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PART I. INTRODUCTION AND SUMMARY DESCRIPTION OF 
THE MITCHELLNORMANBY AREA 

(a) Location and Extent 

The Mitchell-Normanby area described in this report occupies the lower 
two-thirds of the Cape York Peninsula and lies between the fourteenth and eighteenth 
parallels of south latitude. It covers approximately 55,000 sq miles and has maximum 
length and width of about 290 miles. The western boundary is defined by the coast 
of the Gulf of Carpentaria and the eastern boundary is partly the Pacific coast and 
partly the Great Divide between west-flowing and east-flowing drainage. On the 
south-west it abuts on the Leichhardt-Gilbert area surveyed in 1953-54 (Perry et al. 
1964). 

(b) Settlement and Communications 

The total population is about 8000, of whom rather more than half are of 
European origin and the remainder mainly Aborigines, with some Thursday 
Islanders. The largest settlement is Cooktown (population 430) on the east coast. 
Mareeba (population c. 5000) lies just outside the south-east corner of. the area and 
Coen (population 75) lies just to the north. There are, in addition, a number of small 
mining settlements, mostly in a state of decay, such as Cbillagoe and Almaden. The 
rest of the population is on cattle stations or on Aboriginal reserves on the east and 
west coasts. The main occupation is raising beef cattle on very large cattle stations 
and in the south and east there is a little mining for a variety of metals. Tourism is 
a minor but increasing resource. 

The main access route is the Mulligan Highway from Mareeba to Cooktown 
and the Peninsular Developmental road which runs north-west from a point on the 
Mulligan Highway 30 miles from Cooktown (Fig. 1). From Mareeba another road 
runs west and north-west almost to the Gulf coast, then swings south to Normanton. 
From these main routes a sparse network of medium- to poor-quality roads and 
station tracks penetrates the rest of the area. Most of the roads are impassable at 
times in the wet season. 

A useful introductory account of the history of settlement and the major types 
of country in the Cape York Peninsula is given by Whitebouse (1947). 

(c )  Origin and Method of Survey 

Since this sparsely settled area is little known in detail, rational development 
will require greater knowledge of the nature of the country. To meet part of this need, 
the present survey was undertaken at the request of the Queensland Department of 

*Division of Land Research, CSIRO, Canberra. 
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Primary Industries as a rapid reconnaissance designed to give an outline of the 
major types of land. As a first step, characteristic photo patterns were identified 
and delineated on air photographs at scales of 1 : 50,000 and 1 : 85,000. Then 
the nature of the land forms, soils, and vegetation of these patterns was investigated 
during three weeks' field work carried out by helicopter in August 1966. Finally, 

Fig. 1.-Main roads, settlements, and sampling sites. 

the photo interpretation and field work were collated and 20 types of country or land 
systems were identified. These are described in Part I1 and their distribution is 
shown on the accompanying map at a scale of 1 : 1,000,000. 

During the survey, observations were made at 220 localities (Fig. 1); as this 
is an average of only 1 observation per 250 sq miles, the survey information cannot 
be detailed and the maps are highly generalized. The density of observations ranges 
from 1 per 850 sq miles in mountainous areas to 1 per 35 sq miles on lowlands with 
cracking clay soils. 
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11. GENERAL DESCRIPTION 

(a) Relief 

The relief of the Mitchell-Normanby areacan be described in terms of six physical 
regions; their distribution is shown in Figure 2. 

(i) Eastern Highlands.-Broken relief, ranging from sea level to 4400 ft, occupies 
the eastern 20% of the area from Cape Melville sonthwards. It is the most varied 

Fig. 2.-Physical regions. 

region in terms of geology and relief. In  the north there is a deeply dissected sand- 
stone plateau; in the south the relief is maidy hills and lnountains on folded sedi- 
ments bnt includes extremely rocky mountainous areas on granite and volcanic rocks. 
The eastern limit of this physical region follows the Great Divide in :he south and the 
coast in the centre and north. The coastal section includes rugged headlands and 
cliffs on hard rocks, extensive dune fields, and restricted plains on young coastal 
sediments. 
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(ii) Central Uplands.-This region, comprising 12% of the area, consists of 
undulating country on weathered and fresh metamorphic and granitic rocks as well 
as slightly more accidented country on folded greywackes and other sediments. 
Patches of sand and gravel occur locally, while tors are a feature of some of the 
granite areas. 

(iii) Western Plains.-This region forms 31 % of the total area. I t  lies mostly 
between 200 and 500 ft  above sea level but rises locally to over 1000 ft  on the Great 
Divide. It consists n~ostly of sandy or loamy plains on weathered terrestrial sedi- 
ments laid down in Tertiary times, slightly dissected in most areas by shallow valleys, 
and often pitted by shallow closed depressions. In the sonthern part occurrences 
of shaly rocks give rise to gently undulating areas with deep clay soils. 

(iv) Laura Plains.-This region, mostly below 300 ft and occupying 13 % of the 
area, coincides with a structural basin floored by sedimentary rocks. It consists of 
low tablelands and plains and resembles the western plains described in the previous 
paragraph. The surface is generally sandy or loamy except where shale and claystone 
are locally exposed and give rise to heavier-textured soils. 

(v) Lower Mitchell Plains.--These occupy about 20% of the area and all lie 
below 250 ft. They consist of Late Tertiary to Recent alluvial sands, silts, and clays 
with a relief of channels, levees, back plains, and back swamps on the younger parts. 

(vi) Coastal Plains.-These form a continuous fringe between 2 and 15 miles 
wide along the west coast, are extensive round Princess Charlotte Bay in the north- 
east, and occur locally in embayments of the east coast. They comprise 4 %  of the 
Mitchell-Normanhy area. The plains are developed on young marine and fluvial 
clays and on low sand ridges a few feet high that run for long distances more or less 
parallel to the coast. 

(b) Drainage 

The Great Divide separates the area draining east or north to the Pacific from 
the much more extensive area that drains west to the Gulf of Carpentaria (Fig. 3). 
East of the Great Divide the major river is the Normanby which flows north to 
Princess Charlotte Bay. Several shorter streams, of which the largest are the 
Endeavour River and Annan River near Cooktown, flow directly to the east coast. 
West of the Great Divide the main drainage artery is the Mitchell which, with its 
tributaries the Alice, Palmer, Walsh, and Lynd, drains nearly half the area. Other 
rivers west of the Great Divide that flow directly to the Gulf of Carpentaria include 
the Staaten and the Coleman. 

All the rivers have a marked seasonal regime. High water with extensive 
flooding occurs during the rainy season (November-April), while towards the end of 
the dry season even the largest rivers cease flowing except where deep sands provide 
a continuous supply of ground water (Hann River) and in the narrow belt of high 
rainfall in the south-east. Permanent water-holes, however, are a common feature 
along the major streams. 

By Australian standards the area has a large run-off. The Mitchell probably 
carries 8,000,000 acft  per annum to the sea, a volume equivalent to that of the 
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Murray where it joins the Murruinbidgee, and the Normanby system carries 
6,000,000 ac ft. 

(c) Geology 

Precambrian metamorphic rocks and related granites crop out in a meridional 
belt which runs through the centre of the area (see geology map) and broadly corres- 
ponds to the centraluplands physical region. Extensive areas of these rocks are covered 

Fig. 3.-Drainage. 

by a thin cover of Tertiary residual sand and gravel and deep weathering has affected 
the rocks in places. 

Palaeozoic greywackes and other sediments occupy an extensive area in the 
south-east and east. These rocks have been extensively deformed and locally meta- 
nrorphosed and are interspersed with granite intrusions. They give rise to generally 
steep broken country forming part of the eastern highlands physical region. On the 
western margin is a north-south belt 5-8 miles wide and 90 miles long of rather older 
folded sediments including chert, greywacke, and reef limestone. 
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I11 the south, in the upper basins of the Tate, Walsh, and Lynd Rivers, 
Palaeozoic granite and volcanics (mainly resistant welded tuffs) crop out. The 
granites have been deeply weathered in places but the volca~~ic rocks have scarcely 
been affected. These rocks underlie the southern parts of the eastern highlands 
physical region. 

During the Mesozoic, widespread marine transgression(s) laid down sediments 
that are now extensively preserved on the western half of the area, in the Laura basin 
south of Princess Charlotte Bay, and sporadically elsewhere. The Jurassic, Triassic, 
and Lower Cretaceous sediments were mainly resistant quartz sandstone from several 
score to several hundred feet thick. This sandstone survives west and north-west 
of Cooktown and forms part of the eastern highlands physical region. Moderately 
resistant Lower Cretaceous sandstone also forms low plateaux on the western margin 
of the Precambrian belt. Unresistant Cretaceous shale, siltstone, and claystone, in 
part calcareous and often deeply weathered, underlie much of the western plains 
physical region where they are largely covered by younger terrestrial deposits. Similar 
sediments also occur on the Laura plains south of Princess Charlotte Bay. 

SmaU areas of Cainozoic basalt occur in the extreme south-east, in the east, 
and near Cooktown. 

Cainozoic terrestrial sediments cover more than half the area. They include 
sand, silt, clay, sandstone, sandy claystone, and conglomerate. The sandstone and 
claystone are the most widespread and are intimately associated with laterite and 
deep weathering; they extend over most of the western plains and Laura plains physical 
regions. The sand, silt, and clay were laid down as extensive deltas and flood-plains 
at various times by the main rivers, and they form the lower Mitchell physical region. 
Marine and estuarine clays and sands occur conti~~uously along the west coast, 
round Princess Charlotte Bay, and sporadically along the east coast. Wind-blown 
sands occur mainly on the east coast, particularly in the Cape Bedford-Cape Flattery 
area. 

(d )  Climate 

The area has a subhumid to humid tropical climate with marked wet and dry 
seasons. Practically all the rain falls in the months from November to April inclusive. 
Most of the area receives between 35 and 50 in. per year but much higher rainfall, 
exceeding 100 in., falls on the rugged coastal ranges in the east and north-east. 
Temperatures are fairly high throughout the year; the mean ranges from about 
70-75°F in June and July to 80-85°F in December and January. Humidity is higher 
in the wet season and near the coasts. Annual pan evaporation is probably 60-80 in. 

(e) Soils 

Eight major groups of soils have been recognized. Alluvial soils on recent 
alluvium are immature and range in texture from medium sands through silty clays 
to clays. Cracking clay soils, mostly of considerable depth, occur on fine-textured 
alluvial or coastal sediments and on shales; they are either acid or alkaline at the 
surface and generally alkaline at depth. Texture-contrast soils have formed mainly 
on alluvial and colluvial deposits and vary widely in depth and structure of the horizons 
and in pH. Massive earths are the most widespread soil group; they have gradational 
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profiles in which the clay content increases with depth, and include red and yellow 
earths and leached grey and brown earths. Structured red and brown soils occur 
on old alluvial plains and on weathered older rocks; loams or clay loams at the surface 
grade into clays at depth. Uniform medium- to fine-textured loams or clays with 
moderately acid reaction occur sporadically on a wide range of parent materials. 
Uniform coarse-textured soils of acid reaction are widespread on deeply weathered 
terrestrial deposits and associated colluvium. Shallow rocky soils predominate on 
hills and mountains. 

Cf) Vegetation 

Two major botanic types exist in the Mitchell-Normanby area. On the wet, 
eastern coastal mountains are scattered occurrences of vine forest. These were not 
examined during the survey. Elsewhere the survey area is under eucalypt and paper- 
bark woodland. Fifteen subdivisions have been recognized within these woodlands; 
the generalized distribution of eight categories of vegetation based on these sub- 
divisions is shown on the vegetation map. 

The eucalypts are mainly stringybark and bloodwood on level well-drained 
country, ironbark on rugged country, box on lowlands, usually with soils of heavy 
texture, gums in better-watered valleys in the east, and mixtures of these species. 
The eucalypt woodlands in places open out to form a parkland often in association 
with deciduous scrubs; on the other hand denser communities occur in places and 
include many shrubs. 

The paperbark woodlands are likewise very varied in species composition and 
range from open parkland to fairly dense scrubs. 

The grasses are mostly bunch types and are dormant during the dry season. 
Limited areas of salt-marsh vegetation and mangrove scrub occur at the coast. 

(g)  Lnnd Use 

The area is, and will be for the foreseeable future, mainly devoted to raising 
beef cattle on native pastures on very large properties. Little development has been 
carried out and stocking rates are very low. Most of the more rugged area in the 
eastern third is unused but some forestry is carried on in wetter areas. Despite the 
extreme seasonality or the climate (Plate 5, Fig. 2) and consequent great variability 
of pasture quality during the course of the year, there seems to be scope for some 
pasture improvement and rather more intensive grazing. On the limited areas of 
cracking clay and structured red soils there are possibilities for fodder crop production 
under dry-land conditions. Other soil types suffer in part from stoniness, risk of 
flooding, unfavourable structure, poor water-retaining properties, and infertility. 
Forestry offers a possibility for development in some parts of the area. 

The cooperation of the following individuals and organizations is acknowledged. 
Mr. R. F. Isbell, Division of Soils, CSIRO, provided much additional soils informa- 
tion from his own work in the area. The section on vine forest was written by Dr. L. J. 
Webb and Mr. J. G. Tracey, both of the Division of Plant Industry, CSIRO. Mr. A. 
Brunt, of the Commonwealth Bureau of Meteorology, Brisbane, supplied climatic 
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data. Officers of the Commonwealth Bureau of Mineral Resources, Geology and 
Geophysics furnished much published and unpublished geological infolmation. 
The Queensland Government Botanist and staff, Brisbane, identified the plant speci- 
mens and checked the vegetation chapter. 

Plates 6-16 are Crown copyright and have been made available by courtesy of 
the Director of National Mapping, Department of National Development, Canberra. 
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PART 11. LAND SYSTEMS O F  THE MITCHELL-NORMANBY AREA 

By R. W. GALLOWAY,* R. H. GUNN,* and R. STORY* 

I. INTRODUCTION 

The Mitchell-Normanby area has bcen divided into 20 land systems, each of 
which consists of tracts of country with similar air-photo patterns and generally with 
similar relief, rocks, soils, vegetation, and landscape history. They are discussed 
in the rollowing tabular descriptions and their distribution is shown on the coloured 
1 : 1,000,000 map. They are arranged according to relief and, broadly speaking, 
age of the underlying rocks. From rugged country on old hard rocks the sequence 
of land systems passes through gently undulating terrain on Mesozoic sediments to 
plains on Tertiary and Quaten~ary alluvium. 

Each land system is illustrated by a block diagram and by a vertical air photo- 
graph (Plates 6-16). The photographs and most of the diagrams are at a scale of about 
1 : 50,000 (twenty times greater than that of the land system map). The line on the 
photographs approxinlately indicates the area shown by the block diagram. It is 
hoped that the vertical air photographs will enable users to correlate land system 
descriptions with the appropriate patterns on mosaics or other air photographs of 
the area. The vertical exaggeration of the block diagrams is x 10 for plains and 
x2: for all other areas. The land systems have been named after 1 in. to the mile 
photo mosaics on which they are extensively developed. 

Each land system is in turn divided into land units which are smaller more 
homogeneous areas that recur repeatedly. The units are too small to be mapped 
individually but their distribution within the land system is indicated in the following 
tabular descriptions; typical examples are indicated by numbers on the vertical air 
photographs and their spatial relationships and association with geology are indicated 
on the block diagrams. As a general rule, the units within each land system are 
arranged in topographical sequence from the highest to the lowest. The units are 
briefly described in tabular form. Dominant soil families and vegetation com- 
munities in each land system are listed, and further details call be found under these 
headings in the soils and vegetation parts of the report. 

I11 view of the brief time spent in the field, the mapping and descriptions of the 
land systems and land units are highly generalized. More detailed work would 
undoubtedly lead to further subdivision and fuller descriptions. In a fuller survey, 
for instance, the mountainous Starcke land system would be split into three separate 
land systems corresponding to each of the three units recoguized here, and doubtless 
several land units would he defined in each of these three new land systems. 

The number of observations made in each nnit is listed in the tabulated land 
system. This figure gives some idea of the degree of generalization. 

* Division of Land Research, CSIRO, Canberra. 
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11. MAJOR TYPES OF COUNTRY 

Because the nature of the area is broadly related to the underlying rocks, the 
land systems have been arranged into major types of country according to dominant 
geology and relief. This arrangement is also followed in the reference of the land 
system map, in the tabular description of the land systems, and in the plates. 

(a) Molrlltains and Hills on Resistai~t Volcanics, Granite, and Sediments 

This rugged country forms most of the eastern highlands physical region and 
small parts of the central uplands. Starcke land system consists of rugged mountains, 
hills, and deeply dissected plateaux carrying ironhark or mixed eucalypt woodland 
and some box; shallow stony soils with much outcrop and rapid run-off are character- 
istic. It  is divided into three geographically separate nnits according to geology. 
Utiit 1 is rounded massive hills 011 granite and volcanics; unit 2 is formed by deeply 
dissected plateaux of quartz sandstone (Plate 1, Fig. 1); unit 3 comprises very broken 
country on folded greywackes and other sediments. Limited areas near the east coast 
receive higher rainfall and form the rugged vine forest country of Rumula land system 
(Plate 1, Fig. 2). Maytown land system is made up of lower hills forming broken 
country with short steep slopes (Plate 2, Fig. 1). 

(b) U~~dulati i~g Country on Fairly Resistant Metarnorphics, 
Granite, Sediments, and Basalt 

Hodgkinson land system on greywackes and other sediments and Arkara land 
system on metamorphics (Plate 2, Fig. 2) generally carry ironbark or bloodwood- 
stringybark woodland. They form the greater part of the central physical region on 
shallow or gravelly soils. The relief for the most part is gently rolling with small hills 
and steeper ridges on particularly resistant beds. 

Lukin land system on basalt consists of plains and low stony plateaux with 
structured red soils supporting open bloodwood and box savannah. 

(c) Plains and Lowlands on Unresistant Shale, Claystone, and Siltstone 

Maple land system (Plate 3, Fig. 1) consists almost entirely of lowlands and 
plains with clay soils carrying deciduous scrub or grassland; small areas have a sandy 
detrital cover with yellow earths and bloodwood-stringybark woodland. In Brixton 
and Annaly land systems the proportion of bloodwood-stringybark woodland on 
earth soils is much higher. 

(d)  P l a i ~ ~ s  and Lowlands on Weathered Terrestrial Sedimeltts 

This is the most extensive major type of country making up much of the western 
plains and Laura plains physical regions. Koolburra land system occurs in level to 
gently ~ndula t i i~g  divides and has sandy earths overlying deep weathered profiles 
and supports bloodwood-stringybark woodland (Plate 3, Fig. 2). Slight dissection 
and stripping have given rise to the very extensive Balurga land system in which 
shallow valleys with paperbark woodland on the slopes and grassy floors are separated 
by broad interfluves with sandy red earths and bloodwood-stringybark woodland. 
Further stripping has given rise to part of the Mottle land system comprisi~ig paper- 
hark plains and patches of eucalypt woodland (Plate 4, Fig. 1). 
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(e) Plains on Older Alluriunz and Collui~ium 

Extensive plains were built up by the Mitchell and Normanby river systems 
in Plio-Pleistocene times. The older parts form the Leinster land system (Plate 4, 
Fig. 2) and are dominated by paperbark woodland and massive leached earth soils. 
The somewhat younger Dunbar land system has a well-preserved system of old 
levees and channels crossing plains with paperbark woodland. Ninda land system 
occurs on alluvial and colluvial fans of varying age carrying varied eucalypt and 
paperbark woodlands and scrub. 

Cf) Plains on Younger Alluviunz 
These plains have been built up in geologically recent times by the main rivers 

of the area. Alluviation is still active in parts and much of the area is regularly flooded. 
An intricate microrelief of levees, back plains, and channels is cbaracteristic. Radnor 
land system is on slightly earlier alluvium, lies slightly higher, and has more mature 
soils than Cnmbulla land system. Levees carry eucalypt woodland or, locally, gallery 
forest while back plains support open savannah or grassland. 

(g )  Plains and Dunes on Young Coastal Sediments 
Clay plains, low sand ridges, and dunes fringe the west coast and much of the 

east coast. lnkerman land system (Plate 5, Fig. 1) is dominantly poorly drained 
plains with saline or alkaline clay soils above tide level. Battersea land system is 
rather lower and includes extensive areas of tidal mud flat with salt-marsh vege- 
tation or bare areas. 

Flattery land system consists of complex dune fields on the north-east coast. 
Most of the dunes have long since been stabilized and carry eucalypt woodland or 
scrub. 

111. CORRELATION WITH THE LEICHHARDT-GILBERT SURVEY 

The adjoining Leichhardt-Gilbert area was surveyed in 1953-54 (Perry et al. 
1964).* While someland systems and their boundaries are continuous across the border 
between the two survey areas, in other cases there is a discontinuity. 

There are two main reasons for these apparent discrepancies. 
Firstly, the two areas are indeed different; in particular, the rainfall is con- 

siderably higher in the Mitchell-Normanby area than over most of the Leichhardt- 
Gilbert area. Consequently, the representative vegetation and soils of land systems in 
.comparable situations in the two survey areas can be vexy different even though they 
fend to merge near the boundary. Changes in the relative importance of units over 
such extensive areas can lead to differing groupings of similar land units being 
recognized in the two survey areas. 

Secondly, field work by surface transport occupied 6 months in the Leichhardt- 
Gilbert area compared to 3 weeks by helicopter in the Mitchell-Normanby survey. 
Consequently, the emphasis in field observations and the degree of detail varied 
considerably between the two areas. 

'PERRY, R. A., SLEEMAN, J. R., TWDALE, C. R.,  PRICHARD, C. E., SLATYER, R. O., 
LaznnroEs, M., and COLLINS, F. H. (1964).-General report on lands of the Leichhardt-Gilbert area, 
Queensland, 1953-54. CSIRO Aust. Land Res. Ser. No. 11. 
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In view of these difficulties, the Mitchell-Normanby survey was essentially 
carried out with no direct reference to the Leichhardt-Gilbert area and it was decided 
not to use the same name even for a land system that was similar in the two areas. 
Such similar land systems are indicated in the land system tabular descriptions in the 
present report. 
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Mountains on volcanics, granite, greywackes, and other sediments; deeply dissected plateaux on quartz 
sandstone; shallow rocky soils; ironbark or mixed eucalypt woodland. 

- 
Land AIoa and 
Unit I Distribution 1 La"d Forms 1 Soils Vegelafion 

Similar to Wairuna. Onona, Torwood. m d  Leichhardt land systems aftho Leichhardtcilberl area 

I 
2 ohr. 

2 
4 obs. 

3 
2 obr. 

40 % 
Mainly in 
south 

35% 
Mainlyin 
north 

25 % 
Mainly in 
centre 

Mountmins on granite and 
volcaicl; 200M000 ft above 
sea level; siitromelv rocky with 
extensive out~rops; narrow 
vrusy3 ,"with little or no a~~uvium 

Dissected randstone ~lateaux; 
locnlrolief200-1500fi. restricted 
summit surfac~s lo:all~ with 
ironstone gravel caps- rocky 
b e n c h e s a n d c ~ f f s o n u ~ ~ ~ r s l o ~ ~ ~ ;  
very restricted sandy alluvial foot 
=lopes in narrow valleys 

Disscctod mountains on folded 
sediments a d  mctamoiphicr; 
Io=alrelief30~200oft '  restricted 
calruvirl foot 6looes' stony in 
uowr part. subject io guuying 
and sheet crosloo 

Mainly rocky land and shallow 
rocky soil. Mlmgana. small 
arcan of sba~law sandy soils 
Cardwell (Uc4.2). with abundani 
=ravel 

Mainl~oufcropandshallo~vrocky 
soils; =hallow gravolly red and 
yellow earths. Rroaklyn (CnZ.11, 
2.241, on summit surfaces; 
shallow uniform sandy roils 
Cardwcll (Uc2.21), on loof slop; 

Mainly shallow rocky soils, Emu 
(Um4.1). with stony surfacestrew 
andminoroutcrous; minor nrers 
of texture-cantrarf soils Stelvarf 
(Db2.43). an foot slop& 

Outcro~ with rolne deciduous 
scrtlb (Pelolorrig,,zo proseno 
elrowhers iro71brrk woodlmd (E: 
slrirlryi, E. a,iiorii E brvifo;,,, 
cairisis, shrubr. ~ b n t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  in 
= a n  with E. olbi) ovor ~ h ~ ? ~ l ~ d ~  
oortrolis, Scblroclryric~r~~, samc 
sllinifer 

Mixcd eucalypt woodland ever 
green mired scrub or Pa&rhrrk 
woodland; shrubs short 
or mid-height grass; some lrncr 
wood scrub 

Iranbark %voodlmd (E. c~,ll~,~ii). 
foot slopss, box woodland 
M. virldg~rn E .cnliojii and 
bloodwaod: both over T ~ : ~ ~ ~ ~ u  
oustroiir and bofh ,"it11 some E. 
"16" in the east 
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Mountains an  granite, greywackes, and other sediments; uniform he-textured soils and structured red 
loams: vine forest. 

Land 
Unit 

I 
I obr. 

Area md 
Distribution 

~hroughauf 

Land Forms 
- 

steep ruz8.d mountains on 
granifa and folded redimcnls 

Soils 

~ t r u c t u r ~ d r e d a c i d l o a ~ t t t ~ ~ y ~ ,  
Springvale (Gn3.14, 3.11). and 
unifarmac~drcd and brownlonms 
and elavs. Frarrr lUm4.2. Uf4.2): 

Vegetation 

Vinoforest 



LAND SYSTEMS OF THE MITCHELLNORMANBY AREA 21 

Closely dissected low hills on volcanics, greywackes, and other sediments; shallow gravelly uniform medium- 
to fine-textured soils; ironbark woodland, some box woodland. 

V.E. r 2.5 

m F o i d e d  sediments (.r=IvolcaniCl ~ C o l l u y l u m  and ~lll""l"rn m L i m e r t o n e  

Land Area and 
un i t  I Distribution I Forms soils I vesetarion 
- 
I 
4 obr. 

2 
1 obn. 

3 
2 obs. 

-. 
75 % 
Throvshout 

20 % 
Throughout 

5% 
Chillagac area 

--- -- 
Closelv dissected hills local 
relief 10C~500 St. slop4 mostly 
15-60% and 106-500 yd long; 
much outcrou; active gullying 
nnd stream erosion 

- 
Colluvial foot slopes; 10-100 yd 
low; stony upper Parts with 
slo~eslO-ZOY' rnnd~andloamy 
lower parts v;ii slopsa 1-137. 
sew putcraps: sullying aod 
eros,on cornon 

Broader foot slopes; partly 
colluvibl from limestonq partly 
erosions1 with sporadic outcrop 

Shallow gravelly uniform 
md,m to finc-texturcd soils. 
Maitland (Um2.12, Uf4.2 1.41) 
very stony at surface d-3 in: 
diam.) 

Texture-contrast sails Gamboala 
0 ~ 3 . 4 1 )  and Stewari (DbZ.431; 
rninor shallow rocky soils. 
Mungana (uc4.11) 

-- 
Structured red and brawn soils 
Springvale (Gn3.15) and wyaaba 
(Gn3.25) 

- 
Lranbark woodland (E cl,~~e,lii) 
rbrubs common near 
some box woodland vsually an 
gentle slopes, with ~ I ~ O ~ W O O ~ .  
Pelolostixmn bmnksii and ground 
cover of Tilenlcdo brrstrolir and 
Arlslido; some gum woodland in 
east 

Box woodland as in unit 1; 
patches of paperbark woodland 
(M.vividflarn)withsimilarground 
EOYCT, somesum woodland incalf 

Ironbark woodland (E.  cullenii), 
or paperbark woodland (M. 
virldiporol wilh an admixture of 
deciduous scrub (no Pelalanigmo) 
and ground cover of short grass 
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Undulating to hilly country on greywdcke and other sediments; shallow gravelly soils; ironbark woodland. 

