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PART L. INTRODUCTION TO LANDS OF THE 'PORT MORESBY-KAIRUKLU
AREA

By J. A. MaspuTrT* and J. R. MCALPINE®
I. (GENERAL

The area surveyed covers approximately 2750 sq miles in the Territory of
Papua and has been designated the “Port Moresby—Kairuku area” from the two main
administrative centres within it. Tt is a coastal strip between lat, 8°15 5. and lat,
9°4{ S.

The immediate object of the survey was the mapping and description of the
area at reconnaissance scale by a small team of scientists, As in previous surveys
carried out by the Division of Land Research and Regional Survey, the basic des-
criptive unit is the land system, which is an area or group of areas with a recurring
pattern of land forms, soils, and vegetation. The Tand system maps and descriptions
provide a basis for an assessment of the potential of the area and for recommendations
for further research.

The suryey was mainly in the coastal lowlands, with limited incursions into the
uplands where roads existed.

II. ADMINISTRATIVE IDIVISIONS

The area consisis of coastal parts of the following administrative divisions of
the Territory of Papua (Fig. 1):
Central District
Port Moresby subdistrict
Rigo subdistrict, administered from Kwikila
Kairuku subdistrict, administered from Kairuku at the time of the survey,
now administered from Bereina
Gulf District
Kerema subdistrict

JH. SETTLEMENF

The survey area includes those parts of the Territory with the longest record
of Australian settlement and administration. Following attempts to take possession
by Yule in 1846 and by Moresby in 1873, annexation followed at Port Moresby on
the initiative of the Queensland Government in 1883, Missionaries were already
active along the Papuan coast at this time.

The distribution of villages (Fig. 1) shows a concentration of native setilement
along the coast (Plate 12, Fig. 1). The sparseness of settlement inland is noteworthy;

* Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T.



8 7. A. MABBUTT AND J. R. MCALPINE

it is partly a result of difficult terrain, notably the extensive swamps, but in other
areas lack of water may also be a cause, for this is one of the driest parts of the
Territory. The large Mekeo villages near the Angabunga River are a notable exception
to the lack of inland setflement. Small hamlets are scatfered through the southern
part of the area, including the Sogeri Plateau.

LOCALITY MAFP

DISTRICT

Kairuku

~—— SUBDISTRICT BOUNDARIES

—-— DISTRICT BOUMNDARY ¢
{AGAINST GULF pisTRICT)  Port Moresbyegg
~~—— ROADS

AIRSTRIPS

RUBHER PLANTATIONS

-3 %1

COPRA FLANTATIONS

L] VILLAGES [>200 INHABITANTS)

o] VILLAGES (€200 INHABITANTS)

Q
Kapa Kapa y=rrwto |

Fig. 1.—Settlement, communications, and land use in the Port Moresby—Kairuku area.

Population figures in Table 1 illustrate the pre-eminence of Port Moresby, not
only as a centre of European settlement but also as a market for native Iabour (Plate
12, Fig. 2). However, the functions of Port Moresby relate to a wider sphere than
the survey area, for it is the centre of administration in the Territory of Papua and
New Guinea, the main commercial centre of Papua, and the main port linking the
Territory wiih Australia by sea and air. Apart from government stations, white
settlement outside Port Moresby is mainly associated with the rubber plantations
at Kanosia and on the Sogeri Plateau (Plate 11, Fig. 2), and the coastal area of
copsa plantations near Hisiu, These mainly use indentured native labour from the
New Guinea highlands.
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1V. COMMUNICATIONS

The area possesses a number of road nets (Fig. 1) mainly based on centres of
non-indigenous settlement and enterprise and paitly answering administrative
needs. These are separated by rivers, swamps, or hilly terrzin. Sealed or built roads
arc restricted to Port Moresby, but most of the roads shown in Figure 1 can be
classed as all-weather roads for four-wheel-drive vehicles. Road maintenance is
facilitated by low rainfall in much of the area.

With the emphasis on coastal settlement and development, and in the absence
of a connected road system, coastal shipping plays an important part in the movement
of plantation products and of native produce. “K” boats, mainly owned by plantation
firms, ply regularly between plantation wharves, Kairuku, and Port Moresby.

TaBLE 1
POPULATION OF THE PORT MORESBY—KAIRUKU AREA (195960 CENsSUS)
Indigenous Non-indigenous

Port Moresby subdistrict 13,500 Port Moresby town 5,500
Port Moresby town 23,000 Other 500
Rigo subdistrict 2,500
Kairuku subdistrict 13,000
Kerema subdistrict 5,700

Totat 04,200 Total 6,400

Total population 70,600

Apart from Port Moresby, there are strips for DC3 aircraft at Ropers (Kanosia)
and at Bereina, and strips for light aircraft at Arca and at Kairuku, In addition,
a small strip has been cleared by native enterprise at Maipa, and native prodnce is
flown into Bereina and Port Moresby.

V. SURVEY PROCEDURE

The method of survey is based on the concept thai each type of country, or
land system, is expressed on aerial photographs by a distinctive pattern, so that a map
of the land systems can be produced from air photographs. The method presupposes
that a complete aerial photographic cover of the area is available.

Vertical air photos at a scale of 1 ;50,000 in the southern half of the area
and 1 : 40,000 in the north, taken on flights by Adastra Airways in 1956 and 1957,
gave complete coverage save for a very small area near Kubuna. These were supple-
mented by air photos of the Kubuna One-Mile Sheet, taken in 1961, The age of the
air photos was a source of inconvenience at many points in the survey, as tracks,
garden patterns, and plantation limits have changed in many areas, and notably
the Angabunga River has undergone a major change of course with important con-
sequences to land-sysiem patterns.

The only large-scale topographic maps are the following sheets of the wartime
1 : 63,360 Standard Series, New Guinea, produced by the Awustralian Army and
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having generalized contours: Kapa Kapa, Gaile, Uberi, Port Moresby, Lea Lea
Tnlet, Vanapa, Galley Reach. Coastal features are shown on Admiralty Charts Nos.
1239 (Hall Sound), 2028 (Kerema Bay to Port Moresby), and 2029 (Port Moresby
to Orangerie Bay), and on Australian Chart No. 1 (Approaches to Port Moresby).
Preliminary mapping of air photos was carried out in April and May 1962,
and field work occupied 15 weeks during July-October 1962. Field work was governed
by the availability of vehicular roads and waterways. The use of vehicles, which was

Kail'uku% / .

* QUERY AREAS
—— ROADS

Kapa Kapa%i=T]
Fig. 2.—Query areas examined dwring the survey, and road network,

in any case necessitated by lack of carriers, gave greater mobility than in any previous
survey in New Guinea. Instead of walking traverses, daily journeys were made from
a small number of base camps. Further, routes could be planned in advance and areas
for examination mainly selected before the party left Canberra. Two Land Rovers
and a motor cycle were made available by the Administration.

Each road net was exploited in turn, from south to north, the vehicles being
transported from one net to the next by boat or raft, Walking traverses and motor
cycles were used to extend observations beyond road heads. Later the party used
a K boat and powered dinghies to examine coasts and rivers near Lesi Inlet, Hall
Sound, and Redscar Bay, Light aircraft were used to examine an isolated area around
Maipa and in reconnaissance flights at the end of field work.

aprl
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About 450 “query areas”, each typically comprising three or four sites, were
examined and plotted on air photos (Fig. 2). All observations were collated in the
fizld into the framework of about 90 mapping types, and the boundaries of these
types were placed on all air photos used during field work. When the team returned
to Canberra, mapping of these types was extended over the whole survey area by
the end of the year, and the mapping types were then grouped into 49 land systems.
The period January to June 1963 was spent in describing the land systems and in the
compilation of individual reports.

A base map scale 1 : 250,000 was compiled by the Division of National Map-

ping, Department of National Development, from preliminary detail plots at
1 : 50,000 assembied by the H. G. Jerie block assembly method.

VI. ACKNOWLEDGMENTS

The cooperation of the Administration of the Territory of Papua and New
Guinea in supplying transport and arranging for its transhipment is gratefully
acknowledged, and work in the north of the area was greatly facilitated by the accom-
modation made available by the Administration at Bereina. The Department of
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Thanks are also due to many plantation managers for assistance and hos-
pitality afforded to team raembers during the survey.

Identification of plants was undertaken by the Divisional herbarium staff under
Dr. R. D. Hoogland.

The preparation of all maps, diagrams, illustrations, and the manuscript was
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PART 1. SUMMARY DESCRIPTION OF THE PORT MORESBY-
KAIRUKU AREA

By J. A. MassUTT*

I. INTROBUCTION

This Part summarizes the salient points of the specialized Parts of the report
and is intended to be an introduction to the tabulated descriptions of the land systems,
in Part I1. Together with the land systems and the photographs, it can be read as a
shorter report in less technical form.

1I. DESCRIPTION OF THE AREA

(a) General

The survey area exiends for 140 miles along the east coast of the Gulf of Papua
with an average width of 20 miles, including the coastal lowland and extending a short
distance into the outer part of the main range of New Guinea. Pespite its narrow-
ness, it contains six partly discontinuous zones parallel with the coast; in succession
inland these are the littoral plains zone, coastal hill zone, swamp zone, fluvial plains
zone, foothill zone, and upland zone.

Apart from the geomorphic differences implicit in these names, each zone has
a distinctive geology and partakes in differing degree in the climatic transition from
the coast inland; consequently, soils and vegetation also follow the same pattern.
Zonal contrasts are naturally an important theme in most of the parts summarized
below. It also foilows that the land systems within each zone have a close relation-
ship, and this is expressed in the zonal grouping of the land system descriptions
in Part III and in the introductory remarks to each zonal group.

The zones are divided into sectors by virtue of discontinuities of relief and
depositional patterns,

(5 Climate

The climate pgrades from tropical savannah or subhumid tropical type to
tropical rain forest or wet tropical type (Part 1V). Two wind systems control its
main features. The rain-bearing north-west monsoon brings warmer, humid con-
ditions between December and mid April, whilst the strong south-easterly trades,
which prevail between June and mid October, bring cooler drier weather. These
seasonal contrasts are modified by major relief, for the south-easters bring rain
where they meet relief barriers. Orographic effects are lessened because of the parallel-
ism of coast and ranges with the prevalent winds, but important rain shadows can
occur, as on the Sogeri Platean west of the Astrolabe Range.

Annual rainfall ranges from about 40 in. in sheltered coastal sites to 150 in.
on exposed higher slopes, the larger amounts resulting from frequent moderate falls.

* Division of Land Research and Regional Survey, CSIRQ, Canberra, A.C.T,
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Seasonal rainfall contrasts are marked in the drier coastal zone, where monthly
rainfalls of less than 1 in. occur in the drier season and where significant dry spells
are experienced, but dry scasonal effects decrease inland. Annual and monthly
rainfalls vary considerably from year to year throughout the area.

Seasonal and diurnal temperature ranges are everywhere small, owing to
maritime effects carried inland by sea breezes. At Port Moresby, mean monthly
maximuim temperatures range from 82°F to 90°F and minima from 73°F to 76°F;
temperatures rarely fall below 65°F, even in the coolest months, and maximum tem-
peratures above 95°F are uncommon. Temperature ranges may be expected to
increase away from the coast, accompanied by a general decline of iemperatures
with altitude, but even at high altitudes inland there is no risk of frosts.

Mean relative humidity is high at all seasons, and heavy dew cccurs throughout
the year. Mean monthly cloudiness at Port Moresby ranges between five-tenths
and seven-tenths, being only slightly lower in the dry seasom, but still cloudier
conditions occur on the slopes of the higher ranges.

Mean annual evaporation at Port Moresby is about 70 in., but decreascs
inland,

The climate is generally favourable to plant growth, but contrasts in vegetation
indicate a degree of adaptation according to the length and severity of the drier
season. Analyses of weekly rainfail at Port Moresby indicate that rainfall has never
been so inadequate that it could result in early termination of crops sown in late
December, although some intra-seasonal water stress can be expected in the coastal
zone. Duraiion of useful pasture growth at Port Moresby is 42 wecks compared
with 22 weeks at Katherine, Northern Territory. At wetter inland stations there
is no restriction of growth resulting from limited soil moisture.

Although the drier season would benefit many crops in the coastal lowlands,
special agronomic problems may arise within the area as a whole because of pre-
vailing high humidity, low radiation, lack of seasonal differences in day length, and
heavy leaching from frequent and moderately heavy rainfalls,

{c) Geology

The survey area lies on the margin of the fold structurcs of the main range of
New Guinea (Part V). Its structure is dominated by north-west-trending folds and
faults which are of decreasing intensity on younger rocks, and by transverse warping.
Since the Cretaceous period there has been almost continuous geosynclinal deposition,
with a westward shift of axis of marine deposition about the beginning of the Miocene
which left the coastline not far inland from its present position. Basic volcanism
has been present from the beginning, but wiih shifting centres of activity, concluding
with prominent, largely terrestrial outpourings in the Pliocene.

The older peosynclinal sediments, ranging from Cretaceous to Miocene in age,
are mainly fine-grained, with cherty and calcareous members including coralline
limestone, and are tuffaccous in large part. They are closely folded, particularly
in the south-easi of ihe area, where they have undergone low-grade metamorphism
and concordant intrusion by gabbro and minor basic hypabyssal bodies in the
Palacogene. Where these rocks are heterogeneous, as in the coastal hill zone, cherts
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and limestones form narrew anliclinal strike ridges (Plate 3, Figs. 1 and 2) whilst
mudstone underlies broad vales in synclinal fracts; where homogeneous, they
form more massive relief, as on gabbro in the southern foothills (Plate 9, Fig. 1)
and on phyllite in the south backing ranges (Plate 9, Fig. 2).

The succeeding volcanic pile consists of agglomerate, tuff, and lava in a
succession known to exceed 1500 ft in thickness locally (Plate 10, Fig. 1). These
Pliccene rocks are mainly gently folded, as in the basin structure of the Sogeri
Plateau, and survive as a dissected volcanic apron in the north backing ranges.
A contemporary succession of 5000 ft of mainly terrestrial gritty sandstone has locally
undergone moderate folding in the Palipala hills.

Cross-warps in the coastal lowlands have controlled the distribution of un-
consolidated Pleistocene and Recent sediments, which cover 40%; of .the survey
area. Down-warps about Galley Reach and in the north of the area have been
areas of accumulation of unknown thicknesses of sand, silt, and clay. Complementary
upwarping has resulted in local emergence of Pleistocene coral reefs by as much as
100 ft, and in general subaerial dissection in the coastal hill zone.

Minerals are not at present of economic importance, but the area has produced
21,000 tons of copper ore and nearly 2000 tons of battery-grade manganese ore.

() Geomorphology

The six environmental zones have characteristic land forms and processes
(Part VI).

(D) Coastal Hili Zone—Parallel strike ridges are formed of chert and limestone
(Plate 3, Fig. 1) and lowlands are mainly cut in mudstone (Plate 4, Fig. 2). Much
of the zone forms a savannah landscape with smooth inselberg ridges, concave foot
slopes, and erosional plains. Weathering of sedimentary rocks is now mainly shallow,
although lateritic weathering formerly occurred on gentle slopes. Under the pre-
vailing climate, mass movement is subordinate to slope wash, streams are ephemeral,
and there is slow deposition of clay-grade alluvium, indicative of slow erosion of
fine-grained rocks. Moderately dense drainage reflects high run-off from impermeable
surfaces, with exiensive sheet flow on gentle slopes.

(ii) Foothill Zone—With increasing aititude and rainfall inland, weathering
and mass movement become more important and there is a closer network of streams
of which the larger ones are perennial. Where relief is strong, slopes tend to be
uniformly steeper than in the coastal hill zone. Land forms range from plains to
low hills and broad cuestas on agglomerate in the northern foothills, and include
higher ridges eroded in gabbro in the southern foothills (Plate 9, Fig. 1).

(i} Upland Zoune—This is a zone of greater altitude and fairly heavy rainfall,
with deep rock weathering, more proncunced mass movement and colluviation,
and a dense network of perennial streams. Characteristic land forms are ridges
ranging from low hilly to massive, with deep gully re-entrants. The north backing
ranges are ridge and plateau remnants of the agglomerate sheet which also forms
the Sogeri Plateau (Pfate 10, Fig. 1); phyllite ridges of the south backing ranges
constitute the third sector (Plate 9, Fig. 2).

.
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(iv) Fluvial Plains Zone.—These plains occur about valley exits of large
perennial rivers, and contain many prior meandering channels. Except for red clays
derived locally from velcanic rocks in piedmont tracts, most of the alluvial cover
consists of silty clay, with stratified sand on prior levees and clay in back swamps,
Stable plains are distingrished from unstable flood-plains subject to fluvial re-working,.
Differences between land systems of the stable plains relate to water-table levels and
liability to flooding, which is least in prior meander tracts and increases downslope
towards the swamp zone and towards back plains. The unstable flood-plains (Plate §,
Fig. 1) have valley reaches with braiding channels, upper plain reaches dominated
by shifting meanders, and lower plain reaches traversing swamps or low-lying plains
and subject to major changes of course.

(v) Swamp Zone——Extensive areas of permanent or seasonal standing water
moderate river discharge in the lowlands. Seasonal fluctuations of water level
range between 3 and 6 fi, Distinction is made belween mainly permanent and
mainly seasonal swamps, with differentiation of permanent swamps according to
amount of through-going drainage and hence degree of infilling. Swamps are areas
of clay deposition with minor peat formation, but through-going rivers deposit
silty clays.

(vi) Littoral Plains Zone—Sandy beach ridges of combined littoral and
foredune origin occur as beach plains, spits, and barrier beaches (Plate 2, Fig. 2).
Tidal flais (Plate I, Figs. 1 and 2; Plate 2, Figs, 1 and 2) are differentiated on the
basis of frequency of tidal inundation; related sediments range from sandy near the
coast to clays inland, and are generally peaty. An estuarine land system comprises
zones of mixed river and tidal influence, with levees backed by swampy plains
ranging from freshwater inland to brackish necar the coast. Coastal shifts, sea-level
movements, and changes in river course commonly result in complex arrangements
of river silts, mangrove clays, and stranded beach ridges.

(e) Soils

The soils have been separated into 13 groups based on profile form and wetness,
and these have been subdivided into families based on differences of texture, colour,
and soil reaction {Part YII). Soil groups are here numbered as in Parts 111 and VI

(13 Beach soils are wholly sandy and generally well sorted. The younger sands
are grey, but clder sands are brown with incipient profiles.

(2) Mangrove soils are grey peats with a subsurface mangrove peat layer,
subject to tidal inundation and poorly drained (Plate 1, Fig. 2). They range from
sandy peat near the coast to clayey peat inland.

(3) Intertidal alluvial soils range from alkaline to neutral silty clay inland
along river estuaries. Very strongly alkaline sticky clay characterizes the highest-
lying fidal fiats.

(4) Very pooriy drained alluvial soils are grey and permanently waterlogged.
Sticky clay with surface peat characterizes the swamp zone, whilst grey loam occupies
swampy parts of the fluvial plains zone.

(5) Imperfectly drained alluvial soils are olive grey, are flooded seasonally
or for shorter periods, and occupy lower parts of the stable fluvial plains. They include
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stratified sandy soils on prior levees, silty clay in back plains, and sticky clay in back
swamps. Across this textural division is that of alkalinity, attributed to cyclic salts,
which is more pronounced near the coast.

{6) Moderately well-drained alluvial soils, with an olive colour, are characteristic
of fluvial plains subject to flooding for short periods only. Subdivision is based on
texture and alkalinity as in the preceding group.

{7) Dark cracking clay soils are typical on alluvial plains formed by minor
streams in the coastal hill zone. Texture, self~mulching, and low rainfall preclude
significant leaching, and there is normally a subsurface horizon of lime concretions.

{(8) Lithosols, formed on steep slopes everywhere, are characteristically shallow
and show strong affinity with the weathering rock beneath. Lithologic control
of soil reaction and colour is pronounced in the drier areas, e.g. alkalinc dark
lithosols on limestones. Heavier rainfall leads to acid brown lithosols in the upland
zone.

(9) Acid red to brown clay soils are deep, uniform, friable clays with rapid
permeability. They are subdivided on the basis of colour and soil reaction as con-
trolled by increasing rainfall, with range from dark reddish brown to dark yellow-brown
and from moderately to extremely acid.

(i0) Red gravelly clay soils have stony upper horizons which may be transported,
and they characterize lowlands of the coastal hill zone. They range from neutral
to alkaline, depending on subjacent or adjacent rocks.

(1) Brown clay soils are sedentary soils of moderate depth and permeability
on soft-weathercd rock. They vary from neutral to moderately alkaline, according to
parent rock.

(12) Texture-contrast soils have coarse-textured surface horizons which pass
abruptly into fine-textured subsurface horizons, and they typiiv gentle foot slopes.
They are subdivided into solodic and solonetzic types on the basis of soil reaction,
with further division on the prescnce or absence of a bleached Ag horizon. Gravelly
and non-gravelly phases of each family are distinguished.

(13} Alkaline reddish clay soils overlie coral locally.

The environmental zones are clearly reflected in the distribution of soils.
Geologic control of soils is strongest in the dry coastal hill zone, where fine-grained
sedimentary rocks give fine-textured soils, with widespread alkaline soils on limestone.
Ridges and hills in this zone have lithosols, lowlands have texture-contrast or brown
clay soils, and minor alluvial plains and valley flats have dark cracking clay soils.
Increasing rainfall inland through the foothill and upland zones is shown in greater
leaching, increasing acidity, and a transition from 2 : 1 to 1 : 1 clay minerais. The
southern foothills have neutral brown lithosols and the central foothills have acid
red to brown clay soils on volcanic rocks, whilst the upland zone is characterized
by slightly acid to extremely acid red to brown clay soils, The fluvial plains and
swamp zones have alluvial soils ranging from poorly drained grey sticky clays in
permanent swamps to moderately well-drained olive silty clays and stratified soils
on higher plains. Tn the littoral plains zone, mangrove soils on tidal flats are dominant,
with smaller areas of beach soils.



SUMMARY DESCRIPTION 17

(f) Vegetation

The vegetation pattern closely follows the environmental zonation seen in
climate, land forms, and soils, The vegetation (Part VIII) has been divided into
six main structural types: mixed herbaceous vegetation, grassland, savannah, palm
and pandanus vegetation, scrub and thicket, and forest. Grassland, forest, and
scrub and thicket types are further subdivided into groups on the basis of height
or deciduousness, and a number of floristic communities have been recognized
within each group. The main vegetation types have been mapped.

The relationships between vegetation groups and the main environmental zones
are as follows:

(i) Coastal Hill Zone.—Low rainfall in this zone is emphasized by edaphic
drought due to mainly shallow or fine-textured soils; hence savannah (Plate 3, Fig, 1;
Plate 4, Figs. 1 and 2), semi-deciduous thicket, and strongly deciduous forest (Plate
3, Fig. 2) are prominent.

(i) Foothill Zone—Vegetation shows the influence of increasing rainfall
with increasing altitude inland, with a trapsition from savannah and strongly decid-
uous forest to slightly deciduons forest (Plate 9, Fig. 1).

(iii) Upland Zone.—Rainfall is generally abundant here and tall evergreen
forest prevails (Plate 9, Fig. 2) except for edaphically determined areas of slightly
deciduous forest on stony crests of the north backing ranges and for the savannah
of the Sogeri Plateau in the rain shadow of the Astrolabe Range (Plate 10, Fig. 1).
At higher altitudes within the zone there are extensive oak forests.

(iv) Fluvial Plains Zone.—The vegetation of this zone shows the effects of
increasing rainfall infand and of wetness and liability to flooding as determined by
local relief. In the grasslands of the northern plains, for instance, tall grassiand
(Saccharum spontaneum—Imperata) (Plate 7, Fig. 1) gives place to mid-height grass-
land (Ophiuros—Imperata) (Plate 6, Fig. 2) inland. In the forested southern plains,
mid-height forest gives place in ill-drained situations to tall evergreen and slightly
deciduous forest (Plate 7, Fig. 2; Plaie 8, Fig. 2) in drier sites.

{v) Swamp Zone.—The vegetation is edaphically determined. The permanent
swamps show a succession from open water through mixed herbaceous vegetation
to tall grasslands (Phragmites—Saccharum robustum) (Plate 5, Fig. 2), and the seasonal
swamps largely bear mid-height evergreen forest (Plate 6, Fig. 1) or low evergreen
thicket.

(vi) Liftoral Plains Zone.—The vegetation reflects low rainfall and droughty
soils, as in the semi-deciduous thicket of the sandy beach ridges (Plate 2, Fig. 2),
or physiological drought of the saline mangrove flats, where mid-height and lTow
evergreen forests occur (Plate 1, Figs. 1 and 2; Plate 2, Fig. 1).

(g) Present Land Use

The two main types of farming in the area (Part 1X) are native gardening and
plantation agriculture with large non-indigenous units. ‘The latter shows a zonal
distribution, mainly with rubber plantations in the upland zone (Plate 11, Fig. 2)
and copra plantations in the littoral plains zone, both using indeniured labouwr from
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outside the area, and cattle ranching in the coastal hill zone. The natives practise
subsistence cropping on a family basis, by shifting cultivation, mainly in forest clear-
ings, vsing digging stick or spade (Plate 10, Fig. 2), and the chief crops are taro and
banaznas. Native cash crops of growing importance are copra, cacoa, and coffee,
and these may involve communal enterprise (Plate 11, Fig. 1). Betel nut and food
crops from a wide area are also marketed in Port Moresby.

{(h)y Land Capability Classes

Land units have been put into eight capability classes based on the system of
the United States Soil Conservation Seivice {Part IX), the classgs being defermined
by specific hazards. Class 1 land has no limiting hazards, class II and class 11l lands
are suitable for cultivation but require moderate and intensive measures respectively
to maintain production, and class 1V land is marginal for cultivation owing to major
limiting factors. Class V and class VI lands are suitable for improved pastures,
although with moderate limitations in class VI, Class VII land is restricted to native
pastures, forests, or tree crops by severe limitations, whilst class VIII land is unsuited
for commercial land use. Class I and class V lands do not occur on a land-unit scale in
the survey area.

The coastal hill zone has mainly class VII land on hill slopes, with shallow
and erodable soils, but the steepest, rockier sectors are class VIII land, The lowlands
of this zone consist of class III land on upper foot slopes and on less stable inter-
fluves, and class 1V land where erodable, droughty, texture-contrast soils occur
on gentle foot slopes and stable interfluves, The heavy dark cracking clays on valley
flats and minor alluvial plaing are class III land.

The upland zone has predominantly class VII and VIII lands, the latter occur-
ring on steeper slopes and also on bouldery soils on agglomerate, but important albeit
small areas of well-drained class IT land occur on river terraces and also on undulating
terrain on the Sogeri Plateau.

In its land classes, the foothill zone is intermediate between the coastal hill
zone and the upland zone; the steep southern foothills are predominantly class V1I
and class VIIT lands, but the central foothills also include class 1 and class IV
lands in the lower western areas of plains and undulating terrain.

The drier parts of the fluvial plains zone are mainly class Il land, with coastal
areas of class IV land because of alkaline soils, but the lower parts, subject to frequent
or seasonal flooding, are class VI land.

Most of the swamp zone is class VIIT land because of waterlogging, but higher-
lying areas subject only to seasonal or periodic flooding are regarded as class V1 land.

In the littoral plains zone the sandy beach ridges consist of class IV lands,
for they are droughty, saline, and infertile, and the tidal flats are class VIII land.

(i) Photographs

Plates 1-12 have been arranged in sequence to give a descriptive account of
the survey area, arranged under the six main environmental zones from the coast
intand, with examples of agriculture and settlements.



PART TII. LAND SYSTEMS OF THE PORT MORESBY-KAIRUKU AREA
By I. A. MansuTT,* P. C. HEYLIGERS,* R. PULLEN,* R. M. ScoTr,* and J. G. SPEIGHT*

I. INTRODUCTION

The area has been mapped into 49 land systems, which are composite mapping
units defined by Christian and Stewart as “an area or group of areas throughout
which there is a recurring pattern of topography, soils, and vegetation®,

The land systems and their component land units are described in tabulated
form, and the descriptions are illustrated with block diagrams and sketch plans,
with land nnits numbered. The land systems are arranged in six groups representing
the environmental zones briefly described in Part II, and each group of land systems
is prefaced by a short description of the salient characteristics of the zone, illustrated
by a typical aerial view, with a table setting out the diagnostic features of each land
system. The order of the groups and of the land systems within each group is essen-
tially based on geomorphic criteria and is that used on the land system map. Individual
land systems can also be located by reference to the index.

The stated areas of land systems have been obtained by dot counts and are
approximate only, and the relative areas of land units are based on independent
estimates by team members on the following scale:

Very large More than 50% of the total area
Targe 30-50%; of the tota] area
Moderate 15-309 of the total area

Small 5-15% of the total area

Very small Less than 5%, of the total area

Scales shown on block diagrams and sketch plans are relative only, and arveas of land
units may not be shown in true proportion. The geological seetions on the block
diagrams are generalized.

More detailed information about particular characteristics of the land systems
can be obtained from Parts V-VIII and some reference is made in the land system
deseriptions to data given more fully in those parts of the report. For instance,
the soils are described in groups and families treated more fully in Part VII and are
numbered similarly. The vegetation is given in groups and types as described in
Part VIII; in the land system descriptions the group is named first, followed by the
name of the vegetation type in brackets.

Description of the soils of each land unit is followed by an assessment of
land capability in terms of the hazards listed in Table 2, the land capability class of a

land unit being determined by the highest individual hazard. Land capability classes
are discussed more fully in Part 1X.

* Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T.

T CoarisTian, C. 5., and STEwarT, G. A. (1953).—General reporl on survey of Kathering—
Darwin region, 1946, CSIRO Aust, Land Res, Scr. No, 1,



TABLE 2
LAND CAPABILITY CLASSES™

Limiting Factors

Class
f_l;:;;?dn Msi(;i e Drainage Flooding Ssl:;i?;: Fertility Erodability | Alkalinity
|
I—ILand suitable for e1. Level or 501. Deep d;. Well fi. Not st;. No stones | s1. Appar- | wi. Easily | a1. No
cultivation; no limiting sloping at less | soils, not drained subject to on surface ently worked ! alkalinity
factors than 1-5°; no | subject to flooding relatively hazard
hazard drying out fertile
II—Land suitable for es. Slopes s0z2. Possible } do. Imper- sta. Surface | sa: Appears | wa. Not
cultivation; some limiting 1-5-5°;minor | drying out of | fectly drained stones cover | to have low | easily
factors requiring moderate | hazard when | upper hori- 0-1-1% of fertility, worked
measures to maintain or cultivated zons of profile land either
reach optimum productivity for short inherently
periods . or through
" leaching
TII—Land suitable for cul- | es. Slopes ds. Poorly fa. Subject to | sta. Surface ag. Mild to
tivation; some limiting 5-9°; mode- drained, short sea- stones cover moderate
factors requiring intensive rate hazard casily sonal flooding | 1-39% of alkalinity
measures 10 maintain or when culti- improved in most years | land
reach optimum produc- vated
tivity
IV—Marginal lands for es. Severe s04. Profile i as.Strong
cultivation because of hazard when | dries out for ta very
major Mimiting factors cultivated indefinite strong
because of periods alkalinity
erodability of | (climate,
soil shallowness,
oI coarse
texture)
M, o

0z
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Y—ILand suitable for ds. Poorly sts. Surface
improved pastures drained, not stones cover
easily 3-15% of
improved land
VI-=Land suitable for &g, Slopes fs. Subject to | ste. Surface
improved pastures but 9-17°; hazard frequent and | stomes cover
with moderate limitations | moderate irregular 16-50%7 of
flooding or land
\ prolonged
J seasonal
. { flooding
VII—Land with severe er. Slopes d-. Slightly !
limitations restricting use 17-33°; swampy
to native pastures, forests, hazard severe
and tree crops ‘
VIII—Unsuitable for es. Slopes | ds. Swampy ! fs. Frequent sta. Surface
commercial land use >33°; hazard | devastating stones cover
very severe floods or tidal | >90%; of
inundation Jand

YUY (1ANIVA—-A9SHIOW LM0d HHL 40 SWHLSAS ANV

*Under each land capability class the maximumn permissible hazard is listed where applicable. Class I land has no hazards; elsewhere, the land
capability class is determined by the highest hazard present.

1T
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I, Coasrar, Hor Zowe (700 sQ mites) (Fig. 3)

This zone is underlain by various sedimentary rocks, with ridges, mainly
formed by limestone and cherty beds, more developed near the coast, and lowlands
cut largely in mudstone on the inland side. It ranges from sea level to about 1400 ft,
with relief mainly not exceeding 500 ft but locally attaining 1000 ft. Rainfall is mainly
between 40 and 50 in. and streams are ephemeral. The main soils are shallow
lithosols on hill slopes, texture-contrast scils and brown clay soils on lowlands,

Fig. 3.-~North-west-trending parallel ridges and lowlands of the coastal hill
zomne narth-east of Port Moresby. Relief approaches 800 ft in the west of the
arga shown.

and dark cracking clay seils on valley fioors and minor alluvial plains, Much of the
zone is covered with eucalypt savannah and derived grassland, with strongly decid-
uous forest or semi-deciduons thicket in gullies and on remote hiils, and tall grassland
and gallery forest in valleys and plains.
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In Table 3 and in the tabulated descriptions which follow, the land systems
of the coastal hill zone are arranged according to major land forms, namely ridges,
lowlands, and minor alluvial plains, and are listed in order of decreasing relief.

DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE COASTAL HILL ZONE

Tanie 3

Land System Lithology Land Form Relief Predominant Predominant
. Soil Vegetation
Ridges N

Tovobada Cherty limesione | Strike ridges Up to 800 ft | Alkaline dark Strongly deciduous

lithosols forest

Hanuabada Savannah and

derived grassland

Kopu Mudstoue, Branching ridges Neutral brown | Savannah, semi-
muddy tuff and hills lithosols deciduous forest

Palipala Coarse sand- Up to 500 ft | Alkaline dark Savannah
stone lithosols

Pokama Limestone Strike ridges Up to 400 ft Semi-deciduous

thicket

Kabuka Cherty mud- Up to 200 ft | Red lithosols Savannah
stone

Lowlands

Fairfax Limestone, Low plateaux Mainly Neutral brown | Savannah and
conglomeraie and undulating | <100 ft lithosols derived grassland

lerrain '

Diumana Sandstone, Undulating M%u'nly < 50ft | Alkaline dark Semi-~deciduous
siltstone, terrain lithosols thicket
claystone,
limestone

Bomana Muddy tuff Undulating, Brown clay Savannah, tall

Creck with minor hills soils grassland

and ridges

Nikura Sandy and Undulating Texture-contrast | Savannah, semi-
muddy tuff, terrain soils deciduous thicket
gabbro

Ward Muddy tuft Foot slopes Mainly <201t Savannah

Ouou Sandy lime- Coastal plat-
stone form

Tsiria Coral limestone | Raised reel

Dark cracking
clay soils

Semi-deciduous
thicket

Minor alluvial
plains
Boroko

Fine-lextured
alluvinm

Plains

<5 ft

Dark cracking
clay soils

Savannah, tall
grassland
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High limestone ridges largely with deciduous forest, north of Port Moresby,

1. A. MABBUTT ET AL.

TovosaDA Lanp SysTEM (20 5Q MILES)

Geology.—Cherty limestone; thin-bedded and intercalated with mudstone; striking NW. with steep dips;
Eocene (Port Moresby group).

Geomorphology.—A belt up to 5 miles wide, with strike ridges converging in prominent sumunits; relief up to
800 ft; strike drainage with close pinnate tributary systems; ephemeral streams except for a few larger channels;
slumping common in steep valley heads formed in shale.

Altitude,—200-1250 ft.

LIMESTONE @

MuosToM

Unit| Area Land Form Soil Vegetation
I Very Ridges: [airly straight dip slopes, up te 35°, | Alkaline dark lithosols | Strongly deciduous forest (Bombax—
large with chevron spurs; concave escarpments, dis- | (Ba}—VYIIL.es.5t:.50,.8, Ceitis); smaller tracts of savannzh
sected into shori rounded spurs, exceeding 38° (Themeda ausfraiis—Eucalyptus), with
on heads and margins of vaileys; many slump derived grassland on crests and upper
scars on slopes above 35%; undulating, narrowly siopes
rounded crests
2 Very Perched valley floors and benches: hummocky | Red gravelly clay soils:
small slopes, 5-10° and up to 50 yd long; ill-defined | Nebire family 1¢a)—
drainage 11I-VT.e;_¢.50g.8,
3 Small Main valley floors: discontinuous, up te 100 yd | Mainly gravel and sand | Slightly deciduous forest (Planchouia—
wide, with cross slopes up to 0°30° and longi- | —VLs0,.56 Adenaithera)
tudinal pradients about 2°; locally slightly
Llerraced
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HanuaBaDa LAND SysTEM (70 SQ MILES)

Limestone ridges with extensive grasslands, along the southern half of the coast,

Geology.—Thin-bedded limestone, siltstone, and sandstone, very cherty except in the north-west; striking NW.
and dipping steeply NE.; Upper Cretaceous to Lower Miocene (including Bogora limestone, Barune sand-
stone, Port Moresby group, Boira limestone).

Geomorphology.—Coastal hill range up to 2 miles wide, relief up to 800 ft; coastal escarpment, commonly
oversteepened and subject to slumping and rock falls, with fairly closcly spaced, incised valleys and rounded
salients; inland dip slopes with sparser, less incised drainage; locally with narrow coastal plain, clsewhere
cliffed and embayed; ephemeral streams.

Altitude.—0-900 ft.

s

HEACH SAND ’ A

@cmgmr ;
LIMESTONE

500 FT
SILTSTONE
SANDSTONE
Unit|  Area Land Form Soil Vegetation
1 Very Coastal clifis: up to 200 [t high; slopes 35-60°, | Rock Bare or with scmi-deciduous thicket
small with sheer faces {Gyrocarpus—Hurpulfia, Garuga—Rhodo-
myrius)
2 | Very Ridges: fairly straight slopes, 20-35° and 100 | Alkaline dark lithosols | $avannah or derived grassland (Thewmeda
large 300 yd long; well-spaced, open gullies; narrowly | (8a)—VILe,.stg.50,.85 australis—Ercalypiug; in re-enirants and
rounded crests and spmmits on some crests alse Thewieda rovoguin-
eensis—Eucalypius); gullies with semi-
deciduous thicket (Gyrocarpus—Har-
pulliny or sirongly deciducus forost
(Bombax—Celris)
3 Very Foot slopes and spurs: smooth, concave or | Texture-contrast soils: | Savannah or derived prassiand (Themeda
small gently undulating slopes, attaining 15° and up | OQuou  family (i2a), | austratis—Evealvpfus on spurs, Oplinros—
to ¥ mile long gravelly phase, and | Elcalypius alba on lower slopes, Themeda
Ward family (125}, gra- | novoguincensis—Excalyptus in te-entrants
velly and non-gravelly | and on vallsy margins); patches of semi-
phases—TV.e,.50,.\W., deciduousthicket (Gyrocarpus-Harpullia,
duay iariga—Rhodomyrtus) or strongly de-
— —| ciduous forest (Bombax—Terminalia)
4 | Very Mainly on upper foot
small slopes, brownclaysoils:
Fairfax family {[la)—
1ll.e;.805.45;, and Bo-
mana family (116)—LII.
e;.50z. Locally, red gra.
vefly clay soils: Nebire
family  {([0w)—11-VI.
C3_g-5C3z.dq
5 Smalf ¥alley margins and fans: slopes 2-8"; up to | Dark cracking clay
300 yd long on fans, < 50 yd long in valleys | soils: Boroke family
{Te)—11.dj. a5 ws.50,
6 | Very Drainage flats: up Lo 50 yd wide, slopes <1°% | Dark cracking clay | Tall grassland (Saecharim sportanein—
sinali small, ill-defined channels soils: Inupi family (7¢) | fiperafe) or siightly deciduous forest
—IIl.d .8, wWes0, (Planchonia—Adenantherd)
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Koru Lanp SystEM (70 sQ MILES)

Short branching ridges with savannah or semi-deciduous thicket, in the south of the area.

Geology,—Thin-bedded mudstone and tuff, and intercalated, locally siliceous thin-bedded limestone; steeply
dipping; Palacogene (Port Moresby group). In the extreme south-east, dolerite and tuff with an inchuded thick-

bedded imestone member; dips apparently low; Miccene (Gidobada series).

Geomorphology.—Strike belt up to 3 miles wide, with close-branching ridges up to 800 ft high, and minor
lowlands: moderately dense dendritic drainage with larger perennial streams; slumping common on steeper

slopes.

Altitude.—0-1000 [t

HUDSTGONE

500 FT
L g
1 MILE
Unit| Area Land Form Soil Vegetation
1 Large Ridges: mainly concave slopes, 10-30° and up | Neufral brown lithe- | Southern part: semi-deciduous thicket
to 500 yd long, commonly with stradght upper | sols  (85)—Vil.crso, (Garuga-Rhodomyrtus) or  slightly
sectors, 25-30°; penerally deeply embayed, deciduous forest (Infsia—Cellis)
with rounded spurs 50-100 ft high and incised
2 Large small pullies; narrowly to moderately rounded Northem part: savannah  (Oplizros—
crests; stump scars on escarpment and valley- Enealypius alba)
head slopes above 33 °; generally stone-free
3 Small Foot slopes: broad concave slopes, mainly 2-8° | Nosthern part: red gra- | Semi-deciduows thicket (Garaga-Rhodo-
and up to 300 yd long; gently undulating in | velly elay soils: Nebire | myrfus)
cross section, wilh cross stopes generally less | family (10a)—IIl.e,.
than 2° and selie{ less than 10 U spg.d;: Bom family
(1058)—Ill.es.50s. Loc-
ally, brown clay soils:
Botnana family (118)—
11Ee,.50,
4 Small Southern part: texture- | Savannal {Opltinros—Encalvptus afba}
contrast scils: Ward
family ({125), gravelly
phase—IV.e,.50,.w,.
dsas; and Nikura
family (f2¢), gravelly
phase—IV.e.50.weds
5 Very Tributary valley floors: up to 50 yd wide, | Dark cracking clay | Savannah (Ophinros—Eucalypius  alba)
smalt gradients less than 5° and cross slopes about | soils: Boroko family | or semi-deciduous thicket (Garuga-
2°; very small, ephemearal channels (7a) in larger valleys | Ritodomprius)
and Inapi family {7¢) in
smalfer valleys—II1.d,.
Wg.80g.H;
1 Very Margins and heads of larger valleys: concave | Brown clay soils: Fair- | Savannah (Ophiuros-Encalyptus alba) or
small slopes, mainly 2-5° and 50-100 yd tong, locally | fax family (11e)—TII. | tall grassland (Secehartm spontancuni—
altaining 200 yd £4.504.33 Imiperata)
7 Yery Larger valley flats: discontinuous and generally | Moderately well-drained) Strongly deciduonus forest (Bombax—
small iess than 50 vd wide, with stopes up to 2% | alluvial soils: alkaline | Terminalia) or tall evergreen forest
10-20 ft above Iarger channels olive silty clays (6a)— | (Casuarina—Dysoxylimr)
IV.dafza,
3 Very Alluvial plains: up to 1% miles wide, with slopes | Dark cracking clay | Semi-deciduous thicket (Garnga-Rhodo-
small mainly less than 0°3%; numerous winding | soils: Boroko family | myrtns)
perennial streams, with channels up to 20 ft | (7e)—11Ldg.wa.5028,
wide and 10 [t deep
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ParipaLa LanD SysteM (150 sg MILES)
Savannah-covered coastal hills, in the north of the area.

Geology.—Thin-bedded brown to yellow gritty sandstone and conglomerate with subordinate sandy shale
and calcareous siltstone of Pliocene age, locally underlain by 1200 ft of limestone and 600 ft of mudstone of
Upper Miocene age; strike NW., dips gentle to moderate,

Geomorphelogy.—ill belt, generally with higher crest and watershed near coast and long branching hill

ridges descending intand; reliefl mainly less than 500 ft, with area of lower, rounded spurs in extreme south-east;
close, dendritic pattern of rather straight-sided valleys with many shallow tributary re-entrants; mainly ephe-
meral streams.

Altitude.—0-800 ft.

500 FT

ORGLOMERATE

ANDSTONE

— =] CALCAREDUS

o

"

20

MUDSTONE

]
LIMESTONE E‘_ﬁ
1 MILE
Unit|  Area Land Form Soil Vegetation
1 Very Ridges: slopes, concavo-convex and 10-25° on | Alkaline durk lithosols | Savannah (Themedu australis—Fucalyptus,
large lower ridpes, concave and attaining 35° on | (8a) on soft-weathering | Ophiiros—Eucalyptus  alba, Imperala—
higher ridges, with shallow valley alcoves: | rock—VIl.e,.50,.24 EBucalppius), in re-enfrants, semi-deci-
locally incised valleys with amphitheatral valloy duous thicket (Gyracarpus—Harpudlia),
heads; discontinuous coastal cliffs up to 150 f1 stzongly and slightly deciduous forest
high; narrowly rounded, undulating crests con- (Bombax—Celtis,  Garuga—Brachychiton,
necéing in pyramidal summits and Jutsia—Celtis)
2 Very Valley floors: up ic 300 yd wide, axial gradicnts Dark cracking clay | Savannah (Ophiures—Evcalvpius  alba,
small up to 10° cross slopes mainly less than 2° but | soils: Inapi family (7c} Ophiwros—Eucalypius papriana) or strongly
attaining 10°; mainly small channels —IIl.d;.w5.505.a, deciduous forest (Bembax—Terminalia)
3 Small Main valley plains: up to § mile wide, slopes Tall evergreen forest (Alstonia-Kiein-
mainly less than 1° but altaining 2° at margins Trovia)
and in upper paris; uneven axial Lracts with
mainly small, intermittent channels op to 20 N1
wide and 6 ft deep
4 Very Coastal fans: smooth, concave slopes up to 400 | Texture-vontrast soils: | Mid-height grassland (Ophinros—fmp-
stall yd long, mainly 0°13 to 2°307, but atlaining | Ward family (125)— | erata)
57 at inner margin 1V.e..505Wedsay
5 Small Low, rounded spurs: up to 100 ft high, crests up | Neutral brown litho- | Savannah {Ophitvos—Eucalypius alba) or
to 100 yd wide; suaight or convex marginal | sols (8%) or red litho- | semi-deciduous thicket (Gyrocarpis—
slopes up 1o 20°; shailow valley alcoves sols (8¢)—V1l.e,ste50, | Harpatlic}
6 Very Foot slopes: below unit 5: concave slopes | Texture-contrast soils:
smal] allaining 5° and vp to 160 yd long Nikura family (12¢)—
IV.cps0.wads
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PokaMa LAND SysteM (23 SQ MILES)

Limestone ridges with savannah and semi-deciduous thicket, south-east of Kairuku.

Geology.—Thick-bedded, resistant crystalline and coralline limestone; NW. strike and moderate dips; Middle
Miocene (Bokama limestone).
Geomorphology.—Cuestas and hornoclinal ridges up to 400 ft high; fine-textured, trellis to dendritic drainage
pattern of steep ephemeral streams,

Altitude.—0-500 ft.
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1 MILE
Unit| Area Land Form Soil Vepgetation
1 Very Ridges: straight dip slopes 15-25° and up to 4 | Alkaline dark lithosols | Savannah (Ophinros_Timonius), semi-
large mile leng; escarpment slopes 20-35°, with | (8@)—VIle, 81,50 a8 deciduons thickel (Gyracarpus—Harpul-
Steeper rock fuces; lower slopes broken into lia), strongly and slightly deciduous
Tpurs with slopes up to 20° and ug ¢ 130 yd forest (Rombax-Celtis, Inisia~Celfis)
onug
2 Small Foot siopes and valley floors: stony slopes, 2-5° | Stony slopes as unit 1. | Savannah  (Opfiuros-Tinonins)  and

ang up to 200 yd long, as undulating spurs and
as fans and valley flats associated with small
streamns

Valley Aats, dark crack-
ing clay soils: Inapi
family {7c}—I0L.d,.ws.
505,85

slightly deciducus forest (Tntsia—Celtis)




LAND SYSTEMS OF THE PORT MORESBY—KAIRUKU AREA 29

KaBuka Lanp System (30 sQ MILES)

Parallel low vounded ridges inland from Port Moresby, with red stony clay slopes.

Geology.—Cherty mudstone intercalated with soft mudsione, thin-bedded limestone, and dark tuff; strike
NW., dips steep, Palacogene (Port Moresby group). Thick mantles of weathered, shattered chert,

Geomorphology.—Strike belts up to 1 mile wide, with short parallel ridges, generally less than 1% miles long and
about } mile apart; rounded outlines, with relief generally less than 200 ft; main drainage {ransverse, with small

gullies and unchannelled sectors in strike valleys; ephemeral streams.

Altitude.

150-650 ft.

+| CHERTY 1SUDSTONE

1 MILE
Unit; Area Land Form Soit Vegetation
1 Very Rounded yidges: fairly straight slopes, 15-25° | On main slopes end | Savannah(Themedn ausiralis-Eucalvpius;
large and mainly about 100 yd long, rarely up to 300 | crests, red lithosols (3¢) | Ophinros—Eucalypius alba in valley-head
vd; lower parts locally dissected inio spurs up | —VILe.ste.s0,. Valley | embayments)
to 50 ft high; valley embaymenis with sieep, | heads and re-entrants,
shallow heads, up fo 32°; locally, prominent | brown clay soils: Bom-
valley re-entranits with narrow floors ana family (115)~-II1,
€550
2 Smalt Hoot slopes: concave, 3-8° and 100600 yd | On uppermost parts, | Savannah (Themeda anstralis—Eucalyprus)
long; even, or undulating with up to 20 ft of | red gravelly clay soils:
relief Bom femily (10&)---111-
VT, &3_4.502 On main
foot slopes, texiurc-
contrast soils: Mikura
family (I2¢), gravelly
phase—IV.e . 80,.7,.d,
3 Very Dirainage floors: vp to 200 yd wide, siopes up to | Dark  eracking  clay | Tall grassland {Saccharim spontanenni—
small 5%; unchannetled or with small guollies soils: Boroke fumily | Duperatq) or slightly deciduous forest
(Ta)—TI11.d;.50..Wa.ay (Planchonia-Adenanthera)
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FAIRFAX LAND SYSTEM {25 $Q MILES)

T.ow savannah-covered plateaux and undulating grasslands, north-west of Port Moresby.

