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PART I. INTRODUCTION 

The large island of Bougainville and the adjacent Buka Island, together with 
a number of small islands and outlying atolls, form Bougainville district, the most 
easterly administrative district of the Territory of New Guinea. This land resources 
survey covers the area shown in Figure 1, on which administrative divisions and towns 
are marked. 

A sixteenth-century expedition under Mendana made the first European dis- 
covery of the central Solomon Islands. Bougainville and Buka Islands were not 
sighted until 1768, during Bougainville's exploration. From then until the beginning 
of the twentieth century, the only European contact with the islands was made by 
traders in the late nineteenth century. 

A German Protectorate was proclaimed over Bougainville and Buka Islands in 
1884, thus separating them politically from the remainder of the Solomon Islands 
group which became a British Protectorate. A Catholic mission was established on 
Bougainville in 1902, and this was followed by the introduction of a German Govern- 
ment post at Kieta in 1905. During the period of the German administration prior 
to World War I, the development of Australian-owned plantations commenced, 
notably Choiseul Plantations Limited. 

The conclusion of the war saw control of the islands pass to Australia through 
the League of Nations' mandate covering the Territory of New Guinea. Subsequently, 
there was a considerable expansion of Australian-owned plantations, and further 
government stations at Buka Passage and Buin were opened. By the commencement 
of World War 11, administrative influence had spread to all but the most isolated 
pockets of settlement. 

The Japanese gained control of the islands during the war but had little chance 
to consolidate their administration. When the Australian administration was rein- 
stated after the war, Bougainville district headquarters were moved from Kieta to 
Sohano. 

In. COMMUNICATIONS 

The islands possess four separate road networks with numerous interspersed or 
unconnected smaller roads usually associated with plantations or cash cropping 
(Fig. 2). At this date, only the Buka Island and Kieta coastal roads are hard-surfaced. 
Total road mileage for the islands is given as 618 miles (Anon. 1964). 

The most important ports are Kieta and Buka Passage-Soraken, with numerous 
minor anchorages and wharves concentrated particularly on the north-east coast of 

*Division of Land Research, CSIRO, Canberra 
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Fig. 1.-Bougainville district administrative divisions. 
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Fig. 2.-Communications on Bougainville and Buka Islands. 



the island. These ports are served by frequent small ship services to Rabaul and a six- 
weekly service by larger vessel to Sydney. 

Aircraft communications consist of three services a week linking all the airstrips 
around the island with Rabaul. An additional weekly service direct to Rabaul and 
the British Solomon Islands Protectorate operates via Buka Passage airstrip only. 

Existing communications are oriented to non-indigenous plantations and 
administrative centres, Increasing growth of cash cropping is causing an extension 
inland of this network. Elsewhere internal communications are by walking track. 

The three major gazetted towns on the island are Sohano, Kieta, and Buin. 
Sohano (non-indigenous population 177 in 1961 (Anon. 1964)), the administrative 
Ileadquarters of Bougainville district, is on a small island in Buka Passage and is 
closely linked with the trading, mission, airport, and local administrative settlements 
flanking the north of the passage. Kieta is the main port for southern Bougainville 
and is the subdistrict headquarters for the south-east region. Buin is situated eight 
miles inland and is the subdistrict headquarters for the south-west region of Bougain- 
ville. The combination of Wakunai patrol post and Numa Numa plantation on the 
central eastern coast forms the next largest settlement on Bougainville. 

IV. SURVEY PROCEDUKE 

The object of the survey was the mapping and description of the lands of the 
islands a t  reconnaissance level by a pedologist, plant ecologist, forest botanist, and 
geomorphologist working in collaboration. The basic descriptive unit is the land 
system, which provides data for an assessment of the potential of the area and recom- 
mendations on further research. The general procedure for carrying out these surveys 
in New Guinea has been covered by Haantjens (1961). 

Prior to the commencement of the survey, detailed air-photo interpretation and 
preliminary mapping were completed. Field sampling was carried out between 
mid July and mid September 1964, using a helicopter, with boat and motor vehicle 
where necessary. Typical sampling areas suitable for investigation within each pre- 
liminary land system were selected during the photo interpretation. In practice, only 
10% of these chosen areas could not be sampled or a satisfactory substitute area 
found in the field (Fig. 3). For reasons beyond the control of the survey party no 
ground observations were made in the Boku area, but, as elsewhere throughout the 
survey, considerable information was collected by low-level flights alone. 

The survey was carried out by the authors of this report, with Mr. R. M. Scott 
as leader. Additionally, Messrs. R. Schodde and L. Craven made a separate botanical 
survey in the Buin area. Captains G. Treatt and P. Hurst, with Messrs. N. Phillips 
and R. Harris, engineers, of Helicopter Utilities Pty. Ltd., flew and maintained the 
helicopter during the survey. Twelve assistants from Madang district under Gabi- 
Moino provided all other field and camping assistance. 

The area surveyed was mostly covered by R.A.A.F. air photographs at varying 
scales ranging from 1 : 60,000 to 1 : 73,000 (at sea level) taken during July 1962. 
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Fig. 3.Sanlple  areas and traverses. 



With two small exceptions, the gaps in this photography were covered by wartime 
photography. 

The base map was prepared by the Division of National Mapping of the Depart- 
ment of National Development, from the Australian Army Survey Corps maps of 
Bougainville Island North and South 4-mile series, published in July 1945. 

The area is also covered by Army Survey Corps maps (now out of print) at a 
scale of 1 in. to 1 mile with contom and form lines. The index to these maps is 
shown as an inset on the land system map. 
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PART 11. GENERAL DESCRIPTION OF BOUGAINVILLE 
AND BUKA ISLANDS 

By J. G. SPEIGHT* and R. M. SCOTT* 

I. INTRODUCTION 

Bougainville and Bukn Islands lie between lat. 5"s. and 7"s. in the western 
Pacific Ocean easl of New Guinea, and form the northern extremity of the Solomon 
Islands archipelago. The two islands, separated by Buka Passage, a strait only half 
a mile wide, together co~nprise an independent land Inass 150 miles long and 40 miles 
wide with a north-westerly orientation. The total area is 3475 sq miles including 
5 sq miles of lakes.? 

The islands have high relief and are dominated by three separate clusters of 
volcanic cones (Plates I and 2), culminating in the domant volcano Mt. Balbi, 
8500 ft high, and including the active Mt. Bagana. Nearly half of the land area 
consists of bills (Plate 4, Fig. 2) or mountains (Plate 5) with straight slopes that vary 
from steep to precipitous. The major plains (Plate 8, Fig. I), formed of volcanic 
materials distributed by rivers, have quite high gradients, especially at high altitudes 
(Plate 3, Fig. 1). Their seaward margins (Plate 9, Fig. 1) are subject to frequent 
flooding and they commonly terminate in swamps (Plate 10) impounded behind 
sandy beach ridges (Plate 11, Fig. 1). The plains of Buka Island and the north coast 
of Bougainville, however, are the reef flats and lagoon floors of an uplifted coral reef 
(Plate 12). 

The landscapes of Bougainville and Buka are essentially the product of four 
influences-climate, geological history, Recent volcanism, and human activity. The 
land forms, soils, and vegetation have all been affected by them and they deter~lline 
both the present pattern of land use and the land use potential. 

(a) General 

The climate is of wet tropical or tropical rain forest type and is markedly 
equable. Annual rainfall is 132 in. on the southern coast, but only 105 in. on the 
northern coast where rainfall is reduced during a period of south-easterly winds from 
May to November. Mean annual temperature at sea level is 80°F and thevariation of 
luonthly means is only 3 degF, although the diurnal temperature range is 13 degF. 
Temperature probably decreases with altitude at a rate of about 3.5 degF per 1000 ft. 
Cloudiness increases with altitude and varies little through the year, Relative humidity 

*Division of Land Research, CSIRO, Canberra. 

t These areas are based on dot-midding of the base map and represent a more reliable deter- 
mination than the figure of 4100 sq ndes for the Bougainville district (including about 75 sq miles 
of distant atolls) given in the annual repoxts of the Territory of New Guinea. This figure appears to 
be based on older, less accurate charts. 
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diverges very little from 80 %, and potential evapotranspiration exceeds precipitation 
only occasionally. 

(b) Epect on Lmzd Forms 

The land forms of the area show the intluence of high rainfall and temperature 
in the deep incision of streams and the uniformly steep erosional hill slopes prodnced 
by intense weathering, landsliding, and stream transport. The persistent rainfall also 
interacts with volcanism in mobilizing unstable deposits of debris to form volcanic 
mud flows that have been the major mechanism producing the long flanking slopes 
surrounding extinct and dormant volcanoes. 

(c)  Effect on Vegetation 

Vegetation generally is not subject to water stress, and variation of tenlperature 
rather than rainfall produces variation in vegetation type. Three of the major environ- 
ments are distinguished on this basis: 

(I) Better-drained lowlands.-A zone from sea level to 2000 ft in which con- 
ditions for tropical rain forest are approaching their optimum and Vitex-Pornetfa tall 
forest is regarded as the climax vegetation. 

(2) Lower mountain environment.-A zone from 2000 ft to 4000 ft above sea 
level in which Garcinia-Elaeocarpus mid-height forest is the climax vegetation 
(Plate 3, Fig. 1 ; Plate 5). 

(3) Upper mountain environment.-A zone above 4000 ft, shrouded in clouds 
for part of almost every day, that has a Gufubia-Pandanus "mossy forest" vegetation 
(Plate 2, Fig. 2). 

(d) Ef/'ect on Soils 

No significant variation in the soils appears to depend on climate but rapid 
leaching and rapid weathering of parent materials occur generally. 

(e) Effect on Present Land Use 

The high yield of the main plantation crops of the area, copra and cocoa, in 
comparison with other districts may result in part from the lack of seasonality. These 
are also the main indigenous cash crops, but arabica coffee has also been introduced 
at higher altitudes. Subsistence crops, determined at least partly by climate, include 
taro, yam, banana, sweet potato, sugar-cane, papaw, edible pit-pit, bread-fruit, 
coconut, and cassava. The lower temperature at higher altitudes permits some 
European vegetables to be grown. Subsistence crops may be planted at any time of 
the year, thus eliminating the need to grow a surplus for storage. 

(f) Effect on Potential Land Use 

The climate is favourable for optimal plant growth throughout the year, but 
the absence of a dry season may be a limiting factor for some crops. The natural 
forest has no yield potential above 4000 ft. 

High soil moisture content is a hazard for engineering works, including the 
construction of roads. 



GENERAL DESCRIPTION 

(a) General 

The geology of the area reveals a history of andesitic volcanism, tlot markedly 
different from that of the present day, extending back to the Palaeogene period or 
earlier. The dominant rocks are andesites, tuffs, and volcanic sandstones, into which 
diorite has been intruded in some areas. Andesitic agglomerate is important locally 
as a scarp-forming cap-rock (Plate 6, Fig. 1). Two periods of coral reef building are 
recorded in the Lower Miocene limestone of the Keriaka Plateau (Plate 4, Fig. 1) 
and the Middle Pleistocene limestone of the Buka raised reef (Plate 12, Fig. 2). 