I I M i l e  

Folded sediments mmm Alluvium 

Land area and 
Unit Dirtribution Land Forms Soils Vegetation 

1 10% Shallor" gravelly fine-textured Ironbark \"oodland as in unit 1 of 
1 obs. Sporadic soils, Mritlrnd (Uf1.41, 4.21 Maytownland system 

s lo~es  mostly 15-60%; much 
omcrop; active gullying and 
<,rrilm -?"%in" 

2 
2 ab.. 

- 
3, but no limcstonc Lerched grcy marnivc earths, Ironbark woodland IE sirirleyi) I Stabten (Gn2.82) I but very variable 

-- 

3 
2 obs. 

I I 
Nurro~~all~vialnrisand!ecraces; Gradational ~lructurod acid to I n  cast, gum waodlund: in !vest, 
possibly subject to Aaodlng neutral brown loams, Wyaaba ironbnrk woodlmd as for unit 5 

(Gn3.25, 3.54); probably also 
texture-conlrrst soils 

45 % 
Throughout 

<5% 
In ~aulh-erst  

. .. . .. ... .- 

Crests m d  upper slopes: 50-250 
yd long; local relief 40-100 ff; 
slopss mainly 3-10%: stony in 
places 

- 
As for unit 1 

Shallow gravelly uniform 
mcdium-textured roils, Maitland 
(Um4.1); madeirtely acid with 
10-SO% gravel to  1 in, dirm. 

Ironbark woodland IE cztN1~ii1 
with papcrbark, rcatiercd bar, and 
elements of deciduovs scrub 
(Peloioslignto present): ground 
cover The,nndo 1,,s,m1ir. neier  
ODoPorr co.lonr,s. Sclri~oclrvrim,,,~ 

Shallow gravelly rnarsiuc oarfhr, 
Brooklyn (Gn2.14). and shallow 
(24 in.) structured red sails, 
Springvale lGn3.14) 

. . 

Mirod eucalypt waodland (blood- 
wood, E crrlienii, M. virirlXoru, 
~mnmbzm rorrrlosn, ~ c n c i u  jloves- 
c n , ~  over Thernedo nz,slrolis, 
Hercropago. ca2l""Brr, Arirtirlo) 
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Undulating country and law stony hills on metamorphics and granite; massive earths and uniform sandy 
soils; bloadwaod-stringybark or ironbark woodland. 

V.E.x25 

I . I M i l e  

~ h l e l a m o r p h i c r  ond granite Delril.1 sond ond grmrel 

Lnnd Area and 
Unit I Distribution I Forms I I Vegetation Soils 

Hills and strike ridges; local 
relief10&500ft; stony rifhmuch 
OUfCrDB 

- 
Mainly shallow uniform sandy 
roilr with abundant rounded 

I I I (Dv3.411 I texture-contrait soils, Gambooln 

15% 
I" centre 

4 %  1 IJ,"~~~lhcogni~,~~i:Iy 1 ii&(D'E;:UZ;e-Con'"S' roils, Not samplsd; other workecr 0 abs. In centrc I report ironbark woodland 

Similar to Kilbogis land syrtcm of the Leichhardt-Gilbert area. 

5 
4 obs. 

40% 
In south 

Undulating country on little- 
wcathorod granite and mcta- 
morphics; evsn rlopss 2-10%; 
low rocky knolls common on 
crosts; narrow sandy alluvial 
flats and drainage floors 

Shallow gravelly uniform randy 
soils, Crrdwell (Uc4.2), on upper 
slopos; mae~ivcyellowandbrawn 
earths, Knlinga (Gn2.94) and 
Staaten(Gn2.45).onlowcrsIop~~; 
texture-confrrsl sails, Stewart 
(Dd1.831. in drainage floors 

Hills, ironbark woodland or 
bloodwood-sfrinpybarkkvoodland, 
with deciduous scrub an outcrops 
(Peloloslignm present): same 
mixed eucalypt woodland; box 
woodland on flats 
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Plains and law stony platcaux on basalt; sfructurcd red soils; box woodland, some bloodwood, ground cover 
of kangaroo grass and black spear grass. 

i l  Mil* 

rn Boralt  Alluvium 

Land 
u n i t  - 

1 
1 abs. 

Area and 
Distribution 

north of 
Cooktown, 
~osnibly on 
bnralt in 
extreme 
south-cart 

35% 
Mainly in 
Butchers Hill 
area. oossiblv 
.I.o'."" baszit 
in extreme 
.",.+h.rl"t 

Land Forms 

Gently undulating plains with 
fcw o u s r o ~ s o n w c a t h c r c d  basalt: 
:-2 mi1cn across 

-- 
10% Probably cracking slay soils From ~ h o t ~  pattern rnaillly box \la,; some 8ns$land and 

Stony undulating plains and 
plateau taps; bouldsrl  oufsrops 
common; :-2 miles across 

Soils 
-- 

Gradational ar uniform clay 
1ovms fa ciayr: red subsoils with 
~mooth-pea structure; acid to 
neutral reaction; moderately 
deep to deep, Springvale(Gn3.11, 
Uf6.31) 

Vegetation 

Bolt woodland ( E  leptoplrlebd 
wit11 romc bloodwood; ground 
cover of Hetero1,opon co,,,ortr,s, 
Ther,zc,/m l.o!rslroiir, Dirl%o~~fltirr!~z 

Very shallow rocky neutral clay 
loamr, Emu (Um6.41) 

Savannah of bloodwood and 
C~rvilleu mimoroider, ground cover 
as unit I 
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Plains and undulating lowlands a n  shale; cracking clay sails; deciduous scrub or grassland 

1 ,Mile 

a l e r t i o , ~  sediments Sh-le 

--- 
1 
1 abs. 

4 %  
Sporadic 

2 
2 obs. 

3 
3 O ~ S .  

4 
Oobs. 

Plains on shales; slopes 0-2%; 
occasional minor outcro~r  

As for unit 2 

Alluvial Aafr; slay and sand; 
nrerumablyfloodedinwetseason 

65 % 
Thrauphout 

30% 
T ~ ~ O U ~ ~ O U ~  

<5% 
Throubhouf 

crensorlowrisen; rlopeno-2%; 
thin layer of randy gravelly 
detritus on weathered shales 

Moderately deep to deep cracking 
self-mulchingclaysoils, Wrotham 
(Ug5.22, 5.14) 

Moderalelydee~fodeellcrrcking 
clay roils, mottled at dcpth, 
Wrotham (Ug5.22, 5.24): sparre 
grave1 strew on surface in places 

Probably cracking slay roils 

- 

roamy ycllow earths with 
abundant concretionary iran- 
stone, Kalmga (Gn2.22). -or 
uniform fine-textured ~ 6 1 ~  ~ i t h  
abundant sancrotionr on 1orvor 
slopes, Mimosa (Uf6.31). and 
texture-contrast soils, Hama 
(Dr2.12) 

~ e c i d v o u s  scrub (,,o P ~ ~ ~ , O . V ~ ; ~ , , , ~ )  

G r a s s l a n d  (Schixoclryrinmr 
iseilenm, qpcracere, A I I ~ ~ ~ ~ ~ ~ P ~ ~ ,  
Sorghunz, Leguminorae) 

Deciduous scrub or grassland as 
for unite 2 and 3 

 loadw wood-rtringybark 
land or box woodland ( E  micra- 
nertrb) over Arerido Retaropopon 
contorelrr, D ~ ~ I ~ ~ . ~ I & ~  
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(8) BnlxTON LAND SYSTEM (570 S Q  MILES) 

Plains and lowlands on shales and shallow weathered terrestrial sediments; yellow earths; savannah woodland 
or box woodland. 

V.E. x 2.5 

I I Mil. 

Shnle m s o n d  ""d 

vegetation 

Bloodwaod-slringybarkk wood- 
land; some savannah of Evthro- 
p ~ r ~ e a m  and occasional E. micro- 
neuro E orgilluceo; rparsr ground 
cover(ar mixed grasses 

Box ( E  nrsi!lacco) or paperbark 
woodland with scattered bload- 
woad; sparse ground cover of 
mhed grasses 

Box woodland ( E  microneurn. E. 
orglllacro) ovcr Aristido. Hetsr- 
opogotr corrtorlus, Dichonlhlrm, 
Scl~iiocl~vririm 

Dc~iduausscrub~naPeIaI~~tizma); 
or gras91snd and savannah 
(scattcrsd E. n8icronenro, E. argil- 
lacra ground cover of Themeda 
ezzstrblis, sorphr<m. Lsguminorns, 
cyperacene H<,erapogow con- 
rorrm, ~ic&nrl~i~,rn, Isdemo) 

Soils 

S h a l l o ~ ~ a c i d v e r y ~ ~ a v c l l ~ m a ~ ~ i v i  
earths and uniform smdr, 
~ ~ ~ ~ k i y n  (0n2.14) and cardwell 
(Uc4.2) 

'rexture-contrast soils with thick 
sspdy grsvclly surf??ce 
solis over acrd mottled subsollr, 
Oamboola (Dy3.41) 

Mainly loamy yellow earths, 
K?Iinga[Cn2.22,2.61); extensive 
vnlrorm fine-textured 

~ i m o s r  (Uf6.31); both 
with much concretionary .ran- 
stone and gravel 

Deep dark cracking clay soils, 
Wratham (ug5.16) 

Land Forms 

Rirm capped by sands and 
gravels; gently undulatmg; 
10&1000 yd across 

Upper doper immediately below 
""it 1. 5510%; stony 

50-200 ydlong; frequent 
gullies 

Plains m d  broad inferfluvc.on 
shale with thin loam m d  rand 
cover; rlopsr 0-2% 

undulating lowlands an .hales; 
slopes O-S%; 200-2000 yd 
BCTO.P; some gullies on steeper 
parts 

Land 
Unit 

1 
I obs. 

1 
2 obs. 

3 
1 obr. 

4 
1 obs. 

Area and 
Distribution 

10% 
Sporadic 

10% 
Sporadic 

60 % 
Throughout 

10 % 
Throughout 
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Lowlands on partially dissected terrestrial sediments over shale; massive earths and texture-contrast soils; 
paperbark or bloodwood-stringybark woodland. 

V E ,  x 2.5 

a Terflary $edimenls a Shale 

Land 
unit 

I 
2 obs. 

Area and 
Distribution 

45% 
Th~hroughout 

Land Porms 

Plains and broad interfluver' 
slopes0-2%; nasurfacedrainag; 
buf 80me sheet wash; silt or 
sand; t-l mile across 

Soils 

Mainly leached grey and brown 
earths, gravelly in places staaten 
(Gn2.94); some shallow'gravelly 
red m d  ycllow earths, Brooklyn 
(Gn2.241 

Vegetation 

Bloodwaodstringybarr woodland 
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Plains and low plateaux on weathered Tertiary sandstone; sandy red earths; hloodwoodstringybark woodland, 
same paperbark woodland. 

V E . r  2.5 

Land 
Unit 
- 

1 
8 obs. 

- 
5 % Sloping margins of unit 1: slogen 
Throughout 2-8%. LOO-LOO0 yd long; activc 

sheet wanh 

5 % Lower slopes rnd valley floors; 
Sporadic 10rL1000 yd across; probably 

sandy surfaceunderlaininprrl by 
siliceous hardpan; usually 
channels 2-10 ft deeo: bed load 

Prabablysandyyellawcarthr and 
uniform sandy roils 

Probably uniform rands and 
texture-c0ntrart roil. 

vegetation 

Bloodwaad-sViogybark woodland 

- 
Bloodwoad-sfrinwbark woodland 
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Extensive plains on weathered terrestrial sediments; sandy red and yellow earths and uniform sandy soils; 
bloodwood-stringybark woodland, some paperbark woodland. 

V.E. x 2.5 

Land Arc6 and 
Unit  I Distribution 1 Land I Soils I vezetr t ion 

Similar to Drndry  land system ofthe LeiehhardbGilbert area. 

1 
I 1  obs. 

2 
10obs.  

3 
15 abs. 

4 
14 obs. 

65 % 
Throughout 

20% 
Throughout 

10% 
Throughout 

5 %  
Throughout 

very crfonrivc plains and  broad 
intsrAuvss; slopcr 0.2%; no 
surface drainage but  some sheet 
wash on steeper parts: no to 100 
milen across hut shalla\v valleys 
of units 2 4  cvsry 1-3 miles 

Mid s l o ~ e s  ol shallow valleys 
dissecting unit 1; slopes 2.8%; 
fewdrainngslincrbutacfiiiihhhL 
wash; 100-1000 yd long; 
occasionally extend over upger 
rlopss and intcrfluvsr 

Lowerrlopm ol shallow valleys; 
dop%~2- l0%;  occasionrlshallow 
gullies; rilicoous hardpan com- 
mon;  50-250yd long 

Floors of shallow ual!eyr; 100- 
50Oydasrorr; oftenunderlainby 
siliceous hardpan: smaller valley 
floors have no channels: larger 
uallcyfloorshavcinciseddhhhhhl~ 
2 4 0  fl  deep with bed load rand;  
also subcircular swampy dellre-  
.ions l00dOO yd across in valley 
floors and on intcrRuvei 

Mainly sandy red and yellow 
carfhr,Kimba(Gn2.14, 2.1S)md 
Clark lGn2.25). occa~ionally 
loamy earth. on 1s.r quartzars 
rocks: extensive uniform red, 
yellow, ar shallow gravelly sands 
on quarflore rocks i n  north and  
cast Bridge (UcZ.21) Healy 
( u ~ i . 2 1 1 ,  and cardwell i u ~ 2 . 2 1 )  

Mainly deep yellowish brawn to 
red acid sands, Bridsc IUc2.21 
2.12) and Hcaly (Uc4.2): 
fensive sandy red and  ycllow 
oarths, Kimba IGn2.4) and Clark 
(Gn2.82). and leached grey and  
brown massive eartbr. Stsaten 
(Gn2.94, 2.84) 

Mainly uniform acid brown and 
grey sands, Bridge (Uc2.22) and 
Bafhurst(Uc2.20). on umer "arts 
of slopes grading to foxture- 
contrast soils with thick sandy 
rurfaco and neutral subsoils, 
Gambaola (Dy2.42); romo 
massive earths. Clark IGn2.25). 
Sfaafon (Gn2.54). m d  Lorraine 
(Gn2.86) 

Innormrlcatena,mainlyferture- 
contrast roilr, Alice (Dy3.43). 
Stewart IDy2.43). and Gamboola 
(Dy3.42):  i n  arepr of su?rtmse 
rocks .mamly unlfornl acld grey 
and brown sands, Bathurst 
IUc2.22), Cardwell 1 U d . l l )  
minor alluvial roilr, ~ ~ 1 ~ ~ ~ ~ 1 ;  
(Um6.21),Bosworth(Uf1.43),and 
Morehead l U d . 2 )  

BIood,vood-stringybark woad- 
land, romctin~sr wifh E. cwllenii: 
occasional papsrbark woodland 
and  evergreen mixed scrub 

Bloodrvoodsfringybark wood- 
land, tending to bo lowcr and  to 
havc more shrubs and fewor 
bloodwoods than usual; some 
evergreen mixcd rcrub and paper- 
bark woodland 

Papcrbark woodland (M viridi- 
pero) with occasional bloodwood. 
~ o m e  evergrsen mixcd rcrub and 
bloodwoodstringybark wood- 
land; short grass 

Grassland and ravnnnnh, mainly 
short grass and Cyperaceae with 
scattered paperbark, bloodwood 
and box: somc paporbark wood! 
land (M. viririperu M ry?,rplryo- 
cargo) wifh similar hround cover 



30 R. W. GALLOWAY, R. H. GUNN, AND R. S T O R Y  

(12) MOTTLE LAND SYSTEM (489 SQ MILES) 

Extensive plains on weathered terrestrial sediments, siltstone, and alluvium; massive ear ths ;  paperbark or 
bloodwood-stringybark woodland. 

V E .  x 10 

. r I Mil. 

mg~pd:;;:! % i ~ ~ ~ ~ p  sili<eou. hardpon 

Land 
Unit 

1 
7 obr. 

2 
S obr. 

3 
2 obs. 

Area and 
Distribution 

35% 
Throughout 

--- 
60 
~h~hr:ughout 

5% 
Throughout 

Land Forms 

Plains' slope. 0-3Y' often 
forms'very slight ris=saiOO-1000 
yd across interspersed in unit 2; 
mainly rands:. siliceous hardpan 
occasional below rumco 

Plains; f4 miles across; slopes 
0-2%; riliccous hardpan cam- 
mon below surhce 

Floorr of rhallor valleys; sides 
slow 2-5%: Roors Rat and 10D- 
400 yd across; onenunderlsin by 
slhceour hardpan' smallervalley 
Aoors have no ;hannels. large 
vallevs haveinched channbs2-20 
It docp with bed load sand; 
occasional swampy depressions 

Soils 

Uniform brawn and grey acid 
rands on aliallf rises Bathursf 
(Uc2.12) and nridgO (Uc4.2)- 
minor saody red earths. z m b d  
(Gn2.10). loamy yellow earths 
Kblingil (Gn2.24). and leached 
grey and brown carthr, Staaten 
(Gn2.95) 

Mainly leached grey and brown 
massive earths with hardpnn 
Crowbar (On2.951 and texture: 
contrast soils wilh'thick or thin 
saody surfsce horizons and 
neutral to  alkaline subsails 
Gamboaia (Dy3.22) and ~ 1 1 ~ ;  
lDb2.23). samesandy andloamy 
yellow earths. Clark and Krlinga 
(Gn2.25) 

Texture-contrast soils with 
stronglyalkalinerubsoiI~~Stfffft 
(Dy2.83) and Alice (Dy2.43) 

Vegetation 

Bloodwood-striopybarkwoodlrud 
or mired eucr ly~t  woodlmd 
(blood~voad, box, E. retrodwto, 
Hakca, (ircviil=o, M. viridflorn, 
M. sai:r,gno): ground cover 
Schi~~cityri~~mr, Aristidn, Eriechr8e, 
sorzhr,nl 

Paperbark woodland (M viridi- 
para, M. solisno) ~ i t h  
bloodwood and box; some ever  
green mixed scrub; ground cover 
Sciriiiihy~ii,m, Arirtido, Cypcr 
aceas, Ti!onr,rosrocirion. Drascro 

Grassland or savannah (Eriochnc, 
Arislidu. Schirociz,rinm Cyper- 
aceac, rcaffcred ilanerba;k, blood- 
wood, Creuillco) 



LAND SYSTEMS OF THE MITCHELLNORMANBY AREA 31 

Extensive uniform old alluvial plains; leached grey and brown massive earths with hardpan; paperbark or 
bloodwoadstringybark woodland. 

V.E. x 10 

I I Milr 

=Old ai luvial  deposits  Siliceous h a r d p a n  

Land 
u n i t  

1 
7 oba. 

2 
10 obs. 

3 
3 obs. 

S i m i l a r  land forms m d  vegetntion to those of Mnyvale land systcm of the Leichbardt-Gilbert area, 

4 
3 obs. 

Area and  
Distribution 

30% 
Throughout 

60% 
Throughout 

5 % 
Throughout 

5 %  
Sporadic 

Land Forms 
- 

Plains; level to very gently un- 
ddating;  oftenonslightriserand 
old levees; dopes mainly 0-1 %, 
locally up to 2 % ;  mrioly 
medium-fexturod old alluvium; 
fairly deeply weathczca: siliceous 
hardpan common below 3 ft 

As for unit I but  some tendency 
to bo on .lightly lower ritos 

Old valley Raors forming broad 
shallowdcpr~rbnrwitl~n~a~fiii 
strcam ininkion; sand to clay; 
sametimes siliceous hardpan 
below 3 f t  

Shallow incirsd vnlleys 30-100 ff 
deep,:-2milcs wide; scaldsdand 
dissected areas common on 
weathered silts and  siliceous 
hardpan outcrops; rfrenn~r in- 
cised 5-20 it into hardpan with 
frequent water-holes 

Soils 

Mainly leached grey and brown 
massive earlhr wit11 hardpan 
horizons, Crowbar (On2.94, 
2.85); minorloamyyellowearths, 
Kalinga (On2.85) and Welcome 
(Go2.86>,andrandyvellowcarthh, 
Clark (Gn2.25) 

Mainly lonchod grcy and brown 
massive earths with hardpan, 
gene rail^ mottled, Crowbar 
(Gn2.941; extensive brown acid 
ta ncvfral mottled structured 
laams, Wyraba (Gn3.05, 3.25); 
minor sandy yellow earths Clark 
(On2.45). and  alknlinc 'loamy 
yeIlo,v earths, Lorrains (Gn2.93) 

Mainly leached grey and  brown 
marriveorrths,Cra~vh~r(On2,95, 
2.85); son~c texture-contmsiroilr 
with thick sandy surface and 
neutral subsoils, Gamboola 
(Dy3.22); offcn containing can- 
cretionarv ironstone 

Vegetation 

Bloodwood;.tringyba~k, box. or 
~ r p e r b a r k  woodland (M. viridi. 
floro, M.  aervosa), some evergreen 
mixod scrub; ground covor 
Selriioclzyrir,~~i, Sorghurrr, Clrryso- 
pagon fullax, Drosera, Cyperacere 

Pagerbark woodland (iu. viridi- 
floro) with scattored bloodwood 
and  mired grasses and cyperrcear 
( S o r g h u m ,  S e h i r o c l z y ~ i s , n ,  
Eriachne. Ailoleropsis, Ckryso- 
pogo. follox, Hcfsropogovz con- 
torrud 

Paporbark woodland (M. viridi- 
f i rn )  with some box end  blaod- 
wood over Schimel>yriual. C y ~ e r -  
aceae, Xrioclme, Allotero~sis. 
Arirridn 

- 

Alkaline leached groy and brown 
marsiveearthr,Lorraine(Gn283), 
texture-contrast soils, Stewart 
(Dy3.23), a d  uniform f ine 
tcxturod soils. Mimosa (Uf6.41) 

Scalds paperbark scrub ( M .  
foliolosol and  some box aver 
Scl~hochyrirmi and  Arii~idd: else- 
whuhere box woodland (6. rnllcra- 
,!erryo) with bloodwood and paper- 
hark over Schhncl#yrirrr,~, Cyper- 
acene, and Sorghum 



R. W. GALLOWAY, R. H. GUNN, AND R. STORY 

(14) DUNBAR Lam SYSTEM* (4250 SQ MILES) 

Extensive old alluvial plains with levees and shallow dep~.essions; massive leached grey and brown earths; 
savannah or paperbark woodland, scattered box. 

V.E. x 10 

I ,Mil* 

s o d  m o l d  alluvial deporilr ~ s i l i c e o u r  hardpon 

Vcgctation 

Bloodwood-rtringybrck wood- 
land; or papsrbark woodland (M. 
viridora,  some M nervesol wlth 
bloodwood and box (E. .,nitro- 
rhea) and ground covsr of ~~~~r~~~~~ s ~ ~ ~ ~ , ~ ~ ~ ,  Eriadne. 
s<l2ir~<i,,."i;,"t, C ~ , ~ S O ~ Y ~ O , ,  ffllox, 
Drosero 

Savaooah of paperbark (M. 
virir1i/,oro) and box (~microrlrrco) 
over rather dense cover (Cypcr- 
accas, ~ ~ i n c ~ , n e  bt,rkittii, ~nnicwnt 
decomposilrtnl. SorgllUm, Oryla. 
Dlch~,t,onll!lt~r!rri superci/inr~~~~~I; some 
,,rperbarkscrub(M. foIiiI~~o)a"d 
evwgreen mired scrub 

Paperbark waadlnnd; where 
waterlogged dense M. soliwn, M. 
sre~~oxluchyn with ground covci 
scanty or lacking, elsewhere open 
M. viridi/loro w t h  some box (E.  
nlicrorheco) and d e ? ~  giqund 
cover ofErlorhnr bnrk8trii.Pnnlcrdrrr 
decomposirunf, Sorgl~n,tn, Sclfbo- 
chyrlrrm, Arirlid", Cyperaceae 

raperbark scrub (M. loliolmo) 

Similar to the Miranda land system of the Leichhrrdf-Gilbcrf area. 

Soils 

~ ~ i f ~ ~ ~ d ~ ~ ~ t ~ ~ ~ t ~ r e I ~ ~ s b r b b b b b  
="& midss (Uc2.22). and 
ma3sAe leached grey and brown 
earths, Staatrn (Gn2.94. 2.81) 

iwainly leached grey and brown 
mnrsive earths. stsaten (Gn2.94, 
2.81) minor Crowbar (Gn2.94); 
in .&th~west extensive cracking 
c1.y soils i ( 0 0 l ~ t ~ h  (Ug5.v, 
yanro (iJg5.24) gi~gaied m 
,I,,, Gilbert (dg5.24); minor 
textur;-contrart solk  amb boo la 
(Dy3.42) and sfewa;t (Dy3.431. 
and structured alkaline brown 
soils, Waferhole (Gn3.931 

Mainlyfcxture-confr~sttoils,a~id 
to hard mollled rubsods, 
Gamboola (Dy2.42) Stewart 
(Dy3.43), and ~ ~ ~ ~ a ' f D y 3 . 4 1 ) ;  
somc Isached grey a n d  brown 
carlhs with acid hardpan, Sfsaten 
(Gn2.85) 

~ ~ ~ b ~ b l ~  texture-contrasf soilr 
andleachedgrcyandbrownearths 

Lend Forms 

old  levees of former streams; 
sand and some silt: 5-50 ft high, 
1W-1WO yd wide 

Plains. level to gently un- 
dulatiig; mostly 0 4 % ;  
mainly clay and fine sand; 
~ a s n i b ~ y  flooded in part 

Depression,. rubsircular, 5-20 
ft deep, 160-1000 yd across; 
contain water hr much of the 
,car; also old drsilage floors 
with no activm stream mclsion 

shallow incised ~ ~ l l s y s :  scalded 
and dirrcctcd areas common on 
,"cathered clay and ri1iccous 
hardpan: streamn incwrd 5-20 ff 
into hardpan withfrcquenl wafer- 
holes 

Land 
Unit 

I 
4 obs. 

2 
9 obr. 

3 
3 abs. 

4 
l obs. 

Arca and 
Distribution 

15% 
'rhroughout 

75% 
~ h r o u g h o ~ t  

5 % 
Throughout 

5 % 
Sporadic 
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(15) NINDA LAND SYSTEM (1160 SQ MILES) 

Colluvial and alluvial aprons and fans; texture-contrast soils; mostly paperbark woodland but very variable. 
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(16) RADNon LAND SYSTEM* (1520 SQ MILES) 

Stable alluvial plains largely above flood level; texture-contrast soils; grassland or savannah. 

r Similar to ~ i r a n d a  landsystem of the Leichhardt-Gilbert area 

Lrnd 
Unit 

1 
6 abs. 

2 
9 obs. 

