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PART I. INTRODUCTION TO LANDS OF THE PORT MORESBY-KAIRUKU 
AREA 

By J. A. MABBUTT" and J. R. M C ~ I N E *  

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 maill 
administrative centres within it. It is a coastal strip between lat. 8" 15' S. and lat. 
9"40' 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 land system maps and descriptions 
provide a basis for an assessment of the potential of the area and for recommet~dations 
for further research. 

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

The area consists of coastal parts of the following adtili~listrative 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 lime of the survey, 
now administered from Bereha 

Gulf District 
Kerema subdistrict 

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 conccntration of native settlement 
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. 
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it is partly a result of dillicult terrain, notably the extensive swamps, bul in olher 
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 settlement. Small hamlets are scattered through the southern 
part of the area, including thc Sogeri Plateau. 

-- SUBOISTRICT BDUNOARIES 

D1STRiCT BOUNDARY 
(AGAINST GULF D15TR1CT) POI.< MOI .CS~ - R O A 0 5  - A l n S i R I P 5  

7 nuseEn P L A N ~ A T ~ ~ N S  

T copna F L a N r a r l o N S  

r VlLLaUEs (>ZOO INHABI7ANTS) 

o VILLaOES (<ZOO INHABITANTS1 

Fig. 1.-Settlement, conununications, and land use in the Port Moresby-Kakukn area. 

Population figures in Table 1 illustrate the pre-emiuence of Port Moresby, not 
o111y as a centre of European settlement but also as a market for native labour (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 ad~ninistration 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. 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 
copra plantations near Hisiu. These maiuly use indentured native labour from the 
New Guinea highlands. 
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IV. COMMUNICATIONS 

The area possesses a number of road nets (Fig. 1) mainly based on centres of 
non-indigenous settlement and enterprise and partly answering administrative 
needs. These are separated by rivers, swamps, or hilly terrr.in. Sealed or built roads 
are restricted to Port Moresby, but most of the roads shown in Figure 1 can be 
classed as aU-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, Kairukn, and Port Moresby. 

Indigenous 

Port Moresby subdistrict 13,500 
Port Molesby town 23,000 
Rigo subdistrict 2,500 
Kairukn subdistrict 13,000 
Kerema subdistrict 5,700 

Total 64,200 

Total pop 

Port Moresby town 5,900 
Other 500 

Total 6,400 

Apart from Port Moresby, there are strips for DC3 aircraft at Rogers (Kanosia) 
and at Bereina, and strips for light aircraft at Aroa and at Kairuku. I11 addition, 
a small strip has been cleared by native enterprise at Maipa, and native produce is 
flown into Bereina and Port Moresby. 

The method of survey is based on the concept that 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 Kubura 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 lo land-system patterns. 

The ouly large-scale topographic maps are the following sheets of the wartime 
1 : 63,360 Standard Series, New Guinea, produced by the Australian Arniy and 
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having generalized contours: Kapa Kapa, Gaile, Uberi, Port Moresby, Lea Lea 
Inlet, 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  napping of air photos was cal-ried 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 

Fig. 2.-Query areas examined duuing the survey, and road network. 

in any case necessitated by lack of caniers, gave greatcr inability than in any previous 
survey in New Guinea. Instead of walking iraverses, daily journeys were made froin 
a small number of base camps. Further, routes could be planned in advance and areas 
for examination ~nainly selected before the party left Canberra. Two Land Rovers 
and a motor cycle were made available by the Administration. 

Each road net was explo~ted in turn, from south to north, the vehicles being 
transported from one net to the next by boat or raft. Walking traverses and inotor 
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. 
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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 
field 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 
co~npilation of individual reports. 

A base map scale 1 : 250,000 was compiled by tbe Division of National Map- 
ping, Department of National Development, from preliminary detail plots at 
1 : 50,000 assembled by the H. G. Jerie block assembly method. 
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PART IT. SUMMARY DESCRlPTlON OF THE PORT MORESBY- 
KAIRUKU AREA 

This Part sun~marizes 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 111. Together with the land systems and the photographs, it can bc scad as a 
shorter report in less technical form. 

(a) General 

The survey area extends for 140 iniles 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. Despite its narsow- 
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 follows 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 HI and in the introductory remarks to each zonal group. 

The zones are divided into sectors by virtue of disco~itinuities of relief and 
depositional patterns. 

(b) Clin~ate 

The climate grades from tropical savannah or snbhumid tropical type to 
tropical rain forest or wet tropical type (Part 1V). Two wind systems control its 
main features. The rain-bearing north-west lnonsoon 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 rehef, 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 Plateau 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 Sunrey, CSIRO, 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, hut dry seasonal effects decrease inland. Annual and monthly 
rainfalls vary considerably from year to year tllroughout the area. 

Seasonal and diurnal temperature ranges are everywhere small, owing to 
maritime effects carried inland by sea breezes. At Port Moresby, nlean monthly 
maximum 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 te~n- 
peratures above 95'F are uncommon. Temperature ranges may be expected to 
increase away from the coast, accompanied by a general decline of temperatures 
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 occurs throughout 
the year. Mean monthly cloudiness at Port Moreshy ranges between five-tenths 
and seven-tenths, being only slightly lower in thc dry season, but still cloudier 
conditions occur on the slopes of the highcr ranges. 

Mean annual evaporation at Port Moresby is about 70 in., hut decreases 
inland. 

The climate is generally favourable to plant growth, but contrasts in vcgetation 
indicatc a degree of adaptation according to the length and severity of the drier 
season. Analyses of weekly rainfall at Port Moresby indicate that rainfall has never 
been so inadequate that it could result in early tern~inatiou of crops sown in late 
December, although some intra-seasonal water stress can he expected in the coastal 
zone. Duration 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 problen~s may arise within the area as a whole becausc of pre- 
vailing high humidity, low radiation, lack of seasonal differences in day length, and 
heavy leacbing 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 contin~~ous geosynclinal deposition, 
with a westward shift of axis of n~arine deposition aboutt l~c beginning of the Miocene 
which left the coastline not far inland from its present position. Basic volcanism 
has been present from the beginning, but with shifting centres of activity, concluding 
with prominent, largely terrestrial outpourings in the Pliocene. 

The older geosynclinal sediments, ranging from Cretaceous to Miocene in age, 
are mainly fine-grained, with cherty and calcareous members including coralline 
limestone, and are tuffaceous in large part. They are closely folded, particularly 
in the south-east of the area, where they have undergone low-grade n~eta~norphisl~l 
and concordant intrusion by gabbro and minor basic hypabyssal bodies in the 
Palaeogene. Where these rocks are heterogeneous, as in the coastal hill zone, cherts 
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and li~nestones for111 narrow aulicli~~al strike ridges (Plate 3, Figs. 1 and 2) whilst 
mudstone underlies broad valcs in synclinal tracts; 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 
Pliocene 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 successio~l of 5000 ft of lnainly 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% o f  .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. Cornplementary 
upwarping has resulted in local emergence of Pleistocene coral reefs by as mucll as 
100 ft, and in general subaerial dissection in the coastal hill zone. 

Minerals are not at present of economic i~npor-tance, hut the area has prodoced 
81,000 tons of copper ore and nearly 2000 tons of battery-grade manganese ore. 

(cf] Geoinorphologjr 

The six e~miuonmental zones have characteristic land forms and processes 
(Part TI). 

(i) Corrstal Hill 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 fornis a savannah landscape with smooth inselberg ridges, concave foot 
slopes, and erosional plains. Weathering of sedimentary rocks is now mainly shallow, 
althougl~ 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 extensive sheet flow on gentle slopes. 

(ii) Ebothill Zone.-With increasing altitude and rainfall inland, weatlleriug 
and mass movement become more important and there is a closer network of streams 
of which the larger ones are pcrennial. Where relief is strong, slopes tend to be 
uliifor~nly steeper than in the coastal lull 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 foothiis (Plate 9, Fig. 1). 

(iii) Upland Zone.-This is a zone of greater altitude and fairly heavy rainfall, 
with deep rock weathering, lnore pronounced mass movement and colluviation, 
and a dense network of perennial streams. Cl~aracteristic land fol.111~ are ridges 
ranging from low lully to massive, with deep gully re-entrants. The north backing 
ranges are ridge and plateau remnants of tlle agglomerate sheet which also forms 
the Sogeri Plateau (Plate 10, Fig. 1); phyllite ridges of the south hacking ranges 
constitute the third sector (Plate 9, Fig. 2). 
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(iv) Flu~'irll Plui~is Zone.-These plains occur about valley exits of large 
perennial rivers, and contain many prior meandering channels. Except for red clays 
derived locally from volcanic rocks in piedmout tracts, most of the alluvial cover 
consists of silty clay, with stratified sand on prior levees and clay in back swamps. 
Stable plains are distinguished from unstable flood-plains subject to fluvial re-working. 
Differences between land systenls 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 zoue and towards back plains. The unstable flood-plains (Plate 8, 
Fig. 1) have valley reaches with braidiug 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) Swan?p Zone.-Extensive areas of permanent or seasonal standing water 
niodel.ate river discharge in the lowlands. Seasonal fluctuations of water level 
range between 3 and 6 ft. Distinction is made between maiuly permanent and 
mainly seasonal swamps, with differe~ltiatio~l of permaneut swamps according to 
amount of through-going drainage and hence degree of infilling. Swamps are areas 
of clay deposition with minor peat fol-mation, but tbrough-going rivers deposit 
silty clays. 

(vi) Littol.al Plains Zone.-Sandy beach ridges of combined littoral and 
foredune origin occur as beach plains, spits, and barrier beaches (Plate 2, Fig. 2). 
Tidal flats (Plate 1, 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 ir~land, 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 hrackisll ncar the coast. Coastal shifts, sea-level 
movements, and changes in river course co~llnlonly result in complex arrangements 
of river silts, mangrove clays, and stranded beacb 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 VII). Soil groups are 11e1-e numbered as in Parts I11 and VII. 

(1) Beach soils are wholly sandy and generally well sorted. The younger sands 
are grey, but older sauds are brown with incipient profiles. 

(2) Mangrove soils are grey peals with a subsurface mangrove peat layer, 
subject to lid21 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 charactcrizes the highest- 
lying tidal flats. 

(4) Very poorly drained alluvial soils are grey and permanently waterlogged. 
Sticky clay with surface peat characlerizes the swanip 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 ininor 
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. alkaline dark 
lithosols on limestones. Heavier rainfall leads to acid brown lithosols in the uplaud 
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 ~noderately to extremely acid. 

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

(11) Brown clay soils are sedentary soils of moderate depth and permeability 
011 soft-weathered rock. They vary from neutral to modcrately alkaline, according to 
parent rock. 

(12) Textnre-contrast soils have coarsc-textured surface horizons which pass 
abruptly into fine-textured subsurface horizons, and they typify gcntle 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 bleachcd Az 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 tcxture-contrast or brow11 
clay soils, and minor alluvial plains and valley flats have dark cracking clay soils. 
Increasing rainfall inland th~ough the foothill and opland zones is show11 in greater 
leaching, increasing acidity, and a transition from 2 : 1 to 1 : 1 clay minerals. 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 brow11 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. In the littoral plains zone, mangrove soils 011 tidal flats are dominant, 
wit11 smaller areas of beach soils. 



(f) Vegetation 

The vegetation pattern closely follows the enviromnental 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 tlliclcet, 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 deciduons forest (Plate 
3, Fig. 2) are prominent. 

(ii) Foothill Zone.-Vegctation shows the influence of increasing rainfall 
with increasiug altitude inland, with a transition from savannah and strongly decid- 
uous forest to slightly deciduons forest (Plate 9, Fig. 1). 

(iii) Uplafzd Zone.-Rainfall is generally abundant here and tall evergreen 
forest prevails (Plate 9, Fig. 2) except for edaplucally detennined 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 Astsolabe Range (Plate 10, Fig. 1). 
At higher altitudes within the zone there are extensive oak forests. 

(iv) Fluvial Plairzs Zone.-The vegetation of this zone shows thc effects of 
increasing rainfall inland and of wetness and liability to flooding as determined by 
local rclief. In the grasslands of the northern plains, for instance, tall grassland 
(Sacclzm.um spontaneum-Imyeratn) (Plate 7, Fig. 1) gives place to mid-height gsass- 
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; Plate 8, Fig. 2) in drier sites. 

(v) Sn~arn~~  Zone.-The vegetation is edaphically determined. The permanent 
swamps show a succession from open water through mixed herbaceous vegetation 
to tall grasslands (Phrr~gnzites-SriccI~<~ri~m r.obirsfiirn) (Plate 5, Fig. 2), and the seasonal 
swamps largely bear mid-height evergrecn forest (Plate 6, Fig. 1) or low evergreen 
thicket. 

(vi) Litto~nl Plahs Zorze.-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, wl~el-c mid-height and low 
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 IX) 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 indentured labour from 



outside the area, and cattle sanching in the coastal hill zone. The natives practise 
subsistence cropping on a family basis, by shifting cultivation, niainly in forest clear- 
ings, using digging stick or spade (Plate 10, Fig. 2), and the chief crops are taro and 
bananas. Native cash crops of growing importance are copra, cocoa, and coffee, 
and these may involve communal enterprise (Plate 11, Fig. 1). Belcl nut and food 
crops from a wide area are also marketed in Port Moresby. 

(I?) Lnnd Cupobilify Classes 

Land units have been put into eight capability classes based on the system of 
the United States Soil Conservation Service (Part IX), the classes being determined 
by specific hazards. Class 1 land has no limiting hazards, class I1 and class 111 lands 
are suitable for cultivation but require moderate and intensive measures respectively 
to maintain production, and class JV lalid is marginal for cultivation owing to major 
lilniting factors. Class V and class VI  lands are suitable for improved pastures, 
altljough with moderate limitations in class VI. Class VII land is restricted to nativc 
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 bill zone has nlaiuly 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 IV land whe~e  erodable, droughty, texture-contrast soils occur 
on gentle foot slopes and stable interfluves. The heavy dark cracking clays on valley 
flats and minor alluvial plains are class I11 land. 

Thc i~pland zone has predonlinantly class VII and VllI lands, the latter occur- 
ring on steeper slopes and also on bouldery soils on agglomerate, but inlportant albeit 
small areas of well-drained class I1 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 VII 
and class VIII lands, but the central foothills also include class JII and class IV 
lands in the lower western areas of plains and undulating terrain. 

The drier parts of the flnvial plains zone are mainly class I11 land, with coastal 
areas of class 1V land because of alkaline soils, but the lower parts, subject to frequent 
or seasonal flooding, are class VI land. 

Most of the swaulp zone is class VIII land because of waterlogging, but higher- 
lying areas subject only to seasonal or periodic flooding are regarded as class VI 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) Pl?otogr.aphs 

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 
inland, with examples of agriculture and settlements. 



PART 111. LAND SYSTEMS O F  THE PORT MORESBY-ICAIRUKU AREA 

By J. A. MABBUTT,* P. C. HEYLIGERS,~' R. PULLEN," R. M. SCOTT,* and J. G. SPEIGI~T* 

I. INTRODUCTION 

The area bas 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 units numbered. The land systems are arranged in six groups representing 
the environmental zones bliefly described in Part 11, and each group of land systenls 
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 systcms call 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 followi~ig scale: 

Very large More than 50% of thc total area 
Large 30-50% of the total area 
Moderate 15-30% of the total area 
Small 5-15% of the total arca 
Very small Less than 5 %  of the total area 

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

More detailed information about pal.ticular characteristics of the land systems 
can be obtained from Parts V-VIIJ and sonle reference is made in the land system 
dcscriptions to data given more fully in those parts of the report. For instance, 
the soils are described in groups and families treated nlore fully in Part VII and are 
numbered similarly. The vegetation is given in groups and types as described in 
Part WI; 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 or 
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 fi~lly in Part IX. 

'Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T. 
t CHRISTIAN, C. S., and STEWAKI', G. A. (1953).-General reporl on survcy or Katherine- 

Darwin region, 1946. CSlRO Aust. Land Kes. Scr. No. 1 .  



I Limiting Factors 
Class 

Erosion 1 Soil Surface 1 ( md Moisture Drainage Flooding ~ ( Fertility Erodabilily Alkalinity 
i Stones , 

I-Land suitable for 
cultivation; no limiting 
factors 

11-Land suitable for 
cultivation; some limiting 
factors requiring moderate 
measures to maintain or 
reach optimum productivity 

111-Land suitable for cul- 
tivation; some limiting 
factors requiring intensive 
measures to maintain or 
reach optimum produc- 
tivity 

IV-Marginal lands for 
cultivation because of 
major limiting factors 

el. Level or sol. Deep 
slopil~g at less soils, not 
than 1-5'; no , subject to 
hazard drying out 

shallowness, 

I I 

ez. Slopes 
1 - 5-5'; minor 
hazard when 
cultivated 

er. Slopes 
5-9"; mode- 

. rate hazard 
when culti- 
vated 

dl.  Well 
drained 

f ~ .  Not 
subject to 
flooding 

e4. Severe so4. Profile 
hazard when dries out for 
cultivated indefinite 
because of periods 

soz. Possible ' 

drying out of 
upper hori- 
zons of profile 
for short 
periods 

1 aa.Strong 
to very 
strong 
alkalinity 

fa. Subject to 
, short sea- 

sonal flooding 
in most years 

dz. Imper- 
fectly drained 

d3. POOILY 
drained, 

1 easily 
improved 

stl. No stones 
on surface 

erodability of (climate, 

sl. Appar- 
ently 
relatively 
fertile 

stz. Surface : se: Appears 

wl. Easily ax. No 
worked ! alkalinity 

hazard 

we: Not 
easily 
worked 

stones cover ' 
, 0.1-1 % of 

land 

str. Surface 
stones cover 
1-3 % of 
land 

'I 

? 

5 : 
3 
m 
i 

as. Mild to > 
moderate ? 
alkalinity 

to have low 
fertility, 
either 
inherently 
or through 
leaching 

I 



sts. Surface 
stones cover 
3-15% of 
land 

sts. Surface 
stones wver 
16-90 % of 
land 

fa. Subject to 
frequent and 
irregular 

I flooding or 
1 prolonged 
j seasonal 
1 flooding 

/ ds. Poorly 
drained, not 
easily 
improved 

V-Land suitable for 
improved pastures I 

0 
F 
-I 
P 
0 

r~ g 
m 
.e 
I 
K 
5: 
e" 
X c 
?i 

I 

- 

*Under each land capability class the maximum permissible hazard is listed where applicable. Class I land has no hazards: elsewhere, the land 
F 

capability class is determined by the highest hazard present. 

t- 
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;;i 
5 
% 
2 
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w 

-- 
VI-Land suitable for 
improved pastures but 
with moderate limitations 

1 

ea. Slopes 
9-1 7 ";hazard 
moderate 

VII-Land with severe 
limitations restricting use 
to  native pastures, forests, 
and tree crops 

i I 
d7. Slightly 
w ~ m p y  ~ ~ 

I 

e7. Slopes 
17-33 "; 
hazard severe 

! 
d a  Swampy fa. Frequent 

devastating 
floods or hdal 
inundatio. 

VIII-Unsuitable for 1 es. Slopes 
commercial land use > 33 "; hazard 

very severe 

+ i 
ste. Surface 
stones cover 
>90% of 

land 
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This zone is underlain by various sedinlentary rocks, wit11 ridges, mainly 
formed by li~neslol~e and cherty beds, morc 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 streanls are ephemeral. The main soils are shallow 
lithosols ou hill slopes, texture-contrast soils and brown clay soils on lowlands, 

Fig. 3.-North-west-trending parallel ridges and lowlands of the coastal hill 
zone north-east of Port Moresby. Relief approaches 800 ft in the west of the 

area shown. 

and dark cracking clay soils on valley floors and 111i11or alluvial plains. Much of the 
zone is covered with eucalypt savannah and derived grassland, with strongly decid- 
uous forest or semi-deciduous tlucket in gullies and on ren~ote hills, and tall grassland 
and gallery forest in valleys and plains. 
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In Table  3 and in the tabulated descriptions which follow, t h e  l a n d  systems 
of t h e  coastal hill zone are arranged according t o  major  l and  forms, nainely ridges, 

lowlands, and minor  alluvial plains, and are  listed in order of d e c r e a s i ~ ~ g  relief. 

TABLS 3 
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF THE COASTAL HILL ZONE 

Land Farm Relief Predominant Predominant 
Soil Vegetation 

Land Systen~ / Lithology 

Tovobada Cherty lilnestone 1 . I Strike ridges UP to 800 it  Alkaline da1.k Strongly deciduous 
forest 

Savannahand 

lithosals 

Hanuabada I 1 
KOPLI Mudstone, 

nluddy tuff 

Palipala Coarse sand- 
Stolle 

Pokama r Limestone 

derived grassland 

Savannah, semi- 
deciduous fol-est 

Savannah 

1 Neutral brawn Branching ridges / 
and hills I 1 lithosols 

UP to 500 ft  Alkaline dark 

Strike r id~es  -1 Up to 400 ft 1 lithosols I Semi-deciduous 

Red lithosols 

thicket 

Up 10 200 ft Kabuka Savannah Cherty mud- 
Stone 

Mainly 
i 100 ft 

Lowlands 
Fairfax Limestone, 

conglan~erate 
Neutral bl.own 
lithosols 

Undulating 
terrain 

Law plateaux 
and undulating 
terrain 

Savannah and 
derived grassland 

Diunrana 

Bomana 
C1eck 

Sandstone, 
siltslone, 
claystone, 
limestone 

Muddy tuff 

Semi-deciduous 
thicket 

Mainly < 50 ft 

Undulating, 
with n~iuar hills 
and ridgcs 

Undulating 
terrain 

Alkalinc dark 
lithosols 

Brown clay 
soils 

Savannah, tall 
grassla~ld 

Savannah, semi- 
deciduous thicket 

Nikura 

Ward 

Ouou 

Tsiria 

Sandy and 
muddy tuff, 
gabbro 

Mnddy tutf 

Sandy lime- 
stone 

Coral limestone 

Savannah Foot slopes 

Coastal plat- 
furill 

Raised reef 1 
i 

Mainly < 20 ft 

Dark cracking 
clay soils 

Semi-deciduous 
thicket 

1 Plains 

Minor alluvial 
plains 

Boroka 

.- . - - 

Dark ~cracking 
ctay soils 

~~ - 

Fine-textured 
alluviun~ 

Sava~mah, tall 
grassland 



High limestone ridgcs largely with deciduous forest, north of Port Maresby. 

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

Geamorpho1ogy.-A belt up to 5 nliles wide, with strike ridges converging in pl-omine~~t surnmits; relief up to 
800 ft; strike drainage with close pinnate tributary systems; ephe~neral streams except for a few larger channels; 
slumping common in steep valley heads formed in shalc. 

Altitude.-20LL1250 ft. 

Soil -- 
Alkaline dark lithosols 
(80)-VIlI.e..sl..so,.a, 

Kdgrave l ly  cla roilr 
Neblre falnily 60")- 
111-V1.e a-6. soz.a, 

Mainlygrrvel andsand 
-VI.so,.rt. 

Land Form 

Ridges: lriily dip sloprs, ug to 350, 
with chevron spun;  cancave escrrpmen!~, dls- 
scctcd into short rounded spurs, exceedw 38' 
on heads and margins of valleys; many slump 
scrrsonrloprsabove 35"; undulating, nrriowly 
rounded crests -- 
Perched valley floors and bench-: humnlocky 
slopes. 5-lo0 and up to 50 yd long: ill-dcfined 
drainrgc 

Main vslley Raor.: discontinuous, op to 100 yd 
wide, with cross s l o p s  up to o030' and longi- 
tudinal gradients about 2-; locally rllghlly 
,erraced 

Unit 

1 

z 

.- 
3 

vegetation 
- 

Strongly deciduous forest (Bornbox- 
Cellrs): rn~allsr  tracts of savanna11 
(~lte,nedn nmlrolis-E~reulylltrrs). with 
derived grassland on crenls and u ~ ~ e r  
slopes 

Slightly deciduous forest (Plnrlcltollio- 
Adenn,ilhrrn) 

h e r  --- 
Very 
large 

Very 

- 
Small 
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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 dil~ping steeply NE.; Upper Cretaceous to  Lower Miocene (including Bogara limestone, Barune sand- 
stone, Port Moresby group, Boira limestone). 

Geomorpl~ulogy.-Coastal hill range UP to  2 miles wide, relief up to 800 St; coastal escarpment, commonly 
oversteepened and subject to slunlping and rock falls, with fairly closely spaced, incised valleys and rounded 
salients; inland dip slopes with spal.ser, less incised drainage; locally with narrow coastal plain, elsewhere 
cliffed and ernbabayed; ephen~eval streams. 

Altitude.-0-900 A. 

Unit Area Land Form Soil Vegetation 
-- 

Bare or with scnri-deciduous (hickef 
(G~roc,nl<sH<rrp,rllin. Gnrrrgn--Klratlo- 

-- >>*?"!,,x) 

de~iduous thicket <Gyrocor~!,s-Hnr- 
p~rllin) or strongly dcciduou~ foicrf 

-- (Bo,zibnx-celris) 

-- 

4 Vcry Mainly a n  upper foot 
small slo~es, brownclaysoils: 

Fairfar family (11,~)- 
Ill.e,.so,.a,, and B". 
mmr family (llbl-ll. 
cr.so,. Locally' l ed  grr. 

! -- 
e ~ & ~ . S o ~ a ,  - 

5 Small Vallcy margins and fans: slopes 2-8"; up to Dark cracking clay 
300 yd long on Cans, c ; U  yd long in valleys roils: Boroko fmmily 

~~ -- 
(l<,)-uI.d~.n~.\,.s.s~s 

.- - -- 
6 Very Drainage flats: ap Lo SO yd wide, s l o ~ e r  cl'; Dark cracking clay Tall grassland (Sncchuna?~ sporrto,sols- 

sil~rll snail, ill-defined cl8annelr sails: lnapi family (7cl Nlrpelal] or slightly deciduous foreat 
-Ill.d,.a,.~v,.su, ( P i o ~ ~ c h o ~ ~ i n - A ~ l c ~ ~ ~ r ~ ~ ~ I ~ ~ ~ ~ ~ )  

.. - 



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

Geology.-Thl-bedded mudstone and tuff, and intercalated, locally siliceous thin-bedded limestone; steeply 
dipping; Palaeogene (Port Moresby group). In the extreme south-east, dolerite and tuff with an included thick- 
bedded lil~~eslonc member; dips apparently low; Miocene (Gidobada series). 

Geomorpho1ogy.-Strike belt up to 3 miles wide, with close-branching ridges u p  to 800 ft high, and minor 
lowlands; n~aderately dcnse dendrilic drainage with larger pcrenuial streams; slumping common on steeper 
slopes. 

Altitude.-0-1000 ft. 

Vegetation 

Southern part: semi-deciduous thicket 
( G o ~ z ~ g o - R h o c l a l ~ m )  or sbghtly 
d e c m o u s  forest (I,zls;a-Cellis) 

Northen, part: savannah (0pl~;rn.o~- 
a rc0~ypar r  a16n) 

Semi-deciduous thickct (Gnr,rgn-Rkodo- 
1lzy~Nds1 

-. 
Snvamrh ( o y l ! ; r z r o s - E l  nlbn) 

-~ 
Savauoah (Oplrir#las-Gucnlvpc!rs nlba) 
or scmi-deciduous thicket (Gnruw- 
Rh0rlorn)~rtus) 

I S r s a m a h  (OpI#i<tvos-Er<cnlypt<~s olbo) or 
tau gl-asrlmd (Sncdnnm8 swlfnnemn- 
Inlpalar") 

Strongly deciduous fons t  (Bonlbrrx- 
Ternzinalin) or tau evergresn foiert 
(Cnsunr;n~z-Dysoxybald 

Semi-dsciduaus thicket (Gnrrrgo-RIZIIII- 
nl~,rlrrr) 

Soil 

Ncutrsl b m m ~  litho- 
sols (8b)-\m.e,.so, 

N o r t h e m p a r t  redgrr-  
~ ~ 1 1 ~  clay soils: Nebke 
fanllly (Ion)-llI.e,. 
ro,.a,; Bom family 
(lOb)-Ili.e,.ro,. Lo<- 
ally bro.in clay soils: 
nolhana l s m i ~ v  (I ~b)-  
111.e,.so, 

southern part: tcxlure- 
confirsf roils: Ward 
family (IZb), gravelly 
phsre-IV.c..sor.w.. 
d .  and Niknrr 
family (12~1, grrvclly 
phase-IV.e,.so,.wz.d, 

n a r k  cracking day 
roils: Boroko family 
(70) in larger valleys 
and lnap~fami ly  (74 m 
smaller vrllcys-lil.d,. 
\Yp .SDz .8z  

Broi~n clay soils: Fair- 
Err family (110)-TIT. 
e..sol.a. 

Moderately weu-drained 
alluvial soils: alkaline 
olive silty clays (60)- 
IV.d,.f,.a, 

Dark cracking clay 
soil.: Bomko famlly 
(7")-111.d,.w3.ro,.s, 

Unit 

1 

- 
2 

3 

4 

5 

6 

7 

8 

Area -- 
Large 

Large 

-- 
small 

-- 
Snlall 

-- 
V c y  
rmall 

-- 
Very 
s~na l l  

-- 
very 
small 

-- 
Very 
rmall 

Land Form 

Ridge~:  n~ainly concave slopes 10-30° and  up 
lo 500 yd long, commonly with straight upper 
sectorn 25-30'' generrlly deeply embayed, 
with &nded sdllrr 50-100 f l  high and  incrsed 
small gullies; narrowly to moderately rounded 
crests- .lvmp scars on escalpment and valley- 
head I l o p u  above 33.; generally stone-free 

Iioot dopa~: broad concaveslopes mainly 2-SO 
and up to 300 yd long; grntly ;ndulaling m 
cross section, ivith cross dope= generally less 
than 2" and  irliefless than LO fr 

Mbufarl ~ ~ 1 1 0 ~  floors: up  to 50 yd wide, 
gradients lcsn than 5. and crass slopes about 
2"; "cry small, ephonleral chsmel r  

Margins and heads of larger ~alleys:  concavc 
slopes, mainly 2-5* and 5c-100 ~d long, locally 
attaining 200 yd 

Larger " a ~ ~ ~  flats: dircontinuous and generally 
less rhan 50 yd wide, ~ i t h  nlopF up to 2*; 
10-20 ft above larger channels 

Alluvial ~ l a i n ~ :  up to I +  milei ,"ide, ~ i t h  s l o p ~  
mainly less than 0>0'; numerous winding 
perennial slrenms, wrth channels up  to 20 ff 
,vide and  10 11 deep 



LAND SYSTEMS OF THE PORT MORESUY-KAIRUKU AREA 

PALIPALA LAND SYSTEM (150 SQ MILES) 

Savannah-covered coastal hills, in the north of the area. 

Geology.-Thi~l-bedded brown to  yellow gritty sandstone and conglomerate with subordillate sandy shale 
and calcareous siltstone of Pliocene age, locally underlain by 1200 ft of linlestone and 600 ft of ~ l ~ u d s t a l ~ e  of 
Upper Miocene age; strike NW., dips gentle to moderate. 

Geornorphology.-Hill belt, gene~ally with higher crest and watershed near coast and long branching hill 
ridges descending inland; relief mainly less than 500 ft, with area of lower, rounded spurs in extreme south-east; 
close, dendritic pattctn of rather straight-s~dcd valleys with nlany shallow tributary re-entl.ants; mainly ephe- 
nleral streams. 

Altitude.--0-800 ft. 

Unit 
-- 

I 

2 

3 

4 

S 

6 

Area 
- 

Very 
lawe 

-8--- 

' Very 
mmll 

Small 

Very 
rmrll 

--- 
Smdll 

Vcry 
snlall 

Land F n m ~  

Ridres: slopes, concrvo-convex and  10-25° on 
lawcr ridges cancwc and attaining 35' an 
hiehcr r idgk,  with shallow vallcy alcoves: 
locally incisedvallcys with rmphilhealinl valloy 
hcadr; dircantmuous coastal cliffs up to 150 ft 
high: narrowly rounded, undulating crcrfr con- 
nccting in pyramidal summits 

.- 
V a l l e ~  floors: up to 300 yd wide axial grrdionfr 
up to 10.. cross slopcr mainly iess than 2' hut 
allaiaing 10"; lmainly small channclr 

Main valley glaina: up to t nlilc wide, slopes 
lnalnly lens than l 0  but atvaining 2" at lnrrgins 
rnd in upper part*; uncven axial tracts ,"itb 
"liial~ small, internlittent channclr ,I,, to 20 f, 
wide m d  6 ft dccp 

Co2stnl fans: mmooth, concave slopcs ucl to 400 
yd long, mainly OOIS to 2 7 V ,  bul atlaining 
s0 a, innor xnargin 

- 

Lon, rourmdad spurs: up to 100 it high ciestr up 
to 100 yd wide: slraighl or canvex. nlrrginnl 
slopes up to 20"; r l~rl low valley alcoves 

-- 
Foot slopcs: below unit 5: concave slopes 
nllniniog 5" and uy to LOO yd long 

Soil 

Alkaline dark lithasols 
(8") an  roflwealheriog 
rock-VII.e,.so,.r, 

Dark cracking clay 
soils: Tnwi facnily (7cI 
-UI.da.,~~s.sos,as 

Texlurc-sonfuast soils: 
Ward hmily (12b)- 
lv.e,.so,.wl.d~u, 

Neutral brown litha- 
sols (8bl or red lithu- 
sols (84-VII.e,.sf..50, - 
Telsxturc-contrast soilr: 
Nikara family (12~)- 
IV.C,.SO..,"~.~~ 

~- 

Vcgetrfion 
-. 
Savannah(Th~nie~;~,r~rsiioI;i-E~~c~iypt~~~, 
0~i ib r ros -E~~cn;y~ms nibn, fizilrsmt<,+ 
Ezrcnljml6rs); in rc-entrants, semi-deci- 
duous tl~iskof (tiylocnrp~#~-llarpzN;i~) 
.tmnse a n d  slightly deciduous fore& 
(Bor?rbnrCell;s, Gorr!go-D~ochyc;!ifo,l, 
and i,rtr;"-C~;r;s] - 
Savannah ( O p h a ~ r o s - E ~ r c n l y ~ ~ ~ ~ ~ ~  olbn, 
O~iht~~l~os-Errcnl~;~t~~s~ap~~~~~~~) orrtrongly 
deciduous Coiesl (Bo~abax-Tcrrni,~~~;iil 

Tall evergreen forest (Alxtonin-Klciri- 
;larig) 

- .  .- 
Mid-height g i a s s l r ~ ~ d  (Opi?;rnor-lrr8p- 
elarc,] 

-. 
Savannah ( O ~ ~ b ; z ~ i . o s E ~ r c n l y ~ ~ t ~ ~ s  nlbnl or 
semi-dec~duour thicket ( G ~ ~ ~ ~ ~ ~ ~ J ~ ~ , ~ -  
Hnlpn1i;n) 



J. A. MABBUTT ET AL. 

Lin~estone rldges wilh savannah and senli-deciduous thicket, south-east of Kairuku. 

Geology.-Thick-bedded, resistant crystalline and coralline hnestone; NW. strike and moderate dips; Middle 
Miocene (Bokama limestone). 

Geomorpl~ology.-C~~estas and holnoclinal ridges up to  400ft high; fine-textured, trellis to dendritic drainage 
pattern of stcep ephen~cral sheams. 

Altitude.--0-500 ft. 

Unit 

1 

2 

Land Fom 
-. 

Ridges: straight d i ~  dopes 1s-25- and up tn f 
mile long; oncrrpmsnt slopes 20-3S0, yilh 
sleepi rodr faces. lowcr slopes hrekeo info 
r w r .  with slopes ;p to 20- and up ro 100 yd 
Inn* 

Area 
-- 

vsry 
lrrgs 

-- 
Small 

Soil 

Pllkaline dark Lithosolr 
(8")-VIl.c,.l..so,.a, 

Vegetation - 
Savannah (O,>lriz,ros-Ti,?ronius), semi- 
dsciduouls thickel (Gyrncnrpcrs-H~~~ul-,I- 
!in), rtrongly and ~Lighlly, deciduous 
form ( B O ~ ~ ~ O X - C C I ~ ~ ~ ,  inam-crais) 

..-- 
.- 

Foot s l o ~ e s  srld rallcyRoors: stony sloprs. 2-S0 
up to 200 yd long, as llndulating spurs and 

as rans md valley flats associated with rn~nu  
sircams 

-. -. 
Stony slopes as unit 1. 
Vallcy Rats, dark crack- 
ins clay soBs: lnapi 
femily (7~)-VL.d,.s,. 
S 0 1 . r ~  

- 
Savannah (Opi~irrosTinlonirrs) and 
slighuly d%iduous forst (I,zlria-Cniti~) 



LAND SYSTEMS O F  THE PORT MORESBY-KAIRUKU AREA 

KABUKA LAND SYSTEM (30 SQ MILES) 

Parallel low rounded ridges inland fro," Port Moresby, with led stony clay slopes. 

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

GeomorpI101ogy.-Strike belts up to 1 mile widc, with short parallel ridges, generally less than I+ miles long and 
about f mile avart: rounded outlines. with relief aenerdlly less than 200 ft: main drainaae transverse. with small . . . 
gullies and imnchannelled sectors in strike valleys; ephemeral streams. 

Altitade.-150-650 ft. 

-- 
Land Farm I Soil 1 Vegetation 

-- 

very 
1argc 

-- 
Small 

very 
5mrll -1 

- 

- 

- 

Savannah(7hnrrrrln o~z8rrr~l;~-E~aol,~plrlr: 
OpI~irrro~Ez~cnlypios nl6o in vallcy-hcnd 
emhrymenfs) 

- 
S n v a n n a h ( T ; i ~ a ~ ~ r ; ~ ~ r ~ r ~ ~ I ~ ~ ~ I i r - E ~ ~ ~ ~ I ~ ~ p f ~ ~ . ~ )  

. .. 
Tall grasslilnd (S~rcclionra . ~ j ~ o , ~ m n n o ~ ~ -  
hnpemto) or slightly deciduous forest 
(Plr~sclranin-Arlc~,o,~Ih~~~) 

Roundad ridges: fairly straight dopss, 15-25' 
nod mainly "bout 100 yd long, rarely up to 300 
yd: lower parts locally disseclcd into rpurr "1, 
to 50 ff high; valley smbaymsnls wiih sleep, 
shallow heads, up lo 3ZS; locally, curominent 
vallcy re-onfranlr with narrow floors 

. 

On main slapcr and 
crests, red lithosols (8c) 
-VII.e,."t..ro.. Valley 
heads and re-cntrhols, 
brown clay soils: Bom- 
a m  f m d y  (ll6).--111. 
e3.s0. 

~. 
Foot slopes: concave, 3-8' and IOU400 yd 
long: even, or undulating with up to 20 Ff of 
relief 

Drainasc Uaors: up to 200 yd rvidc, slopes up la 
5'; unchdnncllcd or with small gullies 

On uppemorl pafls, 
rod gmvolly clay rolls: 
Bomfnmlly (lob)- -111- 
Vl. e ,-.. so,. on main 
foot .1apcr, tcxturc- 
contrast soas: Nikura 
family (12~) ,  gravelly 
phnr-lv.c,.so,.w,.d. 

Dark cracking clay 
soas: Boroko fanlily 
(7")-TlI.d,.ro,.w,.a, 



I. A. MABBUTT El' AL. 

Low 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 no~ th -  
east, coarse conglomerate of mixed racks, generally intensely silicilicd; bath of Ncogene age (?Sir0 beds). 
Extensive coral rubble of Pleistocene age. 

Geomorphology.-Raised marine plain dissected into low plateaux and und~llating terrain, with relief mainly 
less than 100 St; minor hill ridges up to 350 ft highin t h e n o ~ t h ;  sparse, slightly entrenched drainage in plateaux, 
closer dendritic pattern of shallow valleys in undulating terrain; ephemeral streams. 