Continuing tectonic instability has caused upwarping of parts of Bnka Island 
through nearly 300 ft during Upper Pleistocene time, and more severe deformation 
of older rocks during the time since their deposition. 

(b) Effect on Land Forms 

Tectonic instability has produced hotb a very high relief and a bigh rate of 
erosion and deposition. Most of the plains of the area are volcano alluvial plains 
and they characteristically show a downstream sequence from steeper relict plains, 
now dissected (Plate 8, Fig. I), through gentler plains at present being flooded and 
built up by alluviation (Plate 9, Fig. I), to coastal swamps impounded by beach 
ridges plate  10, Fig. 1; Plate 11, Fig. 1). The Pleistocene raised reefs in the north 
are virtually unmodified since their uplift, presenting a landscape of escarpments, 
plains, and undulating depressions inherited from the time of coral growth (Plate 12). 

(c )  Efecf on Vegetation 

Apart from the wide climatic variation resulting from very high relief, vegetation 
is affected by the foregoing only through the continuing existence of large areas of 
poor drainage and swamps, which form a distinct ecological environment. Stagnant 
swamps are covered with Leersia-Hanguana mixed herbaceous vegetation (Plate 10, 
Fig. 1) or Phragmites-Saccharum tall grassland, except in the centre of larger swamps 
where Lycopodim-Gleichenia mixed herbaceous vegetation is found. Areas under 
permanently flowing water, or frequently flooded, are covered by Terrninalia brassii- 
Campnosperma open tall forest (Plate 10, Fig. 2). Tidally flooded areas have mangrove 
of Rhizophora-Bruguiera mid-height forest. 

(d) Effect on Soils 

Limestone, the only parent inaterial significantly different chemically from 
andesite, has given rise to terra rossa soils on Bnka Island and to rendzinas on recently 
exposed littoral platforms. Soils other than ash soils, ash-covered soils, and limestone 
soils are strongly influenced in these evolving landscapes by the relative stability of 
the site. On certain stable sites acid clay soils have developed, but many dry land 
sites are so unstable that lithosols result. Inundated sites have juvenile soils with 
little profile development-swamp peats, swamp soils, mangrove soils, and alluvial 
soils. 
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(e) Effect on Present Land Use 

Subsistence agriculture is not greatly limited by the prevailing steep slopes 
except in the most rugged areas, but poorly drained areas are avoided. Plantations 
have been located on flat or gently sloping well-drained land, particularly on parts 
of the east and north coasts of Bougainville where erosion, tectonism, and coral 
growth have produced sheltered anchorages (Plate 11, Fig. 2). Indigenous cash crops 
have been planted on similar land, but often in restricted sites with poorer access 
(Plate 8, Fig. 2). 

(f) Effect on Potential Land Use 

Well-drained, gently sloping, or flat land of high agricultural potential occurs 
over 25 % of the land area of Bougainville and Buka Islands, on volcano-alluvial 
fans and raised coral reef. This is an unusually high proportion for the Territory 
but the various areas of high potential are separated by rugged hills and river gorges 
that will make the maintenance of communications difficult and costly. 

Ease of access has been assessed in detail with reference to forestry; 53% of 
areas classfied as forested occur on either rugged terrain or swamps that render 
exploitation difficult or impossible. A valuable forest type, Terminalia brassii forest 
(Plate 6, Fig. 2), is associated with stream margins in landscapes of diverse character. 

IV. RECENT VOLCANISM 

(a) General 

Recent lava flows are confined to the neighhourhood of the major volcanic 
peaks, those of Mt. Bagana being the only ones that have been active in historic times. 
Hot ash flows have frequently devastated areas at  the foot of Mt. Bagana, extending 
some miles towards the coast, and Mt. Balbi is reputed to have produced a similar flow 
in the nineteenth century. Volcanicmud flows are apparently carried by the streams 
radiating from Mt. Bagana at times of more intense activity. All these phenomena 
are localized near volcanoes, but there are at least seven volcanoes that cannot be 
considered extinct and each has its areas of hazard. 

Volcanic ash deposition has been very widespread, even ubiquitous, in the area. 
A mantle of ash covers all landscapes except those at the northern and southern 
extremities and those of rapid morphological activity, such as precipitous slopes and 
flood-plains. Light ash showers from Mt. Bagana occur occasionally today. 

(6) Effect on Land Forms 

Apart from the local activity of lava flows, avalanches, ash flows, and lahars 
on Mt. Bagana, and the construction of a braided volcano-alluvial plain at its foot 
(Plate 9, Fig. 2), the main morphological effect of Recent volcanism is by way of the 
widespread ash mantle. This porous sheet, commonly 2 or 3 ft thick, has radically 
altered the slope processes by the absorption of surface run-off, leading to a phase of 
unusual slope stability that may continue until the ash weathers to a less permeable 
state. 
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(c) Effect on Vegetation 

When existing vegetation is destroyed by volcanic eruption it is replaced by 
pioneer vegetation followed by successional types. The occurrence of several minor 
eruptions since pre-historic major eruptions has produced a pattern of pioneer vegeta- 
tion localized near the vents of Mts. Balbi and Bagana (Plate l) and more widespread 
successional types such as Cyathea-Bambusa scrub further away (Plate 7, Fig. 1). 

(d)  Effect on Soils 

Soils related to volcanic ash have been classified as "ash soils" and "ash- 
covered soils" depending on the thickness of the ash. 

Approximately half of Bougainville Island is covered by ash soils, which show 
little profile development apart from a dark humic surface horizon and are deeper 
than 3 ft or overlie rock at lesser depths. Buried humic horizons are common, 
showing the intermittent nature of the ash falls. The ash soils have been separated 
into four families, grey fine sands, brown loams with lapillitic horizons, brown loams, 
and brown loams with an ash pan. The youngest and least developed are the grey fine 
sands that occur on the gentler slopes round the volcanoes of Balbi and Bagana. 
Adjacent to these very recent ashes of Bagana are the brown loams with lapillitic 
horizons, which are the predominant soils of the uplands of central Bougainville. In 
most of the hilly and mountainous country of both north and south Bougainville 
the predominant ash soils are the brown loams, but these are of minor importance in 
highly dissected terrain (Plate 5, Fig. 2). Brown loams with an ash pan are mainly 
codned to the flat or gently sloping lands on the volcano-alluvial fans of south 
Bongainville (Plate 3). 

Ash-covered soils, which normally lie on the periphery of the ash soils, have 
an ash mantle less than 3 ft thick and overlie soils of a former land surface. The ash 
mantle, with its dark organic topsoil, appears to vary only in depth so the soils have 
been separated on the nature of the buried soils-alluvial sands, acid clay soils, and 
terra rossa soils. Brown loams over sands occur on well-drained, high-lying alluvial 
plains (Plate 8, Fig. 2); brown loams over brown friable clays are found on the 
Parkinson Range of Buka Island and the northernmost low coastal hills of Bongain- 
ville; brown loams over reddish friable clays are mainly confined to the volcano- 
alluvial fans and low hills in the Kunua, Teop, and Nasioi census divisions; brown 
loams over reddish plastic clays occur on the uplifted coral platform on Bougainville. 

(e) Effect on Present Land Use 

Except in areas at present devastated it is difficult to detect any direct relation 
between volcanism and current land use. 

(f) Effect on Potential Land Use 

No great degree of fertility appears to be associated with soils developed on 
Recent ash except in the topsoil; possibly some degree of weathering is necessary to 
make nutrients available to plants. The hazard associated with volcanic eruption 
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depends largely on the (at present unpredictable) future activity of active and dormant 
volcanoes. In areas away from the immediate vicinity of volcanic vents the main 
dangers are "glowing cloud" ash flows and lahars. The former threaten any points 
downslope from a vent, while the latter, though they extend further, are mainly 
coniined to stream valleys. 

(a) General 

At the present time (1963-64), the total population is approximately 62,500 
and is increasing at almost 3 % per annum. The overall population density is 17 per- 
sons per sq mile but much of the land is completely unoccupied, being compensated 
for by areas of local density up to 300 persons per sq mile on the north-east coast of 
Buka Island and areas of comparable density on the Buin plain. The non-indigenous 
population is only 438. 

The Melanesian indigenes belong to a number of different cultural groups, as 
indicated by the existence of 19 regional languages. Each group tends to be con- 
centrated in a compact area and separated from others by unoccupied tracts. This is 
not to say that such land is unclaimed; virtually all land is "owned", often by more 
than one group. The main occupation is subsistence cultivation using a system of 
bush fallowing. Apart from food crops, domestically raised pigs and fowls and wild 
life also form part of the indigenes' diet. On coral coasts sea foods are of major 
importance. Recently, cash cropping has become significant, and the use of pidgin 
as a lingua franca has led to wider social intercourse. 

The small non-indigenous population is engaged in administration, missions, 
and commerce, the last largely concerned with large plantations serviced from the sea 
(Plate 11, Fig. 2). Four separate road networks exist, but only two major roads are 
hard-surfaced. There are four aerodromes, each suitable for the operation of DC3 
aircraft. Little trace now remains of the aerodromes, roads, buildings, and fortifica- 
tions built by Japanese and Allied forces during World War 11. 

(b) Effect on Land Form 

Indigenous culture has had practically no effect on land form and the effects of 
European culture have been minimized by the use of the sea for communications. 
Noteworthy structures such as dams and highways are absent, aerodromes being the 
most conspicuous land form modfications. 

(c) Effect on Vegetation 

In better-drained lowland areas human disturbance of the vegetation is severe, 
resulting in widespread secondary vegetation. Althofia-Cyatlzea young secondary 
forest and Artocarpus-Albizia secondary forest are the most important older stages in 
regrowth. On Buka Island regrowth dominated by the wild banana-Musa-Heliconia 
tall herbaceous regrowth-is a conspicuous type. Human disturbance is slight in the 
lower mountain environment and negligible in the upper mountain and swamp 
environments. 
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(d)  Effect on Soils 

No human influence on soils has been seen. The practice of bush fallowing 
appears to have been adequate protection against soil erosion at the present intensity 
of cultivation. 

(e) Effect on Present Land Use 

Within the area it occupies, each cultural group tends to use particular land form 
facets. The facets most used on Bnka Island are the for~ner reef flats (Plate 12, 
Fig. 2); in northern Bougainville they are ridge crests and upper hill slopes (Plate 7, 
Fig. 2); in the Buin plain area, plains or plateaux (Plate 3, Fig. 2); in Kieta sub- 
district, hill slopes (Plate 4, Fig. 2); and in central Bougainville, low emerged coral 
platforms, beach ridges, and terraces. About 200 sq miles (approx. 6% of the area) 
are currently used for subsistence agriculture. 

Cash cropping by the indigenes is dispersed and closely associated with the 
subsistence cultivation (Plate 8, Fig. 2). The main crops are coconuts (24,000 ac) and 
cacao (5000 ac), and the acreages of these are rapidly increasing. Non-indigenous 
plantations occupy about 50 sq miles, mainly on the eastern coast of Bougainville. 
Plantation production is confined to coconuts (32,777 ac) and cacao (18,443 ac), 
normally interplanted. 