3 
I abs. 

-- 
4 
0 obs. 

h e r  and 
Distribution 

30 % 
Mainly on 
lower 
Mitchell 

60 % 
~ h r o u g h o ~ t  

5 % 
~ h r o u ~ h o u t  

5 % 
~ h r o u g h o ~ f  

Land Forms 

~ e v e e ~ ;  2-10 ft  high, l0&500 yd 
wide. slopen 4-2%: silt and 

minor areas ,"ivith sevcrr 
rheeiand gully erosion 

i p i ;  .slopw 0.: %; 
:-3 miles ,ide;, clay and ~ d t .  
possibly flooded in part 

Old channob; 5-30 ff deep 20- 
200 yd widc; ~ o ~ d ~ d  in' wet 
season; some form permanent 
wafcr-holes 
- 
younger alluvial compl~x; 
channsls,levees, and narrow back 
plains; all flooded in wet revson 

Soils 

~ a i d ~ t ~ ~ t ~ ~ - ~ ~ ~ t ~ ~ ~ t ~ ~ i l ~ h  
thin and thlck surface horrzons 
and strongly alkalime to neutral 

Alice (Dy2.33). stewart 
(Dy3.23) and Hanna (Db1.12); 
minor ia~myred oarths, Coloman 
(Gn2.14) 

Mainly tcrfure-cantrast~oils ~ i t h  
thinsandy or loamy surfaccsails 
and strongly alkalinc subsoils, 
lice(Dy2.33); extensiveareasof 
alkaline cracking clay rolls, 
K a a l a t a h  (Ug5.25. 5.5),  
oc~asionally acid, Yanko (Ug5.51, 
and structured brown ioamr, 
neutral to alkaline. Wyaaba 
(Gn3.IZ)and Waterhols(Gn3.93) 

Alkalinc cracking clay spil with 
linear or rounded d e ~ r a n o n s  1-2 
it deep, Koolatah (Ug5.16) 

Recent alluvial sails 

V~getrf1o.n 

~ ra s s l and  or savannah, fairly 
denre Arislido, Scirixocllyrium, 
rsaile,na,cypcraceae, Herrropogos 
canloflus, scattered bloodwood, 
bqx. Dor2hinia, Telszinolia; some 
mmed eucalypt woodland; somc 
hlaadwaod-rtringybark woodland 

GrarjLand or r n v a m h  as for unit 
1, wv~th added Eriacltne bnrkinii, 
~oflxrioci~lan, Vefiveria, Sordz18rt1; 
some dccidvous scmb ("0 

Petnlosli.enia1 

Box woodland (B rnicroIl!c~~), 
~xcoecorin, denscn"d-height grass 
(Eriodmc krkillii, Punicnnr, 
Dmdryoclzno), Cyneraceae 

very variable. paperbark wood- 
land mainly (M. ileucndmd~o~l, M. 
orrcnteo), eucalypts on levces 
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Alluvial plains in part actively forming and largely flooded in the wet season; texture-contrast soils; paperbark 
woodland. 

C J 1 Mi le  

Alluviml clay, $ 1 1 8 ,  smnd 

Land Area and 
Unit I Distribution I Land Forms 

'Similar to parts of Miranda and Gilbert land systems orthe Leichhardt-Gilbcrt aroa. 
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Coastal clay plains with low sandy beach ridges; salinealkaline cracking clay soils; grassland, some mixed 
evergreen scrub. 

V.E. x 10 

I 1  Mil. a r..:r.i =~. . ine-es tuar ine  clay 

I 
Area and I h o d  Forms I Soils 1 vegetation 

I 10% 
Throughout 

20% 
Throughout 

clay plain! slightly lower than 
unit I ;  m a d y  old lagaonal clay 
now above ser level: width 
variable uo to 5 miles 

Mud A a l l  andswamp. flooded by 
nvsrsin wetsearonand by higl~ert 
tides; 5L500 yd wide 

-1 Sallne mud 
I 

 are, or rnangrovc scrub 

rands, Dinah (Ucl.21) 
brown 

Similar fa narf of Carpentaria land syntom in the Lcichhardf-Gilbert area. 
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Coas t a l  mud flats; saline-alkaline cracking clay and uniform fine-textured soils; patchy sal t -marsh  vegeta t ion 

a l ternat ing with large bare areas. 

V E .  x 10 

I I  Mils 

0 Sand Clay 

Land ( Area and 
Unit Distnbufion Soils I vegotation 

1 
l o .  

--- 
1 111% / n a y  plains slightly above unit 1; cracking strongly alkalins clay salt-marsh ve etatiin of short 

Similar to part of Carpentaria land system of tho LcichhardbGilbert area. 

60 % 
Throughout 

3 
1 obr. 

4 
I obs. 

-- 
5 
I obr. 

Cyperaccae wiPh some Sporobolrm 
virwbziccrr. Iseilerno. and sesbonio 

1 ohs. Throughout LOW1000 yd w ~ d e  

Bare saline mud flats probably 
Rooded in w e t  soason and 
covered by highest ,id=: LOO- 
5000 yd wide 

soils, Marina (Ug5.16); slightly 
eilenied in ~ l acos  

5% 
Throughout 

10% 
Throughout 

10% 
Throughout 

- 
salin-lkaline cracking clays, 
Carpentaria(Ug5.4),anduniform 
h- textured soils, Nassau 
lUf6.61); ~utTy flocculated salt 
layer at surface 

similar to unit 2 

Law parallel sand bench ridges 
and intervening rwales: quartz 
and shell sends: la~ally modifled 
by wind action 

Tidal channel5 and swamps 

Bare 

. . -- 
As for unit 1 

Uniform fine wellsorted sands, 
Dinah (Uc1.13. 1.211, onridges 

Miscellaneous land, saline mud, 
permanently moist to  wet 

- . . 

Salt-marsh vegslalion of 
Artl,roo,emc,", 

Mixed eucalypt woodland of 
blaodwood and box, with shrubs 
and varied non-sucalypf treen and 
grasses; somstimes without 
 eucalypt^ ta corm open evergreen 
mixed rcrub with tall grass m d  
occasional palms 

 ang grove scrub 
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(20) FLATTERY LAND SYSTEM (280 SQ MILES) 

Dunes largely stabilized by vegetation; uniform sandy soils; evergreen mined scrub 

V.E. x 2.5 

I I Mile 

Wind-blown sand 

Vegctafion 

Fr?m photo pattern, similar to 
u n ~ t  4 of Jnkerman land sptem- 
mixed eucalypt woodland or open 
evergreen mimd scrub. 

Mainly bare 

From photo oattern, salt-marsh 
vegetation 

Soils 

Probably uniform fins sandy 
soils, Dmah (Ucl) 

Probably texture-contrast =oils 

Land Forms 

stabla dunes forming linear 
ridges 50-100 ft high 

Unstable dunes subject to 
blowiuine; loose quartz sand 

swamlls and lakes bstween dunw 

Land 
Unit 

I 
0 obs. 

2 
0 o b ~ .  

3 
0 abr. 

Areaand 
Distribution 

75 % 
Throughout 

15% 
Throughout 

10% 
Throvghovt 



PART 111. CLIMATE O F  THE MITCHELL-NORMANBY AREA 

On the basis of rainfall and temperature, the area has a subhumid to humid 
tropical climate with marked wet and dry seasons. During the dry season the 
intertropical convergence zone is well to the north of the continent an$ prevailing 
winds are from the south. Dry, relatively cool weather and only very occasional light 
rainfalls occur during this period from May to October. With increasing temperatures 
and proportions of winds from the north and north-east, local convectional thunder- 
storms occur at the beginning of the wet season in November. In December and 
January the intertropical convergence zone moves south and the influx of moist air 
masses brings heavy rain to the area, particularly along the east coast where winds 
meet steep mountain barriers rising to above 1000 ft. A further important climatic 
control is the incidence of tropical cyclones which occur regularly in the, area and 
cause torrential rain. These disturbances usually originate in the Coral Sea between 
latitudes 8" Brid lSOS. and move slowly in a westerly direction. Many re-curve near 
the coast and pass duthward, but others may continue inland and occasionally 
move westward across northern Australia or re-curve in the interior and move east- 
ward -across southern Queensland (Bureau of Meteorology 1940). The following 
frequency of occurrence of cyclones-over a 10-yr period has been shownby Brunt 
and Hogan (1956): December &I, January 2-3, February 1-3, March 1-3, April 0-1. 

(a) Rainfall 

Average annual rainfall increases from about 35 in. in the south of.the area to 
more than 70in. along the north-eastern coast in the vicinity of Cooktown. 
Considerably higher rainfall occurs on the coastal slopes of the eastern highlands. 
A small part in the north-west has rainfall in excess of 50in., which is probably 
associated with cyclones originating in the north and west over the Gulf of Carpentaria. 
According to Dick (1958), the variability of annual rainfall is 2&25 % (mean deviation 
expressed as a percentage of average rainfall). The mean annual isohyets are shown 
in Figure 4. 

A most striking feature of the rainfall is its marked seasonal distribution. 
With the exception of Cooktown where 40 out of an average of 120 rainy days a year 
occur from May to October, about 95% of rainfall at other stations in the area 
occurs from November to April. The average number of rainy days during the dry 
season is about 7 and rainfall in this period is generally less than 2 in. The months 
of highest rainfall are January to March. Although no data are available regarding 

*Division of Land Research, CSIRO, Canberra. 
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rainfall intensities on an hourly basis, falls from 10 to nearly 14 in. in 24 hours have 
been recorded at Coen, Musgrave, Palmerville, and Walsh River. The general 
characteristics of the annual rainfall regime are given in Tables 1-3. 

Fig. 4.-Isohyets of mean annual rainfall. 

(b) Temperature 

Temperature data are available for a few stations in the area and are shown 
in Table 4. On the basis of these figures temperature conditions appear to he fairly 
uniform throughout the area. At Coen just outside the northern boundary of the area, 
mean maximum teniperatures range from about 82°F in June and July to 92°F in 
December. Mean minimum temperatures range from about 61°F in July to 72'F 



TA
BL
E 

1 
M
E
A
N
 M

O
N

T
H

L
Y

 
A

N
D

 
A

N
N

U
A

L
 R

A
IN

FA
LL

* 
(I

N
.) 

S
ta

ti
on

 
N

o.
 o

f 
Ju
ly
 

A
ug

. 
Se

pt
. 

O
ct

. 
N

ov
. 

D
ec

. 
Ja

n.
 

F
eb

. 
M

ar
. 

A
pr

. 
M

ay
 

Ju
ne
 

A
nn

ua
l 

Y
ea

rs
 

n
 

B
ut

ch
er

s 
H

il
l 

14
 

0.
32

 
0.

23
 

0.
05

 
1.

05
 

1.
97

 
5.

20
 

11
.0

2 
10

.8
2 

10
.8

7 
1.

59
 

0.
51

 
0.

40
 

44
.0

3 
6 

C
hi

lla
go

e 
30

 
0.

27
 

0.
16

 
0.

19
 

0.
54

 
2.

20
 

5.
63

 
8.

29
 

9.
55

 
5.

21
 

1.
09

 
0.

45
 

0.
52

 
34

.1
0 

% 
C

oe
n 

C
oo

kt
ow

n 

D
un

ba
r 

Fa
ir

vi
ew

 

L
au

ra
 

M
ac

ar
on

i 

M
itc

he
ll 

R
iv

er
 

M
us

ga
ve

 

Pa
hn

er
vi

lle
 

76
 

0.
25

 
0.

14
 

0.
37

 
0.

77
 

2.
36

 
6.

13
 

10
.3

8 
10

.1
0 

7.
15

 
2.

02
 

0.
53

 
0.

47
 

40
.6

7 
& 

W
al

sh
 

78
 

0.
26

 
0.

10
 

0.
16

 
0.

61
 

2.
21

 
5.

98
 

8.
85

 
8.

53
 

6.
65

 
1.

30
 

0.
36

 
0.

39
 

35
.4

0 

* U
np

ub
lis

he
d 

an
d 

pu
bl

is
he

d 
da

ta
 o

f 
th

e 
B

ur
ea

u 
of

 M
et

eo
ro

lo
gl

r 
(1

94
0,

 
19

56
, 

19
66

). 



in December and January. At Palmerville in about the centre of the area, mean 
maximum temperatures range from 86°F in June to about 96°F in November. Mean 
miuimum temperatures range from 57°F in July to 73°F in January. According to 
Foley (1945) most of the area is frost-free but occasional light frosts have been 
recorded from June to August in the more elevated areas in the south. 

TABLE 2 
MEAN ANNUAL AND SEASONAL RAINFALL (IN.) 

Mean Summer 
Annual Sumner Winter Rainfall as 

Station Mean (Nov.-Apr.) (May-Oct.) Percentage of 
Mean Annual 

Butchers Hill 44.03 
Chillagoe 30.94 
Coen 45.06 
Cooktown 67.87 
Dunhar 41.26 
Fauview 38.51 
Koolatah 42.67 
Laura 35.86 
Macaroni 38i28 
Mitchell River 48.99 
Mt. ~ul l igan  30.85 
Musgrave 44.52 
Palrnerville 40.67 
Strathleven 35.92 
Yanraok 36.28 
Walsh 35.40 

Station July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June Year 

Chillagoe 1 0 0 2 4 9 13 12 10 3 1 1 56 
Coen 2 1 1  1 3 1 1 1 6 1 6 1 5  7 2 3 7 8  
Cooktawn 7 6 4 4 5 11 16 17 18 13 10 9 120 
Laura 1 1  0 1 3  9 1 4 1 4 1 2  3 1 1 6 0  
Pal~uerville 1 0 1 2 6 1 1  18 17 15 6 3 2 82 
Walsh 1 0  0 1 4  9 1 3 1 2  9 2 1 1 5 3  

*Day with 0.01 in. or more of rain. 

(c) Humidity and Evaporation 

Available data on relative humidity are shown in Table 4 and Figure 5. There 
is clearly a close relationship between distance from the coast and relative humidity. 
The 9 a.m. values at Coen, situated about 30 miles from the coast with an annual 
rainfall of 45 in., are on average about 17 %higher than at Palmerville, situated further 
inland with an annual rainfall of about 41 in. 
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No evaporation da ta  are available fo r  the area, but  estimates of mean monthly 

and  annual evaporation from the Australian standard tank based on the method of 
Fitzpatrick (1963) are given i n  Table 4. 

.-- --.. Coen . Musgrave - Palrnerville 

Ei di 20 L ,  
n July Aup. Scpt. Oci. Nov. Der. Jan Feb. Mar Apr. May June 

Fig. 5.-Mean monthly 9 a.m. and 3 p.m. relative humidity 
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PART IV. GEOLOGY AND RELIEF OF THE 
MITCHELLNORMANBY AREA 

Rocks, in the broad sense of all solid and unconsolidated materials underlying 
the area, largely determine the nature of the country, and consequently the geology 
forms a convenient framework for regional description. Ten major types of rock are 
delineated on the coloured geology map. In this Part these types are briefly discussed 
and some account is given of the associated relief. The broad relationship between 
geology, relief, and land systems is summarized in Table 5. 

This highly generalized account of the geology and relief is based on the maps 
and publications of the Commonwealth Bureau of Mineral Resources, Geology and 
Geophysics (in association with the Queensland Geological Survey), on study of 
the air photographs and topographic maps, and on field work. Readers seeking fuller 
information are referred to the following publications: Amos and de Keyser (1964); 
Best (1962); de Keyser and Wolff (1964); Lucas and de Keyser (1965a, 1965b). 

11. GEOLOGY AND LAND FORMS 

(a) Volcanics and Granite 

These Palaeozoic rocks occnpy some 7% of the area, mainly in the south-east. 
They are highly resistant and parts have been uplifted in Cainozoic time. 
Consequently, they form rugged country with extensive areas of outcrop, narrow 
rocky valleys aligned along structural weaknesses, and scanty soil cover. The highest 
part of the Mitchell-Normanby area, rising to 4400 ft  above sea level, occurs on 
the granite. Somewhat deeper soils are probably found in a small area in the 
extreme south-east where the rainfall is greater and vine forest predominates. Rapid 
erosion has removed any traces of Tertiary deep weathering or detrital deposits and 
the rocks are essentially unweathered except in the heavy-rainfall areas near the 
east coast. Alluvium is practically absent even along the major streams which 
have irregular regimes owing to the seasonality of the rainfall and the rapid run-off 
from steep slopes with much bare rock. 

Starcke land system (unit 1) and part of Rumula land system occur on these 
rocks. 

(6) Quartz Sandstone 

Resistant quartz sandstone and related conglomerate, siltstone, and minor shale 
cover some 4% of the survey area and occur in two main localities. In the east and 
north-east, Jurassic and Lower Cretaceous sandstone are strongly unconformable 
on folded greywackes and dip gently west or north-west towards Princess Charlotte 
Bay. In the south is a small syncline of Triassic quartz sandstone and a somewhat 

* Division of Land Research, CSIRO, Canbeua. 
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more extensive sheet of Cretaceous sandstone dipping very gently westwards towards 
the Gulf of Carpentaria. 

The sandstone in the east and north-east forms a deeply dissected plateau 
mostly rising to between 500 and 1500 ft above sea level. Narrow flat-topped ridges, 
deep valleys, bluffs, and rocky benches are the rule. On the more extensive ridge tops 
ironstone gravel and traces of laterite are preserved. Where the sandstone dips 
down to the plains round Princess Charlotte Bay local relief is less and the country is 
undulating with deep sand fill in the valleys. 

The Cretaceous sandstone in the south forms lower less dissected tablelands 
at 500-1000 ft above sea level, probably capped by weathered rock and laterite or by 
deep sand. 

Starcke (unit 2) is the land system developed on these sandstones. 

(c) Greywacke and Other Sediments 

In the south-east lies an extensive area of folded Upper Silurian to Lower 
Carboniferous sedimentary rocks. While greywacke is the dominant rock type, other 
sediments such as conglomerate, sandstone, shale, limestone, and chert are present 
andvein quartzis locally abundant. Altogether these rocks cover 10 % of the Mitchell- 
Normanby area. They are highly folded with some faulting and local mineralization 
and have probably been affected by uplift in the Tertiary. There are few signs of 
Tertiary deep weathering or detrital covei., probably on account of the relatively rapid 
erosion and considerable relief energy. Furthermore, extensive areas have been 
exposed to weathering and erosion only in later Cainozoic times after stripping of a 
former cover of basalt or Cretaceous sediments. 

The relief ranges from steep mountains rising to over 3000 ft above sea level 
(Starcke land system unit 3 and part of Rumula land system) to undulating low- 
lands (Hodgkinson land system) carved out along the upper Mitchell and other 
major rivers and on less resistant sediments in the Chillagoe area. Most of the 
relief, however, consists of -low hills with local relief 50-300ft (Maytown land 
system) and closely spaced narrow valleys giving rise to short steep slopes with an intri- 
cate drainage pattern. In the Chillagoe area limestone beds form spectacular rocky 
ridges rising abrnptly.100-300 ft above their surroundings. Soils are generally shallow 
and stony on the middle and upper slopes and somewhat deeper on ,the restricted 
colluvial cover of the lower slopes. Alluvium is practically absent. ' 

(d) Mefamorphics and Granite 

Precambrian metamorphic rocks crop out in a meridional belt running through 
the centre of the area and extending over some 5500 sqmiles (10% of the area). 
The rocks include schist, gneiss, quartzite, serpentinite, amphibolite, and. granite. 
On the east the belt terminates at a powerful fault zone, while to the west it is overlain 
by Cretaceous sediments. The fault zone has been repeatedly active during an immense 
period of time extending up to the latter part of the Tertiary. The strike of the 
metamorphics is dominantly NNW.-SSE. but locally swings around granitic intru- 
sions. In places the rocks are partially obscured by a thin cover of weathered detrital 
sand and gravel; the weathered zone may penetrate through the cover into the base- 
ment in these areas. However, most of the metamorphics are little weathered and soils 
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are generally shallow and outcrops frequent. On some of the granitic rocks, on the 
other hand, the micas and feldspars have been leached out, leaving deep residual 
quartz sand. 

Although these rocks are fairly resistant they have been subjected to such 
prolonged erosion in both pre-Cretaceous and post-Cretaceous times that they have 
generally been worn down to a gently undulating erosion surface between 500 and 
1000 ft  above sea level, rising to 1500 ft  in the extreme south. More broken relief 
is found on the eastern margin of the metamorphics where there has been compara- 
tively recent uplift along the boundary fault zone; elsewhere particularly resistant 
beds forin ridges a few score to a few hundred feet high. 

In the southern part of the area some Palaeozoic granites have given rise to types 
of country that are similar but locally diversified by nilmerous rocky tors. Throughout 
both the metamorphic belt and granites, alluviuin is of very restricted extent; it is 
probably sandy and subject to flooding. Over most of the metamorphics the vege- 
tation is open eucalypt woodland and on the air photographs a rather weakly 
developed linear arrangement of trees parallel to the strike can be discerned, though 
it is not readily apparent on the ground. 

Apart from minor parts of Starcke land system (unit l), Arkara is the sole land 
system on these rocks. 

(e) Basalt 

This is the least extensive rock type, occupying only 0.5 % of the area. I t  forms 
Lukin land system which consists of undulating plains or low rocky mesas with either 
fairly deep red soils or stony brown loams and clay soils. 

(f) Shale, Claystone, and Siltstone 

These sediments of Cretaceous age probably underlie the entire western half of 
the area as well as extensive tracts of the Laura plains. However, they are largely 
obscured by younger Cainozoic deposits and are actually exposed over only 6% 
of the area, mainly in the north-east, north-west, and south. They are horizontal or 
dip very gently seawards and are unresistant and not deeply dissected. Consequently 
they form plains and gently undulating lowlands with deep soils and slopes rarely 
exceeding two degrees. They have been deeply weathered but the weathered zone 
has been partially or completely stripped in some places; elsewhere mottled and pallid 
zones survive and are exposed in low hreakaways or creek incisions. Thin patches of 
Tertiary sand and gravel overlie the Cretaceous sediments in places, particularly at 
Fairview in the north-east, and have protected the underlying weathered shale or 
claystone from erosion. 

Maple, Brixton, Annaly, and parts of Mottle are the land systems associated 
with these rocks. Broadly speaking, these land systems comprise four types of country 
in varying proportions: cracking clay soils with deciduous scrub and grassland, box 
woodland on loamy soils, bloodwood-stringybark woodland on earth soils, and 
paperbark woodland on texture-contrast soils. The deciduous scrub and grassland 
are associated with unweathered shale and claystone; the paperhark and box wood- 
land are found partly on siltstone and partly on a very thin Tertiary sand cover. 
The hloodwood-stringybark occurs where this cover is thicker. The cracking clay 
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soils form the best pastoral country and have considerable potential for cultivation 
but they occupy only less than 1 % of the Mitchell-Normanby area. 

( g )  Weathered Terrestrial Deposits 

These deposits form by far the most extensive rock type, occupying 31 % of the 
area mainly in the north and centre. They consist of a mantle of detrital sediments 
from a few feet to a few score feet thick, ranging from gravel to clay but mainly sandy 
or loamy. They were laid down in Tertiary times (presumably by streams or sheet 
floods) over the planed-off surface of older rocks or the upper surface of Cretaceous 
marine sediments. The deposits are deeply weathered and their formation has been 
intimately associated with the development of a laterite profile. Actually, consolidated 
laterite is rarely exposed but it is possibly widespread. Silcrete (grey hilly) was found 
in situ only in the driest part of the area occupied by these rocks where the rainfall 
is barely 35 in. 

The surface of the terrestrial deposits is level or very gently undulating in 
keeping with its depositional origin and, where undissected, forms extensive sandy or 
loamy plains on major divides and on low plateaux, notahIy "The Desert" in the 
north-centre of the area. This is Koolburra land system. 

For the most part, however, the weathered terrestrial deposits have been 
shallowly dissected by wide valleys with flat floors and gently sloping sides with 
gradients rarely exceeding three degrees and often less than one degree. These 
widely spaced shallow valleys and broad undissected interfluves form Balurga land 
system which covers nearly one-quarter of the entire Mitchell-Norn~anby area. 
The upper reaches of the valleys usually have no channel and erosion is practically 
at a standstill although the presence of a siliceous hardpan implies active solution 
and redeposition of silica. Downstream, shallow channels 1-5 ft  deep cut into the 
floor and often expose the siliceous hardpan. On the gently sloping sides of the 
valleys a catenary arrangement of soils and vegetation is clearly developed, passing 
from bloodwood-stringybark woodland on deep earths or sands on the upper parts 
to texture-contrast soils with paperhark or grassland on the lowest parts. 

Thousands of shallow subcircular closed depressions up to 500 yd across occur 
in Balurga land system, particularly in the north-west. They usually have seasoually 
flooded clay floors 2-10 ft below the surrounding sandy plains. While some are 
formed through damming of old watercourses by drifting sand, the origin of others, 
particularly those on the interfluves, is obscure. They may be deflation or solution 
features. 

On the margins of Balurga land system superficial stripping and alluviation 
give rise to plains with paperbark scrub and small patches of eucalypt woodland 
often on very slight rises mapped as part of Mottle land system. Possibly tbis stripping 
has removed the weathered detrital sediments entirely in places and the landscape 
may be developed on the underlying Cretaceous siltstone. 

(h) Older Alluviunz and Colluvium 

In the south-west of the area an immense alluvial plain was laid down in Plio- 
Pleistocene times hy the Mitchell, Gilbert, and smaller streams. The plain is about 
100 miles wide and rises gradually from the Gulf of Carpentaria to about 250 ft 
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above sea level at its inland margin where it grades into, or abuts against, the 
dissected older deposits forming Balurga land system. Coarser material naturally 
tends to predominate in the upper, inland portions whereas liner material is more 
common in the distal parts. Smaller spreads of similar material occur on the lower 
Normanby River in the north-east. Colluvial and alluvial fans and aprons below 
hill and mountain masses in the east are also believed to be of similar age'and origin 
though of much~more restricted extent. 

Within the older alluvium and colluvium three types of landscape have been 
recognized. The h s t  is amonotonous plain with very shallow widely spaced valleys 
and a uniform pattern on the. air photographs, which has been mapped as Leinster 
land system. The material is often cemented by silica, particularly in the valleys, 
to form a hard sandstoneor fine conglomerate into which streams such as the Staaten 
River are incised 5-30 ft. These incised streams contain long permanent water-holes 
in many places. The slopes of some of the larger valleys have scalded areas and low 
breakaways where weathered profiles believed to be younger than those of Balurga 
land system are exposed. In the south of the area Leinster land system grades into 
part of Mottle land system, from which it is not always readily distinguishable as 
paperbark woodland tends to predominate on both. 

The second type of country on the older alluvium and colluvium comprises 
Dunbar land system. It consists of more diverse plains than those of Leinster land 
system, with old levees and channels of former distributaries of the Mitchell and 
seasonally flooded depressions. I t  is probably more subject to flooding than Leinster 
land system but both must have, much surface water at times on account of the heavy 
rainfall in the wet season and the low gradients. The materials and soils of Dunbar 
land system are finer-grained than those of the Leinster laud system and box woodland 
is more common. Dunhar land system often grades into Leinster land system and 
into land systems on younger materials so that its delineation on.  the map b 
only approximate. 

The third type of country consists of Ninda land system which occurs on alluvial 
and colluvial fans and aprons at the foot of steep hill country from Cape Melville 
south to Mareeba. The material is probably highly variable, ranging from coarse 
gravel to clay, and of varying ages and degrees of weathering. The situation below 
steep ranges suggests that extensive flooding is likely. 

( i )  Younger ~1luviu;n 

Alluvial deposits of Pleistocene to Recent age cover about 8 %  of the area. 
Alluvium is very restricted along the middle and upper reaches of even the larger 
rivers but formsextensive spreads along the lower Mitchell, Gilbert, and Normanhy 
Rivers and north-west of Princess Charlotte Bay. On the basis of air-photo patterns 
and field observations, at least two generations of younger alluvium have been 
identified. However, differences between the two generations are not always clear-cut 
and their mapping is conseqnently only an approximation. 

