellow sand

Maze (1942) also observed that the hard-pan varied in thickness and in depth
below the surface. On the low-lying flat areas it was close to the surface, while it
occurred at greater depth, 5 to 10 ft, on thetop of the sandy rises. Hard-pans were
either compact, continuous, and uniform, or variable in thickness, thinning, broken
at some points, or disappearing completely.

Limited areas had iron-humus podzols. These were reportedly characteristic
of the small sandy rise areas south of Newcastle, in the vicinity of Jewell's Siding and
Belmont. The hard-pan followed the general contour of the surface and was com
posed of black to brown cemented sand, containing irregular-shaped nodules of light
brown to brown cemented sand.

Iron podzols were observed by Maze (1942) in swampy areas subject to periodi
cal flooding.

(P) The Earths

This is a group of soils which exhibits gradational or uniform profiles and
which covers large areas in the Hunter valley. The nearest equivalent in Stephens's
classification is the brown soils of light texture. However, their range of colours and
their texture profile have been so narrowly defined that many similar soils of different
colours or different texture profiles cannot be accommodated anywhere in his classifi
cation. Since to widen the description of the great soil group without also changing
its name would cause confusion, another name, earths, will be used. This has been
done in accordance with earlier usage of the term (Prescott and Skewes 1941; Stewart
1956).

For the sake of convenience the earths have been treated here as one group
but on the basis of soil colours they could also be separated into a number of great
soil groups (as with Stephens's podzolic) and be called red earths, brown earths, etc.

General description

Ai Surface organic horizon usually thin, dark; coarseR to moderately fine-textured; usually massive
structure; very friable to friable when moist, soft to hard when dry, depending on humus content
and texture; usually slightly acid to neutral (pH 6'1-7·3) although lower pH values might
occur also

Clear or gradual transition

All Subsurface soil with very wide range of colours from reddish to brownish, grey to yellowish;
coarse- to moderately fine-textured; always massive structure; porous; very friable to friable
when moist; usually slightly acid to neutral (pH 6,1-7, 3)



130 R. H. M. VAN DE GRAAFF

Gradual transition
B Subsoil with similar colours, occasionally mottled; textures from coarse to fine, clay content may

increase with d~pth; massive structure; firm to friable; usually slightly acid to neutral (pH 6,1
7· 3), but sometimes moderately alkaline in lower B if some lime is present

C A great variety of materials

Very few analytical results are available on earths from the Hunter valley but
some have been carried out on similar soils of the Macqllarie region by Downes and
Sleeman (1955), whose sandy solodized soils seem to be equivalent. From the avail
able data their chemical fertility appears to be low to very low and depends to some
extent on the texture of the soils. Physically there should be a big difference in the
productivity between the coarser- and finer-textured members of the group. Those
earths in which an increase in clay content occurs with depth should be more attrac
tive for farming as percolation of rainwater is slowed down cousiderably by the clayey
subsoil and the amount of water stored in the soil consequently increased.

Earths are found in the same areas where texture-contrast soils of the podzolic
or solonetzic type occur. It appears that in most cases they occupy sites which are
excessively drained or that they have formed on coarse-textured often very siliceous
parent materials. Such parent materials give rise to very little clay which, moreover,
in the course of time could be partly mobilized or broken down and removed to much
deeper layers or downslope. This may have taken place in the Sandy Hollow land
system, where on apparently the same parent material earths occupy the upper
slopes and solonetzic soils the lower slopes. Occasionally one may find earths on
relatively recent alluvial or colluvial deposits which appear to be suitable parent mate
rials for solonetzic or podzolic soils.

The earths have been subdivided into nine families on the basis of subsoil
colour, texture, mineralogy, or parent material. Most families exhibit a large range
in depth and some members contain considerable amounts of gravel.

(i) lied Earths.-Colour limits are Munsell hues 5YR and 2· 5YR, values 3 to
5, chromas 4 to 8.

The Moonan family has yellowish red soils and medium textures iu the surface,
grading into a fine-textured subsoil at less than 36 in. depth. This family seems to be
rare.

The Baerami family has reddish brown, dark reddish brown, or yellowish red
soils. Textures are coarse or medium throughout or coarse in the surface becoming
medium at or before 36 in. depth. The soils range from shallow to deep and some
contain varying amounts of gravel.

The Cox's Gap family has yellowish red, moderately coarse-textured soils which
are developed from an intrusion of analcite bearing soda syenite (H. F. Whitworth,
personal communication) near Cox's Gap; the heavy mineral fraction contains about
60 % aegirine. Some contamination with sand, derived from surrounding Triassic
sandstone, has probably taken place. These soils are mostly shallow, containing many
coarse fragments of rock, and they grade into related skeletal soils. They occupy
only a small area.

(ii) Yellow Earths.-Colour limits are Munsell hues 7· 5YR, 10YR, and 2· 5Y,
values 3 to 6, chromas 6 to 8.
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The Dusodie family is dominantly reddish yellow, brownish yellow, or dark
yellowish brown in the subsoil. It is medium- to moderately fine-textured near the
surface, with textures gradually becoming moderately fine to fine at or before 36 in.
depth. In the shallow members, the textures do not become finer as described. This
family. is probably relatively rare.

The Mulbring family has dark yellowish brown, yellowish brown, strong brown
colours and is coarse- to moderately coarse-textured throughout the profile or the
upper 36 in. of the profile. Shallow members occur. Below 36 in. may be sand,
clay, or bed-rock. This family is probably relatively rare.

The Growee family has yellow, yellowish red, or yellowish brown subsoil colours
and mottling sometimes occurs in the deep subsoil. Textures are coarse to moderately
coarse at the surface but a gradual increase in clay content results in moderately
fine to fine textures at or before 36 in. depth. This family is probably relatively rare.

(iii) Brown Earths.-Colour limits are Munsell hues 7·5YR, lOYR, and 2·5Y,
values less than 7, chromas 2 to 5.

The Cumbo family has a wide range of brownish colours among which strong
brown, yellowish brown, pale brown, greyish brown, light yellowish brown, and dark
brown were observed; subsoils are sometimes mottled. Textures are coarse to mod
erately coarse throughout or to a depth of 36 in. Shal10w members occur. These
soils sometimes have low to high amounts of gravel. This family is common.

The Woolooma family has dark yellowish brown, brown to dark brown, dark
reddish brown, or very dark greyish brown colours; mottles sometimes occur in the
subsoils. The textures at the surface are coarse to moderately fine, generally becom
ing moderately fine to fine at or before 36 in. Also included in this family are those
brown earths which have moderately fine-textured surface horizons and become more
sandy with depth (such soils have been observed occasional1y in alluvial sites). Gravel
in varying amounts sometimes occurs in the subsoil. This family is relatively common.

The Ulan family is developed on granite of the Ulan land system. The soil
colours are pale brown, light yellowish brown, yellowish brown, or yellowish red;
the subsoil is mottled in some cases. Surface textures are coarse to medium changing
gradual1y to moderately coarse to moderately fine at or before 36 in. depth; these
soils are gritty or their sand fraction is coarse. They are often less than 20 in. deep,
except in places of accumulation, where they may be very deep.

(q) Krasnozems

The krasnozems (volcanic soils, 1atosols, red loams) of the Hunter valley are
mostly palaeosols-old soils which acquired dominant characteristics under an earlier
and different environment. They are developed on basalt (mainly Roscommon land
system) which elsewhere in the same area but under the present dry warm climatic
environment gives rise to cracking clays (Bow land system). Some krasnozems may be
younger because according to Stephens (1950) they can develop from basalt in a humid
temperate climate, such as exists at present in parts of the Tubrabucca land system.