(f) Effect on Potential Land Use 

Despite the fact that subsistence cultivation does not require land that is of 
high potential in terms of mechanized commercial agriculture, there is nevertheless 
a high population density on nearly all land of high potential. Certain areas of good 
land near Boku and Nwna Numa appear relatively free of population; so does the 
interior of Buka Island, bnt there the heavy and increasing coastal population may 
well need the land in the near future for subsistence and particularly for cash cropping. 
Land already alienated for non-indigenous plantations takes up a large proportion of 
the remaining good land. 

Potential land use for forestry and mining will depend not only on the actual 
resources present, but also on indigenous property rights and cultural attitudes. 



PART 111. LAND SYSTEMS OF BOUGAINVILLE AND BUKA ISLANDS 

By R. M. SCOTT,* P. C. HEYLIGERS;* J. R. MCALPINE,* J. C. SAUNDERS,* 
and J. G. SPEIGHT* 

For the purpose of the resources survey the islands of Bougainville and Buka 
have been divided into 40 land systems, which were defined originally by Christian 
and Stewart (1953) as "areas, or groups of areas, throughout which there is a recurring 
pattern of topography, soils, and vegetation". Most of the land systems of the survey 
come within the category of sinzple land systems, each of which is further defined as 
"a group of closely related topographic units, usually small in number, that have 
arisen as the products of a common geomorphological phenomenon. The topographic 
units thus constitute a geographically associated series and are directly and con- 
sequentially related to one another". 

Land units, the component parts of a land system, within which there is a 
particular association of topography, soil, and vegetation, may vary in complexity 
(Christian 1958) according to the selected scale and degree of generalization. In the 
present survey it has been possible, with some exceptions, to set up land units that are 
analogous to "sites" as dehed  by Bourne (1931), being associated with land form 
elements such as slopes and flats rather than with land forms. 

The scope of land systems, recognized in the first instance as distinctive air-photo 
patterns, is such that they may serve to classify different kinds of hills, plains, coasts, 
etc., while the land units of this survey include such categories as ridge crests, hill 
slopes, and flood-plains. The land systems map$ed range in area from 355 sq miles 
down to 10 sq miles. In some land systems it has been possible to make a simple 
division between ridge crest and hill slope land units; in others the relations between 
units are more complex, and certain distinctive land forms such as lava flows and 
dolines have not been broken down to more elementary components. 

This report goes beyond earlier reports in the Land Research Series in 
quantfication and categorization of terrain information within the framework of the 
land system and land unit concepts. Terms and parameters nsed in land system 
descriptions have been rigorously defined so as to express the results of the survey in 
a form of more direct value to those engaged in planning operations of broad scope, 
particularly in the fields of civil or military engineering. An explanation of all terms 
and parameters is given in Appendix I. 

The sequence of land systems on the following pages, as well as in the reference 
to the land system map, is based primarily on geomorphology, as discussed in Part VI, 
but some land systems differ significantly only in mantle characteristics. There is an 
alphabetical index to land systems at the end of the report. 

* Division of Land Research, CSIRO, Canber~a. 
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(1) LONAHAN Lam SYSTEM (70 SQ MILES) 

Plateaux and scarps of uplifted coral. 

Geomorphology.-Upwarped farmer atoll and fringing reef, comprising reef front (land init 1) with occasional 
perched benches (unit 2), reef flat (units 4, 5), lagoon slope (units 10, ll), and large patch reefs (units 4, 5, 10). 
A deep trough (unit 8) lies about 1000 ft behind the reef front in the most uplifted areas, and remnants of 
former islands form a discontinuous ridge (nnits 6,7) along the summit of the reef front in many places. Several 
former tidal channels 80 ft deep and 1000 ft wide with steep walls (unit 3) cut the land system near Buka Passage. 
Scattered dolines (unit 9), more plentiful in the south, indicate the initiation of karst erosion. Uplift is greatest 
(290 ft) on the east coast of Bnka Island and least (10 ft) in the far east and west. 
Terrain Parameters.-Altitude: H.I., 11; min., 0 ft;  tnax., 300 ft. Relief: moderately high (290 ft). Characteristic 
slope: high gradient. Grain: -. Plan-profile: 1L. 

Geology.-Coral; Upper Pleistocene. 

V E ,  x S  

Distributien I 
1 mile 

, -.",- 
Iodusiaos.-Soraken land system. 
Population and Laad Usc-l1.000 people curronily using 2 5 8  sq milo. (33% for cash crops) moslly on i2nil2. Fishing of considerable 
importance. 2.7 rq mdes afnan-indigenous plantations. 
Forest Patential-11 sq miles tall plains forest, high yield on units 3-11. Acccsr c~tegory I (oxcopf far very steep to cliffod s lo~es  in 
"nits 1 and 9). 
0bnervatioos.-26. 
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(2) KOEJINO LAND SYSTEM (140 SQ MILES) 

Plains of uplifted coral lagoon floors. 

Geo~norphology.-Tectonically uptilted, but little-dissected former coral lagoon floor and tidal passages, 
consisting of undulating plains with scattered dolines in lower areas. Some sandy stream beds of high gradient 
commo~lly 50 ft wide, entrenched 20 ft below the plain. 

Terrain Parameters.-Altitude: H.I., 11; min., 0 ft; max., 180 ft. Relief: ultra-low (30 ft). Characteristic 
slope: gentle. Grain: -. Plan-profile: 1. 

Geology.-Coral; Upper Pleistocene. 

Distribution 

1 mile 

Population and Lsnd Use.-800 people currently using 8 3  sq miles (50% for cash crops) moslly on units 1 and 2. 4.9 sq mi l s  of 
~ O L L - ~ I ~ ~ ~ ~ U I O Y S  ~lanlatianr. 
Wrest Potential.-42 sq miles irregular tail plains forest, low yield, on ~tnits 1. 2, and 4. Access category I. 
Obs~1~atio0s.-8. 

Land 
Unit 

1 

2 

3 

4 

Area 
(59 miles) -- 

105 

-- 
28 

-- 
5 

-- 
2 

Land hrn 

Undulating "lain: high fa ultra- 
high gradient (0030'-2°); local 
slopes up to 12- 

Dolioe: about 200 fl io diameter; 
generally with gentic ride slopes 
and flat floor., rarc1y with moder- 
ate side slopes descending to t 
pool, stream, ar cavern at about 
30 ft depth 

valley side siope: very short 
(50 fl): genlle to moderate 

Land Class: 
AASEIO Soil 

IIe,,d,,w, 
A7 

Tnd,,r", 
A7 
IIIes,~vs,r~ 
A ~ / R H  

IIe,,d,; locally 
mea,dz 
A4/A7 

Ile,+,,d, 
A4/A7 

vIe.,w,,r, 
A7/Rm 

111e,,d,,w, 
A7 

Soil 

NorthofTsirogeimission, 
terra,ro~s~ soils: reddish 
plilstlc clays 
In degresrlonr, brown 
plastic clays 
Locally shallow reddjsh 
p1astis day. 

South of Tsirogei mission 
ash-covcrsd soas: black) 
loams overreddish plastic 
clays 

Ash-covcrsd soils: black 
Ipams over reddish plrs- 
t,c clays 
Locally on side slopes, 
terra rossa rods: shallow 
reddish plastic clays 

Terra rosra roiis: reddish 
plastic clays 

vegetr1ion 

Tall forsrt (Vitrx-Oclorneles. 
V;t~x-P~,>~etio on shallow clays); 
can.~ic"o"r areas of tall herb* 
ccousregrowth(M~,~~-FI~li~~,~ii); 
minor areas cultivated and with 
coconut and cacao plantations 

Tall forest (V;lex--P.,nrdn). mod- 
erate areas gardens and cAconuf 
plantations or undsr rcnowth; 
same rmril patches ofmid-height 
@assland (I,,,rperotn-Ti,mz.rla) 

No ob5orvrtions. Offen cleared 
for war=-holes 

Tail forest (vi,ex-Oc,onieles) and 
tall hmbnceous rcgrarvlh (&.lsn- 
Heiico,,ia) 
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Sandy coast with beach ridges and swales. 

Geomorpho1ogy.-Broadly curving prograding coast formed of subparcdlel beach ridges of sandy volcanic 
detritus, with crest spacing 200-500 ft, separated by swales; commonly underlain by a coral platform. Rare 
tortuous tidal creeks. 

Terrain Parameters.-Altitude: H.I., I; min., 0 f t ;  max., 15 ft. Relief: none (microrelief 10 ft). Characteristic 
slope: gentle. Grain: ultra-fine (150 ft). Plan-profile: 5LII. 

Geology.-Volcanic sand and coral; Recent. 

- 
1 mile 

A?r I Lmd Farnl Soil Land Class; 
Unit (sq rmlrml) I AASHO Soil I vegetation 

Mid-height forest (Cer?e*n-Cnlo- 
phyllrmt), locally d o m a t e d  by 
cosr,n*ino eqt,ise,i/olio; in places 
fringed by scrub (Ribisars- 
P",,rlo.,sr, 

-- 
Beach: 50 ft wide: sloping at lo0 Littoral soils: white sands 

3 

4 

5 

I lo 5-loft above h i g h - ~ ~ a t f r m ~ k :  

Population and Land Use-1000 people currently "ring 1.7 sq miles of unit 3. Subsistence chisfly from fishing and cocanllts. 0.4 sq 
mile of non-indigenous plantations. 
firest Potential.-2 sq miles Cosr~arina forest, low yidd, on unit 2. Access cntegory I on units 1-3; access citegory Is on units 4 and 5. 
Observations,-12, including 4 on unit 3, plus I aerial observation. 

-- 
25 

-- 
28 

-- 
< 

Above high-water mark, mixed 

I I I 1 sand" 
herbaceous vegetation (Spirrifex- 
corlovnlial 

Beachridge: I-l0nhigh alilimd 
prmllel to theshore; width about 
150 ft but very variable; slopen 
gentle (<33 
Swale:betweenbeacI~~idge~;\vith 
standing water up to 5 f t  deep; 
width about 200 ff but very 
variable 

Tidal creeks: small; up to 200 ft 
wide and 5 n deep 

Li t tora l  soils: brown 
sands. Water-tableabout 
3 R 

Swamp soils: neutral 
peaty sands 

ILn, 

VUId 
ASIA$ 

VInd.,a, 
A8/A3 

", 
TRU forest (Vit~x-Pornslio); on 
lsolated inner rrdxer scrub 
( ~ i b i s m ~ r - ~ a v d o , ~ ~ ,  kerbern 
variang 

Mixed herbaceous vegetation 
(Leersin-Honprroial 

Finged by palm vegelation 
(NYPP): lower reach- commonly 
wrfh scrub (Rltiropizoro) 
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Coast with mangrove flats, coral reefs, and low emerged coral platforms. 

Geomorpho1ogy.-firegular coast with narrow discontini~ous beaches protected by either fringing or bzrier - - 
curnl reef,. 'lid81 f l t t s  and brackish \wanips occur in hi)., and inlet,, and small low-angle alluvinl pli~ins on 
t h e  iancleord mar~in* of tllr lalld .s).<tCtn. 'II1cl~c is .I" EYICIIOI'L. cmr,rbcd cord platform 5-15 ft :rbovr, hich- . 
water mark. 