Unit 

1 

1 

3 

4 

Area 
-- 

Medium 

-- 
r e  

-- 
Small 

-- 

Small 

Land Form 
.- 

Gently undulating terrain; rclicf up to 50 if; 
concnve lower slopes mainly less than 3- &nd 

fa f milo Long and gently rounded or flat- 
fish crms up  L D : ' ~ I ~  wldc 

Low dstpaux and hills: in thesouth, moderately 
to undulating sur!rcw, rrlief up to 50 
it, \~i!h short slopen m a d y  below 10- but 
altairung 20- on lorv hills and pl?teau m a r a s ;  
in thc north, bilk up to 350 f l  h u h ,  wlfh con- 
cave or irregular rlapcs mainly up  to 30°, but 
With rocky and lorally cUKed sectors exceeding 
35" 

Poot slopes: smooth, concave rlopcs, l~lr inly 
< S O  and up to 200 yd long 

Drainage Roors: up to !(I? yd ~vide, slopes 
mainly <On30' bu t  att?mmq 1- at margms; 

llnchanqelled mainly m t h  small gulli- 
but  lacally ,",tp larger channels flanked b; 
minor flood-pla!nc 

Soil 

Brown c!ry roils: Fair- 
f a r  family (11~)-m. 
e ro,.a,. Near Papa 
&age, red g r a v e ~ ~ y c ~ r y  
sails: Bom family (106) 
-li.e..son 

Neutral brawn litho- 
sols (8b jv~l.~, .st . .so,  

Red gravellyclay soils: 
Hom family (106)- 
11c,.so, 

Dark cracking clay 
roils: Boroko fanlily 
(7~)-IlI.d,.rv,.so,.s,. 
L o ~ r l l y ,  on flood- 
plasns moderqfely \%,ell- 
drainid a1l""~al soils: 
neutral olive silly clays 
(66l-IIi.d?.f~ 

Vegetation -. 
Savanna11 (Tiicr?rerln ?nsnnlis-Ezrcnb,~- 
B,F); large areas of dcrrvcd gmsslond 

Savanoah (18cn!er(n urrrl~alis-E~rcnl~~n~ 
BCS] with palches of somi-deciduous 
tbicbct ( G y r o c o ~ ~ d ~ s H ~ r p ~ ~ I I i i ,  A<lcnn,z- 
tlrorrColo,inl 

Sauannah(Ther?l~d~nrr~tttIii-Ehhhhl>lrr, 
Opiiirrrm-E~~~nl~~ptttt "16") 
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Strongly undulaling lowlands with mainly shallow calcareous soils, south-east of Kairuku 

Geology.-Greywackc, claystone, and siltstone (Kaieu greywacke, Dumana greywacke); coral limestone, 
calcarcnite, and chert (Bokama limestone); siltstone and sandstone (Vanuamai siltstone); all with NW. strike 
and moderate dips; Miocene. 

Geomarphology.-Strike vales about 2 nllles wide, strongly undulating and with 50 ft of relief, separated by 
narrow limestone ridges rising to  200 St; he-textured, incised dendritic drainage, with ephen~eral or inter- 
mittent streams. 

Altitude,&250 ft. 

Unit Arcn Land Forlr 
-- - 

1 Small Ridges: slopes 10-30' and up l o  100 yd long; 
lower slopes dissected into vldoly rprcod spurs; 
n~aderrtely rounded, rocky ercsts 



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 Moresby group), strike NW., steeply dipping; Palaeogetle age. 

Geomarpholagy.-Strikc belt u~ to 4 miles wide, east oC Port Mwesby, with many parallel nam-l-aw ridges up l o  

+ mile long and I50 ft high, and vales and valley flats up to &mile wide with small areas of rounded low hills; 
branching internlont plains up 10 1: rides wide in the soul11 of Lhe sea; n~oda.ately dense dendritic pattern of 
small ephemeral streams. 

Altitmde.-0400 ft. 

Unit 

1  

2 

3 

4 

5 

Arca 
-- 

Small 

rwedium 

-- 
Medium 

-- 
Medium 

-- 
Very 
small 

Land Form 

Ridges: concavc rtany slopes 1CL30' and up  
to 200 yd long, loc~l ly  disrectkd into roundcd 
spnrs up to  50 ff h i g h  shallow gully-head 
embryments w t h  short ;lopes up to 35', with 
small slump ;cars; narrow, rocky crests 

sounded hills up to 50 f t  high, with 
straight or convex mareinal s lopespp  to 15'. 
andconvex crsst slapcs, mainly 1-5 and up fa 
75 yd long 

Foot slope.: concave mainly 2-8' m d  up to 
400 yd long. ,broadly q d d a f i n g  in cross 
section, as flait~sh-crested lnterfluves up  to IS 
ff high, with short marginal slopes mainly t 5 - ,  
locally steepened to i s m  

Undulating plains: up  to 10 fk of relief, with 
slopes t S 0 .  flaftish-crested mlerfluues, and 
drainage flo& up to 50 yd widc with very small 
drainage charnels 

Drainsgo floors: up to 100 yd wide, ~ ~ ~ d i ~ ? t s  
1-So, cross slqpes mainly t Z D ;  mostly rv~th 
very small dromage charnels, locally unchan- 
nelled 

Soil 

Nculral brawn litho- 
sols (8b)-W.e,.sl..sa,, 
or rod lilhosols (8~)-  
VLI.e,.st..so. 

~ r o w n  clay roils: F a i r  
f a  m i  ( 1 - 1  
c,.so,.a,, locally pars- 
ing info soft rvcalher- 
ing gabbro 

As in unit 2, and also 
Bomanb fzmily (116) 
-U-lII.e~-~.so: 

Vegetation 

Snvaenah(Tlren1~~1~ orar~miis-E~rcr~l~pl~rs) 

Sauannah(T18crncrln nr~silol isE~rmO~~lzrs,  
Oplrf8rrosEncnl~~r~rs dbb) 

kll u a s l a n d  (S,rcci>arnn8 ~ ~ I I I I I I I I I I I -  

Dark cracking d a y  
6011s: lnapi  famdy (7c) 
- I I l .d , .~~ '~ . so~ .a~  

~,noerotm) with ~ a t c h c s  a f  strongly 
dnidoous forest (Bmrrbnr-TPlni~z~~Ifii) 

Mid-h~ight grassland (Opl~lz~ror-+~per- 
"la) wrtb renlnanis of rlzghlly deciduous 
forest (Plrrnel?o,,in-Adc!~o?~~I~e~~) along 
channels 
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Broadly undulating lowlat~ds with texture-col~trast soils, sauth-east from Kairuku. 

Geology.-South of Brown River: eastern part, dolerite and fine-grained gabbro intruding altered sedin~e~lts of 
Palaeogene age (Port Moresby gmnp); western part, argillaceorrs tuff, presurlled stlike NW., dipping steeply 
and of Palaeogene age (Dokuna tuff). North of Galley Reach: well-bedded rocks ilicludil~g mudstone, siltstone, 
marl, sandstone, quartzose conglomerate, and andesitic conglon~erate and agglomerate, volcanic component 
increasing to NE.; gently dipping; Pliocene (Kaufana beds). Local ferrugina~~s duricrust. 

Geamarplrology.-Broadly undulating strike lowlands with 10-50 ft of relief, locally with short strike ridges up 
to 150 ft high; open, branching drainagepaltern, shallowly incised in lower parts and with slnall valley plains 
in lowerrnos1 sectors; lnlainly ephemeral streams. 

Altitmdc.-4-250 ft. 

Unill Area 

-- ~ 

1 Sfrippnd infmllurcs: marginal slopes o f  unit 1, Neutral brorvn l i lho- 
up  Lo 200 yd Long generally about 5- but com- roln (81,)-VI.o,.~i..ro, 
manly stepped, w;fh short bouldcry reclols up 
Lo lo0; also, marc strongly undulating crests, 
narrower and higher than i n  unit 1, locrlly ,r.ifh 
cap"i"61 o r  foriuginour duricrust 

L o s  ridges: up lo 150 ff high, with irregular 
rlopos up to 400 yd long, locally allvining 20'; 
narro,vly rounded crests I 
Tncired rallcys i n  unit 3: v-shaped and incised Somi-deciduous thicket (Arlenaotlrerrr 
25-35 rt: slopes up to 30' Colonnl and strongly docidvovs forest 

.~ ~ . - [Bonlbox-C?Als, Albiiin-Mmiiron) 
5 Small Tr i l lu t~ry  valley floors: gradients lnlainly 0'30' Tenure~contrasl soils: Savannah (Opiiiz<roorE8rcolyp1111 olbc, 

to 2 O ,  concavc rido rlopcr up Lo 4. and up to Ouou family (120)- Tiz~nrrrl~~nuvog~~iiiiiiiiii-EEEEE~~~IIIS] and 
50 yd long; upperseclors nlry be anchmnelled. IV.e,.ro,.~v,.d=.a,, and slightlydeciduourroiesf(Go~~~,r~rucl~y. 
with l,um,nocky floo,s; lo,~\.cr parts lhnvc wind- Lvloki  family (12d), chirorl); or nr unit 4 
ing cphetnernl cl~annels up lo I 5  il wide and gravelly iphas-IV.8,. 
irregularly incised ap to 10 A , sa,.\\.?.d3 

. . . "  
I em1 chnnncls uu to 5b n wide and 15f ideeo. 1 ' ' I 

with permaneni waferholes 



Savannah-covexed plains sloping tiom low ridges, north-east of Port Mo~esby 

Geology.-Ulllfornl fine-grained tuif, apparently steeply dipping (Dokuna tuff); finc-grained gabbro intruding 
Part Moresby group; all of Palaeogene age; locally, terrace  ravel and chcrty col luvi~~~n of Quaternary age. 

Geomurphology.-Piedmont plains up to 2 miles wide, and terraces 20 and 45 ft above the Laloki River; 
moderately sparse, parallel Lransversc drainage, con1111only becoming ill defined in the lower plains; ephemeral 
or intermittent strcams. 

A1lihr~lc.-0-200 ft. 

- 
Vegetation 

Savannah (Tlrernr,i<r rrol~ognirzrmsis- 
Elrcr~i~pl"~) 

Savannah ( O ~ ~ l z i z ~ r o s - E r c n l ~ ~ f ~ ~ ~  nlbn) 

-- 
Savannah(Ttrcn~eda~~r.~I~~iii-E~~~~~i~~I~!s) 

- 
4 

5 

6 

7 

Soil -- 
Onsteeperslopp, neuf- 
rrl blown lrthosols 
(8b)--\rU.e,.st..so, 

0 gentlez slopes, 
brown clay soils: 
wi r rax  family (11'7) 
--lll.e,.so,.a,, o r n a m -  
ana fa">ily(llh)--nI. 
e,.so,; ",,nor B o m  
family (lUb)-III.e,.so, 

Tcxturc-contrast soils: 
g r a v e l l y  a n d  non- 
gravollygharos o f w a r d  
family (l2b)-lV.e,.so,. 
w,.d,.a,,Nk,,rafa,"il~ 
(12~).  m d  Lalakl 
family (l2rl)-IV,e,,so,. 
ws.d. 

Unit Area Land I'orm 

1 

2 

3 

- 
Very 
small 

--- 
~ e d i ~ n l  

-- 
Small 

very 
small 

Vew 
small 

-- 
Very 
small 

-- 

yery 
large 

~ 

Birer terraces: ~ndulat ing,  channcllcd surfaces 
up  to i mile wide, with local slopes up to 3-, 
shorl, stony marginal slopes up  to 10° 

~ l a i n ~ :  slopen in extension of unit I ,  0'15'- 
0'45' and up to i mile long 

Drainage floors: shallow depreixians up Lo 200 
yd \vide, axial slopcr up ta ZD 

Laloki ltiver cl,;mnel 2nd Bats: steep-sided 
ci1arne120 ft deep, 200 ft t t ideat  bank lcvol ma.  
ro,vinp to 100 fi at ~ ~ , , . - ~ a i s r  level: discon- 
tinuous riparian flats up to 50 yd wide, with 
perched Rood charnels 

U ~ v e r  foot r l o ~ e s :  broad$ undulating slopes 
3-40. m d  up to 400 yd long, including rounded 
spurs up to 50 ff and isolated rocky hills a p  to 
100 n high 

.. 
L O ~ ~ ~ ~  foot slopes; "cry broad, concave slopes. 
0"IW-3' and up to 1 mile long 

~ ~ 

Terracesurfaces as unit 
3. Marginal rloper, red 
gravcllyclay soh:  Bom 
faouly (lob j1Il.e,.so, 

Dark trucking clwy 
soils: Inapi family (lc) 
--1II.da.~on.~v..a. 

D!rk crackkg day 
sorls: Boroko family 
(i,,)-~n.d,.w,.so,.a,, 
and Jsckson family 
( 1 - 1 1 1 . d . .  

O n  river flab, moder- 
a b l y  rveIl-drained auu- 
vial soils: neutral alive 
stratified so* (6d)- 
III.d,.fr 

Srvann~h(Tlrm~e~oansI~~Iii~E~~~~I~~pI~~~, 
Opl~i~rros-Ertcnl~plzrr nlbn) 

Savhnnah (Ol,lrlc~ros-Eoenl~~iiii ilbb) or 
rem-deciduous thicket (E~rca l~? tu~-  
Acnern) 

In upper secton, s a v a n a h  rr in unit 4. 
lo lover sectors, mid-height end  tall 
grarrland (onl~i~,rosI~~,pel-nm, socclm- 
r z ~ ? ~ x s p o ~ ~ t n ? z a n r ~ I ~ ~ ~ p ~ r ~ ~ I ~ ~ ) . S l & b t l ~ ~  
duoos mrest (PlancIrotzh-Ad=~zn,~II~~~~) 
along cllannsls 

On flats, tall grassland (Smcciinrtnn 
s~~o,ztorzer,n~-I~~ap~~oIm). O n  baaks, tall 
evergreen forest (~cto,xelcs-~rlocnrpns) 
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OUUU LAND SYSTEM (5 SQ MILES) 

Nat.t.ow plain along the coasl south of Kairuku. 

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

Ceomorphobgp.-Slightly dissected coastal platCorn~ less than I inile wide; relief niainly less than 30 ft; shallowly 
entrenchetl, transverse valleys with many short tributa~ies; streams ephemeral or inte~n~ittent.  

Altih1de.-0-100 ft. 

- ~. 

un i t  
- 

1 

I 

Area -~ 
very 
Iar60 

-~ ~. 
Foot SIOI~~S: concave, 013W lo 4O and up lu : 
mi1c inns; gcnora11y dirnccfcd to IS ft, locally to 
30 fl into mainly Aallsh-crested spurs up to i 
mile wide, crass rlolle;r <Io: minor uneven, 
locally rocky srei,r; d o i t  marginal slop= \"ill, 
shallon gully re~entr;lnts, milinly <So but 
rtecpening to lo0 an coastal mr ig in  and i n  
more stronzly dirrectsd areas 

Drainage Roorr: gently sloping, up to 50 yd 
wide, with slunll palhe%, ,tribulary l o  larger 
vrllcy Rats up fa * mllc wide, s100er generally 
153s than 0'30: with winding channsl~ up to 
IS R wide m d  10 ff deep: locally there open 
into small coastal alluvial plains 
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T S ~ R I A  LANo SYSTEM (5 SQ MILES) 

Narrow coastal p l a t f o r m s  on YulcIsland and west of IIisiu. 

Geology.-Coral l i n ~ e s t o n e ;  Pleistocene. 

Geomorpho1ogy.-Raised coral reef p l a t f o r m  up to 2 miles wide ,  b e t w e e l l  10 and 50 ft  above sea level; commonly 
with outer sand beach; featureless surface traversed b y  a few incised narrow val lcys  without tributaries 
and w i t h  s m a l l  i n t c r n ~ i t t e n t l y  flowing c h a n n e l s .  

Altitodc.-0-50 ft. 

Unit 
- 

1 

2 

3 

r so* 

Soil 

Mainly dark cracking 
claysoils: Boroko fan- 
ily (7s)-m.d,.w,.sol. 
a,. Small areas of ulkn- 
line reddish clay soils: 
Obu family (13)-IV. 

h e r  

Very 
large 

Vegetation 

Semi-deciduous thicket (Elrcolvplus- 
Acocln) and strongly ar slightly deci- 
duouslorpsf(Bwribax-Tnrr,rinniii.In~~ii- 
Cellis); palchcs of tall grassland 
(Sr~ccl~nrrnr s p o n M , ~ e r m i - l ~ ~ ! ~ ~ ~ r ~ t t )  

-- 
very 
sl l~rl i  

--- 
Very 
snlnll 

Land Form - - 
Reef platform: ri5ing inland at 0'15'-l030', 
incrrasine to near 3'nerr inncr margin: locally 
uneven, with up to 5 ft of local reliefand with 
short slopes up to 2'; sramard bivtiand incisrd 
valley ?margins 10-20 ft high, slopes 5-1V 

valley Rats: mainly uplo 100 yd wide, opening 
inlo coastal flats up  to 200 yd wide: irregular 
snlall clnannclr 

Beach: tidal r e d  flat; sand beach up to SO yd 
wide, mainly bolo," 2~ and rteepening to s0 
bolow discontinuous hoolmocky foredunr up 
to lo fr high- corninonly backed by sand swrle 
up to SO yd <;id= 

Dark  cracking clay 
soss: h a p i  family (7c) 
-UI.d,.wl.so,.a, 

Boach soils: on fore- 
dune, grey fine sands 
(10)-IV.so,.s,.a,; on 
beach, grey sands (14 
-VUl.dwf~.z. 

Strongly deciduous forest (Albizln- 
~ortif1111 

Above hkh-waier mark: ~nixed  lhcrba- 
ccous vegefatlon (Spi,l~c~-c"?~n"~ll<,) 
and scrub (Prcr>s8rScnevoin) 
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Sn>all plains with dark cracking clay soils, near the co'lst in the south of the area. 

Geology.-Fine-textured alluviu~n; Quaternary 

Geomorp11ology.-AUuvial plains up to 1$ miles wide, occurring as branching valley tracts, gradients 1 : 100 
to I : 500, in the sooth of the area, and as strike vales and locally as a narrow coastal plain near Port Muitsby; 
perennial channels in main valleys, bnt ill-defined or in~peded drainage elsewhere. 

Altitude.-4-200 ft. 

Unit I Arca I Land Farm 1 Soil I Vegelalion 

Savanoah (Tllemeda nr#srml;r-Ezicnlw,l,rs, 
Ual~lnros-E~~CO~YPIIIS ulbu)- extensive 
derivcd gra5rlands noifl~-wksf of port 
Moresby 

I 

- 
2 

3 

4 

- 

Tall Evergreen forest (ocronrclet  
Allocor~os);  tall grassland (S,rcchnnlr,i 
s~o?lt"a<mn-ll!?~ernin, Pli""*,,zi,rsS"c- 
cb<rm,,i rob,,s,.,,z) 

-- 

Large 

Large 

-- 

Mcdium 

-- 

Vcly 
Small 

Higllnr plains: s l a p s  mainly less than 0°30', 
but nllniniog SO a l  gently undulating margins; 
extending up to P tnilc from drainage lincr 

- - - 
Lower viains: slopes less than 2-, otherwise as 
unit I :  subject Lo i m p d a d  drainage 

Plaod-plains: mainly about 50 yd wide, locally 
allaining 300 yd: meandering channels on to 
40 ff vide and I 5  ft dccp 

Swemps: ug fo 300 yd in cricnf 

Dark cracking slay 
soils: Boroko family 
(1")-LlI.d,.w,.ra,.a,. 
or Jackson family (16) 
-nI.d*.,"~,so, 

Dark cracking clay 
roils: Inapi family (7c) 
-IU.d,.w,.so,.a, 

Moderately rucll-drain- 
ed alluvial soils: r lkr-  
line olivc silty clayr 
(6a)-IV.d,.f*.a,, or 
neutral "live silty clays 
(66)-III.d,.f, 

Vcry poorly drninod 
alluvial sails: grey 1 sticky clays (40) - 
VITI.d, 
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This zone is transitional hctween lowlands and uplands, with rainfall increasing 
eastwards from 50 to 100 in. The central foothills range froni plains to broad ridges, 
with acid red to brown clay solls and minor lithosols on gcntly dipping volcallic 

Fig. 4.-The southern foothills here extend between the Sogeri Plateau, above 
the escavplnent of the Astrolabe Range (I), and the plains of the coastal hill 
zone (2). The contrast between a mai~lly 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, nlainly of gabbro with neutral brown lithosols, 
with altitiides 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 parts 
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 i n  the tabulated descriptions w h i c l ~  follow, t h e  l and  systems 

of the central  foothills precede those of the southern foothills. 

TABLE 4 
DIAGNOSTIC FEATURES OF LAND SYSlTMS OF THE FOOTHILL ZONE 

Land System Lithology Land Form Relief Predominant 
Sail 

Central foot- 
hills 
Aropakima 

Diulu 

Kanosia 

Southern foot- 
hills 

Sandy tuff and 
volcanic con- 
glon~erate 

Ror~tra Gabhro, partly 
capped with 
agglomerate 

Dubuna 

Edebu 

- 

Gabbro and 
minor lirnestanc 

Muddy tuff 

Up to 2000 ft Neutral brawn 
lilhosols 

. 

Predominant 
Vegetation 

Strike ridges 

Undulating 
terrain with 
minor ridges 

Undulating 
terrain and 
plains 

Branching 
ridges and an 
escarpment 

Branching 
ridges 

Savannah and 
deciduous forest 

As above, but 
extensively plantcd 
to rubber 

Up to 500 ft 

Up to 100 ft  

Up to 50 R 

Slightly deciduous 
forest 

Lithosols and 
acid red to 
brown clay soils 

Acid red to 
brown clay soils 

As above, and 
texture-contrast 
soils 

- 

Savannah 

Slightly deciduous 
forest and semi- 
deciduous thicket 

~ 
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Higher foothill ridges cast of IWl Sound. 

Geology.-Calcareous sandy tuff, volcanic conglomerate, agglomerate, lava and other basic volcanic racks; 
gently folded and faulted along NW. axes; Pliocene. 

Geomorpllology.-Strike belt up to 4 miles widc, with prominent west-facing escarpments h~.oken inlo hill 
ridges; strike-controlled nmin valleys with restricted lowlands, and a pinnate paltern of incised tributaries, 
denser in the west; relief up to 500 ft; slumping on steepened slopes; ephemeral tributary streams, perennial 
main streams. 

Altitude.-4-700 ft. 

Unit 

1 

Area 
-- 

Large 

Lnnd Form -- 
Ridges: cancavc ercarpmenls, mainly attainine 
2&30° but  exceeding 35°10cally in valley hoads 
and  olrrgins, where rmall rack faces and  slump 

2 
scars occur; dccp1y incised gullies in middle 
parts;also,fairlystraighrrtructurallycontralled 
rlopes generally not cxcccding ZS0' crescs 
rn6in1; narrowly rounded, w ~ t h  mmor c;ont and 
upland valley slopes belaw 10" and up to 100 yd 
long 

Large 

Soil 

Wnstmn part: Neulral 
brown lilhosols ( X b )  
VII.e,.sf..so, 

Vegelnlian 

Savannah(TlzorrcdnnasbnlisElrcolyphrs1 
and strongly deciduous forest (Rornb,zx- 
C&isl --------'--- 

B s ~ f e r n ~ a r t : O n s l e e p -  
er slopen on rgglamer- 
a i a ,  asid brown litho- 
sols(xd&vn.e,.sl,. 
On  gentler r1opcr o1rc- 
where, acid red to 
brownclavsoils: Diulu 

Iiootdopcs: concave stony slopes, 2-10' and a p  
to 300 yd lwrg; minor gullies 

Savannah ( T ~ ~ ~ ~ i r ~ I ~  ,lol~ogrrbrc,sis 
E~rcnlylil!.~] m d  slightly cleiduous 
farsst (Gnrr~~o-Bmclc/~~d~ilu,l, Albirio- 
c<,nnlilan,1 

family (9")-IlI.c,.ra, 

On  drier rites on vol- 
canic songlomsmb i n  
west of land system, 
teXfYrOcOntrrrt soils: 
Laloki family (1211)- 
IV.e,.so,.w,.d,. 
o n  wctter r i t a  on 
agglomerate i n  east of 
land system, acid red to 
brawn clay soils: 
Koilaki famil,, (9e)- 
I I . ~ ~ . s ~  

Texture-contrast soils: 
Lrloki famcly (12dl- 
IV.e,.ro,.w,.d,. I m p e r  
fectly drained alluvial 
soils: acid brown clays 
(5~1-VI.da.fs 

4 

Savannah ( O ~ l ~ i r n o ~ - E i r c n l ~ ~ ~ I ~ ~ s  mlbrbu) or 
slightly deciduous farert (Gnn8gn- 
B ~ o ~ / ~ ~ ~ c l ~ i ~ o ~ ~ l  

Slightly deciduau. farwt (Spondios- 
Cellis); savannah (OplrinorE~dmb~pllrs 
pn~rrotrrcl 

-- 
very 
small 

Vall~yplains:upfo200yd~~id~,dI1~~1~~sth?n 
2' and mainly below 0'30'. upper sectors wlih 
small channels, lower p&ts ~ v i f l ~  ill-defined 
drainage 
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Undulaling or low hilly lract wilh reddish soils, extending north-west fronl Galley Reach. 

Geology.-Tuff interbedded with volcanic conglomerate, nlainly of basic lava; gently folded and faulted on 
NW. axcs; Pliocene. Pleistocene ferruginous duricrust locally. 

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

Altitode.-0-200 ft. 

Unit 

I 

-- 
2 

~ 

Soil 

Acid brown lilhosols 
(8d)-Vl.e6.sts 

Acid rod to bmlvn clay 
soils: Diulu family (90) 
-Ill.er.so2 

Yogotation 

Savannah (l*n#nrln nznrmoli.?-E!~c~rb~~- 
t o )  

Savannah (T!~?nrrrlcz ot2rbrzlisEz~coll~n- 
BIS. Ol,bilnas-B,cnlylllIrs nlbn) and 
strongly dcsiduour fares, (Buazbn- 
Tcr<nhrf,lio) 

. 

Area I Land Form 
-- 

Small 

- 

Very 
largc 

Hill ridges and escsroments: straight or convex 
slooes, mainly up fa ISm but locally up to 2S0, 
and up to 200 yd long; rounded stony crort. 

Undvlatillg tmrain: Rattirh crcsls, and concave 
valley-sids slopes 3-10' and up to t milc long, 
leading Loslnall dninagecllrnnclr 
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Plains and undulating country extensively ~ ~ l ~ d e r  rubber at the headiaf Galley Reach 

Geology.-Sandy and argillaceous LuF (calcareous in part), volcanic conglon~erate, agglomerate, lava and other 
basic volcan~c rocks; gently folded and faulted along NW. ax-; Pliocene. 

Geomarpholagy.-An erosional plain 25-50 ft above sea level, with abxupt seaward margin, continued inland 
as undulating terrain to foot of backing hills; 25-50 f t  of relief; a few entrenched sluall winding rivers, with 
close, branching tributary valleys in higher part; main streams perennial, minor slrean~s internlittent. 

A1tituclc.-0-100 ft. 

""it I Area I 
Undulrfing terrain: convex slopes, locally Under rubber; original vegetation prc- 
bouldery, mainly less than 5' and up to 100 yd sumably slightly deciduous forest 
Long, somn~only steepened basally to lo0; (Alb;zieCn,zav;z,!?rj 
somewhal gullied mnlgins of unit 2, will, stony 

2 

- 
3 

4 

-- 

Large 

slightly uneven Aoad-plains up to 100 yd wide, 
bout 5 ft above larger channels, up La 30 fl  i l a .  

wcde and  10 if deep 

- 

Small 

-- 

Small 

. . - .- 
Plains: less than 5 ft of reliel, with I o n ~  slopes 
I s s  than In;  locally wit11 very sl~rllo%u, un- 
channelled drainage depressions about 50 yd 
wid8 

Alltrrial terraces: 10-15 ft abovc river bvcl; 
disconfinuaas, up lo 200 yd $vide, with cross 
s1opcs less than I D  

Valley floors and Aood-olai~a: disconrinuolls 
minor valley floors lwr than 50 yd wide, ~ i t h  
5lopes mainly lensthan Oo?O'; commonly ill- 
dramed, with sluggish winding small chmnels: 

Texture-contrast soils: 
Nikuvr Family (124 
Laloki family (12d)- 
IV.e,.r>,,.d,, and  brown 
clay roils: Bomnl. 
fan?lly (llbj-U.0- 

Savannah (Tlxe!nedn novorz,i,8aerrris- 
fi,,cnlypt~,s), semi-deciduous thicket 
(6rcnb.prrrr-Acnchj, and  strongly de- 
ciduous hiest (Borrrbmx-Ternri,mlirr)~!irtoli,z) 

Acid rod to b r o m  dry 
roils: Koitihki family 
(9ej-11.es.sa 

lmperfeclly drained al- 
luvial soils: acid blown 
chys (5gj-VI.d,.f. 

Slightly decidvovs Forest (Plnncltorrin- 
Arle8mntlrelo) and  tall gntsrli8nd (Sm- 
ci8nn6nr s ~ o n t o n r , # r , ~ - I , ~ ~ ~ ~ ~ ~ ~ r e )  
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ROUNA LAND SYSTEM (120 SQ MILES) 

Mainly forested highel. ridges in a belt south-east from the Vatlapa River, including the Astrolabe Range 
escarpment. 

. ~ ~ ~ 

by Pliocene andesilic agglomerate and locally by Miocene conglon~erate (Siro beds). 

Geomorphologp.-Escarpn3e11t of the Sogeri Plateau, mainly up to 2000 ft high, continued NW. and SE. as a 
strike zone, 2 4  miles wide, of parallel n~assive ridges up to 800 ft high; trellis drainage of )moderate density 
including several large through-going rivers; rock falls common on escarpment, slumping active on steep 
slopes; larger strenrns perennial. 

Altit.de.-200-3500 ft. 

Unit 
-. 

1 

2 

3 

4 

Area 
- 

very 
rm:#ll 

Lond Form - 
Rock fsees: mainly m to 200 Ct high, rvilh irreg 
ular, rfeppcd slopes 5&9U0 and wldcly rpamd 
joint clefts; with narrow ro-ontrans a1 valley 
heads 

-- -- 
Very I Ridges and sours: fairly strsight slopes $om- 

sols (86)-VU.y.sl..so, 

Imperfeclly dlained nl- 
luviul soils: acid brown 
clays (5~)-Vl.d,.f. 

large 
-- 

Medium 

-- 
very 
mmU 

Soil 

Rock 

--- 
Slilitho-hfly deciduous forest (Al6irio- 
C o , ~ n l i l ~ z ~ )  

. .- 
On north-west acr ipmont  of Sogeri 
Flricru, savannah (opl~i,~ras-Elrenlyp~r~s 
terc,icolriis); some valleys wit11 rligbtly 
deciduous f o r a t  (,libiiin--Cnnarinm) 

S r v m n r h  (Tltc!nrrln norosrrir~et.r~sis- 
E~rcolj,ptnr) or tall evergreen forest 
( C r t s r m r i t ? o - l ) ) - r o . ~ j ~ I ~ ~ ~ ~ ~ )  

nmnly up to 35* and up  Lo l mile long; \vldcly 
spacsd major spurs and $now numerous weakly 
developed foatllill spurs, and pronllnent puilie.5 
iuifl, head slopes nllainiog40°and incircd larver 
pars ;  IacvUy with r bench up to 4 mile wide. 
with irregular rocky slopes 5-15O; commonly 
n~rntlcd with fallen agglomeralc blocks 

valley floors; dirconlinoous and narrow, with 
inincincd scream channels 

Vegetation 

Bsre or with some rock ~ l a n t r :  ill lo-  
entrmtr, tall eveisreon forwt (Cnrrm- 
r i ~ z ~ - D ~ ~ ~ o x ~ ~ l z r ~ ~ ! )  



Mainly savannah-covcrcd ridgcs, west of the Sageri Plateau. 

Geology.-Fine-gl-ailled gabbro and dolerite; remnants of the intruded sedime~its, incl~tding tun; marl, and 
indurated metamo~.phosed limestone; steeply dipping, strike NW.; Palaeogene (Part Moresby group). 

Geamorpha1ogy.-Irregular short ridges up to 900 ft high, with prominent spurs, and minor strike ridges up 
to 1400 ft high, with l imesta~~e escarplnents; dense dendritic drainage with very close parallel primary gullies; 
only larger streams perennial; slumping fairly active. 

Altitude.-0-1500 fl. 

Unit 

1 

2 

3 

4 

5 

Arca 
-- 

Vcry 
Inrge 

-- 
Very 
small -- 
Small 

-- 
Very 
small 

-- 
Very 
small 

Land For", 

Ridges: cancavc slopes, nminly 10-35' and up  
to 3 mile long, broksn into par?llel ridges m d  
gullies and commonly rlunlpcd m uppcr parts: 
minor rocky escrrpmsnls; colluvial aprons i n  
wetterprrts: narrow ridgecrests 

Primary gullies in unit 1: narrow Ruors. 
gradients up to 30", and steep walls, IID to 4 P  ~- 
Lower s ~ u r s  and foot slopes: concave  slope^, 
5-ISo and op to :mile long, generally dissected 
into spurs up to I00 ff high 

Minor valley llals: up lo SO yd rvido, . l o p ~ ~  I-ZO; 
imvmrsed by meandering stream channels up Lo 
10 ft wide s o d  6 I? deep 

Msin Rood.plrins: up  lo 300 yd wide, slopes 
less than 0°30'; up to 5 ft ~nlicrorelief in Rood 
channel.; main channels up to I00 ft wide and 
20 ft deep 

Soil 
-~ 

Neutral bmwn Litho- 
sols (86)-Vll.e,.sf..so, 

Brawnclrysoils: 
Bomana family (Ilb). 
ln rveller parts acid red 
to bror"" clay soils: 
D i d "  family (90)- 
u1.e,.sot 

Dark cracking clay 
soils: Boroko family 
(7n)-IX.d,.~%,~.so,.a. 

Moderrfely well-drain- 
edalluvirlroilr:neuiral 
olive silty clays (66)- 
lll.da.fa 

Vegetation 
. .. ~ 

Srvanorh (Tlzrrnerln nmlmlis-Eucrr0.p- 
tw, Themeda 8iovognbfirwsisEr~coI~~I1111 
and patches of snui-dsciduous Lhickct 
(6rcoI~plrrsAcaciol; minor areas of 
sIighUy dcsiduous forcsl (Gnlrrgo- 
Br~dcllycbilon. Albizio-C,!rr,zrin!d. 
nlainly on higher ridges 

Slightly deciduous faresf (Albirin- 
Cnnnlia~r) 

Savannah (Oniz inrosEz~cnl~~~us  nlb,i) 
and slightly deciduous forcst (Albliin- 
Connri<n??) 