Geology.—In the south-west, thick-bedded, crystalline limestone and soft marl, with steep dips; in the north-
east, coarse conglomerate of mixed rocks, generally intensely silicified; both of Neogene age (18iro beds).
Extensive coral rubble of Pleistocene age.

Geomorphology.—Raised marine plain dissected into fow plateaux and undulating terrain, with relief mainly
Jess than 100 ft; minor hill ridges up to 350 ft high in the north; sparse, slighily entrenched drainage in plateaux,
closer dendritic pattern of shallow valleys in undulating terrain; ephemeral streams.

Alfitede.—0-350 ft.

CQRAL

56 F7 ]

Unit| Area Land Form Soil Vegetation

i Medium | Gently undulating terrain: relief up to 30 ft; | Brown clay seils: Fair- | Savannah (Themeda aistralis--Encalyp-
concave lower slopes mainiy less than 3° wnd | fax family (11a}—IIL | f#5); large areas of derived grassland
up to  mile long, and gently rounded or fiat- | ep.50..4;. Near Papa
tish crests up to } mile wide village, red gravelly clay

soils: Bom family (105)
—Il.ey.50,

2 Large Low plateaux and hills: in the south, moderaiely | Neutral brown litho- | Savannah (Themeda atstralis—Eucalyp-
to strongly undulating surfaces, relief up to 50 | sols (85} —VIl.e,.sty.50, | tus), with patches of semi-deciduous
ft, with short slopes mainly below 10° but thicket (Gyrocarpus-Harpidlia, Adenan-
altaining 20° on [ow hills and plateau margins; thera—Colona)
in the notth, hills up to 350 ft high, with con-
cave or irregular slopes mainly up to 30°, but
?}vsigl rocky and loeally cliffed sectors exceeding

3 Smuil Foot slopes: smooth, concave slopes, mainly | Red gravelly clay soils:
< 5% and up io 200 yd long Bom family (10&)—

I1.eq.50;,

4 Small Dyainage floors: up to 100 yd wide, slopes | Dark cracking clay Savannah{Themeda ansiralis—Encalyptus,
mainly <0°30° but attaining 2° at margins; | soils: Boroko Ffamily | Ophiuros-Encalypins alba)
partly unchannelled, mainly with small gullies, | (7e)—IIL.d,.W,.80..8,.
but locally with larger channets flanked by | Locally, on flood-
minor flood-plains plains, moderately well-

drained alluvial soils:
neutral olive silty clays
(6B} —I11.d..1;
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DiuMANA LAND SySTEM (35 SQ MILES)

Strongly undulating lowlands with mainly shallow calcareous soils, south-east of Kairuku.

3

Geology.—Greywacke, claystone, and siltstone (Kaieu greywacke, Dumana greywacke); coral limestone,
calcarenite, and chert (Bokama limestone); silfstone and sandstone (Vanuamai siltstone); all with NW. sirike
and moderate dips; Miocene,

Geomorphology.—Sirike vales about 2 miles wide, strongly undulating and with 50 ft of relief, separated by
narrow limestone ridges rising to 200 ft; fine-textured, incised dendritic drainage, with ephemeral or inter-
miftent streams.

Altitude.—0-250 ft,

150 FT]

ANDSTONE

ctavstone =]

snszncue
fl I
T MILE
Unit, Area land Form Sail Vegetation
1 Small Ridges: slopes 10-30° and up to 100 yd long; | Alkaline dark lithosols | Semi-deciduous thicket (Gyrocarpis—
fower slopes dissected into widely spaced spurs; | (Ba)—VIl.epa, Harpuilia) and strongly or slightly
smoderately ronnded, rocky crests deciduons forest {Bambax—Celtis, Intsia—
Celtis), with minor savannah (Ophiures—
Timaontus, Imperate—Evealyptus)
2 Very Low spurs and interfluves: side slopes 5-20° Semi-deciduous thicket (Ewceiypins—
large and up to 200 yd long; moderately e broadly Acaciay and savannah (Themeda aws-
rounded crests, slopes 2-10° tralis—Timonius, Ophinros—Timonins, In-
perata—Eucalyplus)
3 Small Valley floors: up to 100 yd wide; concave cross | Dark  cracking clay | Tall grassland (Saccharum spontanenmi—
slopes, 2-5°, descending t6 small channels up to | soils: Inapi family (7e) | Tnperata), semi-dectduous thicket (Aden-
25 ft wide; in lower parts, valley fats up to 200 | —ITL.d,.wa50..4, anthera—Calona, Evealypiis—Acacia), and
yd wide, gradients less than 2° sirongly and slightly deciducus forest
{Albizia-Maniltoa, Bombax-Terminolia,
Iutsia—Celtis)
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Bomana CREEK LAND SystEM (40 sQ MILES)

Plains traversed by short rocky ridges, in the south half of the area.

Geology.—Unresistant green and dark tuffs (Dokuna tuff), basalt, and fine-grained gabbro, and resistant cherty
mudstone (Port Maoresby group), strike NW., steeply dipping; Palacogene age.

Geomorphology.—Strike belt up to 4 miles wide, east of Port Moresby, with many parallel narrow ridges up lo
1 mile long and 150 ft high, and vales and valley flats up to § mile wide with small areas of rounded low hills;
branching intermont plains up to 1} miles wide in the south of the area; moderately dense dendritic pattern of
small ephemeral streams.

Altitude.—0-400 ft.

CART
EASALT
lo;‘l_l“':}GABBRO

i HILE

Land Form

Soil

Vegetation

Ridges: concave stony slopes, 10-30% and up
to 200 yd long, locally dissected inte rounded
spars up to 50 fi high; shallow gully-head
embayments, with shorl slopes up to 35° with
small slump scurs; narrow, rocky crests

WNentral brown litho-
sols (Bb)—VIL.e;.516.50,,
or red lithosols {8¢)—
VIL.¢;.80:.504

Savaunah{Theareda anstralis—Euecalvplus}

Rounded hills and rises: up to 50 &t high, with
séraight or convex marginal slopes up to 15°,
aad convex crest slopes, mainly 1-3° and up to
15 yd long

Brown clay soils: Fair-
fax family (1[a}—ITT,
C,.50,.25, locaily pass-
ing into soft weather-
ing gabbro

Foot slopes: concave, mainly 2-8° and up to
400 yd lonp; breadly undulating in cross
section, as flattish-crested interflizves up to 13
ft high, with shorl marginal slopes mainly <5°,
lacally steepened io 15°

Undulating plains: up to 10 fu of relief, with
slopes <« 3°; flattish-crested imierfluves, and
drainage floors up to 50 yd wide with very small
drainage channels

As in unit 2, and also

Bomana family (115)
—TI1-111.es_3.50;

Savannah{Themeda ausivelis—Eucalypins,
Ophiwros—Encalyptus altba)

Tall grassland (Saccharum spontanenm—
Imperata) with patches of strongly
deciduous Forest (Pombax—Terminalic)

Drainage floors: up to 100 yd wide, gradients
1-5°, cross slopes mainly <2° mostly with
very small drainage channels, locally unchan-~
nelled

Dark cracking clay
soils: Inapi family (7¢)
—IIL.dy. We.504.8;

Unjt| Area

1 Small

2 Medium

3 Medium

4 | Medinm

5 Very
small

§ | Very
small

Alluvial plains: very gentle, even slopes up to
400 yd long

Dark cracking clay
spils: Boroko family
(Ta)—IILd;. wo.50a.d5,
or Jackson family (7h)
—IIT.d;. w80,

Mid-height grassland (Ophinros—Imper-
ata) with rempants of slightly deciduous
forest {Planchonia-Adenanthera) along
channels
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Nixura LAND SysTEM (140 3Q MILES)
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Broadly undulating lowlands with texture-contrast soils, south-east from Kairuku.

Geology.—South of Brown River: eastern part, dolerite and fine-grained gabbro intruding altered sediments of
Palacogene age (Port Moresby group); western part, argillaceous tufl, presumed strike NW,, dipping steeply
and of Palacogene age (Dokuna tuff). North of Galley Reach: well-bedded rocks including mudstone, siltstone,
marl, sandstone, quartzose conglomerate, and andesitic conglomerafe and agglomerate, voleanic component
increasing to NE.; genily dipping; Pliocene (Kaufana beds). Local ferruginous duricrust,

Geomorphology.—Broadly undulating strike lowlands with [0-50 ft of relief, locally with short strike ridges up
to 150t high; open, branching drainage pattern, shallowly incised in lower parts and with small valley plains
in lowermost sectors; mainly ephemeral streams.

Altitude,—0-250 f1,

MUDSTONE

SANDSTORE

CONBLOMERATE

AGGLOMERATE [¥

Land Ferm

Soil

Vegefation

Relatively stable interfluves: flat or gently un-
dulating crests, including gentle valley-head
slopes; slopes mainly below 3°, locally attain-
ing 5% and up 1o 400 yd long; locally, dissected
foot slopes up to 1 mile long

Texture-contrast soils:
Ward lamily (125), gra-
velly and non-gravelly
phases—IV.e;.80,.w,.
dyae, Mikura lamily
(12¢), Laloki family
(12eY—1V.e.50,wads

Siripped interfluves: marginal slopes of unit I,
up io 200 yd long, generally aboui 5° but com-
monly stepped, with short bouldery sectors up
to 10°; also, more strongly undulating crests,
narrower and higher than in unit 1, locally with
cappings of ferruginous duricrust

Low ridges: up to 150 €t high, with irregular
slopes up to 400 yd long, locally altaining 20°;
narrowly rounded crests

Tncised valleys in unil 3: V-shaped and incised
25-35 I't; slopes up io 30°

Neutral brown litho-
sols (B6)—VI.ea.5i.-50,

Savannah (Themeda ausiralis—Encalyplus,
Ophinres—Eucalyptus alba, Themeda novo-
guineensis—Eucalypius, hnperate—Euca-
Iyptus); semi-deciducus thicket (Euca-
Iyptus— Acaciv)  particularly extensive
north of Hisiu; minor strongly and
slightly deciduous forest (Bembax—Celtis,
Garuga—Brachychitorn)

Savannah as in unit 1, or semi-deciducus
thicket (Gvrocarpus—Harpuilia, Adenan-
thera-Colona, Encalyptus-—-Acacia)

Savannah {Themeda australis—Encal fyitus,
Iperata—Eucalvptis)

Semi-deciduocus thicket (Adenantiere—
Colona} and strongly deciduous forest
(Bombax—Celtis, Alhizin—Maniltom)

Tributary valley floors: gradienis mainly (730
1o 2°, concave side slopes up to 4* and up to
50 yd long; upper sectors may be unchannelled,
with hummocky fdoors; lower paris have wind-
ing ephemeral channets up 1o 15 {1 wide and
irregularly incised up to 10 £t

Texiure-contrasl soils:
Ouou family {(12a)—
IV.es.505.wadlp.a;, and
Laloki family (124),
gravelly phase—IV.e,,
S0, wa.dy

Savannah (Ophiwros—Eucalyptus  alba,
Themeda novogtineensis—Encalypins) and
slightly deciduous forest (Geruga—Brachy-
chiton); or as unit 4

Larger river flais: up to 1 mile wide, slopes less
than 0°30°; commonly with levees, and locatly
with ill-drained back-plain depressions; ephem-
eral channels up to 50 f1 wide and 15 ft deep,
with permanent water-holes

Dark cracking clay
soils;  Imapi  family
(Fe)—I1Ld;.we.5045.a;

Tall evergreen forest {Alstonia—Kiein-
frovia, minar Ocilameles—Artocarpis)

Unit| Area
1 Large
2 Medium
3 Very

small
4 Yery

smail
5 Small
6 | Small
7 Very

small

Drainage foors in foot slopes: up to 100 yd wide,
axial gradients and cross stopes up to 37°; small
ephemeral channels

Tyark  eracking clay
soils: Jackson family
(I5)—I111.dy.wys0g

Savannah (Themeda novoguincensis—
Ewncalyptus)
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WarD LanND SYSTEM (40 SQ MELES)

Savannah-covered plains sloping from low ridges, north-east of Port Moresby,

Geology.—Uniform fine-grained tuil, apparently steeply dipping (Dokuna tuff); finc-grained gabbro intruding
Port Moresby group; all of Palaeogene age; locally, terrace gravel and cherty colluvium of Quaternary age.

Geomorphology.—Piedmont plains up to 2 miles wide, and terraces 20 and 45 ft above the Laloki River;
moderately sparse, parallel transverse drainage, commonly becoming ill defined in the lower plains; ephemeral
or infermittent strcams.

Altitude.—0-200 ft.

TUFF
T

GABBRD
GRA\!EI

1 MILE,

Unit: Area Land Form Seil Vepetation
1 Very Upper foot slopes: broadly undulating slopes, | On steeper slopes, neut- | Savannah  (Themeda  novoguineensis—
small 3—10° and up to 400 yd long, including rounded | ral brown lithosols | Ewcalvpfus)
spurs up to 50 §t and isolaled rocky hills up to | (85)—Vll.e,.sta.50,
100 {i high
2 Very On  gentler slopes, | Savanaah (Ophinres—Eucalyptis alba)
small brown clay  soils:
Fairfax family (lig)
—-I11.e5.504.44, or Bom-
ana family ([10)—TII,
B3.50¢; minor Bom
family (106)—I1Le;.50,
3 Very Lower foot slopes: very broad, concave slopes, | Texture-contrast soils: | Savannah(Themedaausiralis—Encalypins)
laige 0°30°-3° and up to 1 mile long gravelly and non-
gravelly phases of Ward
family (125)—IV.e,.50,.
Wo.dy.a; Mikura family
(12¢), and  Laloki
family (12d)—IV.e,.50,.
Wwa.ds
4 Very River terraces: undulaiing, channctled surfaces | Terrace surfaces as unit | Savennah(Themedaaustralis—Encalypius,
small up to } mile wide, with focal slopes up to 3°, | 3. Marginal slopes, red | Ophinros—Encalyptus alba)
short, stony marginal slopes up to 107 gravelly clay scils: Bom
family (105)}—1IT.e5.50,
5 Medium | Plains: slopes in extension of wvait 3, 0°15°~ | Dark crucking cluy { Savannah (Oplivres-Eucalypius alba) or
0°45" and up io § mile long soils: Inapi family (7¢) | semi-deciduous  thicket (Ewcalymfus—
—IIT.d,.805.we.85 Acacia)
[ Small Drainage floors: shallow depressions up to 200 | Dark cracking clay | Ino upper sectors, savannah as in unit 4,
yd wide, axial slopes up to 2° soils: Boroko family | [n lower seciors, mid-height and tall
{Te)—11E.d ;. we.500.a5, | grassland (Ophivros—huperate, Saccha-
and Jackson family | remspontancum—Imperata). Slightly deci-
(T6)—IiLd w505 duous Forest {Planchonia—Adenanthera)
along channels
7 Yery Laloki River chanoel and fats: steep-sided | On river Hals, moder- | On flats, tall grassland (Swccharum
small channel 20 ft deep, 200 t wide at bank level nar- | ately well-drained aflu- | spontanewn-Imperata). On banks, tall
rowing ie 100 ft at fow-water kevel; discon- | vial soils: neutral olive | evergreen forest {Ociomeles—-Ariocarpus)
tinwous riparian flats up to 50 yd wide, with | stratified soils (6d)—
perched fiood channels ITL.d,.f5
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Quou LanD Systest (5 sQ MILES)

Narrow plain along the coasl south of Kairuku,

35

Geology.—Silty and sandy limestone, calcareous grit, and calcareous guartz-pebble conglomerate; strike NW.,
dips moderate; Middie Miocene; overlain in places by Pleistocene reef coral.

Geomorphology,—Slightly dissected coaslal platform less than | mile wide; relief mainly less than 30 ft; shallowly
entrenched, transverse valleys with many short tributaries; streams ephemeral or intermittent.

Aliitude.—0-100 ft.

20 FT]

CORAL

Land Form

Soil

Vegetation

Foot slopes: concave, 0°30° 10 4° and up lo 4
mile long; gencrally dissected to 15 ft, lecally to
30 [t into mainly flauish-crested spurs vp to }
mile wide, cross slopes < 1?; minor uneven,
locaily rocky cresls; short marginal slopes with
shallow gully re-entrants, mainly =5° but
siecepening to [0° on coastal margin and in
more strongly dissecled arcas

Texture-contrast seils:
gravelly and non-
gravelly phases of
uon  family  {124),
Ward family (126}—-
IV.e,.50,.wa.ds.8,, and
Laloki tamily (12d4)—
IV.e..504 Wads

Savannah (Themedna austrafis—Fucalyplus,
Themreda australis—Timonius, Duperata—
FEucalypius); remnants of semi-deciduous
thicket (Ewealyptus—Acacia)

Unit Area
1 Yery
jarge

2 | Small

Drainage floors: gently sloping, up to 50 yd
wide, with small gullies, tributary to larger
valley flats up to § mile wide, slopes generally
less than 0°30°, with winding channels up to
15 t wide and 10 ft deep; tocally these open
into small coastal alluvial plains

Dark cracking clay
soils: Tnapi family (7¢)
—I.dywa.80,.1,

Evergreen thicket { Hibiscus—Flagellaria),
strongly deciduous forest (Hombax—
Terminaliq), and tall evergreen forest
(A istonia—Kleinhavia); fringing tall grass-
land (Saccharum sportanenm-Imperaia)
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Tsiria LAND SySTEM (5 $Q MILES)

Narrow coastal platforms on Yule Tsland and west of TTisiu.

Geology.— Coral limestone; Pleistocene.

Geomorphology,~—Raised coral reef platform up to 2 miles wide, between 10 and 50 ft above sea level ; commonly
with outer sand beach; featureless surface traversed by a few incised narrow valleys without tributaries
and with small intermittently flowing channels.

Altitude.—0-50 ft.

g

.
RN TN IQJ;QM

I MILE

Unit | Area Land Form Soil Vepetation
1 Very Reef platform: rising inland at 0°15-1°30, | Mainly dark cracking | Semi-deciduous thicket (Ewcalvpins—
large increasing to near 3° near inner margin; locally | clay soils: Boroko fam- | Acacia) and strongly or slightly deci-
uneven, with up to 5 ft of local relief and with | ily (7@)—I1L.dg.we.s0.. | ducus forest (Bombax--Terminalia, Intsia—
short slopes up to 2°; seaward bluff and incised | a; Small areas of alka- | Celiis); patches of tall grassland
valley margins 10-20 ft high, slopes 5-10° line reddish clay soils: | (Saccharim  sponfanenni—fmperaia)y
Obu family (13)—1V.
504
2 Very Valley Aats: mainiy up 1o [00 yd wide, opening | Dark cracking clay | Strongly deciduous forest (dAfbizia—
small inlo coastal fiais up lo 200 yd wide; irregular | soifs: lnapl family (Te} | Maniftoa)
simall channels —1[.dsWa.50,.849
3 Very Beach: tidal reef fat; sand bsach up to 50 yd | Beach soils: on fore- | Above high-water mark: mixed herba-
small wide, mainly below 2° and steepening to 5° | dune, grey fine sands | ceous vegetation (Spinifex—Canavalia)
below discontinuous hummocky foredune up | (la)—IV.so,.8..a,; on | and scrub (Presmma—Scaevola)
to 12 ft hiph; cominonly backed by sand swale | beach, grey sands (le)}
up to 50 yd wide —VUId,.fya,
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Boroxo Lanp Sysrim (30 sQ MILES)

Small plains with dark cracking clay soils, near the coast in the south of the area.

Geology.—Fine-textured alluvium; Ql.iaternary.

Geomorphology.

Alluvial plains up to 1§ miles wide, occurring as branching valley tracts, gradients 1 ; 100

to 1 : 500, in the south of the area, and as strike vales and focally as a narrow coastal plain near Port Moresby;
perennial channels in main valleys, but ill-defined or impeded drainage elsewhere.

Altitnde.—0-200 ft.

HANUABADA

1 MILE
Unit | Area Land Form Soil Vegelation
1 Large Higher plains: slopes mainly less than 0°30°, | Dark cracking clay | Savanwah (Themeda qustralis—Fycalvplis,
but atlaining 5° al gently undulatiog margins; | sofls: Boroko family | Ophinves-Encalvpins  albe);  exicnsive
extending up to § mile from drainage lines | (Fa)—IIT.d;.w,.50,.8,, derived grasslands north-west of Port
or Jackson family (74) | Moresby
—ILdy.was0,
2 Large Lower plains: slopes less than 2°, otherwise as | Dark cracking clay | Tall grassland {Saccharum spontancum-
unit I; subject to impeded drainage soils: Ynapi family (e} | Finperata) and slightly deciduous forest
—I11.d,;.w..500.34 (Planchonie—Adenanthera)
3 Medium | Flood-plains: mainly about 50 yd wide, locally | Moderately well-drain- | Tall evergreen Fforest (Octoreles—
atfaining 300 yd; meandering channels up to | ed alluvial soils: alka- | Ariocarpes); tall grassland (Sacchermn
40 ft wide and [5 ft deep line olive silty clays | sponfaneim-Imperata, Phragmites—Sac-
(6e)—IV . d,Taay, or cherim robusiimg)
neutral olive silty clays
(6t—I1L.d [,
4 Very Swamns: up to 300 yd in exient Very poorly drained | Open water with patches of mixed
small slluvial soils: grey herbaceous  vegetation (Nymphaeca—
sticky clays (4o} — | Azolla); bordered by tall grassland
VITLd, {Phragmites—Saccharum  robustum) and
patches of mid-height evergreen forest
{Melafeuca—Nauclea)
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III. Fooramr Zowg {350 so mies) (FiG. 4)

This zone is transitional between fowlands and uplands, with rainfall increasing
eastwards from 50 to 100 in. The central foothills range from plains te broad ridges,
with acid red to brown clay soils and minor lithosels on gently dipping velcanic

Fig. 4.—The southern foothills here extend between the Sogeri Plateau, above

the escarpment of the Astrolabe Range (1), and the plains of the coastal hill

zone (2). The contrast between a mainly savannah-covered western part and a
forested eastern part is very marked.

rocks; they lie between sea level and 700 ft, with up to 500 ft of relief. The southern
foothills are hills and narrow ridges, mainly of gabbro with neutral brown lithosols,
with altitudes between 200 and 3500 ft and relief mainly up to 800 ft but including
the prominent escarpment of the Astrolabe Range. The lower, drier western paris
of the zone are covered with savannah and strongly deciduous forest, and the higher,
wetter eastern parts have extensive slightly deciduous forest.
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In Table 4 and in the tabulated descriptions which follow, the land systems

of the central foothills precede those of the southern foothills.

TABLE 4
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE FOOTHILL ZONE

Land System Lithology Land Form Relief PIEdon?mant Predomipant
Soil Vegetation
Central foot-
hills
Aropokina Sandy tuff and | Strike ridges Up to 500 ft | Lithosols and Savannah and
volcanic con- acid red to deciduons forest
glomerate brown clay soils
Diulu Undulating Upto 100 ft | Acid red to
terrain with brown clay soils
minor ridges
Kanosia Undulating Up to 50 {t As above, and As above, but
tervain and texture-contrast | extensively planted
plains soils to rubber
Southern foot-
hills
Rouna Gabbro, partly | Brauching Up to 2000 ft : Neutral brown Slightly deciduous
capped with ridges and an lithosols forest
agglomerate escarpment
Dubuna Gabbro and Branching Up to 1400 &t Savannah
minor limestone | ridges
Edebu Muddy tuff Up to 500 1t Slightly deciduous

forest and semi-
deciduous thicket



40

J. A. MABBUTT ET AL.

Aropokina LAND Svystem (35 sg MILES)

Higher foothill ridges east of Hall Sound.

Geology.—Calcareous sandy tufl, volcanic conglomerate, agglomerate, Iava and other basic volcanic rocks;
gently folded and faulted along N'W. axes; Pliocene.

Geomorphoelogy.—Strike belt up to 4 miles wide, with prominent west-facing escarpments broken info hill
ridges; strike-controlled main valleys with restricted lowlands, and a pinnate pattern of incised tributaries,
denser in the west; relief up to 300 ft; slumping on steepened slopes; ephemeral tributary streams, perennial

main

streams.

Altitude.—0-700 ft.

VOLCANIC
CONGLOMERATE

500 FT
: 3
1 MILE
Unit} Area Land Form Soil Vegelation
1 Large Ridges: concave cscarpments, mainly ailaining | Western parf: Neutral | Savaunah(Thenreda ausivalis—Encalvpius)
20-30° but exceeding 35° locally in valley heads | brown lithosols (84)— | and strongly deciduous forest (Bowmbax—
and margins, where smali rock fuces and slump | VIi.e,.sts50, Celtis)y
— 4 e emr| scars occur; deeply incised gullies in middle
2 Large paris; also, fairly siraighi structurally controlled | Eastern part: On steep- | Suvannah  (Themedn  rovoguineensis—
slopes, generafly not exceeding 25°; cresis | er slopes on agglomer- | Eucalyptus) and  slightdly  deciduous
mainly narrowly rounded, with minor crest and | ates, acid brown litho- | forest {(Grruga-Brachychiton, Albizia—
upland valley slopes below 10° and up to 100 yd | sols (8¢)—VY1.eq.5te. Canariitir)
long On gentler slopes else-
where, acid red to
brown clay soils: Diulu
family {%a)}-—11l.e,.50,
3 Very Toot slopes: concave stony slopes, 2-10° and up | On drier sites on vol- | Savannah (Ophirres—Encalypitus alba) or
small to 300 yd long; minor gullies canic conglomesate in | slightly deciduous forest (Garugn—
west of land system, | Brachychifon)
texture-contrast soils;
Laloki family {(12d4)—
1V.e;.5040.Wo.ds.
On wetter sites on
apglomeraie in east of
land system, acid red to
brown clay soils;
Koitaki family (9e)—
I1.e,.5,
4 Very Valley plains : up to 200 yd wide, slopes less than | Texture-contrast soils: | Slightly deciduous forest (Spondias—
smalt 2° and mainly below 0°30°; upper sectors with | Laloki family (124)— | Celtis); savannah {Opfitros—Euncolyptus
small chanonels, lower parts with ill-defined | TV.e;s05.w,.d.. Imper- | papreain)
drainage fectly drained alluvial
soils: acid brown clays
(58)—V1L.d, f,




LAND SYSTEMS OF THE PORT MORESBY—-KAIRUKU AREA 41

DuLu LAND SySTEM {35 8Q MILES)

Undulating or low hilly tract with reddish soils, extending north-west from Galley Reach.

Geology.—Tufi interbedded with volcanic conglomerate, mainly of basic lava; gently folded and fanlted on
NW. axes; Pliocene, Pleistocene ferruginous duricrust locally.

Geomorphology.—Gently undulating terrain broken by low ridges and commonly fringed by low escarpments,
in a discontinuous strike belt up to 3 miles wide; relief up to 100 ft; sparse, shallow upland valleys, with close
tributary gullies on steeper slopes, and minor fringing valley plains; streams mainly ephemeral.

Altitode.—0-200 ft.

@ DURICRUST

VALCANIC]y,
CONGLOMERATE

Unit | Area Land Form Soil Vegetation

| Small Hill ridges and escarpments: straight or convex | Acid brown lithosols | Savannah (Themeda australis—Encalyp-
slopes, mainly up to [5° but locally up to 25°, | (Bd)—VLeg.stg tus}
and up to 200 yd long; rounded stony crests

2 Very Tindulating terrain: flattish crests, and concave | Acid red to brown clay | Savannah (Themeda australis—Encalyp-

large valley-side slopes 3-10° and up io + mile long, | soils: Diule family (9a) | fus, Ophiros—Euncalyptus  alba) and
leading to small drainage channcls —I1Eeq.50, strongly deciduous forest (Bombry—
Tenminalia)

3 Small Alluvial plains: up to 1 mile wide, slopes less | Tmperfectly drained Slightly deciduous forest {Sponedlias—
than 1°; parily ill-drained, bit generally with | alluvial soils, including | Celtis)
meandering small channels acid brown clays (Sg)—

VId,.f,
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Kanosia LAND SySrEM (20 sg MILES)

Plains and undulating country extensively under rubber at the head:of Galley Reach.

Geology.—Sandy and argillaceous (uff (calcareous in part), volcanic conglomerate, agglomerate, lava and other
basic volcanic rocks; gently folded and faulted along NW, axcs; Pliocene.

Geomeorphology.—An erosional plain 25-50 ft above sea level, with abrupt seaward margin, continued inland
as undulating terrain to foot of backing hills; 25-50 ft of relief; a few entrenched small winding rivers, with
close, branching tributary valleys in higher part; main streams perennial, minor sireams intermitfent,

Altitide.—0-100 fi.

Unit Area Land Form Soil Vegetation
1 Large Undulating terrain: convex slopes, locally | Acid red to brown clay | Under rubber; original vegetation pre-
bouldery, mainly less than 3° and up to 100 yd | soils: Sogeri family (94) | sumably slightly decidwous Forest
long, commonly steepened basally to [07; [—IIT.es {Albiziae—Canarium)
somewhaf gullied margins of unit 2, with stony
stopes, 5-15°
2 Large Plains: less than 5 {t of relief, with long slopes | Texture-conirast soils: | Savannah (Themeda novoguineensis—

less than 1°; locally with very shallow, un- | Nikura family (12}, | Bucalvptus), semi-deciduons thicket
channelled drainage depressions about 50 yd | Laloki family (12d)— | (Encalyptus—Acacia), and sirongly de-
wide IV.e;.wo.do, and brown | ciduous forest (Rombax—Ternuinalia)
clay soils: Bomana
family (116)—I1.e,

3 Small Alluvial terraces: 10-15 fi above river level; | Acid red to brown clay | Slightly deciduwous Fovest (Planchonia—
discontinuous, up 1o 200 yd wide, with cross | soils: Koituki Family | Adenanthera) and tall grassland (Seoe-
slopes less than 1° (9e)—Il.ez.s, charum spontanemm—Inperata)

4 Small Valtey floors and flood-plains: discontinuous | Lmperfectly drained al-

minor valley floors less than 50 yd wide, with | luvial soils: acid brown
siopes mainly less than 0°30'; commonly ill- | clays (5g)—VIL.d,.f;
drained, with sluggish winding small channels;
slightly uneven flood-plains up ic 100 yd wide,
about 5 ft above larger channels, up to 30 ft
wide and 10 (¢t deep
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Rouna LaND SysTEM (120 SO MILES)
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Mainly forested higher ridges in a belt south-east from the Vanapa River, including the Astrolabe Range

escarpment.

Geology.—Fine-grained gabbro and dolerite and remnants of the inteuded sediments, including tuff, marl, and
limestone which probably dip steeply and strike NW. and are of Eocene age (Port Moresby group); overiain
by Pliocenc andesitic agglomerate and locally by Miocene conglomerate (Siro beds).

Geomorphology.—Escarpment of the Sogeri Plateau, mainly up to 2000 ft high, continued NW. and SE. as a
strike zone, 2-4 miles wide, of parallel massive ridges up to 800 ft high; trellis drainage of moderale density
including several large through-going rivers; rock falls common on escarpment, slumping active on steep
slopes; larger streams perennial.

Alfitede.—200-3500 ft.

1000 F1
Unie| Arca Land Form Soil Yegetation
1 Very Rock faces: mainky up to 200 It high, with irreg- | Rock Bare or with some rock plants; in re-
small ular, stepped slopes 50-90° and widely spaced entrants, tall evergreen forest {Caspa-
joint clefts; with narrow re-entrants al vailey rina-Dysexyinn)
heads
2 Very Ridges and spurs: fairly straight slopes com- | Neutral brown {itho- | Sliphtly deciduous forest (dfbizia—
large monly up to 352 and up to % mile long; widely | sols (8&)—Vil.e..ste.50, | Canaritun)
spaced major spurs and more numerons weakly -

2 Mediom | developed foothill spurs, and prominent gullies On north-west escarpment of Sogeri
with head slopes attaining 40° and incised lower Plaican, savannah (Ophinres—Eucalyplus
paris; locally with a bench up to 4 mile wide, fereticorniy); some valleys with slightly
with irregular rocky slopes 5-15%; commonty deciduous forest (Albizia--Canarinn)
mantled with fallen agglomerate blocks

4 Very Yalley floors: discontinuous and narrow, with | Imperlecily drained al- | Savannah  (Themeda  novoguineensis—

small incised stream channels iuviak soils: acid brown | Encalypins) or lall evergreen forest
clays (5g)—V1.d,.f; (Casuarina—Dysoxyfum}
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Dusuna Lanp Svstem {110 s@ MILES)

Mainly savannah-covered ridges, west of the Sogeri Platean.

Geology.

Fine-grained gabbro and dolerite; remnants of the intruded sediments, including tuff, marl, and

indurated metamorphosed limestone; steeply dipping, sirike NW. ; Palaeogene (Port Moresby group).

Geomorphology.—Irregular short ridges up to 900 ft high, with prominent spurs, and minor strike ridges up
to 1400 ft high, with Limestone escarpments; dense dendritic drainage with very close parallel primary gullies;
only larger sireams perennial; slumping fairly active.

Altitude,—0-1500 ft,

GABBRO

SEGIMENTARY ROCK

100G FT

Unit| Area Land Form Seil Vegetation
1 Very Ridges: concave slepes, mainly 10-35° and up | Neulral brown litho- | Savannah (Themede australis—Eucalyp-
large to 4 mife long, broken inte parallel ridges and | sols (80)—V11.ep.s5t..50, | fus, Themeda novegnineensis—Eucalypius)
gullies and commonly slumpeéd in upper parts; and patches of semi-deciduous thicket
miner rocky escarpments; colluvial aprons in (Encalyptus-Acacia); minor areas of
wetter parts; narrow ridge crests slightly deciduous forest {Garnga—

Brachychiton, Albizia—Canaritm),

mainly on higher ridges

2 Very Primary gulies in unit f: narrow Hfoors, Slightly decideous forest (Afbizia—

small pradients up to 30°, and steep walls, up to 40° Canarfinn)

3 Smull Lower spurs and foot slopes: concave slepes, | Brown clay soils: Savannah {(Ophinres—Euncalypius  alba)
5-15° and up to 1 mile long, generally dissected | Bomana family {I114). | and slightly deciduous forest {Albizia—
into spurs up to 100 ft high 1n weller parts acid ved | Canariam)

to brown clay soils:
Diula family (9a)—
Ul.ey.50,
4 Very Minor valley flats: up to 50 yd wide, slopes 1-2°; | Dack cracking clay | Tail evergreen forest (Casuarinu—Dyso-
small irnversed by meandering siream channels up lo | soils: Boroke family | xpins) and savannah (Ophinres—Euca-
10 ft wide and & ft deep (7e)—IT1.d ;. wa.50..4; Iyptus paprana)
5 Very Main flood-plains: up 10 300 yd wide, slopes | Moderately well-drain- | Tall evergreen forest (Ocromeles—
small fess than 0°30°; up to 5 ft microrelief in flood | ed alluvialscils: newtral | Artecarpus, Cerbera—Alstonia)
channels; main channels up to 100 ft wide and | olive silty clays (64)—
20 ft deep 1Ldg.fy
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EDEBU LAND SysTEM (45 5Q MILES)

Forested Tower foothills near the Brown River.

45

Geology.—Slighlly metamorphosed, grey sandy to argillaceous tuff and tuffacecus argillite and sandstone,
siriking NW, and dipping steeply; locally intruded by acid to intermediate, medium- to fine-grained igneous
rocks; probably Cretaceous—Eocene (Port Moresby group),

Geomorphology.-—Stirike beit 2-4 miles wide, with close, branching ridges, mainly shori and irregular but
strike-aligned in south; relief mainly below 250 ft, atéaining 500 ft in south; transverse main rivers, locally
flanked by planed spurs, and branching perennial local streams with a dense, pinnate pattern of intermittent

tributaries.

Altitude.—50-1000 ft,

ARGILLACEQUS TUFF

Tand Form

Soil

Vegelation

Ridges: straight to concave slopes mainly up to
200 yd long, attaining 25° on spurs but exceed-
ing 35° in valley heads and valley margins and
on undercut slopes near Brown River; embayed
by V-shaped gullies with amphitheatral heads;
mainly narrowly rounded, undulating crests
leading to pyramidal suminiis; lower spurs with
steep marginal slopes near Brown River

Neutral brown litho-
sois (80)—VILe,.5t5.50,

Slightly deciduous forest {(Garuga—
Brachychiton, Atbizia—-Canavitnn); on
some crests, semi-deciduous thicket
(Adenaithera—Colonay;, minor savannah
(Umiperata—Euncalyptus)

Tributary valley fleors: discontinuouws and up to
100 vd wide; cross slopes and axial gradients
[—4°, upper sectors generally unchannelled,
lower seclors with very small channels

Brown clay soils:
Bomana family (116)—
Il.es.50,

Slightly deciduous forest (Grz;ugﬂ—
Brachychiton)

500 FT
Unit Area
I Very
Jarge
2 Very
simall
3 Yery
small

Flood-plains: up to 1 mile wide, gradients below
1 : 100; genesally uneven, with small jevees and
flood banks; winding, locally anastomosing
channels up to 30 ft wide and 5 f1 deep

Dark cracking clay
soils: Inapi family {7c)
—HIL.d ;. Wa.50a.1,

Slightly deciduous forest {Planchonic—
Adenanthera)
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IV. UpiLanDp Zowg (650 sq mies) (FiG. 3)

Rainfall increases castwards with increasing altitude, from 60 to 150 in.;
rock weathering is intensified and streams are perennial. There are three sectors:
a sheet of voleanic agglomerate and tuff, extending up to 1500 ft above sea level and
dissected into ridges and smaller plateaux with up to 750 ft of relief, forms the north
bdcking ranges; similar rocks, gently basined, form the Sogeri Plateau, mostly between
1600 and 2600 ft above sea level and with hills and ridges from 75 to 500 ft high;

Fig. 5.—TForested massive ridges of the south backing ranges, up to 1000 ft high, traversed by the
deep narrow valley of the Goldie River.

the south backing ranges attain 3600 ft above sea level and are mainly fairly massive
ridges of phyllite up to 1200 ft high. Zonal soils are acid red to brown clay soils
showing increasing acidity eastwards. The zone is largely covered with tall evergreen
forest, including oak forest in the higher parts, with some slightly deciduous forest
on crests and with minor savannah in the rain shadow of the Astrolabe Range.

In Table 5 and in the tabulated descriptions which follow, the land systems of the
upland zone are arranged according to their occurrence in the three sectors: north
backing ranges, Sogeri Plateau, and south backing ranges.
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TaBLE 5
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE UPLAND ZONE
Land System Lithology Land Form Relief Predon}mant Predomullant
Soil Vegetation
North backing
ranges
Mariboi Agglomerate Higher ridges Upto 730t | Acid red to Tall evergreen
and minor brown clay seils | forest
plateaux
Rubberlands Lower ridges Up to 200 ft As above, but
' extensively planted
to rubber
Sogeri Plateau
Sogeri Weathered tuff | Low ridgesand | Up to 100 fi | Acid red to Savannah
and lava undulating brown clay soils
terrain
Subitana Tall evergreen
forest
Owers | Ridges Up to 500 ft
Vouku Agglomerate Up to 300 ft Tall evergreen
forest and savannah
South backing
ranges
Tawarere Phyllite and Massive ridges | Up to 1200 ft | Acid red to Tall evergreen
minor limestone brown clay soils | forest
Uberi Agplomerate

sedimentary
rocks

over phyllite and
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MARBOT LAND SYSTEM (260 5@ MILES)

Higher forested ranges on red-weathering volcanic rocks, in the north of the area.

Geology.—Andesitic agglomeraie, tuff, and lava; gentle SW. dips; Pliocene, Deep, red, weathered profiles.

Geomorphology.-—Ridges and uneven plateau strips descending mainly south and west, relief range 50-7350 ft;
moderately close, subparallel consequent rivers, mainly narrowly incised but with small valley floors near
the Tower margins, and dense pinnate or branching tributaries; larger streams perennial, smaller streams
intermittent; small-scale slumping and minor rock falls on steep slopes.

Altitnde.—50-1500 ft,

Unit

Area

Luand Form

Seil

Vegclation

Medium

Ridges at higher altitudes: [50-750 ft high,
incrensing in height north-eastwards; concavo-
convex slopes mainly up to 30° with minor
rock faces and structural benches; locally
smooth, bul generally deeply embayed with
V-shaped gullies, where muarginai and head
slopes may attain 38°; small slump scars on
steepened sectors; ilaitish crests, slopes less
than 5° and up to 100 yd long, commonly
bouldery

Acid red 1o brown clay
soils: Uberi family (3e),
with Tiviki family {9d)
in highest, wetlest areas
—VI1.e:.5: Loecally, on
agelomesate, acid
brown lithosols (8d)—
VTiT.eq.51

‘Tall evergreen forest (Lithocarpus—

Elaeacarpus)

Very
large

Ridges and escarpments at lower altitudes: as
unit 1, with relief range 30-500 ft; crests become
narrowly rounded as they decline sounth-west-
wards; on lower spurs and ridges (50-150 {1),
slopes rarely exceed [0-20° except where
undercut

Acid red to brown clay
soils: Sogeri family (95)
—VIle;. Locally, on
agglomerate, acid
brown lithosols (84)—
VIH,eq.51;

On  crests, slightly deciduous forest
(Afbizia—Canariam, Infsia—Spondias); on
slopes, tall evergreen forcst (Pomelfia—
Canarimn}

Medivm

Piateau crests: 1-2 miles wide, excepticnaliy up
to 4 miles, declining south-westwards; summit
slopes less than 5°; summit relief 50150 ft

Acid red to brown clay
soils: Tiviki family (9¢)
—Ill.e,..s,

Slightly deciduous forest (fufsic—Spon-
dias); on higher crests, tall evergreen
forest (Lithocarpius—Elaeocarpus)

Very
small

Valley floors: up to 280 yd wide in main valleys,
discontinuous and up to 50 yd wide and com-
monly ill drained in tributaries; gradients
0°20°-57, cross slopes 0°15-5°; lecally ter-
taced up to 15 ft; winding channels up to 50 ft
wide and 5 {t deep

Tmperfectly drained al-
luvial soils: acid brown
clays {5g)—VI1.d;.F,.
Locally, very poorly
drained alluvial soils:
grey sticky clays (da)—
TI1.dg, Minor acid red
to brown clay soils:
Koitaki family (Se)—
I.e4.5, On terraces and
marginal slopes

Tall evergreen forests (Pouretia—Ario-
carptes)
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RUBBERLANDS LaND SvSTEM (60 SQ MILES)
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Lower forested ranges on red-weathering volcanic rocks, in the north of the area.

Geology—Andesitic agglomerate, tuff, and lava; gently dipping; Pliocene, Deep red weathered profiles

Geomorphology.—Long narrow ridges with accordant crests decreasing in altitude to the SW.; relief up to
200 ft; fine-textured dendritic or parallel drainage pattern of permancnt and intermittent streams; very shallow
slumping commoi.

Altitude.—0-250 ft.

;‘:'\.r._}'; AGGLOMERATE

o, ST
d, Yaw ©
P AT LA A e

1 MILE
Unit] Arca Land Form Soit Vegetalion
1 Very Ridges: bouldery slopes up to 20°, rarely to 35°, Acid red to brownclay | On crests, slightly deciduous forest
large and up to 300 yd long, with some steep rock | soils: Sogerifamily (OB) | (Albizia—Canarium, Intsin-Spondias); on
faces up to 50 fi high; crests narrowly rounded —VILe,, Locally acid | slopes, tall evergreen forest (Pometio—
or plateau-like (up to 200 yd wide) with slopes | brown lithosols (8¢)— | Cewiariem); very smail areas with
up (o 6° and locally rocky; colluviul foot slopes | VIILeq.st, savannah (Ophivros—FEwcalyptns alba)
3-15° and wp to 300 yd long; locally passing
south-westwards inie low branching ridges less
than 50 ft high
2 Very FElood-plains: up o § mile wide, axial gradients | Tmperfectly drained al- | Tail evergreen forest (dlsionia—Klein-
smakli up to 2°; lacaliy with low levees above small | fuvial soils; acid brown | hovim)

siream chanpels; mincr narrow terraces

clays (5g)—Vv1.d,. f:.
Very locally on ier-
races, acid red to brown
clay soils: Koitaki
family 9¢)—TT.8a5,
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SoGERI LAND SYSTEM (25 8Q MILES)

Savannah-covered Iow hills with red voleanie seils, on the Sogeri Plateau,

Geology.—Dceply weathered andesitic tuff, Java, and dyke rocks and minor resistant flat-lying agglomerate;
Pliocene.

Geomorphology.—Closely set, parallel or branching accordant ridges, mainly 50-100 ft high, with prominent
short spurs; some broadly undulating terrain; terraced flood-plains of Jarger rivers; dense dendritic drainage
with pinnate tributary pattern; much small-scale shemping and valley-silting; minor streams intermittent or
ponded, larger streams perennial.

Altitode.—1600-2200 ft.

100 FT:|

LAYA
DOLERITE

1 MILE

Unit| Aren Land Form Soil Vegetation
1 Very Ridges and spurs: straight, or concavo-convex | Acid red to brown clay | Savannah (Ophifures—Encalypins tereti-
farge slopes up to 150 yd long, mainly auaining 15— | soils: Sogeri family (95) | corwis)
20° but steepening (0 25° in valley heuds and | —VIi.e;
in undercut sectors; partly wilh shallow un-
channelled re-entranis, parily deeply embayed
by narrow, unchannelled valleys; concave foot
slopes, 4-10° and mainly up to 50 yd long,
locally attaining 300 yd
2 Medium | Undulating terrain: up to 30 ft of relief, with | Acid red to brownclay
broad, mainly unchannelled valleys; flattish | soils: Koilaki family
interfluve crests up to 300 yd wide, slopes less | (9e)—IL.es5,
than 2°, and marginal slopes to 6° and up to
150 yd long
3 Small Small valley Moors: up o 50 yd wide, axiat | Tmperfectly drained al- | Tall evergresn forest (Craswarina—Dysoxy-
gradients 0°30°-4°, cross slopes up to 4% partly | luvial soils: acid brown | funr); Pandmms vegetation in  weller
with small stupgish streams und commonly ili | clays (5g)—VI.d,.f,. | paris
drained Minor very poorly
druined alluvial soils:
grey sticky clays (da)—
VIILdg
4 Very Alluvial terraces: up to 300 yd wide, cross slopes | Acid red to brown clay
small up to 0°45°, longitudinal gradients <<0°30'; | soils: Koitaki family

generally, a more extensive ferrace 8-15 ft
above river level and a [ower terrace subject (0
periodic flooding; meandering channels up to
50 ft wide and 10 ft deep

(9e)—IL.e;.5.
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SuBtTANA LAND SYSTEM (50 3Q MILES)

Forested low hills with red velcanic soils, on the Sogeri Plateau.

Geology.—Deeply weathered andesitic tuff, lava, and dyke rocks and minor resistant flat-lying aggiomerate;

Pliccene.

Geomorphology.—Closely set, parallel or branching accordant ridges, mainly 50-100 ft high, with prominent
short spurs; soms broadly undulating terrain; terraced flood-plain of Eworogo Creek ;) dense dendritic drainage
with pinnate tributary pattern; much small-scale slumping and valley-silting; minor streams intermittent or
ponded, larger streams perennial.

Altitnde.—1600-2000 ft.

TUEF

DOLERITE

Lund Form

Soit

Vegetation

Ridges and spurs: concavo—convex slopes up to
150 yd long, mainly 15-20" but sieepened to
307 in valley heads and margins, where slump
alcoves are common; shallow re-gntrants and
rounded salients locally; undulating reunded
crests up to 100 yd wide; concave {oot slopes,
4-10° and mainly np to 30 yd long, locally
attaining 300 yd

Acid red to brown clay
soils! Uberi family (9¢)
—VIl.e;.5s. Locally
acid browa lithosols
{8 —VIIleg.ste

Tall evergreen forest (Casianopsis—
Elgegecarpus; minor mid-height grass-
land (Ophiuros—Tmperata)

Undulating terrain: up to 50 fi of relief, with
flattish interfluve crests up to 300 yd wide,
slopes less than 2°, and marginal slopes to 6%
snd up ia 150 yd long

Acid red o brown clay
soils: Koitaki family
(9e)—IT.ea.5a

Tall evergreen forest {Castanopsis—
Elacocarpus; in lower parls, Casiaring—-
Dysoxylun)

Small valley floors; up io 100 yd wide, gradienis
aboul 5° concave cross slopes 2-53°; locally
incised to 10 ft by small channels, but com-
monly poosly drained, with ill-defined runnels

Imperfectly drained al-

- luvial soils: acid brown

ciays (5g}—VLda.f;

Unit], Area
1 Very
large
2 Small
3 Small
4 Small

Alluvial terraces: up to 300 yd wide, cross slapes
up ie 0°45°, longitudinal gradients 0°15 1o
O°4d)'; generally, a more exiensive terrace 8-135
ft above river level and a lower tertace subject
to periadic fiooding; meandering channels up
to 30 {t wide and 10 ft deep

Acid red to brown clay
s0ils as in unit 2. On
lower terrace, areas ol
very poorly drained
alluvial soils: grey
sticky clays (da)—
VIII.d,g

Tall evergresn

forest (Pometio—Ario-
crpis)
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OWERS LAND SYSTEM (40 sQ MILES)

__TForested high ridges with red volcanic soils, in the east of the Sogeri Platean.

Geology.—Deeply weathered andesitic tuff, lava, and dyke rocks, and minor resistant flal-lying agglomerate;

Pliocene.

Geomorphology.—Closely spaced, parallel straight ridges up to 500 ft high, locally branching, with areas of
broken foothills with 50-150 £t of relief; very dense pinnate or dendsitic dvainage with many gullies; ephemeral
or intermittent streamns; slumping aclive on steepened slopes.

Altitede.—1800-2600 ft.