Both generations have a well-developed system of channels, levees, back 
plains, and back swamps. The channel pattern becomes progressively more intricate 
downstream as the number of distributaries increases and the elements of the relief 
consequently tend to become smaller and more closely juxtaposed. 
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The earlier generation has been mapped a s  Radnor land system. I t  tends to 
have deep mature soils and in middle reaches of the major valleys it forms a distinct 
terrace.. Channels and back swamps have clay floors and form quiet backwaters in 
the wet season or permanent lagoons. Levees are silt or fine sand and subject to 
scalding and badland erosion. The back plains are often above present floods but 
parts are probably under standing water at times in the wet season because of low 
gradient and high rainfall. 

The later generation of alluvium forms Cumbulla land system. Most of it is 
seasonally flooded and the soils are less mature than those of Radnor iand system. 
The channels have a bed-load of said or g r a d  and are fringed by miiior terraces and 
linear depressions under galle~y forest. The levees are sandy while the back plains 
are mainly clay. 

( j )  Coastal Sediments 

Coastal sediment's of Recent or Pleistocene age fringe the entire west coast, 
occupy an extensive area round Psincess Charlotte Bay, and occur sporadically on 
the east coast. Their area amounts to some 2250 sq miles. The inner margin of the 
coastal sediments is marked by an old beach ridge system almost cettainly of inter- 
glacial age. Contrary; to what has been observed in many other parts of the world, 
thereis no evidence that the sea was ever more than a few tensof feet above its present 
level during the Pleistocene. 

The sediments consist of clay or sand. The clay forms tidal mud flats, mapped 
as Battersea land system, which are either bare or have a scanty cover of halophytic 
vegetation. Some clay flats are inundated at every tide while others are affected only 
by occasional high spring tides. Winding tidal creeks fringed by mangroves occur 
particularly at river mouths. 

In slightly higher situations the clay now forms sedge- or grass-covered plains 
above tide level, often gilgaied and subject to flooding from rivers and from heavy 
rainfall in the wet season. These higher clay plains probably originated as tidal and 
lagoonal flats. On the lower Normanby River it has not been possible to delimit 
accurately the break from coastal clay plains to alluvial clay plains built up by the 
river. 

The sand element of the coastal sediments occurs as  low beach ridges'running 
more or less parallel to the coast or as parabolic dunes aligned south-east to north- 
west parallel to the prevailing dry-season winds. The beaches are usually built of 
quartz sand but shell sand also occurs in places. The inner ridges are older and less 
clear-cut, their form having been modified by wind, erosion, and soil formation. 
The beach ridges together with the higher clay plains form Inkerman land system. 

The parabolic dunes form Flattery land system which is confined to the east 
coast principally in the Cape Flattery-Cape Bedford area. They form linear ridges 
up to 200 ft high rising above swampy or lake-flled hollows. Several generations 
of dunes can be recognized on the air photographs. The older ones have deep soils 
and are covered by dense vegetation but are still subject to local blow-outs, probably 
after fires. The younger dunes have shallower soils and the youngest, close to the 
present beach, are still accumulating. 
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Prolonged erosion in early Mesozoic times formed a level to gently undulating 
surface cut across deformed older rocks. During the Jurassic and Cretaceous periods, 
seas invaded the land and deposited sandstones, shales, and claystones on both 
eastern and western sides of the Cape York Peninsula. The maximum extent of these 
deposits is not known but they may have covered all but the highest parts of the area. 
Sedimentation was interrupted in the south-east by uplift, which caused erosion to 
strip the Mesozoic cover and bite deeply into the underlying older formations; 
sedimentation was terminated by withdrawal of the sea at the close of the Cretaceous 
period. 

During the Tertiary, erosion was active on the higher areas of the centre and 
south-east, with concomitant deposition of thin terrestrial sediments over enormous 
areas in the west and round Princess Charlotte Bay. Deep weathering of these 
deposits took place and limited areas of basalt were poured out over older rocks in 
the south-east and on the coastal plain near Cooktown. Later, the extensive plains 
formed by the Tertiary sediments were dissected by shallow valleys. 

In late Tertiary times two phases of renewed deposition, associated with deep 
weathering, laid down extensive alluvial plains on the lower Mitchell and Normanby 
Rivers and locally on foot slopes below steep ranges in the east. 

At least two further phases of alluviation occurred in the Pleistocene giving 
rise to plains with an intricate relief of levees, channels, and back plains. In the 
Pleistocene, interglacial and post-glacial marine transgressions formed several 
generations of shoreline features near the coast. The large dune complex in the 
Cape Flattery area was probably also formed in response to Pleistocene climates. 
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PART V. SOILS OF THE MITCHELGNORMANBY AREA 

By R. H. GUNN* 

I. INTRODUCTION 

Owing to wide variations in environmental conditions in the area there is 
correspondingly great diversity in soil-forming factors. Of greatest importance 
have been the influence of past climatic and hydrologic regimes and the effects of 
weathering, erosion, and deposition over wide areas. Parent rock lithologies vary 
considerably and relief ranges from the nearly level coastal plains slightly above sea 
level to mountains rising above 4000 ft along the eastern border. Altitude, distance 
from the sea, and prevailing winds infiuence the amount and distribution of rainfall 
which ranges from 70 in. in the north-east to about 30 in. in the extrenie south. 
Variations in rainfall and drainage conditions affect the distribution of vegetation 
and soil fauna, and consequently affect profile development. 

Three major soil zones can be distinguished in the area. Most extensive is a 
catenary sequence of red and yellow earths, uniform sandy soils, and texture-contrast 
soils. This occurs in the western and Laura plains physical regions (Fig. 2) on strongly 
weathered variously dissected terrestrial sediments in the centre and north-east of the 
area. Sandy highly leached soils with low levels of fertility predominate. The second 
zone comprises leached grey and brown massive earths and alkaline and saline 
fine-textured soils in the lower Mitchell and coastal plains regions. Most of these 
soils are poorly drained and liable to flooding, and some are affected by salinity 
or siliceous hardpan. The third zone consists mainly of shallow sandy, gravelly, or 
rocky soils in the eastern highlands and central uplands regions. 

The southern boundary of the area is contiguous with that of the Leichhardt- 
Gilbert area surveyed in 1953-54 (Perry et ul. 1964). The soils of the adjoining land 
systems in that area are described by Sleeman (1964) but, for reasons given in Part I 
of this report, correlations between the two areas are poor, and only the solonchak 
soils of the coastal plains and thz skeletal soils of hills and mountains are coincident. 
Other previous soil studies in of near the area were limited to the observations on 
lateritic soils by Simonett (1957) and a mineralogical examination of soils on basalt 
in the Cairns-Atherton region by Simonett and Bauleke (1963). 

The scope of the soil investigation reported in this Part was a very broad rapid 
reconnaissance based on the examination of aerial photographic patterns and 220 
field observations. Asoil survey of the CapeYork Peninsula for the Atlas of Australian 
Soils was carried out concurrently with the survey reported here by Mr. R. F. Isbell, 
of the CSIRO Division of Soils, using the factual key of Northcote (1965). Most of 
the field observations made by Mr. Isbell have been incorporated in this report, and 
his generous assistance and cooperation are gratefully acknowledged. 

* Division of Land Research, CSIRO, Canberra. 
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11. SOIL GROUPS AND !?AMILIES 

The soils of the area have been arranged in 8 major groups and 36 families 
as shown in Table 6. The major groups are differentiated partly on a textural basis 
following the uniform, gradational, and duplex primary profile forms of Northcote 
(1965) and partly according to the nature and mode of formation of parent materials. 
They are generally broader than great soil groups. The families are distinguished 
according to differences in texture and thickness of surface horizons, reaction, parent 
material, colour, depth, and salinity. They have been given geographic names from 
the area and related to appropriate or approximate equivalent names where possible. 

The following soil descriptions are based on the examination of profiles by 
2-in. and 3-in. auger borings. Sites were selected according to photographic patterns 
distil~guished mainly by differences in land form and vegetation, and wherever 
possible profiles were examined to depths of 36iu. or more. The terms used to 
describe the soils are those of the Soil Survey Manual (United States Department of 
Agriculture 1951). Samples for analysis were collected from 15 profles that were later 
allocated to 9 families and the few analytical data are included in the descriptions. 

(a) Alluvial Soils 

The soils of this group occur on recent alluvial deposits and show little or no 
profile development apart from humic staining at the surface. These soils are wide- 
spread but occur in relatively small areas that cannot be shown on the accompanying 
soils map. They are clearly distinguishable from soils formed from older alluvial 
materials in which soil-forming processes have given rise to changes in texture, 
structure, colour, and other properties not present in the original materials. They 
occur on alluvial flats and fans in process of construction, often in association with 
older soils with well-developed horizons. The group comprises four families 
diiTereutiated according to variations in texture and salinity. 

(i) Morehead.--The soils of this family are medium sands that are either uniform 
to depths of 4 ft or more or underlain by layered finer-textured materials and gravel 
at about 2 ft. They occur on levees or in old channels and support woodlands of 
bloodwood. Colours are dark brown or grey at the surface and grade to brown or 
yellowish brown beneath. They are structureless and reaction is slightly acid 
throughout. 

(ii) Helenva1e.-These soils are uniform sandy to silty clay loams or loams 
and are generally underlain by layered materials of mainly coarser textures at abont 
2 ft. Some have uniform textures to depths of 39 ft or more. They occur mainly in 
Cumbulla and Ninda land systems under woodlands of Timor white gum, Moreton 
Bay ash, bloodwood, blue gum, or grassland, and are subject to flooding. Colours 
are dark brown to black at the surface and grade to brown, yellowish brown, or 
reddish brown. Soil reaction is slightly to moderately acid throughout. 

(iii) Boswort1f.-These soils are uniform silty or light clays throughout, some- 
times with a thin silty overlay at the surface. They occur in Cumbulla land system and 
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support woodlands of cabbage gum or grassland. They are dark brown at the surface 
and grade to yellowish brown at about 12 in. Structure is massive, consistence is firm, 
and reaction is slightly acid throughout. They are probably subject to overflow. 

(iv) Nassau.-The soils of this family are solonchaks with crusty or puffy salt- 
encrusted surface soils. They are deep uniform olive to olive-grey light to medium 
clays which are massive and strongly alkaline throughout and prominently mottled 
below the surface layer. They have formed on fluvial-marine deposits in Inkerman 
land system on the coasts and are either bare of vegetation or support scattered patches 
of samphire. They are probably flooded seasonally by overflow or by high tides 
in places and are permanently moist or wet below the surface few inches. They occur 
in association with the soils of Carpentaria and Dinah families. 

(b) Cracking Clay Soils 

The soils of this group are moderately deep to very deep medium to heavy clays 
with marked shrinking and swelling properties and imperfect to impeded drainage. 
They have formed mainly on fine-textured fluviatile and/or marine alluvial deposits 
south of Princess Charlotte Bay, near the Gulf coast, and on old flood-plains of the 
larger rivers and creeks. There are some extensive though rather scattered occurrences 
of sedentary soils developed on materials derived from Cretaceous shales in the south 
and north-east of the area. 

On the basis of 31 observations the so~ls have been placed in four subgroups 
according to differences in parent materials and six families on the basis of differences 
in soil reaction, microrelief, soluble salt content, and colour (Table 6). Most of these 
soils are grey and brown soils of heavy texture (Stephens 1962). 

(i) Carpentaria (Sleeman 1964).-These soils are dark strongly alkaline medium 
to heavy clays with a soft flocculated salty layer at the surface when dry. They occur 
on the coastal plains in Battersea land system and are either barren or support a sparse 
cover of samphire. They are liable to flooding by rain or overflow during the wet 
season and possibly also by high tides. In places they occur in association with low 
sandy beach ridges and kitchen middens. Large cracks form in the surface soils 
when they are dry but subsoils probably remain moist permanently. 

Colours are very dark grey to olive-grey at the surface and there is a gradual 
change to dark greyish brown, greyish brown, and light grey with increasing depth. 
There are many large prominent brown mottles below 12 in. The soft flocculated 
pnffy surface layer of 1-2 in. has abundant very fine crystals of sod~um chloride, 
and below this there is a firm subangular blocky horizon of about 4 to 6 in. The 
underlying soil is massive. In the three profiles examined the soils were moist at 
shallow depths and became very moist to wet and very plastic and sticky at about 
2ft. About 10% soft carbonate occurred in one profile at 2-5 in. and there were 
numerous shell fragments and occasional large carbonate concretions below 24 in. 
The soils are generally calcareous and strongly alkaline throughout. 

(ii) Marina.-These soils occur on plains inland from the coastal plains of 
Battersea land system and have formed on older marine clays and/or finetextured 
alluvial deposits in Inkerman land system. They have slightly developed gilgai 
microrelief (6-12-in. interval between mound and depression), support a grassland 



vegetation of salt-water couch and sedges, and are probably snbject to seasonal flood- 
ing by rain or. overflow. They are very dark grey to dark greyish brown medium to 
heavy clays that gradually become greyish brown and olive-grey with many prominent 
brown or yellow mottles below 2-3 ft. Two profles examined to depths of 60 in. 
near the eastern coast contained 10-15% carbonate in the form of soft accumulations 
or hard concretions in the upper 2-3 ft  and shell fragments were numerous at depths 
below 3 ft. These profiles were slightly to moderately calcareous and reaction was 
strongly alkaline below the surface few inches. In one other profile near the Gulf 
coast about 10% fine gypsum crystals occurred below 3 ft  and carbonate was absent. 
In this profle, reaction increased gradually from slightly acid at the surface to strongly 
alkaline below 4ft.  Structure and consistence in the three profiles were medium to 
coarse blocky and firm to hard to depths of 2-3 ft, and massive, soft, and plastic 
in the very moist subsoils. 

Analytical data in respect of two profles, one in the east and one in the west 
of the area, indicate that these soils have moderate to high contents of soluble salts 
(0.53-0.98x) and exchangeable sodium percentages exceeding 15 (range 25-41). 
Cation exchange capacities are moderately high (17-20 m-equiv./100 g soil) and 
the soils are 100% base satuiated. Magnesium is the dominant metal ion and sodium 
and calcium ions occur in about equal proportions. Values for exchangeable potassium 
are about 1 m-equiv./100 g throughout the profiles to 60 in. depth. Clay mineral 
analyses indicate that montmorillonite, illite, and kaolin are present in about equal 
proportions. Amorphous material with properties possibly between montmorillonite 
and iffite was present in significant amounts in the sample from the eastern site. 

(iii) Koo1atal1.-The soils of this family are very deep dark grey to brown clays 
with strongly alkaline mottled subsoils. They occur mainly on alluvial plains adjacent 
to the larger rivers and creeks in Cumbulla and Radnor land systems under grass- 
land or, less commonly, box and gutta-percha or paperbark woodlands. Most areas 
of these soils are probably subject to seasonal or occasional flooding. 

There is 'commonly a silty clay overlay of 6-9 in. at the surface and underlying 
textures are medium to heavy clays. Colours at the surface are very dark grey to 
very dark greyish brown grading to dark yellokish brown, brown, or olive-brown at 
depth where many prominent yellowish brown mottles generally occur. Structure is 
medium to coarse angular blocky throughout or becomes massive at depths below 
3-4ft andconsistence is firm to very hard. Small to moderate amounts of carbonate 
concretions are commonly present below 3 ft. Soil reaction is moderately acid at the 
surface and gradually becomes strongly alkaline at depth. 

~nal~tical:'d'a'ta on three profles indicate that the soils contain only small 
quantities of solu6le Bats (up to 0.2%) at depths below 2 ft but exchangeable sodium 
percentages generally exceed 30 below the surface few inches (range 19-54). Exchange 
capacities are rather variable but are low to ~nediuni (6.413.4 m-equiv./100 g sbil) 
in surface soils and medium (more than 12 m-equiv.) in subsoils. Exchangeable sodium 
is the dominant metal ion below the first foot and magnesium and calcium ions occur 
in about equalproportions, Exchangeable potassium is low in the surface soil (range 
0.08-0.26 m-equiv./100 g soil) and increases slightly at depth. Clay mineral analysis 
of samples from the three profiles indicated that ilIite was the dominant mineral in 
one with amorphous material subdominant and kaolin accessory. In the second 
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profile kaolin was dominant, illite subdominant, and amorphous material accessory 
(< 20 %). In the third profile montmorillonite, illite, and kaolin were present in about 
equal proportions. 

(iv) Yanko.-These soils have developed on old alltivial plains in Lei~lster and 
Radnor land systems and in some rounded depressions in Balurga land system, and 
differ from those of Koolatah family in having slight to medium acid reactions 
throughout a i d  commonly extrenlely hard consistence in sllbsoils. The common 
vegetation is paperbark woodland with some box including coolibah. The surface 
soils are dark greyish brown to brown light to medium clays that grade to brown 
or grey medium clays in the subsoils. Prominent yellowish brown ii~ottling occurred 
throughout four of the five profiles examined and indicated that these soils are 
subject to seaso~ial flooding or waterlogging. Structure is angular blocky and con- 
sistence is f i r 1  to hard in the upper 2-3 ft and extremely hard beneath. Soil reaction 
is slightly to moderately acid throughout. Flakes of blackened organic material are 
common on the surface and at two sites in Leinster land system there was evidence 
of subsurface erosion in the form of numerous small depressions and tunnels. 

A~lalytical data in respect of oile profile indicate a remarkably low exchange 
capacity for a clay soil (6.3-7.1 m-equiv./100 g soil). Calcium is dominant in the 
upper 2 ft and magnesium is dominai~t below that depth. Soluble salts and exchange- 
able sodium are present in negligible amounts. Clay mineral analysis on samples from 
two profiles indicated that illite was dominant or co-dominant with kaolin. 

(v) Gilbert.-These soils are deep medium to heavy clays with moderately 
developed melon-hole gilgai microrelief. The vertical intervals between mounds and 
depressions are about 1-2ft and large arcuate cracks commonly occur in the de- 
pressions. Of the three profiles examined two occurred on plains inDunbarland system 
and one in an alluvial situation in Hodgkinson land system. Paperbark woodland or 
open box and gutta-percha woodlands occur in these areas. Colours at the surface 
are brown to dark greyish brown and grade to yellowish brow11 at 2-3 ft. These 
profiles had many prominent brown and yellowish brown mottles throughout, indi- 
cating impeded drainage and seasonal flooding or waterlogging. Structure is 
subangular to angular blocky and consistence firm to hard. Soil reaction at the surface 
is slightly acid and gradually becomes strongly alkaline at depths below 2 ft where 
small amounts of hard carbonate concretions occur. 

Analytical data on two samples taken between 2 and 5 ft in one profile in Dunbar 
land system indicate that the soil is only slightly affected by soluble salts (0.17%) 
and. exchangeable sodium (I7%) below 3 ft. The cation exchange capacity ranged 
from 15.1 to 16.6 m-equiv./100 g in the two samples and calcium and magilesiunl 
were the dominant and subdominant metal ions respectively. Clay mineral analysis 
on a sample taken at a depth of 2-3 ft from one profile indicated that illite, kaolin, 
and amorphous material were present in about equal proportions. 

(vi) Wrotharn.-The soils of this family are very dark moderately deep to very 
deep cracking clays developed on Cretaceous shale materials in Maple and Brixton 
land systems near Wrotham Park and Fairview. The relief is very gently undulating 
to nearly level with slopes mainly 1-2%, occasionally up to about 4%. Linear gilgais 
occur in some areas. Grassland or deciduous scriib is characteristic but open wood- 
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lands of box occur in some areas. Eight profiles were examined. The soils are uniform 
medium to heavy clays that develop deep wide cracks when dry. Colours a t  the surface 
are black to very dark greyish brown and grade to dark grey or greyish brown below 
2ft. Prominent mottling occurs in the lower profiles in some poorly drained 
situations. Structure in the upper 2-3 in. is mainly medium subangular blocky but 
is granular in some well-drained sites where there is a tendency to form a self-mulching 
surface layer. The underlying soil has medium to very coarse blocky structure and firm 
to very hard consistence. Soil reaction at the surface is slightly acid to neutral and 
grades to strongly alkaline at depths of 4 ft or more. Slight to moderate amounts 
(up to 10%) of carbonate concretions are commonly present in the lower parts of 
profiles and small amounts of gypsum are sometimes present. A gravelly phase 
occurs where residuals of deeply weathered Tertiary sandstone which once formed a 
complete cover occur upslope of these soils. 

Analytical data on samples collected at three sites indicate that these soils are 
not affected by soluble salts and exchangeable sodium percentages are generally 
very low. In one profle in a sample taken at a depth of 3 4  ft, exchangeable sodium 
comprised 13 % of the exchange capacity. Cation exchange capacities are high to 
very high (range 27-57 m-equiv./100 g soil). In one profile calcium was the dominant 
metal ion and it was codomihant with magnesium in the second. In the third profile 
magnesium was dominant and calcium subdominant. In the surface soils exchangeable 
potassium values ranged from 0 .5  to 1.12 m-equiv./100 g soil. Clay mineral analyses 
on samples from the three profiles indicate that amorphous material, with properties 
possibly between montmorillonite and illite, was dominant (> 50%). In two profiles 
kaolin was subdominant or accessory and in the third illite and quartz were both 
accessory (< 20 a). 

(c) Texture-contrast Soils 

This group comprises all soils with sandy or loamy surface horizons and 
abrupt boundaries to clayey subsoils. Bleached subsurface horizons are generally 
present, subsoils are mainly greyish brown to yellowish brown and prominently 
mottled, and reaction ranges from strongly acid to very strongly alkaline. Structure of 
surface soils ranges from single-grained to massive and in subsoils from massive to 
blocky or occasionally columnar. Similar soils are widespread in other parts of 
Queensland. On the basis of their morphological characteristics most are considered 
to be solodized solonetz, solodic soils, or soloths formed under the influence of high 
levels of exchangeable sodium and/or magnesium leading to dispersion and illuviation 
of clay in parent materials. Some are probably polygenetic soils formed by the deposi- 
tion of coarse-textured materials over older clays. Almost all these soils are poorly 
drained and subject to seasonal flooding or waterlogging. 

These soils have formed in a wide range of parent materials but mainly in 
alluvial and colluvial deposits in Cumbulla, Radnor, Leinster, Mottle, Balurga, 
and Ninda land systems. Most commonly they have developed on nearly level alluvial 
plains, gently sloping colluvial land, and in drainage depressior~s in areas of denuded 
Tertiary weathered zones. They occur throughout the area under varying rainfall 
and drainage conditions. In the high-rainfall area in the east they tend to have acid 
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reaction throughout, but some with strongly alkaline subsoils occur in parts that 
receive 50 in. or more a year. 

On the basis of 36 observations the group is subdivided into four families 
according to differences in the combined thickness of surface and subsurface horizons 
and reaction of subsoils. A somewhat arbitrary depth of 10 in. has been taken as the 
boundary between thick and thin surface soils but there is a broad correlation between 
the families and the plant communities they support. 

(i) Camboola.--The soils of this family have sand to sandy loam surface hori- 
zons 20 in. thick on average (range 12-28 in.) over greyish brown to yellowish brown, 
generally mottled, sandy clay to heavy clay medium acid to neutral subsoils. The 
humic-stained surface soils are dark greyish brown to black and about 4in. thick. 
They have single-grain to massive structure, soft to hard consistence, and slight 
to medium acid reaction. There is a gradual boundary to the subsurface horizons 
which are generally bleached light grey or pale brown and occasionally contain quartz 
gravel or concretionary ironstone. 

The subsoils are generally sandy or light clays (range sandy clay loam to heavy 
clay) and there is an abrupt boundary with the overlying material. Colours are mainly 
greyish brown or yellowish brown with many prominent red or yellow mottles. 
Structure is angular or subangular blocky, occasionally columnar or massive, and 
consistence is hard to extremely hard. Soil reaction is medium acid to mildly alkaline. 

These soils were found mainly on gentle lower slopes in Balurga, Mottle, and 
Leinster land systems, and woodlands of paperbark either in pure stands or mixed 
with box occurred at 11 of the 14 sites examined. At the other sites were grassy wood- 
lands of box. Large termite mounds, commonly the "magnetic" type, were frequently 
present in areas of these soils. 

(ii) Stewart.-These soils are similar to those of Gamboola family but reaction 
in subsoils is strongly to very strongly alkaline. Surface soils are mainly dark grey 
to dark greyish brown loamy sands to sandy loams, occasionally silty loams. They 
have massive structure, firm consistence, and set hard when dry. Thickness of 
surface horizons in ten profiles averaged 20 in. (range 11-38 in.). Subsurface horizons 
are mainly bleached light grey or brownish grey. 

Subsoils are light to medium clays with blocky structure and hard to extremely 
hard consistence. Columnar structure was noted in one profile. Colours are mainly 
greyish brown or brown and prominent yellowish brown or reddish brown mottles 
commonly occur. About 5 % hard concretionary carbonate was noted in one 
profile. 

These soils have formed mainly in old alluvial materials in Cumbulla, Radnor, 
Leinster, Mottle, and Balurga land systems, but they have also developed on materials 
derived from metamorphic and other rocks. Large termite mounds are common and 
"tussock mounds" up to 4 in. high, formed by earthworms around grass tussocks, 
occur in some areas subject to flooding and waterlogging. Open grassy woodlands of 
box occurred at five of the ten sites examined, paperbark occurred at four sites, and 
grassland at one site. 

(iii) Hama.--Thin sand to sandy loam, occasionally silty clay loam, surface 
soils and light to medium clay acid to mildly alkaline subsoils separated by an abrupt 



boundary are the most important characteristics of this family. The average thickness 
of surface horizons is 8 in. There is a very thin humic-stained dark brown to greyish 
brown surface horizon underlain by a bleached light grey subsurface horizon. The 
clay subsoils are grey to yellowish brown and prominent mottling is usual. Subsoil 
structure is blocky and consistence hard to very hard. Paperbark woodlands or grass- 
land with scattered box are typical. 

(iv) Alice.-Profile characteristics are similar to those of Hanna family but 
subsoil reaction is strongly to very strongly alkaline. The average thickness of the 
sandy or loamy surface horizons in eight profiles examined was 9,in. Subsurface 
horizons are mainly bleached, but occasionally only sporadically, and in one profile 
an Az horizon was absent. Subsoils are grey to brown or yellowish brown and 
prominent mottlii~g was present in three profiles. Structure is generally angular to 
subangular blocky but coarse columnar structure occurred in two profiles. Grassy 
woodlands of box predominate. 

(d) Massiix? Earths 

This group of soils is the most extensive and widespread in the area. Their main 
characteristics are gradational texture profiles in which the clay content graaually 
increases with depth, massive structure, and earthy porous fabric in the subsoils. 
Some members are similar to the strongly leached soils that are widespread in many 
other parts of Australia, generally with moderately acid to neutral reaction, kaolinoid 
clay minerals, high sesquioxides, and varying amounts of concretionary ironstone. 
Subsoil colours range from red to yellowish brown to grey. Many of the soils have 
pale-coloured subsurface (Az) horizons and prominent mottling is common in the 
subsoils of some families. 

The group comprises eight families differentiated according to variations in 
texture; colour, reaction, consistence, and depth as shown in Table 6. The term 
"sandy", used in respect of the red and yellow earths, denotes sandy loam or coarser 
textures to a depth of 2 ft or more and "loamy" denotes sandy clay loam or finer 
textures at depths of less than 2 ft in. the profiles. The group includes the lateritic 
red earths and yellow earths of Stephens (1962) and, in part, the grey lateritic soils of 
Simonett (1957). 

The soils have formed on a wide range of parent materials but are most 
extensive in Koolburra and Balurga land systems on deeply weathered quartz-rich 
terrestrial sediments and in Leinster and Dunbar land systems on old alluvial plains 
of weathered materials stripped from the adjoining uplands and spread over denuded 
weathered zones. In the first situations, the families of red and yellow earths pre- 
dominate where they generally occur on well-drained upper and middle slopes in a. 
catenary sequence (Fig. 6). In Leinster and Dunbar land systems the leached grey and 
brown earths with imperfect drainage are most extensive. The loamy yellow earths 
and leached grey and brown earths with strongly alkaline subsoils do not appear to 
be very widespread but have been given independent status. They occur mainly in 
Radnor and Leinster land systems. Descriptions of the soils of the eight families based 
on 94 observations follow. 