Tall evergreen forest (Cornnrinu-Dm- 
x)tlinrd and savannah (O~rhirrrosE~~cm- 
~~~pr~dspn!~rmnol 

Tall evergreen forest (Ociorael~s- 
Rrlocnrp!cr, Cerbern-Alsrorrinl 
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Forested lower foothills near the Brown River. 

Geology.-Slightly metamorphosed, grey sandy to argillaceous tuff and tuffaceous al.gillite and sandstone, 
striking NW. and dipping steeply; locally intruded by acid to intermediate, medium- to fine-grained igneous 
racks; p~mbably Cretaceous-Eocene (Port Moresby group). 

Geomorpho10gy.--Strike belt 2-4 miles wide, with close, branching ridges, mainly short and irregular but 
strike-aligned in south; relief mainly below 250 ft, attaining 500 f t  in south; transverse inlain rivers, locally 
flanked by planed spurs, and branching perennial local streallis with a dense, pinnate pattern of intennittent 
tributaries. 

Altitude.-50-1000 It. 

-- 

1 vary 
lnrgc 

Flood-plains: up t o t  m i b  wide, gradients below llrrk cracking clay 
1 : 100. gcoernlly uneven, with small levees and roils: Inapl family ( l c )  
Rood bmks; winding, locrlly anastornoring - l I I . d ~ . ~ ~ ~ . s " ~ . a ~  
channclr u" to 30ff  widcand 5 fl dcrp '7 I 

2 

3 

- 

Ridses: straight to concave slopes nlainly up to  Neutral brown l i l h o ~  
200 yd long, attaining 25 'ansp t~r r  but exceed- sols(8b)-VTI.e,.sf..m, 
ill= 35O in vauey heads m d  vrllcy lnriginr rnd  
on undcrcuf llogcs near Brown IClver; ernbayrd 
by v-shaped gullies With arnphilherlral herds; 

- 
Slightly dec id~ous  fotr~f (Wnnchnnirc 
Ad",,",xfll"r") 

very 
small 

-- 

vcry 
small 

- 

,vainly ,,urro,v1y roondcd, undulating srertr 
leading to pyramidal s u m i , s :  Lower spars \,.ith 
steep marginal slopes near Brown River 

Tributary vr11eyfloors: dhcanlinuous and "D to 
10nOyd wide. cross slopes and axial gradicms 
I 4  , u~per'rectors generally unchannelled, 
Lower scctors with very small channels 

Brnwnclaysoilr: 
Bornana farnily(1lb)- 
Il.e,.so, 
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Raiufdl increases castwards with increasing altitude, from 60 to 150 in.; 
rock weathering is intensified and st]-earns are perenuial. There are three sectors: 
a sheet of volcanic 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 
backing 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.-Forested massive ridges of the south backing ritnges, up to 1000 f t  high, traversed by the 
deep narrow v.?llcy 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 
showiug increasing acidity eastwards. The zone is largely covered with tall evergreeu 
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 

Land System 

-- 
North backing 
ranges 

Mariboi 

-- 

Rubberlands 

-- 
SogeIi Platearl 

Sogeri 

Subitaua 

Owcrs 

Vouku 

South backing 
ranges 
lawarere 

Uberi 

-- 

DlAGNOSIlC 

Lithology 

Ag~la~olllerate 

Weathered tuff 
and lava 

Agglomerate 

Phyllite and 
minor linlestone 

Agglomerate 
over phyllite and 
sedimentary 
racks 

- 

Predan~inant 
Vegetation 

Tall evergreen 
fo~cst  

As abavc, but 
extensively planted 
to rubber 

Savannah 

Tall evergreell 
forest 

Tall evergreen 
forest and savannah 

Tall evergreen 
foresl 

.-~ 

UPLANIl ZONE 

Predon~inant 
Soil 

Acid red to 
brown clay soils 

Acid red to 
brown clay soils 

Acid red Lo 
b ~ o w n  clay soils 

FEATURES OF LAND 

Land Form 

Higher ridges 
and nlinor 
plaleaux 

Lower ridges 

Law ridges and 
undulating 
terrain 

Ridges 

Massive ridges 

SYSTEMS OF THI: 

Relief 

Up to 750 i t  

Up to 200 fi 

Up to 100 ft 

Up to 500 ft 

Up to 300 ft 

Up to 1200 ft 
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Higher ["rested ranges on red-weathering volcanic rocks, in the north of the area 

Geology.-Ande:;itic agglomeralc, tuff, and lava; gentle SW. dips; Pliocene. Dcep, red, wcathercd profiles. 

Geomorphology.--Ridges and uncvcn plateau strips descending mainly south and west, relief range 50-750 ft; 
moderately close, subparallel consequent ~ivers, mainly narrowly incised but with slnall valley floors near 
the lower margins, and dense pinnate or branching tributaries; larger streams perennial, smaller streams 
intermittent; sn~all-scale slumping and ininor rock falls on steep slopes. 

Altitude.-50-1500 ft. 

3 

4 

- 
Medium I Platnau crests: 1-2 miles wide, exccptionaliy u" 

~ ~ 

Acid red to brown clay 
rods: Tiviki Rmily (Yrl )  
-u.es.sm 

ImpcrfsstLy drained al- 
luvinlsa11s: acid brown 
clays (5r)-VI.d,.f.. 
Locally, very poorly 
drained alluvial soils: 
greysfldyclryr  (‘la)- 
Vn1.d.. Minor acid red 
to brown clay soils: 
Koifrki family (9n)- 
11.e,.., a n  tcrmcsn and 
marglna1 slopes 

vary 
small 

Slightly deciduous forest (Ililsin-SPu?z- 
 din.^); on hiphcr crcsls, lall evelgrcon 
forest ( ~ i r ~ t o r a l r ~ r s ~ / a r o c o r ~ ~ z ~ s )  

'Tall Everglee" foreats (Pon!~li"-Alla- 
emrfl<ls) 

/ 
, 

t 0 4  miles, declining south-wcsl~vnrds; summit 
slopes I ~ X S  than 5-;  sunrmit relief 50-150 ft 

"alley 'loora: up to 200 ,.d ,vide in main veueys, 
diicontinuour and up to 50 yd wide and  !om- 
monly 111 drained in frrbutarrw; pradlents 
0'201-5' cross slopes 0°15'-5'; Locnlly trr- 
raced U; to I5 i t :  winding charnels up to 50 fc 
wide and 5 ft deep 
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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 pxofiles 

Geamorpl~ology.-Long narrow ridges with accordant crcsts decreasing in altitude to the SW.; relief up to 
200 ft; fine-textured dendritic or parallel drainagc pattern of permanent and intermittent streams; very shallow 
s l~~mping conunon. 

Altitude.-0-250 ft. 

Unit -- 
I 

I Land Form 1 Soil 1 Vrzelrlinn Arcs 
- 

vory 
1i1rg.z 

- 
2 

.- 
very 
s,>,ali 

On ~ l e s t ~ ,  slightly deciduous forosi 
(A/biric!-Connrba,r, I,l,sin-S~o,~d;a~j: on 
s l n ~ o r ,  tall evergreen Corest (Ponznin- 
C<r,rnrio,n); "cry small anas ,"ith 
savannah (Uphi~~rarE~rcc~ /y~ , t t t t  nlbcrl 

.- ~ 

Ridges: boaldery s l o p e s a ~ t o 2 0 "  ralolyfo 35- 
and al, to 300 yd long, with so& slcsp l o c i  
faces up to 50 ft high; crests narrowly rounded 
or plateau-like l a p  lo 200 yd wid-) v i f b  rloper 
up to 6. and lacrlly vocky; colluvialfool slopes 
3 - 1 s  and up lo 300 yd long: locally "=.wing 
soulh~wesfwards into law brmching ridgcr les. 
fi.2" m ft hi",, 

-- 
Acid isd to bra,vnclny 
soils: SogeriCamily(F) 
-YII.o,. Lncally acid 
brorvn Lilhosoln (ad)- 
VIII.e..sr. 

-~ ~~ ~ ~ ~ - . .  .- - 
Plaod-"Isins: no m f milc wide, axial gradirnls 
u" to ZO: locally wilh Low levees above rnlall 
sirean, channels: ,nillor "a"?",,. tcnncu 

Im~erCectly drained al- 
luvialraila: acid bmwn 
clays (Sg)-Vl.d,.f.. 
Very locally on isr- 
racer, acid rod to brown 
c l a p  so i l s :  K o i l a k i  

Tall evergreen forest IAlrlonin-~~ri ,~-  
liovin] 

falnily :9r)-TT.e,.s, ! 



Savannah-covercd law hills with rcd volcanic soils, on the Sogeri Plateau. 

Geology.-Dccply weathered andcsitic tuff, lava, and dyke rocks and mino1 resistanl flat-lying agglonlerate; 
Pliocene. 

Geomorpholory.--Closely set, pa~.allel or branching accordant ridges, mainly 5&100 ft hig.1, with pro~ninent 
s h o ~ t  spurs; some broadly undulaling terrain; terraced flood-plains of larger rivers; dense dendritic drainage 
with pinnate tributary pattern; much small-scale slun~ping and valley-silting: minor streams inte~mittcnt or 
ponded, larger streanls perennial. 

Altitude.-1600-2200 ft. 

Unit 

1 

2 

3 

-- 
4 

Alor 

Very 
large 

-- 
m d i u r n  

-- 
slllnll 

- 
Very 
small 

Land Form 

Ridgcs m d  wurs: straight or concavo-convcr 
slopen ,,p to 150 yd long, bainly attaining 1 5  
zoo but rfocpcniw LO 25- in valley heads and 
in undercut sectors; partly rvilh shallow un- 
channelled re-entrant3 partly d e e ~ l y  cmbaysd 
by narrow u n s h a ~ e l i ~ d  vrllcys. concave foot 

4.10- lnaln~y up th 50 yd long, 
loca l l~r f ta in ins  300 yd 

undulating terrain: up co  so rt of re~iof, w i t h  
broad rnrinly unchannelled vallrys; natflsh 
intcrnLve srmcs to 100 yd wide, slopes iws 
than 2' and  marginal slopes to 6* and up  l o  
150 ~d ion= 
Small valley floors: u p  to 50 ?d rvidc, axial 
gladient5 0°30'-4' cross dopm Up to 4O: 
~ i t h  small sircams and commonly ili 
drained 

Allurialte~rsees: up to 300 yd wide, cmss slopes 
up to 0°45' longiludinrl gradients c0130'; 
generally, a' more extensive terrace 8:15 f t  
above river level and a 1o\,.er terracc sublect lo 
periodic Rooding; meanderinp channels UP to 
50 ff v i d e  and 10 ff deep 

Soil 

Acid red to brown clay 
soils:Sogorifn~ruly(9b) 
-VII.e, 

ac id  red to b r ~ \ v " c ~ ? y  
rods: Koilnkl famlly 
( ~ c I - I I . ~ ~ . ~ ~  

~ ~ ~ ~ ~ f ~ s t l ~  drained rl- 
I U Y ~ Q I  SOUS: T C I ~  ~ T O I V ~  
clays (5~)-VI.d,.f.. 
Minor very poorly 
drnined auuvir1 rails: 
grey sticky clays (4n)- 
V1II.d. 

Acid red to brown clay 
rods: Koitaki fa.lmdy 
(9c)-I1.ev%~ 

Vegelrtion 

Snvanoah (O!~hirrro~Ezrcc#I~~oI~~~ *reti- 
corrris) 

Tnllcvergreenforest (Cnrr!orirn<!-D~so.xy- 
hrnx): ~ o ~ d o m l j  vegetrimn in welter 
parts 
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Forested low hills will1 red volcallic soils, on the  Sogeri Plateau. 

Geology.-Deeply weathered andesitic tuff, lava, and dyke racks and  minor resistan1 flat-lying agglomel.ale; 

Pliocene. 

Geomorpho1ogy.--Closely s e t  parallel 01. branching accordant ridges, mainly 50-100 ft high, with prominent 

short  spurs; some broadly undulaling terrain; terraced flaod-plain of Eworogo Creek; dense dendritic drainage 

with pinnate Lritlotary pat tern;  much small-scale slumping and  valley-silting; minor  streams intermittent or 
ponded, larger streams perennial. 

Altitude.-1600-2000 ft. 

Unit 1 Area I Land Farm I Sail I Vegetation 

1 

2 

3 

4 

-- 
very 
largo 

-- 
Small 

-- 

Small 

-- 
Small 

Ridge3 nnd s,,urs: concavo*onvex s l o p e ~  to 
150 yd long, mainly 15-20' but steepsned to 
30' in valley herds and margins, where slump 
rlcovcs are comman; rhrllow lo-ontrmts md 
rounded salients locally: uodulating rounded 
crests up to 100 yd wide; concave foot slopes, 
&lo0 and mainly up to 50 yd long, lacally 
attaining 300 yd 

Undulatiog terrain: up to 50 ft of relief, yith 
llallish inferflllve crests up to 300 yd wlde, 
rlonos 1-5 than ZO, md lnarginrl rlopon to 6- 
and UD La 150 yd long 

SmallvaI1cyRoors:uplo 100 ydwide, gradicnis 
abolll so, concave cross slopes 2-5': locally 
incised to I0 ft by small chmncls, but com- 
monly poorly drained, with ill-dehnsd runnels 

Ailuvisl tnnccs:up to 300yd wido,crors rlopw 
up to Om45', longitudinal gradients 0'15' lo 
oo40': gen*rnuy, n ,nore extensive terrace 8:15 
rf above rlvcr lcvcl and a l0,uer terracc rublet 
to periodic Rooding: meandering chvnn4s u* 
lo 50 I? wide and I0 ff deep 

Acid red to brawn day 
soils: Ubcri family (9c) 
-VU.e,.s,. Locally 
acid brown iithosols 
(8~1)-.V111,c8.~t0 

Acid red to brown clay 
soils: Koilaki family 
(9~)-11,e~.ss 

Tall evergreen forcrt (Cnsinnopsis- 
Elolneornrnns: minor mid-height grasr- 
land (Opliirnosh,c,iemrn)~ta) 

Tall evo~green forest (Colonapsir- 
Elaeocorpus; in lawcr parts, Coslmri,~n- 
Dvsox~drna] 

Imperfectly drrinod rl- 
' 1uvia1 soils: acid brown 
clays (5s)-Vl.d,.G 

Acid rcd to brown clay 
soils as in unit 2. On 
lower terrace, areas 0s 
"Cry poorly drained 

Tall evergreen forest (ParrtelieArlo- 
carpr,~) 

nlluvia1 soils: grey 
sticky clays (4n)- 
V11l.d. I 



Owrns LAND S Y S ~ F ~ I  (40 SQ hmm) 

Forested high ridges wilh rcd volcanic soils, in the east af the Sogeri Plateau. 

Geo1ngy.-Deeply weathered andesitic tuff, lava, and dyke rocks, and minor resistant flat-lying agglomerate; 
Pliocene. 

Geomorphology.--Closely spaced, parallel straight ridges up to  500 ft high, locally branching, wit11 areas of 
broken loothills with 50-1 50 f t  of relief; very dense pinnate or dendritic drainage with many gullies; ephemeral 
or iniernlittent dl.eatns; slLImI>ing aclive on steepened slopes. 

Altitude.-1800-2600 ft. 

vegcrntion 

Tall evergreen Forosl (Cnxmnogsis 
Eleeocnvprrs mmor Lirl8oc~mrrs-Elnco- 
carps) -  on'some crests, sllghlll decid- 
uous fb;est (Albirin-Cn,znrinni) 

Tall cv~rgrrrn fo~esf (Panzrti<r-Arlo- 
cmr,,rrsl 

-. - 
Soil 

Acid red tobrown d a y  
soils: Uberi fanlily 
(PC)-YII.e,.s,. Locally, 
acid brown Ufhosols 
(8<~)-vIll.8E.st& 

~. - 
A ~ i d  red to  brown clay 
nolls: Koilvki family 
(9e j11 .82 . sn  

-- ~ 

Land Fnrm 

Ridges: concave slopes, mainly attaining 30- 
hut steepening Lo 40- in amphilhrafial urllcy 
hsadr and margin., where slum" seals are 
co,ntmon; ~ 1 ~ ~ ~ 1 ~  spaced, pamllel, rhsllow 
,"Il, re-.",!,",,: incised valleys, and prolnlncnt 
SporS, slr.llght or stepped m chevmn pattern, 
which locally continue rr  inothill ridges 

Y A J I ~  floors: discontinuous, op ~o 50 yd wids, 
slopes un ro lo1; small, but fairly deeply en- 
trenched rvhding channels 

Unit Aver 

I 

z 

Very 
large 

--- 
Very 
s8ni8ll 
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V o u ~ u  LAND SYSTEM (50 SQ MILES) 

Mainly forested back slopes of the Astrolabe Range, and small plateau summils furlher east. 

Geology.-Andeeitic agglonlerate and deeply weathered Luff, lava, and dyke rocks; flat-lying; Pliocene. 

Geomarpl~alogy.--Dissected dip slopes consistillg of closely spaccd, branching ridges with accordant pyramidal 
surntlits; dendritic pattern of narrowly incised perennial stl-earns; 50-300 ft of local relief. 

Altitude.-1600-3600 ft. 

I ""if I Area I I 
Land Form Soil Vegeialion 

-- 
1 

2 

3 

- 

VCLT 
Isrge 

-- 
Very 
small -- 
small 

- 
nidges: slopes 2050°, locally to 40", and 
50200 yd long; slump scars on rtcsprr sectors: 
crcrie moderately to narrowly rounded 

~. - - 
Rock faces and beocher: up lo 100 fi hieh, 
slopes 40' to sheer 

valleys: modcrately steep lo\ver hill slopes, md 
dhcontinuous gently sloping floors up to 50 yd 
wide; chrnnols up to 20 ft wide 

- 

Acid rcd to byokvnday 
solls: Sogeil family 
(9bI-VIIe,. Locally, 
a" steeper Elopes, acid 
brown lithosols (8rl)- 
vIII.e8.sto 

Rock 

~ m ~ e r f e c r l y  drained al- 
luvial roils: acid brown 
clays (5s)-vl.d,.t 

~p 

Tall evergreen forest (Cnsfnnap.vis- 
Sioio~ocnrnr,~, L i l l i o c n r ~ ~ i r s E I ~ r c o c ~ r y ~ ~ s ;  
on stecp lowor slopcs, Cosrrnvb~n- 
D,.xo*vlr,n,); on Lower crss,r, savanna11 
( O , ~ b i n r o s E ~ r r ~ ~ i y ~ ~ I t ~ s  in.clica.ai.r) 

Mainly bare; re-entrants wit11 toll ouer- 
glssn forcri (Cns~rori~rn-D~~sox~~I~~~~~) 

~ a l l  evergreen forcst (coarnl-i,io-l~~so- 
i),l<nr~, Po'arrierin-Arrocorpr~r) 
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hWARERE L A N E  SYSTEM (120 SQ MILES) 

Forested ranges in the south-east of the area 

Geology.-Phyllite with miuol. sandstone and conglanierate and partly recrystallized laminated linlestone; 
dips variable, strike NW.; CretaceausEocene: locally, greywacke and breccia of possible Miocene age (Siro 
beds). 

Geomorphology.-SubpaaUel, NW.-trending, massive ridges, 50&1200 ft  high and 1 to 2 111iles apart; trellis 
pattern of entrenched perennial streams, inclltding large rivers, with closely spaced tributaries. 

Altitude.-200-2300 ft. 

Area 

very 
1rrgc 

voge,ation 

Trll evelxreen Colrsf ICnslorio~rsis- 
El"~oc"rpr,r) 

. 

Land Forin 

Ridges: straight upper slopes 25-38', rarely 
45-, and UP 10 2 mile long, with rvidely soacod 
,major spurs rnd  many "hallor" re-entrants; 
lowcr slapw clossly dissected into steep~sided 
spurs; nsnowly rounded crests; small dolines 
in upper va11eyr in 1imertonc areas - 
Lower xours: slopes 25-35- and up to 200 yd 
long; crests range from narrowly rounded to 
gently sloping nnd up Lo 150 yd wide 

v.11cy noor.: tciraccd alluvial plains up lo 
200 yd wiae, slopes less than 5". narrowing rnd  
exfending into fribotary "alleys; ,"erndoring 
channels up to 100 ft widc 

Trll evergreen Coreat II'o~on~enn-Rrto- 
cnrnr,s; also along rtrcam., 0cl"nlele."- 
Al-,ocnl+2rs) 

Soil 

Acidred to brown clay 
soils: Ubcri family (94 
v u . e , , s , ,  and acid 
brown lrthosolr (ad)- 
w1.cm.s te  

Acid red to brown dpy 
solls: Uberl Ca?u~$ 
(9c)-V11.e,.sg 

Onterrnces,modeialelyly 
well-drained alluvial 
roils: neutral olive s i I t y  
clays (66)-m.d..f,., Ln 
tributary vrlleys, 1 1 -  
"crfecfly drained all". 
vial soils: acid brown 
clays (5y)-VI.d,.f* 



LAND S Y S T E M S  OP T H E  PORT MORESBY-ICAIRUKU AREA 

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 
unde~lain by sedkentary and metasedimentary rocks of Cretaceous-Eocene age nlaskcd by volca~lic debris. 

Geomorpllology.-Irl.egular, cnassive ridges 1-1: miles apart, locally ovcrlooking Lhc gorges of the Musgrave 
River system, and including the walls of the Uberi gorge; up to 1200 ft of relief; branching pattern of narrowly 
incised perennial streams with closely spaced parallel gnllics. 

Altitude.-600-3000 ft. 

-- 

very 
large 

Land Form Soil Vexelation 

Rock laces: continuous rhecr walls a~ to Rock 
500 f t  high locally, with join-conlrollcd but- 

- 8arc 

fmses and clefts 

Ridges: fairly sstrnighl slopes up Lo 2 mile long, 
muinlvup to 30.. but stee~er in vrlley hhhdd add 
margins; locrlly \nth stcpped spurs in chevron 
pattern, elsewhere smooth: also straight slopsr 
below unit I ,  >mainly 40-50°, mantled with 
agglomerate blocks 

valley noors: ICSS than 50 ~d ~ i d ~ ,  . I ~ ~ ~ ~  u,, to 
5'. with inckrd mcandwing chanorls 

Acid rod to brawn clay 
soils: Ubsri family 
(9c)-VII.e,.s,, and 
acid brawn lithnsols 
( 8 c I ~ V l I l . e ~ . ~ ~ ~  

~-. .. 
~ ~ ~ ~ ~ f ~ c t ~ y  drained a ~ -  
luvial roils: acid brown 
clilys (5~1--Vl.d,.f. 

Tall evergreen forest (Costrio,,,rb 
Elneocrirl,ns, I.ilhocr~rprrs-Ei11111111y~~~1: 
an  some crcrtr, slightly deciduous fo~lesf 
(ABirin-C<r,zuliinl~) 

T ~ ~ I  evcrgreon fors5t ( P O ~ ~ ~ ~ ; ~ L A ~ , O -  
cnqir,~, Ocraarelcr-Al-rocnr1?~,8) 



These areas of deposition of Recent clay, silt, and sand by large perennial 
rivers extend np to 15 miles fro111 the upland zone, with gradients from 1 : 250 to 
1 : 1000. Altitudes rarigc up to 100 ft above sca level, and rainFdll is between 40 and 
70 in. The soils are llmi~ily uioderately well-drained alluvial silty clay soils, with 
stratified soils near active and prior channels, minor ill-drained soils in back-plain 
depressions, and areas of acid red to brown clay soils on the inncr margin of the 

Fig. 6.-Norlhern plains, with the meandering Angabunga River in its unstable flood-plain (I), 
including oxbows and forested levees. Two prior meander tracts (2) are separated by a forested 
back-plain depression (3) and traversed by meandering prior cl~annels wl~ich nlay be forested 

depressions (4) 01 raised sal~dy banks (5). 

zone. The lligl~er-lying former meander tracts with prior channels have 111ainly mid- 
heiglit to tall grassland, whilst back plains and lower parts of the zone mainly have 
evergreen forest. The plains are traversed by shifting, ~liea~lderiug rivers in unstable 
flood-plains, with tall evergreen forest on active levees. 

In Table 6 and in the tabulated descriptions wliicl~ follow, the land systems of 
the Buvial plains zone have been listed under stable and unstable plaius, with further 
arrangement of the stable plains under red clay ylai~ls and olive silty clay plains. 
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TABLE 6 

~ -- 

Land Systeni 

Stable plains 
Red clay plains 

Inaukina 

Olive silty clay 
plains 

Keviona 

Pinu 

Bcbco 

EPO 

Beipa 

Babiko 

Vekabu 

Piuuga 

ZONE 
-- - 

Predon~inant 
Vegetatiou 

Tall evergreen 
forest 

Mid-height grass- 
land (0phinr.o~- 
Tlrei,?edn nrr.sfr.nlis) 

Mid-height grass- 
land (Ophirrros- 
I~nperotrr) 

Tall grassland 

Tall evergreen 
forest 

Tall grassland 

Tall evergreen 
forest 

Mid-hcight and 
tall evergreen 
fol.est 

Tall evergreen 
forest 

THE FLUVIAL PLAINS 

P~edominant 
Soil 

Acid brown clays 

Moderately well- 
drained, neutral 
olive silty clays 

As above, but 
alkaline 

As above, but 
neutral 

As above, but 
alkaline 

Modelately well- 
drained to 
imperrectly 
draincd alkaline 
silty clays 

Moderately well- 
draincd neutral 
relic grey silty 
clays 

Moderately well- 
drained neutral 
silty clays and 
alkaline/neulral 
strati6ed sails 

Imperfectly 
drained neutral 
olive grey silty 
clays 

DlAGNOSTlC FEKIURES OF LAND SYSTEMS OF 

Moderately well- 
drained to impcr- 
fectly drained 
stratified soils 

- -.. -- - 

Lithology I 

Alluviun~ derived 
from volcanic 
rocks 

Fine-textured 
alluvium 

Fioe-textured 
a l l u v i u ~ ~ ~  and lit- 
toralclay andsand 

Fine-textured 
alluvium 

I 
! 

Unstable plains 
Vanapa I Alluviurn 

~~~ 1 

Land 

Fluvial plains 
with poor 
drainagc 

Eluvial plains 

Plains of con,- 
bined fl~~vial and 
littoral origin 

Prior meander 
plains 

Back plains 

Back plains with 
lowered water- 
table 

Plains subject to 
extensive sea- 
sonal flooding 

I 

Flood-plains of 
large rivers 



1. A .  MABBUTT E T  AL. 

l~aunma LAND SYSTEM (45 SQ MILES) 

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

Geology.-Alluvium derived from volcanic rocks and weathered to reddish clay; Recent. 

Geomorpho1ogy.-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 blacked dendritic channels of local drainage; 
all larger channels are perennial 

Altitude.-10-100 ft. 

Vesctation 

Tall evergreen for& (Octomelcr 
Arrocnr~us) 

.- -- 
=all evergreen forcsf (Cerbn'm-Alrlo!,in, 
Po,~rtio-Cnllis) 

Mixed herbaceous veg~lal ion (Leelria- 
Nn2rgrro,lo) Wilh scattered group. and 
lines of palm vegetation (Aelr~x~lor!-  
~ocnvo,>ga); ~nndnnr,s vegetrtron in 
pockets nerr valley heads 

Soil 

imperfectly drained al- 
luuirl roils: acid brown 
clays(5p)-Vl.d,.f, 

-- 
Acid red to biowo d a y  
soils: Kaitrki  family 
(!Je)-II.ez.sz . 
very poqrly drained 
alluvialrodr: grey 
stickyclnys(4n)- 
VIII.d, 

Unil 

I 

2 

3 

4 

Area 
-- 

Very 
small 

V e ~ y  
large 

--- 
Small 

-- 
Small 

Land Pornl 

Rivcr channels and l e r ~ e s :  chrllnelr 100-250 fi 
widc, with steep banks up to 15 fL high, and 
gravel beds; nlinor levees up to 300 yd wide, 
back slopes up lo Zo with small ovcrrpiU 
chnnoels 

Back plains: up 10 1 )nil8 in extent, with local 
slopes up to lo, and travclrcd by many small 
Aood channels; locally short steep s l o p s  \,,here 
drainage is incised 5-10 it 

-- 

Higlter rinarinn plains: zones up to + iniie wide, 
goneia11y 10-20 ff above main rivers and 
standing above flood levels 

Blocked rr l ler  asrsmos: up  t o t  mile in extent, 
in slightly entralched, narrow branching valleys 
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Plains with neutral soils and mid-height grassland astride the lower Aroa River. 

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

Geomorpho1ogy.-Stable alluvial plains up to 7 miles wide across the Lower Aroa River, extending 10 n~iles 
down-river with average gradients of 1 : 1000; mainly dry, with nunlerous meandering prior channels, but 
with small depressions in tributary re-entrants subject to seasonal flooding. 

Altitude.-10-50 ft. 

u n i t  I area I 

Margiorl  denressions: small Lriburary plains in 
utlil I ;  unevensurCaces wilhslnallfloadchannelr 

. "  - 
Moderately weU~dmin- As in unit I ,  but with stands of Smc- 
edalluvial soils, neutral cf!on,rr~ spantnnenaz 
olive stratified soils 
(bd)-IILd,.F,; local$, 
"eulral olive sands 
(6s)--IY.so,.s,.f~ 

.- 
Moderately well-drain- Law evergreen iorcsl (AlNloJi<,-Z,r~la- 
od rlluvirl soils as io spcrrnrra,) 
unit 1 



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

Geology.-Akvial and litloral clay, silt, and sand; Recent. 

Gcomorpholagy.-stable plains of combined alll~vial and littoral 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 af 
Aroa River and plain margins against tidal flats, are subject to extensive seasonal or periodic flooding with 
nlinor saline tidal effects. 

Altitude.-0-10 rt. 

I MILE 

Unit 

1 

2 

3 

4 

5 

6 

7 

Amr 
--- 

Large 

Yery 
small 

small 

very 
small 

Small 

A- 

Small 

-- 
Small 

Land Form - 
h n c r  plain: parallel with coast and Lying 
bslween 3 and  5 milesinland- rcgiunal grrdionts 
about 1 :2000, local slopcs'up to 0°30' 

Prior chano.1~: ,\,inding discosxtinuous, flat- 
Roored depressions aboL;f 50 ft wide and 5 ft 
deep 

T I ~ ~ , , I ~ ~ Y  drainage "lains: up to + nli~r ,vide 
z ft belo," unit 1 ;  channels 

With sluggirh flo\r' 

---- 
Stranded beach comnlex: parallel broad ridges 
6 in. to I f t  6 in. high, spaced 100-200 yd apart 

Tidal back illsins: up  to 2 miles wide and  Lying 
rbghtly above mean H.W.M.; uneven sorfafer 
with many small runnels up  Lo 2 Cf deep leadlog 
to rrnali tidal creeks 

Seawardmargin of plain: mne up to t mile wide 
withvery genfleslapss downto  H.W.M. 

Rorrner lagunsl,fiala: up  to 300 yd wide and  
+mile long; subject to peiiodicrhalio,v noodds 
with minor saline influence 

Soil 

~ o d e r a t e l y  wen-drain- 
ed alluvial soils: alka- 
linc olive rllty clays 
(6~1-IV.de.fx.a. 

~ ~ d e r a t e l y  well-dmio- 
ed  allvvirl soils: nlk?- 
line ohvestrat~fied s o h  
(6~)-IV.d,.f,.a. 

~ ~ d ~ ~ ~ t ~ l ~  , ~ ? ~ ~ - d ~ ~ i n -  
~d au!,via~ rods: aka- 
l h  ohve stratfiedsoilr 
(6cl-IVd,.f,.r, 

Benchsoils: brown fins 
sands (16)-IV.so,.s,.a, 

. 
Impsrfecfly drrincdal-  
1 ~ ~ ~ ~ 1  soils: a k a h e  
ollvc grey sllly clays 
(So)-Vl.d,.f..a. 

~ ~ d ~ ~ ~ t ~ l ~  ~ ~ U - d ~ ~ i n -  
ed  nUuvial solis: aka- 
lime olive srrati6ed sails 
(6~)-IV.d,.f,.a, 

Intertidal %Uuvial soils: 
brown stjcky clays 
(36)-YTIl.d,.f..r, 

vo~oti , l ion 

Mid-hcight grassland (Ophiarosfirme- 
m l )  

Ar i n  "nit I, with stands of S~zcclzonz81~ 
s#onlmlrr#nt 

- 
strongly deciduous rorost ( ~ ~ ~ ~ ~ h < ~ r -  
~ e ~ n t i ~ ~ o l i ~ r )  

In swales: low overgreen rolest (Avicerr- 
nia-CeriopsrvilhSesuviiiiii ground cover1 
or law grassland (Sporo6olzrs-Erioshloo). 
On rldses: evcrgrecn thicket (Ifl6iscrr* 
Flagellnlin) or mid-height grassland 
(Opl~i!rra~-Thm8edn onstralis) 

- - 
Mid-height evergreen fares1 (Excoe- 
cnrio-Hibi~~r8sl 

Evergrren m d  semi-deciduoun thickel 
(Clal.ode,rddddrn-Fl~#rellddii, Gyrocnrpr,s- 
Hnrpullinl 

Scrub (Pl~relze+Flo~ailnrin) or Low 
grassland (Spnoholzrs-Erlocl~Io~l 
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Prior meander plains of the A~~gahunga River, with extensive mid-height grassland. 

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

Geomorphology.-Stable alluvial plains up to 2: ~nilcs widc, sloping generally south for distances up to 8 miles, 
gradients about 1 : 500; comprising prior meander belts of the Angabnnga River, wilh prior levee banks and 
meander depressions, partly ill-drained; subject to shallow periodic flooding, with many small channels. 

Altitade.-50-100 Ct. 

Unit Area Soil Vegetation 
-- 

Land Form 
~. - 

1 very Prior meander plains: up to 2 miles vide; very Midheight grassland (Opi,inlosla!pe- 
large broadly tmdulutmg, with slopes less than 0°30' roinl; ravrnnah ( O ! ~ h i , , r o ~ - ~ ~ r c o l ~ p ~ ~ ~ ~  

n ~ ~ ~ r m r m )  in the south-oart 

Prior meander dcprersions: up to i milc widc Im~crfcctly dlnined al- foicrt (~o,dclen- 
with prior channels up to 200 tt \.ide and luvial soils: alkaline 
8 R dee" o l i y  grey stratfied 

rorls (5~)-Yl.d,.G.n, 
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Plains with lowered water-table and changing vegetation through abandonn~ent of lower Angabonga course. 

Geology.-Alluvial clay, silt, sand, and minor gravel; Rcccnt. 

Geomorpholagy.-Stable alluvial plain constituting p ~ i o r  flood-plain of the luwer Angabunga River, wlich 
bas undergone 10-15 ft lowering of water-table due to change of course, up to 6 miles wide and extending 
for 15 miles down-i-iver with gradients below 1 : 1000; exlensive back plains, meandering old Angabunga 
channel and shallow winding prior channels, and dried-out back swamps. 

Altifade.-0-50 ft. 

LESEWALAI 

E P O  L . S .  

Tlnif 1 Area 1 Land Form 1 Soil 1 Vegetation - ~~~ -- 
I very 

1mai1 

.- 
prior losees of abandoned cl,rmel: up to 100 yd Moderately vcll-drain- 
wide and  3: ff high, back slopes tnrinly 0-15'- ed alluvial so@ alka- 
0°40' but  locally attaining z0 near crest: line relic olrve grey 
birn:hing in lowemor; rector as dktributary stratilied soilr ( 6 i F  
zones uo to 400 vd w d r  IV.d,.f..n, 

-I Tall grass vcgelation (S"cc1m"rzal~ 
robzrrtoln) on farmer banks; dry bed 
invaded by Snccl%nlnn spo,z!er,no,2; ~n 
tidal part, a iinm ot young Bruc<zier<r 
tic=. along banks 

Tall evcrprccn forest (Ocfalneler- 
Arroc,rrp,s) under dravghl slress 

3 

4 

5 

6 

-- 
very 
small 

--- 
Large 

-- 
Medium 

-- 
Medium 

prior channels and lwccs in ~ m i r  4 :  winding 
tracts up lo I00 yd \"id+ consisting of channels 
up to 50 ft %"id= and.10 n dcen. \\,it11 moderately 
stee" banks, and  singlo or paired levees With 
slopes 1ocauy attaining I 

Back plains: very gently sloping, locally uncven 
plains up  to It miles wide 

Bselrylnin deprwrians and lorrer msreins: 
zones up to : mlle wide 

Dried h~cksnsmpa:elon~~ttlracff up  lo 2mil88 
wide. hummocky surfacer traversed by frequent 
dry ihanoels, including dry oxbows, np to 50 fl 
wide and 5 ft deep 

~~ ~ 

Moderarcly weU-drain- 
edalluvia1soils:neuiral 
relic grey silty slays 
(61r)-III.d,.f, 

In c h n d s  call grassland ( f l z r ~ ~ y n z i l r s  
sacci!n,rr!n ;obz~so,ml: on levees, ever- 
sceenfhickot (Hibisczrs-Flnp~llulin) 

Tall grassland (SaccI~ar~zrrl spo,lloneE!nl- 
In!#erom), m t h  tracts of mld-herpht 
evergreen forwt (N<incfeo-Kleinlrovin) 

Low evcrprccn foiesl (Alti~ofi~i-E~nrlo- 
x,zernw~n) 

Tall grassland ( P l ~ m g r n i l ~ s - S n c c l r ~ ~ ~ ~ ~ ~ ~ ~  
rabvslzrnd under drouglll stress, invaded 
by twiners (P,!srillorill faetirln) and re- 
gr0,"lh shrubs (Tre!>m"l 
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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, 

Geomorpl~ology.Stable all~~vial plains up to  9 nliles wide, average gradient 1 : 1500; disorganized prior 
drainage with many channel swamps, nlainly in lower-lying tract up to 3 n~iles wide; ill drained near inner 
margin, and subject to extensive periodic flooding frolu adjacent large rivers and intern~ittent streams; local 
drainagc consists mainly of intermitten1 flood channels. 

Ntihtde.-15-50 ft. 

Unit 

1 

2 

Area 

Vcly 
small 

4 

-- 
5 

6 

-- 
Mcdiv#~l  

Land Form 

Tributary valley "lains: ul, to b lniile wide, 
.rrdientr about 1 : 100; small intermittent 
channels, e.g IS Cc wide and 5 ff deep 