Land Form

Soil

Vegctation

Ridges: concave slopes, mainly attaining 30°
bui steepening to 40° in amphitheatral valley
heads and margins, where slump scars are
commeon; closely spaced, parallel, shallow
gully re-entrants; incised valleys, and prominent
spurs, straight or stepped in chevron pattesn,
which locally continue as foothill ridges

Acid red io brown clay
soils:  Uberi  family
(9c)—VIl.e..5,. Locally,
acid brown lithosols
(Bd)—VI1l.eg.sts

Tall evergreen forest  {(Castanopsis—
Efeeacarpus, minor Lithocarpis—Elaco-
carpns); on some crests, slightly decid-
uous forest (Albizia—Canariun}

Unil| Area
t Very
large
2 Very
simall

Valley floors: discontinuous, up io 50 vd wide,

slopes up to 10° small, but fairly deeply en-
trenched winding channels

Acid red o brown clay
soils: Koitaki family
(Qe}—1I1l.e,.5.

Tall evergreen forest (Pometia—Ario-
carpis)




LAND SYSTEMS OF THE PORT MORESBY—KAIRUKU AREA 53

Vouru LAND SvysTEM (50 5Q MILES)

Mainly forested back slopes of the Astrolabe Range, and small plateau summits further east.

Geology.—Andesitic aggtomerate and deeply weathered tuff, lava, and dyke rocks; flat-lying; Pliocene.

Geomorphology.-—Dissected dip stopes consisting of closely spaced, branching ridges with accordant pyramidal
snmumits; dendritic pattern of narrowly incised perennial streams; 50-300 ft of local relief.

Alfitude.—1600-3600 ft.

DOLERITE

T MILE
Unit| Area Land Form Soil Vegelation
B 1 Very Ridges: slopes 20-30°, locally to 40°, and | Acid red to brown clay | Tall evergreen forest {Castanopsis—
large 50-200 yd long; slump scars on steeper seclors; | soils:  Sogesi family | Elaeccarpus, Lithocarpis—Elaeocarpis)
cresis moderately to narrowly rounded (9h)—VI1.e,. Locally, | on steep lower slopes, Cesuaring—
on steeper slopes, acid | Dywexylun); on lower crests, savannsh
brown lithosols (8d)— | (Ophinros—Euenlyplus fereticornis)
VIIl.eg.stq
2 Very Rock faces and benches: up to 100 [1 high, | Rock Mainly bare; re-entrants with tall ever-
smali slopes 40° to sheer green forest {Casuarina-Dysoxyium)
3 Small Valleys: moderately steep lover hill slopes, and

discontinucus gently sloping floors up to 50 yd
wide; channels up to 20 ft wide

Tmpesfectly drained al-
luvial soils! acitl brown
clays (3g)—VL.dg.tg

Tall evergreen forest (Casuqrina-Dyso-
xpfean, Pometia—Artscarpis)
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TAWARERE LAND SvysTEM (120 sQ MILES)

Forested ranges in the south-cast of the area,

Geology.—Phyllite with minor sandstone and conglomerate and partly recrystallized laminated liniestone;
dips variable, strike NW.; Cretaceous-Eocene; locally, greywacke and breccia of possible Miocene age (Siro
beds).

Geomorphology.—Subparallel, NW.-trending, massive ridges, 500-1200 ft high and 1 to 2 miles apart; trellis

pattern of entrenched perennial streams, including large rivers, with closely spaced tributarics.

Alfitude.—200-2300 ft.

PHYLLITE

1000 FT
Unit; Area Land Form Sail Vegelation
I Very Ridges: straight upper slopes 25-35°, razely | Acid red to brown clay | Tall evergreen forest (Casfenopsis—
large 45° and up to § mile long, with widely spaced | soils: Uberi family (9c} | Elacocarpis)
major spurs and many shallow re-entrants; | —V1l.e,.s;, und acid
lower slopes closely dissecled inlo steep-sided | brown' lithosols (84)—
spurs; narrowly rounded crests; small dolines | VIII.eg.sts
in upper valleys in limestone areas
2 Small Lower spurs: slopes 25-35° and up to 200 yd | Acid red 1o brown clay | Tall evergreen forest (Pomietia—Arto-
long; crests range from narrowly rounded to | soils:  Uberi family | carprs)
gently sloping and ep to 150 yd wide {8e)—VIlLe,s5;
3 Very Valley fleors: terraced alluvial plains up 1o | Onterraces, moderately | Tall evergreen forest (Pometia—Ario-
small 200 yd wide, slopes less than 5°, narrowing and | well-drained alluvial | carpus; also along streams, Ocfomeles—
extending into tributary valleys; meandering { soils! neutral clive silty { Ariocarpus)
chanpels up to 100 ft wide clays (6B)—H1.d,.f;. In
tributary valleys, im-
perfectly drained allu-
vial soils: acid brown
clays (5g)—VI1.d.f,
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UBERI LAND SYSTEM (30 sQ MILES)

Forested massive ridges and gorges, east of the Sogeri Plateau.
Geology.

Andesitic agglomerate and tuff, lava, and dyke rocks, flat-lying and of Pliocene age; probably
underlain by sedimeniary and metasedimentary rocks of Cretaceous—FEocene age masked by volcanic debiis,

Geowmorphology.—Irregular, massive ridges 1-14 miles apart, locally overlooking the gorges of the Musgrave
River system, and inclnding the walls of the Uberi gorge; up to 1200 ft of relief; branching pattern of narrowly

incised perennial streams with closely spaced parallel gnllies.
Altitude—600-3000 ft.

1000 FT

AGGLOMERATE

IAWARERE L.S.

g

PHYLLITE
LIMESTONE @

OTHER
SEDIMERTARY ROCRS

Unit Area Land Form Soil Vegetation )
1 Yery Rock faces: continnous sheer walls up to | Reck Bare
small 300 fi high locally, with joint-controlled but-
tresses and clefts
z Very Ridges: fuirly straighl slopes up 10 § mile long, | Acid red to brown clay | Tall evergreen forest (Castanopsis—
large mainly up to 30%, bulsiesper in valley headsand | soils:  Uberi  family | Elreocarpus, Lithocarprs—Elacocarpus);
margins; locally with stepped spurs in chevron | (9¢)—VILeuss, and | on some crests, slightly deciduous forest
pattesn, elsewhere smooth; also straight slopes | acid brown lithosols | (Afbizia—Canariung)
below unit 1, mainly 40-50°, mantled with | (8¢)}—V1lLe.s1,
agglomerate blocks
3 Yery Valley floors: less than 50 yd widc, slopes up to | Tmperfectly deained al- | Tall evergreer forest {Pometic—Aito-
small 5°, with incised meandering channels luvial soils; acid brown | carpes, Qctomeles—Arfocarpus)
clays (5g)—VI.d,.f;
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V. FruviAL Prains Zone (550 sq mices) (F1G. 6)

These areas of deposition of Recent clay, silt, and sand by large perennial
rivers extend up to 15 miles from the upland zone, with gradients from 1 : 250 to
[ : 1000. Altitudes range up to 100 ft above sea level, and rainfall is between 40 and
70 in. The soils are mainly moderately well-drained alluvial silty clay soils, with
stratified soils near active and prior channels, minor ili-drained soils in back-plain
depressions, and areas of acid red to brown clay soils on the inncr margin of the

Fig. 6.—Northern plains, with the meandering Angabunga River in its unstable flood-plain (1),

including oxbows and forested levees. Two prior meander {racts (2} are separated by a forested

back-plain depression (3} and iraversed by meandering prior channels which may be forested
depressions {(4) or raised sandy banks (5).

zone. The higher-lying former meander tracts with prior channeis have mainly mid-
height to tall grassland, whilst back plains and lower parts of the zone mainly have
evergreen forest. The plains are traversed by shifting, meandering rivers in unstable
flocd-plains, with tall evergreen forest on active levees,

In Table 6 and in the tabulated descriptions which follow, the land systems of

the fluvial piains zone have been listed under stable and unstable plains, with further
arrangement of the stable plains under red clay plains and olive silty clay plains.
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57
TABLE 6
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE FLUVIAL PLAINS ZOME
Lithology Land Form Pwdon‘.unant Pr edomnllant
Soil Vegetation

Stable plains
Red clay plains
Inaukina

Alluvium derived
from volcanic
rocks

Fluvial plains
with poor
drainage

Acid brown clays

Tall evergreen
forest

Olive silty clay

plains
Keviona Fine-textured Fluvial plains Moderately well- | Mid-height grass-
alluvium drained, neutral land (Ophimos—
olive silty clays Themedna australis)
Pinu Fiue-textured Plains of com- As above, but Mid-height grass-
allevium and Ht- | bined fluvial and | alkaline land (Ophiuros—
toral clay and sand)| littoral origin Imperata)
Bebeo Fine-textured Prior meander As above, but
alluvium plains neutral
Epo As above, but Tall grassland
alkaline
Beipa Bacle plains Moderately well- | Tall evergreen
drained to forest
imperflectly
drained alkaline
silty clays
Babiko ' Back plains with | Moderately well- | Tall grassland
lowered water- drained neuiral
table relic grey silty
clays
Vekabu - Plains subject to | Moderately well- | Tal evergreen
extensive sea- drained neutral forest
sonal flooding silty clays and
alkaline/neuiral
stratified soils
Piunga Imperfectly Mid-hcight and
drained neutral iall evergreen
olive grey silty forest
clays
Unstable plains
Vanapa Alluvium Flood-plains of Moderately well- | Tall evergreen

large rivers

drained to imper-
fectly drained
stratified soils

forest
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INAUKINA LAND SysTEM (45 8Q MILES)

Forested river plains with ill-drained red clay soils, at the foot of the ranges in the north of the area.

Geology.—Alluvium derived from volcanic rocks and weathered o reddish clay; Recent.

Geomorphology.—Stable alluvial plains extending up to 5 miles from north backing ranges; traversed by slightly
incised river channels, and including back plains with swamps in blocked dendritic channels of local drainage;
all Targer channels are perennial.

Altitude.—10-100 ft.

MARIB Ot

Ll
WAIGANI

Unit Area Land Form Soil Vegstation
13 Very River channels and levees: channels 100-250 ft | Imperfectly drained al- | Tall evergreen forest (Cefomreles—
smalk wide, with steep banks up to 15 fi high, and | luvial seils: acid brown | Arfocarpus)
. gravel beds; minor levees up to 300 yd wide, | clays(5g)—VLd;.
back slopes np lo 2° with small overspill
channels
2 Yery Back plains: up 1o [ mile in extent, with local Tall evergreen forest (Cerbera-Alsionia,
large slopes up to 1°, and traversed by many small Pometia—Celtis)
flood channels; locally short steep slopes where
drainage is incised 5-10 fi
3 Small Higher riparian plains: zones up io 4+ mile wide, | Acid red to brown clay
generglly 10-20 ft above main rivers and | soils: Xoitaki family
standing above flood levels @e)—ILeys, .
4 | Small Blocked valley swamps: up to 4 mile in exlent, | Very poorly drained | Mixed herbaceous vegetation (Leersia—
in slightly eatrenched, narrow branching valleys | alluvialsoils: grey Hangnang) with scattered groups and
sticky clays (da)— lines of palm vegetation (Adetroxylon—
Il.dg Macaranga); Pandamns vegelation in
pockets near valley heads
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Keviona LaND SysteM {20 sQ MILES)

Plains with neutral soils and mid-height grassland astride the lower Aroa River,
Geology.—Alluvial clay, silt, sand, and minor gravel; Recent.

Geomorphology.—Stable alluvial plains up to 7 miles wide across the lower Aroa River, extending 10 miles
down-river with average gradients of 1 : 1000; mainly dry, with numerovs meandering prior channels, but
with small depressions in tributary re-entrants subject to seasonal flooding.

Alfitude.—10-50 ft,

AKAIFU L.S.

—_ i ..

-_

PINU L. 5.

Unit Area Land Form Soil Vegetation
I Very Plains: flat or very pently undulating surfaces | Moderaiely well-drain- | Mid-height grassland (Opltitros—The«
large with up to 2 ft of kocal relief; short slopes up to | edalluvialsoils: neatral | meda wustralis)
0°20" near outer margins olive silty clays (65)—
1Id..fy
2 Very Prior chamnels: winding, locally discontinuous | Moderately well-drain- { As in vnit !, but with stands of Sge-
small dry channels up to 120 ft wide and 8 ft deep, | ed alluvial soils, neutral | charim spontanciom
with bank slopes mainly up to 10°, locally to | olive stratified saeils
15°; focally with small lovee banks (64)—TT1.d.f5; locally,

neatral  olive  sands
(6g)—IV.50,.8,.f,

3 Very Marginal depressions: small tributary plains in | Moderately well-drain- | Low evergreen Fforest (Afthafffa—Endo-
small unit I; uneven surfaces with small flecod chanmels | ed allevial soils as in | spermurm)
unit 1
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Py LanD SYSTEM {15 5Q MILES)

Plains with alkaline soils and mid-height grassland, south of the lower Aroa River.

Geology.—Alluvial and littoral clay, silt, and sand; Recent.

Geomorphelogy.—Stable plains of combined alluvial and Tittoral origin in a coastal tract 2-5 miles wide; higher
parts have minor land-derived drainage with many prior channels; lower parts, which include back plains of
Aroa River and plain margins against tidal flats, are subject to extensive seasonal or periodic flooding with
minor saline tidal effects.

Altitude.—0-10 1.

hE)

i

Land Form

Sail

Vegetation

Tuner plain: parallel with coast and lying
between 3 and 5 miles infand; regional gradients
about 1 :2000, local slopes up to 0°30

Moderately well-drain-
ed alluvial soils: alka-
ling olive silty clays
(6e)—IV.doFany

Mid-height grassland (Opfiiuros—Tnwe-
Fata}

Prior changels: winding, discontinucus, fat-
goored depressions about 50 ft wide and 5 ft
cep

Moderately well-drain-
ed allavial soils: alka-
line olive stratified soils
(6e)—IV.d,.fsa,

As jn unit 1, with stands of Sacchariomn
sponfanemntt

Fributary drainage plains: up to ¥ mile wide
and 2 ft below unit 1; small winding channels
with siuggish flow

Moderately well-drain-
ed alluvial soils: alka-
line olive stratified soils
(6c)—1V.dyfsn,

Strongly deciduous forest (Bombax—
Terminalia)

Stranded beach complex: parallel broad ridges
6 in. to 1 ft 6 in. high, spaced 100-200 yd apurt

Beach soils: brown fine
sands (16)—IV.50,.82.84

In swales: [ow evergreen forest (Avicen-
in—Ceriops with Sesuviin ground cover)
or low grassland (Sporebelus—Eriochloa).
On ridges; evergreen thicket (Hibiscrs—
Flagellaria) or mid-height pgrassland
(Opkiuros—Theriedn ausiralis)

Tidal back plains: up to 2 miles wide and lying
slightly above mean H.W.M.; uneven surfaces
with many small rupnels up to 2 ft deep leading
to small tidal crecks

Tmperfectly drained al-
luvial soiis: alkaline
olive grey silly clays
(5a)—V1.dafeag

7Mid-heighl

evergreen forest {Excoe-
caria—Hibiscus}

Seaward margin of plain: zone up to % mife wide
with very gentle slopes dowa to H.W. M,

Moderately well-drain-
ed alluvial soils: alka-
line olive siratified soils
{B)—1V.dy.Fauy

Evergreen and semi-deciduous thicket
(Cleradendramm—Flagellaria, Gyrocarpus—
Harpuflia)

Unit| Area
1 Large
2 Yery
small
3 Small
4 Very
stmall
5 Smatl
& | Small
7 Small

Former lagunal flats: up to 300 yd wide and
3 mile long; subject to periodic shallow flooding
with minor saline influence

Intertidal alluvial soils:
brown sticky clays
(35)—VIILd;.fyay

Scrub  (Pluchea—Flagellaria) or low

grassland (Sporebolus-Eriochlon)




LAND SYSTEMS OF THE PORT MORESBY-KAIRUKU AREA

BeBEO LAND SYSTEM (25 sQ MILES)
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Prior meander plains of the Angabunga River, with extensive mid-height grassland.

Geology.—AHuvial clay, silt, and sand; Recent.

Geomorphology,—Stable alluvial plains up to 23 miles wide, sloping generaily south for distances up to 8 miles,
gradicnis about 1 : 500; comprising prior meander belts of the Angabunga River, with prior levee banks and
meander depressions, parily ill-drained; subject to shallow periodic flooding, with many small channels,

Altitude.—50-100 ft.

i iy RUBBERLANDS L.5.
L
1 MILE
Unit| Aren Land Form Soil Yepetation
3 Very Prior meander plains: up to 2 miles wide; very | Moderately well-dvain- | Mid-height grassland (Ophinros—tinpe-
large broadly undulating, with slopes less than 0°30" [ edalluviaisoils:neutral | rafa); savannah (OphinFos—Eucalypins
olive silty clays (66)— | papuane) in the south-east
1I1.d,.f,

2 Smal Prior levee banks and channels: banks up to 4 11 | Moderately well-drain- | Tall evergreen forest {Canmzga_Ponetia);
high, slopes up to 1° and up to 100 yd long; | ed alluvial soils: alka- | in the south-east, savannah as in onit 1
meandering channels up to 200 £t wide and 4 ft | line olive brown sands
deep 6f)—IV.s0,.5,.F5.8,

3 Medium  Back-plain depressions: up to + mile wide and | Imperfectly drained al- | Tall evergreen forest (Cerbera—Alstonia)
1-2 1 below the level of unil 1; uneven surfaces | luvial  soils, neutral
traversed by many small flood channels; | olive grey silty clays
drained by small channcls up to 50 ft wide and | {38)—VI.d,.f,

15 [t deep

4 Small Prior meander depressions: up to 1 mile wide, | Imperfectly drained al- | Mid-height evergreen forest {Nancleg—
with prior channels up to 200 fi wide and | luvial soils: alkaline | Kleinkovic)
8 ft deep olive grey stratified

soils  (5¢)—VT.d..fe.a,
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Bapko Lanp SysTem (30 sQ MILES)

Plains with lowered water-table and changing vegetation through abandonment of lower Angabunga course.

Geology.—Alluvial clay, silt, sand, and minor gravel; Recent.

Geomorphology.—Stable alluvial plain constituting prior ficod-plain of the lower Angabunga Rijver, which
has undergone 10-15 ft lowering of water-table due io change of course, up to 6 miles wide and extending
for 5 miles down-river with gradients below 1 : 1000; exlensive back plains, meandering old Angabunga
channel and shallow winding prior channels, and dried-out back swamps.

Altitnde.—0-50 fi.

. _VANAPA L.§. _ 40
T em e—

¥

LESEWALAI
L i J
1 MILE
Unit| Area Land Form Soil Vepetation
1 Very Abandoned Angabunga chaonel: up ic 200 ft | Bed-load ‘Tall grass vegetation (Seccharim
small wide and 10 ft deep, generally with steep banks; robustmn) on former banks; dry bed
uneven sandy floor with small amounis of invaded by Saccharton sponianeunt; in
gravel; tidally floeded in lower sector tidal part, a line of young Brugricra
trees along banks

2 | Small Prior fevees of abandoned channel: up 1o 100 yd | Moderately well-drain- [ Tall evergreen forest  (Oclomeles—
wide and 3} ft high, back slopes mainly 0°15'— | ed alluvial soils: alka- | Artocarpns) under droughl stress
0°40°, but locally attaining 2° near crest; | line relic olive grey
branching in lowermost sector as distributary | stratified soils (63—
zones up o 400 yd wide IV.dyfaa,

3 Very Prior channels and levees inm unit 4; winding In channels, talt grassland (Phragnrites—

small tracts up to 190 y& wide, consisting of channels Saccharum robustum); on levees, ever-
up to 50 ft wide and 10 ft deep, with moderately green thicket (Hibiscus—Flagellaria)
steep banks, and single or paired levees with
slopes locally attaining 1°

4 | Large Back plains: very gently sioping, locally uncven | Moderaicly well-drain- | Tall grassiand (Saccharum spenlanenim—
plains up to 1} miles wide ed alluvial soils:neuiral | Duperafa), with tracts of mid-height

relic grey silty clays | evergreen forest (Nawclea—Kleinkovia)
(6/—IT1.d,. T,

5 Medium | Back-plain depressions and [ewer margins: Low evergreen forest (A{lihoffia-Endo-
zongs up to § mile wide Sperminn)

6 Medium | Dried back swamps: ¢longate tracts up 1o 2 miles Tall grassland (Phragmites—Saccharium
wide; hummocky sarfaces traversed by frequent robustin) under drought stress, invaded
dry channels, including dry oxbows, up to 50 ft by twiners (Passiffora foetida) and re-
wide and 5 Tt deep growth shrubs (Trena)
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VEKABU LAND SYSTEM (80 SQ MILES)

Forested river plains between the Brown and Vanapa Rivers.

Geology.—Alluvial silt and clay overlying sand and gravel; Recent,

65

Geomorphology.—Stable alluvial plains up to 9 miles wide, average gradient 1 ; 1500; disorganized prior
drainage with many channel swamps, mainly in lower-lying iract up to 3 miles wide; ill drained near inner
margin, and subject to extensive periodic flooding from adjacent large rivers and intermittent streams; local

drainage consists mainly of intermitient flood channels.

Altitude.—15-50 ft.

1 MILE

Unit Aren Land Form Soil Vegetation
1 Very Tributary valley plains: up to & mile wide, | Moderately well-draia- | Slightly deciduous forest {(Sposndias—
small pradients abont 1:100; small intermittent | ed alluvial soils: slka- | Ceftis}
channcls, e.g. 15 {t wide and 5 £t deep line olive silty clays
(6a)—IV.d..faaq

2 Medium | Upper sectors of plains: extending up to 4 miles | Moderately well-drain- | Tall evergreen forest (Pomelia—Celtis)
from [oothills, regional gradicnis about 1 500; | ed alluvial soils: alka-
local cross slopes, as on prior levees, up 1o | line/neutral olive straii-

1 : 100; about 20 [t above normal river levels | fied soils (0e)—EIT.d,.F,

3 Large Lower seciors of plains: extending up to 4 miles | Moderately well-drain- | Slightly deciduous forest (Spoadias—
downslope from unit 2, with regional gradients | ed alluvialsoils: ncuiral | Cefeis); tract of mid-height grassland
less than [ :300; local slopes as in unil 2 | olive silly clays (68)— | (Ophinros—Imperata)

IM.d;. My

4 Smail Drainage-affected zones: tracts up to 200 de Moderately well-drain- | Mid-height evergreen forest (Nawnclea—
wide and 5-15 ft below unit 2, generally with | ed alluvialsoils; neniral | Kfeinhovia) and slighlly deciducus
small intermitient food channels; inclodes | olive stratified soils | forest {Spondias-Celtis)
uneven flood-plain up to 100 yd wide along | (6«)—I11.d..[,
small perennial river

5 Small Ioner plain margin with obstructed drainage: | Idark cracking clay | Mid-height evergreen forest (Nauclea—
in ciose association with unit 4, and traversed by | spils;  Tnapi  family | Klefnhovia)
ill-drained flood-plains up 16 100 yd wide, with | (7c)—111.d;.w..S0..a8,
small sluggish channels

[ Very Swamps: mainly permanent swamps, including | Very poorly drained | Mixed herbaceous vegetation (Leersio-

small cut-offs up to 100 yd wide and up to several | alluvial scils: grey | Hanguana}
miles long, and blocked marginal swamps vp | sticky clays  {4a)—
to ¥ sg mile in cxient VIILdg
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PionGa LAND Systed (170 5@ MILES)

Poorly drained, forested river plains.

Geology.—Alluvial clay, silt, and sand; Recent.

Geomorphology.—Stable atluvial plains with poorly drained areas traversed by large meandering river channels;
minor better-drained river terraces and higher margins; subject to extensive seasonal flooding.

Altitnde.~-25-200 ft.

L.S.

MARIBO!

-~

1 MILK

Unit| Area

Land Form

Soil

Vegetation

1 Small

Laloki plains: up to 4 mile wide and 10 ft above
normal river level; even surfuces with slopes less
than 1 :250, lecally traversed by secondary
drainage channels; subject to infrequent
fooding

Moderately well-drain-
ed alluvial soils: alka-
line olive silty clays
(6r)—IV.d;.fe.,, or
neuteal olive silty clays
(6i)—L1L.dg.fy

Tall evergreen forest (Cerbera—Alstonia}

2 Small

Terraces and inner plain margins: Kubuna
River terraces, mainly up to 4 mile wide, locaily
up to | mile, and 5-10 ft above normal river
level, slopes up to 1:100; restricted plains
extinding up to 4 mile from foothills in volcanic
tocks

TImperfectly drained al-
luvial seils: acid brown
clays (5g)—VLd,.f;

Mid-height and {alf evergreen f[oresl
(Nanclea— Kleinhovia, Pometia—Celtis);
slightly deciduous forest (Spondias—
Celiis)

3 Very
small

River channels and levees: main channels up to
100 ft wide and 20 ft deep; minor channels up to
20 f1 wide and 5 ft deep; uneven, discontinuous
flood-plains up to 100 yd wide and within § ft
of normai river level; levee back slopes up to
0°30 and up to 100 yd long

small

Prior levee tracts: up 1o § mile wide; uneven
surfaces with small secondary drainage depres-
sions up to 3 fi deep; local slopes up 1o §°307

Moderately well-drain-
ed alluvial soils: neutral
olive stratified soils
(6e)—T1T.d. T,

Tall evergreen forest (Qciomeles—Arto-
carpus) on levees

Low and tall evergreen forest (Afthoffin—
Endospertatun, Ponetia-Cellis)

large

Ill-drained plains: low-Iving plains and back
plains of tow gradient, commonly traversed by
shallow or ill-defined drainage depressions

Imperifecily drained al-
levial soils:  neutral
olive grey silty clays
(5B)—VLd,.[,

Mid-height and tall evergreen forest
(Melalenca — Nauclea, Narclea - Kilein-
hovia, Canauga—Pometia)

[ VYery
small

Swamps: permanent swamps in blocked tribu-
tary valleys, cut-offs, and back-plain depres-
sions; less than % sq mile in extent

Very pooily drained
alluvislsoils: greysticky
clays (4a)—VITl.d,

Palm vegetation (Mefroxpylon=Macar-
anga) and tall grassland (Phragmites—
Saccharum robustiun)
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VANAPA LaND SySTEM (60 SQ MILES)

Flood-plains along large rivers throughout the area.

Geology.—Alluvial clay, silt, sand, and gravel; Recent.
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Geomorphology.—Unstable flood-plains of major rivers, up to 1} miles wide, gradients from above 1 : 250 to
below 1 :1000; valley sectors with braiding channels, plains sectors mainly with migrating meanders with
oxbows; pronounced levees in lower reaches; lower flood-plains subject to more frequent flooding and con-
current erosion and deposition; more stable higher flood-plains, up to 20 ft above normal river level; areas of
active alluviation subject fo seasonal or periodic flooding.

Altitude.—0-130 fi,

Unit! Area Land Form Soil Vegetation

I Small River chanoels and banks: channels 100-400 ft | Very poorly drained | Tall grass(Seccharin vobustum)
wide and 312 ft deep; shelving accreting banks | afluvial soils:  prey
and point bars rising irregularly to 4 ft above | loams (46)—VH1.d,.f
normal river level, with crescentic swells and
swales; low meander plups

2 Very Low-lying levees: discontinuous levees of ihe | Imperfectly drained al- | Low and tall evergreen forest (Arfe-

small Biaru River, up 10 50 yd wide and 4 [t high, | luvial soils; neuiral | carpns —Ficns, Octomeles — Artocarpus);
irregular channelled slopes up to 5°; frequenily | olive prey stratified | 1all grass (Saccharam rabustuns) in swales
flooded soils {(5d)—VI.d.f;

3 Medium | Lower channelled flead-plains: up to 1% miles | Imperfectly drained al-
wide, ranging from normal river level to 10 ft | luvial soils: alkaline
above; 4 ft local relief of fiood channcls, levees, | olive grey stratified
and crescentic swells and swales; frequentily | soils (3¢)}—VI.da.fea,,
flopded or neutral olive grey

stratified soils {5d)—
YI.dsf;

4 Large Higher chanuelled fleod-plains: as unit 3, but up | Moderately well-drain- | Tall evergreen forest (Qcromeles—Arto-
1¢ 20 fi above normat river level and less fre- | ed alluvial scils: alka- | carpus)
quently flooded linc olive stratified soils

(6c)—1¥.d,.fr.a,, or
neutral olive stratified
soils (6d)—111.d,.f;

3 Very Prior flood-plain remnants: up to } mile wide | Moderately well-drain- | Tall grassland {Saccharim spontancum—

small and 1 mile long, with slopes up to 1° and | ed alluvial soils: alka- | fmperata) or slightly deciduous forest
subdued channel relief up 10 2 [1; rarely flooded | line olive siliy clays | (Spendias—Celtis)
(6@)—1V.dy.fm,, or
neutral olive sitty clays
(66)—T11.do.[;

3 Small Back-plain depressions: up to 300 yd wide; | Imperfectly drained al- | Mid-height and lall evergreen forest
uneven surfaces, with up to 2 f1 of relief and | luvial souds: alkaline | (Meleleica— Nauclen, Nutclea - Klein-
minor chanrnels up to 5 It deep; frequently | olive grey silty clays | hovie, Cerbera—Alsionia)
inundated (5 —VI.d,f.a,

7 Very Flooded [ormer back plain of Angahunga River: | Yery poorly drained | Tall grassland (Saccharion sponlaneipn—

small tracts vp to # mile wide permanently inundated | alluvinlsoils: relic olive | Imperaiq), evergreen thicket {Hibiscus—
since recent change in course siliy clays (de}—VIILd, | Flagetlaria)

3 Small Oxbows: up 10 400 ft wide and 15 t deep; steep | Very poorly drained al- | Mixed herbaceous vegetalion {Nym-
outer and gently sloping inner banks; per- | luvial soils: grey sticky | phaea—Azolla, Leersic—Hanguand) or tall
manent standing water clays (de}—VIILd, grass (Saccharion robustinr)

9 Very Back-plain swamps: as unit 6, but permanently TFall prassland (Piragmites—Saccharim

smali inundated

robustum, Seecharum robustuny), locally
scattered palm vegeiation (Melroxyion—
Macaranga)
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VI. Swamr Zone (350 sq miLes) (Fic. 7)

This zone comprises areas of permanent or seasonal standing water and periodi-
cally flooded plains, with Recent clay, silt, and peat. It extends up te 75 ft above
sea level in the tectonic depression between the coastal hill zone and the upland and

Fig. 7—Akaifu land system, with permanent herbaceous and grassland
swamp (1) and small areas of open water in back-plain situations, and
seasonal swamps in higher-lying riparian tracts (2) and swamp margins (3).
An area of sago palms is shown (4). Forested fluvial plains (3) limit the
land system. There are many signs of prior channels through the swamp.

foothill zones. The permanent swamps, ranging from large basins to smaller back
swamps, have grey sticky clays and floating herbaceous vegetation and tall grassland.
The seasonal swamps and swamp margins, and riparian tracts of through-going
rivers, have imperfectly drained alluvial silty clays or stratified soils and mid-height
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and tali evergreen forest and minor areas of sago palms. Higher-lying, periodically
fleoded plains have imperfectly drained alluvial soils and mainly evergreen thicket.

In Table 7 and in the tabulated descriptions which follow, the land systems of
the swamp zone are arranged as mainly permanent swamps and mainly seasonal
swamps. This arrangement, expressing decreasing inundation and increasing import-
ance of through drainage, also expresses a transition from very poorly drained to
imperfectly drained soils, and with it a range from tall grassland to evergreen forest

or thicket.

TABLE 7

DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE SWAME ZONE

Land System

Lithology

Land Form

Predominant
Soil

Predominant
Yegetation

Mainly permanent
swamps
Waigani

Engepa

Akaifu

Fine-fextured
alluvium

Swamps with
little through-
going drainage

Very poorly
drained alluvial
soils

Tall grassland

Complex swamp
with moderate
through-going
drainage

Swamps with
much through-
going drainage

Very poorly or
imperfectly
drained alluviat
soils

Tall grassland
and sago palm
vegetation

Tall grassland
with minor ever-
green forest

Mainly seasonal
sSwamps
Biaru

Dowra

Fine-textured
alluvinm

Rack swamps and
partly brackish,
seasonally
flooded back
plains

Imperfecily
drained neutral
or alkaline
silty clays

Mid-héight aver-
green forest

Periodically or
seasonally flooded
back plains with
meandering rivers

Imperfectly
drained alkaline
siliy clays

Evergreen thicket
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WAIGANI Lanp System (160 sQ MILES)

Extensive grassland swamps in the north and centre of the area.

Geology.—Alluvial silt and clay, peat; Recent.

Geomorphology.—Extensive, mainly permanent swamps with small lakes, traversed by levees of many prior
and some active meandering river channels, and with marginal zones of seasonal or intermitient flooding; areas
of alluviation and minor peat accumulation.

Altitude.—0-50 ft.

PIUNGA L.S.

Unit Area Eand Form Soil Vegetation
1 Very Lakes: irregpular areas np to | sq mile in extent, Without vegefation or with mixed
small with water more than 5 ft deep herbaceous vegelation {(Nyvmphaea—
Azalla)

2 Yery Permanent swamps: extensive inner parts, with | Very poorly drained Mixed herbaceous vegetation (Leersin—
large shallow standing waler alluvialsoils: greysticky ) or tall land (Phragmites—
clays (de)—Vill.d, Sm:dmmm robustum); lacally with clumps
or lines of palm vegetation (Mefroxylon—

Macaranga)

3 Small Partially seasenal swamps: partially dry buot Tall grassland (Phragmites-Saccharim
with high water-table during dry season; more robustum), with tracts of mid-height
shallowly inundated than unit 2, and generally evergreen forest (Melalewca—Nauclea)
higher-lying and marginal

4 Small Drainage intake zones: up to 1 mile in extent; Palm  vegetation {(Metroxylon-Maca-
permanently or seasonalfy with shallow water; Fangay
higher parts traversed by many small distribu-

{ary channels

5 Very Swamp margins: genily sloping zones up to | Imperfectly drained al- | Mid-height evergreen forest (Mefaleirca—
small 100 yd wide and rising to 2 ft above unit 4; | luvial soils: neutral | Mouclea) or tall land (Swccharmin

seasonally inundated grey slicky clays (5f)— | sponrtanctm-fmperata)

VEdg.fy

6 Very Levees: discontinuous tracts up to 1 mile wide | Tmperfectly drained al- { Mid-height and tall evergreen forest
small and attaining 3 ft above permanent water level, | luviai sods: alkaline | (Nanclea— Kleinhovia, Octfomeles— Arto-
associated with active through-going or | olivegreystratified soils | earpns), with riparian fringe of scrub
abandoned river channels (5¢)—V1.4o.fpn, (Hibiscns-Flagellaria) and tall grass

(Saccharim robustint)
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ENGEPA LAND SYSTEM (35 SQ MILES)
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Permanent grassland swamps mixed with forested seasonal swamps and river tracts, in the north of the area.

Geology.—Alluvial silt and clay, peai; Recent.

Geomerphology.—A tract up ko 4 miles wide, extending for 20 miles between the Biaru and Angabunga River
plains; extensive permanent swamps, some back plains with seasonal marginal swamps, periodically flooded
levee tracts and higher alluvial plain remnants; disorganized drainage from Inawafunga River, with anastomate
and distributary patterns and multiple small flocd channels; area of alluviation and peat accumulation.

Altitude.—20-75 ft.

SEBEO L.S.

Unit| Area Land Form Sail Vegelation

1 Medivm | Enstern intake swamp: area with distributary | Verypoorly drainedall- | Muinly palm vegetation (Mefroxplon—
feeder drainage with narrow, low-lying levee | uvial soils; grey sticky | Muacaranga)
tracts, and many mtervening small back-swamp | clays (4a)—V111.d;.

Dbasing On levees, imperfecthy
drained alluvial soils:
nentral olive grey strati-
fied soils {Se)—VI1.d,.f;

2 Small Northers meander belt: up to 1 mile wide with | Imperfectly drained al- Mainly mid-height evergreen forest
small meandering channel, fairly prominent | luviak socils: neutral | (Nawclea—Kleinhovia)
levees and back slopes, and a small area of | olive grey siratified
higher-lying alluvial plain eastwards from | soils (3d)}—V1d.f;

Engepa village

3 Smail Central swamp: elongate back-plain basin up | Very poorly drained | Mainly tall grassland  (Phragmites—

o 11 miles wide albuvial soils, as in | Seccharumi vebustuni)
unit 1

4 Medium | Central swamp fringe: zone up to 13 miles wide | Imperfectly drained al- | Maioly mid-height evergreen Torest
traversed by very many anasiomosing flood | [uvial soils, as in unit 2 {Melalenca—Narticlea)
chanmels

5 Medium | Western swamp: receiving drainage from units | Very poorly drained | Tall grassland {(Phragmites—Saccharum
2 and 4, and characterized by a few winding | andimperfecily drained | rebustion) with many stands of palm
chahnels with paired narrow levees and back | alluvial soils, as in | vegetation (Metraxplon-Mecaranga)
swamps about 1 mile wide usit [

Y Small Woestern margins: up to 3 miles wide, with sub- | Levees, probably im- | On levees, low evergreen forest (Arto-
parallel anastomosing channels, levees, and | perfectly drained al- carpus—Ficis); back swamps, tall grass-
elongate narrow back swamps; small blocked- | luvial soils, as inunit 2. | land (Phragmites—Saccharimn robusin
valley swamps on margin Back swamps, very

pocrly drained alluvial
soils, as in umit
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Axarru Lann SysTEM (90 SQ MILES)

Mainly grassland swamps in the centre and north of the area, with forests along through-going channels and on

margins.

Geology.—Alluvial clay, silt, and sand, peat; Recent.

Geomorphology.—Mainly permanent swamps with significant through-drainage; including meandering channels,
prior or active levee tracts up to 1 mile wide, back swamps up to 2 miles wide, and seasonally inundated swamp
margins; areas of alluviation and peat accumulation,

Altitnde.—10-25 ft.

<{
-
g
S
o

Land Form

Soil

Vegetation

Higher levees: mainly prior levees up to & mile
wide and 3-7 ft above normal river levels; fiat
or very genily sloping surfaces, rarely flooded

Mederately well-drain-
ed alluvial soils: alka-
line olive silty clays
(6a) —IV.dofya, or
neutral olive silty clays
(6i—I1L.d..[;

Tall grassland (Saccharinr spontanernn—
nDinperata) or mid-height evergreen forest
{Nauctea-Kicinhovia)

Laow levees and river channels: up to 50 yd wide
along Biaru River and iribularies, with narrow
crests up to 4 fi high, and irregular back slopes;
tracts up to } mile wide in lower Dilava swamps;
m_edﬂndcri.ng, fast-flowing ¢hannels up to 100 £t
wide

Tmparfectly drained al-
luvial soils: neatral
olive greystratified soils
(Ba)—VT.d,.f;

Low evergreen forest (Artocarpus—Ficus)
ortall grassland (Sacefiuwrtm spontancun—
Tmperala)

Swamp margins: gently sloping zomnes up to
1 mile wide, subject lo infermittent flooding;
locally as riparian tracis up to & mile wide

Imperfectly drained al-
luvial soils: mneutral
grey sticky clays (5f)—
V1.d,.f;; or in riparian
tracis, alkaline olive
grey stratified soils (5¢)

Ay fea,

Tall evergreen Forest
Alstonia)

{e.g. Cerbera—

Mainly seasonal back swamps: flat, or sloping
very gently for distances up to 1 mile to secon-
dary drainage chunnels, with small ponds in
lowest parts; also as small levees in unit 3.

Tmperfectly drained al-
luvial soils: alkaline
olive grey silty clays
(5a)—V1.d,.f.a, or, on
levees, as in uait 2

Mid-height evergreen forest (Melalenca—
Nauclea)

Mainly permanent hack swamps: up to 2 miles
wide, parallel with general drainage, with many
small lakes

Unit| Area
1 Very
small
2 Very
small
3 Simall
4 Small
5 Very
large
& Very
small

Drainage intake areas or submerged levees in
unit 5; permanently or seasonally flooded to
shallow depth

Very poorly drained al-
luvial soils: grey sticky
clays (4a)—VITT.dg

Mixed herbaceous vegetalion (Nywmn-
phaca—Azolla, Leersia-Hanguana), or tall
grassland (Phragmites—Saccharim robus-
Tunry with scatiered stands of patm vege-
tation (Metroxylon—Macaranga)

Palm vegetation (Metroxylon—Macni-

ranga)
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Braru LanDp System (10 sQ MILES)

Partly brackish, wooded seasonal swamps in the north of the area.

Geology.—Alluvial silt, clay, and sand; Recent.
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Geomerphology.—Mainly seasonal back-plain swamps up to 2 miles wide flanking tidal river reaches and farge
tidal creeks and ranging from fresh water to saline,

Altitude,.—0-10 fi,

Unit| Aren Land Form Soil Vegelation
1 Very Riparian tracts above H.W.M.: low Ievees up to | Tinperfectly drained al- | Palm  vegetation {Meltvoxylon-Arfo-
small 50 yd wide, back slopes up to 2°, less thun 4 ft | luvial soils: mneutral | carpus)
above normal water level; river channels up to | olive grey  stratified N
300 ft wide and 15 fI deep soils (5d)—VI1d..f,

2 | Large Back plains and freshwater back swamps: up to [ Imperfectly drained | Mid-height evergreen forest (Melalenca—
4 mile wide, with slopes less than 0°30°; hum- | alluvial soils: neutral | Nwrclea); shallow swampy tracts with
maocky surfaces with up to 1 {1 of relief; per- | olive grey silly clays | mixed herbaceous vegetation (Leersic—
manently waterlogged and seasonally inundated | (56)—VI.d..fs. = Prob- | Hengnana) and (all grassland (Phrag-

ably sticky clays in | mites-Saccharum robusim) with scal-
swamps tered stands of palm vegeialion (Meiro-
xylon-Macaranga)

3 Very Riparian tracts below T.W.M.: as unit 1 Mangrove scils: grey | Palm vegelation (Nwpa); on scrells, low

smal clayey peats (2c)—VIII. | evergreen forest stands (Somneratia
s.fa.ay acida)

4 Large Brackish baclc swamps and bacle plains: tracts [ Imperfectly drained | Bvergreen thickel {Hibiscus—Flagetloria),
up to } mile wide, slopes less than 0°30"; hum- | alluvial soils: alkaline | scrub (Pluchee—Flagellaria), or mid-
movky surfaces with vp to 3 ft of relief; per- | olive grey silty clays | height evergreen forest (Excoecorin—
manenlly walerlogged and frequently inundated | (5a)—VI.d..f.a, Hibiscus)

5 Smalf Salf-water baclk swamps: up o 1 mile wide; [ Mangrove soils: gtey | Low evergreen Forest (Avicennia—Excoe-
hummocky surfaces below extreme TL.W. M., clayey peats (2c)—VIIL | caria); areas of bare ground
miner salt pans s-fe.ly

[ Very Alluvial fringes: up lo 50 yd wide, with slopes | Lmperfectly drained | Mid-height everpreen forest {MNawclea-

small fess than 0°30° alluvial soils: alkaline | Kleinhovia)
grey sticky clays (5¢}—
Vid;feas
7 Very Prior levees flanking tidal creck: up to 4 flabove | Moderately well- | Bvergreen thicket (Hibiscus—Flagellavia)
small H.W._M.; 150 yd wide with back slopes up to 2° | drained alluvial soils: .

alkaline olive stratified
soils (6c}—IV.d,.l.a,
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Doura Lanp S¥sTeEM (35 5Q MILES)

Seasonaily flooded, low-lving plains with evergreen thicket, south-east of Galley Reach,

Geology.—Alluvial sand, siki, clay; Recent.

Geomorphology.—Back plains and seasonal back-plain swamps, traversed by lowermost non-tidal reaches of
large meandering rivers; back plains with winding swamp ouflet channels and levees, and including cut-offs and
small permanent swamps which are mainly remnants of disorganized drainage; minor higher-lying prior levees;
subject to extensive periodic or scasonal flooding.

Altitude—0-25 ft.

PIUNGA L.'S

1 MILE

Unit

Area

Land Forin

Soil

Vegetation

Very
small

Main channels and accreting banks: meandering
channels up to 30 fi wide; shelving meander
point banks up to 30 yd wide and } mile lang,
rising 1o 2 ft above river level, with gentle back
slopes

On banks, very poorly
drained alluvial soils:
grey loams (4&)—VIIL

&-lg

Oan  banks, {all grass (Seccharum
robusiung}

Very
smalt

Main levees: discontinuous, up to ¥ mile long
and 39 yd wide; single or paraltel crests 2-5 ft
above normal river level; short back siopes up
to 2% frequently flooded, with many small
overspill channels

Imperfectly drained
alluvial soils: neetral
olive grey stratified
soils (5d)—VI1.d..f;

Tull evergreen forest (Octomeles—Arto-
carpusy

Earge

Back plains: extending up to 3 miles from
channels, which they meet in 2-3 ft banks and
from which they descend with overall slopes
below 0°3¢'; locally eneven surfaces, with small,
seasonally dry channels

Imperfectly drained
alluvial soils: alkaline
olive grey silty clays
(52)—V1dxfua,

Evergreen thicket (Hibiscus—Flagellariay;
scrub {Plichea-Flugellaria)

Very
small

Prior levees: tracts up to 500 yd wide, wilh
smooth slopes, 0°15° to 0°30°, and finttish
crests 5--8 ft above normal river level

Moderately well-
drained alluvial soils:
alkaline olive stratified
soils (6)—IV.dafa,

Tall grassland (Sacclmrrqn spoifanenn—
Tmperafa) or semi~deciduous  thicket
(Gyrocarpus—Harpullia)

Small

Secondary chantels and levees: meandering
channels vp to 50 ft wide; fairly continuous
tevees up to 50 yd wide, attaining 2-4 ft above
normal river level, back slopes 0°30°

Imperfectly drained
alluvial soils: neutral
olive grey stratified
soils (5d)—VI.d..fy

Mid-height evergreen forest ({(Ficus—
Myristica, locally Heritiera—Briguiera on
1owest levees)

Medium

Seasonal swamps: up to 1 mile in extent; fiat or
very gently sloping surfaces with small pans
and prior channels; seasonally flooded to 5 ft

Imperfectly drained
alfuvial seils: neutral
olive grey silty clays
(55)}—VI.dg.fy; minor
alkaline olive grey silty
clays (5a)—Vv1.d.le.a,

Mid-height evergreen forest (Melaleica—
Excoecaria), evergreen thicket { Hibiscis—
Flagellaria), mionor 1all grassland (Sec-
charim spontaneim-Imperaia)

Yery
small

Permanent swamps: up to } mile in extent,
commonly with some open water

Very poorly drained
alluvial soils:  grey
f.jticky clays (d4a}—VIIL

3

Tall grassland {Phragmites-Saccharien
rebustum) and mixed herbaceous vegeta-
tion (Leersio—Fanpnana, Nymphaea-
Azolla)
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VII, LITTORAL PLAINS ZONE {200 sq MILES) (Fig. 8)

This zone is formed of Recent littoral, estuarine, and fluvial sediments ranging
from sand near the shore to clay and silt inland. Rainfall is mainly between 40 and
50 in. The beaches, inner stranded beach ridges, and beach plains have sandy soils
and are vegetated with scrub and evergreen ar deciduous thicket which is commonly
disturbed, giving way to mid-height grassland on inner beach plains. The tidal flats

Fig. 8.-—Littoral plains zone near Galley Reach, showing outer {1) and
inner (2) beach ridges, and lower-lying (3) and higher-lying (4) mangrove
forests drained by tidal creeks, with an inner fringe of salt fiats (5).

have mangrove soils, with mangroves ranging from dense mid-height evergreen
forest below high-water mark to open low evergreen forest near high-water mark and
with grass-covered or bare salt flats reached only by the highest tides. The estuaries
have grey-brown inter-tidal alluvial soils, mainly silty clays, and the vegetation con-
sists of nypa palm vegetation in riparian tracts and mangroves in tidal back plains.
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In Table & and in the tabulated descriptions which follow, the land systems of
the littoral plains zone are arranged according to the three physiographic settings:
beaches, tidal flats, and estuaries. The land systems of the tidal flats are listed in order
of increasing height and decreasing frequency of tidal flooding. The complex Papa
land system, consisting of beaches and flats, has been listed under tidal flats. Papa
land system is also exceptional in that it occurs in small embayments, forming outliers
of the littoral plains zone on the land system map.

TABLE 8
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE LITTCRAL PLAINS ZONE

Predominant

. Predominant
; i thol Land For
Land System Lithology orm Soil Vegetation
Beaches
Hisiu Liftoral sand Beach ridges and | Brown fine sands | Semi-decidnous
sand plains. thicket and mid-
height grassland
Tidal flats

Galley Reach

Littoral clay

Tidal flats below
mean high-water

Grey clayey peats

Tall mangrove
forest

mark (Rhizophora—
Bruguiera)
Lesewalai Tidal flats mainly { Grey clayey Low mangrove
above mean high- | peats seaward; forest (Avicennio—
water mark grey to brown Ceriaps)
silty clays inland
Kido Grey loamy peats | Low mangrove
and clayey peats | forest and sakt
seaward; grey to | flats
brown silty clays
inland
Papa Littoral sand and | Small complexes | Complex of Compiex of ail
clay of beaches_and mangrove and above vegetation
tidal flats beach soils types
Estuaries
Nipa Alluvial and HEstuarine plains Grey loamy peats | Nypa paim vege-

littoral silt and
clay

and silty clays

tation and mid-
height evergreen
forest
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Hisiu LAND SYSTEM (40 sQ MILES)

Plains of sandy beach ridges along the northern part of the coast.

Geology.—Littoral sand, and alluvial silt and clay; Recent,
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Geomorphology.—Prograded beach plains up to 3 miles wide, locally impounding small freshwater swamps on
inland margin.

Altitude.—0-25 ft.

o o
R =24, , NIKURA Ls.