Terrain Parameters.-Altitude: H.I., I; min., 0 ft; max., 15 ft. Relief: none (microrelief 15 ft). Characteristic 
slope: low gradient. Grain: -. Plan-profile: 7. 

Geology.-Coral, coralline and volcanic sand; Recent. 

Q 

tb Distribution 
I I 

I mile  

1 I 
Bearb: narrow: slapiog at 7' Lo Littoral soils: whitesands 
6 ft  above high-water mark; 
formed of coralline or volcanic 

Land 
Unit 

1 

- 

Tidal flat: at high-water mark on Mangmve soils: shnlla~v Vlilf,,a, 
inlets; 1 f t  of chamelled or hum- alkaline peaty sands AE/R, 
mackv microrelief: associated or 
brackish swamps alkalioe sands YnIfn,a, 

A3 

AUurial-littoral plain: high grad- Muvialsoils: brownmol-mot- Ivd.,n,,f, 
ienf; 3 ft undulating microrelief tled sands. Water-tablc A3 
traversed by small streams wifd 1-3 ft  
channels up to 1s ft wide and 6ff Locally near slr~ams, Ivd,,f. 
deep stratified mottled loams A4 or A6 

and clays. Water-table 
I-? ft 

&\lea 
(.g miles) -- 
- 

Svub (E;bii i i iP~~Im,,~)  loc- 
ally fringed by  mixed herh$ccous 
vegetation (SpbriTerC,~mvniio). 
Io\vest-lying beaches with S C ~ U ~  
(Hhiro~horo) 

Land Form 

R e d  flat: at high-watermerk- 2 ft 
microrolisfformcd mainly of ofhead 
csral; fringing leek about 200 ft 
wide, barner reefs up to 1 mile 
wide 

Papulstion and Land Use.--4400 people currently using 7.9 sq miles (28% for cash craps) of units 4 and 5. Fishing of considerable 
importance. 16.4 sq milen of non-indinenous plantations. 
Forest Potential.-20 sq miles mangrove farest on unit 3: 1 sq mile irregular tall plains forcsl, low yield, on units 4 and 5. Access 
calsgory I on units 2, 4, and 5; access category Is on unit 3. 

- 

- 

Soil 

Mid-height forest (Rliiioplrora- 
Brrr~zdern), local stands of palm 
vegetation (NYDO); ~ w r m g s  with 
10," ,uaody vegetaflon Ecolonal 
to tau forest 

Land Class' 
AASHO soii 

Rx 

vegetation 
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Herbaceous and forested swamps. 

Geomorpho1ogy.Swamps impounded by growth of beach ridges or by aggradation of alluvial tracts, with 
central zones of no flow surrol~nded by zones of dispersed flow; traversed by swanlpy flood-plains of meandering 
streams. Streams normally up to 200 ft wide with pools up to 8 ft deep and rifaes up to 3 f t  deep. 

Terrain Parameters.-Altitude: H.I., I: min., 0 ft; max., 50 ft. Relief: none (microrelief 6 ft). Characteristic 
slope: low gradient. Grain: -. Plan-profile: 7. 

Geology.-Peat; alluvial and littoral sand; Recent. 
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Actively forming volcanoalluvial plain. 

Geomorphology.-Coalescing volcano-alluvial plains of Mt. Bagana, including an ash-covered plain standing 
above bauldery bar plains that are traversed by rapidly migrating braided streams normally up to 30 ft wide 
and 3 ft deep. Towards the coast large fan-shaped flood-out plains are subject to severe flooding and to invasion 
by ephemeral stream channels. 

Terrain Parameters.-Altitude: H.I., 11; min., 0 ft; max., 800 ft. Relief: ultra-low (50 ft). Cb;u.acteristic slope: 
very high aadient. Grain: coarse (3000 ft). Plan-profile: 211. 

Geology.--Volcanic debris; Recent. 

- 
1 mile 

I 
Bar plniu and river c h a d :  very Mainlycobblegravd\vith 
high to ultra-high gradient (0°30'- boulders 
4 7   lai ins up to ) mib \vide; 5 i t  ~oca l ly  alluvial roils: 
sh~mel led  microrelief shallow grcy mottled ... "2" I""., standr of scrllh <Tre,,,o1: 

2 

..... ~- ~~ .. ,... ~~~ 

minor tall grass vegetation (s& 
clrnrtr,ll robrrrfrtsd 410ng Sfream 
channels 

Land Class; 
AASHO Soil 

IVe,,n, 
A3 

Soil 

~ ~ h s o i l s :  grcyfinesmdr. 
Water-table >l5 it 

Land 
Unit 

1 

Population old  Land Use.-Nil. 
Forest potential.-No forest. ~ c c e l r  category I on units I m d  2; access catcgary If on units 2 and 3 
0bservatianr.-6. 

Vegetation 

Scrob (Cvorizcn-Bonrbnsnl, IocrUy 
with emergent Albirio foiarla 

-- 
12 

Area 
(3s milo;.) -- 

10 

Land Form 

High plain: very high co l t r a -  
high gradient (0"301d0); UP to 
2 miles wide: 3 if u?dulating 
micrareiici: clifed mnrp>nr u p  to 
50 i t  high 

Flood-outplsin:veryhighgrgd~~nt 
(0~30'-lo): "p to 2 miles ~vrds; 
~ft ferrrccdandcham~uudmii i i~  
reliefrtaoding$ssthanlOftabovc 
.I"<, 3 

Alluvial soils' brown 
nlottled sand; Water- 
table 5-15 it 

Vlf.,n, 
A3 

Tall grassland (PlrrwgrrtilarSac- 
d m n m )  with stands of \roodland 
(cnsrmri~m) near charnels 



LAND SYSTEMS OF BOUGAINVILLE AND BUKA ISLANDS 27 

(7) SILIBAI LAND SYSTEM (240 SQ M ~ E S )  

Low-lying broad coastal alluvial plaiins. 

Geomorphology.-Alluvial plains formed of material eroded from volcano-alluvial fans, drained by ill-defined 
subparallel small channels following irregular Linear depressions, and traversed by flood-plains and gravelly 
beds of larger rivers with migrating meanders. Rivers normally up to 80 ft wide, 6 f t  deep in pools and 3 ft 
deep at ~iWes. 

Terraill Parameters.-Altitude: H.I., I; min., 0 ft; max., 50 ft. Relief: none (microl.elief 15 ft). Characteristic 
slope: high gradient. G~ain: very coarse (15,000 ft). Plan-urofile: 7. 

Geology.-Volcanic sandy and gravelly alluvium; Recent. 

I I I 
Inclusions.-Jaba land system on soaward marpin. 
Po~ulrtion and Land Use.-ZM) pcople cunently using 0 .8  rq mi15 of unit 2 and inclusions of Jabs land systcm. 0.4 rq lniie ofnon- 
indigenous olmfations. 

-- vegetation 

1 205 Plain: low or highgradient (0'5'- Ailuvirl soils: brown IIld,,f.,o, 
0°30'); indefiaitely widc: bss than mottlod sands. Wrrer- A3 

Tall forest (V;fcx-Ocroii~cl~~ 

2 fl of micror~licf frrverred by trble2-12ff,veryvarirble 
along channels 

2 

3 

4 

-- 
22 

-- 
3 

-- 
I2 

small channols up'to 50 ft wide 
and 10 CI deep 

Aood-~lah:  along drainage lines 
0rmnrginalforivers;low6radiiit: 
UD!O z m a ~ s  wide; 3 n channelled 
reher 

Draina~ede~r~=ion:lo~vg~~diiiv 
I000 ftwide; 3 ft channelled relid 

River bed: low gradienl. 300 ft 
wide, 10-15 rt deep: '>vithout 
levow; banks cliwed on bcnds: 
s s d d  uppr point bars, gravelly 
lo$ucr pomt bars 

Alluvial soils: brawn 
mottled sands. water. 
tnb~c 2-6 rt 

S w n m ~  parts: submerged 
Peals. Up to 3 ft water 

On upper point bars al- 
luvi r~  soils: s ~ ~ a ~ ~ a w  ircy 
mattlodsands 
On lower point bars, 
gravel 

VId f 
A3 

r'n2 

vlud.  
A8 

v1f 
A1 '' 
VIII~L, 
C 

in drisst areas ~ ! t ~ x - ~ o ! ~ ~ ~ t i ~ ~  

Open tall forest (~errr~ijin;in 
brossii-Conm~zo~ne*rno), with local 

stands (Pando,r,zx); of some panda" channels vegst~tian with 
tall grass vegctalion (SNCCIIO~NOI 
rob1,srrstorn) 

Tall forort (Tenvrhmlin bmorrii) 

Mixed herbaceous vcgctrfion 
(Pmspolr,r,,-Cnsr;n), with fall grass 
vosetalion (Socciiar!a>r robrrsrra,d 
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High-lying broad alllrvial plains. 

Gcomorphology.-Coalescing volcanoallwial fans formed mainly of fluvial deposits, traversed by terraced 
valleys of stream entrenchment up to 80 ft deep; also non-volcanic valley plains. Rivers, normally up lo 200 ft 
wide and 3 ft deep, have irregular, angular channel patterns forming occasional alluvial islands. 

Terrain Parameters.-Altitude: H.I., I; mio., 0 ft; max., 200 ft. Relief: very low (80 ft). Characteristic slope: 
very high gradient. Grain: very coarse (5000 ft). Plan-profile: 1LIl. 

Gcolagy.Sandy and gravelly volcanic alllwium; Upper Pleistocene to Recent. 

V.E. x 2  

l mile 

- 

~ a ~ t m l a t i o ~  and L R " ~  ~ ~ ~ . - 7 5 0 0  people currently 22.4 sq n~ilcs (20% for cash crops), mostly of unit 1. 8.5 s q  miles of non- 
indigenous planfationn. 
Forest Pofentia1.-131 sq milen tall plains forest, high yield, on units 1 m d  2; 11 s q  miles irregular tall plains forst ,  Low yield, on llnit 2; 
8 sq miles T~rnzuiniia hhhhhiifoierf, hlgh yield, on unit 3. Access cafegory I. 
0hnzrvntions.-20. 

vegetation 

Tall farst ( V i l e ~ - P ~ ~ ~ ~ ~ l i < ~ ) ;  mod- 
orate nreas with gardens and 
regrarfh 

Tall faresf (Vitrx.-Pomrlin, Vilcx- 
octorneies) 

Tall forest (Ter,?~i,mlia 6mssii) 

4 

~ n n d  Clrsr; 
AASHO Sail 

Ilo, 
A41A3 

11Id,,n, 
A3 

VIf,,sle 
A3+B 

Soil 

Ash-covered roils: brown 
loams over sands. Watcr- 
table 10.70 ft 

~ I l ~ v i r l  soils: brown 
motfled sands. Water- 
table 1-20 ft 

Alluvial soils: brown 
mottled sands (stony 
phase). Water~tablc 0-10 

-- 
I 

Land Forin 

Plain: very high gradient (0°304- 
2.) indefinifcly wide; less than 
2 ff  of microrelief- traversed by 
small stream beds'up fa 100 ft  
wide and 20 ft  deep with I?\". 
wrtoz channel5 up ,d 20 ff wide 
m d  1 R deep 

~ c r n c e :  very high gradisat: up 
to , mile wide- up to 10 ft of 
chrbne~ed rnio~orelie~ 

R l ~ o d - ~ l n h :  "major be*; very 
highgrrdient; up to 1200 i t  wide; 
5 R chrnnclled microrel~ef 

Land 
unit  

1 

2 

3 

Area 
(rq miles1 -- 

345 

-- 
7 

2 

xrer bed: very high gradient; UP 
to 400 ff wide m d  12 ft dew; 
bars m d  Rood channels 

.. 
Gravel vlllsts 

B 
Mired herbaceeus ve.Xetcfrtion 
( P ~ ~ ~ , Z I I I I I ~ C ~ S S ~ Z I ~ ,  tall grass 
vegetation (Socclimm,~ robuslzrn~), 
a d  aands of scrub (Fienrs 
orb,rmc,,l") 



LAND SYSTEMS OF BOUGAINVILLE AND B U M  ISLANDS 29 

Partly dissected volcano-alluvial fan wi th  ash pan soils. 