--- 
Snlnil 

-- 

Snlall 

-- 

vcry 
small 

~~~~- 

Upper sectors of plains: exfendine ,111 to 4 cnliie~ 
from foothills, regional grndicntn about I : 500; 
local G.05S slopes, as on prior ievee5, up LO 
I : 100; about 20 ft above normal river levels 

Soil 

Moderately well-drain- 
cd  alluvial soils: slka- 
line olive silty clays 
Ihol-1" 1 1 .  f. a .  

D~ainnge-aRecled zones: tracts un to 200 yd 
wide and 5-15 ft below unit 2, goncrally with 
small intrimictent aood charnels; includcr 
uneven Bood-plain up to 100 yd wide along 
slnrll perennial rivcr 

-- - 

loner d r i n  marsill witlb obstrucled drainage: 
incloseassocialion rrithuni14,nnd trrvcmcd by 
ill-draincd flood-plains up lo 100 yd rvidc, will1 
small sluggish channels 

Sn,,n,"s: mainly pcrmancnt E,"ampr, includha 
cuboEs up lo 100 yd wide and up to several 
miles lane, and blocked >marginal swmm~r UD 
to * aq ,nil0 in cricnt 

Vegetation 

Slightly deciduous forest (S~o,rdios- 
Celtis) 

,-~~, -- 
Moderately well-drain- 
cd alluvial roilr: alka- 
Line/nsulraloli"cslra,i- 
Redsoils(6r)-11T,d& 

- 
Tall evergreen forest (Pa,neli<<-Cslfir) 

. . - 
Moderately wellkdrah- 
cdalluvial~oilr :  neutral 
olive rtralificd sails 
(6<i)-111.d3.f2 

Dark cracking clay 
roils: ln rp i  family 
(7~1-lll.d,.rv,.ro,.n, 

~~ 

very poorly drained 
alluvial soils: grey 
sticky clays (4rrl- 
VIII.d, 

-- 
Mid-height evergreen forest (Nczrrcl?rr 
Klei,~houio) and  slighlly deciduous 
Coresf (Sporrriins-CrI~ii] 

Mid-hoigllf evergreen forest (Noaclen- 
Klebihovin) 

~ 

Mixed herbaceous vegetation (Leewin- 
Hongnormml 
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Poorly ddrined, forested river 1,lains. 

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

Geomorphology.-Stable alluvial plains with poorly drahed areas traversed by largc n~eandering r i v c ~  channels; 
nlinor better-drained river terraces and higher margins; subject to extensive seasonal flooding. 

Altitude.-25-200 ft. 

-- 
3 / Very /-River eh?nnels and levees: main chamclr up to I Modeir~ely rvoll-drain- I T ~ "  evelgleen forest (OLornrlc$-Arro- 

100 n rvrde :md 20fi dseo: minor channels uo to e d r ~ ~ u u l a ~ s o d s : n e ~ ~ t t t ~  c n r n ~ d  on IGVCCS 

Unit 

1 

2 

1 I of normal rivsr level; levee back slopes up to 
0'10, ~".l ,>" in I"" "A I"". 

Aroa 
-- 

Snlrll 

-- 
Small 

4 

s 

Land Farm 

Laloki plains: uo to t lnlilc ~ \ , i d ~  and 10 fL above 
normal river lcuel; evensurfaces withslopes less 
than 1 : 250, locally traversed by secondary 
drainage chrnneb; subject to infrequent 
flooding 

Terraces and inner plain margins: Kubuna 
River terraces, mainly up to + mile widc, Locally 
up to I mile, and 8-10 ft abom ?orma1 r i w  
Icvel, sloprr up  to 1 : 100: resfncfed plamnz 
extending up  fa f mile from foofh~llr  a volcanic 
rocks 

--. 
Very 
small 

-- 
very 
large 

Soil 

Moderately ~ ~ l l - d ~ ~ i n -  
ed al luv~al  sods: aka- 
linr olive silty clays 
(6")-IV.d,.f,.a,, or 
noutrn1 o l h e  silty clays 
(6bj-lll.dwfa 

Imperfectly drained al- 
luvial soils: acid brosun 
clrys(5r]-VI,d,.f, 

Vegetation 

Tall evergreen forest (Cerbero-Alrlonicrj 

Mid-hcight and tan evergreen foissl 
(Nlirrclen-Kleinlroviu, Ponzelin-Cellis); 
sllghfly deciduous forest (Spondim.7- 
Ccltis) 

" -" --- ..y .* .-- ,- .-..- 
Prior loyee tracfr: up lo 3 uule wide; uneven 
surfacas with s t ~ ~ a l l  secondary drainage depres- 
sions up to 3 f i  deep; Lo~nl slopes up  lo 0°30' 

IU-drained glaios: low-lying plains m d  hack 
plains of low gradient. con?manly traversed by 
rhrllo\v or ill-defined drainage depresnons 

imperfectly drained al- 
luylrl rarls: neutral 
olrve grey silty clays 
(56)-Vl.d..f. 

Low and  tall evsrgrssnforcrl (AIN,o,lia- 
E?~dasprrmrrnz, Poarlia-Celtisl 

Mid-height and  tall evergreen forest 
(Melohz,cn-Nnztcleo, Nazrcl~a-Klein- 
lzo>,h. Co?~n?zsm-Po,,rLin) 



LAND SYSTEMS OF THE PORT MORESBY-KAIRUKU AREA 67 

Flood-plains along large rivers throughout the area. 

Geology.-AUwial clay, silt, sand, and gravel; Recent. 

Geomorphology.-U~lstable flood-plains of major rivers, up to I& miles wide, gradients fronl 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 can- 
current erosion and deposition; more stable higher flood-plains, up to 20 ft above normal river level; areas of 
active alluviation subject to  seasonal or periodic flooding. 

Altitude.-0-130 ft. 

B E l P A  L.S. 

U n i t  

I 

-- - 
2 

3 

Soil -- 
V o w  ~ o o r l y  drained 
"iluvial roils: groy 
lor lns (46)-VIIl.d..f. 

\ I .I 1. I 

4 128&c l l ~ r l ~ ~ ~ ~ l ~ , ~ ~ ~ ~ ~ ~ ~ l l ~ ~ l  l l ~ ~ ~ . l . ~ ~ l ~ : ~ o ~ :  t w ~  r I >, r I .(> M ~ic#.a!cl, .,.I1 1, , 8 8 8 .  'l..ll c>c#ere;$> r 8 ~ 2 % ~  (O,, ,  , I C ~ ; , ~ S -  f r , . .  
I .  111 11 *IIIIIC I I I . ,  .,I I LC,  I . .<!  , , . I  I,.. I , .  8 I .  > >  . . i 1,11111 
.I,snllr ,I<, 1111.1 I , , .>,  ,\<: ~ ,,, c,,,c1\0 ... 

Aver 

Sll lal l  

- 
Very 
n1,aIl 

-- 
Medium 

Vcgcfr f ion 

Ta l l  grasr(Snccllnnr~rl rabnrrm,~) 

Imuerfectly drained rl- 
luvia l  soils: neutral 
olive grey stralifrcd 
nail6 (MI-Vl.d,.f. 

- - 

L a n d  Form -- 
River channels and banlra: channels 100-400 fl 
wnde m d  3-12 FI dew:  shelving rccreling banks 
and point  bars rising irregularly to  4 St above 
noranal river level, wi th crescentic swells and 
s,vr1w; 10," meando" ~ 1 " ~ s  

- 
Lowly ing  Icvccn; discontinuous lovecr o f  the 
Hiaru River, up lo 50 y d  w id r  and 4 h high, 
irregular channelled slopes nu to Se; frequently 
noadcd 

Lower channelled Hood-~lsinls: up to 1' miles 
wide, ranging fro", normal  river level to 10 ff 
above; 4 f t  local relief of f lood chmnds, Icuces, 
and crescentic srvclls and srvalsr; frequenlly 
flooded 

L o w  and  fall evergreen forest (Arro- 
wl'pr#r-Ficrrr, Oclor i lckAr tucnry l~ ; ) ;  
ta l l  grass (S<!c~lrnnml ,obm(#z,n) in  si\,alcr 

-- 
5 

~~ 

\'cry 
small 

6 

- 

(66)-III.d,.f, 

lmporiectly drained r ~ -  
luvia l  suits: alkaline 
olive grey silty clays 
(5")-Vl.d,.f..a, 

. . 

----- ~ ~ 

Pr ior  flood-olaiu remnsnls: up to t milo wido 
and I mi ls  long, wi th r lapei  up lo 1' and 
subdued channel r r l i e f  up  Lo 2 It: rarely flooded 

--- . 

~ i d - h ~ i ~ h t  and L~II rvergrcco forst 
(~b~e;rrier,cn-~~,,,rlru ,v~,rrcien-~ien,- 
izol~in, ~ ~ r b r r o - ~ b r o ; i i n )  

~. 

small 

7 

8 

. ~ 

i lack:~li in iGsGZ:<F~T63D0lii~,~X 
uncvcn surfrcw, wi th "1, to 2 n OF reliei and 
aninor channsls up to 5 SL deep; Frequeolly 
inundated 

~ -~ - -~ 

(6~)-IV.d,.f,.a,, or 
neutral olive stratifled 
soas (~).-I1I.ds.Sa 

Modrrnle iy %veil-drain- 
ed al luv i r l  soils: nlka- 
lino olivc rhlty clays 
(6n)-lV.d,.f,+,, or 
neutral olive srlry clays 

Vcry 
small 

-- 
Smi%ll 

T a l l  grassland (Snccl lorr~~i  spontnnerrar- 
1,lrnrrulu) or slightly deciduous foicst 
(SpondisCel l i r )  

Ploocled lorlner back l l lain of Anzabunm River: 
tracts up to f nli le wido gcrmancntly inundated 
hince recent change io caulre 
Orbo~rs :  up lu 400 St wide and 15 St deep; steep 
outer m d  penfly sloping inner banks; p e r  
lnrnonl standing water 

9 

bl.lucnmn*") 

Back-plain slumps: as un i t  6, but porcnrncnfly 
inundated 

Vohy 
snrall 

Ta l l  grassland (Plnngrai lesSaccl~~~~z~rt~ 
robllslrnlt, S~zeclimarn robrrrrrr?n). locally 
E C B I ~ C I C ~  p a l m  vegetation (~er roxy io r i -  

Very poorly drained 
nlluvinlsoilr: velic olivc 
silfyclays(4i.)-Vllld. 

Very poor ly  drained rl- 
l u v i r l  soils: grey slicky 
clays (4n)-VI1I.d. 

Tal l  grassland (Sncclmr~ns s,~otrmnezsrr 
hlpemto), evergreen ihickct (Hibixc#,r- 
Flrrxcllnrlo) 

M k c d  hcrbrceik vegecu~ion (Nynr- 
pb~r~~z-Azolln, LearxircHon#c~mrr~) or fa l l  
grass (S~~ccizonn~r robr#srra,r) ~- 
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VI. SWW ZONE (350 SQ MILES) (FIG. 7) 

This zone comprises areas of pernianent or seasonal standing water and periodi- 
cally Hooded plains, with Recent clay, silt, and peat. I t  extends up to 75 ft above 
sea level in the tcctonic depression between the coastal hill zone and the upland and 

Fig. 7.-Akaifu land system, with permanent hel-haceous and grassland 
swamp (1) and small areas of open water in hack-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 ( 5 )  lunit the 
land system. There are Illany signs of prior channels through the swamp. 

foothill zones. The permanent swamps, ranging from large basius to smaller back 
swamps, have grey sticky clays and floating helrbaceous vegetation and tall grassland. 
The seasonal swamps aud swamp margins, and riparian tracts of through-going 
rivers, have imperfectly drained alli~vial silty clays or stratified soils and mid-height 
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and tall evergreen forest and ininor areas of sago palms. Higher-lying, periodically 
flooded plains have imperfectly drained alluvial soils and nlainly 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 nlainly seasonal 
swamps. This arrangement, expressing decreasing inundation and increasing import- 
ance of through drainage, also expresses a transition from very poorly drained to 
i~nperfectly drained soils, and with it a range froin tall grassland to evergreen forest 
or thicket. 

TABLE 7 
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF I I IE  SWAMP ZONE 

Land System 

Mainly permanent 
swamps 

Waigani 

Engepa 

Akaifu 

Mainly seaso~~al  
swamps 

Biaru 

Dotua 

Lithology 

Fine-textul-cd 
alluvium 

Fine-textured 
allovit~rn 

i 

Land Fox11 

Swan~ps with 
little tluough- 
80i1,g drainage 

Complex swaillp 
with moderate 
throligh-going 
drainage 

Swanlps with 
much through- 

seasonally flooded 
back plains with 
meandering rivers -- - 

Predanlinant 
Soil 

Very poorly 
drained alluvial 
soils 

Very poorly or 
imperfectly 
drained alluvial 
soils 

drained alkaline 
silty clays 2 -. . 

Predominant 
Vegetation 

Tall grassland 

Tall grassland 
and sago palm 
vegetation 

Tall grassland 
with minor ever- 
green forest 

 id-height ever- 
green forest 

Evergree~~ thicket 

i going drainage 

Back swamps and 
partly brackish, 
seasonally 
flooded back 
plains 

Pexiodically 01. 

Imperfectly 
drained neutral 
or alkaline 
silty clays 

In~perfcctly 
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Extensive gc.assland swanlps in the north and centre of the area 

Geology.-Alluvial silt and clay, peat; Rccent 

Geomorpho1ogy.-Extensive, mainly permanent swamps with small lakes, traversed by levees of nlany prior 
and some active meandering river channels, and with marginal zones of seasonal or internlittent Booding; areas 
of alluviation and minor peat accumulation. 

Altitude.-040 ft. 

L m d  Form Soil Vegetation 
-. 

Lakas: irregular areas up to 1 sq lnlile in extent, Wilhaut vegetation or with mixed 
with wafer marc than 5 ff d e w  herbaceous vegetation ( N l m l n W -  

perm:meot svvampa: ertcnsivc inner pares, \\.ilh Mired herbaceous vegetation (Lccrsin- 
shallow standing water l~o~wmnn)ortallgrassland(Pl1~~~616161iles 

S~rc~I~nr~unrobrrst~r~~r);lowlly wifhclum~,n 
or lines of palm vegetation (Mcrrox~.lorr 
,w"?"r,nlrnl 

. . . . . . . . . . . . . - . . . . . . . . . . . . 
3 S k t  1 1  l'art;dll~ ~@dsnm~l \,s:~#noh: I> .rcttIly <try h..t 

- I I I , , , I 1  d " .  I,, . , ,  . I C  

5 l ~ ~ l l ~ ~ ~ l y  .i)hl#lJialrd ~ I I I I .  ~ # # # # l  2. W J  grne#,lly 
,,,g,,er.1,,,,9 .<,,.I ,,,%re,""l 

Pal811 vegetation (A'lelmu)ilon-Mnccr- 
rn",i&7") 

I . . 1 (a% channels 1 I 

6 
-- 

Very 
smi~ll 

Levees: discontinuous frrctr up t o t  mile wide 
and attaining 3 ft above permanent water level, 
associated u,ith active through-poinp or 
abandoned river channels 

. -. - -. . 
Imprrfcclly drainedal- 
luvial soils: rlkrllne 
olivegreyrtratifiedsoil~ 
(5~)-VI.d,.f,.a, 

Mid-height and laU eversreen forerl 
(Norrclen-Klel,8hovin, Oc!o??~clcs-Art"- 
cnlpns), ivith riparian frlnge af scrub 
(Hib;s~rrr-F/~~seiinrin) and tall grass 
(Snccl!nrrrnt labrrranrd 
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Permanent grassland swaups mixed with forested sensorial swamps and river tracts, in the north o f  the area. 

Geology.-Alluvial silt and clay, peat: Recent. 

Geomorphology.-A tract up t o  4 miles wide, extending f o r  20 miles between the Biaru and A n g a b u n g a  River 
plains; extensive p e r m a n e n t  swanlps, sonie back plains wi th  seasonal marginal swamps, periodically flooded 
levee t rac ts  and higher alluvial plain remnants; disorganized dra inage fro111 lnawafunga River, w i t h  anas ton l a t e  

and dis t r ibutary  patterns and multiple small flood cl~annels; a r ch  of a l luvia t ion and pea t  accumolat ion.  

Altitude.-20-75 It. 

Unit 

I 

2 

3 

4 

5 

6 

Area 
-- 

Medium 

-- 
Smdl 

-- 
Small 

-- 
Mcdium 

--- 
Medium 

-- 
Small 

Land Form 

Hasfern intake sw?mo: rroa with dis,lribulnry 
feeder dramage wllh narrow, loxx,-lymg levee 
tracts, and many intervemng smoll back-SSI,OOP 
basins 

Northern meander belt: up lo 1 mile wide with 
smnll meandering channel fairly nran~inenl 
Iwces m d  back dopa, add a smaU area of 
highcr-lying alluvial plain eastwards Rom 
Engepa villagr 

centrnl ssvnmq: elonpate back-plain barin up 
LO I t  mil= wde  

Central s r ~ m o  fringe: zone up to I: miles rvidc 
traversed by very many nnastomosing naod 
channels 

Wester" sruamp: receiving drabage from units 
2 and 4 "nd by few winding 
ch.irn.irn~d with paired narrow Ibvees and back 
srvamps abouk 1 mile wide 

Wcstcm margins: up fa 3 milcr wide, with sub- 
paranel anartamosins channels, IOVCCS, and 
elongate narrow back swamps; small blocked- 
V ~ I I C Y  S I V ~ ~ P S  on margin 

Soil 

V ~ , r y ~ ~ ~ r l y d l a b e d r l I -  
uvml sods: grey rtlcky 
clays (4n)7Vlll.d.. 
o n  tcvesn, ~rngcrfoctly 
drained alluvial soils: 
neutralolivegrey strati- 
fied soils (S+VI.d,f. 

vcge,a,ion 

Msinly pall?> vegetation (iVIellaxl,lnn- 
~lncnl~ongn) 

imperCecfly drained al- 
luylrl soils: neutral 
olwr grey slratlficd 
3oi15(5,1)-V1.d3.fs 

Very drained 
allllvjal s o h ,  or m 
,,nit 1 

Imperlectly drrined a 1  
luvirl soils, ns m unit 2 

Very poorly draincd 
andimperfectlydrak+d 
alluvial soils, as m 
unit 1 

Levces, prob?bly im- 
porfecny drrlncd rl- 
hvialso~ls, as in unil2. 
~ r c k  swamps, very 
poorly drained alluvial 
soils, as in unit 1 

- 
Mainly mid-height evorprecn ibrent 
(x~,rrc lercKlei ,~f~ot~i i )  

. - 
Mainly trll grassland (Pllragrnil~s- 
Sncciinrrarr l o b r r x ~ n r ! )  

Maioly mid-height evergreen lorest 
(breinlcacn-N~rrclcn)m) 

Tall gramland (Piir,~~!sitesSocclimoal 
robzrnmn) with n~rny rfrndn of palm 
vegetation ( ~ W n l o x y l o n - i M ~ ~ ~ ~ ~ r ~ ~ ~ g n )  

On Icvees, low overgreen forest (Arro- 
crrpr#s-Ficrm); back swaolps, trll gmsr- 
land (Pl~ro~oyrniles-SssssI~~r~~~~~ robnsfrnl,) 



Mainly grassland swunps 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. 

Gean~orphology.-Mailily pernranent swanlps with signi6cant th-mgh-drainage; iocludingn~cande~ing cha~mels, 
prior or active levee t r a c t s  up to 1 mile wide, back swamps up to 2 n~iles wide, and seaso~rally inundated swamp 
margins; areas of alluviatian and peat accumulal~on. 

A1titndc.-10-25 ft. 

Unit 

1 

... "" - -- -I - - .. 
3 1 s m a u  1  slam^ sent~y sloping to ~ ~ ~ ~ ~ ~ r ~ ~ c ~ ~  drained al- T ~ I I  evergreen ~bresc (e.g. C F ~ ~ < , ~ , ~ -  : mile ,vide, subjecl to intermittent noodinp; luvial soils: neutral Alstollinl 

locallv rr riurrian tracts uo to i mile wide arev s f i c b  clays (sf)- 

7 

Area -- 
Very 
small 

I 
. . 

vt.i, I I > %  I<\..,.* :r,,<1 r , ,cr  . I , , , , , , . l \  1111 1 1  Sl),.i \ L I I I  I ,hrlC:l .y (ll.,llll..l 11. I . * LIc.IgI(.t.ll / < I , , . ,  ( 1  ,,,. ~ . I , I , , >  IIC,,,, 
I 1  .I.,"& II,..,,. I<,.., ..,ld i r lh ,I 4 . 2 %  u l l i l  n .,,..* I , \ , . , I  \ ,,., ,,:,I,, , I  ",,~I.Y,,:*. 4"t,l\~.<<l,,,,,.,, ,,,<,.!!,,,,.,.!>, 

<,.,L< LIP ,<> 1 I! l,E,i,, . , ,I  I ,r,,,:.~l.m, .m.k > I < , , L .  ~ ~ l , ~ ~ ~ < r ~ ~ > L ~ ~ ~ , l . ~ . l , " , l ~  1 < ! > , 8 ~ . 0 ! . < ,  ' . I  1 . 1  r I : ,  (dl V I .  I.,. 
, . .e, , ,Jc,. , , , ,  l,>,.,l<,\\,, G ' I , < , , , , < . l %  ,,,, I ' >  I <  , ,, 
,. , ,. 

5 

6 

Vegetation 

Tall grasrlrnd (Sacclmnan spox?,fer,nz- 
I8nprr"tnl or mid-height evergrcco forest 
(Noc<cl~n-Kicirrl~avlc] 

Land Form I Soil 

-- 
very 
large 

-- 
Very 
smnU 

Higher levecs: mainly prior levees up  to f mile 
wido and 3-7 fi  abovc normal rivcr lcvcls: Rat 
or "cry gently sloping surf:lccs, rnrely flooded 

Moderately well-drain- 
cd alluvial so*: nlka- 
lioe olivs silcy clays 
(6nl-lV.d,.f..a,, or 
"eutral o1ivc silty clay. 
(6b)-IU.d".f, 

Mainly permanent back s,vamos: up  to 2 m i l ~  
wide, ~ r r r l l e l  with general drainage, with many 
small lakes 

Drainage intake areas or submerged lcveer in 
,,nit 5: permanently or seasonally Aooded Lo 
shallow depth 

vrrypoor1y drainedal- 
luvial soils: grey sticky 
clays (4")-VIILd, 

Mixed herbaceous vegelalion (Nyrn- 
~~I~ornn-Azolln, Leerslo-Hn,#grro8m), or fall 
grarrland (P1~r~ng,~zi!essoc~I11111111 robrrs- 
rcr~rz] with scattered stands of palm vege- 
tation (Mclroxylo?r-Mcrcnr~rt!g,~) 

Palm vegetation ( ~ W r l r o x ~ . l o r r r M ~ ~ ~ ~ ~ ~ -  
rnrrpn] 
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Partly brackish, wooded seasonal swamps in the north of the area. 

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

Geomorpholagg.-Mainly seasonal back-plain swamps up to 2 nliles wide flanking tidal river reaches and large 
tidal creeks and ranging from fresh water to saline. 

Altitude.-0-10 ft. 

Area 
- 

very 
small 

.- 
very 
~ n l r l l  

.- 
Riparian tracts helow H.W.M.: as unit 1 

Soil 

lmperfeccly drained rl- 
l ~ ~ i i l l  soits: neutral 
olive grey sfrafificd 
soils Ori&VI.d,.f. . . . . 

lmpcr fecf ly  d ra ined  
alluvial soit.: neutral 
olive grey silly clays 
(56)-rn.d,.L. Frob. 
ably sticky clays in 
SI"BIII,>S 

- 
Mangrove soils: grey 
clayey *rats (2cl-VIlT 
d..f..r. - .  . -- 
Imperfectly drained 
alluvial soits: alkali". 
olive grcy silty clays 
(Sn)--Vl.d,.f..a. 

Mangrovc soils: gre> 
clayey prats (Zc)-VnI 
d8.fs.a. 

vegetation 

Palm vegetarian (Mer,axylo~mrto- 
C<,~~Z,S) 

Low evergreen sorrit (A,.ic.,,rrio-E*car- 
 COY;,^); areils of bare ~roc lnd  

-- 
6 

7 

- 

Vcw 
small 

-- 
Very 
mmrll 

---- - -- 
Allurirl fiinses: ap LO 50 yd vide, wil l~ slapor 
less than 0-3V 

Prior lcrccs flanking tidal I I I ~ :  up to 4 i t  above 
H.W.M.; I50 yd wide with ba& slopcsu" to Z0 

lmper fac l ly  d r r inod  
rlluvirl soils: alkalrnc 
s'ey sticky clays (5c)- 
Vld,.f#.a, 

M o d  cia t e l 7  xi,ell- 
draincd alluvial soils: 
alkaline olive rtmtified 
roils (6")-lV.d,.f,.n, 

Mid-hcight evergreen Forest (Nnrrclea- 
Klei,,lrov;u) 

Evergreen thickel (Hibi .~~r~sl: i ige; l~,r i i i ]  
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Seasonally flooded, low-lying plains with evergreen tl>iicket, south-east of Fdlley Reach. 

Geology.-Alluvial sand, silt, clay; Recent. 

Geomorphnlo~.-Back plains and seasonal back-plain swamps, traversed by lowermost non-tidal reaches of 
large meandering rivers; back plains with winding swamp outlet channels and levees, and including cut-offs and 
sn~nll peImanent swamps which are mainly renmants of disorganized drainage; minor higher-lying prior levees; 
subject to extensive periodic or scasonal flooding. 

Altitode.-0-25 ft. 

Unit 
- 

1 

Area 

VEZY 
,,,,,I1 

Land Fonn 
-. 

Main chrnsmls and accrpfinr banks: meandering 
"haonel. up to 150 rt wide; shelving merndcr 
point banks up to 30 yd ir.ido m d  + mile long, 
risine I" 2 ft above river icvc1. With rent1e back 

Soil 

On banks. very poo?ly 
drained a11uvinl soh: 
grey loams (4b)kVIII. 
d..F. 

Vegetation 

On banks, tall grass (Sncclinndm 
rob,,~,c<.O 
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VII. LITTORAL PLAINS ZONE (200 SQ MILES) (FIG. 8) 

This zone is forsued of Recent littoral, estuarine, and fluvial sedinients ranging 
from sand near the shore to clay and silt inland. Rainfall is ~nailily between 40 and 
50 in. The beaches, inner stranded beach ridges, and beach plains have sandy soils 
and are vegetated with scrub and evergreen or deciduous thicket which is coil~monly 
disturbed, giving way to mid-height grassland on i111ler beach plains. The tidal flats 

Fig. 8.-Littoral plains zone near Galley Reach, showing outer (1) and 
inncr (2) beach ridgcs, and lower-lying (3) and higher-lyins (4) mangrove 

forests draincd by tidal creeks, with an inner fringe of salt Rats (5). 

have mangrove soils, with Inangroves ranging from dcnse mid-height evergreen 
forest below higll-water mark to open low evergreen forest near high-water Illark and 
with grass-covered or bare salt flats reached only by the highest tides. The estuaries 
have grey-brown inler-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 8 and in the tabulated descriptions which follow, the land systems of 
tbc littoral plains zone are arranged according to the three physiographic settings: 
beaches, tidal flats, and estuaries. The land systenls 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 m7d flats, has been listed under tidal fiats. Papa 
land system is also exceptional in that it occurs in small emnbayinents, forming outliers 
of the littoral plains zone on the land system map. 

TADLE 8 
DIAGNOSTIC FEATURES OF LAND SYSTEMS OF TIIE LITIORAL PLAINS ZON6 

Land System Lithology Land F a ~ m  I P ~ e d ; y  I 

Tidal 

Beaches 
Hisia i Litto~al sand 

flats 
lev Reach Littoral clav / Tidalflits below / Grey clayey  eat 

mean high-water 1 mark 1 

Beach i-idges and 
sand plains 

Brown k e  sands 

Tidal flats mainly 
above mean high- 
wate~ mark 

Grey clayey 
peats seawud; 
grey to brown 
silty clays inland 

Grey loa~ny peatr 
and clayey pcats 
seaward; grey to 
b r o w  silty clays 
inland 

Papa 

Predominant 
Vegetation 

Estuaries 
Nipa 

Semi-deciduous 
thicket and mid- 
height grassland 

Littoral sand and 
clay 

Tall mangrove 
forest 
(Rhizophora- 
B~iiguiera) 

Alluvial and 
littoral silt and 
clay 

Low mangrove 
forest (Avicornia- 
Ceriops) 

Small complexes 
of beaches-and 
tidal flats 

Low mangrove 
forest and salt 
flats 

Con~plex of 
mangrove and 
beach soils 

Estuarine plains 

Complex of all 
above vegetation 
types 

Grey loamy peats 
and silty clays 

Nypa palm vege- 
tation and mid- 
height evergreen 
forest 
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Plains of sandy beach ridges along the northern part of the coast 

Geology.-Litta~al sand, and alluvial silt and clay; Recent 

Geomowho1ogy.-Prograded beach plains up to 3 miles \vide, locally impounding sn~all fiesl~wate~ swamps an 
inland margin. 

A1titude.-0-25 ft. 

Unit -- 
I 

2 

3 

- 
4 

5 

Aces - 
Vew 
small 

-- 
V c ~ y  
large 

-- 
Vcry 
small 

~ 

Snlall 

-- 
Very 
small 

Land Farm 

Pmrcnt bercl~os and forodunes: lower beacl3er 
up La 50 yd wide, with gcnlb s l a p s  steepening 
to 10° near H.W.M.: upper bevehes wilh 
irregular single or double fovodvnca attaining 
10 ft above H.W.M. 

Beach ridge complexes rod sand plains: long, 
parallel rand ridges spaced 30-150 yd apnrl, up 
to 3 ff high and with local rloper to 10- near 
coast, becomiogmore subdued inland and com- 
monly "asriilg into level or gently sloping sand 
plain 

.- 
Swales below N.W.M.: up to 200 yd wide m d  
I mile long 

S\usrnns: shallow elonsafe depressions a p  to 1 
milo widc \i'ilh local rclicf up to 1 if 

Snnmp margins: scssonally flooded zones up 
lo : mile vide, wilh gentle slopcs towards unit 
4 md generally not more than 2 ft above it 

Soil 

Beachsoilr:onbeachcr, 
grey sands (Icl-vI11. 
d,.f..n,; on forodunrs, 
grey fine sands (10)~- 
IV.so,.s~.a, 

- 

Bcachsoils: brownhe 
sands (16)-nr.ro,.s,.a, 

.- 
Mangrove soils: grry 
loamy pcrtr (261- 
vIII.d~.c8.aa 

Verypoorlydraincdrll- 
eviul soils: giry sticky 
clays (4nl-VIIl.d, 

. .- 
l tnperfect ly drained 
alluvial roils: vlknlhr 
grey sticky clays ( 5 ~ ) -  
Vl.d,.t.a, 

~p 

vegetation 

Abovo H.\V.M.: mired licrbaceous 
vegclillion ( S ~ ~ i r r ~ i ~ i ~ ~ C o ~ ~ u ~ ~ i ~ I i i ~ )  

On bcac11 ridges: evergreen thicket 
l C i e l - u ~ i ~ ~ ~ ~ ~ i ~ ~ l r o ~ ~ - F i ~ s ~ i i ~ r i i ,  Hibisclis 
Finwlinrio) m d  selniGdeciduous thicket 
( G v r o ~ ~ ~ ~ ~ ~ s - H a r p ~ ~ i i i i ) ,  or mixed herb- 
accour vegetation (Hyptix-l,,merotn). o n  
plains: mid-hoighf grassland (0pliirrror- 
i"i,iie,,,r<i<, ,,,,stm1is); 1aacr-lying alerr 
rvith tall grassland (Sncciinrron .?PO,!- 
,m,cnrn-l,,me""r") 

Low and mid-height wergreco folrnl 
(A%~ier,~nin-Crriip~ without ground 
covor; Exc"ecnrircHibrscrrr),ri<,-Hibis"~,.") 

O ~ e n  water ,"it11 prfdles of mired 
hcrbrceous vegrlation (N>,?npJ?m"- 
Azoliu, Leewin-lJ,r,iprr<,nrr)~,#) 

Low grassland ( ~ ~ ~ ~ ~ 6 0 ~ ~ s l i l h ~ i ~ i o n )  
rvilh patchcr af mid-height evergreetl 
101est (Excoecnrin-Ribi~clz~); Mnginb. 
mid-11oi&f evergreen forest (Meiniei~n- 
A7~,zrcim1 



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

Geology.-Litto~al and estuarine clay and silt; Recent. 

Geomorpho1ogy.-Lowcr tidal flats up to 3 nliles wide developed aboul larger coastal inlets; drained by tidal 
creeks and estuaries; minol. aTeas of prograding shorc, and extensive accunlulation of mud and pcat. 

Vegetation 

Coloniringlowevergrcenforul(Al~icen- 
,~i~zSant8er~rlB) 

Mid~height evergl~cn forcrl (Rlzizo- 
pl~orn-Brr#gaic,rrr without ground cove0 

.- 
Mid-hciglif evergrcsn rorerl (Hfiiro- 
pliom-Blrr#~ricm with ground cover) 

Lo\%. m d  mid-height evcrgueen fare51 
[A~~ic~~8,,zia-E.~coec~rin; K~~itiwa-BrrrEU- 
iero) 

Soil 

1+te r - t id r l  r l l u v i a l  
rolls: gvcy silly clays 
(3c)-vliI.d8.f~a, 

Mangrove roils: prey 
loamy peals (26)- 
m . d e r v a ,  

Mansrove soils: grey 
clayry peats (2~) -  
VllI.d..f,.a. 

I 

Land F o ~ m  

Prograding bnmks: Bats up  to 2 ft above 
L.W.M. conlprislng outermost prior dd la  of 
A ~ B ~ ~ Y ~ ~ ~  ~ i v e r ,  and dkcontintrous tracts up 
to LOO yd ,vide mainly in shalloru embrymcnln 
and  c o m m o n 6  nerr tidal river ouUsts 

Lolvcr tidal flats: mainly belalr. M.S.L. and  
foc~ning seaward fringe up to 4 mile \vide, 
l o ~ l l y  rvidor bctwven cidal creeks; up lo If 
miles wide in prior delta of A n ~ a b u n g a  River; 
locally with microrellef as in unit 3 but smaller: 
trrverrod by tidal crecks 

UPDDI tidal Rats: extonding from M.S.L. fa 
H.W.M., forming runes up to 3 n l i l e~  wide 
inland reom unit 2. extremely hummocky sur- 
hces with mound\iup to 4 il high developing 
into platforms up to 5 yd across, ruith intcrvcn- 
ing p~ssages  o p  to  5 yd wide, gsnrrally with 
,,.ate,; traverred by small tidal creeks 

Uppermost tills1 Rats:, qp lo f luile in extent 
between tidal crecks wrlhm upperpart alvnrf 3, 
and as tidal back plains near river ovllelr and  
subject to rrsshwater flooding; surfaces as in 
unit 3 

Unit  

1 

2 

3 

4 

Area 

Very 
snlall 

-- 
Large 

-- 
Very 
large 

-- 
Very 
small 
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LESEWALAI LAND SYSIEM (20 sa MILES) 

High-lying tidal flats with alleri law m a n g r o v e  fol.est, in tlie nortll of tile area 

Geology.-Lit toral  sand and clay, with s o l l ~ e  a l l u v i a l  silt; Recent. 

Ctn~~~oo~l~olug)~.-'l'id;ll l ln t s  c l ~ g l ~ t l y  ; ~ h o t c  n1e.m l-1.W hl , Id.;iII, u ~ l  :I ICIIC.II .  IS ;.>..\I, cIsc\\I~c:: ,.I> I, 6 I I ~ . I C C  
~ n l ; ~ n c l  : rn4 in t ~ ~ s o c i a l ~ o ~ l  with old s a n d  l l ~ d c l l  id;lgc\: 1.1:~l.y. : to lorlerolost  C ~ ) I I I P I C \  .)I ~ l i i l ~ ~ i ~ l l ~  h1t11~1.l bc:i:ll 

rises and swales; mainly subject to shallow tidal f l o o d i n g  and drained by small creeks, locally subject to fresh- 
water flooding. 

Altitude.-0-5 ft. 

H l S l U  L.S. 

Land Form I 
. .- 

Soil I Vrarta'inn 

Present k d e s :  lower bcachci up  to 50 yd Berch soils: on folc- 
widc, rlopes 1-0' to 10'' upper benches and  dunc grey fine rands "regu~.rrorea.a, ., to i o  st H.w.M., ~ I ~ ~ < I V . S ~ , . ~ ~ . ~ , ;  
slopes locally attaining 20- beaches, grey sands 

( I C I - V I ~ I . ~ ~ . ~ ~ . ~ ,  

Tidal flats on o ~ e r t  coast: exlending up  lo a Mangrove soils: grey 
mile inland and slightly below mean H.w.M.' cli~ycy ports (2c)- 
hummockv: with .p to I st microio~icf; sllla~i V I I I , ~ ~ . ~ ~ . ~ .  
winding creeks 

Inncr beneb ridzas: subdued randy riscr up l o  
100 yd \\idc, slopes nu to 1 7 0 :  attaining 3 St 
above H.W.M. 

, .-. . . . . . , . 
Above H.\V.M.: nlixod lherbrceous 
vegctatian (S,,;,rz~ex-ca,l<,,.<?;;"] 

Mid-heigh, eucrgieeo folesf (Hlliro- 
plror"-lln,r,,r;<,m Wilh ground covc.1 
backed by low cvcrgreen EoresL ( A ~ , ; ~ ~ ~ ~ :  
,~;~~-Excoecczr;r,] 

. .- 
Evergreen thicket (Clnorierr,!rral!-FI~~~cI- 
Inria, ~;6;scres-Fiig~linr;~~) 

-- 
lonertidal Arts :  e x t e n d i n g ~ ~  to2miles inlaad, Seaward  s i tua t ions  Lo~~~cvo~xreenforesl(A~i~~~~~;~-c~~;~~ 
above mean H.W.M.. Izun,mnck~ n,ith up n n~;mgrove soils or ir; 33,ithout grorwd covcr in loxuest sitlm! 
2 i t  microrelier: nume&us ,-or c;reks; n k o r  unit 2 
salt p:,ns rnd  lagoons 

tionr, dsewher" with Srsr,,,irrr,, ground 
cover); salt flats bare or with m h e d  

Li~nd,vi~rd situations, herbacrour vcgetrfian (Sexw1~;?8rrrTecl;- 
intemdal alhrvii~l soil*: cowin); low evergreen forest ( ~ v ; c o i n ; n -  
grey to brown silty Exro~cmia l  lnrrginrl to unils 3 and  6 

I clilys (3")-VIII.d..S.. 
a ,  

Imlemosf beach rises: "cry rubducd and up to 
50 yd vide, near exlreme H.W.M. 

Innermost beach saales: ilp to 50 yd wide, and 
up to 2 fi below unit 6 

Ins l l ida l  alluvirl soils 
TS in ,,nit 5, but  with 
thinner silty overlay 

Inlortidal alluvial soils 
us in unit 5 

Elcrglcenfhicket(Clrro~;e,~rllrr,i-F;~~~~;~ 
irn.in, Hlbirc.r-PI1166nl.io, Ac"ci*,iMyo- 
I ;  >mid-lleighl cvergrecn farcsr 
(Excocc~~~in-H;biiiiiil marginal to unic 7 

Scrub (Phrc;>~n-Fl<~~e;lnr;i] a d  ever- 
green thicket ( A ~ ~ ~ c i n - M j ~ a ~ o r o m ) :  mixcd 
hrrbilceous vogcfrfion (S<,s,,>,;z,,>,-TEcii- 
coroia1 in 1o\\.est E~valcr 
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Tidal flats near Redscar Head, with a complex pattcm of mangroves, salt Aats, and sandy beach ridges. 

Gcologg.-Littoral sand and clay; Recent. 

Geomorpl~o1ogy.-Tidal flats nlainly above H.W.M., with branching c ~ c k  systems separated and backed in- 
land by salt flats and stranded sand beach ridges at various levels, and leading to tidal inlets between barrier 
beaches. 

Altitntle.-O-I5 ft. 

Unit Area Land Fornl Soil Vegclation 

I 

6 

7 

Bcashso i l s :onberch~~,  
grey sand (1~)-VLII. 
d..f..a,; on foreduoes, 
grey fine sands (la)-- 
IV.so,.s,.r, 

Higher salt Rnts: discontinnous margins against 
unit 8, mainly less than 400 yd wide; very 
rarely reached by tidm 

Lower inner bench *idges: generally not exceed- 
ing I mile long or 200 yd widspnd lying 1-3 ft 
above H.W.M.; also as saales m unct 8 and as 
multiple narrow ridges in complex wilh units 
2 ""A d 

Small 

-- 
very 
small 

Foredunes on rcawnrd side, mired 
herbaceous vegetation (Spinilcx-Cnrrc,- 
vniio); otberwrse, evcrzreen thlckct 
(Cleroddddddr,n-FldgeII~~ii) 

-- ~- 
Low m d  mid-hcighl evergrocn forest 
(Avicca,tin+o,zner"fii: Rit i in~irarn- 
Blrrgriern walhouf ground cover) 

Low evergrcon forest (Cerio~zs) 

Low eucigrccnforesl (Al,ice2min-Cerioys 
partly with Sesnsirn,, ground cover, 
Avicarrio-~xcnecnlin),ria-&coecnrim) .- 
~ n d y  bare, with islaodr of "lived 
herbaceous vegetation (Sesnviznli-Trni~ 
cor~ri"); fringe of low evergreen. f 0 r u l  
(Avice2riin-Cer;~rr scmb) mnrgma1 to 
units 3 and  4 

2 

3 

4 

5 

Ve'ery 
~ ~ 1 1  

-- 

Outer beach~.: present sand beach with 
i r ~ u l a r s i n g l ~ o r m u l t i ~ ~ i ~ f o r c d ~ n e ~  "yto i5 f t  
above H.W.M: locally backed by comll!cxes 
up to f milc ,;idc of broad low b c a ~ h  rtddges 
and rsuales, slopes up to 3; relief up to 5 ft 

lntertida! alluvial soils: 
brown stmkv clays (3b) 
-VIII.d..f,.a, 

~~~~h soils: brom fine 
rnnds (Ib+lY.ro,.s,.a, 

Mcdiunl 

-- 
~ ~ d i ~ m  

-- 
Medium 

-- 
vciy 
snlill 

~ ~~~ ~ 

Lor grassland (Syorobniils-Eriacl!lon) 

Scrub (L~r~rnr;rzeroh locally an higher 
parts, evergreen thicket (Acncin-rMYo- 
porzan) 

Lowcr rurogrore zone: up to t m i l c  wide astride 
tidal crieks: below mean H.w.M.: mounds vp 
to 3 ft high 

Mangrove soils: grey 
Loamy "oat. ( Z b )  
Vln.d..f..a, 

htcrmediafe men~rove rano; mainly up to 200 
yd wide ~ a m i l e l  with creeks; near mcao 
H . w . M . ~ ~ ~ ~ ~ ~ ~  to 1 ff hlgil mlo\ver parts 

U p ~ e r  mangrove zone: mainly up  to + mjlc 
wide, locally atiainiog 1 mile, and parallel rvlth 
crocks; at  or a little above mean H.W.M. 

Lower salt nrts: mainly nrrrarv tmctr 200400 
yd wide, 1ocauy attaining + mile in extent; 
Lying 1-2 fr above meanH.W.M. 

~ a o g r o v e  roils: grey 
clayey pcats ( 2 c t  
VIII.~..~..~, 
.- 
Intertidal al luvialso~s:  
grey to brown sllty 
slays(3n)-WT.d,.f,.a. 



LAND SYSTEMS OF THE PORT MORESBY-KAIRUKU AREA 

PAPA LAND SYSTEM (10 SQ MILES) 

Small complexes of sandy beaches and nlangrove flats, mainly in the south half of the area. 

Geology.-Littoral sand and clay; Recent. 

Geomorpholagy.-Discontin~~o~~s Littoral plains ~nainly less than 1 mile wide behind fringing reefs; with dlttel. 
tidal flats on accreting coasts, and inner tidal flats, slightly below and slightly above luean H.W.M., between 
present and inner beach ridges; drained by sruall c~ecks. 

Altitude.-0-15 ft. 

L a d  Farm Soil 

Oufcr tidal flats: wnes up lo 300 yd wide Mangiovc soils: pmy 
sloping gcni1y to fringing coral reefs randy peat8 (2")- 

V111.d8.fs,ad l- vegetation 
- .- ~~ 

Mid-lleizhtevsrgiconforerf (Rlniiipiiom 
nrrrplriern, form) 

- 

- 
Iv.so,.s,.a, 

Medium Inner beaches: en t o t  mile ,vide, consisting of Beach soils: brn~,,n 
sand plain or of subdued ~nr r l l e l  ridges up lo f inosands( lb t lv . ro . .  
2 ff thigh, slopes Lo 2- S r a l  

Snlilll 
- - - 

Above H.W.M.: mixed horhrceous 
vegetation (S~;,~;~~x-C",in,alia) 

. . 

Prcscnt hcacl~es: gently sloping lower bcach up 
to SO yd wido; sreeoer upper beach and irregu- 
Irr low Coredune backed by flattinh beach-ridge 
cicsl up to 50 yd wide, 2-5 fi nhovc I1.W.M. 

-. 
Beach soils: on bcach, 
groy rands (LC)--VIE. 
d..f..a,, on foredunes 
grey fine sands (lo]- 
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Inncr nrangrove flats with areas of nypa palms, near Redscar Bay and Lcsi Inlet 

Geology.-AUuvinl and 1ittol.al silt and clay; Recent. 

Geamnrpho1ogy.-Estuari~~e plains extending between 1 and 5 miles inland, and between M.S.L. and H.W.M., 
mainly draining to and extending inland along large tidal rivers, but also extensively drained to tidal inlets; 
riparian zones ttanking tidal creeks and rive~s; back plains flooded froin rivers and large creeks, but sloping 
to minor outlet creeks; nluch tidal accretion aided by vegetation. 

Altitude.-Near sea level 

G A L L E Y  R E A C H  L. 

l MILE 

Unit 

1 

2 

3 

4 

5 

Land Form 

Outermost tidal flats: up to I mile wide, pencl~ 
ally bslow M.S.L.; hummocky surhces 

o ~ t ~ r  tidal back plains: up to I mile in extent 
between main tidal creckr, drained by smaller 
creaks; probably exfending ?bout 3 rt belor,, 
H.W.M.. uneven surfaces \nlh mounds up l o  
3 rt hig< and interconnecting depmrions with 
standing wster at 10," trde 

Inner tidal back plains: as unit 2. but siluated 
on itr landward lnargins and 
F r o n t h  directly on channels and major creeks 

Nipa Rats: levee zones up to + nlilcluidcnstride 
tidal rivers and creeks narrowmg and  becon,. 
ing disconfinvour inlakd; .loping f r o n ~  
creeks towards units 2 and 3: uneven surfaces 
with mounds up to 2 fl high, extending to ncar 
H.W.M.: also, active a n d  cut-off meander 
~ o i n r s  commonly,up to mjle in extent, with 
scroll. r n d  accret,ng point hair 

Area 

Small 

-- 
~ ~ d i m  

-- 
Medium 

Small 

Medioln 

Soil 

Mangrove soils: grey 
loamy peatr ( Z b )  
Vlll.d..f..a, 

Intertidal alluvialsoils: 
grey silty clays (3~)- 
Vlll.ds.f~ 

Seaward parts, man- 
grove soils: grey clayey 
peals (2~)-vlll.d,.f,, 
a, 

Landward parls, mare 
liable t o  freshwater 
flooding loteitldal 
runvia1 ;ails: grey ~111). 
clays (3~)-Vlll.d,.f. 

vcgctation 

md-heieightrvergceenforrt(Rlzizo~horrr: 
Br,,gg.lnera with ground covddl 

Midheight evergreen forest (Hrriliemo- 
Brrrpui~m) 

As unit 2; also palm vegetation (Nypn, 
succesionalstage to~cr i~ i i i i -Br~(~ (g~~ i i i a  
foreso 

Palm vegetation (N~D,,); on accreting 
banks and  scrolls low evergreen foresl 
stands ( ~ o t s r c m ~ i d a c i d ~ ~ )  



PART IV. CLIMATE O F  THE PORT MORESBY-KAIRUKU AREA 

(0) P r i ~ ~ c i ~ ~ a l  Clin?alic 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 fro111 
a tropical savannah or subliumid tropical type in the driest areas to a tropical rain 
forest or wet tropical type in areas of highest rainfall (AIV to Af or CA'r to AA'r 
types respectively). 

A prominent feature of the cli~nate 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 season assume the almost rainless character of large parts of 
northern Australia. 

(b) Clfmntic 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 associated. 
South-easterlies (trades) prevail between June and mid October, and drier conditions 
occur 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 Novelnber and again during late 
April and May. The marked seasonal 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 cause minor local. modifications. It 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 thejr peak in September. For a description of wind and 
other synoptic contsols in relation to the observed character of weather and c h a t e  
in this and other parts of Papua-New Guinea, readers are referred to Glendinning 
(1959), Houualn (1951), and Hogan.(1940). 