It is possible that the basalt landscape once had a krasnozem soil cover, which
was mostly removed by subsequent normal geological erosion. The present areas
with krasnozems thus represent parts where these older soils have not been com-
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pletely stripped. The soils that developed afterwards on the sarne parent rock reflect
more or less the present climate. Owing to certain inherited characteristics the older
soils could not change and behaved as if they were pedogenetically inert, even though
the climate had changed (Bryan and Teakle 1949; Teakle 1952).

Most occurrences of krasnozems seem to point to the above hypothesis for
they are found on hill tops and watersheds and a gently undulating plain with no
surface drainage. It is likely that their excellent permeability has also been a factor
in their continued existence at such sites. However, krasnozems occur in relatively
few, small patches intermixed with the cracking clays on slopes of the Bow and Ant
Hill land systems. Roberts (1952) has also mentioned such patchy occurrences. Here
the soils might have been formed on highly sesquioxidic clays which at places occur
interstratified in the basalt flows, as reported by McGarity and Munns (1954) from
outside the Hunter valley, and which represent fossil leached soils buried by later basalt
flows. Later weathering and erosion of the basalt landscape partly exhumed the
buried soils. The fossil soil material then weathered easily into a krasuozemic soil
even under low-rainfall conditions.

General description

A Medium- to fineRtextured in the surface; generally dark owing to organic matter, turning red
with depth; weak to strong, granular, crumb or fine blocky structure; slightly plastic to plastic
when wet, friable to :firm when moist and hard when dry; slightly acid, but sometimes neutral
(pH 6'1-7'3)

Gradual, sometimes clear transition

B Moderately fine- to fine-textured subsoil; colours brighter; generally dark reddish brown, yel
lowish red, or dark red; similar structure but sometimes a 1ittle coarser; similar consistence;
medium acid to moderately alkaline (pH 5'6-8'4)

C Decomposed basalt
The profiles are generally deeper than 36 in.

The description shows the wide range in degree of structure and in subsoil
reaction. It is possible that some minor changes have taken place in these soils since
they acquired their dominant characteristics. Continued weathering of the C horizon
and the underlying basalt during a drier climatic phase would release metal cations
like calcium and magnesium which could be taken up by tree roots and returned to
the topsoil. This could be an explanation for the high base saturation (60% to 70%
in the upper profile increasing with depth, with calcium dominant) found in a number
of these soils under relatively dry conditions (20 to 25 in.). Supporting evidence is fur
nished by Downes and Sleeman (1955) from the adjoining Macquarie region west
of the Hunter valley. In the Hunter valley one krasnozem profile had a horizon
with lime concretions at 27 in. depth. A similar profile was reported from the Mac
quarie region also.

Krasnozems occurring in high-rainfall areas are more strongly leached. One
profile from a basalt plateau (altitude approx. 3500 ft, rainfall 35 to 40 in.) 20 miles
north of north-east of Cassilis showed a base saturation of 24 to 14 %in the surface,
increasing to 30 % in the subsoil; total exchangeable metal ions were respectively
18'5 to 7·5 and 10·7 m-equiv./IOO g soil. Calcium was the dominant cation in the
surface but magnesium was a little more important than calcium over most of the
profile. Organic matter in the surface was 7· 7 %. Roughly 0·4 %"total" phosphorns
was present but only 2· 5%of that waS "available". This soil was difficult to disperse.
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In many ways it is intermediate between the lowland dry climate krasnozems and
the transitional alpine humus soils of the high-altitude basalt plateaux.

Physically, most of the krasnozems are ideally suited to arable agriculture for they
have a stable fine structure.

Analysis of one profile 9 miles south-west of Bow indicates a very low "avail
ability" (traces) of phosphorus, although "total" phosphorus varies from 0·044 to
o.037 %. This might be expected in soils containing a faidy high percentage of free
ferric oxides (7 to 8%).

The krasnozems have been snbdivided into four families on the basis of colour,
structure, and content of ferruginous fragments.

(i) The Torrielodge Family.-These are krasnozems as described in the general
description, with moderate to strong structure. Munsell colours are values 3 and 4,
chromas 3 to 8 for hues 5YR and 2· 5YR. The family occupies the largest area of
those in this great soil group. It includes the profile with lime in the subsoil in the
Roscommon land system and one profile at the foot of limestone hills of the Alston
land system, which because of its derivation from limestone would have been classi
fied as a terra rossa by Stephens. This family appears to be equivalent to Downes
and Sleeman's (1955) red loams.

(ii) The Tunbridge Family.-This family has rather shallow soils with a weak
structure, usually stony with angular fragments of basalt up to 9 in. diameter. Colours
are similar to those of the Torrielodge family. It could be equivalent to Downes and
Sleeman's (1955) residual brown acid soils.

(iii) The Hook Family.-This has yellowish brown to dark brown colours and is
often mottled. Munsell colours are 10YR, values 3 to 5 and chromas 3 to 6. The
structure is weak and ferruginous concretions sometimes occur in the profile. This
family occurs in ill-drained sites associated with the krasnozems and it has therefore
been classified with them. It is possible that in the Hunter valley such ill-drained
sites are in close proximity to less permeable rocks or layers' near the surface. They
seem to be associated with tbe contact between tbe basalt and the underlying rocks.

(iv) The Roscommon Family.-This consists of red soils with weak structure and
high amounts of small, angular, ferruginous, shale-like fragments. It occurs in a few
small patches scattered throngh the Roscommon land system south-west of Merriwa
where the contact zone between the basalt and the Jurassic sandstone is at the surface,
and conld be a geological rather than a soil phenomenon.

(r) Transitional Alpine Humus Soils

The group of transitional alpine humus soils was first proposed by Costin
(1954) for soils transitional between the alpine humus soils of the high mountains and
the podzolic soils of the lower altitudes. These soils resemble krasnozems in some
respects but differ mainly in degree of structure, which becomes rapidly weaker
with depth and finally massive, and in their colours, which are in general browner
and yellower. Their Munsell colours are values 3 to 5, chromas 3 to 8 for hues 10YR
and 7· 5YR. They are formed in a cool moist climate and usually carry subalpine
woodland. In the Hunter valley very often angular floaters of relatively fresh rock
are dispersed throughout the profile, presumably owing to past periglaciation. This
suggests that the soils are old.
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General description

A Gradational profile of medium- to moderately fine-textured soils; strong brown, dark brown to
brown, yellowish or dark yellowish brown, sometimes dark reddish brown, or reddish brown;
strong to moderate, fine, crumb or granular structure; friable when moist; usually strongly to
medium acid (pH 5 '1-6' 0); often with angular floaters of basalt

Gradual transition

B Moderately fine- to fine-textured soil; similar colours but becoming yellower or browner; mottles
sometimes present; weak structure or massive; friable to firm; usually very strongly acid to
medium acid (pH 4· 5-6·0); often with angular floaters of basalt

The transitional alpine hnmns soils in the Hunter valley occur mainly on
basalt plateaux above 4000 ft, but also on other rock types at lower altitudes with
similar rainfall (60 in.). Soils classified as such have been observed on a small plateau
at 1800 ft altitude 3 miles north-east of Dusodie as well as on the Barrington plateau,
e.g. near Polblue Top at an altitude of 4500 ft. Analysis of one profile from the Pol
blue Top showed that the sum of exchangeable metal cations was very low, being
less than 4 m-equiv./IOO g soil. The base saturation varied between 3 and 5%in the
upper part of the profile and increased slightly in the subsoil to 9 %.

Phosphorus contents varied from 0'14% in the surface to 0·29% at 48 in.
depth for "total" phosphorus, of which only a fraction (6 to 9 p.p.In in the surface,
95 p.p.m. at depth) was "available". Total phosphorus by fnsion is even higher,
being 0·31 % and 0·42%. Free iron oxides take up 20 to 25% by weight of the
soil and are probably responsible for the low availability of the phosphorus. The
clay fraction varies from 26 to 37 %, but it is extraordinarily strongly aggregated and
difficult to disperse. Other laboratory evidence indicates that these values could be
between 15 and 25 % higher. The clay consists approximately of 60 % kaolinite and
40% mixed layer minerals. Orgauic matter content in the surface is about 15%.
Chemically this soil is not fertile, which is to be expected from the high leaching
power of the very humid climate.