(i) Kimba.-The soils of this family have sand to sandy loam textures to depths 
of 24 in. or more and there is a gradual increase in clay content to sandy clay loam 
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or light clay in the subsoils. They are more than 50 in. deep and are well drained. 
They occur mainly on the slightly to moderately stripped Tertiary land surface 
on tablelands and the crests and upper slopes of gently undulating land mainly i n  
Koolburra and Balurga land systems and infrequently in Mottle land system. 
Slopes range from about 1 to 3%, occasionally up to 5 %, and the characteristic vege- 
tation is tall woodland of bloodwood and stringybark. Colours a t  the surface range 
from dark greyish brown to grey and grade to paler colours ofbrown, yellowish 
brown, yellowish red, or light brownish grey in the subsurface and red in subsoils. 
Concretionary ironstone was absent in the six profiles examined but abundant gravel 
of subangular ferruginized sandstone was present in one profile. A surface wash of 
pale coarse quartz sand is common. Soil reaction is moderately acid to neutral 
throughout the profiles. 

(ii) Coleman.-These soils have sand to sandy loaln surface horizons that grade 
to sandy clay loam at depths of less than 2 ft and clay loams or light clays at depths 
of 3 ft or more. They occur on crests, upper slopes, and plains on strongly weathered 
materials derived from Tertiary sandstones, metamorphic rocks, or alluvium in 
Balurga, Arkara, and Cumbulla land systems. Woodlands of bloodwood, stringfbark, 
and ironbark are characteristic. Abundant gravel is commonly present where these 
soils have formed on metamorphic rocks. Concretionary ironstone was present in 
two of six profiles examined, in one of which small amounts were present near the 
surface and increased to about 30% at 50 in. depth and in the other as an underlying 
horizon or layer at 42 in. Colours range from dark grey or dark greyish brown to 
reddish brown at the surface grading to dark brown, brown, or yellowish red in 
subsurface horizons and red or reddish brown in subsoils. Structure is massive, 
subsoils have an earthy porous fabric, and consistence is firm to slightly hard. Soil 
reaction is slightly acid to neutral. throughout. 

(iii) Clark.-These soils are similar to those of Kimba family but subsoils are 
yellowish brown or brownish yellow. They are more than 3 ft deep and occu  on 
upper and mid slopes in Koolburra and Balurga land systems and on low rises or 
old levees in Mottle and Leinster land systems. Woodlands of bloodwood, stringybark, 
or paperbark occur. Surface soils are loose soft dark greyish brown to dark brown 
sands and loatny sands that grade to massive firm yellowish brown sandy clay loams 
or light clays below 24 in. A few soils with pale brown to light brownish grey sub- 
surface horizons are included. In 11 profiles examined, hard mottled red and grey 
sandy clay or light clay with abundant concretionary ironstone occurred at depths 
of 3 ft  or more. Soil reaction is slightly acid to neutral throughout. 

(iv) Ka1inga.-These soils have dark grey or dark greyish brown sandy or loamy 
surface soils that grade to 'sandy clay loam or finer textures before 24 in. and to 
yellowish brown light clay in the subsoils. A few of the soils have pale subsurface 
horizons and mottling is occasionally present in subsoils. They are more than 3 ft 
deep and occur in nearly level to gently undulating areas with slopes up to about 
5 %  in Mottle, Leinster, Brixton, and other land systems. They have formed on 
upper and mid slopes on materials derived mainly from deeply weathered Tertiary 
rocks. Of ten profiles examined five contained varying amounts (5-60%) of concre- 
tionary ironstone. Several different vegetation commfinities are found on these soils, 
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most commonly mixed woodlands of bloodwood, stringybark, and paperbark but 
also box, poplar gum, and yellowjack. Soil reaction is slightly to moderately 
acid throughout. 

Analytical data from one profile indicate a very low cation exchange capacity 
(i 6 m-equiv./100 g), the dominant metal ions being calcium in the surface soil and 
magnesium beneath. Kaolin was the dominant clay mineral in one subsoil sample. 

(v) Welcome.-Three profiles very similar to those of Kalinga family but with 
strongly alkaline yellowish brown subsoils are placed in this family. They have 
formed on old alluvial materials in Leinster and Radnor land systems and on what 
are possibly colluvial materials on Cretaceous sandstone in Brixton land system. 
They are probably not extensive. The vegetation at two sites was a mixed woodland 
of paperbark and box and at the other it was grassland. Soil reaction is moderately 
acid at the surface, gradually increases with depth, and quite abruptly becomes strongly 
alkaline at about 3 ft. 

(vi) Sfaaten.--The soils of this family have dark grey or dark greyish brown 
sandy or loamy surface soils, commonly bleached Az horizons, and grey to brown 
massive clay subsoils that are generally mottled and have firm to hard consistence. 
The surface soils grade to sandy clay loam or h e r  textures at depths of 24 in. or less. 
Most of the 13 profiles in this family were examined to depths of 3-4ft and a few to 
5 ft. Rock was encountered in only one profile at a depth of 34 ft. Varying amounts 
(5-40 %) of concretionary ironstone occurred in four profiles and quartz gravel was 
present in four profiles. These soils occur extensively on nearly level plains and gently 
undulating areas mainly in Leinster, Dunbar, Mottle, and Balurga land systems. 
Slopes rarely exceed about 3 %. Woodlands of bloodwood and paperbark, and less 
commonly stringybark, either mixed or in pure stands, are characteristic. Soil 
reaction is slightly acid to neutral throughout or becomes medium acid in the lower 
parts of profiles. 

(vii) Crowbar.-These soils are similar to those of Staaten finily but have hard- 
pan horizons generally at depths between 12and24 in. from the surface (range 4-42 in.). 
They occur mainly on the extensive old alluvial plains of Leinster and Dunbar land 
systems and less commonly on lower slopes in Mottle and Balurga land systems. 
Woodlands of silver-leaved paperbark occurred at 10 of 14 sites examined and mixed 
bloodwood and paperbark at the remainder. 

Textures at the surface are sands to sandy clay loams and grade to light or 
medium clays at depths of 2-3 ft. In some profiles loamy sand to sandy loam textures 
occurred below the gradational upper prose. Colours are dark greyish brown to 
dark grey at the surface and grade to brown, yellowish brown, or light brownish grey 
in subsurface horizons. Subsoils have Drown, greyish brown, or grey colours with 
many prominent yellow and/or red mottles. Soil reaction is slightly to moderately 
acid (pH 6.5-5.7) throughout. The hardpan horizons have hard to extremely hard 
consistencies and in many cases could not be penetrated by an auger. Concretionary 
ironstone in varying amounts (5-20 %) was present in the hardpan in five profiles and 
occurred as a layer above it in one proae. 

Stripped weathered zones consisting of mottled- and pallid-zone materials 
sometimes overlain by a thin ferruginous zone were exposed in eroded areas near some 
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of the sites. These materials may possibly constitute the hardpan horizon in some 
cases where younger materials have been deposited on denuded weathered zones. 
In most profiles, however, the hardpan is considered to be a silica-cemented horizon. 

(viii) Lorraine.-These soils have very similar profile characteristics to those of 
Staaten family but subsoils have stro~~gly alkaline reactions. They occur on very gentle 
slopes 011 stripped Tertiary weathered zone and materials derived therefrom or on 
alluviun~ under woodlands of paperbark, or less commonly bloodwood. Reaction 
at the surface is slightly acid and gradually increases to strongly alkaline in the mottled, 
massive, and generally very hard clay subsoils. 

(ix) Broolc1yn.-These are shallow soils underlain by rock or gravel at depths 
of less than 2 ft. Textmes grade from sands or loams at the surface to light or medium 
clays in subsoils, and eight of the tell profiles examined contained varying amounts 
(5-80%) of fine to coarse gravel. Subsoil colours range from red to yellowish brown 
to greyish brown and some have well-developed Az horizons. They occur on materials 
derived from rocks of widely varying lithologies on gentle to steep slopes. The vege- 
tation is also very varied. 

(e) Structur,ed Red and Brown Soils 

The soils of this group have gradational occasiollally uniform texture profiles 
and varying grades of smooth-ped structure either throughout the profiles or in 
subsoils. They have formcd mainly on old alluvial plains and on materials derived 
from weathered basalt, metamorphic, znd other rocks in gently undulating areas in 
Leinster, Radnor, Lukin, and Hodgkinson land systems. They are probably not 
extensive. On the basis of 16 observations the group is subdivided into three families 
according to differeuces in subsoil colour and reaction. 

(i) Springvale.-These soils have dark reddish brown to dark brown clay loam 
surface soils that grade to reddish brown, yellowish red, or red medium to heavy clay 
subsoils. Similar soils that have uniform light to medium clay textures throughout 
are included in this family. Structure in surface soils is generally moderate grade 
fine to medium subangular blocky, occasionally massive, and in the subsoils moderate 
to strong grade medium subangular blocky with smooth-faced peds. Consistence is 
firm to slightly hard and soil reaction is moderately acid to neutral throughout. The 
soils are well drained and are usually more than 2 ft deep, but a shallow phase occurs 
on steep slopes of about 10 %. These soils predominate in the gently undulating basalt 
areas in Lukin land system near Butchers Hill and north of Cooktown, under an 
average annual rainfall of 45-70 in. They have also formed on materials derived from 
limestone near Chillagoe with a rainfall of 30 in. Woodlands of box, bloodwood, or 
narrow-leaved iroobark are typical. 

(ii) Wyaaba.-The soils of this family have dark greyish brown loamy surface 
soils that grade to brown or yellowish brown light to medium clays. Promineilt 
mottling in the subsoils is conlmon and indicates somewhat poor internal drainage. 
Surface soils have massive or subangular blocky structure and subsoils have blocky 
smooth-faced peds and firm to very hard consistence. The soils are more than 
3 ft deep and soil reaction is either neutral throughout or medium acid in the subsoils. 



They have formed mainly in alluvial materials on plains or very gently undulating 
land under woodlands of paperbark andlor box, and bloodwood. 

(iii) Waterhole.-Three profiles formed in old alluvial materials in Radilor and 
Leinster land systems were placed in this family. The soils have dark brown to dark 
greyish brown slightly acid silty clay loam surface soils that grade to yellowish brown 
strongly alkaline clay subsoils. Prominent yellow or red mottling in subsoils indicates 
poor internal drainage and iron-manganese staining was noted in one profile. Small 
to moderate amounts (5-15%) of hard carbonate concretions were present below 2 ft. 
Structure at the surface is massive and grades to angular blocky smooth-faced peds 
with hard to very hard consistence. The soils occur on nearly level land under open 
woodland or grassland with scattered box, paperbark, or Bauhinia. 

Analytical data on one profile 15 miles south-east of Galhraith indicate that the 
cation exchange capacity is low (6-12 m-equiv./IOOg) and sodium is the domjnant 
metal ion below 12 in. The exchangeable sodium percentage below the surface 6 in. 
ranged from 29 to 65 and the soil is slightly affected by soluble salts (0.2%) below 
12 in. depth. Clay mineral analysis of one sample from the subsoil indicates that 
montmorillonite is dominant and illite subdominant, and there were traces of kaolin 
and quartz. 

(f) Uniforn? Medium- to Fine-textured Soils 

The soils of this group are uniform loams or c!ays. They have formed in a wide 
range of parent materials derived mainly from sedimentary, metamorphic, or volcanic 
rocks, and also colluvial and/or alluvial deposits. The group is subdivided into three 
families according to differences in texture, reaction, and depth. 

(i) Frazer.-These are deep uniform light clay soils with thin dark greyish brown 
surface horizons, thick brown to yellowish red subsurface horizons, and red subsoils. 
They have weak fine subangular blocky structure in the surface soil and are massive 
beneath. They are well drained and have an earthy porous fabric and Erm consistence. 
Soil reaction is medium acid throughout. The soils have developed in strongly leached 
materials derived from granite and metanlorphic rocks on steep mountain slopes 
of up to 45 %. They occur under viue forest in the east of the area where the average 
annual rainfall is 50 in. or more. Analytical data in respect of one profile in a forest 
clearing near Rumula iudicate that cation exchange capacities are low to very low 
(8.0 m-equiv./lOO g in the humic surface soil decreasing to 2.7 at a depth of 38 ft). 
Calcium is the dominant exchangeable metal ion and decreases with depth in phase 
with the exchange capacity. 

(ii) Mimosa.-These soils are deep uniform light to medium clays with mottled 
blocky structured subsoils. They occur on very gentle slopes under box woodland in 
Brixton, Annaly, and Cumhulla land systems. They have formed on materials 
derived mainly from strongly weathered Cretaceous shales or fine-textured alluvium. 
Reaction is slightly to moderately acid throughout. Colours at the surface are dark 
brown to dark grey and grade to yellowish brown in the subsurface and greyish brown 
with prominent red or yellowish brown mottling in subsoils. 

(iii) Maitland.-These are shallow gravelly uniform medium- to fine-textured 
soils, They occur mainly on steep to very steep slopes and have formed either in situ 
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on meta~norphic and weathered Tertiary rocks in Maytown and Annaly land systems 
or on colluvial aprons and fans in NilIda land system. Woodlands of narrow-leaved 
ironbark and, less commo~lly, box, or lancewood and paperbark scrub are character- 
istic. Textures range fro111 sandy clay loarns to light clays and varyiug amounts 
(10-50%) of gravel are present throughout the profiles. A Surface strew of gravel is 
colnnlon audfrequeut rock ootcrops occur in places. Depth to rock varies from about 
15 to 24 in. Colours are brown to dark greyish brown occasionally reddish brown at 
the surface and grade to brown, yellowish brown, or yellowish red beneath. Reaction 
is slightly to moderately acid throughout. 

(g) ~niforrn Sand>> Soils 
The soils of this group are widespread throughout the area and probably almost 

as extensive as the sandy massive earths (Section (d)). They have uniform sand to 
loamy sand textures, single-grain to massive structure, and medium acid to neutral 
reaction. They occur mainly on lower slopes, sometimes on crests,in Balurga land 
system and 011 low rises and old levees in Mottle, Leinster, and Dunbar land systems. 
They have formed mainly in materials derived from deeply weathered coarse Tertiary 
terrestrial deposits either in sit11 or on reworked soils on colluvial-alluvial slopes. 
I n  these situations they commonly occur in a catenary sequence with red and yellow 
earths on crests and upper slopes and texture-contrast soils in valley bottoms (Fig. 6). 

The group cmnprises five families differentiated acc~rding to variations '11 sub- 
soil colour, depth, and mode of formation as follows. 

(i) Hra1y.-These soils are dark greyish brown to reddish brown sands or 
loamy sands at the surface and grade to reddish brown, yellowish red, or red in the 
subsoils. They are more than 2 ft deep, commonly much deeper, and are underlain 
by sandstone or massive laterite. A pale-coloured subsurface (Az) horizon is present 
and in one of the four profiles examined it was bleached. About 16.30% subangular 
quartz gravel to 1-1 in. diameter occurred in the lower part of one profile. Soil reaction 
is slightly acid to neutral throughout.' These soils occur on slopes of up to 4 x i n  gently 
undulating areas and support woodlands of stringybark aud bloodwood, or paperbark. 

(ii) Bridge.-The soils of this fanlily have dark greyish brown to grey medium 
to fine sand suriace soils, yellowish brown or light grey, commonly bleached, sub- 
surface horizons, and brown, yellowish brown, or reddish yellow sand or loamy sand 
subsoils. Prominent mottling in the lower parts of some profiles indicates seasonal 
waterlogging. The soils are generally Inore than 5 ft deep but some are underlain 
by rock or weathered-zone materials at depths below 38 ft. Varying alnoulits 
(5-30%) of fine quartz gravel (to gin. diam.) and ironstone concretions were present 
in 9 of 18 profiles examined. Soil reaction is slightly acid at the surface and generally 
becomes medium acid at depth. A thin surface wash of white coarse quartz sand com- 
nlonly occurs. The soils have either single-grain structure' aud soft loose consistence 
throughout or the subsoils become massive and firm. They occur on gentle slopes 
of up to about 4% and stringybark, bloodwood, woollybutt, and paperbark wood- 
lands are characteristic. Commonly associated arenaceous genera are Acacia, 
Grevillea, Petalostig~na, Alplritonia, and Pandanus. The family includes one example 
of a tropical podzol at a site east of Princess Charlotte Bay under mixed Acacia- 
paperbark woodland where the average annual rainfall is abont 50 in. This soil had 



a fine sand texture throughout to 60 in., a black humic extremely acid surface horizon 
8 in. thick, a thick (28 in.) bleached light grey subsurface horizon, and a medium acid 
dark reddish brown upper subsoil grading to brown in the lower proiile. 

(iii) Bathurst.--These soils are similar to those of Bridge family but have grey 
or brownish grey colours in the subsoils. Subsurface horizons are pale colonred or 
occasionally bleached. Textures are sands to loamy sands throughout and varying 
amounts (5-40%) of fine quartz gravel,(to 1 in. diam.) and concretionary ironstone 
were present in three of five profiles examined. Structure is single-grained or massive 
and consistence soft to firm. The soils are generally more than 3 ft deep and are 
underlain by rock or massive laterite. Soil reaction is slightly acid to neutral. 
Woodlands of paperbark and/or bloodwood with associated arenaceons shnbhy 
species are characteristic. 

(iv) Dinah.--These are aeolian regosols which occur on dunes and old wind- 
sorted beach ridges in Inksrman, Battersea, and Flattery land systems near the coasts. 
On the basis of one observation only, they are deep uniform fine sands and show little 
or no profile dserentiation apart from humic staining in the surface soil. Colours 
at the surface are very dark to dark brown and grade to pale brown at about 12in. 
They have single-grained structure and loose to soft consistence. Soil reaction is neutral 
to mildly alkaline. On old dunes in the high-rainfall parts of the area it is probable 
that podzols have developed. 

(v) Cardwell.--This family comprises uniform sands to loamy sands 12-24 in. 
deep on rock, laterite, or gravel. They contain varying amounts (10-60%) of 
gravel, subangular to rounded and up to 3 in. in diameter. Structure is single-grained 
to massive and consistence soft to firm, Soil reaction is slightly acid throughout. 
These soils occur in Balurga, Arkara, Hodgkinson, and Annaly land systems and 
support woodlands of stunted stringyhark and bloodwood, or paperbark. 

(h) Shallow Rocky Soils 

The soils of the group are very shallow (< 12 in.) and show little or no profile 
development. They generally contain stones and gravel and occur with frequent rock 
outcrops in hilly or mountainous terrain. Since they are nowhere dominant their 
distribution is not shown on the soils map. They are, however, largely concentrated 
in the areas shown as rocky land. Two families are distinguished according to 
differences in texture. 

(i) Mungana.-These soils have uniform coarse textures and are derived mainly 
from granite and sandstone materials. They are dark brown or greyish brown at the 
surface and grade to brown or pale brown beneath. Reaction is slightly to moderately 
acid. Mixed eucalypt woodlands are characteristic. 

(ii) Emu.-These soils have uniform loamy textures and are derived mainly 
from metamorphic rocks. They generally contain abundant gravel. They have thin 
dark humic-stained surface soils which grade to lighter colours beneath. Reaction 
is moderately acid to neutral throughout. Ironbark woodlands predominate. 

(i) Miscellaneous Land 

Two categories of land are included in this group. The first comprises the 
saline mud flats and tidal swamps in Battersea land system. The saline permanently 
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moist to wet muds are either barren or support mangroves. The second is rocky land 
consisting mainly of rock outcrop with little or no soil which occurs mainly in Starcke 
land system. 

IV. OCCURRENCE AND ORIGIN OF THE SOILS 

In this section some of the more important factors which have influenced soil 
distribution and formation in the area are considered broadly. 

(a) Distribution oj'the Soils 

The distribution of the soils in the 20 land systems into which the area has been 
mapped is indicated in Table 7 and in the soil map. The map was compiled by using 
the land system boundarics and soil associations as mapping units. Table 7 shows the 
estimated occurrence of the 36 soil families in groups of land systems arranged 
according to geology and relief. The most extensive group comprises Koolburra, 
Balurga, and Mottle land systems covering about 19,170 sq miles on variously denuded 
weathered terrestrial sediments. The dominant soils are massive earths which occur 
in association with nniform sandy soils and, in Mottle land system only, texture- 
contrast soils in bottom lands. Second in importance according to extent is the group 
consisting of Maytown, Starcke, and Rumula laud systems covering 10,400 sq miles 
of hills and mountains. Shallow rocky or gravelly soils predominate in the first 
two and uniform fine-textured soils and structured red loams occur in Rumula laud 
system. A third important group comprises Dunbar, Leinster, and Ninda land 
systems on 7900 sq miles of old alluvial plaius and colluvial foot slopes. The dominant 
soils in these land systems are massive grey and brown earths, cracking clays, and 
texture-contrast soils respectively. 

(b) Past Clirnutic and Geomorphic Injf~~ences 

Extensive deposition of terrestrial sediments derived from the weathering and 
erosion products of sandstone, granite, and metamorphic rocks formed a gently 
undulating landscape during the Tertiary. They now cover most of the western 
plains and Laura basin physical regions. The sediments are predominaritly quartz 
sandstones and grits but contain more clayey material in places. Deep weathering 
occurred probably under climatic conditions different from those of the present and 
laterite profiles developed with a surface cover of highly leached red and yellow earths 
underlain by ferruginous, mottled, and pallid zones. In parts the weathering extended 
into the underlying older rocks. Subsequent erosion of the weathered mantle left 
more or less intact remnants of thz old surface on high ground mapped in Koolburra 
land system in which red and yellow earths predominate. At lower levels are gently 
undulating moderately dissected areas on weathered zones on which a catenary 
sequence of soils has developed widely. These are mapped in Balurga land system 
which generally has red and yellow earths on ridges and upper slopes, deep uniform 
sands on lower slopes, and solodized texture-contrast soils in valleys. In  parts, 
possibly where the Tertiary deposits were derived from quartz sandstones, uniform red, 
yellowish brown, and grey sandy soils entirely cover ridges, slopes, and valleys. 
Where the weathered mantle was strongly denuded, only small residual rises of sandy 
soils occur and texture-contrast soils and leached grey and brown earths with hardpan 
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have developed on gently sloping intervening plains (Mottle land system). In the 
west and south-west of the area in the lower Mitchell and coastal plains regions most 
of the mantle has been stripped off and old alluvial plains occur. Leached grey and 
brown earths and strnctured brown soils predominate in Leinster and Dunbar land 
systems. These lands merge with the saline-alkaline clays of Inkerman and Battersea 
land systems on the coastal plains and flats. The topographic sequence is illustrated 
in Figure 6. 

In Brixton land system near Wrotham Park and Fairview the weathered mantle 
has been severely denuded and entirely removed in places to expose the underlying 
fresh shales. Yellow earths with abundant concretionary ironstone occur on the 
remaining thin weathered cover, uniform fine-textured soils have developed on partly 
weathered shales in transitional areas, and cracking clays have formed on fresh shales. 

(c) Lithology and Relief' 

In the eastern highlands and central uplands physical regions soil type and 
distribution are controlled mainly by the Lithology of parent rocks and relief. The 
greater part of these hilly to mountainous areas consists of resistant sandstones, 
granite, and metamorphic rocks. Soil formation is influenced mainly by steep slopes, 
high run-off rates, and erosion and shallow gravelly soils with frequent outcrops 
predominate in Starcke, Maytown, and Hodgkinson land systems. An exception is 
Rnmula land 5yste.m unrler vae fofeest whepe deep strongly weathered massive and 
structured soils of Frazer and Springvale families have developed on materials 
derived from granite, greywacke, and other sediments. In the relatively small Lukin 
land system on basalt, deep structured red soils have developed on plains in association 
withshallow rocky soils on low hills andmesas. Mapleland system on plains andundu- 
lating lowlands on fresh shales has mainly cracking clay soils. 

Land form and the nature of source materials largely determine soil distribution 
in the two alluvial land systems of Cumbulla and Radnor. The largest occurrences 
of Cumbulla land system are on the alluvial plains near the mouths of the Mitchell 
and Gilbert Rivers. In these areas there is an intricate pattern of old and active 
channels, levees, back slopes, and back plains and the resulting soil pattern is also 
very complex. Texture-contrast soils are most extensive and massive earths, alluvial 
soils, and cracking clay soils occur in about equal proportions. In the plains of the 
Stewart, Annie, and Normanby Rivers in the north-east texture-contrast soils with 
bleached subsurface horizons and strongly alkaline subsoils predominate. In older 
alluvial plains of Radnor land system texture-contrast and alkaline cracking clay 
soils are most extensive. 

(4 Salinity 
Apart from the saline-alkali soils on the coastal plains in Inkerman and Battersea 

land systems that are affected by sea salts, soil formation in other parts of the area 
has also been intluenced by salts, the source of which is not so obvious. Soils with 
solodized solonetz morphology and cracking clays with very high proportions of 
exchangeable sodium occur in several land systems, notably Cumbulla, Radnor, and 
Dunbar on alluvial plains and Ninda, Mottle, and Annaly land systems on colluvial 
foot slopes and weathered Tertiary rocks. In addition to possible atmospheric 



accessions of salts in areas near the coast, alternat~ve local soorces are the mottled 
and pallid zones of denuded laterite profiles. Analytical data on a few samples of 
pallid-zone materials indicate salt contents of up to 2%, consisting mainly of sodium 
chloride but with appreciable magnesium and sulphate ions in places. The presence 
of these salts in the weathered zones may account for the formation of solodic soils 
in drainage floors of Balurga and Mottle land systems. Solution of the salts by seepage 
and their transport in run-off and river flow may have influenced the development of 
similar soils in alluvial and colluvial situations. 

(e) Clinlafe 

Combined with other factors climate has a broad overall control on soil forma- 
tion, but i t  is almost certainly of lesser importance than the past history of weathering, 
lithology of parent rocks, and relief. Although the average annual rainfall over most 
of the area exceeds 35 in., almost all occurs during the period November-April. 
Dry conditions during the remainder of the year combined with high temperatures 
and evaporation rates tend to offset the effects of a moderately high seasonal rainfall. 
In small areas under vine forest on high ranges in the east with rainfall of 50 in. or  
more there is a moderate accuinulation of organic matter but over most of the area 
the organic content of the soils is very low. Also in the high-rainfall belts, sandy soils 
low in clay and bases tend to accumulate acid raw humus at the surface and to develop 
podzol morphology with the seasonally intense leaching and translocation of iron and 
humus compounds. 

The most noticeable effects of the seasonal high rainfall are the intense leaching 
of sandy soils in gently undulating areas and the mottling and poor drainage conditions 
evident in luost of the fine-textured soils of plains and bottom lands. 'The development 
of well-defined often bleached A2 horizons is particularly marked in the group of 
massive earths. This feature is the result of leaching and tra~islocation of iron com- 
pounds to the lower parts of profiles and is absent or less pronounced in some drier 
parts of Queensland. Mottling is also more common particularly in the soils of the 
clay plains and in low-lying situations where seasonal flooding or  water-logging 
occurs. The hardpan horizons in the soils of Crowbar family, although not confirmed 
by analysis, are believed to be cemented by silica leached from the acid strongly 
weathered soils on high ground and transported in run-off and seepage. 
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PART VI. VEGETATlON O F  THE MITCHELL-NORMANBY AREA 

By R. STOW* 

I. INTRODUCTION 

(a) General Ren~arlrs 

With respect to other surveys done by the Division of Laud Research, the 
vegetation has affinities with that of the Leichhardt-Gilbert (Perry and Lazarides 
1964) on the one haud and of the Adelaide-Alligator (Story 1969) on the other, but is 
distinct from each. The Leichhardt-Gilbert is the driest of the three, as reflected in 
the rainfall figures and in the vegetation, where the prominence of' annual short grasses, 
low woodland, Triodia, and Aristida poiut to long periods of water stress. The 
Mitchell-Normanby area is intermediate, with short grasses and low woodland less 
common and Triodia and Aristida rare and occasional respectively. Mid-height grasses 
are dominant. In the Adelaide-Alligator area, the wettest of the three, short grasses 
and low woodland are compasativdy scarce, Triodia is rare, and Aristida was not 
recorded. Tall and mid-height grasses are abont equally common. 