SEPTEMBER 

Fig. 9.-Monthly wind roses franl Jackson's Airport, showing pelcentage 
frequencies of wind fionl eight conrpass 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 cunditions) and 
of each of the eight surrounding secton (representing the percentage frequency 
of winds from that sector) are proportional. Tonal symbols show dEnences in 

mean wind velocity f o ~  each sector as indicated in thelegend. 

A feature having an important bearing upon the climate of the area is the 
generally parallel alignment of the coast and ranges with prevalent winds. Except 
in restricted localities where significant coastward exte~~sions of the main ranges 
occur, or where open valleys can effectively cause the funnelling and uplift of moist 
air masses in the uplz.id zone, conditions are generally less favourable for rainfall 
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tllan they are either south-east or north-west of the area, where the coast and ranges 
have an oblique trend wit11 respect to the prevailing winds. This feature largely 
acconnts for the abnormally low raiufall along this part of the Papuan coast. 

Temperature and humidity, as well as rainfall, are broadly co~ltrolled by 
alternations in the major wind systems. During the nort11-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. Sillcc the climatc is donlinated by lllaritiille con- 
trols, very high temperatures with low humidities are not a characteristic feature 
before the onset of the wet season, as they are in moch of northern Australia. 

Local winds are a prominent feature of daily weather. These includc land aud 
sea breezes which operate througl~out the year but which are particularly conspicuolrs 
during the transitional months. Strong nocturnal katabatic (mountain) winds from 
higl~er areas reinforce land breezes, and daytime upslope (valley) winds orten 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 times. These 
squally conditions are generally associated with the north-west season sod often 
occur with rain. A particularly violentsquall wind kllowu as the guba is a distinctive 
feature in the vicinity of Fairfax Harbour near Port Moresby. 

(a) RahZfrrll 

Rainfall stations within the area are very unevenly distributed, and most stalioils 
have records for less than 10 years. Only in the Port Moresby-Sogeri area is thc 
network of stations sufficiently close to establish the distribution of rainfall with 
some clarity. In most cases the available data are so limited that the pattern can be 
estimated only by extrapolating relationships between rainfall and environmental 
features observed in other parts of the area. Because rainfall rccords are generally 
short, valid comparisons between stations are difficult. To facilitate regional corn- 
parison reference here is based pi-imarily upon rainrall records over the 7-year period 
1954-60. Although tbis interval is shorter thau is generally considered necessary 
to establish stable "non~l~als", this procedure has beell adopted to achieve some 
degree of homogeneity in the data. 1 n a few instances mean rainfalls could be obtaiued 
from data over considerably longer periods, but Ll~e differences between thesc values 
and the means obtained from the adopled 7-year period are sn~all. 

Table 9 gives mean monthly alld 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 supplemelltary reference was made to mea~ls 
obtained from shorter records wherc stations are sparse, and the isohyets are placed 
with consideration given to altitude, aspect, vegetation, and soils. 

Mean annual rainfall generally increases inland fxo~ll the coast, the isohyets 
being approximately parallel to the coast except where orographic effects ai-e promi- 
nent. The lowest of the 7-year means (approx. 39 in.) is at Government House, 
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Port Moresby, and the higl~est (appuox. 127 in.) occurs at Itikinunlu cstate on the 
Sogeri Plateau. It  should be noled, 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 occul.s on exposed slopes in the vicinity of this station. 

Fig. 10,-Aunual mean rainfall of the Port Moreshy-Kauuku area, with inset histograms showing 
seasonal distribution of rainfall ( f~om July to June) for selected stations. Values shown with station 
nan~es are the lnean annual rainfall for the station over the adopted sevwl-year period. Dashed 

line from Port Moresby to Suhitanil is thal albng which the pl.ofiles in Figure I I 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 conlplex 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 nlean 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 thc amount and character of rainfall are strongly affected by differ- 
ences in aspect of slopes relative to the nlajor wind systems, there is an obvious 
ger~eel-al increase in rainfall with elevation throughout the area. This is clearly seen 
fro111 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 coasl 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 shellercd valleys 
at higher altitudes. 

Fig. 11.-Relationslup between lnean annual ramfall and altitude along a profile fro111 Port Moresby 
to  Uamana pumping station o n  the Laloki River, and thereafter up st re an^ along the gencral courses 

of the Laloki River and Eworogo Creek. 

The strong seasonal contrasts in rainfall throughout the area are evident from 
mean ~nonthly values given in Table 9 and from the histograms included in Figure 10. 
It  is notable that only in the coastal lowland are ihc mean lnonthly rainfalls during 
the driest parls 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, tnean rainfall of the driest month is about 5 in. During the wet 
north-west season, lncan monthly rainfalls over the low coastal lowland are between 
5 and 8 in. whereas at higher altitudes they are generally over 10 in. The Incan 
number of rain days follows closely the same scasonal and spatial relationships as 
does mean rainfall. 

Both an~lual and monthly rainfalls vary considerably fro111 year to year. The 
coefficients of variation of annual rainfall at  Port Moresby and Itikinulnu are approxi- 
mately 20 and 18% respectively. This degree of annual rainfall variability is about 
equal to that occurring in areas of sinlilar mean rainfall in northern Anstmlia, but is 
higher than that noted by Arnold (unpublished data) for the Wewak-Lower Sepik 
area. The wide range of nlonthly rainfall which occurs at both coastal and elevated 
inland slations 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 nortb-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 
PERCENTAFE OF MONVHLY RAINFALLS P.XCEEUING SPECIFIED AhlOUN'IS AT PORT MOReSRY AND m K R i U M U  

Amount 
(in.) Jan. Feb. Mar. Apr. 
---- I I I  Sept. t- May JLIIIC July Aug. ---- I / !  

Part Moresby 
68 
44 

4 

16.0 1 29 / 16 1 37 / 42 / 21 1 5 1 - ( 3 / 14 1 11 1 27 1 22 
p~ 

- 

Rainless spells of from 5 to 10 days are conlmon duriug the wet season within 
the dry coastal lowland, and occasionally periods of more tlxin 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 0 .5  in. is not uncommon 
in this coastal area, as seen fro111 the percentage frequencies for Port Moresby in 
Table 10. In the higher-rainfall areas of the Sogeri Plateau, rainless spells longer 
than ouc week during the north-east season or longer than a fortnight during the 
south-east season are uncommon. 

The percentages of rain days with total falls within specified ranges are shown 
for three stations in Table 11. In 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 ~ a n u a r ~  and Fehraary are less than 
1 in. From the values for Eilogo and Iawarere, it appears that the high monthly 
totals during the north-west season in the Sogeri-Upper Kemp Welcl~ area are largely 
the result of many daily falls within the range of 1 to 4 in., hut 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 less than 
0.25 in. 

(b) Temperature 

Extended temperature records are.availahle only in the vicinity of Port Moresby. 
Some records have been kept for Kairuku and Bereina, hut th.ese are not given here 
since the teniperature characteristics of Port Moresby can be considered generally 

Itikinumu 

63 
18 

---- 

100 
97 
86 
60 

49 ' 
19 

1 8 5 4 4  
2 - -  

2 - - -  

49 
16 

96 97 98 
85 92 98 
74 89 95 
29 47 73 

93 
85 
74 
35 

98 
76 
41 
19 



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 con~parable data collected at  Jackson's Airport. Snlall anlounts of 
data are also available from non-standard installations maintained privately. 

General temperature characteristics at Jackson's Airport are shown in Table 12. 
Mean n~aximum temperature ranges fronl 82°F in August to nearly 90°F in 

December. As seen from the percentage frequencies, the highest nlaxinla occur 
n~ostly between October and December, but it is notable that even at this time, 

temperatures above 95°F are rare. This condition can be attributed to strong day- 
time advection of cooler air from the sea. Although ~ n a x i ~ n u ~ n  tenlperatures are 
likely to be sonlewllat higher further inland within the low coastal zone, sea-breeze 
effects are strong enough to cause solne suppl.ession of the daily temperature rise 
throughout the area generally. During the cooler months, June to August, about 
80 to 85% of the daily maxima exceed 85"F, but only about 7% are above 90°F 
at this time. 

TABLE 11 
I,ERCBNTAOE OF RAIN DAYS* W H  TOTAL FALLS WITHIN SPECI1~IF.D RANGES FOR THREE STATIONS 

--- 
An~aunt 

(in.) 
Jan. Feb. Mar. Apr. May 

Annual variation of the mean cnininluln temperature has an even smaller 
range than that of the meall maximunl. At Jackson's Airport the mean nlinirnunl 
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 are uornlally between 70 and 75"F, and the minimum temperatures 
usually fall below this. Heavy dew fornrdtion is thus characteristic tliroughout the year. 

0.01-0.24 
0.25-0.99 
1.OlL1.99 
2.00-3.99 
>4.00 

0.01-0.24 
0.254.99 
1.00-1.99 
2.00-3.99 
>4.00 

0.01-0.24 
0.25-0.99 
1.00-1.99 
2.00-3.99 
>4.00 

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

42 
44 

6 
7 
- 

66 
23 
6 
5 
- 

42 
34 
17 

7 
- 

20 
61 

8 
11 
- 

50 
36 
11 
2 
2 

42 
36 
12 
9 
- 

45 
32 
14 
10 
- 

67 
23 
5 
4 
- 

---- 

47 
31 
14 
8 
- 

26 
47 
16 
10 

63 
16 
16 
4 

29 
31 
26 
13 
2 

37 
41 
14 
8 

77 
14 
5 
4 

48 
26 
17 
9 

42 
40 
12 

5 
1 

76 
16 
2 

-------- 

42 
31 
22 
5 

Eilogo 
61 
26 
7 
6 

2 - - - -  

Jackson's 
83 
17 
- 
- 

I - - - -  

law 
52 
31 
14 
3 

I - -  

36 
46 
11 
6 
1 

87 
13 
- 

4 - -  

37 
37 
21 
5 

I -  
~ 

70 
20 
9 
2 

~ ~ ~ - - ~ - - ~ ~ ~ ~  
Auport 
87 
8 
5 
- 

arere 
70 
21 
8 
2 

1 4  -. .- 

38 
42 
17 
3 
- 

54 
38 
7 

2 - - -  

39 
28 
25 
7 

63 
16 
9 
12 

89 
11 
- 
- 

57 
29 
8 
5 
1 - 

44 
26 
21 

7 
I 

67 
19 
Y 
4 

25 
42 
17 
12 
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Minilnun1 temperatures can be expected to be generally lower wit11 greater distance 
inland and with increased altitude; however, temperatures throughout the area are 
never low enough to pose a risk of frost. Limited data from non-standard installa- 
tions in the Sogeri Plateau area suggest that minimum temperatures there are not 
greatly dissimilar from those given in Table 12. 

(c) Hlimiditji 

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 montllly average index of 
mcan relativc 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 daytimc humidity does not fall below 65%. It  may he reasonably expected 
that mean relative humidities 111uch 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 incasures of the absolute atmospheric moisture conditions. 
These show only small variation throngh tlle ycar, hut are evidently higher in the 
wet north-west season than in the dry soutll-east season. 

(d) Cloud, Sunslzi~le, nnd Totol Inconling Rodiatinrz 

Meail cloudiness and duration of su~lshine for Jackson's Airport are included 
in Table 13; with these are given total incoining radiation estimates obtained from 
the mean sunshine data by the method of Black, Bonythou, and Prescott (1954). 

Althougli cloudiness is distinctly highest during the north-west season, the 
seasonal coutrasts are not as proilounced as might be expected from consideration 
of seasonal differeuces in rainfall alone. With few exceptions, 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, Novetnber is a distinctly sunnier month with a nleall of 8 . 4  hr of sunshine 
per day. 

The estimated total incoming radiation rangcs between 350 cal/cmZ/day in 
July, when reduced day length and sun angle are important, to 525 cal/cm2/day 
in November when longer days, higher sun angles, and comparatively low cloudiness 
combine to forin optimal conditions for large total energy receipts. The estimated 
levels during tlle 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 estimates 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. Doubtless total radiation in these areas is considerably lower than the esti- 
mates given in Table 13. 
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(e )  Evaporofion 

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 4.5 in. to 8.0 in. The highest evaporation rates 
occur during the October to Decenlber 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 iu. 

Estimates of evaporation in the cloudier and more hulllid 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 froin the Sogeri Plateau 
suggest that in ge~ierr~l evaporation is only about 60% of that observed at Jackson's 
Airport. 

111. CLMATE, PLANT GROWTH, AND LAND USE 

The climate of the area is generally favourable for plant growth, with tem- 
peratures norinally 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 requirenlents. 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 niaxirnum 
storage, viz. 2 in. and 4 in. For details of the methods employed, thesc references 
may be consulted. 

On the basis of Slatyer's water-usage models for crops assunled lo 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 col~ditio~ls found over much of northern Australia, wherc, 
even in areas of more favourable rainfall, inadequacies (either in amount or in its 
incidence within the required period) prevent the colnpletion of norrnal crop develop- 
ment on some occasions. I t  should be noted, however, tbat 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 date, there are on the average at Jackson's Airport 1.8 wk with 
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accumulated deficits (amount by which estimated weekly evapotranspiration exceeds 
the available water) greater than 1 in. This value is only slightly 'less than that obtained 
for Katherine, N.T. (Fitzpatrick 1965). 

The estimated total duration of userul pastui-e growth and related characteristics 
for Jackson's Airport and Koitaki are given in Table 14. For comparison, values for 
Katherine obtained with an assumed nlaxilnun~ available storage of 4 in. are also 
given. The values given for the total duration of csti~nated useful pasture growth 

2 In. Max. 
Available Storage I 4 In. Max. Available Storage 

~- -- 

Conm~encement of estimated dominant 
pasture growth period 

Mean 
Standard deviation (wk) 

Total duration (wk) of estimated useful 
pasture growth 

Mean 
Standard deviation 

Jackson's 
Koitaki kport I I Koitaki 

Total duration (wk) of estinlated pas- 
t o ~ e  growth with available water 1 I 1 

Jackson's 
Airport 

Katherine, 
N.T. 

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 60% 
of the assumed lnaxinlun~ 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 nlore favourable conditions for sustained gt-owth occur at  
Koitaki than a t  Jackson's Airport. For the sanie assumed nlaximum available 
storage (4 in.), the total duration of estimated useful pasture growth a t  Jackson's 
Airport is considerably larger than at  Katherine. I t  is notable, however, that with 
the lesser assumed maximum available storage (2.0 in.), the estimated total duration 
a t  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 relationslups in greater detail. Insuffi- 
cient measurements of physical soil properties are available from the area to  allow 
such interpretations to  be made a t  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 utiliza- 

> 60% of assumed maximum avail- 
able storage 

Mean 
Standard deviation 

46.4 
3.8 

23.6 
3.8 

47.7 
4.3 

22.0 
3.9 

14.5 
3.0 
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tioil than is generally realized, although special agrono~nic proble~ns related to other 
aspects of cli~liate may present themselves. The coastal lowland has a more definite 
dry season than 111ost parts of Papila-New Guinea. This would appear an advantage 
for some crops, but the prevailing high hulnidities ]nay cause some difficulty in 
proper n~a t~~ra t i on  and in harvesting operations. Low radiation receipts and the 
lack of marked seasonal differences in day length may also present special agronolilic 
problems. With frequent and lnoderately heavy rainfalls causing contitlued leaching, 
maintenance of soil fe~tility 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 

1. ~NTRODUCTION 

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

The geology of the area between Port Moresby and the Sogeri Plateau escarp- 
lnent bas been covered in some detail by Glaessner (1952) and earlier by Montgomery 
(1930), who also discussed areas at Darceba 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 Petroleu~~i 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 Uapa, and for some other areas adjacent to the survey 
area. Early work in the area was reported by Stanley (1911, 1919, 1923). Altl~ough 
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 forniation of the fold mountains of the 
central 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 strike ridges on pre-Pliocene rocks, succeeded 
inland by a synclinal belt with alluvial plains and swamps. Broad transverse warping 
divides the coastal anticline into three parts, the Palipala hills, central hills, and 
southern hills, between whicb the plains and swanips extend to the sea. 

The sedi~nents of the coastal anticlinal belt increase in age south-eastwards, 
fro111 Pliocene in the Palipala hills to Miocene in the central hills and Palaeogene in 
the  souther^^ bills. Meta~norphosed rocks of Palaeogene or Mesozoic age are exposed 

' 
in the south backing ranges, hut the major part of the upland zone on the inland 
side of the area is nlantled by sheets of dominantly agglo~neratic Pliocene volcanic 
rocks. 

11. REGIONAL GEOLOGY 

The rocks of the area fall into five age groups, each with characteristic structure 
and lithology: Cretaceous-Palaeogene, Miocene, Pliocene, Pleistocene, and Recent. 
The distribution of land systems anlong these groups is set out in Table 15. 

*Division of Laud Research and Regional Survey, CSIRO, Canberra, A.C.T. 
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TABLE 15 
I<ELATLONSHLP BETWEEN GEOLOGY AND LAND SYSTEI.1S 

A m  I Structure I Lithology I Land Svslern 

Recent 

-- 

Pliaccne 

- -- 
Miocene 

Undisturbed Fluvial gravel, 
sand, and mud 

Fluvial alluviom, 
fine-textured 

Fluvial alluvium 
and litloral clay 

Swamp alluvi~~m 
Swamp alluvium, 

and littoral sand, 
silt, and clay 

Littoral clay 
Littoral sand and 
clav 

Very gently 
warped 

Wartled 

Modaatcly 
folded 

- 

lsocl~nally 
folded 

Concordantly 
~nlruded 

Littoral sand 
~- 

Coral limestone 

~ndesi t ic  

Gently folded 

Inaukina, Boroko, Keviona, Bebeo, Epo, 
Beipa, Babiko, Vekabu, Piunga 

Pinu 

agglomerate 
Weathered tuff 

and lava 
Sandy luff and 
volcanic con- 
glon~erate 

Sandy tuff 

Coarse, ill-sorted 
sandstone 

Galley Reach, Kido, Lesewalai 1 Papa 

Sandy lin~estone 

Li~ilestolic 

Conglornel.ate and 
lin~estonc 

Mudstone 
Sandstone, mud- 
stone, limestone 

Sandy tuff 
Volcanic rocks 

- 

Cherty lilnestone 
Cherty mudstone 
Mudstone and 
nluddy tnff 

Muddy tuff 

Phyllile with minor 
~in~estone I 

I Hisill 

Tsiria 

Mariboi, Rubberlands, Uberi (upper part), 

Owers, Sogeri, Subitana 

Nikul-a (central hills north of Tubu) 

Palipala (inland ~ a r t )  

Gabbro with 
included limestone 

Gabbro capped by 
aeclomerate 

OUOL, -- 
Pokama, Hanllabada (west of Boera), Palipala 

(coastal part) 
Fairfax 

Ward (west of Fairfax Harbour) 
Diumana 

Nikura (central hills south of Tubu) 
Kopu (extreme SE. part), Rouna (extreme SE. 

part) 

Tovobada, Hanuabada (not west of Boera) 
Kabuka 
Kopu (not extreme SE. part) 

Edebn, Banlana Creek, Nikura (near Port 
Moresby), Ward (east of Faidax Harbour) 

Iawarere, Uberi (lower part) 

Dubuna, Nikura (near Mt. L.awes) 

Rouna (not SE. part) 
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((I) Cretnccous-Polaeogene 

Metamorphosed and unmetaliiorphosed 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. 

(i) Sfrofigr~~j~lfy.-A sequence of dominantly phyllitic rocks including a foliated 
li~uestone inember is exposed near Iawarere, inland from the Sogeri Plateau, and 
all the high ridge country 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 strata at Mafulu, 50 miles inland from Kairuku, wbich have yielded 
Cretaceous and Eocene fossils (Australasian Petroleum Company, unpublished 
report). 

The Bogoro liillestone and Barune sandstolie (Glaessner 1952) are respectively 
a pink sheared limestone and a bedded calcareous quartz sandstone, both with 
Upper Senonian foraminifera. They occur only as snlall 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 nummulitic 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 bigh 
angles of dip generally to the norlh-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 tuffaceous 
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 concordatltly 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 Laloki bridge, and the gabbro dominates the southern foothills 
from the Brown River along the lower parts of the Astrolabe escarpment and some 
IS  miles further to the soutll-east. The gabbro has an average crystal size of about 
1 to 2 llirn 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 
li~ilestone apparently occupying synclines in the structures of the Port Moresby 
group. The agglomerate, which is not abuiidant and occurs only at the base of the 
sequence, includes blocks of vesicular basalt and derived Eocene sediments. Fora- 
minifera in calcareous strata are Middle Oligocene in age. 
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(ii) Struct~,re.-Glaessner (1952) has draw11 a sche~natic cross section of the 
Port Moresby area indicating isoclillal folding and strike faulting and showing the 
gellorally concordant position of the intrusions. He considers that the Bogoro and 
Barone rocks underlie the Port Moresby group uncouformably. 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 througl~out this period and 
the ;xis of a inajor geosyncline lay somewhere to the east of the present coast. How- 
ever, deposition was not continuous; tlre Lower and Middle Eocene near Port Moresby 
are sepresented by an unconformity, and both the Lower and Upper Oligocelie are 
missing. The Upper Oligocene is thought to have been a period of general emergence. 

(b) Miocene 

Miocene rocks cover large areas in the central hills and a part of the southern 
hills. They include iniportant 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. 

(i) Stratigrajhy.-The Boira tuff and linlestone (Glaessner 1952) is a coarse- 
bedded sequence with tuffaceous grit, gravelly limestone grit, 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 area near Boera village, 10 llliles north- 
west of Port Moresby. I t  is richly fossiliferous, containing abundant foraminifera 
indicating an Aquitallian (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 
Honlbrotl Bluff (not mapped). Pebbles and fragments include quartz, igneous 
rocks, schist, chert, and feldspar grains, but therc is no evidcnce 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 volcanic rocks in the extreme south of 
the area, including a pink coralline lilnestone bed 50 ft thick which dips moderately 
to the north-west and contains Middle or Lower Miocene algae. 

In the central hills four Miocene formations have been defined by Power (1960). 
They are the Kaieu greywacke (Lower or Middle Miocene), Bokama limestone and 
Diumana greywacke (Middle Miocene), and Vanuarnai 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 formation naines are Lower 
Miocene coralli~le and foraminiferal li~ilestone and calcareoi~s tuff at Dareeba bill 
and Redscar Head, and Upper Miocene strata at Oiapu, where 1200 ft  of limestone 
overlies 600 ft of mudstonc. This limestone is largely coralliue with some bard 
calcareous sandstone and shelly foraminiferal grit and conglomerate. 



(ii) Structure.--The contact 01 the Boira tuff and limestone against the Port 
Moresby group is a thrust fault, but that between the Siro beds aud the Port Moresby 
group has not been observed. All Miocene beds have been folded into moderate to 
steep anticlines on nortll-west axes, but faulting is not important. A geosyncline 
shown on the A.P.C. isopacb 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 througliout 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 

Volcanic plateaux in the upland zone comprise thick deposits of andesitic 
agglome~ate and lava wluch grade westwards to tuffaceous sandstone and conglomerate 
and finally to thin-bedded t~rffaceous limestone in the Palipala hills. Palaeontological 
controlis generally lacking, and the positioti of the Plio-Pleistocene boundary is 
completely unknown. 

(i) S/r~/igr.npl?y.--The Sogcri Plateau is formed of a sheet of thick-bedded 
agglomerate, conglon~erate, and lava of basaltic to andesitic composition with 
interbedded basic tuff in a sequence up to 1500 ft thick with dips less than 10". 
Erosional peaks of the Uberi land system 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 for111 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 Palipala hills are composed largely of a Pliocene 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 reef coral near the base. The volcanic component increases towards the east 
until iu Vanuamai area the strata consist of tuffaceous calcareous sandstone inter- 
bedded with basic lapillitic tuff, laharic conglomerate, and rare basaltic lava. These 
in turn grade into agglo~neratic rock. 

(ii). Sfrucfure.--Except near anticlinal axes in the Palipala hills, there is a 
considerable decrease in the degree of deformation of Plioccuc 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 accordatit 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 
al l o  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 ~najor depositional basins and the three 
areas of coastal lulls inust also have occurred at this time. 

Contacts between Pliocene and older rocks are al~nost or quite confor~nable 
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. 

Raised coral reefs of Pleistoce~le age, consisting of a thin veneer of coral cover- 
ing benchcs 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)  Recerit 

Deposits that post-date the last major sea-level change (the Flandrian trans- 
gression) cover 40% of the area. Detrital material dcrived mainly fro111 the inoun- 
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. Friuging and barrier coral reefs extend from 
Hall Sound southwards. 

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 beginuing of the Miocene, leaving the coastline not far inland from 
its present position. Large-scale basic intrusion occurred after deposition of the 
Eocene rocks, and basic volcanis~n was present throughout, with shifting centres of 
activity, co~lcluding with prominent, largely terreslrial, oulpouring in the Pliocene. 
Folding on north-west to north-north-west axes is present in all formations, the 
intensity increasit~g with age, and post-Pliocene transverse warping is evident. 

The distribution and characteristics of the land systems have beell strongly 
influeliced by two geological factors: lithology, which determines the resistance of the 
rocks to exogenic geomouphic 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 geornorpliic forms. 
Relationships between geology and land systenis are set out in Table 15. 

The depositional zones of the area coulprise 22 land systeins occurring on 
undeformed Recent deposits, grouped mainly by depositional environment in Table 
15. These are discussed fully in Part VI. Tsiria land systenl represents the most 
extensive area of Pleistocene coral reef. 



In the erosional zones lithology and structure are basic to zonal contrasts. 
Land systems in the coastal hill zone show a patlern of strike ridges and vales related 
to steeply dipping, alternale 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 betwecn the foothill 
zone and the upland zone is due to the gl-eater 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 conscquelil drainage, elevated 
areas having greater internal relief and sleeper slopes. Uberi 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 Ouou and most of Palipala 
land systems. The northern part ofNikuvaland systenlis 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- 
Palaeogene age in Kopu and Edehu land systems, but elsewhere, as in Ward, Bonlana 
Creek, and part of Nikura land systems, these sediments underlie erosional plains 
and foot slopes in strike vales. Prorni~ient long strike ridges of cherty rocks of similar 
age dominate Hanuabada, 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 Iawarere land system and gabhro 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 lnay yet prove valuable. I~lformation used 
in this section was assembled by Mr. L. Hamilton of the Bureau of Mineral Resources, 
Geology and Geophysics. 

(0) Copper 

A proclain~ed field of 1000 sq miles mainly in Rouna and Dubuna land systems 
of the gahhroic southern foothlls contains lodes of pyrite-chalcopyrite ore associated 
with lenses of sediment of the Port Moresby group. Other minerals present include 
n~arcasite, sphalerite, and galena. When production ceased in 1942, 81,000 tons of 
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ore had been extracted, averaging 4.5% copper and 2.6 dwt/ton of gold with some 
silver. Reserves have been estiinated as far exceeding 250,000 tons, and fiirther 
prospecting is planned. 

(b) Mc117go1?ese 

The cherty sediments of the Port Moresby group, which occur in Hanuabada 
and Kopu land systeins and, to a lesser extent, in Kabuka and Bo~nana Creek land 
systems, contain high-grade pyrolusite, assaying as much as 86% nlanganese dioxide. 
The deposits take the fornl 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 battery grade 
had bcen won. 

( c )  Gold 

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

(d)  Construction Mc~teriols 

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 a s  concrete aggregate. Liinestone is colnnlonly 
used for this purpose, and limestone, gabbl-o, and chert are uscd for road surfacing. 

(e) Woter 

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-KAIRUKU 
AREA 

This Part aims to provide an understanding of the geomorphology 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 
followed by a brief geomorphic history and by a statement 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. 

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 t ha~ l  10 111iles where the Sogeri 
Plateau forms an upland salient. The survey area here reaches furthest into the 
uplands and attains 3600 ft above sea level in the east. 

The envirolmental zones described in Parts 11 and 111 are essentially geo- 
morphic zones, with characteristic land for~ns and geomorphic processes. The 
zones are mainly not continuous and fall into sectors by virtue of discontinuities 
of relief or depositional patterns, so giving rise to the break-down set out in Table 16 
and shown in the geomorpl~ology map. 

(h) Erosion01 S~rifoces 

(i) Constal 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 011 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. In detail, the position of the coastline in these sectors is deter- 
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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 ernbayments where the coast 
transgresses local 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 soutb-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 e~nbayed 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 strongcst in the south, in the wave-cut benches at more than I00 ft above 

TABLE 16 
GEOMOKPHTC ZONES AND SECTOllS OF THE PORT MORLSBY-KAIRUKU AREA 

~ a n e  I Sector 1 zone 1 Scctor 

I 
Erosional surfaces 

sea level on headlands near Port Moresby, and in an extensive uplifted marine plain 
on Fairfax station. A raised reef and tnarinc 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 rcef-fringed south of Hall Sound, with a barrier reef 
up to 10 miles wide south of Boera and up to 15 miles wide and apparenlly sunken 
further north. 

I 
Depositional surfaces 

Coastal hill ' 

Foothill 

Upland 

(ii) Footl~i/lZone.-Jn two areas the coastal hill zone connects inland wit11 ridges 
and hills which forin 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 interrupted 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 lherc is a wide range of 
relief, mainly up to 1000 ft. 

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

Fluvial plains 

Swamp 

Littoral plains 

Palipala hills 
Central hills 
Southern hills 
Ccntral foothills 
Southern foothills 
Norlh backing ranges 
Sagcri Plateau 
South backing ranges 

Northern plains 
Upper D~lava plains 
Aroa plains 
Southern plains 
Northern swamps 
Lower Dilava swamps 
Southern swan~ps 
Lesl Inlet 
Hall Sound 
Redscar Bay 
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west-facing escarplnent culnlinating 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 fl; relief attains 1500 ft locally. 

(c) Depositional Surfifces 

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

(i) Fl~rvirrl Plains Zoneone.--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 co~nprise two lobes formed by the Akaifi~ 
and Angabunga Rivers. In  sequence southwards are tlie upper Dilava plaius, the 
Aroa plaius, 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. 

(ii) S~vainp Zone.-Beyond the lower margins of the fluvial plains, and to some 
extent pouded by theni, are extensive swamps. The largest are the northern swamps 
lying inland from thc Palipala hills and extending between the lobes of the northern 
plains, with an outlier on thc south flanks of the northern plains. Fuvtlier 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. 

(iii) Litforal Plains Zo7ie.-The depositional lowlands reach the coast in a 
littoral plains zone conlprising beaches, tidal flats, and estuaries. The largest sector of 
these littoral plains for~ns the shores of Redscar Bay and is centred on Galley Reach, 
a large tidal inlet which trailsects 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. 

Although old land surfaces have little significance for the laud systems, this 
brief history is included to link the geologic and geomorplic records and to show tlie 
significance of tectonic events in the relief of the area. 

Any consideration of the evolution of land forms iu 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 soutll of the area, the agglomerates 
rest on a fairly even uuconforlnity which is 700 ft above sea level near Rouna Falls, 
but north of the Vanapa River the base of the Pliocene falls sharply beneath the level 
ofthe plains. The south-westward fall of ridge and plateau crests in the north backing 
ranges represeuts tlie constructional volcanic surface, and there can have been little 
subsequent defor~nation there save for the marginal down-warp which formed tlie 
northern swamps and caused the incision of consequent streams on the former volcanic 
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plain. In contrast, there has been important uplift and basin-warping of the Sogeri 
Plateau, where the deformed constructia~lal 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 conteinporary deposits of the Palipala hills which are marine in 
part. In the soiith, some indication of that limit is given by the contrasting land 
forins within the gabbroic belt which borders the volcanic plateau, for sinlilar rocks 
form both the southern foothills and part of the lowlands further west. The higher 
ground of the southern footlills is probably thc rcsult of a fornler 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 agglomerate, as if attaining a stripped former surface of uncon- 
formity. 

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

In general, available relief within the coastal hill zone is tectonically determined, 
with an important watcrshcd in a coastalauticlinal belt and with descent inland 
towards a synclinal axis marked by swamps and fluvial plains (see insets on accom- 
panying map). However, pri~nary tectonic land forms sensu strict0 are limited to the 
inore youthfully emergent Palipala hills, where anticlines forln distinct ridges; in 
the southern and central hills there is closer adjustment of land forms to lithology, 
with paired uniclinal ridges formed by resistant liinestones in breached anticlincs. 
This is consistent with longer subaerial denudation i n  thc south, but there is little 
land-form evidence, such as sumnlit planes, of early stages in this history. Minor 
evidence is the transverse drainage througb lower ridges in the southern hills, which 
is consequent on the flanks of the coastal anticline and which lnay have been inherited 
from an up-arched plain. 

An important advanced stage of planation is represented in the erosional 
lowlands of the souther11 and central I d s ,  and this is discussed more fully below. 
This planation su~face bas been tilted up towards the south, for it is generally more 
than 100 ft above sea level in the soutlicrn hills and descends Lo within 50 ft of sea 
level in the central hills sector, an unequal uplift also reflected in the altitudes of marinc 
benches and raised coral reefs on its margins. 

Dissection of these plains has resulted from the combined effects of uplift and 
of eustatic 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 effects of cross-warpiug, with down-warps about Galley Reach 
and northwards from Hall Sound. The latest depositional episode has also been one 
of coastal pl.ogradatio11, and land fornls marking the lllaximum post-glacial trans- 
gression, such as cliffed slopes and inncr bcachcs, may now be some miles inland. 



These illllermost beaches reveal no evidence of tcctonic deformation. Successive beach 
ridges and intervening tidal Rats point to an intermittent progradation, probably 
related to the eustalic fluctnations of sea level known elsewhere lo have occurr-ed in 
later post-glacial time. 

In a geomorphologically young area such as this, with a range of dynamic 
environments, the lwajor 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 or the erosional and depositional 
zones. 

Anlong the erosional land systems, the most iniportant characteristics are 
relief and landscape stability, which in turn express stuucture, climate, and rclief 
energy as controlled by tectonic movements. Division into the three zones-coastal 
Kill zone, foothill zone, and upland zone-brings out the most important conlrasts. 
Further grouping of the erosional land systenls is necessary because of geomorpl~ic 
differences within these zones. Each scctol. or the upland and foothill zones con- 
tains a geo~llorpbically distinct group of related land systems, but the sectors of the 
coastal bill zone are more heterogeneous 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 geomorpl~ic 
conditions which have provided a basis for land system nlappi~lg and grouping and 
which largely cut across the 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. 

(o) Coosfal Ifill Zotze 

Despite a variety of land forms, the geologic and climatic unity of this zone 
gives it geomorpluc cl~aracter. Moderately to steeply dipping sedinlentary rocks of 
differing hardness, although nowhere massively resistant, form ridges and aligned 
lull co~nplexes of modest dimensions separated by broad strike lowlands. The ridge- 
builders are cherts and solne 11al.d limestones, whilst the lowlands have been eroded 
mainly on a variety of mudstones. A fairly low seasonal rainfall results in a morpl~o- 
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 
for~ns, surface deposits, and weathered profiles inherited from an earlier landscape 
cycle. 

The Land systems wl~ich ~nlake 1,p the coastal hill zone are here treated under 
three headings: ridges, lowlands, and nlinor alluvial plains. 
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(i) Ridges.-The relief-building rocks are geuerally not sufficie~ltly ~llassive 
or resistant to inlpose simple structural forms, aud 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 insignificaut, and hard rock outcrop 
is nlainly 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 uuifornlly to fine-textured regoliths; heuce ridge pro- 
files teud to be smooth and crests to be rounded. Relief is luainly less than 500 ft but 
exceeds 800 ft exceptionally. 

Nevertheless, structure is definitely expressed in relief, aud the characteristic 
f o m  is the strike ridge wit11 a so~llewhat rectiliuear dip slope aud a concave escarp- 
ment steepelling to about 27" and becoming rectilinear in its upper part. The escarp- 
ments are typically shallowly embayed by parallel pr i~l~ary valleys with open alcove- 
shaped heads lacking chanuels and more narrowly incised lower sectors which tend 
to open out on foot slopes. A short basal concavity connects the lower hill slope to 
the foot slope, which is characteristically less than 5". 

These stated lnaximunl 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 f r ou~  restricted nlass movement on argillaceous 
rocks during the wet season. The valley below normally has a thin stony fill dcrived 
from slope wash, into which a small channel is incised. 

Most of these sedimelltary rocks are cheiuically stable uuder the prevailing 
climate; furll~ermore, 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 mosl hill slopes. 
The thin regolitl~s are generally dry, and lrass movement is subordinate to slopc 
wash as shown by the paucity of true collovium at the base of hill slopes, by the 
general adjustment of slope angles to slruclure, aud by rougb slratification of foot- 
slope mantles uurestricted to streamlines. In general, hill slopes exhibit an abrupt 
basal concavity, even in interstream sectors, and give place to smooth, concave foot 
slopes which arc co~nmonly nlantled 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 cxtcnsive terracette slumping, with larger-scale 
slumping in steep valley heads. 

Hanuabada land system (Plate 3, Fig. 1) co~~iprises the coastal ridges, largely 
of cherty limeslone, which exteud throughout the southern hills. 011 coastal salients, 
wave attack at present and former higher sea levels have directly or indirectly formed 
cliffs or extremely steep scree-strewn slopes. Bctwccn these headlands are narrow, 
slopiug alluvial plains. 

Resislant folded limeslone in Poka~na land system (Plate 4, Fig. 2) gives rise 
to paired ridges with fairly pronounced structural contl-01 and with local devclopme~lt 
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 Inany places by transverse drainage from 
adjacent higher ground. There is an unusually thick residual mantle of cl~erty 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 uiliforni soft-weathering rock, 
and consist mainly of branching ridges and st~bconical 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 inland lo lower hill country eroded in fairly soft sandstone, wilh minor lime- 
stone benches. Kopu land system, in the southern hills, is fornled 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-entrants than elsewhere in the coastal hill zone, and with son~e  
developnlent of alluvial plains in larger valleys. 

(ii) Lo~slnnrl.~.-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 uuits 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 fornler plains were mainly subaerial, but 
uplifted marine planation surfaces and coral reefs are included. 

Erosional stirfaces of slight relief rising with smooth, gentle 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 alluvium (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 s~noothed 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 soutl~em 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 lulls have the calibre, rough sorting, and lack 
of stream aliguulent typical of sheet-flow deposits. Erosional and depositional 
features alike leave little donbt that pediplanation has operated in the past in this 
zone. Tricart and Cailleux (1955) have postulated that savautiah landscapes in 
general are polygenetic in the sense t l~a t  they all bear the marks of pediplanation 
during semi-arid episodes in the Quaternary. The extensive foot-slope deposits in the 
southeru hills, which are no longer being added to, have probably resulted f ro~n  the 
mobilization of hill-slope mantles, which has been attributed to slope instability 
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resultingfrom change to a drier cli~nate and with it the thinning of a formerly stabilizing 
vegetative cover (Butler 1959). The older, i.e. pre-dissection, lowla~lds of the coastal 
hill zone are accordingly regarded as the 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 forlner savannah plains bas resulted from 
uplift which was most marked in tlie soutl~ern llills 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 n~arine 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 thc nlain phase of dissectioli has ended and has been 
replaced by deposition of fine-textured a l l u v i ~ ~ n ~  in the slightly cntrenchcd valleys. 
The nature of this alluviu~n points to an existing reginie of slow erosion of hill slopes 
cut in fine-textured sedimentary rocks. However, the alluvial clays are col~nllonly 
underlain by coarser-textured deposits, suc11 as are now being formed in higher valley 
reaches, indicating an upstream encroach~uent of fine-textured alluviation and a 
general decline in erosion. In accord with this evidence, many 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 thc build or the lowland land systems, which include 
extensive flattish interfluves or gentle foot slopes, steepened interfluve margins, and 
shallowly entrenched, small drainage plains. 

I n  much of the lowlands the prior plains and foot slopes werc 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, wit11 stable surfaces generally sloping at 
less than 3", and modified surfaces, ranging from 3" to 6" ,  subject to slight sheet 
erosion. Dmicrust cappings on low Hat 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 lo", 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 altllough 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 
relatively impermeable rock. 

Fairfax land systeln consists of a dissected uplifted 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 tnoderately undulat- 
ing, with shallow, open, unchalmelled valleys and with remnants of a coral reef on 
its broad interHuves. 
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Diunrana land systelrr has been formed by very close dissection of foot slopes 
and plains, partly on calcareous rocks; its interfluves are rounded rather than tlattish, 
and its side slopes arc steeper than usual. It contains limestone ridges similar to 
but smaller than tlrose of Pokalna land syslem. 

Boniana Creck land system typically consists of short cherty ridges and extensive 
foot slopes and undulatiug plains. 