Transitional alpine humus soils developed on basalt are the most important
group in the area, those developed on other rock types occupying only very minor
areas. Only one family is proposed at this stage.

(i) The Meehan Farni/y.-This family includes those transitional alpine humus
soils developed only on basalt. They are deep soils.

(s) Solonchaks

Solonchaks are salty soils of any description. The salt may be present in undif
ferentiated recent alluvial deposits or in soils which have developed pedogenetical
horizons in their profile. It is proposed here to limit the concept to those that have
formed on inland deposits in order to exclude the saline mnds ofmarine origin in the
delta of the Hunter River. It is preferable to gronp the marine muds with the allnvial
regosols, because the freshwater members of that group then would grade laterally
into the saline members. In the Hnnter valley the salts are often visible as thin crusts
on slight rises of the ground snrface or on the vertical sides of creek banks or gullies
which· run through these salty soils. Solonchaks are not common in the Hnnter valley
as a whole, but occnr in patches in valley bottoms, especially in the Killarney land
system. They were noted also by Monteith (1954), who describes them as wide-
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spread between Singleton, Muswellbrook, and Broke, and having a patchy vegetation
with bare areas in between. Some of the larger solonchak areas are reported to occupy
30 to 40 ac.

Many creeks in a wide area around Singleton show thin salt crusts on their sides.
The salt could have been cyclic salt precipitated by rain from the air, but it is more
likely that most of the salt has been leached from weathering Permian shales or rocks of
other geological formations and has accumulated in the depressions of the landscape.

Because of their great variety and relative unimportance no families are pro
posed and such soils will simply be referred to as salty soils Of solonchaks.
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PART VII. VEGETATION OF THE HUNTER VALLEY

By R. STORY'

1. INTRODUCTION

In this report the ecological terminology is that of Beadle and Costin (1952),
E. is nsed throughout in place of Eucalyptus, and the following recent changes in the
nomenclature are followed (Johnson 1962):

E. eugenloides Sieb. ex Spreng. (~ E. wilklnsonlana R. T. Bak.)
E. globoidea Blakely (~ E. eugenloldes auct. non Sieb. ex Spreng.)
E. gonlocalyx F. Muell. ex Miq. (~ E. elaeophora F. Muell.)
E. mannifera Mudie (= E. maculosa R. T. Bak.)
E. moluccana Roxb. (~E. hemlphlola F. Muell. ex Benth.)
E. oblonga DC. (= E. sparsifolia Blakely)
E. cypellocarpa (~ E. goniocalyx auct. non F. Muell. ex Miq.)

The rain forest, the eucalypts, and the grasses are the three main types of vege
tation in the Hunter valley. The simplified and basic requirements of each are dis
cussed under the heading which follows; but it should be remembered that the details
are imperfectly known, and that the action of physiological drought can cause the most
puzzling inconsistencies.

A fuller description of the vegetation may be obtained from the Division of
Land Research and Regional Survey.

II. INTERRELATIONS OF THE VEGETATION TYPES

The rain forest represents an ancient evolutionary form dating from the warm
moist environment that was general when the Angiosperms originated, and this
environment therefore can be logically regarded as the main influence that deter
mines the presence of rain forest today. The most important inhibiting factor is dry
ness, which may be direct, through low rainfall, or induced, through features such as
high temperatures or strong winds. The higbest temperatures tend to occur in the
early afternoon, making the north-western aspects the hottest. As to winds, although
little information is available on their strength, duration, and direction in the Hunter
valley, the piles of wind-blown panicum caught on the fences provide clear evidence
each winter that the prevailing winds are north-westerly (Plate I, Fig. 2). The com
bined influence of these two forces thus makes the south-east aspects the most favour
able for rain-forest growth. The influence of wind seems to be more important
than temperature. Evidence of this is provided by the fact that patches of rain
forest sometimes face north if they are sheltered from the wind, but are absent from
windswept places even when the environment is otherwise favourable. The prevailing
north-westerlies are especially desiccating since they blow across the hot and dry
interior of the continent.

·*Division of Land Research and Regional Survey, C.S.I.R.O., Canberra, A.C.T.
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Moist and sheltered habitats on a smaller scale are created by rocks in level coun
try, which break the force of the wind and also increase the soil water. For example,
if half of a given volnme of soil is replaced by rock, the soil water from a light shower
could be doubled, and such rocky places often provide a foothold for rain-forest
stragglers and non-sclerophyll shmbs in country which is otherwise too dry for them.

The type of primitive environment in which the rain forest originated extends
over less than 3%of the Hunter valley. Over most of the remainder the eucalypts
are the natural dominants, being more recent in evolution and better adapted to
withstaud extreme conditions. They are tall and dense near the rain forest but where
conditions become progressively more severe the eucalypts become progressively

TABLE 11
TYPES OF VEGETATION AND THEIR HABITATS

Vegetation Type Habitat

Subtropical rain forest
Temperate rain forest (mapped with subtropical rain

forest)
Non-sclerophyll shrubs
Eucalypt wet sc1erophyll forest
EucalYPt dry sc1erophyll forest

Eucalypt subalpine woodland
EucalYPt woodland of other forms

(a) Savannah woodland of box and gum
(b) Tall mixed woodland
(c) Savannah woodland of box. gum, and ironbark
(d) Shrub woodland of ironbark and gum
(e) Anomalous woodlands

Eucalypt tree savannah

Climax grassland (too small to map)
Heath

Fen (swampy) vegetation
Scrub (mangroves)

Cool, wet, sheltered
Cold, wet, sheltered

Warm, dry, rocky; or cool, wet, sheltered
Cool, wet, exposed
Equable, damp, sheltered, sandy; or cool,

damp, exposed, sandy
Cold, wet, exposed
Fluctuating temperatures, damp or dry

Fluctuating temperatures, dry, exposed.
heavy clay

Very cold, wet
Cool or equable, damp, exposed:, sandy,

acid
Muddy, nonRsaline
Muddy, saline

sparser and floristically different and shorter. Towards the limit of their range they
become scattered in a tree savannah Cas in the exposed clays of the Bow land system)
or dwarfed into shrubs Cas in the cold swamps ofthe Tnbrabucca land system), and here
the grasses become dominant, being still more recent and still better adapted.

The grasses occur naturally as a subordinate community over most of the
Hunter valley, but predominate naturally over only about 6%. Their present domi
nance over such large areas CBurley 1961) is mostly artificial, as is shown by the
evidence from early records, from sharp and straight boundaries between grassland
and woodland, and from stumps, mature trees, and seedling trees in open country.
All these facts indicate that the original cover was mainly of eucalypts in varying
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density, with a grassy floor sparsest where the trees were densest (except in some
high-rainfall areas) and conversely. Where settlers thinned or cleared the trees, the
grasses of the floor thickened to form a pasture, apparently with three main sub
divisions dominated respectively by Stipa aristiglumis on the black cracking clays of
the Bow land system, Poa spp. on the high basalt conntry of the Tubrabucca, Liver
pool, and Mt. Royal land systems, and Themeda australis elsewhere. Themeda has now
been exterminated over much of its former range, most commonly in the part below
about the 25-in. isohyet. It becomes progressively more stable towards the areas
which lie between the 30-in. and 40-in. isohyets, where it is fairly common in associa
tion with Aristida spp. and Dichanthium spp., but beyond the 40-in. isohyet it
becomes scarce again, giving way to Paa spp. where the increasing rainfall goes with
increasing altitude and cold, and to Paspalum dilatatum where the increasing rainfall
goes with a milder climate towards the coast. The transition to Poa appears to be
controlled solely through climatic and edaphic factors, that to Paspalum is influenced
at least to some degree by grazing.