Gromorphology.-Co;tlcsci~lg vocn l ro  n l luv~a l  f;lnr o f  s l ig l~l lg  cuncav: pr.llil~. tbrnrd of ~nlcr;:tl.llcd rluvi.il, 

litllii~ic, a n d  nui'c dcpu i i t s  wit11 i~~pcrli:ial nirh irnr :arb. Sl re ; i~n  d~rsc; l ion Ilac p r ~ ~ l u ; e c l  \ c r y  ~h.!llow rxdiuinc - 
valleys, separated b y  res idual  ridges or pla teaux at higher al t i tudes  and by plains at lower altitudes. Streams 
are normally up to 100 ft wide and 1: ft deep. 

Te r ra in  Parameters.-Altitude: H.I., II; min., 100 ft;  max., 3000 ft. Relief:  low (150 ft). Charactexistic slope: 
very h igh  gradient. G r a i n :  med ium (11W ft). Plan-profile: 1L//. 

Geology.-Volcanic debris;  Upper Pleistocene and Recent. 

Distribution 

I m i l e  

. ~~~~ 

Papulrtiao and Land Use.-10,800 people currently using 30.0 sq miles (20% Car cash crops) or ,,nits 1-3 and 5. 
Fa~est  Potential.-87 aq miles low-altitude upland forest high yield on units 1-6 (in part). 17 sq milcs mi6alritode unlrild corest, 
moderate yield, on units 1-6 (in part); 1 sq mile ~er,nio),mlln brosrii fokst, high yield, on unit k.  Access category I. 
0bs~rvntions.-25, 

Land 
Unit 

1 

2 

3 

4 

5 

6 

7 

1nclusious.-Pauroka and Siwai land swtemr. 

nrca 
(sqmilcs) -- 

20 

-- 
55 

-- 
160 

-- 
20 

-- 
2) 

-- 
10 

-- 
2 I  

Lend For". 

Ridg~crest:verYnano~viibbbbd~ 
even; gentle, rarely maderate: 
cresta1 slopes 

Plateau: genlleslo~c(243: up to 
1 milc wide; 20 ff undulating 
microrelisf with snlall shallow 
gullies 

Plsin:veryhighsradien1(>0*35'): 
Up to I milc wide between major 
streams; 3 ft undulaikg micro- 
rcliof; local slopes to 3- 

Valley side alone: very short: 
slraight or concave; sfcop to very 
sleep (15-505; numoous stssp 
spvrr 

Terracn:ver~hishgrrdiiit~tbout 
100 ft wids; up lo 50 ff'above 
streams 

Valley floor: "en. high gradient 
(>0°35'); raroly up to, 1000 f t  
w~de; 10 ff chamelled m~uorolief 

River bed: very high or ultra-high 
gradient; up to 150 ft wid- and 
10 ff doop; channel b r o  a d  flood 
charnels 

Soil 

Ash soils: brown loam3 
with an ash gan 

Ash soils: brown loams 
with an ash pan. Water- 
table deeper than 100 i t  

Ash soils: brorrn laams 
with an  as11 ~ m .  Water- 
fable 30.100 f t  

Slopw: cnrlnly ash soils; 
brawn loams 
Locally lithasols 

Ash soils: brown loams 
with an ~ s h  "an 

Alluvial soils: nlainly 
brown mottled sands 
(stony phase) 
Lacally, brown mottlod 
sands 

Gravel 

Land Class: 
AASHO Soil 

II-UIe,,,d, 
A4/Rs 

IIC,,~, 
A4/Rs 

lld, 
A4/Rs 

VII-VlIIe,-, 

Rs 

IIe,,d, 
A4/Rs 

VUld,,f,,sl,,n, 
A3+B 

Yld,,f. 
A3 

V ~ I S ~ ,  
B+C 

Vcgctafion 

Tali forest (Vilrx-Poazslia above 
I500 ft abovc sea level. kejeonorz- 
clcn-Slonaeo) grading Info mid- 
height forest (Gurci~in-Elnlopo. 
cori'~8) at higlier altitudcr; 
gardens and cash cropping; ex- 
tensive areas in various stages of 
regrowth, mainly youngsecondary 
Corest (Alrhoffio-Al~hiioaio)) and 
sccondzry forest (Ariocolpas- 
Albixio) 

As above, with the crcolltion of 
very steep s lo~es  which have 
scrub (Cyoll!eo-Trcrcn) 

A3 units 1-3 

Tall forest (Ten,?inolinl brossii) or 
suvb as units (Sorrrovja 1-3: lacrlly canfarm) sccondrry 

On some bars, scrub (Picas 
nrbrmculu) 
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Shallowly dissected older volcano;llluvial fans with red clay subsoils. 

Geomarphology.-Volcano-alluvial fans of slightly concave profile formed of intercalated flnvial, laharic, and 
nu6e deposits with thin superficial airborne ash. Stream dissection has prodi~ced a pattern of long, low, 
radiating ridges and narrow valleys. Large rivers normally rrp to 50 ft wide and 1 ft deep have recessed flood- 
plains and terraces, and flow iu k~egular, angular, sometin~es multiple channels. Borildery small streams of 
ultra-high gradient are normally less than 15 ft wide and 6 in. deep. 

Terraill Parameters.-Altitude: H.I., 11; min., 100 ft; max., 3000 ft. Relief: low (200 ft). Characteristic slope: 
low-moderate. Grain: medium (1100 ft). Plan-profile: 4LII. 

Geology.-Volcanic debris; Middle Pleistocene. 

- 
~ ~ ~ ~ l ~ t @ ~  and Lsod *e.-2250 people currently using 8 - 9  sq miles (20% for cash crops) mainly on units 1 and 2. 2.2 rq mi l s  of  
non-indcgenous plantations. 
porest Potential .41 sq mile* lmv-altitude upland forest, high yield, on units 1-3; snlall stands Tenninniin brarsii forest, high yield, 
on unit 5. A-BEP category Ia (very steep slopes, unri 21. 

Veeelniion 

Tall forat (Vi&x-Pnr~,rrio) or 
s-ndary forest (Artacolpr,s 
Aibiiio):lacally~lanfrtionr(coca- 
nut. coflee, cacao); very re- 
stricled areas with mid-height 
grassland (L<peram-Ti~mwd") 

T I  for-t (Virex-Ocrolnele81 

Tall forest (Terrrtirinlin brossii) 

6 

Land 
Unit 

1 

2 

3 

4 

5 

Land Form 

Ridge crest: broad (200 St): un- 
even; gontle cresfal slope (2.6.. 
locally lZO) 

Gentler slope: veryrhort; convex; 
moderate (8-12") 

Sfecperslo~o: ~ c r y  short convex; 
rtcep or "my steep 

Terrace: very high gradient: up fa 
500 ff wide; up LO l0ffchrnnelled 
microrclief 

Piood.~Mo: "major bod" very 
high gradient; up ta 1000 riwide; 
recessed; 10 st channelled micro- 
relief 

Arcn 
(3s miles) 

-- 
15 

-- 
55 

-- 
3 

-- 

I 

-- 
+ 

-- 
+ 

Soil Land Class; 
AASHO Sail 

Ash-covered soils: broivn 
lormsoverreddirhfriabie 
clays 

Ash roils: brown lorms 

Acidclryroils: redrrinbls 
c1nys 

Ash-covered soils: brown 
loams over reddish friable 
clays. Water-tnbls 1-20 ft  

Alluvial soils:  brown 
mottled sands (stony 
phase). Water-table 0-10 
ff 

I I I 
Nil Rirer bed: very high gradient: up 

to 200 ft wide and 6 st deep: 
channel bars and flood channels 

Boulderr VllIrf. 
B 
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Shallowly dissected volcano;lllwial fans with IapiUitic ash soils. 

Geomorpho1ogy.-Volcano;lluvial fans of slightly concave profile formed of intercalated fluvial, laharic, and 
ni16e deposits with thick superficial airborne ash. Stream dissection has produced a pattern of long, low, 
radiating ridges and narrow valleys. Large rivers normally up to 50 ft wide and 1 ft deep have recessed flood- 
plains and terraces, and flow in irregular, angular, sometimes multiple channels. BouMery small streams of 
ultra-high gradient are normally less than 15 ft wide and 6 in. deep. 

Terrain Parameters.-Altitude: H.I., 11; min., 0 ft; max., 1000 ft. Relief: low (200 St). Characteristic slope: 
low-moderate. Grain: medium (1000 ft). Plan-profile: 4L//. 

Geology.-Volca~~ic debris; Middlc Pleistocene to Recent. 

I 
I mile 

vegetation 

Tall forest (Vicrx-Ponzrrin) or 
secondary forest (Avtocorpns 
Albirin);locallyplanfstions(coco- 
nut and cacao) 

Tall foresf (Yilcx-Ocror,reies) 

Tall rarest (T~r~ninnlin b?ossii) 

I I 
high gmdicnt; up Boulders Nil 

to 200 ft and 6 n deen: bars 
and flood channels 

Inclusions.-Moilr and Leikair land systems. 
Population and Lsnd Use.450 people clsrrenfly vsine 4.2 sq miles (10% for cash craps) mostly on units 1-3. 2.2 sq miles ofnon- 
indigenous plantations. 
For& Potential.-37 sq miles low-altitude upln?d forwl, Iligh yield, an units 1 4 :  3 sq miles Ter,,zinnlin brass;; forest, high yield, on 
"nit 5. Access category la (vow rfecp rloger, und 3). 
0baemations.-12, including 4 on unit 4. 
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Dissected valcano-alluvial fans with lapillitic ash soils. 

Geomorphology.-Volcano-alluvial fans of slightly concave profile formed of intercalated fiuvial, laharic, and 
nu& deposits with thick su~perficial airborne ash. Stream dissection has produced a pattern of long, moderately 
high, radiating ridges and narrow valleys. Some areas of badlands occur where there is intense spring sapping. 
Bouldery small streams of ultra-high gradient normally less than 15 ft wide and 6 in. deep. ' 
Terrain Parameters.-Altitude: H.I., III; min., 200 ft; max., 1500 ft. Relief: moderately high (400 ft). 
Characteristic slope: very steep. Grain: fine (600 ft). Plan-profile: 4Lll. 