¥ oy &

4
Id
¥ I,"

i MILE

Unit Aren Land Form Soil Vegetalion
1 Very Present beaches and foredunes: lower beaches | Beach soils: on beaches, | Above H.W.M.: mizxed herbacecus
small up Lo 50 yd wide, with gentle slopes steepening | grey sands (1—VIIL | vegetation {Spinifex—Canavalia)
to I0° near HOW.M.; upper heaches wilh | dg.fza,; on foredones,
irreguler single or double foredunes attaining | prey fine sands {la)-—
10 [t above H.W. M. IV.s0,.8q5.a5
2 Very Beach ridge complexes and sand plains: long, | Beach soils: brown fine | On  beach ridges: evergreen thicket
large parallel sand ridpes spaced 30-150 yd apart, up | sands (10)—IV.s0,.5..a; | (Clerodendrin-Flagellaria, Hibiseus—
to 3 ft high and with local slopes to 10° near Fiagellaria) and semi-deciducus thicket
coast, becoming more subdued inland and com- (Gyrocarpus—Harpullia), or mixed herb-
moniy passing into level or pently sloping sand aceous vegetation (Hyptis—Impergta). On
plain plains: mid-height grassland {Ophivros—
Themedn australis}; lower-lying areas
with tall grassland (Saccharien spon-
fanermn—Imperaia)
3 Very Swales below H.W.M.: up to 200 yd wide and | Mangrove soils: grey | Low and mid-height evergreen forest
sinall 1 mile long loamy peats {2b)— | (Avicennia~Ceriops  without ground
VIIE.dg.§g.ay cover; Excoecarin—Hibiscus}
4 Small Swamps: shallow elongate depressicns up fo & | Verypoorlydrainedall- | Open water with patches of mixed
mile wide with local relief up to 1 ft uvial soils: grey sticky | herbaceous  vegetation (Nywmphaea—
clays (4@)—V1ll.d, Azolle, Leersia—Hanguana)
5 Very Swamp margins: scusenally flooded zones vp | Imperfectly drained | Low grassland (Sporobolus—FEriachloa)
small 1o 4+ mile wide, with gentfe slopes towards anit

4 and generally not more than 2 it above it

alluvial soils: alkaline
grey sticky clays (Se)—

V0dg.tga,

wilh patches of mid-heighi{ evergreen
forest {Excoecaria-Hibiscus); {ringing
mid-hejght evergreen forest {(Melalenca—
Nawclea)
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GALLEY REACH LanD SyYSTEM (70 sQ MILES)

Broad tidal flats with dense mangrove, around large inlets in the north of the area,

Geology.—Littoral and estuarine clay and silt; Recent.

Geomorphology.—Lower tidal flats ap to 3 miles wide developed about Jarger coastal inlels; drained by tidal
creeks and estuaries; minor areas of prograding shore, and extensive accumulation of mud and peat.

Altitude,—Sea level.

SEA

S.

RUBBERLANDS

»
>

7
Al

1 MILE

Unit

Area

Land Form

Soil

Vegelalion

Very
small

Prograding banks: flats up to 2 ft above
L.W.M., comprising outermost prior defta of
Angabunga River, and discoatinuous tracts up
to [00 yd wide, mainly in shallow embayments
and commonly near tidal river outlets

Inter-tidal alluvial
soils: grey silly clays
3e)—V1i.dg.Fea,

Colonizing low evergreen forest (Avicen-
nia—Somcratia)

Large

Lower tidal flats: mainly below M.5.L. and
forming seaward fringe up to } mile wide,
locally wider between tidal creeks; up io 1%
miles wide in prior della of Angabunga River;
locally with microrelief as in unit 3 bart smailer;
traversed by tidal crecks

Mangrove soils;
loamy peals
VIILd,.f,

g-lp.dy

yrey
(26)—

Mid-height evergreen forest {(Rlizo-
phora—Bruguiera without ground cover)

Very
large

Upper tidal fiats: extending from M.S.L. to

H.W.M., form.u:g zones up to 3 miles wide
mland from unit 2; extremely hummocky sur-
laces with mounds up to 4 ft high developmg
into platforms up t¢ 5 yd across, with interven-
ing passages up to 5 yd wide, generally with
water; iraversed by small tidal creeks

Very
small

Uppermest tidal Hats: up to + mile in extent
between tidal ereeks within upper part of unit 3,
and as tidzl back plains near river outlets and
sulgje:;:l to freshwater flooding; surfaces as in
unit

]\]’Iangmve soils:
cl ayey peats
VIILdgfaa,

Brey
(2e)—

Mid-height evergreen forest {Rhizo-
phora-Brugaiera with ground cover)

Low and mid-height evergreen forest
(Avr;cwmia—E.\'coecarr'n; Heritiera-Brugi-
erd
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LESEWALAI LaND SysTem (20 sQ MILES)
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High-lying tidal flats with open low mangrove forest, in the north of the area.

Geology.—Littoral sand and clay, with some alluvial silt; Recent.

Geomorphology.—Tidal flats slightly above mean H.W.M., locally on a retreating coast, elsewhere up to 6 miles
inland and in association with old sand beach ridges; locally, an innermost complex of partially buried beach

tises and swales; mainly subject to shallow tidal flooding and drained by small creeks, locally subject to fresh-
water flooding,

Altitude.—0-5 fi.

"1 MILE
Unit| Area Land Form Soil Vegetation
1 Very Presert beaches: lower beaches up to 50 yd | Beach soils: on fore- | Above H.W.M.: mired herbacecus
small wide, slopes 1°30" to 10°; upper beaches and | dune, grey fine sands | vegetation (Spinifex—Canavalia)
irregular foredones up to 10 ft above HW.M., | (la}—[V.so,s.a,; on
slopes locally attaining 20° beaches, grey sands
(L) —VIILdg.fsa,
2 | Very Tidal flats on open coast: exlending up io § | Mangrove soils: grey | Mid-height evergreen forest (#hize-
small mile inland, and slightly below nean HLW.M.; | clayey peals (2¢)— | phora—Bruguiera with ground cover],
hummocky, with up to 1 ft microrelicf; small | VIILd.Fen, backed by low evergreen forest (Avicen-
winding creeks nia—Excoecaria)
3 Small Inner beach ridges: subdued sandy rises up to | Beach soils: brown fine | Evergreen thicket (Cleradendrinn—Fiagel-
100 ¥d wide, slopes np to 1°3¢, attaining 3 ft | sands (15)—IV.s0,.8,.a; laria, Hibiscus—Flagellaria)
above H.W.M.
4 Large Inner tidal Hats: extending up Lo 2 miles jnland, | Seaward situations, | Lowevergreen lorest {Avicennia—Ceriops,
above mean H'W.M.; hummocky, with up to | mangrove soils as in | without ground cover in lowest sitita-
2 ft microrelief; numerous minor creeks; minor | unit 2 tions, eclsewhere with Seswviron ground
sall puns and lagoons cover); salt flats bare or with mixed
3 Large Landward situations, | herbaceous vegetation (Sesuvinm—Tecti-
intertidal alluvial soils: | cornia); low evergreen forest {Avicennio—
grey to brown silty | Exceecorie) marginak to unils 3 and 6
clays (3a)—VIIT,dg,fy.
Ay
6 Small Innermost beach rises: very subdued and up to | Intertidal alluvial soils | Evergreen thicket (Clerodendrini-Flugel-
50 yd wide, near exlreme H.W_M. as_in unit 5, but with | fevie, Hibisens—Flagellaria, Acacia—Myo-
thinner silty overlay porum);  mid-height evergreen forest
(Excoecaria—Hibiscus) marginal 1o unit 7
¥ Very Tnnermost beach swales: up to 50 yd wide, and | Intertidat alluvial soils | Scrub (Pluchea~Flagellaria) and ever-
small up to 2 It below unit 6 as in unit 5 green thicket (dcacia—Myoporum); mixed
herbaceons vegetation [Seswvivan-—Tecti-
cornia} in lowest swales
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Kipo Lann System (50 5Q MILES)

Tidal flats near Redscar Head, with a complex pattern of mangroves, salt flats, and sandy beach ridges,

Geology.—Littoral sand and clay; Recent.

Geomerphology.—Tidal flats mainly above H.W.M., with branching creck systems separated and backed in-
land by salt flats and stranded sand beach ridges at various levels, and leading to fidal inlets between barrier
beaches.

Altitnde.—0-15 fi.

FAIRFAX L.S.

Usit] Area Land Foim Soil Vegclation
1 Very Outer beachos: present sand beach with | Beachsoils: on beaches, | Foredunes on scaward side, mixed
smatl frregular single or multiple foredunes up to 15t | grey sand {([e)—VIIL | herbaceous vegetation (Spinifex—Cana-
ubove H.W.M.; locally backed by complexes dgfea,; on foredunes, | valia); otherwise, evergreen thicket
up to I mile wide of broad low beach ridges | grey fine sands (la)—- | (Clerodendriun—Fiagellaria)
and swales, slopes up to 3°, relief ap to 5 ft 1V.50,.55.414

2 Medium | Lower mangrove zone: up to } mile wide astride | Mangrove soils: grey | Low and mid-heighl evergreen forest
tidal creeks; below mean H.W.M.; mounds up | loamy peais (2b}— | (Avicennia—Sonneratia; Rhizophora—
to 3 ft high VITT.dg.fny Aruguiera without ground cover)

3 Medium | Tntermediate mangrove zone: mainly up to 200 | Mangrove soils: grey | Low evergreen forest (Ceriops)
yd wide, parallel with creeks; near mean | clayey peats (2c
H.W.M.; mounds up to 1 ft high in lower parts | VIILdg.fpa,

4 Medjum | Upper mangrove zome: mainly up to %+ mile | Intertidal alluvial soils: | Low evergreen forest (dviceimia-Ceviops
wide, locally attaining [ mile, and parallel with | grey 1o brown silty | partly with Sesweiun ground cover,
crecks; at or a little above mean H.W.M. clays (3a)—VIILdgfe.a, | Aviceinia—Excaecaria)

5 Very Lower salt flats: mainly narrow tracts 200-400 Mainly bare, with islands of mixed

small yd wide, locally atiaining & mile in extent; herbaceous vegetation (Seswvinm-Tecti-
lying 1-2 {t above mean H.W. M. cornia); fringe of low evergreen forest
{Avicaimia—Ceriops scrub) marginal te

units 3 and 4

& Smali Higher salt flats: disconiinnous margins against | Fntertidal alfuvial seils;: | Low grassland {Sporobolus-Eriociloa)
unit 8, mainly less than 400 yd wide; very | brown sticky clays (3B)
rarely reached by iides —VIILdg.fs.a,

7 Very Lower inner heach ridges: generally not exceed- | Beach soils: brown fine | Scrub (Lwwmnitzera); locally on higher

small ing 1 mile long or 200 yd wide and lying 1-3 ft | sands (15}—1V.s0,.5..a, | parts, evergreen thicket (Acacia—Myo-
above H.W.M.; also as swales in unit 8 and as poruni)
multiple narrow ridges in complex with uaits
3 and 4
8 Small Higber inner beach ridges: vp to 2 miles long, Mixed herbaceous vegetation {(Hyplis—

with flat or gently uadulating crests up to 400
vd wide, 2-5 ft above H.W.M.

Imperaia), remnants of semi-deciduous
thicket {(Gyrocarpis—Harputfia)
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Small complexes of sandy beaches and mangrove flats, mainly in the south half of the area.

Geology.—Littoral sand and clay; Recent.

Geomorphology.—Discontinuous littoral plains mainly less than 1 mile wide behind fringing reefs: with guter
tidal flats on accreting coasts, and inner tidal flats, slightly below and slightly above mean H.W.M., between
present and inner beach ridges; drained by small creeks.

Altitude.—0-15 ft.

Unit | Area Land Form Soil Vepetalion
1 Medium | Oufer tidal flats: zones up o 300 yd wide | Mangrove soils: grey Mid-height evergrcen forest (Rkizaplora
sloping gently to fringing coral reefs sandy peals (2a)— | Briiguiera, stunted form)
VHILdg.fga,
2 Medium | Lower inner tidal flats: close to mean HLW.M.; | Mangrove soils: grey | Low evergreen forest (4 vicennia—Ceriops
generally up Lo 200 yd wide, parallel with coast | clayey peats (2¢)— | withoat ground cover)
and drained by small creeks; locally extending | V1il.dg.f.a,
up to I mile inland along larper creeks
3 Small Present heaches: gently sloping lower beach up | Beach soils: on beach, | Above HW.M.: mixed herbacecus
to 50 yd wide; steeper upper beach and irregu- | grey sands (Ec)—VIIL. | vegetation (Spinifex—Canmvalia}
lar low loredune backed by flattish beach-ridge | d,.fz.a,, on foredunes,
crest up to 50 yd wide, 2-5 ft above TIL.W, M. | grey fine sands (la)—
IV.50;.50.a,
4 Medium | lnner beaches: up to 3 mile wide, consisting of | Beach soils: brown | Mixed berbaceous vegetation (Hyptis—
sand plain or of subdued paraltel ridges up (o | finesands (16} —1V.so,. | fmperata), mid-height grassland (7m-
2 ft high, slopes 10 2° Sg.ly peraia—Themeda aunstralis), scrub (Preoi-
ne—Scaevala) or evergrecn thicket {Clero-
dendriem—Flagellaria)
5 Medium | Higher inner tidal flats: elongate fluts or swales | Intertidal alluvial soils: | Lower parts bare or with mixed herba-
up to 1 mile wide at or slightly above mean | brown sticky clays (30) | ceous vegetation ( Sesavinn—Tecticornia);
W.M., draining to unit 2 —VIIdg.fen, higher parts with low grassland (Spero-
bolus—Eriochioa)
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Niea LAND SYsTEM (30 SQ MILES)

Inner mangrove flats with areas of nypa palis, near Redscar Bay and Lesi Tnlet.

Geology.—Alluvial and littoral silt and clay; Recent.

Geomorphelogy.—Estuarine plains extending between | and 5 miles inland, and between M.S.L. and HW.M,,
mainly draining to and extending inland along large tidal rivers, but also extensively drained to tidal inlets;
riparian zones Hanking tidal creeks and rivers; back plains flooded from rivers and large creeks, but sloping
to minor outlet creeks; much Lidal accretion aided by vegetation.

Altitude.—Near sea level.

1 MILE

Land Form

Seil

Vegelation

Quiermost tidal Aats: up (o | mile wide, gener-
ally below M.5.L_; hummocky surfaces

Onueter tidal back plains: up to 1 mile in extent
between main tidal crecks, drained by smaller
creeks; probably extending about 3 ft below
H.W.M.; uneven surfaces with mounds up to
3 It high and interconnecting depressions with
standing water af low tide

Mangrove seils: grey
loamy peats (25)—
VILdg.faa,

Mid-height evergreen forest (Rhizophora—
Brugnicra with ground cover)

Mid-height evergreen forest (Heritiera—
Brugulera)

Inner tida! back plains: as unit 2, but situated
on its landward margins and also commonly
fronting directly on channels and major creeks

Interiidal allevial soils:
grey siity clays (3¢)—
VIILdg.fy

As unit 2; also palm vegeiation (Nypa,
successional stage to Heritliera-Bruguiera
forest}

Unit Area
1 Small
2 Mediam
3 Medium
4 | Small
5 Medium

Mipa flats: levee zones up to ¢ mile wide astride
tidal rivers and creeks, narrowing and becom-
-ing discontinuous inland; sloplng gently from
creeks towards units 2 and 3; uneven surfaces
with mounds up to 2 ft high, extending to near
H.W.M.; also, active and cut-off meander
points commonly up to ¥ mile in extent, with
scrells and accreting point bass

Seaward parts, man-
grove soils: grey clayey
peats  (2c)—VIILd,.fs.
g

Landward parts, more

liable to freshwater
flooding, intertidal
alluvial soils; grey silty
clays {3c)—VIILd.fs

Palm vegetation tNypa); on accreting
banks and scroils, low evergreen forest
stands (Sonweratia ocide)




PART TV. CLIMATE OF TIHE PORT MORESBY-KAIRUKU AREA
By E. A. FITZPATRICK*

I. InTRODUCTION

() Principal Climatic Features

The general character of the climate within the area may be described according
to either the Koppen (1931) or Thornthwaite (1931) classifications as grading from
a tropical savannah or subhumid tropical type in the driest areas to a tropical rain
forest or wet tropical type in areas of highest rainfall (4w to Af or CA'r to AAd'r
types respectively).

A prominent feature of the climate is the very limited range of temperature,
both seasonal and diurnal. At coastal localities the annual range of mean tempera-
ture is about 5°F and the mean diurnal range for any month does not exceed 15°F,
Frost does not occur within the area. Rainfall ranges from about 40 in. in the most
sheltered locations along the coast to about 150 in. in exposed slope situations at
higher altitudes. In all parts of the area rainfall is highest between December and
April. Between June and October drier conditions prevail, although nowhere within
the area does this drier scason assume the almost rainless character of large parts of
northern Australia.

(b) Climatic Controls

Climate in the area strongly reflects the seasonal alternation in wind systems
and the influence of the major physiographic features as related to those systems.
As elsewhere in Papua—New Guinea, two wind systems can be recognized as major
controls, and these largely explain the broad features of the climate. Winds pre-
dominantly from the north-west (monsoons) occur between December and mid
April, and with these the heaviest and most frequent rainfalls are clearly associaied.
South-easterlies (trades) prevail between June and mid October, and drier conditions
oceur during this period throughout the area. However, where prominent topo-
graphic barriers occur across the path of moist air masses, substantial rainfall does
occur even during this season. Very brief transitional or “doldrum™ periods of light
and variable winds occur during late October and November and again during late
April and May. The marked scasonal contrasts in wind conditions are clearly shown
by the series of wind roses given in Figure 9. These are based upon data obtained
from 3-hourly observations at Jackson’s Airport over the period 1952 to 1957, as
presented originally in table form by Glendinning (1959), This regime of winds can
be regarded as generally representative for the area, although immediate terrain
effects and differences in the intensity to which land and sea breezes are developed
do cavse minor local. modifications. 1t is particularly noteworthy that the mean
wind velocity is greatest and winds are directionally most persistent during the

* Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T.
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south-east season; by contrast, winds during the north-west season are very variable.
The south-easterlies reach their peak in September. For a description of wind and
other synoptic controls.in relation to the observed character of weather and climate
in this and other parts of Papua—New Guinea, readers are referred to Glendinning
{1959), Hounam (1951), and Hogan.(1940).

JANUARY

DECEMEBER FEBRUARY

<5 KNOTS

. - 10 KNOTS

Fig. 9.—Monthly wind roses from Jackson’s Airport, showing percentage
frequencies of wind from eight compass point intervals with their associated
~ mean velocities and the frequency of calm conditions. The total area of each of
the wind roses is the same and represents a percentage frequency of 100. Areas of
central circles (representing the percentage frequency of calm conditions) and
of each of the eight surrounding sectors (representing the percentage frequency
of winds from that sector} are proportional. Tonal symbols show differences in
mean wind velocity for each sector as indicated in the legend.

A feature having an important bearing upon the climate of the area is the
generally paralle]l alignment of the coast and ranges with prevalent winds. Except
in restricted localities where significant coastward extensions of the main ranges
occur, or where open valleys can effectively cause the funnelling and uplift of moist
air masses in the uplzend zone, conditions are generally less favourable for rainfall
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than they are either south-east or north-west of the area, where the coast and ranges
have an oblique trend with respect to the prevailing winds. This feature largely
accounts for the abnormally low rainfall along this part of the Papuan coast.

Temperature and humidity, as well as rainfall, are broadly controlled by
alternations in the major wind systems. During the north-west season warm and
humid conditions prevail, and cooler and drier weather is associated with the south-
easterlies, particularly when pressure patterns to the south promote a long passage
of air over cold southerly oceans. Since the climate is dominated by maritime con-
trols, very high temperatures with low humidities are not a characteristic feature
before the onset of the wet season, as they are in much of northern Australia.

Local winds are a prominent feature of daily weather. These include land and
sea breezes which operate throughout the vear but which are particularly conspicuous
during the transitional months. Strong nocturnal katabatic (mountain) winds from
higher areas reinforce land breezes, and daytime upslope (valley) winds often act in
conjunction with the normal onshore sea breezes. Although the area is outside the
zone of tropical cyclones, localized winds of up to 50 knots do occur at {imes. These
squally conditions are generally associated with the north-west season and often
oceut with rain. A particularly violent squall wind known as the guba is a distinctive
feature in the vicinity of Fairfax Harbour near Port Moresby.

II. GENERAL CLIMATIC CHARACTERISTICS

{a) Rainfall

Rainfall stations within the area are very unevenly distributed, and most stations
have records for less than 10 years, Only in the Port Moresby Sogeri area is the
network of stations sufficiently close to establish the distribution of rainfall with
some clarity. In most cases the available data are sc limited that the pattern can be
estimated only by extrapolating relationships between rainfall and environmental
features observed in other parts of the arca. Because rainfall records are generally
short, valid comparisons between stations are difficuli. To facilitate regional com-
parison reference here is based primarily upon rainfall records over the 7-year period
1954-60. Although this interval is shorter than is generally considered necessary
to establish stable “normals”, this procedure has been adopted to achieve some
degree of homogeneity in the data, In a few instances mean rainfalls conld be obtained
from data over considerably longer periods, but the differences between these values
and the means obtained from the adopted 7-year period are small.

Table 9 gives mean monthly and annual rainfall data for all stations within
or close to the area which have rccords over at least 5 years, and Figure 10 shows
the estimated pattern of mean annual rainfall within the area. Figure 10 is based
primarily upon the 7-year means, but supplementary reference was made to meauns
obtained from shorter records where stations are sparse, and the isohyets are placed
with consideration given to altitude, aspect, vegetation, and soils.

Mean annual rainfali generally inereases inland from the coast, the isohyets
being approximately parallel to the coast except where orographic effects are promi-
nent. The lowest of the 7-year means (approx. 39 in)) is at Governmeni House,



E. A. FITZPATRICK

86

£cl ¥I L L L ¥ ¥ 9 L 91 Ll 81 91 SABP UIET JO I3qUMU UBS]
T-ev £9 Tt 6-0 9T 6-0 ¥-0 9-0 4 &1 3-8 L-€ L-8 g5 (up) nepures veapy
(Lsp10oa1 Jo 14 1) nediny s.uosyoer
|
6T LT 9t 8L | eT 8 6 Ir 61 T 61 4 81 SAEP UrEl JO TAqUINU Uedy
9-921 | 8-£1 e 11 &-1T L-g F-£ I-€ (A1 8-t g-€I L-81 ¢ 11 §-01 ('um) qreyuTes weopy
{1sp10921 JO I£ /) nmunung
£6T 0T 14} L1 cT 8 a1 A4 81 0T 61 1T 61 SAZD T[BI JO TIQUMU WEI]
L-S6 9-11 €L I-6 8.9 | &t T-T 0¥ g-8 6-11 -6 9-11 96 {w) prejures weay
(£8pI0RI JO IA 1) OTO]T
! ] ,
591 §T [} eI Zl 9 L 6 ¥T LT 91 S1 eI $A®p UIEl JO Iaquunt Wesy
9-66 F-TI L-L 9-8 <L ¥-€ ¢z 0¥ £-01 S -6 £-01 L-8 ("uD) [resures wEAgN
(+sp1ooal jo 14 1) oSoNg,
' | |
£E1 €T 9 L 01 ¥ 9 8 17 9T €T oz Ll SABP UIRL JO J2quUNL UTesTA]
£ 0F L¥ 0-T (AR} €-¢ 8-0 L-0 6-0 0t 1-€ 0-¢ L-L -9 (up) (repurer uesgy
{spiooaz jo 1£ ¢) uoners Swdumy wustog
: | I |
|
901 Il ¥ ¥ L ¥ L4 L _ 8 &1 ! ¥i 91 SATP UIBE JO I2QUUINGT UBSTA]
L-EV 8-F 50 7-0 8-€ g0 -0 €1 7 0t €9 L9 I-L L-8 Cur) [repures weely
{spIooaI Jo IK §) o¥olog
|
1Z1 £l g 8 L ¥ 9 L L &1 14 LT 31 S4B UIBI JO JaQUINU UedTy]
Z-08 <6 0-C L1 61 9.0 80 6-0 £ 6L 9-L 6-8 €-L (D) Tresures uesgy
(}sprooar Jo 1£ 1) eUTalayg
| | ]
65T 81 9 1 Tl g 8 £l 91 61 &1 91 LT | 4SAED Ull JO TaqUIMU GESY
8-T01 | g&-21 0-¢ 9-6 0-4 (424 TL | 6F 89 v-rl 50T | 8.0 §-6 (-ur) regurer veRlN
(spI0221 JO JA §) AIUNIRISTE w
] ] ] ]
I |
enuny | 09y 'AON] 120 wdag Sny Fyuly auny ReW 1dy "B ‘ ‘e ) “uef

SNOILVIS €T W04 SOLISTARIOVHVHD TIVINIVA

§ 219vY,



87

CLIMATE OF THE PORT MORESBY-KAIRUKU AREA

“QATSN[OUT 09—F56T ST 01 parrajar porrad oyl 4
“up §Q-0< T [[RIUIEI PAPIO0AI I ABD ® ST AIDY POISPISIOD ST ABD UIEY 4

FLT 8l I1 91 9T ! 0T 01 6 Sl 81 LT 81 91 SABpP UTel JO JaqUUnU UBSJA
0-101 I-L1 Z-8 ¢-01 08 0t 95 '484 T6 €6 18 011 G-9 ("ur) Trejurer UEsIA
{SpI02R1 30 LK §) vy
24} 81 Zt o) TE 3 8 zT 91 g1 91 9 1 SABD UTRI JO Iequinu QEsJA]
TTHL | P61 F-£l L¥l | 80T g8 g-€ I-L G-9l 791 ¥-¥1 €11 ¥-6 (ruy) TreJuUTRT UBSN
{(spIoval JO IA &) BUBIIQUS
LIT 41 8 8 L g 9 L oL el £l ¢l £l SARP UTEI JO Jaquunu uBaja
0-6L 1-8 L9 0-% g¥ b-T z-T 6T 1L g01 | s-01 | T-T1 8L (al) Trepurer weafy
(Lsprosar JO JA 1) [$10H BUnOy
€6 n S < 9 £ £ ¥ 9 £l ! 1 zl SABp Ul JO Ioqunu UesA
8-8¢ 9-¢ 81 -0 1€ z1 ¢-0 L0 | EI L5 L -8 Z-¢ ("ur) TrEjurer weagA
(}spI0oas Jo IK ;) SN0 JUSUUISACD—AGSSIOJN 10d
I. | I I ] |
#31 91 T °1 £l 01 01 (Al J A L 61 T Ll SABR TTRI JO I3QUINW URAA
L8 €8 65 69 L-L -t vz | ¥-£ | 9-8 P11 9-6 8-01 0-8 (ut) 1resuTer veaA
(spsoosl JO 1A Q) 1Ta8ey
1 P | !
' _ i
Lyl zl 1 €1 | o1 | L 2 8 A ST | 1 o1 81 €1 SAEP UIEI JO JAQIUNT wedlA
Z-L01 €11 0-6 £-01 _ 6-8 _ 8-t €8 €8 611 ﬁ Z-11 6 9.1 §-6 ('u1) Treyurex wedA
(iSprooar Jo 14 /) Dieyloy]
| ! !
6 01 14 9 g - £ 2 ¥ “ s IT £l SI [ sARp UTRI JO IqUINU UBajA
¥-8F L-8 1 21 0-T ¥-0 -0 o1 | 11 79 0-8 §-01 1-4 (ur) Tresurer ueaA
(sprooar Jo 3£ 1) nynarel
! ! ] I _
961 91 zI ST ¢l 7” €7 T 81 _ 0z 8T 0C 81 9T SABp UTEI JO Iaquunu UwesjAl
C-€ET | S-61 9-01 9:6 g-¢ | 6§ 1-5 -8 i 0¥l £-91 I-£1 S-11 L-QT (ur) mrejurer wesy

(4SPI002I JO 1K [) Qroreme]




88 E. A. FITZPATRICK

Port Moresby, and the highest (approx. 127 in.) occurs at Itikinumu cstate on the
Sogeri Plateau. It should be noted, however, that a mean value of approximately
142 in. over a 5-year period at Subitana cstate appears valid, and field evidence
suggests that even higher rainfall occurs on exposed slopes in the vicinity of this station.

a0 =]

o\-‘° Subitana
-

- Koitaki

\ % ‘\Eilogo
\" N

®[awarere
128

Fig. 10.—Annual mean rainfall of the Port Moresby-Kairuku area, with inset histograins showing

seasonal disteibution of rainfall (from July to June) for selected stations. Values shown with station

names are the mean annual rainfall for the station over the adopted seven-year period. Dashed
line from Port Moresby to Subitana is that along which the profiles in Figure 11 are taken.
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Throughout the north backing ranges the isohyetal pattern in Figure 10 is at
best tentative, since this is an area of complex relief, and the only stations other than
Ukua for which records are available are situated either close to the coast or much
further inland. The mean annual rainfall over the 5 years at Ukua is approximately
100 in. Some stations further inland (in the headwaters of the Angabunga River
and well outside the area) have lower mean annual rainfalls, suggesting a complex
distribution with considerable rain-shadow effects,

Although the amount and character of rainfall are strongly affected by differ-
ences in aspect of slopes relative to the major wind systems, there is an obvious
general increase in rainfall with elevation throughout the area. This is clearly seen
from the section in Figure 11 depicting general conditions from Port Moresby to the
Sogeri Plateau. These relationships can be regarded as generally representative
of the progressive increase in rainfall from the coast to the upland zone, but higher
falls do occur at lower elevations on strongly exposed slopes, and rain-shadow effects
are evident on the leeward sides of prominent relief features within sheltered valleys
at higher altitudes,
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Fig. 11.—Relationship between mean annual rainfall and altitude along a profile from Port Moresby
to Bomana pumping station on the Laloki River, and thereafter upstream along the general courses
of the Laloki River and Eworogo Creek.

The strong seasonal contrasts in rainfall throughout the area are evident from
mean monthly values given in Table 9 and from the histograms included in Figure 10.
It is notable that only in the coastal Towland are the mean monthly rainfalls during
the driest parts of the south-east season below 1 in. At higher elevations the lowest
mean monthly values are generally between 2 and 4 in. At Iawarere, to the east of the
Sogeri Plateau, mean rainfall of the driest month is about 5 in. During the wet
north-west season, mean monthly rainfalls over the low coastal lowland are between
5 and 8 in. whereas at higher altitudes they are generally over 10 in. The mean
number of rain days follows closely the same scasonal and spatial relationships as
does mean rainfall,

Both annual and monthly rainfalls vary considerably from year to year. The
coefficients of variation of annual rainfall at Port Moresby and Itikinumu are approxi-
mately 20 and 189, respectively, This degree of annual rainfall variability is about
equal to that occcurring in areas of similar mean rainfall in northern Australia, but is
higher than that noted by Arnold (unpublished data) for the Wewak-Lower Sepik
area. The wide range of monthly rainfall which occurs at both coastal and elevated
inland stations is evident from the percentage frequencies given in Table 10,
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The persistency of rainfall differs considerably throughout the area. Within the
dry coastal lowland, runs of consecutive rain days are not often longer than 10 days
during the north-west season or 5 days during the driest part of the south-east season.
On the other hand, within the wettest portion of the Sogeri Plateau and adjacent
mountainous areas, runs of rain days of these durations are the rule rather than the
exception. -

TaBLE 10
PERCENTAGE OF MONTHLY RAINFALLS EXCEEDING SPECIFIED AMOUNTS AT PORT MORESBY AND ITIKINUMU

szilgsmt Jan, | Feb. | Mar. | Apr. | May | June | July | Aug, | Sept. [ Oct, | Nov. | Dec.
Port Moresby
Q-5 | 100 100 a8 035 68 63 49 49 58 53 17 95
20 98 95 N 77 44 13 19 16 18 23 40 77
4-0 74 | 82 74 49 18 | 5 4 4 4 9 | 16 | 56
80 30 37 28 19 4 2 — — |. — 4 4 i8
16-0 2 7 2 4 2 — — — — —_ | — 2
Itikinumu
K] 100 100 100 100 100 93 98 96 97 98 100 100
2:0 97 96 100 100 97 85 76 85 92 98 Y 100
4-0 92 93 100 100 86 74 41 14 89 95 96 100
80 71 72 90 8% 60 a5 19 29 47 73 82 68
16-0 29 16 37 42 21 5 — 3 14 11 27 22

Rainless spells of from 5 to 10 days are common during the wet season within
the dry coastal lowland, and occasionally periods of more than two weeks without
rainfall may elapse during this season: during the drier part of the year, the passing
of whole months without rainfall or with amounts less than -3 in. is not uncommon.
in this coastal area, as seen from the percentage frequencies for Port Moresby in
Table 10. In the higher-rainfall areas of the Sogeri Plateau, rainless spelis longer
than one week during the north-cast season or longer than a fortnight during the
south-east season are UNCoMIMOI.

The percentages of rain days with total falls within specified ranges are shown
for three stations in Table 11. 1n general, these indicate that the high monthly totals
are mainly the result of moderate but frequent falls. At all the stations included in
Table 11, roughly 80% of the daily totals during January and February are less than
1 in. From the values for Eilogo and lawarere, it appears that the high monthly
totals during the north-west season in the Sogeri-Upper Kemp Welch area are largely
the result of many daily falls within the range of 1 to 4 in., but daily totals higher than
4 in, are not often experienced even in these high-rainfall areas. At Jackson’s Airport,
between 80 and 90%, of the daily falls between June and August are of Iess than
0-25in.

(b) Temperature

Extended temperature records are available only in the vicinity of Port Moresby.
Some records have been kept for Kairuku and Bereina, but these are not given here
since the temperature characteristics of Port Moresby can be considered gencrally
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representative of the coastal lowland. A few years of 9 a.m, and 3 p.m. temperature
data are available for Rouna power station {elevation 520 ft), but these do not differ
greatly from comparable data collected at Jackson’s Airport. Small amounts of
data are also available from non-standard installations maintained privately.

General temperature characteristics at Jackson’s Airport are shown in Table 12,

Mean maximum temperature ranges from 82°F in August to nearly 90°F in
December. As seen from the percentage frequencies, the highest maxima occur
mostly between October and December, but it is notable that even at this time,

Tance 11
PERCENTAGE OF RAIN DAYS* WITH TOTAL FALLS WITHIN SPECIFIED RANGES FOR THREE STATIONS

A t
1(1;[?1;n Jan., | Feb. | Mar, | Apr. | May { June | July | Aug. | Sept. | Oct. | Nov. | Dec.

Eilogo
0-01-0-24 | 42 20 45 26 37 61 70 63 42 36 38 44
0-25-0-99 | 44 61 32 47 41 26 20 16 40 46 42 26
1-00-1-99 6 8 14 16 14 7 9 g 12 11 17 21
2-00-3-99 7 11 10 10 8 6 2 12 5 6 3 7

>4-00 — — — 2 — — — — 1 1 — 1

Jackson’s Airport
0-01-0-24 | 66 50 67 63 77 83 87 89 76 87 54 67
0-25-0-99 | 23 36 23 16 14 17 8 11 16 13 38 19

1-00-1-99 6 11 5 16 5 — 5 —_— 2 — 7 9

2-00-3-99 5 2 4 4 4 — — — 4 — — 4

=400 — 2 — 1 — — - — 2 — — —
Tawarere

0-01-0-24 | 42 42 47 29 48 52 70 57 42 37 39 25
0:250:99 | 34 36 31 K3 26 3l 21 29 1 37 28 42
1-00-1-99 | 17 12 14 26 17 14 8 3 22 21 25 17
2-00-3-99 7 9 8 13 9 3 2 5 3 5 7 12
=4-00 — — — 2 1 — — 1 — | — 1 4

* Rainfall >0-01 in. considered as a rain day. Percentages obtained from 7 yr of record.

temperatures above 95°F are rare. This condition can be atiributed to strong day-
time advection of cooler air from the sea. Although maximum temperatures are
likely to be somewhat higher further inland within the low coastal zone, sea-breeze
effects are strong enough to cause some suppression of the daily temperature rise
throughout the area generally. During the cooler months, June to August, about
80 fo 857 of the daily maxima exceed 85°F, but oniy about 7% are above 90°F
at this time.

Annual variation of the mean minimum temperature has an even smaller
range than that of the mean maximum. At Jackson’s Airport the mean minimum
ranges from 72-9°F in August to 76-3°F in December. Even in the coolest months,
only a small percentage of the daily minima is below 65°F. Dew-point temperatures
in this area arc normally between 70 and 75°F, and the minimum temperatures
usually fall below this. Heavy dew formation is thus characteristic throughout the year.
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Minimum temperatures can be expected to be generally lower with greater distance
inland and with increased altitude; however, temperatures throughout the area are
never low enough to pose a risk of frosi. Limited data from non-standard installa-
tions in the Sogeri Platean area suggest that minimum temperatures there are not
greatly dissimilar from those given in Table 12,

{¢) Humidity

Average humidity conditions throughout the year at Jackson’s Airport are
shown in Table 13 under the headings relative humidity and 9 a.m. vapour pressure.
Mean relative humidity is high throughout the year, the monthly average index of
mean relative humidity ranging narrowly between 74 and 82%]. The higher levels
during the period May to October are the result of lower temperatures. Mean 3 p.m.
relative humidity shows a similar annual course, but is generally about 10% lower
than the average index. It is notable that even in this relatively dry part of the area
the mean daytime humidity does not fall below 65%,. It may be reasonably expected
that mean relative humidities much higher than this occur in the wetter parts of
the area, particularly within microenvironments having denser vegetational cover
and persistently moist soil conditions. The mean monthly 9 a.m. vapour pressures
may be interpreted as measures of the absolute atmospheric moisture conditions.
These show only small variation through the ycar, but are evidently higher in the
wet north-west season than in the dry souih-east season.

(d) Cloud, Sunshine, and Total Incoming Radiation

Mean cloudiness and duration of sunshine for Jackson’s Airport are included
in Table 13; with these are given total incoming radiation estimates obtained from
the mean sunshine data by the method of Black, Bonython, and Prescott (1954).

Although cloudiness is distinctly highest during the north-west season, the
seasonal confrasts are not as pronounced as might be expected from consideration
of seasonal differences in rainfall alone. With few excepfions, mean cloudiness in
the afternoon is higher than in the morning.

Mean daily duration of sunshine ranges generally between 6-0 and 7-5 hr.
However, November is a distinctly sunnier month with a mean of 8-4 hr of sunshine
per day,

The estimated total incoming radiation ranges between 350 caljem?/day in
July, when reduced day length and sun angle are important, to 525 calfcm?{day
in November when longer days, higher sun angles, and comparatively low cloudiness
combine to form optimal conditions for large total energy receipts. The estimated
levels during the north-west season are roughly comparable to those observed during
the wet season at Darwin (Bureau of Meteorology 1963), but during the south-east

season these estimafes are lower, agreeing with the cloudier conditions normally
occurring at this time in the area.

Although no other data relating to radiation are available from the area, it is
well known that much cloudier conditions prevail along the slopes of the higher

ranges. Poubtless total radiation in these areas is considerably lower than the esti-
mates given in Table 13.
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{e) Evaporation

Evaporation data are available from Jackson’s Airport since 1957, and means
~ obtained from these are included in Table 13. Some very short and broken records
are also available from evaporation tanks installed in the Sogeri Plateau area. The
data for Jackson’s Airport may be considered representative of the dry coastal zone,
Monthly values range from about 45 in. to 80 in. The highest evaporation rafes
occur during the October to December period when the highest maximum tempera-
tures are observed (Table 12) and when total radiation is high. The mean annual
evaporation at Jackson’s Airport is about 70 in.

Estimates of evaporation in the cloudier and more humid environments found
at higher altitudes within the area are difficult to obtain in the absence of data other
than rainfall. However, the limited tank evaporation data from the Sogeri Plateau
suggest that in general evaporation is only about 609, of that observed at Jackson’s
Airport.

III. CrLmvATE, PLANT GROWTH, AND LAND USE

The climate of the area is generally favourable for plant growth, with tem-
peratures normally within an optimal range and with moisture adequate either
over the entire year or over a considerable part of it. Nonetheless, marked contrasts
in vegetational characteristics do occur within the area and these suggest a considerable
degree of adaptation to local differences in the length and severity of the drier season,

To assess the extent to which variations in rainfall are likely to be restrictive
in agriculture, all weekly rainfall data available for Jackson’s Airport and Koitaki
over the period 1939 to 1961 have been analysed using water-balance evaluation
techniques of Slatyer (1960). These may be considered generally appropriate for crops
established in the early part of the wet season and thereafter dependent solely upon
rainfall for their water requirements. Similar methods used by Fitzpatrick (1965)
which have been found to give good agreement with native pasture growth charac-
teristics in northern Australia have also been applied. In recognition of likely differ-
ences in available stored soil moisture, depending upon variable soil properties and
rooting depth, these evaluations have been made with two levels of assumed maximum
storage, viz. 2 in. and 4 in, For details of the methods employed, these references
may be consulted.

On the basis of Slatyer’s water-usage models for crops assumed to have been
sown in late December, the water-balance evaluations suggest that rainfall has never
been so low or so poorly distributed at either station as would result in-an early
termination of crop development. These conditions apparently apply for both of the
assumed storage levels, even for crops with a growth period as long as 20 wk. This
is in marked contrast to conditions found over much of northern Australia, where,
even in areas of more favourable rainfall, inadequacies {either in amount or in its
incidence within the required period) prevent the completion of normal crop develop-
ment on some occasions. It should be noted, however, that even though a long
crop-growing season seems assured, the estimates do suggest that some degree of
intra-seasonal water stress can be expected. During the 12-wk interval following
the assumed sowing daie, there are on the average at Jackson’s Airport 1-8 wk with
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accummlated deficits (amount by which estimated weekly evapotranspiration exceeds
the available water) greater than 11in. This value is only slightly less than that obtained
for Katherine, N.T. (Fitzpatrick 1965).

The estimated total duration of useful pasture growth and related characteristics
for Jackson’s Airport and Koitaki are given in Table 14, For comparison, values for
Katherine obtained with an assumed maximum available storage of 4 in. are also
given, The values given for the total duration of estimated useful pasture growih

TaBLE 14
CHARACTERISTICS OF THE PERIOD OF USEFUL PASTURE GROWTH AT KOITAKI, JACKSON’S AIRPORT (PORT
MORESBY), AND KATHERINE, NORTHERN TERRITORY

2 In, Max. £ Tn. Max. Availab
Available Storage . Max. Available Storage
... | Jackson’s ... 1 Jackson’s | Katherine,
Koitaki Airport Koitaki Airport NT.
Commencement of estimated dominant
pasture growth period
Mean -— Drec. 7 — Dec. 7 Nov. 30
Standard deviation (wk) — 3-3 — 3-3 27
Total duration (wk) of estimated useful
pasture growth
Mean 50-5 28-7 51-6 41-6 22-4
Standard deviation — 4-2 — 3-0 2-8
Total duration (wk) of estimated pas-
ture growth with available water
>60% of assumed maximum avail-
able storage
Mean 46-4 23-6 47-7 22-0 14-5
Standard deviation ] 3.8 3-8 4-3 3-9 3-0

may be interpreted as the time over which some green feed is likely to be available
from rainfall alone. The more restricted duration with available water exceeding 609,
of the assumed maximum available storage gives a better indication of the time
during which the most active growth conditions prevail. According to both criteria,
it is evident that much more favourable conditions for sustained growth cccur at
Koitaki than at Jackson’s Airport. For the same assumed maximum available
storage (4 in.), the total duration of estimated useful pasture growth at Jackson’s
Adrport is considerably larger than at Katherine. It is notable, however, that with
the lesser assumed maximum available storage (2-0 in.), the estimated total duration
at Jackson’s Airport is much lower, and the contrast with Katherine is much less
striking. This emphasizes the necessity for giving careful consideration to specific
soil conditions when assessing climate—growth relationships in greater detail. Imsuffi-
cient measurements of physical soil properties are available from the area to allow
such interpretations to be made at this stage.

From the point of view of prevailing temperature and moisture conditions, the
area would appear to have a greater potential for agriculture and for pasture ntiliza-



CLIMATE OF THE PORT MORESBY—KAIRUKU AREA 97

tion than is generally realized, although special agronomic problems related to other
aspects of climate may present themselves. The coastal lowland has a more definite
dry season than most parts of Papua—New Guinea. This would appear an advantage
for some crops, but the prevailing high humidities may cause some difficulty in
proper maturation and in harvesting operations. Low radiation receipts and the
lack of marked seasonal differences in day lengih may also present special agronomic
problems. With frequent and moderately heavy rainfalls causing continued leaching,
maintenance of soil fertility would appear to be a major difficulty within the whole
of the area.
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PART V. GEOLOGY OF THE PORT MORESBY-KAIRUKU AREA
By J. G. SrEIGHT*

1. InTrRODUCTION

The following geological summary is mainly a synthesis from previous recon-
naissance geological surveys, none of which covers the area completely. Gaps in the
coverage have been eliminated and certain correlations and interpretations have been
added as a result of observations at query points in the field. Boundaries on the
accompanying geological map have been inferred from photo interpretation.

The geology of the area between Port Moresby and the Sogeri Plateau escarp-
ment has been covered in some detail by Glaessner (1952) and earlier by Montgomery
(1930), who also discussed arcas at Dareeba hill, Redscar Head, Oroi, Yule Island,
and Popo (Palipala hills). The strip between Hall Sound and Galley Reach is dis-
cussed in the report on the Kaufana Bore (Power 1960), and the whole area north
of Galley Reach is considered in general terms by Australasian Petroleum Company
Proprietary (1961). Unpublished work includes miscellaneous records of the Bureau
of Mineral Resources, Geology and Geophysics as well as reconnaissance survey
reports of the Australasian Petroleum Company for the Galley Reach area, for a
traverse inland from Kapa Kapa, and for some other areas adjacent to the survey
area. Early work in the area was reported by Stanley (1911, 1919, 1923). Although
there are no regional accounts, broader relationships may be drawn from publications
dealing with New Guinea as a whole (Glaessner 1950; Montgomery, Glaessner, and
Osborne 1950).

Tectonic activity associated with the formation of the fold mountains of the
ceniral ranges of Papua has dominated the evolution of the major landscape features
of the survey area. Folding and associated faulting on north-westerly lines have
produced a coastal anticlinal belt with sirike ridges on pre-Pliocene rocks, succeeded
inland by a synclinal belt with alluvial plains and swamps. Broad transverse warping
divides the coastal anticline info three parts, the Palipala hills, central hills, and
southern hills, between which the plains and swamps extend to the sea.

The sediments of the coastal anticlinal belt increase in age south-eastwards,
from Pliocene in the Palipala hills to Miocene in the ceniral hills and Palacogene in
the southern hills. Metamorphosed rocks of Palacogene or Mesozoic age are exposed
in the south backing ranges, but the major part of the upland zone on the inland
side of the area is mantled by sheets of dominantly agglomeratic Pliocene volcanic
rocks.

1i. RegionaL GEOLOGY

The rocks of the area fall into five age groups, each with characteristic structure
and lithology: CretaceousPalacogene, Miocene, Pliocene, Pleistocene, and Recent.
The distribution of land systems among these groups is set out in Table 13.

* Division of Land Reseeirch and Regional Survey, CSIRO, Canberra, A.C.T,
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TasLE 15
RELATIONSHIP BETWEEN GEOLOGY AND LAND SYSTEMS

Age Structure Lithelogy Land System
Recent Undisturbed | Fluvial gravel, Vanapa
sand, and mud
Fluvial alluvium, | Inaukina, Boroko, Keviena, Bebeo, Epo,
fine-textured Beipa, Babiko, Vekabu, Piunga
Fluvial alluvium Pinu
and littoral clay
Swanip alluviam Waigani, Engepa, Akaiiu, Biaru, Doura
Swamp alluvium, | Nipa
and littoral sand,
silt, and clay
Littoral clay Galley Reach, Kido, Lesewalai
Littoral sand and | Papa
clay
Littoral sand Hisiu
Pleistocene Very gently Coral limestone Tsiria
warped
Plioccne Warped Andesitic Mariboi, Rubberlands, Uberi (upper part},
agglomerate Youku
Weathered tuff Owers, Sogeri, Subitana
and lava
Sandy tuff and Aropokina, Diulu, Kanosia
volcanic con-
glomerate . -
Sandy tuif Nikura (central hills north of Tubu)
Genlly folded | Coarse, ill-sorted | Palipala (inland part)
sandstone
Sandy limestone Ouou
Miocene Moderately Limestonc Pokama, Hanuabada (west of Boera), Palipala
folded (coastal part)
Conglomerate and | Fairfax
limestone
Mudstone Ward (west of Fairfax Harbour)
Sandstone, mud- Diumana
stone, limestone
Sandy tuff Nikura (central hills south of Tubu)
Voleanic rocks Kopu (extreme SE. part), Rouna (extreme SE,
part)
Cretaceous— | Isoclinally Cherty limestong | Tavobada, Hanuabada (not west of Boera)
Palacogene folded Cherty mudstone | Kabuka
Mudstone and Kopu (not extreme SE. part)
muddy tuiT
Muddy tuff Edebu, Bomana Creek, NMNikura {near Port
Moresby), Ward (east of Fairfax Harbour)
Phyllite with minor | Iawarere, Uberi {lower part)
limesione
Concordantly | Gabbro with Dubuna, Nikura {near Mi. Lawes)
intruded in¢cluded limestone)

Gabbro capped by

Rouna (not SE. part)
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() Cretaceous—Palaeogene

Metamorphosed and unmetamoerphosed sediments including limestone, sand-
stone, mudstone, chert, and tuff, with moderate to high dips and intruded by gabbro,
dolerite, and serpentine, occur throughout the south backing ranges, southern foot-
hills, and southern hills, except for an area north-west of Port Moresby.

(0) Stratigraphy—A sequence of dominantly phyllitic rocks including a foliated
limestone member is exposed near Iawarere, inland from the Sogeri Platean, and
all the high ridge couniry of the southern backing ranges appears to be formed on
rocks of this type. No fossils have been found, but a lithological correlation may be
made with sirata at Mafulu, 50 miles inland from Kairuku, which have yiclded
Cretaceous and Eocene fossils (Australasian Petroleum Company, unpublished
report).

The Bogoro limestone and Barune sandstone (Glaessner 1952) are respectively
a pink sheared limestone and a bedded calcareous quartz sandstone, both with
Upper Senonian foraminifera. They occur only as small lenses associated with the
Port Moresby group.