The three main types of vegetation (rain forest, eucalypts, and grasses) have
been subdivided for the purposes of this report, and subsidiary types have been con
sidered also. A simplified picture of their habitats is given in Table II. Their dis
tribution is plotted in the vegetation map, with the minor exceptions noted.

Ill. DESCRIPTJONS OF THE VEGETATION TyPES

(a) Subtropical Rain Forest

Fraser and Vickery (1937, 1938, 1939) have made a detailed ecological study of
this rain forest and the associated eucalypts. It almost invariably occupies slopes
facing south or east and up to about 3000 ft in altitude. Most of it is where the rainfall
exceeds 55 in., though minor patches of it occur in cool and damp places down to
the 40-in. isohyet. It is, however, absent from the poorest soils even if the rainfall is
adequate.

Trees, in an upper and lower layer averaging about 100 ft and 20 ft respec
tively, are dense, and shrubs, ferns, and herbs likewise, at least in the parts visited.
Lianes and epiphytes are abundant, grasses virtually absent except for a little Oplis
menus sp. Doubtless the floristic composition changes from place to place, but this
was not established with certainty because of the richness of the flora and the absence
of any noticeable dominance. More than 50 woody rain-forest species were col
lected on the survey, but these represent only a small part of the total.

This formation is sharply divided from the adjacent eucalypt wet sclerophyll
forest, but it does include scattered representatives. They emerge above the canopy
and are of the same species as those found in the Mt. Royal land system. As they
cannot grow in the subdued light under rain forest, they mark disruptions known as
"light breaks" (Cremer 1960; Fraser and Vickery 1938, p. 150), but whether these are
through natural causes or logging operations was not investigated.

Although it contains good timber, the subtropical rain forest in this region
of steep slopes and high rainfall should be considered not so mnch in terms of cash
as in terms of its stabilizing influence on water supplies and the soil.
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(b) Temperate Rain Forest

This figures also in the study hy Fraser and Vickery. With a few negligible
exceptions it occurs only in the Rainforest land system, on the same aspect as the
subtropical rain forest but at a higher altitude. Doryphora sassafras is common
locally (Fraser and Vickery 1939, p. 167), otherwise Nothofagus moorei is dominant,
forming a canopy over 100 ft high which, because of its evenness and density and the
lack of emergent eucalypts, shows up in the aerial photographs as a flat surface,
without the granular appearance of the subtropical rain-forest canopy. Tree ferns
are common in patches and N. moorei seedlings are scattered, but normally there is
little or no undergrowth and the forest floor is open. Tree trunks and stones are
deeply cushioned in moss, but no phanerogamic epiphytes were seen and, except
for a little Smilax australis, no creepers.

The remarks on the value of the subtropical rain forest apply here as well.

(c) Non-sclerophyll Shrubs

These are tallest, most numerous, and richest in species in areas of high rainfaU
in and near the subtropical rain forest. In drier areas they occur on rocky ridges
and in other sheltered places, the more mesophytic among them being replaced with
decreasing rainfall by hardier shrubs with duller leaves, commonly the genera
Notelaea, Breynia, CUriobatus, Myoporum, Canthium, and Rhagodia. They are
mixed with a scattering of small dull-green trees (Trema, Geijera, Ficus,' Clerodendrum,
Santalurn), twiners (Gymnema, Cissus, Pandorea), and xeromorphic grasses, and,
although dispersed, show up from a distance as conspicuous darker patches and bands
among the eucalypts. They are commonest in the Cranky Corner and Colonel land
systems which have an abundance ofresistant rocky outcrop, and frequent also among
rocks or along ravines in all other land systems except where the rocks break down
to sandy soils (Watagan, Three Ways, Lee's Pinch, Rouse, and Ulan land systems).
Here the shrubs have affinities more with the heath than the rain forest, and are dealt
with more fully under that heading.

(d) Eucalypt Wet Sclerophyll Forest

This is the most important source of timber in the Hunter valley. Patches
along the northern watershed are of E. laevopinea, E. vlminalis, E. paucljlora, E.
dalrympleana, and E. stellulata, and along the southern watershed of E. laevopinea,
E. blaxlandii, E. bicostata, and E. saligna. The bulk of the wet sc1erophyll forests,
however, are in the east, where two forms are recognizable-one of E. campanulata
and E. microcorys, and the other of E. saligna, E. pilularis, and Syncarpia glomulifera.
They occur respectively on the Mt. Royal and Watagan land systems.

(i) The E. campanulata-E. microcorys Forest.-This community is usually
adjacent to rain forest, commonly on slopes facing north and north-west and along
ridges. The dominant trees are E. campanulata and E. microcorys, with Angophora
jloribunda and Casuarina torulosa as a sparse second layer below the 100-ft canopy.
At the upper limits E. viminalis, E. fastigata, and E. obliqua have been recorded, and
in the moister and more sheltered localities there is an admixture of E. saligna and
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Syncarpia glomulifera, with stragglers of rain-forest species where the rain forest
itself is close at hand, commonly Laportea gigas, Rhodamnia trinervia, Synown
glandulosum, Tristania conferta, and tree ferns.

Shrubs are rare and Poa spp. dominate the ground cover, the commonest
associates being Cyperaceae, El'agrostis spp., Imperata cylindrica, Pteridium aquilinum,
and Themeda australis, with Adiantum spp. in rocky places.

With decreasing altitude other species of grass occur and E. campanulata
becomes scarcer and eventually disappears, and towards the lower limits of the
community where it merges with woodland associations the trees are shorter, with
an admixture of the following: E. acmenioides, E. canaliculata, E. eugenioides, E.
globoidea, and E. propinqua.

The community has been heavily exploited for timber and in steeper parts
coppice and seedling trees in all stages of growth are common.

The more gentle slopes have been largely cleared and an attractive meadow-land
is the result, with a good cover of Paspalum dilatatum, Sporobolus capensis, Themeda
australis, and Trifolium spp. Patches of Pterid!um aquilinum and tussocks of Imperata
cylindrica, Poa spp., and Lomandra spp. are widespread and common.

(ii) The E. saligna-E. pilularis--Syncarpia glomulifera Forest.-These three
trees, of which E. saligna is usually dominant, are together diagnostic of this com
munity. The following additional trees have been recorded:

Acacia spp. E. microcorys
Casuarina tOfulosa E. pellita
E. acmenioides E. deanei
E. agglomerata E. piperita
E. gummifera E. sieber!

The tallest trees, 100 ft high and more, project above the general level of the canopy,
the margins of their crowns being 50-100 ft apart. The next tallest form a fairly even
layer at 70-80 ft with a spacing of about IS ft between the crowns. Below this are
many smaller trees, some apparently mature aud others young, which do not fall into
any recognizable layers. Traces of burning and exploitation are common everywhere,
but very little clearing has been done. Noteworthy absences are those of Angophora
costa/a, A. floribunda, E. amplifolia, and E. punctata, which are found only near the
transition from this wet sclerophyll community to the woodland and dry sclerophyll
communities which surround it.

Although there are some places without undergrowth, most parts of the unit
have a dense and varied shrub layer, particularly along the gullies. It is about 12 ft
high and tangled with scramblers and creepers which are the more conspicuous
because of their absence from among the trees. The shrubs recorded are:

Acacia spp. Maytenus sp.
Banksia collina Oxylobium ilicifolium
Citriobatus multiflorus Persoonia levis
Commersonia fraseri P. linearis
Gompholobium latifolium Pomade'Tis ligustrina
Jacksonia scoparia Zieria smithii
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The following are the creepers;

Billardiera scandens Geitonoplesium cymosum
Cissus spp. Hibbertia dentala
Clematis spp. Kennedia rubicunda
Comesperma volubile Sarcopetalum harveyanum
Eustrephus latifolius Smilax australis

Stephania sp.

