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PART I. INTRODUCTION 

This report gives an account of the climate, geology, geomorphology, vegetation, 
and forestry of mainland eastern Papua, and also includes some information on 
soils, drainage, and land use potential. The area involved is a mountainous tract of 
land, mostly bounded by sea, that is 650 km long and up to 190 km wide, extending 
from lat. 8"s. to 10°43'S. and from long. 145"48'E. to 15O058'E. It covers 60,900 km2, 
made up  of 23,300 kmz surveyed in 1969, five previously surveyed parts totalling 
27,200 km2, and 10,400 lan2 mapped almost entirely from air photographs (Fig. 1). 

Fig. 1.-Eastern Papua survey area showing 1, Icerema-Vailala area @art); 2, Port 
Moresby-Kaimku area; 3, Buua-Kokoda area; 4, Sa6a-Pongani area; 5, Wanigela- 

Cape Vogel area; 6, area surveyed in 1969; 7, area mapped from aix photographs. 

The five previously surveyed parts are the Buna-Kokoda area surveyed in 1953 
(Haantjens et al. 1964b), the Wanigela-Cape Vogel area surveyed in 1954 (Haantjens 
et al. 1964a), the Port Moresby-Kairuku area surveyed in 1962 (Mabbutt et al. 1965), 
the Safia-Pongani area surveyed in 1963 (Ruxton et al. 1967), and part of the 
Kerema-Vailala area surveyed in 1966 (Ruxton et al. 1969). 

Eastern Papua lies within the heavy precipitation belt of the humid tropics, 
and most of the area mapped has an average annual rainfall of over 2540 mm. 
However, lower-rainfall areas occur along the west and south coasts, in the Musa 

*Formerly Division of Laud Research, CSIRO, Canberra. Present address: Bureau of 
Mineral Resources, Geology and Geophysics, P.O. Box 378, Canberra City, A.C.T. 2601. 
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basin, and along the nortlr-cast coast near Cape Vogel. The rainfall generally has 
a seasonal distribution, which is most marked in the lower-rainfall areas. 

The dominant topographic feature is the Owen Stanley Range, which runs 
the length of mainland eastern Papua. The range forms the main watershed between 
rivers flowing west and south to the Coral Sea and those flowing east and north to 
the Solo~non Sea. Several peaks along the range rise to over 3000 m and the highest 
peak, Mt. Victoria, is 4035 m above sea level. Other generally lower mountain 
ranges occur on either side of the Owen Stanley Range. Two groups of largevolcanoes 
are present on the north side of the main divide between long. 148"E. and 14go30'E.; 
two of 1.lle volcanoes, Mt. Lamingtoil and Mt. Victory, have been active within the 
last hundred years. Ranges of hills occur along the south-west coast, on the Cape 
Vogel peninsula, and near Cape Ward Hunt and are interspersed with low-lying 
plains associated with the main rivers. The largest catchmelit is that of the Musa 
River. The most extensive plains are those of the Lakekamu, Riaru, Angabunga, 
Dilava, Vanapa, Brown, and Laloki Rivers, which flow into the Coral Sea, and of 
the Mambare, Kumusi, and Musa Rivers, wbich Row to the Solomon Sea. 

The natural vegetation over most of eastern Papua is tropical rain forest. 
This forest becomes lower and poorer in species with increasing altitude. Savannah 
and grassland occur in areas with a strongly seasonal climate. Extensive areas of 
swamp vegetation are present on the low-lying plains. In many places, especially 
in the most densely populated areas and also on high mountain tops, the natural 
vegetation has been destroyed and replaced by forest regrowth and grassland. 

,460 14s- 150° 

I I I I 

l o 0 -  

- - - Distric1 boundarien 
- - - - - Subdis1rici boundaries 

O Uirtrict headquarters 

m Subdisfricf headquarlerr Samarai 

I I I I I 
Fig. 2.-Administrative divisions. 

111. ADMINISTRATION AND POPULATION 

The districts, subdistricts, and administrative centres in the area covered are 
listed in Table 1, and their locations are shown in Figure 2. 

The population is mainly concentrated along the coast and is densest near 
Port Moresby, between Cape Cupola and Yule Island, and in the vicinity of Popou- 
detta and Milne Bay. Large parts of the interior, especially in the high mountain 
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ranges, are virtually uninhabited. Population figures by district and subdistrict are 
given in Table 1. The main town in the area is Port Moresby, the administrative 
centre of Papua New Guinea. Its population at 30 June 1966 was 41,848, of which 
9865 were non-indigenes. The only other town with over 1000 inhabitants is Popon- 
detta, which had a population of 2193, including 295 non-indigenes, in the 1966 
census. The total population in the area is about 257,000 and the average population 
density is 4.2 persons per kmz. 

TABLR 1 
DISTIUCTS, SUBDISTRICTS, INDIGENOUS POPULATION, AND 

ADMINIS~ATIVE CENTRES AT 30 JUNE 1969 

District Subdistrict Indigenous Administrative 
population centre 

Central Part Moresby 
Ahau 22,259 Ihpiano 
Goilala 25,871 Tapini 
K c u  20,092 Bercina 
Port Moresby 19,777* Port Moresby 
Rigo 27,060 Kwikila - 

Total 115,059* 

Milne Bay Alotau 
Baniara 18,083 Rabaraba 
Milne Bay 13,347 Alatau 
Part of Samarai 12,040'1 Samarai 

Total 43.470t 

Northern Popondetta 
Kokoda 6,701 I<okoda 
Popondetta 41,675 Popondctta 
Tufi 8,558 Tu6 - 

Total 56,934 

Gulf Part of Kukipi 26,767t Malalaua 

* Excludes population of Port Moresby township. 
t Includes population of part of subdistrict not insurvey area. 

IV. COMMUNICATIONS 
Most of mainland eastern Papua is relatively readily accessible compared with 

other parts of Papua. There are over 1700 km of vehicular roads, most of which 
are all-weather roads, and over 40 aerodromes, many of which have regular scheduled 
air services. Most of the villages and plantations along the coast are served by small 
ships. Port Moresby and Popondetta are the main foci for both the road and air net- 
works, and Port Moresby is both the mainairport andthemain seaportintheTerritory. 

V. SURVEY PROCEDURE 
The objectives of the eastern Papua survey were: (1) to carry out a broad 

reconnaissance survey in 1969 of the part of mainland eastern Papua south of 
latitude 9%. that had not been previously covered by land resource surveys; (2) to 
make an air-photo interpretation of the unsurveyed area between latitudes 8"s. and 
9"s.; (3) to correlate these two areas with the previously surveyed parts of eastern 
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Papua; and (4) to produce an integrated report on the land resources of mainland 
eastern Papua. 

The 1969 survey was carried out by a team consisting of D. H. Blake, geologist- 
geomorphologist and party leader; K. Paijmans, plant ecologist; J. C. Saunders, 
forest botanist; and R. M. Scott, pedologist. Prior to commencing field work, 
Blake and Paijmans completed an initial air-photo interpretation of the area. Field 
work was undertaken in June and July 1969, and 345 sample sites were investigated. 
A helicopter was used to transport the team between sites. Dusing the field work 
the team was assisted by V. G. Dawson and P. Healy, transport officers, and 12 
assistants from Madang under Gabi-Momo. On returning to Canberra, Blake and 
Paijmans carried out further air-photo interpretation in the light of the field work 
results, remapped the five previously surveyed areas, and photo-interpreted the 
unsurveyed part of eastern Papua. Because of, iirstly, problems in correlating the 
previously surveyed parts with each other and with the newly surveyed parts and, 
secondly, the broad reconnaissance nature of the overall survey, the final mapping 
was accomplisl~ed using land-form types as the basic mapping unit instead of land 
systems which have been used before in mapping land resources in Papua New 
Guinea (see Part 11). The land-form types were mapped by the geomorphologist 
and the vegetation was mapped separately but concul.rently by the plant ecologist. 
Mutual problems that cropped up during the mapping were discussed together. 
The separate mapping of land-form types and vegetation enabled the air-photo 
interpretation to proceed more quickly than land system mapping normally does. 

VI. AIR PHOTOS AND MAPS 
Mainland eastern Papua is covered by air photographs taken by Adastra 

Airways Pty. Ltd. and QASCO between 1953 and 1969. These are mostly at scales 
of about 1 : 50,000 at sea level. 

The base map used for this report was prepared at a scale of 1 : 500,000 by the 
Division of Natioilal Mapping, Department of National Development, Canberra. 

VII. ACKNOWLEDGMENTS 
The photographs in Plates 1 to 19 are Crown Copyright and have been madc 

available by courtesy of the Director of National Mapping, Department of National 
Development, Canberra. 

VIII. KBFPRENC~ 
WJENS, H. A,, FITZPATRICK, E. A., TAYLIJR, B. W., and SAmans, J. C. (1964a).-4cneral 

report on lands of the Wanigela-Cape Vogcl area, Territory of Papua and New Guinea. 
CSIRO Aust. Land Res. Ser. No. 12. 

HAANTIENS, H. A,, PAT~RSON, S. J., TAYLOR, B. W., SLATYER, R. O., STEWART, G. A,, and Gnem, P. 
(1964b).-General report on lands of the Buna-Kokoda area, Territory of Papua and New 
Guinea. CSIRO Aust. Land Res. Ser. No. 10. 

MPIBBUIT, J. A,, HEYLIOERS, P. C., SCOTT, R. M., SPEIOHT, 1. G., FITZPATRICK, E. A,, MCALPINE, 
J. R., and PULLEN, R. (1965).-Lands of the Port Moresby-Kairuku area, Territory of Papua 
and New Guinea. CSIRO Aust. Land Res. Ser. No. 14. 

RUXTON, B. P., HAANTJENS, H. A., PNIMANS, K., and SAmeRs, J. C. (1967).-Lands af the Safia- 
Pongani area, Territory of Papua and New Guinea. CSIRO Aust. Land Res. Ser. No. 17. 

R ~ o N ,  B. P., BLEEKER, P., LEACH, B. I., MCALPINE, 3. R., PNJMANS, K., and PULLGN, R. (1969).- 
Lands of the Kerema-Vailala area, Territory of Papna and New Guinea. CSIRO Aust. 
Land Res. Ser. No. 23. , 



PART 11. LAND-FORM TYPES OF EASTERN PAPUA AND THEIR 
ASSOCIATED CHARACTERISTICS 

By D. H. BLAKE* and K. PAIJMANS~ 

I. INTRODUCTION 

A land-form type is a mapping unit that is described in terms of land forms 
and rock types. For the eastern Papua survey land-form types are based kstly on 
land forms and relief classes that can be observed and interpreted on air photos at 
scales of 1 : 30,000 to 1 : 50,000, and secondly on available geological information. 
The mapping of the land-form types was therefore carried out by the geomorpho- 
logist, supplemented on plains by the mapping of the plant ecologist, who dis- 
tinguished the different types of swampy, poorly drained, and well-drained terrain. 
Land-form types differ from land systems, which have been used in previous reports 
on land resource surveys by the Division of Land Research, in that a land system 
is dehed as a recurring pattern of land forms, soils, and vegetation (Christian and 
Stewart 1953, 1968). As used in eastern Papua, land-form types are broader and 
more general mapping units than the previously mapped land systems and are 
considered by the authors to be more suitable for a rapid and broad reconnaissance 
survey of a large and complex area, such as eastern Papua, for which there is an 
overall scarcity of field data. 

Eastern Papua has been mapped into 58 land-form types. The five previously 
surveyed parts of the area (Fig. 1) have been remapped and correlated with each 
other, with the part surveyed in 1969, aud with the part mapped almost entirely 
from air-photo interpretation. It is pertinent to note that the remapping would have 
been necessary even if land systems had been used instead of land-form types. This 
is because the five previously surveyed areas were mapped by different survey teams 
in varying amounts of detail using different criteria. A total of 150 different land 
systems were distinguished in these five parts which together make up less than half 
of mainland eastern Papua, indicating that well over 200 such land systems would 
have been needed for the whole area covered. Such detailed mapping would not be 
justified because of the broad reconnaissance nature of the overall project. 

As the land-form type mapping has been accomplished using different criteria 
again from those used previously, many land systems have been remapped into two 
or more land-form types. This is shown in Table 2, in which correlations between 
the land-form types mapped by the authors and the land systems mapped in the 
previously surveyed parts are given. 

* Fom~erly Division of Land Research, CSIRO, Canberra. Present address: Bureau of 
Mineral Resources, Geology and Geophysics, P.O. Box 378, Canberra City, A.C.T. 2601. 

t Division of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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The land-form type map that accompanies this report is at a scale of 1 : 500,000. 
On it are superimposed lines that represent the boundaries of six major climatic 
zones. These zones are based on amouut and seasonality of rainfall and on mean 
annual temperatures. The rainfall data are available from meteorological stations 
and vegetation indications, and the mean annual temperatures are estimated from 
heights above sea level obtained from published topographical maps. The climatic 
zones enable the land-form type map to be subdivided geographically into areas of 
similar climates. Within each of these geographic divisions any one land-form type 
has a restricted range of land forms, rock types, climate, and hence also natural 
vegetation, soils, and potential land use. The land-form types can therefore be 
described, like land systems, in terms of land forms, geology, climate, vegetation, 
forest resources, soils, and potential land use. 

11. GROUPING OF LAND-FORM TYPES AND EXPLANATIONS OF SYMBOLS 

The land-form types have been arranged into 12 main groups, four of which 
are made up predominantly of constructional land forms, while the other eight 
groups consist mainly of erosional land forms. The characteristic and distinguishing 
features of the individual land-form types within the 12 groups are given on the 
land-form type map. 

The four groups of constructional land-form types are littoral plains, alluvial 
plains, undissected non-volcanic fans, and well-preserved volcanic land forms. 
Littoral plains consist of mangrove flats subject to daily, monthly, or seasonal tidal 
flooding, well to imperfectly drained beach ridge complexes, and two dune fields 
near Hood Bay on the south coast. Alluvial plains are arbitrarily defmed, for the 
purpose of land-form type mapping, as plains having general slopes less than 1" and 
a local relief less than 10 m. Undissected non-volcanic fans have characteristic slopes 
of 1-5". Well-preserved constructional volcanic land forms are conhed to late 
Pleistocene and Recent volcanoes. They include both steep-sided summit areas and 
gently sloping flanking fans. 

In the remaining eight groups of land-form types the dominant geomorphic 
processes are erosional. The first three of these groups are dissected non-volcanic 
fans, deeply eroded but still recognizable volcanic terrain, and dissected plateaux 
and summit surfaces. The remaining land-form types are placed in the following 
arbitrary groups: undulating terrain of very low relief (relief 10-30 m), low hilly 
terrain (relief 30-100 m), moderately high hilly terrain (relief up to 200 m), high hilly 
terrain (relief up to 400 m), and mountainous terrain (relief over 400 m). Each of 
the groups is subdivided on dominant rock type or types and on topographic charac- 
teristics such as drainage and crestal patterns, steepness of slopes, and presence or 
absence of spurs. 

In the group of dissected non-volca~~ic fans the original fan surfaces are either 
preserved on interfluves or indicated by accordant to subaccordant summit levels. 

Deeply eroded volcanic land forms have been distinguished where possible 
from other types of terrain. The original volcanic land forms were of Pliocene and 
Pleistocene age and have been extensively eroded, so that now only the gross features 
can be identified, being indicated by remnant surfaces, summit profiles, and drainage 
patterns. 
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Dissected plateaux and summit surfaces consist of hilly terrain of various 
classes and are distinguished from other hilly terrain by their location in watershed 
areas and by their higher altitude and generally lower relief relative to the sur- 
rounding termin. 

Each land-form type has been given a symbol consisting of either two or three 
letters. The 61st letter of each symbol indicates the main group in which the land- 

TABLE 3 
EXPLANATION OF LANWFORM TYPE SYMBOLS 

Svmhol Exolanation 

First 
letter 

Co,zstrnctional lon~l~ol-fo,.r~z types 
L Littoral plains (relief <10 m, characteristic slopes <la) 
A Alluvial plains (~elief <10 m, characteristic slopes <l") 
F Undissecled nan-volcanic fans (characteristic slopes 11") 
V Wen-preserved constructional volcanic land forms 

Erosio>ml lorzd;fo~.t~t types 
D Dissected non-volca~~ic fans 
E Deeply eroded volcanic terrain 
P Dissected plateaux and summit surfaces (rclief 15400 m) 
U Undulating and hiUy terrain of very low relief (10-30 m) 
X Ililly terrain of low rclief (30-100 m) 
Y Hilly terrain of moderate relief (100-200 m) 
Z Hilly terrain of high relief (200400 m) 
M Mountainous terrain (relief over 400 m) 

Second 
lettcr 

Littoral and alluvial  lai ins 
S Swampy 
P Poorly drained 
W Well to imperfectly drained 

Remainirra land-form t v ~ e s  

. . 
K Calcareous rocks 
B Mafic (mainly basaltic) volcanic and plutonic rocks 
A Intermediate (mainly andesitic) and acid consolidated volcanic and plutonic racks 
P Unconsolidated pyroclastic rocks 
U Ultramafic igneous rocks 
M Foliated metamorphic rocks 
X Mixed sedimentary, igneous, and/or metamorphic rocks 

Third 
letter 

Littoral nnd alluvial plains 
d Unstable, liable to destructive flooding during future voicanic eruptions 
f Frequently flooded 
r Rarely flooded 
s Stable, not associated with recently active volcanoes 
u Unstable, not associated with recently active volcanoes 
v Stable, associated with recently active volcanoes 
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TABLE 3 (Contb~~terl) 

Symbol Explanation 

Remaitzing land-form types 
> 1500 m above sea level 
Branching ridges 
Cuestas 
Dissected slopes 
Extremely steep (precipitous) slopes and cliffs (slopes >45') 
Finely dissected 
Glaciated 
High relief (200-400 m) 
Irregular 
Moderate slopes (5-209 
Negligible to very low relief (<30 m) 
Parallel ridges 
Rounded ridges 
Steep slopes (20-304 
Terraced 
Undulating 
Very steep slopes (30-45") 
Broadly (widely) dissected 
Moderate relief (100-200 m) 

form type has been placed. The second letter indicates the dominant drainage con- 
ditions in the land-form types of the littoral and alluvial plains groups but otherwise 
represents the main rock types present within the land-form types. The third letter 
represents a characleristic feature which serves to distinguish between otherwise 
similar land-form types. The symbols are explained in Table 3. 

Each land-form type is described in note form under the headings below, and 
is illustrated by one or more photographs. The areas of the land-form types have 
been obtained by dot counts and are calculated to the nearest 5 %. 

(a) Terrain Paraineters 

The dehitions of the terms altitude, relief, characteristic slope, and grain are 
based on those given in the report on the lands of Bougainville and Buka Islands 
(Speight 1967). Altitude is the range in height above sea level within the land-form 
type. Relief is the difference in height within the land-form type between ridge crest 
or suminit and the nearest major valley. The characteristic slopes are the slopes 
that are typical for most of the land-form type. Grain is defined as half the distance 
between major stream beds in the land-form type, assessed from air photographs. 

(b) Climate 

The climate is indicated by means of zones, numbered I to VI, which are 
explained in Part 111. 
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(c )  Geology 

The geological information is based on observations made in the field, air- 
photo interpretation, and published and unpublished reports mainly by geologists 
of the Commonwealth Bureau of Mineral Resources. 

(d) Land Formns 

In the descriptions of the land forms, each land-form type is subdivided into 
units numbered consecutively. The units, which are generally similar to the land 
units of land systems or to whole land systems, are also used in many cases for 
describing the associated soils, drainage, vegetation, forest resources, and land use 
potential. The percentages given in parentheses are the relative areas in the land- 
form type covered by the units, estimated from air photographs. 

(e) Stream Pattern 

The typical stream patterns of the land-form types, as seen on air photographs, 
are described in simple terms such as radial, subparallel, dendritic, etc. 

(f) Soils and Drainage 

Descriptions of the soils and drainage conditions are based on notes provided 
by R. M. Scott and the information given in the reports on the previously surveyed 
parts of the area. These reports contain more detailed soil descriptions than are 
given here. The general drainage is assessed from permeability of the soils, rate of 
run-off due to slope, effects of climate, incidence of flooding, and depth to water-table. 

( g )  Vegetation 

The vegetation of each land-form type is placed in one or more structural 
groups, such as forest, woodland, savannah, etc. These groups and terms used to 
further describe the vegetation, such as height, crown size, and altitudinal zones, 
are defined in Part VI. Genera and species in brackets are the most common or 
characteristic ones for the particular vegetation category. 

(h) Forest Potential 

Data have been provided by J. C.  Saunders. The forest potential is assessed 
in terms of stocking rate, accessibility, and forest productivity. These terms are 
defined in Part W. 

(i) Land Use Potelztial 

Eight capability classes are used to assess the suitability of land for agricultural 
production. These classes are based on specific hazards that limit agricultural land 
use (Haantjens et al. 1964a, 19646; Ruxton et al. 1967). Briefly, land in classes I 
to I11 is suitable for cultivation with no major limitations. Class I land has no 
limiting hazards, and class I1 and class DI lands have minor and moderate limiting 
factors respectively. Class IV land is marginally suitable for agriculture because of 
major limiting factors. Class V and class VI lands are suitable for improved pastures, 
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tree crops, or forests, although class VI land has inoderate limitations for pastures 
and tree crops. In class W limitations are so severe that land use is restricted to 
grazing and forestry, and in class VIII the land is unsuited for any type of commercial 
land use. 

Figure 3 shows the land-form types classified into three groups: land predomin- 
antly in classes I to 111 covering 12% of the total area, land mainly in classes IV to VI 
covering 13 % of the total area, and classes W and VllI land covering 75 % of the 
area. 

( j )  Correlations 

Under this heading a list is given of previously mapped land systems that occur 
in the land-form type being described. The land systems are those mapped in the 
Buna-Kokoda, Safia-Pongani, Wanigela-Cape Vogel, Port Moresby-Kairuku, and 
Kerema-Vailala areas. 

(Ic) Relationships 

Comments are given on the type of boundaries mapped between the land-form 
type being described and adjacent land-form types. A list is also given, if appro- 
priate, of commonly associated land-form types and of features that serve to dis- 
tinguish the land-form type from other closely comparable land-form types. 

1V. LAND USE POTENTIAL 

The potential of eastern Papua for agricultural land use is generally low. The 
best land, that is land which is suitable for cultivation without major limitations 
(Fig. 3), is restricted to well-drained volcanic and non-volcanic fans and plains, and 
beach ridges and flats. The largest areas of such land occur on  the middle and lower 
slopes of Mt. Lamington and Mt. Victory, on the coastal plains south of Dyke 
Ackland and Collingwood Bays and along the south and west coasts, and inland in 
the Musa basin, in the upper Mambare River valley, and between the Sibium and 
Hydrographers Ranges. 

The forest potential of eastern Papna as a whole is classed as moderate, mainly 
because most forest occurs on steep and inaccessible terrain. However, areas of 
largely unbroken and relatively easily accessible forest of moderate to high stocking 
rate (30-70 m3/ha) occur on alluvial plains and fans on the lower slopes of Mt. 
Lamington and Mt. Victory, on the Musa coastal plain, on the fans and plains north 
of the Goropu Mountains, and along the major rivers flowing to the south coast. 
The most common useful trees in these forests are Ponzetia and Octomeles. About 
45 "/, of eastern Papua is covered by hill forest, which generally has a low to moderate 
stocking rate (20-50 m3/ha). One of the largest areas of unbroken hill forest with 
a moderate to high stocking rate occurs south of Mt. Lamington between the head- 
waters of the Kumusi River and the Hydrographers Range. Common and valuable 
trees in hill forest are Poinetia and the dipterocarps Hopea and Anisoptera. Rare 
stands of dense Araucaria locally have a timber volume over 300 m3/11a. High- 
altitude forests generally carry timber of higher quality than the hill forests below, 
mainly due to the presence of Notlzofaglcs and various conifers, but they generally 
pose major access problems. 
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The extensive grasslands of eastern Papua are little used at present but many 
have a potential for cattle-raising. Large areas of grassland occur on and to the 
west and south-west of Cape Vogel peninsula, near Hood Lagoon on the south 
coast, and inland in the Musa basin and south of Woitape. At present the few cattle 
in the area are grazed mainly on unimproved pastures. The natural pastures have 
a low productivity but this could be improved by measures such as introduction of 
legumes for grazing and browsing, and fire protection. 

The tourist potential of eastern Papua has been little exploited to date, mainly 
because of a general lack of accomtnodation outside Port Moresby, and also because 
eastern Papua is off the main air routes to Lae and the Highlands. However, sights 
in and around Port Moresby are becoming increasingly popular with tourists, and 
many places outside the Port Moresby area could be developed as tourist attractions 
providing accommodation facilities are made available and access is improved. 
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LS LAND-FORM TYPE (1250 kmz) 

swampy littoral plains subject to salt and brackish wafer flooding vcgctati0n.-Predominsntly low to mid-height forest. woodland, 
(Plates 1, 3, 4. 19). and scrvb of various mallgrovo species. 

(1) Small-croivned, low to mid-height forest (Rhirophlioro. 
Terrain Paramc1ors.-Altitude: 0-2 m. RelieT: <2  m. Chamc- ~ ~ r ~ ~ ~ r i a r o )  without s o u n d  cover. 
cerisfic slopos: om-OV. (2) Small-crowned mid-height forest (Brngrriero, Rlrizo~haro. 

Ilrri,iaro) with ground covor (Acradidrrrnl. Aconrhus) in climatic 
Clinnntc.-Zones I-IV. zones TI1 and 1V; small-crowned low forest (Avicennin, Ceriops, 

Bxc.coecorin, Lun,rriflera, Hibiscus) with ground cover (Sesuvirrwr) 
Geo1opli.-Unconsolidafed Littoral and estuarine clay, silt, and and n, 
sand, locally as thin veneer on dead coral reefs; Recent. (3) Salt flats with brrc ccnues. inner rims of mixcd hexbaceous 

~ ~ - . 
olrces foimina raised r i m  bordering tidal channels. Four units 
recognized. 
(1) Flnfs subject to doily roil woler Poorii ,~ (60%). 
(2) Flnts sr<bjecf to lnollrhl~ roll lvoter PooLllnr (20%). 
131 ~ 1 1 t r  ~ ~ b k ~ r  to seasorrnl salt %voter floodinp (10%): mnidy . . 
restricted to climatic zones I and n. 
(4) Esorawle nrens sobiccl lo ,'rm,e,,, to doily brochlslr ,"afar 
floodiiig (10%). 

Stream Pattern.-Reticulate, irregular; channels highly sinvovs 
or with straight rcaches and sharp elbow bends; entrances to 
charnels commonly funnel-shaped. 

Soils.-Strongly alkaline clay to sand, and peat. 
(I), (2) Sfratzed grey and brown sand to clay and fibrous pert, 
pH 8-0-9-0. 
(3) Black to very dark grcy or brown sticky clay, pH 8.5-9-0. 
(4)  ark grey to dark greyish brawn mottled silty clay lasm to 
silty clay. pH 8.5-9.0. 

Draiuage.Swampy, as subject to daily, monthly, or scaronal 
nooding; permeability variable but mainly slow; water-table 
close to surface. 

. . 
vcgctation (Scrrrvircm, Teclicornin) and outer rims of mangrove 
scrub (Avicennio, ceriopx, Excoecarin). 
(4) Palm vcsctation (Nypa); small-croruned mid-height forest 
(Brz,.vrriero, Flelifiero, xylocorpus. Rh;zopl,o,o); rmau-crowncd 
low sera1 forest (So.ncrotio). 

ForestPotentia1.-Forest resources nil (FRI*-0); most mangiovcr 
ruitablc far minor forcst produce only, although small local 
stands attain millable sizc. Accsrr very poor CAI*-8) because af 
frequency of Eooding; access catcgory SOW3. Forest productivity 
nil to very low. 

Land Use Pote~tinl.--Class Vm. Unsuitnble for commcrcinl land 
use beciusc of flooding and alkalioc soil hazards. 

Correlations.-lololmdes Killortan land system of the Buna- 
Kokoda and Wanigela-Cape vosel areas; Bendorodo land 
system of the Snfia-Ponguni area; Gallcy R e a Q  Lerewalai, Kido, 
Papa, and Nipn land system of the Port Morcsby-Kuiruku area; 
and M l e  and Nipa land system of the Kerema-Y"ilsla area. 

Rclntionsbi~s.-Boundariu generally sharp but locally gradational 
with LW, APf, and AS iand-form types; minor um=pped 
inclusions of other land-form types present locally. Many areas 
of LS too small to be shown on map. 

FRI, forest resources indcx; AI, access index. 

~ i t t ~ d  plains consisting of well to imperfectly drained beach ( A ~ ~ ~ ~  of predominantly swampy beach rids-. Rats, and 
ridge. and &ts  parafe fed by commonly srvampy swalw (Plate 1; swrles arc not  included as those have been mapped as LS and 
Pinte 17, Flg. 2 ;  Plate 19, Fig. 2). A s  land-form types.) 

Terrain Parameters.-Allltudc: mainly 0-3 m. Relief: mainly stmam pat tern7~eocrs lb  fe.5~ surface streams; those present 
t 2 m .  Characteristic slopes: < I 9  mainly follow rwales. 

Climate.-Zones M Y .  Soils.-Mainly vnconrolidafed sands with little or no proCie 

Geology.-Unconsolidated littoral rand, silt, m d  clay overlain 
in many plrces, especially inland from the coast, by thin layers 
of elluvial clay and silt; also minor aeolian sand; Recent. 

Land Forms.-Plains ur, to 6 km wide consisting of the following 

- .  
undulating Eats with slopes generally lesn then 1°; irregular 
sand dunes up to 3 m high locally present on ovtermost beach 
ridge. 
(2) saniex (20%): linear depressions mostly 5-10"? wide 
situated between adjacent ridges and Rats of (1). 
(3) Present bcoclzes orrd off'horc bors (<57J. 
(4) Dunes (5YJ: present in trvo smau areas near Hood Bay, in 
climatic ran- I and 11; up to 30m high, with side slopes up 
to 30'. 

dcvelopment. 
(1) Mainly blrck friable sandy loam, 2540cm,  pH 5.0-6-0. 
over dark brown soockled sand. nF1 6-0: minor loose sand, 

~ - 

black to dark brown over greyish to oliv~brorun, pH 6.0-8.5; 
permeability rapid to very rapid. 
(2) Stratifred dark grey, brown, or blrck silty laarm to days. 
mottled at depth, variable pH, moderate to low permeability. 
(3) Na soil development. 
(4) Black to dark brown aver greyish to olive-brown loare sand, 
pH 6.0-8.5, permeability very rapid. 

~ ~ ~ i ~ ~ ~ ~ . - ( i )  weu to imperfectly drained; soils rapidly per- 
meable: water-table variable, commonly over 1 m deep; Booding 
infrequent or rare. 
(21, (3) Poorly drained to swampy because of frequent Rooding 
and .enera1iv shallow water-table. - 

(4) Well to excessively drained becnura of rapidly permeable 
sails, deep water-table, steep slopes, and no Rooding. 
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Vegetation.-Dominantnatural vegetntiontypu, wherepreserved, 
are medium-crowned mid-height forest in climatic zones and 
IV, and more or less deciduous woodland in climatic zones I 
and n. 
(1") Climatic zones III and 1V: mcdium-crowned mid-height 
forest mifh understorey rid, in palms, Pinrzcllonin in canopy and 
gaga palm in underrtorey in poorly drained arear, locally mid- 
height to tall grassland (bnperom cy~indricn. Snccirnrrzr?~ sponfn- 
,let,,>,, O"l,il ,~~ ,~,,g~aii,lpii). 

(16) Climatic zone. I and 11: mare or l u s  deciduous woodland 
(Gyrocorpar, Holroliin), scrub (Hibisczzs, Cierodmdrnnl, Dern,a- 
riin,rml), forest with Melrrle~ico in canopy in poorly drained areas, 
large areas of mid-height and tall grassland (Tlrenlcrln mrsrroiis, 
or,ei,tr,ros ,o,lyc"ii,l~ii, I~~zP~""," cyli,l,irico, Socci,"rrrnl s,,o!<,o- 
8tenn!); extensive arcas ofsacdens, coconut plmtntioni, atld woody 
regrorrfh present throughout. 

(2) Swamp \vaodland with sago ~ a l m  m d  Pn~rlonu8: locally 
swamp savannah (Malnlrrrcn with ground layer of Pirrngrr!iles 
korkn); minor fall grassland (Pl,mm.mnifes knrka) and mixed 
herbaccoun aquatic and s,vnmp vcgstafian (Ny.tplznealAzoiln. 
Lee".vi"iF7a"g,,o,ia); mangrove and nypa palm along tidal creeks. 

(3) Above HWM (and on outermost beach ridge) mirod hcrba- 
ceous vegetation (Ipo,,roee, Cnnnvolh. SpiniTex), woodland 
(Caiopizvilr~m i,~opl,ylI!~~~~, T=rmirzolia cntappa, Par?riorlrrs fincto- 
?;us), minor Corrrovirm egairefiiolin forest; secondary woody 
vegetation. 

(4) Savannah ( E z , c n i y p ~ r - T i  o8rslrniis. 1,nprmla cyii,irlriea), 
mid-height grassland (I,,,prro,o cyii,,d"icg Tizelrleda "IISIIY~~S). 

Rorest Poteotia1.-Forcnt resources very low (FRI--11); fo~esfs 
ofmoderate and low stocking rater cover about 20 and 5% of the 
lad-form type respectively. Pales of Mcinlcncn (Ib) could be 
used far wharf piles, Aecu. gcneially goad (AI-73) except on 
poorly drained parts; ncccrs category SOWI. Forest productivity 
10,". 

Land Ura Potential.-Classes n-IV. 
(1) Suitable for cultivation; minor limitations are local slight 
flooding and seasonal roil moisture stress. 
(2). (3) Unsuitable for commercial land usc becruse of s\vamp- 
iness m d  tidal flooding. 
(4) Unsuitable for commercial land use; severe erosion hazard 
because of stccp slaDu on "nconsolidafed sand. 

Corrc1aGons.-Includ~s Buna land system of thc B u p K o k o d a  
and Wanigela-Cape Vogel aroas; Pawar* land system of the 
Safia-Pongmni area; Niaiu land system of the Port ~orcnby-  
Ksiruku area; and Axaicniri l a d  system of the Kercma-Vrilala 
aces. 

Rdation8hips.-Bounddriii generally well defined, but in  places 
gradational with LS, AS, and APf lmd-farm typos, all of which 
occur locally as unmapped inclusions in LW. Tn many placos 
areas of LW are too small to be shown on map and form un- 
mapped inclusions in ofher land-form types. 

Alluvial plains consirting of permmenf, semi-permanent, and 
seasonal frcsh-watcr swamps (Plates 2, 3; Plair 17, Fig. 2). 

Terrain Pammetnrs.-Altitude: M 0  m. Reliek (3 m. Charac- 
toristic 6lopcs: 0°4'10'. 

Climate.-Zones I-N. 

Geology.-U~~conrolidatod alluvial clay \via minor silt, rand, 
and peat; Roccnt. 

Land Porma-Plains covcrcd by standing fresh rvrter for at least 
3 months a ycrr: local hummocky microrelirf; slopes generally 
less than 0-10' but may be steeper at mars-; beach ridgc 
palfern discernible in some coastal arms. 
(1) Pcrnmnazf sanrrrpr (60%. 
(2) Semi-pen8mnmf nt~oazpz (15"Zl: flooded for at least 6 months 
a mar. 
(3) Spasorznl s!t,ntnps (25%): flooded far 3-6 months a year. 

Stream Pattern.-Generally few surfacc channols ercePt for 
outlet streams; patchos of opon water traversing active and 
abandoned ,"candoring river charnels present 1ocauy. 

Soils.-(1) SLratSed layers af various texturea in arcas of activc 
sedimentation; clrcwhcre "cry dark brown moderrtel~ decom- 
posed port, l a m ,  generally over alivogrey to grey sticky clay, 
pH 4.54.0 .  
(2) ~ r e y i s h  struti6ed layers of various textures, pH 6.G7.0, 
gonerally nlottisd bclor I .5-4 m in arors of active sedimcntafion; 
elsewhcrc dark lo voly dzrk sticky clay, pH 6.G7.0, generally 
mottled below 2 4  m. 
(3) Similar to (2) but p H  7-0-8-5. 

Drsinage.Ssuampy, duc to permanent, semi-pernlaoent, or long 
seasonal floodins. 

Vesetstion.-(1) Swamn forest and waodlmd, mixcd or purs 
stands (Co,npriospelaio, Syrygirn,t, Milrugync), commonly with 
sago palm and "mdmns, and ground layer of Hancnn!rn and 
T l~~rmc~a~c l~yua i :  tall grassland (Pllrngrnite.~ knrk., Sncdrovnnl 
rob~rn.",); mixed herhacoous vegetntion (Leel.sio, Hongrrano, 
nzoracosrnclry~,,~~); aquatic vegetation (AZO;;~, ~y,izpi~oco. ~ e n m o ) .  
(2) Swamp f ~ r - t  (Disciioflo. Pinneleonio. Tels,ir~aiia, Poioquium, 
Neasaucieo), calnlnonly wit11 sago palm and pandans: fall grass- 
land (Pizrog,ni,es kalko). 
(3)  swam^ srvmmah (Mriolrrrca with ground layer of Piwognzile.~ 
kn~kn, locally sago palm): small-crowncd, mid-height forest 
(Melaler,ea, Nnnelen). 

Forest Pofcntial.-Porest resources nil (FAI-<I). Access very 
poor (iU-19) due fa swampy conditions; accus category SOW3. 
Forest productivity nil. 

Land Use Potential.-Class Vm. 
(I) Unsuitable for commercial land use because af permanent 
flooding. 
(2) Unnuitable for cultivation because of semi-permancnf 
flooding. 
(3) Suitable for cultivation, but L?s rcasallal flooding limitrfion. 

Corrc1rtians.-Includes Ambi, Kacna, rod mast of Ambrsi Land 
systems of the Bunr-Kakoda arer; Tarlore land system of the 
Wanizelr-Crpe Vogel and Ssu-Panaani areas; Waipani, 
zogepa, Akaifu, and part of Doura land systems of the Port 
Moresby-Kairuku arer; and Murva, Bbala, Waigani, Movori, 
Karama, Melaleucr, and part of Ternpo land systems of the 
Kercmbvrilrlv arm. 

Relationsbips.4ommonly merges into LW, LS, and APf land- 
form typ- but otherwise has well-deGned boundaries. Occurs 
nr minor unmapped inclusions in other land-form types. 
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Poocly drained alluvial "lain2 rubjsct to common flooding Drainage.--Poorly drained because soils slowly pcrmcablc, 
(Plate 2). water-table sencrally close to surfwe, and Booding common. 

Terrain Parameters.--Altitude: CL3OOm but mostly t 7 0 m .  cgcta tion ,--( (2) Mainly open forest with very irregular 
c3  m, 'lopcr: canopy (Ocforneies, Arfocorp#zs, Porrrelia, Aislonin, Prerocorpus, 

0'04'4'10'. Tenainniia, Loportea: on wettest sites Plnndonio, Birchofic, 
( IIIIRIB. 7. n.. I I \ '  .!,t,,.i.~, !,.li..n!t~, I ' ~~ i~~f ,# !z~~~~~ l ,  *I> 1 r.~e~limt#~~.crtt~~n:d mid-h~ot,ht 

i,,,t<, ~ l f . ~ i ~ i ~ ~ ! t ' , > ,  ,\'",.,'I.,>) 1" <'I,<C>.,,, ,,>,,'> I ..,,<I 11: ,311 8r.%<,- 
,;<.,In,(..- ,J,,i.,n~ll..l,, ' .l , , I I , , ~ , , I  ill", . , I ,  \ . , , . I .  111.1 ,.,i,,n, 1.41111 (0,.  ,OIIll :<\I *_,'111\ s,,,,h*ll,.ll ,,.hl,i,,llll. J~IIII.P,I.Y"SI.~~~~U: 
gravel; Recent. 

Lana P O ~ ~ ~ . - - P O ~ ~ I Y  drained D I ~ ~ ~ S  consistinz of three major 
units. 
(1) River llncrs snbjecl fo yresi~-i~,otrr noodirlg (15%): mainly 
meander suolls consisting of rrcurfe ridges and swalcs with s p  
to I m microrelier: also local levees up to 8 m but generally less 
than 3 m liieh: unit includes activr and swvmoy nrior river 

aggrsded, as it is floodcd by sediment-laden rlvcr water, but 
soinc parts appear to receive liti1e or no sediment as tllW are 
flooded only by rain water and relatively dear  run-onwater from 
adiacent low hills. 

karka) particularly common in climatic zones I and n. 
(3) lo climatic mncs In and IV, small- to medium-crowned. law 
to mid-height forest (stilt-raotcd Myristico, Dioxmvos fwrea, 
Brow,~la~uia. Xvlocororis): in climatic zones 1 and 1l. scrub . .  .~ 
(Ploclrem, Hibiscrfd, woodland, a d  small-croruncd law to mid- 
hoight forcrt (Hibiscr<s, Emecerio, hIeioieacn). 

Forest Polenf ia l4ores t  resources n>aderafe (FRI-41); forests of 

. . - 
variant in climatic zones I and ll, cover about 20% of the arm. 
Access moderate (AF19); poor drainage and common flooding 
hazards; access category SOWIF. Farcst productivity moderato. 

(3) Pi"inr slrbjrcf to siigil,ry brackish ,voter floodirrg (10%): 
smooth hummocky or svrfaces ,%tb up to rn Land Uso Patcntia1.-Classes V-Vm. Largely unsuitable for 

local relief; include local low levees bordering c,, C~ltivation becausc of frequent Rooding and poor drrinagc. 

stream Pattern.--Generally either sinelc traversing major stream 
nith few tributaries or widely spaced minor strcams. 

Soils.-(1) Stratified layers of various tcrturcs, mortly dark grey, 
pH 6-0-6.5, permeability generally slow. 
(2) Whsrs being aggraded, dark grey to brown silty clay, up to 
45cm thick, pH 6-0-7.0, over olive-grey to grey mottled silty 
clay, PH 6.5-7.5, pemeabilify slow. Where not being rqgrrded, 
black to dark brown or grey very plastic hcavy clay, pH 60-7.0, 
mottled below 1 0 4 0  cm, very slowly permeable. 
(3) As (2) but pH 8.5-9.0. 

Correlations.-Iocludes all ar parts of fhc followiving land systems: 
Warisota, Hanau, Sananmda, Deunia, and Sagorc af the Buna- 
Kokada arca; Imo, Dove, and Ubo of the Srfla-Pongani area; 
Monrri, Ulaku, m d  Dave of the Wanigela-Cape Vagcl area; 
Inaukha, Bei~a ,  Piunga, Vannpa, Riaru, and Doura of the Port 
Moresby-Kairuku area; a d  Malalaua, Vailala, Terapo, Tauri, 
m d  Hepca of the Keiemu-Vrilrla area. 

Relationsbi~%.-Commonly merges into AS and AWs land-form 
types but is other,"ise generally sharply bounded; l lnmrn~ed 
inclusions of AS and AWs lmd-farm types common. 

APr LANDFORM TWB (130 kma) 

Rarely floodcd but poorly drained alluvial plains of snlall rivers 
in monsoonal area., characterized by dark cracking clay soiIs 
(Plate 4). 

TorrabParameters.-tvtifude: k 7 0  m. Relief: <I0 m. Chrrrc- 
tcrisfic slopes: 0'35'-1'. 

Goolom.-Unconsolidated alluvial and calluvial clay and silt: 
Recent. Local reef limestone on rer\vnrd margins. 

Land Perms.-Plains occupying valley fioors martlv less than 
2 km %"id<. Main streams perennial. With highly sinuous channels 
inched 1-5m; minor streams ephemeral and mostly ill defined. 
(I) Bnckploins (90YJ: plains with concave crass profiles, smooth 
to gently uodulafing, slopes generally less than I' but increasing 
to 5' a t  margins where bordered by coliuvial foot slopes of 
adjacent hills; low terraces locally Present. 
(2) Norrow flood-ploh~s (10%): flank main stream charnels; 
slopes less than 0'35'. 

S t~esm Psttern.Single major streams with widsly spaced 
tributaries. 

Soils.--Black or very dark neutral to rlkalioe clays. 
(1) Black to very dain grey vcw firm sandy to heaw clay, pH 
6.5-85, calcareous concretions common at depth; very slowly 
permeable, water-table over 3 m;  very raroly or never subject 
to rivcr flooding. 
(2) Black to "cry dark grey very firm sandy to heam clay, brown 
andmottled at depth, pH 7--8-5, calcareous concretions andlor 
gravel layers commonly presont; v ~ r y  s l o ~ ~ l y  permeable; wafer- 
table gcnsra11y 1rss than 3 m deep: subject to accariona1 river 
flooding. 

Drabage.--Poorly drained due to very slowly permeable soils 
and to slow run-off of rain water because of law slopes and relief: 
local ponding common. 

V~getatian.-(1) Large- to medium-crowned, tall, slightly deci- 
duous forest (Tennir~nIii WP., Plcrocor#?~& AIi~m?,io brorrii. A. 
rrl~aiuns, Pionchonin, Biscllglio), nlostly secondary or disturbed; 
tall grassland (Snccitornrtz spontanera~~-I,np.utn cyii?!ien, 
Opllir,ror tonpcaiipii) with scatlered pandans. Nnuciea, Aibizia 
pracero; in wwt slra savannah (Eleoiypfs with ground layer af  
Ti>llcn,e,l~ or,sndis, 0plli"ros ,0?2gcniir!~ii). 
(2) As (1) but no savannah: also tall grassland (Soceiionmr 
robr,rrsfsm, Pirrograiles knrko). 
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Rorcst Potential.-Forest resources nil (FRI-I); Iwr than 5% 
of land-farm t m e  has forest with moderate srockina ratc. Acccrr 
moderate (AI-57); poor drainage hazards; access category SOW2. 
Forest productivity very low. 

Laod Uss Potonlir1.-Class m. Suitable for cultivation but 
limitations due to srosion on slight slopes, temporary panding 
in depressions, and seasonal soil moisture slress. 

AWs LANDFORM 

Well to imperfecuv drained stabla alluvial plains of rivers that 
are not associated with recently active sfrato-"obanoes v1rtcs 
1, 2, 10: Plat. 14, Fig. 1; Plate 17, Fig. 2; Plafc 19). 

climate.-zones I-IV 

Gco1ogy.-Unconsolidated alluvial day, silt, smd, m d  giavcl; 
Recent. 

Land Forms.-Plains sloping at less than 1- consisting of prcscnf 
and nriar river tracts m d  lolvcr and upper back plains. 
(1) T m r s  lvillr present orld prior river ~18olulelr (10%): up to 
3 k m  wide, consist mainly af meander scrolls formed of arcuate 
~ i d g c ~  and rwalw wiih up to 1-5  m local relief; also includes 
minor levcw up to 5 m high end 300m wide and, in the south 
between Marshall Lagoon and Amawn Buy, narrow slightly 
incised nood~plains of brridcd rivcrs; prior channels up to 5 m 
deep present locally, usually ~ermancnfly flooded or swampy. 
(2) Lower bock plolns (25%): less than 3 m above mean river 
levcla, smooth to slightly undulaling, locally channelled with 
"0 to 1.5  1" microrc1icf; 10," terraces present in  "lrccs; alro 
includes local breakthrough splays. 
(3) Upper back plnins (65yJ: 3-10 m above mean river levels, 
smootl~ to slightly unddrfing, "0 to I m microrclisf, locally 
incircd by snmll streams; inchldes some rlluviatcd beach ridges 

, in no.th:,"cst. 

Stream Pattern.-Mainly highly sinuous, meandering, present 
and/or prior major streams with few tributaries; ron1c brnidcd 
streams prcscnt lacally. 

Soils.-Variety of alluvial soils "resent, many with thick dark 
topsoils; commonly stratified; mainly silt, clay, and loam, lcrn 
commonly sand. zomc gravel horizons locally "resent: mostly 
wevkly acid to novtra1 but rangc from acid to ahl ine;  per- 
meability generally slow to modcrafo. 

Drsinap8.-(I) Meander roolls are imperfectly to poorly drained 
because of very common Roadins and shallow water-table; levees 
are well drained as they are rapidly permeable, rarely flaodcd, 
and 1,avs relatively deep water-tables. 
(2) Modly impcrfsctly drained because of ommon  flooding 
and shallow wafor-table. 
(3) Well drained, as watcr-tablc rclativdy deep and Rooding 
"cry rare. 

Mostly well-drained and generally stable alluvial plains of rivers 
draining Mt. Lan,inxton and Mt. Victory volcanoes (Plate 5). 

Terrain Parameters.-Altitude: 0-200 m. Relief: <10 m. Chrrac- 
tcrislic slopes: 0°10'4'35'. 

Correlations.-Includes part of Monrri land system of the 
WaoigelbCrpe voge1 rrea and most of Boroko land system of 
the Port Moresby-Kairuku urea. 

Relationships.-Rstrictcd to narrow valley. bordered by hills, 
1,ence bovndaries generally ,"ell defined. Includes smrll local 
unmapped swamps of AS land-form type. 

Yegetstion.-lllree main vegetation types present: 1argc- to 
medium-cro,""ed tall rorcrt; tall to locally mid-licighf grassland, 
mast common in climatic ronw1 a n d n :  and savannah, virfually 
confined to climatic zonw I and TI. 
(1) Yovngcst scrolls have succession from tall grassland (Sncche 
rrrnz vobnsrrrm, locally Ph*"r,,,ires knrkn) to Artocorpris-Octor,,& 
forest; higher parts of levees have large-srarvned, tall to "cry tall 
forest in climatic zones Ul and IV, and medium-crawned, mid- 
height to low forcat in climatic zones I and TI; parts subject to 
frequent short-livcd flooding have mainly large-crowned, very 
irregular forosf with Oclo,ncles andKleinlzovim very common trees. 
(2) ~ a r g e -  to mediulncrowned e l l  forest, less tall in climatic 
zones I a d  n and on poorly diained sites (common tr.r.Po,nefi", 
Ter,nblnllo, Aismnio, Octonicler, PPtcrocovpos; whcrc poorly 
drrined,Pi",lci,onin common generally and MeialeucoandNouclea 
commoll in ciimatic zoncs I and m; also large areas of tall 
grassland. 
(3) Mainly largo-crowned forest; also large areas of grassland, 
mostlv tall (Socclrarcr!>t s s p o ~ ~ t n n ~ ! ~ ~ ~ z - I n ~ ~ r ~ t t  cyiindricn), Lasally 
mid-height (Thc??~edo nrzsrrolis, I~npernrn cyibidricn, Ophizrros 
fongcoii~~siil; minor savannah (Etrcolynt~s, locally Melolerrco, 
Ti,nor~il~, Norrcieo, Antidns~no) with ground layer of mid- 
height grar~cs  (Tllrrneda n!rslrolis, Sargliara sitid!an, TI~en?eda 
no"ognhee,,sis). 

Forest Potential.-Forest resotlrces moderate (FRI-42); forest 
of high to  locally very high (ocfonleles) stocking ratc covers 
about 55%, and forsrt of rnodernts and Low vfocking ratcs abovt 
10% of the area. A-s gcncrally "cry goad CAI-81). especially 
on (I); acccss category SOWIF. Forest i,roductivity high. 

Lsnd Use Potential.-Classes 1 3 .  
(I) MosUy unsuitable far commercial land use. 
(2) Marginally ruit~ble for cultivation; Rooding limitation. 
(3) Suitsbic for cultivation. 

Correlations.-Includes parts of Deunia, Wrrisota, m d  Saxere 
land systems of ihe Runr-Icokoda rrea; Ismaii, part of Uiaku, 
and most of Wahiokr land systems of the wanige1u-cnpc vogd  
area; Momoiago, Gobera, Aiare, and parts of Nembadi, SaGa, 
Ubo, and Korala land systems of thc Safia-Pongani urea; 
Keviona, Pinu, Rcbco, Epo, Babika, Vekabu, m d  parts of 
Initukinr, Hoipr, Piungr, and Vanrpr land systems af the Part 
Moresby-Kriruku area; and parts of Hepea, Vailaln, and Mala- 
1ruv land systems of the Kerema-vailalcl arca. 

n ~ e t i ~ ~ ~ b i ~ ~ . - c ~ ~ ~ ~ ~ l ~  merges into APE land-form type but 
is otherwise generally sharply boundcd. Jncludes smrll unmapped 
areas of AS m d  APf landform types. 

c1*rte.-zones 111, IV .  