Geology.-Volcanic debris; Middle Pleistocene to Recent. 

Dirtribution 
I mile 

Inclusions.-Numr land system. 
~opulatian aod Lsnd Use.-700 people currently uing 1 . O  sq mila of unit 1 and inclusions of Numa land system. 
Aorest Pot~ntial.-35 sq miles low-rltitudc upland forwt, moderate ~ic ld ,  on unitr 1-3: 1 sq mile Terrnir8oiin bmmsii forwt, high yield, 
on unit 2. Access category 111. 
Observations.-7. 

vegetation 

Tall f a r a t  (Vifff-Po~nelia) or 
sffandrry forest (Arrocnrnus- 
Albirio) 

As above hut badlands with 
scrub ( ~ & t l ~ ~ ~ - ~ r e , > l o ) ;  along 
stream margins, tail forest (Tap 
n~iv~oiin brmii) 

Tall forest (Virrx-Portwrin) 

Land class 
AASHO S ~ I  

nIe,.n, 
A4/Al/A4 

YIITVIII~,~. ,~ ,  
A4/Al/A4 
vrr-vmc,-, 
A4/Rs 

VIc.,n, 
A4IAllA4 

Soil 

a s h  sails: brown lanms 
w~th  lapillifrc horzons 

As unit 1 
or 
brawn ioarns 

a s h  soils: blown lpams 
mth lapillitnc hornonr 

Land Form 

~ i i a ~ .  cr8.t: narrow ( 5 ~ 1 5 0  ft); 
even; erostal slope gcntle fa 
maderate (&LOm) 

mslope:short(4ooft);irireguI11; 
vczy steep (30-453. steep spurs 
(257 and precipitdus slump ai- cavd at gully hoads. ~oc.ocallu pre- 
cipitous badlands 

B E ~ C ~ :  at hi11 fool: moderately or 
pennv~loping(2-l5~);up~i150fl 
wide; hummocky: sfandmg iwr 
than 50 ft  above sfroam bed 

Land 
uni t  

I 

2 

3 

h a  
(sqmiles) 

-- 
s 

-- 
so 

-- 
2 
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Dissected volca~~o+lluvial fans with ash soils. 

Ge0morphology.-Former volcano-alluvial fans of slightly concave profile formed of intercalated fluvial, 
laharic, and nu& deposits with thin su~perficial airborne ash. Stream dissection has produced a pattern of 
radiating, moderately deep gorges and dendritic tributary valleys separated by residual ridges, with steeper 
slopes characteristic of higher altitudes. Bouildery or gravelly small streams normally less than 20 f t  wide 
and 1 ft deep. 

Terrain Parameters.-Altitude: H.I., 111; min., 200 ft; max., 3000 ft. Relief: moderately high (400 ft). 
Characteristic slope: steep. Grain: fine (800 ft). Plan-profile: 4L//. 

Geology.-Volcanic debris; Upper Pleistocene and Recent 

1 mile 

I 
Steep hill slope: show irregular; Ash soils: brown loarns VI-VIIc.., As uoit 1 
stem (20-30'); numo;ous gently 
sloping (2') benches up to 150 ft 

1 A 4 i 5  1 
I 

Valley floor: ultra-high gradient Aliuvial soils: brown (Tem,inuiiu br-wssii) or 
(M7: up to 500 ft wide; 3-10 f f  mottled sands (stony 
chamlled microrelief phase) 

V o 0 ~ 1 l : ~ ~ ~ o ~ ~  8 ~ 8 4 t I  1.umd l1>8.-52011 i>e.,ple '8>rre##llY tt-4r.g I1 .6 . 4  m:le* (. ' 5  , r ~ r  c x ~ h  cmb~;, #j>u.~ly ,*n I ?.m: <jn tw~;c$ 3 ;,(1,1 4. 
e x  I .  hJ .I, l l l lcr lu~s-llut*lrlc tlplalbll fdrurl nl iJ:r,cr )ielll, un allit\ I ,  3, i r d  2 ;  2 .q tllllrr i.#~~l..llci~..d~ au~>l%r~d i , r ~ \ f ,  
mudcrrlc yield, on anit. I. 3. .md 4. l\4 mller IIICII.IIIII~I~C u ~ l ~ n l  h l r~s t .  1 . l ~  ~ ~ 1 . 1  .)n 111111. 1. 3. .11>.1 4: 1 . I  8 1 8 8 1 ~  ?;.l,ltgliali, b r 1 7 , i l  
tqlrrql. 111811 YICIII. 011 111.11 5. I\LLC.SC-~<S. ry  I11 in h86h:r ~'~443 ur'cllc l t n d s ~ . ~ r . # r :  II;t (r:r, - ~ r ~ p  tu ~#~<FII,II.,LI ~ l l p ~ . .  LIII~I. 2 1) 
in 1orr.r p;<.,r ",',I,; l.."d .y,,u,.,. 
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Active or recently active volcanoes. 

Genmorpholngy.-Very recent volcanic land forms including lava flows, debris slopes, and scarps forming the 
margins of explosion craters or of spines. Mt. Bagana is an active craterless lava cone; Mt. Balbi is a group 
of cratered active or inactive ash or scoria cones and spines; Lake Billy Mitchell is a large explosion crater: 
an unnamed peak east of Mi. Bagana is a dissected lava-flow cone. Lakes and ponds occur both in craters 
and in valleys blacked by lava flows. 

Terrain Parameters.-Altitude: H.I., V; min., 10W ft;  max., 8500 ft. Relief: very high (1500 ft). Characteristic 
slope: very steep. Grain: very coarse (5000 ft). Plan-profile: 4. 

Geology.-Andesite, hornblende-andesite, and hornblende-bearing basalt, as lava and ash; Recent. 

- 
I mile 

vegetation 

Bare except for terminal slope 
with mired herbaceous vegetaflon 
(Lyeo~odi~~iul.-GleicI~e~~;il 

Bare nlixed herbaceous vege- 
tatioh (Lv~v~v~odi~~~~~-Gl~icI~~~~ii, 
mauntainherbrcoousvegetat~onl; 
savannah. m d  scrub (CyolIz~a- 
Bnrnbwa,'mauntrin scrub) 

Barcorw"1thmouolainherbacea"s 
vegetatio"; probably somc bogs 

Bare or with mountain herbr- 
ceous vegetation 

As ""it 2, locally palm and 
pandan vegetation (Gnlnbin- 
P",~rlo,,,r) 

AS unit 2, lacnlly mountain law 
foresf 

~ ~ p ~ l a t i o n  and Land Use.-Nil. 
porest ~oteot ia l . -~o forert. Accerr category In. 
Observat iaos l ,  plus4 aerial observations. 

AASHO Soil 
Land Class; 

VIIIsta 
B 

Vmsl. 
B + C  
we,,st.,n, 
A3-kC 

rVd,,f,,n, 
A3 

vUd,,n, 
A3 

VllIr. 
Rm 
VlUst.,n, 
A3+C 

VIIIst.,n, 
A3+C 

VTIIsl,,n. 
B or 
A3+C 

Soil 

B10cks 

Mainly stones and boul- 
ders 
L O C ~ I I ~  a shso i~~ :  grey fine 
rands (stony phase) 
or 

soils: shallow 
grey mottled sands 

Ash soil~: grey fine rands 

Rock outuop 
or 
ash soils: grey fine rands 
(stony phase1 

Ash soils: grey fine rands 
(stany phahrre) 

Badderr 
or 
ash sails: grey fine rands 
(stony ~ha rc )  

Land Form 

Lava Aow: sinuous stream of rock 
up to 2 miles lang and 1000 ft  
wide expanding drstnlly to 3000 
ft. steep axial slope (17-303, m- 
c;cnsins at the t e r m u s  to very 
steep (42'); crars-section :onvex 
except m upper parts which are 
irregularly cancws; c a m o n l ~  
bounded by narrow, very s t ~ p ,  
~ ~ ~ r g i n a l  ridges up to 50 ft  high 

Debris slope: long (2000 fc); con- 
cave. gentle or moderate 
(2-267; traversed by stream gods 
Up to 50 ft  wrde, locally lnc~sed 
100 ff 

crater floor: nearly level; up to 
500 ft diametsr; 1 ft  hame el led 
microrelief; ponds 

Scarp: medium length fa long 
(50&2000 it); irregular; preupi- 
tous: commonly with waterfalls 

Ridge uent: knifeedged or very 
narrow; very uneven; stffp crestal 
SlOPC 

B O S ~ O ~ ~ I  hidl slope: short or 
medium length; straighl; very 
stecp to precipitous 

Land 
Unit 

1 

2 

3 

4 

5 

6 

Arm+ 
(sqmiles) -- 

8 

-- 
3 

-- 
+ 

-- 
2+ 

-- 
1 

-- 
I S  
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(15) TAKUAN LAND SYSTEM (75 sa MILES) 

Extinct or dormant volcanoes. 

Geomorphology.-Largely undissected Upper Pleistocene volcanic land forms including lava flows, debris 
slopes, and scarps forming the margins of explosion craters, notably that occupied by Lake Loloro; also 
erosional ridges and slopes on former ash and lava cones and on disintegrating tholaids. Incised bouldery 
torrents. 

Terrain Parameters.-Altitude: H.I., V: min., 1000 ft; max., 7500 ft. Relief: very high (5000 ft). Characteristic 
slope: steep. Grain: coarse (3WO ft). Plan-profile: 4. 

Geology.--Andesitic lava, ash, and agglomerate; Upper Pleistocene or Recent. 

- 
I mile 

, Arp I 
Unit 15o mnlerl Land Form I Sail A A C " ~  c-:, Vegetation 

2 5 Debris s la~e :  gentle slope (2-6'). Ash roils: brown loam8 ITe,,d, 
UP to I milelanp: 10 ftchannelled wich an ash pan A41Rs 

Palm and  panda" vegetation 
(O.irzbin-Pnrrci~,ins), mountain 

relieC lrvvsrsed by gullies up  to On g ~ ~ l l y  slopes: broxvn Vlle,  
500 R wide and 50 rt dwp, ~ i t h  laamr A4lRs  gullies 

scrub and mountain low foienf in 

lnrinly s,cep siac slope% 

5 Rid~ecr~nt:knife-edgedt~~~~ow A s h  s o i l s :  on  g e n t l e  1le.d A s  unit I 
(5-150 FL): sleppcd) croslal slope slopes, brownloams with ~ 4 7 ~ :  
genlls to grecip~tous (2-5U0) an ash pan 

On r tee~er  slopes, brown m, VI, VII c,, 
1aams =-I 

A4IRs 
On prcci~itous slopes Vme.,r, 
abundant rvcalhcrod Rs 
outcrop 

Scarp: medium lcngrll (50&1000 M a i n l y  s toner  a n d  Vllle.,5t. 
n); irregular; precipitous boulder3 B + C  Palm (Coiz<bin-Pn,icln,~crs) and  prndrn  vegctafian 

Locally, rack outcrop VIIIe8,rE 

-- Rx 
26 E~osionalhillslopc:shhht;stttighL: Ash soils: bro\vn lorrns Vule ,  

verystecp D&45'); slump alcovcs 
Palm and  s a n d r n  vegetation 

at bully head3 
A4lRs ~ i i ~  mid-height 

forest ( ~ n r c i ~ ~ i n - ~ ~ ~ ~ ~ o e ~ ~ ~ )  and  
tall Forest (Neonnucle~SIonrrpn) 

helusions.-Balbi l m d  system at Lake Loloru. 
Pooulation and Land Use.-100 ncade currently using 0 .2  sq mile on the lierbhery of the land system. 
Forest Potential.-25 sq milcr high-altitude upland forest, low yicld, an units 1 and 3; 8 sq miles mid-altitude upland foren, n~oderntc 
y~old,  an units 1 ,  3, m d  5: 1 r s  mile low-altitude upland forest, modcratc yield, on units 1, 3, m d  5 ,  Acccrr category 111. 
0bserratiaas.-7, including 3 on .nit I, plus 2 ncrirl obrerwtiom. 