The ground cover is sparse except where there are breaks in the tree and shrub
cover, and the grasses are poorly represented. Imperata cylindrica was occasionally seen
but Themeda australis, which is one of the most tolerant grasses, was not recorded except
from near the outskirts of this forest. The recorded ground vegetation was as follows;

Cyperaceae Hydrocotyle sp.
Dampiera stricta Imperata cylindrica
Eupatorium adenophorum Pteridlum aquilinum
Goodenia heterophylla Senecio amygdalifolius
Helichrysum spp. Viola sp.

(e) Eucalypt Dry Sclerophyll Forest

This is in an irregular belt which starts at the coast and extends inland along
the southern border of the Hunter valley to Mt. Coricudgy in the west. The char
acters which separate it from the eucalypt wet sclerophyll forest are the smaller,
more open trees, often of different species, and its associated heath vegetation. The
canopy averages about 50 ft in height, with frequent light breaks, the commonest
trees being Angophora costata, A. jiol'ibunda, E. acmenioides, E. gummifera, E. macu
lata, E. punctata, stringybarks, and broad-leafed ironbarks. They vary greatly in
their species composition and proportions from place to place along this belt, being
poorest in species at the two ends and richest in the middle.

At the coastal end on the deep sands of the Duck Hole land system and in
sheltered places in the Redhead land system Angophora costata, E. pilularis, and
E. gummifera are dominant separately or together, with scattered smaller trees below
(Banksia, Melaleuca, Persoonia) and a complex heath undergrowth of 5-ft shrubs
in which the Leguminosae and Proteaceae are well represented. The herbaceous
vegetation, which is also fairly rich in species, is erect and slender rather than mat
forming, with few grasses, and the cover at ground-level is consequently poor. The
timber is fair but the most valuable asset of the vegetation is its stabilizing influence
on the potential drift sands which support it.

At the western end, on the higher sandstone country of the Three Ways land
system, the vegetation is similar in appearance but different in composition. The
three coastal dominants were not recorded, the commonest trees being Angophora
floribunda, E. punctata, ironbarks, and stringybarks. The heath, although still
largely of Leguminosae and Proteaceae, is poorer in species and seldom as dense.
It is poorest under the ironbarks, which tend to form fairly well-defined communities
on warm dry slopes. As in the coastal area, the vegetation is important mainly from
the point of view of conservation, for the country is one of steep slopes and sandy
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soil in a high-rainfall zone. It adjoins the shrub woodland of ironbarks and gums,
and the remarks on burning which are made under that heading apply here with
equal force.

The central richer tree flora referred to is on the Ogilvie (eastern part), Beres
field, and Elrington land systems. It is a taller form than the other two, in respect
of both tree and shrub layers. The commonest trees are Angophora costata, A.
flaribunda, E. aemen/aides, E. gummifera, E. macu!ata, E. pilular/s, E. punctata,
broad-leafed ironbarks, and stringybarks. Below the canopy are occasional smaller
Uees (Casuarina, Exocarpus, Persoonia) and varied and often abundant shrubs,
foiming impenetrable thickets in the deeper valleys. These shrubs are still nearer
in form to the heath than to the shrubs of the rain forest, but taller, with more species
of Acacia among them. The ground cover is a fairly dense mixture of ferns, grasses,
herbs, and shrublets, with an occasional specimen of Doryanthes excelsa, apparently
confined to this part of the dry sclerophyll forest. The timber is fairly good, and
prodnction could probably be safely maintained except on the steep slopes of the
Ogilvie land system.

([) Eucalypt Subalpine Woodland

This woodland occurs in the Tubrabucca land system on the highest part of the
Barrington Tops, above the temperate rain forest at an altitude of 4500 to 5000 ft.
E. paucifloi'a is domiuant, with E. dalrympleana subdominant and with sod tussock
grassland below. The trees are about 25 yd apart, with the canopies all but touching.
E. pauciflora is about 50 ft high, and its shallow root system together with the strong
winds that occur in this land system make fallen trees onc of the characteristic fea
tures. At this altitude E. dalrympleana is smaller than normal and does not emerge
above the general level of the E. pauciflora. E. stel/ulata is distributed thinly through
the community, a little commoner towards the margins than in the centre and this
irrespective of whether the margin is on the warmer north-western aspect or the
colder south-eastern one. The only non-eucalypt tree which, although rare, seems
to be part and parcel of the community is Banksia integrifolia. A few specimens of
Elaeocarpus holopetalus and stunted communities of Nothofagus moorei occur in
sheltered places. The dominant shrub is a species of Acacia which grows in clearly
defined communities up to 6 ft high. Also in shrub form is a sparse but fairly evenly
dispersed layer of eucalypt seedlings, mostly E. pauciflora. The ground cover is nearly
all Poa sp., probably P. labillardieri, dense everywhere except under the Acacia shrubs.

The Acacia and the grasses are in sharply defined communities, but no corres
ponding difference could be found in the habitat. This suggests that their distribu
tion is linked with some form of disturbance and that one or both may be succes
sional. The trees have every appearance of a stable community.

An extreme climate, poor soils, and indifferent timber make exploitation of
the subalpine woodland inadvisable. Its management as a catchment area comes
first in importance.

(g) Eucalypt Woodland of Other Forms

On 75 %of the Hunter valley, the woodlands are probably the climax vegeta
tion. They are characterized by a mixture of eucalypts about 30 ft high, in broken
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country usually dense enough to limit visibility to a matter of 100 yd or so, on gentle
slopes often cleared away for grazing or agriculture. Besides being shorter and more
open, they differ from the wet and dry sclerophyll forests in species composition as
set out in Table 12, but there is no sharp dividing line.

TABLB 12
SPECIES CHARACTERISTIC OF SCLEROPHYLL FOREST AND WOODLAND IN THE

HUNTER VALLEY

E. saUgna
E. vimblalis
E. campanu[ata
E. micl'Ocorys
E. pi/ulan's
Syncarpia glomulifera
Angophora castata
E. acmenioides Wet and dry sclerophyll forests
E. canaliculata
E. laevopinea
E. gummifera
E. maculata
E. fibrosa
E. sidel'Ophloia
E. panteulata
E. lereticornis
E. eximia
E. trachyphloia Woodland
E. dawsonii
E. melliodora
E. moluccana
E. crebra
E. sideroxyloll
E. blakely!
E. aTbens
E. dealbata
E. caley;
E. rossil"
BrachychitOll populneul/1
Casllarina luehmannif

Gums and ironbarks predominate l boxes being also common but localized.
For the most part the trees grow together in confusion, and the little order that
becomes apparent with continued field observations is bound up more with individual
species than with mixed communities. The general picture can best be given by con
sidering the woodlands as they change progressively from the boundaries of the
sclerophyll forests towards the drier country in the west of the Hunter valley. For
the pi.lrposes of this report, five main subdivisions are recognized.

(i) Savannah Woodland of Box and Gum.-On the rugged country of the
Liverpool land system the change from wet sclerophyll forest to woodland is often
marked by E. melliodora mixed with E. laevoplnea and Angophora jloribunda, which
is usually scattered but forms localized pure communities along gullies and streams
and on rocky outcrops. There are sparse shrubs below (Rubus, Acacia, Bursaria,
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Casslnla, Rapanea, ExocaJpus spp.), but a fairly good ground cover (Poa, Themeda,
Pterldlum, Trifolium, Acaena). The change is at about 3800 ft near the Barrington
Tops, elsewhere it is lower than this.