Gooloey.-Unconsolidated recent alluvial sand, gravel. and minor 
silt and day, d t h  va1c;mic ash derived lacally from recently 
active andesltic atrato-valcanoes. 
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Land Forms.-(1) Smoollr to rllglrrly rmrh8lnting Z < N ) L ~  ploilzs 
(*om:  less than 1; locally r i t h  one or two torniccn; 
streams inciscd to 7 m. 
(2) Nnlroi$, flood-niehis of nlujor l r snnw (20%): incised into (1). 

stream Patterm.sinuoos major streams with few tributaries; 
cbanoels locally braided. 

Sails.-(1) Mainly littlc-weathered to unweafhcrcd gcy  loamy 
sand to sandy Loam, neutral, rvith ,veakly akaline black taproils 
about 30 cm thick; permeability rapid. 
(2) Mainly stralificd Loam to clay over sandy clay Loam to sand, 
\"eaWy acid to acid: permeability rapid Lo slow. 

o~ainage.-(I) Well t o  loc~lly excessively drained, as rapidly 
pcrmulbls roils, deep water-table, and very rare Rooding. 
(21 In~periectly to poorly draincd because of generally shallow 
water-trble and seasonal flaodimg. 

vegetatbn.-Naiural vegetation is large- to medium-crorvncd 
tail forest, but has iargely been desrra~ed and replaced with 
grassland, regrowth, and secondary forest. 

(1)  all grasslnnd ( S ~ c ~ i ~ o r n ~ i  ~pamrmxa~!~~/fi~~peraff cylinrdricol 
~ i t h  remnants m d  rcgroivfh stages of large-crowned tall forcrt 
(Anisopte"", Pornelio). 
(2) Largc- to medium-crowned tall forcrt (Pornarin, Oclonteies, 
~lrto~r io)  and tall grassland as in  (1). 

Forest Potcntia1.-Forest resources law (FR1-22); forest of high 
to locally very high (Oclonlrlesl sfock'i ratc covcra 3 0 X  and 
scattered stands of l o r  rtockins rate cover 5% af the arca. Access 
saod (U-77),  especially on (1); acGers category SOF. Forest 
productivity maderate. 

Land Uao Potential.-Classes 1-11, 
(I) Snitable for cultivation, with only minor limitations. 
(2) Marginally suitable for cultivation bccausc of floodmg 
hazards. 

Conelations.-Compri\es parls af .Popondetta. Hanau, and 
Sagere m d  small part of Bohu land systems of the Buna-Kokoda 
arc*, and part of Wanigcla land system of the Wanigela-Cape 
Vogel area. 

Relationships.-Has gradational boundaries with AWs and APf 
land-form types but is otherwise sharply defined. 

Mainly well-drained but unstable anvvia1 plains and fans asro- (3) rmgcrfoct1y drained bssaurr of frequent short-lived Roodins 
~ i s t ed  with braided rivers drainiog the recently active Mt. Victory and shallow rvater~tablo. 
and Mt. Trafalgar volcanoes (Plates 3. 5). 

Vcgefatio~.-Predomiomiomiotly sera1 communities. 
Terrain Parameters.-Altitude: 0-300 m. Reliek t 4 m .  Charrc- (I) Large-uoruned, tall, open and irregular forest (Po,lrclin, 
terisfic slopes: 0'35-1". Pionchonia), locally with saga palm undersloiey and small patches 

of sago palm vogctatian: soma tall grassland (Sncclmmnz spo,zla- 

Climaf~.-Zones m, IV. nrma/I,,lpc*ur" cyri,,,irico1. 
(2) Scrub and ~uoodland (Twmo orlrnrolis. Pipfrrrrzs orsenlens, 

Geolopy.-Unconso1idd.d volcauicdebris, inrinly alluvialgravel. Ficus ~pp.) ,  smaU-cro,vned low forest with large-crowned emer- 
sand, and silt of rndesitic composition; Recent. gents (Albirin, Ocmr,reles), fall marsland (Sncclmr.um sponfaneirnd 

I,nparol" cylindric"). 
~ a o d  Wrms.-Broad flood-plains with s l o ~ e s  up to 1' merging (3) stream-bed successions dominated by tall grasses (saccl,aram 
up5ilope with terraced fan. and narrow inched flood-plnins. sno~rtn~zeum, Pennisetrrm mocronacizyr8m, on poorly drained sites 
(1) Brood floori-plrrirts (60m:  smooth to gently undulating. ~hma,aites knrl~n) with scattered shrubs and low trces; bare 
crossed by many unstable stream channels less than 2 m  dew. ground. 
12) i-erroced Tons (25%) :  smooth to slial~tlv undulating, slolies 

. .. . . 
of stream channels, bars, m d  low terraces. hazards; access category SOWZF, Forest productivity "cry Lo>v 

(1) and (3) are subject to periodic destructive flaodina and all d,, to dimc,,lties wjtllin forat, 
units arc liable to volcanic damapc. 

Skcam Patterm.-Braided major rivers with few t~ibutarier; 
Land Use Potential--Ciasses IV--' 

subradial pattern of distributary chanocln on (I) bclow Mf. (I1 commercial land use Of 

viclory. 
frequent Rooding. 
(2) Marginally svitablifor cultivation, main limitation is likely 

soils.--(I) Probably dark grey stratifled sands and clays. roil moisture stress. 

(21 Very to dark greyish sand to sandy (31 Unsuitable for commercial land use because of f-quenr 

loam, p H  6.0-7.0, over laore grey sand, gravelly at depth. flooding and stony soils. 

(3) Bouldeiy loose sand and gravel. 
Rapidly permeable tluoughouf. C o r r ~ l s t i o s . m p r i e s  Amboga Land system of the Bum- 

Kokoda area and Kopwei land system of the Wanigelr-Cape 

Drsinage.41) Poorly dirined to lacally swampy RS frequent \logel ere@. 

Booding and water-table close to surface. 
(2) Well to excessivelv drained as roils rapidly permeable, water- Re1ationrhips.-Locally merges into VPn, AWs, and APf land- 
table aver 2 m deep, and no floadiog. form types: otherwise boundaries well dehed. 
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AWu LAND-FORM TYPE (46 km3 

Unstable mainly imperfectly drained alluvial plains associated 
with braided rivers draining the Owen Stanley Range (Plate 6; 
Plate 20. Fig. I). 

Terrain Paramo1nrs.-Altitude: 100-300m. Relief: t 4 m .  
Charactedstic slopes: 0'10'-lo. 

Geology.-Unconsolidated alluvium, predomioantly rand and 
gravel; Recent. ' 

Lsnd Forms.-Plain. up to 2 km wids made up of ccnfrsl braided 
river tracts Ranked by back plains. 
(1) Cejllrnl irnrrs (30%): consist of mastarnosing stream 
channels separated by elongate subparallel bars up to I m high 
and 20 m wide. 
(21  ROC^ p;mi,r3 (70%): less than 14 chamelled 
mcrarelief prcssnt: aomr local crosr-cuttin% flaod-\\.ater 
channels. 

stream Prttcm.-Braidsd major rivers with widsly spaced tribut- 
ary streams. 

Soils.-Young to very young grey stratified gravel, rand, and 
silt; ncutra1; rapidly pcrmrable. 

Drainngc.-(1) Poorly drained because of very frequent Aoodmg 
and gsnsra11y shallow watcr-table. 

(2) Mainly imperfectly drained because of frequent short-lived 
flooding and fluctuating rater-table. 

Vngotation-(1) Variable cover of grasses (Pospalu<n spp., 
Sncclra,n*zm sponmnec~tn), shrubs (Fierrs, Cnsrio nlafo), and dense 
Cnsirorbin errarringhna~inno forest up to 40 m high; lacally bare. 
(2) Large- to medium-crowned irrcgu1ar forest with Pometia 
very common, undergrowh of palms, gingers, m d  ferns. 

Porest Potentis1.-Forest resources high (FRI-62); over 90% 
of land-farm type foresled; forest of hi811 to lacally very high 
(Octos~cles) stockiog rate covers most of (2); Cnsrrarirra cmsing- 
an,,zin)zn forest of (I), covering about 20% of area, has generally 
low but locally lnoderatc to high stocking rate. access moderate 
to good (AI-62); flooding m d  drainage hazards; access category 
SOWIP. Forest productivity moderate to  hiph. 

Land use  Patentisl.-Classes V-VU. 
(t) Unsuitable far commercial Land use because of frcqvcnt 
flooding. 
(2) Unsuitable for cultivation because of flooding hazard; 
modorafoly sultablc for tree crops. 

Correlations.--Not mawed in previously surveyed areas but 
present as minor inclusions in Ubo, Snfia, Aiara, and Gobera 
land systems of the Sah-Pongsni arcs. 

Rdationsl,ips.-Merg~ damnstream into AWs land-form type, 
ofhermiso sharply bounded. 

Undissected fans of intermontane basins mridy ovor 20W m, Vegetation.-(1) Low to mid-height (to 75 cm) tussock grassland 
farmed of ~nconsolidvted sediments (plate 7; Plate 16, Fig. 2). (Deschor~iprio klossi;, Antlroxnrrfhon~ ongr8rfrrrn) with sedges and 

fcrns (G;eichenin spp) common; low shrubs (Sly~helio, Hypp- 
Terraio Parsmeters.-Ntilude: 150&3000m. Rolicf: t 2 0 m .  r;cz~3n) locally dcnsc. Minor lower montanc forcst (Nolhofogrrs) 
Characteristic slopes: 0°35'-1-47. and coniferous lonor montrnc farest (Dacrycarpus, P l ~ y R o d ~ d ~ ~ a ,  

P"pr,"cer;rrs, Arrr.corio). 
cLims1e.-zone V. (2) open 1arv tusso~k grassland with c a r m  of 10," herbs (P~ffff. 

~ e a ~ o e u , ~ ~ n c a n s o ~ d ~  and eolluvjal filla, Plarrfogo, Eriocnrrlon, Asfrlio) and marr- (Locally SpJ~uVrum) 

and gravel; Recent. in bchvconfussocks; lacallyfcrnr (~le;clie,~io vrrlcanica) dominant; 
sedges very common generally, and dominant in themost swampy 

Land Perms.--Intermonfano basins up to 2.5 km widc, with parts and locally in pools of standing water (Scirpm ~ ~ ~ u c r o ~ ~ z t r z = )  
concave cross oro6les. and in streams (Scirpor cm~sirrxcnlr!~). 

(11 (80%): locally terraced, slopes up to 5- but gonerally 
loss than 20; hummocky minorelief up 0.5m on Forest PotcotiaI.-Forest resources d (FH-3); modcratc 

lower parts; l am dencend to  (2). 
stocking rate forest (NoNlahrrs) cover. 5%. and 10," stocking 

(2) ploo,lploi,ls (20%): slope lerr than 0035.; commonly 
rate forest (conifers) 4%. of the land on (I). Access within Imd- 

swampy, with sin,,ous meandering lroams; llummocky micro. 
form type Poor (AI-30) due to poor drainage m d  swampiness; 

rc1icf up 10 0.5 m common. 
access category SOWZ. Forest productivity nil to very low, 
rnainlv due ta inaecesiibiliiv of surroundine land. . 

streamPaftero.--Open dendritic, with bi811lvsinuous mcrndclins Use Potential,--Classw V-YI, Unsuitable for culllvrfion 
maim streams and rvldely spaced Lributarks. becruse of drrinage rnd frost hazards. 

Soils.-Smdy Loam to sandy clay loam, "cry humic. commonly ~ ~ r r d a t i o n s . - ~ o t  prcscnt in previously mapped areas. 
with thick dark topsail, weakly acid; also peat. 

Relationshipipr4harply bounded by adjacent hiil and movntrin 
Drainage.-Imperfectly drained to swampy. land-farm types. 

~ndissecfed alluvial fans aarodatsd with sr~iftly Rowvog braided Climate.-Zones n-N. 
mcrs, formed of unconsolidated sediments (Plate 8;  Plate 16. 
Fig. I). Gca1ogy.-Unconrolidbed alluvial gmvcl, smd, silt, a d  clay; 
~~~~~i~ paranletcrs.--~1titude: 10L~1000 m. Relief: <lorn. minor colluvial mrforial; Rcccot. Veneer of rndesitlc volcanic 
Characteristic slopes: 1-So. ash present IocaVy near Mf. Lamingfon. 
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Land Forms.-Alluvial fans crossed bv shrllowlv inciscd braidcd 
rivers. 
(1) linrl srmforinrcs (95%): smooth to slightly undululing, slopes 
1-5'; discontinuous low lorraccq, prior channels. bouldery 
surfa~os, and channelled microielief locallv p?,rcscnt. 
(2) Fiooll-plains qfbrmided rivers (5%): incised 2-10 m into (1); 
microrelief of channds separated by bouldery and gravelly ibos. 

Shcann Pattcm.-Generally subparallel to submdial, x"ith braided 
major rivcrs. 

So&.-(1) Mainly bladr to very dark greyish brown friablc 
loam to slay, p H  6 .57 .0 ,  ovcr olive-brown to  dark brown 
friablc silty loam, and clay, pH 6.0-7.5; moderately permeable. 
(2) Grey to bmwn loose sand over pravo1. stonc3, and boulders, 
OH 6.&7-0; rrpidly permeable. 

(1) Large-ciokvned fall forest (Ponzelin. Octanr~lo, Aislania 
scl,olmir: where slightly deciduous Termirlolia sup., A.iso,,fer", 
I tall grassland (Snccfiorrmr mo,~ma,teun$lTr~tperara 

(2) Barc s o u n d ;  stands of S o c c l ~ o ~ ~ m ~  spontor~ern~t, lines of 
Cosr,ari,la cunnigllo?,%io,%o at east end of Musa basin. 

. . .. 
mriabie stockimg rate occurs on (2). Access very good (AF84) 
=xc=pt on (2); access category SO. Foresf produ~tivity moderate. 

Land Uro Poteotix1.--Classes I-TI. 
(1) Mostly suitable for cultivation wifh only minor limitiog 

Draiongc.41) Well drainod bccavrc soils modervlely permeable, 
factors' 

watcr-table generally over 2 m  decp, and flooding rare. 
(2) Unsuitable for commcr~ial Land use because of frcqmenf 

(2) Imperfectly to ~ o o r l y  drained becruse of shallorv water-table 
'Onding 

- ~ 

a d  frequent short-lived flooding. Correlations.-Include7 1limo land system of the Huns-Kokoda 
area and Liamu and parts of Ubo and Sa6a land systems of the 

VegcbGon.-Oligiu#lly nraic~ly lacs-crowned Call forest, slightly Satin-Pongmi area, 
dccidnour in climatic zones TI and 111, but now ,"idely replaced 
by gardcns, garden regrowth, secondary forest and, in climatic Rdrtionshi~s.-Locally grades into dissected fans and alluvial 
zone TI, tall grassland and savannah. plains but is generally sha r~ ly  bounded by other land-form types. 

Undissecl~d rllvvjni and colludrl fans with gently undulating Drainwc.-(1) Imperfect to poor because of "cry sla,vly pcr- 
surfaces andno traversing major rivers; formed of unconsolidated mcablc soils, ali l~ougl~ unit is not subject Lo river flooding: 
rcdhcnts (Plates 4, 10; Platc 17, Fig. 2). wafer-tablc dccp. 

(2) Poor because of very slowly pcrn~cableroils, generally shallow 
Tenaio Parameters.-Altitude: &500m. Rclicf: < I 5  m across water-table, and occasional to common short and irregular 
fan sloops but uo ta 50 m alonz slooe. Charactoristic rloocr: floodine. 
1-3O. Grain: 25&500 m 

Geoloey.-Unconsolidated alluvial and collclvial clay, silt, sand. 
and gravel; Pleistoccnc and Recent. Sediments overlie various 
types of bed-rock m d  incrcarc in thickn-r dOlvnslope. 

Land Forms.-Undissected slightly concave fan. can\irting of 
infernuves soparated by drainage depresniom. No traversing 
major rivers; existing streams perermial, intermittent, or 
ephemeral. 
(1) It#rrflzmrr (80%): crests up to 15 m above adjacent drainage 
depressions, smooth to gently undulating: slopc~ generally 

- 
vegetation.-Main typc. are eucalypt snvanouh, which is domin- 
ant in climatic ronos I and II, and small-cromed forest, mid- 
height grrsslmd, and ter-tree savannah. 
(1) Savannah (firrcrriyptus spp. or Melalenco cojunoli, with 
ground layer of Tlrr~redn orrrtrnli$, Ophirrros tongcolinpii, iniparafo 
cylindrica, Tfim~edo 8rovagni?!eer!sis): midheight grassland 
(Tl!e,rteda ausn.alis, Tmparatn cyiiiidrico, Hftrraposon conforfrgr); 
small-crowned, low forest with Cosnorbn. 
(2) Savannah as in (1); tau grassland (Snccliaru,,~ spo,zlonar~rn. 
fi,,,loeraro cuii,,rlricm, Opl2iraos fa.gc"ii,igii); medium-cro,vned 
mid~height forest (Ar8isopter0, Infrio, Ptcracovpr,r, Pomciin, 
Planciioriio, Noucieo); minor swamp 'woodland with sago palm 
and pandaus in lowest parts. 

0°3S-30bul rmgcfromn'to 10": chann~Uedmicroreliefc~mmo~, 
12) r,ogc less (20%): cncr ally less wide, R0'e.t Potcnti=l.-Foresf resoclrces very low IPRI-101: hish 

to 3q hummoclty chsnnclled and ~ t o ~ k i n ~ r a t e f o r ~ ~ t ~ o v e r s  10%,and101vrtockiograteforesl15%, 

incised stream channels common. mainly on (2). Access generally moderate (AI-70) due to poor 
drainage hvzards throughout and common Raoding on (2); 

StreamPattern.-Parallel to subparallel transversemioor streams. aCCesE Forest productivity low. 
Lao8 Use Potential.-Clssrcs IV-VI. (1) Marginally suitable to 

Soils.-Predominantly texturocontrast, commYnly with varying unsuitable for cultivation; potential high run-off and severe 
amounts of concretions and rtony gravel. erosion because of very slowly permeable subso&. (2) Marginally 
(1) Priable sandy loam to sandy clay Loam, black to dark brown suitable for cultivation because of flooding hazard. 
over grey to brown and generally mottled, pH 6-0-7.0, abruptly 
averlying bra,vn mottled to pH Correlations.-Includes Parts of KoralR, Boborabo, and Asaga 

5.5-7.5; very slowly permeable. land systems of the Sda-Pongani area and Ward and Ouou 

(2) Where only occarionally flooded, black &m clay to heavy land Of Ihe Port Moresby-Kriruku 

day. pH 6-0-8.5; where more fremently flooded, dark brown R~lationsbins.Sharply bounded by adjacent hill land-form 
6rm sandy to heavy clay, pH 6.W8.5, Locally with cslcllreous types; boundarieswilhaUuvialplains land-farm typesgradntional 
concretions; very slowly permeable. over short disfacm. 
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undissected terraced fans farmed of ~bonsolidntcd sedimcntr 
@late 13, Fig. I: Plate 20, Fig. 2). 

Terrsi* Parameters.-Altitude: 0-500m. Relief: 5-30m. 
Characteristic dopcs: 0°35'-39. Grain: 25-500 m. 

CLimste.-Maialy none !I, small part in zone m. 

Geology.-Uncansalidaled alluvial gravel m d  sand, miomior silt 
and &cent and probably lace Pleistocene. 

Land Forms.4l )  Tenaces (90%): 3-30331 above Rood-plains 
of traversing l rerms;  surfaces flat to gently undulating, 0'35'4'. 
co~~~rnonly  bouldery, locally channelled; ruccessiuc fcrraccn 
separated by extremely short modsratc to steep dopes; ~ r e c i ~ i t -  
ous and ~ l i m  prmcnt adjnccnt to incised streams. 
(2) Flood-plains (10%): slopcs loss than 1: chamelled to 
hummocky microrelief, streams commonly braided. 

Stream Pattern.-Gsnerally subparallel travcning streams r\ith 
re," tributaries. 

Sails.-Young stratified gravel, rand, and sandy loam, less 
cornmanly clay; ncutral; rtoncr. bauldors, m d  layers of gravcl 
C O r n O " .  

~rainsse.-(1) ~xcersively t o  well drained, as mpidly permeable 
and deep water-tnbls. 
(2) Mostly wcll draincd: ranidly oermeable but rubjcct to 
frcquont short-lived flooding. 

Vegetation.-Maioly mid-height to  tall grarrlnnd: also woodland, 
along incised streams m d  in scattsrcd patches, and rcmnant 
patches of large- to medium-cro>vned, fall, stightly deciduous 
forest (Pieracnrpus, Aniro~felo, Tenninolio, Bcrdznnnnio, Alsloriio 
brass;;. Drncoenol. In grassland, Tinenredo onscmiis, Heleropagon 
conrartrrs, and Er,lniln leploslocl!?~ dominant or co.domioant on 
gravelly  oils, and Socclrarr~!a sponfnrrem,~, Opllil~ros m?gcoiirwii, 
Sorrlmr,~ nili<irrn?. I~r?,loerotn cvlb~dricn. m d  occa~iomllv Coelorn- 
~~ " . . 
acli;s raliboellioider more prominent an her-textured m d  mole 
moist soUs: grarnen usually accompanied by scattered to fairly 
dense slliubs and law frees of Aiblzio procero, Nurrrlro (parti- 
culnrly in fall pmsslmd), Antiriejr?,n, and S#n!ecar#~rs. 

p,,t Pot"ntial.-Forcst sfesources Very lo," (FRT-9); high 
stocking rat= forwf covers IS % and Lorv starking rate farmt lcis 
than 5% of land-form type. Access "cry good (a-87) crcopt 
for local stew to precipitous slopes on (I) a d  frequent flooding 
hazard on (2); access cistegary SO. Forest prodvctivity low to 
vary 10,". 

Land Use Pobotisl.-Clasrcr VI-W. 
(1) Not suitable for cultivation bccruse ofstonines3, 
(2) Not suitable for cultivation because of rtonincss and frequent 
flooding. 

Correlations.-includes Tokinaivarr m d  small part of Wakiokn 
land systems of the WanigclbCrpe Vagel area. 

ReIatiamsh1ns.-Generally abruptly bounded; mainly associafed 
with ZSu Lad-form type. 

stcop to "en  steel, flanks and summa areas of littic-orodcd mainly vcgcta t ion.~erul  communities present on tiic recently active 
andesitic volcanoes (Plair 5; Plats 19, Fig. 2; Plate 21, Fig. 21. Laminglon and Waiowa volcmoes, mainly forest elrewhcro; 

also mioar man-induced secondary farcsf and grassland near 
TcrrsinParameters.-Altitude: 10~L2000m. Relicf: 2 0 U 0 0  m. ~opulation ccnfrcs. 
Ch.ra~tnistic s l o p :  3 0 4 P .  Grain: 1000-MW m. (I) Bar= rack; herbilfeeui sera1 vcgetalion (Glricl~anio, Lyeo- 

podtrnilarr, Socc;tn,orsn spot~rorrem?!); woodland Cr~e?ntr, Rlilrs, 
climate.-~ainly roncs m m d  IV; small part on ih= sulnmit c,s~,~,;,,o); C N ~ ~ ~ ~ ~ ~ ~ ~  cnnningllaniionnii forest: muted small- and 
of Mt. Victory in zone V. mcdium-crowned forest: larae-cro\vnid fall forest (Ponrelio. . - 

Ocron1e/es, Tristiro~rir, Atiisopfero). (21, (3) Herbaccaus sera1 
Gcoloau.-Lava and frasm=nfal material consisting of aggla- tau glass~md, and ~ m u l l - n ~ ~ ~ ~ ~ d  forest. 
merate, scoria, ash, and scree, mostly of rndesitic composition (4) Tall grassland (Sncclinrrr!n ssllontonez~az): woodland a d  farest 
butalsoindvdingbasalficmndesites,shashanitcs,andrl~yodacites: withCoS,~al . ; , ,ncrm,~j~,Ej  ,a,,, 
late Ploisfocene to Recent. (5) Ram. herbaceous rcral vegetation. or oven water on crater 

Land Form-(I) Lovo flows (65Z): sinuous, up to 7 km long 
and 2 km widc, with axial slopes 1&30°; very steep side slopos; 
uppcr slapos withirregular retief up to 35m. 
(2) Lnvo <lolan!es (IOYJ: up to 300 m high; "cry sleep to Pre- 
cipitous convex sides, locally deeply gullicd. 
(3) scorin ca2res o ld  .io.~~d." (5-A: up to 100 m high; ride 
dopes 20-35*, commonly gullied. 
(4) Debris slopes (15%): main unit on Wviowa volcano; concrvc 
slogcs of 3&S0, gullied; locally incised to 30 m by major sfrsrms. 
(5) Craters (5%): more or lcjs Rat Roors, some with crater 
lakes, bounded by irregular stcop to cliffed crater walls up to 

300 m high. 

~~ . ~ ~ 

floors; bare or as (2) m d  (3) on crater walls 

Porest Patcnt1al.-Tlorcsl resources madciafe (FRW61; 90% of 
land-form typo forested; Iorestn of high a d  maderate stocking 
rate on (I) cover 25% and 35% of rrer respectively; forest of 
low stocking rate, including local stands of Cusnorir~o and 
Ocron?eles, covers 30%. Access very poor CAI-10) duc to pre- 
vailing very rtccp slopes; access caiegary S3. Forest productivity 
very low duc to inaccessibility af  main forested areas. 

Land USO Pofontia1.-Classcs YII-VLU. Unsuitable far corn- 
morcirl land use. 

Stream Pattern.-i?adial to subradial; incised bouldery C0rcclations.-Tncludes most of Laminglon land system of the 

~ i t h  rapids and waterfalls. Buna-Kokoda aiea, most ofvictoiy land system ofthe w u n i g c l ~  
C n ~ c  Yogel area, and Manna Imd system of the SnEia-Pooproi 

SO~IS.-M~~~IY shdlow and *tony loam to sandy laam (ash soils): area. 
also bare rack. 

n.lrtionr~li,,s.-~asses downrlopc to V P ~  and w n  lad-form 
Drainage.-Well to urcesrively drained. typu, mfh which it generally has sharp boundaries. 
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Maderately~t~~pBa&sof little-croded basaltic volcanoes (PLale9). Drainago.-Well drained. 

Terrain Psran3cfers.-Altimdc: ILLIS00 m. Relief: mostly vcgefrtian.-(I) Maiolygradcar, gzrdcn ~gmnN~, and secondary 
3a-200 m. Characteristic slopes: 5-10". Grain: very variable, farc~t:  scattered areas of tau grassland (SoccIiarz,,n sponr8ertn$ 
mainly 500-2000m. In7peratn cvli!rdrico, Oplrir<ras fo,~gcullrzxii); large-crowned fall 

forest (Iloatetia, Alsto?iin, Sloo,lea. Trirtiiip~ii, Anisopferu); 
aimatc.-Mainly mnes m ,  IV, small part in zone 1l. small-crowned low Rl"z8 coifansir forest on blodry lava Boxus. 

Geology.-Mainly basaltic m d  rndesitic masrive and brecciated (') Medimuo'vned forest' 

asslamerate, and minor dcrivcd sediments; 
(3) M=dium-tosmuU-crownedfore~timinarmid-hci8htsrasEland 

Recent. A thin veneer of volcanic ash is commonly present on 
'E"cnlYPrY' ferLico"zis) 

surfa~uces not being actively orodcd. 
(4) Forest, swamp woodland, and open water. 

Laod Forms.-(1) Upper srfoccs of lava ,%ws (85%): gently 
undulating, slopes CLiOO, locally incised op to 70m. 
(2) Sl~orl steep  l lo per (10%): on margins of lava Uows and on 
s ida  of incised valleys; irregular and commonly blochy slopes 
up to ZOO m long, lnainly 25-3S9. 
(3) Scoria c o ~ c s  arrdalorrnds (5%): mostly 10CL200m high, side 
slopes generally about 30"; small craters, commonly breached, 
present on sun1mits of cones. 
(4) Crcztcrs ( < 5 % ) :  up to  200m deep and 400 m across; floors 
goncra11y sat, some with lakes; walls very stccp to precipitous. 

Strcam Pattern.-Radial to subradial. 

Forest Potentiel.-Forest resources moderate (FRI-41): high 
stochiae, rrtc fo r a t  on (I) covers 15%. a d  medium and low . .. 
stocking rate forests an (1) to (3) caver45% and 20% respectively. 
Accesx good (a-61). mainly due to large size of (I). although 
local deep drainage incisions inhibit lateral rnovomonf; stoep to 
orecioitous aloe- on (2) to (4) should be avoided: access crteeor, . . .. .. 
S1. Forest ~roductivity moderate 

Laod Uso Potcntia1.-Classes U r n .  
(1) Suitable for cultivation but erosion hazard. 
(2). (3). (4) Unsuitable for commercial land use because of 
rtoniness and erosion hazard. 

Correlations.-Includes small part of victory land system of fbe 
Soils.41) Moderately d c c ~  to decp, dark-colourcd, weakly *=id ~ , ~ ~ l a - ~ a p e  vogel arcs and most of uoive lnnd system of 
to acid clay and moderately deep to deep sandy loam to sandy tl,, sufia-ponganl 
clay volcanic ash soils. 
(2), (3). (4) Shrllnw to moderately deep clay to randy clay loam, Rclationshios.-GencraIly abmpfly bormdcd by otller land-form 
and stanv land. types. 

Dksectcd gently sloping lower Uanks of littlc-ciodcd nndesitic 
8trato-mlcamoe Plates 3, 5) .  

Terrain Parameters.-Altitude: 30.1000 m. Reliof: IS-LOO m. 
Charrctcristic slopes: 2&35%. Grain: variable, nlbinly 
10CL250 m. 

climate-zone. m, IV. 

Geolo~r.-Andc~itic ash and probably some agglomerate and 
lava: Recent. 

Drabage.-Generally \veU drained but (3) is subject to frequent 
short period~ of flooding. 

vegetation.-(I), (2) Large-crowned tall forest (Pontelio, Alslonia. 
~ , ~ i r a ~ t e r n ) ;  mcdilrm-crowned forest abovr 500m (Casinnopsis, 
Llfl~acnrpns, Elneocor~ns); woody scral communities (Ee,roxcAinrrs 
~ o ~ r m n r r s )  in blast area of Mt. Laminaton: rlso aardens. aardcn .~ ~ -~ - . - 
rezro,vth, grassland, and secondary forest. 
(3) Mainly herbaceous sera1 regelation (S~ckorkorkorkorkor~ spo,po,t~,~eun). 

Forest Pofcntia1.-Forest resources moderate (PRI-lI); high 
a d  modcrate rtockine rateforesls cover 35% and 10% resoeciiv- ." ." . 

Land Yorms.-Dkrected gently foot of ely on (1) and (2). wl~ihibt low stocking rate forest covers another 

active sfrafo-volcana~5. 15%: (3) is virtualb non-forested. Acces. poor (AI-32) due to 

(I) ~ccarr losf  szrrn,nit ssfncer or,ci "idge c,erts (40%): to I k h  proportion of steep s l o ~ e s  on (2); access category S2. 

200 but mostly less than 50 m widc, 1 ~ 1 0 0 ~  Porest productivity low due mainly to steep slopes on (2) and 

vaUev bottoms, smooth to gently undulating, axial slopes mainly resuitant dificult access (I). 

1.6'; microrelicfup to 1 m. Land use  Potential.-Classes I-m, W. 
(2) Steep slopes (60%): side s lope  of ridges, rlso bordering 
incised s t re~ms;  5CL300 m Ion&: mainly 20-35- but locally 

(1) Suitable for cultivation but slight erosion hazard. 
(2) Unsuitable for commercial laod use because of erosion 

p~ecipifous: small slumps common. hazard. 
(3) Fioail-plains ( t 5 % ) :  less than 300m wide, slopes up to T, (3) Unsuitable for ommerc ial use because of 
frequently flooded; genern11y "mitable, with braided streom. fToodmg, 

sfream Pattern.-Subparallel to radial. Correlr6onr.-Comprises Hamamufu, part of Higrtura, m d  
small p a n  of Arvala laod systems of the  Bunr-Kokoda area and 

Soils.-(I), (2) Dark friable loam over lighter-caloured sandy part of KIY~,, land system of the Wanigela-Cape vogel area. 
loam: deen to moderatelv deeo: weaklu acid: very thin toosoils . . 
on steep slopes. 
(3) Recent alluvial deposits 

Rda1ionsbips.-Sharply bounded by VAv and v ~ m  land-form 
types but cammanly merges into YPn land-form type. 
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Undlssected to slightly dissected gently sloping lower flanks of 
little-eroded mainly andesific volcanoes (Plates 3, 5). 

Torrain Pnramotoxs.-Allimde: &3Wm. Reliel: < I 5  m .  
Characteristic slopes: 1-5'. Grain: variable, mortly 250-500 m .  

c1imste.-zones m, 1v. 

Geology.-Andesific m d  minor basaltic asb, fanglomerate, and 
probably some lava and rgglomerate: also mioar alluvial 
sediments; Recent. 

L a d  Perm.-Gently sloping fool slopes o f  volcanoes incised 
less thnn 15 m by major rivers in narrow flood-plains. 
(1) Gnrlflc slopes (95%: 1.5'. very long, slightly undulaling, 
with incised narrow rounded guilien up to 15 m deep. 
(2) Ei00d-piai,. (5yJ: slopas ~cnolally loss than im;  locally 
llordcred by low terraces. 

Shaam Pattern.-Subparalbl to radial. 

Soils.41) Wcathercd brawn srh roils and unwcathored sandy 
YOICB~IC soils. 
(21 Recent alluvial donosits. 

Drrinagc.41) Mostly wdl drained; locally poorly drained duo 
to a slowlv gormoablc laycr in subsoil. 
(2) Jm~erfeclly to poorly drained. 

Vogetatlan7(l) Largcsrawncd tall rorcst (Ponlelia, Aaisoplero) 
and its regrowth stages; also tall grassland (Sncchnrt8,n sponlo- 

ncan! i l~~~pr ro tn  cyiind~.ico); sera1 communities (E~loscliinrrs 
pnpao!?lrs, Sacclrarnnl sparzinnrurn) in blast srea of Mt. Lamiogton; 
tall grassland regenerating to forest south-west of Mt. Victory; 
tall savannah of Ec~coiyplns lerericor~~is with ground lnyei of 
nlainly S~eci~nrcznr sponmrier,rr, In?pernfn cyiinririco, and Coelo. 
roelrir rotrboaiiioides south of Pongani. 
(2) Remnants m d  regrowth stages of large-crowned tall forest 
(Po!,zLia, Alslanio, octorneirr, locrlly Te*,o",ci<8) 

Forest Potcntia1.-Forest resourcer law (FRI-28); high to locally 
Very high (Oclan!eles on (2)) stacking rate foreit cavors 35%, and 
moderato and low stocking rrfo foiests each cover 5%. 
good (AI-79) but local paor drain.in.ge hazard on (2); acccss 
category SO. Fo ra t  pioductivity high. 

use ~ a t e n t i a l . - c i ~ n ~ ~  I-m. 
(1) Suitable for cultivation: slight harnrds arc erosion, and local 
poor drainage and soils with low moistureholding capacities. 
(2) Not suitable for cultivation because of poor drainage and 
Boodins hazards. 

Correlations.-Comprises Penderetta, Enndi, most of Awala 
and Bob", and parts of Higirtura and Popondetta land system. 
af the Buna-Kokoda urea; parts of Kvin and Wrnigela land 
syrtcms of the Wanigela-Capcvogel area; and I\wji land system 
of the safir-pongani area. 

Rclationsl8ins.-GeneraUy pasla  upslope into W d  a d  down- 
slope info AWv land-farm typos. Locally contains unmapped 
inclusions of W d  and VAv land-form types. 

DSf LAND-FORM TYPS (450 km2) 

Closely dirrcctcd alluvinl, colluvial, and modnow fans of low Drainage.-Well drained, steepest slopos excessively diained 
to moderate rcliof formcd on mainly coarse unconsalldrted 
sediments Pla te  8). Veg8btion.-Mainly medium-crowned forest, locally with 

Arnucnria: also small-crowned forest, locllly with Cnsunrinn, 

~~~~~i~ IO&IIOO ~ d i ~ f :  10-ZOO m. and large-ciowncd forest on gentlc slopes. ~arcatiopsis is pro- 
chrractcristic slopes: 254S0. ~ r r i n :  mainly t 2 5 0  m. dominant in forest above 500 m where ridge. "cry closely spaced. 

Minor oucrlypt savannah, lnid~height gmssland, and slightly 
C1imstc.-zones 111, 1v. deciduous forest xvith Tet.rninoiio and Ani.mptern piercnt in lowest 

parts in climatic ranc m. Open forest, scrub, and low grissland 
Geology.-Unconsolidated to poorly comolidatcd alluvial m d  occur on very s t c c ~  m d  precipitous slopes. Onrderls, rego>*h, 
calluviul gravel, smd, silt, and slsy; also local laycrs of ullramrGc and recondaly forest are \$despl=ad. 
b c c i a :  Plsiztocene a d  Reccnt. Patchy veneer of Recent 
aodesific volcanic a612 ncar Mf. Lamingfon. Focest Potentin1.-Forest resource. moderate (FRIL42); higil, 

moderate, and law stocking rate forests cover IS%, do%, and 

Lama Ponns.xloroly disscctcd fans flanliiog mountain ranees. 25% of tllc area; Arnrzcorio moderately common, mainly 
 he fans consist of "rr.~e~ to subparallel accordant ,idges up scattcc=d but locally in densc stands with very high stoc~ing rate. 
to 200 mhigh separated by narrow v-shaped valleys; dso include ACCDSS UOOI (M-27) mainly due to steep t o  locally prc~ipitous 
r co~rumted surface in the eastern nart of the Musr busio. s l o ~ e s  on (2); acccrs category S2. Forcst productivity low. 
(1) Ridge cresrs (20%): up to 200 m wid-, even to roundex and 
undulating, wit11 slopes up to 20°: they slope do,"" away fro," 

Use Potentir1.-C1a3ses I-=, vl-vlll. 
adjacent n~auntains m d  iwresent original fan rurfacc?. 

(1). (3) Suilvblc for culfivntion, bur hazards due to erosion. 
(2) of li,iseS (60mC): or i;rogulrr, (2) Unsuitable for commercial land use because or erosion 

25ASD but stewer  Locally, with precipitous slopes a d  cliffs ha"ard and 

adjacent to some incised streams. Correlationn.-Includes parts of Komondo and Kakoda land 
(3) Corrgofed surfmes (20%): undulating, 0-204 with small systms 01 tllo B U ~ Z - K ~ ~ O ~ ~  =ma; ~ " d i  land system of the 
r,vampy patches in Local level areas. Wanigcla-Cn~e Vogel area; and Wowo, Silimldi, Bariji, Sib~um, 

and parts of lbinan~bo m d  Siviai land systems of the Srfia- 
strcnm Pattern.-Deose paral1sl to subparallel. pongani area. 

Soils-Brown acid clay loam to clay over brown to reddish Relationshi*.-Gcncrrlly sharply bounded but locally grad- 
brawn clay, rnodcrafcly deep to deep but shallow m d  gravelly info and contains Inclusions of DS,v, FSn, and Awa lmd-form 
or stony on steep slopes; volcanic ash roils locally an crats. types. 
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Broadly dissected alluvi~l and mudflow fans of lo\r, to moderate Vegctntion.41) Mainly large-crowned tau forest (Ponrclia, 
relief, formed on llnconsoiidafed sediments p la te  8). Alslolia sdralaris, Lruraceas) in  climatic ronss UI and N: also 

medhun-crovmed forest a d  extensive areas of garden regrowth. 
Terrain Parameters.-Altitude: 0-1000 m. Reliif: 1&20O m. secondary fo is t ,  plantation, and grassland: small-crowncd 
Characteristic slopes: 0035'-5'. Grain: 250-5OOm. forest in cli1naticrona1l. with scattered to locrllv dcnsc Arorrcario 

G*olagy.-Alluviai fan and mud8057 deposits consisting mainly 
of unconsolidated gravel, sand, sill, and clay, with low1 Laycrs of 
"ltramrfic breccia in fllc Musn basin; Pleistocene to Recent. 
Local veneer of Recent volcanic ash in vicirufy of Mt. Lamingfon. 

Laud norms.-Broadly dissected fans. 
[I) Fon srnf'ces (90%): mainly Rrf to gently undulating, slopes 
up to so; commonly terraced, locally uneven, gullied: also 
hummockv and irreaulariv undulutinp, surfacer with slooes un - .  . . 
to 25'. 
(2) Very s1ior.t steep slopes (10%): ndjvcenf to incised streams, 
mainly 30-SO0 but locally i~recipitour and cliffcd; straight, 
concrvc, or irrepu1ar; Imdslips comn1an. 

Stteam Patt~~n.-Subpnrallel traversing sfrcam. 

Soils.-Brawn day loam to clay over brown to rcddirh brown 
day, maderrtcly deep to shallow and lacouy stony. 

Drainapc.-Well to excessively drrincd. 

and cos.oruio; also cuca1ypt savnmah. 
(2) Small-crowned opcn forsst, in climatic zone I1 mixed with 
scrub, savannah, and low grasrland. 

Forest Potential.-Forest rcrovrses moderate (FRI-42); high 
and modoratc stocking n t e  f0rcsh on (I) covcr 35% uad 20% 
respectively, and law stacking rat- forest on (I) and (2) covers 
20%; Arurrcario forcst of variable stacking rate lacally an (I). 
ACCL?~ good (N-73) cxcnpt for steep to precipitous slopcs on 
(2); acccss category SO. Forcst productivity high. 

Land Use Potsntial.-Clrssos FLU. 
(I) Suifablc for cultivation but local stoninnins and erosion 
hamrds. 
(2) Unsuitable fol cvlfivation becouso of erosion and stoninesr 
hazards. 

Corrc1atioos.-Iorludes part of Kokada land system of the 
Buna-Kokoda area; Rrkua and gart of Uiaku land systems of 
the Wanigola-Cape Vogel arca; and Darumv and parts of 
Siviai and Ibinrmbo land systems o i f h c  SnfirtPongani area. 

l<elationshios.-GcncraiIy sharply bovnded but locally grades 
into and contains unmapped inclusions of DSf, FSn, and AWs 
land-form types. 

DSi LAND-FORM T m  (140 km7 

Jrrogvlarly dissected stepped fan surfaces and Lorv cuestrs; 
formed on poorly conralidated sediments Pla ts  10). 

Terrain Paramnter8.-Altitude: 180-70Om. Relief: up to 70 m. 
Characteristic sloncr: 075'-5*. Grain: very variable becausc 
of irregular dissection 

Geo1o~y.-Frnglamerrfe, mudstonc, siltstone, sandstone, and 
conglomerate, morfly poorly consolidated; Plio-Pleisfaccnc 
(Domara River Bods). 

Lana F O ~ ~ . - I I )  L ~ , c ~  getfci* slope* (85%): fan surfaces and 
dig s lops  of cuesfas; smooth to gently undulating m d  irregularly 
hummocky; slopes mainly 0.5'. locally up to 20"; small poorly 
drained to s\mmpy Rats prcrent locally; inclvdcs some narrow 
to broad ridgc crests. 
(2) Slrorl rtroigbf sfrep slopes (15%): form scrrgs, steps, and 
sidon of incised vallcys; slopes mainly 20-35' bu t  locally stcepsr 
adjacent ta incised stream*. 

soils.-(1) Moderately deep to  decp mndy to gravelly clay loam 
over heavy clay. 
(2) Shallow gravelly clay commonly wifh thick dark topsoil. 

D~aioago.-GLnerrlly ,vcll to rxcessively drained, hut some local 
temporary rvatsrlogging and poor drainage. 
(2) Exccssiveil drained. 

Vegetation.41) Mainly Elrcnlypfrrr ol6o savannah, wifh minor 
mcdium-crowned slightly deciduous roresf; poorly drained Rat. 
hsvc Nonden-Anfiddddu savannah with ground Iwcr of  tussock^ 
midc igh t  grasses. 
(2) Mainly mcdium-crowned slightly deciduous forest (A81isaprfra 
common fhTo"pho"t), commonly With scrambling bamboo; also 
E,,<olyp,~,s albo savmnah. 

norest Pot~ntie1.-Forest resources "cry law (PFJ-8): nlodervte 
and low stocking rate forests cover 15% and 5% rpsgoctiuely. 
A.xess g w d  (N-66): minor poor drainage hazard on (I); 
acccss cntc&ory SI. FOiest productivity law. 
Land Use Patootia1.-Class V1. 
(I) Unsuitable for cultivation because of poor physical soil 
conditionr. 
(2) Unsuitable for cultivation because of gravelly soils and 
nosion hazard. 

Correlatio"s.-Comprises part of nsagv land system of thc 
safia-Ponbani arcs. 

Relatio~~hip8,-Generally abruptly bounded, but has mioar 
inclusionn af and locrlly grades into YHb, YSi, and AWs land- 
form types. 

DSh LAND-FORM TYPE (70 km? 

Iilu and mountain ridges representing di~sected alluvial alld C1imste.-ZoneN. 
~ o l l ~ r i a l  fans; formed on poorly conrolidatedsed~mmts Plate 11). 

Geoloev.-Poorlv consolidated couuvial and alluvial crawl. .. 
Terrain psrsrnetcrs.-~ltitudr: 200-1200 m. Relicf: 200-500 m. rand, silt, and clay; Plcihiacene. Many surfaces with mantle of 
Characterkfic slopes: 30-4s0. Grain: 500-1500 m. Recent andelitic volcanic ash. 
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Land Forms.-Hill and mountain ridges ofdceply dissected fans. 
(1) Ridze crests (20%): more or less accordant, rounded to 
undulating, up to 300 m wide, slopesC-20O; broad crests represent 
original fan sorfaces. 
(2) Side slopes (80%): mainly 25-45; upner dopes generally 
straight, lower slopes irregular, with precipitous slopes and 
cliffs along incised streams; gvllies and slumps common. 

Soils.-(1) Volcanic ash soils consisting of acid to weakly acid 
yeUo\v-brown frinble randy lonm to randy clay d t h  generally 
t l k k  dalL toprail$: also brorvn to yellow-red heavy day. 
(2) Acid clay wifh or without ash admixture, thin topsoils. 

Drainage,-Well drained. 

Stccrm Pattern.-Subparallel, open. 

Vegetstion.-Mcdium-crowned forert, lnrgely secondary. 

EAv Lm-FORM 

very stecp-sided mauntain ridges and spurs of deeply eroded 
andesitic and basaltic strafo-volcanoes (Plate 5). 

Terrain Parameters.-Alfitudc: 0-3000 m. Relief: generally 
>400m. Characteristic slopes: 3 W 5 9  Grain: generally 
500-1000 m. 

aim.tr.-zones m-v. 
Geology.-Andesific and basaltic lava, agglomerate, and tuff, 
.cntlv rliooine: Pleistocene. ~. .. -. 
Land Formr.-Mountain ridges and spurs and nnrro,v V-shaped 
"alleys. 
(1) Ridre nrld sprr crexd (10%): mostly less than 50 m wide, 
uneven to very uneven, slopes up to 30°. 
(2) Gentle lo madnrate z ~ p e r  s i o j o  (5%):  5-2U0, commonly 

. . 
(4) Coacovafool slupcs ( 4 % ) :  5-25; bouldcry surfaces 

Wrest Potential.-Porest resources low (FRI-28); modorate and 
low stacking rate forests cover 55% and 10% respectively. 
Access very poor C.4-10) due to stccp to precipitous slopes oo 
(2): access category S3. Forest productivity very low. 

Land Use Patcntia1.-Classes Vl-W. 
(1) Suitable for cultivation where not too steep; cronian main 
hazard. 
(2) Unsuitable for commercial land use because of erosion 
hazard. 

Correlstions.-Incl"dcs part of Komondo land system of the 
Buns-liokodr area and Kovio land system of the Safir-Pongai 
area. 

land, and minor eucalypt savannah (in climatic zone III) and 
sera1 foreslncarthesumrmfr of Mt. Lamington and Mt. Victory. 
(I), (2) Modium-crowned forcrt below 1400 m, in many placcs 
vith Coslor!~pars "rodominant above 500 m; lawsr montane 
fors t ,  locally wifh Nolhojoglrs, above 1400 m. 
(3) Medium- and "mall-crowned farest: lower montanc forest; 
some grarnland on steepest slopes. 
(4) Medium- and small-crowned forest; mid-hcighf grassland: 
minor eucalypt savannah in climatic zone m. 

Forest Potcntir1.-Forest resources moderate (FRIL42): forests 
of modorate stocking rate cover 70% af alca including Locrl 
stands of high stacking rats Notliofaczrr; low stocking rate 
forests cover 25%. with Carto,mo~sis often dolninant an (I). 
Access very poor (N-7); slopc hazard throughout but mainly 
on (3); access category S3. Forest producfivity very low to  nil 
duo to rlopc hazard. 

Lsnd Use Potential.-Classes m-Vm. Mrialy unsuitable for 
cornmcrcial Land use because of severe erosion hazard. 

Stresm Pattcm.-Dendritic to subparallel or rndial. Cormlatione.-Includes most of Hydroeivoheis and small oart 
~ - .  

Soils,-Acid red brown <la,,, shallow and on sfeen of Lamington land systems of the Bun=-Kokoda area; most of 

slopes; locally a.1, rolls an crests. Trafalgar and small part of Bekxluma Land systems of thc 
Wadgel;cCai>c Yogel area; and Hydrogrnphcrs and cnost of 

Dninage.-Well drained. Sesara land systolns of fhc Sa6a-Pongani arca. 

Vegetation.-Mainly modium-crorvned forest below 1400 m, Re1ationshi~s.-Locally merges into EAe, EM, and EAw land- 
lower montane forest abovc; also s r n a l ~ - ~ r o ~ n e d  forcst, grars- farm types. 

Very steep and p~eci~i tous  slopes end cliffs of dccply eroded some very minor valley Aoois up to 50 m wide rvith slopcs up 
volcanic tcrrain mrmed on rndoritic and basaltic rocks plate 13, to 5'. Streams mainly ephemeral or intermittent, cspccirlly in 

~ 

Fig. 2). climatic zones I1 rnd TR. 
(I) Upper sloncs (30%): 5C-90: mostly over 300 m long; rock 

Torrain Parameters-Altitude: 200-3000 m. Rolicf: 8enerrlly faces wifh ioint-controlled clefis and burriesses very common. -~ 

>400m. Characteristic slapcs: 40-50'. Grain: mainly (2) Lower slones (707J: 20-50'; over 500 m long, straight to 
wcakly concave a d  commonly uncvcn t o  very vneven with 
bouldcry microrelief; minor local narrow bonches with slol,es 
less than lo1. 

Geology.-Andesitic and basaltic agglomerate. lava, and tuff on Stream Pattorn,Subprrallel, 
uppm slopes: Pliocene and Pleisfoconc. Mainly Recent volcanic 
debris onlower slouer. S o i l s . S t i o n ~ 1 ~  acid red to brown frirblo clay; shallow brown 

~ ~ 

stony clay ovcr weathered rock 
Lsnd Forms.-Very steep a d  precipitous slopes and cliffs forming 
scarps and kmiro-cdgcd ridges, locally nith shad steep spurs; Drainage.-Well drained. 
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Vegetation.-Medium- and small-crowncd forest, lower montane 
farest, minor eucalypt savannah; some gardens, gardcn rc- 
growth, and srcondary foreat near perennial streams. 
(I) Small-crowned foreat below 1400 m, locally with Cosrrorino 
and Castonopsis l,rcdominant on meats, also mioor savannah 
(El,ca;yp,us icrc,icaniis] in climatic zones I1 and u1; lo,"er 
montane forest above 1400 m. 
(2) Medium-crorned forest, slightly deciduous in c h r t i c  zones 
II and III. 

Forast Pote~tis1.-Forest resovrcw moderate (FRI-41); forest! 
of moderate and low stocking ratc cavcr 65% and 30% respec- 

Closely dissected lowor flanks of eroded andesitic volcvnoes 
p la te  5). 

Termio Parameters.-Altitude: O-IOOOm. Relief: 20-150m, 
but mainly ~ 7 5 m .  Characteristic slope: 20.35'. Grain: 
100-250 m. 

Climate.-zones II-IV. 

Gea1ogy.-Anduititi and basaltic ash, tuff, agglomerate, fan- 
glomerate, and lava: Pleistocene. Many surfaces in vicinity of 
Mf. Lamington have veneer of Recent anduitic ash. 

Land Forms.-Long parallel accordant hill ridges and steep~sided 
V-shaped valleys on the lower Banks of deeply eroded strato- 

tively; Costorzop~is locally dominant on ridge crwts. Access nil 
(m); slope hazards throughout; access category S3. Forest 
productivity nil due to slope hazard and relief. 

Land Usc Potential.-Classes VU-VIlI. Unsuitable for com- 
rnorcial land "so bccavsc of scvcrc crasion and rtoniness hazards. 