R. M. SCOTT ETAL. 

Dissected moderately steep volcanic debris slopes. 

Geornorphology.-Debris slopes on Pleistocene or Recent volcanoes, largely dissected to form a very fine 
pattern of radiating bifurcating low ridges. Incised bouldery tol-rents. 

Terrain Parameters.-Altitude: H.I., V; min., 1200 ft; max., 6000 ft. Relief: low (250 ft). Characteristic 
slope: very steep. Grain: vexy h e  (300 ft). Plan-profile: 4LIl. 

Geology.--Andesitic lava, ash, and agglomerate; Middle Pleistocene to Recent. 

1 mi le  

vegetation Land Class; 
M S H O  Soil 

UIandVIc,,. 
A41Rs 

As unit I 
ITlc,,d, 
A41Rs 

VIIIe. 
A4/& 

Palm and pandan vegelation 
(Guf<,bilrio-Pnndnmrs), scryb (Cw- 
ti%eo-Bn,~ibosn), and md-hslght 
forest (Gorcinin-Elrr~ocnrp~~s) 

Soil 

Ash soils: brown Imams 

As unit 1 
Lacally on gcnt1er slopes, 
brown loams with m arh 
pan 

Ash soils: brown loams 
Minor rock outcrop 

- 

-1 AS ""it 1 

Land Form 

Ridgc crest: narro\v or very 
DBIIO\Y; uneven; c~estal slope 
moderate 

Debris slopa: up to 2 n~iles long 
md: mile wide. concave; luodcr- 
ate axial slop: (6-177; 10, St 
irregular microrolicf, forming 
steep local slopes 

Hill slow: short; slraighf; ~ c r y  
stem to o r s i~ i rous  

Land 
Unit 

1 

2 

3 

Palm and "andan vegetation 
(G,r;~,bi"-Pnndnra,s) and moun- 
tain low Sorest; northern occur- 
rence commonly with scrub 
(Cy~~~l~m-Bnrnbr t~~);  lower alti- 
tudes: mid-height forest (Go"- 
ci~~io-Eloeoc~~pz~~) and tall Sorest 
(Neonm~<clen-Slonnen) 

Po~ulrtion and Land Use.-Nil. 
Forest ~ ~ t ~ ~ t i s l . - 1 7  sq miles mid-altitude ~ ~ l v l d  forest, moderate yield, on units 1 and 3; 6 sq nliler high-altitude upland Sorest. Low 
yield, on\mifs 1-3. Accws category In. 
Obser"rtioos.-2, pills 3 aerial observations. 

Area 
(rq miles) -- 

9 

-- 
16 

-- 
90 
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Moderately high very steep-sided lava ridges and plateaux. 

Geomorphology.--Low or moderately high dendritic or radiating ridges and plateaux resulting from partial 
dissection of fields of gently sloping lava flows. Incised bouldery torrents. 

Terrain Parameters.-Altitude: H.I., IV; min., 1200 ft;  max., 3000 ft. Relief: moderately high (400 ft). 
Characteristic slope: very steep. Grain: fine (600 ft). Plan-profile: 4L. 

Geology.--Andesitic lava and agglomerate; Upper Pleistocene or Recent. Overlain by thick superficial ash 
wilh layers of lapilli; Recent. 

I I 
1 mile 

Land Area Land Form Soil Land Class; 
AASHO Soil vogotrtion 

R i d ~ e  crcst: "cry narrow or nrr- Ash soils: brown Loamr ~ n ~ , , ~ ,  TsU forest (Neo~mnclen-Slonrreo) 
0 1 5  t ;  v ;  I -  i t  l ~ i l t i c  h i  A4fAlfA4 andsecondaryfaresf (Rrroenlpr~s- 
moduatccrestal slope (6-lo0) Allriria): minor mid-height forest 

(Gmci,rio-Eloeocnrp<~~) 
Plates": very gcnt1c to low-mod- 1 1 - 1 ,  Bxtenrivoly cultivated, regrowth 
erato rlope (1-so). "F to 1500 ft  
wide; ap to 20 'ff vndulaling 

A4fA1fA4 up to secondary forest (Arto- 
cmpusnrnaim) 

-- microrelieC, shallow gullics 

5t  Hill slolle: short: straight ar V1IIc..n, As unit 1 
irregular; very steep (3638'). A4/Al/A4 
sfeepspurs,andprocipitousdum; 
alcovcs a t  heads of closely spaced 
gullies 

Population and Land Use.-450 people currenlly using 1. I rq miles mostly on ",lit 2. 
Forest Pofential.--4sq~nilosmid-altiludeo~laodforosf, tnoderateyield,onvnits 1 and3;2sqmilos low-rlritudeuplandforesf, moderat~ 
yield, on units 1 and 3. ACCESS category m1. 
Observations-9. 



R. M. SCOTT ET AL. 

Moderately high steep lava ridges with red clay subsoils. 

Geomorphology.--Law or moderately high dendritic or radiating ridges resulting from partial dissection of 
fields of gently sloping lava flows. Incised bouldery torrents. 

Terrain Parameters.-Altitude: H.I., 11; min., 0 ft; max., 2000 ft. Relief: moderately high (400 ft). Character- 
istic slope: steep. Grain: fine (800 ft). Plan-profile: 4L. 

Geology.--Andesitic lava and agglomerate; Middle Pleistocene. 

I mile 

Population md Lnnd Use.-600 ~ e o p l e  currently using 1.6 sq miles mostly on unit 4, rarely on units 1-3. 
=oreat potential.-3 rq miles low-altitudeupland forest, moderace to high yield, onvniir  1-4. Accerrcafegary IIa (stccpeslslopes, unit 31. 
Observations.-9. 

Land Class; 
M S H O  Soil 

11-IIIe,-, 
A4/A6 

VIE. 
A4/A6 

VITe, 
A4/A6 

VIIc, 
A 6  
VI11c. 
A4/Rs 

11 or Vle, ore. 
A41Rs 

Soil 

~sh-coveredsoils:  brawn 
lormsoverroddishfriable 
clam 

Ash-coucrcd soils: b{or%'n 
Lormsoverredd~rhfr~ablc 
clays 
Acidc1aysoils:redfriablc 
clays 
Locallyonsleeperrlo~es.  
ash roils: brown loams 

A h  soils: bra~vn l o a m ~  

Land 
Unit 

1 

2 

3 

4 

vegetation 
-- 

~ a i l  corert (vircx-~on~etin): sec- 
ondary forest (Arlocnv#rrs 
Albirirr) 

Area 
(sqmilorl -- 

3? 

-- 
9 

-- 
20 

-- 
2+ 

Land Form 

nidge crest: knife~edped to nnr- 
row (1cL150 i t )  uncvcn. crestal 
r lose penule ib l o w - ~ o d e r a t c  
(2-109 

Uoper Id11 slope: short (300 11): 
concx; modcrata (8-152: mqd; 
cralely sloping spurs m gulllu 

Lower hill s low: short (300 ft]; 
straight or cancave; mainly slcsp 
(17-380): modcralcly sloping in. 
consp>cuous spurs, a d  gulliw 

V ~ u e y  Boor: ultra-high gradient: 
up to 500 f t  wide; terraces up to 
50 f i  above scream level; undu- 
lating micrarelierforming moder- 
ate Local slope.? 
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(19) UMUM LAND SYSTEM (20 SQ MlLES) 

Moderately high steep lava ridges with brown clay subsoils. 

Geomorphology.-Low or moderately high dendritic or radiating ridges resulting from partial dissection of 
lava flows and kregegular mesa-like volcanic cumulo domes, and from dissection of bodies of diorite. Incised 
bouldery torrents. 

Terrain Parameters.-Altitude: H.I., IU; mi"., 0 ft;  max., 500 ft. Relief: moderately high (400 ft). Character- 
istic slope: steep. Grain: fine (800 ft). Plan-profile: 4L. 

Geology.-Andesitic lava; Middle Pleistocene. Diorite; age obscure. 

Distribution 
I mile  

I I I I I 

~opulatioo rod Land Use.-No populslion: some minor gardening. 0 9  sq mile or non-indigenous plantations. 
Forest Potential.-6 sq milcs law-altitude uplmd forcrt, moderate to high yicld, on units 1-3. Access crfegory 11. 
0brer"atlons.-L 

Land Arqa Land Form Soil Land Class' 
Unit (sq mlles) AASHO sod 

OULETOI)  

Icnglh: straight; sleep (20-25O) 
Ash-coverod rail.: brown VITe,,r, 
loamr over brown friable A41A6 
clays. Common bouldery 

-- 

raced microrelief clays 

vegetation 

Tall forcsl (Viles-Poncclin), 
secondary forest (Arfoca*,""> 
Albisio) areas with outcrops; 
semnddw scrub (Mmronpa- 
B",rlbrrsn). Mioor area3 \"lth 
mid-height grassland (hnpel.ola- 
Tlrllenledn) 

Tall forest (Vilex-Ponetin) 



R. M. SCOTT ETAL. 

(20) Dros LAND SYSTEM (10 SQ MILES) 

Lowland of very closely spaced ridges with occasional flood-plains. 

Geomorphology.-Lowland situated between raised coral reef and old volcanic fan, in large part very finely 
dissected to forn~ very low dendritic ridges. Gravelly small streams of ultra-hixh ~radient normallv less than . - - 
15 ft wide and 1 ft deep. 

Terrain Parameters.-Altitude: H.I., II; n~in., 0 St; max., 100 ft. Relief: very low (100 St). Characteristic 
slope: steep. Grain: very fine (300 ft). Plan-profile: 4L. 

Geology.-Coral and volcanic debris; Pleistocene. 

Distribution 

Pa~ulation and Landuse.-25Opeople currentlyvsing 0.6 sq mile mostly on unit 1. 4.3 rq miles of non-indigenous plmfrtioos. 
wrest Potential.-I sq mile low-altitude upland forest, modcrate to high yidd, on units 1 and 2. Access category IIr (steepest slopes, 
unit 2). 
Observations.-5. 