As one descends through this high woodland the proportion of Angophora
remains constant, but there is otherwise a gradual change, E. laevopinea becoming
restricted more and more to the cooler southerly aspects together with most of the
shrubs and Paa, Themeda, Pteridium, Trifolium, and Acaena. For the rest, the vege
tation is of E. moluccana, E. melliodora, and E. blakelyi with a drier type of grassland
made up of Dichanthium, Aristida, Chloris, and Eragrostis, and patchy Stipa setacea.
Medlcago is frequent throughout, and Hordeum and Asperula conferta abundant in
heavily grazed areas. There is very slight segregation among the trees-Eo albens
tends to occupy the ridges and slopes, and the rest are more common in hollows and
along streams. It should be noted also that under certain conditions E. albens grades
taxonomically into E. moluccana and E. blakelyi into E. tereticornis, which are in
each case closely related. Ironbarks are absent from this woodland except at the
south-eastern extremity where it grades into the tall woodland which is next described.
The proportions of trees and grasses differ widely and often suddenly from place to
place, for much of this vegetation has been thinned or cleared. It predominates along
the northern boundary of the Hunter valley where the annual rainfall is between
22 and 30 in., and covers the Timor, Upper Rouchel, and Ant Hill land systems, the
lower parts of tbe Benmore and Liverpool, and the northern half of the Apis and
Colonel land systems.

At present Dlchanthlum provides good grazing, but as harsh and stalky grasses
are common there is scope for pasture improvement.

(ii) Tall Mixed Woodland.-A different type of woodlaud is found nearer the
coast, best developed in the high-rainfall country drained by the Paterson and Wil
liams Rivers. Here the change from wet sclerophyll forest to woodland is marked
by trees larger in variety and size (50-60 ft) than those further inland. The com
monest indicators of this change are E. propinqua, E. canaliculata, E. piperita, E.
eugenloldes, and E. globoldea, which with decreasing rainfall become mixed with
E. acmenioides, various broad-leafed ironbarks, E. maculata, E. tereticornz"s, E.
amplijolia, and E. moluccana. Angophora floribunda and Casuarina toru/osa are
evenly but thinly scattered throughout, shrubs are sparse except at lower altitudes
near the border of the dry sclerophyll forest where the prevalence of the Leguminosae
and Proteaceae gives the undergrowth an affinity to the heath vegetation. The
herbaceous cover is rather sparse where the trees are dense, but otherwise good
Imperata, Poa (lax or tussocky species), Paspalum, sedges, and Pteridium in the
moister parts, grading into Themeda, Sporobolus, and Dlchanthlum where drier, with
Trifolium frequent throughout.

E. maculata and the ironbarks are often gregarious on their own or with each
other but are as often scattered among the other eucalypts, and the only constaut tree
community of any size is of Syzygium jiorlbundum which forms dense strips along
many of the stream bauks.

Much of the tree growth has been cleared to provide grazing land. Themeda
is fairly frequent, but most of this country is under the introduced Paspalum di/atatum
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(in the wetter parts) or indigenous Dichanthium spp. (in the drier parts). All three of
these grasses provide excellent feed, and where the slopes are gentle enough this
woodland is well suited to grazing. The land systems on which it occurs are the
Mt. Butterwicki, Wallaroo, Vacy, Cranky Corner, and Moonihung.

(iii) Savannah Woodland of Box, Gum, and Ironbark.-Widespread clearing
and over a century of grazing have altered this vegetation drastically from the original
form exemplified in some scattered protected areas, and it is taken for granted that
the reader will keep this in mind and thus make repetition unnecessary.

The country is now mostly open, but dense trees in belts and patches border
grassland or grade into parkland without any set pattern. As the trees have been
cleared rather than selectively thinned, their proportions have been little altered
and the change has been mainly quantitative. The grasses on the other hand have
been selectively grazed and have changed qualitatively, but there is abundant evidence
that Themeda australis is potentially dominant throughout.

The eastern edge of this 30-ft woodland is about 15 miles from the mouth of the
Hunter River, where it abuts on the dry sclerophyll forest and the tall woodland. In
this eastern area the box E. moluccana, the gums E. tereticornis and E. maculata, and
the broad-leafed ironbarks are the trees, Aristida spp., Sporobolus capensis, Pas~

palum dilatatum, Themeda australis, and Cynodnn dnctylon the grasses. There is a
slow transition inland, but so many species of grasses and trees are involved, each
with its peculiar requirements and distribution, that no subdivision into vegetational
regions is practicable. Communities are the exception. Shrubs are rare except among
rocks or on sandy soils.

E. moluccana is the easternmost of the boxes. Inland it grades taxonomically
by imperceptible stages into tbe closely related E. albens and E. microcarpa and
mingles with E. dawsonii and E. melliodora. Boxes are absent from some areas,
sometimes ending very sharply on the border of a poorer and sandier soil. This cor
relation is well known and has been put to good use in the past in the selection of
agricultural lands. Some of the few definite, consistent, and extensive communities
in the Hunter valley are of boxes. In the south-west they are particularly striking.
Near Wollar E. albens dominates both the alkaline intrusives and the Permian rocks,
standing out most clearly on the Permian where its grey foliage forms characteristic
horizontal bands below the darker mixed vegetation on the Triassic rocks above.
In the Widdin and neighbouring valleys the Permian rocks are dominated by E.
dawsonii.

The common gums in the east, E. tereticornis and E. maculata, dwindle towards
the west. E. tereticornis grades into the closely related E. blakelyi and E. maculata
disappears about half-way across the Hunter valley. Another gum, E. punctata,
takes its place here.

Like the boxes, the ironbarks also are absent from some areas, in this wood
land at least, but this could not be related to any factors of the environment. Gen
erally they favour sandy soils and rises, E. crebra more in the inland areas. E. caleyi,
recorded only on Permian rocks, forms pure communities in the south-west near
Cox's Gap.
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Among the grasses, Paspalum and Sporobolus are important only in the eastern
high-rainfall areas (30 in. and over). About 20 miles from the coast they become
mixed with Dichanthium sericeum, which extends through this woodland to the
western edge of the Hunter valley also. It is, however, rare on poor sandy soils and
in dry areas. Aristida spp. accompany it through most of its range and beyond its
range too, for they will grow on soils too poor and dry for Dichanthium and are in
consequence common among the ironbarks.

Danthonia linkii begins at about the same latitude as Dichanthium but is more
tolerant of dry conditions and poor soil, and commonest west of the New England
highway.

Stipa setacea begins further westward than either of these two, about half-way
between Singleton and Muswellbrook, and increases to the north and west, with a
rather patchy distribution.

The trees are small for timber production but good grazing is provided by
Paspalum, Dichanthium, and Themeda, and fair to rough grazing by all otber grasses
except Aristida spp., which stock avoid as long as other grazing remains. Trifolium
and Medicago spp., common in the east and west respectively, are the best fodder
producers among the non-grasses.

This woodland is on the following land systems: Apis (southern half), Colonel
(southern half), Glendower, Greenhills, Killarney, Ogilvie (western part), Parkville,
Rouse, Sandy Hollow, Ulan, and Warkworth.

(iv) Shrub Woodland of Ironbark and Gum.-This woodland is divided fairly
sharply from the other three by the absence of the boxes and of E. maculata, this
being correlated with a sandy soil poor in plant nutrients. Relatively little clearing
has been done. The trees are about 30 ft high, visibility between them averaging
100 yd or so. With the exception of E. caleyi, which was not recorded, ironbarks are
common (E. cl'ehra, E. panda, E. sideroxylon, E. fibrosa) sometimes in pure stands
but more often indiscriminately mixed with other eucalypts. E. punctata is probably
the most widely distributed of the gums but is rarely abundant; E. mannifera and
E. rossii on the other hand are patchy and tend to form communities separately or
together. The stringybarks likewise tend to be gregarious (E. laevopinea, E. oblonga,
E. agglomerata) but are not common except in the moister parts. Bloodwoods are
patchy and thin, E. eximia in the east and E. trachyphloia further inland. The only
large non-eucalypt tree is Angophora floribunda, but smaller trees and shrubs are in
profusion and great variety, especially in craggy or rocky country (Acacia, Bursaria,
Dodonaea, Myoporum, Callitris) and in sand (a 5-ft mixture allied to the heath vege
tation, rich in Leguminosae and Proteaceae and typically with the genera Oxylo
bium, Hovea, Boronia, Persoonia, Leucopogon, and Kunzea). The ground veget~tion

is sparse and grasses scattered. Aristida and Eragrostis spp. and Themeda australis
are the most frequent of them, with occasional Panicum and Sporobolus, and patches
of Trlodla sp. and Arundlnella nepalensls in the driest areas. Common non-grasses
are Patersonia, Hardenbergia, Lomandra, and Pimelea.