Nikura land system (Plate 4, Fig. 2) consists lnainly of the extensive slightly 
dissected plains in tlrc central 1131s scctor, but it also includes dissected foot slopes in 
the soutlrern hills. 

Ward land systeul co~nprises relalively stable foot slopes below ridges of sili- 
ceous rock in the so~rthcrn hills. The lower parts of the concave slopes retain 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 lrray 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 systelrl is the narrow coastal plain, formed mainly on soft calcareous 
rocks, which extends southwards fro111 Delena in the central hills. It  is an uplifted 
marine platform, now sligl~tly dissected and with a low marginal blufF. 

Tsiria land systelrr is an uplifted coral reef with a feati~reless surface save for a 
few shallowly entrenclred valleys. 

(iii) Minor All~n~inl Plains.--The alluvial black clay plains of the southern 
hills have been mapped as Boroko land system (Plate 5, Fig. 1). It  occurs in strike 
vales inland from Port Moresby, as srnall valley plains further south, and as a narrow 
coastal terrace, probably of marine origin, south of Papa. The line-textured alluvium 
which predonlinates is derived locally fiom small ephemeral streams, many of them 
ill-defined, but the land systelrl also ilrcludes larger perennial streams fro111 the 
southern foothills, with small flood-plains of silty alluvium. The plain margins n ~ a y  
be sloping and are generally well drained, but the  nili in parts of the land system are 
poorly draiued and nray bc flooded seasonally. 

(6) FoorlliN Zone 

This is a transitional zone between lowlands and uplands. The lower boundary 
is lithologic-thc western limit of a pronounced agglonleratic facics in the central 
foothiis and the limit of gabbro outcrop in much of the southern foothills. Altitude 
and relief gencrally increase castwards within the footlull zone, and the iuner boundary 
has been placed where consequent increase in rainfall is sigrifcantly expressed in 
soils and in vegetation. The foothill zone is absent in the north of the area, where the 
uplands fall abrnptly 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 thehigher parts. With 
increasing relief cames a tendency towards steeper hill slopes, with maxima generally 
above 35" and commonly exceeding 40" in valley beads, and slopes generally exhibit 
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more uniforn~ 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 conlmonly found on lower hill slopes, par- 
ticularly in  wetter 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 sniall 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. Streanis above second order are gen- 
erally peren~lial in this zone. 

(i) Land Sysrerns of tl7e CenWrtl Foothills.--Thc rocks here consist of gently 
folded agglomerate, conglomerale, lava, and tuff, with resista~lt volcanic agglomerate 
more developed eastwards. I n  the west, lhese rocks give rise to broadly undulating 
terrain with minor escarpments, and further east to higher ridges, trending nort11- 
westwards with the regional strike, and with prominent, fretted, west-facing escarp- 
ments. The basic volca~lic rocks are mainly red-weathering, with stone-free clay 
mantles on the tuffaceous rocks and with slx~llower bouldery niantles on agglomerate. 
The latter top the escarpments and are prominent on ridgc crests, whilst stone-free 
surfaces characterize lower dip slopes. 

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

Diulu laud system comprises the broadly undulating terrain with minor cscarp- 
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 Luff. It  contains relatively extensive plains whicll 
probably represent a former marine erosion surface; lhese pass inland into low 
rounded hills. 

(ii) Lurid Systenls of tlze So~~lhern Foo/lzills.--These land systclns 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 I-ounded CI-ests, long straight uppcr 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. S l ~ m p  scars are very conmon on ove1.-steepencd sectors, but slopes up to 
45" may be quite 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. I) consists in par1 or 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 enonnous rock falls 
to the slopes below, which otherwise resemble Dubuna land systcm. 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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D~ibuna land system colnprises 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 
forn~ed on softer metamorphosed tuff, forins a narrow north-western extcnsion 
of the southern foothills. 

(c) Upland Zone 

Changes in land fornis and morphogenesis which appear wit11 increasing altitude 
and rainfall in the foothill zone here find fuller expression. Weathering and stream 
flow are intensified, and the landscape regime is one Inore typical 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. l), and tuff and lava which weather n~ore  readily into deep 
red clay. The agglomerate may occur in a massive horizon, as in the Astrolabe 
Range, or may be thinly intercalated with inore weatherable rock. 

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

Tlle characteristic land forms are branching ridges, massive and 
fairly high, but the zone includes low hilly terrain in the centre of the Sogeri Plateau. 
Slumping is c o r n o n  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 agglonlerates form prominent cliffs iu areas of strong erosion and 
locally build small plateaux, whilst constructional volcanic surfaces are connnon in the 
north backiug ranges. The valleys are nlainly narrow, with negligible plains. 

(i) Land Systeins of the Norrll Backing Ranges.--These consist ~nainly of 
parallel ridges which rise and increase in massiveness north-eastwards, where they 
]nay unite into plateau strips. The lnain ridge-builders are agglomerate beds, which 
for111 low rock faces on upper slopes. Accordant ridge crests, plateau remnants, and 
simple drainage patterns of parallel valleys reflect the original for111 of a volcanic 
sheet in this area. 

Mariboi land system comprises the more massive higher ridges and plateaux, 
wbilst Rubberlands land system consists of branching lower ridges wit11 minor flood- 
plain extensions from adjoining lowlands. 

(ii) Land Systems of the Sogeri P1afern1.-The basin structure of the plateau is 
reflected in its major relief, with an inner lowland drained by the upper Laloki River 
and Eworogo Creek, and with peripheral higher ground cuhninating in the Astrolabe 
Range to the west. T l ~ e  lowland continues as a narrow tongue eastwards along the 
Eworogo valley past Subitana. 
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The inner lowlaild lies inainly between 1600 aud 2000 ft and consists of close- 
set, accordant, rounded ridges up to 150 ft lugh a i ~ d  a dense pinilate patteru of ill- 
draiued valleys. In the south it passes iuto broadly undulating terraill east of the 
Laloki River. There is a discontinuous flood:plaiti with low alluvial terraces along 
Eworogo Creek, where incision is prevented by resistant agglomerate down-stream, 
but the Laloki River is inore narrowly incised. The lowland coilicides with a north- 
west-trending strike belt of deep-weathering volcai~ic rocks preserved within the 
structural basin upstream froin the protective nick-point of Rouua Falls and the 
rapids above. 

Sogeri land system fortns the western part of the lowlaiids, aud Subitana land 
system is the sotnewhat higher and wetter eastern part. 

The high ground west of the lowlands, forncng the back slopes of the Astrolabe 
Range, constitutes nlost 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 coilsistently between 100 
and 150 ft iuto 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 parts, ilarrowing to ridges in the dissected 
lower slopes. The resistant rocks end in benches and cliffs overlooking the left 
bank of the npper Caloki River, which generally follows their eastern liinit as though 
shifting down-dip. Locally, however, the river meanders in gorges through the 
resistant agglomerate, having been superimposed from the softer rock cover. 

Vouku land system also ii~cli~des small tabular su~niuits fornled by outliers of the 
agglomerate in the south backing ranges east of the Sogeri Plateau, as at Gerebu Hill. 

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

(iii) Lnnrl Systems of the So~~t lz  Bucking Rrfnges.-A belt 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 inainly mapped as Iawarere 
land system, and consist of fairly short massive ridges, roughly orientated nortll-west 
to south-east and meeting in pyramidal su~innits (Plate 9, Fig. 2). Lower areas of very 
close dissection occur along strike belts of softer rock, and the uppcr Musgrave 
River and its flood-plain terraccs at Iawarere occupy si~ch a belt. Generally, eve11 the 
main rivers sucli as the Goldie occupy narrowly iucised, winding valleys. These 
inaccessible ranges were visited only near lawarere, where tlre steep rectilinear slopes 
were seen to be lnalitled with clays, with ouly minor outcrop of little-weathered 
rock on ridge crests. 

Ubeii land systein occurs along the upper Goldie River where a gorge has beell 
cut in remnants of an agglomerate cover. It comprises cliffs of agglomerate and the 
steep slopes to the river below, mantled with aggloi~~erate blocks; the small plateau 
sunimits above are included it1 Vouku land system. It also forllis tlie rauges east of 
the Sogeri Plateau, namely the Iarivoro and Moat i i~ui~~u Ranges. These contain 
massive narrow-crested branching ridges with high cliffs of agglomerate. 
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VI. DWOSITIONAL SURFACB 

(a) Fluvial Plai7~s Zone 

Tlus zone, which contaius the chief areas of deposition by tlie large perelmial 
rivers draining from the uplands, occurs as lobate plains about the lilai11 valley exits, 
extendiug 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 whicll deposited them and by the inllnaturity of the soils 
formed from them. 

In the upper sectors, that is, within 5 miles of the upland margin, the alluviuul 
is collu~l~only less than 20 ft thick and bed-rock nlay appear in bank sections; maxi- 
nlum thicknesses in lower sectors are unknown. 

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

(i) Land Systenqs of the Stable Plrrins 
(1) Red Cloy Plai71s.-Alluvium derived locally from the volcanic rocks of the 

north backing ranges typically weathers to a red clay, which ]nay be stony. I~raukina 
land system is defined as red clay plains resulting in part atleast fro111 alluviation by 
millor streams, and it generally survives in piedmont tracts between maill rivev 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 inlpermeable surfaces, subject 
to flooding from maill rivers as well as from ephemeral local streams, partly because 
local streams have conimonly been blocked as a result of alluviation by the larger 
rivers. Narrow dendritic swamps in blocked valleys are typical of luaukindlalid system. 

(2) Olive Silty Clay Plains.-The other land systems in this group are ~nainly 
formed of a cover of uniform olive-coloured alluviunl of silty clay grade, with sandy 
layers restricted to prior channel tracts as identified by microrelief and by air-photo 
patterns. This alluviu~n originates in schist and igneous and quartzose rocks in tlie 
ranges beyond the survey area. It  is formed ~lrainly by over-bank deposition behind 
levees, and clays or humic clays of prior back-plain swamps are rare. The chief 
diEerences 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 111ost stable sector is the Aroa 
plains, which attain about 15 ft above the normal level of the Aroa River. They have 
even surfaces of low gradient, broken only by the shallow winding depressio~ls of 
prior channels. The largest of these connect the Aroa near Keviona with tlie 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 annually for short periods, and extensive 
innt~dation of the plains occurs at longer intervals, for the soils are everywhere 
mottled, although without water-tables. 
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Keviona land system cou~prises 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 handings 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 plaiu; 
the lowest parts are still reached by extreme higb 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 
land systems flanking the Angabunga River in the northern plains. Former channel 
tracts and prior flood-plain features such as levees, hack 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-pl~otos show that the river has ranged over a fan-shaped tract up to 9 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 central 
part of the inner plains, whicb are generally between 10 and 15 ft above nornlal 
river level and which are no longer subject to significant flooding fro111 the main stream; 
in contrast, the south-western parts of the plains are mainly not more than 5 ft 
above nornlal river level and are potentially less stable. In consequence, the zone of 
river changeis at present downstream. Major changes of course, as distinct frommean- 
dcr shifts, result from breaching of levees and can be regarded as adjustments towards 
increased gradient. For instance, progradation of the river mouth in Hall Sound had 
resulted in decreased river gradient prior to the 1956-57 changc, and the new course 
offcred a nlore 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 lllainly near the apex of 
the plains. Epo land system is a downstream continuation, although at a higher 
level rclative to the water-table. Characteristically, these land systems consist of 
meander tracts with prior channels of two types. The first are well preserved and 
co~~tinuons, 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 wir~ds) and apparently result from wind-piling of former cha~mel 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 flooding 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. 



The lower-lying plains between Bebeo and Epo land systems are represented 
by Beipa land system. This consists mainly of back plains subject to extensive 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, 
part of the plains. Pronlinent paired levees have confined tidal encroachment to the 
old river channel. 

Vekabu land system, which occupies most of the southern 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 inany intcrnlittent streanls from the southern foothills. 
Only islands of lligl~er ground then relnaiu dry. The upper part of the plain is less 
mature than the plains further north, as is shown by thinner alluvium (between 5 
and 15 ft in the bank sections of the Brown andVanapa Rivers) and by the general 
occurrence of sand and gravel at little depth. 

Floodiug is particularly severe near the foothills, where lateral swanlps 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 swanip 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 togeneral seasonal flooding. It generally borders the swanip zone, as along 
the lower margiu of the southern plains, but it also occurs as small piedmont back- 
plain margins of higher fluvial plains (as near lnawauni), where it is subject to flooding 
from intermittent side streams, and in such situations it is partly formed of red alluvial 
clays derived fronl volca~iic rocks. Well-drained sites in Piunga land system are 
restricted to. terraces of large rivers. 

(ii) Land Sysfenfs of the U~~stnbleP1nins.-The main nnstable flood-plains,have 
been included in Vanapa land system (Plate 8, Fig. l), which naturally embraces a 
wide range of flood-plain dyna~liics 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-plaid depressions and swanlps. 
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 rilean annual flood discharge of 15,000 cusecs, to the Veimauri 
and Laloki, with nlean 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 floodiug of riparian 

* AU stated discl~arges are approximale. 
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tracts is generally of short dnration and inay occur only at intervals of a year or more, 
but the plains nlay be inundated throughout each wet season. Large hack 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 l g  miles wide, with a gradient of about 1 in 250. 
The channel is slightly br-aiding rather than meandering, and channel shifts forul 
large elongate gvavel 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 cxemplied by the Aroa River. 

The upper plains reaches, with gradients between I in 250 and 1 in 1000, account 
for most of Vanapa land system, and comprise the tracts of shifting meanders. The 
degree of meandering varies froin strong, as in the Angabunga River, which has a 
neander belt up to 19 miles wide, to  noder rate as in the Lalok'i River; meander 
wave-lengths follow general laws, being 10 to 15 times channel width (Leopold and 
Wolman 1957). The meanders occupy a flood-plain whicli may he entrenched up to 
10 ft below the stable fluvial plain. Where meandering is strong, the lower part of 111e 
flood-plain is dominated by its effects, with meander scrolls, discontinuous levees, 
and oxbows, as in the Angahunga below Inawauni, all these f e i t ~ ~ r e s ' b e i n ~  subject to 
destruction and replacement as the meanders shift (a con~parison of air-photos from 
1939 and 1957 indicates meander shifts of between 10 and 15 ft per annuin in the 
Angabunga). Where meandering is less strong, as in the Laloki River, the river is 
flanked by an uneven lower flood-plain with nlultiple levees and flood channels. The 
banks here arc almost everywhere steep, and not alternately steep and shelving as in 
the Angahun~a. 

In the lower plains reaches, with gradients less than 1 in 1000, the river tends 
to build itself above the swampy or seasonally flooded land systems which flank it. 
D~lring 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 flooding, aided by the regulatory effects of adjoining 
swamps which act as recharge and discharge reservoirs, and the channel nlay be 
narrower and more contained here than upstream, as demonstmted by the receiltly 
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 Angahunga River in 1956-57. The foriiier lower course of the Angabunga 
(now Bahiko 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 co~n~nonly traversc the swamp zone and constitute outliers of the fluvial 
plains zone. 



(b) Sivamy 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 ]nay hence be regarded as incompletely filled parts of 
tectonic depressions. lil the north, swarnps exteud unbroken from the upland foot to 
the coastal hills, but further 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, 
andlakesin blockedtributary valleys. Lakes formedin old river channels normally have 
steep banks, whereas back-plain lakes have shelving shores subject lo seasonal shifts. 

The swamps arc largely blocked by fluvial deposits and are extensively subject 
to flooding f rom~na in  streams; hence they are greatly influenced by river levels. 
They play an important rolc in the hydrology of the coastal lowlands in that they 
receive flood watcrs from main rivers and from thek 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 couimon in swamps. 

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

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

In land-syste~n grouping, differentiation has been made into mainly permanent 
aud 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 idlling. 

(i) Mair~ly Permanent S1vfl177ps.-Waigani land system comprises swamps with 
very few organized river cllannels (Plate 5, Fig. 2). I t  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 perulanerrt 
lakes. There is mucl~ evidence of prior rivers, now disorganized and submerged, 
suggesting a subsequeut rise of water level; tlus may locally be explained by continu- 
ing upbuilding of an alli~vial barrier, but sea-level rise and/or coastal sbifts 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 differelltiation bctwee~l levee ad bask swalnp. In 
Engepa land systeni, which occupies an elongate depression between the Akaifu and 
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Inawafunga Rivers, the riverine element is limited to a very sinall tract. In Akaifu 
land systeul the riverine element varies fronl small in the lower Dilava swamps to 
moderate in the northern swamps along the Akaifi~ River. Seasonal swamps are also 
relatively more extensive in these two land systems. 

(ii) Mainly Seasonnl S~~mn?ps.--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 swalups 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 flooded. 
It is traversed by the Brown-Laloki channels and there is much evidence of former 
river courses such as prior levees and oxbows. 

(c) Litforrtl Plni17s Zone 

(i) Beacl?es.--Complexes of sand beach ridges, n~apped as far as possible into 
Hisiu land system, occur on many open coasts. Under the prevailing south-east 
winds the coast receives a strong soutl~erly swell whicl~ abates with the short north- 
westerly season, from December through March. Beach drift on open coasts is north- 
wards, but is modzed by variations in exposure or in coastal trend; on sectors pro- 
tected from the south, for example, as 011 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 fetch is mainly 
from the south-west, and beach orientation is accordingly north-west to south-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, uncoiisolidated founda- 
tions, and coastal instability near the large river oirtlets. 

The beach complexes occur as beach plains, conlpound 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 iu coastal progradation of almost 3 miles, with between 
25 and 30 evenly spaced, parallel sand ridges. The ridges are most proininent near 
the present shore, where they may attain a height of 5 ft, and are gener.aUy more 
subdued inland, locally passing into sand plain. Sizc 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-easterly winds inay account for the more subdued form of 
older ridges inland. 

Sand spits are well developed in the former ernbayn~ent at Lesi Inlet, where three 
north-west-trending spits have formed, separated by mangrove flats. Each spit 
typically consists of from one lo 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. 



The larger rivers tend to be deflected by beach extension, but coml~lonly breach 
the beach barriers, and many of the tidal inlets are old river outlets; Lesi Inlet, for 
instance, was a former mouth of the Biaru River. Where lesser drainage bas been 
ponded by beach growth, small, mainly seasonal freshwaler swamps have formed, and 
these are included in Hisiu land system. 

Only on the coast north of Pinnpaka Point has important coastal erosion 
occurred in Hisiu land system, and this is seen in the truncation or beach ridgcs ncar 
Waima (Plate 2, Fig. 2), bringing the beach swales under tidal influer~ce. 

(ii) Tidnl FIflts.--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 l~aturally prolected Hall Sound in the former delta of the Angabunga River. 
The flats may attain 5 miles in width in these areas. There are small 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 ft  at neaps. The 
flats range fro01 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 tbe finer materials and where 
deposits are sandy, through a range of intermediate textures in protected tidal flats, 
to mainly clay deposits in the highest areas of sl~allow inundation and quiet water. 
Silts are important only where there has bcen deposition from rivers. 

Aggradation has not been a continuous and simple process in the littoral plains 
zone, and land-unit patterns are co~nplicated 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 mounds 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 creeks, wluch taper gradually inland, the lower sectors 
being particularly funnel-shaped. This represents an equilibrium forlu, 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 flooding is associated with the quiet advance of the tide and 
not with flood currents; for this reason meander intercepts are not sealed off and 
ititerconnecting creeks remain active. 
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Galley Reach land system (Plate 1, Fig. 1) cotnprises 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 linlits of tidal influence. It  tends to lie inland 
from Galley Reachland system and is also characteristic of smaller areas of resvicted 
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, co~nmonly for~ning subdued sandy rises and swales, elsewhere shown 
only by alternation of sandy and clayey sediments. The overlying sediments may be 
fluvial locally, as near Rapa, but in so far as they are lagonal they probably indicate a 
slight positive movement of sea level. 

The u~lusual occurrence of Lesewalai land system on thc open coast south of tlic 
Augabunga River month is due to coastal recession and the destruction of protective 
beaches. 

Kido land system is the highest of tlie main areas of tidal fiats, situated behind 
barrier beaches in the south of Redscar Bay (Plate 1, Fig. I). Flats 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 nlay have originated as levees of the 
Laloki River, a former course of which can be traced across n~any  stranded beach 
ridges to within two miles of the present coast. The evolittion of the littoral plains 
has here been complex, with an earlier phase of littoral progradation and fluvial 
deposition followed by renewed tidal invasion, with present creek and lnaligrove 
patterns partly adjusted to and partly transgressive of thc for~ner river pattern. The 
tidal invasion may be explained i n  part by the northward shift of the river, but a 
positive movement of sea level is indicated by the burial of beach ridges beneath 
lagnnal clays in tlie 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 con?plexes mapped as Papa land system. In 
the protection of the reef, mangroves may colonize the sandy outer tidal flats. Where 
the coast is steep, only the outer flat and beach units are present; the lagun a 1 mner ' 

flats occur only in lowland embayments, commonly with an inner bcach ridge marking 
an  older shore. 

(iii) E.stuar.ies.-The term is used to desig~late channels subject to interaction of 
tidal and river flow. Levees may extend downstreanl well into 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 nats 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 &her 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 t~ansition 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 che~nical analyses,? the 
field and laboratory pHs showing good agreement. The chemical analyses given with 
sorne of the soil family descriptioiis 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 
 noder rate lo high-rainfall areas, pedalfer weathering prevails, and the consistence and 
base exchange capacity of the soils suggest that they are do~ninated by 1 : 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 thcy are dominated by 2 : 1 clay minerals.This range 
in rainfall is reflected in the percentage saturation of cations of the soils, those in the 
higher-rainfall areas being excessively leachcd 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 iduenced 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 derivcd 
from volcanic and sedi~nentary rocks are fine-textured, while those derived from 
metamorphic rocks, which nlainly occur outside the area, show a textural range 
from sand to clay according to the land fonn. 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 fanlilies and land forms, as is well 
shown in the land unit descriptions in Part 111. The correlation betwcen vegetation 
and soils is mainly apparent at soil group level, where both vegetation and soils 
rcflect differences in drainage, droughtiness, or tidal influence. However, at family 
level within a group the correlation is often not so apparent. 

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

11. SOIL CLASSIFICK~ION 

The soils have been separated into 13 groups (Table 18) based on profile form 
and drainage, each group showing the effects of environ~nent and genesis. These 
groups have, in turn, been separated into fanlilies based mainly on texture, colour, 
and soil reaction. 

Descriptive names have been used for 1hc soil groups and for the regosols 
and lithosols at family level. The remaining families have been given place names. 
No attempt has been made to relate these soils to those found elsewhere. 

* Divisio~l of Land Research and Regional Survey, CSIRO, Canbel-I*, A.C.T. 

i The chemical analyses were cauied out by the Royal Tropical Instilute, Amsterdam. 
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TABLE 18 
s o n  c n o w s  AW Pahmns m me PORT MOK~SBY-KAIRWKU AREA 

p~ 

Very poorly drain& alluvial s o i l s  

-~~ 

 perfectly &;inid alluvial soils 

Soil Group 
-. -- 
Beach soils 

- -- 

Mangrove soils 

p~ 
.- 

Intertidal alluvial soils 

Modmately well-drained alluvial 
soils 

Family -- 
(In) Grey fine sands 
(16) Brown fine sands 
(lc) Grey sands 
(2n) Grey sandy peats 
(26) Grey loamy peats 
(2c) Grey clayey peats 
(30) Grey to brown silty clays 
(36) Brown sticky clays 

G k  cracking clay soils 

Lithosols 

Acidred to brown clay soils 

Red gravelly clay soils 

- 
Brown clay soils 

Texture-contrast soils 

(3c) Grey silty clays 
f4n) Grey stickv clavs . . . . 
(46) Grey l o a m  
(4c) Relic olive silty clays -- -- 
(5a) Alkaline olive grey silty clays 
(56) Neutral olive grey silty clays 
(5c) Akaline olive grey stratified soils 
(5d) Neutral olive grey stratified soils 
f5e) Alkaline arev stickv claw - .  . . (5h Neutral grey sticky clays 
(5g) Acid brown clays 
(6a) Alkaline olive silty clays . ~ 

(66) Neutral alive silty clays 
(6e) Alkaline olive strati6ed soils 
(6d) Neutral olive stratilied soils 
(6e) Alkaline/neutral olive stratified soils 
(6f)  Alkaline olive brown sands 
(6g) Neutral olive brown sands 
(61,) Nentral relic grey silty clays 
(6rl Alkaline relic olive grey stratified soils 
(7n) Borako 
(76) Jackson 
( 7 4  Iliapi 
(8a) Alkaline dark lithosols 
(86) Neutral brown lithosols 
(8c) Neukal red lithosols 
(8d) Acid brown lithosals 
(9n) Diulu 
(9b) Sogeri 
(9c) Uberi 
( 9 4  Tiviki 
(9e) Koitaki 

(1Oa) Nebire 
(106) B o n ~  
( I  l a )  Fairfax 
(116) Bomana 
(12n) Ouou 
(12b) Ward 
( 1 2 ~ )  Nikura 
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111. DESCRIPTIONS OF THE MAJOR SOIL GROUPS AND SOIL FAMILIES 

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

(I) Beoch Soils.--These sandy regosolic soils owe their genesis to both wave 
and wind action. They have been subdivided into three groups based on colour 
and pofile development whicb reflect age, stability, and water-table relatio~~ships, 
which vary with distance inland. They cover about 50 sq miles in the littoral plains 
zone. 

(Irr) Grey -Fine Sands.-These consist of uniform grey, loose, tine, wind-sorted 
saud which becomes mottled at depth. They have uot developed an A horizon and 
are very unstable, fine sand continually being added to or removed from tl~enl. 
Thcy occur on foredunes and are alkaline throughout; the depth at which mottling 
appears depends on tbeir height above high-water mark, the higher foredunes being 
excessively drained. 

(Ib) Bro~vn Fine Sands.-These account for moue than 90% of the beach 
soils. Like the grey fine sands they are of uniform texture thoughout but differ in 
that they are stable enough for profile develop~nent to have begun, as denlonstrated 
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 soil reaction of 
thc surface soil is neutral to very slrongly alkaline, and the substratum is usually 
very strongly alkaline. These soils are greatly influenced by the water-table, since 
it coiltrols the drainage and its assockated mottling as well as the soil reaction at the 
surface. The drainage varies from excessive to poor, the poorly drained soils being 
highly mottled 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, nlainly in Kido and Hisiu land systems, the sand plains possibly being 
beach ridges which have been levelled by wind action. 

(lc) Grey Srmds.-These consist of grey loose variable sands with frequcnt 
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) Mangro~le 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 thc soils is that they are WOI-ked 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 gradually 
erode them or they would havc grown out of all proportion. This mound-building 
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co~istitutes a mixing of the soil material since the soil texture on the nmounds 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 tide 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 
iduence than those of the inland families, with the removal of the finer fractions. 

(20) Grey Sandy Peafs.--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 from fine to coarse. The crab workings are of 
the small crater type which are demolished with each tide. This family occurs on 
outer tidal flats in Papa land system, and has an area of about 25 sq miles. 

(2b) Grey Loamy Pests.--A dark greyish brown to grey, massive, mottled, 
sandy loam to sandy clay loa~n overlies mangrove peat at a depth varying froin 
12 in. to 14 in. The transition between the upper layer and the peat appeared inmost 
cases to be abrupt, although a transitional loamy peat layer was occasiolially 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 flats behind beach 
ridges and arc covered at high tide by 3-4 ft of water. They are the most extensive 
of the nrangrove soils and cover about 60 sq miles, mainly in Galley Reach land 
system and to a lesser extent in Kido and Nipa land systenis. 

(2c) Grey Clayey Perits.--These have a dark grey to dark greyish brown, 
massive ~nottled 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 son~e  sandy clay. Crab mounds in this zone range up 
to 3 ft high, but ]nay be absent. In areas of only occasional tidal inundation these 
mounds arc 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 con6ned to very high tides. They 
extend over about 50 sq miles, mainly in Galley Reach land system, but also as 
small areas in tnost other land systems of the littoral plains zone. 

(3) Intertidal Allu~~ial Soils.-These alluvial soils are subject to tidal influe~~ces 
and are typically saline. They cover about 50 sq miles. 

(30) Grey to Bro118n Silty Clays.-A dark greyish brown to dark grey, massive 
niottled silty clay passes into an olive brown to grey, mottled silty clay at between 
8 in. and 12 in., the grey colonr 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 
alkalille th~oughout. It occurs on alluvial tidal flats in Lesewalai and Kido land 
systems, and has an extent of about 25 sq miles. 



SOILS OF THE PORT MORESBY-KAIRUKU AREA 133 

(3b) Brol~jn Sticlcy 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 abrnptly 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 tllroughout 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. 

(3c) Grey Silty Cloys.--These have 6-12 in. of a dark grey to dark greyish brown, 
massive mottled silty clay loam to silty clay above a dark grey massive mottled silty 
clay loam to silty clay. Often a fibrous root Inat is present 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 t h i  brown surface mud deposit is a frequent 
feature. 

(4) Vev Poorly Drained Alluvinl Soils.-These alluvial soils are characterizcd 
by being permanently waterlogged. They have been subdivided into three families 
based on textural differences. The group covers about 280 sq miles, mainly in the 
swamp zone. 

(4~1) Grey Sriclcy 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 con~position 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 Loains.-These consist of a grey massive nlottled 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 co~ltinually being added to as the vegetation traps 
the fine sand and silt held in suspension by the river. 

(4c) 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 



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 Draii~ed Allusial 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 to 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 withland form. 
Each 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 neutral 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 on-shore wind for 
nearly the whole year and the occurrence locally of a coral reef close to the shore, 
favouring the generation of surf spray, would appear ideal for transport of cyclic salt. 

(5a) Allcaline Olive Grey Silty Clays.-A dark grey to 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 inode- 
rately to very strongly alkaline in the subsurfacc horizon. The soils exhibit slow per- 
meability. They extend over some 30 sq miles and occnr in back swamps and back- 
plain depressions in Biaru, Doura, Akaifu, Beipa, Pinu, and Vanapa land systenls. 

(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 subsi~rface 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 land systems. 

(5c) Alkaline Oliije 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 beliaviour. 

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 upper 
part, becoming grey with depth. The soil reaction is usually mildly alkaline at the 
surface and lnoderately to very strongly alkaline at depth. Soil structure varies from 
loose single grains to massive, inainly 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. 

( 5 4  Neuh.al Olive Grey Stratified Soils.-These differ from the soils above only 
in soil reactinn, which is neutral to slightly acid throughout. They are mainly con- 
fined to the swamp zone. 
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(5e) Alkcrline Grey Sticlcj? 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 prisnlatic 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 30% 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 Riarti land systems. 

(5f) Neutral Grey Sticlcy Clays.--These show the same morphology as the 
alkaline grey sticky clays but are neutral to sliglltly acid. They were observed only in 
Waigani land system. 

(5g) Acid Brolvn 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 subangula~. blocky to massive, mottled friable sandy lo heavy clay. 
Manganese concretions are frequently present at depth. The soils are slightly acid 
throughout and havc 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 codned 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. I t  also occurs in Piunga land system and in land systenls in the foothill and 
upland zones. 

(6) Moflerately WeN-drained Alluviol Soils.-These soils owe their moderate 
drainage to their occurrence on relatively high-lying sites on alluvial 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 pernleability, water may lie on the surface for 
short periods. These soils have been separated on the same basis as the inperfectly 
drained alluvial soils, i.e. on texture and soil reaction. Included in this group are 
soils of a formerly wetter environment, which stiU exhibit characteristics of this 
environment although this has altered because of a change in river course. 

(6~1) Allcflline 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 to 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 nlay 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 inatter is about 2.5% at the surface. These soils would appear 
to have a slow permeability. They cover about 100 sq miles in ihe fluvial plains 
zone, chiefly in Beipa, Epo, and Piuu land systems, where they are the maill soils. 

(6b) h~euirnl Olii~e Silty Clays.-These have sinlilar morphology and land-form 
relatioilships 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 related to recent burning of the grass vegetation. This 
effect appears to be very ephemeral, the thin surface horizon possibly beiug quickly 
leached or blown away. The saturation of these soils increases with depth (45-72%), 
with calcium the main exchangeable cation. Total exchangeable metal cations also 
increase with depth (8-15 in-equiv. per 100 g) and organic matter is less than 1.5 %. 
These soils cover about 80 sq miles and are the main soils of Keviona land system. 

(6c) All~aline Olive StratiJied Soils.-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 lo 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) Neufrnl Oliee Strafifiecl Soils.-These are similar to the alkaline olive 
stratified soils apart from soil reaction, which is here neutral to slightly acid. They 
mainly occur in Vekabu, Piunga, and Vanapa land systeins. 

(6e) A/lcaline/Neutrnl Olive Stratified Soils.-The upper layer or layers of these 
stratified soils range from silty clay loam or fine sandy clay loan1 to silty clay or fine 
sandy clay. These always overlie a fine sand or loamy fine sand layer at depths 
between 12 in. and 30 in. Occasio~lally 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 brow11 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 froin weakly crumbly 
to massive, becoming massive below 6 in.; the sandy lower horizon 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 soils are fully 
saturated at the surface, but saturation decreases wit11 depth to about 70%. Total 
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exchangeable inetal cations decrease from about 30 to 5 111-equiv. per 100 g with 
depth, the donlinant 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 Brob~m 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 medium 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 Browrz Sar~ds.--These are similar to the above family, but 
have a neutral soil reaction. This family occurs in Babiko and Keviona land systems. 

(6h) Neutral Relic Grey Silty Clays.--A dark grey to very dark grey, massive 
silty clay merges at about 12in. 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 but which are now only occasionally flooded because of changes 
in river course. 

(6i) Allraline Relic Olive Grey Strntijied 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 bctter-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) Dork Craclci~ig Clay Soils.-These soils, which cover about 110 sq miles 
in the coastal hill zone, exhibit weakly hydromorpluc conditions for short periods, 
followed by periods of drying out. They are derived from older 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 sigllificant 
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. 

(70) Borolco Family.--This family has up to 3 f t  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 



cracking up to 19 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 concrelions are frequently present, usually being few in 
the upper part of the profle and beconling more frequent with depth. Rounded 
gravel and stones may occur at depth, showing the alluvial 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 
wl~ich occur on a raised coral reef. 

(76) Jaclcsorz Family.-This is similar to Boroko family but is neutral to a 
depth of 3 ft, below which it nlay become mildly alkaline. 

(7c) Irzapi Frn,zily.-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. iuto 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-loo%), as does the 
exchangeable ~nagnesiu~~i (15-25 111-equiv. per 100 g), while exchangeable calcium 
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. I~iapi family occurs on valley plains upslope from Boroko and Jackson 
families and would appear to be a younger variant of tbe~n. 

(8) Litlzosols.-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 climale. 
With steep dips and frequent changes in rock type, as within the Port Moresby group, 
different lithosols may occur on the salile hill slope. Run-off is rapid as a result of the 
steep slopes on which these soils occur. 

(8a) Allcolirze Dmlc Lithoso1s.-These are derived from crystalline and muddy 
limestone, calcareous 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 abruptly or gradually iuto 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. 

(8b) Neutral Broi~~rl Lithoso1s.-These are mainly derived from gabbro and 
tuff. They are dark brown to greyish brown, crumbly to h e  subangular blocky, 
neutral, sticky, sandy clay loam to clay overlying weathered rock at depths between 
6 in. and 12 in. Stones and/or 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. 
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(8c) Neutral Red Lithoso1s.-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 
conlined to Kabuka land system. 

( 8 4  Acid B~OII>IT Lithasols.-These soils are derived fro111 agglomerate and 
phyllite. A dark brown to dark reddish brown, slightly acid, friable clay up to 12 in. 
deep overlies weathering parelit rock. Surface and e~nbedded stones are a common 
feature of these soils. Included in this family are shallow regosolic soils which occur 
in association with the lithosols. Acid brown lithosols occur in most land systems 
or the upland zone as sillall pockets on steeper ridge slopes or in the vicinity of rock 
outcrops. 

(9) Acid Red to Broieiz Clay Soils.-These soils, which cover an area of more 
than 650 sq miles, are deep uniform clays dominated by 1 : 1 clay minerals and are 
mainly derived fi-om 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 reflectcd 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 criteda. 

(9a) Diulil Fun?ily.-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 mangauese concretions are frequently present, and clay skins 
were also noted. The soil reaction varies from rnediul~l 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 maiu soil of Diulu land system. 

(96) Sogeri Fanti1y.-A dark reddish brown to dark brown, crun~bly, strongly 
acid, friable clay merges between 2 in. and 14 in. into 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 
wct season. They are moderately leached, and have a saturation of about 40% 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 
tban exchangeable calcium at depth. Organic matter is about 2%. This family 
extends over about 200 sq miles and is the main soil of Sogeri, Rubherlands, and 
Vouku land systems. 

(9c) Uberi Fumily.-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 yellow-red, subangular blocky to massive, extremely acid, friable 
clay. This in turn 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 10% in the surface horizon, decreasing 
to about 5% at depth, with total excl~angeable metal ions of about 1 m-equiv. per 
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100 g througl~out. The organic matter is 3 %. This family, wilh an area of about 
350 sq miles, is the maill soil in Subitana, Owers, Iawarere, and Uberi land systems. 

(9d) Tivilci 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. annual rainfall, is at  or near held capacity all the 
year round, and may well bc the domiuant soil in the higher-rainfall areas. These 
soils are excessively leached, with a saturation of less than 2% throughout, with 
total exchangeable metal ions of less than 1 m-equiv. per 100 g. Organic matter is 
6%. These soils occur only in Mariboi land system. 

(9e) Koitalci Family.--A dark yellowish brown to dark brown, crumbly, strongly 
acid, friable clay merges at between 12 in. and 18 in. into a strong brown to brown, 
very strongly acid, friable clay. Thesc excessively leached soils have a saturation or 
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 frcqilently 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 volcauic and 
metamorphic rocks, although those on the undnlating terrain in Sogcri 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 polygenelic, with upper horizons developed from more recently trans- 
ported colluviu~n and lower horizons wlich 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 toff. How- 
ever, some soils not showing these two contrasted layers have been included in this 
gronp. These soils are mainly codned  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 Fami1ji.-This family has between 3 in. and 8 in. of dark brown, 
very gravelly and/or 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. Anincipient stone line was occasionally seen at the upper 
boundary of the latter horizon. These soils are moderately alkaline tbroughout and 
would appear to have only moderate permeability. They have a surface saturation 
of about 8O%, which increases with depth. Total exchangeable metal ions iucxease 
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 ~llagnesiu~n tends to be greater than exchangeable calciul~l at depth. 
Organic matter is about 2%. Soils of Nebire family extend over an area of about 
10 sq miles in Tovobada, Hanuabada, and Kopu land systems. 

(lob) Born Family.--This fa111ily exhibits the same morpl~ologj~ as Nebire 
family, but is neirtral to slightly acid. It covers an area of about 10 sq miles in Kopu, 
Kabuka, Fairfax, Bomana Creek, and Ward laud systems. 

(11) BI'OMII~ Clay Soils.--These soils, which cover an area of about 65 sq miles, 
are mainly gravel-free sedentary soils of illoderate depth. The underlying parent 
rock tends to be soft-weathered, giving a grcatcr root range to plants. The soils 
fall into two families based on soil reaction, which in turn reflects the nature of the 
underlying rock. They are mainly found in the southern hills of the coastal lull zone. 

(Ila) Failfax Fan?ily.--These soils have a black to very dark greyish brown, 
hard, medium crtrmbly, plastic sandy clay to clay, merging at 4 in. to 8 in. into 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 
ruck occurs at depths rangingfroin 18 in. to 48 in., andvaries in colour froin yellowish 
brown to dark greyish brown, with a sandy to saudy clay textui-e depcnding on the 
degree of weathering. This weathered material, which is derived from calcareous 
tuff or coral, has frequent carbonate concretions. The soil rcaction is usually mildly 
alkaline at the surface, becoming moderately alkaline at depth. These soils are 
fully saturated, with total exchangeable cations varying from 50 to 55 m-equiv. per 
100 g, of which exchangeable calcium is about 35 m-eqiiiv. per 100 g. Organic matter 
is about 2%. Chert and quartz gravel are occasionally prcsenl. This soil family, 
which has only modcrate to slow perrncability, occurs on undulating plains and on 
upper foot slopes. 