The Port Moresby group (Glaessner 1952) gives rise to the ridges of the southern
hills, and includes two classes of rocks. The first consists of pummulitic limestone
with silicified lenses, limestone metamorphosed up to garnet-pyroxene grade, and
beds of green and red mudstone and calcareous sandstone. The second class includes
hard chert, either massive and concretionary or thin-bedded, which lenses into
cherty mudstone; these cherty rocks are interbedded with soft mudstone and marl,
and are characterized by intraformational slumping and the formation of chert
balls and rolls. The rocks of the group show a consistent north-west strike and high
angles of dip generally to the north-east, the stratigraphic thickness being of the
order of 5000 ft. Massive limestone dominates the lower part of the sequence near
the main road bridge over the Laloki River but is less important in other areas, where
calcareous rocks are represented by bedded cherty limestone and marl. A tuffacecus
component is present in the north-east and is dominant in the north. Microfossils
include abundant radiolaria and large foraminifera indicating an Upper Eocene age,

The Port Moresby group is concordantly intruded by gabbro and by smaller
amounts of dolerite and serpentine. The serpentine occurs as small lenses parallel
to the strike near Port Moresby, the dolerite forms dykes in a belt extending south-
south-east from the Lalokd bridge, and the gabbro dominates the southern foothills
from the Brown River along the lower parts of the Astrolabe escarpment and some
15 miles further to the south-east. The gabbro has an average crystal size of about
1 to 2 mm and weathers to a sandy material resembling weathered coarse tuff.

Many strike vales in the southern hills, as at Boroko, near Port Moresby, are
eroded on the Dokuna tuff and agglomerate (Glaessner 1952), which consists mainly
of some 2000 ft of tuffaceous, soft, green or dark-coloured mudstone and tuffaceous
limestone apparently occupying synclines in the structures of the Port Moresby
group. The agglomerate, which is not abundant and occurs only at the base of the
sequence, includes hlocks of vesicular basalt and derived Eocene sediments, Fora-
minifera in calcareous strata are Middle Oligocene in age,
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(i) Structure.—Glaessner (1952) has drawn a schematic cross section of the
Port Moresby area indicating isoclinal folding and strike faulting and showing the
generally concordant position of the infrusions. He considers that the Bogoro and
Barune rocks underlie the Port Moresby group unconformably. He has also attempted
a reconstruction of the geosynclinal environment of the time, showing a north-east
to south-west sequence of volcanic rock, chert over limestone, and reef limestone.
As shown by the A P.C. isopach maps (Australasian Petroleum Company Proprietary
1961), the tectonic axes were northerly to north-westerly throughout this period and
the axis of a major geosyncline lay somewhere to the east of the present coast. How-
ever, deposition was not continuous; the Lower and Middle Eocene near Port Moresby
are represented by an unconformity, and both the Lower and Upper Oligocene are
missing. The Upper Oligocene is thought to have been a period of general emergence.

(b)Y Miocene

Miocene rocks cover large areas in the central hills and a part of the southern
hifls. They include important beds of coral limestone as well as a considerable
thickness of other marine sediments (largely silty) and occasional conglomerate.
Thick basic volcanic deposits occur in the extreme south-east of the survey area.

@) Stratigraphy.—The Boira tuff and limestone (Glaessner 1952) is a coarse-
bedded sequence with tuffaceous grit, gravelly limestone grii, limestone blocks, and
massive limestone, striking north-north-west and dipping at moderate to high angles
to the east. The formation is limited to an arca near Boera village, 10 miles north-
west of Port Moresby. Ii is richly fossiliferous, containing abundant foraminifera
indicating an Aquitanian (lowermost Miocene) age.

The Siro beds (Glaessner 1952) consist of pebbly sandstones and coarse boulder
conglomerates appearing immediately west of Fairfax Harbour and also under
Hombron Bluff (not mapped). Pebbles and fragments include quartz, igneous
rocks, schist, chert, and feldspar grains, but there is no evidence of contemporaneous
volcanicity. A Lower Miocene (but post-Boira) age has been suggested by Glaessner
on tenuous stratigraphic evidence. By photo interpretation these beds have been
extended to the north towards the Galley Reach area.

The Gidobada series (E. R. Stanley 1919, cf. G. A_ V. Stanley, A.P.C. unpub-
lished report) is a poorly defined group of volecanic rocks in the extreme south of
the area, including a pink coralline limestone bed 50 ft thick which dips moderately
to the north-west and containg Middle or Lower Miocene algae.

In the central hills four Miccene formations have been defined by Power (1960).
They are the Kaieu greywacke (Lower or Middle Miocene), Bokama limestone and
Diumana greywacke (Middle Miocene), and Vanuamai siltstone (Upper Miocene),
each several hundred feet thick. The sequence is conformable and well bedded and
contains abundant reef deposits and coral debris. Correlated beds extend as far
north as Yule Island. Other Miocene rocks without formafion names are Lower
Miocene coralline and foraminiferal limestone and calcareous tuff at Dareeba hill
and Redscar Head, and Upper Miocene strata at Oiapu, where 1200 ft of limestone
overlies 600 ft of mudstone. This limestone is largely coralline with some hard
calcareous sandstone and shelly foraminiferal grit and conglomerate.
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(ii) Srructure—The contact of the Boira tuff and limestone against the Port
Moresby group is a throst fault, but that between the Siro beds and the Port Moresby
group has not been observed. All Miocene beds have been folded into moderate to
steep anticlines on north-west axes, but faulting is not important. A peosyncline
shown on the A.P.C. isopach map probably continued south-eastwards about 40
miles off the present coast, which was then a hinge-line zone of littoral and reef
deposition. Areas to the east of Boera and north-west of Kapa Kapa may have
been land throughout the epoch. Volcanism was important in the south and in some
areas adjacent to the survey area, but did not much affect the sediment composition |
in other places.

(c) Pliocene

Voleanic plateaux in the upland zone comprise thick deposits of andesitic
agplomerate and [ava which grade westwards to tuffaceous sandstone and conglomerate
and finally to thin-bedded tuffaceous limestone in the Palipala hills. Palaeontological
control is generally lacking, and the position of the Plio-Pleistocene boundary is
completely unknown.

{i) Stratigraphy—The Sogeri Plateau is formed of a sheet of thick-bedded
agglomerate, conglomerate, and lava of bhasaltic to andesitic composition with
interbedded basic tufl in a sequence up to 1500 ft thick with dips less than 10°,
Erosional peaks of the Uberi land systern which stand above the plateau north and
south of Subitana appear to be a product of related but more localized volcanic
activity. Rocks similar to those of the Sogeri Plateau form an apron along the entire
north backing range from the Vanapa River to beyond the Akaifu River. Dips are
low towards the south-west and are thought to be mainly depositional. Thickness
attains 10,000 ft in places. 'The age of these rocks can only be estimated as between
Upper Miocene and Lower Pleistocene inclusive.

* The Palipata hills are composed largely of a Phiocene sequence 5000 ft thick
dominated by thin-bedded gritty sandstone with fine conglomerate, sandy shale, and
calcareous silt. These are mainly volcanic-derived continental deposits but there is
some reefl coral near the base. The volcanic component increases towards the east
until in Vanuamai area the strata consist of tutfaceous calcareous sandstone inter-
bedded with basic lapillitic tuff, laharic conglomerate, and rare basaltic lava, These
in turn grade into agglomeratic rock.

(ii)- Structure—Except near anticlinal axes in the Palipala hills, there is a
considerable decrease in the degree of deformation of Pliocene strata as compared
with those of the Miocene. Even so, the warping and faulting which have occurred
on north-westerly or northerly axes have given rise to considerable tectonic relief.
The undulating terrain and accordant crests of low hills of the Sogeri Plateau probably
represent a depositional surface without significant depositional dip, providing a
reference plane from which to gauge subsequent tectonic movements. This surface
has been warped into a D-shaped basin, with the straight side rising at 3° to 7°
through 1500 ft to the Astrolabe Range in the south-west, and the other sides rising
at 1° to 6° towards outlying plateau remnants, some of which are more than 2500 ft
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above the centre of the basin. In the remainder of the survey area much of the
warping responsible for the presence of the major depositional basins and the three
areas of coastal hills must also have occurred at this time.

Contacts between Pliocene and older rocks are almost or quite conformable
in the north-west, but are strongly unconformable in the south-east, where there is
a considerable stratigraphic gap. Most of the area covered by Pliocene deposits
previously had emerged above sea level, and the coastline lay close to its present
position.

(d) Pleistocene

Raised coral reefs of Pleistocene age, consisting of a thin veneer of coral cover-
ing benches from 10 to 50 ft above present sea level, are prominent on the west coast
of Yule Island and on the coast west of Hisiu, and also occur near Port Moresby.

(e) Recent

Deposits that post-date the last major sea-level change (the Flandrian trans-
gression) cover 409, of the area. Detrital material derived mainly from the moun-
tainous hinterland, and ranging from boulders to clay, is being laid down and re-
worked by fluvial and littoral agents at a rapid rate. As a result, peaty deposits are
significant only in the broadest swamps. Fringing and barrier coral reefs extend from
Hall Sound southwards.

IIT. TECTONIC SUMMARY

From the Cretaceous period to the Pliocene the area was a scene of geosyn-
clinal activity, with apparent pauses in deposition in the Lower and Middle Eocene
and Lower and Upper Oligocene. The axis of marine deposition moved towards the
west about the beginnming of the Miocene, leaving the coastline not far inland from
its present position. Large-scale basic intrusion occurred after deposition of the
Eocene tocks, and basic volcanism was present throughout, with shifting centres of
activity, concluding with prominent, largely terrestrial, outpouring in the Pliocene.
Folding on north-west to north-north-west axes is present in all formations, the
intensity increasing with age, and post-Pliocene transverse warping is evident,

TV. GEOLOGY AND LAND SysTEmMS

The disiribution and characteristics of the land systems have been strongly
influenced by two geological factors: lithology, which determines the resistance of the
rocks to exogenic geomorphic agents as well as influencing soil formation and vegeta-
tive growth, and degree of structural deformation, here closely related to the age of
the rocks, which determines the degree of destruction of initial geomorphic forms.
Relationships between geology and land systems are set out in Table 15.

The depositional zones of the area comprise 22 land systems occurring on
undeformed Recent deposits, grouped mainly by depositional environment in Table
15. These are discussed fully in Part VI. Tsiria land system represents the most
extensive area of Pleistocene coral reef.
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In the erosional zones lithology and structure are basic to zonal contrasts.
Land systems in the coastal hill zone show a pattern of strike ridges and vales related
to steeply dipping, alternate resistant and non-resistant beds, except in the north,
where relief follows primary anticlinal structures. Land systems of the foothill and
upland zones are formed either on young little-disturbed volcanic rocks or on older
rocks without marked expression of structure, The relief contrast between the foothill
zone and the apland zone is due to the greater post-Pliocene uplift towards the main
range of New Guinea,

Pliocene volcanics (Plate 10, Fig. 1} underlie 10 land systems characterized
by warped or undisturbed constructional surfaces with conscquent drainage, elevated
areas having greater internal relief and steeper slopes, Uberl land system stands apart
from the rest, being an area of erosional mountains (Plate 11, Fig. 2). Anticlinally
warped and folded Pliocene sedimentary deposits underlie Quou and most of Palipala
land systems. The northern part of Nikuraland system is transitional between volcanic
and sedimentary phases,

Pokama land system, part of Hanuabada land system near Redscar Head, and
the higher coastal part of Palipala land system comprise long strike ridges formed
on Miocene limestone, which also makes up the ridge element in Diumana land
system. Undulating structural lowlands on Miocene sandstone and mudstone pre-
dominate in this land system as they do in Fairfax, a large part of Nikura, and the
western part of Ward land systems (Plate 4, Fig. 2). In the extreme south-east of the
area parts of Kopu and Rouna land systems include closely dissected hills of Miocene
volcanic rock without marked expression of structure.

Similar dissected hills are formed on some tuffaceous sediments of Cretaceous—
Palacogene age in XK.opu and Edebu land systems, but elsewhere, as in Ward, Bomana
Creek, and part of Nikura land systems, these sedimenis underlie erosional plains
and foot slopes in sirike vales. Prominent long strike ridges of cherty rocks of similar
age dominate Hanunabada, Tovobada, and Kabuka land systems. The largest ridges
and hills of the area, apart from those on volcanic plateaux, are on phyllites (Plate 9,
Fig. 2) in lawarere land sysiem and gabbro with sedimentary remnants (Plate 9,
Fig. 1) in Rouna, Dubuna, and part of Nikura land systems. The north-westerly
structural trends of these rocks is discernible only in the major landscape features.

V. EconoMic GEOLOGY

No minerals are at present of economic importance in the area, but several
have shown promise in the past and may yet prove valuable. Information used
in this section was assembled by Mr. L. Hamilton of the Bureau of Mineral Resources,
Geology and Geophysics.

(a) Copper

A proclaimed field of 1000 sqg miles mainly in Rouna and Dubuna land systems
of the gabbroic southern foothills contains lodes of pyrite~-chalcopyrite ore associated
with lenses of sediment of the Port Moresby group. Other minerals present include
marcasite, sphalerite, and galena. When production ceased in 1942, 31,000 tons of
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ore had been extracted, averaging 4-5% copper and 2-6 dwtfton of gold with some
siiver. Reserves have been estimated as far exceeding 250,000 tons, and further
prospecting is planned.

(b} Manganese

The cherty sediments of the Port Moresby group, which occur in Hanuabada
and Kopu land systems and, to a lesser extent, in Kabuka and Bomana Creek land
systems, contain high-grade pyrolusite, assaying as much as 86 % manganese dioxide.
The deposits take the form of beds, laminae, pockets, and disseminations associated
with cherts and “chocolate mudstones”. Production, mainly from the Pandora
mine, near Kapa Kapa, ceased in 1961 after nearly 2000 tons of ore of batiery grade
had been won.

{c) Gold

As well as that associated with copper ore, gold has been obtained from time
to time at lawarere, east of the Sogeri Plateau. Tt appears to come from veins in the
folded phyllitic rocks of the area.

(d) Construction Marerials

The use of rock and sand in construction is limited by high transport costs,
and a further difficulty is that the widespread cherty rocks react chemically with
cement and are therefore useless as concrete aggregate. Limestone is commonly
used for this purpose, and limestone, gabbro, and chert are used for road surfacing.

(e) Water

The scarcity of water in the dry season over the coastal hill zone has limited
settlement there but only locally has there been serious effort either to store rain-
water or stream-flow or to tap ground water, which may be expected at shallow
depth in many areas.
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PART VI. GEOMORPHOLOGY OF THE PORT MORESBY-KAIRUKIJ
AREA

By I. A. MaesuTT*

I. INTRODUCTION

This Part aims to provide an understanding of the geomorphoiogy of the
land systems. It names the main environmental zones and their constituent sectors,
so establishing a regional framework for discussion of the land systems. This is
foliowed by a brief geomorphic history and by a stalement of the geomorphic prin-
ciples upon which the land systems have been grouped. Finally, the land systems
are described in erosional and depositional classes, with further grouping by environ-
mental zones and on the basis of land forms.

No detailed geomorphic account of the area has been published previously,
although there is mention of land forms in many of the geological reports referred
to in Part V.

II. REGIONAL (GEOMORPHIC IDESCRIPTION
(a) General

The survey area embraces the coastal lowland along most of the eastern shore
of the Gulf of Papua and extends for short distances into the outer parts of the main
range of New Guinea. The coastal lowland is about 20 miles wide in the north of
the area, but in the southern third it narrows to less than 10 miles where the Sogeri
Plateau- forms an upland salient. The survey area here reaches furthest into the
uplands and aitains 3600 ft above sea level in the east.

The environmental zones described in Parts 1T and III are essentially geo-
morphic zones, with characteristic land forms and geomorphic processes. The
zones are mainly not continuous and fall into sectors by virtue of discontinnities
of relief or depositional patterns, so giving rise to the break-down set out in Table 16
and shown in the geomorphology map,

(B Erosional Surfaces

(i) Coastal Hill Zone.—This is a strike belt of parallel ridges and lowlands,
mainly less than 10 miles wide, and it occurs in three sectors: the Palipala hills in
the north, the central hills between Hall Sound and Redscar Bay, and the southern
hills extending southwards from Redscar Head. These are separated by swamps
and depositional plains. Ridges are more developed in the seaward half of the
zone, which corresponds to an anticlinal belt, and erosional lowlands mark a corres-
ponding tectonic depression on the inland side. The lowlands are generally less
than 150 ft above sea level and the ridges are mainly less than 500 ft high, but relief
locally attains 900 ft. Tn detail, the position of the coastline in these sectors is deter-

* Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T.
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mined by strike ridges of resistant rock, principally of cherty limestone, and the
shores are generally rocky and steep, with south-facing embayments where the coast
transgresses {ocal fold axes, as it does near Port Moresby.

Steep offshore gradients, broken only by the barrier reef platform, suggest a
faulted coast, whilst the north-west to south-east trend of the coastline is controlled
by Cainozoic fold axes. Coastal submergence, accentuated by post-glacial recovery
of sea level, is indicated by the embayed coastline near Port Moresby and by the
way in which the steep slopes of the island-like coastal ridges in the north of the
area plunge beneath the Recent deposits of the littoral plains. Signs of prior emer-
gence are strongest in the south, in the wave-cut benches at more than 100 ft above

TABLE 16
GEOMORPHIC ZONES AND SECTORS OF THE PORT MORESBY-KAIRUKU AREA
Zone Sector Zone Scctor
Erosional surfaces Depositional surfaces
Coastal hill Palipala hills Fluvial plains Northern plains
Central hills . Upper Dilava plains
Southern hills Aroa plains
Foothill Central foothills Southern plains
Southern foothills Swamp Northern swamps
Upland North backing ranges Lower Dilava swamps
Sogeri Plateau Southern swamps
South backing ranges Littoral plains Lesi Inlet
Halt Sound
Redscar Bay

sea level on headlands near Port Moresby, and in an extensive uplifted marine plain
on Fairfax station. A raised reef and marine platform also flank the coast further
north, between Hall Sound and Redscar Bay, although here not more than 50 ft
above sea level, The coast is reef-fringed south of Hall Sound, with a barrier reef

up to 10 miles wide south of Boera and up to I5 miles wide and apparently sunken
further north.

(ii} Foothil! Zone—1In two areas the coastal hill zone connects inland with ridges
and hills which form a foothill zone, transitional to the uplands in relief, climate,
and drainage characteristics. The most important sector of this zone is the southern
foothills, which extend southwards from the Veimauri River and form a selvage to the
Sogeri Plateau. Further north, the central foothills form an interrupied line between
Hall Sound and Galley Reach. This zone lies mainly between 200 and 1500 ft, but
attains 3200 ft in the Astrolabe Range escarpment, and therc is a wide range of
relief, mainly up to 1000 fi.

(iii) Upland Zone.—The coastal lowland is backed by uplands into which the
survey area extends generally less than 10 miles and which are here termed the backing
ranges. The north backing ranges, north of the Vanapa River, consist of ridges
or plateau strips rising inland. The south backing ranges are prominent mountain
ridges, formed largely in metamorphic rocks, drained by the Goldie and Musgrave
Rivers. The third sector of the upland zone is the Sogeri Plateau with its prominent



108 I A. MABBUTT

west-facing escarpment culminating in the Astrolabe Range. Much of this zone
lies above the 1000-ft contour, and most of the Sogeri Plateau is between 1500 and

2500 ft; relief attains 1500 ft locally.

(¢) Depositional Surfuces

There are two main areas of depositional plains in the coastal lowland, one
extending north and south from Galley Reach and a second northwards from Hall
Sound. Together, these account for half the extent of the coastal lowland, the remain-
der being the coastal hill zone. Three main zones can be recognized, namely fluvial
plains, swamps, and littoral plains.

(1) Fluvial Plains Zone—The inner margin of the depositional plains is gen-
erally less than 100 ft above sea level, and the major streams, on emerging from
their upland valleys, have formed lobate plains in four main sectors. The most
extensive are the northern plains, which comprise two lobes formed by the Akaifu
and Angabunga Rivers. In sequence southwards are the upper Dilava plains, the
Aroa plains, and the extensive southern plains formed by the Veimauri, Vanapa,
Brown, and Laloki Rivers. These relatively stable alluvial surfaces are traversed
by meandering rivers in unstable flood-plains.

() Swamp Zone.—RBeyond the lower margins of the fluvial plains, and to some
extent ponded by them, are extensive swamps. The Jargest are the northern swamps
lying inland from the Palipala hills and extending between the lobes of the northern
plains, with an outlier on the south flanks of the northern plains. Further south, the
swamps are smaller and comprise the lower Dilava swamps, draining to the Aroa
River, and the southern swamps, which receive drainage from the southern plains.

(i) Littoral Plains Zone—The depositional lowlands reach the coast in a
littoral plains zone comprising beaches, tidal flats, and estuaries. The largest sector of
these littoral plains forms the shores of Redscar Bay and is centred on Galley Reach,
a large tidal inlet which transects the coastal lowland. A second sector, in Hall
Sound, consists mainly of a former delta of the Angabunga River. The third sector
is around Lesi Inlet in the extreme north.

TT1. GEOMORPHIC HISTORY

Although cold land surfaces have little significance for the land systems, this
brief history is included to link the geclogic and geomorphic records and to show the
significance of tectonic events in the relief of the area.

Any consideration of the evolution of land forms in the Port Moresby—Kairuku
area must first treat the nature of the surface underlying the terrestrial Pliocene
volcanic deposits and their original extent, In the south of the area, the agglomerates
rest on a fairly even unconformity which is 700 ft above sea level near Rouna Falls,
but north of the Vanapa River the base of the Pliocene fails sharply beneath the level
of the plains. The south-westward fail of ridge and plateau crests in the north backing
ranges represents the constructional volcanic surface, and there can have been little
subsequent deformation there save for the marginal down-warp which formed the
northern swamps and caused the incision of consequent streams on the former voleanic
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plain. 1n conirast, there has been important uplift and basin-warping of the Sogeri
Plateau, where the deformed constructional surface is still expressed as a crest accord-
ance, between 1600 and 2600 ft above sea level,

In the north of the survey area, the western limit of terrestrial volcanic deposi-
tion is set by the contemporary deposits of the Palipala hills, which are marine in
part. In the south, some indication of that limit is given by the contrasting land
forms within the gabbroic belt which borders the volcanic plateau, for similar rocks
form both the southern foothills and part of the lowlands further west. The higher
ground of the southern foothills is probably the result of a former protective cover
of agglomerate and of participation in the uplift of the Sogeri Plateau, whilst the
adjacent coastal hill zone may well have escaped burial during the volcanic episode.
An argument in support of this is that many foothill ridges rise to the level of the
base of the adjacent agglomerale, as if altaining a stripped former surface of uncon-
formity.

West of the volcanic cover, the onset of subaerial erosion as indicated by the
youngest marine rocks may have been Upper Oligocene in the southern hills, upper-
most Miocene in the central hills, and Pliocene in the Palipala hills, i.e. progres-
sively later north-westwards, '

In peneral, available relief within the coastal hill zone is tectonically determined,
with an important watershed in a coastal anticlinal belt and with descent inland
towards a synclinal axis marked by swamps and fiuvial plains (see insets on accom-
panying map). However, primary tectonic land forms sensu stricto are limited to the
more youthfully emergent Palipala hills, where anticlines form distinct ridges; in
the sounihern and central hills there is closer adjustment of land forms to lithology,
with paired uniclinal ridges formed by resistant limestones in breached anticlines.
This is consistent with longer subaerial denudation in the south, but there is little
land-form evidence, such as summit planes, of early stages in this history. Minor
evidence is the transverse drainage through lower ridges in the southern hills, which
is consequent on the flanks of the coastal anticline and which may have been inherited
from an up-arched plain.

An important advanced stage of planation is represented in the erosional
lowlands of the southern and central hills, and this is discussed more fully below,
This planation surface has been Glted up towards the south, for it is generally more
than 100 ft above sea level in the southern hills and descends to within 50 ft of sea

fevel in the central hills sector, an unequal uplift alsc reflected in the altitudes of marine
benches and raised coral reefs on its margins.

Dissection of these plains has resulted from the combined effects of uplift and
of custatic regression, but has been succeeded by deposition resulting from the ensuing
Flandrian transgression. The distribution of Recent deposits, both marine and
terrestrial, reflects the older tectonic disposition of relief in that the inner syncline
has been extensively drowned and is now an area of alluviation, but superimposed
on this pattern are the efiects of cross-warping, with down-warps about Galley Reach
and northwards from Hall Sound. The latest depositional episode has also been one
of coastal progradation, and land forms marking the maximum post-glacial trans-
gression, such as cliffed slopes and inner beaches, may now be some miles inland.
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These innermost beaches reveal no evidence of tectonic deformation. Successive beach
ridges and intervening tidal {flats point to an intermittent progradation, probably
refated to the eustatic fluctuations of sea level known elsewhere to have occurred in
later post-glacial time.

IV. GEOMORPHIC PRINCIPLES OF LAND SYSTEM GROUPING

In a geomorphologically young area such as this, with a range of dynamic
environments, the major geomorphic contrasts and affinities between land systems
can be adequately expressed in terms of formative processes and resultant land
forms, and chronologic interpretations have lesser value. On these bases, the chief
division must be that between the land systems of the erosional and depositional
Zones.

Among the erosional land systems, the most important characteristics are
relief and landscape stability, which in turn express structure, climate, and relief
energy as controlled by tectonic movements, Division into the three zones—coastal
hill zone, foothill zone, and upland zone—brings out the most important contrasts.
Further grouping of the erosicnal land systems is necessary because of geomorphic
differences within these zones. Each scctor of the upland and foothill zones con-
tains a peomorphically distinct group of related land systems, but the sectors of the
coastal hill zone are more heterogencous and the land systems of this zone are grouped
as ridges, lowlands, and minor alluvial plains, irrespective of the sectors in which
they occur.

Among the depositional land systems, each zone shows a range of geomorphic
conditions which have provided a basis for land system mapping and grouping and
which largely cut across tlie sector pattern. For instance, land systems in the littoral
zone are grouped under three settings, namely beaches, tidal flats, and estuaries, and
sectors serve merely as locality references.

Table 17 gives the geomorphic grouping of land systems followed in this Part.

Y. EROSIONAL SURFACES

() Coastal Hill Zone

Despite a variety of land forms, the geologic and climatic unity of this zone
gives it geomorphic character. Moderately to steeply dipping sedimentary rocks of
differing hardness, although nowhere massively resistant, form ridges and aligned
hill complexes of modest dimensions separaied by broad strike lowlands. The ridge-
builders are cherts and some hard limestones, whilst the lowlands have been eroded
mainly on a variety of mudstones. A fairly low scasonal rainfall results in a morpho-
genetic regime of savannah type with ephemeral streams, akin to that of northern
Australia, Parts of the landscape show a stability unusual in New Guinea, with land
forms, surface deposits, and weathered profiles inherited from an earlier landscape
cycle.

The land systems which make up the coastal hill zone are here treated under
three headings: ridges, lowlands, and minor alluvial plains,
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(i) Ridges.—The relief-building rocks are generally not sufficiently massive
or resistant to impose simple structural forms, and each ridge tends to be the expression
of a number of harder and softer beds. Free rock faces, apart from coastal cliffs,
are small or lacking, structural benches are also insignificant, and hard rock outerop
is mainly limited to bouldery chert bands on ridge crests and upper slopes. The
softer interbedded rocks, which consist largely of fine-grained rocks such as mud-
stone and marl, break down uniformly to fine-textured regoliths; hence ridge pro-
files tend to be smooth and crests to be rounded. Relief is mainly less than 500 ft but
exceeds 800 ft exceptionally.

Nevertheless, structure is definitely expressed in relief, and the characteristic
form is the strike ridge with a somewhat rectilinear dip slope and a concave escarp-
ment steepening to about 27° and becoming rectilinear in its upper part. The escarp-
ments are typically shallowly embayed by parallel primary valleys with open alcove-
shaped heads lacking channels and more narrowly incised lower sectors which tend
to open out on foot slopes. A short basal concavity connects the lower hill slope fo
the foot slope, which is characteristically less than 5°.

These stated maximum slopes may be exceeded by 5° in areas of strong relief,
but slopes exceeding 32° are mainly restricted to upper valley heads, where small
slump scars and terracettes result from restricted mass movement on argillaceous

rocks during the wet season. The valley below normally has a thin stony filt derived
from slope wash, into which a small channel is incised,

Most of these sedimentary rocks are chemically stable under the prevailing
climate; furthermaore, being fine-textured, they are impermeable. Run-off is increased
and weathering penetration reduced, so that the effects of seasonal aridity are height-
ened. Loosened but little-altered rock lies near the surface on most hill slopes.
The thin regoliths are generally dry, and mass movement is subordinate to slope
wash as shown by the paucity of true colluvium at the base of hill slopes, by the
general adjustment of slope angles to struclure, and by rough stratification of foot-
slope mantles unrestricted to streamlines. In general, hill slopes exhibit an abrupt
basal concavity, even in intersiream sectors, and give place to smooth, concave Toot
stopes which are commonly mantled with wash deposits in their lower parts.

Tovobada land system (Plate 3, Fig. 2), consisting of prominent rounded
ridges and hills up to 1000 ft high, has the strongest relief in this group of land sys-
tems. The crest-building cherty limestone is here underlain by thick, relatively
weak mudstone which is subject to extensive terracette slumping, with larger-scale
slumping in steep valley heads.

Hanuabada land system (Plate 3, Fig. 1) comprises the coastal ridges, largely
of cherty limestone, which extend throughout the southern hills. On coastal salients,
wave attack at present and former higher sea levels have directly or indirectly formed
cliffs or extremely steep scree-strewn slopes. Between these headlands are narrow,
sloping alluvial plains.

Resistant folded limestone in Pokama land systewm (Plate 4, Fig. 2) gives rise

to paired ridges with fairly pronounced structural control and with local development
of steep free faces on upper escarpments,
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Kabuka land system consists of close-set parallel low rounded ridges built
of mudstone with cherty bands, broken in many places by transverse drainage from
adjacent higher ground. There is an unusually thick residual mantle of cherty brash
on its moderate slopes, which has been extensively stripped for road-making near
Port Moresby, and which is tentatively regarded as a truncated weathered profile
inherited from an earlier period of higher rainfall.

Two land systems in this group stand apart in that they exhibit less structural
alignment of major relief, being largely formed of uniform soft-weathering rock,
and consist mainly of branching ridges and subconical hills rather than of simple
strike ridges. Palipala land system, in the Palipala hills, has a coastal belt of resistant
limestone which forms high strike ridges with chevron spurs separated by straight,
steep-sided valleys which may partly result from spring sapping. The ridges give
place intand to lower hill country eroded in fairly soft sandstone, with minor lime-
stone benches. Kopu land system, in the southern hills, is formed mainly on tuffaceous
mudstone, locally deeply weathered and subject to terracette slumping on steep
slopes. Both land systems are characterized by dense dendritic drainage with deeper
primary valley re-entranis than elsewhere in the coastal hill zone, and with some
development of alluvial plains in larger valleys,

(iily Lowlands.—These land systems range from moderately or gently undulating
open plains to dissected and undissected foot slopes, and they are formed on a variety
of weak, mainly fine-grained, sedimentary rocks. Some include minor ridges which
resemble units in land systems of the preceding group. Most of them record a land-
scape history of prior planation, subsequent dissection of amounts generally less than
50 ft, and present-day slow alluviation.  The former plains were mainly subaerial, but
uplifted marine planation surfaces and coral reefs are included.

Erosional surfaces of slight relief rising with smooth, genfle concavity to steep-
sided inselbergs have elsewhere been postulated as typical of margins of savannah
plains, where they are fashioned by slope wash and characterized by the movement
of fine-textured alluvinm (Biidel 1957). Prior to their dissection the lowlands of the
coastal hill zone provided extensive examples of such piedmont land forms; however,
there is no trace of smoothed wash plains of deeply weathered rock claimed by
Biidel to be typical of extensive lower parts of savannah plains. Relics of a ferru-
ginous duricrust are widespread on older surfaces in the lowlands of the central
hills sector, and stable foot-slope mantles in the southern hills have undergone
limited lateritic weathering, but fresh rock generally lies close to the surface. The
original plains were thinly but extensively masked with detritus, like the savannah
plains of western Sudan {Dresch 1953), but here of much coarser grade; in particular,
the foot-slope mantles of the southern hills have the calibre, rough sorting, and lack
of stream alignment typical of sheei-flow deposits. Erosional and depositional
features alike leave little doubt that pediplanation has operated in the past in this
zone. Tricart and Cailleux (1955) have postulated that savannah landscapes in
general are polygenetic in the sense that they all bear the marks of pediplanation
during semi-arid episodes in the Quaternary. The extensive foot-slope deposits in the
southern hills, which are no longer heing added to, haye probably resulted from the
mobilization of hill-slope mantles, which has been attributed to siope instability
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resulting from change to a drier climate and with it the thinning of a formerly stabilizing
vegetative cover (Butler 1959). The older, i.e, pre-dissection, lowlands of the coasial
hill zone are accordingly regarded as ihe result of planation under a subhumid
climate, with drier phases indicated by pediplanation, slope wash, and related deposits,
and wetter phases associated with moderate chemical weathering.

Shallow but extensive dissection of the former savannah plains has resulted from
uplift which was most marked in the southern hills and slight in the central hills. Uplift
of the order of 100 ft is indicated by the dissection of strike vales near Port Moresby
and by the altitude of the marine abrasion plain on Fairfax station. The raised coral
reef and marine abrasion platform which flank the central hills nowhere exceed 50 ft
above sea level, and dissection in the plains further inland is generally less than this.

Regressive erosion is locally active, as at the south end of Jackson’s Airport,
Port Moresby, but in general the main phase of dissection has ended and has been
replaced by deposition of fine-textured alluvium in the slightly entrenched valleys.
The nature of this alluvium points to an existing regime of slow erosion of hill slopes
cut in fine~-textured sedimentary rocks. However, the alluvial clays are commonly
underlain by coarser-textured deposits, such as are now being formed in higher valley
reaches, indicating an upstream encroachment of fine-textured alluviation and a
general decline in erosion. In accord with this evidence, hany of the underloaded
streams have incised their channels to bed-rock, and high steep banks are the rule.
An alluvial fill between 10 and 15 ft thick is generally revealed.

This history is reflected in the build of the lowland land systems, which include
extensive flattish interfluves or gentle foot slopes, steepened interfluve margins, and
shallowly entrenched, small drainage plains.

In much of the lowlands the prior plains and foot slopes were broadly and gently
undulating rather than flat, as shown by gentle slopes on interfluves, and partial
modification of such surfaces has accompanied later valley incision. For these reasons
the interfluve crests now differ in stability, with stable surfaces generally sloping at
less than 3°, and modified surfaces, ranging from 3° to 6°, subject to slight sheet
erosion. Duricrust cappings on low flat rises indicate an interfluvial lowering of up to
10 ft in some areas. In the land system descriptions these stripped crests are grouped
with the interfluve margins, which mainly range from 6° to 10°, although steeper
locally owing to structure or stream undercutting, Severe sheet erosion and gullying
were observed on many such slopes, particularly along tracks.

In all these lowlands the streams are ephemeral and mainly small, originating
on the strike ridges of the preceding group of land systems. Drainage patterns are
dendritic on the open plains and subparallel on foot slopes, and drainage density is
moderately close although the larger streams receive few lateral tributaries. This is
indicative of high run-off, much of it as sheet-flow from fairly long gentle slopes on
retatively impermeable rock.

Tairfax land system consists of a dissected uplified marine plain which rises
inland to 100 ft above sea level on Fairfax station. The higher inner part is divided
by narrow entrenched valleys into low plateaux, the lower part is moderately undulat-
ing, with shallow, open, unchannelled valleys and with remnants of a coral reef on
its broad interfluves.
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Diumana land system has been formed by very close dissection of foot slopes
and plains, partly on calcareous rocks; its inferfluves are rounded rather than flattish,
and its side slopes are steeper than usual. It contains limestone ridges similar to
but smaller than those of Pokama [and system.

Bomana Creek land system typically consists of short cherty ridges and extensive
foot slopes and undulating plains,

Nikura land system {Plate 4, Fig. 2) consists mainly of the extensive slightly
dissected plains in the central hills sector, but it alse includes dissected foot slopes in
the southern hills.

Ward land system comprises relatively stable foot slopes below ridges of sili-
ceous rock in the southern hills, The lower parts of the concave slopes refain an
inherited mantle of slope-wash deposits as described above, whilst the upper parts
may be erosional and may locally pass into low spurs. Drainage is very shallowly
incised across these slopes and may fan out and become ill-defined in the lowest parts.
The land system is continued up-valley as low gravel terraces of the Laloki River,

Ouou land system is the narrow coastal plain, formed mainly on soft calcareous
rocks, which extends southwards from Delena in the central hills. It is an uplifted
marine platform, now slightly dissected and with a low marginal bluff.

Tsiria land system is an uplifted coral reef with a featureless surface save for a
few shallowly entrenched valleys.

(iil) Minor Alluvial Plains—The alluvial black clay plains of the southern
hills have been mapped as Boreko land system (Plate 5, Fig. 1). It occurs in strike
vales inland from Port Moresby, as small valley plains further south, and as a narrow
coastal terrace, probably of marine origin, south of Papa. The fine-textured alluvium
which predominates is derived locally from small ephemeral streams, many of them
ill-defined, but the land system also includes larger perennial streams from the
southern foothills, with small flood-plains of silty alluvium. The plain margins may
be sloping and are generally well drained, but the main parts of the land system are
poorly drained and may be flooded seasonally.

(6) Foothilt Zone

This is a transitional zone between lowlands and uplands. The lower boundary
is lithologic—the western limit of a pronounced agglomeratic facics in the central
foothills and the Timit of gabbro outcrop in much of the southern foothills. Altitude
and relief generally increase castwards within the foothill zone, and the inner boundary
has been placed where consequent increase in rainfall is significantly expressed in
soils and in vegetation. The foothill zone is absent in the north of the area, where the
uplands fall abruptly to the coastal plain.

Certain zonal characteristics can be recognized. With lesser lithologic con-
trasts, strike orientation of relief is less marked here, and broad cuestas or hill com-
plexes replace the aligned narrow ridges of the coastal hill zone. Increased rainfall
and chemically less stable rocks result in deeper weathering in the higher parts. With
increasing relief comes a tendency towards steeper hill slopes, with maxima generally
above 35° and commonly exceeding 40° in valley heads, and slopes generally exhibit
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more uniform steepness in this zone. The thicker weathering mantles, which are wet
for longer periods, are more mobile. Slumping occurs on a larger scale on valley
heads and sides, and a colluvial apron is commonly found on lower hili slopes, par-
ticularly in weiter environments.

Increased rainfall and relief lead to finer-textured drainage, with an associated
multiplication of secondary spurs and ridges separated by narrow V-shaped valleys.
The slopes are traversed by numerous parallel gullies, but although the slope
re-entrants are deeper than in the coastal zone they tend to be partly choked with
colluvium, and primary channels are poorly developed. Valley flats are small or very
small, and are confined to the largest valleys; some are ill drained as a result of block-
age through over-abundant colluvial supply. Streams above second order are gen-
erally perennial in this zone.

(i) Land Systems of the Central Foothills—The rocks here consist of gently
folded agglomerate, conglomerate, lava, and tuff, with resistant volcanic agglomerate
more developed eastwards. In the west, these rocks give rise to broadly undulating
terrain with minor escarpments, and further east to higher ridges, trending north-
westwards with the regional strike, and with prominent, fretted, west-facing escarp-
ments. The basic volcanic rocks are mainly red-weathering, with stone-free clay
mantles on the tuffaceous rocks and with shallower bouldery mantles on agglomerate.

The latter top the escarpments and are prominent on ridge crests, whilst stone-free
surfaces characterize lower dip slopes.

Aropokina land system forms the highest foothills, with prominent ridges and
many rock faces and small, structurally controlled, gently sloping ridge crests. It
coniains only very small strike valley plains, some of them ill-drained.

Diulu land system comprises the broadly undulating terrain with minor escarp-
ments forming the lower part of these foothills. )

Kanosia land system, where the central foothills meet the head of Galley
Reach, is formed mainly on soft tuff. It contains relatively extensive plains which
probably represent a former marine erosion surface; these pass inland into low
rounded hills.

(iiy Land Systems of the Southern Foothills—These land systcms are formed
mainly of gabbro, which weathers uniformly into a dark sandy clay passing down-
wards into loosened rock. They consist of branching ridges and hills between 500
and 1500 ft high, with narrow rounded crests, long straight upper slopes commonly
attaining 40°, and short, concave lower slopes locally dissected into spurs. Closely
spaced, parallel gullies, quite deeply recessed, are particularly characteristic of these
slopes. Slump scars are very common on over-steepened sectors, but slopes up to
45° may be guite stable. The ridges and hills become more massive and higher east-
wards, and the minor valley plains die out.

Rouna land system (Plate 9, Fig. 1) consists in part of the escarpment spurs
below the Sogeri Plateau, and includes the agglomerate cliffs above (Plate 10, Fig. 1).
These sheer rock faces, broken by vertical joint clefts, have yielded enorimous rock falls
to the slopes below, which otherwise resemble Dubuna land system. Rouna land
system also comprises massive gabbroic ridges of the higher parts of the foothills
north and south of the escarpment zone,
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Dubuna land system comprises the western, lower foothills, with minor promi-
nent ridges and cliffs formed by hard crystalline limestone.

Edebu land system, consisting of closely branching lower ridges and hills
formed on softer metamorphosed tuff, forms a narrow north-western extension
of the southern foothills,

{c) Upland Zone

Changes in land forms and morphogenesis which appear with increasing altitude
and rainfall in the foothill zone here find fuller expression. Weathering and stream
flow are intensified, and the landscape regime is one more {ypical of New Guinea as a
whole. :
Much of this zone is underlain by gently dipping volcanic rocks, including more
resistant agglomerate which may appear little weathered in steep rock faces and
benches (Plate 10, Fig. 1), and tuff and lava which weather more readily into deep
red clay. The agglomerate may occur in a massive horizon, as in the Astrolabe
Range, or may be thinly intercalated with more weatherable rock.

Heavy rainfall, impermeable regoliths, and generally steep slopes result in high
run-off expressed in dense drainage nets which are commonly pinnate, with very
closely spaced, parallel primary valley re-entrants on hill slopes. All but first-order
streams are perennial,

The characteristic land forms are branching ridges, generally massive and
fairly high, but the zone includes low hilly terrain in the centre of the Sogeri Platean.
Slumping is common on slopes exceeding 30°, on a small scale in valley-head alcoves
on low ridges and more extensive in areas of high relief, where it is combined with
falls from rock faces. The effectiveness of mass movement is shown by colluvial fills
in primary gully re-entrants and by increasing development of colluvial aprons; in
cleared areas it is reinforced by slope wash and may lead to blockage and poor
drainage in minor valleys.

Massive agglomerates form prominent cliffs in areas of streng erosion and
[ocally build small plateaux, whilst constructional volcanic surfaces are connnon in the
north backing ranges. The valleys are mainly narrow, with negligible plains.

(i) Land Systems of the North Backing Ranges—These consist mainly of
parallel ridges which rise and increase in massiveness north-eastwards, where they
may unite info plateau strips. The main ridge-builders are agglomerate beds, which
form low rock faces on upper slopes. Accordant ridge crests, plateau remnants, and
simple drainage patterns of parallel valleys reflect the original form of a volcanic
sheet in this area.

Maribol land system comprises the more massive higher ridges and plateaux,
whilst Rubberlands land system consists of branching lower ridges with minor flood-
plain extensions from adjoining lowlands.

(ii) Land Systems of the Sogeri Plateau.—7The basin structure of the plateaun is
reflected in its major relief, with an inner lowland drained by the upper Laloki River
and Eworogo Creek, and with peripheral higher ground culminating in the Astrelabe
Range to the west. The lowland continues as a narrow tongue eastwards along the
Eworogo valley past Subitana.
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The inner lowland lies mainly between 1600 and 2000 ft and consists of close-
set, accordant, rounded ridges up to 150 ft high and a dense pinnate pattern of ill-
drained valleys. In the south it passes into broadly undulating terrain east of the
Laloki River. There is a discontinuous flood-plain with low alluvial terraces along
Eworogo Creek, where incision is prevented by resistant agglomerate down-stream,
but the Laloki River is more narrowly incised. The lowland coincides with a north-
west-trending strike belt of deep-weathering volcanic rocks preserved within the
structural basin upstream from the protective nick-point of Rouna Falls and the
rapids above,

- Sogeri land system forms the western part of the lowlands, and Subitana land
system is the somewhat higher and wetter eastern part.

The high ground west of the lowlands, forming the back slopes of the Astrolabe -
Range, constitutes most of Vouku land system. There is a fall of between 300 and
600 ft per mile from the crest of the range at 3200 ft to the Laloki River, and it is
essentially a dip slope with consequent valleys incised fairly consistently between 100
and 150 ft into weathered volcanic rock, exposing the underlying agglomerate in
cliffs on lower valley sides. Between the incised valleys the eastward-descending spurs
are broader and stepped in the higher parfs, narrowing to ridges in the dissected
lower slopes. The resistant rocks end in benches and cliffs overlooking the left
bank of the upper Laloki River, which generally follows their eastern limit as though
shifting down-dip. Locally, however, the river meanders in porges through the
resistant agglomerate, having been superimposed from the softer rock cover.

Vouku land system also includes small tabular summits formed by outliers of the
agglomerate in the south backing ranges east of the Sogeri Platean, as at Gereby HillL

The higher plateau rim east and north-east of the inner lowland forms Owers
land system. In pari, the greater altitude and dissection may reflect the greater peri-
pheral uplift of the structural basin, but the resistant agglomerate is also more in
evidence, and large blocks of it cap many ridges.

(iii) Land Systems of the South Bucking Ranges—A bell of phyllites extending
from the Veimauri River southwards behind the Sogeri Plateau to the limit of the
survey area forms the south backing ranges. These are mainly mapped as Iawarere
land system, and consist of fairly short massive ridges, roughly orientated north-west
to south-east and meeting in pyramidal summits (Plate 9, Fig. 2). Lower areas of very
close dissection occur along strike belts of softer rock, and the upper Musgrave
River and its flood-plain terraces at Iawarere occupy such a belt. Generally, even the
main rivers such as the Goldie occupy narrowly incised, winding valleys. These
inaccessible ranges were visited only near lawarere, where the steep rectilinear slopes

were seen {o be mantled with clays, with only minor outcrop of little-weathered
rock on ridge crests.

Ubeii land sysiem occurs along the upper Goldie River where a gorge has been
cut in remnants of an agglomerate cover. It comprises cliffs of agglomerate and the
steep slopes to the river below, mantled with agglomerate blocks; the small plateau
summits above are included in Vouku land system. It also forms the ranges east of
the Sogeri Plateau, namely the Iarivoro and Moatinumu Ranges. These confain
massive narrow-crested branching ridges with high cliffs of agglomerate.
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VI. DEPOSITIONAL SURFACES
(a) Fluvial Plains Zone

This zone, which contains the chief arcas of deposition by the large perennial
rivers draining from the uplands, occurs as lobate plains about the main valley exifs,
extending up to 15 miles from the upland border, with gradients mainly between
1:500 and 1 : 1000. All the alluvia are geologically young, as shown by the clear
traces of the prior rivers which deposited them and by the immaturity of the soils
formed from them.

In the upper seciors, that is, within 5 miles of the upland margin, the alluvium
is commonly less than 20 ft thick and bed-rock may appear in bank sections; maxi-
mum thicknesses in lower sectors are unknown.

The chief distinction is that between the stable plains, subject to partial flooding
but not liable to fluvial reworking, and the unstable fiood-plains, which are directly
affected by the frequent shifts of meandering channels and by concurrent deposition
and erosion.

(i) Land Systems of the Stable Pluins _

(1} Red Clay Plains—Alluvium derived lgcally from the volcanic rocks of the
north backing ranges typically weathers to a red clay, which may be stony. Inaukina
land system is defined as red clay plains resulting in part at least from alluviation by
minor streams, and it generally survives in piedmont tracts between main river outlets.
Stream channels tend to be fairly deeply incised into the plains, suggesting that they
are relatively old, formed with a base level higher than the present one. Drainage of the
plains is poor, partly by virtue of their irregular and impermeable surfaces, subject
to flooding from main rivers as well as from ephemeral local streams, parily because
local streams have commonly been blocked as a result of alluviation by the larger
rivers. Narrow dendritic swamps in blocked valleys are typical of Inaukina land system.

(2} Olive Silty Clay Plains.—The other land systems in this group are mainly
formed of a cover of uniform olive-coloured alluvium of silty clay grade, with sandy
layers restricted to prior channel tracts as identified by microrelief and by air-photo
patterns. This aliuviam originates in schist and igneous and quartzose rocks in the
ranges beyond the survey area. It is formed mainly by over-bank deposition behind
[evees, and clays or humic clays of prior back-plain swamps are rare. The chief
differences between these iand systems arise from liability to flooding, water-table
levels, and the degree of preservation of former flood-plain features such as prior
channels and back-plain depressions,

Relatively the highest, driest, and presumably mast stable sector is the Aroca
plains, which attain about 15 fi above the normal level of the Aroa River. They have
even surfaces of low gradient, broken only by the shallow winding depressions of
prior channels. The largest of these connect the Aroa near Keviona with the forested
depression south-west of Madabaira village and hence with the tidal outlet at Manu
Manu, and probably mark a former course of the Aroa River. Despite their height,
however, the riparian tracts are flooded annvally for short periods, and extensive
inundation of the plains occurs at longer intervals, for the soils are everywhere
mottled, although without water-tables,
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Keviona fand system comprises the higher inland plains flanking the Aroa River,
whilst the seaward margin falls into Pinu land system. The latter is complex, being
partly of littoral origin. East—west bandings on the air photographs are identifiable
on the ground only in the lowest parts, where low sand-beach rises flank the depres-
sion south-west of Madabaira mentioned above as a possible former estuary, Seasonal
flooding occurs extensively along the lower margin, where a line of clay pans near
the mangrove edge marks a possible branch of the prior estuary. The fluvial plains
have clearly extended into the littoral zone here, largely burying a former beach plain;
the lowest parts are still reached by extreme high tides, whilst the land system includes
the tidal back-plain of the lowermost Aroa River,

A somewhat less stable phase of the fluvial plains is represented by a group of
iand systems flanking the Angabunga River in the northern plains. Former channel
tracts and prior flood-plain features such as levees, back slopes, back plains, and
swamps are well preserved and give variety to the land systems. The abandonment
of its lower course by the Angabunga River in 1956-57 was the latest of many changes,
and air-photos show that the river has ranged over a fan-shaped tract up to ¢ miles
wide, with its apex at the head of the plains near Inawauni. As shown by comparison
with the shallower prior channels, the river has cut down slightly in the centra!
part of the inner plains, which are generally between 10 and 15 ft above normal
river level and which are no longer subject to significant looding from the main stream;
in contrast, the south-western parts of the plains are mainly not more than 5 ft
above normal river level and are potentially less stable. In consequence, the zone of
river change is at present downstream, Major changes of course, as distinet from mean-
der shifts, result from breaching of levees and can be regarded as adjustiments towards
increased gradient. For instance, progradation of the river mouth in Hall Sound had
resulied in decreased river gradient prior to the 1956-57 change, and the new course
offered a more direct and steeper outlet.