(b) Main Features of the Ve,qefation ai~d Ei11.ironn7ei1t 

The two uiajor vegetation regions ihat occur in the Mitchell-Normanby area 
are vine forest and woodland of E ~ ~ c a l y p t ~ ~ s  or Melalezrca (paperbark). 

The vine forest, by far the smaller of the two regions, forms a narrow strip along 
the eastelm coastal mountains and seaward of them, lnainly where the peaks rise to 
about 3000 ft and where the Bnnual rainfall is between 50 in. and the lnaximum of 
about 160in., which has been recorded in the mountains south of Cooktown 
(Whitehouse 1947). Most of the rain falls in sunlmer but some places have appreciable 
winter rain, e.g. at Cooktown, which is on the margin of the vine forest region, abont 
8 in. (12%) falls in winter. The floristics and structure of the forest vary according to 
the rainfall and fuller information may be obtained from severalpapers by Webb 
(1959, 1965, 1968). In general the forest forms ail even cover, and the boundary 
between it and the woodland is fairly definite. 111 detail, many localized deviations are 
found, e.g. both eucalypt and paperbark woodland occur in the vine forest region on 
sandy soils of low fertility, swampy areas, etc. 

The larger botanical region is a mosaic (sometimes a mixture) of eucalypt 
woodland and paperbark woodland over mid-height grass, extelldingfrom the shores 
of the Gulf of Carpentaria to the Pacific coast between Princess Charlotte Bay and 
Cooktown, with summer rainfall ranging from 35 to 50 in. and winter rainfall 
tlegligible. Tongues of woodland extend also up the wider valleys of the vine forest 
region. The eucalypts are about 40 ft high and comprise lnainly stringybark and 
bloodwoods in level well-drained country, ironbarks it1 rugged mountainous country, 

* Division of Land Research, CSIRO, Canberra. 



box on the lowlands, often on soils of heavy texture, and gum in the valleys of the vine 
forest region. Paperbark woodland is of Melaleuca, about 30 ft  high and at first sight 
floristically uniform. Closer examination reveals many slight differences in vegetative 
characters, e.g. leaves narrow or broad, aromatic or not, green or glaucous, hairy or 
glabrous, bark loose or papery, and to this extent at least several species may be repre- 
sented. Both eucalypt and paperbark woodlands at times open out into a savannah 
with widely scattered trees or thicken with added shrubs into a fairly dense scrub, 
and both are evergreen. 

The grasses are mostly perennial, mid-height, and tussock-forming. In wooded 
couutry they are usually scanty and mixed, without recognizable recurrent com- 
munities in the generally accepted sense of the word. In open country they often do 
form communities, sometimes characteristic of a particular habitat and sometimes with 
an apparently random distribution. With few exceptions they are dormant and dry 
during the winter. 

This simple breakdown into two major vegetation regions is subdivisible into a 
great variety of constituent vegetation types, but for the purposes of this survey 16 
have been recognized. They are listed under the next heading, with their dominants or 
with a diagnostic note, and are treated in the same order in the more detailed section 
that follows. Their structure and distribution are given in Tables 8 and 9. 

TABLE 8 
STRUCTJKE OX VARIOUS VMLTATlON TYPES 

Community 

Box woodland 
Ironbark woodland 
Gum woodland 
Bloodwood-stringybark 

woodland 
Mixed eucalypt woodland 
Paperbark woodland 
Papel-bark scrub 
Evergreen mixed scrub 
Desiduous scrub 
Savannah 

Height of 
Tallest Trees 

(ft) 

Range Averagr 

30-60 41 
3 0 4 0  35 
40-60 45 

Diameter of 
Largest Trees 

(in.) 

Range Average 

(c) Diagnostic Plarzts and Features of the Vegetation Types 

( 1 )  Box woodland.-E. leptophleba, E. microneura, E. microtheca, E. nornzan- 
tonensis, and E. argillacea. 

(2) Ironbark woodland.-E. cullenii or E. shirleyi. 
(3) Gum woodland.-E. alba. 
(4) Bloodwood-stringybark woodland.-E. polycarpa, E. dichromophloia, or 

E. tetrodonta. 

No. Trees/ac 
< 3 in. Diameter 

Range Average 

32-154 83 
64-192 96 
54-144 96 

Visibility at 
Eye Level 

(yd) 

Range Average 

300-800 467 
400-500 450 

300 



T
A

B
L

E
 9 

R
E

L
A

T
IO

N
 O

F 
V

E
G

E
T

A
T

IO
N

 T
Y

PE
S 

T
O

 L
AN

D 
SY

ST
E

M
S 

A
re

a 
(s

q 
m

ile
s)

 i
n 

ea
ch

 la
nd

 s
ys

te
m

 

V
eg

et
at

io
n 

T
yp

e 

B
ox

 w
oo

dl
an

d 

Ir
on

ba
rk

 w
oo

dl
an

d 

G
um

 w
oo

dl
an

d 

B
lo

od
w

oo
d-

st
ri

ng
yb

ar
k 

w
oo

dl
an

d 

M
lx

ed
 e

uc
al

yp
t 

w
oo

dl
an

d 

P
ap

er
ba

rk
w

oo
dl

an
d 

P
ap

er
ba

rk
 sc

ru
b 

L
an

ce
w

oo
d 

sc
ru

b 

E
ve

rg
re

en
 m

ix
ed

 s
cr
ub
 

D
ec

id
uo

us
 s

cr
ub

 

M
an

gr
ov

e 
sc

ru
b 

G
ra

ss
la

nd
 a

nd
 s

av
an

na
h 

S
al

t-
m

ar
sh

 ve
ge

ta
tio

n 

V
in

e f
or

es
t 

G
al

le
ry

 f
or

es
t 

B
ar

e 
ar

ea
s 

T
ot

al
 

a 

z 
z 

57
0 

37
0 

70
 

16
0 

17
0 

5 
13

80
 

12
0 

80
 

82
0 

11
30

 
56

0 
14

20
 

21
30

 

67
0 

46
0 

33
0 

15
60

 
94

90
 

40
 

70
 

32
0 

14
25

 
43

0 
5 

86
0 

90
 

14
20

 
70

 
82

0 
10

5 
13

0 
18

0 
86

0 
23

0 
18

0 
76

5 

33
0 

99
0 

15
80

 
30

 
44

0 
53

0 
21

0 
40

 
32

50
 

90
 

23
20

 
23

0 
80

 
76

5 

40
 

61
0 

60
 

40
 

15
80

 
20

 
11

5 
40

0 
10

5 
60

 
43

0 
73

0 
76

5 

60
 

24
0 

15
0 

12
0 

18
0 

13
10

 

90
 

60
 

67
0 

70
 

12
30

 
23

90
 

62
0 

40
 

10
0 

70
 

12
0 

91
0 

18
0 

30
 

32
Jl 

53
0 

14
5 

40
 

60
 

74
0 

56
70

 
13

32
0 

89
0 

57
0 

28
90

 
42

50
 

28
0 

93
0 

11
90

 
15

05
 

43
30

 
27

0 
23

0 
35

60
 

48
90

 
11

60
 

15
20

 3
20

 
65

65
 

37
55

 
t]
 

52
40

 
2 

I1
30

 
8
 

14
72

0 

ii 
47

60
 

10
69

0 
8 

81
0 

$ 7 
40

 
Z

 
42

05
 

$ 
20

6€
 

5 
15

0 
6 

6:;: 

32
0 

77
5 
-
 

4
 
4
 



(5) Mixed eucalygt rvoodIa~id.-Mixed eucalypts other than those listed above, 
usually with abundant non-eucalypt trees and shrubs. 

(6) Paperbarlc woorNand.-Broad-leaved Melaleuca. 
(7) Paperbark scrub.-Narrow-leaved Melaleuca. 
(8) Lancen~ood scrub.-Acacia shirlej~i. 
(9) Evergreen mixed scrub.-Evergreen shrubs, rare eucalypts, and Melalenca. 
(10) Deciduous scrub.-Baztl~inia, Teriniizalia, or Petalostignza. 
(11) Mmgro~'e scr~~b.-Tidal strips of dense evergreen trees up to 15 ft high. 
(12) Grassland.-Short or mid-height grasses. 
(13) Saaannal?.-Short or mid-height grasses with scattered trees. 
(14) Salt-marsh vegetation.-Arthrocneiz?uii~ and Sporobolus ~ilgii~icus. 
(15) Vine forest.-Broad-leaved, mostly evergreen non-eucalypts up to lOOft 

high. 
(16) Gallery forest.-Riverine strips of broad-leaved evergreen and deciduous 

non-eucalypts up to 100 ft high. 
Where only the generic name is given it refers to the genus in general, or to one 

particular species if only one is listed in Appendix I.  
The available common names of the plants me~ltio~ied are listed in Appendix I. 
E. is used throughout for Eucalypfu:~, and M. for Melaleuca. 
Trees, shrubs, and grasses are listed alphabetically if they are equally common, 

otherwise the commonest come first. 
Ground and helicopter observations were used together in writing the vege- 

tation part and in drawing up the land system descriptions. 

11. DESCRIPTION OF THE VEGETATION TYPES 

(a) Box Woodlar?d 

The species represented (E. leptophleba, E. microneura, E. n?icrotlzeca, E. 
normanfoi~ensis, and E. argillacea) have roughly similar ecological requirements, being 
found along gullies, on alluvial flats, on gentle slopes, and in low-lying country 
generally, mostly on soils of heavy texture. They form a rather open woodland, usually 
with scattered hloodwoods and sometimes with Melaleuca (commonly M. i'iridipora) 
or elements of deciduous scrub. The bloodwoods do not appear to become dominant 
in these low-lying sites, but the Melaleuca and deciduous scrub elements do and as 
they become increasingly common the box woodla~ld grades into paperbark woodland 
or deciduous scrub, with box subordinate. E. fetrodonfa was very rarely f o u ~ ~ d  in 
association with box but the other common trees did not appear to be restricted in 
this way. 

The structure is given in Table 8. 
One of the boxes (probably E. normantonensis), exceptional in having almost 

a mallee habit, forms a low and rather dense woodland. I t  was recorded a few miles 
south of Mount Carbinein communities a mile or so across, and sporadically elsewhere. 

Apart from the deciduous scrub elements shrubs are rare. The ground cover is 
fairly dense, commonly of Eriachne, Sorghunz, Tliemeda australis, Heteropogon con- 
fortus, Aristida, Heteropogon trificerts, Cl?rysopogon fallax, Scl~izachyriunr, and 
Cyperaceae. 
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(b) Ironbarlc Woodland 

Outside the vine forest region ironbark woodland covers most of the rugged 
country (Plate 1, Fig. 2). It  is a rather open vegetation type with few shrubs or small 
trees. The structure is given in Table 8. 

The commonest ironbark is E. cl~llenii (narrow-leaved and soilletimes deciduous), 
the glaucous E. sl2irleyi and occasionally E. n~elanophloia being mainly on wash 
slopes and along drainage lines, and much less comnlon. Bloodwoods are scattered 
throughout or are locally dominant, E. diclirornophloia being the most common. 
Thinly scattered M .  viridiflora, Hakea, Erytln'ophleurn, and deciduous scrub species 
constitute the remainder of the trees commonly found in this community, with a little 
E. alba towards the east coast. 

Thenteda australis is dominant in a fairly dense ground cover, next in order 
being Schizacl?vrinm, Heteropogorz trificeus, H. contortus, S~rgln~rn, Arisfida, 
Arundinella setosa, Clnysopogon fallax, and Alloteropsis. 

(c) Gun? Woodland 

The gums (nearly all E. alba) were recorded only near the east coast. From west 
to east they are at first scattered and eventually dominant both in the coastal valleys 
and on the lower coastal hills that are not under vine forest. They form a rather lush 
woodland of spreading and somewhat massive trees (Table 8). Those observed were 
evergreen, although E. alba is deciduous or semi-deciduous in parts of the Northern 
Territory. -The woodland is lower and more opeu on the hills. 

Other large trees include bloodwoods (n~ostly E. polycarpa recorded, occasional 
E. tessellaris and E. dichron?ophloia), box, Erythrophlenm, rare E. tereticornis, and 
ironbark where this woodland grades into ironbark woodland. Slnaller trees are 
commonly Melaleuca, Acacia, Alphitonia, Petalostigma, Coelospern2urn, atld Panclanus, 
some of which occur in shrub form as well. 

The grasses vary widely. The wetter areas have a good cover from a rank growth 
of Arsndiizella, Imperata, Coelorachis, Aristida, Themeda, and Heteropogon, or with 
heavy stocking a dense sward of Chrysopogon aciculafiis. Drier areas are often under 
Tlwmeda austrnlis and Schizachyrium, especially where this woodland borders iron- 
bark woodland, and under Scl?izachyriun? and secondary annuals where stocking is 
heavy. 

The only two soil records in this community were of an alluvial red earth and a 
structured brown soil. Other records (L. J. Webb, personal communication) indicate 
that the soils are usually solodic. 

(d) B/oodwoo&StriizgybarIc Woodland* 

This covers a greater area than any other vegetation type. In general, it is a 
woodland of tall trees with a rather dense canopy over scattered smaller trees and 
shrubs and scanty mid-height grass (Plate 3, Fig. 2). The structure is given in Table 8. 
The diagnostic character is the dominance of E. tetrodonta (50% of the records) or of 
bloodwoods (33%), or of a mixture of the two (17%). Occasionally E. tetrodonta 

* The bloodwoad recorded as E. polycorpa in this vegetation type is not that species. 
Its identity is still in doubt. 
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is missing, and very occasionally so are all the bloodwoods. As these differences were 
discontinuous and could not be correlated with the habitat or the subordinate vege- 
tation, they have been looked upon as chance variation and disregarded for diagnostic 
purposes. Only two of the nine species of bloodwoods were recorded as dominants, 
namely E. polycarpa and E. dichronzophloia, in roughly equal proportions. The others 
were uncommon. 

The canopy is broken and made up mostly of the dominant E. tetrodonta and 
bloodwoods, the only other (but minor) constituent being Erythrophleum, constantly 
present but never in abundance. Other large trees occurring singly or in small groups 
here and there are E, cullenii, Parinari, and Eugenia eucalyptoides. 

Of the smaller trees, those that are uncommon generally but common where 
found are Acacia leptocarpa, Alphitonia, Pandonus, Xanthorrhoea, Melale~ica, and 
Tlzryptonzene. Single trees regularly but widely scattered are Hakea, Persoonia falcata, 
and Grevillea pteridijolia. 

Shrubs are sparse. They are represented by occasional patches of Petalostigma 
banksii or the rarer P. quadriloculare and scattered single plants of Brachychiton 
paradoxlrm, Greulia, and Coelospermum. 

The ground cover is mainly of short and mid-height grasses, with annuals and 
perennials in roughly equal proportions. The records have been summarized as 
follows: Schizachyri~im (abundant and often dominant); Chrysopogon fallax, 
Tlzaumastochloa, Aristida, and Eriachne (widespread and frequent); Alloteropsis, 
Themeda, and Ifeteropogon (widespread but uncommon); spinifex (rare, dense in 
patches); Panicum, Setaria, and Eragrostis (rare). 

The only fairly common tall grasses are Sorghum and Heteropogon triticeus. 
The main non-grasses are short Cyperaceae and Drosera, ubiquitous and fairly 
common. 

The canopy and floristics change little throughout the range of this vegetation 
type but the trees vary in size. In the wetter eastern parts they are up to 80 ft high 
and 2 ft in diameter, but in the west they are somewhat dwarfed and much more 
slender, E. tetrodonta especially. In some dry and hot places it had a maximum 
height of 40 ft and a maximum diameter of 9 in., with a reddish tinge to the foliage. 

Bloodwood-striugybark woodland is characteristic of the low-level tablelands 
and plains of weathered Tertiary sediments (Balurga and Koolburra land systen~s) 
and of the sandy levees of former streams in Dunbar land system. I t  is widespread 
also as a fringe along channelled drainage lines, particularly in Radnor land system. 

(e) Mixed Eucalypt Woodland 

This type was called into being to cater for various communities that are too 
small to be considered as types in their own right. The main ones are given below. 
Their only common diagnostic character is the dominance of the eucalypts. 

(i) The Bloodwood-Stringybark-E, phoenicea Community.-This (the only 
record of E. phoenicea) was sampled on deep sand about 20 miles ENE. of Laura, 
and a similar aerial photo pattern is found in a discontinuous band for about 50 miles 
towards the west, characterized under the stereoscope by level surfaces and shallow 
valleys that are respectively dark and even, and pale (almost white). E. dichroniophloia 
is the dominant tree, with E. phoenicea and E. tetrodonta subdominant. The canopy 



VEGETATION OF THE MITCHELL-NORMANBY AREA 81 

is aboul 50 ft high, maximum diameter is about 18 in., and visibility about 100 yd, 
with a little over 100 trees to the acre. Erythrophlertin was not recorded. Smaller trees 
are Hakea, Persoonia, Gresillea, and Acacia lepfocotya. Shrubs are abundant and 
varied (Lamprolobii1n7, Alyxia, Hibbertia, Pouferia), the ground cover sparse and 
floristically poor (spinifex, Scl7izacl1yri~m?, Cyperaceae). 

(ii) The Blood~vood-Strirzgybar'k-E. miniata Connnuni1y.-E. miniafa, which is 
closely related to E. phoenicea, was likewise rare over most of the survey area. The 
community was sampled only once and was found to have several points of similarity 
with the bloodwood-stringybark-E. phoenicea coinn~unity. It was on sand about 
20 miles SW. of Wrotham Park and was also recorded about half way between 
Wrotham Park and Chillagoe, again on sandy soil. E. fefrodonta was dominant, 
with E. rnirziata and E. dichl.onzophIoia subdominant. Like the foregoing community, 
it was characterized by abundant shrubs and a sparse ground cover. 

(iii) The E. brevifolia Cominnr~ity.-E. bresifolia is dominant on rocky hills in 
the neighbourhood of Nymbool. It forms a low (25 ft) open woodland of almost 
mallee-habit trees with 200 and morc trunks to the acre. Other trees include Callitris, 
E. a~llenii, E. shirleyi, Casoarina, E. dichromophloia, and E. sin7ilis. Shrubs are 
uncommon and ground cover sparse (Tl?enzeda, spinifex, Schizacl7yriimnt, Cynzbopogon). 
Xanthoi.rhoea is abundant and widespread. 

(iv) The E. tereticornis Conzmtmity.-Except near the coast, E. tereticornis was 
rare in the survey area. One example of this community was seen near Molloy, 
E. tereticomis about 70 ft high being the only tree making up the canopy. E. tessel- 
Iaris, E. alba, and E. polycarya were frequent but much shorter. Small trees inclnded 
Melaleuca, Tristania, Coelospernzurn, and Alphifonia. Among the grasses, finperafa, 
Thernedaauslralis, and Chrysopogon aciculatrrs were about equally common, and formed 
a dense and matted cover. 

(v) Et~calypfs witlz SI?rubs.-There is little consistency in this mixture and no 
specific dominance among thc eucalypts. They include E. tetro~fonta, bloodwoods, 
ironbarks, and boxes, the commonest subordinate species being Canariurn, 
Syzygirinz, Ficus, Pandarzus. Halcea, Acacia, Melaleuca, Excoecaria, Casuarina, 
Erythrophlec~rn, Alpkitoizia, Gre~,illea, and Cocl~lospernrun7, Shrubs are usually common, 
and like the grass cover are very variable. 

Such nondescript patches are to be found in most of the land systems. They 
appear to be normal chance assemblages that are not related to the environment in 
any way. 

(f) Paperbark Woodland 

I t  was not possible to determine the species of Melaleuca (paperbark) in the 
field, and merely to differentiate between them was a laborious, exacting, and 
repetitive task. I t  is probable, therefore, that many features were nlissed, and the 
account of paperbark woodland should be considered against this background. 

It is the second largest vegetation type and the most widespread, dominating 
most of the lowlands west of the Great Dividing Range, particularly on foot slopes, 
valley floors, and low-lying level country whichis flooded for at least part of the rainy 
season. I t  is made np of slender silvery broad-leaved trees about 20 f t  high, with 



rather twisted stems that branch towards the top (Plate 4, Fig. 1; Table 8). Stem 
diameter of mature trees is about 3 in. and there are a little over 300 trees of all sizes 
to the acre. The density, however, varies greatly, for the woodland at one extreme 
grades into savannah and at the other forms dense communities that would more 
fittingly be classified as scrub. For the sake of convenience the term scrub is reserved 
for the communities of narrow-leaved Melaleuca that are dealt with in Section II(g). 

In  nearly half the sample areas more than one species of Melaleuca were recorded; 
and this may have been the case more often than the records show, for the species 
were sometimes very closely alike. 

The most common dominant was M. i'irid~flora which covered many miles 
throughout the survey area, sometimes on gravelly or sandy rises but mostly on low 
seasonally flooded plains and billabong floors. Others recorded on the seasonally 
flooded plains, but less commonly, were M. saligna, M. izervosa, and M. stenostachya. 
M. leucadendron and M. argeiztea were recorded along the sandy banks of larger rivers. 
M. synzphyocarpa was frequent along billabong margins. 

Almost invariably these woodlands have a scattering of emergent eucalypts 
and almost invariably these are bloodwood and box. In addition, though still 
dominantly under Melaleuca, some areas have concentrations of bloodwoods in 
irregular narrow bands. Habitat differences in these bands and outside them, as far 
as survey observations go, are barely perceptible. The bands appear to be very slightly 
higher and have a deeper topsoil with a more clayey subsoil. The subsoil in both is 
extremely hard, a feature that was shared by a great many of the sample areas in 
paperbark woodland. 

Other common trees in order are Crevillea, Petalostig~na banslcii, Hakea, Acacia 
leptocarpa, Erythrophleum, and Alyhifonia, of which the fitst three are usually and the 
last three sporadically present. A little Grewia occurs but shrubs are generally 
uncommon. 

On the whole, the ground cover is sparse and stalky, Schizachyriurn being the 
most widespread and common plant in the ground cover and the most usual 
dominant. The three species recorded were S. fragile, S. obliquebeybe, and 
S. pachyarthrum, but they were usually too fragmentary to be distinguished. Other 
plants, roughly in order, are Sorghum, small Cyperaceae, Thaun~astochloa, Chryso- 
pogon fallax, Eriachne, Aristida, Drosera, Heteropogon triticeus, Tl~eineda australis, 
and Alloteropsis. 

( g )  Paperbark Scrub 

This comprises the narrow-leaved and ericoid species M. acacioides, M. 
tainariscina, and M. foliolosa. 

(i) The M. acacioides Community.-It is a little doubtful whether this merits 
consideration as a community for, apart from the dominant M. acacioides, the 
constituent plailts vary greatly from place to place. The most common subordinate 
woody plants are coolibah (E. microtheca), bloodwoods, M. virid$ora, and deciduous 
scrub species. Ground cover varies from dense and tall to sparse and short, and is of 
many species. No consistent pattern or dominant could be discerned for the com- 
munity as a whole. 
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The seven records are all from low situations (colluvial foot slopes or alluvial 
plains). 

(ii) The M. tamariscina Community.-M. tamariscina was recorded only from 
the pallid and mottled zones below terrestrial sandstone. I t  forms a compact and 
uniform community about 12 ft high, often mixed with and eventually giving way 
to lancewood scrub upslope. It contains virtually no emergents but does include a 
number of smaller shrubs (Bossiaea, Grevillea decora, Jaclcsonia rar?~osissima, 
,I, thesioides, Calytrix, Fenzlia sp.). The ground cover is very scanty (Aristida 
caput-~nedusae, Cymbopogon, Schizachyrinm, Thalrmastochloa). 

The patches seldom cover more than a few acres, but are nseful and easily 
recognizable indicators of Annaly laud system (occurring on unit 2). In  the dry 
season at least they are a characteristic brown. 

(iii) The M. foliolosa Community.-This connnunity usually occurs in low-lying 
areas. Like the foregoing community, it is about 12 ft  high and in patches of a few 
acres, but it is often mixed with box, bloodwood, and M. viridipora (occasionally 
with M. acacioides and Excoecaria) and is then more. open with an orchard-like 
appearance and visibility from 100 to 400 yd. The trees are bushy towards the top 
and dark green. Shrubs are rare and ground cover poor and usually short 
(Cyperaceae, Sclzizachyrium, Drosera, Aristida). 

It is widesprcad but never very common. Its main occurrences are in Dunbar 
(units 2 and 4) and Leinster (unit 4) land systems. 

(12) Lancewood Scrub 

Lancewood (Acacia shirleyi) was recorded only from weathered terrestrial 
sediments, usually on or near low cliffs or outcrops. It is dense, has a deep canopy, 
and is about 30ft high, with very few shrubs or other trees and only occasional 
wiry grasses below (Aristida capuf-medlfsae, Cyn~bopogon bon?bycinus, Eragrosfis, 
Schizachyriurn, Thaun?astoclzloa). 

It is of little importance except for diagnostic purposes, for it is virtually confined 
to Annaly land system (unit 2). 

(i) Everxreen Mixed Scrub 

The diagnostic characters are a dense and low mixed community in which 
deciduous trees, eucalypts, and paperbarks, though often present, are never dominant. 
The canopy is uneven and broken and most trees are under 3 in. diam. breast height, 
those 3 in. and over being only about 80 to the acre (Table 8), sometimes mixed, 
sometimes with one or two species dominant. Besides eucalypts and paperbarks 
these trees and shrubs were noted: Acacia, Alphitonia, Banksia, Bossiaea, Coelo- 
spernzum, Erytl~roplzleum, Erytl?roxylum, Excoecaria~ Gardenia, Grevillea, Hakea, 
Pandarzus, Persoonia, Pefalostigma, and Thryptomene. 

Evergreen mixed scrub is vague, heterogeneous, and fragmented, andmore a 
repository than a vegetation type. It is found in thickets rather than patches and is 
measurable in acres rather than in square miles. In  sandy places it is usually associated 
with GreviNea and in clayey low-lying places with Excoecaria, but apart from these 
two examples no correlations were observed. The grasses have little uniformity 
except in their sparseness. 



(j) Deciduoi~s Scrub 

Most deciduous scrub is on soils of heavy texture, with woody constituents 
Terminalia, Bauhinia, Dendrolobium, box, bloodwood, Grewia, Acacia bidwillii, 
and rare Carissa and Gardenia sill~elmii. Acacia bidwillii tends to form commui~ities 
of its own but the rest are usually mixed. Cover is variable, with abrupt or very 
gradual transitions illto patches of savannah or grassland, and with more shrubby 
and dense areas along the edges of gullies. Boxes are fairly frequent, bloodwoods 
occasional, they and some of the Acacia bidwillii, which is semi-deciduous, being the 
only evergreen members of the community. The structure is given in Table 8. 
Because the trees and shrubs were bare during the survey, figures for visibility are 
higher than they would be in summer and not comparable with those of the other 
vegetation types. 