(I lb) Bomano Fan?ily.--Similar to Fairfax family but neutral to very stroligly 
acid, and calcareous concretions are absent. It is mainly derived from tuff and 
gabbro, and occurs on undulating plains, upper root slopes, aud rouuded 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-texturcd 
subsurface horizon. The surface horizon is massive and very hard when dry, aud 
may or may not contain a bleached Az hol.izon. Quartz and chert gravcl, which tend 
to become concentrated in the A horizon, are prescnt in some profiles but absent 
from ot11el.s. Some of these texture-co~ltrast 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 ill 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 becn subdivided in the first instance on 
soil reaction, thus breaking down into sololletzic and solodic types. These in turn havc 
been further differentiated on the presence or absence of a bleached Az horizon. 
Finally, a gravelly phase of each family has bcen distinguished, the occurrcncc 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) Ouou Frmii1y.-This fanlily consists of a very dark grey to brown, weak 
crumbly sandy loan1 to sandy clay loam, merging between 3 in. and 8 in. illto a 
grey to light greyish brown, massive compact, sandy loam to sandy clay loam, in 
which slight rust mottling is frequently plesent. An abr~lpt transition between the 
Az and B horizons occurs between 8 in. and 18 io. The B horizon, which has a weakly 
developed columnar structure, varies in colour from very dark grey through brown 
to yellowish brown and usually beco~nes greyer with depth. The texture in this 
horizon varies from a sandy clay to a heavy clay which is frequently mottlcd, the 
~nottling varying in abundance from few to many and in colonr 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 fseq~ienlly present. 

(126) Ward Ff~mily.-This is vcry similar to Ouou family, but no Az horizon 
or mottling is apparent in the A horizon, which is usually fro111 6 in. to 14 in. thick. 
The absence of mottling may indicate that these soils are slightly better drained than 
OUOLL family. The saturation increases from 75% to 100% with depth, with total 
exchangeable metal ions increasing from 30 to 40 m-equiv. per 100 g. Exchangeable 
calciu~n (20-50%) tends to be greater than exchangeable magnesium, although the 
reverse somnetimes occnrs at depth. Organic matter is 1.5 %. 

(12c) Nilcura Funzily.--This family is very similar to Ouou ranlily in profile 
form, colour, texture, and mottling. However, it differs in that iron and mauganese 
concretions frequently occur in both Az and B holizons. In some cases these con- 
cretions may become cemented in the Az horizon to form a slight lateritic pan. The 
soils are usually neutral to slightly acid in the A horizon and nledium acid in the B 
horizon. The saturation of these soils is about 70% in the A1 horizon, falls to about 
60% iu the Az horizon, and rises to over 80 % in the B horizon. This fall and rise with 
horizons is reflected in all the exchaligeable metal ions (e.g. Ca 7 to 3 to 15 m-equiv. 
per 100 g). Organic matter is 1 .5 %. 

(124 Laloki Family.--This is sinlilar to Nilcura family but the Az horizon and 
milottling are absent. This again ]nay reflect better drainage conditions. 

(13) Allcali~le Refldislz Clay Soils.--(13) Ohu Fa~nily.--This has a dark reddish 
brown to brown, crumbly, sandy to heavy clay, merging between 4 in. and 6 it]. into 
a dark red to dark reddish brown, subangular blocky, friable, 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 ~noderately alkaline 
throughout, and at this stage it is difficult to say whether they are sedentary or traos- 
ported. They occur on raised coral reefs in Tsiria land system, in association with 
black clays of Boroko family. 

IV. SOIL 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 reginles. In the coastal hill zone, shallow 
sedentary soils are found on the lulls, amid soils of varying depth derived from coll~~viuni 
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occur on the foot slopes. The upland zone is donlinated by deep reddish soils. 
The foothill zone is intermediate between the coastal hill and upland zones and the 
soils of tl~is zone are transitional between those of the two adjacent zones, repre- 
senting the wetter part of the coastal hill zone and t l~e  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 togetber into associ- 
ations for simplicity in mapping. Where two such associations are intermixed and 
cannot be separated because of the scale of the map, they have been represented as 
stripes, the thickness of each stripe representing approxi~nately 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 withill each land system. 
For simplicity, the soil group has been used rather than the soil fanlily since in some 
of the land systems a number of soil families of one group occur in conlplex 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 appsoximatc. Tables 19 
and 20 show more clearly than the soil map how some of the land systems are transi- 
tionary between the cnvironmental zones. Examples of this arc found in Biaru and 
Piunga land systems. 

ANDRIESSE, J. P. (1960).-The soils of Mazanderan in northcrn Iran. J.  Soil Sci. 2: 231-3. 
U ~ 1 . m  STATES DEPARTMENT OF AGRICULTURE (1951).-Soil survey manual. U.S.D.A. Agric. 

Handb. No. 18. 



PART VIII. VEGETATION AND ECOLOGY OF THE PORT MORESBY- 
KAIRUKU AREA 

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 Anstraliense, Canberra. The knowledge of native 
assistants was often drawn upon, and their names for the trees (Amele language) 
are given in inverted commas when identifications are not yet available. 

As can be seen in Tables 21 and 22, relating the vegetation with land systems, 
a prinlary division into major groups was made on structural 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 ineans 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 nanled after two genera or species. The occurrence of the same 
plant name in several vegetation types within one major group shows the affinities 
between thesc types. The genera chosen for the names do not belong to any par- 
ticular storey, except for the savamnahs, where the first name refers to a characteristic 
grass and the second to a characteristic tree. 

In the land systenn 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. 

(n) Mixed Herbaceous Vegetntion 

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 sera1 vegetations, others occur in environments very 
marginal for plant growth. 

Grasslands are vegetation types dominated by grasses. They are subdivided 
according to their height into low grassland, up to 2 ft high; mid-height grassland, 
up to 5 ft high; and tall grassland, 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, CSIRO, 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 
sanie is true of one type of tall grassland; the other types occur in seasonally or 
permanently inundated situations. 

(c) Sr~aminnh 

Savannah has 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 n~os t  
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 it1 a range of environu~ents, 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 tires 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 topography, 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 ai7d P~ndor7us Vegetation Ty11es 

Palm vegetation includes types which are structurally rather d8erent 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 
cointnon. 

(e) Scrub and Tliicket 

Scrub comprises vegetation types dominated by shrubs and/or low gnarled 
trees, often densely interwoven by clin~bers. 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 

Vcgetation types classified as forest are dominated by trces forming one or more 
distinct layers, 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 conspicuous 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 greeu 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 comnlon more than avcrage rockiness, which 
would presun~ably permit deeper water penetration and favour root development. 
Moreover, localities such as re-entrants and valleys receive run-on. Accordingly, 
supplies last longer and permit forest growth. Slightly deciduous forest occurs in 
those parts of the coastal bill 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-heightt, and tall. Low 
evergreen forests mostly have a single tree layer up to 30 or 40 ft high; mid-height 
evergreen forests are generally up to 80 ft high and usually have two tree layers; 
tall evergreen forests are multi-layercd, 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 colllprises types of taller mangrove vegetation together 
with a number of other types occurring on estuarine niargins or in swamps. These 
habitats have 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. DE~CRIPTION OF VEGETATION TYPES 

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 staterncnt on the distribution is given. 
The land systems in which the vegetation types occur are shown in Tables 21 and 22. 

(a) Mixed Herboceorls Vegetnlion 

(i) Spbife~-Canasalir1.-111 optimal developlnent this is a rather dense vege- 
tation of creeping, sand-binding grasses (Spir7@s, Thuorea, Renzirea, and minor 
Sporobolus, Digitaria, Aplucla, Setfrrirr, and finperr~tn) with creeping herbs (Ipornoerr, 
Car?avalia, C~~ssy f l~u ,  Passiflora) and scattered erect Crotrrlr~rirr. I t  occurs on sand 
beaches above high-water nlark and on low foredunes. On beaches with lnuch 
moving sand only a few plants of this vegetation type are found. 

(ii) Sesusirrt?i-Tecticor?iia.-Sesuvitrn~ yorfulr~castrorn, alone or in conlbination 
with Tec/icorr7ia, 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. 
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It often occors 011 low humtnocks or on the slight rises at the fringes of the 
flats, where it fonns the transition to grasslands or to Aviceniiiri-Ceriopskgetation. 
In  such places some Sporobol~is co~n~nonly occurs anlong the Sesuvium. 

Distribution patterns suggest that Tecticoniin occurs mostly in lower-lying 
situations. 

(iii) Nynipline[~-Azo1ln.-This vegetation, which is typical of standing or slowly 
running fresh water, consists of submerged plants (Ceratol~liyllum, Nymphnen) and 
floating plants (Nyniphnea, Nymphoides, Pistin, Azolla, Lemiin, Spirodela, Utricularin). 

In marginal environnients such as shallow pools or in brackish water, Leniiza 
and Spirodela may be the only genera in this vegetation type. 

(iv) Leersin-Hniig~iiiiiri.-This vegetation, up to 6 ft high, is found floating or 
rooting in organic material in inundated or permanently wet environ~nents such as 
swanips and oxbows. I t  consists of grasses, among wl~ich Leersin, Hyrnenncline, 
and Ecliinochloo dominate, and coarse sedges, c.g. Tliorarostncliyum and Sclerin, 
with herbs (Hnngnonri, Lud~sigia, Polygonurn), ferns (Cyclosorus, Blechiium), aud 
twiners (Convolvulaceae, Lygodiuni, Ste~iochlaenn). Scattered Phrogniites may occur. 

Tliis vegetation type represents intermediate stages in the succession from 
open water to Pliragrnites-Sricclinrum robustm~m vegetation: if the succession series is 
complete a zonation is com~nonly observed, with Hymerinchne, Echi~iochloa, aud 
Leersin in the zone next to thc Nyniphaen-Azolln vegetation and with coarse sedges and 
hraiigunna as a succeeding zone. In other swamps, any one of these stages may cover 
the whole surface. 

(v) Hyl~tis-l,npernfn.-This vegetation consists of weeds (Hyptis, Sida, Crofa- 
laria, etc.) and grasses (Iinperafn, Hete~opogon, Themeda australis, Rliynchelytru~ia, 
Eri[icline, and Saccharurn spoizlane~im), with some scattered shrubs or trees (Hibiscus, 
Preinno, Pniidniius, Alhizin procei.rr, Timonius, Leucnena leucocepliolrr). It occurs 
on old, previously gardened beach ridges and sand plains. 

(b) Grnsslaiirls 

(i) Lo111 Grnssln~id 
(1) Sporobolus-EriocliIofi.--This occurs as dense cover of Sporobolus virgiiiinrs 

4 in. high, with scattered tussocks of Eriochlon procern and Cliloris bmbota up to 
I& ft high. Crissirr up to 6 ft  lugh is co~nnlonly scattered througll this vegetation, 
and Pl~~chen irzrlica or lmpernln cylind'icn may also occur. In spots not covered by grass, 
Sesuvium yort~ilacastrun~ and Tecfiroriiin cineren may be found. 

This vegetation com~nonly occurs as broad fringes where sall flats rise to 
higher ground, but it may also covcr the whole Rat. 

Tliemedn novogui~zeeiisis, sometimes mixed with Heferopogon and often with 
scattered Pmldri~lrrnus, characteristically occupies the transition zone to higher ground, 
which is typically covered by a Tlmne[lri auslrolis-Ecicnlyytlrs savanuah. 

(ii) Mid-heiglif Gr~isslrinrl 
(I) Ol~hiuros-1niperatri.-This grassland has a dense ground cover of Ophiuros 

and Iml~erntn up to 5 ft high, mixed and generally in about equal quantities. Sac- 
chnrum spontf~~ie~iin or Tliemerlri noi'ogui~ieensis is conlnion near forest fringes or in 
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slightly depressed areas. Generally other grasses are absent, but Cyclosorus is com- 
mon. Scattered low shrubs (Melasloma, Crotalaria, Glochidiorz, Cycas) are common 
throughout this vegetation, as high as or slightly higher than the grasses. A very 
open tree layer is nearly always present; Timonius, Antidesma, and Panda~ius up to 
20 ft and Naucleo up to 30 ft are the genera mnosl commonly encountered. 

The Ophiriros-Imperalrr vegetation occupies large areas in low-lying fluvial 
plains and also extends onto the lower plains and valley floors in the hills, probably 
replacing the forests after prolonged gardening and burning. 

(2) Ophiuros-Tllemeda n~rstrolis (Plate 6, Fig. 2).-These are grasslands 3-5 ft 
high dominated by Ol~hi~rros. Tl~emeda australis, invariably present, is often co- 
dominant. Other grasses. are Imperntu, Cr~pillipedium, Heteropogon, and, in depressed 
areas, Saccharurn spontaneurn and Phragmites. Scattered shrubs occur (Timonius, 
Antidesma, Prenma) and an extremely open layer of Prmdanus up to 25 ft high gives 
this vegetation a very characteristic appearance. 

I t  occurs only on plains north-west of Galley Reach. 

(3) Imperrrta-Tl7en7ea rrustro1is.-This grassland is closely related lo the 
Hyytis-Impernfrr vegetation, but Tl~emedfl and Imperata have become the dominant 
grasses. It occupics sand plains in Papa land system. 

(iii) TrrII Grrrssla~~d nnd Grfrss Vegetntio~z 
(1) Soccharum sl~ontoneum-Imperntn (Plate 5, Fig. 1; Plate 7, Fig. l).-These 

grasslands are formed by Socchnrum spontaner~m 7-9 ft high, alone or in mosaic 
with Imperatn cylindricrr 3-6 ft  high. I n  depressed areas a slight admixture of Plirug- 
nlites lcrrrka may occur. Usually other herbs are absent, but occasionally other 
grasses, e.g. Lel,tochloa or Polytocn, or Cyclosorus ferns may be found. Twiners 
are remarkably scarce. 

Trees or shrubs are colnmonly present, in some places as very scattered in- 
dividuals, in other places in such numbers that the vegetation becomes alnost a 
savannah. Of the 15 taxa recorded, Albizin procera, Nariclea, Antidesma, Meluleuca, 
and Panrlnnrrs are the colnmonest. 

The Succhnruin spontrn~eun~-Im~~er~~tn grasslands are nlost 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 Tliemerlr, nol~ogeineensis nlay come in. 

(2) Phrrrgn~ites-Saccl~arunz robustunz (Plate 5, Fig. 2).-This vegetation is 
8-15 ft 11igl1 and is dominated by PI7ragmites lcarka, often mixed with 111uch 
Saccharrrnz robusfum. Very few other species occur except for ferns (Cyclosor~rs, 
Blechnunz) and twiners (Convolvulaceae, Cryratio, Flagellaria, Lygodium). Some 
very scattered trees or shrubs may be present (fifelaleucn, Nauclea, Antidesma, Jagera, 
Macorango, Lisistona, ~Metroxylon). 

Habitats vary from permanent swanlps to badly drained, seasoilally flooded 
areas. Degree of wetness probably determines the extent to which Saccl~arrrm robus- 
tun? is co-dominant, for it is unlikely that Saccl~crrunz will survive a long dry period. 
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The Pliragmites-Saccliarurn 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) Saccliarrrm robustum (Plate 5, Fig. 2; Plate 8, Fig. 2).-Pure stands of 
Saccharurn robusturn 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 Rivcr, where Saccliarirrn rob us tun^ was 
growing on low banks, it was gradually dying and was being succeeded by Srrcchnrrrm 
spontnneu~n. 

(c) Sr~~la~inoh 

(i) Themedn australis-Eucrlypfus (Plate 3, Fig. 1 ; Plate 4, Fig. I).-This savan- 
nah has a grass cover 1-3 ft high in which Tliemeda australis predominates, with a 
tussock spacing ranging from dense to open. In tlie latter case, which often occurs 
on skeletal soils, Sehima nervosurn is mostly co-dominant and Erinchne, Sfipa, and 
Cymbopagorz may occur. Other grasses found mixed with Then~eda are Heteropogo~i, 
Arundirzellu, Imperato, Elyo~iur~s,  and Capillipedium. Sometimes Seliima and Hetero- 
pogon occur in pore patches in a mosaic with Themeda. Forbs are generally scarce 
and are mainly represented by Papilionaceae. I n  valley heads, Tliemerlrr novo- 
guinenrsis may come in. 

The tree storey consists of one or niore of the following Eucalyptus species: 
E. alba, E. confertiflora, E. paprm~m. Their height generally does not exceed 35 ft 
and is often much less. The factors controlling tl~eir 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 iiiay dominate a whole area while tlie others are strikingly absent. 
Associated taxa are Albizia procwa, Timonius, and Antidesmo, but they are less 
frequent than in the Ophiuros-Eucolyptus alba savannah. 

The shrub layer, consisting mainly of young eucalypts, is mostly inconspicuous 
except when Cycas is common. 

The Themeda australis-E~calyptis savannah is confined to the coastal hill and 
foothill zones, wlicre it covers extensive areas and is found on a variety of land forms, 
e.g. ridges and hill crests, slopes, and nndulating plains. It  is one of the vegetation 
types most infloenced by man, especially in tlie neighbourliood of Port Moresby, 
where during the Second World War military camps were established in these savan- 
nahs. This may have enconraged tlie dispersal and local dominance of Heteropogon. 

I n  other places a tree 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 Inan could not be established from the survey data. 

(ii) Tl~ernedf~ ausrralis-Tirnonius.-This sava~inah differs from the Themedo 
aus!ralis-Eucalyprr~s savannah in the absence of Eucalyptus species. The tree cover is 
formed by Albiziaproccro, Timonius, and Pandalnrzlis. I t  occurs locally in the central hills. 
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(iii) O~1/iilrros-EucnIy~~t11s 01ba.-This savannah has a grass cover of Tliemeda 
austrr~lis and 01117i~rros 1-3 ft high, often in about the same proportions, but some- 
times with Tllemeda predominating. Locally associated grasses are Heteropogoii, 
Sorghuin, and/or imperato, which nlay indicatc more human interference than 
average. Also Sehiina and Cymbopogon are occasionally observed, as well as papi- 
lionaceous forbs, e.g. Tephrosin and Crotnlaria. The denseness of the tree layer varies, 
and a tree layer may locally be allnost absent owing to cutting. It  always consists of 
one or two of the Elrcnlyl~tus species: E. rrlba, E. confertifora, and E. prrpuai7a; very 
seldom are all three species encountered togethe]-. The environmental factors in- 
volved in this distribution could not be established. The height varies between 25 
and 45 ft. Albizia procern and Acacia are uncommon. Conimoner, but of lower 
height, are Antidesma, Timoiiius, and Desmodium, which may also occur with Cj~eris 
in a very open shrub layer. 

In valley heads and along gullies tufts of Tliemedn iiovoguitieensis may occur 
between or may dominate the other grasses, and Pandanus is found in the shrub layer. 

The Ophiuros-Eucnlyptlrs nlbn savannah occurs on undulating terrain, in 
upper valley floors, and on foot slopes in the coastal hill and foothill zones, with 
only minor occurrences in the upland zone. 

(iv) Ophiuros-Eucalyylus pnpuanci-This savannah is closely related to 
0phiul.o~-lmperatn mid-height grassland. However, the tree layer is denser and also 
features Eucalyptus pnpuona. The Ophiuros-Euc~ytus papuann savannah has a 
limited occurrence in the fluvial plains, coastal hill, and foothill zones. 

(v) O~~liiuros-Eucaly~~tus tereficor?iis (Plate 10, Fig. I).--This savannah has 
a grass cover 2-4 ft high, in which Oyhiuros and Themedo uustralis are co-domiuant, 
acco~npanied by impernla, Eriochne, firundinelIo, C p b o p g o i i ,  and E~:illn/ia. DinneIIo, 
Melostoma, and the fern Gleiclienio are often found, together wilh a number of 
papilionaceous forbs, e.g. indigofern and Tephrosin. Heteropogoii is characteris- 
tically. absent fro111 this vegetation. 

In valley heads Themedn novoguiriee7~sis comes in, and Polytoca and Scleria 
may occur in depressions. 

The tree layer, at least 50 ft and commonly inore than 80 ft high, is formed by 
E~icalypfus tereticornis and E. papuana, with minor E. coifert$ora, frequently accom- 
panied by Casuoriria pay~rono and Melaleucn. In the shrub layer Brriilcsin fleiifota 
is conspicuous. 

The Ophiuros-Eucalyptus tereficoriiis savannah occurs only on the Sogeri 
Plateau and on adjacent foothill spurs. 

(vi) Ophioros-TimoniusJhe grass cover of this savannah is the same as 
in the Ophiaros-Eucytus crlba savannah. In the tree layel., however, the Eucalyptlrs 
species are absent and Tiinorii~rs up to 15 ft predominates. 

The Ophiuros-Tinlonius savannah occurs on limestone ridges in the coastal bills. 

(vii) Tl~enierln 7iovoguiiieensis-Eucnlypt~~s~~Tliemeda iiovoguitieensis 1-3 ft high 
is a feature of this savannah; Ophiuros is always absent and Tl~enierla nush.nlis is 
generally so, but may he present in minor quantities. In damper situations Thernerln 
noeoguiiieeiisis dominates, but generally some other species, e.g. Pnnicuin, Arrrndii~ella, 
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Imperrito, Heteropogon, Eriachne, or Eulalia, are associated, and a variety of forbs is 
frequently present, e.g. hdigofera, Desmodiurn, Zorriin, Tephrosirr, Hyptis, and 
Buchnera. 

The tree layer, which can reach a height of 50 f t  but is generally much lower, 
consists of Eucaijptus albo, E. papuana, E, confertiporo, Albizia procera, Desmorliuni, 
and Ar7tiriesma. The open shrub layer is represented by Cycas, some papilionaceous 
and myrtaceous shrubs, and young individuals from the tree storey. 

The TTlmeda rno~~oguir~eensis-Eucalyptus savannah occurs on a variety of land 
terms in the coastal hill and foothill zones, including rocky crests, steep slopes, 
and drainage depressions. 

(viii) Imperata-Etrcalyytus.-In this savannah a rather open grass cover up 
to 2 ft high is dominated by Imperato, n~ostly accompanied by scattered Cymbopogon 
and sonletimes with some Heteropogon, Eulalirr, Pnnicum, Capilliyedium, or Themeda 
noaoguineensis. Papilionaceous forbs often occur, e.g. Tep'trosif~ or Crotolaria. The 
tree storey, up to 45 ft high, consists mainly of Euculyptris papunno and/or E. rrlbrr. 
Albizia proceru 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 frrid Pandmius I'egetafion Types 

(i) Metroxylon-Artocarpus.-This vegetation consists of sago palms (Metro- 
sylo~i) 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 (Octorneles, Ariocarplrs, 
Sapiutn, Alstonia) and scattered canopy trees (Picus spp., Paridonus, Endospermrim, 
Althofia), with a ground cover of Cyclosorus and other ferns and some scattered 
Heliconia. It  occurs on levees in tidally affected but freshwater reaches of lower 
river courses. 

(ii) Metroxylon-Macarariga.-Open stands, 20-30 ft high, dominated by 
Metroxylon, are mixed with Macaranga, A!Iallotus, Kleinhoviu, Hibiscus, Jagera, 
Patidanus, Curyota, Lhistona, and "lio" palms, interwoven by Flagellariu and twining 
Cyclosorus, Stenocl~laena, and herbs. The ground cover, up to 15 ft high, consists of 
R11ynchospor.n rugosa or other coarse sedges, Phrrrgmites, Hangrrarla, and Zingiberaceae. 

This vegetation type occurs as complexes and lines in freshwater swamps. 

(iii) Nypa.-Dense vegetation formed by fronds of Nypafiuticrrns, 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 e~nergenl trees form an upper 
storey up t o  40 f t  high. They are Xylocarpus, Heritiera, Briigrglrieru, Rhizophoru, or 
Myrislica (species with stilt roots). The undergrowth consists of scattered tall sedge 
and tree ferns. At still higher levels other species, e.g. Rhus and Barri~igtonin together 
with Arengo and Caryota palms, come in and represent presuinably a successional 
stage to I3eritierr1-Br~ig~ciera forest. 



(iv) Pandanus.-This vegetation consists of an open Lo rather dense layer of 
Panrlanus trees, 20 ft high, sometimes mixed with &felaleuca, with an undergrowth of 
coarse sedge and Hanguana (Inaukina land system) or of lsrrcl~ne, Ischaemun?, Rhjm 
chosporn, Scleria, Fuirerlrr, and ferns (Sogeri land systein). In the former land system 
it occurs in choked valleys, in the latter in drainage depressions with standing water 
more tban 1 ft deep. 

(e) Scrub nnd Thicket 

(i) Scrub 
(1) Lumnitzera.-A scrub 8 ft high, of Lunmifzera, 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 Asicennnin trees up to 50ft high where il borders lower-lying mangrove 
flats. 

(2) Prennm-Scne~oh-This open vegetation, up to 20 fthigh, consists of 
rather isolated tall shrubs and low trees (Premnu, Scaevola, Tl~espesia, Hibiscus, 
Clerorlendrum, Gyrocarp~~s, Celristrus, Pondanus), with scattered herbs in the open 
places (e.g. Acl~yuantl~es). Cli~nhers are lpomoecr and Flrrgellaria. Patches of denser 
shrub growth occur locally. 

This scrub occurs on sandy beach ridges, enclosed between Rliizopl~orn- 
Bruguiero and/or Avicer~nia-Ceriops forests. 

Along open coasts only a Pandonus line may occur 

(3) Plucl!ea-FlngeNarirr.-This is a vegetation of Pluchea indicrr and some low 
Hibiscus, 8 ft high, densely tangled by Fhgellorin, scrambling shrubs, and thorny 
vines. Occasional enlergents are Acacia, Livistonrr, or Lagerstroemia. The ground 
cover consists of scattered tufts of Acrostichum nureun~ ferns. 

Plilchen-FIagellnrir~ scrub generally occurs in brackish back swamps and 
beach swales. 

(ii) Eilergreelz Tl7iclcet 
(1) Clerodmlrum-Flagellorin.-In this thicket an open layer of Acncia auriculi- 

formii or Pittosporurn up to 30 ft high emerges from a dense scrub of Clerodendrum 
10 ft high, tangled by Flagelkria. Other shrubs are inostly scarce, but include some 
HnrpuNia, Plucheo, or Hibiscus. The ground cover is fornied by scattered Ano- 
sticllurn tufts and some Cl7loris. 

This thicket occurs on beach I-idges, and sometimes extends into swales, in 
which case Ceriops and/or Escoecnria are present in the emergent layer. 

(2) Hibiscus-F1ageNnriu.-This is typically a dense scrub, 8-20 ft high and 
occasionally up to 30 ft, 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. Conlbinations of the following genera are represented in this layer: Amcin, 
~Vlelaleuca, Livrstol~a, Nanclea, Alfhofia, Ficus, Intsirl, Alstonin, Adennntl!ern, Klein- 
l~ovin, Erythrina, Lagerstroen~ia, and Cnryotn. 
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Acco~npa~lyi~lg genera in the scrub layer are ilIacmoriga, Glochidion, Ficus, 
Harp~tllia, Pluchea, Arengfr, Caryotrr, aud Prernna. Amoug the climbers are Flagel- 
Irrria, Passiflorn foetido, and Compositae. Scrambling shrubs, some with spit~es, 
may be present. 

Hibiscus-Flrrgellaria 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 low degree of salinity. 

(3) Acacia-Myoporurn.-This rather open vegetation has an upper layer domi- 
uated by Myoporum 15 ft high and by Acacia rrrti.icul$ormis 25 ft high, with solne 
Hibiscus, Hnr~~ullirr, Glochidiotz, and Pittosl~oi.um, and a lower layer up to 8 ft high 
doininated by Clerodeiz&~rm, with some kfyo~~orum and Hibiscus. The ground 
cover is formed by scattered Acrostichrrm or by Prrrzicurn, Sporobolrts, and Sesuviurn 
in Inore open patches. 

This thicket occupies the highest tidal plains and low beach ridges. 

(iii) Semi-decidito~ts Tl7iclcet 

(1) Gyrocorpus-Hrrrpul1ia.-The trees forming the open upper layer are lnostly 
deciduous and about 40 fl 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 clinlbers. 

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 Bombrrx, Gyrocarpus, Ga~.uga, Adenunthera, Brocl~ychiton, Erylhrinu, 
I~ztsia, and ~lfrri>lzonella, also occasionally Acrrcirr, Ficus, Eucnlypius alba or E. 
pcrprpurrrzo, aud Livistono. In  the secoud layer are found Hurpu1liu, Colona, ?Rlzodo- 
rnyrfus, Cleroclerenclr~tm, Sanfalum, Cycrrs, Jagera, Micromelunz, Alsforzia, Gloclzirlion, 
Pandanus, Myol)orum, and a scrambling shrub with spines. Among the clinibers 
Flogellaria is common, whilst Usnea is conspicuous on the branches of the bare trees. 

Gyrocarpus-lIarl~ulIirr thicket occurs 011 inner beach ridges as well as in various 
situations, often with skeletal soils, in the coastal hill zone. 

(2) Gar~rga-Rhodoniyrt~ts.Scaltered 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 
aud tall shrubs with snrall leaves, tangled by lianes. Among the emergent trees 
Garuga is dominant, others are Aclenantliern, Bombax, Ficus, and Gyrocarpus. In  the 
lower layer are found ?Rhoclonzyrtns, Ccltis, Psychotrirr, Celastrus, Antidesma, Des- 
nzodium, Cnnthium, Piffos~~orun?, Alstonia, Eucaly/~tus alba, Trema, Corclir~, aud the 
spiny shrubs Colubrina and Glrrrriea. Lianes in many forms occur, some with thin 
smooth bark, others with cork ribs or with spines. In the ground cover Oplisnzerzos 
and ferus arc encountered. 

This thicket occurs in the southern part of the coastal hill zone on coastal 
cliffs, ridges, valley floors, and alluvial plains. 

(3) Adenontlierrt-Colonan-TI1e scrub layer, 25-35 ft high, is dominated by 
Colona, with Harl~ullia, Cehis, Glochidion, Lagemtroemia, and '?Rhodomyrtus, and 
with much emergent Adennntherrr up to 60 f t  high and some Terrnit?nlirr, Guruga, 



and Grevillea. There is an undergrowth of small-leaved shrubs, some with spines, 
e.g. Colrrbrina. Climbers are common, e.g. Flagellaria, and lianes also occur. The 
ground cover consists of scdges, Oplismenus, and scattered tufts of ferns. 

I t  is found on ridges and interfluves, and in tributary valleys in the coastal hill 
and foothill zones. 

(4) Eucalj~~tus-Acacia.-An open layer, 25-60 ft high, of deciduous and ever- 
green trees (Acacia, Eucalyptus yapuaiia, sometimes E. alba or E. confertiflora, 
Adenontliern, Garuga, and Terminalia) occurs over a dense lower layer of gnarled trees 
and shrubs up lo 25 ft high (Ha,pullia, Colona, Antidesma, Lageratroemia, Rhus, 
Su17talum, Colubriria, and Myrtaceae). Only a few climbers are found. 

It occurs on ridges and interfluves, and on tributary valley floors and plains 
in Lhe coastal hill and foothill zones. 

(f) Forest 

(i) Stroi7gly lleciduous 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 (Bombr~x, Gyrocnrprrs, Brachychiton, Adenanthera, Garuga, Ter- 
nzii7alia ("sarnanak", "dsau"), and Erythrina), Plnnchonella, and Intsia, with a 
denser second layer, 25-40 ft high, of evergreen and semi-deciduous trees (Celtis, 
Santalufn, Micromelum, Colona, Dysoxylui?~, Harpullia, Ficus, Terminalia, Mallatus, 
Cryptocrrrya, Canrrrium, Sterculia, Myristica, and Litsea). The open to rather dense 
shrub layer consists mainly of scrambling and spiny shrubs. Cycas 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 arc scarce; sometimes an orchid is found and Usnea occurs on the branches 
of Bombax. 

Bornbux-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-Termina1ia.-The open upper layer, up to 90 ft high, consists 
of deciduous, semi-deciduous, and non-deciduous trees (Bombax, Serianthes, Albizia 
falcatn, Brnchycliiton, Tel.miiza1ia ("dsau"), Randia, Viticipremna, Pleomele, Celtis, 
Semecarprrs, Myristica, Maniltorr, Caryoto, and Pandanus). Low palms, if present, 
are mainly Are~igrr. 

This forest type is almost confined to the coastal and foothill zones. I t  occurs 
on foot slopes, valley floors, and drainage plains. 

(3) Albizirr-Moiiiltoa.-This is a forest 50-80 ft high, mostly with an open 
upper layer and a more closed storey at 25 or 30 ft, and with a dense shrub layer, 
tangled by Flagellaria, lianes, and scrambling shrubs and spines. Higher trees are 
Albizia frrlcata, Eryfhrinu, Terminalia ("samanak", "dsau"), Sterculia, Garuga, 
Bombax, Ficus, and Serianthes. Lower trees are Maniltoa, Kleinhovia, Syzygizrm, 
Barringtonia, Lunasia, Pleomele, Paiirlnnus, Colona, Dysoxylum, and Casearia, and 
"bali" is a scattered palm. 

Albizia-Moniltoa forest occurs on bouldery valley floors in the coastal hill zone. 
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(ii) Sliglztly Deciduous Forest 
(I) Goruga-Brnchycl7itorz.-T11is forest is up to 75.ft high, but generally about 

35 ft, with emergent trees to 45 ft. I t  has a rather dense upper tree layer with several 
deciduous trees, and a well-developed lower layer with Flagellaria and lianes. A~llo~ig 
the elnergents are Gwuga, Bruclzycl~iton, Ficus, Albizin falcatn, and Gresillea, and 
in the canopy are Colona, Lagerstroemia, Glochidion, Bombax, Terminnlirr ("dsau", 
"samanak"), and Horpullia. Palnls ("sal") occur only as scattered ii~dividuals. Ferns 
are the main constituent of the open ground covcr. 

Goruga-Bruclzycl~iton forest covers ridges in the northern part of the coastal 
bill zone and in the foothill zone. 

(2) Intsiu-Ce1tis.-This forest has a rather open canopy, 30-70 ft high with emer- 
gent trees up to 80 ft, including Intsirr, Terminalin ("dsau" and "samanak"), Gurugrr, 
Cedrela, Albizin falcatn, Serianfhes, Bombux, Dracontomelurn, and Erythrirza. Trees 
found in the canopy are Celtis, Dysoxylunz, Syzygilrm, Acacia, Myristica, Maniltoo, 
Rrrndia, and Ficus. Shrub undergrowth, up to 20 ft high, is dense, with rather frequent 
Pondanus, 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-Adenanf1zera.-An open upper layer up to 100 ft high, with 
Plurzchonia, Adenanthera, Casearia, Pangium, Nrruclea, Alsfoniu, Pferocnrpus, Ficus, 
Sterculia, Terminalia, Bombax, and Garuga, occurs over a denser lower layer with 
Kleinhovia, Ficus ("anan), Jrrgeva, Burringtonir~, Semecrt,pus, and Pleomele. In the 
shrub and tall herb layer are found Pseuderrrrzfhemum, Pandunus, Zingiberaceae, 
Arerzga, and young rattans. Palms are generally sparse. The numerous lianes range 
froin slender rattails to thick bush ropes. 

This forest occurs on alluvial terraces and plains throngho~rt the southern part 
of the coastal hill zone and in the footbill zone. 

(4) Syondias-Ce1tis.-This forest has an open upper storey, up to 120 ft high, 
of S11oizdios, Cellis, Dracontomelum, fiztsiu, Terminaliu ("samanak", "on, and "nut"), 
Cedrelu, Alstonio, Ficus, Bombrrx, and Octomeles. It  has a denser second storey of 
Kleinhovia and a dense lower layer with Pundonus, Arengn and otller palms, and 
scattered young rattan. 

It  occurs on valley plains in the foothill zone and in drainage-affected areas 
in the fluvial plains zone. 

(5) Irztsirr-Spondias.-This forest has an open upper storey up to 130 ft high 
and a lower storey of irregular height (60-100 ft) and closure with many relatively 
slender trees. Trees are Intsirr, Sporidias, Celtis, Tristiropsis, Cedrela, Ficus, Sterculirr, 
Porzgium, Colonrr, Bornbux, Canurium, Alstorzirr, Neonnucleu, and Pomctiu; high palms 
are Caryotu, Orarziu, and "limbon". In the undergrowth young pahns and rattans are 
common, and Pandonus, Cycrrs, and Ziogiberaceae occur in smaller numbers. Pleo- 
mele is locally abundant. Some lianes are found, but thinner climbers, e.g. Flugellariu, 
occur in greater numbers. There is a sparse ground cover with ferns. 

This forest occurs on thc crests of ridges in the north backing ranges. 



(6) Albizia-Ca~iariurn.-This forest is 70-100 ft high, locally up to 130 ft high. 
The canopy is irregular 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 fulcr~fn, Canarium, Microcos, Neonauclen, Piineleodeiendroiz, 
Wriglztirr, Cedrela, Bornbnx, Syzj,gium, Dysoxylum, Terminalia, Celtis, Alstonia, 
Pn~fgiurn, Gnehrm, and Aglain, with the palms Caryota, Arenga, and Orania. Tbe 
shrub layer is also dense, with Cycas, Pleomele, Cordyline, Ma~~iltoa, Narpullirr, 
Sloanen, Pu~rrlnnzrs, young Arengo palms, scattered young rattans, and Zingiberaceae. 
Bush ropes are frequent, but rattans are scarce. In the ground cover are Selaginella, 
Oplismenus, and several ferns. 

Albizirr-Cr~~~nrium forest occurs on ridges and slopes in the foothill and upland 
zones. 

(iii) Lo~v Evergreen Forest 
(1) Soiznerotia acids.-This vegetation consists of stands of Sonneratin acirlcr 

up to 40 ft high, sometimes mixed with Nypu and Bruguiera. Ste~zochlaer~a clin~bs 
up to 15 ft on the trunks; locally there is dense Flagellaria. The ground between the 
tall pneumatophores is covered by an araceous species, Cyl~erus, and Leersia. 

Stands of this vegetation type are always small; they occur on shelving river 
banks and low scrolls in the tidally affeoted but freshwater reaches of rivers. 

(2) A~~icemiif~-Sonnernti~r.-In this vegetation, open stands of Avicennia nfari~za 
and/or Sonnerotirr albn 6-30 ft high are locally mixed with Rhizophora or stands of 
Nypo. 

I t  is a sera1 vegetation on accreting muddy shores and shelving banks well 
below high-water mark. 

(3) Ce~ioys.-This is pure vegetation of Ce~iops, up to 30 f t  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 s~nall trees which had died when they reached a certain diameter, as was observed 
from 1:he numerous dead trunks. 

(4) Avicen~zin-Ceriops (Plate 2, Fig. I).-This forest is dominated by Avicennia 
mminn, often ]nixed wit11 some Ceriops, Aegiceras, Xylocarpus, or Brr~ggrriera. Height 
mainly ranges between 15 and 30 ft, but occasionally some stands of 50 f t  occur, 
consisting of very thick, broad-crowned Asicennin trees. The degree of closure also 
varies, perhaps in response to the environment. ln 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 
Sesu~'ium, sometimes with Clrloris and Sporobolus, is developed. 

This vegetation type occurs in extensive forest tracts and also as a fringe round 
salt pans, where these are bordered by low beach ridges. In such fringing vegetation 
Ceriops is nlostIy dominant and not higher than 10 ft, while Avicenrziais mostly about 
15 ft. 

A a i c c i - r i p  forest is c o ~ ~ e d  to well-drained areas in the littoral plains 
zone, which are flooded only by the higller tides. 
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(5) Aaicemiin-Excoecnria.-This is a forest 25-40 ft high, with a rather open 
canopy, usually dominated by Asicennia but so~iletiiiles by Bruguiera or Rhizophora, 
and invariably accompanied by Excoecaria. The undergrowth, 8-15 ft high, of 
Aegiceras, Ceriops, Thesl~esia, Myol~orun?, Hibiscus, or Clerodenrl,om, is often dense. 
A ground cover is absent or is formed by scattered Acrosfich~im tufts. In the highest 
situations Sesuviuin and Sporobolus may occur. 

Avicennia-Excoecara forest occurs in ill-drained brackish higher areas in the 
littoral plains zone. Along drainage channels in areas covered with Clerodendrun- 
Flagellaria thicket the Avicennirr-Excaecaria forest is reduced to only a line of 
trees. 

(6) A1t1~o#a-Endospe,mun~.-T1iis vegetation consists of woody regrowth, 
commonly up to 20 or 30 ft high, densely interwove~l by herbaceous vines and with a 
rich ground covcr. The tree layer consists of mature trees. of AItho#a, Endospemun7, 
Macarai7ga, Melanolepis, Hibiscus, Mallottrs, Laportea, Ficus, Timonius, and of young 
forest trees (Myrisfica, Elueoca,pus, Cannrium, Pametin, Nauclea, Alstonia, and 
Euodia). Bamboo and Arenga, Caryotri, and "lio" pahns occur. Climbers are 
Flagellaria, Collvolvulaceae, and a few rattans. Among the epiphytes several Araceae 
and Stenochlaeno are found. The ground cover is fornled by low and tall Zingi- 
beraceae and by Heliconia, C)~closorus, Acnlypha, Arcl~iphollos, Pasprtl~m7, Imperato, 
Saccharurn spoiztaneurn, and Setwin prtbnifoliri. 