The innermost and presumably the oldest and most stable parts of the northern
plains are represented by Bebeo land system, which occurs mainly near the apex of
the plains. Epo land system is a downstream continuation, although at a higher
level relative to the water-table. Characteristically, these land systems consist of
meander tracts with prior channels of two types. The first are well preserved and
continuous, locally with distinct low levees, and with some permanent or seasonal
standing water, and they may still function periodically as flood channels. They
form tracts of stratified clay, silt, and sand. The second are less distinct and are
usually marked by broad low banks of loose sand. The banks generally lie on the
north side of east-west-trending channels {i.e. on the lee side relative to the dominant
southerly winds) and apparently result from wind-piling of former channel and levee
sands—a process hardly reconcilable with present-day climate and vegetation cover.
Both types exhibit meanders comparable in amplitude and frequency with those of the
present Angabunga channel. The better-preserved prior channels occur in lower-lying
situations with shallow water-tables, mainly near the outer parts of the plains, and
are hence more subject to Hooding from tributary or back-plain drainage. They are
more typical of Bebeo land system, whilst the sandy type is better represented in
Epo land system,
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The lower-lying plains between Bebeo and Epo land systems are represented
by Beipa land system. This consisis mainly of back plains subject to cxtensive sea-
sonal flooding and locally -swampy.,

Babiko land system is mapped along the recently abandoned channel of the
Angabunga and is defined as the area affected by lowering of the water-table by
amounts up to 15 ft following the change of course in 1956-57. It includes extensive
back plains and dried-out back swamps, for this was the relatively low-lying, younger
part of the plains. Prominent paired levees have confined tidal encroachment to the
old river channel.

Vekabu land system, which occupies most of the sounthern plains, remains
extensively forested and details of flood-plain morphology do not appear on air-
photos. It appears to represent a less stable phase of the stable plains in that it is
extensively flooded during the wet season, not only from main rivers, like the Brown
and Vanapa, but also from many intermittent streams from the southern foothills.
Only islands of higher ground then remain dry. The upper part of the plain is less
mature than the plains further north, as is shown by thinper alluvium (between 5
and 15 ft in the bank sections of the Brown and Vanapa Rivers) and by the general
occurrence of sand and gravel at little depth.

Flooding is particularly severe near the foothills, where lateral swamps have
formed through blockage of minor valleys by alluviation from a prior channel of the
Vanapa River, traceable as a series of oxbows leading to the swamp zone. The
oxbows occupy a relatively low-lying tract between the Brown and Vanapa Rivers,
subject to severe flooding.

Piunga land system consists of the lowest-lying parts of the stable plains and'is
subject to general seasonal flooding. Tt generally borders the swamp zone, as along
the lower margin of the southern plains, but it also occurs as small piedmont back-
plain margins of higher fluvial plains (as near Inawauni), where it is subject to flooding
from intermittent side streams, and in such situations it is partly formed of red alluvial
clays derived from volcanic rocks. Well-drained sites in Piunga land system are
resiricted to. terraces of large rivers.

(i) Land Systems of the Unstable Plains.—The main unstable flood-plainshave
been included in Vanapa land system (Plate 8, Fig. 1), which naturally embraces a
wide range of flood-plain dynamies and land forms. Features in common are shifting
channels, lower parts subject to frequent floods and to alternate erosion and deposi-
tion, more stable higher flood-plains, and minor back-plain depressions and swanips.
Changes of river courses are indicated by oxbows and by prior levees.

All the perennial rivers rise in the uplands. They range from the Angabunga
and Vanapa, with upland catchments of up to 1000 sq miles, mean discharge of
4000 cusecs,* and mean annual flood discharge of 15,000 cusecs, to the Veimauri
and Laloki, with mean discharge of about 1000 cusecs. In the upper flood-plain
sectors discharge is variable, with spates of short duration throughout the year,
although more frequent and larger in the wet season., Over-bank flooding of riparian

* All stated discharges are approximate,
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tracts is generally of short duration and may occur only at intervals of a year or more,
but the plains may be inundated throughout each wet season. Large back swamps
tend to equalize discharges in lower sectors.

The flood-plains of Vanapa land system fall into valley, upper plains, and lower
plains reaches, with contrasts resulting from differences in gradient and regime.
The valley flood-plain, which may extend a mile or so into the open plains, is typically
a steeply bounded river flat up to 1} miles wide, with a gradient of about 1 in 250.
The channel is slightly braiding rather than meandering, and channel shifis form
large elongate gravel islands. The channel tends to be irregular, with gravel banks and
fordable rapids alternating with deep pools, and it is normally less than 75 yd wide,
although it may attain 150 yd during floods.. There is generally a low or shelving
bank to an uneven, possibly swampy flood-plain with low banks and flood channels,
These features are well exemplified by the Avoa River.

The upper plains reaches, with gradients between I in 250 and 1 in 1000, account
for most of Vanapa land sysiem, and comprise the tracts of shifting meanders. The
degree of meandering varies from strong, as in the Angabunga River, which has a
meander belt up to 11 miles wide, to moderate as in the Laloki River; meander
wave-lengths follow general laws, being 10 to 15 times channel width {Leopold and
Wolman 1957). The meanders occupy a flood-plain which may be entrenched up to
10 ft below the stable fluvial plain. Where meandering is strong, the lower part of the
flood-plain is dominated by its effects, with meander scrolls, discontinuous levees,
and oxbows, as in the Angabunga below Inawauni, all these feétures'being subject to
destruction and replacement as the meanders shift (a comparison of air-photos from
1939 and 1957 indicates meander shifts of between 10 and 15 ft per annum in the
Angabunga). Where meandering is less strong, as in the Laloki River, the river is
flanked by an uneven lower flood-plain with multiple levees and flood channels. The
banks here are almost everywhere steep, and not alternately steep and shelving as in
the Angabunga. : .

Tn the lower plains reaches, with gradients less than 1 in 1000, the river tends
to build itself’ above the swampy or seasonally fooded land systems which flank it.
During floods the river maintains its flow through standing water—conditions which
favour the growth of prominent, continuous, paired levees. These eventually restrict
the frequency of over-bank fleoding, aided by the regulatory effects of adjoining
swamps which act as recharge and discharge reservoirs, and the channel may be
narrower and more contained here than upstream, as demonstrated by the recently
abandoned Angabunga channel. Under these conditions meander shifts become less
important, but the relatively high-lying river course becomes potentially unstable and
eventually crevassing of the levees occurs, resulting in major changes of course as
in the Angabunga River in 1956-57. The former lower course of the Angabunga
(now Babiko land system) represented the completion of such a process. The new
channel, with low levees and frequent flooding of adjoining back plains, represents
an early stage, as do the lower Biaru and Brown-Laloki Rivers. These lower plains
reaches commonly fraverse the swamp zone and constitute outliers of the fluvial
plains zone.
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(0 Swamp Zone

Swamps arc here defined as areas with permanent or seasonal standing water,
The greater extent of swamps in the north of the area reflects increasing emergence
southwards in the coastal lowlands, upon which cross-warping is superimposed, with
structural depressions in the area of Galley Reach and in the north of the survey area.
The sectors of the swamp zone may hence be regarded as incompletely filled parts of
tectonic depressions. 1n the north, swamps extend unbroken from the npland foot to
the coastal hills, but furtber south they are restricted by lobes of the fluvial plains, and
they eventually end in small lateral swamps in valley embayments of the southern hills.

Permanent swamps predominate, but areas of open water are small. From their
forms, lakes can generally be explained as effects of prior drainage, the lines of which
are generally traceable on air-photos. Such lakes include oxbows and abandoned
channels, lateral levee lakes, arcuate scroll lakes, back-plain and meander-core lakes,
and lakesin blocked tributary valleys. Lakes formed in old river channels normally have
steep banks, whereas back-plain lakes have shelving shores subject to seasonal shifts,

The swamps are largely blocked by fluvial deposits and are extensively subject
to flooding from main streams; hence they are greatly influenced by river levels.
They play an important role in the hydrology of the coastal lowlands in that they
receive flood waters from main rivers and from their own feeder streams during the
wet season, whilst reverse flow may occur at times of low river level, and in this way
they moderate discharge in the lower sectors of the rivers. Seasonal variations in
water levels of between 3 and 6 ft are common in swamps.

Some larger swamps connect directly with estuarine land systems of the littoral
plains zone, but this is not an important distinction in the differentiation of land
systems.

The swamps are areas of clay deposition from still water, with silty alluvium
in deltas of influent streams and in levees of through-going channels. Organic con-
tribution to swamp sediments is small, except in sago swamps.

In land-system grouping, differentiation has been made into mainly permanent
and mainly seasonal swamps, with corresponding differences in amounts of through
drainage and in resultant land forms. Channel tracts generally form higher, season-
ally dry ground, and swamps with such elements represent a more advanced stage in
swamp infilling.

() Mainly Permanent Swanps.—Waigani land system comprises swamps with
very few organized river channels (Plate 5, Fig. 2). It is very extensive in the northern
swamps, but is elsewhere restricted to back swamps on the margins of fluvial plains
or to depressed areas within higher-lying swamps. It contains most of the permanent
lakes. There is much evidence of prior rivers, now disorganized and submerged,
suggesting a subsequent rise of water level; this may locally be explained by continu-
ing upbuilding of an alluvial barrier, but sea-level rise andfor coastal shifts may be
responsible where the swamp connects directly with the sea. :

Two swamp land systems are characterized by through-going river channels
and by subsequent land-unit differentiation befween levee and back swamp, In
Engepa land system, which occupies an elongate depression befween the Akaifu and
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Inawafunga Rivers, the riverine element is limited to a very small tract. In Akaifu
land system the riverine element varies from small in the lower Dilava swamps to
moderate in the northern swamps along the Akaifu River. Seasonal swamps are also
relatively more extensive in these two land systems.

(i) Mainly Seasonal Swamps.—These higher-lying marginal parts of the swamp
zone consist mainly of back plains of large rivers, Biaru land system occurs on the
seaward margin of the zone, upstream from the estuary reach of the Biaru River,
and its back-plain swamps range from freshwater to brackish downstream, with small
mangrove flats in the lowest parts, Doura land system, on the inner margin of the
southern swamps, consists largely of back plains which are only periodically flocded.
It is traversed by the Brown-Laloki channels and there is much evidence of former
river courses such as prior levees and oxbows.

{c) Littoral Plains Zone

(i) Beaches.—Complexes of sand beach ridges, mapped as far as possible into
Hisiu land system, occor on many open coasts. Under the prevailing south-east
winds the coast receives a strong southerly swell which abates with the short north-
westerly season, from December through March. Beach drift on open coasts is north-
wards, but is moditfied by variations in exposure or in coastal trend; on sectors pro-
tected from the south, for example, as on the north shore of Redscar Bay and on the
coast south-east of Cape Possession, which are in lee of Redscar Head and Yule
Island respectively, drift is easterly or south-easterly. Maximum feich is mainly
from the south-west, and beach orientation is accordingly north-west to sonth-east
or north-north-west to east-south-east. The present beaches are gently sloping,
formed of medium and fine sand with triturated coral and shell. Prevalent winds
are onshore, and a low, irregular foredune is typically present. A fringing coral reef
occurs as far north as Yule Island, where it ends, probably owing to the combined
effects of increasing turbidity towards the head of the gulf, unconsolidated founda-
tions, and coastal instability near the large river outlets,

The beach complexes occur as beach plains, compound spits, or barrier beaches.
A fine example of a beach plain occurs on the north shore of Redscar Bay, where
favourable conjunction of south-westerly exposure and abundant sediment from
Galley Reach has resulted in coastal progradation of almost 3 miles, with between
25 and 30 evenly spaced, parallel sand ridges. The ridges are most prominent near
the present shore, where they may atiain a height of 5 f, and are generally more
subdued inland, locally passing into sand plain. Size grading of the sands on the
crests of ridges indicates some sorting by wind, and the ridges must be regarded as
joint products of beach formation and foredune growth, whilst continuing modifica-
tion by strong south-casterly winds may account for the more subdued form of
older ridges inland.

Sand spits are well developed in the former embayment at Lesi Inlet, where three
north-west-trending spits have formed, separated by mangrove flats. Each spit
typically consists of from one to three beach ridges with recurves. Barrier beaches

are exemplified on the south shore of Redscar Bay, where former rocky islands have
been tied to the land.
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The larger rivers tend to be deflected by beach extension, but commonly breach
the beach barriers, and many of the tidal inlets are old river outlets; Lesi Inlst, for
instance, was a former mouth of the Biaru River. Where lesser drainage has been
ponded by beach growth, small, mainly seasonal freshwater swamps have formed, and
these are included in Hisiu land system.

Only on the coast north of Pinupaka Point has important coastal erosion
occurred in Hisiu land system, and this is seen in the truncation of beach ridges near
Waima (Plate 2, Fig. 2}, bringing the beach swales under tidal influence.

(i) Tidal Flats—The main occurrence of tidal flats is in former embayments
behind protective barrier beaches and spits, as in Redscar Bay and Lesi Inlet, and
in the naturally protected Hall Sound in the former delta of the Angabunga River.
The flats may attain 5 miles in width in these arecas. There are smail examples of open
tidal flats on protected prograding coasts as at Delena. At the land system level, the
chief differences relate to frequency and depth of tidal inundation. The tides are
semi-diurnal with a range of from 5 ft at ordinary spring tides to 2 fi at neaps. The
flats range from below low water-springs to the extreme upper limit of tidal penetra-
tion.

Sediments within tidal flats show a transition from the outer coast, where
wave scour and tidal currents arc capable of moving the finer materials and where
depaosits are sandy, through a range of intermediate textures in protected tidal flats,
to mainly clay deposits in the highest areas of shallow inundation and quiet water.
Silts are important only where there has been deposition from rivers,

Aggradation has not been a continuouns and simple process in the littoral plains
zone, and land-unit patterns are complicated by the occurrence in the flats of stranded
beach ridges, many of them almost obliterated by tidal deposition. Such flats are
small chenier plains. Further, most of the larger areas of tidal flats also serve as river
outlets, and tidal regimes and aggradational patterns are complicated accordingly.

Observations in this area support the general view that mangroves colonize
areas naturally subject to aggradation; they are not initiators of sedimentation although
they subsequently hasten its rate through the trapping effect of their roots. Crabs are
important in the reworking of tidal sediments and the evolution of microrelief, and
crab-built miounds are increasingly prominent from mean sea level up to high-water
mark, culminating in closely spaced platforms up to 4 ft high and 5 yd across (Plate 1,
Fig. 2), with a maze of interconnecting tidal leads,

Drainage is by tidal crecks, which taper gradually inland, the lower sectors
being particularly funnel-shaped. This represents an equilibrium form, adjusted to
increasing tidal discharge seawards. Tidal scour is considerable at creek outlets,
for currents up to 3 knots are common here, and may be stronger where reinforced
by river flow. The creeks meander like the rivers of the area, and many of the meanders
have in fact been inherited from rivers, Creek meanders show the same relationships
to channel width and are subject to growth and shift in the same way as river meanders,
as indicated by erosion of mangrove flats on concave banks. Levees are unimportant,
however, for over-bank fiooding is associated with the quiet advance of the tide and
not with flood currents; for this reason meander intercepts are not sealed off and
interconnecting creeks remain active. i
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Galley Reach land system (Plate 1, Fig. 1) comprises the main tidal flats below
high-water mark and dominates most of the areas of widespread mangrove develop-
ment,

Lesewalai land system consists of higher tidal flats, mainly above high water
of ordinary tides and extending to the limits of tidal influence. It tends io lie inland
from Galley Reach land system and is also characteristic of smaller areas of restricted
tidal ingress behind beach barriers. Its tidal creeks are smaller and less organized.
A feature of Lesewalai land system, even in its highest parts, is transcurrent, stranded
beach ridges, commonly forming subdued sandy rises and swales, elsewhere shown
only by alternation of sandy and clayey sediments. The overlying sediments may be
fiuvial locally, as near Rapa, but in so far as they are lagunal they probably indicate a
slight positive movement of sea level.

The unusual occurrence of Lesewalai land system on the open coast south of the

Angabunga River mouth is due to coastal recession and the destruction of protective
beaches.

Kido land system is the highest of the main areas of tidal flats, situated behind
barrier beaches in the south of Redscar Bay (Plate 1, Fig. 1). FElats below high-water
mark are here restricted to the margins of characteristic tightly meandering creek
systems, and the highest intercreek areas are bare salt flats reached only by the highest
tides. Their arcuate patterns indicate that they may have originated as levees of the
Laloki River, a foriner course of which can be traced across many stranded beach
ridges to within two miles of the present coast. The evolution of the littoral plains
has hiere been complex, with an earlier phase of littoral progradation and fluvial
deposition followed by renewed lidal invasion, with present creek and mangrove
patterns partly adjusted to and partly {ransgressive of the former river pattern. The
tidal invasion may be explained in part by the northward shift of the river, but a
positive movement of sea level is indicated by the burial of beach ridges benecath
lagunal clays in the north of the land system.

On the embayed reef-fringed coast of the southern hills sector, beach ridges
and tidal flats occur in narrow littoral complexes mapped as Papa land system. In
the protection of the reef, mangroves may colonize the sandy outer tidal fiats,. Where
the coast is steep, only the outer flat and beach units are present; the lagunal inner

flats occur only in lowland embayments, comnionly with an inner beach ridge marking
an older shore.

(iiiy Estuaries.~—The term is used to designate channels subject to interaction of
tidal and river flow. Levees may extend downstreamn well info the tidal zone, even
below high-water mark, flanked by lower-lying back plains which are truly tidal and
which drain away independently through creek systems. The back plains show the
interaction of flooding from the main channel and of tidal effects, and there is a range
downstream from freshwater swamps inland to increasingly saline {lats near the coast.

Nipa land system represents such an estuarine setting, It is almost wholly
below high-water mark, and tidal influences predominate in the back plain. It occu-
pies the tidal reaches of the Brown-Laloki Rivers and extends as back plains to the
heads of the major tidal inlets on either side. It also comprises the lowermost reach
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of the Biaru River and the flats to the north which mark a former river outlet. Increas-
ing importance of littoral processes downstream is reflected in a transition from
silty sediments inland to sandier deposits near the coast.
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PART VII. SOILS OF THE PORT MORESBY-KAIRUKU AREA
By R. M. Scott*
I. GENERAL FEATURES

This Part is based on field observations supported by chemical analyses,} the
field and laboratory pHs showing good agreement. The chemical analyses given with
some of the soil family descriptions are based mainly on one or two samples and
therefore must be taken only as a guide,

The soils show a marked variation in pedogenesis within the area. In the
moderate 1o high-rainfall areas, pedalfer weathering prevails, and the consistence and
base exchange capacity of the soils suggest that they are dominated by I :1 clay
minerals. In the lower-rainfall areas, the soils show a greater affinity with the under-
lying rock and tend to exhibit pedocal weathering. Their consistence and cation
exchange capacity suggest that they are dominated by 2 : 1 ¢lay minerals. This range
in rainfall is reflected in the percentage saturation of cations of the soils, those in the
higher-rainfall areas being excessively leached in contrast to those of the lower-
rainfall areas, which are moderately to fully saturated.

Along the coast and in estuaries the soils are greatly influenced by wind and
by wave and tidal action, which generally give rise to sandy and saline soils,

The alluvial soils show a textural relationship to their source. Those derived
from volcanic and sedimentary rocks are fine-textured, while those derived from
metamorphic rocks, which mainly occur outside the area, show a textural range
from sand to clay according to the land form. A similar relationship has been noted
by Andriesse (1960). Some of these soils are subject to tidal influence, while others
undergo varying degrees of freshwater flooding,

There is a close relationship between soil families and land forms, as is well
shown in the land unit descriptions in Part 111, The correlation between vegetation
and soils is mainly apparent at soil group level, where both vegetation and soils
reflect differences in drainage, droughtiness, or tidal influence. However, af family
level within a group the correlation is often not so apparent.

The organic content of the soils throughout the area is generally low.

II. SoiL CLASSIFICATION

The soils have been separated into [3 groups (Table 18) based on profile form
and drainage, each group showing the effects of enviromment and genesis. These
groups have, in turn, been separated into families based mainly on texture, colour,
and soil reaction.

Descriptive names have been used for the soil groups and for the regosols
and lithosols at family level. The remaining families have been given place names.
No aitempt has been made to relate these soils to those found elsewhere.

* Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T.
1 The chemical analyses were carried out by the Royal Tropical Instilute, Amsterdam.
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TaBLE 18

SOIL GROUPS AND FAMILIES IN THE PORT MORESBY--KAIRUKU AREA

Soil Group

Family

Beach soils

{la) Grey fine sands
(15} Brown fine sands
(1¢) Grey sands

Mangrove s0ils

(2a) Grey sandy peats
(2b) Grey loamy peats
{2¢) Grey clayey peats

Intertidal alluvial soils

(3a) Grey to brown silty clays
(3b) Brown sticky clays
(3¢} Grey silty clays

Very poorly drained alluvial soils

(4a) Grey sticky clays
(45} Grey loams
(4¢) Relic olive silty clays

Lmperfectly drained alluvial soils

(5a) Alkaline olive grey silty clays
(5b) Neutral olive grey silty clays

(5¢) Alkaline olive grey stratified soils
(5d) Neutral olive grey stratified soils
(5¢) Alkaline grey sticky clays

(5f) Neutral grey sticky clays

(5£) Acid brown clays

Moderately well-drained alluvial
s0ils

(6a) Alkaline olive silty clays

(66) Neutral olive silty clays

(6¢) Alkaline olive stratified soils

(64) Neutral olive stratified soils

{6e) Alkaline/neutral clive stratified soils
{6f) Alkaline olive brown sands

{6g) Neutral olive brown sands

(65} Neutral relic grey silty clays

(6/) Alkaline relic olive grey stratified soils

Dark cracking clay soils

(7a) Boroko
(7h) Jackson
(7¢} Inapi

Lithosols

(8a) Alkaline dark lithosols
(86) Neutral brown lithosols
{8c) Neutral red lithosols
(84) Acid brown lithosols

Acid red to brown clay soils

(%a) Diulu
(95) Sogeri
(9¢) Uberi
(9d) Tiviki
(9e) Koitaki

Red gravelly clay soils

(10a) Nebire
(108) Bom

Brown clay soils

(I1@) Fairfax
(i1&) Bomana

Texture-contrast soils

(i2a) Ouou
(126) Ward
(12¢) Nikura
(12d) Laloki

Alkaline reddish clay soils

{13)” Obu
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II1. DESCRIPTIONS OF THE MAJOR Soi. GROUPS AND SOIL FAMILIES

The terminology used in the foilowing descriptions is that of the United States
Department of Agriculture (1951). All scil colours refer to the moist condition
and are those defined in the Munsell colour charts. The scil descriptions are all based
on auger sampling, and therefore the structure of the subsurface horizon in many
cases could not be properly observed.

(1) Beach Seils.—These sandy regosolic soils owe their genesis to both wave
and wind action. They have been subdivided into three groups based on colour
and profile development which reflect age, stability, and water-table relationships,
which vary with distance inland. They cover about 50 sq miles in the littoral plains
Zone.

(1a) Grey Fine Sands.—These consist of uniform grey, loose, fine, wind-sorted
sand which becomes motiled at depth, They have not developed an A horizon and
are very unstable, fine sand continually being added to or removed from them.
They occur on foredunes and are alkaline throughout; the depth at which mottling
appears depends on their height above high-water mark, the higher foredunes being
excessively drained.

(1B Brown Fine Sonds—These account for more than 209 of the beach
soils. Like the grey fine sands they are of uniform texture thronghout bui differ in
that they are stable enough for profile development to have begun, as demonstrated
by a weak A horizon and by the browner colour. They consist of up to 12 in. of
black to dark brown, loose granular to weak crumbly fine sand overlying dark
greyish brown to olive brown, loose, structureless, fine sand, The scil reaction of
the surface soil is neutral to very strongly alkaline, and the substratum is usually
very strongly alkaline. These soils are greatly influenced by the water-table, since
it controls the drainage and its associated mottling as well as the soil reaction at the
surface. The drainage varies from excessive to poor, the poorly drained soils being
highly motiled and very strongly alkaline to the surface. In the vicinity of the water-
table the soil becomes grey. Brown fine sands occur on inner beach ridges and
sand plains, mainly in Kido and Hisiu land systems, the sand plains possibly being
beach ridges which have been levelled by wind action,

(1c) Grey Sands—These consist of grey loose variable sands with frequent
shell fragments, and are regularly inundated by tides. They occur on the outer
beach, and the fine sand fraction is removed by wind during low tides. White sand
derived from coral was seen locally, but the occurrences were so small that they have
been included in this family.

(2) Mangrove Soils.—These soils cover about 120 sq miles, mainly in the
littoral plains zone, and are characterized by a subsurface mangrove peat layer con-
sisting mainly of a fibrous root mass, and by an absence of leaf litter despite the
dense foliage above. Another feature of the soils is that they are worked by crabs.
These workings vary from mounds of about 4 ft in height to small craters around
crab-holes. The mounds, which are most prominent on mid-tidal flats, are con-
tinnally being added to (Plate 1, Fig. 2), and therefore each tide must gradnally
erode them or they would have grown out of all proportion. This mound-building
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constitutes a mixing of the soil material since the soil texture on the mounds is similar
to that in the intervening depressions. This mixing may well be the mechanism for
the burial of the peat layer and the reason for the absence of leaf litter. Alternatively,
the leaf litter may be washed out by each receding tide.

All the mangrove soils are inundated by the iide in varying degrees, and all
are therefore poorly drained. They have been separated into three families on a
textural basis with sandy peats on the coast and loamy and clayey peats in turn
inland. This textural differentiation could be the result of littoral sorting on crab
workings. Those soils nearer the coast are subject to greater wave action and tidal
influence than those of the inland families, with the removal of the finer fractions.

(2a) Grey Sandy Peats—These have up to 2 ft of very dark greyish brown,
loose loamy sand to sand, with varying amounts of shell fragments, overlying man-
grove peat. The sand fraction varies fram fine to coarse. The crab warkings are of
the small crater type which are demolished with each tide. This family occurs on
cuter tidal flats in Papa land system, and has an area of about 25 sq miles.

(2b) Grey Loamy Peats—A dark greyish brown to grey, massive, mottled,
sandy loam to sandy clay loam overlies mangrove peat at a depth varying from
12in. to 14 in. The transition between the upper layer and the peat appeared in most
cases to be abrupt, although a transitional loamy peat layer was occasionally noted.
The crab workings here are of the mound type, being up to 4 ft high, and cover up
to half the land surface. Grey loamy peats are found on tidal flais behind beach
ridges and are covered at high tide by 3-4 ft of water. They are the most extensive
of the mangrove soils and cover about 60 sq miles, mainly in Galley Reach land
system and to a lesser extent in Kido and Nipa land systems,

(2¢) Grey Clayey Peats.—These have a dark grey to dark greyish brown,
massive mottled sandy clay from 18 to 36 in. thick overlying mangrove peat. The
boundary between the upper horizon and the peat may be diffuse, and in many cases
the peat layer is mixed with some sandy clay. Crab mounds in this zone range up
to 3 ft high, but may be absent. In areas of only occasional tidal inundation these
mounds are stable, with a vegetative cover over them, and are low and rounded and
presumably have been abandoned by the crabs. These soils occur on innermost
tidal flats, where tidal inundation is shallow and confined to very high tides. They
cxtend over about 50 sq miles, mainly in Galley Reach land system, but also as
small areas in most other land systems of the littoral plains zone.

(3) Intertidal Alluvial Seils.—These alluvial soils are subject to tidal influences
and are typically saline. They cover about 50 sq miles.

(3a) Grey to Brown Silty Clays.—A dark greyish brown to dark grey, massive
mottled silty clay passes into an olive brown to grey, mottled silty clay at between
8 in. and 12 in., the grey colour being caused by a high water-table at depths varying
from 18 in. to 36 in. There may be an abrupt transition at varying depths to an
olive brown to grey, fine sand to sandy clay horizon which represents buried beach
ridges or swales. These buried layers are a result of coastal or river changes. This
family is subject to inundation by occasional very high tides and is very strongly
alkaline throughout. It occurs on alluvial tidal flats in Lesewalai and Kido land
systems, and has an extent of about 25 sq miles.
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(35) Brown Sricky Clays.—A black to very dark greyish brown, angular
blocky sandy to heavy clay with prismatic surface cracking merges into a dark brown
to dark greyish brown, prismatic, mottled, sandy to heavy clay between 6 in, and 12 in.
The soil colour becomes grey in the vicinity of the water-table. Some of these soils
may pass abruptly at varying depths into sand or sandy loam, representing buried
littoral deposits. Many of these soils have a very thin surface layer about § in. thick
which curls up from the edges of the cracks when the soil is drying and which eventu-
ally becomes detached when dry.

These soils are subject to inundation by very high tides as well as occasional
flooding from the land. They are very strongly alkaline throughout and occur in
pans or depressions, some of which could be former lagoons, in Kido land system and
to a lesser extent in Papa land system.

(3¢) Grey Silty Clays—These have 6-12 in. of a dark grey to dark greyish brown,
massive motiled silty clay loam to silty clay above a dark grey massive mottled silty
clay loam to silty clay. Often a fibrous root mat is preseni at depth, but this is not
nearly so pronounced as in the mangrove soils. They are neutral throughout and
occur in estuarine tidal flats and back plains, mainly in Nipa land system. They
are inundated at each high tide by a mixture of fresh and sea water, or by fresh
water during flooding of the river. A thin brown surface mud deposit is a frequent
feature.

(@) Very Poorly Drained Alluvial Soils—These alluvial soils are characterized
by being permanently waterlogged. They have been subdivided into three families
based on fextural differences. The group covers about 280 sq miles, mainly in the
swamp zone.

(4a) Grey Sticky Clays.—These consist of grey to dark grey massive sticky clays
which may or may not be mottled. In some sites gleying was apparent at depth. A
surface peaty layer of varying thickness may occur, with composition varying from
a raw fibrous root mat to a peaty clay. These soils have all been sampled at swamp
fringes in various depths of water and this may account for the absence of or poor
development of a peat layer since there is always the possibility that the areas sampled
may dry out at times. They are neutral and have about 90%; saturation with total
exchangeable metal ions of about 25 m-equiv. per 100 g. Exchangeable calcium and
magnesium are the dominant cations, the latter tending to be greater. The organic
matter is about 1-5%. They occur in swamps and river cut-offs and a deposit of clay
is added to these depressed areas with each river flooding. They are by far the largest
family in this group, being very extensive in Waigani, Akaifu, and Engepa land sys-
tems.

(4b) Grey Loams—These consist of a grey massive mottled sandy loam to silt
loam which may become very sandy at depth, These are again neutral throughout
and occur on aggrading river banks, stabilized by a grass vegetation, in Doura and
Vanapa land systems. They are continually being added to as the vegetation traps
the fine sand and silt held in suspension by the river.

(4¢) Relic Olive Silty Clays.—A dark grey, massive mottled silty clay overlies
a dark greyish brown to olive, massive mottled silty clay. They are neutral throughout
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and occur on formerly dry back plains in Vanapa land system which have become
permanently flooded owing to a change in river course. Deposition of clay takes
place with each river flooding. The soils retain the olive colour of a former drier
environment, but they will gradually become grey, like the other swamp soils.

{5} Imperfectly Drained Alfuvial Soils.—These soils, which cover about 300 sq
miles, are frequently inundated by rivers for short periods or throughout the wet
season, with deposition taking place with each flood. Because of the level terrain,
run-off is comparatively slow and there is a tendency fo pond, Many of these soils
have a water-table within 4 ft of the surface during the dry season. In the first instance,
they have been separated on texture, which shows a close relationship with Iand form.
Bach of these textural classes has been subdivided at family level according to soil
reaction, those inland being neutral to slightly acid while those near the coast are very
strongly alkaline. There is no abrupt boundary between the neuiral and alkaline
families, but a gradual change which may extend over a mile. The source of this
alkalinity is thought to be cyclic salt, since the presence of a strong en-shore wind for
nearly the whole year and the occurrence locally of a coral reef close to the shore,
favouring the generation of surfspray, would appear ideal for transport of cyclic salt.

(5a) Alkaline Olive Grey Silty Clays—A dark grey o dark greyish brown,
massive to weak crumbly silty clay varying in thickness from 2 in. to 18 in. merges-
into an olive grey to olive, massive mottled silty clay. This in turn passes into a
grey massive silty clay at a depth depending on the water-table. The soil reaction
ranges from neutral to very strongly alkaline in the surface horizon, and from mode-
rately to very sirongly atkaline in the subsurface horizon. The soils exhibit slow per-
meability. They extend over some 30 sq miles and occur in back swamps and back-
plain depressions in Biaru, Doura, Akaifu, Beipa, Pinu, and Vanapa land systems.

(56) Neutral Olive Grey Silty Clays—These soils have similar morphology and
land-form relationships to the alkaline olive grey silty clays, but since they occur
inland from them they differ in soil reaction, the surface and subsurface horizons
varying from neutral to slightly acid. They cover about 150 sq miles, mainly in
Piunga land system but also in Doura, Biaru, Bebeo, and Vanapa [and systems,

(5¢) Alkaline Olive Grey Stratified Soils.—These soils are stratified, each layer
being homogeneous and usually showing an abrupt transition to the adjacent layers.
The texture of the layers varies from silty clay to coarse sand. This stratification occurs
in no apparent order and is presumably due to variations in river behaviour.

These soils have a dark brown to grey surface horizon between 4 in. and 15 in.
thick, overlying mottled subsurface horizon which is olive grey to olive in the ipper
part, becoming grey with depth. The soil reaction is usually mildly alkaline at the
surface and moderately to very strongly alkaline at depth. Soil structure varies from
loose single grains to massive, mainly depending on the texture, The permeability
of these soils probably varies, but generally would appear to be slow. They occur
on wet levee tracts and in prior drainage channels in the swamp zone.

(5d) Neutral Olive Grey Stratified Soils.—These differ from the soils above only
in soil reaction, which is neutral to slightly acid throughout. They are mainly caon-
fined to the swamp zone,
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(5e) Alkaline Grey Sticky Clays.—A black to very dark grey, cracking, sandy to
heavy clay merges at 6 in. to 12 in. into an olive grey to grey, mottled sandy to heavy
clay. These soils appear to have a prismatic structure and are sticky and plastic when
wet. They are moderately to very strongly alkaline throughout. They are fully
saturated, exchangeable magnesium {(about 10 m-equiv. per 100 g) being greater than
exchangeable calcium (about 5 m-equiv. per 100 g). Exchangeable sodium is high,
being over 309 of the total exchangeable metal ions, which range from 25 to 30
m-equiv. per 100 g. Organic matter is less than 1%. The permeability of these soils
would appear to be slow. They are found on seasonally flooded swamp fringes in
Hisiu and Biaru land systems.

(5f) Neutral Grey Sticky Clays—These show the same morphology as the
alkaline grey sticky clays but are neutral {o slightly acid. They were observed only in
Waigani land system.

(5g) Acid Brown Clays.—A dark brown crumbly, friable, sandy to heavy clay
between 6 in. and 14 in. thick merges into a brown, yellow-brown, or dark reddish
brown, weak subangular blocky to massive, mottled friable sandy to heavy clay.
Manganese concretions are frequently present at depth. The soils are slightly acid
throughout and have a low saturation {(about 15% in the surface and 5% in the
subsurface horizons) with 3%, organic matter. They appear to be moderately per-
meable, but the drainage is restricted by a high water-table, even during the dry
season. Those with a reddish brown subsurface horizon are mainly confined to the
tributary valleys and valley heads, while the browns and yellow-browns are found
in the main valleys and flood-plains, which are presumably inundated for longer
periods. This family has an area of about 80 sq miles and dominates in Inaukina land
system. It also occurs in Piunga land system and in land systems in the foothiil and
upland zones,

(6) Moderately Well-drained Afluvial Soils—These soils owe their moderate
drainage to their oceurrence on relatively high-lying sites on afluvial plains, hence
they are flooded only for short periods at long intervals. Unlike the imperfectly
drained alluvial soils, deposition has practically ceased. During a wet period they
are liable to have a high water-table, which recedes during dry periods. This soil
group is mainly confined to the fluvial plains zone, where it covers about 300 sq miles.
As the terrain in general is almost level, run-off is slow, and as the majority of soils
in this group appear to have a slow permeability, water may lie on the surface for
short periods. These soils have been separated on the same basis as the imperfectly
drained alluvial soils, i.e. on texture and soil reaction. Included in this group are
soils of a formerly wetter environment, which still exhibit characteristics of this
environment although this has altered because of a change in river course.

(ba) Alkaline Olive Silty Clays—A dark greyish brown to dark brown, weakly
crumbly to massive silty clay between 6 in. and 12 in, thick merges into a dark
yellowish brown fo olive, massive silty clay. A grey massive silty clay occurs below
the latter horizon in wetter sites, at depths regulated by the water-table. Slight
mottling, which gradually becomes more prominent with depth, may occur at depths
varying from 6 in, to 36 in., depending on the wetness of the site. The soil reaction
varies from moderately to very strongly alkaline in the surface horizon, while the
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subsurface horizons are very strongly alkaline. Calcareous concretions may be
present. Occasionally a darker-coloured horizon, which could be a buried humic
horizon, is encountered at depths varying from 3 ft to 4 ft. The soils are fully saturated,
exchangeable calcium (decreasing from 18 to 8 m-equiv. per 100 g) being greater than
exchangeable magnesium except under very alkaline conditions, where the reverse
occurs. Exchangeable sodium is moderate (about 6%,), but possibly increases nearer
the coast. Organic matter is about 2-5% at the surface. These soils would appear
to have a slow permeability. They cover about 100 sq miles in the fluvial plains
zone, chiefly in Beipa, Epo, and Pinu Jand systems, where they are the main soils.

(6b) Newtral Olive Silty Clays.—These have similar morphology and land-form
relationships to the above family, but differ in soil reaction, which is neutral to
slightly acid. Locally a moderately alkaline, very thin surface layer was seen, which
appears from observation to be refated to recent burning of the grass vegetation. This
effect appears to be very ephemeral, the thin surface horizon possibly being quickly
leached or blown away. The saturation of these soils increases with depth (45-72Y%),
with calcium the main exchangeable cation. Total exchangeable mefal cations also
increase with depth (8-15 m-equiv. per 100 g) and organic matter is less than -5,
These soils cover about 80 sg miles and are the main scils of Keviona land system.

{6¢) Alkaline Olive Stratified Seils—Like the olive grey stratified soils, these
consist of homogeneous layers of differing thickness, which vary in texture from
silty clay to fine sand. The colours range from dark greyish brown to brown in the
surface 6 in. to 14 in., becoming dark yellowish brown to olive below. In wet situa-
tions, grey colours become apparent at depth. Mottling is seen at depths varying
from 6 in. to 30 in, Structure varies from single-grain to massive. Soil reaction
varies from mildly to very strongly alkaline at the surface, and is very strongly alkaline
at depth. The permeability is again variable, but usually at least one fine-textured
layer occurs, which causes it to be slow. This family has an arca of about 25 sq miles
and occurs on levees and in prior channels, mainly in Vanapa land system,

. (6d) Neutral Olive Siratified Soils—These are similar to the alkaline olive -
stratified soils apart from soil reaction, which is here neutral to slightly acid. They
mainly cccur in Yekabu, Piunga, and Vanapa land systems.

(6e) Alkalinef Neutral Olive Stratified Seoils.—The upper layer or layers of these
stratified soils range from silty clay loam or fine sandy clay loam to silty clay or fine
sandy clay. These always overlic a fine sand or loamy fine sand layer at depths
between 12 in. and 30 in. Occasionally rounded gravel was found with the sands.
Colour ranges from dark greyish brown in the surface horizon, which varies in depth
from 6 in. to 24 in., to dark yellowish brown to olive in the subsurface horizon. Grey
colours were seen at depth on wetter sites. Mottling appears at depths of between
3 in. and 28 in. The structure of the surface horizon varies from weakly crumbly
to massive, becoming massive below 6 in.; the sandy lower herizon has a loose,
single-grain structure. Because of the presence of a sandy substrate, these soils would
appear to have moderate permeability. Soil reaction was unusual, being strongly
alkaline at the surface and neutral to slightly acid below. This may be due to the leaf
litter, since all these observations were taken under forest. These scils are fully
saturated at the surface, but saturation decreases with depth to about 709%,. Total
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exchangeable metal cations decrease from about 30 to 5 m-equiv. per 100 g with
depth, the dominant exchangeable cation being calcium. Organic matter varies
between 2 and 4%,. These soils occur on plains in Vekabu land system and it is hard
to explain why they differ in texture from other soils on similar sites in the fluvial
plains zone. It is possible that the difference is due to the proximity of hills, for a
sample taken in grassland more distant from the hills, but within the same land
system, showed the silty clay texture typical of the plains of this zone,

(6f) Alkaline Olive Brown Sands—A very dark grey to very dark brown,
fine to medium sand merges at 8 in. to 13 in. into a very dark greyish brown, olive
brown, or dark yellowish brown, fine to medium sand or loamy fine to medinm sand.
The structure throughout the profile is loose single-grain. Mottling may occur below
20 in, and gravel was occasionally noted at greater depths. They are moderately to
strongly alkaline in the surface horizons and strongly alkaline below. They occur
in Bebeo and Epo land systems, on raised prior channels which have tended to become
indistinct and which have possibly been affected by wind-sorting. Because of their
raised position and texture, they would appear to have rapid permeability.

(6g) Neutral Olive Brown Sands.—These are similar to the above family, but
have a neutral soil reaction. This family occurs in Babiko and Keviona land systems.
(6k) Neutral Relic Grey Silty Clays—A dark grey to very dark grey, massive
silty clay merges at about 12 in. into a grey to dark grey, massive silty clay. Mottling is
apparent from the surface, and soil reaction is neutral. Permeability appears to be
slow, These soils occur in Babiko land system, on back plains which were formerly

flooded seasonally bui which are now only occasionally flooded because of changes
in river course.

(61} Alkaline Relic Olive Grey Stratified Soils—These show various textural
layers from silty clays to fine sands. They have a dark grey to dark greyish brown
surface horizon up to 18 in. thick, with a dark grey to olive grey subsurface horizon,
Included in this family are a few better-drained olive brown stratified soils. The
structure of these soils varies from loose single-grain to massive. Mottling was
observed from a depth of between 2 in. and 18 in., and soil reaction was strongly alka-
line throughout. These soils occur in Babiko land system, on levees of recently
abandoned river channels.

{7} Dark Cracking Clay Soils.—These soils, which cover about 110 sq miles
in the coastal hill zone, exhibit weakly hydromorphic conditions for short periods,
followed by periods of drying out. They are derived from colder alluvium, on plains
subject only to slight deposition or erosion. They are areas of accumulation of bases
from seepage and from run-on, Their texture and structure preclude any significant
leaching, and there is an accumulation of bases in the subsurface horizon, They
exhibit seasonal cracking, varying from very slight to marked. All appear to have
slow permeability; hence, run-on and precipitation tend to pond in depressions,
but only for short periods owing to the high evaporation.

(7a) Boroko Fumily.—This family has up to 3 ft of black to very dark grey,
very plastic, sticky heavy clay, usually with a thin fine angular blocky surface horizon,
In wetter sites there was a thicker surface horizon, up to 6 in. deep, with more organic
matter and consequently more friable. On drying, these soils show marked surface
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cracking up to 11 in, wide, giving a prismatic structure. They are mildly to mode-
rately alkaline at the surface, becoming strongly alkaline at depth. They are fully
saturated, exchangeable calcium being dominant {about 60 m-equiv. per 100 g -out
of the total exchangeable metal ions of about 70 m-equiv. per 100 g). Organic matter
is about 2%. Calcareous concretions are frequently present, usually being few in
the upper part of the profile and becoming more frequent with depth. Rounded
gravel and stones may occur at depth, showing the afluvial origin of the soils. They
occur on minor alluvial plains in the coastal hill zone. Included in this family are
black clays which show the same profile morphology as those just described but
which occur on a raised coral reef.

(1) Jackson Family.—This is similar fo Boroko family but is neutral to a
depth of 3 ft, below which it may become mildly alkaline.

(7¢) Inapi Family—This is a black or dark greyish brown to brown, very plastic,
sticky sandy to heavy clay, with a thin hard crumbly surface horizon, merging
between 6 in. and 18 in. into a dark greyish brown or dark yellowish brown to brown,
very plastic, sticky sandy to heavy clay. In wetter sites a more organic and friable sur-
face horizon was seen. The saturation increases with depth (80-100%), as does the
exchangeable magnesium (15-25 m-equiv. per 100 g), while exchangeable calcinm
decreases (35-20 m-equiv. per 100 g). Organic matter is about 3%. Calcareous
concretions frequently occur at depth, and slight mottling may also be present. When
dry, these soils show very slight cracking on the surface, but cracking is more promi-
nent below. Inapi family occurs on valley plains upslope from Boroko and Jackson
families and would appear to be a younger variant of them.

(8) Lithosols.—This group, which extends over 600 sq miles, comprises very
shallow slope soils overlying bed-rock at varying stages of weathering., Lithosols
occur on ridge crests and slopes over a wide range of climate and lithology, those
in the coastal hill zone having a more marked relationship to the parent rock than
those of the wetter zones. Lithosols have been separated into four families, using as
the main criteria colour and soil reaction as controlled by parent rock and climate,
With steep dips and frequent changes in rock type, as within the Port Moresby group,
different lithosols may occur on the same hill slope. Run-off is rapid as a result of the
steep slopes on which these soils occur.

(8a) Alkaline Dark Lithosols.—These are derived from crystalline and muddy
limestone, calcarcous tuff, and calcareous sandstone. They are black, dark grey, or
greyish brown, firm crumbly to fine subangular blocky, sticky, sandy loam to clay
up to 6 in. deep, passing abrupily or gradually into parent rock at various stages of
weathering. They are moderately alkaline, Gravel and/or stones as well as rock out-
crop may be present, They cover about 230 sq miles and are the main soils in Tovo-
bada, Hanuabada, Pokama, Diumana, and Palipala land systems.

(86) Neutral Brown Lithosols.—These are mainly derived from gabbro and
tuff. They are dark brown to greyish brown, crumbly to fine subangular blocky,
neutral, sticky, sandy clay loam to clay overlying weathered rock at depths between
6-in, and 12 in. Stones andfor gravel may be present. They have an area of about
350 sq miles and are the main soils of Kopu, Dubuna, and Edebu land systems,



SOILS OF THE PORT MORESBY KAIRUKU AREA 139

(8¢) Neutral Red Lithosols.—These are derived from cherty shales and consist
of a thin brown to reddish brown, crumbly, neutral, sticky sandy clay loam to clay

surface horizon with frequent gravel, overlying red-weathering rock. They are mainly
confined to Kabuka land system.

{8) Acid Brown Lithosols.—These soils are derived from agglomerate and
phyllite. A dark brown to dark reddish brown, slightly acid, friable clay up to 12 in.
deep overlies weathering parent rock. Surface and embedded stones are a common
feature of these soils. Included in this family are shallow regosclic soils which occur
in association with the lithosols. Acid brown lithosols occur in most land systems

of the upland zone as small pockets on steeper ridge slopes or in the vicinity of rock
outerops.

(9) Acid Red to Brown Clay Soils.—These soils, which cover an area of more
than 650 sg miles, are deep uniform clays dominated by 1 : 1 clay minerals and are
mainly derived from red-weathering volcanic rock, and they mainly occur on ridges
in the foothill and upland zones. They have a rapid permeability, These soils occur
in moderate- to high-rainfall areas, and the range in rainfall is reflected in soil reaction:
the higher the rainfall the more acid are the soils. They have been separated into five
families, colour and soil reaction being the main criteria.

(9a) Diulu Family—These soils have a dark reddish brown to brown, crumbly
friable clay up to 14 in. thick, merging into a red to dark red, subangular blocky,
friable clay. Iron and manganese concretions are frequently present, and clay skins
were also noted. The soil reaction varies from medium to strongly acid, always
becoming more acid with depth. These soils occur in areas with about 60 in. annual
rainfall and arc possibly only slightly to moderately leached. During the dry season
the moisture content probably approaches wilting point. This family covers about
50 sq miles in the foothill zone and is the main soil of Diuly land system,

(9b) Sogeri Family.—A dark reddish brown to dark brown, crumbly, strongly
acid, friable clay merges between 2 in. and 14 in. info a yellow-red to red, subangular
blocky, very strongly acid, friable clay. Clay skins were frequently noted in the
latter horizon, which may extend to a depth of about 15 ft. These soils occur under
a rainfall of about 80 in. per annum, and are at or near field capacity for much of the
wet season. They are moderately leached, and have a saturation of about 409 in the
surface horizon, decreasing to 25 to 30% at depth. The total exchangeable metal ions
are low {about 5 m-equiv. per 100 g) and exchangeable magnesium becomes greater
than exchangeable calcium at depth. Organic matter is about 29%,. This family

extends over about 200 sq miles and is the main soil of Sogeri, Rubberlands, and
Vouku land systems.