On cracking clays derived from calcareous shale the ground cover is usually 
rather dense and dominated by grasses 3-4 ft  high, of which the commonest are 
Dicharztl7iim7, Tl7emeda australis, Heteropogon contorti~s, Sorghum, Clzryxopogoiz 

fallax, Aristida ingrata, A.  latijolia, Pennisefunz basedowii, and Panicurn. Below this 
top cover is a sparser layer of Cyperaceae and short annual grasses (Aristida, Urochloa, 
Schizacliyriu~n, Iseilema), with small twining legumes fairly frequent. 

A variant of the deciduous scrub is made up principally of Petalostigma banlcsii 
with some P. pirbescens and evergreen trees (Alphitonia, Gre~lillea, Hakea). I t  occurs 
nearly always on sandy soils with sparse and variable usually short grasses below, 
and few legumes. 

A third variant is found on outcrops. I t  is the deciduous microphyll vine thicket 
of Webb (1959), locally known as "turkey scrub". It is floristically richer with a 
canopy 15-30 ft high, and thorny shrubs and swollen stems (e.g. "bottle trees") are 
conspicuous life forms. Common trees are EryNzrina ~~espertilio, Gyrocarpus 
a~nericanus, Cochlospermunz gillivraei, Gardenia ochreata, Brachychiton paradoxin, 
B. australe, Tenninalia, Strychnos Iucida, Clerodendrunz cunnirzgl7amii, Fici~s, Diospyros 
ferrea, and Pouteria sericea. The grass cover is negligible. 

The edges of these patches are often infiltrated by sclerophyll forest species, 
e.g. E. dicl~ronzophloia, E. confertiflora, E. papuana, E. tetrodonta, E. tessellaris. 
These sera1 mixtures are to be seen as different stages of recovery of the vine thicket 
margin after past catastrophic fires. 

The main occurrences of deciduous scrub are in units 4 of Brixton, 2 and 4 of 
Maple, and 2 of Radnor land systems (in all of which Petalostigma is unusual) and 
(with Petalostigma) in units 4 of Arkara, 4 of Hodgkinson, 2 of Ninda, and on 
outcrops generally. 

( k )  Mangrove Scrub 

Ten species of mangrove were recorded of which seven were determinable, 
namely Myoporunz acuminatunz, Aegialitis annulata, Lr~nznitzera racemosa, Excoecaria 
agallocha, Ai~icennia n7arina var. resinifera, Ceriops tagal var. australis, Rhizophora 
?stylosa. 

They occur mainly along the east coast where they line the tidal creeks and cover 
the lower tidal mud flats of unit 5 of Battersea land system. The scrub is in the usual 
form of 12-15-ft dense trees with an unbroken canopy and a bare and regularly 
inundated floor. No records were made of the floristic distribution or ecology. 
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(I) Grasslarcd and Savarcnah 

The presence or absence of scattered trees is the key character that distinguishes 
grassland from savannah. For practical purposes the two are best considered 
together, for the.distinction is subjective and in any case relative rather than absolute. 

Occasional small areas of grassland and savannah, apparently without any 
consistent correlation with the habitat, are found in most land systems. They appear 
to be normal chance variations too small for consideration in this survey. The areas 
to be dealt with here, on the other hand, do show a fairly close correlation with the 
habitat for they are nearly all connected with clayey soils, drainage depressions, and/or 
alluvial plains. Those on clayey soils are Heferopogorz contortus with scattered 
bloodwood on soils derived rrom basalt, mixed grasses with scattered deciduous 
scrub species and box on soils derived from calcareous shale, and mixed gasses and 
coarse sedges on coastal sediments. Those on drainage depressions are Eriachne 
burkittii, fine sedges, and scattered paperbark. Those on alluvial plains are mixed 
grasses and scattered paperbark. 

(1) Heteropogon contortus with scattered bloodwood on soils derived from 
basalt is a limited conlmunity (Lukin land system) because basalt occupies only a 
small part of the survey area. Heteropogon contortus is usually dominant, in some 
places forming virtually pure communities, in others with Tlcenzeda alistralis or 
Dichanthitrm, less commonly with Coeloiachl~is and Heteropogon triticeus. Aristida 
latifolia is widespread but thinly scattered. 

(2) Mixed grasses with scattered deciduous scrub species and box on soils 
derived from calcareous shale is identical with the commnnity described for shale in 
Section II(j) except that the scrub species are widely scattered. The general effect is 
of an even and dense 3-4-ft stand of flowering culms with a complex tal~gle of leaves 
and twiners nearer the ground. As a rule, the deciduous scrub elemenis tend to scatter 
in clumps rather than to form a parkland of individuals. Gre~via latifolia is an 
exception. I t  is often present and is fairly evenly distributed. This vegetation is found 
mainly on Brixton and Maple land systems. 

(3) Mixed grasses and coarse sedges on coastal sediments form a commnnity 
in which the grasses are a mixture or a mosaic or short and mid-height species, which 
in many places alternate with small pure communities of a robust sedge, probably 
Cyperus exaltatus. The cover is usually dense and grasses with runners are frequent 
(Cyrzodon, Sporobolus ~irginiclis, Brachyachne). The common grasses besides the 
three mentioned are Eriaclme burkittii, Arundinella setosa, Vetiveria, Schizaclcyrium, 
Panicum decompositunz, P. traclzyrachis, Bothriochloa, Clcrysopogon fallax, Clcloris, 
Sorghum, Iseilerna, Themeda argaercs, Oryza, Dicharztl~i~~rn fecundurn, and D. super- 
ciliatum. Fine sedges are scattered throughout. Gilgai hollows are present in some 
areas, usually dominated by Cyperaceae, Eriaclcrze burkittii, or Oryza. Only a little 
widely scattered M. viridiJora occurs, and other trees are rarer still. This vegetation 
is found on Inkerman land system, with small outliers on Battersea. 

(4) Communities of the drainage depressions have Eriachne barkittii as the 
commonest grass (six records of dominance), the rest being Sorglzurn, Botlcriochloa, 
Ischaemurn, Aristida sp., and Arundinelia setosa (one record each of dominance) and 
Eriachne humilis, E. squarrosa, Tlcemeda aaenacea, Pseudoraphis, Sclzizacltyriunz, 
Vetiveria, Alloteropsis, Ectrosia, Panicunl clecomposit~rm, and Parzicum spp. (frequent 
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but not dominant). Cover is dense and fine Cyperaceae are coinmon throughout. 
The trees consist of widely scattered M. viridgora and occasio~ial thickets of M. 
foliolosa near the edges of the depressions. It is self-evident that the commu~iities 
are widespread throughout most land systems. 

(5) Commu~lities of the alluvial plains are best considered as a complex because 
changes in the grass flora, though abrupt and often striking, could not be correlated 
with any habitat factor. The diversity of the vegetationis illustrated by thefollowiiig 
list of dominants, each of which was recorded only once: Aristirla sp. (annual), 
Bofhriochloa, Cyperaceae, Heteropogon contortus, Iseilen?a, Sclzizaclzyri~~ii~, Sorghum, 
Eriaclzne burkittii, and Vefiveria. Other fairly common grasses are Chrysopogon 
fallax, Panicunz, Heteropogon confortuj, and Bracl~yaclfne. 

This complex covers many miles of country in Radnor, Cumbnlla, and Dullbar 
land systems and is associated with scattered paperbark. 

(nz) Salt-nzarslz Vegetation 

This is a patchwork of low usually rather uniform herbaceous communities 
alternating with bare scalds. Those commui~ities with the greatest aggregate cover 
are of Arthrocnen1~~12. All the salt-marsh vegetation is within reach of at least the 
spring tides, and usually includes slightly higher areas of the mixed grasses and coarse 
sedges of the coastal sediments. I t  occurs only in Battersea land system. 

(n) Vine Forest* 

Closed forest vegetation characterized by an abundance of woody vines and a 
high proportion of deciduous and low-branched trees, and conlposed of species of 
Indo-Malesian affinity, occupies a relatively small area in relation to the dominant 
sclerophyll vegetation. I t  belongs to the so-called "tropical rain forest" element which 
is largely restricted to the humid coastal regions of north-eastern Australia. The vine 
forest vegetation (nomenclature follows Webb 1959) is generally confined to well- 
drained soils of high fertility? (derived from basalt, limestone, granodiorite, diorite, 
and other basic or snb-basic rocks), and, except in the humid coastal region, favours 
topographic fire-shadows (rocky outcrops, protected gullies) and well-drained alluvia 
fringing creeks and lagoons: The lire-sensitive vine forest species are able to maintain 
themselves only in situations topographically protected from bush fires or, where 
moisture is adequate, by the microclimate of well-integrated vine forests themselves. 
Some Indo-Malesian taxa, however, contain species that occur scattered in the sclero- 
phyll formations and are tolerant of fire. Their presence is a striking feature of many 
of the types of eucalypt woodland, especially on well-drained reddish sandy soils 
and krasnozems, coinmon genera being Termii~alia, Owenia, Bracl~ycychifon, Parinari, 
Canarium, Albizia, Adenantlzera, Eugenia, and Pooteria. It is evident that while 
ge~ierally the sclerophyll forests are secondary and have tended to replace the dry types 
of vine forests which now occur as small relict patches, there has been a long history 

'This section and parts of (j) and (0) were written by Dr. L. J. Webb and Mr. J. G. Tracey, 
of the Division of Plant Industry, CSIRO. 

t Vine forest has been recorded by Mr. R. F. Isbell (personal communication) on quite acid 
granites and adamellites, low-grade metamorphics, and greywacke. The soils derived from these rocks 
are very low in phosphorus, their only pretension to high fertility being the relatively high anlounts 
of organic matter in the A horizon. 
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of co-adaptation of the Indo-Malesian and Australian floras. The absence of a well- 
developed deciduous (tropophilous) element in the Australian flora is notable: eqniva- 
lent n~onsoonal areas in south-east Asia and India are dominated by deciduous 
formations, but in Australia by mainly evergreen sclerophyllous types. These 
sclerophyllous types presumably reflect long adaptation to oligotrophic conditions 
(Webb 1965, 1968). Accordingly, the vegetation patterns of the region are to be 
interpreted not only in terms of the primary infliience of rainfall distribution and soil 
drainage but also in ternis of soil nutrient availability and topography in relation to 
the influence of wild fires. 

The following structural types of vine forest occur in the survey area (nomen- 
clature follows Webb 1959, 1968). 

Mesophyll vine forest, either complex or mixed, is found where rainfall is greater 
than 80 in. This type grades into inixed and simple notophyll vine forest, often with 
Agathis, on the wet gra~lodiorite coastal mountains above approximately 2000 ft. 
These two types are poorly represented in the survey area. 

Semi-deciduous mesophyll vine forest, found where rainfall is approximately 
6&80 in., is a moist monsoonal type 70-100 ft high characterized by scattered de- 
ciduous emergent and canopy species, e.g. Terminalia sericocarpa, Ficus racennosa, 
Boinbax inalabaricu~n, and Gn?elina fasciculflora. 

Semi-deciduous notophyll vine forest, sometimes with Araucaria cunninghan~ii 
(see below), is a drier type, found where rainfall is approximately 45-60 in. The 
canopy level averages 4&60 ft with einergents, and common trees are Argyrodendron 
sp. (probably trifoliolatum), Alangiunz villosum, Bachanania arboresceus, Randia 
cochinchiuensis, Endiandra glaoca, Dysoxy l~~m ol~positifoliu~n, Blepharocarya irzvol~r- 
crigera, Ganopl7yllirin falcatm, and Terminalia sericocarpa. 

Araucaria cm~~~niiigIian?ii (hoop pine)occurs in a few patches of a low notophyll 
vine forest fringing the hind-dunes on the coast north of Cooktown. The distribution 
of this conifer is presumably relict thronghout the Peninsula: the most extensive vine 
forest with A. canningl?ainii is on the McIlwraith Range just north of the survey area. 

Brass (1953, p. 154) notes that the 150-mile stretch of country between Cooktown 
and the McIlwraith Range is the driest of all the east coastal fall from the base of the 
Peninsula to Cape York. (This cannot be confirmed from available records.) There 
is vine forest to  the north and south, but little within it, and it is probably the most 
important gap in the present-day distribution of vine-forest fauna and flora in north- 
eastern Australia. 

Along the eastern coast of the Peninsula in the north-east of the survey area, 
patches of a low semi-deciduous vine forest also occur in the lee of the sand dunes 
and as narrow strips fringing mangroves. A more open type of vine forest with low- 
branched trees and a grassy floor also occurs on the low calcareous sand ridges 
(local relief less than 6 ft) separating extensive grassland corridors south of the 
Archer River. Occasional lagoons fringed by Barringfonia gracilis are typical 
throughout this region, which is in Inkerman land system. 

(a) Gallery Forest 

Thin strips occur sporadically in alluvial terraces and levees along some of the 
bigger streams. They consist of a mixture of deciduous and evergreen trees up to 100 ft  
high festooned with lianes and with an understorey of lax or scrambling tall shrubs. 
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Leaf litter and annual grasses make up most of the ground cover. The 11011-eucalypt 
trees identified m the 3M0-in. ramfall zone were Alstonia, Brachychiton, Erytllri~~a, 
Ficus, Melaleuca, Parinarr, Erythrophlewn, Canarium, and Eugenia eucalyptoides. 
Occasional eucalypls noted were E. febrorlonta, E. ~~zicrotheca, E. cmzald~~lenstr. and 
bloodwoods. Typical gallery forest in the coastal area north of Cooktown has the 
common tree species Bonlbax malabaricuin, Ternzinalia sericocarpa, Ficus racernosa, 
Eugenia tierneyana, Nauclea orientalis, Gai~ophyllunz falcaf~~r~z,  Akurites moh~ccana, 
Cryptocarya triplinervis, C. ltypospodia, Castanosperillum australe, Celtisphilippinensis, 
Dysoxyhm? pettigrewia~zum, Blephuroca~ya in~~olucrigera, Vitex aclrnrinala, Alstonia 
scholaris, Pseudocarapa nitidula. 

Gallery forest covers a very small proportion of the area, and has no connection 
with any particular land system. 
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PART VII. LAND USE I N  THE MITCHELLNORMANBY AREA 

By R. H. G m *  and R. STORY* 

The domillant land use in the area is extensive grazing of native pastuxes by 
beef cattle with low capitalization and very small returns per acre. Beef cattle produc- 
tion will continue lo be dominant for the foreseeable future, but there is scope for 
aume intensification of production and for other forms of land use, despite the difficult 
nature of the environment. 

Although the rainfall is considerable and fairly reliable it is almost entirely 
concentrated into the summer months, except for the coastal highlands wbich receive 
alittle winter precipitation. Because of the marked seasonality of the rainfall, and the 
high evaporation, pastures die off soon after a period of rapid growth in summer and 
lose their nutritive value in the dry season. Seasonal flooding of fine-textured soils on 
coastal and alluvial plains is a further climatic hazard. The general climatic conditions 
are nevertheless suitable for growing a wide range of tropical crops during the wet 
season from November to April on appropriate soils. 

111. PASTURES AND LAND Us6 

I t  is emphasized that the grasses were seen under the worst conditions, at the 
end of the dry season when much of the annual cover had disintegrated and the 
perennial cover was almost completely dry. Even allowing for this, the impression 
gained was still of a poor country with little permanent water and with generally 
sparse and stalky grasses. It was noted also that edible non-grasses, whether trees, 
shrubs, or herbs, were uncommon. Whitehouse (1947) describes the great plains of 
the Mitchell River as bearing "a rubbishy vegetation", and though he is speaking 
specifically of the trees and shrubs he would have been unlikely to say this if it had been 
a country of lush pasture. The intrinsic poverty of the grasses is increased by the drop 
in value during the dry season, so that the environment is generally unattractive from 
the grazing point of view although there are limited areas of better pastures. 

The area has been divided into six pasture lands, within each of which grazing 
conditions are broadly uniform (see pasture lands map). A seventh area, non-range 
country, is unsuitable for grazing. It is defined as country in which stable and 
economic grazing cannot be carried out. The definition is not precise, for a run of 
good or bad seasons, or skilled graziers, or communications, or beef prices could 
easily alter the situation. 

* Division of Land Research, CSIRO, Canberra. 
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(a) Pasture Land I-Bloodwood-Stringybark Country 

Mediocre grazing from pastures of Eriachne, Alloteropsis, and Chrysopogon 
fallax characterize this pasture land which comprises Annaly, Balurga, and Kool- 
burra land systems. The tree cover is ma~nly bloodwood-stringybark woodland. 
Water supplies on the whole are fair, particularly in Balurga land system where many 
billabongs occur. W ~ t h  heavy stocking accelerated erosion would be a risk because 
the landscape is somewhat dissected and cover rather poor, particularly on scarps 
and scalds where a scanty cover of Eriachne, Aristida, and Cymbopogon gives little 
protection. 

This pasture land occupies 15,560 sq miles. 

(6) Pasture Land 2-Lowland Paperbark Country 

This pasture land comprises lowlands and plains, some' of them seasonally 
flooded, with mainly short grasses and  scattered clumps of tall gri&, bdth under 
paperbark woodland. 

In the east the fans and colluvial aprons of Ninda land system have a somewhat 
higher rainfall but are subject to gullying, sheet erosion, and shallow flooding. 
Common grasses are Schizachyrium, Sorghum, Tlmunzastochloa, Themeda australis, 
Heteropogon contorfus, and Aristida, with a good proportion of more mesophytic 
and mostly taller grasses among them, namely Imperata, Arundinella, Coelorachis, 
and Heteropogon triticeus. Cyperaceae are widespread and common. The treecover 
is on the whole dense and varied. Grazing is fair but water is scarce. 

In the centre and west this pasture land occupies the gently undulating country 
and plains of Mottle and Leinster land systems. The mesophytic grasses of the east 
are replaced by Eriachne, Alloferopsis, and Cltrysopogon fallax while the tree cover is 
mostly woodland. The grazing is poor and permanent water is restricted to pools 
along the major drainage lines. The boundary between pasture lands 2 and 4 is 
indefinite, for Leinster land system (in pasture land 2) consists mainly of paperbark 
woodland and grades imperceptibly into Dunbar (in pasture land 4) which has rather 
open paperbark woodland and less of it. Dunbar is also slightly lower, but again the 
transition is very gradual. 

This pasture land occupies 10,380 sq miles. 

(c) Pasture Land 3-Ruggedfionbarlc Country 

This type of country comprises the hilly Maytown and Starcke land systems 
with extensive rocky areas. The sward is dominated by Themeda australis, 
Schizachyrium is widespread, and Heteropogon contortus, Aristida, and fine 
Cyperaceae are common. The tree cover is mainly ironbark woodland which, from 
the evidence of small clearings, does not influence the yield or composition of the 
ground cover. Permanent water is scarce. While this country is well grassed it requires 
the provision of watering points and more intensive management than is at present 
possible. Care would be needed to avoid accelerated erosion on the steep slopes, 
especially since the cover of Therneda australis is easily destroyed by continuous 
stocking. 

This pasture land occupies 10,120 sq miles. 



LAND USE IN THE MITCHELL-NORMANBY AREA 91 

(d )  Pasture Land 4-Alluvial Plain Country 

This pasture land comprises alluvial plains with some seasonal flooding and 
embraces Inkerman, Dunbar, Cumbulla, and Radnor land systems. On the saline 
cracking clays of lnkerman land system there is a mixture of short grasses and tall 
somewhat rank grasses. Common constituents are Cynodon, Sporobolus sirginicus, 
Brachyachne, Eriaehne burkittii, Arundinella setosa, Vetiveria, Schizacl?j~rium, Panicunz 
decompositum, P .  trachyrachis, and Bothriochloa. The trees consist mainly of widely 
scattered paperbarks. Cumbnlla, Dunbar, and Raduor land systems have more soils 
of lighter texture and a different ground cover in which the common constituents are 
Eriaclme burkittii, finer Cyperaceae, Schizachyrium, Sorgln1n7, Panicurn decon~positimz, 
Heteropogon contortus, Iseilerna, Cl~rj~sopogon fallax,'~raclzyachne, Aristida, Cllloris, 
Heteropogon triticeus, Capillipediun?, Oryza, Dicharrthii~m superciliati~nz, and Bothrio- 
chloa. The trees -(mainly paperbark) are denser than in Inkerman land system. The 
flooding of this pasture land seems shallow and sluggish and is unlikely to be a hazard 
to stock. The resulting stored water should tend to maintain green feed well into the 
dry season, offsetting the disadvantage of earlier flooding. Indeed the flooded country 
might be kept as a reserve to prolong the overall period of useful grazing. Pools along 
the drainage lines and billabongs provide adequate watering points (see remarks in 
pasture land 2 on the indefinite boundary between 2 and 4). 

This pasture land occupies 9840 sq miles. 

(e) Pasture Land 5-Central Ironbark Country 

This is undulating country comprising the Hodgkinson and Arkara land systems 
and has a fairly uniform pasture dominated by Themeda aastralis and Schizachyrium. 
Subordinate grasses are Heteropogon, Sorghum, Aristida, Thaumastochloa, Chrysopogon 
fallax, and Arundinella setosa, with Cyperaceae widespread and common among them. 
Ground cover is fairly good. The tree cover is mainly ironbark woodland and is too 
open to restrict grazing in any way. 

This is one of the better pasture lands but it is rocky in parts and water supplies 
would be a problem once the rains had ceased. 

This pasture land occupies 6600 sq m~les. 

(f) Pasture Land 6-Shale and Basalt Colmtry 

This pasture la@ con~prises the grasses of the shale and basalt on open country 
of plains, lowlands, and low plateaux (Brixton, Lukin, and Maple land systems). 
Ground cover is fairly dense, mostly of mid-height grasses with a subordinate layer of 
short grasses, fine Cyperaceae, and twining legumes. 

Common plants are Heteropogon contortus, Dlchanlhium, Thenteda australis, 
Schizachyrium, Aristida, Sorghun?, Cyperaceae, Legum~nosae, Iseilerna, ANoteropsis, 
and Astrebla squarrosa. The country has some thickets of deciduous scrub and 
eucalypts besides (mainly bloodwood and box), but is on the whole sparsely wooded. 

Clayey soils, good ground cover, open country, lack of strong relief, and a 
proportion of non-grass feed make for comparatively stable and nutritious grazing, 
but permanent water is scarce. 

This pasture land occupies 1070 sq miles. 
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(g) Non-range Country 

Rumula is rugged country under rain forest, Battersea land system is mostly 
bare or under salt-marsh vegetation, and Flattery land system consists largely of dunes. 
Their use for grazing would at present be ill advised, and these land systems have 
accordingly not been considered from this point of view. 

Non-range country occupies 1490 sq miles. 

TABLE 10 
LAND CLASSIFICATION 

Land Extent 
Class (sq milcs) 

Potential Land Use Land Systems Main Limitations 

111 300 Cultivation Maple, L ~ ~ k i n  (in part) High clay content 
workability, crosion 

IV 20,000 Pastureimprovement, Koolburra,Ralurga, - Erosion, low fertility, 
limited cultivation Mottle, Brixton, low watcr-holding 

Annaly capacities, poor 
physical properties of 
soils 

V 14,000 Extensive grazing, pasture Dunbar,Leinster, Flooding, waterlogging, 
improvement Cun~bulla, Radnar, hardpan soils, salinity 

Inkerman and alkalinity 

VI 7800 Extensive grazing, forestry Arkara, Ninda, Relief, erosion, shallow 
Hodgkinson sails 

VII-VIII 11,500 Limited grazing, forestry, Maytown, Starcke, Relief, erosion, salinity 
water-shedding Rumula, Battersea, 

Flattery 

IV. SOILS AND LAND USE 

The eight soil groups described in Part V of this report vary widely in their 
suitability for pastoral and agricultural purposes. Since there is little or no experience 
of land use in the area other than extensive grazing of natural pastures and since the 
survey data can support only very broad generalizations, no detailed assessment of the 
potential land use is possible. 

A tentative land classification of the area, based not only on soils but also on 
topographic and climatic conditions, is given in Table 10 and illustrated in Figure 7. 
The classes shown are similar to those defined by the United States Department of 
Agriculture (1958). 

(a) Alluvial Soils 

Three of the four families of this group (Morehead, Helenvale, and Bosworth) 
occur throughout the area but are most extensive in Cumbulla land system where they 
occur in a complex pattern with other soils. They do not occur in large uniform areas 
and are almost certainly liable to regular flooding of varying depth and duration. 
Consequently they are considered generally unsuitable for cultivation in all but small 
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areas where the risk of flooding is slight. They support pastures that are suitable for 
grazing in the dry season and may be compared with some frontage country in the 
Leichhardt-Gilbert area to the south. The soils of the fourth family (Nassau) occur 
mainly in Battersea land system on the coastal plains. They are severely affected by 
sodium salts, are poorly drained and subject to flooding, and are suitable only for 
extensive dry-season grazing. 

Fig. 7.-Land capability. 

(b) Craclcing Clay Soils 

This group comprises six families. Carpentaria and Marina soils occur in 
Inkerman and Battersea land systems on the coastal plains and are moderately to 
severely affected by sodium salts and subject to regular flooding. They are suitable 
only for extensive grazing in the dry season. On the basis of very few analytical data, 
the soils of Koolatah family are only slightly affected by soluble salts but contain high 
proportions of exchangeable sodium. They are likely to have very slow permeability 
and are poorly drained. The soils of Yanko and Gilbert families appear to be only 
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slightly affected by soluble salts but prominent mottling indicates seasonal flooding or 
waterlogging. The soils of Wrotham family in gently undulating areas formed on 
shales are considered suitable for cultivatio~ except for the very stony phases and 
where they occur in drainage depressions. They cover about 300 sq miles in the area. 
No information is available regarding their fertility but they would probably give 
responses to phosphatic and nitrogenous fertilizers. The main problems concerning 
their use for cropping would be caused by their high content of ~nontmorillonoid clay 
and the likelihood of a narrow range of soil moisture for optimum working. 

(c) Texture-contrast Soils 

The soils of this group are comparable with other very similar soils which are 
widespread in cehtral Queensland. Many have the typical morphology of solodized 
solonetz and solodic soils with massive sandy surface horizons and hard intractable 
subsoils which restrict penetration of water and roots. They are generally considered 
to be best suited to pasture establishment, particularly those with thick surface hori- 
zons. Some with structured friable subsoils may be suitable for cultivation or forestry 
in selected areas. 

(d )  Massive Earths . . 
The soils of the nine families in this group are best considered in terms of two 

subgroups. The first comprises the red and yellow earths of Kimba, Coleman, Clark, 
Kalinga, welcome, and Brooklyn families which cover almost 10,000 sq miles in the 
area. These soils occur mainly in Koolburra, Balurga, Arkara, and Brixton land 
systems in well-drained very gently undulating areas generally under tall bloodwood 
and stringybark woodlands. They have formed on deeply weathered terrestrial sedi- 
ments and are strongly leached. They have very low levels of fertility and generally 
low water-retaining capacities. These soils are considered to be best suited to pasture 
improvement with Townsville stylo. The shallow soils of Brooklyn family are 
suitable only for limited grazing use. 

The second subgroup comprises the leached grey and brown massive earths of 
Staaten, Crowbar, and Lorraine families. These soils occur extensively in Dunbar, 
Leinster, Mottle, and Annaly land systems where they cover an estimated area of 
7000 sq miles of plains or gently undulating lowlands under paperbark woodlands. 
They have poor internal drainage, and Crowbar soils have an extremely hard siliceous 
hardpan at depths of 1-2ft. Pasture improvement with Townsville stylo or the 
growing of fodder sorghums may be feasible but extensive areas of these soils are 
probably liable to periodic flooding or waterlogging. 

je) Sfructr~red Red and Brown Soils 

This group comprises. three families. The structured red soils of Springvale 
family occur mainly in Lukin and Rumula land systems, under eucalypt woodland 
and vine forest respectively. In  Lukin land system with gently undulating relief on 
basalt, the soils are well drained and probably have moderately high fertility. They are 
commonly very stony but some areas are free of stones and suitable for cultivation. 
Similar soils are found in Rumula land system with mountainous relief. These areas 
are generally too steep for cultivation, grazing, or forestry and the rainfall is 50 in. 
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or more. Conservation as water catchments would probably be the best use for such 
areas. 