Correln1ions.-Includer most of Uberi ,and part of Rauna land 
systems of the Fort Marsby-Kairnku area. 

Relationahins.-Lacally merges into and contains small unmapped 
inclusions of EAT land-form type. 

climatic zone n, smau-cro,vned slightly decidvous forwt (fits;=, 
Albhio); extensive areas of plantation, gardcn, garden regrowth, 
and secondary forest. 
(3) I~ zones m and N, ~~~~~~~~~~~d tau forest; in 

zone n. smr~~-crawned s ~ i b t ~ 7  deciduous forest. mid- . . 
height grassland (TIr~r~r~r~redu uosirolir), ,"oodlmd (Ez<olyp,m, 
A<"cin). eland eucalypt savannah. 
(4) Inrgsrawned tall forest (Pornelin, Alstonia, Odonrele~, 
Artoco~prcr) and tall wardand (Socdarr,rrr spor~rone"mlIr~rpnlperoro 
cylitrdrica). 

Forcst Potential.-Forest resovrces low FRI-301; high stocking 
r t l c  ru8c.C IIU71 1111 11) 1~1~1 (41: n . ~ J ~ r . t l ~  \L I )Y~ I I IL  KJIC lilre-t  
,lJ; ) 8 ,11,,1, i l l  CIIIII . IIC I<l"<.\ 111 P"J IV; 10%. st< :I.:,IL r.<,e 
,i>r>\, , 3U7)  , l l r ~ ~ " ~ l , ~ ~  4, .I1 <t>,,m. <,,'l<,. cIo~,, . .~,c.I  1," <'<,,,,,>.""s~T 

~ . .. 
volcanoes. on (I). Access very poor (a-21); slope hazard 02, (2), drainage 
(1) ~ i r l g e  crests (15%): 5-200 m e d = ,  commonly slightly and mioor nooding hazards on (4); accws catcgory s2. ~ ~ ~ e s t  
undulating arirt slopes 1-5O. productivity very low duc to rtccp slopes an (2). 
12) Rtsro hiif rinnrr 180%1: rnosflv 2lL35O. locallv nrecioitnur: .-, ~~ ~ ~~~z~~ , ~ ~ , " , ~  -~ ~~ , ~~~ - . ~ ~ ~ ~ . ~  ~~ , 

10a-300 m lone. straiebf or uneven. with slurnos m d  boulderv Land Use Pofentir1.-Classes VU-vm. 111. YI. .. . 
surfaces common. 
(3) Moderote to penrle loot slopex ( t 5%) :  slopes up to 154 
(4) Flood-nloins ( t5YJ:  leas than 400 rn wide, axial dope. up 
to zO. 

Stream Psttem.Subparallsl to radial. 

Soils.-Acid friable clay loam, cornmanly with volcanic ash 
admirturc; also acid red to brorvn clay. 

Drainage.-Well drained 

vegetation.-(1). (21 I" climatic zones m and IV, Irrgsrowned 
tau forest (Pometio, Alrtonio, Aniso~tero) with mediumsrowned 
forcat (Coslnnopsir, Litlcarnrpos, Eimcorpr<s) above 500 m; in  

. . 
(1). (21 Suitable for cultivation but somc erosion hazards. 
(3) Unsuitable for commercial land use because of erosion 
hazard. 
(41 Unsvitablc for cultivation because of flooding end drainage 
hazards. 

Carrcla6ons.-Includes sn1.11 part af Hydrographers land systcm 
of tho BuocKokodr area; part of Trafalgar land systcm of the 
Wanigela-Cape Vagel area; Tahama. part of Gorabuna, a d  
small part of Uoive land systems of the Saliz-Pongmni area: 
and part of Knnosia and most of Maribai m d  Rubberlands Lend 
systcmr of thc Part Moresby-Kahku area. 

Rdati0~8hips.-Boumdddii zonerally abrupt but lacally grada- 
tional with BAw and EAT land-form types. 

EAw L m - F O M  TYPE (900 km3 

Broadly dissected lower Aanks af deeply eroded nndwitic and Land Forms.-Very long parallel to subparallel ridges, with 
basaltic strato-volcanoes e l a t e  19, Fig. 2). accordant crests descending at 2A0 from deeply eroded volcanic 

Terrain Psrsmeters,-Alfifude: 0-700 m. 100-250 m, 
centres: narrow U- and V-shaped valleys UP t o  250 m deep. 

slopes: 20-400, Grain: generally 25 0-500 m, 
(11 S"Jnalif snrfoces (25%): range from rounded ridge crests 
less than 50 m wide to olateau-like ~laneres  no to 1000 m r ide:  

Climate.-Maiy zones III, N, small part in zone Il. undulating to hilly, with 10-50 m local relief and Jlopcr up to zoo. 
(2) Voiley sides (75 %I: slopes mainly 2040; locally precipitous 

Geo1om.-hdesitic and basaltic agglomerate, tuff, lava, breccia, ..d clxed: spurs crestel slopes up to 35. commonly 
and fanglomerate: Pliocene and Pleistocene. Mantle of Recent prwent, 
andmitic ash on many surfaces near Mt. Lamiogton and ~ t .  
Victory. Stream Pattero.Subparalle1 to radial. 
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Soils.-Acid friable red and brown clay on undvl~ting tenain; 
strongly acid yellow-brown silty clay loam to  silty clay, cornmanly 
shallow and stony, on sleep slopes; volcanic ash roils locally 
on crests. 

Drainage.-Well to excessively drained. 

Vogetatiao,-West and south of Owen Stanloy Range: small- and 
medium-crowned forest, slightly deciduous in cliaatic zone I1 
generally and zone Ill on summit surfaces, Casroso~sis, Lilho- 
cnrpr,s, and Elococorpm very common genera above 500m. 
North-east of Owen Stanley Range: grassland mainly on summit 
surfaces and secondary forest mainly on valloy sides. Minor 
areas of eucalypt savannah an law-t slopes in climatic zones 
II and m. 
Forcnt Potentis1.-Forest resources iorv (FRI-28); moderate and 
law stocking rare forests cowr 45% and 30% respectiveb. 

Access very poor (iU-14) due mainly to steeg to locally pre- 
cipitous valley sides in (2); access category S3. Forest praduc- 
tivity very law. 

Land Use Potential.-Ciarres W I L I .  Mostly unsuitable for 
cultivation because of severe erosion hazard on steep slopes; 
fiat areas suitable for cultivation. 

Cocrclation~.-Inclvdes small part of Hydrographers land system 
of the Buna-Kokoda area; most of Bekalama land system of 
the Wmigela-Cape Vogel area; Banderi Imd system of the 
Safia-Pangani rcea; and small parts of Rubberlands and Mariboi 
land systems of the Poil Moresby-Xriruku area. 

Rela6onshins.-Locally merges into BAv and EAf land-form 
types and in places contains small unmapped inclusions of BAv, 
EAf, and AWs land-form types. 

Disrcctod plateaux of very law relief on basaltic volcanic racks 
(Plate 13, Fig. 2). 

Terrain Parameters.-Altitude: CL700m. Roliof: mainly 
15-30 rn. Characteristic slopes: 15-20'. Grain: 100-250 m. 

Climate.Zones ILN. 

Geology.-Basaltic and minor andesific tuR, lava, dyke rocks. 
agglomerate, and fanglomerate; same limestonc in north; 
Tertiary. 

Land Forms.-Disnccted plafcnur consisting of parsllsl and 
branching accordant ridgos and spurs to 30 m high, with 
some tocrrio md nat B O O I ~ .  

(1) Ridge crcs,s (15%): rounded, up t o  l oom wide, gently 
,mndul?ifiog, slopes mainly less than 5'. 
(2) Hill xloplapcr (60%: up to 450 m long; slopes mainly 15-20', 
IocaUy stespsning t o  30'. 
(3) Und,<laring iarroin i I 5 m :  up to 15 m rsli~f,  ~ lnpes  up to 6'. 
(4) VnlleyJ7001s (10%): up la l oom wids, slopes up to 5'. with 
alluvial terraces up to 5 m above mean rwcr lovcl. 

Vezefation.Sogeri plateau: in the rauth-west, savannah of 
Eueoiwtur lereiicarnir with ground layer of mainly Opkir~ros 
la??8c."lingii: in higher and wetter north-erst, rubber plantations, 
gardens, locally mid-height grassland (Oplrizzros lar!gcoiingii/ 
hnperntn cylir~drico), and mainly small-crow~ed, locally medium- 
crowned, forest with Cosfonayris and Eloeocarpsa. North-east 
coast: small-crowned farcst (Anisoptem, E~calypfonri,~), I* 
growth, and gardens. Minor medium- to large-uolvned forest, 
in many  laces dirturbcd, on alluvial terraces and along creeks. 

Forest Potential.-Forest resources very law (PR16); forests 
of hie11 and modernto sfockhg rate cover 5% mainly on (4) and 
cn forsts OF low ~ i ~ ~ l i i n ~  rate cover 10% OF the area. 
Access modsratc ( N 4 7 ) ;  slopc hazard an (21, drainage and 
minor flooding hazards on (4); access ~htcgory S1. Foresf 
p~oduciivity very low to nil. 

~ ~ 

(4) Not ruitablc for culfivvtion (poor drainagc and Aaodb~g 
hazards). 

Stream Pattern.-Dense dendritic. 
Corrc1ations.-Comprises part of laugr land systcm of the 

soils.-~ainly acid, friable red and brown clay, rapidly Buna-Kokada lire= and Sogeri and Subitana land systems of 
pcrmeablc; acid brown dry on valley floors. tho Port Moreshy-Kairuku arca. 

Drainage.-rdaioly wsll draincd, but vallcy floors imperfectly to Re1stionshios.-Grades into and has minor inclvsions of m y  

poorly drainsd. land-form type; otherrvirc sharply bounded. 

Disncctcd platcau snlfacos of moderate relief an basaltic volcanic (1) Ri<I#e cre8r.r (10%): rounded, up to 50 m wide, evcn Lo 
gently undulating. rocks (Plate 13, Fig. 2). 
(2) Hill rinnlopcs (85%): mainly ISWOO m long, 20-30'; slumps 

Terrain Parameters.-Altitude: 0-1500 m. Relief: 30-200 m. ..d t,,,,ttcn eammon. 
Characteristic slopes: 2MOo. Grain: generally 50-250 m. vol~ey/(oorr (5%): up to 300 , idg  sloner 0-5.. 

O"nate.-Mainly mncs Ill and W, small part in zone Il. Stream Pattern.-Dcnsc dcndrific. 

Gr01ogy.-Basaltic lava. ngglonluatc, 1115, and dykc rocks; Soils.Strongly acid friable red and brown clay, rapidly per- 
minor li~nwtone in north-west and south-or*; Tertiary (probably meable; also locrl llthosols: slightly acid friable clay; an valley 
mainly Pliaconc). floors, acid b r o m  clay. 

Land Boms.-Findv dirrcctcd plateau surfaces consisting of Drsinage.-Well drained except far vallcy fioors which are 
mainly accordant ridges with promiomiont spurs. imperfectly drained. 
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ypgetstiao.-Mainly small-crorvned forest, rbovc 500 m with Lsnd Use Potential.-Class W. Mostly unsvitsble for com- 
Caslorzopsisvery cojnmon, locally with Cosrrorinn, m d  in the cart mercial lrnd use becausc of erosion hawrd due t o  stccp dopes, 
with Hopeupredominant. Minor Ez~lrcoiypirrs ferei;c~r,~;s savannah also loenlly shallow s tow soils. 
in climatic zone 11. Lvrgacrowned forest on vallry floors. Very 
l i t t l~  reaowth and secondary forest except in  north near Douglas Corrcla6ons.-Includes part of Iaugn land system of the Buna- 
Tr".l."..* l<nknda area. and Your" and owes land svrtcms of the Port - - ~ ~  ~ 

Moresby-Kairuku area. 
Forest Potential.-Forest resavrces 10x7 (FRI-21); forcsts of 
highstockinsrate (1%) on (31 mdmaderatsstoskiog i=te(lOYJ, Rclationshipr,-LocrIly into PBn, MBV, and ZDb 
the latter locally dominated by Hogeo in cast; remaining 60% Imd-form types, all of which, with AWs land-form type, occur 
low stacking rate fo r s t  with Coxlm!apsis very common. Access 

locallv an minor "mapped 
poor (111-29); slopc hazard an (2) and drainage hazard on (3); 
access category S1. Forest productivity low to moderate. 

PMi LAND-FORM 

firegular rummit sucrafaces on maialy foliated metamorphic rocks 
(Plate 7; Plate21, F ig  I). 

Terrain Parameters.-AItiffdd: 2000-3500 m. Relief: gcncrally 
200-400m. Characteristic slopes: 2&30°. Grain: vrriablc, 
mdinly in range of 250-1000 m. 

c1irnrte.-zon- v-v1. 

Geology.-Schist and phyllifr (Owen Stanley Mctamarphics), 
minor granite; Tertiary and Mcsoroic. 

Lsnd Forms.-Irregular svmnlit swfaces conshting of branching 
ridges and spurs mainly lcss than 300m high, with narrow 
Vjrhupedvallsys, undulrfing shallowly dislestcd remnant surraccs 
mainly forming watershed areas, and flat valley floors. 
(I) R i d s  ondwor crests (10%): mainly &50 m widc, rounded, 
s1opcs generally 1-5 than lo1. 
(2) Side slopes (60%): variablc length, straight or irrcgdnr, 
generally 15-30°, but locally steepcr; gullied. 
(3) Re,",,on, rnl<l,,i"l.,g xurfnces (20yJ: up to 200 m local relief, 
slo~lsr generally less than 2a0; shallow basins locally present on - ~ 

brand summit areas. 
(4) VnNcy f i o r s  (10%): locally over 3OOm widc, rcpresenf 
inclusions of FSa land-form typc. 

Sfresm pattern.-Generally dendritic, but irregs1ar. 

Soils.-Mainly humic brown clay, shallow ta moderately deep: 
with peaty soils on valley Raon. 

Drainage.-Generally wcll drained but valley floors permanently 
water1oggcd. 

Vsgelatian.-Mainly coniferous lower montane forest (Dacry- 
curpur, PiwNoclndrs, P~~zzncedrr~s, Syzygiu~n, Cunoninceae; 
Araecariv near Mt. Oriaian). Forest becomes smalla crowned 
and conifers more prominent with increasiog altitude. Tree 
hcleht desrcases towards crests and on highest crests the farcst 
carnmonly dcgencrafes to scrub. Low to mid-heisht tussock 
grassland (Dnrxfl~orrio mci~boi i ,  Ag~.ulis rein~vordtii) with more 
or less dense low shrubs (Hypericnm, Sly~belia) mainly in valleys 
but locally also on crests. Tree fern3 (Cyorlrerr spp.1 co,nmon in 
grassland near Sorest edge. Flat vnllsy Room have a mired 
vegetation of low grasses, sedges, Corns, and many herbs. 

a o ~ e s t  Poteotia1.-Forest resources low (FRI-ZZ); forcsts of 
niaderatc and low stocking rafecovor 10% and 40% respectively 
mainly on (I) and (2) and locally on (31; locally high stocking 
rate stands of Arovcoria foialliog 3%. Accoss poor (iU-30); 
dope hazard on (2). drainagc hazard on (4); access category SZ. 
Forest productivity very low to nil due to altitude and Poor 
access of surrounding land. 

Laod Use Potential.-Clnsscs V-VH. 
(I), (3) Unsuitable or only marginally suitable for cultivation 
bccaure of erosion hazard m d  frost hazard above 2600m. 
(2) Not suitablc for cultivation because of crasion hazard, 
(4) Naf suitable far cultivation because ofpaor  drainage. 

Corr~1ations.-Not present in previously mapped areas. 

Relation.hips.-Bounda~iii mostly wcll defincd but locally 
gradational wit11 PMb land-form type, which also occun as 
m a p p e d  inclusions in PMi. 

PMg LAND-PORM T m e  (220 k m 3  

Glaciated mountain summits on follvfed metamorphic rocks summit ridgcn and U-shaped valleys, on crags, itnd oo cirque 
,vrrer 71 back walls. Main units are .".- . , . 

(1) Irreprrluriy u,>,I,,lofing pinrmo srn-feces (75%). 
Terrain Parameters.-Altitude: > 3500 m. Relief: scnemllY (2) steep to very steey.sirie,isrannrj, (20%). 
t 4 0 0  m, locally up to 700 m. Characteristic slopes: 5-10', (3) Rat-bottornsd rr*hnpcd volleys (5%. 
Grain: very variable, generally > 1000 m. 

Stream Psttern-Dendritic, open and irregular. 
C l ima te . l one  YI. 

G . o I o ~ ~ . - M ~ ~ ~ ~ Y  schist (owen stanley ~ e t a m o r p h i ~ ) ;  ~ ~ ~ t i a ~ y  S~i ls .Shal low peat: rock outcrop. 

and hlenaroic. Patchy veneer of late Pleistocene glacial and 
fluvioglrcial deposits and Recent perf. Drainage.-Poorly drained t o  permanently waterlogged or 

s\YRmIIY. - ~ 

Land Forms.-Glaciated terrain with rocky crags, cirques, lock 
basins, and moraine ridges. Numerous lakes and swamps occur vegetation.-Undulating plateau surfaces have mainly low and 
in rack basins and an cirqve floors. Slopes are geneially 1-r rather open tussock grassland (Darci~nnmsio klossii, Dici~eia~lz~~l,ne. 
than 10'. but range from 30m to nearly vertical on the sides of Dejet~xio, Dnllror8ia vesriro) with mosses and Low herbs(Plonlogo, 
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Potentilin, Rmra~rcrrlc~s, Tetmnro;op;rr~,rrd betivecn tussocks; also Pornst Potential.-Forest resoorces nil (FRI-2); law stocking 
very scattered sbrubs (Ericaceae, Hygaricura, Slyol~clro, Caprar,nn) rate coniferous forcst covers 5% mainly on (2). Access very poor 
and occasional free ferns; srvampy parts have mainly sedges (Al-26); slope hazard on (21, drainage hazard on (1) a d  (3); 
such as Oreabohrr: lakes have aquatic vegetation (Isaares, access category SOW2. Forest producrivirv nil due to Low stocking 
cnliirr;cl~e) or open ruater. Summit ridge crests are bare or have rate, small forest area, altitude, and suriouoding inaecesrible land. 
low open grassland with mosses, f e r n  <Glciclzmia v<rlconlo), Use -, Unsu ifable for commerdal 
herbs, and very low shrubs. Re-ants of Inontame forest Persist land use because of poor roil5, poor dminagc, frost hazard, 
onsteepslopw, especially onpiateauedges; conifers (Dncrycorptrs inaccessibility, 
cormacnrs, Papr~~cerr rs  poguana) form campy up to 20- high. 
D~~~~ shiubbery ofPi,t,,s,,ornnl, c opror,,,,,, Ericaccae,  in^. CO"el=fions.-Not present in previously surveyed areas. 

ecae, m d  seedlings and saplings of  Docry~arpns and Pop~mcedrrrs Re1ationsllinr.-Boundary is lower l init  of Pleistocene girdation 
form a transition zonc between forest and grassland. as indicated by glacial land farms idcnti6ed on sir phofogtaphs. 

PMb LANDFORM TYPE (290 km3 

Deeply disrccfed "lalea"* on mainly foliated metamorphic racks stream PatBm.--Dense dendritic. 
(Platc 18. Fig. 1). 

Soils.--Acid yellow-brown friablc clay, humic above 2000 m. 
Terrain Parrmcters.-Altitude: 200-3000m; Relid: mainly 
20M00 m. Charactcrislic slopes: 30-45'. Grain: 25&500 m. 

Drainage'--'veu 

Ve~etation.Small-cro~vncd forest with Cnsronopris predominant 
Climnts.--Maiuly zones ill-V, small part in zone VI. in climatic zones El and lV, elsewhere as in PMi land-form type. 

Gcoloey.--PhyUite and schist (Owen Stanley Meiamorphics), Forest Potentis1.-Forest rosaucces law (FRI-23); forcsts of 
also local bawltic volcanics; Tertiary and Mesozoic. moderate and low stockins cafe cover 10% and 70% ropcctively; 

variable (10," to  very high) stacking ratc Ararrcor;" faresf covers 
~~~d X o ~ m . - ~ r n ~ ~ h i ~ ~  ridges and spun OF ridge.and.ravine 2%. Access nil to vow poor (AILS): slope haraid; accos 

type. category S3. Forest nioductivity nil to very low due to poor 

(1) R i d p  m d  snur crests (10%): 5-50 m wide, oven Lo uneven, access land. 

with slopes up to 30°. 
(2) Slrlr slopes (90%): 3045'. mainly 20&500m Ions, pullia, 

Land Use Potential.--Class Vill .  Largely unsvitrble for com- 

Imddides. and s l u m ~ r  vcrv common. 
mer"h1 land usc because of erosion hazard. 

~ ~~~ . . 
(3)  oat slopes ( t s j l ) :  locrU~ present, b35: i"rogufar, co r r e~s t i on~ , -~a t  prosent in previously mapped aroas. 
hummocky. 
(4) Valley floors (<5 jl): generally lcss than 300 m wide, slop~n R~1atiossllios.-Boundddiii generally well dehed,  but PMb 
Iws than 5O, terraces commonly present. locally grades into PMi, MBu, and ZBb lmd-farm ty~es .  

Dissected plain8 consisting of very low rounded ridges and gcnfly 
undulating terrain onmainly coarse-grained variably consolidated 
sediments w a t e  12). 

Terrain Parameters.-Altitude: 5-130 m. Rclid: 1&30 m. 
Characteristic slopes: 10-209 Grain: goncrally c 100 m. 

Geolorn.--Largoly piodmonf deposits consisting af variably 
consolidated sand and grwel of mainly basilltic composition. 

Land Xoxorms.--Intricate pattern of very low ridges and narrow 
valleys, withgentlyundulrlingterrain and minor terraco. Gorgcs 
locally over 30m deep occur along thc incised Matnbarc River 
and its tributaries. 

than 10 m. 
(3) Ibroces (5  %I: slolles less than 1: situated along Gka River. 

stream Pattern.--Intricate dondrific. 

Soils.-Friable red acid clay. 

Drainago.--Wcll dmined. 

vo~etation.S",all-cro,"n~d forest r i t h  uneven canopy rnd local 
groups of largo-crowned trees; mioor secondary forest a d  
garden regrowth. 

. .. . . . . 
and local gorges along thc Mambare River and its tributaries: 
access category SL. Forest productivity moderate. 

. 
fertility as soils strongly rreathcred. 
(3) Suitable for cultivation. 

Corre1atians.-locludes lama land system of the Buns-Kokoda 
an%. 

Rcialionshi~s.-Locnlly merges with XHV land-form type and 
confaint minor unmapned inclt~sianr of XHV m d  AS land-form 
types. Boundary with AS iand-form type is very intricate in 
detail and is much generalked on the land-form type map. 
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Gcntly to very gently undulating terrain of "cry law relief on 
unconsolidated m d  consolidated sedimentary rocks Watc  2: 
Place 1% Fig. 1). 

Terraio raramctcrs.-Utitude: &I00 m. Relief: 10-30 m. 
Characteristic slopes: 1-5'. Grain: very variable, most17 
250-1000m. 

c1imate.-zoncs I-1v. 

Gaolom.-Unconrolidatcd Rat-lying alluvial clay, silt, sand, 

Lmd Porns.-(1) 1,zferfluves (90%): Rat or very gently un- 
dulkting crests; rides generally less rllan 5', with mainly convex 
upper slopes and concave lower slopes; minor steeper s lo~er ,  
5-30", border somo incised streams, valley floors, and hill m d  
swamu inclusions; bouldcry surfaces prescnt locally and 
channalled and hl3mmocky microrc1iefcommon. 
(21 Valley jlonrr (10%): up to 800 m -,id*, slopes mostly Less 
than 0'30'. offon noorlv drained or swamny: low terraces orosent 

~ ~ ~~~ 

lacally; streams goncraily incised to 3 m; channelled and 
hummocky microretier up to 1 m common. 

Stream Pattern.-Dcndritic, open. 

soas.-(1) Mainly text-onlrast soils with coarser-tortured 
surface horizon passing abruptly info a finc-textured subsurface 
horizon. Friable to firm sandy loam to sandy clay loam lo clay 
over firm randy clay to heam day, subsoil cammonly mottled, 
,it11 Ban and manganese concretions and quartzite gravcl often 
present; also red and brown clay, mostly acid; flat parts have 
acid brown clay or neutral olive-grey silty day with gilsvi locally 
present. 
(2)  ark c r a c h g  heavy clay: acid brown or srcv clay: grey 
sticky clay in swamps. 

Draiojoage.-(1) Generally poorly drained; waterlogged in wet 
sc8son as soils slowly permeable: perched rvafer-table commonly 
p'csent. 

(2) Imperfectly to poorly drained 

Vcgetrtion.-Climatic zones I and U: mainly eucalypt savannah 
m d  monsoonal woodland: also small-crawnod. sliehtlv to ~- . . .  
strongly dcsiduous faresl. 
Climatic zonc ni: mainly forest: also thio-stemmed low 
savannah of MeL?az<ca or Melnleuco-Ez,col~nr.s with ground 
l aye  commonly or  Tlr#meda do.ovag<,ineensis; the forest is n 
mixhlre af small-crowned dense r0rc.t on slopes and in depress- 
ions lacking throuph-going streams, and medium~crownsd foresf 
usually dong rivers: Hapea common to locally predominant 
cast from Marshall Lagoon. 
Climatio zone IV: small-croxvned, rather tall, slender, dcnsr 
forest with Hopm common throughout and Yotlco normally 
present: minor panda73 savannah with ground layor of tall fern. 
&o much secondary forest and mid-hcight and tall grassland 
near population ccntres. 

Porcst Pofentis1.-Forcst resources moderafc (FRI-43); c. 65% 
roresttcd, mainly in climatic zones III and nr: foreats generally 
mther thin-stemmed and stocking rates moderate, but nopea 
common to "redominant in man" 1acaiities. Low relicffncilitates 
access, but poor drainage is a hazard (AI-67): access category 
SOWI. Forest productivity modeme. 

Land UBO P0tmtial.-Classes 111-IV, VI. 
(1) Suitablc to margiovlly suitablc for cultivation bccause of 
crosion, water stress, and waterlogging hezards; Bat parts not 
suitable for cu l f i~ t i on  because of poor drainage. 
(2) Marginally suitable for cultivation (drainage, water strear. 
not easily imrkkd) to not suitablc for cultivation bseaase ofnoor 
drainage, fiooding hazard. 

Correlations.-Includes TsBir and parts of Nikura, Kanosia, 
~ iunga ,  andInaukinn land systems of t h c ~ o r t  Moresby-Kairuku 
area, and Olipai land system of lhe Kerema-Vnilnla area. 

Re1ntionshipn.-Locally rncr8C.s with and has inclvsions of AS, 
Aws, APF, XXu, Xtis, m d  YHP lvndmrm types. Boundaries 
with A s  land-form type commonly have the highly indented 
outlines of dra~vncd vallrys. 

k i s o d  reefs of earauin~in limestons r~rmiog gently undulating Drainage.-Well to excessivelv drained. 
terrain of very low relia (plate 18, ~ i g .  2). 

veeetation.-Mid-height grarnland (Ezdelio l#pfostoclv, Imperc7to 
Tarrain Parameters.-Altitude: &50m. Relief: zcnernlly cyllnrlrico, ileferopogan contortr,~) and medium- and smaU- 
< I 5  m. Grain: generally >1000m. Characteristic slopc3: cromed slightly deciduous forest (Rl8ws. Tcrrrzinolio, Gmellna, 
o035'-5'. Endosnerrrrrrm, Sen~ecamrrs. Cnnarlz8n). 

aimate.-Zone II. rore8t Potantia1.-Poret resources very low ( P W ;  low 
stocking rate forest covers 25%. Acsess generally very good 

Geology.-Coralline Limestone; Plcisfocene to Recent. (-5): access category SO. Forest productivity nil to veri low. 

Land Wrmr .Smoa th  to gently undulsfing terrain, slop- &So 
with minor benches and to very sleep to Land Uso Potential.-Classes VI -W.  Not suitable for cultiv- 

~~~k outcropr up to 1 high common, ation because of shallow stany soas, erosion hanard. 

stream Pattern.-Very open dendritic. Corre1atiaos.-Includes most of Tnrakarurv land svslem of the 
WanigelcCape Vogel area. 

soils.-Dark-colaured friable heavy clay, shnllow to moderatoiy 
deep; rock outcrop common. Relationships.Sharply bounded by adjacent land-form types. 
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Intricate pattern of accordant low hill ridges with steep to 
moderate slopes on consolidated sedimentary rocks (E'late 15, 
Fig. 2). 

Terrain Parametors.-Altitude: 0-200 m. Relief: up m 80 m. 
Grain: 50-250 m. Characteristic clipcs: lMOO. 

Geo1opy.-Mudstone, siltstone, greywrcke, randrtofle, and 
subordinate limeitonc; Tortiary (Upper Miocene and Pliocene). 

Laod Forms-Brmchiog law hill ridges and narrow V-shaped 
VRIICYS. 
(1) Ridge crests (5%): rounded, mrinly 5-50 m wid*, slopes 
UP to lo0. 
(2) Sfecv side sloyer (85.A: senerally 15-30' but locally steeper: 

(3) Ge,,,le lo n,o,1ern,e slopes (10%: mainly 100, slopes, 2-15', 
(4) V d i e y P ~ o r s  (<5%): generally less than 30m widc: locally 
Swampy. 

Soils.-Reddish brown, yellowish bro~un, and olive-brown clay 
loam to clay; also sandy soils, commonly gravelly; matfling 
in subsoil and slight texture contrast common, thick dark topsoils 
present loc~lly, mainly acid to strongly acid. 

Drainage.-Well drained. 

Vcgetation.Smail-cro~vncd forest, losally very small-crowned 
with patches ofMrlnleucnsavannah andgrassland. Also medium- 
crowned forest. open foresf Vith irregular canopy and local sago 
~rlm an valloy floors. 

Wr~st  Potentis1.-Forest resources very low (FRI-15); modcrate 
m d  low stocking rate forcsts cover 5% and 50% of the area 
rsspccfively. Access poor (AI-29); slope hazards an (2); access 
catcgory S2. For& productivity very Low. 

1,snd Use Potcntia1.-Classes IV-YTI. Generally unsuitable for 
cultivation because of erosion, moisture stresn. 

Corrc1ations.-Comptisriri Hauta and Maipora land system3 of 
the Kcroma-Vuilaln area. 

Re1ationsbips.-Merges with m d  contains minor inclusions of 
USu land-farm typo. 

XHV LAND-FORM TYPE (600 km3 

Intricate psttcrn of law hills a d  t ids~s with vrrr st-n slows on Soils.-Rcd and brown clay; also Bthhhols: shallow sandy day  
consolidated sedindindindinfary rocks (Plate 12). loam to clay over weatberod rock. 

Terrain Parumders.-Allitude: k300m.  Relief gencnlly D"inage'-Wel' orcessively 

30-laom. Characteristic slopes: 25-40', Grain: 5&2SOm. ~ ~ ~ ~ t ~ t i ~ ~ . - ~ ~ i ~ l ~  smau.crowncd forest, in the with 
Hopen, slightly decidc~ous in climatic zone LU. Also medim- 

climate.-zoncs m, N. uowned foresf. Minor eucalypt savannah in climatic zone m. 
Coolog~.3mdstone,  ailtstone, conglamcrato, limelone, tuff, Open On noor'. 
basaltic and intermediato lava, and "~roclrslics; Tertiary and h r a s t  Poteotie1.-Forcst resources low (FRI-33); moderate and 
Upper cretaceous. low siockingratefouesfs cover 40% and 55% ofthe land respect- 

ively; Hnpm lowlly dominant in the east. Access poor (AI-21); 
Laod Forms.-htricatcly disrectcd low hills and ridges with dope l,arard on (2) locally on (1); s2. 
minor local undulating torrain; summits rouzhly aacordant. Forest Very low due ncccss, 
(1) Hiil mtd ridge cl.es,s (10%): generally less than 15 m wide; 

unovon, slopes up to 30°, su-ts commonly Land Use P0feIltial.-Class VU. Unsuitable for cdlivation 

local bouldery microrelist because of erosion hazard a d  shallow soils. 

(2) Side rlonloprs (70%): lno~tly ~traight, less than lS0m long: ~ ~ ~ ~ ~ l ~ t i ~ ~ ~ . - ~ n c l u d e s  mast af  Mt. Green land system aE the 
generally 25-40' but short ~recinitaus slopes and cliffs common: ~ ~ a - ~ ~ k o d a  area and lowest part of Edebu land system of the 
unstable, with forrrceltes, slumps, lmdslides, gullies, and bould- ~ , , t  ~ ~ ~ ~ ~ b ~ ~ ~ i r ~ k ~  area. 
CTY S U ~ ~ T C ~ S .  
(3) u , , ~ I , , I o ~ ; , ~  (10%): ,=lief less than 30 m; RelatiansKps.-Grad= into YXd land-form type near Port 
slopes less than lo0. Moresby and UIIr land-fom type nor th-mt  of Mf. Lamington. 

(4) ~ ~ I I ~ ~ f l o o r s ( i o % ) :  up to Inom wide, slo1,es&4~; meander. Minor unmapped inclusions of U H r  and YKr land-form types 

ing chhnncls co rnon ly  Banked by law terraces. occur in northern part of area. XHV is distinguished from XHs 
land-form type by generally slightly greater relief, rteeper charac- 

Stream Pattern.-Densc dcodritic. toristic slopes, and less marked summit accordance, 

closely diisecied convex surface consisting of low parallel ridges Gco1ogy.-Basaltic Lrvus. p~obnMy mrinly pillow lavas, and 
on mainly basaltic volcanic racks e l a t e  14, Fig. 2). minor limestone (calsilutite); Tertiary and possibly Upper 

Crefrceau~. 
Parnmetcrs.-Altitude: 15k900 m. Relief: generally 

3&100 m, lacally ,300 m. Charactcrisfic slopes: 15-3n0. Land Forms.-Clorcly and shallowly dissected convex surface 
Grain: maiolv IO&2SO m. dipping north and ~vcsf at 5-la0 rod incised by scverrl very dccp 

gorges. Consist mrinly of l o r  accordant parallel ridges and 
~ l i ~ ~ t ~ . - & ~ e s  n ~ .  IV. narrow", v - ~ h ~ ~ ~ d  V ~ I I ~ Y S .  
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(1) Low ridges (707J: 30-100 m b h ;  narrow crests; short 
ride slapcr of 15-30m. 
(2) Currev (30%): aver 300m deep: ampbitboatre-headed: 
with many bare rock faces. 

Stream Pat1ero.-Generally pnmllel. 

Sails.--Probably acid rod and brown clay and litborols. 

Drainage.-Well to erccsrively drrincd. 

vegetation.-Mainly smrll-crowned forest with Casfonopsis and 
Corrrnrino. Sides of gorges mostly bare. 

wrest Potential.--Forest resources "cry low (PRI-14); low 
stocking rate foresf covers 35%: custonopsis common. Access 
vary poor (a-11): slapc hazard throughout: access category 
53. Forest productivity very low. 

slopes. 

Correlations.--Not present in previously surveyed rrcas. 

Relationships.Sharply boundcd by other land-farm types 

Irrosvlarly tlndlllatiog tcrrain and raundcd ridges of law relid Soils-Red m d  brown friable clay; dark rancly clay, probably 
on basaltis volcanic rocks (Plate 15, Fig. 1). commonly gravelly. 

Terrain Psrameters.-Altitude: Q100 m. ~ ~ l i ~ f :  15-80 m. D1ainape.-Well drained. 
Chrractedstic s l o~c r :  5-10". Grain: 250-IOOOm. 

Vegetatioo.Smal1-crowned, densc, slender, modcratelly tau to 

Climate.-Zone In .  tali forest (Hopea, Vnricn, Arzisoplcro, Bucolypfopsis, Pterocorprrs). 

G.olog~.-Basultic lava3 and pyrodustics; Tertiary. Forest Potential.-Forest resourccr low (PRL-24); moderate and 
10," rtochiog rate forwfs cover 90% of thc area; locally Hopco 

Land Porms.41) J,regr,ioriy r!nd,d,I~iiis ierssiii 150%: ~s l ief  dominnnt and Other Diptcrocarpacere common. Access good 

loss than 30m, slopes up to  lo0. to vary good (M41):  mioor =lone hazard on (2); access category 

(21 R i d ~ e r  (45%): up to 80m high with uarrow rounded crcrts, produc'ivity to high' 

slopes 0-5°, and irregular ride s l o ~ u  UP to 300 m long. ge=ec=ll~ Lsnd tiso Potentin~.~c~s.res IV-vn. unsuitable to marginally 
2a0 but rtcspsr at coast. suitable for cultivation becausc of crosian hazard. 
(3) volley floors (5%): uy, to 100 m wide, slopos less than 1"; 
msanderhg sfrcam channels. Correlations.-Not present in pre"lously mapped areas. 

stream Pattern.-Dendrific, with widely spacod major streams Rela6onrhipr.-Locally merges with HBb land-form type, other- 
and closely spaced tributaries. ,"is0 boundaries generally wcll defined. 

Undulating tcrrain and low ridges on sedimentary and igneous 
rocks (Plate 4). 

Terrain Parameters.-Altitude: &500 m. Relief: 3010 m. 
Characteristic slopes: 5-10". Grain: 25CLS00 m. 

u i m a t e . - ~ ~ i ~ l y  zones I and 11, ma l l  part in zanc 111. 

Goo1ogy.-Moderately to steeply dipping siltslone, mudstone, 
chert, ruff, limestone, and basaltic volcanics alld 
gabbra; ~ ~ r f i a r y .  Also nat-lying gravel, clay, silt, and sand; 
Plcistoceno and Recent. 

Land Forms.-Undulating terrain and low hill ridges up to 70 m 
hi&. 
(I) Inlerflvvrs (SOs%): mainly Baf crests and convex upper arid 
concave 10,ver slopes up to loo. 
(2) Hill ridre? (3074: strike ridge and irregular ridge and 
spurs; crests even to irregular m d  peaked, mostly rounded and 
less than 30 m wide; side slopes straight or irregular, mainly 
1oaSm but $teeper IO~ZUY.  

(3) wor siopw (15%): 2-10', commonly undulrtlng in cross 
profile ,vifh up to 5 m relief; gullied microrelief common. 
(4) Vnl;e>floors (5%): mainly less than 70 m but locally up to 
800 m wide, slopes generally less than 1"; stream channels locally 
incised up to 5 m. 

Stream Pattern.--Dendrilic, open. 

Sai13.-Brown m d  red sandy clay loam to clay, t c x t t t  cantms 
cammon, mainly shauow to modcratsly deep, often gravelly, acid 
neuual, or alkaline: dark c r r c k i  day an valley noom. 

Drainage.-Wen to excessively drained except valley floors which 
are imperfectly to poorly drained. 

vepetation.--climatic zone TI, north coast: mainly mid-height 
grassland; also mosaic of grassland and medium-crowned 
slightly deciduou~ ~ O I C I ~  (Anisoptere, Inlsio. Tamzi#~olin). Climatic 
zones I and 11, south and wmt coasts: mainly eucalypt rav;moah 
(~zzcoi~,pprrrs olbo, B. poprzona, E. ccor~f~rf&4~~0); also largs areas 
of monsoonal woadland (Gyroca?pn<r, Horprdlirr, EEEEE~YD~Z<S, 
Acacia, Coiano, Adan,lmitAero) and grrsslmd. Scattered remnants 
of small-craruned, stighily to strongly deciduous forest (Bontbox, 
Terrtiinnlio, Gorrzgn, Brocl~ycAiton, Cellis, Infala, Albiriu, 
Manilloo). Cammonly a thin band of forest or woodland along 
creeks. Climatic zone 111, south coast: smsllkrawned forest, 
with Hogen common to locally predominant. Minor medium- 
crowned forest. Most grassland and ground layer in savannah 
low to mid-height, predominantly of Themade nrzslroiis; in Places 
Hehrapogorr conro~.lus, firrprrnla ryi;nrlrico, and Opllicrros long- 
cnlirrgi; dominant or ca-dominant; Sorzhir?n nilidtmi. TAcmteda 
novopr,Iiiiiili, and Rriiidiiliel~ s e r a  normally present. Tall 
grassland (Soccltormn spmmnean~lInmerafoprt cylind?icnl in 
depressions a d  an valley Roorr. 
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YHb LAND-FORM 

Brmchinsridges and spurs of mainly moderate relief, wit11 smooth 
or little-dissccied slopes, on mostly cansofidvfed sedimentary 
rocks (Place 10; Plate 18, Pig. 2). 

Tcnnin Parameters.-Altihdc: 0-1700m. Relicf: 30-200m. 
mostly 100-150m. Chrcactcristic slopes: 2&3Sn. Grain: 
mainly 250-500 m. 

Climate-zoncs I-In. 

Gco1ogy.-Mainly moderately to steeply dldi~~ing mudstone, 
siastama tuff, cong~omeraie, limestone, and 
chert; also andcsitis and basaltic lava and gabbro; Tertiary 
and possibly Upper Cretaceous. 

Lond Forms.-Brmchmg rid== and spurs m d  minor strikc rids- 
up to 200 m high. 
(1) Ridgn and snrn crcrlx (5%): generally 3-30 m xvluide; roonded, 
even to "cry uneven and perked, with slapw up to 20'. 
(2) Sirle slopes (80%): up Lo 500m loop, strripl~t, irregular, or 
with straight o"Der s1ap*3 and concave lower s1apcs: rtnlight 
dopes 20-35-, concave slapcs 10-30': minor very short slopes 
over 3s0; ferrucetfes, gullies, and slump. common. 
(3) Fool slopes (10%): 2-10: locally absent, gcntty undulating 
in cross profi1o. 
(4) volleypoors (5'n: up to 800 m but generally less than 100 m 
e d e ,  slopes mostly less than 1'; stream channels irrcgvlarly 
inciscd up to 3 m; only main sticams p"emiat. 

Stream Pattern.-Dendrilic, moderately to vary dcnrc. 

Soils.-Mostly shallow and gravelly, also mode~afely dccp acid 
clay. 

Drainagp.-Mestly excessively drained 

vcgctation.-Mainly ei~crlypt savannah, grassland, woodland. 
m d  small- to mediumuowned, sliglrtly to strongly dcciduaus 
forest. Grass- montly Low to mideiglit ,  the main grass hciw 

. . 
form mosaic, with savanorh a d  grassland on crests and upper 
slopes a d  woodland and forest on mid and l a m  slopes. Gallery 
rvoodlvnd characteristically lines streams in savannah and araar- 
land areas. Small-crawncd forest predominant in climatic 
zone m. 

Forest Potcntid.-Porest resavlces vsry low @R1-7): forests 
of moderatc and low stocking rates u c h  cover 10% OF the area. 
Access poor CAI-34); slope hazard on(2) and (I): accesscafcgory 
S2. Forest productivity very law. 

~~d Use Potentinl.--Claees VI-m.  Mostly unsuitable for 
cultivation because of erosion hariud and stony roils. 

Correlntions.-Ides pa*% of Bewrbo~a and Koianaki land 
ry5tems of the wmig4a-Cape voge1 area: part Arumhai 

1CelationsXns.-Locally contains umnnppcd incltnsions of and 
grades into XXU and ZXb lad-form types; some minor 
inclusions of Ah m d  AWs land-form types. 

Limestone cucstas of moderate relief Wlatc 14, Pis. 2). Drainage.-Mostly excessively drained. 

Terrain Paramctcrs.-Altitude: M O O  m. Relief: 10&200 m. Vegetation.-Medium-cro$vned forest with many deciduous trccs. 
Charactoristic slop-: 10-209 Grain: 500-1000 m. Areas of low to mid-height grassland (Tlncr~redn mzrsirolis, Ertlalia 

Inptostocl!yd near coast. 
Geology.-Limestone, carallinc in part; Tertirm (Plioccncl. 

Forest Potential.-Forest resources law (FRIZI): forests of 

Land Form.-Cuestas up to 200 m high. moderate and low stockins rats cover 35% m d  25% respectively. 

(I) Crests ( c5%) :  &20 m wide, cven to uneven. Acccsn moderate (M41) ;  major slope hazard on (3), minor an 

(2) Dln rlones (75%): 5-20.. straight to irregular and stepped; (2); accesr category S2. Porest productivity low to "cry loru. 
.~~ 

closely spaced gullies, slumps, rod terraccltc.? common. 
(31 slopes 125%1: 300 to near with rock faces L m d U s o P o t c n t i a l . - C l ~ s s = m - ~ .  Unsuilrbleforcultivathn 

because af steep slopes and shallow soils. 
above debris slopes. 

Correlations.-Includes Castle Hill, which forms small part of 
stream Pattom.-Irregular rectangular pattern of incised streams. ~~~k~~~~~ land of the wanigelccapr Vogel area. 

Soils.-Shallow, canlmonly dark, alkaline clay. Relationsl~ipsSharply bounded by adiaccnt land-form typcs. 

Steep rounded ridges and hills of moderate relief mainly on Plio-Pleistocene on Cape Vogcl, Upper Cretaceous to Pliocene 
limestone @late 41. elsewhere. 

Tcrrain Parameterr.-hltltude: &230 m. Relicf: 30-200 m. Form,-Rounded ridges rymmeliicrl 
Characteristic slopes: 20-35'. Grain: variable, 10&2000m. a,,d ,ym,trical strike ridges, and coniwl up to 200m 

CLimate.-Mahly zones I-n, "cry small part in zone m. high, ~"ith local llndu~atiog plateau surraces; rocky 
commr3n. 

Gpo1ogg.-Coralline, detrital, and cherty limestone, chert, and (1) Rldge nnd lrill crests (10%): rounded, 5-50 m wide, even to 
minor non-calcareous mudstonc, siltstone. sandstone, m d  tuff; smoatllly undulating, s lops  up to 20". 
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(2) Upper slopes (55%): mostly 2CL3S0, straight or uneven with 
small slumps and terracettes very common; c W s  up to  70 m 
high locally present. 
(3) Poor doper (20%): smoothly conchve or gently undulnting, 
slopes up to IS'. 
(4) D$ slopes o/osyrnn?al?icol ririrer (5 %): 15-25°, straight. 
(5) Scolpr ( t S % ) :  mainly 20-359 but locally precipitous slopes 
m d  c lxs  with debris slopes below. 
(6) Plafaorr rz,rlncrs (5%): gently undulating, slopes up fa IS', 
local relief less tban I5 m. 
(7) Voiicy floors (5%): generally less tban 50 m wide, slope. up 
to zO, with slightly incised ephemeral streams. 

Stream Pattern.--Dendritic, generally apon but lacally dcnrc. 

Soils.-(I), (2). (4). (5) Rcddish and dark brown day lifharols, 
cammonly gravdly, locally rlkrlinc. 
(3) U D D ~ ~  ,parts brown a d  red gravelly and non-gravelly clay, 
often texture contrast; lower pans dark sticky clay, locallv 
texture contrast, locally gravelly. 
(6) Shallow dark clay. 
(7) Dark crackillg day. 

Drainago.--Well t o  c~ers lvcly  drained wcept l o \ s r  parts of (3), 
and (7), which arc "oorly drained. 

Vcgctrtion.-Mainly eucalypt rsyanoah (E. pnprrom, E. dbn. 
E. cnllfevrifloro, and ground layer of Tlre?~rda nmnolis); alra 
large areas of monsoonal woodland and law ta mid-height 
grassland (Tize,ncdo arrslruiis, O#hioros lorz8colingii, Sorgllrinr 
rrilidrn?r, Hcteropogon corrrorfns. Imperotu cyiirrririco, Socchurrmi 
~po~zta?zeun~. Scirin~n neruosunz, and Tlzerncda novogrrineensir). 
Tall grassland locally on foot slopes, drainage deprasiom, and 

valley floois. Leguminous herbs rare to common. Woodland is 
slightly deciduaur (cucalyptr, P~atb,m, Alslonio brass;!, Tristi- 
ropsis, Ternlinniio, Desraodi,,.~ n,,>lbeilnrr,,,l, Ti,,,orriz,x, XI,,,$, 
Rnridrs,na) to strongly decid~~ous (Gyrocorpns, Cehis, Bortibox, 
Tel~alinolio. Gorrtgn, Aibi~i" sp.1, a d  in many places secondary. 

Forest, commonly disturbid, occurs in narrow strips along 
streams and as remnant patches mainly on valley floors; it is 
slightly deciduous (Terminolio, I,rrsin, Pteracnlpus, Aisfor~io 
brossii, A. scho~nris, F~CZZS, n.istiropsis, L ~ I S ~ ~ .  H O ~ ~ C I ~ ; ~ )  to 
strongly deciduous (notiistir~uy sImi1ar to strongly deciduous 
woodland). 

Forest Potential.--Forest resources nil (FRI-I); vktuvlly no 
forest. Accerr ~ a o r  (AL33): maior slooe hazard on 12). (4). 151. 

~~ . . ~ .  . . . . . . . . . 
minor slapc hazard on (I), (3), (6). some drainage hazard on 
(6), (7); access category S2. Forest productivity nil. 

Land Use Potential.-Classes VII, III-IY. 
(I), (2). (41, (5) Not suitable for ~ i t l v r f i o n  because of erosion, 
soil sto-a*, shallowness, moisture stress, and local alkalinity 
hazards. 
(3). (6). (7) Suitable to marginally suifnble for cultivntion. with 
hazards due to soil moisture stress and local poor drainage, 
erosion, stonioesr, and alkalinity. 

Correlations.-Includes part of Tarakaruru land system of the 
Wanigda-Chpc Vogcl arca and Pokrma, most of Hvnunbada 
and Kabuka, part of Patiorla, and small part of Kopu land 
systems of the Port Moresby-Kairuk" area. 

1lelntianrhips.-Locally grades into ZKr and YHb land-form 
types, which also occur as minor inclusions within YKr. 

YMp LANO-FORM TYPE (650 kma) 

Parallcl ridges of low to moderate relief an foliated metamornhic Vegetation.-Above 1400 m mainly lower montane forest, cam- 
rocks, dovclopcd on extensive closely dissected planar surfaces monly with Noiliof~sss prcdominanl; coniferous lower montane 
(Plate 11. Fie. I :  Plhto 22. RE. I). 

Below 1400m medium-crowned forest, voiy mixed below 
~~intntc.-Mainly zones 1V and V; small part in m. 500 m, commonly with coscm~onsin andLitizacor~rrs ~redomiount - ~ 

abovc 500 m; minor mid-hoighf grassland (E~rlnlin icpfostncl8ys, 
Gcology'-PhylBte (Owen and Goropu Tiiernedo nusr?olis, Itnperito cylindricn), rmall-crowncd slightly 
morpblcs); Tertiary and probably Mesozoic. deciduous forest, and eucalypt suvunoah. 

Land Porn.--Mainly accordant parallcl ridges up to 200 m high 
with minor hummocky terrain and flat-iron surfaces. 
(1) ~ i d g s  cl-esn (30%): mostly 18-50 m wide, locally nidcr, evcn 
to undulating and hummocky; axial slopes strongly convcx to 
straight, MO'. 
(2) Side slopes (50%): maloly 25AO0 and lcsr than 300 m long; 
~mstablc. with auUies and small slumns common. . . 
(3) ~~,rnmocky fcrrobr (10%): canfmed to highest ~ r r l s  of land- 
form type with ovcrall slopes lern than 10'; local relief less than 
30 m. 
(4) Pint-iron mjjoees (10%): conlined to l o ~ c s t  parts of land- 
form tupc; s lops  10304 incised by parallel gullies. 

Stream Pattern.-Dense parallcl 

Soils.-Acid yellow-brown sandy loam to clay lithosols, com- 
monly hum& above ZOO0 m. 

Forest Potentis1.-Forest resources low (PRI-33): farests of . . 
moderate srockiog rate cover 55% of the area; 15% of this is 
dominated by Notl~ofmzux which locally bar a high stocking rate; 
forests of law rtockins rate cover 25%; locally at high altitudes 
coniforaus foicsfs and omorecnt Aroncorio, Access naor la-121: . . .~ 
major slope hazard an (Z), mioor on (1) and (4); nccesa catcgory 
S2. Porest productivity very low mainly due to slopc hazard 
and partly to high altitude locatian. 

Land Use Potential.--Classes VE-VIII. Mostly unsuitable for 
commercial land usc, bccause of crosion hazard and shallow soils. 

Correlations.-Indudes part of Manor" land system of the 
Wan igc lbca~c  vogoi arer. 