Planted Cocas and Areca palms, Arfoca,pus, and Terminalia kaembachii are 
often encountered, the last op to 80 ft high. 

Althoj5a-Endaspermum forest is found throughout the fluvial plains zone in 
slightly low-lying areas. 

(7) Artocarpus-Ficus.-This forest, up to 40 ft high, contains Artocarpus and 
Ficus ("holun") as characteristic trees, accompanied by several other Ficus species, 
Kleiuhoviri, Alstonia, Nauclea, Lrryorfea, "kukul", Terminalia, Melanolel~is, Macarrtnga, 
and young Octomeles. Rattans are common, and in the undergrowth are Prindr~nus, 
Cordyline, tall Zingiberaceae, and climbing Stenochlaeim. Often there is a dense 
Cyclosorus ground cover. 

This forest occurs on low levees, mainly in the fluvial plains zone, and is pre- 
su~nably seral to Octomeles-Artocarpus forest. 

(iv) Mid-height Evergreen Forest 

(I) Rhizophorri-Bruguiera (Plate 1 ,  Fig. 2).-This forest is generally 50-80 ft 
high with a dense canopy dominated by Rliizophorn and/or Bruguierri, and is subject 
to frequent tidal inundation. It  forms the typical mangrovd forests. The lowest- 
lying stands are almost pure; with decreasing duration of flooding, Xylocarpus and 
Ceriops come in, and in the highest parts Heritiera is also found. 

There is n~ostly no true second layer under the canopy, but often a rather 
dense undergrowth of young trees occurs. In lighter stands there rnay also be scattered 
Nypa. Aviceiinin, Sonneratio, Aegiceras, and Njym are found where this forest 
fringes large estuaries and tidal creeks. 

tn forests lying near high-water mark, large crab-built rnounds are found. 
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These form a substrate for an Acanthus-Acrostichum ground layer. On the highest 
parts Clerorlei?drum and Elagellario also come in. The lower-lying rorests have no 
ground cover. 

On spots well above ordinary high-water mark is a vegetation about 30 ft 
high, dominated by gnarled Xylocrrrpus wrth a lower, denser shrub layer of Biuguiern, 
Ceriops, and young Xylocrtrpus. Trunks are densely covered by mosses and lichens, 
and a ground cover of scattered Acrostichumis prescnt. Papilionaceous climbers occur. 

On solne sandy foreshores a forest, 2 M 0  ft high, occurs, consisting of giant 
shrub-like specilllens of Rhizophora, pure or with Bruguiera. 

Rhizoyhora-Bruguiera forests are found in the lower parts of the littoral plains 
zone, where they occupy the tidal flats and some sandy foreshores. 

(2) Heritiera-Bruguiera.-This is a forest 50-80 ft high, with a fairly open 
upper storey dominated by Heritiero, Bruguiera, and Xylocarpus. Other trees are 
Aglaia, Rhus, Myristica (species with prominent stilt roots), Intsia, and Excoecaria. 
The lower storey varies in density and is formed by young trees of the upper storey 
together with Buerlagiodencl,on. Jagera, Bmringtonia, Hibiscus, Scheflera, Arenga, 
Nypa, Pandanus, and tree ferns. The ground cover consists of Stenocl?laena, Asplenium, 
and scattered coarse sedges; in areas with stronger salt-water influence Acontli~f.~ 
also occurs. Generally much F/age/Iaria twines through the lower storey. 

T h ~ s  forest grows on back plains and low levees in areas of brackish or fresh- 
water tidal inundation. 

(3) Excoecaria-Hibiscus.-Tlus forest, 35-80 ft hrgh, has an open canopy of 
Excoecaria agalloclta, mostly pure hut sonletimes with Livisfona p a h s  and Myrisfira. 
Often there is a fairly dense lower storey of Hibiscus and Clerodendrum tangled by 
Elagelluria and other clunbers, some with sprnes. The ground layer consists of 
scattered Acrostichum and minor Acantltus. I11 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. 

(4) Melaleuca-Excoecr~rin.-fi1elaleuco do~ninates the canopy layer in this 
open forest, up to 80 ft high. A lower open tree layer is formed by Excoecarin, 
Acacia, and Li~'istona, and Hibiscus dominates the shrub layer. The ground cover, 
which is generally dense, consists of Paspalunt, Eragrosfis, and small sedges. 

The vegetation occurs in more or less brackish back swamps which are seasonally 
flooded. At the base of the Melaleucrr and Excuecuria trunks bunches of adventitious 
roots are developed, presumably as a response to this flooding. 

(5 )  Melaleuca-Nauclea (Plate 6 ,  Fig. I).-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 palnls and rattans. 111 the canopy are Me/a/euca, Nauilea, "kukul", 
Evythrirta, Terminalia, Alstonia, Planchonirr, Ficus, Sapiurn, and Acacia, and Livistonn 
palms. In the second layer Kleinhovia, Premna, Semecarpus, Randia, Macaranga, 
Hibiscus, Pandanus, and Livistona and Arecri palnls may occur. In the shrub layer are 
young rattans and other palms (Livistona "bali'), Cordyline, and tall Marantaceae. 
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Among the climbers, rattans and Flagellaria are conmxon. Stefioclzlne~za may occur 
as a creeper up to 20 ft high, but also occurs locally as ground cover with Cyclosor~is. 
In lighter patches Phragmites or Ecl~i~iochloo 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 
hIelaleirca, Nauclen, Terminnlia, "kuk~il", Livistona, etc. 

(6 )  Nauclea-K1einhovia.-Tllis forest has an open, irregular canopy 60-100 ft 
high, with Nauclea, Planclionia, Artocarpus, Ficus, Termi~~alia, Ptsrocarpus, "kukul", 
and Alstonia. The second layer is dense, 35-60 ft high, and dominated by Kleinhovia 
or palms and Pmidanus. Other trees in this layer are Myristica, Macarango, Syzygium, 
and Cordyline, and the palms Arenga, Caryoto, Licuala, "say, and "lim~bon". Rattans 
are often dense. The climbing fern Stwiochlaenn is present. The ground cover is 
sparse and includes Oplismenus, Sclerirr, 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 storcy of 
Ficus ("bamiso"), Myrisfica (species with stilt roots), Caiinrium, Neuburgin, Tep- 
n~ilzalia, Dysoxylum, and the tall palms "lion, Caryota, and Livisfoiin. A dense lower 
storey is formed by Boerlagiodendron, Pandunus, Arengo, Cordyliiie, Klei~ihoaia, 
Harpullia, and tall Zingiberaceae and Marantaceae. Stenochlaenn is a climber up to 
20 ft in height. There is much coarse Flagellarirr and rattan among the climbers. 

This forest occurs on low levees in estuarine tracts subject to freshwater tidal 
inundation. 

(v) Tau Eivrgreerz Forest 

(1) Octomeles-Artocrirpus.-This forest has a rather open canopy, up to 
120 ft high, of Octomeles, Artocarpus, Terminalin ("samanak" and "nut"), Ficus, 
Nauclea, Intsia, Pometia, Planclzonia, Alstonia, Pterocarpus, Drrrcontomelmim, Seri- 
arzthes, Spondias, Bischoffia, etc. In the lower storeys Kleinhovia and Artocarpus 
are prominent, with many associates (Horsfieldin, Ficus, Dysoxylum, ?vfocarangrr, 
Stereulia, "kukul", etc., andLivistol~a 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 Pandaiius, palms 
(Arenga, "sal", "bali", and yomg rattan), Zingiberaceae, Marantaceae, and Musaceae, 
and the rather open ground layer of Cyclosor~~s, Stenochlaenn, Araceae, and Pas- 
pahim conjugaturn. 

Octomeles-Artocnrpus forest occupies banks and levees of the larger rivers 
throughout the area. Owing to the favourable topography and soil, forests of this 
type are often disturbed by shifting cultivation. 

(2) Cerberfi-A1stonia.-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 sornetimes an additional, open layer between these two. In  the canopy are 
found Cerbera, Alstonia scholaris, Terminnlin ("samanak" and "on), Plfinchonirr, 



Ficus, Pterocarpus, Tristiropsis, Pomefia, Drrrconlomelun?, etc. An occasional Bombox 
or Gorugn nlay occm. In the lowcr layers are Semecnrplrs, Kleinhovia, Mj,ristica, etc., 
and many palms, e.g. rattan, Caryota, "lion, "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 Stenoclzlaena is rare. 

This forest occurs on back plains, swaiiip margins, and river terraces, mainly 
in the fluvial plains zone. 

(3) Conango-Ponzeriu.-This forest has a fairly cvenly closed canopy at 100 ft, 
e~nergents (e.g. Canrrrzga odorata) up to 140 fl, and many rattans. Ponzetia, "uk", 
and ?Pi~~zeleodenrlr.on predominate, associates being Nauclen, Canarilrm, Homrrliun?, 
Alstoniu, fifagijera, Neuburgirl, Termi~zalia, and palms ("lio", "bananak", and 
Crrryoto). The second layer, a t  about 50 R, is rather open and has much Pandan~is, 
some Arengu palnis, and many s~nall  trees, among which fifa~~iltorr predominates. 
In  the shrub storey are many young rattans, Arengu, Marantaceae, and Zingiberaccac. 
Stenoclzlaena, creeping to 30 ft, is unconunon. 

Connnga-Pometin forest has a limited distribution in the fluvial plains zone, 
where it occurs on prior levee banks and channels which are frequently inundated. 

(4) Pometia-Celtis (Plate 7, Fig. 2).-This forest is about 100 ft high, with 
occasional emergents (e.g. Tetrameles or Bombox) up to 150 ft; i t  has a dense canopy 
and an open lower tree layer with scattered rattans and palms. I t  is very mixed in 
composition, and the foUowing taxa are relatively numerous: Pometin pinnata and 
other species, Celtis (several species), Alstonia, Canuriu~z?, "nawal", Pangium, Ficlls 
(many species), and Myristica. Among the others are Drocontomel~rm, Maizgifera, 
Dysoxylum, Terminalia, Pterocrrrpus, Sterculiu, Semecarlxrs, and occasional tall 
palms ("lio", "hek"). A few deciduous elements inay be present (Bombax, Garuga, 
Ellytlzrina, and Ternzinalia). Among the smaller trees are Manilton, Kleinhovia, and 
Pleomele. The undergrowth is sometimes rich in young rattans and other palms 
(Arenga, Licualu, Caryota, "sal", "bananak"), together with Pandanus and Cordylitze. 
Scattered lianes and tall herbs occm. 

Pornetia-Celtis forest occupies large areas in parts of the fluvial plains zone. 

(5) Cnsuari~za-Dysoxyl~im.-This forest has a mixed, rather open canopy up 
to 90 ft high, with local do~ninance of Casuorina, and a denser lower storey in which 
Actinodaphne or Wendlandia is locally coninion. Aniong the trees are Cas~mmino, 
Dysoxylum, Gnelum, Rhus, Panginn?, Ficus, Aglrria, Caloplzyllum, Euodia, Terminalin 
lcaernbachii, Cryptocnrya, Cedrela, Citrus, Scheflera, Pundonus, Pleomele, and 
Corrlyline. Palms up to 50 ft vary in number and are mainly represented by Caryota. 
Only thin climbers, e.g. Flogelluria, are found. I n  the shrub layer, 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 
Caslonopsis-Eloeocarpus forest i t  is mixed with elements of this forest type. 

(6) Alstonia-K1einhosia.-Tlus forest has an irregularly closed upper storey 
up ta 100 ft high, with emergents up to 150 ft. In  the canopy, Ternzinalirr ("nut", "a"), 
Alstonia, Ficus, Nrn~clen, "kukul", Intsin, Seriantlzes, etc., are found. Lower storeys, 
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up to 60 ft high, are irregularly to ahnost coinpletely closed, with much Kleiizhoaia, 
fifyrisfica, Muniltoa, Microcos, Cordyline, Lunasia, and Liaistona. "Sal" palms 
form a rather dense understorey. Rattans, Zingiberaceae, and Sfe~zoclzlnena are 
absent, and lianes are scarce. 

This forest typically occurs on the main valley plains in the northern hills of the 
coastal hill zone. 

(7) Poinetin-Artoca,p~ls.-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 Pomefia, Artocarplis, Euodia, Eineocar[~lis, Paizgium, Syzy- 
gium, Albizia falcata, Ficus, Plunchoizella, Tern?innlia (knernbachii and "nut"), with 
some elements of the Costaizopsis-Elaeocrrrp~is forest if the two are in contact. In 
the lower layers are Horsfieldia, Schnwmansin, SchefPern, Pleomcle, Pnnrlnnus, and 
tree ferns. Klei~ihoi,ia occurs only locally. Elntosten~u appears in the ground cover. 

Pometirf-Arfocarpus forest is found on lowermost spurs and valley floors 
in the upland zone. 

(8) Pometio-Ccinoriun?.-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 Ponzetia, Caizoriurn, Panginn?, Gnetum, Alsfonia, 
Diospyros, Neona~iclea, Syzygium, Ficus, Wrightia, Sterculirr, Pteroccirpus, Microcos, 
Trisfnnin, Drncoiitomelum, fiztsia, Semecarpus, Gurcinin, Celtis, Dysoxylum, Cinno- 
momum, and an occasional deciduous tree (Spondins, Gorugn). Tall Pnndcinus and 
palms (Cnryota, Arei~ga, "lin~bon") are also present. Scattered low palms and 
rattans occur in the undergrowth, together with Cycus, Pleomcle, Mni?i/ton, and tall 
Zingiberaceae and Mdrantaceae. 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. 

(9) Casfaizopsis-Elaeocnrpus.-This forest ranges in height from 70 to 130 ft, 
often strongly dominated by Cristonopsis 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 Castrfnopsis, Elaeocarpus, Syzygium, Cannririm, Myrisficn, Crypfocriryrf, and 
Ficus ("bambam", "lalawi", "bigus"). I n  the undergrowth are tree ferns and Pmidanris 
and bamboo, both sometimes climbing; palms and rattans are scarce and only a few 
lianes occur. Among the rich epiphylic flora, climbing ferns, Araccae, Orcl~idaceae, 
and mosses are conspicuous. 

This forest occurs on ridges and some lugher 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. Hopeo and Anisoptero, 
become prominent, in which case Castrrnopsis is almost or wholly absent. 

(10) Lithoeorpus-Elaeocurpu.~.~This forest has enlergents up to 120 ft and the 
main canopy at about 100 ft resenlbles in structure the more mixed stands of the 
Castnnol~sis-Eloeocnrpus forest. The canopy trees listed are Lithocurpus, Agofhis, 
Ma~zgifera, Elaeocrrrpus, Dysoxylt~nnl, Syzygium, Crypfocrrrya, Cinnamon?uin, Plan- 
chonin, Draco~ztomelum, Castanopsis, Dryadodaphne, Slomzen, Cl~rysopl~yllun~, and 



tall palms ("bananak" and "limbon"). Scattered in the undergrowth are Cycrrs, 
Pleornele, trce ferns, Prmdar7u.s, rattan, young palms, and Zingiberaceae. Lianes are 
not numerous. Stenochloena is found as a creeper up to 40 ft high. Mauy epiphytes 
occur (Araceae, Orchidaceae, ferns, and mosses). Selaghella and Stenochlaena form 
the ground cover. 

Lithocorp~rs-Elrreocar[~~~s forest occurs in the upland zone on ridges above 
1300 ft in the north backing ranges and above 2900 ft in the southern part of the zone. 

V. ECOLOGY 

The surveyed area, situated between the Gulfof Papua and an arbitrary boundary 
about 20 miles inland, displays in spite of this short distance a great variation in 
environmental factors. Laud 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). Soils vary from unconsolidated sands, 
clays, and peats 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. locally in the upland zone. Each ycar; 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 types, 'commonly distinguished as "rain forest". These conditions include 
optimal temperatures, high rainfall evenly distributed throughout the year, unim- 
peded drainage, atld good aeration. Deviatiolis 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 favourablemoistureconditions 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- 
mires-Snccharum robusturn) is the highest developed vegetation, whilst very marginal 
conditions, such as occur along beaches, in salt pans and in opeu water, are reflected 
in the herbaceous vegetation types. Savannah, mid-height grassland, and tall grass- 
land (Sacchar~nn sponfnr~eun~-(1~~perafa) are not reliable iudicators of climate and soil 
conditio~~s because of the overriding influence of repeated burning. 

In Figures 12-14 the relationships between vegetation types and prominent 
environmental factors are shown. These diagrams are tentative and iudicate only 
general relationships. Many of the forest types and a number of other vegetation 
types are incorporated in Figure 12. The renlaining 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 aud swamps. For example, 
slightly deciduous forest has its main distribution in areas where rainfall is inadequate 
foi 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- 
inental factors as in Figure 12. Figure 14 illustrates the various tidal environments 
with their characteristic vegetation types. 

k p i o n e e r  vegetation -Ertablished vegetation >I 
Rhizophoro-Biuguiero 

seruvium-Tcrtimroio 

Avicennio-Ceriobn Sporoholu~-Er io~hh 

Acocio-Myoporun? 

Plurhao-Flogellorio 

GREEN 
Meialeuro-Excoecario 

FOREST 

Melaieuio-Nolicleo 
Fresh Sonnerotio acids Ficus-Mynitlca PALM Naurleo-Kieiohovi" 

VEGETATION 

*Also influenced by seasonal river fioodiog 

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. Ip compiling this map only predolninating groups in each land system 
have been considered, and some minor land systeiu 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 savan~~ahs are conccmed, also 
by fire. The vegetation in most of the larger land units in the depositional environ- 
ments is controlled by soil water; accordi~lgly, 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 

I. INTRODUCTION 

Owing to the lack of docunientary ~naterial 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. 

11. P ~ E N T  LAND USE 

Present land use is almost codined to two types of farming. First, tl~ere is 
comnmercial, 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 indigenous shifting agriculture 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 
codined to forested areas, possibly because the necessary clearing can easily be 
carried out with knife or axe, whilst digging is conlined 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 trlken 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 agricultural officers. The maill 
cash crops seen were copra, coffee, and cocoa. The copra was mainly confined to 
the littoral plains zone and co~nmunal copra kilns were seen in some of tlie villages, 
although most of the coconuts, as mentioned previously, appeared still to be used as 
food. Coffee is being planted in snlall 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 snlall holding of cocoa was seen on the acid red to brown 

*Division of Land Research and Regional Survey, CSIRO, Canberra, A.C.T. 
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clay soils of Inaukina land system. Here the forest had been cleared conniiunally but 
only one Inan persisted to the stage of production (Plate 11, Fig. 1). Attenlpts have 
been made to introduce rice 011 the northern plains but these have been unsuccessful. 

Owing to the proximity of Port Moresby, rnany of the food crops have beconie 
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-IV 
are all suitable for cultivation but with increasing limitations, class IV being marginal 
for this form of land use. Classes V-VII are unsuitable for dry-land cultivation and 
range in land use from pastures to tree crops, while class VIII 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 linlit- 
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 laud unit. Thus a unit which has a number of limiting factors of class 11 and one 
of class V1 will be put into class VI. The capability classes showing the limiting 
hazards are given in Tablc 2. 

The land capability classification is bascd 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 perinanently flooded would bc suitable for 
this type of cropping). It is based on modern agricultural methods and does not apply 
to shifting cultivation. 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 infor~uation on wet-season conditions. 

The extent of the land capability classes and thcir distribution are shown in 
Table 23. Although no land units have been rated class I, some small areas of class I 
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. 

IV. DISTRIBUTION OF LAND CLASSES 

(a) Lands of the Littornl Plrrirfs Zone 

The sandy beach ridges consist of class IV laud, for ilic soils are liable to be 
droughty and saline and to have low fertility; these are found largely in Hisiu land 
system. The tidal flats and estuaries consist mainly orclass VJIl land, which is subject 
to tidal flooding to a greater or less extent, and little can be done with it short of 
large-scale engineering projects. 

* HAANrIENS, H. A. (19631.-Land capability classification in reconnaissance surveys in I'apua 
and New Guinea. J.  Amf.  first. Agrie. Sci. 29: 104-7. 
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(b) Lrrnds of the SII>CII~~  Zone 

This zone mainly has class WI 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 intake areas of 
Lhese swamps. The higher-lying parts 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 laud systems are small higher levees subject 
to only occasional flooding and forming class 111 land. 

(c)  Lands of the F/~-ltrvial 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 III. 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 Vl. 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 tlie types of crops; a rice scheme ncar Inauabui is reported to have failed 
on this account. Suclr lands have been classified as class IV. 

The alluvial soils of the fluvial plains zone have a nrassive 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) Lrnids of tlie Coastal Hill Zone 

This zone is characterized by shallow soils on the hills and soils with slow 
permeability on the foot slopes and plains. 

Class I l l  lands occur on the upper foot slopes, the less stable inteduves, and the 
lowlands mainly in ICopu, Fail-fax, Bomana Creek, and Hanuabada land systems. 
These lands have a nloderate erosion hazard and the soils are liable to dry out for 
short periods. Class 111 lands also occur in valley flats throughout the area and in the 
minor alluvial plains of Boroko land system. The soils are inainly 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 inteduves 
where texture-contrast soils occur. Texture-contrast soils which are the main soils of 
Nikura, Ward, and Ouou 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 poor drainage during the wet 
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season. Rooting may he 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 V1T and VIII lands occur on the ridges, with class VIII land mainly in 
Tovobada land system and Inore 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 natural pasture, with 
strict control against erosion. 

(e) Lands of the Upland Zone 

This zone consists mainly of class VII land, the main limitation being the 
erosion hazard on steep slopes. Areas of class VIII land occur on the steepest slopes, 
with an added limitation of being very stony. 

On the undulating plains and river terraces in this zone are very small but 
important areas of class I1 land with a slight erosion hazard. Another liniitation of this 
zone may be low fertility of heavily leacl~ed soils under high rainfall. 

( f )  Lanrls of the Foothill Zone 

This zone has becn left to last as it is intermediate between the coastal hill and 
upland zones, which transitionary character is expressed in the soils. 

In the ccntral foothills, small areas of class I1 land occur on river terraces 
in Kanosia and Aropokina land systems, and class I11 land is found on the undulating 
terrain of both Diulu and Kanosia land systems. These lands are liinited by slight ero- 
sion hazards, while those in Diulu land system have the added limitation of being 
droughty for short periods. Class IV lauds with texture-contrast soils are also found 
on plains in Kanosia land syste~n. Class V l l  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 VII, limited by steep slopes and 
shallow soils. 





INDEX TO LAND SYSTEMS, GEOMORPHIC ZONES, SOILS, 
AND VEGETATION TYPES 

Anlcin-Myopor?,nr, 161 
Acid brown clays, 135 
Acid brown lithosols, 139 
Acid red to brown clay soils, 139 
Aclcttcz,ronfhero-Colonn, 161 
Akaifu land system, 72 
Albizia-Ca,rar.iron, 164 
Albizirr-Mn,riltoa, 162 
Alkaline dark lithosols, 138 
Alkaline grey sticky clays, 135 
Alkaline/neutral olive stratified soils, 136 
Alkaline olive brown sands, 137 
Alkaline olive grey s~l ty  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 alive grey stratified soils, 137 
Alstonia-KIei,rhovia. 168 
Alllrofia-E~~dospe~'~n~~nt, 165 
Aro~okina land svsten~. 40 

Habiko land system, 64 
Beach soils, 131 
Bebeo land system, 61 
Beipa land systcrn, 63 
Biaru land system, 73 
Born family, 141 
Bomana Creek land system, 32 
Hamana farmly, 141 
Bo,nbax-Cehis, 162 
Bo,nbnx-Ter.rr,innlin, 162 
Boroka family, 137 
Boroka land system, 37 
Brown clay soils, 141 
Brown fine sands, 131 
Brown sticky clays, 133 

Carrarrg<~-Ponstin, 168 
Ca.~ta,~opsisElneoca~p~~.s, 1 69 
Cnsuari,za-DysoxyI!r,>z, 168 
Cerbera-Alstonia, 167 
Ceriops, 164 
Cle~odenrlr?rn~-FIageII~~~i~~, 160 
Coastal hill zone, 22, 110 

Dark cracking clay soils, 137 

Diulu family, 139 
Diulu land system, 41 
Diurnalla land systnn, 31 
Doura land system, 74 
Dubuna land system, 44 
Edebu land system, 45 
Engepa land system, 71 
Epo land syslem, 62 
Eucnlyptr,s-Aencio, 162 
Evergreen thicket, 160 
Exeoecn~.io-Hibisert~, 166 
Fairfax fanily, 141 
Fairfax laud systcrn, 30 
Fictis-Myristicn, 167 
Fluvial plains zone, 56, 120 
Foothill zone, 38, 116 
Forest, 162 
Galley Reach land system, 78 
Gnr.r,gn-B~~ncl~yeI~i~o,,, 163 
Gnrrtggn-Rl~ndo~rry~f~,~, 161 
Grasslands, 155 
Grey clayey peats, 132 
Grey fine sands, 131 
Grey loams, 133 
Grey loanly peats, 132 
Grey sands, I31 
Gxey sandy peats, 132 
Grey silty clays, 133 
Grey sticky clays, 133 
Grey to brown silty clays, 132 
Gymcoipr,s-HoipaNin, 161 
Hanuabada land system, 25 
Heritiera-Brrrpeim, 166 
Hibiscus-Fl<gellnr.irr, 160 
Hisiu land system, 77 
Hjptis-l,llyei.ntrr,-I 155 
lawarere land system, 54 
In~per.atn-E~,cnly,~t~~s, 159 
Ir~~pcr.rrt<r-Ti~e,~~e<Io nt,sf8-rrlis, 156 
In~perfectly drained alluvial soils, 134 
Inapi faluily, 138 
Inaukina land system, 58 
Intertidal alluvial soils, 132 
I,~tsirtCeltiu, 163 
Intsia-Spo~rdios, 163 
Jackson family, 138 
Kabukn land system, 29 
Kanasia land system, 42 
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Keviona land sysletn, 59 
Kida land system, 80 
Koitaki family, 140 
Kopu land system, 26 
Laloki family, 142 
Leersin-Ho,~~rmnn, 155 
Lesewalai land system, 79 
LiflzocarpnsEI~eoco~~p~~s,  169 
Lithasols, 138 
Littoral plains zone, 75, 125 
Low evergreen forest, 164 
Low grassland, 155 
L~,,~znifrer.o, 160 
Mangrove soils, 131 
Mariboi land system, 48 
Melaler~co-E.~eoecario, 166 
Melalerccn-Nnr,cleo, 166 
Mefroxybn-Aflocoipr,~, 159 
Mefroxvlo,z-Macar.a,rpn. 159 
 id-height evergreenfirest, 165 
Mid-height grassland, 155 
Mixed herbaceous vegetation, 151 
Moderately well-bained alluvial soils, 135 
Naeclen-Klei~~kovia, 167 
Nebire family, 140 
Neutral brown lithosols, 138 
Neutral grey sticky clays, 135 
Neutral olive brown sands, 137 
Neutral olive grey silty clays, 134 
Neutral olive grey stratified soils, 134 
Neutral olive silty clays, 136 
Neutral olive stratified soils, 136 
Neutral red lithasols, 139 
Neutral relic grey silty clays, 137 
Nikura fanlily, 142 
Nikura land systcn~, 33 
Nipa land systen~, 82 
Nyr,rplrrreo-Azollo, 155 
Nypa, 159 
Obu family, 142 
Oeto,,~elesA~~foenrpt,s, 16'7 
0phiro.o~-Etrcoly,>fc<~ albn, 158 
OplrhrrosErrcnlypf~~~pnp~~a~~n, 158 
Ophhrros-El,colypfr~s fer.eficor,zis. 158 
Ophirrros-Z,,zperato, 155 
OphirtrosTl~emeda nr,sfralis, 156 
Oplrir,r.os-Tirrro~~i,,~, 158 
Ouou family, 142 
Ouou land system, 35 
Owers land systen~, 52 
Palipala land system, 27 
Palm and pandanus vegetation types, 159 
Pn,rda,us, 160 

Papa lalid system, 81 
Plzr.o~~rrife,s-SaecI~nv~~~~~ robrtafrmr, 156 
Pinu land system, 60 
Piunga land system, 66 
Pla,zchorzia-Adermu~fhern, 163 
P$cl~co-Flo~ell~,r.i~,, 160 
l'okama land system, 28 
Po,,~erio-Arfocnrp~~s, 169 
Por,~etin-Cnlzorir,,?~, 169 
Pomcfirr-Cehis, 168 
Prcrn,ro-Seocvolo, 160 

Red gravelly clay soils, 140 
Relic olive silly clays, 133 
Rhizoplrorn-Brttfnim, 165 
Rouna land system, 43 
Rubberlands land system, 49 

Socclzoren~ r.ub~,.rf,n~z, 157 
Socchar?mz spo,zfa,r~a,,tIrrrpcraf~~, 156 
Savannah, 157 
Scrub, 160 
Scrub and thicket, 160 
Semi-deciduous thicket, 161 
Scsr,vinn?-Tecficort~ic, 15 1 
Slightly deciduous forest, 163 
Sogeri family, 139 . . 
Sogt1.i land system, 50 
Sorr,rcrafia ocido, 164 
Sphrife.r-Cn~m~oIia, 151 
Spondias-Cchis, 163 
Spovobolrrs-ErioeI~10~1, 155 
Strongly deciduous forest, 162 
Subitanla land system, 51 
Swamp zone, 68, 124 

Tall evergreen forest, 167 
Tall gl.assland, 156 
Texture-contrast soils, 141 
Tlre,,zerlo nr~~fs~lis-B~~calj'yf~is,  157 
Tl~e~nedn m~~fstrulis-Ti,troni~~s, 157 
Tl~enzerlo aovognirreer,sis-Er,co/yplr,s, 158 
T i v ~ k ~  family, 140 
Tovobada land system, 24 
Ts"ia land system, 36 

Uberi family, 139 
Uberi land system, 55 
Upland zone, 46, I18 

Vanapa land system, 67 
Vekabu land system, 65 
Very poorly drained alluvial soils, 133 
Vouku land systenl, 53 

Waigani land system, 70 
Ward family, 142 
Ward land system, 34 
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Fig. I.-Littoral plain\ zone. The survc? arra cont;!ins six pnrtly d i s c o ~ ~ t i n ~ ~ o u s  en\irnnmental 
zones parallel \\ith thc coast. The littoral plains zone, embracing 200 sq milcs, consists of beach 
ridges, tidal flats, and estonrics. This aerial vie\\, is o f  lover-l>ing nlangrove flats of Galley Reach 
land system in the foreground, with mid-hcight evergreen forest of Rhirophor-rr and Au,ceirr.o, and 
n ~ a n d e r i n g  tidal creeks. Behind are the complex mangrove and salt flats of Kido land system 

fronting Redsc.ar Bay, tra\,ersed by light-toned stranded beach ridges. 

Fig. 2.-Littoral plains zone. Rhirophor-o-Rrrrp,,ic,r<, mangrovc below high-\\ntcr in;!rk in Gallel 
Reach land system; with prominent crab-built mounds on grey loamy peals. 



Fig. I.-Littoral plains zone. Mangrove flats near the upper limit of the tides, u i th open lo\\, cvcr- 
green forest of Avicr,mio, typical of Lese\\,alai land system. 

Fig. 2.-Littoral plains rone. The sandy beach ridges of Hisiu land system are here truncated by the 
coast, and there are tidal flats in same 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 cliKed 

hill slopes of Palipala land system. 
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Fig. I.-Coastal h i l l  zone. The coastal h i l l  zone. 7Oll iniles in  e\ti.~il. ~.~>~i,isl* o i  ridgss. mainly 

o f  chcl-ty limestone, lo\\lands on softer sedimentnr?. reeks. and minor allu\i;tl pl;iins. The zone has 
extensive eucal! pt sa\,nnnah and derivcd grassland. This \ ieiv is o f  coastal r i d w  a i  cherty limestone 
in the south of the area. mappcd as 14nnuabnd;t land s!stem. n i t h  stony slopes \\.ill? alkaline dark 
lithosols. I n  penel-nl. the coasts are herc rocky and stccp, nit11 mangrove Ants and sandy beaches 

o f  Papa land system i n  small embayments. 

3 

L . '  !, 

Fig. Z.-C~i.t~t.tl I?III znil2. i ~ n o h : t ~ l , ~  I ~ I L I  S!SICIII. it, IIIC v ~ i ~ t l ~ c ! ~ ~  lhillx ~ n o r t l ~  of  l'i>rt >li>rcsby, has 
areas o f  stnmgl! dcciduour ii>ri.ir IU:~r,ihri.u-C~~/ii~) and drri \rd grassland. Limcsto~ie and chert 
form the main crests, u i t h  interbcdded modstone which is sublcct to slumping on steep valley sides. 



Fig. I.-Coast;~l hi l l  rone. Eucal!pt s;!\;innal, of the coastal hi l l  rone is rntcch inflttenced by burning 
i n  the dry season. and C?ror is typical of such areas. Stony hi l l  slopcs o f  moderate steepness arc 

characteristic o l  the zone. 

Fig. 2.-Coastal hi l l  rone. Rro;idl! undulating lo\\l:!nrls of Xik~ll.i! litnd s?stcrn in  the cei,tral hills 
sector, with eucalypt savannah and semi-deciduous thicket on lo\\ interfltcves and strongly deciduous 
forest in the valleys. On the coastal margin are limestone ridges o f  Pokamn land system, covered 

with deciduous forest. 
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~ i ~ ,  l,-Snamp ronc.  The ,t:,illlp ZOUC COICSC 350 sit xlitIe\ and comilri5ss ;tl-ms of pcrmnnent 

and seasonal standing uatcl- and psriodicnlly floodcil plains. This vic\v is ol the permanent snamps of 
Waisani land system. with P / i , - ~ , ~ ~ , r ~ i ~ c - S ~ ~ c r i ~ ~ , r ~ ~ , ~ ~  rr,hrnn,r~ tall gmsrlnnd and floating herbaccous 
\czetatiun. Swamp grassland patterns commonl! shon sisns of former chnnnclr and meander  scroll^. 
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Fi%. 1.-Snamp zone. Scasonal sharnps have e\tensivc inid-llcizlit evergreen forest \<it11 .\lrlolez~cn 
and A'nerlm as sho\\,n here in Doura land s!slem. The uetter arcas. including ox baa.^. have 

herbaceous vcgeiation. 

Fig. 2.-Fluvial plains zone. The fluvial plains zone. hit11 an a r m  of 550 srl inilcs. has been formed 
by large perennial rivers from the uplands. L.lrge parts of thc more stable plains arc grasslands, 
as typified by this \.iew of Keviona land system in the Aron plains, with Ophi,rr.o.x-Tlret~~prlol n,,xf~.alis 

mid-height grassland dotted with termite mounds. 



-Fluvial plains zone. Tall grassland (S~rcclror-ro~r r,,o,~~or~err,r,-lr,~p<,~<~ro) is typical o f  
and  Bcbeo land s?sterns in  the nol-thcrn plains orthis ronc. 

Fig. 2.-Flu\.ial plains zone. The southern plains have e\tensi!.c tall evergreen and slightly deciduous 
forest. as sho\rn here in  \'ek;!bu land system. hctnecn the R r o w  and \ 'ann~n Rivers. This ic the 

chief area o f  timher extl-;~ction. and i-o;lds are heins e~rended throuzh it. 
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Fig. I.-Flu\ i;tl plains zone. .Thc onst:!hlc HOLY-pl;tins ih:l\s h e m  nlapped in  \;in;i~,:i land system. 
This vie\\ o f  the Anwbunga R i \ r r  is chnr;steristic o f  the litl-ge nlcandering ch;innels. u i t h  point bars. 
meander scrolls, and forested levees. and uirh n cut-off meander at top right. lnaui  (foreground) 

is a typical large Mekea village of the northern plains. 

Fig. 2.-I-luii;il pl;llnc, mnc.  Txll e\crsrccn ilnril \!ilIl Ooii,,irll.\ .ind h/,iiiiioii~i l l i l  lhees and 
Surcliorre,~ rrrhsrra,r~ on i-i\er hank, i 5  cl,nl;ictrri~iic uf Vanapa Inlid s!stcm. 



Fig. I.-! ~ ~ ~ ~ t l ~ ~ l l  <\me.  Tlw I'<ILIIIIIII ,,,ne 1.750 INIIIC\I I, IK~~I\III<III~I I ~ ~ I V . C C ~ I  lL>\\l,t~,~l, ;~ILI ~~pl;<ncls. 
This viea of  tlic gabbl-u ridgcs <,I' Roiwnti l i t l l ~ i  S!SICI~I in IIIC ~~~~~ I I~c I I I  I l ~ ~ ~ i h ~ l I \  <ho\\s tllc change 
from sa\nnnah in  the drier ncstcrn pa1.1 to incr~aslng fol.est cover 011 tile higher ridses further inland. 

Fig. 2 .  I I .  l l i c  i t j ~ l : i n~ l  ,r,ir<. h 5 i i  11111~- 111 C\ICI,I. I>,!, I~VL~SCII  i l i l  .il,iI I50 I I .  arlr l i~al 
rainfall, and i\ c.ucniitcl! iorcstcd. Tl,c\c his11 ph? l l i~c  icdges o f  l;!a:~r'ie Ikind *!\tern in the south 

backing ranges ha\e t;tII evergreen forest. 
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F~E. ~ . - v ~ l ~ ~ , i  7,1nc. hluch or the ,,~.I;,~LI tone I, Inl-n~eil h) ~ l i ~ t - l ! ~ ~ i ~ d g r l ~ ~ ~ ~ ~ ~ . f i ~ t c .  \CCII here i n  

the bluHi o i  the S o ~ c r i  Pl;itenti. Tall c\crpce?n iorcst i\ lhel-c restiicted to \allc) lhcads: elsewhere 
there is eucal!pt savannah. both on the escarpment and on the Ion hills o f  So~el-i lhnd system on the 

plateau surface. 

Fig. 2 . l i  i l .  I I ~ c / ~ ~ c I ~ ~ ) L I ,  :~~~CLIIIIII.C III i l lc ,11.~:1 i, inii>i~,l) i ~ r l l l c  ~ l i i i l i r l w ~ l t i \ ' n t i o n  
type, i n  a l ~ i c l ~  p;trtinl io rcq  clcarlne.; o1.e horni.ii. lu;uing 1rc.c. stimps and man! logs. and small plots 
are fenccd against pigc. Crops are planted haphazardly. mainly a i t h  the dissino stick; with little 

cultivation of the soil. Thc food craps shown here are taro. bananas, and sugar-cane. 
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Fig. I.- lridigi.~,uu. ; I ~ I I C L I I I I I ~ C .  Cihh CI.OI)\, gri>i\ll igcni., on :I \111:1II \c;tli. 111 thu a~r..r, includc 
coffee. coco;~. betel not, and st;!ple food crops sulrl on the Port Morcsb! market. This vicn of drying 
cocoa beans is from Inawauni, \\'here forest clearing and planting of cocoa h a w  been a communal 

enterprise under encourapernent by thc local agriculture officer. 

Fig. 2.-1'1:i1ii.ct~ti11 i i g r r ~ ~ l l ~ ~ r c .  Iluhhcr ~ ~ I . , I I I ; I ~ I ~ ~ I I \  n ~ l . h c t l  h! illdenturrd labour iron llle lbighlands 
arc extensiic on acid red lu h r o n n  cl;,! ~1 ,112  in lhu tipland rune, on thc Sogeri Pl;iteau and inland 
froln Galley Rcach. mainly in ; arc s  oith more than 60 in. rainfall. Clearing and terracing in 
preparation for planting of rubber are shown here in Ouers land system, on  the Sogeri Plateau. 
Plantation roads are easily cut in the deeply weathered volcanic rocks. The forested high ridges 

in the background arc part of Uberi land system. 



Fig. I.-Settlemcnl. The indigenous pupulation of the surt,ey area, excluding Part Morerbg, numbers 
40.000. Most a f t h c  villages are on the coast, an  restricted littoral plains in the south. as at Tupt~sclei 

(above), o r  on  bordcr plains of Hisiu land system in the north. 

Fig. 2.-Settlement. Port More~hy. with 23.000 indiscnrs and 5400 "on-indigenous inhabitants, 
is the centre o f  administration in the Territory of Papva and Nc\r Guinea, the main commercial 

centre o f  Papua, and the main port linking the Territory with Australia by sea and air. 
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