Wyaaba and Waterhole soils are similar to those of Springvale family only in 
respect of their gradational texture profiles and structured subsoils. In other respects 
they are more akin to the leached grey and brown massive earths and occur in similar 
situations. Pasture improvement may be feasible but flooding and waterlogging are 
probable hazards. 

(5) Uniform Medium- and Fine-texturedSoils 

This group of three families is also rather heterogeneous but they have textural 
afinities. Frazer family has deep massive highly leached soils which occur under vine 
forest in Rumula land system and would best be conserved as watersheds. Mimosa 
soils occur most extensively in Brixton land system in gently undulating areas under 
box woodland. They are probably most suitable for pasture improvement but might 
be cultivated in selected areas. 

The soils of Maitland family are shallow and gravelly and occur in the hilly 
to mountainous Hodgkinson and Maytown land system,s. Their use for forestry in the 
more humid parts of these areas warrants investigation.. . 

(g) Uniform Sandy Soils 

The soils of the five families in this group areall characterized byuniform sandy 
textures. Healy, Bridge, and Bathurst soils are distinguished on the basis of differences 
in colour which probably reflect drainage conditions. They occur in similar situations 
mainly in Mottle, Balurga, ICoolburra, and Arkara land systems where they cover an 
estimated area of 800 sq miles. They are very strongly leached with high contents of 
quartz sand and are consequently infertile. Available water-holding capacity is almost 
certainly very low. 

The soils of Cardwell family are shallow and gravelly and like the deep dune 
sands of Dinah family have practically no agricultural value. 

(h) Shallow Roclcy Soils 

These soils are widespread in the eastern half of the area on steeply sloping 
country. They have no agricultural value but can support useful timber in places. 

(i) Miscellaileous Land 

Saline mud flats, tidal swamps, and steep rocky land are. virtually useless. 

V. THE CATTLE INDUSTRY 

(a) Present Situation 

From figures supplied by the Bureau of Census and Statist~cs, W. F. Mawson 
(personal communication) estimates the present cattle population of the area at about 
261,000. These cattle are distributed more or less equally throughout those parts of 
Cook, Mareeba, and Carpentaria Shires that occur in the area. Excluding the 
inaccessible or barren hilly and mountainous terrain, the overall present stocking rate 
in the area is therefore about 1 beast to 4 sq miles. The annual total turn-off rate 
is probably between 10 and 15% (Howard 1966). 
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According to Copeman and Mawson (1955), most of the cattle in the north- 
eastern part of the area were originally Shorthorns but were later crossed with Devon 
bulls. The resulting cross-bred animals were considered hardier and better able to 
withstand heat, ticks, and drought. In the west of the area Shorthorns are by far 
the most popular breed of cattle. There is a small proportion of Herefords and 
Brahman and Santa Gertrudis cattle are increasing (Howard 1966). In recent years 
the use of Zebu blood has increased and breeding programmes aim at developing 
animals that combine the beefing qualities of the British breeds with the adaptability 
of the Zebu (Donaldson 1963). 

Owing to the short period of active growth and the generally low quality of 
native pastures in the area, the provision of adequate nutritions feed for stock during 
the dry season is a major problem. Copeman and Mawson (1955) also record that, 
except for the marine plains, phosphate or other mineral deficiencies in soils and 
pastures are evident from cases of bone-chewing. The low carrying capacity of the 
native pastures involves the use of large areas, which, together with the lack of fencing 
and watering facilities, results in poor control of herds. These factors in turn lead to 
difficulties in management with respect to the control of mating, weaning, and pests 
and diseases (Copeman and Mawson 1955; Donaldson 1963). 

Cattle tick and buffalo fly are present almost throughout the area. Ticks are 
considered to cause the greatest economic loss to the industry and, directly or in- 
directly, are responsible for more deaths than any other factor. Tuberculosis causes 
losses of about 5 %  or higher in some herds, Infertility diseases such as vibriosis and 
leptospirosis are suspected of reducing calving rates in breeders and causing deaths 
in young calves. Contagious bovine pleuropneumonia is present in the area but is 
now under control as a result of vaccination programmes. Blight or ophthalmia 
affects mainly the British breeds but Zebu crosses appear to be immune. Dingoes 
cause losses in parts of the area. Various poisonous plants, e.g. heartleaf (Gastro- 
labium), Noogoora burr, and zamia occur in the area (Copeman and Mawson 1955; 
Howard 1966). 

In addition to the problems listed above, the remoteness of the area and poor 
commi~nications also cause management problems. Managers and stockmen on 
remote stations tend to drift to less isolated areas, and high transport costs and lack 
of readily available materials cause difficulties (Copeman and Mawson 1955). The 
nearest sale-yard and railhead is at Mareeba to the south-east. Some cattle from the 
south-west of the area are moved by sea from Burketown, Karnmba, and the mouth 
of the Nassau River (Howard 1966). Most stock are walked to a railhead by 
recognized stock routes, but transport by barges to Cairns from loading bases in 
Princess Charlotte Bay is now being used and road transport is increasing. 

(b) Possible Improvements 

Copeman and Mawson (1955), Mawson (1956), Donaldson (1963), Burns 
(1964), and Howard (1966) suggest that improvements in feeding, breeding, and 
management are the primary essentials for improved cattle production. 

The great problem in feeding is the decline in pasture quality during the dry 
season. Grazing management trials on unsupplemented native pastures in tropical 
and subtropical Australia have so far shown no practicable method by which the period 
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of grazing can be lengthened. Much fodder is wasted because insufficient cattle can 
be carried through the dry season to graze the native pastures to capacity during their 
period of useful growth. Ways of meeting the difficulty include fertilizing, haymaking, 
ensilage, treatment of mature grass with urea and molasses, hand feeding, and strict 
paddocking, but these are all uneconomic under present conditions. 

Results at Katherine Research Station (Norman 1966) indicate that the drop 
in liveweight during the dry season can be prevented and peak weight maintained for 
all but the leanest time if the cattle have access to some high-protein supplement 
during the dry season. The most promising so far has been Stylosanthes humilis 
(Townsville stylo). I t  can bring about a dramatic rise in carrying capacity, and recent 
work has shown that it can be fairly easily established in native pasture and that it 
has now spread to some very remote parts between Darwin and Arnhem Land. 
Townsville stylo was not recorded during the present survey but has been recorded 
in the Mitchell-Normanby area by other workers (Copeman and Mawson 1955). 
I t  does well under a variety of conditions and seems worth trying on many of the soil 
groups and pasture lands, particularly in the drier parts of the area. Soil nutrient 
deficiencies may have to be supplemented but climatic conditions seem suitable. 

In the more humid coastal belt in the north-east of the area perennial grass- 
legume mixtures may prove more successful, as in more southerly coastal areas of 
Queensland. 

Improvements in breeding with the introduction of Zebu blood result in 
increased reproduction and growth rates and crosses which are better able to with- 
stand the effects of heat, ticks, and drought. Breeding programmes can only have 
limited effects without more advanced management techniques than are at present 
in use. 

A practicable management technique at the present time would be to concen- 
trate the stock on better-drained areas early in the wet season and to move them to 
lower and damper country after the rains. These damper areas would provide green 
feed when the grasses had dried ont elsewhere, and with spelling during the wet season 
would not be damaged by puddling. Areas of Townsville stylo would best be utilized 
last of all, when the added protein would delay and lessen the final drop in liveweight. 

Further improvements in management will require fencing and the provision 
of watering points in order to improve mating, weaning, and control of pests and 
diseases. The development of better roads will not only greatly facilitate movement 
of the stock to sale-yards but also may eventually help to reduce the isolation which 
is one of the prime factors in the drift of managers and stockme11 to more accessible 
areas. 

VI. AGRICULTUR~ 

(a) Present Situation 

Apart from very limited areas of cultivation along the Endeavour River near 
Cooktown there is at present no agriculture in the survey area. 

(b) Possible Developments 

Climatic conditions are suitable for a wide range of tropical crops but poor 
soils, rugged relief, or risk of flooding severely restrict the opportunities. It is believed 
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that trials of annual crops such as grain and fodder sorghums on the sedentary 
cracking clays near Wrotham Park have shown that they can be grown successfully. 
These cracking clay soils and the structured red soils of Lukin land system offer the 
best poss~hilities for cultivation. 

Some of the massive earths and uniform sandy soils are similar to those near 
Mareeba where tobacco is grown and may he suitable for this purpose provided 
supplementary irrigation can be provided. 

VII. FORESTRY 

(a) Present Sifuation 

Some commercial logging is carried out in parts of the eastern highlands. 
Local timbers are used to a minor extent throughout the area for construction pur- 
poses. Over the greater part of the area, however, the trees are not suitable for 
commercial exploitation. 

(b) Possible Developnzents 

The possibility of establishing exotic forest plantations in the humid eastern 
part of the area, particularly in Ninda land system, may warrant investigation with 
regard to suitable species and wind-throw and erosion hazards. 
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APPENDIX I 

PLANTS MENTIONED IN TEXT AND AVAILABLE COMMON NAMES 

Acaciaspp. 
A. bidwiiliiBenth. One of two species 

known as cork- 
wood wattle 

A.flnuesce,rsBenth. 
A. iep1ocarpaBenth. 
A. slri~.ieyiMaid. Lancewood 
Ade,tanlltemabrospenna F. Muell. 
Aegialitis an,,ulofa R. Br. Mangrove 
Agathis Kauri pines 
Alangium villosum (El.) Wangerin Canary muskheart 
Albizia 
Alertrites moluccana Willd. Candle nut 
Alloteropsissemialata (R. Br.) Cockatoo grass 

Hitchc. 
Alpltitonia excelso (Fenzl) Benth. Red ash 
Alstonia acfinophylla (A. Cunn.) 

K. Schum. 
A. schola~is R. Br. Milky pine 
Alyxia 
Arar,caria crmninghamii Ait. Hoop pine 
Armrodendron tr'ifoliatrrm F. Muell. Brown t u l i ~  oak 

B.paradoxum Schatt 
Bucha~tania nrborescens BI. 

Caliilris sp. Cypress pine 
Calynix sp. 
Canorium ausfr.a/ianum F. Muell. Scrub turpentine 
Capillipedirtmpirvifloru~n (R. Br.) Scented-top grass 

Stapf 
Carisso ovpla R. Br. Current bush, 

haraom bush 
Castanospermum austmle A. CUM. Moreton Bay 

chestnut, black 
bean 

Casrrar.ina tornlosa Ait. Forest oak 
CeItisphilippi~zcnsisBlanco 
Ceriops tagai(Pcrr.) C. B. Rob.  ang grave 
Cltloris 
Cl~rysopogoir acicrriafr~s(Retz.) Mackie's pest 

Trin. 
c.faliax S. T. ~ i s k e  Golden-beard or 

blue leaf grass 
Clerodendrum ermnninghamiiBenth. Kapok 

- 

A. latifoliaDomin Feather-top wire 
grass 

Artl~rome,nurn Samphire 
Arundinella nepole~tsis Trin. Reed grass 
A. sctosaTrin. 
Avice~tnia marina (Forsk.) Vierb. Mangrove 

var. resinifera (Forst. f.) Bakh. 

Barringtonia gracilis (Miers) Freshwater 
R. Kunth mangrove 

Barrhinia cr~nningl!amii (BentbJ 
Benth. 

Bleplrarocarya involzccrigera Northern 
F. Muell. bolly-gum 

Bombax a~alaboricum DC. Silk-cotton tree 
Bossiaea 
Bolhriocltloa deeipiens (Hack.) Pitted or hitter 

C. E. Huhb. blue grass 
Bracl~yacltnc convergens (F. Muell.) Common native 

Stapf couch 
Bracl~ycltitor~ australis(Schott) Broad-leaved 

C. T. White bottletree 

A. Camns 
Coelospermsm sp. 
Corypha data Roxb. 
C ~ ~ ~ l ~ r r o r y r ! l ~ y p o . s p ~ ~ . i i ~  F. hluell. Norlhcrn laurcl 
(.'. lripi;!terv;i I<. Or. Ilrown laorel 
Cy~nbopogon bombycilrus (R. Br.) Citronella grass 

Domin 
Cynodon daelylon (L.) Pers. Couch grass 
Cyperaceae Sedges 

Dendrolobiu~n urnbellalum Benth. Horse hush 

~iosjyros/ir.rea(~illd.jBakh. ~ueenslandebony 
var. humilis (R. Br.) Bakh. 

Drosem sp. Sundew 
Dysoxylum opposififblium F. Muell. Pink mahogany 
D.pettigre,viawrrmF. M. Bail. Scrubironhark, 

Cairns satio- 
wood 

Ectrosia Hare's-foot grass 
Endiandraglauca R.Br. Walnut 
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Love grass (and E, ticrncyana F. Muell. 

Eriochne spp. 

E brrvkittii Jansen 
E hamilis Hartley 
E. squarrosa R. Br. 
Erythrina vespertilio Benth 

Erytl~ropllleimz clrlorortachys 
(F. Muell.) Baill. 

Elythroxylum e i l i p t i c ~ ~ ~  Benth. 

E. microneurahlaid. &Blakely 
E. mierothecaF. Muell. 
E. miniata Schau. 

E. normantonensis Maid. & 
Cambage 

E. papruzna F. Muell. 

E, similis Maid. 

E. tereticorrris Sm. 

E. tessellaris F. Muell. 

Eugenia eucalyptoides F. Muell. 

other common Excaecaria qa//ocha L. 
names) E. parvifoliaF. Muell. 

Wanderrie grass Fenzlia 
(and other Ficrm 
commonnames) F. race,nosn L 

~ardcnia ochjeafa F. Muell. 
Bat3s-wingcaral G. viihelmiiDomin 

tree Gmelina fascicuKfloraBcnth. 
Cooktown Grevillea decoraDomin 

ironwood G. ~nimosoides R. Br. 
Brown plum or G.pteridifolia Knight 

Cooktown Grelvin larifolia Bcnth. 
kcrosene.wood Gyrocarpus americnnus Jacq, 

Poplar gum 

Snappy gum 
River or river red 

gum 
Broad-leaved 

carbeen 
Cullen's ironhark 
Red-harked 

bloodwood 
Bastard gum- 

leaved box 
Silver-leaved 

ironbark 
Georgetown box 
Coolibah 
Melaleuca gum, 

waollybutt 
Normantan box 

H. triticeus (R. Br.) Stapf 
Hibbertiu sp. 

Imperata cylirrdrica (L.) Beauv. 
var. nzajor. (Nees) C. E. Huhb. 

Iscbaernum sp. 
Zscilemo 

Jackmnia ranrosissimaBenth. 
J.  fhesioidesBenth. 

Lamprolobiurn 
Lulnnitzera racemosa Willd. 

Melaleucaacacioides F. Muell. 
M. argentea W. V. Fitzg. 
M. foliolosaBenth. 
M. lcucadendron (L.) L. 

Cabbage or ghost 
gum, carbcen M. nervosa (Linfil.) Cheel 

Ngainggar or M. saligna Schau. 
scarlet gum M. stenostaclryn S. T. Blake 

Small-flowered M. symnplzyocarpa F. Muell. 
Moodwaod M. tamariscina Hook. 

Shirley's silver- M. viridifira Gaertn 
leaved ironbark 

Yellowjack, 
desert yellow- 
jacket 

Blue gum, forest 
red gum 

Carbeen or 
MoretonBay 
ash 

Darwin 
stringyhark 

Native pear 

Myoporum acuminafum R. Br 

Nauclea orientalis (I..) L. 

Oryza rufipogon Griff. 
Owenia 

Pandanus 
Pawicurn spp. 
P. decompositnm R. Br. 
P. tracltyyracltisBenth. 
Parinarinonda F. Muell. 

Mangrove 
Gutta-percha tree 

Fig 

Scaly ash 

White beech 

Dysentery plant 
Helicopter or 

shuttlecock tree 

Black or bunch 
spear grass 

Giant spear grass 
Guinea flower 

Blady grass 

Flinders grass 

Mangrove 

Paperbark tea-tree 

Weeping or river 
tea-tree 

Broad-leaved 
paperbark 
tea-tree 

Leichhardt tree 

Wild rice 

Nativemillet 

Nonda tree 



Perrrrisefu,n basedotvii Summerh. 
&Hubb. 

Persoonia foleata R.  Br. Geebung 
Petaiosfiprna basksiiBritten & 

S. Moore 
P. uabescensDonlin Quinine berry 
P.  qriodrilocuiare F .  Muell. Quinine berry 
Poufwia serieea (Ait.) Baehni 
Pscudocarapa rrilidula (Benth.) Incense-wood 

Merr. &Perry 
Psesdor.aphissqrosa (L.f.)Chase 
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Randia coclrb~el~ineasis (Lour.) Merr. 
Rltizoplro,n ?sfylosa Griff. Mangrove 

Sclrizaclryriumf,.agileil (R. Br.) 
A. Camus 

S.  obiiqueberbe (Hack.) A. Ca~nus 
S.paclzyar.thr.um C. A. Gardner 
Sesbania sp. Sesbania pea 
Setaria 
S o r l i u  (R. Br.) Beauv. Plumesorghum 

Sporobolr~~ vi~.gi?ricus (L.) Kunth Sand or salt-water 
couch 

Stwchnos Ir~cida R. Br. Nativestrychnine 
Syzygirt~n sp. 

Twmi~ralia elrillagoe~~sis Domin 
T, platypl!ylla F. Muell. 
T.  sericocorpa F. Muell. Damson 
Tl~ar~,nastochloa 
Tliemeda argileuguens (L.) Hack. Bull Hinders 
T. arrstralis (R. Br.) Stapf Kangaroo grass 
T. avcnacca (F. Muell.) Maid. 

. . 
Triodia Spinifex grass 
Tristaniagrnndifim (Benth.) Cheel 

Velherin sp. 
Vifex acuminaln R. Br. Vitex 

Xa~~llrorrlzoea Grass tree 



Fie. I.-Mountains on qual.tr sandstone. Deeply disrectsd plateaux in thc north-cast form Dart o f  
~ ~ 

Slarcke land system. They form a practically l~npopulated zone under natural eucalypt woodland 
which includcs samc useful timber rpccies. 

Fig. 2.->lountilins on sre>\vackes and otlie, sediments. Steep coastal i-nngcs forlning Rumula land 
system in the south-cast reccitc hea,) precipitation and have dcep highly \\eathered soils ahich 

suppo1.t rain forest. Limited arcas on loacr slopcs have been cleared for pasture. 
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Fig. I.-Hills on greyaackes and other sediments. Stony hills with shallo\\, soils and ironbark or box 
u'oodland form thc extensive Maytown land system in the south-east. 

Fig. 2.-Undulating country on melamorphics. E~rcalypl noudland, roll ing i-elicf with occasional 
steeper strike ridgcs, and rather shallo\v stony or deep sandy soils are features of Arkara land 
system. The photograph shou,s an area in  the extreme north-east that has a higher rainfall than most 

o f  the land system; consequently the grasses are unusually tal l  and luxuriant. 



Fig. 1.-Plains on shalt and cla?stone. Maple land sysrcm and part of R~.ixton land sysicm conrict 
of open deciduous scruh and grascland growing on cracking clay soils. This type of country provides 

good pastures and has potential for cropping hut i t  occupies bal-cly 1 0 "  of the area. 

Fig. ?.-Plain5 on neathered tcrccstrinl sedimmtc. Plain5 nit11 zandy or loamy massile earth soils of 
loa fcl-iility mainly ondcr bloodwood-stl-ingybal-k \voodland toter one-quarier of the a ~ e a  mainly i n  
thenorth-\lest. They comprisealmost all of Koolbul-m land s>stcm and most o f  Baluiga land sy5tem. 
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Fig. I.-Plains on \\.eathered terrestrial sediments. Mottle land system is mainly an alternation of 
grassy flats, open paperbark \voodland, and eucalypt \voodland (just visible in background) on 

massive earths and texture-contrast soils. 

Fig. 2.-Plains on older alluviom. Leinster land system occurs on extensive alluvial plains laid down 
by the Mitchell and other rivers. Vast stretches of open paperba1.k woodland on poorly drained hard- 

oan soils are characteristic. 



Fig. I.-Plain, on coastal sediments. Fxrens~\e clay lllains iringc thc nest and noi-11,-cast coaiis. 
The loner parts are zit least pal-11y tidal (Battersea land s!steml uhi le the slightl! higher l n k e ~ n ~ a n  
land systcm shoan here is above tide level but prohahly haterlogged during wet pcriods Ssline- 

alkaline so~ls. sometimes gilgaicd. predominale. 

Fig. 2.-Ri\ei-s throughool the area cease flouinp in the dry srawn e\ccpt for 11105s in  the \\ell- 
\$atci-ed coastal rnngcs in  thc east. E\cn thc hlitchcll. shoun lhcrc in  August. \$hich discharges 

8.000.000 ac ft pel- annum team to Ron by the end of the dry season. 



Fig. I.-Unit 1 o f  Starcke land system consists of massive mountains on granitic o r  volcanic rocks 
with rounded bouldery summits, eucalypt woodland, and some scrub. 

Fig. 2.-Unit 2 o f  Starcke land system comprises deeply dissected tablelands o f  resistant flat-lying 
quartz sandstone. The narrow \,alleys are often bounded by cliffs and benches of bare rock are a 

common feature of the plateau margins. 
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Fig. I.-Closely dissected steep linear ranges on folded grcy\\ackes and other sediments form unit 3 
of Starcke land system. Most of these ranges haw ironbark woodland. 

Fig. ?.-Dense rain forest on steep mountains forms the sole unit in Rumola land s!,tcm. 



Fig. I .-Maytown land system comprises closely dissected lo\\, hills on  folded greywackes and other 
sediments. Rocky hills form unit I ;  short stony collu!~ial foot slopes form unit 2; unit 3 consists of 

small areas of more extensive foot slopes. 

Fig. 2.-Undulating country on  folded greywackes and other sediments make up Hodgkinsan land 
system. Un i t  I consists of minor hi l l  areas; crests and upper slopes with eucalypt woodland form 
units 2 and 3; units 4 and 5 with somewhat deeper soils occur an lo\ver slopes; unit 6 comprises 

restricted alluvial Rats. 
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Fig. I.-Arkara land system occupies undulating country on old metamorphic rocks. Restricted hi l l  
areas form unit I; thick detl-ital sand or gravel underlies eucalypt \vaodland in  unit 2: unit 3 wi th 
undulating relief and some strike control of the vegetation occurs where the dell-ital cover is very 

thin or absent. Unit 4 is mainly on lo\\,er rlapcs. and unit 5 is the drainage floors. 

Fig. 2.-The basalt count1.y o f the  small Lukin land system has bcen divided into plains !\irh cucalypt 
ooodland (unit I), stony plainsand plateau tops wit11 shalloa soils(uni1 2). minol-colluvial foot slopes 

(unit 3). and alluvial flats (unit 4). 
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Fig. I.-Maple land system comprises plains ~vi th  cracking clay soils on  shales and claystone. Unit I 
is made up of minor areas of box woodland; units 2 and 3 hare dec id~~aus  scrub and grassland: unit 4 
comprises alluvial flats. Dense black patches on the photograph show where the grasses have been 

burnt recently. 

Fig. 2.-Apart from restricted lou. rand- or grauel-capped rises and thcir bounding slopes (units I 
and 2) Rriaton land system cansirts of plains on  shale and claystone with boa (unit 3) or grassland 

and deciduous scrub (unit 4). 
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Fig. I.-In Annal? land system low plateaux u.ith blood\vond-stl-ingybark woodland (onit I )  are 
separated b? narl-oh breakaways and dissected roncs with lancehood or dense paperbark scrub 
(unit 2) from gently undulating lo,vlands on shale or claystone \\it11 open paperhark or box 

woodland (onit 3). 

Fig. 2.-Most of Koolburra land system consists of plains u i l h  sandy earth mi ls  and blood\vood- 
rtringybark hoodland. Uni t  2 comprises middlc slopes of the very widcly spaced \alley floors with 

paperbark noodland or grassland. 
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Fig. I .-Balurga land system mostly consists of level or very gently undulating sandy o r  loamy plains 
\\,it11 blood\\,ood-stringybark \\,oodland (unit I). Other units include gentle upper slopes of shallou 
\,alleys with similar vegetation but more shrubs (unit 2). narrow fringes of paperbark \\,oodland on 

lower slopes (unit 3). and grassy drainage floors or swampy depressions (unit 4). 

Fig. 2.-Mottle land system comprises patches of eucalypt woodland (unit I )  interspel-scd through 
plains \vilh paperbark $voodland (unit 2). Valley Roo1.s and shallow ill-drained depressions with 

grassland or open paperbark woodland form unit 3. 



Fig. I.-Leins~sl- Innd s!stsln occilr i  on old alluvial plains of the lower Mitchell and Normanby 
Rivers. Patches o f  blood\\ood-stringybark woodland. oflcn on slight rises and rclics o f  o ld lcvccs. 
form unit I. Most o f  the area comprises plains \\ it11 paperhark \\oodland (unit 2 )  on massive leached 
cart11 soils. Shallon valle?s \rirh no active channels make up unit 3. \\.I?ilr younger valleys \vith 

actibely incisinz channcls form unit 4. 

Fig. '.-Dunbar land s!stem consists of old allu\ial plains o f  rhc Mitchell Rixel- on >rhich feature\ 
such as lc\ees and old channcls are still xisible. The old levees carry eucalypt noodland (unit I 1  
and stand slightly higher than plains a i t h  paperbark woodland (unit 2) and scattered swamp! 

depressions (unit 3). Shallou inciscd \.alle)s o f  modern strcams form unit 4. 
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Fig. I.-Extensi\,e alluvial and collu\~ial fans at the foot of ranges in the east of the area form the 
Ninda land system. The alluvial fans (unit I) have levees and channels which are absent on the 
colluvial aprons (unit 2). Older collu\,ial aprons (unit 3) are dissected and weathered, while in the 

extreme north-east texture-contrast soils are mare important than elsewhere (unit 4). 

Fig. 2.-Radnar land system comprises stable alluvial plains. Unit I is formed by iwees, unit 2 is on 
back plains with grassland or savannah woodland. Older channels sometimes \\,itti permanent 
water-holes form unit 3, u hile unit 4 consists of the present ri\,er channels and fringing gallery forest. 



Fig. I.-Cumbnlla land svstcm is found on recent alluvium. Minor inclusions of oldcr allu\inl 
terrain fa rm unit I. Unit  2 consists o f  le\,ees and units 3 and 4 arc back plains with grassland or 
savannah ivoodland. Uni t  5 conqxises swampy areas and old channels. while unit 6 includes the 
pre~ent-day chaanncls and fringing gallery forest. irlosf o f  Cttmbulla land syctem is subject to flooding 

and immature soils are pl-eaalcnt. 

Fig. 2.-lnksrr?x1n land shstem occupics coaslal plains just abo\e tidal intluencc. Unir I 
conlprises slightly higher clay plain5 hit11 grassland; unit 2 is similar but slightly louei- and acttcr: 
unit 3 consists of minor occurrences of l idal mud flats, while unit 4 cornpriscs sandy beach ridges. 
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Fig. I.-Battersea ir a coastal land system which includes tidal mud Rats (unit I), slightly higher clay 
plains with halophytic vegetation (units 2 and 3). lo\\. sandy beach ridges (onit 4), and tidal creeks 

or river channels fringed by mangrove (unit 51. 
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