In the few parts where this woodland is protected, the living vegetation together
with a layer of trash are enough to ensure the stability of the soil. Most of it, however,
is periodically burnt, and the accessible parts are grazed. Burning in this highly
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inflammable combination of encalypts and dense shrubs is usually complete and
violent, and grazing among poor and scanty fodder plants leads to thorough denuda
tion. The consequence is a most serious erosion and downstream flooding problem.
Grazing can be stopped and should be, but accidental or irresponsible burning can
not, and research on controlled burning is urgently needed.

This woodland covers the Lee's Pinch and Munghorn Gap land systems.

(v) Anomalous Woodlands.-These comprise various woodland communities
which differ from those described but are too insignificant to be considered separately.

(h) Eucalypt Tree Savannah

Large areas have been cleared for grazing and cultivation, but even in the remain
der trees are poorly represented, with an average of about three trees to the acre and
a maximum of double this density. Young trees are rare. This supports the view
that the trees are naturally sparse, for a sparse community would need only a low
replacement rate. E. albens is slightly more common on the slopes and E. blakelyi
and E. meliiodora on the low-lying parts, the only other trees being a few specimens
of Angophora flor/bunda, usually near streams, and Brachychiton populneum, which
grows patchily through the even scatter of the eucalypts, for example 6 miles from
Mcrriwa on the road to Lee's Pinch. Although so many of the eucalypts present
elsewhere in the Hunter valley are absent in the tree savannah, it is the ironbarks
which are most conspicuously so, for they often stop short at its very edge.

Shrubs are virtually absent, and the grass is nearly all Stipa aristiglum/s, which
forms a community more uniform than any other of comparable size in the Hunter
valley. It was seen only on heavy clay and where the annual rainfall was below 24 in.
The over-arching leaves form a good top cover but the basal parts of the grass are
tufted and the bottom cover, except for litter, is poor by comparison. The general
appearance is of an even 3-ft stand, dark green in the growing season and when
dormant pale grey, with the leaves often characteristically and conspicuously shredded,
apparently from the effects of some disease. This shredding is a feature of other species
of Stipa as well. The community contains few non-grasses except for Medicago
spp. and weeds in disturbed areas, notably Carthamus lanatus.

Agriculture is widespread in the tree savannah but the erodable soil is a serious
hazard. For stability the area as a whole is suited best to grazing, and fodder produc
tion could be high if the dominant Stipa aristiglumis were fully utilized in its young
stages through modern aids to intensive farming.

Tree savannah as described covers nearly an of the Bow and Blairgowrie land
systems. With variations in the grasses it extends also over the Bray's Hill, Ros
common, and Yarramoor land systems.

(i) Climax Grassland

The evidence from other similar areas is that the climax grasslands of the
Hunter catchment owe their existence to "frost pockets"-hollows at high altitudes
into which cold air drains and where it is trapped, thus denying the ground to all plants
but those (mainly grasses and their allies) most tolerant of cold. These hollows, in the
Tubrabucca land system on the Barrington Tops, are under a very dense turf of Poa
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spp., fairly pure on the sloping margins but in the level swampy parts mixed with other
herbs (mainly Plantago), patchy with clumps of Cyperaceae and Restionaceae, and
ragged with scattered sheets of Sphagnum. No trees are present, but a few specimens
of E. stellulata grow in shrub form up to 3 ft high, and the runnels are sometimes
bordered by a ribbon of sclerophyll shrubs.

CD Heath

The heath is the Australian equivalent of the maccrua or maquis, best known
from the Mediterranean region but present in most parts of the world where a mild
climate and a peaty or sandy soil are associated with unfavourable water relations,
e.g. a low rainfall in the growing season, a seasonally frozen soil, or exposure to strong
winds. In the Hunter catclunent it is best developed on a narrow coastal belt south
of Newcastle (Redhead land system) in an environment of on-shore winds and loose
sand. Trees do not easily become established here except in the shelter of rocks
or hollows and the heath has little competition in consequence. It has an exceptionally
rich flora in which the Proteaceae, Leguminosae, and Epacridaceae are well repre
sented and the herbs, including the grasses, poorly so. In form it is about 5 ft higb,
a dense layer of shrubs with small, hard, often prickly leaves. It gives excellent top
cover but basal cover is sparse, and wind-blown places are colonized not by mat
forming herbs but by trailing ones and the laxer elements among the shrubs. As an
understorey among the trees it extends inland mainly through the dry sclerophyll
forests (Duck Hole, Beresfield, Elrington, and Three Ways land systems) and the short
mixed woodlands of gum and ironbark (Lee's Pinch and Munghorn Gap land sys
tems), with outliers in some sandy patches in other parts of the Hunter valley as well.
n changes in composition with distance from the coast, and becomes poorer in species
and sparser.

Scenically it is most attractive, being rich in flowering shrubs and in its pure
form having the open character of grassland without its monotony. In terms of cash
it is of little value, but it plays an important part in stabilizing the coastal drift-sands
and in breaking the force of flooding rains in the vulnerable sandstone country along
the southern watershed.

(k) Fen (Swamp) Vegetation

Characteristic trees are Melaleuca and Leptospermum spp. Co=unities of them
occur inland along watercourses and sporadically on dry slopes as well, for example
between Denman and Hollydeen and between Warkworth and Branxton, where
they appear most frequent on brackish or gravelly soils. Most, however, are found
on the damp soils of the Hexham and Nesta land systems. Where the ground is per
manently waterlogged Melaleuca quinquenervia is probably the commonest species,
extending even into shallow water. It forms a dense and rather gloomy 40-ft forest,
on firmer ground with other species of Metaleuca (M. nodosa, M. styphelioides),
E. robusta (the only eucalypt recorded from these swampy areas), and Casuarina
glauca, and supporting a few lianes and epiphytes (Parsonsia straminea, Platyceras
sp.). Some parts are under a shorter very dense vegetation mainly of Leptospermum
spp., mixed with Callistemon and Banksia spp., ferns, and sedges.
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Many of the swamps have been cleared and drained and are now under a turf
of Cynodon dactylon, Paspalum dilatatum, Stenotaphrum secundatum, clovers, sedges,
and weeds, with scattered specimens of the trees enumerated and a few palms (Livi
stona australis). Open water in this cleared country is often bordered by Arundo sp.,
Phragmites communis, and Typha australis, which are not found in the wooded areas.

(I) Scrub (Mangroves)

This covers the Avicenma land system and is rooted in tidal mud, forming an
unbroken canopy with scattered seedlings below but no other phanerogarnic flora.
Only the one species, Avicennia marina, was recorded. On the landward side the man
grove scrub becomes attenuated into strips along the tidal creeks, and merges with
the saline swamps of Arthrocnemum which border it.

IV. UTILIZATION

The general ecological principles which have been discussed in SectionII influence
crops and pastures as well as the natural vegetation. Other things being equal, yields
will usually be higher on a south-east aspect than on level ground, and higher on level
gronnd than on a north-west aspect; and rocky ground is unfavourable only through
the difficulty of cultural treatments. It can be highly productive under orchards.