(9¢) Uberi Family.—These consist of a dark brown, dark yellowish brown, or
reddish brown, crumbly, very strongly acid, friable clay, merging at between 8 in.
and 14 in. into a yeilow-red, subangular blocky to massive, extremely acid, friable
clay. This in torn may merge, at depths varying from 24 in. to 36 in., into a red
friable clay, but this horizon is not always present, They occur under a rainfall of about
100 in. per annum and are at or near field capacity throughout the year. They are
very leached soils, with a saturation of about 109 in the surface horizon, decreasing
to about 5% at depth, with total exchangeable metal ions of about 1 m-equiv. per
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100 g throughout. The organic matter is 3%. This family, with an area of about
350 sq 1miles, is the main soil in Subitana, Owers, Fawarere, and Uberi land systems.

(9d) Tiviki Family.—This has a dark brown to brown, crumbly, very strongly
acid, friable clay, merging at about 14 in. into a yellowish brown, extremely acid,
friable clay. This family, which was only encountered at the extreme end of a traverse
into an area with about 120 in. annuoal rainfall, is at or near field capacity all the
year round, and may well be the dominant soil in the higher-rainfall areas. These
soils are excessively leached, with a saturation of less than 29 throughout, with
total exchangeable metal ions of less than 1 m-equiv. per 100 g. Organic mafter is
6%. These soils occur only in Mariboi land system,

{(9¢) Koitaki Family—A dark yellowish brown to dark brown, crumbly, strongly
acid, friable clay merges at between 12 in. and 18 in. info a strong brown to brown,
very strongly acid, friable clay. Thesc excessively leached soils have a saturation of
less than 5%, with total exchangeable metal ions of less than 1 m-equiv. per 100 g.
Organic matter is 5. Manganese concretions and mottling frequently occur in the
lower horizon. They occur on foot slopes, terraces, and undulating terrain in most
land systems of the upland zone, as well as in some land systems of the foothill zone,
and since they are usually commanded by higher ground they are frequently subject
to seepage, resulting in poor drainage at depth.

They are mainly derived from colluvium and alluvium from volcanic and
metamorphic rocks, although those on the undulating terrain in Sogeri land system
are partly sedentary.

(10) Red Gravelly Clay Soils.—These soils have reddish brown gravelly or stony
upper horizons and gravel-free, red lower horizons. Many of the soils in this group
appear to be polygenctic, with upper horizons developed from more recently trans-
ported colluvium and lower horizons which are sedentary. This is suggested by the
occurrence of an incipient stone line and by the frequent gravel in the upper horizon,
in contrast to the gravel-free lower horizon. The colluvial horizon appears to be
mainly derived from cherty shale, while the lower horizon is from shale or tuff. How-
ever, some soils not showing these two contrasted layers have been included in this
group. These soils are mainly confined to upper foot slopes and lower hill slopes
in the coastal hill zone, and receive seepage and run-on from higher ground. They
have been separated into two families—an alkaline and a neutral to slightly acid type.
This difference in soil reaction may be due to parent material, but it is possible that
the alkalinity could be inherited from adjacent limestone bands which occur within
the cherty shales.

(10a) Nebire Family.—This family has between 3 in. and 8 in. of dark brown,
very gravelly andfor stony, sandy clay loam to clay merging into a reddish brown,
very gravelly, sticky sandy clay loam to clay. This in turn overlies, at depths varying
from 6 in. to 30 in., red to dark red, massive, sticky, plastic clay which may include
fragments of weathered rock. An incipient stone line was occasionally seen at the upper
boundary of the latter horizon. These soils are moderately alkaline throughout and
would appear to have only moderate permeability. They have a surface saturation
of about 80%, which. increases with depth. Total exchangeable metal ions increase
from 10 m-equiv. per 100 g at the surface to about 35 m-equiv. per 100 g at depth.
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Exchangeable magnesium tends to be greater than exchangeable calcium at depth.
Organic matier is about 2%, Soils of Nebire family extend over an area of about
10 sq miles in Tovobada, Hanuabada, and Kopu land systems.

(105} Bom Family.—This family exhibits the same morpholegy as Nebire
family, but is neutral to slightly acid. it covers an area of about 10 sq miles in Kopu,
Kabuka, Fairfax, Bomana Creek, and Ward land systems.

(11) Brown Clay Soils.—These soils, which cover an area of about 65 sq miles,
are mainly gravel-free sedentary soils of moderate depth. The underlying parent
rock tends to be soft-weathered, giving a greater root range to plants. The soils
fall into two families based on soil reaction, which in turn refiects the nature of the
underlying rock. They are mainly found in the southern hills of the coastal hill zone.

(lla) Fairfax Family—These soils have a black to very dark greyish brown,
hard, medium crumbly, plastic sandy clay to clay, merging at 4 in. to 8 in. info a
brown to very dark brown, subangular to angular blocky, sticky, plastic sandy clay
to clay. A few calcareous concretions are usually present in this horizon, Weathered
rock occurs at depths ranging from 18 in. to 48 in., and varies in colour from yellowish
brown to dark greyish brown, with & sandy to sandy clay texture depending on the
degree of weathering. This weathered material, which is derived from calcareous
tuff or coral, has frequent carbonate concretions. The soil reaction is usually mildly
alkaline at the surface, becoming moderately alkaline at depth. These soils are
fully saturated, with total exchangeable cations varying from 50 fo 55 m-equiv. per
100 g, of which exchangeable calcivm is about 35 m-equiv. per 100 g. Organic matter
is about 29%. Chert and quartz gravel are occasionally present., This soil family,
which has only moderate to slow permeability, occurs on undulating plains and on
upper foot slopes.

(115 Bomana Family.—Similar to Fairfax family but nentral to very strongly
acid, and caleareous coneretions are absent. Tt is mainly derived from tufl and
gabbro, and occurs on undulating plains, upper foot slopes, and rounded rises.

(12) Texture-contrast Soils—These soils, which extend over about 165 sq
miles, have a coarse-textured surface horizon passing abruptly into a fine-textured
subsurface horizon. The surface horizon is massive and very hard when dry, and
may or may not contain a bleached Ag horizon, Quartz and chert gravel, which tend
to become concentrated in the A horizon, are present in some profiles but absent
from others. Some of these texture-conirast soils are alkaline while others are neutral
to slightly acid. They all appear to have a very rapid run-off and slow permeability,
and towards the end of the dry season they are probably at wilting point, while in the
wet season they are ill-drained and often boggy. Texture-contrast soils occur on foot
slopes mainly between 2° and 5°, and on stable interfluves in the coastal hill zone
and in part of the foothill zone. They have been subdivided in the first instance on
soil reaction, thus breaking down into solonetzic and solodic types. These in turn have
been further differentiated on the presence or absence of a bleached As horizon.
Finally, a gravelly phase of each family has been distinguished, the occurrence of

gravel appearing to be related to the nature of the bed-rock or of the rock on adjacent
hill slopes,
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{12a) Ouwou Fumily.—This family consists of a very dark grey to brown, weak
crumbly sandy loam to sandy clay loam, merging between 3 in. and 8 in. into a
grey to light greyish brown, massive compact, sandy loam to sandy clay loam, in
which slight rust mottling is frequently present. An abrapt transition beiween the
As and B horizons occurs between 8 in. and 18 in. The B horizon, which has a weakly
developed columnar structure, varies in colour from very dark grey through brown
to yellowish brown and usvally becomes greyer with depth. The texture in this
horizon varies from a sandy clay to a heavy clay which is frequently mottled, the
mottling varying in abundance from few to many and in colour from yellow-brown
to red. The soil reaction varies from neutral to mildly alkaline in the A horizon to
strongly alkaline in the B horizon, where carbonate concretions are frequently present.

(126) Ward Family.—This is very similar to Ouou family, but no Ay horizon
or mottling is apparent in the A horizon, which is usually from 6 in. to 14 in. thick.
The absence of mottling may indicate that these soils are slightly better drained than
Ouou family. The saturation increases from 753% to 100% with depth, with total
exchangeable metal ions increasing from 30 to 40 m-equiv. per 100 g. Exchangeable
calcium (20-509%) tends to be greater than exchangeable magnesium, although the
reverse sometimes occurs at depth. Organic matter is 1-59%,.

(12¢) Nikwra Family.—This family is very similar to Quou family in profile
form, colour, texture, and moitling. However, it differs in that iron and manganese
concretions frequently occur in both Az and B horizons. In some cases these con-
cretions may become cemented in the Ag horizon to form a slight lateritic pan. The
soils are usually neutral to slightly acid in the A horizon and medium acid in the B
horizon. The saturation of these soils is about 70 %, in the Ay horizon, falls to about
60 Y% in the A horizon, and rises to over 80 9% in the B horizon. This fall and rise with
horizons is reflected in all the exchangeable metal ions (e.g. Ca 7 to 3 to 15 m-equiv.
per 100 g). Organic matter is 1-5%.

(12d) Laloki Family.—This is similar to Nikura family but the As horizon and
mottling are absent. This again may reflect better drainage conditions.

(13) Alkaline Reddish Clay Soils.—(13) Obu Family.—This has a dark reddish
brown to brown, crumbly, sandy to heavy clay, merging between 4 in. and 6 in. into
a dark red to dark reddish brown, subangular blocky, fiiable, sandy to heavy clay.
This in turn passes abruptly into coral at depths varying from. 18 in. to 36 in,,.the
upper surface of the coral being very irregular. These soils are moderately alkaline
throughout, and at this stage it is difficult to say whether they are sedentary or trans-
ported. They occur on raised coral reefs in Tsiria land system, in association with
black clays of Boroko family.

IV. SO DISTRIBUTION

The map showing the distribution of soils shows clearly the pattern of environ-
mental zones, the main soils of one zone being very different from those of another.
In the littoral plains zone the soils are generally sandy and saline, while those of the
swamp and fluvial plains zones are characterized by regosols with differing degrees
of wetness and subject to varying flood regimes. In the coastal hill zone, shallow
sedentary soils are found on the hills, and soils of varying depth derived from colluvium
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occur on the foot slopes. The upland zone is dominated by deep reddish soils.
The foothill zone is intermediate between the coastal hill and upland zones and the
soils of this zone are transitional between those of the two adjacent zones, repre-
senting the wetfer part of the coastal hill zone and the drier part of the upland zone.

The soil map and Tables 19 and 20 show the distribution of the soils in the
area from different view points. The soil map is based on the dominant or co-dominant
soil groups of each land system, which in turn have been grouped together into associ-
ations for simplicity in mapping. Where two such associations are intermixed and
cannot he separated because of the scale of the map, they have been represented as
stripes, the thickness of each siripe representing approximately the proportions in
which these associations occur. In some cases, a soil group has been too small to map.

Tables 19 and 20 show the extent of the soil groups within each land system,
For simplicity, the soil group has been used rather than the soil family since in some
of the land systems a number of soil families of one group occur in complex and thus
it is difficult to assess the extent of each family. The areas are based on judged pro-
portions of each land unit, and must be considered very approximate. Tables 19
and 20 show more clearly than the soil map how some of the land systems are transi-
tionary between the environmental zones. Examples of this are found in Biarm and
Piunga land systems.

V. REFERENCES

AnDRIESSE, J. P. (1960).—The soils of Mazanderan in northern Iran, J. Soil Sci. 2: 231-3,
URNITED STATES DEPARTMENT OF AGRICULTURE (1951).—Soil survey manual. U.SD.A. Agric,
Handb. No. 18,



PART VIII. VEGETATION AND ECOLOGY OF THE PORT MORESBY-
KAIRUKU AREA

Bj/ P. C. HEvL.IGERS*

I. INTRODUCTION

The structure of the vegetation was recorded and notes were made on floristics.
The majority of the plants were recognized only at genus level; hence few specific
names are used. Material for further identification was collected and has been
deposited in the Herbarium Australiense, Canberra. The knowledge of native
assistants was often drawn upen, and their names for the trees (Amele language)
are given in inverted commas when identifications are not yet available,

T1. CLASSIFICATION

As can be seen in Tables 21 and 22, relating the vegetation with land systems,
a primary division into major groups was made on struciural characteristics of the
dominant life forms. At a lower level, distinctions between vegetation types are
mainly floristic, especially in less complex vegetation, It is stressed that these vegeta-
tion types have by no means the same status as associations, as defined by several
schools; they are less strict groupings of related vegetations. In most cases the vege-
tation types are named after two genera or species. The occurrence of the same
plant name in several vegetation types within one major group shows the affinities
between these types. The genera chosen for the names do not belong to any par-
ticular storey, except for the savannahs, where the first name refers to a characteristic
grass and the second to a characteristic tree.

In the land system descriptions these vegetation types are referred to by stating
the name of the major group first, followed by the name of the vegetation type
between brackets.

ITI. DEFINITION AND DISCUSSION OF THE MAJOR (GROUPS

(1) Mixed Herbaceous Vegetation

Mixed herbaceous vegetation comprises those types in which non-graminoid
herbs are important. The vegetation types in this group form a heterogeneous
assemblage; some are pioneer or seral vegetations, others occur in environments very
marginal for plant growth.

(b) Grasslands

Grasslands are vegetation types dominated by grasses. They are subdivided
according ta their height into low grassland, up to 2 ft high; mid-height grassland,
up to 5 ft high; and talf grassiand, more than 5 ft high. Scattered shrubs or trees
mostly occur in them and some grasslands grade into savannah, which is discussed
below.

* Division of Land Research and Regional Survey, CSIRQ, Canberra, A.C.T.
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Low grasslands are confined to salt marshes. Mid-height grasslands owe their
existence to the influence of repeated burning, which prevents woody regrowth. The
same is true of one type of tall grassland; the other types occur in seasonally or
permanently inundated sifuations.

(c) Savannah

Savannah bas an open tree storey and a ground cover of grasses. Structurally,
and to a certain degree also floristically, savannah is similar to the woodlands of
northern Australia.

It is not possible to give an exact number of trees per unit of area to distinguish
a savannah from a grassland, but in a savannah the trees dominate in the impression
which the landscape makes on the observer; in a grassland the grasses are the most
striking feature and the trees do not obstruct the view over the landscape. However,

there will always be cases in which a decision is difficult, and here floristic affinities
may help in classification.

Savannah occurs in a range of environments, but has its main distribution in
the coastal hill and foothill zones. Both grasses and trees have a high resistance to
fire and the vigour of the grasses is in fact increased by the burning of the old litter,
Though fires caused by lightning are not to be excluded, most of the fires are lit by man.
Straight boundaries between savannah and semi-deciduous thicket, which do not
coincide with changes in soil conditions or topoegraphy, suggest that thicket is replaced
by savannah through human interference. On the other hand, there are cases in
which boundaries can be correlated with such changes, and on some crests of ridges
in the foothill zone, which are otherwise forested, small tracts of savannah give the
impression that adjacent forest and savannah are a natural occurrence,

(d) Palm and Pandanus Vegetation Types

Palm vegetation includes types which are structurally rather different but which
are all dominated by palms. The pandanus vegetation, which could not satisfactorily
be classified with any of the other woody vegetation types, is also considered under
this heading.

Excessive water is one of the features which the habitats of these types have in
common. '

(e) Scrub and Thicket
Scrub comprises vegetation types dominated by shrubs andfor low gnarled
irees, often densely interwoven by climbers. Thicket differs from scrub in that an
open tree storey is present above the scrub layer. A subdivision has been made into
evergreen-and semi-deciduous thicket,

Scrub and thicket occur in a wide range of habitats which are usually unsuitable
for forest growth owing to severe stress as a result of some environmental factor,

(f) Forest

Vegefation types classified as forest are dominated by trees forming one or more
distinct tayers, in one at least of which the crowns are more or less interlacing., A sub-
division has been made between deciduous forests, in which a conspicnous propor-
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tion of the trees is bare for a part of the year, and evergreen forests, in which the
aspect is dominated by a green canopy all the year round but in which sporadic
deciduous trees may also occur.

In the deciduous forests a further division is made into strongly and slightly
deciduous, according to the proportion of deciduous trees. Strongly deciduous
forest occurs only in low-rainfall areas and is almost limited to the coastal hill zone.
It occupies large areas only in Tovobada land system and is elsewhere restricted to
rocky crests, steep slopes, re-entrants, valley heads, and boulder valley floors, semi-
deciduous thicket or savannah being the predominating vegetation types on the other
land forms. These habitats have in common more than average rockiness, which
would presumably permit deeper water penetration and favour root development.
Moreover, localities such as re-entrants and wvalleys receive run-on. Accordingly,
supplies last longer and permit forest growth. Slightly deciduous forest occurs in
those parts of the coastal hill and foothill zones where water stress is less severe
owing to higher rainfall or better soil-moisture conditions, It extends also on
droughty, rocky crests in areas where the rainfall is otherwise adequate for evergreen
forest growth.

The evergreen forests are subdivided into low, mid-height, and tall. Low
evergreen forests mostly have a single tree layer up to 30 or 40 fi high; mid-height
evergreen forests are generally up to 80 ft high and usually have two tree layers;
tall evergreen forests are multi-layered, with a height often exceeding 100 ft. Low
evergreen forests are either types of mangrove vegetation or types of woody regrowth.
Mid-height evergreen forest comprises types of taller mangrove vegetation together
with a number of other types occurring on estuarine margins or in swamps. These
habitats bave in common waterlogged soils, causing anaerobic conditions. Tall
evergreen forest has its greatest distribution in the areas with high rainfall, but
extends in low-rainfall areas where soil moisture is adequate the whole year round.

IV. DESCRIPTION OF VEGETATION Tyrms

The lists of names in these descriptions do not necessarily include all the species
present and are in fact very incomplete for the more complicated vegetation types.
Generally, the names of the more important plants are given first.

At the end of each description a general statement on the distribution is given,
The land systems in which the vegetation types occur are shown in Tables 21 and 22.

(a) Mixed Herbaceous Vegetation

(i) Spinifex—Canavafia.—In optimal development this is a rather dense vege-
tation of creeping, sand-binding prasses (Spinifex, Thuarea, Remirea, and minor
Sporobolus, Digitaria, Apluda, Setaria, and Imperata) with creeping herbs (Ipormoea,
Canavalia, Cassythu, Passifiora) and scattered erect Crotalaria, Tt occurs on sand
beaches above high-water mark and on low foredunes. On beaches with much
moving sand only a few plants of this vegetation type are found.

(i) Sesuvium—Tecticornia—Sesuvium portulacastrim, alone or in combination
with Tecticornia, grows in patches in flats only occasionally inundated by salt water
and with poor drainage, so that the surface is often covered with a crust of salt.



P. C, HEYLIGERS

152

w

ur

§ § w

w w
wow

w g

w

jant

w g

wr

s

S

wr

W w

w

§ § W g gw

i

s

g ad 8 ad s s

w

snpddppong—vmwiaduy

SHIAAJDIN —SISUDHUINEOAOU BPRLUIDY |,

SHINOU] [ —So4niyd )

SIUA0017243] SIIACILINT—S011TYd ()

vuvndod smiddppong—-sosniydo

vgin smddpong—soanyd()

SHIUHOU] [—SIDAISHD DPIUISY ]

SpdAppongT—SyDAIsny vpawal |
YRUUEARS

w

w

w

W W W S ul

w oW

u

w W g

WINISHGO4 WINADYIIVS

WINISHGOd UWNIDYIoBS—S2Iu S04y J
PIDARAU—IUNUD YOS WUNDYIIVS

PpuelsseIs (e
SIDAISHD DpRuiaY [-vivsaduiy
SHDAISID ppatsy J—-soamiyd o
vipdaduif—sontyde)

prre[sseld 1ySray-priy
DORY201T—SN]0qo0ds

PUB[SSBIT MO

pUR[SSRIL)

E

w

D2 duT-s11dE
DUDRFUD T —DI5429T
vlozp-vanyduidny
DLICNIE [ —WNIANSES
pHpADUD ) —x2fii1ds
UoTIEIeSA sNO20RqIAY PN

alaleme]

S1M0)

ERqN
FOqUE
'mna)-!qns
SpuB[Iaq gy

132308

NILOA

avLiifgy

BISOUEY]

wurodoly
pUNQR(T
BUNOY
ngapy

BPROOACT,
BpRqEnUR}]

BIWIBYOJ
eiedmeg

ndoy
BINGE]
BURINICT,
xejieq
PIBM,
BINYIN

39021 BUBLIOY

nongo

BINST,

oyorog

auoyz puerdn

ouOZ TIO0]

au07 TIH [EISE0D)

TOIBIASIA

4SANOZ ANV TIAN GNY “TIELIOOL “TTHH TVISYOD FHL 30 SWHISAS ANVT OL NOLLYITH NI $A4AY. NOYLY LIDTA AQ NOLLOHINLSIa

7T TIEv Y,



153

VEGETATION OF THE PORT MORESBY-KAIRUKU AREA

UL W ur

L

L

g w

wr

w w
g W w w

w

jans

wr

wr

o

w

wr

wt

w

ur

sdoiizD
BHUIAUHOS—DIHUIIAT
DPIOD DIDLPUUCS

15210) USRIFIAS MO
WHIDNE )—-DIZIGI Y
SPIpUHOdS—DIS iy
) BD—SOIPUOAS
DABYIUDUBP ~DIHOYIUT]
SHIP DS
UONYILYIDIF—DINIDE)

183I0] SNONPIOSP ANYSIS
ROIIUCI-RIZIGNY
DYDUULLG [ —XDGUOF
SHa—XuqUIog

15210f SNONPRSp A[SUONS

1s3104

w
w g w

a

414

T

wr

L

Tur

jids

VIR p—-sniddjpang
BUOJOD—B.YIHDUBIFY
SHLIAUL 0ROy —DSNIDL)
BIIREBE—SHA P04

1932141 SNONPISP-IUag
wn0dod p—p1onoy
DD oS0 —SROSIGHEY
DID] 2SOl UNIPUIP O]

12AOIY] URIZIaAY
D028V T—DIYIN} T
DIOAPDIS—DUWB AT
DABZIUUTTT

qnIms

19O} pUE RIS

SHUDpULy
. vdiN
BEUDADID P —UOJAX OB AT
SHUIDICLIF~UOIAX 01PN
sadf) uonelados snuepued pue wey



P. C. HEYLIGERS

154

“wa)sAs puet Jo %, ¢1 eyl Je[[ews pordnsoo

BaTe ‘IOUINT ‘U { WU2SAS PUB JO % 05 pUE ¢T Usamiaq pardnodo ware “Jueunuopqns ‘g SUI01SAS PUEL [0 % 05 wEL) 1afre] poldnaoo vare JUBRURUOD ‘T 4

5 88 w
aaqa a
a a
W oW oW W W w
w
w w W

[25]

g E

Shd 202D T—Sndio2oyIy
s1d 02020y F—518d0UDISD)
WINATUD Y —~DHRUOJ
sudiwI0 Y —DIAUOT
DIAGYHIA Y —DIUOISIF
X Os A ~DUDNS D)
S1ja)—VIPUOT
vIPUOT-BEUDUD)
DIOIS] Y —04G43])
SnAi02014~5312W010)
1591I0] UO0ISIeA [BL
DONSIAA NS0T
TIACY LI —DB]IRIA]
DRJOHDN —DINIDIZ
VIV 00XTT—DINSDIAT
SHISIQUE—DIADIR0IXT
DAZIMERAG ~DAFHLAZE
DIANENIG—-DIOYdOZ Y
15910] U921319A% JYSIDY-PIIA
SHA—SNA D01
urmariadsopug—orfoyny
DLDIDOIX T -DIUUBIIAY
sdoriaD—vIuaoIy
(panunue) } 15910 usISI0A9 MOT

41}

119
roqurp
BUNIQIE
spuepIaqqy

SISM0
110804
NYOA

aUaIBME]

gy
wvISOUEY

BUROdOIY
eunqgney
rUNOY

ngapg

BPEGOAOL
BpRqROUEH

Blueog
erediedg
ndoy

gy
BUROICT
XeHTE]

3991y BuUBLIOT
PIBAL
BINYIN

nony

BINST,

oyolog

auoZ pueldn

JUOZ ({100

QUo7 TIH TeISEC])

UONEIEIA

(ponugiuol) Tz aTEv],



VEGETATION OF THE PORT MORESBY—-KAIRUKU AREA 155

It often occurs on low huminocks or on the slight rises at the fringes of the
flats, where it forms the {ransition to grasslands or to Avicennia—Ceriops vegetation.
In such places some Sporobolus commonly occurs among the Sesuvium,

Distribution patterns suggest that Tecticornia occurs mostly in lower-lying
sitpations.

(iii) Nymphaea—Azolla—This vegetation, which is typical of standing or slowly
running fresh water, consists of submerged plants (Cerarophylium, Nymphaea) and
floating plants (Nymphaea, Nymphoides, Pistia, Azolla, Lemna, Spirodela, Utricularia).

In marginal environments such as shallow pools or in brackish water, Lemna
and Spirodela may be the only genera in this vegetation type.

(iv) Leersia—Hanguana.—This vegetation, up to 6 ft high, is found floating or
rooting in organic material in inundated or permanently wet environments such as
swamps and oxbows. It consists of grasses, among which Leersia, Hymenachne,
and Echinochlfoa dominate, and coarse sedpes, c.g. Thoracostachyum and Scleria,
with herbs (Hanguana, Ludwigia, Polygonum), Yerns (Cyclosorus, Blechnum), and
twiners (Convolvulaceae, Lygodiunt, Stenochlaena). Scattered Phragmites may occur.

This vegetation type represents intermediate stages in the succession from
open water to Phragmites—Saccharum robustum vegetation: if the succession series is
complete a zonation is commonly observed, with Hypmenachne, Echinochloa, and
Leersin in the zone next to the Nymphaea—Azolla vegetation and with coarse sedges and

Hanguana as a succeeding zone. In other swamps, any one of these stages may cover
the whole surface.

(v} Hypris—Imperara—This vegetation consists of weeds (Hyptis, Sida, Crota-
laria, etc.) and grasses (Imperata, Heteropogon, Themeda austrafis, Rhynchelytrum,
Eriachne, and Saccharum sponianeum), with some scattered shrubs or trees (Hibiscus,
Premma, Pandanus, Albizia procera, Timonius, Leucaena leucocephald), 1t occurs
on old, previously gardened beach ridges and sand plains,

(h) Grasslands
() Low Grassland

(1) Sporobolus—Eriechloa—This occurs as dense cover of Sporobolus virginicus
4 in. high, with scattered tussocks of Eriechlea procera and Chloris barbata up to
1L 1t high. Cassia up to & ft high is commonly scattered through this vegetation,
and Pluchea indica or Imperata cylindrica may also occur. In spotsnot covered by grass,
Sesuvivm portulacastrum and Tecticornia cinerea may be found.

This vegetation commonly occurs as broad fringes where salt flats rise (o
higher ground, but it may also cover the whole flat.

Themedna noveguineensis, sometimes mixed with Hereropogon and often with
scattered Pandanus, characteristically occupies the transition zone to higher ground,
which is typically covered by a Themeda australis—Eucalyptus savannah.

(i) Mid-height Grassland

(1) Ophiuros—Imperata.—This grassland has a dense ground cover of Ophiuros
and fmperaia up to 5 ft high, mixed and generally in about equal quantities. Sac-
charum spontaneum or Themeda noveguineensis is common near forest fringes or in
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slightly depressed areas. Generally other grasses are absent, but Cyclasorus is com-
mon, Scattered low shrubs (Melastoma, Crotalaria, Glochidion, Cycas) are common
throughont this vegetation, as high as or slightly higher than the grasses. A very
open tree layer is nearly always present; Timonius, Antidesma, and Pandanus up to
20 ft and Nauclea up to 30 ft are the genera most commonly encountered.

The Ophivros—Imperata vegetation occupies large areas in low-lying fluvial
plains and also extends onto the Jower plains and valley floors in the hills, probably
replacing the forests after prolonged gardening and burning.

(2) Ophiuros-Themeda australis (Plate 6, Fig. 2).—These are grasslands 3-5 ft
high dominated by Ophiures. Themeda qustralis, invariably present, is often co-
dominant. Other grasses are Imperata, Capillipedium, Heteropogon, and, in depressed
areas, Saccharum spontaneum and Phragmites. Scattered shrubs occur (Timonius,
Antidesma, Premna) and an exiremely open layer of Pandanus up to 25 ft high pives
this vegetation a very characteristic appearance.

It eccurs only on plains north-west of Galley Reach.

(3) Imperata—Themeda australis—This grassland is closely related io the
Hyptis—Iimperata vegetation, but Themeda and Imperata have become the dominant
grasses. It occupies sand plains in Papa land system.

(itl) Tall Grassland and Grass Vegetation

(1) Succharum spontaneum—Imperata (Plate 5, Fig, 1; Plate 7, Fig. 1).—These
grasslands are formed by Saccharim spontanewm 7-9 ft high, alone or in mosaic
with Tmperata cylindrica 3—6 fi high.  In depressed areas a slight admixtore of Phrag-
mites karkg may occur. Usually other herbs are absent, but occasionally other
grasses, e.g. Lepfochloa or Polytoca, or Cyclosorus ferns may be found. Twiners
are remarkably scarce.

Trees or shrubs are commonly present, in some places as very scattered in-
dividuals, in other places in such numbers that the vegetation becomes almost a
savannah. Of the 15 taxa recorded, Albizia procera, Nauclea, Antidesma, Melaleucq,
and Pandamus are the commonest.

The Saccharum spontaneum—Imperata grasslands are most extensive on fluvial
plains which are flooded for a short period each year, but extend into the swamp
zone along levee tracts and adjacent back plains and into the coastal hill and foothill
zones on alluvial plains and in drainage depressions, where Imperata is often dominant
and where Themeda novoguineensis may come in,

(2) Plragmites—Saccharum robustum {(Plate 5, Fig. 2).—This vegetation is
8-15 ft high and is dominated by Phragmites karka, often mixed with much
Saccharum robustum. Very few other species occur except for ferns (Cyclosorus,
Blechmum) and twiners (Convolvulaceae, Cayratia, Flagellaria, Lygodium). Some
very scattered trees or shrubs may be present (Mefaleuca, Nauclea, Antidesma, Jagera,
Macaranga, Livistona, Metroxyfon).

Habitats vary from permanent swamps to badly drained, seasonally flooded
areas. Degree of wetness probably determines the extent to which Saccharum robus-
#irm is co-dominant, for it is unlikely that Saccharym will survive a long dry period.
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The Phragmites—Saccharum robustum vegetation is regarded as the last purely
herbaceous stage in the succession from open water to forest. It occurs in swamps,
back plains, and oxbows.

(3) Saccharum robustum (Plate 5, Fig. 2; Plate 8, Fig. 2).—Pure stands of
Saccharum robustum up to 17 ft high occur along river levees, on low banks and
scrolls, and in waterlogged swales and oxbows, in these last two situations often
with an undergrowth of Cyclosorus and some scattered twiners.

In the old channel of the Angabunga River, where Saccharum robustum was
growing on low banks, it was gradually dying and was being succeeded by Saccharum
Sponitanenn.

(¢) Savannah

(i) Themeda australis—FEucaiyptus (Plate 3, Fig. 1; Plate 4, Fig. 1).—This savan-
nah has a grass cover 1-3 ft high in which Themeda australis predominates, with a
tussock spacing ranging from dense to open. In the latter case, which often occurs
on skeletal soils, Sehima nervosum is mostly co-dominant and Eriachne, Stipa, and
Cymbopogon may occur. Other grasses found mixed with Themeda are Heteropogon,
Arundinella, Imperata, Elyonurus, and Capillipedium. Sometimes Sehima and Hetero-
pogon occur in pure patches in a mosaic with Themeda. Forbs are generally scarce
and are mainly represented by Papilionaceae. In valley heads, Themeda novo-
guineensis may come in,

The tree storey consists of one or more of the following Eucalyptus species;
E. alba, E. confertiflora, E. papuana. Their height generally does not exceed 35 ft
and is often much less. The factors controlling their distribution could not be deter-
mined for in some cases they occur together, at other times one species dominates
hill tops and another the lower slopes, which sequence may be reversed on the next
hill, or one species may dominate a whole area while the others are strikingly absent.
Associated taxa are Albizia procera, Timonius, and Antidesma, but they are less
frequent than in the Ophiuros—Eucalyptus alba savannal,

The shrub layer, consisting mainly of young eucalypts, is mostly inconspicuous
except when Cycas is common.

The Themeda australis—Eucalypius savannah is confined to the coastal hill and
foothill zones, where it covers extensive areas and is found on a variety of land forms,
e.g. ridges and hill crests, slopes, and undulating plains. It is one of the vegetation
types most influenced by man, especially in the neighbourhood of Port Moreshy,
where during the Second World War military camps were established in these savan-
nahs. This may have encouraged the dispersal and local dominance of Hereropogon.

In other places a free storey is almost or completely absent. Ring-barking
may be the reason for the lack of trees in extensive parts of Fairfax land system,
where the grasslands are used for grazing by cattle. Whether the grasslands frequently
occurring on the hills of Hanuabada land system are at least partially natural or
wholly induced by man could not be established from the survey data,

(i) Themeda australis—Timonius.—This savannah differs from the Themeda
australis—Eucalyptus savannah in the absence of Eucalyptus species, The tree cover is
formed by Albizia procera, Timonius, and Pandanus. It occurs locally in the central hiils,
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(iiy Ophitros—Eucalypius albg—This savannah has a grass cover of Themeda
australis and Ophiures 1=3 ft high, often in about the same proportions, but some-
times with Themeda predominating. Locally associated grasses are Heferopogon,
Sorghum, andfor Imperata, which may indicatc more human inferference than
average. Also Sehima and Cymbopogon are occasionally observed, as well as papi-
lionaceous forbs, e.g. Tephrosia and Crotalaria. The denseness of the tree layer varies,
and a tree layer may locally be almost absent owing to cuiting. It always consists of
one or two of the Eucalyptus species: E. alba, E. confertiflora, and E. papuana; very
seldom are all three species encountered together. The environmental factors in-
volved in this distribution could not be established. The height varies between 25
and 45 ft. Afbizia procera and Acacia are uncommon. Commoner, but of lower
height, are Antidesma, Timonius, and Desmodium, which may also occur with Cycas
in a very open shrub layer.

In valley heads and along gullies tufts of Themeda novoguineensis may occur
between or may dominate the other grasses, and Pandanus is found in the shrub layer.

The Ophiuros-Eucalyptus alba savannah occurs on undulating ferrain, in
upper valley floors, and on foot slopes in the coastal hill and foothill zones, with
only minor occurrences in the upland zone.

(v) Ophivros—Eucalyptus  papuana.—This savannah is closely related to
Ophiuros—Imperata mid-height grassland. However, the tree layer is denser and also
features Fucalyptus papucna. The Ophiuros—Eucalyptus papuana savannah has a
limited occurrence in the fluvial plains, coastal hill, and foothill zones.

(v) Ophiuros—Eucalyptus ‘tereticornis (Plate 10, Fig. 1).—This savannah has
a grass cover 2-4 ft high, in which Ophiuros and Themeda australis are co-dominant,
accompanied by Imperata, Eriachne, Arundinella, Cymbopogon, and Euwlalia. Dianella,
Melastoma, and the fern Gleichemia are often found, together with a number of
papiliondaceous forbs, e.g. Indigofera and Tephrosia. Heteropogon is characteris-
tically absent from this vegetation.

In valley heads Themeda novoguingensis comes in, and Polyteca and Scleria
may occur in depressions.

The tree layer, at least 50 ft and commonly more than 8Q ft high, is formed by
Eycalyptus tereticornis and E. papuana, with minor E. conferiiflora, frequently accom-
panied by Casuarina papuana and Melaleuca. In the shrub layer Banksia dentata
is conspicuous. '

The Ophiuros—Eucalyptus tereticornis savannah occurs only on the Sogeri
Plateau and on adjacent foothill spurs.

(vi) Ophiuros-Timonius—-The grass cover of this savannah is the same as
in the Ophiuros—Eucalyptus alba savannah. In the tree layer, however, the Eucalyptus
species are absent and Timonius up to 15 ft predominates.

The Ophiuros—Timonius savannah occurs on limestone ridges in the coastal hills.

(vii) Themeda novoguineensis—Eucalyptus—Themeda novoguineensis 1-3 ft high
is a feature of this savannah; Ophiuros is always absent and Themeda australis is
generally so, but may he present in minor quantities. In damper situations Themeda
novoguineensis dominates, but generally some other species, e.g. Panicum, Arundinella,
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Imperata, Heteropogon, Friachne, or Eulalia, are associated, and a variety of forbs is
frequently present, e.g. Indigofera, Desmodium, Zornia, Tephrosia, Hyptis, and
Buchnera.

The tree layer, which can reach a height of 50 fi but is generally much lower,
consists of Fucalyptus alba, E. papuana, E, confertiflora, Albizia procera, Desmodium,
and Antidesma. The open shrub layer is represented by Cycas, some papilionaceous
and myrtaceous shrubs, and young individuals from the tree storey.

The Themeda novoguineensis—Eucalyptus savannah ocouts on a variety of land
forms in the coastal hill and foothill zones, including rocky crests, steep slopes,
and drainage depressions.

(vii) Imperata—Eucalyptus.—In this savannah a rather open grass cover up
to 2 ft high is dominated by Imperata, mostly accompanied by scattered Cymbopogon
and sometimes with some Heteropogon, Eulalia, Panicum, Capillipedium, or Themeda
novoguineensis, Papilionaceous forbs often occur, e.g. Tephrosia or Crotalaria. The
tree storey, up to 45 ft high, consists mainly of Eucalyptus papuana andfor E. alba.
Albizia procera is found fairly regularly and Timonius is a frequently occurring lower
tree. Except for some scattered Cycas, no shrub layer of any importance is present.

Imperata-Eucalyptus savannah occurs in the northern parts of the coastal hill
zone and in the foothill zone.

{d) Palm and Pandanus Vegetation Types

(i) Metroxylon-Artocarpus.—This vegetation consists of sago palms (Metro-
xylor) 30-40 ft high, in pure dense stands without any undergrowth or in more
open stands mixed with some emergent trees up to 60 ft (Octomeles, Artocarpus,
Sapium, Alstonia) and scattered canopy trees (Ficus spp., Pandanus, Endospermum,
Althoffia), with a ground cover of Cycfosorus and other ferns and some scattered
Heliconia. Tt occurs on levees in fidally affected but freshwater reaches of lower
river courses.

(ily Meiroxylon-Macaranga—Open stands, 20-30 ft high, dominated by
Metroxylon, are mixed with Macaranga, Mallotus, Kleinhovia, Hibiscus, Jagera,
Pandanus, Caryota, Livistona, and “lio” palms, interwoven by Flagellaria and twining
Cyeclosorus, Stenochlaena, and herbs. The ground cover, up to 15 ft high, consists of
Rhynchoespora rugosa or other coarse sedges, Phragmites, Hanguana, and Zingiberaceae,

This vegetation type occurs as complexes and lines in freshwater swamps.

(i) Nypa—Dense vegetation formed by fronds of Nypa fruticans, 25-35 ft tall,
occurs in the lower parts of estuarine tracts and also forms fringes along mangrove
forests in sheltered positions.

In slightly higher-lying levee areas scattered emergent trees form an upper
storey up to 40 ft high. They arve Xylocarpus, Heritiera, Bruguiera, Rhizophora, or
Myristica (species with stilt roots). The undergrowth consists of scattered tall sedge
and iree ferns. At still higher levels other species, e.g. Rhus and Barringfonia together
with Aremga and Caryota palms, come in and represent presumably a successional
stage to Heritiera—Bruguiera forest.
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(iv) Pandames.—This vegetation consists of an open Lo rather dense layer of
Pandanus trees, 20 ft high, sometimes mixed with Melaleuca, with an undergrowth of
coarse sedge and Hanguana (Inaukina land system) or of Isachne, Ischaemum, Rhyn-
chospora, Scleria, Fuirena, and ferns (Sogeri land system). Tn the former land system
it oceurs in choked valleys, in the latter in drainage depressions with standing water
more than 1 ft deep.

(&) Scrub and Thicket

(D) Scrub

(1) Lummitzera.—A scrub § ft high, of Lummitzera, pure or with some Hibiscus
up to 12 ft, occurs on lower inner beach ridges and on the margins of higher ridges,
and is flanked by Avicennia trees up to 50 ft high where it borders lower-lying mangrove
flats.

(2) Premma—Scaevola—This open vegetation, up to 20 ft high, consists of
rather isolated tall shrubs and low trees (Premmna, Scaevola, Thespesia, Hibiscus,
Clerodendrum, Gyrocarpus, Celastrus, Pandanus), with scattered herbs in the open
places (e.g. Achyranthes), Climbers are Ipomeea and Flagellaria. Patches of denser
shrub growth occur locally.

This scrub occurs on sandy beach ridges, enclosed between RAizophora—
Bruguiera and/or Avicennia—Ceriops forests.

Along open coasts only a Pandgnus line may occur.

(3) Pluchea—Flagellarin—This is a vegetation of Pluchea indica and some low
Hibiscus, 8 ft high, densely tangled by Flageflaria, scrambling shrubs, and thorny
vines. Occasional emergents are Acacia, Livistona, or Lagerstroemia. The ground
cover consists of scattered tufts of Acrostichum aureum ferns. '

Pluchea—Fiageliaria scrub generally occurs in brackish back swamps and
beach swales.

(it} Evergreen Thicket

(1} Clerodendrum—Fiagellaria—In this thicket an open layer of Acacia aurieuli-
formis or Pittosporum up to 30 ft high emerges from a dense scrub of Clerodendrum
10 ft high, tangled by Flageflaria. Other shrubs are mostly scarce, but include some
Harpullia, Pluchea, or Hibiscus. The ground cover is formed by scattered Aero-
stichuwm tufts and some Chloris.

This thicket occurs on beach ridges, and sometimes exiends into swales, in
which case Ceriops andfor Excoecaria are present in the emergent layer.

(2) Hibiscus-Flageliaria—This is typically a dense scrub, 8-20 ft high and
occasionally up to 30 fi, dominated by Hibiscus, sometimes almost without other
shrubs, and densely interwoven by climbers. The number and composition of the
emergent trees vary; their height does not usually exceed 40 ft, but can be as high
as 70 ft. Combinations of the following genera are represented in this layer: Aeacia,
Melatenca, Livistona, Nauclea, Althoffia, Ficus, Intsia, Alstonia, Adenanthera, Kiein-
hovia, Erpthrina, Lagersiroemia, and Caryora.
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Accompanying genera in the scrub layer are Macaranga, Glochidion, Ficys,
Harpullia, Pluchea, Arenga, Caryota, and Premna. Among the climbers are Flagel-
laria, Passiflora foetida, and Compositae. Scrambling shrubs, some with spines,
may be present.

Hibiscus—Fiagellaria thicket is fairly widespread throughout the littoral plains,
swamp, and fluvial plains zones, where it occupies such situations as levee back
slopes, back plains, and seasonal swamps. It can stand a Jow degree of salinity.

(3) Acacia—Myoporum.—This rather open vegetation has an upper layer domi-
nated by Myoporum 15 ft high and by Acacia auriculiformis 25 ft high, with some
Hibiscus, Harpullia, Glochidion, and Pittosporum, and a lower layer up to 8 ft high
dominated by Clerodendrum, with some Myoporum and Hibiscus. The ground
cover is formed by scattered Acrosticluan or by Panicum, Sporobolus, and Sesuvium
in more open patches.

This thicket occupies the highest tidal plains and low beach ridges.

(iii) Semi-deciduous Thicket

(1) Gyrocarpus—Harpullic—The trees forming the open upper layer are mostly
deciduous and about 40 ft high, but some are up to 70 ft high. The lower layer,
12-20 ft high and also rather open, is dominated by gnarled trees and scrambling
shrubs and is interwoven with lianes and climbers.

Floristically this thicket is closely related to Bombax—Celtis forest, but it is
lower, the upper layer is more open, and the shrub layer is denser, Trees in the
upper layer are Bombax, Gyrocarpus, Garuga, Adenanthera, Brachychiton, Erythrina,
Intsia, and Planchonella, also occasionally Adcacia, Ficus, Eucalypius alba or E.
papryeana, and Livistona. In the second layer are found Harpullia, Coelona, ?Rhodo-
myrtus, Clerodendrum, Santalum, Cycas, Jagera, Micromelum, Alstonia, Glochidion,
Pandanus, Myoporum, and a scrambling shrub with spines. Among the climbers
Flagellaria is common, whilst Usrea is conspicuous on the branches of the bare trees.

Gyrocarpus—Harpullia thicket occurs on inner beach ridges as well as in various
situations, often with skeletal soils, in the coastal hill zone.

(2} Garuga—Rhodomyrtus—Scattered deciduous trees up to 40 ft and occasion-
ally up to 50 ft high occur over a 25-ft layer of slender, somewhat gnarled trees
and fall shrubs with small leaves, tangled by lianes. Among the emergent trees
Garuyga is dominant, others are Adenanthera, Bombax, Ficus, and Gyrocarpus. In the
lower layer are found ?Rhodomyrius, Celtis, Psychotria, Celastrus, Antidesma, Des-
modium, Canthium, Pittosporum, Alstonia, Eucalypius alba, Trema, Cordia, and the
spiny shrubs Colubrina and Guanea. Lianes in many forms occur, some with thin
smooth bark, others with cork ribs or with spines. In the ground cover Oplismenus
and ferns are encountered.

This thicket occurs in the southern part of the coastal hill zone on coastal
cliffs, ridges, valley floors, and alluvial plains.

(3) Adenanthera—Colona—The scrub layer, 25-35 ft high, is dominated by
Colona, with Harpullia, Celiis, Glochidion, Lagerstroemia, and 1Rhodomyrtus, and
with much emergent Adenanthera up to 60 ft high and some Terminalia, Garuga,
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and Greviflea. There is an undergrowth of small-leaved shrubs, some with spines,
e.g. Colubrina, Climbers are common, e.g. Flagellaria, and lianes also occur. The
ground cover consists of sedges, Oplismenus, and scattered tufts of ferns.

It is found on ridges and interfluves, and in tributary valleys in the coastal hill
and foothill zones.

(4} Eucalyptus—Acacia.—An open layer, 25-60 ft high, of deciduous and ever-
green trees {Acacia, Eucalyptus papuana, sometimes E. alba or E. confertifiora,
Adenanthera, Garuga, and Termtinalia) occurs over a dense lower layer of gnarled trees
and shrubs up to 25 ft high (Harpullia, Colona, Antidesma, Lagerstroemia, Rhus,
Santalum, Colubring, and Myrtaceae). Only a few climbers are found.

It occurs on ridges and interfiuves, and on tributary valley floors and plains
in the coastal hill and foothill zones.

(f) Forest

(i) Stromgly Deciduous Forest

(1) Bombax—Celtis (Plate 3, Fig. 2)—This forest consists of an upper layer,
60-90 ft high, which is rather open (at least in the dry season) and dominated by
deciduous trees (Bombax, Gyrocarpus, Brachychiton, Adenanthera, Garuga, Ter-
minalia {“samanak”, “dsau™), and Erythring), Planchonella, and Intsin, with a
denser second layer, 25-40 ft high, of evergreen and semi-deciduous trees (Celfis,
Santalum, Micromelum, Colona, Dysoxylum, Harpuilia, Ficus, Terminalia, Mallotus,
Cryprocarya, Canarium, Sterculia, Myristica, and Litsea). The open to rather dense
shrub layer consists mainly of scrambling and spiny shrubs. Cyeas and Pleomele are
encountered here. The ground cover is of scattered forbs and ferns, together with
Oplismenus. The lower layers are densely interwoven by Flagellaria and lianes.
Epiphytes are scarce; sometimes an orchid is found and Usnea occurs on the branches
of Bombax.

Bombax—Celtis forest is confined to the coastal hill and foothill zones, where .
it is found on rocky ridge crests, steep slopes, valley heads, and benches.

(2) Bombax Terminafia.—The open upper layer, up to 90 ft high, consists
of deciduous, semi-deciduous, and non-deciduous trees (Bombax, Serianthes, Albizia
falcata, Brachychiton, Terminalia (“‘dsau”), Randia, Viticipremmna, Pleomele, Cellis,
Semecarpus, Myristica, Maniltoa, Caryota, and Pandanus). Low palms, if present,
are mainly Adrenga.

This forest type is almost confined to the coastal and foothill zones. It occurs
on foot slopes, valley floors, and drainage plains.

(3) Albizia—Maniltoa.—This is a forest 50-80 ft high, mostly with an open
upper layer and a more closed storey at 25 or 30 ff, and with a dense shrub layer,
tangled by Flageflaria, lianes, and scrambling shrubs and spines. Higher trees are
Albizia falcata, Erythrina, Terminalia (“samanak”, “dsau”™), Stercufia, Garuga,
Bombax, Ficus, and Serianthes. Lower trees are Maniltoa, Kleinhovia, Syzygium,
Barringtonia, Lunasia, Pleomele, Pandanus, Colona, Dysoxylum, and Casearia, and
“hali” is a scattered palm.

Albizia—Manilioa forest occurs on bouldery valley floors in the coastal hill zone,
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(ii) Slightly Deciduous Forest

(1) Garuga-Brachychiton.—This forest is up to 75°ft high, but generally about
35 ft, with emergent trees to 45 ft. It has a rather dense upper tree layer with several
deciduous trees, and a well-developed lower layer with Flagellaria and lianes. Among
the emergents are Garuga, Brachychiton, Ficus, Albizia falcata, and Grevillea, and
in the canopy are Colona, Lagerstroemia, Glochidion, Bombax, Terminalia (*‘dsau”,
“samanak’), and Harpullia. Palms (“sal’) occur only as scattered individuals. Ferns
are the main constituent of the open ground cover., :

Garuga—Brachychiton forest covers ridges in the northern part of the coastal
hill zone and in the foothill zone.

(2) Imisia—Celtis.—This forest has a rather open canopy, 30-70 ft high with emer-
gent trees up to 80 ft, including Intsia, Terminalia (*dsav” and “samanak™), Garuga,
Cedrela, Albizia falcata, Serianthes, Bombax, Dracontomelum, and Erythring, Trees
found in the canopy are Celtis, Dysoxylum, Syzygium, Acacia, Myristica, Maniltoa,
Randia, and Ficus. Shrub undergrowth, up to 20 ft high, is dense, with rather frequent
Pandanus, but palms are scarce. Liancs are scarce to rather numerous, and the
ground cover consists of Oplismenus, sedges, and ferns.

This forest occurs on ridges and valley floors in the coastal hill zone.