Relationsh1gs.-Boundaries wcll dcfincd. Minor inclusions of 
MMc land~form type occur wherc deeply incised major valleys 
nifh very steep side slopes are too small to be mapped out 
sepurafely. 
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YXd LAND-FORM TYPE (550 km3 

Brsnchiog ridges and spurs of moderate relief, with closely Soils.-Brown clay lilhosols, commonly gravelly, neutral to 
dissected slopes, on redimenfdry, metamorphic, and igneous rocks "lightly add. 
(Plate 14, Fig. 2). 

Drrinrge.-Mostly excessively drained. 
Terrain Prrometcrr.-Altitude: 15-1500m. Retiel: generally 
s&2oo but local[,. to deeply vegotation.--Mainly small-uorvned, slightly deciduous forest 

Chrmcferisfic slopes: 3&45*. Grain: 25&500 m. (I!ttsio, Anisoptem, Gnrrtpo, Ter,nB%olio, B~rclzononio, Nrooarcleo). 
Nso medium-crowned forest abovc 500 m with Coslmro#sis and 

Climatc,-Mai,& 1l1 and in Muss Litl!ocn"pr,s common. Mioor eucalyL savannah. Many small 

in zone 11. patches or midheight grassland ( ~ , ~ ~ ~ ~ ~ t ~  cyiiiidrica, nlanredo 
olrrrralis. in east Ez,lolio lenios'oclrvs~ and secondam forest. . . 

Ceo1opy.-sandstone, siltstone, mudstone, phyllite, basaltic ~rrticulrrly near rivcis. De111111c;zeo common in grassland near 

rndesitic volcanic racks; Tertiary and Upper Cretaceous. forest edges. 

~~~d  hi^^ hi11 ridgw and canspicuo,,s of Forest Potential.--Forest resources law (FRI-26); moderato 

ridge-and-ravine form. and low stocking rate forests cover 20% and 65% respectively: 

(,) Ri,lxe endspur crrs,s goner ally than Custonoplis common on (11. Access nil (AT-51; slop= hazard 

unduln,ing Lo peaked, more or less pyramidal on (2) and (1); access category S3. Forest ~rodvctivity nil to 

summits. rlopes up to 25'; minor local broad crests up to 200 m "IY lo' to 'lope 

widc. 
(2) Side slonaa (90%): mainly 10&300m long, 3@45-, locrlly 
15-30", esoccially on lower slopes; dirncctcd by closely spaced 
wIlies; slumps and terrrcerres common: precipitous slopes and 
cliffs occ,,r adjacent to incised streams. 
(3) V ~ i l c y  Poooorr ( t 5 Z ) :  up to l oom wide, slopes up to 4'. 
meandcrinz stream channels. 

Very steep-sided ridges of variable ml id  an ooarly cansolidated 
scdimcnfary racks (mate 13, Pig. 1; Plate 22). 

Terrain Parametera.-Altitude: 0-1100m. Rolicf: variable, 
generally LOO-400m. Characteristic slopes: 3&45". Grain: 
mostly 10&25O m. 

Climate.--Mostly zones I1 and 1l1, small part in zone N. 

GOOIO~Y.-POOIIY consolidated nut-lying to moderately rfceply 
dipping conglomcratc, sandstone, mudsfone, and siltstanc and 
minor basaltic volcanic rocks; Pliocene and Pleistocene. 

Land Forms.--Vcry stccp-sided knifeedged ridges a d  spur3 and 
V-shaped "alleys, with minor local plateaux and undulating sum- 
mit surfaces, moderate to steep slooes, and tiat "alley noon. 
(11 Ridges (90%): generally less than 4OOm high but up to 
1000 mhigh on thc Gwoira Range; crests uneven, commonly less 
than 3 m wide, slopes locally ovcr 20'; side rlopes mainly 3M5: 
straight or irregular with local precipitavs slopes and ems; 
slopuvcryunrtnblr,and gullies, landslides, slumps, stun~p alcoves, 
terrzcettes, sorcc slopes, and lock oufuops common to vew 

rand Use Potmtia1.-Classes Vn-VIU. Mostly vnavitable for 
commercial land usc bccavrc of erosion hazard. 

Correlations.-Includes Part of Fiobobo land smtcm of the 
SaticPongani area and Edcbu, part of lawarere, m d  small part 
of Uberi land systems of the Part Morcsby-Kairuku area. 

Re1stionshi~s.-Locally grades into and has unmapped inclusions 
of ZBb and XHV lmd-form typos. 

Soils.--Vory shallow day to sandy clay loam tithasols, cornmanly 
gravelly; stony land and rock outcrop common. 

Drainage.-Excessively drained. 

Vegetation.--In dimatic zones Il and III mainly mosaic of 
grassland, mostly on crest. and upper slopes, and small- and 
medium-crowned, cammooiy dightly deciduous forest, mostly 
on lower s l o ~ e s  and along stroams and pullies: also areas of 
grs.dand and eucalypt savanouh. Grasses Low on r i d s  crests, 
low to mid-height on steep slapes and plateaux, mid-hcight to 
tall on less steel, s1apcr and "alloy tioors; predominant grass is 
Thcmcda "lrsr?olis: locally co-dominant arc Ez<ImIii ienfostccfiys 
(in ear0, Arz~n~linellrr setoso, and Heleropogon conmortrrs: also 
commonly praent are Impa.nlo cyliridricn, O~hiurox longcolingii, 
Solrhurn nitidz<nt, Sacd<nrsn spontaner,m, and Copillipedi~<m. 
Leguminous m d  athcr herbs "cry rare to moderately comma,, 

nnd include Inrligofero Iribliola, Cassia ,,iirnosoides, De>~norIiz,r?i, 
Crotniorio, Tzphrosio, Br~clrncm fo!rret8laro, E,zpi~or6ia verrrrloto, 
Polygoln. PlzyII~~~flte~s,  Spnfirogloffis, and Nrper,tlzes. 
In climatic zone N mcdiunl-crowned forest with Lilizocolyos 

common. 
common; side s1oiies include stccp dip slope" and scnrps incised Forest Potcntia1.-Forest resources very low (FRF13); forests 
by s1,allo\u to very deep guuies. 
(2) Piateordx ( t 5 % ) :  generally smooth surfaccs sloping at 

of medium and low stocking rates cover 25% and 20% rcspcct- 

about 1': reprcscnt remnant fan surfaces; present onlyin eastern 
ively, Access nil to very poor (AI-5); slope hazard; access 
category S3. Forest p~oductivity very low to nil due to steep 

part of the area. 
(3) Undr,Ic?l.fi!zg swr?~>lil mr/oces (<5%1: irregvlar rvrfaces with 810pcs' 

slopes up to 15'. Land Use Potential.--Clarres VII-m. Unsuitable for com- 
(4) ~Moder.ata fo scsrp slopes (5%): mainly south of MUS* basin; mercial land use because of erasion hazard duc to very steep 
irregular slopes 1&30'. sIoPcS. 
(5) ~ n l l e y  paals ( d m :  up to 700 m wide, slopes UP to  2', c ~ ~ e l a t i - p i  ~ a m a  land systsm of the Wrnigelb 
commonly terraced with incised sinuous stream channels: small cape  Vogel area and Adau, small prrr of Garabuna, and part 
lakes present locally in valleys blocked by landslides. of Arvmbai land systems of the Sak-Pongani area. 

Stream Pattern.--Dendritic to locally parallel, mostly moderately R~lstion.hips.-GeneraIly abruptly boundsd by other land-form 
dense. types. Locally contains minor inclusion. of FSt land-form type. 
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ZH LAND-FORM TYPE ( 5 5  km2) 

Ridges and spuls of hi& relief on mainly sedimentary racks shesm Pattern.-Dendritic to subparallel. 

(Plate 15, Fig. 2). 
Soils.-Yellowish brawn clay loam, shallarv and stony on very 

Terrain Parameters.-Altitude: 30400m. Relief: 150-300m. ~(cep slopes, acid. 
characteristic slopes: 2 w n 0 .  Grain: 500-1500 m. 

Drainage.-Well to excessively drained. 
climata.-zonc IU. 

vegetafbn.-Mcdium-cro,"ned forest, in many places with open 
Geology.-Mainly greywackc, mudstone, and conxlomerafe. and irregular canopy; bare 
mioor andesitic and basaltic volcanic rocks; Tertinry (Mioccne 
and Plioccnc). Eorest Potentid.-Forest icsourcer moderato (PN-42): forosfs . . 

Land Forormn-Deeply disscctcd anticlinal structure consisting of 
of moderate and low stocking rates Eovor 80% and 15% respect- 

asymmetrical iidgcs and spurs up to 300 m high. 
ively. Access "cry poor (a-19): rlope hazard: access category 

(5%): mainly 660m wid.ide, S3. productivity very low due to steep slo~cs. 

&IS.. - Land Use Potentirl-Classos VII-VIII. Mostly unsuitable for 
(2) Sleep rid= slop=* (50%): 15-30: gcncrall~ straight, up to  land bccruse of hazard, 
mom loag: include local dip dopes. 
(3) very s ~ e e p  sidn slw,rs (40%): over 30°, with local pr==I~ifau=  ti.- ~ w a i  land syrtcn~ of the ~cere-a- 
slopes and cliffs, mainly as scarps. Vailala area. 
(4) Gennla side .~Iopes (5%: 1-So, short and straight, farming 
narrow benches. Rc1ationshins.-Sharp$ boundcd by adjacent land-form types. 

Steep-sided rounded ridges of high relicf on mainly limestone Shcam Paltero.-Pinnate to dendritic. 
(Plate 4: Plntr 23, Fig. I). 

Soils.-Mainly vlkalinc dark lilhosols. 
Terrain Pnrrmotcrs.-Mtitudc: &500 m. Relist 200400 m. 
charuetcristic slopes: 20-35°. Grain: 25&500 m. Drainage.-Mainly excessively drained 

Climate.-Mainly zones I and 1l. small ~ n t  in zone m. Vegetation.-A8 YKr Lad-farm typo. 

Gc0logy.-Cherty limclonc, coralline limestone, and nlinoi 
norest Patcntia1.-Forest resourcen nil (PIC-1). Accoss very 

thin-bcddcd inforcalafed mudstone: Tertiary. 
poor (M-22); slope hazard: acccss category S3. Forest pro- 
ductivity nil. 

Land Formr.Sfrike ridges ~ i f h  mainly short spurs. 
Cns,s (5%): 5-50m wide, 

Land U=o Potentid.-CLass V U .  Mostly unsuitable for com- 

rlnnr. ,." tn 10"/~ 
mercial land usc because of erosion hazard. -" .- ..,". 

(2) side slopes (8SZ): mainly straight, 20-35'. looally sleeper: ~ o ~ r n ~ . t i ~ ~ ~ . - ~ ~ ~ ~ ~ d e s  ~ovobndn  and small part of IIanuabada 
slumps and terracettes very common. land system5 af the Port Maresby-Krirukm area. 
(3) F O O ~  rlopes (5%): concave or gcntly undolathg, 2-25', 
(4) V m j I e y ~ o l s  (5%): dirconfinuaus, up Lo 100 m \vide, rlones Relat1anshipn.-Giadcs with decreasing relief info YKr land-form 
up to 2'; strcams mainly enhemerrl. type. 

ZKv LAND-FORM 

very stcop knobbly strike ridges of variable relief mainly on 
limestone WIalrte 17, Fig. 2). 

Terrain Parameters.-Mtitudc: 0-700 m. Relief: variable, 
mainly 3a-400 m, lacally up t o  650 m. Characteristic 5loper: 
3 M f .  Grain: variablc, lnainly 50M000m. 

Climate-Zone m. 
Gco1ogy.-Limestone, commonly cherty, "robably with minor 
intercalated basaltic uolcanics and detrilal sediments: Tertiary. 

Land Forms.Strikc ridgcs with inconspicuous spurs, rock 
outcroos m d  bouldorv slooes common. mostly less than 400m 

~ ~ 

high but up to 650m high on Momorc Rangcin south-ensf. 
(I) Ri<ise creslr (<5%): n>ortly 5-50 m wide, commonly uncven 
and knobbly, with very variablc slopes. 
(2) very snen side slopes (75m:  gullied and irregular: mainly 
3W5' but many local precipitous slopes and cliffs. 
(3) Less sleep rwrr  slopcx m~zd piofrarl oreos (20%): irregular 
surfaces, slopes 0-35*. 
(4) Foe, s~oPLs(~%): ~ " t l ~  EonCaVe, &IS0 

Stream Pattern.-Pinnate, streams m d y  subsurface. 

sails.-Clay lithasols, stones, and boulders common. 

Drainage.-Excusivoly drained. 

Vepetation.-Lar&cly smali-crowned. low, poor forosf, minor 
mdium-crowned forest. 

Porest Potentid.-Forea resaurccs law (PIC-26): n~aderrfe and 
low stockinp rate forests cnvcr 10% and 80% respecthcly. 
Acccas vcw noor (.4-11); slope hazard: access category S3. 
Foresf productivity aoiy low to nil due n1ainly Lo steep slopes. 

Land Use Poteotia1.-Classes m-VIlI.  Mainly unsuifablc for 
commercial land us0 because af erorion hazard and shallow soils. 

Correlations.-Not prcscnf in  previollsly surveyed areas 

Relalionships.-Boundddii generally ivell dcfmed, locally grad- 
ational rvlth ZBb land-form type, espccidly on the south coast 
west  of Msgarida. 
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c e s d y  d k s e ~ t ~ d  madcrate to gentle slopes m d  surfaces 
of variable relief; phtanic igneous rocks mantled by volcsnic 
ash Wlrtc 15, F ig  2). 

Terrain Parameters.-Altimde: GOO-1700m. Relief. very 
variable, 10-300m. Characteristic slopes: 30-45O. Graill: 
10k250 m. 

Climate.--Mainly rone IV, small part in zone V. 

Goolam.-Plutonic ultramafic and basaltic igneous racks, 
Tertiary andlor Cretaceous, overlain by veneer up to  40m thick 
of andesific volcanic ash; lute Pleistocene to Recent. 

Land Forms.-Plateaux and sloocs up to 20'. closely dissected 
to form an intricrtc pattcm of hillridges and sp"rs. some deeply 
inched major streams. 
(11 Crests (lO%l: mainly less than 50m wide. even to uneven, . . . .. 
~l0"es k20°. 
(2) Side xiopes (90%): generally 30-454 iocally precipitous; 
straight or irrcwlar and very short to long. 
(3) F'"iicyPoooo*s (<5%1: up to 70 m wido, slopes 1-109 

Soils.Sandy loam to sandy clay ash soils, dcep, friable, acid: 
also red and bmwn clay on stccper dopes, shallow on stctcspest 
"lopes. 

Dminagc.-Well drained. 

Yegotation.--Lower montane Corest (above 1400 m) and medium- 
crowned forest, both vcly dense and little dhturbed by man. 
Minor small-crowned forest with Aror,cnrio. 

Forest Potential.-Forest resaumes low (FRI-37); forests of 
modcrate and low stocking rates covor 75% and 10% respe~t- 
ive l~;  minor local stands of emergent Arorrcarin. Access "cry 
poor (AF5); s l o ~ c  hazard; access category S3. Forest pro- 
ductivity very low mainly due to steep slopes. 

Land Use Pafentis1.--Class Yn. Mostly unsuitable for cultivation 
bccause of erosion hazard. 

Correlations.-Comprhbb small part of Botue land systcm of the 
Buna-Kokoda area, and Owaiamr land syltem of the Safra- 
Ponaani area. 

Rc1atio~ships.-Boundaries mostly sbarply dehed.  Includes 
minor unmapped areas of MU" land-form type. 

~ r rnch i ag  very steep-sided rids- and spurs of vrdablc relief on 

mainly baraltic volcanic rocks (Platcr 6, 12; Plate 15, Fig. I). 

Terrain Parameters.-Altitude: k1500m. Relief: variable, 
3 W 0 0 m .  Charrcferhfic dopes: 2540°. Gsain: 500-1000m. 

Climate.--Mainly ra?es IU m d  N, small part in rone Ti. 

Geology.-Mainly basaltic volcanic rockn-lava. pillow lava. 
rgglamcraie, breccia, m d  t u 9  nlro gabbro, ~hyllite, and mioor 
sandstone, siltstone, conglomerate, limestone, and vltramafic 
racks; Tertiary and cretaceous. 

Land Form.-Branching hill ridges and spurs up to 400 m high 
separatd by narrow slccp-sided Vshaped vrllcys (ridge-md- 
ravine topography). 
(1) ~ i r l g e  and .spzn cress (lo%]: 0-30; uneven and peaked, 
generally less than 15 m but Locally up to 2OOm wide. 
(21 Side sioges (90%: straight ar irregular, mostly Z5AO0, 
locally steeper with yrccipitous slopes and cliffs, especially 
adjacent t o  inched streams; clo.ely dhsecled by pullier; terra- 
cetfes, slumps, landslides, bouldcry surfaces, and rock ovtcrops 
common. 
(3) n o r  slopes (<5%1: concave, 540'. 
(4) Yoileyfloovs (<5%1: up to 2OOm wvidc, slopes less than 5%; 
commonly terraced with slightly incised meandorins channels. 

Stream Pattern.--Dcnre dendrifia. 

Soils.--Red and brown or ycliox4sh brown clay to xandy clay 
loam lithasah, commonly gravelly or stony, generally shallow 
to "cry shallow but bcaUy deep, neutral to acid. 

Drainago.-Excessively to lvell draincd. 

Vegctrtion.-Mainly small-crowned and oftcn thin-stemmed 
fmest (Hopen, Pmtce~ii, Ciiiiiinmr, Pttttttp~~~. ts,~lhcn"nia, 
Anisapcern); also medium-crowned forest. ~ o p e o  locally pre- 
dominant, espccinlly in east. Samc small-cro,uned slightly 
deciduous forest and minor eucalypt savannah and mid-height 
grassland in climatic zones I1 and Ill. 

Focest Potential.--Forest resources low (FRI-30); forests of 
moderate and low stocking rates cover 30% and 55% respect- 
ively; H q e o  locally dominant in the east. Access very poor 
(AILS); slop. hazard; access category S1. Fmest pradvdivity 
very low to nil due to steep slopes. 

Lana Usc Potcntial.--Clasr YII. Mostly tlnsuifrble for cultivation 
bffrusc of crorion hazard. 

~. ~ ~ 

Suwari m d  Fiabobo and smaU part of Sesnro land systems of 
the Safiu-Pongani area; and parts of lawaicrc and Rouna land 
systcmr of the Port Moresby-Kaiuku area. 

Rcktiombips.4onhins local unmrppcd indusiom of PBS, 
XHV, and MBv land-Corm types. Boundaries with MBv land- 
form typo cornmanly gradational, but other boundaries gcnerrlly 
well defined. 

High hill iidgcr with moderate slopes on mainly basaltic valcanicr Ctimatc.-Zone m. 
(Plate 16, Fig. 1). G~ology.-Mainly homfelsed basalt, with minor associated 

~~~~~i~ paramctcrs,-~fittdd: 300.1000 m. ~ ~ ~ i ~ f :  1sk300 m, calcareous rocks; probably Tertiary and Cretaceous. Also mioor 

Characteristic slopes: 1k20°. Grain: 5OM500m. patches of poorly consolidated sedimentar, rocks, mainly conglo- 
merate (oomara River Beds); Pllo-Pieistocens, 
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Lana Parms.-Irregular ridges and spurs 150-300 m his11. drnuca~.io. Eucalypt savannah and patches of g r a i n a d  common 
(1) Crests (10%): up t o  200m wide, generally rounded, slopes bear rivers. 

~ ~ 

&15D. 
(2) side slonos (80%): 5-35', iriegulrrly hummocky with small POCCS~ Potential.-Forest resources very low (PRI-13); forests of 

depressions and lakes associated with slumps. nloderate and low stockins rates cover 10% and 35 %respectively; 

(3) c ~ ~ ~ ~ , ~ ~ ~ ~ ~ I  gr,rfmces (10%): present on major r~ampr, .loper local stands of lo," to high stocking rate ~mncorio .  nstrrs 
...-:-,.. < A  on- modemte (M-42): rnoderrfe s l o ~ e  hazard on (2) and (31. minor 
."e"..> L"-2" , ~ ~~ ~. ... 

on (1); access category SZ. Forest productivity very low. 
stream panern.-Dendritic, irregular. 

Land Uro Potential.--CLrsses El, VI-VII. Gentle slopes suitable 
Soils,-Mainly maderafely deep to rhnuo~v couuvial mila, geopr- for cultivation; steep slopes uniuitable for c~ltivntioo because of 
ally gravelly, weakly acid to neutral. erosion hazard. 

Drainage.-Well drained. Co~rdnt ions~Camprises  mast of Ainlrre land systcm of the 
SaflbPongroi area. 

vcgetathn.--~ainly small-crowned slightly deciduous forest, 
largely secondary es~eciauy in soufh-east. Also smau-crorvned Ilclrtiond~i~s.--Bot~ndadies with adjacent land-lorn, iypcs mostly 
cvergreeo forest with Cosrrorino and scattered to locally dcnsr gcadationrl. 

Brunching ridges and spurs of hidl relicf on mainly scditnentary Dra1oaze.-Excessively to ivcll drained. 
racks (Plate 13, Pig. 2: Plate 16, Pip. 1; Plate 24, Fig. 1). 

vcgetation.--North coast: mosaic of smrll- and medi"m-uo,uned 
Tcrrain Paramctcrs.--Altitude: 0-700 m. Rclid: 20W00 m, forest, commonly seondary, and mid-height grassland, mainly 
Characfcrisfic slopes: 20-3S0. Grain: gonerally 50M000 m. Tlrcaladu urrstroiix. 

Musa basin: mosaic of medium-cro~vned faresf and cucrlypr 
Uimdc,--Zone$ I-Ill. sauunlmh. 

Geology.-Moderately to steeply dipping mudstonc, ~ilfstonc, 
South m d  most coasts: eucalypt savannah, mosaic of small- 

sandstons, cong1omcmte. limutone, and tuff; also local basaltic 
~rowncd forest and savaoah, and rroas of "mall-crowned fora t .  
Forest commonly slightly deciduous, usually fhin-stemmed and 

lava and pyrodastics, m d  eabbro: Tertiary. rather low. and in many places secondary. Also monaaona1 

Lana FOrnr-RidScs with conspicuous spurs 200400 ,,, big1,; woodland, and low to midheight grassland ( ~ h ~ ~ r l n  n~rslrolis). 

also minor plafcau surfaccs and narrow vrllev Roors. In climatic zoncs I and IJ forest alans crceks m d  a n  loiver slopes. 

(I) ,<idge O,Z,I ssul. crests (5%): rounded, mainly less than 30 ="alypt savannah on crests and upper slopes. 

wide, even to uneven rnd peaked, slopes up to 2u0. 
(2) Plnfeorr szo/&ces ( t5YJ:  gently undulating with slopes 

Forc3t Potcntid.--Forest resources very low (FRI-14): forests 
of madcrate and Low stocking rates cover 10% and 30% respect- 

mostly l ax  than 5'. 
(3) Steep side sIn!m,er (l0YJ: straight ox irregular, mainly 20-39, 

ively. Access poor (Al-39); niodorafe slope hazard on (1). ( 3 ,  
(4);  access category 32. Focal  productivity vory low. 

With locnl orccinitous s lo~os  and cliffs. rock OutcroPs, boulderv . . 
mtYa~es, terrrcettes, slumps, m d  guUles. Land Use Poteotia1.-Class VII. Mostly unsuitablcfor cultivation 
(4) Moclerrrre *id= singes (20%): mainly lower slopes, 5-2OS, of erosion 
rtruighf, concave, or uneven. 
(5) floors (5YJ: up to 300m widc, slopcs generally less Corrclat1ons.-Jncludes parts of Bowrbewn and Koisnaki land 
than 0'35' but uo to 2' in ram* tributary valleys; mcandcring systems of the Wanigela-Capc Vogel area: part of Axumbai land 
stream channols l oc r l l~  incised. system of the Safia-Pongari area: Dubunr m d  small part of 

Rouna land ryrtems of fhe Port Marcsbv-Kairuku area; and 
Stream Pattern.-Dendritic, nlodcrafcly to "cry donso. part of Naba land system of the Kcrema-vailala nroa. 

Soils.-Mainly neutral dnrk brawn clay t o  sandy clay loam 1lelationrbips.-Locally grades info YRb a d  Z B ~  contains 
lithosols. minor inclusions of YHb, ZSv, APr, and AWs land-form types. 

Mdges of ~ . ~ i a b l c  roliof on basaltic volcanic and low-grade (2) Brnncl~bz# i.i<lges orid sprnr (30%): up to 400m high; ridge- 
metamorphic racks west af MI. Albert ~ d w a r d  plate  17. Fig. 1). snd-ravine form, ruith very narrow to knifo-odged crests, slopes 

00 to 3On, and gullied side slopes 3045'. 
Terrain Paramctcrs.--Altitude: 19004700 m. R e l i e  3W00  m. (3) vo;rcy fioors (5 YJ: to 200 ,"ide, 
Charactcrirtic s lo~es :  2&309 Grain: 500-1000 m. 

Strcam Psttern.S"bparallel to deodriti~. 
aimltc7%one v. 

Soils.--?robably as MBv lmd-farm typo. 
Geolaey.-Basaltic volcvnis rocks and low-grade metamorphic 
rocks bhyllite); probably Tertiary. Drainage.-Well drained. 

nonos and higher Vc~etation.-Lower montane forest wit11 NolIz~fngres "cry com- 

branching ridges and spurs. 
mon, "rrticddrly in eastern part. 

(I) Ridzes lvithfew slrilra (65%): generally k s  than 15Om hi&: Zoxnst Potential.--Forest resources low (FRI-32); forests of 
smooth rounded crests; side slopes nlostly 2CL30°. moderate and low slocklng rrtcs cover 80% and 5 % respcctivcly 
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~ ~ t l r ~ f o g u r  w r y  common. ACCCSS poor (AGIO); slope hazard; Correlations.-Not present in previously mapped areas 
rccwr category S3. Forest productivity very low duc to rltitudinal 
po~itton and steep slopw. 

Rclntionshipr-Wcll-ddked boundariw with adjrccnt land-form 
types. Ridge-and-ravine l a d  farms arc similar to those of 

Land Use Potentid.-Class VX. Mostly vnsuitaMe for culthatian mv and Z B ~  lund.form tupes. 
because of crorian hazard. 

Very steep mountain ridgw and spurs on mainly basaltic volclnic 
rocks pla tc  6; Plate 17, Fig. 1). 

Terrain Parrmcters.-Altiinde: 0-3OoOm. Relief: >400m. 
characteristic dopes: 3&40°.  rain: 50&>2000 m. 

Clim*to.-Mainly zone N, but also wncs 11, m. V. 

Geology.-Mainly basaltic lava, pillow lava, ugglomcrate, m d  
CUR also gabbro and minor intrusive granitic, intermediate, and 
ultrvmafic racks, phyllite, limwtone, m d  calwilicate rocks, 
sandstone, and mudstone; Tertiary and Mesozoic. Volcanic 
and sedimentary rocks are generally steeply dipping and mostly 
tend m. to WNW. 

Land Forms-Mountain ridges and spun with narrow V-shaped 
valleys (tidge-and-ravine topography). 
(I) creris (5%): mostly iwr than 15 m e d e ,  even to uneven, 
slopes up ta 3s0. 
(2) Very atrep side riapcs (90%: generally over 500x1 long, 
30-40'. slraizhf to weakly concave, and closcly dissected by . - 

namo,v gullies; unstable with terraccttes, slumps, acrees, gullies, 
and landslides very cammon; precipitous slopes and cli5s over 
300 m high occur locally, mainly adjaccnt to  incised major 
streams on the north side of Owcn Stanley Range east of l a w -  
tude149%. 
(3) Less steep side slopes ( ~ 5 % ) :  mainly foot slopes; 5-35", 
COnSRYe Or uneven. 
(41 Vvliey fiors ( t 5 % ) :  l a r  than 30 m wide, slopes up to T; 
cormnonlv with narrow terraces adjacent to rhvuowly incised 
streams 

stream Pattern.-Moderately densc dendritic. 

SoiLE.-Rcd and brown clay and randy clay, gcnerauy shallow 
and commonly gravelly and stony, acid. humic above 2000m. 

Drainage.-Well drained, 

Vegetation.-Below 1400 m m a y  medium-crowned mid-height 
to fall forest. Lower mantnnc forest above 1400m. Gardens, 
garden regro\v+h, and young secondary forest common along 
main rivers. Also sassland in arors of intensive shifting a s i -  
cultme and small-crowned slightly deciduous forest and minor 
grassland and savannah in ~limatic zones n and llI. 

FOI..~ rot..ti.l.-Forest C ~ S O U ~ ~ ~  low ~ ~ 3 6 ) :  fars ts  of 
moderate and low s ta~kinp rates cover 60 and 30% rwocctivcl~. 
Acccsn very poor (AI4); slope hazard: access category S3. 
 oles st productivity nil to very low due to stocp dopes, a d  hid 
altitude in parts. 

h n d  us- ~~t~otial .-Cla\res VI-VILI. Unsuitabls far cullivafion 
becruso of erosion hazard. 

Corrrlrtions.-Iodudw part of Hegrhortc land system of tho 
Bun%-Kokada urea; Amora. Foasi, and small pa* of Aimarc 
land systems of the Sak-Pongani area; and part of lawarere 
land system of the Porl Marwby-Kairuku rrer. 

Relatianships.-Bound& with ZBb, MMv, and MMe land- 
form tvpc. commonly gradational. Minor unmapped inclusions 
of various land-form types occur locally. 

Very steep mountain end hill ridges on mainly ulframafic plutonic (4) Corzcove rio,~lol,es (10%): on somc lowcr slopes m d  associated 

rocks (Plates 6, 8, 11). with slumps, 5-25m, smooth to hummocky. 
(5) Alin~iol terraces ( t S % ) :  up to 100 m r idc  and 15 m above 

Terrain Panmet~n-Altitude: 80-2350 m. Rclicf: variable, but incised streams. 

'400 m' 'lopes: 3LL459 Grain: Stream Pattern.-Caans dddddific, locally angular duc to rtreams 
coarse, >I500 m. following fault and joint lines. 

climate.-Mostly zone N, but also zones V, 1LL, and n. Soils.ShaUaw weakly acid gravelly a d  stony clay; also ash 
soils (yello>v-bro\m sandy clay loam to sandy loam). 

Gco1ogy.-Mainly ultramafic plutonic rocks, also minor assa- 
ciafed basaltic rock;  Creiaceous or Tertiary. Mantle of late 
Pleistocene to Recent andesitic ash on many surfaces in vicinity 
of Mt. Lamingion volcano. 

Land Rorms.-Massive mountain and hill ridges vith generally 
inconspicuous spurs; rocky o u f c ~ o p s  and boulders common. 
(1) crerts (10%): mostly 0-50 m wide, but also 50 to over 
200 m wide, even to gently undvlnting; cresfal slopes &30°. 
(2) very steep ride siopcs (70%): 30-4s0, straight or irregular: 
generally shallowly dissected, locally deeply dissected, by narrow 
gullies; cliffs, precipitous slopes, landslides, and "lumps common, 
especially adjacent to overdeepcned streams, at gully heads, and 
along fault scarps. 
(3) ~ c r s  deep  rrpper rlopw (10%): not always present, 5-30: 
irregvlarly undulating. 

Drainage.-Well to crces5iuely drained. 

Vegetation.-Mnnly small-croaned, tbiosfcmmcd forest. Lower 
montane forest above 1400 m. Extsmive areas of low to mid- 
height grassland and mioar eucalypt savannah and small-crowned 
slightly deciduous forest in climatic zonw ll and ILI sauth-enst 
of Muia basin. Medium-crowned forest an moderate slopes and 
where arh-covered. Cosuorinn poprrar!n common to predominant 
in small-crowncd lowlnod hill forest, and in lower montane foresl 
south-east of Mvsa basin, and scattered to moderately dense in  
erasslsnd. Scattered Araucorio oresent south and west of Musa - 
basin. 

Forest Potential.-Forest rwovrcen low (FRF30): foresls of 
maderateand low stockina rrfescover 45% and 35% nsoectivel~; 
~ ~ a t t e r e d  arouearin in places. access vew poor (1U-13); slope 
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hazard; access category S3. Forest productivity very low due to Wani~elr-Cape Vogel area; and Avuru, Didana. Guava, and 
steep slopes. part of Suwad lend svstcms of the Safia-Pongani area. 

Land use  ~otontia1.-Classes Vl-m. Mostly urmuitable for 
cultivation because of erosion hazard. Relationships.-Boundaries generally sharply defined, commonly 

by faults. Locally includes small unmapped nrcas of Zp land- 
Correlations.-Includes most of Batuc and part of Oivi land f,,, type. 
systems of the nun$-Kokada rrea; Didvna land system of the 

very steep mountain ddgcs on n~dalnorphic racks elates 7, 8, 
11; Platc 18. Fig. 11. 

Terrain Parametcre-Altitudc: 3004000m. Relisf: >800m. 
Characteristic slopes: 3WW. Grain: >1000m. 

~imate.-Mainly roncs V and N, but also zone Vl m d  very 
minor 111. 

Geology.-Mainly schist and phyllite (Owen Stsnley Meta- 
morphic~ and Goronu Mctamorphics); Tertiary aad Mesazoic. 
Mantlc of late Pleistocene and Recent andesitic volc~nic ash near 
Mt. Lrmingfon a d  waiowa vo1sanocs. 

Drainage.-Well drained. 

Vegetati~o.-Below 1400 m: mainly medium-crawnod forest; in 
climatic zone lit, also minor eucalypt savamrh and mall-  
ciowned forest in mosaic with grassland; Carfurlopsis and Lifho- 
corpr,s common in foresf. 

Above 1400 m: lower montane forest rich in conifers above 
2400 m, especiaUy an crests, and Locally including scattered 
A?oucol.io; smaU rcattcrcd areas of grassland above 17OOm. 
mainly invalleys but also in narrow strips along cresfs; rcattercd 
to dense tree ferns common in valley grasslmds; minor montane 
forest in mosaic with grassland abovc 3400 m. 

Extensive areas of garden, secondary forest, and grassland 
Land Forms,~verv high mountain by present below 210Dm on sidc slopes adjacent t o  main rivers, 

deep, steep-sided, V-shaped valleys, spurs generally incanspicuous. 
eSpecially in nortl'-'vest' 

(1) Ridge crests (5%): mostly roundod and 5-50 m wide, but Wrest Poteotial.-Forest resources low (FRI-33); forests of 
range from 0 to over 50 m in widlh; localiy very irregular; moderate and low stockiog rates cavcr 65% and 15% respectively; 
s l o ~ e s  0-30'. Costononsis dominant on (1) a t  law rlriiudes: rcsttercd ornereent 
(2) Side slopes (90%): over 1OOOm long, straight ar irregular, A~.aucorio locally presmt in coniferous forest. Accoss nil (M-5): 
3WO; genemUy incised by shallorv gullies; prc~ipitaus slopes, slope hazard; access category S3. Forert productivity nil to very 
clitrs and rocky crags locally pisrcnt, and landslide and slumps low due to  steep slopes and to high altitudcin parts. 
common. 

Land Uac Potential.-Class VLU. Unsuitable for commercial 
(3) Foot s lop~s  (5%): 5-30°, locally present adjacent to major 

land because of erosion hazard, 
rivcm. 

Corro1stions.-Indudcn Misima land system of tho Bunz-Kokoda 
Stream Patton.-Coaae dendritic. m d  Safia-Poneani aroas a d  oart of Mancan land svstcm of fhc ~~~~~ ~~~ ~ ~ 

Soi1a.-Colluvial silty day laaln and clay, commonlv shallow Waaigda-Cape Yogel 

(lifhosols) and gravelly, weakly acid, humic above 2000 m;  also Rc1ationshi~s.-Locally grades impercepfibly into MEW m d  PMi 
rock autcrop. land-form types. 

! - -- 

MMe LAND-FORM TYPE (1600 km2) 

Extremely steep and Precipitous mountain ridges and spurs on Vegetation.-Mainly Lower monianc and conifaifoux lower 
metamorphic rocks Vlatc 16, Fig. 2; ?late 23, Fig. 2). montane forest on Mt. Suckling and further east commonly in 

Paranet ers,- Altitude: 15W000m, Relief: m, mosaic with mid-height prassland, Mrdium.wowned forest 

Characteristic slopes: 4&5O0. Grain: > 1500 m. 
bclow 1400 m. Above 3400 m low tussock grassland, ericaccous 
and coniferous scrub, and some low montane forest. Soral 

Climate.-Mainly zones IV-VI. very small part in ronc m. vegetation south and west of Waiown volcano. Scattered to fairly 

Geology,~Pl,yllitc and schist (O nlcy and Goropu 
dense emcrsent Aruncvrio cnnni?zshornii (hoop pine) in lower 

morphicd, withminorultmmrficro Mt,Suchling~ Tertiary montancfarost onMt.  Suckling and further eart. Cliffs andsome 

and Mesozoic. 
landslides bare. 

Land Forms.-Very high mountain ridges and spurs. Forest Potential.-Porcrt rcsaurces low (FRI-31); Sorest6 of 

(1) crests (5%): less than 15 wido, slopes up moderate and low stocking rates cover 50% and 30% respectively. 
to 3000 lacally up to ,vide and smaothiy Aruucaria cr<nninxliornii stands of variablc stock'mg rate common. 
undulating, with small swampy depressions. Access nil (AIL4); slope hazard; access category S3. Forest 
(7, VI,W -lrrn FT.,,,,.~ ~RSOA:  ma in~v  3.60- .,,n over 1000 Productivity very 10," duc to steep slopes and ta high ullitudc ~., ..., ....= ...=. ~ . ~ ~ , w .  -- ~- 

~one :  unstable with euiiics. ditrs. scrces. and maior s~umos and in parts. 

landslides very common. Land Use Poteotia1.-Class Vll I .  Unsuitable for commcreirl 
(3) corzcove sfopes (10YJ: mainly near MI. Sucklhg; aver land use because of erosion hazard. 
loo0 m long a d  up to 35'. smooth to undulating and hummocky. 

Correlations.-Includes part of Maneau land syaem of the 
Stream P=ftem.-Coarse dsndritic. Wanigsla-Cape Vagel area, and Suckling Compler land system 
Soils.-Lithonols, rcrce, and rock outcrao on summit areas; af tho Sati-Pongani area. 

graveUy colLwidsoils and redandbrownclay lowe< down. 
REldionshills,-Gmderdes into mv and MBv land types 

Drainage.-Excessively to well drained; broad summit crcsts with decreasing relief and slope mgles. Includes the very atcop- 
poorly drained to a~vampy. sided vauuys incised into YMp land-farm type. 



PART III. A CLIMATIC CLASSIFICATION FOR EASTERN PAPUA 

I. INTRODUC~ON 

The range of climates found in eastern Papua encompasses most of the major 
climatic types found in Papua New Guinea and ranges from dry tropical savannah 
through mo~lsoonal to tropical rain forest types. Superimposed on this is a decrease 
in temperature with increasing elevation, resulting in climates that resemble those 
of the moist mesothermal areas of higher latitudes but possess a restricted seasonal 
temperature range. 

In order to exemplify this variety of climates a simple and subjective climatic 
classification has been erected to indicate the types and areal extent of combinations 
of climatic elements that occur in the region. This classification is preceded by a 
brief discussion of the main individual elements incorporated in it. While virtually 
all surface climatic data have been considered in this analysis it is not possible in the 
limited space available to fully summarize this material. As a result "type" station 
data only are presented to illustrate the major climatic features and variations. 

For greater detail the reader is referred to other climatic data which are included 
in companion reports in the Land Researcl~ Series covering specific sections within 
this larger eastern Papua region (Fitzpatrick 1965a, b; McAlpine 1969; Slatyer 
1964). For discussion of the major and local climatic controls operating in this region 
the reader is referred to Brookfield and Hart (1966), Fitzpatrick et al. (1966), and 
the reports referred to above. 

(a) Rainfall 

Mean monthly and annual rainfall data for a number of stations are presented 
in Table 4; Figure 4 indicates their spatial distribution. No attempt has been made 
to use a standard period for analysis owing to the shortness of and gaps in nearly 
all lengths of record. 

Mean annual rainfall varies from 1180 mm at Port Moresby to 4400 mm at 
Yodda Kokoda and at all stations exhibits a distinct seasonal pattern. The "dry" 
season centres around July and the "wet" season around February-March at all 
stations except those in the extreme east where seasonality is either reversed (e.g. 
Alotau) or absent. Table 4 indicates that the lower the mean annual rainfall, the 
greater will be the contrast between wet and dry season falls. For instance, at the dry 
station, Port Moresby, the wettest month has almost 10 times the rainfall of the 

*Division of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601. 
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driest, whereas a t  the wettest station, Yodda Kokoda, this ratio falls to 2.5. As a 
result spatial diiferences in rainfall, as indicated by mcan monthly figures, are much 
geater in the dry than in the wet season. A fuller account of rainfall seasondlity 
is given by Fitzpatrick el nl. (1966). 

Despite these seasonal contrasts annual rainfall variability is generally low, 
as can be seen frozn the extremes included in Table 4 and also by the fact that the 
coefficients of variation (standard deviation as a percentage of mean) for all stations 
with records over 20 years in length are below 20%. 

An analysis of daily rainfall data for a standard 10-yr period for a limited 
number of stations has been used to give some indication of rainfall intensity. 
Generally falls of over 100 mm per day can be expected to occur on only 1-1.3 % 
of rainy days at drier stations (Port Moresby, Dogura) but on 2-3% of rainy days 
in wetter areas (Icokoda, Popondetta, Samarai). In both localities the heaviest falls 
inostly occur during the wet season. As could he expected, the percentage of rainy 
days is similar at all these stations during the wet season (50-60%) but is considerably 
lower for the drier stations (20-30%) than the wetter (40-50%) during tlie diy season. 

The very limited data from highland stations within eastern Papua provide no 
cvidence of an increase of rainfall with altitude (a fact noted elsewhere in Papua 
New Guinea). I t  is more likely that the relatioil between rainfall and altitude is an 
expression of the relative local eKects of major and local circulations on particular 
orographic situations. This is indicated in eastern Papua by the fact that the area 
of highest rainfall occurs in the lowland funnel-shaped Kokoda valley and that the 
very limited data for higher altitude stations indicate nearly as great a variation in 
mean annual rainfall and seasonality as is found at stations near sea level. It is also 
borne out by the rapid changes in raiufall which occur over limited distances in 
upland siluations (e.g. the Tapini-Woitape area). 

(/I) Tenzper.afzrre 

The only temperature data available within the area are for a number of 
stations at or near sea level. Data for two stations, Popondetta, 20 km inland, and 
Samarai, on the coast, are presented in Table 5 to illustrate tlie main features of the 
lowland temperature regime. These are that mean diurnal range is always geater 
than mean seasonal range; that inland mean maximum temperatures are higher 
and mean minimum tcmperatures lower than at coastal stations and that as a result 
diurual temperalure ranges are higher inland ( 2  10 degC) than on the coast 
( 2  5 degC); that the slight seasonality in temperature that does exist tends to be 
grcater for day than for night temperatures, particularly on the coast; and that 
absolute maxima and minima recorded are only slightly above or below the mean 
maxima and minima figures. 

Although there are no temperature data available at higher altitudes in eastern 
Papua, the decrease of temperature with increasing elevation is known from lapse 
rate theory and documented from other highland areas of Papua New Guinea 
(Fitzpatrick 1965a, b; McAlpine 1970a). In these areas the rate of decrease calculated 
in mean temperature is 0 .5  degC per 100 m. Data from the town of Mount Hagen 
located at an altitude of 1750 m in the Western Highlands District and from Mt. 
Wilhelm (McVean 1968), 3480 m above sea level in the Chimbu District, are included 
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in Table 5 to give an indication of differel~ces at particular levels between lowland 
(0-1500 m), lower montane (1500-3000 m), and montane (> 3000 m) temperature 
regimes in eastern Papua. However, as noted in the lapse rate quoted above, 
temperature change with elevation is a continuum and the regime altitudinal zones 
given here are arbitrary and presented only to give a broad indication of spatial 
temperature zonation on the accompanying land-form type map. 

(c) Other Climatic Characteristics 

Data for relative humidity, cloudiness, and estimates of free water evaporation 
are presented for three stations in Table 6. The last are based on the method of 
Fitzpatrick (1963). The table indicates a general and expectable tendency for higher 
evaporation to be associated with lower rainfall, less cloud, and low humidity. 
Kalma (1972) estimates that in the area mean annual total solar radiation reaching 
the ground varies from 205 W-h/cm2 at Port Moresby to 165 W-h/cm2 along the 
north coast and dividing ranges. Seasonally mean daily radiation reaches a maximum 
in October and a minimum in July. 

TABLE 7 
MEAN NUMBER OF WEEKS PER QUARTER WITa SOIL MOISTURE STORAGE AT 

SPECWBO LBV61S 

Station Storage levels Mean annual 
and Full 1-49 % 50-99 % Empty water surplus 

quarter depleled depleted (mm) 

Port Moresby 
Jan.-Mar. 7.0 4.5 1 . 4  0.1 350 
Apr.-June 1.1 3.8 6.6 1.5 
July3ept. 0.0 0.4 4,3 8.3 
0ct.-Dec. 0.4 0.6 3 9 8 . 1  

Dogura 
Jan.-Mar. 7.9 4.8 0.3 0.0 550 
Apr.-June 2.8 6.4 3.5 0.3 
July-Sept. 0.6 2.9 7.5 2.0 
0ct.-Dec. 4.8 5.0 2.3 0.9 

Popondetta 
Jan.-Mar. 8.7 3.7 0.6 0.0 1300 
Apr.-June 6.9 5.5 0.6 0.0 
JulySept. 2.3 5.7 4.8 0.2 
0ct.-Dec. 7.9 4.6 0.5 0.0 

Kokoda 
Jan.-Mar. 10.8 1.9 0.3 0.0 2300 
Apr.-June 9.5 3.4 0.1 0.0 
July-Sept. 7.4 4.8 0.8 0.0 
0ct.-Dec. 9.1 3.7 0.2 0.0 

No similar data are available for higher-altitude stations within the region 
but, again using Mt. Hagen as an analogue, mean annual evaporation at 1750 m 
elevation is approximately 1100 rnm and lysimeter data from Mt. Wilhelm indicate 
that annual free water evaporation at 3480 m is probably between 400 and 500 mm. 



(4 Water Balance 

The considerable range of precipitation and evaporation regimes present in 
eastern Papua could be expected to result in significant spatial differences in com- 
ponents of the water balance. A simple weekly water balance model (McAlpine 
1970b) has been applied to a number of stations for a 10-yr standard period to 
provide some quantitative estimates of these differences, assuming a 100 mm 
maximum available soil water capacity. Table 7 and Figure 5 present the results 

Weeks (Jan.-Dec.) 

100 - 

50 - 

- .- 
0 m 

2 5 -  - . - .  

Fig. 5.-Mean weekly soil moisture regimes. 

0 

for four stations for the soil moisture storage and water surplus components of the 
water balance. Figure 5 presents graphs of mean weekly soil moisture storage and 
clearly indicates the markedly different seasonal soil water regimes present in the 
area. Table 7 gives the actual number of weeks with soil moisture depleted to specified 
levels and indicates that the occurrence of weeks with low levels of soil moisture 
storage, and hence possible plant stress, is rare to non-existent at all stations during 
the wettest quarter of the year but that during drier periods inter-station differences 
are quite marked. Although there are no rainfall data above 1500 m, decreasing 
rates of evaporation with increasing elevation alone may be assumed to lessen 
considerably the intensity and frequency of any levels of soil moisture depletion 
that may occur. 

........ Kakoda \ I -- Dogura 
-- \ / 

Port Moreshy \ / 
\ / 

/ 

I I '.-/ , I 

I 13 7.6 39 52 
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In an attempt to integrate climatic data for the area a simple subjective 
classification is presented. It must he emphasized that the data on which the 
classification is based are limited in amount and, more imnportantIy, in spatial 
distribution. As noted above, this latter difficulty is most obvious in the highland 
areas of eastern Papua. For some climatic elements this problem can be partly 
overcome by the extrapolation of data from higher-altitude areas elsewhere in Papua 
New Guinea but unfortunaiely this is not the case for rainfall, the most variable 
element. 

The classfication is presented in Table 8 and is based firstly on altitude, to 
give an indication of changing temperature regimes, and secondly on mean annual 
rainfall. The altitudinal ranges adopted conform with the vegetation-altitudinal 
zones given in Part VI. Data froin type stations are then used to further exemplify 
the resulting climatic types in two ways, firstly by the use of direct comparative 
figures and secondly by indicating the direction and rate of change for particular 
parameters between climatic types. Classificatory unit names are partly based on 
the Koppen classification and approximate Koppen equivalents are indicated. 

The types of climates thus defined are given below. Their areal extent is 
indicated as zones on the accompanying land-form type map. 

As is evidenced by the names given to these climatic zones, their extent has 
been mapped using both climatological data and vegetation distribution patterns. 
The zone numbers are those referred to in the land-form type descriptions in Part 11. 

(a) Zone I. Lowland Savannah Clinlate 

This is the driest climate in the region extending along a narrow fringe on the 
south coast from Kwikila to Kukipi. This area experiences regular annual soil 
water droughts. 

(b) Zone II. Lowland Monsoon Clin~ate 

This climatic type is moderately and irregularly affected by soil water droughts 
and occurs in four places: in a strip lying between the southern coastal lowland 
savannah zone and the higher-rainfall upland areas; in scattered rain shadow pockets 
within upland areas (e.g. at Tapini); in an area centred on Safia in the Musa basin; 
and in a coastal strip extending from the eastern end of the north coast to Cape Vogel. 

(c) Zone III. Lowland Rain Forest Climate 

This humid type covers the area below 1400 m and is intermediate between 
zones I1 above and IV below. This type is typical of much of coastal Papua ~ e k  
Guinea and soil water droughts within it may occur but are rare and of short extent. 

(d) Zone IV. Wet Lowland Rain Forest Clinlate 

This is a perhumid climatic type distinguished from zone 111 by the absence 
of soil water drought and its high annual water surplus. The main occurrence is in 
the Northern District while smaller aleas are found round Cape Nelson and at the 
western end of Milne Bay. 



T
A

B
L

E
 8 

C
IJ

M
A

T
E

 T
Y

P
E

S 
O

F 
E

A
ST

E
R

N
 

P
A

P
U

A
 

A
lt

it
ud

in
al

 
M

ea
n 

an
nu

al
 

M
ea

n 
an

nu
al

 
A

nn
ua

l 
M

ea
n 

an
nu

al
 

C
li

m
at

ic
 ty

pe
 a

nd
 

Z
on

e 
ra

ng
e 

te
m

pe
ra

tu
re

 
pr

ec
ip

it
at

io
n 

P
IE

 
w

at
er

 s
ur

pl
us

 
P

ro
ba

bi
li

ty
* 

S
ta

ti
on

 
K

op
pe

n 
eq

ui
va

le
nt

 
(m

) 
W

)
 

(m
m

) 
ra

ti
o 

(m
m

) 

I 
L

ow
la

nd
 s

av
an

na
h 

~
1

4
0

0
 

26
 

<
I2

50
 

<
 1 

35
0 

34
 

P
or

t 
M

or
es

by
 

r
 

(A
m

) 
I1

 
L

ow
la

nd
 m

on
so

on
 

<
I4

00
 

26
 

12
50

-2
00

0 
6
 1

 
55

0 
6 

D
o

w
a

 
F - 

(A
m

) 
2
 

Il
l 

L
ow

la
nd

 r
ai

n 
fo

re
st

 
<

I4
00

 
26

 
20

00
-3

00
0 

-1
.5

 
13

00
 

<
1
 

P
op

on
de

tt
a 

%
 

(A
f)

 
N
 

P
er

hu
m

id
 l

ow
la

nd
 

<
I4

00
 

26
 

2
3

0
0

0
 

>
2

 
23

00
 

0 
K

ok
od

a 
ra

in
 f

or
es

t 
m

 

(A
f)

 
V

 
L

ow
er

 m
on

ta
ne

 fo
re

st
 

14
00

-3
40

0 
18

 
2

2
0

0
0

 
2

2
 

18
00

 
0 

(M
t. 

H
ag

en
) 

(
C
f
)
 

(1
75

0 
m

) 
VI
 

~
o

n
ta

n
e

 
fo

re
st

 
(C

f)
 

0 
(M

t. 
W

ilh
el

m
) 

(3
48

0 
m

) 

* M
ea

n 
nu

m
be

r 
of

 w
ee

ks
 p

er
 y

ea
r 

so
il

 m
oi

st
ur

e 
is

 d
ep

le
te

d 
to

 <
75

 %
 o

f 
av

ai
la

bl
e 

w
at

er
 c

ap
ac

it
y 

(1
00

 m
m

). 