The natural vegetation may be replaced by crops or pastures with a better yield
if the requirements of economics and conservation are met, otherwise it should be
maintained at its highest level of production. If this basic principle is known in the
Hunter valley, however, it is, with a few notable exceptions, certainly not being put
into effect, for the two most striking things about the natural vegetation today are
waste and degradation.

It is within the province of ecology to point this out and to suggest remedies,
but thereafter economics come into the picture. Almost any land can be grazed
without harmful effects to the soil and vegetation if the grazing system is dictated
by someone with a sound knowledge of the grasses and their requirements, but to do
this on erodable country and make it pay may be impossible. With this proviso,
the following observations are put forward.

The waste of timber appears to be a straightforward matter of elementary
economics, for the trees would be sold if this were a paying proposition. The waste of
grass, however, is often through bad management. The grasslands involved are
mainly those dominated by either Stipa aristiglumis or Poa spp. These grasses are
palatable only when the leaves are young. At this stage there is a flush of growth,
which is so rapid that the stock usually find it beyond their needs and allow most
of it to mature and become useless. For a while they feed adequately on the propor
tion which they are able to keep cropped, but as growth slows down this becomes
insufficient, and they go hungry. Grazing under these conditions is either a feast
or a famine. The pasture in the "famine" stage is of untouched fibrous tufts with
short grass between them, and there is no doubt that the stock receive a considerable
set-back and that the pasture could support much more than the usual number of
stock if it were fully utilized in the growing season.

Degradation is less severe in these grasslands than over most of those formerly
dominated by Themeda australis. This, one of the most palatable species, has been
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continually grazed and weakened, with the result that it has been virtually eliminated
below the 25-in. isohyet. Tbe unpalatable species on the other hand have been avoided
and have increased in consequence. The process is in essentials similar to that causing
waste-grazing too light to allow full and even utilization of the pasture.

Waste and degradation in the grasslands, then, are both caused by selective
grazing, which in turn is caused by light stocking. One can counteract them by com
pelling the stock to graze the unpalatable elements as well, and this entails (with
intervening periods of rest) heavy stocking. A warning, however, is necessary.
Firstly, although it is a general rule that degradation means increased soil erosion
and a drop in carrying capacity, this is not always so, and each pasture must be
treated on its merits. Secondly, heavy grazing is not a fool-proof matter, and it
would be dangerous to apply it by rule-of-thumb methods or without adequate experi
mental work and economic evaluation beforehand. It must be followed by a period
of rest, for if it is overdone-and it has been overdone in many parts of the Hunter
valley-it can totally destroy the cover.

The erosion which has followed damage to the grass cover is severe in many
parts of the Hunter valley, often in the "sheet" form which is evident more from the
accumulations of silt than from scarring of the soil surface. Whatever its form, it can
be cured only by going to the root of the trouble, which is bad pasture management.
It is entirely pointless to construct anti-erosion works if the superimposed farming
practice continues to cause accelerated soil loss.

Examples like that shown in Plate 4, Figure 2, as well as conditions in the
Hunter valley generally give the impression that advisory services are too thinly
spread and that the farming co=unity, while proficient in the care of crops and sown
pastures, is generally unaware of the potential of the natural pastures and of the
principles of their management. If the position is to be improved, further experi
mental and extension work is necessary. Methods which could be explored to aid
efficient utilization include the feasibility of controlling the stocking rate by bnying
and selling stock on a short-term basis, varying paddock size with the aid of electric
fencing, ensilage, artificial grass-drying, hay-making, burning, and the use of urea
or protein supplements.

Legislation for application in extreme cases has already been enacted.
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Fig. I.-The sOllthern third of the Hunter valley consists of rugged mountains on Triassic sandstone.
The highest ridges risc to aboul 3500 fl \\ hilc the \ alleys arc up to 1500 f1 deep and ha\ e sleep sides.
Soils arc characteristically sandy and skeletal. In the higher-rainfall parts (\V:lIagan land S~SIClll) the
\cgct;lIiOIl is ellenl) pi \\Cl sclerophy II forest. under moderate rainfall (Three Ways land system) it is
ellcalypt dry sclcrophyll forcs!. rind under 10\\ rainfall (Lec's Pinch land system. illustrated abO'c)

it is eucalypt shrub \\oodland.

Fig. 2.- The central Goulburn \ alley is a bell cfCoulltr) abollt 20 miles \\ide with irregular plateau,
and ridges rising (0 1000-1500 ft abo\c sea-Ie\el and broken by sleep-sided ,alleys 300-500 ft deep.
Where (he \alleys are cut in hard sandstone they form gorge::.. elsc\\hcrc thcy \\idcn OUI illlo undu
lating lowlands. The platei\llx and ridges arc similar to the southern mOllntains. Killarney and Green
hills land systems occur on the undulating lo\\lands. Killarney land system (illustraled) has pod7.0lic

and solonctzic soils and savannah \\oodland. mostly clcared.
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Fig. I.-The Mcrriw3 plateau is an area of rolling to hilly bas.11t country north of the Goulburn
River. It rises f ..ol11 aboUl 1000 ft above sea-level ncar the Goulburn River to abolll 1500 fl at the
fool of the Liverpool Ranges which Illark its northern limit and it is crossed by north-south valleys
up 10 300 rt deep (illustrated). The hilly parts \\ ilh savannah woodland on rather shallow cracking
clays constitute Am Hill land s)stem. the unduhlling pans on broad inlcrnuvcs and in the more open
valleys with cllcal) pi tree savannah and deep cracking clays form Bow land system. Both have been

extensively cleared.

Fig. 2.-The llonh-cllSlcrn mountains form a tract of country 25-35 miles wide traversed by dccp
vallc~s draining frolll the high ]\·It. Royal Range and the Barrington Tops. They consist of mainly
rugged topograph) on resistant folded sedimentary rocks and lavas. The valleys arc generally rather
narrow except in the extreme nonh \\ herc morc open valleys occur (illustr<lted). Skeletal soils and
shallow podzolic and solonetzic soils are imponant. The vegetation includes savannah woodland.
tall mixed \\oodland. \\et eucalypt sclcroph) II forest. and small areas of rain forest. Clearing has

taken place mostly in the lo\\cr undulating to hilly pans.
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Fig. I.-The celllfal 10\\land5 c'\lend from i\lurrufundi to Nc\\castlc through the celllre of the
Hunter valley. The) are dc\c1oped 011 relati\cly \\cak sedimentiuy rocJ.,;s and gradually rise inland
to abollt 1600 fl abO\c sca-lc\eL The landscape is undulating or gently hill} \\ilh local relief rarely
exceeding 200 n. 1\1an) land systems have been defined. The soils are cOllllllonly podzolics in the
higher-rainfall nreas and soloncIllc under lo\\cr rainfall. i\lost of the "rca has been cleared. Allu\ inl
flats} {Q 4 miles "ide extend .lIong the IhITlIer River and its major Iribuw.rics. The \ariable but

fcnile soils on these flats arc intensively cropped.

Fig. 2.-Uncontrollcd grazing since European sCHlcmcnt has profoundly changed the \cgetation
O'er Ihe 10\\ lands of the Hunler valley. The firsl slage of this process is the continued close grazing

or the mOSl palatable grass species \\hile Ihe less palatable species are m-oided. as shO'\n abO'c.
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PLATE 4

Fig. I.-If uncontrolled grazing continues. the Illost palatable grasses arc e"terminated and (he
process continues through those less palatable unlilthe ground cover is totally destroyed. The pholo
SI10\\5 the final stage (foreground) and the original covcr of kangaroo grass (Themeda l1lIJlmli.\')

\\ here prolcctcd.

Fig. 2.-ln the carl~ da~s of scnlemcnt the stock \\as paslllrcd on the 10\\lal1ds. but \\ilh increases
in stock nllmbers progressively steeper slopes ha,e tx~1l cleared for grazing. as shown above. Stability
of soil and vegelation ;s \ irtually impossible to maintain when this t) pc of counlry is grazed.
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