(3) Planchonia—Adenanthera—An open upper layer up to 100 ft high, with
Planchonia, Adenanthera, Casearia, Pangium, Nauclea, Alstonia, Pterocarpus, Ficus,
Sterculia, Terminalia, Bombax, and Garuga, occurs over a denser lower layer with
Kleinhovia, Ficus (“ana’™), Jagera, Barringtonia, Semecarpus, and Pleomele. In the
shrub and tall herb layer are found Pseuderanthemum, Pandanus, Zingiberaceae,
Arenga, and young rattans. Palms are generally sparse. The numerous lianes range
from slender rattans to thick bush ropes.

This forest occurs on alluvial terraces and plains throughout the southern part
of the coastal hill zone and in the foothill zone,

(4) Spondias—Celtis—This forest has an open upper storey, up to 120 ft high,
of Spondias, Cellis, Dracontomelun, Intsia, Terminalia (“samanak’, “0, and “nut™),
Cedrela, Alstonia, Ficus, Bombax, and Octomeles. 1t has a denser second storey of
Kleinhovia and a dense lower layer with Pandanus, Arenga and other palms, and
scattcped young rattan.

It occurs on valley plains in the foothill zone and in drainage-affected areas
in the fiuvial plains zone.

(5) Intsia—Spondias.—This forest has an open upper storey up to 130 ft high
and a Jower storey of irregular height (60-100 ft) and closure with many relatively
slender trees. Trees are Inisia, Spondias, Celtis, Tristiropsis, Cedrela, Ficus, Sterculia,
Pangium, Colona, Bombax, Canarium, Alstonia, Neonauclea, and Pometia; high palms
are Caryota, Oranig, and “limbon”. In the undergrowth young palms and rattans are
common, and Pandanus, Cycas, and Zingiberaceae occur in smaller numbers, Pleo-
mele is locally abundant. Some lianes are found, but thinner climbers, e.g. Flagel/laria,
occur in greater numbers. There is a sparse ground cover with ferns.

This forest occurs on the crests of ridges in the north backing ranges.
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(6} Albizia—Canarium.—This forest is 70-100 ft high, locally up to 130 ft high.
The canopy is irregutar in height and closure, filled in by the second layer, up to
60 ft high, which is rather dense and consists of numerous slender trees. Those
encountered were Albizia folcata, Canarium, Microcos, Neonauclea, Pimeleodendron,
Wrightin, Cedrela, Bombax, Syzygium, Dysoxylum, Terminalia, Celtis, Alstonia,
Pangium, Gnetum, and Aglaia, with the palms Caryota, Arenga, and Orania. The
shrub layer is also dense, with Cycas, Pleomele, Cordyline, Maniltoa, Harpullia,
Sloanea, Pandanus, young Arenga palms, scattered young rattans, and Zingiberaceae.
Bush ropes are frequent, but rattans are scarce. In the ground cover are Selaginella,
Oplismenus, and several ferns.

Albizia—Canarium forest occurs on ridges and slopes in the foothill and upland
ZOnes.

(iil) Low Evergreen Forest

(1) Somneratia acida.—This vegetation consists of stands of Sonneratia acida
up to 40 ft high, sometimes mixed with Nypa and Bruguiera. Stenochlaena climbs
up to 15 ft on the trunks; locally there is dense Flagellaria. 'The ground between the
tall pneumatophores is covered by an araceous species, Cyperus, and Leersia.

Stands of this vegetation type are always small; they occur on shelving river
banks and low scrolls in the tidally affected but freshwater reaches of rivers.

(2) Avicennia—Sonneratia—In this vegetation, open stands of Avicenmia marina
and/or Semmeratia alba 6-30 ft high are locally mixed with Rhizophora or stands of
Nypa.

It is a seral vegetation on accreting muddy shores and shelving banks well
below high-water mark.

{3) Ceriops.—This is pure vegetation of Cerigps, up to 30 ft high, in a zone
several hundred yards wide along tidal creeks in Kido land system. Further from
the creek this vegetation was only 12 ft high and consisted of a very great number
of small trees which had died when they reached a certain diameter, as was observed
from the numerous dead trunks. .

(#) Avicennia—Ceriops (Plate 2, Fig. 1).--This forest is dominated by Avicennia
maring, often mixed with some Ceriops, Aegiceras, Xylocarpus, or Bruguiera, Height
mainly ranges between 15 and 30 fi, but occasionally some stands of 50 ft cccur,
consisting of very thick, broad-crowned Avicennia trees. The degree of closure also
varies, perhaps in response to the environment. In the more open stands dead trees
are often found.

In localities regularly flooded by the tides, the pneumatophores form the only
ground cover. Where flooding is more irregular a ground cover dominated by
Sesuvium, sometimes with Chloris and Sporobolus, is developed.

This vegetation type occurs in extensive forest iracts and also as a fringe round
salt pans, where these are bordered by low beach ridges. In such fringing vegetation
Ceriops is mostly dominant and not higher than 10 ft, while Avicernia is mostly about
5 ft. .

Avicennia—Ceriops forest is confined to well-drained areas in the littoral plains
zone, which are flooded only by the higher tides,
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(5) Avicermia—Excoecaria.—This is a forest 25-40 ft high, with a rather open
canopy, usually dominated by Avicennia but sometimes by Bruguiera or Rhizophora,
and invariably accompanied by Excoeecaria. The undergrowth, 8-15 ft high, of
Aegiceras, Ceriops, Thespesia, Myoporum, Hibiscus, or Clerodendrum, is often dense.
A ground cover is absent or is formed by scattered Acrostichum tufts. In the highest
situations Sesuvitm and Sporobolus may occur.

Avicennia—Excoecaria forest occurs in ill-drained brackish higher areas in the
littoral plains zone, Along drainage channels in areas covered with Clerodendrum—
Flagellaria thicket the Avicennio—Excoecarin forest is reduced to only a line of
trees.

(6) Althoffia—Endospermum.—This vegetation consists of woody regrowth,
commonly up to 20 or 30 ft high, densely interwoven by herbaceous vines and with a
rich ground cover, The tree layer consists of mature trees. of Afthoffia, Endospermum,
Macaranga, Melanolepis, Hibiscus, Mallotus, Laportea, Ficus, Timonius, and of young
forest trees {(Myristica, Elaeocarpus, Canariuimm, Pometia, Nauclea, Alstomia, and
Euodia), Bamboo and Aremga, Caryota, and “lio™ palms occur., Climbers are
Flagellaria, Convolvulaceae, and a few rattans. Among the epiphytes several Araceae
and Stenochiaena are found. The ground cover is formed by low and tall Zingi-
beraceae and by Heliconia, Cyclosorus, Acalypha, Archiphallos, Paspalum, Imperata,
Saccharum spontanewn, and Setaria palmifolia.

Planted Cocos and Areca palms, Ariocarpus, and Terminalia kaernbachii are
often encountered, the fast up to 80 ft high,

Althoffia—Endospermum forest is found throughout the fluvial plains zone in
slightly low-lying areas.

(7) Artocarpus—-Ficus.—~This Torest, up to 40 ft high, contains Artocarpus and
Ficus (“holun’) as characteristic trees, accompanied by several other Ficus species,
Kleinhovia, Alstonia, Nauclea, Laporteq, “kukul”, Terminalia, Melanolepis, Macaranga,
and young Octomeles. Rattans are common, and in the undergrowth are Pandanus,
Cordyline, tall Zingiberaceae, and climbing Stenochlgena. Often there is a dense
Cyclosorus ground cover.

This forest occurs on low levees, mainly in the fluvial plains zone, and is pre-
sumably seral to Octomeles—Artocarpus forest.

(iv) Mid-height Fvergreen Forest

(1) Rhizophora—Bruguiera (Plate 1, Fig. 2).—This forest is generally 50-80 fi
high with a dense canopy dominated by Rhizophora andfor Bruguiera, and is subject
to frequent tidal inundation. It forms the typical mangrove forests. The lowest-
lying stands are almost pure; with decreasing duration of flooding, Xylocarpus and
Cerfops come in, and in the highest parts Heritiera is also found.

There is mosily no true second layer under the canopy, but often a rather
dense undergrowth of young trees occurs. In lighter stands there may also be scattered
Nypa. Avicennia, Sonneraiia, Aegiceras, and Nypa are found where this forest
fringes large estuaries and tidal creeks.

In forests lying near high-water mark, large crab-built mounds are found.
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These form a substrate for an Acanthus—Acrostichum ground layer, On the highest
parts Clerodendrurmn and Flagellaria also come in. The lower-lying forests have no
ground cover.

On spots well above ordinary high-water mark is a vegetation about 30 ft
high, dominated by gnarled Xylocarpus with a lower, denser shrub layer of Bruguiera,
Ceriops, and young Xylocarpus. Trunks are densely covered by mosses and lichens,
and a ground cover of scattered Acrostichum is preseni. Papilionaceous climbers occur.

On some sandy foreshores a forest, 2040 ft high, occurs, consisting of giant
shrub-like specimens of Rhizophora, pure or with Bruguiera,

Rhizophora-Bruguiera forests are found in the lower parts of the lLittoral plains
zone, where they occupy the tidal flats and some sandy foreshores.

(2) Heritiera—Bryguiera.—This is a forest 50-80 ft high, with a fairly open
upper storey dominated by Heritiera, Bruguiera, and Xylocarpus. Other trees are
Aglaia, Rhus, Myristica (species with prominent stilt roots), nfsie, and Excoecaria.
The lower storey varies in density and is formed by young trees of the upper storey
together with Boerlagiodendron, Jagera, Barringtonia, Hibiscus, Schefflera, Arenga,
Nypa, Pandanus, and tree ferns. The ground cover consists of Stenochlaena, Asplenium,
and scattered coarse sedges; in areas with stronger salt-water influence Acanthus
also occurs. Generally much Flagellaria twines through the lower storey.

This forest grows on back plains and low levees in areas of brackish or fresh-
water tidal inundation.

(3) Excoecaria—Hibiscus.—This forest, 35-80 ft high, has an open canopy of
Excoecaria agallocha, mostly pure but sometimes with Livistona palms and Myristica.
Often there is a fairly dense lower storey of Hibiscus and Clerodendrum tangled by
Flagellaria and other climbers, some with spines. The greund layer consists of
scattered Acrostichum and minor Acanthus. In some fragmentary occurrences, for
instance in small beach swales, the lower storey may be absent.

It occupies ill-drained brackish beach swales and back swamps in the littoral
plains and swamp zones.

(&) Melaleuca—Excoecaria—Melalenca dominates the canopy layer in this
open forest, up fo 80 ft high. A lower open tree layer is formed by Excoecaria,
Acacia, and Livistona, and Hibiscus dominates the shrub layer. The ground cover,
which is generally dense, consists of Paspalum, Eragrostis, and small sedges.

The vegetation occurs in more or less brackish back swamps which are seasonally
flooded. At the base of the Melalenca and Excoecaria trunks bunches of adventitious
roots are developed, presumably as a response to this flooding,

(5) Melaleuca—Nauclea (Plate 6, Fig. 1).—This forest is 80 ft high, with a light,
rather less evenly closed canopy, an open second layer, and often a dense lower
layer of young palms and rattans. Tu the canopy are Meldleuca, Nawclea, “kukul”,
Erythrina, Terminalia, Alstonia, Planchonia, Ficus, Sapium, and Acacia, and Livistona
palms. In the second layer Kleinhovia, Premna, Semecarpys, Randia, Macaranga,
Hibiscus, Pandanus, and Livistona and Arece palms may eecur. In the shrub layer are
young ratians and other palms (Livistona “bali”), Cordvline, and tall Marantaceae.
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Among the climbers, rattans and Flagellaria are common, Stenochlaena may occur
as a creeper up to 20 fi high, but also occurs locally as ground cover with Cyclosorus.
In lighter patches Phragmites or Echinochloa is found.

Melaleuca—Nauclea forest occupies seasonal back swamps, ill-drained plains,
and depressions in freshwater environments throughout the depositional zones.
Along margins of permanent swamps this forest type is often reduced to a line of
Melaleuca, Nauclea, Terminalia, “kukul”, Livistona, etc.

(6} Nauclea—Kleinhovia—This forest has an open, irregular canopy 60-100 ft
high, with Nauclea, Planchonia, Artocarpus, Ficus, Terminalia, Pterocarpus, “kukul”,
and Alstonia. The second layer is dense, 35-60 ft high, and dominated by Kleinhovia
or palms and Pandanus. Other trees in this layer are Myristica, Macaranga, Syzygium,
and Cordyline, and the palms Arenga, Caryota, Licuala, “‘sal”, and “limbon™, Rattans
are often dense. The climbing fern Stenochlaena is present. The ground cover is
sparse and includes Oplismenus, Scleria, and Araceae. Zingiberaceae and Maran-
taceae are scarce or absent,

Nauclea—Kleinhovia forest occurs in the swamp zone on higher levees, and
in the fluvial plains zone on back-slope plains and in old meander depressions.

(7} Ficus—Myristica.—This forest is up to 80 ft, with an open upper storey of
Ficus (“bamiso™), Myristica (species with stilt roots), Canarium, Neuburgia, Ter-
minaiia, Dysoxylum, and the tall palms “lio”, Caryota, and Livistona. A dense lower
storey is formed by Boeerlagiodendron, Pandanus, Arenga, Cordyline, Kleinhovia,
Harpuilia, and tall Zingiberaceae and Marantaceae. Srenochlaena is a climber up to
20 ft in height. There is much coarse Flagellaria and rattan among the climbers.

This forest occurs on low levees in estuarine tracts subject to freshwater tidal
inundation.

(v} Tall Evergreen Forest

(1) Octomeles—Artocarpus—This forest has a rather open canopy, up io
120 ft high, of Octomeles, Artocarpus, Terminalia (“‘samanak” and “nut™), Ficus,
Nauclea, Intsia, Pometia, Planchonia, Alstonia, Pterocarpus, Draconiomelum, Seri-
anthes, Spondias, Bischoffia, etc. In the lower storeys Kleinhovia and Artocarpus
are prominent, with many associates {(Horsfieldia, Ficus, Dysoxylum, Macaranga,
Sterculia, “kukul”, etc., and Livistona and “lio® palms). Lianes, and especially rattans,
are common, and so are araceous epiphytic creepers; Stenochloena covers many
trunks to a height of 20 ft. The open understorey consists of Pandanus, palms
(Arenga, “sal”, “bali”, and young rattan), Zingiberaceae, Marantaceae, and Musaceac,
and the rather open ground layer of Cyclosorus, Stenochiaena, Araceae, and Pas-
palum conjugatum.

Octomeles—Artocarpus forest occupies banks and levees of the larger rivers
throughout the area. Owing to the favourable topography and soil, forests of this
type are ofien disturbed by shifting cultivation.

(2) Cerbera—Alstonin.—This forest has a rather open canopy of irregular height,
80 to 120 ft, with a dense lower layer in which erect palms and rattans predominate,
There is sometimes an additional, open layer between these two. In the canopy are
found Cerbera, Alsionia scholaris, Terminalia (“samanak™ and “o”), Planchonia,
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Ficus, Prerocarpus, Tristiropsis, Pometia, Dracontomelum, etc. An occasional Bombax
or Garuyga may occur. In the lower layers are Semecarpus, Kleinhovia, Myristica, etc.,
and many palms, e.g. rattan, Caryora, “lio”, “hek”, Arenga, Licuala, “bali”, and
“sal”’, of which the first four may reach the canopy, as Pandanus sometimes does. Tall
Zingiberaceae and Marantaceae are found in the understorey, but Stenochlaena is rare.

This forest occurs on back plains, swamp margins, and river terraces, mainly
in the fluvial plains zone.

(3) Conanga—Pometia—This forest has a fairly evenly closed canopy at 100 ft,
emergents (e.g. Cananga odorata) up to 140 ft, and many rattans. Pometia, “uk>,
and ?Pimelevdendron predominate, associates being Nauclea, Canaritmm, Homalium,
Alstonia, Mangifera, Neuburgia, Terminafio, and palms (“lio”, “bananak”, and
Caryota). The second layer, at about 50 ft, is rather open and has much Pandanus,
some Arenga palms, and many small trees, among which Maniltoa predominates.
In the shrub storey are many young rattans, Arenga, Marantaceae, and Zingiberaceac.
Stenochlaena, creeping to 30 ft, is uncommon,

Cananga—Pometia forest has a limited distribution in the fluvial plains zone,
where it occurs on prior levee banks and channeis which are frequently inundated.

{4y Pometia—-Celtis (Plate 7, Fig. 2).—This forest is about 100 ft high, with
occasional emergents (e.g. Teframeles or Bombax) up to 150 ft; it has a dense canopy
and an open lower tree layer with scattered rattans and palms. It is very mixed in
composition, and the following taxa are relatively numerous: Pometia pinnata and
other species, Celtis (several species), Alstonia, Canarium, “‘nawal”, Pangium, Ficus
{many species), and Myristica, Among the others are Draconfomefum, Mangifera,
Dysoxylum, Terminalia, Pterocarpus, Sterculia, Semecarpus, and occasional tall
palms (“lio”, “hek™). A few deciduous elements may be present ( Bombax, Garuga,
Erythrina, and Terminalia). Among the smaller trees are Maniftoa, Kleinhovia, and
Pleomele. The undergrowth is sometimes rich in young rattans and other palms
{Arenga, Licuala, Caryota, “sal”, “bananak™), together with Pandanus and Cordyline.
Scattered lianes and tall herbs occur.

Pometia—Celtis forest occupies large areas in parts of the fluvial plains zone.

{5) Casuarina—Dysoxyliwn.—This forest has a mixed, rather open cancpy up
to 90 ft high, with local dominance of Casuaring, and a denser lower storey in which
Actinodaphne or Wendlandia is locally common. Among the trees are Casuaring,
Dysoxylum, Gretum, Rhus, Pangium, Ficus, Aglaia, Calophyllum, Fuodia, Terminalia
kaernbachii, Cryptocarva, Cedrela, Citrus, Schefflera, Pandanus, Pleomele, and
Cordyline. Palms up to 50 ft vary in number and are mainly represented by Caryota.
Only thin climbers, e.g. Flagellaria, are found. In the shrub Jayer, tree ferns and
scattered young rattans occur and there is a rich ground cover of herbs and ferns.

This forest type occurs on steep lower slopes, in tributary valleys, and on
minor alluvial terraces, mainly in the foothill and upland zones. Where it borders
Castanopsis—Elaeocarpus forest it is mixed with elements of this forest type.

(6} Ailstonin-Kleinhovia—This forest has an irregularly closed upper storey
up ta 100 ft high, with emergents up to 150 ft, In the canopy, Terminalic (*‘nut”, “a”),
Alstonia, Ficus, Nauclea, “kukul”, Intsia, Serianthes, etc., are found. Lower storeys,
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up to 60 ft high, are irregularly to almost completely closed, with much Kleinhovia,
Myristieca, Maniltoa, Microcos, Cordyline, Lunasia, and Livistona. “Sal” palms
form a rather dense understorey. Rattans, Zingiberaceae, and Sienochiaena are
abséent, and lianes are scarce.

This forest typically occurs on the main valley plains in the northern hills of the
coastal hill zone.

(7 Pometia—Artocarpus.—-This forest is 100-120 ft high, with an open canopy,
many epiphytes (Araceae, ferns), and few to many lianes. The lower storeys are
dense. Canopy trees are Pometia, Artocarpus, Evodia, Elaeocarpus, Pangium, Syzy-
gium, Albizia falcata, Ficus, Planchonella, Terminalia (kaernbachii and “nut”), with
some elements of the Castanopsis—Elaeocarpus forest if the two are in contact. In
the lower layers are Horsfieldia, Schuurmansia, Schefflera, Pleomele, Pandanus, and
tree ferns. Kleinhovig occurs only locally. Elatostema appears in the ground cover.

Pometia-Artocarpus forest is found on lowermost spurs and valley floors
in the upland zone.

(8) Pometia—Canarivin.—This forest has an open upper storey, 130-150 ft in
height, and a rather open lower storey of irregular height, 60-100 ft, with mainly
thin-stemmed trees. Those listed are Pomefia, Canarium, Pangium, Grnetum, Alsfonia,
Diospyros, Neonauclea, Syzygium, Ficus, Wrightia, Sterculia, Pterocarpus, Microcos,
Tristania, Dracontomelum, Intsia, Semecarpus, Garcinia, Celtis, Dysoxylum, Cinng-
momum, and an occasional deciduous tree (Spondias, Garuga). Tall Pandanus and
palms (Caryota, Arenga, “limbon™) are also present. Scattered low palms and
rattans occur in the undergrowth, together with Cycas, Pleomele, Maniltoa, and tall
Zingiberaceae and Marantaceae. Ferns form an open ground cover,

This forest type occupies plateau crests, lower ridges, and lower slopes of
higher ridges in the north backing ranges.

(9Y Castanopsis—Elaeocarpus—This forest ranges in height from 70 to 130 ft,
ofien strongly dominated by Casranopsis with only a few associated species. The high-
est tree storey is rather open; lower tree layers are not differentiated and all stages
from unestablished seedlings to relatively mature trees may be found. In the canopy
are Castanopsis, Elaeocarpus, Syzygium, Canarium, Myristica, Cryptocarya, and
Ficus (“bambam™, “lalawi”, “bigus’). In the undergrowth are tree ferns and Pandanus
and bamboo, both sometimes climbing; palms and rattans are scarce and only a few

lianes occur. Among the rich epiphytic flora, climbing ferns, Araceae, Orchidaceae,
and mosses are conspicuous,

This forest occurs on ridges and some higher valleys in the south backing

ranges and on the Sogeri Plateau. More mixed forests of this type generally occur
on the lower parts of the slopes.

Locally in Subitana land system Dipterocarpaceae, e.g. Hopea and Anisoptera,
become prominent, in which case Castaropsis is almost or wholly absent,

(10) Lithocarpus—Elaeocarpus.—This forest has emergents up to 120 ft and the
main canopy at about 100 ft resembles in structure the more mixed stands of the
Castanopsis—Elaeocarpus forest. The canopy trees listed are Lithocarpus, Agathis,
Mangifera, Elaeocarpus, Dysoxylum, Syzygium, Cryptocarya, Cimnamormum, Plan-
chonia, Dracontomelum, Castanopsis, Dryadodaphne, Sleanea, Chrysophylhum, and
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tall palms (“bananak™ and “limbon”). Scattered in the undergrowth are Cycas,
Pleomele, tree ferns, Pandanus, rattan, young palms, and Zingiberaceae. Lianes are
not numerous. Stenochicena is found as a creeper up fo 40 ft high. Many epiphytes
oceur (Araceae, Orchidaceae, ferns, and mosses). Selaginella and Stenochlaena form
the ground cover. .
Lithoearpus—Elaeocarpus forest occurs in the upland zone on ridges above.
1300 ft in the north backing ranges and above 2900 ft in the southern parf of the zone.

V. EcoLoGy

The surveyed area, situated between the Guif of Papua and an arbitrary boundary
about 20 miles inland, displays in spite of this short distance a great variation in
enivironmental factors. Land forms range from mangrove flats inundated twice daily
and fluvial plains to mountains up to 3500 ft above sea level, with sheer cliffs and
gorges with deeply incised rivers (Part VI}. Seils vary from unconsolidated sands,
clays, and peais to black cracking clays and from stony skeletal soils to deeply wea-
thered red volcanic soils-(Part VII). Rainfall ranges from 40 in, in coastal areas to
150 in, Iocally in the upland zone. Each year, for several weeks or even for a few
months, drought conditions apply in coastal areas (Part IV).

The varied environment is reflected in the complexity of the vegetation. Optimal
conditions are indicated by the most complex vegetation, namely certain tall evergreen
forest iypes, commonly distinguished as “rain forest”. These conditions include
optimal temperatures, high rainfall evenly distributed throughout the year, unim-
peded drainage, and good aeration. Deviations from optimal conditions show in the
structure of the vegetation; deciduous forests, for instance, reflect seasonal drought,
the severity of which shows in the proportion of deciduous trees. Mid-height and
low evergreen forests point to less favourable moisture conditions throughout the year,
such as result from impeded drainage or salt water. Semi-deciduous as well as ever-
green thicket indicates conditions which are still more unfavourable, and unsuited
for forest growth. Under permanently waterlogged conditions tall grassland (Phrag-
mites—Saccharum robustum) is the highest developed vegetation, whilst very marginal
conditions, such as occur along beaches, in salt pans and in open water, are reflected
in the herbaceous vegetation types. Savannah, mid-height grassland, and tall grass-
land {Saccharum spontaneum—Imperata) are not reliable indicators of climate and soil
conditions because of the overriding influence of repeated burping.

In Figures 12-14 the relationships between vegetafion types and prominent
environmental factors are shown. These diagrams are fentative and indicate only
general relationships. Many of the forest types and a number of other vegetation
types are incorporated in Figure 12. The remaining types,viz. those largely depending
on fire for their existence and those subject to tidal inundation, are dealt with sep-
arately in Figures 13 and 14. Figure 12, showing vegetation types in relation to
moisture conditions, demonstrates how soil water, that is ground water plus run-on,
compensates to a certain extent for inadequate rainfall in some situations, such as
valleys, and overrides climate in others, e.g. back plains and swamps. For exampie,
slightly deciduous forest has its main distribution in areas where rainfalf is inadequate
for short annual periods, but it also occurs on edaphically dry ridges in areas where
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rainfall is otherwise adequate for tall evergreen forest growth. On the other hand, it
extends into valleys and plains in areas of strongly deciduous forest with longer dry
seasons, owing to the more favourable moisture conditions of those situations.
Figure 13 shows the major groups which are largely caused and maintained by burn-
ing, namely savannahs and most of the grasslands, in relation to the same environ-
mental factors as in Figure 12. Figure 14 illustrates the various tidal environments
with their characteristic vegetation types.

|

Frequent inundation -——~——>|<*Infrequent inundation»\ﬁSporadic inundation —n-l

l«—Pioneer vegetation I Established vegetation ']I
- Rhizophora-Bruguiera NON-FOREST VEGETATION TYPES
Salt Avicenric-Sonneratia MID~HEIGHT Lumnitzera SesoviumTocticornia
EVERGREEN —|
Avicennia—Ceriops Sporobelus—Eriechloa
& LOW FOREST Ceriops Acacia—Myoporum
§ . Pluchea-Flagellasia
Slamn | T | | vraernmon | | Herite | LOW EVERGREEN ~
E GREEN Bruguiera FOREST Excoecaria—Hibiscus
3 - Melaleuca-Excoecaria
2 FOREST Nypa Avicennio-Excoecaria
i ' MID—HEIGHT
- EVERGREEN FOREST
Metroxylon-Artacarpus Meloleuce—Nauclea
Fresh Sonneratia acide Ficus—Myristica PALM Nauclea-Kleinhovia
VEGETATION *
1

* Also influenced by seasonal river flooding

Fig. 14.—Relationships between vegetation types subject to tidal inundation.

The distribution of the major groups of vegetation is shown in an inset to the land
system map. In compiling this map only predominating groups in each land system
have been considered, and some minor land system occurrences have been omitted
because of the map scale. Accordingly, in the erosional environments the vegetation
groups mapped are those which occur on the ridges. Figures 12 and 13 show that they
are primarily controlled by rainfall and, as far as the savannahs are concerned, also
by fire. The vegetation in most of the larger land units in the depositional environ-
ments is controlled by soil water; accordingly, the vegetation mapped in the fluvial
plains and swamp zones consists of those types shown as being controlled by soil
water in Figures 12 and 13, Vegetation types enumerated in Figure 14 feature in the
littoral zone on the map. With the aid of the diagrams the vegetation map can be
transposed into a moisture-regime map.
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PART IX. LAND CLASSES OF THE PORT MORESBY-KAIRUKU AREA
By R. M. ScoTT*

I. INTROPBUCTION

Owing to the lack of documentary material on land use and the rapid recon-
naissance nature of the survey, the agricultural potential of the lands in the area
cannot be treated in detail.

II. PresEnT LAND USE

Present land use is almost confined to two types of farming. First, there is
commercial, non-indigenous agriculture on large plantations, which rely on a large
indentured labour force recruited from outside the area, and on ranches. These
plantations and ranches have a zonal distribution, with large rubber (Plate 11, Fig. 2)
and minor coffee plantations in the upland zone and part of the foothill zone, copra
plantations in the littoral plains and fluvial plains zones, and ranches in the coastal
hill zone.

Secondly, there is the local traditional indigencus shifting agriculiure based on
the family practising subsistence farming. In order of importance, the main food
crops are banana, taro, sweet potato, and sugar-cane (Plate 10, Fig. 2). They are
interplanted and the garden is fenced against pigs. Coconuts are another important
source of food and tend to be planted in small groves. The distribution of indigenous
agriculture reflects the pattern of settlement, which is mainly in the littoral plains
zone and in the northern plains along the Angabunga River in the fluvial plains
zone. The coastal villagers have many coconut groves on the sandy beach ridges,
with gardens inland along the narrow river levees with access by canoe. These
levee soils have better moisture conditions than the beach sands, and are not saline.
On the northern plains along the Angabunga River, subsistence farming is almost
confined to forested areas, possibly because the necessary clearing can easily be
carried out with knife or axe, whilst digging is confined to that necessary for planting.
In contrast, the preparation of gardens in the grasslands involves complete cultiva-
tion and removal of grass roots, and more weeding against grass invasion. These
relative difficulties, however, no longer apply, where machinery is used, and some
mechanized clearing of grassland on a community basis has taken place in this area,

Cash crops and community farming are being introduced on a small scale into
the subsistence farming economy with the help of agrieultural officers. The main
cash crops seen were copra, coffee, and cocoa. The copra was mainly confined to
the littoral plains zone and communal copra kilns were seen in some of the villages,
although most of the coconuts, as mentioned previously, appeared still to be used as
food. Coffee is being planted in small holdings of about 100 trees in the forested
areas of the northern plains where, once the area has been cleared, shade trees are
planted. Near Inawauni a small holding of cocoa was seen on the acid red to brown

* Division of Land Research and Regional Survey, CSIRQ, Canberra, A.C.T.
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clay scils of Inaukina land system. Here the forest had been cleared communally but
only one man persisted to the stage of production (Plate 11, Fig. 1}. Attempts have
been made to introduce rice on the northern plains but these have been unsuccessful,

Owing to the proximity of Port Moresby, many of the food crops have become
cash crops on a minor scale, Betel nut is an important cash crop throughout the
area.

111, LanD CAPABILITY CLASSIFICATION

Land units have been classified into capability classes, based on the system of
the United States Soil Conservation Service but modified for the present survey.
The classification used here follows closely that proposed by Haantjens (1963).%
There are eight classes which indicate the degree of suitability of the land for different
types of agricultural production and these are set out in Table 2. Land classes I-1V
are all suitable for cultivation but with increasing limitations, class I'V being marginal
for this form of land use. Classes V-V are unsuitable for dry-land cultivation and
range in land usé from pastures to tree crops, while class V1II land is unsuitable
for commercial crop production. All classes are defined by limiting factors or hazards
which are denoted by symbols with a suffix of that class in which it occurs. The limii-
ing factors are based on varying degrees of erosion, soil moisture, drainage, flooding,
surface stones, and fertility. The highest hazard will decide the capability class of
any land unit. Thus a unit which has a number of limiting factors of class 11 and one
of class VI will be put into class VI. The capability classes showing the limiting
hazards are given in Table 2.

The land capability classification is based on dry-land farming and does not
take into account wet-land crops such as rice or sago (some of the lands included in
classes IV—VII which are seasonally or permanently flooded would be suitable for
this type of cropping). It is based on modern agricultural methods and does not apply
to shifting culiivation. It does not give a productivity rating nor does it aim at a pro-
ductivity prediction for any specific crop. Finally it must be realized that the lands
of the area have been classified on brief observations made during the dry season,
with little or no information on wet-season conditions.

The extent of the land capability classes and their distribution are shown in
Table 23. Although no land units have been rated class I, some small areas of class 1
land do occur on alluvial terraces within the foothill zone, and in Inaukina land
system in the fluvial plains zone. However, these lands are extremely small isolated
pockets. No class V land was seen in the survey area.

1V, DBTRBUTION OF LAND CLASSES
() Lands of the Littoral Plains Zone

The sandy beach ridges consist of class IV land, for the soils are liable to be
droughty and saline and to have low fertility; these are found largely in Hisin land
system. The tidal flats and estuaries consist mainly of class VIl land, which is subject
to tidal flooding to a greater or less extent, and litile can be done with it short of
large-scale engineering projects,

* HaanmEns, H. A, (1963),—Land capability classification in reconnaissance surveys in Papua
and New Guinea, J, Aust, Inst. Agrie. Sci, 29; 104-7,
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(b) Lands of the Swamp Zone

This zone mainly has class VIIT land which is permanently inundated. These
permanent swamps, which occur mainly in Waigani land system, are low-lying and
there is little chance of draining without control of the flood regimes of the main
rivers which supply water to them, Were this done, they would dry out to some
extent, as is shown by back swamps affected by the 1956-57 change of course of the
Angabunga River. Sago was frequently seen in the shallow-water infake areas of
these swamps. The higher-lying paris of the zone are class VII land, subject to
seasonal or periodic flooding; Doura and Biaru land systems are the main areas of
these lands, Within Akaifu and Doura land systems are small higher levees subject
to only occasional flooding and forming class TI1 land.

(¢) Lands of the Fluvial Plains Zone

The main hazard for land use in the fluvial plains zone is flooding, the greater
part of the zone being subject to occasional seasonal floods of short duration, giving
a land capability class of TII. Within this zone are lower-lying and riverine areas
which are subject to more frequent or longer seasonal flooding, as in Piunga land
system and in parts of Bebeo and Vanapa land systems, and these have been put
in class V1. Large-scale flood control would be required to raise the class of both
these lands. Another possible limitation to crop production in those lands nearer the
coast is the alkalinity of soils, which is possibly associated with salinity, and this
may restrict the types of crops; a rice scheme near Inauabui is reported to have failed
on this accouni. Such lands have been classified as class IV.

The alluvial soils of the fluvial plains zone have a massive structure, and their
permeability may therefore decrease with cultivation; also, because of their silty or
fine sandy texture, they may be liable to wind erosion during the dry season unless
carefully managed.

(d) Lands of the Coastal Hill Zone

This zone is characterized by shallow soils on the hills and scils with slow
permeability on the foot slopes and plains. '

Class 111 lands occur on the upper foot slopes, the less stable interfluves, and the
lowlands mainly in Kopu, Fairfax, Bomana Creek, and Hanuabada land systems.
These lands have a moderate erosion hazard and the soils are liable to dry out for
short periods. Class k1 lands also occur in valley flats throughout the area and in the
minor alluvial plains of Boroko land system. The soils are mainly dark cracking
clay soils with sticky consistence, which are too wet to cultivate in the rainy season and
too dry in the dry season. They are very hard to work without heavy machinery unless
cultivated when the moisture conditions are most suitable.

Class IV lands are found on the more gentle foot slopes and stable interfluves -

where texture-contrast soils occur. Texture-contrast soils which are the main soils of
Nikura, Ward, and Quou land systems have a massive, compact, light-textured A
horizon which passes abruptly into a heavy-textured B horizon. This combination
results in low permeability and high run-off, as well as peor drainage during the wet
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season. Rooting may be restricted to the A horizon, resulting in droughty conditions
during the dry season as suggested by the wide tussock spacing of grasses on these
soils. A further limitation of these soils would be difficulty of working due to their
compactness in the dry season and to poor drainage in the wet. Finally, should the
A horizon be disturbed, these soils are very liable to erode, as shown by badlands
formed about old footpaths in Nikura land system. For all these reasons, soils are
only marginal for cultivation,

Class VII and VIII lands occur on the ridges, with class YITI land mainly in
Tovobada land system and more locally elsewhere. The main limitations of these
lands are their steepness and their shallow soils, many of which are stony. Such
limitations preclude class VIII land from productive land use, and they are best left

alone. The class VII land would be suitable only for limited naitural pasture, with
strict control against erosion.

(e) Lands of the Upland Zorne

This zone consists mainly of class VII land, the main limitation being the
erosion hazard on steep slopes. Areas of class VIIT land occur on the steepest slopes,
with an added limitation of being very stony.

On the undulating plains and river ferraces in this zone are very smail but
important areas of class I land with a slight erosion hazard. Another imitation of this
zone may be low fertility of heavily leached soils under high rainfall.

() Lands of the Foothiil Zone

This zone has been lefl to last as it is intermediate beiween the coastal hill and
upland zones, which transitionary character is expressed in the soils,

In the central foothills, small areas of class I1 land occur on river terraces
in Kanosia and Aropokina land systems, and class 111 land is found on the undulating
terrain of both Diulu and Kanosia land systems. These lands are limited by slight ero-
sion hazards, while those in Diulu land system have the added limitation of being
droughty for short periods. Class IV lands with texture-contrast soils are also found
on plains in Kanosia land system. Class VIT lands occur on steep slopes in Aropokina
land system, the eastern part of which has the additional limitation of shallow soils.

In the southern foothills, the main lands are class VI, limited by steep slopes and
shallow soils.
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INDEX TO LAND SYSTEMS, GEOMORPHIC ZONES, SOILS,

AND VEGETATION TYPES

Acacia—Myoporum, 161

Acid brown clays, 135

Acid brown lithosols, 139

Acid red to brown clay soils, 139
Atenanthera—-Colona, 161

Akaifu land system, 72
Albizia—Canarium, 164
Albizia-Maniitoa, 162

Alkaline dark lithosols, 138
Alkaline grey sticky clays, 135

Alkaline/neutral olive stratified soils, 136

Alkaline olive brown sands, 137

Alkaline olive grey silty clays, 134
Alkaline olive grey stratified soils, 134

Alkaline olive silty clays, 135
Alkaline olive stratified soils, 136
Alkaline reddish clay soils, 142

Alkaline relic olive grey stratified soils, 137

Alstonia—Kleinhovia, 168
Althoffia—Endospermum, 165
Avopokina land systeni, 40
Artocarpus—Ficus, 165
Avicennia—Ceriops, 164
Avicennia—Excoecaria, 165
Avicennia—Sonneratia, 164

Babiko land system, 64
Beach soils, 131

Bebeo land system, 61
Beipa land system, 63
Biaru land system, 73
Bom family, 141
Bomana Creek land systen, 32
Bomana family, 141
Bombax—Celtis, 162
Bombax—Terminalia, 162
Boroko family, 137
Borcko land system, 37
Brown clay soils, 141
Brown fine sands, 131
Brown sticky clays, 133

Cananga—Pometia, 168
Castanopsis—Elaeocarpus, 169
Casuarina—Dysoxylum, 168
Cerbera—Alstonia, 167
Ceriops, 164
Clerodendrum—Flagellaria, 160
Coastal hill zone, 22, 110

Dark cracking clay soils, 137

Diulu family, 139

Diulu land system, 41
Diumana land system, 31
Doura land system, 74
Dubuna land system, 44
Edebu land system, 45
Engepa land system, 71
Epo land system, 62
Encalyptus—Acacia, 162
Evergreen thicket, 160
Excoecaria—Hibiscus, 166
Fairfax family, 141

Fairfax land system, 30
Fiens—Myristica, 167
Fluvial plains zone, 56, 120
Foothill zone, 38, 116
Forest, 162

Gailey Reuch land system, 78
Garuga-Brachychiton, 163
Garuga—Rhodomyrius, 161
Grasslands, 155

QGrey clayey peats, 132
Grey fine sands, 131

Grey loams, 133

Grey loamy peats, 132
Grey sands, 131

Grey sandy peats, 132
Grey silty clays, 133

Grey sticky clays, 133

Grey to brown silty clays, 132
Gyrocarpus-Harpullia, 161
Hanuabada land system, 25
Heritiera-Bruguiera, 166
Hibiscus—Flagellaria, 160
Hisiu land system, 77
Hyptis-Imperata, 155
Tawarere land system, 54
Imperata—Eucalypitus, 159
TImperatu—Themeda aqustralis, 156

Imperfectly drained alluvial soils, 134

Inapi family, 138

Inaukina land system, 58
Intertidal alluvial seils, 132
Intsia—Celtis, 163
Intsia—Spondias, 163
Jackson family, 138
Kabuka land system, 29
Kanosia land system, 42,
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Keviona land systent, 59
Kido land system, 80
Koitaki family, 140
Kopu land system, 26

Laloki family, 142
Leersia-Hangnana, 155
Lesewalai land system, 79
Lithocarpus—Elaeocarpus, 169
Lithosols, 138

Littoral plains zone, 75, 125
Low evergreen forest, 164
Low grassland, 155
Lumnitzera, 160

Mangrove soils, 131

Mariboi land-systen, 48
Melaleuca—-Excoecaria, 166
Meialenca—Nauclea, 166
Metroxylon—-Artocarpus, 159
Metroxylon-Muacaranga, 159

Mid-height evergreen forest, 165
Mid-height grassland, 155

Mixed herbaceous vegetation, 151
Moderately well-drained alluvial soils, 135

Nauclea—Kleinhovia, 167

Nebire family, 140

Neutral brown lithosols, 138
Neutral grey sticky clays, 135
Neutral olive brown sands, [37
Neniral olive grey silty clays, 134
Neutral olive grey stratified soils, 134
Neutral olive silty clays, 136
Neutral olive stratified soils, 136
Neutral red lithosols, 139

Neutral relic grey silty clays, 137
Nikura family, 142

Nikura land system, 33

Nipa land system, 82
Nymphaea—Azolla, 155

Nypa, 159

Obu family, 142
Octomeles—Artocarpus, 167
Ophiuros—Eucalypius alba, 158
Ophitros—Encalvptus papuana, 138
Ophitros—Encafyptus tereticornis, 158
Ophitiros-Imperata, 155
Ophinres—Themeda ausiralis, 156
Ophiures—Timonius, 158

Quou fannly, 142

Quou land system, 35

Owers land system, 52

Palipala land system, 27

Palm and pandanus vegetation types, 159
Patidanus, 160

INDEX

Papa land system, 81
Phragmites—Saeccharunt robustum, 156
Pinu land system, 60
Piunga land system, 66
Planchonia-Adenanthera, 163
Pluchea—Flageliaria, 160
Pokama land system, 28
Pometia—Artocarpus, 169
Pometia-Canaritm, 169
Pometia—Celtis, 168
Premna—Scaevela, 160

Red gravelly clay soils, 140
Relic olive silty clays, [33
Rhizophora—Bruguiera, 165
Rouna land system, 43
Rubberiands land system, 49

Saccharum robustum, 157
Sacchartan spontanenm—Imperata, 156
Savannah, 157

Scrub, 160

Scrub and thicket, 160
Semi-deciduous thicket, 161
Sesuvinm-Tecticornia, 151
Slightly deciduous forest, 163
Sogeri family, 139

Sogeri land system, 30
Sonneratia acida, 164
Spinifex—Canavafia, 151
Spondias—Celtis, 163
Sporobolus—Eriochloa, 155
Strongly deciducous forest, 162
Subitana land system, 51
Swamp zone, 68, 124

Tall evergreen forest, 167

Tall grassland, 156

Texture-contrast soils, 14!

Themeda australls—Eucalyptus, 157
Themeda australis—Timonius, 157
Themeda novoguineensis—Eucalypius, 158
Tiviki family, 140

Tovobada land system, 24

Tsiria land system, 36

Uberi family, 139
Uberi land system, 55
Upland zone, 46, 118

Yanapa land system, 67

Vekabu land system, 65

Very poorly drained alluvial soils, 133
Vouku land system, 33

Waigani land system, 70
Ward family, 142
Ward land system, 34
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Fig. l1.—Littoral plains zone. The survey area contains six partly discontinuous environmental

zones parallel with the coast. The littoral plains zone, embracing 200 sq miles, consists of beach

ridges, tidal flats, and estuaries. This aerial view is of lower-lying mangrove flats of Galley Reach

land system in the foreground, with mid-height evergreen forest of Rhizophora and Bruguiera, and

meandering tidal creeks. Behind are the complex mangrove and salt flats of Kido land system
fronting Redscar Bay, traversed by light-toned stranded beach ridges.

Fig. 2.—Littoral plains zone. Rhizophora-Bruguicra mangrove below high-water mark in Galley
Reach land system, with prominent crab-built mounds on grey loamy peats.
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Fig. 1.—Littoral plains zone. Mangrove flats near the upper limit of the tides, with open low ever-
green forest of Avicennia, typical of Lesewalai land system.

Fig. 2.—Littoral plains zone. The sandy beach ridges of Hisiu land system are here truncated by the

coast, and there are tidal flats in some swales, Waima (lower left) is a typical coastal village of the

north of the area, with coconut groves and adjacent gardens: little of the original coastal thicket

remains. Behind the beach ridges is the inner mangrove of Lesewalai land system, backed by cliffed
hill slopes of Palipala land system.
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Fig. 1.—Coastal hill zone. The coastal hill zone, 700 sq miles in extent, consists of ridges, mainly

of cherty limestone, lowlands on softer sedimentary rocks, and minor alluvial plains. The zone has

extensive eucalypt savannah and derived grassland. This view is of coastal ridges of cherty limestone

in the south of the arca, mapped as Hanuabada land system, with stony slopes with alkaline dark

lithosols. In general, the coasts are here rocky and steep, with mangrove flats and sandy beaches
of Papa land system in small embayments.

Fig. 2.—Coastal hill zone. Tovobada land system, in the southern hills north of Port Moresby, has
areas of strongly deciduous forest (Bombax—Celtis) and derived grassland. Limestone and chert
form the main crests, with interbedded mudstone which is subject to slumping on steep valley sides.
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Fig. 1.—Coastal hill zone. Eucalypt savannah of the coastal hill zone is much influenced by burning
in the dry season, and Cycas is typical of such areas. Stony hill slopes of moderate steepness are
characteristic of the zone.

Fig. 2.—Coastal hill zone. Broadly undulating lowlands of Nikura land system in the central hills

sector, with eucalypt savannah and semi-deciduous thicket on low interfluves and strongly deciduous

forest in the valleys. On the coastal margin are limestone ridges of Pokama land system, covered
with deciduous forest.
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Fig. |.—Coastal hill zone. The minor alluvial plains in the south of the coastal hill zone, with dark
cracking clay soils and large areas of Saccharwm robustumn—Imperata tall grassland, have been mapped
as Boroko land system.

Fig. 2.—Swamp zone. The swamp zone covers 350 sq miles and comprises areas of permanent
and seasonal standing water and periodically flooded plains. This view is of the permanent swamps of
Waigani land system, with Phragmites—Saccharum robustum tall grassland and floating herbaccous
vegetation. Swamp grassland patterns commonly show signs of former channels and meander scrolls.
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Fig. I.—Swamp zone. Seasonal swamps have extensive mid-height evergreen forest with Melalewca
and Nawuclea as shown here in Doura land system. The wetter areas, including oxbows. have
herbaceous vegetation.

Fig. 2.—Fluvial plains zone. The fluvial plains zone, with an area of 550 sq miles. has been formed

by large perennial rivers from the uplands. Large parts of the more stable plains are grasslands,

as typified by this view of Keviona land system in the Aroa plains, with Ophiuros—Themeda australis
mid-height grassland dotted with termite mounds,
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Fig. I.—Fluvial plains zone. Tall grassland (Saceharum spontaneum—Imperara) is typical of Epo
and Bebeo land systems in the northern plains of this zone.

Fig. 2.—Fluvial plains zone. The southern plains have extensive tall evergreen and slightly deciduous
forest, as shown here in Vekabu land system, between the Brown and Vanapa Rivers. This is the
chiel area of timber extraction, and roads are being extended through it.
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Fig. 1.—Fluvial plains zone. The unstable flood-plains have been mapped in Vanapa land system.

This view of the Angabunga River is characteristic of the large meandering channels, with point bars,

meander scrolls. and forested levees, and with a cut-off meander at top right. Inawi (foreground)
is a typical large Mekeo village of the northern plains.

Fig. 2.—Fluvial plains zone. Tall evergreen forest with Octomeles and Kleinhovia on levees and
Saccharum robustun on river banks is characteristic of Vanapa land system.
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Fig. I.—Foothill zone, The foothill zone (350 sq miles) is transitional between lowlands and uplands.
This view of the gabbro ridges of Rouna land system in the southern foothills shows the change
from savannah in the drier western part to increasing forest cover on the higher ridges further inland.

Fig. 2.—Upland zone. The upland zone, 6350 sq miles in extent, has between 60 and 150 in. annual
rainfall, and is extensively forested. These high phyllite ridges of lawarere land system in the south
backing ranges have tall evergreen forest.
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Fig. 1.—Upland zone. Much of the upland zone is formed by flat-lying agglomerate, seen here in

the blufls of the Sogeri Plateau. Tall evergreen forest is here restricted to vallev heads; elsewhere

there is eucalypt savannah, both on the escarpment and on the low hills of Sogeri land system on the
plateau surface.

Fig. 2.—Indigenous agriculture. Indigenous agriculture in the area is mainly of the shifting cultivation

type. in which partial forest clearings are burned, leaving tree stumps and many logs, and small plots

are fenced against pigs. Crops are planted haphazardly, mainly with the digging stick, with little
cultivation of the soil. The food crops shown here are taro, bananas, and sugar-cane.
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Fig. 1.—Indigenous agriculture. Cash crops, grown by indigenes on a small scale in the area, include

coffee, cocoa, betel nut, and staple food crops sold on the Port Moresby market. This view of drying

cocoa beans is from Inawauni, where forest clearing and planting of cocoa have been a communal
enterprise under encouragement by the local agriculture officer.

Fig. 2.—Plantation agriculture. Rubber plantations worked by indentured labour from the highlands

are extensive on acid red to brown clay soils in the upland zone, on the Sogeri Plateau and inland

from Galley Reach, mainly in areas with more than 60 in. rainfall. Clearing and terracing in

preparation for planting of rubber are shown here in Owers land system, on the Sogeri Plateau.

Plantation roads are easily cut in the deeply weathered volcanic rocks. The forested high ridges
in the background are part of Uberi land system,
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Fig. I.—Settlement. The indigenous population of the survey area, excluding Port Moresby, numbers
40,000. Most of the villages are on the coast, on restricted littoral plains in the south. as at Tupuselei
(above), or on border plains of Hisiu land system in the north.

Fig. 2.—Settlement. Port Moresby, with 23.000 indigenes and 3900 non-indigenous inhabitants,
is the centre of administration in the Territory of Papua and New Guinea, the main commercial
centre of Papua, and the main port linking the Territory with Australia by sea and air.
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