CLIMATIC CLASSIFICATION 61 

(e) Zone V. Lower. Montane Forest Climate 

This type by definition occurs between 1400 and 3400 m and is probably one 
in which soil water drought is rare or non-existent. From about 2000 m upwards 
an increasing incidence of ground frosts may be expected. 

(f) Zone VI. Montane Forest Climate 

This type occurs above 3400 m. As a result of probably high precipitation1 
evaporation ratios soil water droughts would not occur but ground frosts may be 
expected on at least 50% of days. 
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PART IV. GEOLOGY OF EASTERN PAPUA 

I. INTRODUCTION 

Mainland eastern Papua consists of a linear core of Mesozoic sialicmetamorphic 
rocks flanked by predominantly mdic igneous rocks of Mesozoic aud Tertiary age 
and partly overlapped by younger Tertiary and Quaternary mixed volcanic and 
sedimentary rocks (Davies and Smith 1971). The Quaternary rocks include the 
products of several extinct and three recently active volcanoes; ui~consolidated 
alluvial, colluvial, and littoral sediments; a11d minor raised reefs on tlie coast aild 
glacial sediments on the highest mountains. 

A synthesis of the geology of eastern Papua has been presented recently by 
Davies and Smith (1971). Published accounts of the general geology include reports 
by the Australasian Petroleum Company (1961) and Ruxton (1969) on the north- 
western part of the area; Glaessner (1952), Speight (1965), and Yates and de Ferranti 
(1967) on the Port Moresby area; Paterson and Kicinski (1956) and Paterson (1964) 
on the Buna-Kokoda area; Smith and Green (1961) and Ruxton (1967) on the 
Musa River area; Paterson and Kicinski (1956) and Haantjens et 01. (1964) on the 
Wanigela-Cape Vogel area; and Davies (1968, 1971) on the Papuan Ultramafic 
Belt. The Quaternary volcanoes and their products have been the subjects of papers 
by Baker (1946), Fisher (1957), Taylor (1958), Morgan (1966), Ruxton (1966a, 1966b), 
Ruxton and McDougall (1967), and Jake5 and Smith (1970). There are also several 
unpublished geological reports issued by the Bureau of Mineral Resources (especially 
Bureau of Mineral Resources records 1959131, 1959132, 1965169, 1967168, 1968166, 
1969112, 19691126, 1970172). In addition, several general discussions on the geology 
of Papua New Guinea refer to eastern Papua, in particular Glaessner (1950), 
Montgomery et al. (1950), Thompson (1967), and Thompson and Fisher (1967). 
A comprehensive bibliography is given in Manser and Freeman (1971). 

The geological inforlnation given in this report and the acconlpaliying geological 
map are based on the above works, on observations made during the 1969 survey, 
and on extrapolations by the author using air-photo interpretation. 

n. STUTIGRAPHY 

The stratigraphy of eastern Papua is summarized in Table 9, and the distribution 
of main rock units is shown on the geological map. 

*Formerly Division of Land Research, CSIRO, Canberra. Present address: Bureau of 
Mineral Resources, Geology and Geophysics, P.O. Box 378, Canberra City, A.C.T. 2601. 



(a) Mesozoic 

The exposed sialic core of eastern Papua consists of the Owen Stanley 
Metamorphics (Davies and Smith 1971), which form the western part of the Owen 
Stanley Range, extending from the northern border of the area mapped south- 
eastwards to longitude 14S015'E. The dominant rock type is mica schist containing 
feldspar, quartz, and graphite. Also present are marble, basic schist, schistose 

TABLE 9 
STRATIGRAPHY OF EASTERN PAPUA 

-- 

Age Unit Lithology 

Recent 

Late Pleistocene 
to Recent 

Pleistocene 

Plio-Pleistocene 

Pliocene 

Eocene to early Pliocene 

Mesozoic 

Alluvium Sand, silt, clay, gravel, peat 
Littoral deposits Sand, silt, clay, peat 
Volcanics Basaltic, andesilic, and dacitic lava and 

pyroclastics 
AUnvinm Unconsolidated to poorly consolidated 

sand, silt, clay, gravel, breccia 
Raised reefs Coralhe limestone 
Glacial deposits Boulder beds 
Volcanics Basaltic, andesitic, and dacitic lava and 

pyroclastics 
Terrestrial deposits Unconsolidated to moderately consoli- 

dated conglomerate, sandstone, silt- 
stone, mudstone 

Volcaaics Basaltic and andesitic lava and pyro- 
elastics, conglomerate 

Sedimentary rocks Phyllite; sandstone, sillstone, mudstone, 
shale, conglomerate; limestone, chert 

Igneous rocks Basaltic lava, pillow lava, agglomerate; 
gabbro, dolcrite 

OwenStanley Metamorphics Mica schist; marble, basic schist, schis- 
lose conglomerate, gneiss 

Goropu Metamorphics Basic and calcareous schist, phyllite, 
quartzite, marble, limestone 

Papuan Ultramafic Belt Peridotite, pyroxenite, gabbro, basaltic 
lava, pillow lava 

conglomerate, and gneiss. The mica schists were originally sedimentary rocks which, 
where they can be recognized, were mainly luffaceous sandstone, siltstone, and mud- 
stone. During metamorphism which probably took place during the Palaeocene, the 
sedimentary rocks were mostly completely recrystallized to green schist facies of 
regional metamorphism. Cretaceous fossils have been found at a few localities. Less 
metamorphosed rocks, mainly phyllites, crop out west and south of the Owen Stanley 
Metamorphics. The relationship of these phylhtes to the schists is uncertain. Some of 
the phyllites are of Eocene age. 

The predominantly mafic rocks of Mesozoic age are the Goropu Metamorphics 
of the Mt. Suckling-Daynlan area and the Papuan Ultramafic Belt. The Goropu 
Metamorphics (Smith and Green 1961; Davies and Smith 1971) are made up of 
basic and calcareous schist, phyllite, quartzite, marble, and limestone. The meta- 



morphic grade ranges up to green schist facies and the rocks are probably mostly 
or all of Cretaceous age. The Papuan Ultramafic Belt forms a zone of mountainous 
terrain up to 40 km wide on the north-eastern side of the Owen Stanley Range west 
of longitude 149"E. The belt consists of an ultramafic layer rC8 km thick overlain 
by a gabbro and norite layer 4 km thick, which in turn is overlain by a basalt layer 
4-6 km thick (Davies 1968, 1971; Davies and Smith 1971). The ultramafic rocks, 
mainly peridotite and pyroxenite, crop out on the west and south sides of the belt. 
The basalt layer is inade up mainly of massive lava and pillow lava; these rocks 
are not distinguished from Tertiary basalt on the geological map, as they are similar 
in topographic expression and petrography to the Tertiary basalt of the south- 
eastern mainland. 

Small areas of Mesozoic sedimentary rocks, mainly limestone, occur near 
Tapini, near Port Moresby, and south and east of Mt. Dayman. 

(b) Eocene to Early Pliocene 
(i) Sediinentary Rocks.--The main exposures of Tertiary sedimentary rocks 

are in the Tapini area, in hilla along the coast between Cape Cupola and Milne Bay, 
in the Cape Ward Hunt area north of Popondetta, and on Cape Vogel. 

Thc sedimentary rocks of the Tapini area (Macnab, unpublisbcd Bureau of 
Mineral Resources record 19691126; Davies and Smith 1971) consist of limestone, 
sandstone, phyllitic shale, siltstone, and conglomerate. They occur in a north-south 
fault zone and their stratigraphic relationships to adjacent basaltic volcanics is 
uncertain. The limestones have yielded Eocene and Upper Oligocene to Lower 
Miocene fossils. These sedimentary rocks are not distinguished from Tertiary basalt 
on the geological map. 

The coastal hills between Cape Cupola and Milne Bay are formed mainly of 
sedimentary rocks, most of which range in age from Eocene to Pliocene, although 
some Upper Cretaceous and Palaeocene rocks also crop out. In the north-west, 
Cape Cupola and adjacent low hills are formed of Upper Oligocene to Pliocene 
mudstone, greywacke, siltstone, sandstone, and subordinate limestone; these rocks 
were deposited in the Aure Trough, part of the Tertiary Papuan Geosyncline 
(Australasian Petroleum Company 1961; Ruxton 1969). The Kurai Hills further 
inland are formed of mainly terrestrial sediments of Upper Miocene to Pliocene age, 
consisting of conglomerate, greywacke, and mudstone, with some andesitic and 
basaltic volcanic rocks. 

The Palipala Hills south-east of Cape Cupola are formed mainly of Pliocene 
sandstone, conglomerate, shale, siltstone, and thin-bedded limestone (Speight 1965). 
The sequence, about 1500 m thick, is mostly terrestrial and is composed largely of 
volcanic detritus. Between Yule Island and Galley Reach, limestone, greywacke, 
siltstone, and conglomerate of Miocene age are exposed, overlain in places by 
Pliocene tuffaceous sandstone. 

Continuing south-eastwards, the Port Moresby Beds, of mainly Eocene age, 
form most of the coastal hills in the Port Moresby area (Glaessner 1952; Yates and 
de Ferranti 1967). These beds consist of limestone, chert, calcareous sandstone and 
mudstone, shale, and minor tuffaceous rocks. In the vicinity of Port Moresby there 
are also outcrops of both older and younger sedimentary rocks; these are the Upper 
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Cretaceous Bogoro Limestone, the Upper Oligocene to Lower Miocene Dokuna 
Tuff and Bootless Inlet Limestone, and the Miocene Gidobada Limestone and Siro 
Conglomerate. The Port Moresby Beds and associated rocks extend south-eastwards 
to the Ormond River. 

Along the south coast a complex of hills and ridges between Marshall Lagoon 
and Mori River is formed mainly of cherty siltstone, calcareous mudstone, and 
minor limestone. Microfossils identified by D. Belford (personal communication 
1970) indicate that these beds are probably Pliocene or younger. However, a post- 
Pliocene age is considered unlikely because of the mature erosional form of the bills. 

Hills of mainly Eocene limestone and chert occur on the coastal plain between 
Cloudy Bay and Magarida, along the coast just east of Magarida, and on the south 
side of Mullins Harbour. Eocene to Miocene sandstone, limestone, conglomerate, 
and siltstone crop out north and south-east of Mullins Harbour; the detrital rocks 
are formed mainly of volcanic material (Davies and Smith 1971). 

North of Popondetta the Miocene Iauga Formation (Paterson and Kicinski 
1956; Paterson 1964) forms low hius in the vicinity of Cape Ward Hunt and low 
foothills on the east side of the Otava and Ajule Kajale Ranges. The formation 
consists of tuffaceous and calcareous sandstone and conglomerate and pyroclastics 
of basaltic and andesitic composition. 

The Cape Vogel peninsula (Paterson and Kicinski 1956) consists mainly of 
Miocene and Pliocene sandstone, siltstone, conglomerate, marl, tuff, and minor 
limestone. The rocks are generally ker-grained and more calcareous in the north 
than in the south. Similar seditnelitary rocks, but with limestone more important, 
crop out near Cape Frere, south-east of Cape Vogel. 

Small outcrops of Tertiary sedimentary rocks also occur in areas of predominantly 
volcanic rocks. 

(ii) Igneous Rocks.--Tertiary igneous rocks crop out extensively in eastern 
Papua. The most common rock types are basaltic lava, pillow lava, and agglomerate. 
The main outcrop extends from the Ormond River (long. 148"E.) eastwards to East 
Cape. Here, within a sequence of mainly Eocene basaltic volcanics, there are minor 
lenses and interbeds of limestone and other sediments as well as several intrusions 
of gabbroic, monzonitic, and syenitic composition. North-west of the Ormond 
River the Eocene basalts pass laterally into mainly phyllitic sedimentary rocks which 
continue as far as the Vanapa River. Most of thcse phyllitic rocks could not be 
distinguished from basalt on air photographs and hence have not been mapped 
separately. 

Other Tertiary igneous rocks in the area include volcanics that are probably 
of Pliocene age, north and east of Port Moresby (see subsection (c));  the Sadowa 
Gabbro of the Port Moresby area (Yates and de Ferranti 1967) which consists of 
gabbro and dolerite and is probably Oligocene; and basaltic lavas and pyroclastics 
south of Mullins Harbour which are probably of Pliocene age. Minor occurrences 
not shown on the geological map include lava and pyroclastics within the sedimeilts 
of the Kurai Hills, within the Iauga Formation of the Cape Ward Hunt area, and 
within the mainly sedimentary sequence in the Kemp Welch River area. Also 
Oligocene submarine andesitic lava, some of which contains the mineral clinoenstatite 
(Dallwitz et al. 1966), crops out on the Cape Vogel peninsula. 



(c) Mid Pliocene to Recent 

(i) Sedinzentary Rocks.-Plio-Pleistocene sediments are well developed in the 
Musa basin area, and sediments of probably similar age crop out south of Mt. 
Lamington, between Mt. Dayman and Goodenough Bay, and east along the north 
coast towards East Cape. In these areas the sediments typically form very steep-sided 
ridges with knife-edged crests. In the Musa basin area, conglomerate, greywacke, 
siltstone, sedimentary breccia, and mudstone, with some associated volcanics, were 
laid down in one or more intermontane basins. These rocks, the Domara River 
Beds (Smith and Green 1961; Ruxton 1967), are up to 1000 m thick and are made 
up mainly of rock fragments derived from the Papuan Ultramafic Belt, Goropu 
Metamorphics, Tertiary basalt, and contemporaneous volcanics. Between the Musa 
basin and Mt. Lamington, sediments similar to those of the Domara River Beds 
form the flat-lying Mamama Formation (Stanley 1919; Ruxton 19671, wl~ich is 
partly overlapped by Pleistocene and Recent volcanics. East of Mt. Dayman to 
Goodenough Bay the Plio-Pleistocene sediments consist of variably lithified, cross- 
bedded conglomerate, greywacke, sandstone, and siltstone over 1000 m thick. These 
are alluvial fan and deltaic deposits made up mainly of schist, basalt, and gabbro 
fragments. Further east along the coast towards East Cape there are several smaller 
occurrences of Plio-Pleistocene fan deposits, consisting of mostly unconsolidated 
sand and gravel, overlying Tertiary basalt and minor limestone. 

Poorly consolidated sandstone, siltstone, conglomerate, and some limestone 
forming gently undulating terrain on the east side of Marshall Lagoon on the south 
coast are also possibly of Plio-Pleistocene age. Unlike the other Plio-Pleistocene 
sediments, these are probably mainly marine. 

Unconsolidated and poorly consolidated sand and gravel, probably of 
Pleistocene age, form dissected alluvial fans along a fault-bounded trough separating 
the Owen Stanley Metamorphics from the Papuan UltramaficBelt. Alluvial fan 
deposits of similar age elsewhere include the Silimidi Beds of the Musa basin and 
unconsolidated sand and gravel on the north and south sides of the Sibium Range, 
on the north side of the Goropu Mountains, and west and north of Milne Bay. The 
Silimidi Beds (Smith and Green 1961) crop out in the eastern part of the Musa basin, 
where they consist of poorly corsolidated conglomerate, sedimentary breccia, 
greywacke, and lithified ultramafic breccia (Green 1961); rock fragments in the 
sediments are mainly derived from the Papuan Ultramafic Belt. Sand and gravel 
probably of Pleistocene age also form undulating terrain inland from Yule Island 
in the west, on the south coast mainly between Marshall Lagoon and Cloudy Bay, 
and south of Milne Bay. 

Pleistocene raised reefs occur on Cape Vogel and along the coast eastwards to 
East Cape (Davies and Smith 1971) and also on the coast near Port Moresby 
(Speight 1965). Glacial deposits of Pleistocene age overlie Mesozoic schist on Mts. 
Albert Edward, Scratchley, and Victoria (Loffler 1970, 1972), the highest peaks in 
eastern Papua. 

Unconsolidated clay, silt, sand, and gravel of Recent age form alluvial and 
littoral plains and undissected alluvial fans. The mineralogical composition of the 
sediments is dependent on both the source area and the depositional environment 
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(Ruxton 1970). Bouldery deposits occur on some active fans, and peat is locally 
developed in swampy areas. 

(ii) Volcai?ic Roc1cs.-Volcanics ranging in age from Pliocene to Recent cover 
more than one-eighth of mainland eastern Papua. 

On the north-east side of the Owen Stanley Range, volcanics of Pliocene to 
Recent age occur between longitude 147"30' and 149"30'E. The oldest volcano 
recognized here is the deeply eroded Sesara volcano. 25 km south-east of Mt. 
Lamington. Sesara volcano is built up of basaltic lava, agglomerate, tuff, and minor 
sediments (Smith and Green 1961) and has been dated as early Pliocene (Ruxton 
and McDougall 1967). The Hydrographers volcano to the north, on the east side 
of Mt. Lamington, is a Pleistocene strata-volcano composed mainly of interlayered 
andesitic ash, agglomerate, and lava (Ruxton and McDougall 1967). Trafalgar 
volcano on Cape Nelson is another Pleistocene strata-volcano, the products of 
which range in composition from basalt to dacite (Jake: and Smith 1970). 

Late Pleistocene to Recent volcanics form most of the Managalase Plateau 
(Ruxton 1966a) between the Sesara and Hydrographers volcanoes. These volcanics 
consist of potash-rich basic and intermediate lava and scoria (Uoive Volcanics) and 
pyroclastics and lava of mainly dacitic composition (Mama Volcanics). 

The active volcanoes Mt. Lamington and Mt. Victory are andesitic strato- 
volcanoes of late Pleistocene to Recent age (Taylor 1958; Jake: and Smith 1970). 
Mt. Lamington last erupted in 1951, when catastrophic nukes ardentes were followed 
by dome extrusion in the main crater. Similar eruptions took place during the latest 
volcanic ac~vi ty  on Mt. Victory in the 1890s. Volcanic ash of dacitic compositioi~ 
mantles much of the terrain near Mt. Lamiiigton and occurs as thick deposits forming 
relatively subdued topography on rocks of the Papuan Ultramafic Belt to the south 
and wcst. 

The only other recently active volcano on mainland eastern Papua is Waiowa, 
also known as Goropu (Fisher 1957), which erupted in 1943144. Waiowa lies south 
of Mt. Victory and is a small volcano built up mainly of agglomerate containing 
fragments of both country rocks and potash-rich andesitic lava (phenocrysts of 
biotite and augite set in a fine-grained groundmass of plagioclase, orthopyroxene, 
opaque granules, and volcanic glass). Another small and very young volcano, 
wbich consists of a scoria cone and an andesitic lava flow (chem. analysis no. 20 in 
Jake2 and Smith 1970), is situated 11 km north-east of Waiowa. 

On the west,side of the Owen Stanley Range a group of deeply eroded volcanoes 
extends from the Brown River north of Port Moresby to the horthern edge of the 
mapped area. They are built up of subaerial lava and pyroclastics of mainly basaltic 
composition, and mainly conglomeratic derived sediments. The erosional forms of 
these volcanoes are similar to that of Sesara volcano, and indicate that they are 
probably of Pliocene age. The Astrolabe Agglomerate (Yates and de Ferranti 1967), 
which forms the Astrolabe Range and Sogeri Plateau east of Port Moresby, is of 
similar age. It consists of coarsely stratified agglomerate of mainly basaltic com- 
position with minor intercalated tuff; most of these pyroclastics may be nuie ardente 
deposits. Volcanics that are probably slightly younger crop out in the Cloudy Bay 
area on the south coast. These volcanics consist of alkali basalt lava and pyroclastics. 
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An isolated occurrence of similar rock type near Marshall Lagoon is probably late 
Pleistocene, as are two small volcanoes 80 km east-north-east and 50 km north-east 
of Port Moresby. The last volcano, on Naoro Creek, is a cone about 300 m high 
built up of potash-rich andesitic lava (phenocrysts of olivine, biotite, and clinopyroxene 
set in a glassy to very he-grained groundmass). 

The metamorphic foliation of the Mesozoic schists is tightly folded in places 
but is generally uniformly tilted or folded into broad anticlinal structures (Davies 
and Smith 1971). The Papuan Ultramafic Belt typically dips 10-30" east to north- 
east, the steepest dips being along the western margin of the belt (Davies 1971). 
Rocks of Eocene to early Pliocene age are mostly steeply dipping about fold axes 
trending parallel to the main ranges. Simple anticlinal folds occur in the north-west, 
affecting Miocene and Pliocene sediments of the Kurai and Palipala Hills. Mid- 
Pliocene to Recent rocks are generally either not folded or affected by only gentle 
flexures. 

Two structural domes occur in the south-east. The larger dome forms the 
Goropu Mountains and may still be rising. The other is south of Cape Frere. Both 
are elongated west-north-west. 

Several major faults are present in t11e area, the most prominent being the 
Owen Stanley Fault, which with associated faults forms the north-eastern border of 
the Owen Stanley Range. Many of the faults are still active. 

IV. GEOLOGICAL HISTORY 

The geological history of eastern Papua is interpreted by Davies and Smith 
(1971) in terms of plate tectonics, involving interaction between Australian and 
Pacific lithospheric plates and opening of the Coral Sea by rifting. 

During the Mesozoic some 10,000-20,000 m of sediments of mainly sialic 
composition were deposited on or near the north-eastern margin of the Australian 
continent. At the end of the Cretaceous or somewhat later (Palaeocene or early 
Eocene) the sialic sediments were overridden by the Mesozoic oceanic crust (the 
Papuan Ultramafic Belt) from the north-east and were metamorphosed. This 
movement took place along a low-angle fault (the Owen Stanley Fault). In the 
Eocene the Coral Sea basin opened by rifting, and large volumes of basalt were 
extruded onto a deep ocean floor. At about the same time some shallow and 
deep-water sediments were deposited locally, as for instance in the Port Moresby 
area. Slow sedimentation probably continued in the area during the Lower and 
Middle Oligocene. 

The eastern Papua land mass began to emerge in the Upper Oligocene-Lower 
Miocene. Sediments derived from the land mass were deposited in the Aure Trough 
in the north-west and linear limestone reefs developed in the east. Shallow-water 
volcanic activity locally accompanied sedimentation near Port Moresby, on Cape 
Vogel, and near Mullins Harbour. 

In the Middle Miocene sedimentation continued in the Aure Trough and 
began in the Cape Vogel area. Reef limestone developed near Port Moresby and 
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elsewhere, and some shallow-water volcanic activity took place in the Cape Ward 
Hunt area. Since the Middle Miocene, emergence accompanied by block faulting 
has continued, detrital sediments have been deposited on both sides of the main 
range, and there has been widespread terrestrial volcanic activity. The Pliocene and 
Quaternary history is discussed in Part V. 

V. CORRELATIONS BETWEEN GEOLOGY, LAND FORMS, SOILS, AND VEGETATION 

Because land-form types are described in terms of land forms and lithology, 
most geological boundaries are also land-form type boundaries. However, except 
in the case of unconsolidated sediments, which are mostly Quaternary, lithology is 
not related to geological age. For instance, basaltic igneous rocks of Mesozoic, 
Tertiary, or Quaternary age are not distinguished from one another in defining 
basaltic land-form types. 

The oldest rocks in the area, the Mesozoic schists and the igneous rocks of 
the Papuan Ultramafic Belt, are crystalline rocks that are relatively resistant to 
erosion. These give rise to mainly mountainous and high hilly terrain that is 
characterized by very steep forested slopes (over 30") and shallow poorly developed 
soils. The poorest soils, indicated by the poorest smallest-crowned forest, occur on 
ultramafic rocks. 

Terrain developed on the Eocene to early Pliocene rocks ranges in relief from 
very low (less than 30 m) to mountainous (over 400 m). Slopes are again mostly 
very steep. On basaltic igneous rocks ridge-and-ravine topography prevails, and 
the soils and vegetation are generally similar to those on the Mesozoic rocks. Tertiary 
limestone typically forms steep to excessively steep strike ridges on which soils are 
mostly very shallow. The vegetation is poorer thail on the basaltic igneous rocks 
and ranges from poor forest to woodland and thicket to low grassland, depending 
mainly on amount and seasonality of rainfall. The detrital sedimentary rocks form 
~nostly steep to very steep terrain, and soils are shallow except on the gently undulating 
terrain of USu land-form type which is developed mainly on poorly consolidated 
sediments and deeply weathered basaltic rocks. 

The mid-Pliocene to mid-Pleistocene volcanic rocks are preserved as deeply 
eroded volcanoes which have little if any of their original constructional surfaces 
preserved. On these ancient volcanoes narrow ridges with very steep slopes prevail, 
and soils and vegetation are similar to those on the older volcanic rocks. The younger 
volcanics, of late Pleistocene to Recent age, form well-preserved to quite deeply 
eroded but still readily recognizable volcanoes. Volcanic ash emitted from these 
volcanoes has produced deep fertile soils on adjacent plains, alluvial fans, and slopes 
not being actively eroded. Such terrain, where slopes are not too steep, forms some 
of the best areas for agricultural land use in eastern Papua. 

The Pleistocene glacial deposits and reef limestone are of very limited extent. 
The glacial deposits are conked to the highest mountain summits where they occur as 
well-preserved moraines, and the reef limestone is largely confined to the eastern tip 
of Cape Vogel where it occurs as an uplifted platform on which karst land forms are 
beginning to develop. 

Pleistocene and Pliocene detrital sediments are poorly consolidated and hence 
relatively unresistant to erosion. They form dissected alluvial plains and fans that 
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generally have relatively deep soils. However, in places, as along the north coast 
east of the Musa River and in the Musa, Iceveri, and Bidubi basins, deep dissection 
has given rise to very steep-sided to precipitous knife-edged ridges (slopes over 40"). 
These ridges have very shallow soils and support a vegetation of poor forest or, 
more commonly, low grassland. The younger sediments, consisting of alluvial, 
colluvial, and littoral deposits, are being laid down at the present time on the 
extenslve plains flanking the mountain ranges and also on more restricted alluvial 
fans. On these plains and fans the soils and vegctation vary according to drainage 
conditions which range from swampy to well drained. 
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PART V. GEOMORPHOLOGY OF EASTERN PAPUA 

I. INTRODUCTION 

Eastern Papua can be divided into four main geomorphic units: the central 
ranges, the north-east coast volcanoes, the coastal hills and undulating terrain, and 
the low-lying plains (Fig. 6). 

In this account the geomorphic units are described first, followed by sections 
on land-forming processes, geomorphic history, and the relationship of geomorphology 
to land-form types. 

The main rivers and their catchments are shown in Figure 7. The largest 
catchment is that of the Musa River, which covers about 6800 kma. 

11. GEOMORPHIC UNITS 

(a) Cetrtral Ranges 

The central ranges comprise the Owen Stanley Range and several flanking 
ranges. The Owen Stanley Range, the main watershed of mainland eastern Papua, 
is formed mostly of Mesozoic schist in the north-west and Tertiary basaltic rocks 
in the south-east. It is taken to include both the Wharton Range in the north-west 
and the Goropu Mountains in the east. The range consists mainly of mountainous 
terrain (relief over 400 m) but also includes low to high hilly terrain (relief 30-400 m) 
and ititermontane basins of very low relief (less than 30 m). The hilly terrain occurs 
as both foothills and remnant summit surfaces. 

Flanking ranges are present on both sides of the Owen Stanley Range. On the 
north-east side they extend from the northern edge of the mapped area south-east 
to Goodenough Bay. The main ranges here are the Otava Range, formed mostly 
of pre-Pliocene basaltic igneous rocks; the Guaya, Owalama, Sibium, and Didana 
Ranges, of mainly ultramafic rocks of the pre-Pliocene Papuan Ultramafic Belt; 
and the Gwoira Range, which is formed of coarse-grained Plio-Pleistocene sediments. 
On the south-west side of the Owen Stanley Range the flanking ranges include 
mountains of Pliocene volcanic rocks north-west of Port Moresby, the Astrolabe 
Range and Sogeri Plateau, also formed of Pliocene volcanics, east of Port Moresby, 
and mountain and hill ridges of phyllite and early Tertiary sedimentary and basaltic 
volcanic rocks to the south-east. 

The central ranges consist mainly of denudational land forms of the equilibrium 
ridge-and-ravine form (Ruxton 1967a). The ridges typically have sharp crests and 

*Formerly Division of Land Research, CSIRO, Canberra. Present address: Bureau of 
Mineral Resources, Geology, and Geophysics, P.O. Box 378, Canberra City, A.C.T. 2601. 
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straight side slopes, mainly between 30" and 40", which meet to form very narrow 
V-shaped valleys (Plate 6). In this type of terrain slope erosion keeps pace with 
rapid downcutting of valley bottoms. However, in places the terrain has not reached 
the erosionally graded ridge-and-ravine stage and oversteepened precipitous slopes, 
cliffs, and landslip scars characterize the landscape (Plate 23, Fig. 1). 

Some of the geomorphic features of the ceutral ranges are discussed below. 
(i) Dissected Plateaux and Ren~nant Surfaces.-Dissected plateaux and remnant 

summit surfaces occur along the maiu watershed of the Owen Stanley Range and 
are also present on some of the flanking ranges and foothills (PBn, PBy, PMi, PMg, 
and PMb land-form types). They are surrounded by lower-lying terrain which 
generally has a greater relief and coarser gain, and they are being slowly reduced 
in size by the headward erosion of deep valleys around their borders. The dissected 
plateaux consist of subaccordant steep to very steep-sided ridges with narrow crests 
and have a generally dense dendritic drainage pattern, with streams in narrow 
V-shaped valleys. The remnant summit surfaces vary from smooth horizontal 
surfaces to steeply undulating high hilly terrain with local flat-floored intermontane 
valleys. Remnant surfaces not forming watersheds include several steep fault plane 
surfaces, most of which are along the north-east side of the 0wen.Stanley Range. 

In the Milne Bay area, small dissected plateaux of low relief occur at elevations 
rising from 185 m in the south-east to 1550 m in the north-west, near Cape Frere 
(Smith 1970; Smith and Simpson 1971). They consist of narrow steep-sided 
branching ridges generally less than 100 m high. These plateaux probably represent 
an irregular Plio-Pleistocene erosional surface. 

Along the north coast between Cape Frere and East Cape, the main range is 
bounded by shallowly dissected flat-iron surfaces which dip steeply north. These 
surfaces represent the plane of a major fault. To the south of Cape Frere a strongly 
convex surface rises southwards to merge with a roughly horizontal dissected plateau 

I 

surface. The convex surface (XBp land-form type) is shallowly dissected by closely 
spaced and mostly parallel streams and is also incised by several amphitheatre-headed 
gorges over 400 m deep (Plate 14, Fig. 2). 

Near Rabaraba flat nearly horizontal surfaces are preserved locally on the 
summits of extremely steep-sided and mostly knife-edged ridges (ZSv land-form 
type) that are formed of late Pliocene or Pleistocene coarse-grained alluvial and 
deltaic sediments (Plate 13, Fig. 1 ; Plate 22, Fig. 2). The local flat summits occur 
at various levels up to 500 m above sea level and represent the original depositional 
surfaces of former alluvial fans. 

The Goropu Mountains further west represent a structural dome that is 
probably still rising. The dome is elongated in a west-north-west direction and its 
highest point, Mt. Suclding, is 3675 m above sea level. The dome is deeply incised 
by several rivers flowing in extremely steep-sided valleys, especially in the western 
part, where little of the dome surface is preserved. In contrast, the convex sides and top 
of the dome surface are mostly well preserved in the east (YMp land-form type), 
except for shallow incision by innumerable parallel consequent streams (Plate 16, 
Fig. 7; Plate 22, Fig. 1). The dome is formed of schist, the foliation of which is 
parallel to the dome surface. The north side of the dome descends abruptly to a 
broad low-lying coastal plain, the east side is partly overlapped by Plio-Pleistocene 
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sediments forming razor-back ridges of the Gwoira Range, the south side is bounded 
by faults which separate the dome from mountains on pre-Pliocene basaltic igneous 
rocks, and the west side descends to dissected fans at the east end of the Musa basin. 
North-dipping Bat-iron surfaces on schist south of the Gwoira Range represent a 
fault plane that joins the Goropu Mountains dome to the west. A similar but smaller 
dome is probably represented by a convex surface and part of a dissected plateau 
south of Cape Frere. 

A small intermontane basin is situated on the Goropu Mountains dome south 
of Mt. Suckling, just on the norlh side of the main divide, and another lies in a 
similar situation at Agaun, east of the Goropu Mountains. Both basins have 
relatively flat floors bordered by alluvial fans, and they are drained by streams that 
drop into deep valleys at the north-east ends of the basins and eventually flow into 
the Solomon Sea. The basin south of Mt. Suckling is cut off to the south by a scarp 
face dropping over 1000 m to the valley of the Bonua River. The south-west end 
of the Agaun basin is deeply incised by streams draining to the Coral Sea. Both 
basins probably originated during the late Pleistocene. 

Small dissected plateaux similar to those of the Milne Bay area are present 
westwards along the Owen Stanley Range to the Kemp Welch River. A larger 
dissected plateau lies on the west side of this river; it consists of very steep ridge- 
and-ravine terrain with Iocally over 400 m relief. 

The Sogeri Plateau east of Port Moresby (Plate 13) is a shallowly dissected 
remnant of a cons~uctional volcanic surface of Pliocene age (Mabbult 1965; Yates 
and de Ferranti 1967). I t  is mainly 500-800 m above sea level and is bounded by 
cliffs up to 250 m high. The remnant surface has been warped to form a broad 
syncliue plunging gently north-west. The south-west limb of the fold forms the 
Astrolabe Range, the highest point of which is 1080 m above sea level. 

In the Mt. Kenevi area, 80 km east-north-east of Port Moresby, extensive 
hilly remnant surfaces form the watershed of the Owen Stanley Range. These 
surfaces consist mainly of massive ridges with broad rounded summits, some of 
which have shallow basin-like depressions, and long steep side slopes. The valleys 
between the massive ridges of the remnant surfaces locally open out to form broad 
alluvial basins, the two largest of which are occupied by swampy areas known as 
the Myola lakes (Plate 21, Fig. 1). The basins lie over 1500 m above sea level and 
consist of narrow flood-plains with highly sinuous meandering streams and flanking 
terraces and low-angle alluvial fans. On leaviug the basins the streams descend 
abruptly into deep V-shaped valleys. The remnant surfaces in this area are considered 
to be part of a highly irregular Pleistocene land surface which has been modified 
by subsequent faulting, flexuriug, and tilting, indicated by river captures and 
diversions as well as erosion. 

Dissected plateaux and remnant summit surfaces continue along the Owen 
Stanley Range to the northern edge of the mapped area. On Mt. Albert Edward 
and Mt. Scratchley the remnant surfaces have been modified by late Pleistocene 
glacial erosion (Loffler 1970). The remnant surfaces include two intermontane basins 
south-west of Mt. Albert Edward. These are the Neon basin (Plate 7) at about 
2800 m and Kosipi swamp at about 1800 m above sea level: both consist of central 
swampy flood-plains flanked by alluvial fans. 
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On the Ajule Kajale Range south-east of Mt. Albert Edward remnant surfaces 
may be represented by ash-covered hilly areas of relatively low relief on mountain 
summits (Paterson 1964). 

(ii) Musa Basin.-The Musa basin (Plate 10; Fig. 6) is a roughly triangular- 
shaped hilly area covering about 1400 hz along the middle course of the Musa 
River. It lies between 120 and 620 m above sea level and is surrounded by the Owen 
Stanley Range to the south, the Sibium-Didana Ranges to the north, and the Goropu 
Mountains to the east. The Musa basin consists of a narrow east-west alluvial plain, 
bordered by undissected a i ~ d  dissected fans and a complex of valley benches and 
steep to very steep-sided ridges, that is formed of terrestrial Plio-Pleistocene sediments 
(Ruxton 1967a). Similar ridge complexes occur in the smaller adjoining Kevcri 
basin to the south and in the isolated small Budubi basin to the south-west. Both 
these smaller basins are higher than the Musa basin. The thee  basins were formerly 
intermontane valleys with thick deposits of Plio-Pleistocene alluviunl and they have 
since been tectonically deformed and deeply eroded so that little, if any, of the 
original depositional surfaces have been preserved. 

(iii) Yodda-Kumusi Fault T,.ot~glz.-Extending north-west from the Musa basin 
to the edge of the map area is a narrow fault-bounded trough which separates the 
Owen Stanley Range from flanking ranges to the east (Plate 8; geological map). 
The west side of the trough is bounded by the Owen Stanley Fault, the plane of 
which is represented by a dissected surface dipping 30" to 45" north-east. This 
surface is drained by parallel streams in narrow V-shaped gorges. Within the trough 
there are undissected alluvial fans and terraces, variably dissected old fans, and 
hilly and mountainous terrain on pre-Pliocene igneous rocks, mainly basalt. Some 
of the dissected fans consist of closely spaced, parallel, accordant ridges with narrow 
crests and a local relief generally less than 200m; some consist of flat-topped 
iuterfluves separated by steep-sided V-shaped valleys generally less than 200 m deep; 
and some consist of massive ridges up to 500 m high. Terraces and other surfaces 
not being actively eroded or aggraded within the trough are mantled by several 
metres of volcanic ash derived from Mt. Lamington. 

(iv) Volcanoes.-Two young (Pleistocene to Recent) volcanoes occur within 
the central ranges and two others, not yet confirmed, have been interpreted on air 
photos. The two known volcanoes are Waiowa volcano and a volcano on Naoro 
River 55 km north-east of Port Moresby. Waiowa volcano is an asymmetrical 
pyroclastic cone formed in 1943-44 that rises to about 540 m above sea level on the 
north flank of the Goropu Mountains (Fisher 1957). It has moderate to gentle 
concave side slopes and a summit crater containing a small lake (Plate 29, Fig. 2). 
Naoro volcano is about 300 m high and is a steep-sided lava cone with no summit 
crater preserved. The two other volcanoes lie 7 km north-west of the Budubi basin 
and 7 km south-east of the Myola lakes respectively. Both are small asymmetrical 
low-angle cones that have not been examined on the ground. 

Ancient volcanoes, with little or none of their original volcanic surfaces 
preserved, occur north-west of Port Moresby and in the Cloudy Bay area on the 
south coast. These volcanoes can be distinguished because, unlike the adjacent 
mountains and hills, they have not yet reached the erosionally graded stage of 



ridge-and-ravine land forms. Instead, cliffs, precipitous slopes, and shallowly dissected 
volcanic surfaces are characteristic features. A modified radial drainage pattern is 
preserved locally, especially on lower slopes. 

(v) Glaciation.-The effects of Pleistocene glaciation in eastern Papua have 
been described by Loffler (1970, 1972). The most extensive glaciation occurred on 
Mt. Albert Edward, the top of which is an irregular plateau with two summit ridges. 
During the maximum glaciation tlie mountain had an ice cap covering 90 kmz, 
extending from the summit at 3990 m down to 3400 m. Glacial land forms preserved 
include cirques, U-shaped glacial valleys, moraines marking the maximum extent 
of the glaciation, and recessional moraines; many of the cirques contain lakes. 

A smaller plateau area, Mt. Scratchley, to the south of Mt. Albert Edward, 
had an ice cap that covered about 28 km2. Mt. Scratchley is about 3800 m above 
sea level and has wen-developed moraines and glacial valleys. In addition, several 
small cirques occur along a ridge to the north. 

The highest mountain in eastern Papua, Mt. Victoria, wbich rises to 4036m 
above sea level, was also glaciated during the Pleistocene. However, unlike Mt. 
Albert Edward and Mt. Scratchley, it is a narrow very steep-sided ridge and only 
about 15 kin2 was covered by ice. Well-preserved glacial features are codned to 
the north-west where two cirques lead down to two glacial valleys with moraines. 

At the time of maximum glaciation the snowline was at 3600-3650m on 
Mt. Albert Edward and Mt. Scratchley and at 3650-3700 m on Mt. Victoria. 

(6) North-east Coast Volcanoes 

Two groups of active and extinct volcanoes occur on the north-east side of the 
Owen Stanley Range betwccn longitudes 148" and 149" 20'E. The more westerly of 
the two is the Mt. Lamington group which consists of the active Mt. Lamington 
volcano, the deeply eroded and extinct Hydrographers volcano, several smaller extinct 
volcanoes forming part of the Managalase Plateau, and the very deeply eroded and 
long extinct Sesara volcano. To Lhe east, separated from the Mt. Lamington group 
by the plain of the lower Musa River, is the Cape Nelson group, which con~prises 
the potentially active Mt. Victory volcaiio and the deeply eroded Mt. Trafalgar 
volcano. 

Mt. Lamington (Taylor 1958; Haantjens et al. 1964a) is a volcanic cone 
(Plate 5), rising to 1780 m above sea level, that last erupted in 1951. It has a rugged 
summit area with several lava domes, lava flows, adventive cones, and debris slopes 
in various stages of dissection, and a large crater open to the north. This crater 
contains a lava dome 560 m high which was extruded during the last eruption. The 
summit area is flanked by extensive, gently concave fans formed mainly of pyro- 
clastics and derived alluvial deposits. Several small adventive cones occur on the 
Banks. The volcano has a well-developed radial drainage pattern. 

The Hydrographers volcano (Haantjens et al. 1964a; Ruxton and McDougall 
1967) rises to 1887 m on tlie east side of Mt. Lamington. Although it is deeply 
eroded its general volcanic profle is clearly discernible. The flanks consist of radial 
razor-back ridges and V-shaped valleys, with some triangular-shaped foot-slope 
remnants, known as planezes, on the lowest slopes in the east (Plate 19, Fig. 2). The 
central part is formed of non-accordant mountain ridges and peaks. The ridges are 
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very steep-sided, and landslip scars are common. The volcano is in a late planeze 
or early residual mountain stage of dissection. I t  was formed 650,000-700,000 years 
ago and has been eroded at rates up to 75 cm per I000 years (Ruxton and 
McDougall 1967). 

The Managalase Plateau (Ruxton 1966, 1967a) to the south of the Hydro- 
graphers volcano lies mostly between 460 and 1070 m, although the highest point, 
Mt. Manna, is 1127 m above sea level. The eastern part of the plateau (Plate 9) is 
formed of late Pleistocene to Recent lava flows, lava cones, cinder cones, and ash 
cones, some of which are deeply dissected while some are very well preserved. The 
western part of the plateau comprises the dissected southern foot slope of the Hydro- 
graphers volcano and consists of closely spaced parallel ridges with crests sloping 
south and south-west at 1-2". 

Sesara volcano, south-east of the Managalase Plateau, is in a near-skeletal stage 
of dissection and has been dated at 5.65.75 million years, or early Pliocene (Ruxton 
and McDougall 1967). I t  consists mainly of mountain ridges with very steep to 
precipitous sides and many cliffs, indicating that the equilibrium ridge-and-ravine 
stage of erosion has not yet becn reached. The highest point on the volcano, Mt. 
Namoa, is 1340 m above sea level. 

Mt. Victory (Fisher 1957; Haantjens et al. 1964b), one of the two volcanoes 
of the Cape Nelson group, rises to 1856 m and was last active in the 1890s. Like 
Mt. Lamington, it has a rugged summit area, consisting of lava domes and flows in 
various stages of dissection, and broadly concave flanking fans formed mainly of 
pyroclastic and derived alluvial deposits. There are several adventive cones in the 
summit area, one of which, in the saddle between Mt. Victory and Mt. Trafalgar, 
contains the crater lake Ridubidubina. Young well-preserved lava flows at least 
50 m thick and two adventive cones occur on the south-west flank. A well-developed 
radial drainage pattern is present. 

Mt. Trafalgar (Haantjens et al. 19646), 1706 m, is similar in form and erosional 
stage to the Hydrographers volcano, consisting largely of long radial valleys separated 
by mostly razor-back ridges. On the lower north and east slopes, U-shaped valleys 
formfjord-likc inlets up to 6.4 kmlong and 150 m high separated by narrow planezes. 
The inlets may have resulted from an initial relative lowering of sea level causing 
deeply incised valleys to form on the foot slopes, followed by a relative rise in sea 
level and consequent drowning of the deep valleys. The relative rise in sea level 
could have been due to local subsidence caused by the loading effect of the thick 
pile of volcanic rocks forming the two volcanoes (J. G. Best, unpublished report 1950). 

(c) Coastal Hills and Undulating Terrain 

A discontinuous zone of coastal Mls and undulating terrain is present along 
the south-west coast from Cape Cupola in the north-west to Mullins Harbour in the 
south-east. Similar terrain also occurs on tbe north-east coast near Cape Ward 
Hunt, on Cape Vogel, and on Cape Dulcie. The coastal hills and undulating terrain 
have a relief mainly between 10 and 300 m. They are formed of Tertiary detrital 
sedimentary rocks, limestone, and local associated volcanics, mainly pyroclastics. 
The rocks range considerably in their resistance to erosion, the most resistant types 
generally being limestone and chert. 
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The discontinuous zone along the south-west coast consists of belts of strike 
ridges and cuestas formed on limestone and chert, branching ridges on mainly sand- 
stone and siltstone, undulating lowlands mainly on mudstone, and narrow valley 
floors, including some strike valleys, with mostly clayey alluvium. The zone is broken 
into separate parts by the alluvial plains of the large rivers that drain the south-west 
side of the Owen Stanley Range. West of longitude 14X030' ridges of limestone and 
chert generally have smoothly rounded crests and short to very short spurs (Plate 4; 
Plate 23, Fig. 1; Plate 24, Fig. I), whereas ridges on other rock types mostly have 
very narrow and uneven crests and long branching spurs (Plate 13, Fig. 1). Side 
slopes are mostly 20-30", although steeper slopes occur in valley heads and on some 
scarp faces. Coilcave foot slopes of up to 5" are typically present, commonly mantled 
by alluvial and colluvial debris. Small plateaux occur between the Kemp Welch and 
Ormond Rivers, formed on flat-lying limestone near the coast and on basaltic igneous 
rocks further inland. Prominent limestone scarps occur near the coast in the same 
area and to the west towards Port Moresby. In the north-west the Palipala and 
Kurai Hills represent anticlinal structures (Plate 15, Fig. 2). Near Cape Cupola an 
intricate pattern of low subaccordaut ridges and narrow valleys is formed on Tertiary 
detrital sedimentary rocks. Raised reefs and marine abrasion platforms occur up 
to 30 m above sea level near Port Moresby. Very gently undulating terrain between 
Marshall Lagoon and Cloudy Bay is formed on old alluvium of probably late 
Pleistocene age (Plate 14, Fig. 1). 

The area of relatively low seasonal rainfall between the Lakekamu River in 
the north-west and the Ormond River in the south-east has a savannah type of 
morphogenetic regime (Mabbutt 1965; Mabbutt and Scott 1966). Here minor 
streams are ephemeral and some land forms, surface deposits, and weathering profiles 
are inherited from an earlier landscape cycle. The undulating terrain is in an advanced 
stage of planation. Relics of ferrugiuous duricrust are present locally. 

Along the south coast east of longitude 14X030' the coastal hills consist mainly 
of strike ridges of limestone (Plate 17, Fig. 2). These ridges have characteristic 
knobbly crests, indicative of solution weathering, and oversteepened side slopes with 
many cliff faces and scree slopes. 

On the north-east coast a coastal plateau in the Cape Ward Hunt area has 
been faulted and tilted to form several separate segments, up to 410 m above sea 
level, which have been shallowly dissected by closely spaced streams. Inland from 
the plateau, low ridges and gently undulating terrain extend westwards to the foot- 
hills of the central ranges (Plate 12). The coastal plateau and the low ridges and 
undulating terrain are formed of Pliocene sedimentary and volcanic rocks. 

The hills on Cape Vogel rise to 450 m above sea level but the relief is generally 
less than 300 m (Haantjens et al. 1964b). In the extreme east, limestone of probably 
late Pleistocene age forms a platform up to 60 m above sea level; this platform is 
in a very early stage of karst development. To the west are the hill ridges on mainly 
Tertiary detrital sediments that make up most of the Cape Vogel peninsula. These 
ridges have narrow uneven crests and long branching spurs and are similar to some 
of the coastal ridges near Port Moresby. The drainage pattern is dendritic. The 
westernmost part of the peninsula consists of an intricate pattern of closely spaced 
accordant ridges and a low, slightly irregular plateau bounded to the north by a 



dissected escarpment. Locally the ridges on the peninsula are separated by flat floors 
of valleys and basins consisting mainly of alluvial clay. 

Cape Dulcie, south-east of Cape Vogel, is a shallowly dissected plateau tilted 
to the south that is formed of Tertiary igneous rocks. The highest part of the plateau 
is about 200 m above sea level. 

(4 Low-lyirzg Plains 

Low-lying alluvial and littoral plains occur on both sides of the central ranges. 
The main areas on the south-west side are the Lakekamu-Angabunga and Dilava- 
Laloki plains north-west of Port Moresby, and plains along the south coast from the 
Kemp Welch River to Marshall Lagoon, from Cape Rodney to Magarida, and in 
the vicinity of Mullins Harbour. On the east and north sides of the central ranges 
the main areas are the Kumusi-Mambare lowlands in the north-east, the Musa plain, 
the coastal plain on the north side of the Goropu Mountains, the alluvial plain of 
the Ruaba River, and the plain at the western end of Milne Bay. The low-lying 
plains are developed on young alluvial and littoral deposits and are characterized 
by general slopes of less than 1" and local relief of less than 10 m. 

(i) Allnvial P1aii~s.-The major rivers of eastern Papna have extensive alluvial 
plains along their lower courses. The plains are mainly less than 100 m above sea 
level and typically have gradients between 1 in 100 and 1 in 1000, although slopes 
up to 1" occur in places and local bordering fans may have slopes up to 5". The 
rivers drain rapidly eroding mountainous terrain and carry large volumes of detritus 
down to the plains, where frequent flooding by the sediment-laden water causes rapid 
aggradation. However, not all parts of the plains receive large amounts of sediment, 
as some are flooded mainly by clear run-on water. 

The alluvial plains range from well drained to swampy. Well-drained parts 
have rapidly to moderately permeable soils, water-table depths generally in excess 
of 2 m, and mostly infrequent and short-lived flooding. Swamps occur where the 
water-table is above the pound surface for at least three months a year and are 
located where there are insufficient slopes and drainage outlets to allow rain-water 
and run-on water to disperse. 

The most extensive alluvial plains occur north-west of Port Moresby and on 
the north-east coast west of longitude 149% These plains consist mainly of present 
and prior meander tracts and back plains, and are combinations of meander plains 
and covered plains according to the classification of Melton (1936). The meander 
tracts form alluvial ridges that are slightly higher and commonly bettcr drained 
than the flanking back plains, many of which are partly or wholly occupied by 
swamps. The meander tracts are formed mainly of meander scroll complexes (Blake 
and OUier 1971), which consist of intersecting poups of arcuate low ridges represent- 
ing former point bars. The main rivers are confined to the meander tracts. They 
have higbly sinuous meandering channels that are commonly unstable (Plate 2). 
This is indicated by numerous ox-bow and serpentine lakes and swamps representing 
abandoned channels and by concurrent deposition and erosion along the present 
channels. Low levees are present locally, bordering the less unstable parts of channels. 

In their upper inland parts the alluvial plains generally have narrow shallowly 
incised flood-plains with very unstable and commonly braided channels (Plate 6; 



Plate 20, Fig. 1). The flood-plains are flanked by back plains that co~nrnonly have a 
chanl~elled microrelief. 

The alluvial plains north-west of Port Moresby occupy a tectonic depression 
(Mabbutt 1965) bordered to the north-east by foothills of the central ranges and to 
the south-west by coastal hills. Changes in river courses are common, as shown by 
the presence of many prior channels. The most recent major change took place at 
the end of 1954, when the meandering Angabunga River (Speight 1965a) overspilled 
through a crevasse which has since developed into a new channel. The new course 
of the Angabunga River is 29 km shorter than the former course, and the gradient 
downstream from the crevasse has increased from 2.5 in 10,000 for the abandoned 
lower course to 5 in 10,000 for the new course (Speight 1965b). Swamps occur 
between present and prior meander tracts and adjacent hills. In these swamps 
seasonal fluctuations in water level of up to 2 m are common. During the rainy 
season the swamps are subject to river flooding while during periods of low river 
level, in the dry season, they overspill into the main rivers. Most of the swamps are 
being aggraded by clay deposited from still water and silty alluvium from inflowing 
streams. Locally, however, the amount of sediment deposition is less than the accu- 
mulation of organic matter, and where this occurs peat swamps are formed. In some 
cases the swamp deposits consist of alternating layers of peat and clay. 

Along the south coast, the Kemp Welch River has a mostly well-drained and 
relatively narrow alluvial plain with a central mcander tract and several prior channels. 
The Ormoi~d River emerges from the coastal hills to form a poorly drained to swampy 
delta with several distributary channels and prior channels. Further east is the 
alluvial plain of the Mori River, the inland part of which consists of a narrow incised 
frequently flooded plain, which contains the present highly unstable and locally 
braided channels, flanked by mostly well-dsained back plains. Downstream the 
alluvial plain becomes wider and the river channel, no longer incised, follows a 
meandering course before splitting up seawards into several distributary channels. 
Most of the alluvial plains to the east are similar to the upper part of the Mori River 
alluvial plain; meander tracts, if present, are restricted to the seaward margins. 
The Bonua River, for instance, which rises on the south side of the Goropu Mount- 
ains, has a narrow confined upper alluvial plain (Plate 6; Plate 20, Fig. 1) made up 
of an unstable braided channel and channelled back plains. Downstream the valley 
opens out and the river flows across a broad coastal plain to the sea, hut without 
developing a highly sinuous meandering channel. The coastal plain here, between 
Cloudy Bay and Magarida, consists mainly of extensive swamps separated from the 
sea by a barrier of beach ridges (Plate 17, Fig. 2). 

In the north, on the north-east side of the central ranges, the extensive Kumusi- 
Mambare lowlands (Paterson 1964) consist mainly of narrow meander tracts and 
flanking swampy back plains. Low levees commonly border the river channels on 
the meander tracts. Much of the swampy back plains consists of peat. Near the 
inland margins of the plains the rivers flow in narrow terraced flood-plains incised 
up to 7 m into well-drained back plains. In the south the alluvial plains merge with 
the lower flanks of Mt. Larnington volcano. Here the plains have gradients up to 1 
in 100, and include some very low-angle fans (slopes less than 1") drained by numerous 
unstable braided channels; the fans pass upslope to volcano-alluvial fans with slopes 
of 1-5" (Plate 5). 
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The Musa plain (Ruxton 1967a) to the south-east has been formed by rapid 
outgrowth resulting from the deposition of large volumes of sediment transported 
tl~rough the Musa gorge from the central mountain ranges. I t  is a nearly level 
depositional plain on which there are slightly higher and generally better-drained 
meander tracts of present and prior rivers. The plains to the east, on the north side 
of the Goropu Mountains and the Gwoira Range, are piedmont plains (Haantjeus et 
al. 1964b) traversed by several subparallel fast-flowing rivers. The rivers are mainly 
conhed to narrow incised flood-plains which are locally as much as 10 m below the 
flanking back plains, especially near the mountain front. Regular flooding of the 
back plains appears to be restricted to small areas near the coast. Swamps on the 
south and west sidcs of Mt. Victory may possibly be due to sinking of the thick pile 
of volcanic rocks. North of Mt. Suckling a poorly drained and locally swampy 
fan-shaped area has been formed where unstable braided rivers flow out from the 
Goropu Mountains onto the plain. 

Small alluvial plains are associated with minor rivers draining coastal hills in 
savannah areas near Port Moresby and on Cape Vogel. These plains are generally 
less than 2 km wide and consist of narrow flood-plains flanked by colluvial and 
alluvial fans. The river channels are typically highly sinuous and are incised up to 
7 m into the flood-plains. 

(ii) Littoral Plai17s.-These consist mainly of beach-ridge complexes and tidal 
flats but are also taken to include two small dune fields near Hood Bay. Littoral 
plains occur on coasts that are being built out seawards, and are best developed 
along the south-west coast. The tidal range around the coast is generally less than 2 m. 

Beach-ridge complexes reach their luaxiinum development between Cloudy 
Bay and the mouth of the Bonua River on tlie south coast, where they form a littoral 
plain up to 6 km wide. Such complexes (Plate 1; Plate 17, Fig. 2) coiisist of long 
parallel ridges and swales (depressions) with a local relief up to 3 m but generally 
less than 2m.  The ridges are most pronounced on the scaward side, and inland 
they commonly grade into flats which have a local relief of less than 1 m. They are 
formed of sand transported by long-shore drift, and each beach ridge marks a former 
shoreline. The swales between the ridges are commonly swampy. Low irregular 
sand dunes are commonly present on the outermost ridge of beach-ridge complexes 
near Port Moresby. Near Malalaua in the north-west old beach-ridge complexes 
occur up to 9 Ian inland and 8 m above sea level. These are overlain by thin deposits 
of young alluvium and are largely graded to plains. 

Tidal flats occur mainly in protected embayments and in the vicinity of river 
outlets. They are formed predominantly of clay and silt and are characterized by 
mangrove vegetation. The outermost parts are subject to daily salt-water or, in 
river mouths, brackish-water tidal flooding, but the inland parts may be subject to 
only monthly or seasonal flooding. The main areas of tidal flats are the Lakekamu 
River delta, Hall Sound, Galley Reach (Plate I), Hood Bay, Marsl~all Lagoon, Cloudy 
Bay, and Mullins Harbour along tlie south-west coast, and the seaward margin of 
the Musa plain (Plate 3) and along the south side of Collingwood Bay on the north- 
east coast. A prominent microrelief of crab mounds is commonly present. The 
mounds are up to 2 m high and tend to be most abundant bordering tidal channels 
where they may coalesce to form raised rims. Small inclusions of beach-ridge com- 
plexes are present locally within the tidal flats, as in the Galley Reach area. Also the 
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mangrove vegetation on the tidal flats locally shows a beach-ridge pattern, indicating 
slight drowning of former beach-ridge complexes. The tidal flats typically have an 
anastomosing drainage pattern of meandering creeks. The creeks characteristically 
have funnel-shaped months and have both highly sinuous meanders and straighl 
reaches connected by sharp elbow bends. 

Two small fields of sand dunes are located near Hood Bay, on the south coast. 
The larger field is on the north-west side of Hood Bay where it is separated from the 
sea by a beach-ridge complex. I t  consists of longitudinal dunes up to 30 m high 
elongated in a west-north-west direction, oblique to the prevailing south-east winds. 
The smaller dune field is 25 km to the east and is formed of irregular dunes moslly 
less than 20 m high. 

Coral reefs, including both barrier and fringing reek, occur along the south- 
west coast from Hall Sound to Mullins Harbour, but are only sporadically developed 
elsewhere. Former coral beaches occur up to 10 m above sea level near Cape Ward 
Hunt in the north-east, and raised coral reefs occur near Port Moresby, on Cape 
Vogel, and along the north coast between Rabaraba and East Cape (Plate 18, Fig. 2). 

III. LAND-FORMING PROCESSES 

The main land-forming processes active in eastern Papua are briefly discussed 
under the headings tectonism, volcanism, weathering, slope processes, fluvial pro- 
cesses, and littoral processes. These processes are the same as those active elsewhere 
in Papua New Guinea, and are discussed in more detail in other reports in the Land 
Research Series, especially by Ruxton (1967a, 1969) and Speight (1967). 

Eastern Papua consists mainly of mountainous and hiily terrain. In such 
terrain a dynamic balance is commonly reached between the rate of slope denudation 
and the rate of stream down-cutting, resulting in erosionally graded ridge-and-ravine 
land forms. 

(a) Tectonism 

Tectonism causes folding, warping, tilting, and faulting of the land surface. 
Folding is clearly evident in the north-west where the Palipala and Kurai Hills have 
been formed by uplift along anticlinal fold axes. Warping and tilting are shown by 
raised reefs on the coast, by dome structures such as that forming the Goropu 
Mountains, and by modified plateau surfaces such as the Sogeri plateau near Port 
Moresby and the coastal plateau at Cape Ward Hunt. 

Land forms resulting from faulting include flat-iron surfaces developed by 
exposure and dissection of fault planes, mainly on the north-east side of the Owen 
Stanley Range, and fault line features such as scarps and linear depressions. Faulting 
has also resulted in remnant plateau surfaces being preserved at different levels and 
has caused many instances of river diversion and capture. 

(b) Volcanism 

Volcanic land-forming processes include the formation of lava flows, lava 
domes, scoria cones, and craters, mainly on the summit areas of active volcanoes, 
and the deposition of pyroclastic material, mainly on the flanks of the volcanoes 
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and on nearby land surfaces. For instance, thick mantles of volcanic ash are preserved 
in the vicinity of Mt. Lamington on surfaces that are not being actively eroded or 
aggraded. 

Present-day volcanic activity in the area is restricted to fumarolic activity in 
the summit areas of Mt. Lamington and Mt. Victory, and near the junction of the 
Awara and Musa Rivers at the western end of the Musa basin (Fisher 1957). 

Hot springs, wluch, however, may not be related to volcanic activity, have 
been recorded in the Musa basin (Fisher 1957) and on the north side of the Goropu 
Mountains (Heming 1969). 

(c) Weathering 

Weathering in Papua New Guinea has been discussed recently by Haantjens 
and Bleeker (1970). As it is a tropical high-rainfall area, conditions are generally 
optimal for cl~emical weathering. However, because the interaction of climate and 
high relief also leads to rapid erosion, deep mature weathering is relatively uncommon 
and most surfaces have shallow immature weathering proaes. 

In mature weathering, secondary clay minerals greatly predominate over 
"weatherable" minerals and rock fragments. In eastern Papua such weathering is 
mainly conbed to remnant surfaces in the central ranges but is also found locally 
on dissected fan surfaces, as at the eastern end of the Musa basin where some mature 
weathering profiles are over 7 m deep (P. Bleelcer, personal communication). At the 
other end of the weathering scale comes skeletal weathering in which secondary clay 
mi~~erals are insignificant. This type of weathering occurs on precipitous slopes and 
on land forms developed on very young sediments, such as frequently flooded alluvial 
plains and tidal flats, and on very young volcanic rocks. Fresh rock outcrops are 
rare, being confined to cliffs and to the beds of actively down-cutting mountain 
streams. The prevailing steep and very steep slopes in the mountains and bills mainly 
have shallow immature weathering profiles. 

(4 Slope Processes 

The main land-forming processes active on hill slopes are mass movement, 
slope wash, and gullying. In addition, solifluction, the downslope movement of soil 
material resulting from frost action, is an important process above 3000 m. 

(i) Mass Mo11ernent.-Large slumps, landslides, and rock falls are characteristic 
features of ovexsteepened slopes, especially in the central ranges. Small rotational 
slumps are common locally; they are probably caused mainly by heavy rain and 
not by earthquake activity, which is an important factor in several other parts of 
Papua New Guinea. Terracettes, formed by soil creep, are common on steep and 
very steep slopes throughout the area as are bent tree trunks, evidence for rapid soil 
creep. Mud-flow fans in the Musa basin have been formed by slumping of very 
deep weathering profiles (Ruxton 1967~). 

(ii) Slope Wash.-Slope wash includes the erosive action of rain drops and 
surface run-off not concenealed as streams. It is probably an important erosional 
process on many slopes over 5" (Ruxtou 1967b), as shown by the general paucity 
of leaf litter and the local occurrence of small-scale earth pillars, scoured surfaces, 
and lag gravel. 
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(iii) Gz111ying.-Gullies occur on most hill and mountain slopes and start 
within 70 m of crests. They increase in size down slope and eventually join streams 
in valley bottoms. Subsurface erosion, with the development of tunnels connecting 
gullies, has been recorded in the north-west (Ruxton 1969) and probably occurs 
locally elsewhere in the area, especially on slopes with clay soils mantled by volcanic 
ash. On such sites water passes readily through the volcai~ic ash and erodes the top 
of the underlying impermeable clay. 

(e) Flz~sinl Processes 

Streams in the mountains and hills are generally poorly graded and torrential 
and have steep gradients and gravelly or bouldery beds. Such streams are eroding 
their beds by rapid vertical and lateral corrasion. As a result, incised channels, 
undercut banks, and oversteepened lower side slopes of valleys are very common. 
Gorges are developed in extreme cases of vertical down-cutting. As well as eroding, 
the mountain streams also locally deposit sediment. This occurs where gradients 
decrease and the valley floors become broader. In such places the valley floors form 
local covered plains (Melton 1936) with meandering channels, levees, and thick 
back-plain deposits. 

Most of the debris resulting from erosion iu the hills and mountains is trans- 
ported by streams onto ihe low-lying plains. In some cases, as on the north side of 
the Goropu Mountains, there is an abrupt transitiou from mou~itains to plains; the 
gradient of the streams decreases sharply and coarse detritus is deposited to form 
alluvial fans; these fans are commonly terraced (Plate 20, Fig. 1). Where foothills 
are present, as on the west side of the central mountaiil ranges, the change in  stream 
gradient is less abrupt and prominent alluvial fans are not normally developed. 

On reaching the low-lying plains the streams deposit most of their bed load 
and suspended load. The coarser detritus is generally laid down as channel deposits 
in the stream beds or as lateral accretion deposits to form point bars and meander 
scrolls. The finer detritus is mostly deposited on levees or back plains or is carried 
out to sea. In several cases, as at the mouth of the Musa River, much of the detritus 
is being deposited on deltas that are extending the low-lying plains seaward. 

(f) Littoral Processes 

Littoral land-forming processes involve long-shore drifting of sand, develop- 
ment of tidal flats, coral growth, and coastal erosion. Long-shore drifting of sand 
carried down to the sea by the main rivers results in the formation of spits, bars, and 
active beaches and leads to the development of beach ridge complexes. Tidal flats 
are developed mainly in embaymeilts protected from strong currents, especially in 
river outlets where h e  sediment carried onto the flats is trapped by mangroves and 
deposited. Mound-building crabs also contribute to the accretion of tidal flats. 
Active coral growth takes place on fringing and barrier reefs, mainly along the south- 
west coast between Hall Sound and Mullins Harbour. Coastal erosion is confined 
to headlands that are not protected by coral reefs and are not sites of active 
sedimentation. 
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IV. GEOMORPHIC HISTORY 

The Mesozoic and Tertiary history of mainla~~d easternpapua has been discussed 
in Part 1V. Uplift of the central rsnges commenced in the Upper Oligocene-Lower 
Miocene and has continued to the present day, accompanied by block faulting, 
folding, warping, and volcanism. Extensive erosion has taken place during the 
uplift and large volumes of sediment have been transported from the ranges and 
deposited on adjacent low-lying plains and in offshore areas. 

(a) PIiocer?e and Early Pleistocene 

During the Pliocene large strato-volcanoes were built up on the west side of 
the Owen Stanley Range north-west of Port Moresby, and the volcanic agglomerate 
forming the present Sogeri plateau was laid down in a broad valley or basin. 
Volcanoes were also active south-east of Mt. Lamington and on the south coast near 
Cloudy Bay. By the end of the Pliocene the volcanoes had become extinct and 
subsequent erosion has left little of the original constructional surfaces preserved. 

Within the central ranges undulating erosional surfaces were developed along 
watersheds, while coarse detrital sediments of Plio-Pleistocene age were deposited 
in the Musa basin and the nearby Keveri and Budubi basins and also in the Yodda- 
Kumusi fault trough to the north-west. Coarse sediments of similar age were also 
deposited as alluvial fans and deltas along thenortll side of the Owen Stanley Range 
east of the Goropu Mountains, and limestone reefs were formed near Cape Frere. 
Pliocene and older sediments on Cape Vogel were uplifted and subjected to normal 
erosional processes. In the north-west the Palipala and Kurai Hills were formed 
by uplift along anticlinal axes. 

(6) Mid Pleistocene to Recent 

Volcanic activity since the early Pleistocene has been mainly confined to tlze 
north-east coast volcanoes, though small volcanoes have also been active within 
the central ranges. 

The continued development of the central ranges has led to: 
(1) deep dissection and local warping of Plio-Pleistocene fan surfaces in 

intermontane basins along the north coast east of the Goropu Mountains and in 
the Yodda-Kumusi fault trough; 

(2) uplift of the dome forming the Goropu Mountains and the smaller dome 
south of Cape Frere; 

(3) uplift and erosion of Plio-Pleistocene erosional surfaces which are now 
represented by remnant summit surfaces and dissected plateaux; 

(4) formation of flat-iron surfaces, scarps, and other land forms associated 
with faulting; and 

(5) rapid erosion in the mountains and aggradation on the low-lying plains, 
with most of the mounlaiuous and hilly areas being erosionally graded to the ridge- 
and-ravine stage. 

Other Quatexnary geomorphic events include late Pleistocene glaciation on the 
highest peaks of the Owen Stanley Range, dissection of some Pleistocene alluvial 



fans and plains (Plate 20, Fig. 2), growth of coral reefs around the coast, development 

of beach-ridge complexes and tidal flats, and  continued denudation of coastal hills 

and undulating terrain. 
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PART VI. VEGETATION OF EASTERN PAPUA 

The most important factors which determine the vegetation In Papua New 
Guinea are site drainage conditions, climatic factors, and man's activities. Soil and 
rock type are of relatively minor importance. The most widespread climax vegetation 
type is forest, other climax vegetation types being herbaceous vegetation, palm 
vegetation, and woodland which mainly occupy swamps. Also present are virtually 
stable disclimax vegetation types such as savannah and grassland. Successions of 
vegetation types, gradually reverting back to forest, occur where the original forest 
has been destroyed, for instance by volcanic eruptions. 

Eastern Papua contains all the main vegetation types represented in Papua 
Ncw Guinea. In the following account these types are described and information 
is given on their distribution and relationship to the environment. 

IT. VEGETATION AND MAJOR ENVIRONMENTS 

The coast is fringed by mostly discontinuous narrow hands and small patches 
of mangrove. The largest areas of mangrove occur along the south-west and south 

1 coasts; along the north coast it is extensive only where it borders the Musa coastal 
plain. The mangrove ranges from low herbaceous vegetation on salt flats through 
scrub, mixed mangrove and nypa palm vegetation, and woodland to mangrove 
forest, according to the different tidal regimes and climates. Nypa palm covers large 
areas near the mouths of some of the major rivers and lines tidal creeks in narrow 
stands that are flooded daily by brackish water. 

Freshwater swamp communities occupy large areas on low-lying coastal plains 
and smaller areas inland. Swamp forest and other predominantly woody vegetation, 
commonly mixed with sago palm and pandans, are found in shallow and often 
fluctuating swamps, whereas a herbaceous vegetation of swamp grasses, sedges, and 
in places aquatics, grows in deeper permanent swamp. Tea-tree or paper bark tree 
(Melnleuca) is the characteristic tree in seasonally dry swamps. The main areas of 
freshwater swamp vegetation are in the north-west near the Palipala Hills and in 
the north-east around the lower courses of the Gira, Mambare, and Opi Rivers. 
Inland, freshwater swamp communities occur in some intermontane basins such as 
the Kosipi swamp at 1800 m a.s.1. 

Grasslands occur from sea level to the highest altitudes. They are very largely 
man-made and are most widespread in monsoonal coastal areas where the fire danger 

'Division of Land Use Research, CSLRO, F.O. Box 1666, Canberra City, A.C.T. 2601. 
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and population density are highest, for instance along the south-west coast, to the 
wesl of Cape Vogel, and in the Musa basin. However, extensive areas of grassland 
also occur in non-monsoonal mountain regions, especially in the central north. 
Here, where they are below the upper limit of agiculture, they are mainly the result 
of clearing, intensive shifting cultivation, and repeated burning. Above this limit 
they largely replace forest destroyed by hunters' fires. Above the tree line the natural 
vegetation consists of tussock grassland with patches of shrubbery. 

Savannah is a fire-disclimax vegetation consisting of scattered trees over a 
gound layer of grasses. It occurs on various land forms in regions with a strongly 
seasonal climate, mainly near the south-west coast but also inland in intermontane 
rain-shadow areas such as the Musa and Keveri basins. 

Forest, the main vegetation type, covers about 75% of the area. Most forest 
trees are evergreen but as the rainfall becomes lower and more seasonally distributed 
the forest canopy becomes richer in deciduous trees. Large-crowned tall very mixed 
forest is predominant on plains and gently sloping fans with he-textured soils, mainly 
in the coastal lowlands but also in the hills and mountains. The forest is tallest and 
best closed on well-drained terrain and becomes increasingly irregular and open on 
less stable and more frequently flooded sites. On back plains subject to seasonal 
inundation the forest is less tall and smaller crowned. Very small-crowned dense 
forest mixed with medium-crowned forest occurs locally on gently undulating gravelly 
alluvial plains and fans. This last type is most extensive on plains bordering foothills 
near Marshall Lagoon. 

In the forest of the bills and mountains changes in composition and structure 
are largely related to altitude. At low altitudes the forest is nolrmally very mixed 
and does not contain a predominance of any one tree species. Above about 500 m 
a.s.1. oaks and laurels form a large proportion of the canopy trees and above about 
1400 m are joined by Cunoniaceae and Elaeocarpaceae. As the altitude increases 
the forest becomes smaller crowned and lower, and the trees have smaller and thicker 
leaves; the forest is cominonly dark toned on air photos. Above about 1800 m 
various species of southern beech (Nothofqqus) become prominent. The beech trees 
are often mixed with oaks but they also form almost pure stands which when mature 
have a much higher canopy than adjacent mixed forest. Above about 2000 m conifers 
usually become frequent trees and in many places dominate in the forest canopy; 
they register in very dark tones on air photos. 

Above 2000 m, especially on exposed ridges and upper slopes, the forest is low, 
thin stemmed, and crooked, and abundant epiphytic and ground mosses give it a 
distinctly mossy aspect. At about 3400 m the forest occurs in patches surrounded by 
tussock grassland and near its altitudinal limit, at about 3900 sn, it bas commonly 
degenerated to scrub, although in places it retains true forest stature. 

The vegetation has been divided into seven main structural groups that can be 
readily recognized on air photos. These groups have been subdivided into vegetation 
types based on structure, floristics, and environmental afbities. Each of these types 
has been named according to the feature which is considered to characterize the 
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type best. As such this classification method is not systematic, nor is it strictly 
vegetational, because non-vegetation attributes such as swamp, plain, and lower 
montane are used to define many vegetation types. However, the method provides 
names that are meaningful and descriptive and it facilitates the identification of 
many vegetation types (Kiichler and Montoya Maquin 1971). Each of the major 
groups is defined below, with notes on the manner in which it has been subdivided 
into vegetation types. 

(a) Mixed Herbaceolrs Vegetation 

This g o u p  comprises those vegetation types in which non-graminaid herbs, 
sedges, and ferns determine the aspect. Grasses are usually present but are subor- 
dinate, and woody plants are uncommon. Four types have been distinguished within 
the group, three based on habitat and one on the dominance of ferns. 

(b) Grassland 

As the name implies, grassland is a vegetation type that is dominated by 
grasses. Scattered shrubs and trees are usually present and as the density of the 
trees increases, grassland grades into savannah. Grasslands are subdivided into 
seven types, firstly according to height and secondly according to habitat. Height 
categories used are low grassland, less than 0.5 m high; mid-height grassland, 
between 0.5 and 1.5 m high; and tall grassland, over 1 .5  m high. 

(c) Palm and Pandan Vegetation 

Three vegetation types belong to this group, dominated respectively by sago 
palm, nypa palm, and pandans. These, except for one variety of pandan vegetation, 
are confined to swampy environments. 

(4 Scrub and Tl~iclcet 

Scrub consists of either dense shrubs excluding palms and pandans or very 
low dense trees or both. Tbicket is similar but has an emergent layer of very scattered 
low trees. As the tree density increases, thicket grades into woodland. Four types 
have been distinguished within the group, based on habitat. 

(e) Saeannalz 

Savannah consists of a ground cover of grasses overtopped by an open tree 
layer. Savannah has been subdivided into seven vegetation types based on the 
dominant genus or species in the tree layer. 

(f) Woodland 

Woodland consists of an open upper storey of trees and an undergrowth of 
usually dense shrubs on dry land and of coarse sedges in swamp. I t  is intermediate 
between forest and scrub on dry land, and between forest and mixed herbaceous 
vegetation in swamp. Six types have been distinguished based on habitat, climate, 
or dominant tree. 
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(g )  Foresf 

In forest the canopy trees have crowns that touch or overlap. Twelve types of 
forest have been distinguished: littoral forest, mangrove forest, and freshwater 
swamp forest which are distinguished according to habitat; three types of forest 
on plains and fans, named according to the structure of the canopy, which is strongly 
correlated with environmental features such as flooding, drainage conditions, and 
soil properties; three types of hill forest in the lowlands, which are distinguished 
according to crown size, a feature determined by climate, tree species, land folm, 
soil depth, and rock type; and three types of forest in the mountains, based on 
altitudinal zones with boundaries at approximately 1400, 2400, and 3400 m. The 
mountain forest types cannot be precisely defined, because firstly they grade into 
one another and secondly the boundaries between types vary in altitude from one 
place to another due to local variations in topography and climate. 

Crown size categories used in the descriptions of forest types are: small 
crowned, average crown size of canopy trees less than 8 m; medium crowned, 
between 8 and 15 m; and large crowned, over 15 m. Tree height has not been used 
in subdividing the forests as it is not sufficiently diagnostic and in tropical forest it 
cannot normally be measured from air photos. However, some height categories 
are given in the descriptions of forest types: these are low forest which has a canopy 
less than 20 m high; mid-height forest with a canopy between 20 and 30 m; and 
tall forest which bas a canopy over 30 m high. 

The trees that are most common in forest regrowth stages are mentioned in 
the description of the relevant forest type. 

(h) Sera1 Vegetation 

Sera1 vegetation types are those that pioneer on terrain that has hitherto been 
bare or where the original vegetation has been destroyed, nsually as a result of 
volcanic activity. Four types of succession are distinguished, based on habitat. 
They comprise communities ranging from mixed herbaceous vegetation to forest. 
Transitions that are less distinctly seral, for instance grassland or savannah reverting 
to woodland or forest and the transitions from brackish to freshwater environment, 
are not included under seral vegetation. 

IV. VEGETATION MAP 

The vegetation map accompanying this report is at a scale of 1 : 1,000,000 and 
is based on air-photo interpretation. Correlations between the air-photo image and 
ground observations of vegetation as well as of other environmental attributes such 
as topography, drainage, and altitude have been used to define mapping categories 
and to establish their boundaries. Hence the map and its reference combine structural, 
floristic, and environmental attributes. 

Boundaries between mapping categories differ in precision, for instance a 
boundary between forest and grassland is usually sharp and precise, whereas a 
boundary between merging forest types is poorly de!ined and hence is more or 
less arbitrary. 
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The number of mapping categories is smaller than the number of vegetation 
types described in the text. This is because some vegetation types such as gallery 
woodland and most types of mixed herbaceous and sera1 vegetation occupy areas 
too small or narrow to be shown on the map and because some vegetation types, 
such as low, mid-height, and tall grassland, and various types of savannah, cannot 
be reliably separated on air photos. 

Mangrove vegetation has been mapped as a single category that includes 
mixed herbaceous vegetation on salt flats as well as mangrove scrub, woodland, 
and forest, and also nypa palm vegetation; this is because these major groups are 
too intricately mixed to be mapped separately. For tbe same reason patches of 
freshwater swamp forest and Melalelica swamp savannah have been mapped together 
with swamp woodland as a single category. Brackish-water swamp woodland has 
been mapped as mangrove vegetation where nypa palm is clearly visible on the air 
photos, and as swamp woodland where patches of sago palm are prominent. 

Scrub usually covers areas too small to be mapped separately, although areas 
of scrub have been mapped in the high mountains and along the south and south- 
west coasts. 

In many places forest, woodland, or scrub are intricately mixed with grassland 
or savannah. Areas of such mixtures are shown on tbe map with a circle overprint and 
a dot overprint respectively. 

Except for mangrove, the vegetation types are arranged in the map reference in 
the order in which they are described in the text. 

V. DESCRIPTION AND ECOLOGY OF VEGETATION TYPES 

The following descriptions are based on observations made in the field during 
1969 and on the published reports of the previously surveyed parts of the area 
(Heyligers 1965; Paijmans 1967, 1969; Taylor 1964a, 19646). Table 10 correlates 
the vegetation types used in this report with those of the earlier reports. The 
descriptions include notes 011 habitat, main occurrence, and relationships with other 
vegetation types. In lists of plant names the most common plants are given first 
unless stated otherwise. 

(a) Mixed Herbaceous Vegetation 

(i) Mixed Herbaceous Vegetation on Salt Flats.-A low vegetation of Sesuvium 
portulacastrum and Tecticornia cinerea forms a patchy cover on salt flats on the 
inland side of mangroves in strongly monsoonal areas. Soil salinity is very high 
due to continuous evaporation and salt accumulation during the dry season. The 
type occupies the transition zones between the centres of the salt flats, which are 
bare, and the surrounding slightly lower-lying margins, which have mangrove scrub. 
Grasses and sedges such as Sporobolus and Fimbristylis appear towards the border with 
the mangrove scrub. 

(ii) Mixed Herbaceous Swanzp Vegetation.-This vegetation type consists of a 
dense mixture of herbs, sedges, ferns, and grasses rooted in a mat of floating or 
water-logged organic debris. It is confined to permanent swamps, forming a more 
or less stable edaphic climax. Hanguana ~nalayana, in places up to 2.5 m high, is 
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characteristic of the vegetation type and is commonly associated with coarse sedges 
such as Thoracostachylrm sumatrancml and Scleria, the swamp grasses Leersia hexarzdra, 
Hymenachne acntigluma, and Echinochloa stagnina, and scattered herbs such as 
Polygonurn and Ludwigia. The plants grow in mixture or form a mosaic in which 
one or more of the species locally dominate. Towards deeper swamp the type grades 
into mixed herbaceous aquatic vegetation (see below). Towards less permanent 
swamp, pandans, shrubs, low sago palms, and a few trees appear, such as Melaleuca, 
Nauclea, Campnospern?~, Intsia, and Neuburgia, and the type grades into swamp 
woodland. The widely scattered trees are usually overgrown with herbaceous climbers 
such as Nepenthes and Convolvulaceae and climbing ferns such as Stenoclzlaena. 
The main areas are in the north-west, and south of Dyke Ackland Bay where they 
flank the Musa coastal plain to the east and west. 

(iii) Mixed Herbaceous Aquatic Vegetation.-This type consists predominantly 
of water plants such as submerged Ceratoplzyllum, partly submerged and partly 
floating Nymphaea and Ny~nphoides, and floating Lenzna, Azolla inzbricata, Pistia 
stratiotes, and Utricularia, often growing in a mosaic of locally dominating species. 
It occurs in standing or slowly flowing water of deep swamps, lakes, lagoons, and 
ox-bows. Towards land the aquatics become mixed with swamp grasses and sedges. 

(iv) Mixed Herbaceous Fern Yegetation.-This is a very dense vegetation up 
to 1 .5  m high that consists of one of the ferns Gleichenia, Dicranopteris, or Pteridium, 
almost pure or mixed with grasses such as Eulalia leptostachys and Imperafa cylindrica. 
Herbs are very scarce or absent. Lycopodiz~m is usually present at ground level and 
scattered pandans locally emerge above the fern layer (Plate 24, Fig. 2). The type 
is restricted to small patches within forest of the hills and moulitains and is most 
common in the east, where it locally covers areas of up to 10 ha. It is a ke-disclimax 
which is probably maintained by recurring f ies  and because forest species have 
difficulty in invading the dense fern cover. 

(b) Grasslands 

(i) Low Grassland in Sali~ge En13ironnzent.-This grassland consists mainly of 
Sporobolc~s virginicus. Scarce associates are a few other grasses, the herbs Sesuvicm 
portulacastrtrm and Tecticornia cinerea, and the shrub Plnchea indica. The type is 
restricted to areas with a strongly monsoonal climate, where it occurs on alkaline 
heavy clay at the back of mangrove, in a zone between mangrove scrub on the 
seaward side and mid-height grassland or savannah on the landward side (Plate 4). 
The habitat is probably seasonally flooded by fresh water but is only rarely reached 
by the tidal salt water. The grassland is up to 0.3 m high, dense and lush on the lower 
part bordering mangrove, open and lower on the landward side. 

(ii) Low Grassland on Beach Plains.-This is a dense grassland consisting mainly 
of Paspalurn vaginaturn and a sedge Fimbristylis sp., associated with scarce herbs 
and shrubs of the mixed herbaceous beach vegetation type (see subsection (h)). The 
type occurs on low-lying sandy beach flats seasonally inundated by fresh water. 

(iii) Low Grassland of High Altitudes.-This is a low tussock grassland rich in 
sedges, mosses, herbs, and ferns and occurring mainly above 3900 m altitude. The 
main grasses are Deschampsia lclossii, Anthoxanthum ang~cstum, Dichelacl7ne 
novoguineensis, Agrostis reinwmdtii, and species of Deyeuxia, Poa, Festuca, and 
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Danthonia. Cushion plants and carpet-forming low herbs such as Eriocaulon, 
Potentilla, Astelia, Plantago, Rauunculus, Haloragis, Sphagnun?, and Gleichenia grow 
between the grass tussocks and locally replace the grasses altogether. Sedges such 
as Machaerina rltbiginosa may form almost pure stands on very boggy sites. Shrubs 
are sparse and are mainly in the Ericaceae and Epacridaceae; in addition, Hypericum 
macgregorii and Coprosma dillergens are usually present. The shrubs are commonly 
dwa~fed and appressed to the ground or to rocks and many have small leathery 
leaves. These features, which give the shrubs a markedly xerophytic character, may 
enable them to withstand the extremes of temperature and humidity. 

This type of grassland is the natural vegetation on high mountain tops above 
the tree line which is generally at about 3900 m. I t  is also present below the tree 
line, probably as both a primary and a derived type, on flat poorly drained summit 
areas (Plate 23, Fig. 2), on slopes with shallow waterlogged soils, and in high-lying 
intermontane basins such as the Myola "lakes" near Mt. Kenevi at 2000 m a.s.1. 
(Plate 1 ,  Fig. 1) and the Neon basin at 2800 m a.s.1. Although the ground is 
permanently waterlogged and the vegetation is wet most of the time, the grass dries 
out during dry spells and is then set alight by native hunters and travellers. 

(iv) Mid-height Grassland of tlze Lowlar7ds.-This grassland occurs between sea 
level and about 2000 m altitude and is most common on hilly terrain. Tlzenzeda 
al~stralis, Imperata cylindrica, Eulalia leptosfachys, and Ophiuros tongcalingii are the 
grasses that most often reach dominance. Themeda aust~alis (kangaroo grass) is the 
major dominant. Imperata cylindrica (kunai) ranks second and is dominant only 
in areas with a long history of cultivation. Eulalia leptostaclzys has a more regional 
distribution and is dominant or codominant in many places along the north coast 
in the east (Plate 22, Fig. I), and in the hills around the Musa basin and the head- 
waters of the Adau River. Ophiuros tongcalingii is a widespread and normally 
common tall component of mid-height grassland but is the dominant grass over 
large parts of the fluvial plains in the Port Moresby-Kairuku area (Heyligers 1965). 

Other grasses that are usually present but are only locally dominant or 
codominant are Sorghum nitidurn, Arundinella setosa, Heteropogon contortus, and 
Saccl7arltm spontaneum. The most widespread of a host of other grasses of minor 
importance are Capillipediunz parvz$orurn, Apluda mutica, Thenzeda novoguineensis, 
Cymbopogon procerrts, Pseudopogonatherum irritans, Panicum spp., and, in coastal 
areas, Ischaemtrm nzuticum. 

Herbs are commonly present but are nearly always sparse. Some of the most 
widespread species are Euphorbia serrulata, Tridax procumbcns, Buchnera tornentosa, 
Pouzolzia hirta, Polygala spp., Spathoglottis sp., and the legumes Indigofera trijoIiata, 
Crotala~ia spp., Desn~odiunz spp., Cassia mimosoides, Tephrosia spp., Atylosia spp., 
and Pueraria spp. Frequent creepers, twiners, and climbers are Cissus, Passiflorn 
foetida, the fern Lygodiz~rn, and the legumes Glycine fonzentella, Phaseolus sublobatus, 
and Vigna vexillata. The proportion of legumes is very variable though generally 
they are scarce and often absent. Very low herbs such as Pygmaeopremna sessilijolia 
and Curculigo orchiodes flower and fruit during the brief period of reduced grass 
cover that occurs after burning. 

Associated shrubs and trees are limited to those that are fire-tolerant. Some 
of the most frequent shrubs are Alhizia procera, Grewia cf. rettrsifolia, Melaston?a 
nzalabathricunz, Clerodeudrrrm cf. floribundum, Glochidion sp., Pandanus sp., and 
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Grevillea papuana. Trees include Timonius, Cjlcas media, Pandani~s, Antidesnla 
ghaesenzbilla, Nauclea orientalis, and Deplaizchea tetraplzylla. Nauclea, Antidesma, 
and Pandanus not uncommonly mark drainage hnes; Deplanchea is characteristic 
in monsoonal areas. Some of the species mentioned under shrubs, such as Albizia 
procera and Grevilieapapuana, may grow into low trees. 

Grasses that are more common near forest borders than in open grassland 
are Apluda mutica, Polytoca macrophylla, Coelorachis rottboellioides, Themeda 
novogifineensis, and Saccliarunz spontaneum. These are moisture-loving grasses that 
are also more common along drainage lines and near seepages on slopes. Most of 
them grow to a height of over 1.5 m and form tall grassland where they dominate. 

Themeda australis and Heteropogon contortus @lack spear grass) favour dry 
sites and tolerate shallow stony soils. The seeds of both species are so shaped that 
they become readily buried in the topsoil where conditions for germination are more 
favourable than on the surface (Tothill 1969). 

Almost all mid-height grassland of the lowlands is the result of intensive native 
gardening and frequent burning, and is maintained as a lire-djsclimax by regular 
burning. It is most widespread in hilly areas that have a marked dry season such 
as Cape Vogel peninsula, the hills surrounding the Musa basin, and areas near Hood 
Bay. Locally, however, the type is extensive in populated mountainous areas with 
a relatively high rainfall, for instance around Woitape and to the south along the 
upper Vanapa River and its tributaries. 

After Themeda ai~stralis grassland has been burnt it may become dominated 
by Capillipedium parv$oruin or Enlalia trispicata or, as on the hills along the north- 
east coast, it may be replaced on the crests by Heteropogon contort~rs. This is because 
fires often run along crests; such fires do not kill established plants of Heteropogon, 
they favour the germination of its seed and reduce the ground cover of other species 
(Isbell 1969). 

When burning is discontinued the scattered shrubs and trees within the 
grassland increase in density, and genera such as Alphifonia, Rhus, Conzmersonia, 
and Garuga may appear. Provided fire does not recur, the trees gradually suppress 
the grass layer, which is replaced by ferns and gingers, and the grassland reverts to 
forest via savannah or scrub and thicket. Such regenerating grasslsnd is found for 
instance on the south-western foot slopes of Mt. Victory (Taylor 19646). This process 
takes considerably longer than the conversion from woody garden regrowth to forest. 

(v) Mid-height Grassland of the Mountains.-This grassland occurs mainly 
between 2000 and 3900 m a.s.1. The major donnnants are Darzthonia archboldii on 
relatively well-drained terrain and Deschampsia klossii on sites that are poorly 
drained. However, many other grasses are locally codominant, for instance Agrostis 
reinwardtii, other species of Danthonia, Dichelachne novoguineensis, Imperata, 
?conferta, Poa spp., Deyeuxia spp., Anthoxanthum mgustum, and Arundinella furva. 
Many other mid-height and low grasses are widespread but inconspicuous. Sedges 
are common; a species of Gahnia forms large tussocks, and Mncliaerina rubiginosa 
locally forms small almost pure stands on wet sites. 

Only a few observations have been made near the lower altitude limit of the 
vegetation type. Eulalia leptostachys is the dominant grass in places and Imperata 
is common on some disturbed sites. 
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Herbs are more common than in the grasslands of the lowlands. They include 
Potentilla, Anaphalis, Gentiana, Hebe, Tetramolopium, and Tracliymene. On wetter 
sites, Eriocaulon, Trigonotis, Geranium, and Asteliapapuana are particularly common. 
One or more of various species of Gleichenia fern are always present. A characteristic 
feature is the absence of legumes. 

Low shrubs such as Styphelia suaveolens and other Epacridaceae, Hypericum 
macgregorii, Eurya brassii, Ericaceae, and Cj~athea tree ferns are common on 
relatively well-drained sites. Locally, Styphelia and Hypericurn form patches of 
dense heath-like vegetation which replaces the gasses. 

Structurally mid-height grassland of the mountains differs from lowland 
mid-height grassland in that it is more tussocky and generally little over 0.5 m high. 
On shallow permanently waterlogged soils the tussocks are wider apart, low herbs, 
ferns, and mosses fill the spaces between the tussocks, and the type grades into low 
grassland of high altitudes. Floristically mid-height grassland of the mountains 
appears to be more related to the natural low grassland above the tree line, probably 
because of down spread of a number of "alpine" grasses, an upward thrust of lowland 
grasses being prevented by a more or less continuous forest belt. 

Most of the mid-height grassland of the mountains, like the lowland grasslands, 
is secondary after destruction of the original forest by fire, and below the upper 
limit of agriculture also by shifting cultivation. At higher altitudes the proportion 
of natural grassland becomes higher as edaphic and climatic conditions become 
more adverse to tree growth. 

Mid-height grassland of the mountains is most extensive in the central ranges 
to the north-west of Mt. Albert Edward. It often occurs in mosaic with gardens or 
lower montane and coniferous lower montane forest. 

(vi) Tall Swanp Grassland.--The main grasses in tall swamp grassland are 
I Saccharurn robnstum which grows to a height of 5 m and Phragmites karlca which 

may reach 4 m. Both species occur in pure stands or in mixture with Coix lachryma- 
jobi as a frequent tall grass associate. Other grasses, and herbs, shrubs, and trees, 
are normally very sparse. Pure Phragmites occupies an often wide zone of fluctuating 
freshwater swamp bordering mixed herbaceous vegetation in permanent swamp and 
also occurs in areas subject to brackish flooding such as swales between beach ridges. 
Both Saccharum and Plzragnzites border old river courses in permanent freshwater 
swamp, where they form a more or less stable edaphic climax. On low river banks, 
including scrolls, they usually form the first stage of a sera1 succession (see sub- 
section (h)). 

(vii) Tall Grassland of the Lowlands.-This vegetation type most commonly 
consists of a mixture of codominant Saccharlmz spontaneunz and hnperata cylindrica, 
in which Saccharurn grows to a height of 3 . 5  m and In~perata to over 1 .5  m. 
Associated tall and mid-height grasses are Ophiuros tongcalingii, Sorghum nitidunz, 
Apluda mutica, Coelorachis iottboellioides, and Phragnzites karka. After burning, 
Imperata is the f i s t  to sprout and may temporarily dominate the new sward. Sedges 
are moderately common. 

The most widespread herbs are those that are frequent in mid-height grassland 
of the lowlands but they are much scarcer in the tall grassland vegetation type. 
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Frequent shrubs are Albizia proceru, Leea rubra, Ficus spp., Melastoma 
malabathricum, and Glachidion; trees include Nauclea orientalis, Antidesrna ghaesenz- 
billa, Pandanz~s, Tinzonius timon, and Melaleuca. 

The distribution of tall grassland is determined mainly by the availability of 
soil moisture. The main habitat is plains that are inundated for a short period during 
the wet season but the type also occurs on fans and undulating terrain and extends 
into the hills on foot slopes, along drainage lines and depressions, and occasionally 
on crests. Large continnous areas of the type occur in the Musa basin and on the 
Angabunga River plain. Both Imperata cylindrica and Saccharurn spontaneum are 
moisture-loving, and Whyte (1968) notes that the distribution of Saccharunz 
spontanelirn is not so much restricted by climate as by the need for a constant 
soil-water level. The presence of mid-height or low grassland on plains usually 
indicates adverse edaphic conditions, more rarely prolonged periods of gardening 
and intensive burning. 

The correlation with soil moisture is shown by the commonly occurring 
sequence where grass-covered MIS pass down into swamps. In this sequence low 
to mid-height Themeda grassland on crests and slopes grades into tall grassland on 
foot slopes which is k s t  dominated by Imperata and then slightly lower down by 
Saccharzm?. Lower still, Saccharum grassland containing an admixture of Phrag~nites 
grades into pure Phragmites swamp grassland. 

(c) Pabn and Pandan Vegetation 

(i) Nypa Palrn Vegetation.-Nypafiuticans covers extensive low-lying areas in 
river estuaries subject to daily brackish flooding, and also lines tidal creeks where 
fresh and salt water mix. At the lowest sites nypa palm forms pure stands in which 
the canopy of palm fronds is up to 9 m high. Where this canopy is closed there is 
no undergrowth except for a few nypa palm seedlings, tufts of Acrostichum fern, 
and a liliaceous plant ?Crinunz. On slightly higher ground scattered trees emerge 
above the nypa; these illclude various mangrove species, Heritiera littoralis, 
Dolichandrone spathacea, Xylocarpus molzrccana, and stilt-rooted Myristica ?holfrungii. 
The main areas are near the mouths of the Vanapa, Laloki, Biaru, Kapuri, Lakekamu, 
and Tauri Rivers. 

Crabs favouring the Nypa environment build their mounds to well above 
high-water mark. Some of the mounds become interconnected to form small islands 
that are separated from one another by tidal channels. Acrostichzmz fern and Acanthus 
invade the islands, followed later by freshwater vegetation. In places the islands 
are cleared by the local population and used for gardening, while nypa palm and 
various mangrove species persist in the channels. 

(ii) Sago Palm Vegetation.-This type where well developed consists of dense 
stands of Metroxylon sagu, the fronds of which form a closed canopy 10-12 m high, 
with tlowering stems reaching 20 m; there are no lower shrub or herb layers. Where 
the canopy is more open there is an understorey consisting of tall coarse sedges, 
pandans, Hanguana, and Phrag~nites in near-permanent swamp and of ferns, grasses, 
and gingers on higher ground where the water-table is below the surface for much 
of the year. Climbers, particularly climbing ferns, are also a feature of open stands. 
Trees comprising many species that occur in swamp forest and dry-land alluvium 
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forest are usually present and widely scattered. Gradations occur from pure sago 
palm virtually without trees to swamp woodland and open swamp forest with an 
understorey of sago palm. 

The habitat is seasonal to permanent swamp, and the main areas are in the 
large coastal swamps in the north-west (Plate 2) and along the Gira, Mambare, and 
Opi Rivers in the north-east. Sago palm is best developed in shallow swamp where 
there is a regular influx of fresh water. Deep, more or less stagnant swamp and 
brackish sites form a less favourable habitat. Where they border deep herbaceous 
swamp the palms tend to grow in low rounded clumps. On slightly brackish sites 
sago usually occurs scattered together with nypa but may also form dense low stands 
less than 3 m tall. In the hills and mountains sago occurs. on flat valley floors, in 
basins and seepage areas, and along streams, and either in groups or as single 
individuals which may be natural or may have been planted. 

(iii) Pandan Vegetation.--In the lowlands the type consists of Pandanus forming 
dense, usually small stands up to about 8 m high. Scattered trees, with their trunks 
often covered by climbers, sometimes emerge above the pandan canopy. A ground 
layer may be absent or may consist of coarse sedges, Hanguana, tall gingers, ferns, 
and gasses. 

The type occurs in fresh to slightly brackish environments in localities that 
are nearly permanently swampy or subject to frequent flooding, such as depressions 
on back plains, scrolls and low river banks, prior river courses, and blocked valley 
swamps. 

In the mountains above about 1800 m the type consists of groups of tall pandan 
trees as high as the forest canopy and scattered within the forest. Such groups are 
protected and probably extended by the local population which eats the fruits and 
uses the leaves for thatching and mat-making (Schweinfurth 1970). 

(4 Scrub and Thiclcet 

(i) Scrub on Beach Ridges.-This type consists of usually dense tall shrubs up 
to 6 m high. The most common shrubs are Hibiscus tiliaceus, Thespesia populnea, 
Desmodinrn unzbellatz~m, Scaei~ola frutescens, Clerodendrurn inernze, and Premna 
corymbosa. The scrub becomes a thicket where low trees such as Acacia auriculiformis, 
Gyrocarpus americanus, and Pittosporunz ferrugineum form an open layer above the 
shrubs. Climbers, particularly Flagellaria indica, are often common. Scattered herbs, 
sedges, and grasses occur where the scrub is less dense. 

The type is found on beach ridges in regions with a strongly monsoonal climate 
and normally occupies a zone between pioneering mixed herbaceous vegetation to 
seaward and mangrove to landward. On both sides of Galley Reach it occurs 
together with grassland and grades into woodland with Melaleuca (Plate 1). 

(ii) Mangrove Scr~ib.--The mangrove species that most commonly form scrub 
are Avicennia marina, Ceriops tagal, and Lunznitzera racenzosa (Plate 1). They occur 
either as a pure scrub of even height or as mixed thickets in which Avicennia forms 
an upper layer of 6-8 m high. Pure Aviceitnia scrub without ground vegetation is 
found at about high-water mark where tidal flooding is relatively frequent. Mixtures 
of Avicennia with Ceriops or Lurnizitzera on slightly higher and less frequently flooded 
ground commonly have a herb layer of Sesuviu~n portulacastrum and some sedges. 
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Almost pure Lurnnitzera, with or without some Hibiscns tiliacelrs, occurs as a fringing 
scrub 2-3 m high between pure Avicennia mangrove and mixed herbaceous Sesuvium- 
Tecticornia vegetation on slightly higher ground. 

Saline peaty or clayey inner tidal flats and low inner beach ridges at or just 
above high-water mark are the habitat of Avicennia-Ceriops-Lumnitzera scrub, 
mainly in regions with a strongly monsoonal climate. Avicennia marina is the 
mangrove species that is most tolerant of high salinity (Macnae 1966). In non- 
monsoonal areas Rhizophora scrub may occupy the poorly drained centres of tidal 
flats furthest away from the tidal creeks. 

(iii) Scrub in Brackish Environnzent.-This scrub consists mainly of Hibiscus 
tiliaceus and Phrchea indica. Low lrees such as Excoecaria agallocha and Acacia 
auriculifornzis may emerge above it. Climbers, especially Flagellaria indica, are 
common. 

The type occurs under monsoonal climatic conditions on innermost tidal flats 
and on back plains that have alkaline soils. Such terrain is seasonally swampy 
because of inundation by rain water or flooding by river water in the wet season 
and may be occasionally flooded by brackish water during the dry season. South-east 
of Galley Reach it occurs between mangrove and freshwater swamp grassland or 
swamp woodland with Melaleuca. 

(iv) Scrnb of High Altitudes.-This is a tall dense scrub consisting of close- 
branched shrubs and low trees with usually small coriaceous leaves. Common 
constituents are Coprosma dillergens, Pittosporumpl~llifolium, Ericaceae, Epacridaceae, 
Xanthomyrtus, and Papuacedrus papzrmus. The type occurs in mosaic with grassland 
above the forest line and is also present below this limit from about 3000 m on very 
steep slopes having shallow stony soils. I t  is extensive only on the upper slopes of 
Mt. Suckling and the Goropu Mountains. 

(e) Savannah 

(i) Eucalypt Savannah.-In eucalypt savannah the tree layer consists of one 
or more of the species Eucalyptus alba, I?. confert~j7ora, E. papuana, and E. tereticornis. 
Melaleuca is a rare associate in the canopy. The trees usually have crooked stems 
of small to moderate girth and very rarely reach a girth of 1.5 m. Tree hcight usually 
varies between 9 and 20 m, and is most commonly between 10 and 15 m. However, 
E. tereticornis often has a straight bole and ]nay reach a height of over 30 m. The 
ground layer consists of mid-height grasses similar to those of open grassland, and 
the composition and frequency of associated herbs, shrubs, and low trees are also 
similar. Themeda australis is the major dominant grass and next in importance is 
Imperata cylindrica, especially in previously gardened areas. Most of the other 
grasses, including those that are locally codominant and those that are rarer, are 
the same as those of mid-height grassland of the lowlands. Sehima nervosnm is a 
codominant in savannah around Port Moresby (Heyligers 1965). 

Herbs are scarce to moderately common generally and are mainly leguminous. 
DianelIa appears to be more frequent in savannah than in open grassland, in contrast 
to Spathoglottis. 
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Shrubs and low trees are scarce. Des~uodium umbellatum is moderately common 
in savannah and was not seen in open grassland. Grevilleapapuana, Banksia dentata, 
Cycas media, and Casuarina papuana are locally common in eucalypt savannah of 
hilly areas. 

Climbers and epiphytes are rare, except in hilly areas where Usnea, Dischidia, 
and epiphytic ferns are locally common. 

Eucalypt savannah occurs from sea level to about 1000 m, but only in areas 
that have a marked dry season. The type is found mainly in the coastal hills and 
the foothills of the central range along the south-west coast (Plate 4) but also inland 
in some intermontane rain-shadow areas. In areas of very low rainfall and a severe 
dry season eucalypt savannah also occurs on undulating terrain and plains, whereas 
under less severe conditions it is mainly conhed to hill crests and upper slopes, the 
lower slopes and valley bottoms remaining under forest. Eucalypts appear to be 
absent from the dry region of the Cape Vogel peninsula and the coastal hills to the 
south-east of it, and to the north-west do not appear to extend beyond the Palipala 
Hills. 

There appears to be little correlation between eucalypt species and habitat, 
and in many places two or three species grow on one site (Heyligers 1966). E. papuana 
is widespread and is the most common eucalypt in eastern Papua. E. alba is more 
frequent on sites with gravelly soils, it usually has a poor stem form. E. tereticornis 
is common where conditions of climate and soil are more favourable, for instance 
on the Sogeri plateau, on the eastern and south-eastern lower slopes of the Hydro- 
graphers Range, and inland in the Musa basin (Plate 10) and the Keveri valleys. 
I t  reaches a higher altitude than the other species and is reported to occur up to 
1500 m a.s.1. (Lane-Poole 1925, p. 35). 

Most eucalypt savannah is man-made and grows on formerly forest-covered 
terrain. Small patches of natural savannah may have always existed on sites 
unfavourable to forest growth or may have developed after lightning damage in 
dry forest. The savannah bas reached its present-day extent through fires lit for 
hunting rather than through shifting cultivation. Allhough the present-day savannah- 
forest boundary appezrs to be fairly stable, grass fires in savannah often penetrate 
into and damage or destroy marginal forest. 

Mature eucalypt trees are fire-tolerant but young trees, often occurring in 
groups, may be badly damaged or killed by grass fires. Normally a few individuals 
of a group survive to maintain the community, but the savannah is replaced by 
grassland where fires are very frequent and fierce. Regression of savannah to grass- 
land may also be caused by tree-felling and ring barking. In rare cases eucalypt 
savannah reverts to forest through a thicket stage of emergent eucalypts and a lower 
tree and shrub layer of savannah and forest species. A mixed forest with scattered 
tall emergent eucalypts seen at some localities is probably a late stage in the succession 
to the climax without eucalypts. 

(ii) Melaleuca Swamp Sava~znalz.-In this vegetation type Melaleuca trees form 
an upper layer of variable density but generally even height over a ground layer of 
mainly Plzragmites and tall sedges. The tree density may approach that of forest. 
The trees may reach a height of 30 m and a girth of 1.2m. Various species of 
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Melaleuca are present, the commonest probably being M. cajuputi and M. leucade~idra, 
but individual stands usually consist predominantIy of one species. 

Sparse associated trees are Nauclea, Cordia, Pandanus, and Livistona palm. 
Sago palm occurs in the understorey in many places. Stenochlaena fern and other 
climbers are usually common, and epiphytic Myrmecodia and Discliidia are often 
present. Where the type is transitional to mixed herbaceous swamp vegetation the 
trees are low and widely scattered, and Hanguana and Scleria are promillent in the 
ground layer. 

Melalei~ca swamp savannah occurs in areas that have a markedly seasonal 
climate. I t  grows in fluctuating swamps, usually near the coast, that dry out for a 
short period during the dry season. The type is found along the south and south-west 
coasts, especially in swamps in the north-west, where it is commonly mixed with 
swamp woodland or grades into herbaceous swamp vegetation. 

Melaleuca, like the eucalypts, is fire-tolerant. The type is secondary after the 
destruction of littoral forest or swamp woodland, and is maintained by burning. 

(iii) Melaleuca Saaannah.-In this vegetation type usually thin-stemmed low 
and crooked Melaleuca trees form an open layer over dense mid-height grassland. 
Melaleuca cajuputi and M. dealbata are two of several species of Melaleuca present. 
Associated trees, shrubs, and herbs are those that occur in open grassland; trees 
of Eucalyptus alba, E. papuana, and E. tereticornis are also occasionally present. 
Therneda novoguineensis is the dominant grass in many places, often with Irnperata 
cyli~idrica as codominant. Sorghum nitidurn, Ophh~ros torzgcalingii, Isclzaeinunzflagile, 
and many other grasses are normally present. 

Melaleuca savannah is codned to areas with a marked dry season and is a 
disclimax vegetation which has replaced forest. It occurs on plains, fans, and 
occasionally on hills, predominantly on sites that are temporarily waterlogged, in 
many cases due to perched water-tables. Small areas are found along the south 
coast eastwards from Marshall Lagoon, and in the north-west near Malalaua. 

(iv) Tree Fern Sav&nah.-Tree ferns of the genus Cyathea in combination 
with mid-height grassland of the mountains form a type of savannah that covers 
large areas above 2700 m altitude on the southern and south-western slopes of Mt. 
Albert Edward (Plate 7). The genus Cyatlzea is characteristically a forest dweller 
but some species are able to withstand occasional dryness, frost, and fire in open 
grassland (F'aijmans and Loffles 1972). The tree ferns are usually densest near the 
boundary with lower montane forest and are also very common in scrub that forms 
the transition between grassland and forest. On Mt. Albert Edward they appear to 
be remnants from a former forest cover. 

(v) Nauclea-Antidesma Sai2annah.-In this type of savannah the tree cover is 
formed by Nauclea orientalis and Antidesnra glrraesembilla, a low gnarled tree that 
normally occurs widely scattered in eucalypt savannah. The type is commonly 
associated with tall Saccl~arum-huperata grassland and is characteristic on temporarily 
waterlogged flat areas or depressions. Accompanying trees are Tinzoriius tinlon, 
Par~danus, and Neoriaziclea. 

(vi) Albizia procera Savan~zah.-Albizia procera, a common shrub in eucalypt 
savannah, may grow into a low tree and locally dominates the tree layer where 
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eucalypts are absent, as along the north-east coast. Trees of Timonius timon and 
Rhus taitensis are usually also present. The ground cover consists of mid-height 
grasses. 

(vii) Casuarina papuaua Savannah.-In this savannah Casuarina papuana 
forms the tree storey over low to mid-height grasses. The type occurs inland in a 
relatively dry region between Mt. Suckling and Mt. Clarence. 

( f )  Woodland 

(i) Woodland on Beach Ridges.-This pantropical vegetation type has a 
characteristic floristic composition, invariably containing several of the tree species 
Caloplzyllurzz inophyllunz, Barringtonia asiatica, Hemandia peltata, Terrninalia catappa, 
Erytlzrina variegata, Hibiscus tiliaceus, Tlzespesia poptrlr?ea, Cordia subcoirlata, Cerbera 
nranghas, and Pandanus tectorins. Premna, Desmodiunz, and Cleroderzdrunz are 
common shrub genera, palms and climbers are very common, and Crinurn asiaticum 
features in the herb layer. 

This type of woodland occurs on beach ridges in a zone between mixed herb- 
aceous vegetation or scrub to seaward and forest or monsoonal woodland to laud- 
ward. It is usually strongly disturbed or secondary. 

(ii) Avicennia Woodland.-Various mangrove species, either pure or in mixture, 
form variably dense woodland 8-15 m high. The commonest variety is formed of 
thick, low, gnarled, and wide-crowned trees of Avicennia marina. Such stands have 
no shrub and herb layers on the lowest sites, whereas on higher ground an under- 
growth of low trees of Ceriops, Aegiceras, Brugzfiera, Excoecaria, and rare Rhizophora, 
and a ground cover of Sesuvium porhflacastrzrrlz and some Sporobolzrs are commonly 
present. 

The vegetation type occurs at the back of mangrove forest in areas that are 
fairly frequently to only occasioi~ally subject to tidal flooding. Local strips of dead 
and dying trees probably indicate a change in habitat caused by a change in soil 
salinity or flooding regime. 

(iii) Braclcislz Water Swanzp Woodland.--This type of woodland is a mixture 
of plants of saline, brackish, and fresh water environment. The composition of the 
mixture depends on the degree of salinity. Just inland from pure mangrove the tree 
layer still consists predominantly of various mangrove species, but common associates 
are Xylocarpus nzolzrccensis and Heritiera littoralis; the ground layer is made up 
mainly of Acrostichurn speciosunz and some Acanthus ilicifolius. Further inland, with 
decreasing salinity, many other tree species appear such as Myristica ?hollrungii, 
Diospyros ferrea, Sapitfin indicum, Inocarpus papuanus, and Itztsia bijuga. A dense 
layer of tall shrubs and low trees includes Brownlowia argentata, Hibiscus tiliaceus, 
Barringtonia, Dolichandrone spathacea, tree ferns, and pandans, while in the ground 
layer tall sedges are conspicuous. Palms are comnlon, and in addition to nypa and 
sago palm include Areca, Arenga, and Caryota. Climbers are very common, particu- 
larly in open stands, and comprise Stenochlaena, Flagellaria, and many others. 
Epiphytes, mainly ferns but also myrmecophytes, are usually present. Various 
forms of breathing roots, such as short straight pointed aerial roots and knee roots, 
and also surface roots and stilt roots are often abundant. Further inland still, sago 



112 K. PAIJMANS 

palm becomes more frequent and Rhizophora and Bruguiera are present only as tall 
emergent trees which no longer regenerate. 

The habitat is a brackish permanently swampy transition zone between 
mangrove and freshwater swamp woodland. I t  is subject to tidal inundation by 
brackish river water that is backed up by the incoming tide. The main occurrence is 
near the mouths of the Tauri and Lakekamu Rivers where the type may be up to 
half a kilometre wide. In other instances the transition is rather abrupt, forming a 
narrow zone of swamp grassland or open woodland between mangrove and fresh- 
water swamp forest or woodland. 

A poorer variety of brackish-water swamp woodlalid consists of an upper layer 
of Excoecaria agallocha, with or without a lower storey of Hibiscus and Clerodendrum, 
and a ground cover of Acrostichum with lesser Acanthus. With decreasing brackish 
influence Excoecaria becomes mixed with Melaleuca, Acacia, and Myoporunz and 
the ground cover locally consists of grasses and sedges. Bunches of adventitious 
roots at the base of Melaleuca and Excoecaria trunks are a characteristic feature. 
This variety of mixed mangrove swamp woodland grows on seasonally inundated 
brackish coastal back plains under strongly monsoonal climatic conditions. 

(iv) Freshwater Swamp Woodland.-Freshwater swamp woodland has an open 
upper storey formed by trees such as Campnospernza, Nauclea, Mitragyna, and many 
others. In the understorey sago palm and pandans are common; Hanguana and 
tall sedges (Thoracosfachyurn, Mapania, and Scirpodendron) form the ground layer. 
Climbers are usually abundant. The type grades into open swamp forest towards 
higher ground and into swamp grassland or mixed herbaceous swamp vegetation 
towards deeper swamp. The habitat is permanent or near-permanent shallow swamp 
(Plate 3;  Plate 17, Fig. 2). 

In areas with a marked dry season and hence a strongly fluctuating water-table 
the habitat may be dry for part of the year. On such sites Carallia brachiata and a 
species of Syzygiunl are common trees. The ground cover is usually low and patchy 
and adventitious roots are characteristic. 

Freshwater swamp woodland is extensive around the lower courses of the 
Lakekamu, Tauri, Gira, Mambare, and Opi Rivers and flanks the Musa coastal 
plain to the west, north, and east. 

(v) Monsoonal Woodland.-Monsoonal woodland is rich in tree species, ruauy 
of which are deciduous. Frequent tree genera are Gyrocarpus, Harpullia, Gar~rga, 
Bombax, Brachychiton, Eryrhrina, Terminalia, Alsfonia, and Iiztsia hut there are also 
many other almost equally frequent trees. Scattered eucalypts occur in places and 
Acacia and Myoporum are common on low inland beach ridges. The height of the 
trees ranges from G to 20 m. The shrub layer is variable in density; some of the shrubs 
are thorny. Thin woody climbers, some of them with spines, are very common. 
Grasses, ferns, and sedges form the ground cover. 

The type is extensive in monsoonal areas near the south-west coast where it 
occurs on a variety of land forms such as inner beach ridges, valley floors, alluvial 
plains, and bill slopes (Plate 4). I t  grades into small-crowned lowland hill forest with 
higher rainfall and into scrub with lower rainfall and less favourable soil conditions. 

(vi) Gallery Woodland-Gallery woodland is confined to the vicinity of 
streams. I t  is generally similar to monsoonal woodland, having a very mixed floristic 
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composition and a large propoftion of deciduous higher trees. Frequent trees are 
Intsia, Pterocarpus, Alstonia brassii, Terminalia, Garuga, Protiurn, Antidesma, Serne- 
carpus, Horsjieldia, Rhus, Barringtonia, Maniltoa, and Litsea. In the shrub layer 
Maniltoa, Syzygium, and Codirreum are often present. Thin woody climbers are 
common and bamboo occurs occasionally. Small tree palms and pandaus are very 
common closest to the stream channels. Most gallery woodland has been disturbed 
by fire or selective felling. 

Gallery woodland is found in both coastal and inland localities that have a 
marked dry season. It occurs mainly in narrow bands along small streams within 
areas of savannah or grassland (Plate 4) and forms the impoverished remnants of a 
former more extensive forest or woodland cover. Under similar climatic conditions 
the proportion of deciduous trees is higher in gallery woodland than in forest. 

(g) Forest 

(i) Littoral Forest.-This is a medium-crowned mid-height forest that is charao 
terized by an abundance of palms in the shrub and lower tree layers. Common trees 
in the canopy are Pterocarpus, Terminalia, Planchonia, Nauclea, Syzygium, Pongamia, 
and Melaleuca. The stem form is often poor. Climbers are usually plentiful but 
rattan is uncommon. In places all trunks are covered with Stenochlaena. Gingers 
and ferns feature in the herb layer. 

Beach plains and beach ridges are the habitat (Plate 17, Fig. 2). Such sites 
often have a water-table at or near the surface and are seasonally inundated. Forest 
dominated by Melaleuca is a small-crowned and rather dense variety of littoral 
forest occurring on the south coast between Cloudy Bay and Amazon Bay. 

(ii) Mangrove Forest.-The main trees that form mangrove forest are Rhizo- 
phora and Bruguiera. They are discussed at genus level as the growing conditions of 
the different species are iilsuffioiently known. 

The seaward fringe of mangrove forest is often formed of Rhizophora in low, 
almost pure, well-closed, one-layered stands. Widely scattered old emergent Avicennia 
trees may also be present. A sparse undergrowth consists almost solely of Rhizophora 
seedlings and saplings and occasional tufts of Acrostichum. Climbers and epiphytes 
are virtually absent. Circular openings of about 0.5 ha in the forest are a common 
feature in Rhizophora stands. These openings are clearly visible on air photos 
(Paijmans 1966). On the ground one k d s  that the trees in them are either dead or 
dying, possibly because of lightning strikes (Komarek 1968, quoting J. A. R. Ander- 
son). Each opening commonly bas a dense group of mangrove seedlings and saplings 
of mainly Rhizophora in its centre. 

Rhizophora forest occurs on tidal flats that are flooded daily for long periods. 
It is best developed fringing tidal creeks, and tree height decreases rapidly away 
from the creeks. It occurs on clay, peat, sand, and coral detritus, but the forest is 
lower on sandy soils and stunted or scrubby on coral. 

Bruguiera may also form almost pure stands but more commonly occurs in 
mixture with Rhizophora on slightly higher sites than pure Rhizophora forest. Acro- 
stiehum ferns and mangrove seedlings form a variably dense ground cover. 

In mature mangrove forest the trees are well over 30 m tall and have girths 
over 1.5 m and the canopy is relatively open. The Rhizophora trees have very high 
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and wide, arched and multi-branched stilt roots and the Bruguiera trees have pneu- 
matophores and buttresses. Associated trees are Camptostemon schultzii, Xylocarpus 
moluccensis, and Heritiera littoralis. The shrub and herb layers consist of saplings 
and seedlings of mangroves, Acanthus, Acrostichum, nypa palm, and ?Crinum. 
Climbers and epiphytes are common in places and comprise Hoya, Dischidia, 
myrmecophytes, orchids, and ferns. 

Such mature forest is found inland from aggrading coasts in areas of high 
rainfall and low seasonality, on sites subject to slightly brackish tidal flooding. Crab 
mounds, which are common especially along tidal creeks, are densely overgrown 
with Acanthus and Acrostichum where sufficient light reaches the ground. The local 
population uses the mounds for gardens after killing the surrounding mangrove trees 
by ring-barking to admit more light. 

(iii) Freshwater Swamp Forest.-This forest type usually bas a fairly even and 
open canopy but dense stands also occur, especially where one tree species predomi- 
nates. The canopy is 20-30 m high and rare emergents reach 40 m. Frequent canopy 
trees are Canzpnosperma brevipetiolata, C. auriculata, BischoJa javanica, Nauclea 
orientalis, Mitragyna speciosa, Terminalia canaliculata, Alstonia scholaris, Calophyllum 
sp., Syzygium spp., Planchonia papuaaa, Palaquium sp., Dillenia sp., Pterocarpus 
indicus, Intsia bijuga, and Melaleaca spp. They may occur in mixture but often one 
or two species predominate. 

The lower tree strata are very open as most trees have their crowns in the 
canopy. Sago palm and/orpandans often form a second stratum. Sparse but charao 
teristic lower trees are Alstonia spatulafa and, in regions with a marked seasonal 
climate, Carallia brachiata and Acacia spp. The shrub and herb layers are usually 
sparse but dense patches of Hanguana and tall sedges occur locally. 

Thin lianes, fleshy climbers, and climbing ferns often thickly cover the tree 
trunks. Epiphytes may be plentiful in open stands. Buttresses are not conspicuous 
but stilt roots, pneumatophores, and surface roots are common, and adventitious 
roots are often prominent in swamps with a strongly fluctuating water-table. There 
is often a considerable accumulation of organic debris, especially where Cmnpno- 
sperma and sago palm are abundant. 

Shallow permanent swamp is the habitat. Swamp forest grades into swamp 
woodland towards deeper swamp and into open forest on plains towards less swampy 
terrain. Some of the trees that are frequent in swamp forest also occur in forest on 
hills, such as BischoJia javanica, Alstonia scholaris, Pterocarpus indicus, and Intsia 
bijuga. 

A rare occurrence of the type in the mountains is the swamp forest that fringes 
an intermontane basin near Kusipi at 2600 m a.s.1. Here the most common trees are 
Syzygium spp., Dacrycarpus steupii, Podocarpus neriifolius, and Nothofagus perryi. 

(iv) Large- to Medium-crowned Forest on Plains and Fans.-This forest type has 
an irregular structure throughout all layers. The canopy is rather open and has 
many gaps (Plate 2); it is also irregular in height but is mainly 30-35 m. Emergents 
reach a height of 50 m or more, rarely 60 m (Octomeles), and some trees attain a 
girth well over 2.5 m. Boles are straight, except in trees of notoriously poor stem 
form such as Pterocarpus and Vitex and to a lesser extent Pometia. Many trees have 
buttresses and those of canopy and emergent trees are often very high and wide. 
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The floristic composition is very mixed. Some tree species that are invariably 
present in the upper storey are Pometia pinnata, Octomeles sumatrana, Ficus spp., 
Alstonia scholaris, and Terminalia spp. Other genera commonly represented are 
Pterocmpus, Artocarpus, Planchonella, Planchonia, Canarium, Elaeocarpus, Crypto- 
carya, Celtis, Dracontomelum, Dysoxylum, Syzygium, Vitex, and Intsia. 

The lower tree strata, like the canopy, are irregular in structure and are com- 
monly rather open. The shrub layer is very variable in cover and density, varying 
with the amount of light penetrating through the canopy, and the types of shrubs 
present. Small tree palms, true shrub palms, and young rattan palms are common 
in the shrub layer and tall gingers and Marantaceae locally form a dense cover. 
Pandans are rarely common. 

The herb layer is very patchy; it has an average cover of 5-10% but may be 
absent, for instance where shrub palms are abundant, or quite dense, as in places 
where it is formed by Selaginella, Elatostema, Marautaceae, or Commelinaceae. 
Otherwise the herb layer consists mainly of ferns, tree seedlings, and rattan seedlings. 

Thin and thick woody lianes, fleshy climbers, and climbing ferns are usually 
common. Climbing rattan is invariably present, but is dense only in openings. 
Epiphytes are common only in the crowns of canopy trees. 

The type occurs on well to imperfectly drained alluvial plains and on gently 
sloping fans that have deep soils. The habitat is either not or only rarely flooded 
but pools of standing water commonly form during heavy rains and may remain for 
several days. The type is extensive in lowland areas and also occurs on alluvial 
plains and fans in the hills and mountains. The largest areas are found north of 
Mt. Lamington, on the Musa coastal plain, on the fans and plains between the 
Goropu Mountains and the north coast, and along the south coast. The forest is 
richer in species and more mixed than swamp forest, although some trees show 
patterned distribution. This is either because they are early colonizers or because of 
later disturbance to the forest. Octomeles, Anthocephalus, and Artocarpus are colon- 
izing trees. They produce abundant seeds which in the case of Octomeles and Antho- 
cephalus are very light and widely dispersed by wind. Cananga, Eedospermum, 
Canarium, Euodia, Laportea, Sterculia, and Pimelodendron are locally predominant 
in old secondary forest and Kleinhovia, Macaranga, and Althofia may dominate early 
regrowth stages. A forest dominated by Pometia has a flatter and denser canopy 
than is usual for forest on alluvial plains and hence can often be recognized on air 
photos, for instance on the plain between the Brown and Vanapa Rivers and between 
Cloudy Bay and Amazon Bay along the middle and lower courses of the Liba, 
Bonua, and Bailebu Rivers. 

On well-drained sites the forest is tall and emergents and most canopy trees 
have large crowns. On back plains the average crown size of the canopy trees is 
smaller (F'late 2), the average tree height is slightly lower, and emergents are more 
widely spaced because of seasonal inundation and the prevalence of heavier-textured 
less permeable soils. Otherwise the forest structure is similar to that on more favour- 
able sites. The floristic composition does not change a great deal either, but some 
trees such as Octomeles and Pometia are less common and others such as Bischofra 
javanica, Planchonia papuana, Nauclea orientalis, Anthocephalus cadamba, Maniltoa 
sp., Alstonia scholaris, Intsia bijuga, and Vitex cofassus are more common. Charac- 
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teristic and locally prominent lower trees are Carallia, Barringtonia, stilt-rooted 
Myristica, and Pisonia. 

In areas which have a marked dry season the forest is similar in structure but 
contains a higher than usual proportion of deciduous and semi-deciduous trees in 
the canopy. Such trees include Bombax ceiba, Anisopfera kostermansiana, Garuga 
floribuizda, Terifzinafia spp., Mani/toa scheferi, Alstonia brassii, Gmelina moluccana, 
Albizia sp., and Intsia bijuga. Other trees that are more common in monsoonal 
than in non-monsoonal regions are Celtis, Dracaena, Semecarpus, Seriarzthes, Protium, 
and Flindersia. The main areas of such forest occur on fan slopes in the Musa basin 
and on flats on Cape Vogel peninsula. 

(v) Open Forest on Plains.-In this type of forest the canopy is very irregular 
in height and closure and there are many large gaps in the canopy. In places the 
forest is broken up into groups of trees alternating with patches of thicket which are 
overgrown by rattan, Flagellaria, and other climbers. Tall sedges and pandans are 
locally prominent in the undergrowth. The herb layer is normally very sparse. 

The forest type occurs on alluvial plains that are frequently flooded by river 
water and on back plains that are subject to prolonged wet-season inundation (Plate 2). 
It grades into and is often found between coastal swamp woodland or swamp forest, 
and large- to medium-crowned forest on plains and fans. Forest on very young 
alluvium is often characterized by emergent large-crowned Octomeles and by Klein- 
hovia in the lower storeys. In such forest the shrub and herb layers are commonly 
very open, indicating frequent short-lived flooding. 

In areas with a severe dry season causing temporary water stress deciduous 
tree species occur together with trees indicating poor drainage, such as Planchonia 
and Bischofia. 

(vi) Small-crowned Forest on Plains and Fans.-This is a small- to very small- 
crowned, dense, mid-height to tall, generally thin-stemmed type of forest. On air 
photos very small-crowned forest is generally seen to alternate with patches or lines 
of small- to medium-crowned forest (Plate 14, Fig. 1). Locally predominating trees 
are Hopea, Anisoptera, Intsia, Cosuarina, and, in the east, Vatica and Eucalyptopsis. 

The type occurs on gently undulating Iowland plains with commonly gravelly 
soils, for instance those bordering foothills in the south between Marshall Lagoon 
and Cloudy Bay, and on gravelly and/or poorly drained basin slopes as in the hills 
south of MiIne Bay and west of the Musa coastal plain. Where the forest type occurs 
on lowland plains it often includes patches of swamp woodland and swamp grassland. 

(vii) Medium-crowned Lowland Hill Forest.-Medium-crowned lowland hill 
forest is variable in structure and composition since it grows on many different land 
forms and rock types and in a variety of climatic conditions. It is the main forest 
type in the area and occurs from sea level to about 1400 m altitude. In general the 
forest canopy is evergreen and fairly regular in height (25-30 m), closure (70-SO%), 
and crown size. Emergents reach 40 m, rarely 50 m. Emergents and canopy trees 
have straight boles. Girths over 2.5 mare rare. The lower tree storeys are moderately 
dense and a great number of trees are in the pole stage. Many trees have small 
buttresses but stilt roots are uncommon. 
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The shrub layer is composed of a great number of individuals but mainly 
consists of slender saplings, hence the total cover is relatively low (20-30%), visibility 
within the forest relatively good, and passage through the forest relatively easy. 

The herb layer is very patchy, I t  has a variable cover, generally 5-20% but 
locally either much denser or almost nil. I t  consists mainly of ferns and seedlings but 
is locally dominated by Selaginella and, particularly at higher altitude, Elatostema. 
Sedges and grasses occur consistently but are very sparse. 

Climbers are moderately common and mainly consist of thin woody lianes. 
Thick woody lianes, fleshy climbers, and climbing rattan palm are invariably present 
but are not conspicuous, although rattan is common in patches. In  some areas, 
especially on ridge crests, scrambling bamboo is locally common. Tree palms are 
locally present, especially at low altitudes; these are usually scattered and have 
their cr.owus in the lower tree layers and in the canopy but rarely above the canopy. 
Shrub palms are moderately common, often consisting mainly of young rattan. 
Pandans occur in the lower tree and shrub layers but are rarely common. Tree ferns 
are scarcc. Gingers and Marantaceae are usually present but inconspicuous. Vascular 
epiphytes are plentiful in tree crowns, particularly in old trees that have thick branches. 
Epiphytic mosses become common on tree trunks with increasing altitude and are 
also generally common down in narrow valley bottoms. 

Medium-crowned lowland hill forest differs in structure from the forest on 
plains as follows. Canopy and emergent trees are slightly lower; the canopy is more 
regular in height, closure, and crown sizes; trees with very lasge girths are less com- 
mon and timber volume is lower; large buttresses are less common; the total number 
of trees with a girth of 30 cm and over is greater and there are more trees in the pole 
and sapling stages; the shrub layer, consisting mainly of slender saplings, has a 
lower cover; tall gingers occur but do not normally grow densely; the ground layer 
is somewhat denser; thick woody lianes, rattan, and palms are less common; fleshy 
climbers and climbing ferns on tree trunks are less common. 

Medium-crowned lowland hill forest is very mixed floristically. Frequent tree 
genera of canopy and emergent layers are Pometia, Canarium, Hopea, Anisoptera, 
Cryptocarya, Ternzinalia, Syzygiztm, Fiuzrs, Celtis, Dysoxylr~n?, and Buchanania, but 
many more have a frequency similar to Buchanania. Above 500m Castanopsis, 
Sloanea, and Elaeoca~pus become prominent. Characteristic genera of the lower tree 
storeys are Syzygium, Garcinia, Myristica, Gnetlmz, Diospyros, and Dracaena. 

Scattered Araucaria trees occur in many localities in lowland hill forest and in 
some places the tree forms fairly dense stands, as locally in the lnountains around 
the Musa basin. Full-gown Araucaria reaches a height of over 70m, towering 
20-30 m above the associated mixed broad-leaved forest, and may have a girth well 
over 3 m. The total basal area is up to twice that of broad-leaved forest without 
Araucaria and the timber volume is up to tenfold (Paijmans 1970). A. hunsteinii 
(klinki pine) is more common than A. cunni~7ghamii (hoop pine) in lowland hill forest, 
but hoop pine has a wider altitudinal range (Have1 1971), reaching well into the lower 
montane forest. Both species regenerate well and grow on a variety of land forms 
and soils, although they commonly grow gregariously on ridge crests and tend to 
be associated with poor forest growing on shallow soils. 
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In areas with an annual rainfall below about 1800 mm and a marked dry 
season the forest canopy has many deciduous and semi-deciduous trees such as 
Terminalia spp., Intsia bijuga, Anisoptera Icostennansiana, Erythrina sp., Ste~cnlia spp., 
Pterygota horsfieldii, Alstonia spectabilis, Rhus faitensis, Ficus sp., Maniltoa sclzefferi, 
and Pteroca~pzls indicus. The lower tree storeys are evergreen. In the lower tree storey 
Dracaena, and in the shrub layer Maniltoa, Croton, Lunasia anzara, Acalypha, and 
Cycas, are more common than in evergreen hill forest. The forest is similar in struc- 
ture to its evergreen counterpart except that it has a somewhat more open canopy 
and commonly contains scrambling bamboo. The forest often forms a "fern-leaf" 
pattern wit11 savannah or grassland, the forest occupying the lower slopes and valley 
bottoms and the savannah or grassland covering crests and upper slopes, as in the 
Musa basin and on Cape Vogel peninsula (Plate 10; Plate 13, Fig. 1). 

On steep and unstable slopes with skeletal soils the canopy of lowland hill 
forest is open, irregular, and smaller crowned (Plate 6) and many trunks are leaning 
or are bent at the base. Soil erosion causes roots to become exposed, and some trees 
develop adventitious roots. 

In regions with a long history of shifting agriculture much of the forest is old 
secondary forest. The overall crown size of such mixtures is below average and on 
air photos they may resemble primary small-crowned forest. Trees that are charac- 
teristically more common in old secondary forest are Afiizia falcataria, Euodia, 
Endospermum, Sterculia, Tristiropsis, and Ternzinalia kaernbachii. Various Euphor- 
biaceae such as Macaranga, Mallofus, Glochidion, and Bridelia are promillent in 
early stages of forest regrowth, as are Fic'icl~s, Timonius, Akhitonia, Leucosylce, Euro- 
schinus, and Trema. Albizia falcataria occurs in undisturbed forest scattered along 
streams and in small groups on landslide scars, but otherwise is indicative of human 
interference. Emergent Albizia trees have wide flat crowns that show up as light-toned 
on the air photos. Terminalia kaerizbachii also occuss in undisturbed forest; its 
proportion in secondary forest is higher because the indigenes propagate the tree for 
its edible nuts. Abundant bamboo is also indicative of secondary forest. 

(viii) Large-crowned Lowla~zd Hill Forest.-On plateaux and gentle slopes, 
provided drainage and molsture conditions are favourable, lowland hill forest has 
an above-average crown size, height, girth, and timber volume and its structure 
approaches that of lasge-crowned forest on plaii~s and fans (F'late 9). Such large- 
crowned lowland hill forest occurs for instance on the lower slopes of Mt. Latnington 
and Mt. Victory. Similarly, lowland hill forest on foot slopes in V-shaped valleys 
resembles large-crowned forest on plains and fans because on such sites the canopy 
is more irregular in height and density than in average lowland hill forest, the number 
of trees with large girth and large buttresses is greater, and rattan and other climbers 
are more prominent. Pometia is a common tree on such sites. 

(ix) Snzall-crowed Lowland Hill Forest.-Trees such as Casuarina, Castanopsis, 
and Hopea have small crowns, and hence lowland hill forest in which any of these 
trees predominates is small-crowned (Plate 14, Fig. 2). 

Casuarina papuana in many places forms an emergent layer over broad-leaved 
forest and, although this layer is usually open, on air photos the forest appears 
small-crowned and dark-toned. The species tolerates dry conditions and is most 
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common on shallow stony soils, especially on ultramafic rock and limestone, extend- 
ing from sea level into lower montane forest. It is probably a pioneer in places where 
the original forest has been damaged or destroyed, and apparently only regenerates 
in open forest. C. papnana forest is common in the mountailis west of Mt. Suckling 
near the headwaters of the Adau River and on the range north of Milne Bay. 

Castanopsis aciinzinatissima commonly forms dense almost pure stands on 
ridge crests and upper slopes above about 500 m a.s.1. Forest dominated by Cmta- 
nopsis has a dense even canopy showing smooth and dark grey on air photos. 
Castanopsis is common over large areas of forest on closely dissected plateau surfaces 
east of Sogeri plateau around the headwaters of Kemp Welch River. 

Forest dominated by Hopea is tall, slender, and dense and the basal area is 
above average. The timber volume, however, is not necessarily high as Hopea trees 
rarely reach a girth over 2 m. Hopea is predominant m many places in the foothills 
on the south side of the central range and in the eastern end of Papua (Plate 15, Fig. I), 
occurring from about sea level to 450 m. Its regeneration is commonly plentiful and 
a dense layer of seedlings and saplings often covers the ground. At the time of survey 
many Hopea trees were in flower, having light yellowish crowns that are easily 
distinguishable from the air. However, when Hopea is not in flower its crown is not 
distinctive. 

In areas with a marked dry season some of the canopy trees are deciduous. 
A belt of such small-crowned slightly deciduous forest is present inland from the 
south and south-west coasts, occurring between coastal savannah and grassland to 
seaward and medium-crowned evergreen forest inland: this belt is probably due to 
a combination of seasonal drought stress, human influence, and shallow soils. 

In regions with an annual rainfall less than about 1200 mm and a severe dry 
season the forest canopy is donunated by deciduous trees which, in addition to those 
already mentioned under medium-crowned lowland hill forest, include Bombax ceiba, 
Gyrocarpus papuanus, Brachychitoiz carruthersii, Adenantl~era pavonina, Garugaflori- 
bunda, and Protium macgregorii. The canopy is low (18-25 m) and open and in 
places the forest grades into woodland or thicket. The lower tree storeys consist of 
deciduous, semi-deciduous, and evergreen trees. Many shrubs in the undergrowth 
are spiny and scrambling. Thin woody lianes and Flagellaria are very common, but 
epiphytes are scarce. Small-crowned deciduous lowland hill forest occurs ill the 
coastal hill and foothill zones near Port Moresby mainly on limestone (Heyligers 
1965). The boundary between deciduous and evergreen forest is gradual and because 
of variations in topography and moisture conditions it is also commonly irregular. 
For instance, on dry ridge crests slightly deciduous forest may extend into the zone 
of evergreen forest, while on relatively moist valley floors and plains it may extend 
into areas of strongly deciduous forest (Heyligers 1965). 

The predominance of very small-crowned thin-stemmed forest in the Sibium 
and Didana Ranges and in the Otava and Ajule ICajale Ranges is related to steep 
slopes and shallow stony soils developed on ultramafic rocks. In the Sibium and 
Didana Ranges, Neonauclea sp. and Intsia bijuga are more common than normal 
in the lowland hill forest and climbing and scrambling bamboo (Nustus 7obtusl1s) is 
prominent in many places. Forest on ultramafic rocks north-west of the Sibium Range 



is medium-crowned and less poor, possibly because of an admixture of Lamington 
ash to the soils. Small-crowned lowland hill forest in the Otava Range is sharply 
bounded to the west by medium-crowned lowland lliu forest 011 mainly basaltic rocks. 

(x) Lower Montane Forest.-In this forest type the evergreen canopy is generally 
between 20 and 30 m high and is smaller-crowned and more even in heighl than in 
average lowland hill forest. The closure of the canopy is also greater and more 
regular. Leaves are mainly simple, often leathery and shiny, and have entire or 
serrated margins. The average leaf size is smaller than in lowland hill forest. The 
trees are of small to medium girth and many trunks are low-branched and crooked 
or leaning. Tree density is often very high. Old trees have thick, crooked, and often 
dead branches, many stumps of dead trees remain standing, and fallen logs and 
branches cover the ground. Near the higher altitudinal limit of the forest type trees 
are festooned with abundant epiphytic mosses and epiphytic ferns and orchids are 
usually also quite common. Stilt roots and adventitious roots are usually present 
and in places are common, but buttresses are inconspicuous. 

Frequent canopy trees are Notl~ofag~ts, Lauraceae, Cunoniaceae, Elaeocmpnrs, 
Sloanea, Lithocarpnts, Casta~lopsis, Syzygi~tm, Planchonella, Ilex, Dryadodaphne, 
Calophyllum, and the conifers Podocarpus, Papuacedrus, Phyllocladus, a11d Arnucaria. 
Decaspernzum and Xantl?oi~zyrtus are particularly common in lower montane forest 
bordering grassland. Carci~zia, Polyosma, Symplocos, Sericolea, Drimys, Przmr~s, and 
Araliaceae are found in the lower tree storeys. Notably absent are the families 
Meliaceae, Burseraceae, Annonaceae, and Papilionaceae. 

The shrub layer varies in density with its composition, and with height and 
density of the tree layers. In many places it consists of a great number of slender 
shrubs, in other places tall ferns or giant gingers are more common than woody 
vegetation. Various species of Psychotria, An?aracarpz~s, Rapanea, Ez~rya, Cyrtandra, 
and Saurauia are nearly always present. 

The herb layer is also variable in density and is very patchy. In places mosses 
almost completely cover the ground and also the fallen logs and branches, in other 
places ferns or Elntostema form a dense layer. Daivsonia is a conspicuous moss and 
locally, near forest edges and in open places, Sphag~zunz cushions occur. Sedges are 
usually present. 

Woody lianes are rare but a thin climbing bamboo, Nastus ?prodn~ctus, forms 
a dense tangle in many places, particularly where the forest canopy is open. Other 
climbers include Gesneriaceae, Piper, Freycinetia, Lycopodiuln, ferns, and, near forest 
edges, scrambling Rublts. Climbing rattan and palms in general are rare or absent. 
Tree ferns are often common and stilt-rooted pandans, sometimes very tall and 
reaching into the canopy, may occur singly or in groups. Mosses become more 
abundant with increasing altitude. 

A thick springy layer of leaves, mosses, and fallen branches covers the ground. 
Access through the forest is hampered by fallen logs and thick branches, and in many 
places also by a dense shrub layer or scrambling bamboo. The visibility is often 
greatly reduced by tall ferns, gingers, bamboo, and abundant epiphytic mosses. The 
forest is moist and quiet and appears to harbour few insects and animals. 

As in the lowlands, the forest structure is influenced by climate, topography, 
and species composition. According to Brass (1956), the physiognomy of lower 
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montane forest and its lower altitudinal limit are correlated with the duration and 
lower limit of daily cloud cover. He notes (pp. 148-9) that in the vicinity of Mt. 
Dayman the demarcation line between his mixed rain forest below and mid-mountain 
forest of oaks and Castanopsis above gemally "corresponds with the lower edge of 
the cloud bank which, with a high degsee of regularity in both time and local altitude, 
settles on the mountain slopes early in the afternoon". This could explain the 
occurrence of a lower montane forest seen at 335 m a.s.1. on a plateau south of Milne 
Bay, an area known for its cloudiness. 

Generally, the higher the altitude of the forest, the longer it is enveloped in 
cloud, and the greater the abundance of epiphytic and ground mosses. At the highest 
altitudes such forest has given rise to the apt names "cloud forest" and "mossy 
forest". On exposed high crcsts and upper slopes the lower montane forest is dwarfed, 
thin-stemmed, and often very dense and the bunks are crooked and gnarled. Such 
forcst has become known as " e h  woodland". In contrast, on sites such as gentle 
slopes and plateau areas lower montane forest grows to a height of 40 m and many 
trees have a girlh ovcr 1.5 m. 

Notl7ofagus spp. and Ara~rcaria cunninghanzii (hoop pine) are common trees 
which tend to grow gregariously. Where Nothofagus predominates the lower montane 
forest is often medium-crowned and irregular in height and may be much taller than 
forest without Nothofagus (Plate 7; Plate 17, Fig. 1). In some locahties Nothofagzls 
appears to regenerate and die in large groups (Plate 7; Plate 16, Fig. 2), in others 
regeneration of all age classes is present under scattered mature trees. Nutlzofag~fs is 
particularly common between the Goropu Mountains and Mt. Dayman and in the 
north between Mt. Yule and Mt. Nelson. 

Araucaria cunniizghamii is another tree that often emerges above the forest 
canopy, reaching a height of over 40 m. Extensive, rather dense stands occur up 
to about 2500 m altitude on the slopes of the Goropu Mountains, Mt. Sucklmg, and 
Mt. Dayman. However, many of the tall emergent Amllcaria trees on Mt. Suckling 
appear to be overmature and dying and stands on Ml. Dayman are being damaged 
by grass fires spreading into the forest. 

Lower montane forest has been distinguished from lowland lull forest by its 
darker tone and generally small-crowned even canopy on air photos. It occurs 
above about 1400m altitude in the central range and forms a colltinuous cover 
except for a gap to the west and east of Mt. Clarence. Very small-crowned lower 
montane forest occurs on ultramafic rock in the Otava Range and south of Mt. 
Suckling. In the area south of Mt. Suckling the forest canopy is dominated by 
Cusuarina papuana. 

In young regrowtl~ stages, tree ferns, Alphitonia incana, Dorlonaea viscosa, 
Weinmannia, and Olearia, are in many places conspicuous, whereas Castanopsis, 
Lithocarpus, Euodia, and Elaeocarpus are often prominent in older regrowth stages. 

(xi) Con$erous Lower Montane Forest.-With increasing altitude, coniferous 
trees, mainly Dacrycarpt~s, Podocarpus, Phyllocladus, Pa~)z~acedr~rs, and Araucaria, 
become more abundant in lower montane forest and may reach dominance to form 
coniferous lower montane forest. This type of forest is similar in structure to mainly 
broad-leaved lower montane forest, except that many coniferous trees reach a girth 
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well over 1 .5  m even at altitudes over 3000 m and their stem form is generally better 
than that of the associated broad-leaved species. 

Coniferous lower montane forest occurs above about 2400 m altitude throughout 
the central range, except between Mt. Obree and Mt. Suckling. On air photos it can 
generally be distinguished by its very dark tones (Plate 7; Plate 18, Fig. 1). 

Near its upper limit the forest often borders gassland, with a zone of shrubs 
and low trees commonly forming the transition between grassland and forest. The 
forest-grassland boundary is relatively stable, although the grassland gradually 
encroaches upon the forest as grass fires destroy the forest edges. 

(xii) Montane Forest.-Montane forest occurs in mosaic with grassland above 
about 3400 m altitude on the tops of Mt. Albert Edward plate  7) and Mt. Victoria 
and between these two mountains on several high tops of the Wharton Range. At 
about 3900 m altitude it grades into scrub. Montane forest was examined by the 
author only on Mt. Albert Edward. Here it differs from the lower montane forest 
below by having a higher and denser canopy and a more open shrub layer. Also 
epiphytic mosses and orchids are less common, probably because here the forest is 
above the zone of longest cloud cover and has more frequent periods of low humidity. 
The canopy is dominated by Dacrycarpus compactus which has an un~brella-shaped 
crown and even at an altitude of 3800 m reaches a height of 15-20 m (Paijmans and 
Loffler 1972). The edges of montane forest are often damaged by fire. 

(h) Seral Vegetation 

Seral vegetation comprises the vegetation types that pioneer on terrain that 
has not becn vegetated before or where the original vegetation has been destroyed 
by volcanic eruptions. The various seres have been divided into coastal, river bank, 
stream bed, and volcanic blast area successions. 

(i) Coastal Strccessions 

(1) Mixed herbaceons beach vegetation.-Sand-binding herbs with long trailing 
stems, and low grasses and sedges cover the fust beach ridge behind the beach from 
just above high-water mark. On the seaward slope the creepers Ipomoeapes-caprae 
and Canavalia maritima are dominant, whereas on the crest grasses such as Ischae- 
mum muticum and linperata cylinclrica and sedges, e.g. Fimbristylis and Remirea 
maritinla, are more prominent. Landward, Vigna marina, PassijTora, and other 
creepers of the families Convolvulaceae and Cucurbitaceae, seedlings of Hibiscus 
tiliace~rs, and low shrubs of Desmodiunz, Crofalaria, and Premna appear. The parasite 
Cassythafiliformis in places densely overgrows a variety of host plants. 

(2) Casuarina.-C. equisetifolia forms dense low t o  mid-height stands on 
offshore sand bars and on aggrading sandy coasts on sites above high-water mark. 
I t  also occurs on sandy strips along river mouths. Tall stands are rare as development 
is usually prevented by native gardening. 

(3) Mangrove.-Avicennia marina, Sonneratia caseolaris, and Ceriops tagal 
form dense, low, often pure, scrubby stands in tidal lagoons and near river mouths 
where the coast is protected by offshore bars. Young Avicennia and Sonneratia occur 
well below high-water mark and the outermost seedlings are submerged for most 
of the time. At a later stage such scrub becomes mixed with other mangrove species 
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and eventually develops into mangrove forest via a stage with scattered old emergent 
Avicennia. 

A Sonneratia which has fruits shaped like those of S. caseolaris but has lanceolate 
instead of broad roundish leaves forms small low pure stands on low river banks, 
scrolls, and islets in and near the mouths of major rivers. The habitat is daily or 
periodically flooded by brackish water. This Sonneratia is commonly associated 
with Acrosticlzunz, Acanthcrs, and nypa palm. Inland there may be a ground cover 
of sedges and grasses, and climbers such as Stenochlaena and Flagellaria are present. 

(ii) River Bank Successions.-Pandanus and Plzragnzites are the h s t  plants to 
appear on low silty river banks including scrolls that are frequently flooded by 
slightly brackish to fresh water. They form small pure stands often occurring together 
with stands of Sonneratia. Upstream, tall Saccharcrm robzmstzrm commonly comes 
next in succession. Artocarpus altilis is one of tbe k s t  trees to appear on the tops 
of low banks and as flood frequency decreases upstream is joined by Octor?zeles 
scminatrana. Together the two species are the dominants in a pioneering mid-height 
to tall forest on sites flooded by fresh water. Early associates are Ficus, Laportea, 
Tinzoni~ms, Kleinhovia, and Terminalia. Climbers are very common, often smothering 
the Octonzeles trees, and ferns and gingers are prominent in the ground layer. As the 
succession becomes more mature the quick-growing Octomeles tops Artocarpus and 
the other tree species. In a late stage the forest consists of an open upper storey of 
huge Octonzeles trees some 60 m high over a mixture of tree species that are charac- 
teristic of forest on plains. Kleinhoeia is usually very common. The lower tree storeys 
are open and tree density is low. Normally the shrub layer is also open and the forest 
is easy to walk through. There is no regeneration of Octonzeles. Such forest with 
abundant old emergent Octonzeles is found along the middle courses of the Tauri, 
Akaifu, Dilava, Vanapa, Brown, and Rakua Rivers and on fans on the south and 
south-east sides of Mt. Victory. Normal development of Octouzeles-Artocarpus 
forest is commollly interrnpted and disturbed by gardening. The usual crop is banana 
which tolerates frequent short-lived flooding. 

Changes of river course alter the succession, e.g. decreasing swampiness along 
the lower course of the Angabunga River which was abandoned during 1956-57 has 
resulted in Saccharunz robustuin being succeeded by S. spontaneunz (Heyligers 1965). 

(iii) Stream Bed St~ccessions 

(1) Saccharurn.--S. spontane~fm forms scattered tussocks (Plate 27) or small 
pure stands, some over 4 m high, on sand and gravel river banks and bars subject 
to frequent short-lived flooding. Associated grasses are Pennisetcrnz macrostacltyum 
and species of Paspalum and Digitaria. As flooding becomes less frequent the stands 
of Saccharunz are invaded by shrubs, such as Ficus spp., Cassia alata, and Crotalaria 
mtrcronata and a variety of tree species, such as Ficcms spp., Leucosylce sp., Piptzrrus 
argenteus, Albizia falcafaria, Octomeles surnatrana, Trema orientalis, and Onzalanthus 
sp. Relatively large areas occur on tile northern and south-eastern slopes of Mt. 
Victory and the western and north-western slopes of Mt. Lamington. 

(2) Casuarina.--C. cunnilzgharniaua is the pioneer further upstream where the 
gradient is higher and the deposits are mainly very coarse and bouldery, as in the 
upper course of the Bonua River (Plate 6; Plate 20, Fig. 1). It  forms dense pure 
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stands above the level of frequent flooding. The trees are tall, slender, of medium 
girth, and up to 40 m high. A herb and shrub layer of ferns (Selaginella, Elatostenza) 
and pandans develops as litter and sand become trapped between the trees. When 
the stream changes course away from such stands the flood waters move more slowly 
and more sand and silt are trapped. Broad-leaved species appear as the habitat 
becomes more stable, and Casuarina no longer regenerates. The forest eventually 
reaches its mixed broad-leaved climax, large- to medium-crowned forest on plains 
and fans, via a stage of mixed forest with emergent Caruarina. C. cumingItanziana 
also colonizes outwash fans which are either bouldery or gravelly, as at the eastern end 
of the Musa basin, or are sandy but very poorly drained to swampy, as between the 
Goropu Mountains and Mt. Victory. 

(iv) Volcanic Blast Area Strccessions.-Mosses, Lycopodittnz cernuur~z, and 
Gleichcnia fern are the f i s t  to colonize eruption deposits and sites where the original 
vegetation has been destroyed by volcanic activity. Scattered tufts and stands of 
Saccharunz spontaneztnz, often with lnzperata cylindrica, generally appear next (Taylor 
1957). Shrubs and trees of the type found in stream bed successions invade the 
grasses, and a monospecfic or mixed woodland which often includes species of 
Musaceae develops. 

Trees that colonize blocky lava flows and crater walls are Casuarina cunning- 
hanziar~a, Rhus taitensis, Tirnonizts tirnon, and Neonauclea sp. (Plate 9 ;  Plate 22, 
Fig. 1). There is usually a dense ground layer of many species of ferns and also, in 
open stands, orcluds. Despite an initial absence of soil the colonizing trees are fast- 
growing. Other tree species to invade include Ocfonzeles strmatrana, Albizia falcataria, 
and 77eina orie~ztalis. Eventually the pioneers are replaced by mixed forest. Such 
successions occur on tbe cones and craters of Mt. Lamingto~~ and Mt. Victory and 
on Waiowa volcano. 
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PART VII. FOREST RESOURCES OF EASTERN PAPUA 

The aim of this Part is to indicate the general location and extent of the forest 
in eastern Papua and assign estimated stocking rates to each forest type. The land 
has also been classiiied into categories giving indexes of accessibility. A summary 
of the forest resources appears in Table 11. 

TABLB 11 
SUMMARY OP TI= FORBST RXSOUECES 

Estimated stocking rate Area Estimaled stocking rate 
class ( k d )  (m3/ha) (super ftlac) 

Very high 140 >70 > 12,000 
High 3700 53-70 9000-12,000 
Moderate 22,500 30-52 5000- 9000 
Low 16,500 17-29 3000- 5000 

Only com~nercial forests are described. These contain at least 17m3/ha of 
standing timber from trees having a minimum girth of 1.5 m at breast height (or 
above the buttresses). The same nomenclature is used for these forests as was used 
in Part VI, to facilitate cross-reference with general desc~iptions. They may often 
be smaller in areal extent. 

Commercial forest (hereiuafter referred to as forest) covcrs about 70 % of the 
area, occuring from sea level to approximately 3400 m in a wide range of environ- 
ments. Much of the forest is confined to rugged mountainous country along the 
central ranges, whereas on the coastal hills and undulating terrain a large proportion 
of the land has been cleared of forest. Relatively low and markedly seasonal rainfall 
in large parts of these latter arcas result in lower forest resources. The main areas of 
accessible forest occur along the northern coastal plains and hinterlands from Moi 
Biri Bay westwards. Despite the relatively large area of forested country, the forest 
potential of eastern Papua is considered to be moderate to low, because much of the 
forest is inaccessible. 

Over most of the rugged, mountainous country forests play an invaluable role 
in watershed protection. These forests should be left in their natural state as a barrier 
to prevent accelerated erosion and consequent destruction of the environment. 

*Division of Land Use Research, CSIRO, P.O. Box 1666, Canberra City, A.C.T. 2601 
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The potential for minor forest products is moderate. Possible products include 
extractives from mangrove stands and also from the dipterocarp forests and rattan 
from forest on poorly drained alluvium. 

Present exploitation and milling operations are virtually con6ned to the Central 
District. Most of the mills are linked to Port Moresby by road aud are designed to 
supply local markets. The largest mill, located at Cape Rodney, produces sawn 
timber for shipment to local markets in Port Moresby and also for export overseas. 
Other operations are located in the Northern and Milne Bay Districts.* 

Five areas, listed in Part I, have previously been surveyed by CSIRO Division 
of Land Research resources survey teams, and almost all of the accessible land along 
the south coast between Marshall Lagoon and Milne Bay has been surveyed by the 
Department of Forests, PNG, in much greater detail than was possible during the 

. present survey (Director of Forests, personal communication). The same department 
bas also carried out forest surveys in the Vanapa River, Collingwood Bay, and Ioma 
areas and in smaller scattered areas uear Port Moresby, Popondetta, and Mt. Suckling. 

No separate forest resources map is supplied and all refel.ences in the text 
pertain to the vegetation or land-form type maps. 

Only existing forest resources have been studied and no attempt has been 
made to assess the potential for reafforestation, although much of the information 
embodied in the whole report may be useful in such a study. 

11. ASSESSMENT METHODS 

The large area involved (about five times the average area of previous surveys) 
and the small scale of the final map necessitaled some moditications to assessment 
techniques used in previous surveys such as that of the Aitape-Ambunti area. Pre- 
liminary photo interpretation was carried out in association with the plant ecologist, 
and recognizable photo patterns were delineated. These patterns were distinguished 
on the basis of structural features of the forest, recognizable species, aud topo- 
graphic position. 

All field measurements and estimations were in British units to conform with 
and allow comparison witb previous data; however, metric units have been used in the 
text where possible. Circular sample plots of 0.1349 ha were used at team observation 
sites. 

Data recorded for all trees of 1.5 m girth or more included girth over bark at 
breast height (or above buttresses), merchantable length, botanical name, and local 
name in Amele (Madang) language. Each tree was also classed, on form and external 
symptoms of defects, as suitable or likely to be unsuitable for milling. In cases wliere 
a tree was found on the edge of a plot, the position of the geometric centre of the 
bole a t  breast height was the reference point for total acceptance into or 1-ejection 
from the plot. Girth measurements were made by girth tape in 1-ft classes and 
merchantable length in 5-ft classes by estimation and by checking every tenth tree 
with a Blume Leiss altimeter. Where the botanical name of a tree was in doubt a 
wood sample was taken and later compared with wood samples supported by herb- 
arium specimens. 

* "An Atlas of Papua and New Guinea." (Dep. Geogr. Univ. of Papua New Guinea, and 
Collins Longman.) 
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Notes were also made on forest and site quality, including evidence of human 
interference and fallen trees, while other site factors such as slope, soil, etc. were 
observed by other team members. The site information was augmented by visual 
observations made while flying over forests at low altitude and by the observations 
of the plant ecologist. 

To conform with data collected by the Department of Forests, PNG, timber 
volumes calculated for each plot were based on the following formula and 110 allow- 
ance for internal defect was made. The bark allowance was 3 in. off girth. 

V = 80.31549 + 2.18592GZ - 1.15235H+ 0.64224GZH, 
where 

V = log volume under bark in super ft  true measure, 
G = girth over bark above buttresses in ft (calculated on girth class mid-point), 
H = log length in ft  (calculated on the mid-point of 5-ft classes). 

From the qualitative and quantitative information collected on each plot, 
together with data from prior CSIRO and Department of Forests surveys, an appraisal 
of each plot's value as a representative sample of the forest type was made using air 
photos and estimated stocking rates were assigned to each type. The assigned stocking 
rates are a very approximate indication of timber volume and must be used with 
extreme caution as the sampling percentage was less than 0.001 %. They should be 
regarded as an indication of which forest types warrant more detailed investigation 
to assess accurate volume figures. All other parameters except area were estimated in 
a similar fashion, but with a greater emphasis on recorded data and less on visual 
appraisal. 

In the classfication used the forests are divided into six major groups based on 
environment; these groups are forest on plains and fans, lowland bill forest, lower 
montane forest, seral forest, littoral forest, and mangrove. The first three groups 
are subdivided into forest types using structural differences mainly associated with 
canopy characteristics. The first group includes large- to medium-crowned forest, 
small-crowned forest, and open forest. The second and largest group comprises 
large-crowned forest, medium-crowned forest, and small-crowned forest. The third 
group, lower montane forest, is not subdivided except for the recognition of coniferous 
lower montane forest, this being a structural manifestation of the floristic difference. 
These eight forest types, together with the three undifferentiated groups of seral, 
littoral, and mangrove forest, are the 11 forest types that appear on the accompanying 
vegetation inap as either discrete entities or complexes that include other non-forest 
vegetation types. 

The mapped forest types are by no means homogeneous, and at the map scale 
of 1 : 1,000,000 no further subdivision is feasible. However, some components within 
them are recognizable on the air photos. These are single-species stands, semi- 
deciduous forest or secondary forest, that occur within the matrix of mixed-species 
forest. Trees that form pure stands and can be recognized on the air photos are Hopea, 
Castanopsis, Nothofagus, Araucaria, Melaleuca, Octon7eles, and Casuarina. Their 
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general location is indicated on a 1 : 500,000 map by symbols. Limited copies of 
this black and white unpublished map are available on request. 

Areas for each mapped forest type were calculated using a dot-grid 
(1 dot = 1.61290 km2) on a 1 : 500,000 vegetation map. The figures obtained 
were adjusted after estimating the approximate areas of included forest types and 
non-forest on each air photo mosaic (approx. scale 1 : 63,360). 

IV. DESCRIPTION OF FOREST TYPES 
(a) General 

To avoid repetition these general descriptions are restricted to points of 
forestry interest and are designed to complement the more detailed descriptions 
given in Part VI. In each description only the most frequer~lly occurring trees are 
named. Each forest type has been placed into a class based on estimated stocking 
rate (Table ll),  and this is used in describing the forest potential of each land- 
form type. 

Secondary forest is generally composed of species that have a wide range of 
tolerance and, therefore, it is less dependent on environmental factors other than light; 
for this reason it is described as a composite type for each major group in which 
it occurs. 

(6) Forest on Plains and Fans 

(i) Large- to Medinm-crownerl Fo'orest 

(1) Mined forest.-This forest has a high stocking rate and covers 2900 km2. 
The main timber species are Pon!etiapinnata, Octoineles snmatrarza, Terminalin spp., 
Pterocarpus indicus, Fic1.1~ spp., and Alstonia sclzolaris, none of which normally 
contribute more than 10% of the total timber volume. However, in certain 

I areas, particularly between the Vanapa and Brown Rivers, between Cloudy Bay and 
Amazon Bay, and along the Liba, Bonua, and Bailebu Rivers, Pornetia exceeds this 
value and is often subdominant to occasionally dominant. Girths are generally 
moderate to large, ranging up to 4.0 m with 35-40% of trees in the 2.1+ m class. 
Boles are generally straight and long, ranging up to 21 m except for certain trees 
which normally have a poor stem form, e.g. Pterocarpus, Vitex, and to a lesser degree 
Pometia pinnata. Timber volumes per hectare vary greatly but the estimated average 
stocking rate is 60 m3/ha. 

The forest grows on well to  imperfectly drained alluvial plains and gently 
sloping fans on which there is little or no flooding, and thus there are few access 
hazards except perhaps the need to cross the larger rivers. 

The main areas of this forest type are plains and fans north of Mt. Lamington, 
on the Musa coastal plain, on the fans and plains between the Goropu Mountains 
and the north coast, and on plains associated with the major rivers along the south 
coast. The forest is mainly associated with the land-form types AWs, AWv, AWu, 
FSn, VPn, and DSw. 

(2) Octomeles forest.-This forest has a very high stocking rate and covers 
100 kmz. It grades from almost pure stands to mixed forest with some emergent 
Octomeles. Girths are large and generally 60 % or more of trees fall in the 2.1-1- m 
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girth classes. Boles are straight and long, ranging up to 35 m, and volumes often 
exceed 117 m3/ha. The estimated stocking rate is 85 m3/ha. 

Octomeles forest is found on similar sites to the mixed forest but is most 
widespread near present and prior stream channels, especially along the Tauri, 
Akaifu, Dilawa, Vanapa, and Brown Rivers of the southern coast and along the 
Wakioka and Rakua Rivers SE. of Mt. Victory on the northern coast. Access is 
similar to that of mixed forest. I t  is mainly conhed to the APf and AWs land- 
form types. 

(ii) S~nall-crowned Forest.-This forest has a moderate stocking rate and 
covers 1200 km2. The main timber trees include Sj~zygium, Intsia, Ailisoptera, Hopea, 
and in the east Vatica and Eucalyptopsis. Generally the composition is mixed but 
locally Dipterocarpaceae becotnc subdominant. Girths are generally small to 
moderate (up to 2.1 m) and boles are generally straight and long (up to 24 m). The 
estimated stocliing rate is 50 m3/ha. 

The type grows on gently undulating plains and basin areas, very often on 
gravelly laferitic soils and in areas of poor drainage. Access is good to locally 
moderate. 

The forest is found adjacent to foothills mainly between MarshaU Lagoon and 
Cloudy Bay in the south, west of the Mambare River in the north, and also in upland 
basins south of Milne Bay and west of the Musa coastal plain. I t  is almost entirely 
codned to USu and UHr land-form types. 

(iii) Open Forest.-This forest has a moderate stocking rate and covers 1500 kmz. 
The most commonly occurring trees are Ficzfs spp., Pterocarpzfs indicus, Syzygium spp., 
Neonazfclea, Nauclea, Planchonia, Termiizalia spp., Autocarpus, and Lauraceae. No 
species contributes more than 10% of the timber volume except locally where 
Laportea and Kleihhovia are dominant. Girths are generally moderate to large, 
ranging up to 4.0 m, and boles range up to 21 m. Stem form is for the most part 
straight althongl~ some trees including Pte~~ocarpus, Laportea, and Kleinhosia have 
crooked stems. The estimated stocking rate for the type is 40 m3/ha. 

The forest is found on plains that are subject to frequent short-lived flooding 
and on back plains subject to moderately long periods of inundation during the 
wet season. Access, therefore, is considered to be generally moderate. 

As it is associated with all major rivers, the forest is found throughout the 
alluvial plains of eastern Papua but is most prevalent on APf land-form type. 

(iv) Semi-deciduorfs Forest.-This forest has a moderate stocking rate and 
covers 14.0 kmz. Species composition in general is similar to that of the large- to 
medium-crowned forest but t h e ~ e  is a higher proportion of deciduous and semi- 
deciduous trees such as Bonzbax, Anisoptera, Intsia, Garuga, Terminalia spp., Ginelina, 
Albizia, Fliizdersia, and Sterculia spp. In other respects such as girth, bole, and 
stem form this forest type is also similar to the large- to medium-crowned forest 
but the estimated stocking rate is slightly lower, about 50 n+/ha, due to a lower 
eee density. 

The access hazards are similar to those of the lasge- to medium-crowned 
forest. The type occurs only in two monsoollal areas, the Musa basin and adjacent 
fans, and the alluvial plains in the Cape Vogel area, in APf, AWs, and USu land- 
form types. 
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(v) Secondary Forest.-Secondary forest has a low stocking rate and covers 
800 km2. Species composition is extremely variable and is related to the successional 
stage attained. The most commonly occurring trees include Poinetia pinnata, 
Altlzofffa, Endospermurn, Etlodin, Macarafzgn, Sterculia, Cerbera, Pimeladendran, 
and Canariunz spp. Apart ftoul a higher reject percentage;mainly due to over- 
maturity of the earlier colonizers, the forest attributes are generally similar to those 
of the mixed forests i n  which the secondary forest is found. However, estimated 
stocking rates are generally lower, averaging about 30 m3/ha. Secondary forest also 
has a lower proportion of valuable timber species. 

As secondary forest results from interference by man, it may occur in any 
situation but is generally confined to the better-drained sites which are best suited 
to indigenous agriculture. 

(c) Lowland Hill Forests 

(i) Large-crowned Forest 
(1) Mixed forest.-This forest has a high stocking rate and covers 500 kmz. 

The most commonly occurring trees include Pometia spp., Canariuin spp., Anisoptera, 
Cryptocarya spp., Terminalia spy., Syzygil~fn spp., Ficus spp., Celtis spp., Dysoxyl~frn 
spp., and Sloanea spp., but none contributes more than 10% of the timber volume. 
Girths are moderately large, ranging up to 3.0 m generally, and boles are straight 
and long, up to 30 m. The estimated stocking rate is about 70 m3/ha. 

The forest is found on gentle to moderate slopes, especially on volcanic land 
forms, and access is generally moderate to good depending on the steepness of 
adjacent laud. 

The main occurrences are on the slopes of Mt. Lamington and Mt. Victory 
but isolated pockets of this forest are found along the northern slopes of the central 
ranges. I t  occurs in VAV, VBm, VPd, VPn, DSf, DSw, and EAf land-form types. 

(2) Octomeles forest.-This forest has a very high stocking rate and occurs 
on the s'lopes of Mt. Victory where it covers 13 kmz. Octorneles is dominant and 
usually emergent over species of the mixed forest. Girths are large and generally 
60% or more fall in the 2.14- m class. Boles are straight aqd long, ranging up to 
35 m, and volumes often exceed 117 n13/ha. The estimated stocking rate is 85 m3/ha. 

The forest is a remnant of a stage in the sera1 succession on the volcano and 
will gradually be replaced by mixed forest. Access is similar to that of the mixed 
forest. 

(3) Araucaria forest.-This is a very high stocking rate forest that covers 8 km2. 
It 1s vjrtually a mixed forest with Ai.aucaria hunsfeinii emergents of highly variable 
density. The estimated average stocking rate is 85 m3/ha but in the dense stands 
the stocking rate may be much higher. Girths are very large, often exceeding 3 m, 
and boles are very long (up to 50 m) and straight. 

The main stand is in the upper reaches of the Bariji River. Access is similar 
to that of the mixed forest. 

(ii) Medium-crowned Forest 

(1) Mixed forest.-This moderate stocking rate forest is the major type of 
eastern Papua and covers 14,000 km2. Species composition is similar to that of 
the large-crowned forest but girths are somewhat smaller (up to 2.5 m) and boles 
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shorter (up to 18 m). Stem form is straight. The estimated stocking rate for this 
type is about 40 m3/ha. 

The forest is developed below 1400 m altitude along the central ranges and 
on Mt. Tsafalgar and Mt. Victory on a variety of land-form types. Access is generally 
poor to very poor due to very steep slopes but may be moderate in areas adjacent 
to lower and more accessible terrain. 

(2) Hopea foresf.-A moderate stocking rate forest covering 160 km2, it is 
composed of species of the mixed forest but is dominated by Hopea. Girths are 
generally smaller, up to 2.1 m, but the number of stems per unit area is larger than 
in the mixed forest. Boles are generally moderately long (up to 21 m) and straight. 
The estimated stocking rate is 45 m3/ha. 

ITopea forest is scattered throughout the area, growing on various land-form 
types in zones of monsoonal influence, but occurs mainly in the east. Access is 
similar to that of mixed forest. 

(3) Araucaria forest.-This is a very high stocking rate forest covering 8 kmz. 
It is similar in all respects to the Araucaria forest occurring in large-crowned 
hill forest. 

It occurs in two small areas, along the upper reaches of the Bariji and Ormond 
Rivers respectively. Access is similar to that of the mixed forest. 

(4) Castanopsis forest.-This is a low stocking rate forest covering 260 km2. 
The predominant tree is Castanopsis, although some Lithocarplis is also present. 
Girths are generally small, up to 2 m, and trees with larger girths are usually defective. 
Boles are short, usually less than 15 m. The estimated stocking rate is 17 m3/ha. 

Most Castanopsis forest is confined to ridge tops and upper slopes and occurs 
throughout the area on a variety of land-form types. Access is similar to that of 
the mixed forest. 

(iii) Medium-crowned Semi-deciduous Forest.--This is a moderate stocking rate 
forest that covers 420 kmz. Species composition is similar to that of medium-crowned 
forest except for a large proportional representation by deciduous and semi-deciduous 
species. These include Terminalia spp., Intsia bijuga, Anisoptera kostermansiana, 
Sterculia spp., Pterygota horsjieldii, Bombax ceiba, and Garugafloribunda. In other 
respects it is similar to the medium-crowned mixed forest. It has an estimated 
stocking rate of 35 m3/ha. 

Semi-deciduous forest is conhed to the hills around the Musa basin on several 
land-form types. It is generally more accessible than the other forests in the same 
group. 

(iv) Small-crowned Forest 

(I)  Mixed forest.-This is a low stocking rate forest covering 4000 km2. 
Species composition is similar to the other mixed lowland hill forests but girths are 
smaller (up to 2.1 m) and boles shorter (up to 15 m). The estimated stocking rate 
is 25 m3/ha. 

The forest is found on many land-form types throughout the area. Generally 
access is poor to very poor owing to very steep slopes. 
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(2) Hopea forest.-This is a moderate stocking rate forest covering 46 kma 
mainly in the eastern part of the area. It is similar in most respects to the medium- 
crowned Hopea forest hut girths and holes are smaller. The estimated stocking rate 
is approximately 35 m3/ha. 

(3) Araucaria forest.-This is a very high stocking rate forest covering 30 kmz. 
Although similar in most respects to the previously described Araucaria forests, the 
estimated average stocking rate is slightly lower (80 m3/ha) because of the lower 
volume contribution by associated species. The forest forms small scattered stands 
along the central ranges. 

(4) Castanopsis forest.-This is a low stocking rate forest which covers 
460 km2. The forest is similar in all respects to Castanopsis forest occurring in 
medium-crowned forest. It occurs throughout the area hut mainly south of lat. 9"OO'S. 

(v) Snzall-crowned Semi-deciduous Forest 

(1) Mixed forest.-This low stocking rate forest covers 1400 km2. Species 
composition is similar to that of the medium-crowned semi-deciduous forest but 
girths and boles are somewhat smaller and the estimated stocking rate is lower 
(25 mZ/ha). 

The forest is located mainly in the south, west of Cloudy Bay, in areas of 
monsoonal influence. It occurs in a variety of land-form types. Access is generally 
poor to very poor due to steep slopes. 

(2) Castanopsis forest.-This low stocking rate forest is similar to the equivalent 
type described under small-crowned forest. The estimated stocking rate is 17 m3/ha. 

Situated on ridge crests and upper slopes, it is found throughout the area 
mapped as small-crowned semi-deciduous forest. 

(vi) Secondary Forest.-Secondary forest in the lowland hill forest group is 
a low stocking rate forest covering approximately 4000 km2. In the smaller girth 
classes the species are similar to those of the equivalent mixed forest type; however, 
in the larger girth classes trees commonly occurring are Albizia falcataria, Euodia 
spp., Endospermurn spp., Macaranga spp., Artocarpus spp., Tristiropsis sp., and 
Terminalia Icaernbachii. Many of these species are mature trees of earlier sera1 stages 
but the last two may often he remnants of previous forest retained as food trees 
during garden clearing. Girths, bole lengths, and stocking rates vary widely. The 
estimated average stocking rate is 17 ma/ha. 

- It o c m s  throughout the area m varying proportions dependent upon present 
and prior location and density of population. 

(d) Lower Montane Forests 

(i) Lower Montane Forest 

(1) Mixed forest.-This is a moderate stocking rate forest which covers 
5100 km2. Timber trees present include Cunoniaceae, Lauraceae, Elaeocarpus, 
Sloanca, Lithocarpus, Castanopsis, Syzygium, Planchonella, Ilex, Calophyllum, and 
the conifers Podocarpus, Dacrycarpus, Phyllocladus, and Papuacedrus. 
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Individual species rarely attain subdominance. Girths are mainly small (up to 
2.1 m but more often less than 1 .8  m) and boles are short, usually not more than 
12 m. Stem form is variable and often crooked but the tree density is generally lig11. 
The estimated stocking rate is 35 m3/ha. 

The forest is found mainly above 1400 m altitude along the Owen Stanley 
Range on several land-form types. Because of its topographic position and in many 
cases its rugged habitat, access is classed as very poor. 

(2) Nothofagus forest.-This is a moderate stocking rate forest covering 
1150 kmz. Although most of the mixed forest species are present tbe forest is 
composed predominantly of Nothofagus spp. Girths are small to moderate in size 
(up to 2.7 m) and boles are straight and range up to 24 m long. The estimated 
stocking rate is 45 m3/ha, although individual stands may rate much higher than this. 

Nothofagus forest is found throughout the lower montane mixed forkst area 
along the central ranges but is more common in the areas between Mt. Kenevi and 
Mt. Nelson and between the Goropu Mountains and Mt. Yule. 

(3) ~&m.ria forest.- his is a moderate stocking rate forest covering 50 km2. 
Araucaria cunninghanlii (hoop pine) is emergent in varying densities over a mixed 
forest. Girths are generally large and often exceed 2.5 rn, while boles are straight 
and long (up to 35 m). In a continuous strip study on Mt. Suckling carried out by 
the Department of Forests, the average stocking rate was 117 m3/ha. Because of 
the extreme variability in stand density the estimated area has been extended to 
include large areas of low-density Araucaria. Therefore, the estimated average 
stocking rate for this type (35 m3/ha) is a rather low figure when compared with 
individual small dense stands, but probably is a realistic ligure for the overall 
estimated area. 

The forest is generally found along the central ranges east of Mt. Obree, mainly 
on the slopes of Mt. Dayman, Mt. Suckling, and the Goropu Mountains. 

Many of the hoop pines in the forest are overmature and in some cases, 
particularly on Mt. Dayman, &ey have suffered from fire damage. 

(ii) ConSferous Lower Molztaize Forest 
(1) Mixed conifelow forest.-This is a low stocking rate forest cuvcring 

1600 kma. The species composition is dominated by Podocarpaceae, with occasional 
Papuacedr~~s. The remaining species are similar to those of the mixed lower montane 
forest. Girths and boles vary widely between stands but the better stands have 
girths up to 2.4 m and boles up to 15 in long. Tree density is generally moderate 
to high and the estimated stocking rate is 30 m3/ha, but this also varies considerably 
between stands. 

The forest is found on various laud-form types usually above 2400 m altitude 
along the central ranges. Access, as in the lower montane forest, is very poor. 

(2) Araucaria forest.-This is moderate stocking rate forest which covers 
50 kmz. I t  is similar to the Araucaria forest described under the lower montane 
forest and has the same estimated stocking rate, 35 m3/ha. 

(iii) Secondary forest.-Secondary forest covers 290 kmz. The estimated 
stocking rate is 17 1n3/ha. It is found only at the lower-altitude levels within the 
lower montane zone and is not associated with the coniferous lower montane forest. 



FOREST RESOURCES 135 

(e) Sera1 Forests 

(i) Casuarina Forest.-This forest has a low stocking rate and covers an area 
of 80 kma. I t  consists almost entirely of Casuarina cunninghamiana. Girths are 
small, rarely exceeding 1 .S m, and boles are long (up to 30 m) and often slightly 
fluted. The stands vary widely in their stage of development and hence also in stocking 
rate, the estimated average of which is 17 matha. 

The forest is found mainly on gravelly and bouldery outwash plains and on 
coarse bouldery deposits along stream channels. The main areas are along the 
upper courses of the Wakioka River and its tsibutaries. Access is generally good 
but flooding may be a hazard. APf and FSn are the main land-form types on which 
the forest occurs. 

(ii) Octomeles Forest.-This is a very high stocking rate forest which covers 
15 k m 2 .  The forest bas an estimated stocking rate of 85 m3/ha and is similar in all 
respects to its synonym described under forests on plains and fans. I t  occurs along 
the lower parts of the Wakioka River and is associated with volcano-alluvial fans. 

( f )  Littoral Forests 

(i) Mixed Forest.-This forest has a moderate stocking rate and covers SO kmz. 
The most commonly occurring trees are Pterocarpus indieus, Ternlinalia spp., 
Planchonia, Nauclea. Syzygium, and Melaleuca. Girths are variable, ranging from 
stnall, particularly in Melaleuca, to moderately large (3.0 m). Boles are generally 
short to moderate in length but may reach 20 m. Stem form is often crooked. The 
estimated stocking rate is 30 m3/ba. 

The forest is found on beach plains and beach ridges of LW land-form type, 
preferring less waterlogged sites than pure Melaleuca forest. Access is poor to 
moderate generally, but good on beach ridges. 

(ii) Melaleuca Forest.-This forest has a low stocking rate and covers 100 km2. 
I t  consists of almost pure stands of Melaleuca interspersed within areas of mixed 
forest or swamp vegetation. Girths are small, rarely exceeding 1 .5  m, and boles 
range up to 20 m. A large proportion of the trees falls into the 0.9-1.2 m girth size 
class and, although too small for milling, could form a source of round timber for 
wharf piles. The estimated stocking rate is 25 m3/ha. 

The forest is virtually restricted to two areas, the low-lying beach plains 
between Marshall Lagoon and Amazon Bay on LW land-form type and the low- 
lying back plains of the Akaifu River on AS land-form type. Access is poor due to 

- ~ 

the moderately long periods of inundation and subsequent poor drainage conditions 
of the habitat, but this is alleviated by good access on adjacent land, particularly 
on beach ridges. 

(g) Mangrove Forests 

Mangrove vegetation covers approximately 1200 kma. Only a very small 
percentage of this area has millable timber and, therefore, mangrove forest has not 
been placed in a stocking rate class. Its potential value as a source of minor forest 
products has, however, prompted its inclusion as a forest type. In some stands of 
old mangrove forest, as near Mullins Harbour, girths may exceed 1.5 m and boles 
15 in. Elsewhere, girths are generally small and trees are suitable only for use in 
the round. 



Except around Dyke Ackland Bay, the main areas of mangrove are along the 
south coast. All are on LS land-form type. Access is very poor because of tidal 
flooding. 

V. Access 

(a) General 

Access is dependent on the following environmental factors: slope steepness 
and relief, precipitation, soil drainage and inundation, and flooding.* Indexes have 
been calculated to express the degree of access hazard attributable to each of these 
factors separately or in combination. They are based on the number of days per 
year that the land affected will be inaccessible to conventional wheel vehicles. 
Weighted factors for slope represent a "degree of difficulty" of access. 

(i) Soil Drainagellnundafion (DI) and Flooding (F) Indexes.-These indexes 
indicate the limiting effect of soil wetness and overflow. 

It is assumed that due to precipitation alone almost all land will be inaccessible 
for a certain length of time each year, even under optimum drainage conditions. 
The time of inaccessibility is estimated from the period during which soil moisture 
rises above field capacity and is calculated from the results of the application of the 
water balance model discussed iu Part 111. Above field capacity conditions are 
assumed to occur in those weeks when soil moisture storage has reached the maximum 
level (10 cm) and in which more than 7.5 cm of run-off occurs. The length of the 
period (Table 12) ranges from 11 days per year at Port Moresby in climatic zone I 
to 87 days per year at Kokoda in climatic zone IV. These periods, assumed to be 
typical for each climatic zone, are used in assessing the D I  index, after subjective 
adjustment for interaction with soil drainagelinundation factors. 

TABLE 12 
NUMBER OF DAYS SOIL WATER STORAGE EQUALS 10 CM AND RUN-OFF IS MORB THAN 7 . 5  CM* 

Part 
Doguua Kokoda Popondetta Moresby Kwikila Samarai Wanigela 

Jan.-Mar. 11 29 20 7 4 6 15 
Apr.-June 1 17 6 3 4 22 14 
July-Sept. 0 13 2 0 4 13 3 
0ct.-Dec. 1 28 15 1 1 6 10 
Year 13 87 43 11 13 47 42 

* Length of records: standard 10-yr period all stations. 

The DI index is calculated for each land-form type using the descriptions in 
Part 11. I t  is the sum of the products of percentage area of the land-form type 
affected by a particular hazard and a weighting factor for the maximum expected 
number of days per year the particular hazard could render the land inaccessible, as 
set out in Table 13. 
Thus: 
DI = (O,O+C)x % area in WO+(O.l2+C)x % area in W1+(0.33+C)x % area 

Flooding is de6ncd here as a short-term inundation (4 15 days). 
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in W2+(0,5+C)x %area in W3+(0,75+C)x % areain W4+1.00x %area in W5 
where WO, W1, . . . W5 are the drainagelinundation hazard classes (Table 13) and 
C is the adjusted weighting factor for the climatic zone in which the land-form 
type occurs. 

TABLE 13 
DURATION OF INACCESSIBILITY DUB TO WETNESS HAZARDS AND WEIGHT FACTOR FOR 

CALCULATING INDEXES 

Estimated max. Weight factor for 
Nature and class of hazard duration of calculating soil 

inaccessibility drainage/innndation 
(days/yr) or flooding index 

Precipitation 
Climatic zone I 
Climatic zone 11 
Climatic zone I11 
Climatic zones IV-VI 

Soil drainage/inundation 
Well drained (wo) 
Imperfectly drained or short 

inundation (W1) 
Poorly drained or moderate 

inundation (W2) 
Very poorly drained or long 

inundation (W3) 
Swampy or very long inundation 

(W4) 
Permanently inundated (W5) 

River flooding 
Nil (Fo) 
Once in 6-10 yr (PI) 
Once in 2-5 yr (P2) 
Once every yr (F3) 
More than once every yr (F4) 

The F index is derived in a similar way (excluding the factors already used in 
the DI index), but if flood~ng occurs at least two times per year a minimum figure of 
30 days per year (0.08) is used. F = 0 . 0 ~  % areain FO+O.01 x % areain F1 + . . . 
f0.08. 

(ii) Slope Indexes.--This index is calculated for each land~form~type from 
0.0 (% slopes >10")+0.33 (% slopes 10-16")+0,66 (% slopes 17-29")+1.0 (% 
slopes > 29"). 

(iii) Access (A)  Indexes.-Although dl the environmental factors interact, 
their effects are often additive; for example, imperfectly drained soils on moderately 
steep slopes. For this reason, the access index is calculated as the sum of the slope 
index, soil drainage/inundation index, and flooding index for each land-form type 
subtracted from 100. A = 100-(Sf DI+F). 

Access index classes are: nil, 0-5; very poor, 6-20; poor, 21-40; moderate, 
41-60; good, 61-80; very good, 81-100. 
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The access index shows the accessibility of any land-form type relative to 
other land-form types and has no absolute value. 

(ZJ) Terrain Access Categories 

On the basis of tlie indexes described above, the land-form types are grouped 
into ten broad access categories described below and listed in Part I1 in the land-form 
type descriptions. 

The land-form types are first divided into four groups on the basis of the slope 
index (SO, 0-20; SI, 21-40; S2, 41-70; S3, >70), which gives an assessment of the 
proportion of accessible slope in one land-form type relative to another. Some of the 
steeper land-form types are placed in a better access category where very low or low 
relief may increase their accessibility. 

Land-form types with soil drainage and/or inundation hazards are subdivided 
on their drainage/inundation indexes (WI, 22-30; W2, 31-70; W3, 71-loo), 
presenting increasingly difficult access. 

Those land-form types that are subject to flooding once or more than once 
per year over more than 20% of their area are given an extra symbol, F. 

Access category SOW3 consists of swamps, both freshwater and saline. I t  
comprises the land-form types that are inundated or very poorly drained for 5 months 
or longer per year, although, in these, some small areas may be accessible for brief 
periods during the dry season. This category covers substantial areas of the coastal 
plain and large parts of the alluvial plains of the major rivers. 

Access category SOW2 consists of poorly drained plains and fans. Slope and 
relief are negligible. Because of inundation and poor drainage, large areas may be 
inaccessible for up to 5 months per year, and minor areas for longer periods. 
However, by carefully selecting road routes and building causeways where necessary, 
access may be possible to large areas for most of the year. This category is distributed 
throughout the coastal and alluvial plains and also includes areas in intermontane 
basins. 

Access category SOW2F is similar to the above but may be subject to flooding, 
often destructive, at least once per year. I t  is associated with recently active volcanoes. 

Access category SOW1 land consists of alluvial fans and beach ridge complexes. 
Much of the land is well to imperfectly drained but some parts may be poorly to 
very poorly drained, and minor areas may be inundated for up to 5 months per year. 
As a whole the category provides good access. It is distributed mainly in the southern 
part of the area with smaller areas along the northern coast and inland. 

Access category SOWlF consists of alluvial plains and is generally similar in 
drainage characteristics to category SOWI. However, it is subject to flooding, 
sometimes serious, at least once a year. Access is classed as good. 

Access category SOF consists of flood-plains and terraces which receive 
damaging floods at least once per year. Except for this hazard it is comparable with 
access category SO described below. I t  occurs extensively throughout the alluvial 
plains and also along larger streams in intermontane valleys. 

Access category SO land consists mainly of well-drained areas, on alluvial and 
coastal plains, and fans and undulating surfaces that have characteristic slopes less 
than 10 % and have nil to low relief. It presents no internal access problems except 
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for minor areas of imperfect to poor drainage and minor areas of steep slopes. It is 
distributed throughout lowland areas and also occurs in some intermontane basins. 

Access category S1 land consists mainly of low M y  terrain and summit 
plateaux. Slopes are generally moderate and relief varies from very low to moderate. 
Some areas of steep slopes and minor areas of imperfect to poor drainage occur but 
are easily avoided. Small patches of land in this category are present throughout 
the area. 

Access category S2 land consists mainly of high hilly terrain or strongly 
dissected low hills with steep slopes. Access difficulties are caused by steep slopes 
and minor areas of poor drainage, as in valley floors. I t  occurs throughout the area. 

Access category S3 land consists mainly of very high hilly and mountainous 
terrain with very steep slopes, and relief ranging from low to very high. Generally 
slopes are too steep for road-building, and forested areas are best left as watershed 
protection. This category is almost entirely conlined to the central ranges and 
north-east coast volcanoes but scattered occurrences are found elsewhere. 

(c) General Conclusions 

Accessible land in the area is generally confined to two zones, one along the 
north coast and one along the south coast. Both consist of foothills, fans, and 
alluvial and littoral plains and are bounded inland by the central ranges. Interspersed 
among areas of good access are alluvial and littoral swamps. In the south, the main 
forested areas of good access ace found in the vicinity of the Vanapa and Brown 
Rivers, and between Kupiano and Sagarai River. The forest types include moderate 
to high stocking rate forests, generally of mixed composition, but with a high content 
of Pometin. Towards the east, Fropea and Anisoptern become more common. 

Along the north coast, the main forested areas of good access stretch from 
Moi Biri Bay westwards to Cape Ward Hunt. Here also are forests of moderate to 

I 
high stocking rate, the main areas being the Wanigela-Rakua River area, the lower 
Musa River plain, aud the fans and plains north of Mt. Lamington. 

Two areas of relatively easy access allow some peuetration into the main 
range. These are the Musa basin and the Kokoda valley. A third possible access 
route is via the alluvial plain of the Bonua River, which flows into Table Bay in 
the south. 

Existing road access is limited to discrete networks centred on Port Moresby, 
Cape Rodney, Alotau, and Popondetta. 

Because of their depth, rivers in the area appear to be unsuitable for floating 
- or raftings logs in ally quantity, exeept perbaps in the lower reaches. 

The south coast is well served by sheltered anchorages and so to a lesser extent 
is the north. 

VI. FOREST POTENTIAL OF LAND-FORM TYPES 

Two parameters have been used to determine the forest potential of each 
land-form type relative to other land-form types. The first parameter used is the 
stocking rate index. This is calculated by assigning an index of 1.0 to the forest 
with the bighest estimated stocking rate. Other types receive lower indexes pro- 
portionate to their estimated stocking rates. 



The second parameter is the forest resources index, which is calculated for 
each land-form type and is the sum of the products of percentage area and the 
stocking rate index for each forest type present. The forest resource classes are: 
nil, 0-5; very low, 6-20; low, 21-40; moderate, 41-60; high, 61-80; very high, 
81-100. 

The forest resources index (EN) and the access index (AI) are both used to 
form a subjective estimate of the overall forest productivity of each land-form type 
in Part 11. 

Generally the land-form types with the highest forest resources are those that 
are more inaccessible. Along the more accessible coast and hinterland the forests 
have to a large extent been cleared for agriculture and the present vegetation is 
either a mosaic of remnant forest, gardens, and various stages of secondary growth, 
or vast areas of grassland and/or savannah, sometimes with inclusions of remnant 
forest, and tongues of gallery forest along watercourses. The latter pattern is 
generally confined to monsoonal areas and occurs mainly along the southern coast, 
west of Marshall Lagoon, and along the uorthern coast east of Moi Biri Bay. 
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Land-form types: LS, LW, AWs. Climatic zone: I. 
LW land-form type, consisting of beach ridges and flats and swales, shows up  as a pattern 

of gently curving parallel lines. It has a vegetation mainly of monsoonal woodland and scrub 
(grey tones) and grassland (pale grey). Some patches of open water (black) occur in swales. 

Tidal swamps of LS land-form type are covered by various types of mangrove. The 
lower-lying areas have dark-toned Rhizophora-Brrrgniero forest where they are subject to  daily 
tidal flooding ( I )  and light-toned Avicennia woodland on inner margins less frequently reached 
by the tide (2). Higher-lying terrain, present as unmapped inclusions of LW land-form type (3) 
and on inland fringes (4), bas woodland, thicket, and scrub in which milkwood (Excoecoria 
ngallocha) and Hibiscrts riliacem are characteristic, and white-toned salt flats that are bare or have 
low mixed herbaceous vegetation o r  low sedpe-arassland. - .  

AWs land-form type here consists of moderately well to imperfectly drained alluvial plains 
which partly overlie beach ridges and have alkaline soils. They arelaraelvcovered with man-induced . . 
grassland of mainly Ophiriros, Tiremedo orutmlis, and Itnperofn. The different grey tones of the 

grassland are due to burning. 
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Land-form types: LS, APr, FSu, XXu, YKr, ZKr. Climatic zone: I. 
In  this coastal area near Kwikila. south-east of Port Moresby, the main land-form tvoes . . 

are YKr and ZKr, consisting of steep rounded strike ridges of moderate and moderate t o  high 
relief respectively, mainly on limestone. The ridges have shallow alkaline soils and a vegetation 
of eucalypt savannah (fine mottled tone), grassland (pale tone), and monsoonal woodland (dark 
tone) that is mostly secondary. Flat valley floors of APr land-form type with dark cracking clay 
soils are heavily gardened and include some rubber plantations with shade trees of Sonloneo saftlan 
showing as  a smooth dark tone. The undulating terrain of low relief mapped as XXu Land-farm 
type and the gently sloping fans of FSu land-form type are mainly covered by eucalypt savannah. 
Mangrove vegetation of LS land-form type in the south-west is low and poorly developed and is 
associated with bare salt flats (white) and low sedge-grassland (pale grey) on the landward side. 
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Land-form types: AWu, ZBb, MBv, MU". Climatic zone: 1V. Altitude: 300-1600 m. 
Bonua River south-east of Mt. Suckling. Sandy and gravelly tracts of braided rivers 

flanked by sandy and silty back plains form AWu land-form type. The river tracts have sera1 
vegetation, mainly of Casmorino cunningl~amiona up to more than 50 m tall, and the back plains 
have mixed forest with or without emerging Cosrrorino. They are mainly bounded by ZBb 
land-form type: steep-sidedridges and spurs with a relief up to 400 m, with shallow gravelly soils 
developed on basaltic rocks, and forest in which tall light-toned Hopea and Anisoptera locally 
predominate. MBv and MUV land-farm types are mountain ridges that have a relief generally 
over 400 m. MBv, mainly formed on basaltic rocks, has steep to very steep slopes with a cover of 
generally medium-crowned forest. MUV, formed mainly on ultramafic rocks, has very steep to 
precipitous slopes with generally smallcrowned forest in which Cosaarina poprrono often pre- 
dominates, forming a very small-crowned, smooth, often dark-toned canopy; many of the ridge 
and spur crests have grassland. ZBb and MBv show the densely forested ridge-and-ravine 

landscape characteristic of much of south-east Papua. 
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CSIRO Ausr. LAND RES. SER. NO. 32 PLAX X 

Land-form types: FSn, DSf, DSw, MU", MMv. Climatic zone: IV.  Altitude: 200-600 m. 
Valley of Mambare River north-west of Kokoda, showing some of the types of alluvial 

fans: undissected gently sloping alluvial fans of FSn land-form type, broadly dissected fans of 
DSw land-form type, and closely dissected fans of DSf land-form type. The fans are sharply 
bounded by densely forested mountain ridges on metamorphic rock to the west (MMv land-form 
type) and on ultramafic rock to the east (MUV land-form type). The undissected and broadly 
dissected fans have a high potential for agriculture and large areas of the original vegetation of 

large-crowned tali forest have been convened to gardens and rubber and cocoa plantations. 
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Land-form type: VRm. Climatic zone: 111. Altitude: 300-800 m. 
Part of the Managalase plateau between the Pongani and Bariji Rivers. 
The volcanic terrain making up VBm land-form type consists of moderate to gently sloping 

undulating lava flows with large-crowned tall forest (I) and steep blocky lava flows with seral 
vegetation (2) and other volcanic features such as lava domes (3), craters (4), some of which are 

filled in (9, and scoria mounds and cinder cones (6). 
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Land-form types: AWs, FSu, DSi, YHb. Climatic zone: 11. Altitude 250450 m. 
Musa basin west of Safia. The terraced and aenerallv well-drained plain of the Moni River . 

(AWs land-form type) is bounded by smooth relatively short undissected fan slopes (FSu land-form 
tvoe). To the north are older irregularly dissected and stepped fan surfaces (DSi land-form tme). .. . . ~ 

~ ~ ~ ~ 

The branching ridges and spurs of mainly moderate relief in the north-west and south (YHb 
land-form type) are formed on Plio-Pleistocene sedimentary rocks (Dornara River beds). The 
vegetation consists of eucalypt savannah, medium-crowned slightly deciduous forest, and, 

especially on the alluvial plains, tall grassland. 
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Land-form tvoes: DSh. ZP. MU". MMv. Climatic zone: 1V.  Altitude: 500-900 m ~ , . . . 
Upper course of Moni River west of the Musa basin. Steep-sided ridges on the west side of 

the river (DSh land-form tvoe) are deevlv dissected alluvial and colluvial fans. The mountain ridees . . . . 
to  the west are a n  mainly metamorphic racks (MMv land-form type) and, like DSh, have mainly 
secondary forest. Those to the east (MUv land-form type) are on mainly ultramafic rocks. 
Further to the east are ash-mantled, closely dissected, sloping plateau-like surfaces (ZP land-farm 
type) covered with very dense and tall primary forest. The steep slopes of MU" are less densely 

forested. 
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Land-form types: UHr, XHV, ZBb. Climatic zone: IV. Altitude: 30-100 m. 
Ioma village north-west of Buna. The mainly gently undulating plains that form UHr 

land-form type are closely dissected in places to form low rounded ridges. The vegetation is 
small-crowned locally open forest. XHV land-form type shows an intricate pattern of very 
steep-sided low hills and ridges. The higher ridges and spurs in the south-west form part of the 
widespread ZBb land-form type. UHr and XHV are formed on mainly consolidated coarse- 

grained sedimentary rocks, whereas ZBb is formed on basaltic volcanic rocks. 
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land-form type have gravelly soils and arc covered mainly by grassland and savannah of Albizia 
procera. The fans are sharply bounded by ZSv land-form type: very steep-sided ridges formed 
on poorly consolidated sedimentary rocks; on this land-form type sails are very shallow and 
stony and support a vegetation of small-crowned slightly deciduous forest on lower slopes and in 
valleys, and grassland on ridge crests and  upper slopes where the original forest cover has been 
destroyed by frequent burning. Small accordant flat summit areas represent remnant fan surfaces. 

Fig. 2.-Land-form types: EAc, PBn. PB!. ZSh. Climatic zone: 111. Altitude: 500-700 m. 
Soseri plateau north-east of Port hloicsby. PBy and PRn land-farm tvnes are dissected 

~ ~ . . 
plateau surfaces on basaltic volcanic rocks, mainly agglomerate. PRy is more deeply dissected 
and consequently has more relief than PBn. The vegetation consists of small-crowned forest with 
Costanopsis and Cosrroritto, rubber plantations, grassland, and eucalypt savannah. The plateau 
is bounded by the very steep to  precipitous slopes and cliffs of EAe land-form type. In  the north, 
hill ridges with prominent spurs (ZXb land-farm type), formed on sedimentary and igneous rocks, 
are covered by small-crowned forest with, towards the south-west, patches of grassland and 

eucalypt savannah. 
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Fig. I.-Land-form types: A\l's, US". Climntic zonc: 111. Altitude: 25 rn. 
Mori River north-east of Cape Rodney. US" land-form type consisting of very gently 

undulating terrain of very low relief on unconsolidated sediments is covered by dense small- 
crowned forest. Swampy areas occupying drowned valleys are a characteristic feature of USu. 
The soils are commonly rich in gravel consisting of lateritic iron concretions and are generally 
poorly drained. In contrast, the alluvial plain of AWs land-form type to the west has large- to  

medium-crowned forest and is moderately to well drained. 

Fig. 2.-Land-form types: XBp, YKc, YXd. Climatic zones: I11 and IV. Aitiludc: 200-1000 m. 
Tamco River south of Cape Frere. XBp land-form type is a closely dissected convex planar 

surface, part of a large dome of mainly early Tertiary basaltic rocks. The dissection is generally 
shallow, except for several deep amphitheatre-headed gorges. Cosr!ari,,a and Cnsta,ropsis are 
common in the dark-toned small-crowned foresf canopy. YXd land-form type to  the north con- 
sists of closely spaced ridges and spurs of moderate relief on Tertiary sedimentary and igneous 
rocks. YKc land-form type in the north-east consists of limestone scarps and stepped dip slopes. 
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Fig. I.-Land-form types: XBU, ZBb. Climatic zone: 111. 
South coast west of Guauguarina Bay. The irregularly undulating terrain and rounded 

ridges of low relief (XBu land-form type) are formed on basaltic volcanic rocks and covered by 
dense, commonly tall, small-crowned forest in which dipterocarps, especially Hopeo, are common. 

The higher ridges, mapped as ZBb land-form type, have a similar vegetation. 

Fig. 2.-Land-form types: XHs, ZH. Climatic zone: 111. Altitude: 75-150 m. 
Kurai Range west of Monkton River. The intricate pattern of accordant low hill ridges 

with steep to  moderate side slopes (XHs land-form type) is covered by generally small-crowned 
and locally open forest. ZH land-form type to  the east, consisting of asymmetrical high hill ridges 
and spurs, is the western part of a deeply dissected anticlinal structure. Both XHs and ZH are 

formed on sedimentary rocks. 
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Urere River, south side of the hlusn basin. YSi land-farm type, consistinz of irregular 
ridges of moderate relief on poorly consolidated sedimentary racks, contrasts with ZXb land-form 
type, consisting of branching ridges of high relief on sedimentary and igneous rocks. ZBm 
land-form type, formed on mainly basaltic volcanic rocks, differs from ZXb in having generally 
gentler slopes. Smooth, very gently sloping alluvial fans of braided rivers form FSn land-form 
type. The vegetation consists of medium-crowned slightly deciduous forest and locally eucalypt 
savannah. On the fans the forest is large-crowned and tall and has locally been replaced by tall 

grassland. 

Fig. 2.-Land-form 1)pr i :  Yhlp, hfhla. Climatic zones: IV and V. Altitude: 200-1800 m. 
Northern slopes of thc Goropu Mountains east of Mt. Suckling. YMp land-form type, 

consisting of closely spaced parallel valleys separated by narrow steep-sided accordant ridges, is 
part of the relatively shallomly dissected Goropu Mountains dome. Noflrofngr,~ predominates 
in the canopy of the lower montane forest cover. To the west is the very deeply dissected part 
of the dome mapped as MMe land-form type, consisting of extremely steep to precipitous mountain 
ridges and spurs, with numerous landslide scars. Nofhofagr~s locally forms pure tall stands showing 
up as smooth dark tones. Both land-form types are formed on metamorphic rocks, mainly schists. 
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Fig. I.-Land-form types: ZXi, MBv. Climatic zone: V. Altitude: 1900-2200 m. 
Mountains south-west of Kosipi. The subparallel to branching hill ridges of ZXi land-form 

type contrast strongly with the steeper and more mountainous terrain of MBv land-form type. 
Norltofogtis dominates the forest in the north-east. Part of the road between Woitape and Kosipi 
is shown in the east. ZXi is formed on basalt and probably also sedimentary rock, and MBv is 

formed on mainly basaltic volcanic rocks. 

Fig. 2.-Land-form types: LW, AS, AWs, FSu, ZKV. Climatic zone: 111. 
South coast between Bailebu and Ronua Rivers. The very steep knobbly strike ridges of 

ZKv land-form type are formed of limestone and associated chert. They are flanked by permanent 
swamp (AS) and moderately well to imperfectly drained alluvial plains (AWs). Small fans, mostly 
too small to be mapped (FSu), occur locally at the foot of the hills. Densely forested beach ridges 
(LW) line the coast; the forest has locally been replaced by coconut plantations (pale tone). 



Fig. 1.-land-form types: PMb, MMv. Climatic zone: V. Altitude: 2300-3100 m. 
Mt. Obree in the Owen Stanley Range. The vegetation on the deeply dissected plateau that 

makes up PMb land-form type consists of dark-toned coniferous lower montane forest, with 
pale-toned tree-fern savannah on the lower slopes of some V-shaped valleys. Several landslip 
areas are visible on the very long steep slopes of MMv land-form type to  the west where the 
dominant vegetation is lower montane forest. The country rocks are schists of the Owen Stanley 

Metamorphics. 

Fig. 2.-Land-form types: UK, YHb. Climatic zone: TI. 
North coast east of Awaiama Bay. The flat to gently undulating terrain of UK land-form 

type represents raised coral reefs: they are themselves flanked by present-day fringing reefs. 
YHb land-form type is formed mainly on consolidated sedimentary rocks. Gardens and areas of 

grassland show as pale patches within the general dark-toned forest cover. 
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Fig. 1.-Land-farm types: LS, AWs, YHp. Climatic zone: 111. 
South coast north of Cape Rodney. The parallel and branching ridges of YHp land-form 

type are formed of fine-grained sedimentary rocks, including calcareous siltstone and chert. They 
are bounded to the south by well-drained heavily gardened alluvial plains of AWs land-form type. 
The northern end of coastal mangrove swamps of LS land-form type is visible in the south-west. 

Fig. 2.-Land-form types: LS, LW, AWs, VAV, EAw. Climatic zone: 11. 
North coast, eastern slopes of Hydrographers Range. EAw land-form type, part of the 

dissected lower Ranks of the deeply eroded Hydrographers strato-volcano, is characterized by very 
long subparallel ridges separated by U- and V-shaped valleys. On the crests the original forest 
cover has been destroyed by man-induced fires and replaced by grassland. VAV is a relatively 
little-eroded volcanic cone. The volcanic terrain is sharply bounded by the alluvial plain (AWs) to 

the east. Mangrove swamps (LS) and beach ridges (LW) occur along the coast. 
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Fig. I.-Boulder bar in upper Bonua River, AWU land-form type. The highest parts of the bar 
are being colonized by grasses, mainly Saeelrorum spontoneum. Even-aged stands of Cosrtorino 

ermni,rghamiono have developed on sites that are above the level of frequent flooding. 

Fig. 2.-Terraced fans of FSt land-form type near western end of Goodenough Bay. Deciduous 
trees are mainly Pferoeorprrs i~dierrs. 
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Fig. ].-The larger of the Myola "lakes" in the Owen Stanley Range near Mount Kenevi, north- 
east of Port Moresby, 2000 m a.s.1. The intermontane basin, FSa land-form type, is formed of 
fans, covered partly with lower montane forest, partly with low grassland, that pass downslope 
into narrow swampy grass-covered flood-plains. The hills at top left are part of an irregular 

summit surface mapped as PMi land-form type. 

Fig. 2.-Crater lake of Waiowa volcano, formed during an  eruption in 194344. A forest of 
Cos,mrirra er<,8nirrglro,,8in,la and lower Neonortcleo and Ti,,zo,rir,r has developed on the blocky 
sides of the crater since its formation. In  1969, when the photo was taken, some of the casuarinas 

had girths over 1.40 m and heights over 35 m. 
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Fig. 1.-Slope on the east side of the Garopu Mountains dome showing the close parallel 
dissection characteristic of YMp land-form type. The grassland consists mainly of Themeda 
australis and E~lol in  lepfosrachys; emergent culms are of Ophiuros longcalingii. The very steep- 

sided ridges on the right belong to  ZSv land-form type. 

Fig. 2.-Hills of ZSv land-farm type with knife-edged ridges and extremely steep side slopes on  
the north coast near Raba Raba. The hills are formed of poorly consolidated coarse-grained fan 

deposits that have been uplifted and then deeply incised by rapidly eroding streams. 
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Fig. I.-Rounded grass-covered limestone hills of ZKr land-farm type, near Kwikila, south-east 
of Part Maresby. The grassland consists mainly of Tlrrnrrdo asslralis. Remnants of small- 

crowned low slightly decidoous forest occur locally along drainage lines. 

Fig. 2.-MMe land-farm type, Mt. Suckling. The broadcrest in the foreground, a n  schist, is at 
3060 m a.s.1. and has a vegetation of tussock grassland. Behind are extremely steep slopes with 

bare landslide areas and lower montane forest which is rich in Ararrcoria. 
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