Land 
Unit 

1 

2 

3 

Area 
(rq mile9 -- 

3 

-- 
6 

-- 
1 

Land Form 

Ridge crest: narrow or broad' 
uneven: gentle crestal slopes (3-j 

Hill slope: very short (150 ft). 
steep (20-337; stoop spurs (209 

Blood-plain: high gradient' less 
than 1000 ft wide: locally bp to 
10 ff of terraced micrordief 

Vosetalian 

Tall foresf (vilex-Porrreria) 
largely clearcd Car cocanuldacao 
plantations 

Soil 

Ash-coveredsoils: brown 
loams over bro,unfriable 
clays 

As unit 1 

o n  steeper slopes, lithe- 
SOIS 

Alluvial soils: s t r a a e d  
mottled loams and clays 

Land Class; 
AASHO Soil 

Ire, 
A4fA6 

VlIc 
a4 /L6 
WL. 
% 

Ind,,f, 
A4 or A6 
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Low dendritic ridges with both moderate and very steep slopes. 

Geomorphology.-Low dendritic ridges formed of completely dissected laharic ru~d volcano-all~mial deposits. 
Very steep slopes occ~lr throughout the land system but moderate or gentle slopes are dominant, occurri~g 
either near ridge crests or near stream beds. Many incised bouldery torrents. Higher relief is associated with 
through-going rivers normally up to 15 ft wide and 6 in. deep. 

Terrain Paran1eters.-Altitude: H.I., nI; min., 0 ft; max., 2500 ft. Relief: moderately high (300 ft). Character- 
istic slope: low-moderate. Grain: medium (1500 ft). Plan-profile: 4L. 

Geology.-Probably andesitic lava, ash, and agglomerate; Middle Pleistocene. Overlain by thick superficial 
ash with layers of lapilli; Rccent. 

D i~ l r i bu l ion  

1 mile 

Land 
unit  

1 

2 

3 

4 

5 

Population sod Laod Use.-1200 People currently using 3. I sq miles (10% for cash crops) mostly on units 1 and 3, and adjacent parts 
of Mafahia land systonl. 
Porest Potenlis1.-25 sq mi l s  low-nltitudc upland forest moderate to high yield, an units 1-3; small stands ~clnzi,,oiin brassii forest, 
high yield, on unit 4. Access calcgory Ila Ivory steep slaies, unit 2). 
0bwratians.-9. 

area 
(rq mile) 

5 

-- 
14 

-- 
23 

-- 
2 

-- 
1 

I.rud Form 

Ridge crest: very narrow 130-50 
ft); even or uneven. gentle or low- 
modcrate crcrtal 6 1 0 ~ ~  (3-109. 
locally bonnded by breakal~ayg 

Steeper slope: short: concave: 
"cry steep (35453, decreasing to 
sleep 1209 a1 fool; prolnloent 
steep spurs (25'). and nrecipitous 
slllmp aIcovc5 at gully heads 

Gentler slow: short 1400 ft): 
straight gentle ar n~oderale 12- 
147; 10 ff undulating miciorelief 

Plood-~lsin: "major bed" very 
high zradicnf: up to 800 ft wide- 
rcccsred: 20 ff channelled relie< 
locally with lermceremnantup to 
50 ft above stream hsd 

River bed: very high gradient: UD 
fa200rtwidsand6ff d e c ~ ;  wavsl 
bars and Rood channels 

Soil 

Ash soils: brown l o a m  
with Lrpillitic horizons 

khsoilsOnsfeepslopes 
brown loams with l a ~ i l l  
litic horirom 
On very r t e e ~  slopes 
brown loacns with mino: 
T O G ~  OuLCrop 

Ash soils: brown loams 
with lapillific horizons 

All~rvial soils: brown 
mottled rands (stony 
phase). Water-table 0.10 
ft 

Boulders 

Land Class; 
AASHO Soil 

11-111s.-,,n, 
A4lAljA4 

Vlle,,n, 
A4lAllA4 

VUIe.,r, 
A4/Rs 

11.~11~~ 
Vie,-,are.,n, 
A4IAllA4 

VIIldi,rf. 
A 3 i B  

VIIIst. 
B + C  

Vegetation 

Tau forest (Vitex-Pon,lm N ~ O -  
no~cie,~-slooneu). much iecon. 
dary forest (/lr;bcolnos/libiZin) 

Tall far& (Vitcx-Ponrrtio Neo- 
nnvcie~cSlonnen). much kocon- 
dary forest ( / l r r o & r p i , r - ~ l n a ~ b ~ ~ ~ ~ )  

As llnit I 

Tall forest (Tenl?i,!niin bmssii) 

On high bars, mixed herbaccaus 
veeetation(Pos,,obon-Cnssi")mnd 
tall grass vegetatian (S"ccl,"rr,a, 
rabrr.T,r ,,,,) 
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High ridges of eroded volcanoes, at low altitude. 

Gcomorpholagy.-High ridges eroded from laharic and nu& deposits of the moderate slopes of former volcanoes 
with radial or dcndritic drainage pattern of incised bouldery torrents, and larger through-going rivers normally 
up to 30 ft wide and 6 in, deep, sometimes with multiple channels. 

Terrain Parameters.-Altitude: H.I., III; min., 500 ft; max., 2500 ft. Relief: high (600 ft). Characteristic 
slope: very steep. Grain: mainly finc (900 ft). Plan-profile: 4L//. 

Geology.-Volcanic debris; Middle Pleistoceile. 

vegetation 

Tall lbrest (Vilex-~on,e,in. Nca- 
.n.c~en-~loonnn); sarnc garden- 
ir.8 and  w r h  uappi* 

Tall corest (Tcr,niiimiiin fimmii) 

Nil 

population and Land Use.-850 p e o ~ l c  currently using 2.2 rq  mil^ on onits I and 2. 
po~ert  Potential.--78 sq miles l ~ ~ . ~ l t i t ~ ~ ~  upland forat, moderate yield, on units I and 2: I2 sq nliles mid-allitude up lmd forest, 
moderate yield, on "nits 1 m d  2; I rs mtle ~ ~ ~ n ~ i ~ m i i , r  brosrii corcrt, hngh yield, on unit 3. Access crtcgory Ill. 
0bsecvatioos.-4. 

Land Class; 
AASHO Soil 

VIe. 
Ad/& 

Vllles 
A4/Rs 

VIf.,st. 
A3.t-B 

VIUsta 
B 

Soil 

 AS^ soils: hrown laams 

Alluvial soils: brown 
mottled sands (stony 
phase) 

Boulders 

Land 
Unit 

1 

2 

3 

4 

Area 
(semilor) 

16 

100 

---. 
3 

I 

Land Form 

Ridgecrest:vcrynrrro~v;uncven; 
moderat% or steep c r s t a l  slapc 
(up fa 2 1 7  

Hill slope: short or medium 
length: straight or convex; very 
steep to precipitous (447: closely 
spaced sleep spurs, and slump 
alcoves at gully heads 

m o o d - ~ l ~ i ~ :  ~ l f r r - h i g h  gradient; 
up  to 3OOft widc- loftchannellcd 
microre1ier; rcce;sed 

River bod: ulfm-high gradient: 
up to 120 f l  wide and  5 rf dcep; 
with chamel bars 
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Moderately high ridges of eroded volcanoes, at low altitude. 

Geomorphology.-Moderately high ridges eroded from laharic and nuCe deposits of the moderate slopes of 
former volcanoes with radial or dendritic drainage pattern of incised bouldery to~rents. 

Terrain Parameterss-Allitidu: H.I., IV: min., 300 ft; Inax., 2000 ft. Relief: moderately high (500 ft). 
Characterislic slope: precipitous. Grain: fine (900 ft). Plan-p~afile: 4Lll. 

Geolo~.-Volcanic debris; Middle Pleistocene. Superficial ash with a lapilli layer; Recent. 

I - 
1 mile  

L r n d  
Unit 

I 

Population and Land Use.--No population, but 0 - 6  sq milo currently used by gapulation on Ibu land system. 
~ ~ ~ ~ ~ l P a t c n r i n l . - - l 9  sq milcnmid-altitudeuplandforst, n~odorafeyield on units 1 and2; 6sq miles low-altiludr upland forest, modcrate 
yield, on units 1 and 2; small stands Tclr?ri,mlin brasri forest, high yield, an unit 2. Accas category TIT .  

2 

Arcs Land Form (sq miles) 
-- 

s nidgecrest: vcrynarro,v;uneven; 
nladrrafe cresfal slope (5-157 

-- 
45 

Soil 

brorvn I~~~~~ 
wilh lapillitic horizons 

Hill slope: short; straight ?rcon- 
vex: very slccp to vreclplfol~s 
(40-lo0); closely spidced stcog 
r ~ u r s  (303, and slu~np alcoves 
at gully heads 

Land Class: 
AASHO Sail 

III or VL, 
or o.,o, 
A4lAl lA4 

vegetation 

T~II forclt ( v ; ~ ~ x - - P o ~ ~ ~ ~ ~ ; ~ ,  N<F 
nnr~clerrSlonran) 

As unit 1 

On slccpor slopes, ash 
soils: brown loams, with 
Local rock outcrop 

. ,~~ 

VIIIc.,nz 
A4/Al/A4 
VIITe.,r, 
A4IRs 

As above: fall iorwf (Ternxhr,rirrr 
brmssii) friuging incised torrents 
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(24) TEOPASINO LAND SYSTEM (10 SQ MILES) 

Moderately high subdued ridges. 

Geomorpho1ogy.-Moderately high cuesta ridges of subdued aspcct eroded from tilted volcanic rocks or 
greywacke. Incised boi~ldcry torrents. 

Terrain Parameters.-Allitude: H.I., 11; min., 0 ft; max., 800 ft. Relief: mode~ately high (300 ft). 
Characteristic slope: high-moderate. Grain: moderate (2000 ft). Plan-profile: 4L. 

Gwlagy.-Volcanicsandstone, andesiticlava and tuff, and dolcrite; moderate eastward dip; (?)Oligocene. 

I mile 

Population and Land Use.-No population. 0.9 3q mile olnon-indigenous plantations. 
Forsst P ~ t ~ ~ f i a l . ~ S  rq miles low-alfirude agland forest, moderate to high yield, on units 1 and 2; sluaU stands Ter,sOwlin brr#ssiiforenl 
high yield, on unlt 2. Access category 11. 
Observations.-2. 

Sail 

Asll-covored soiis: brown 
~o~msoverroddishfriable 
clays. Commonrockout-  
crop 

Land Form 

Ridgecrest: narrow (I00ff).cven. 
gentle or ,oderate ,e.rais~op; 
(2-17') 

Hill slope: short (250-500 ft): 
straight; undulaling microrelief; 
dip slopes modorate (12-17). 
escar~ments r l e e ~  (23) 

Land 
Unit 

I 

2 

Area 
(ssmiles) -- 

I 

-- 
9 

Land Class: 
AASHO Soil 

TI-nI or Vle,., 
or e.,st, 
A41A6 

V 
A4IA6 

vegetation 

Rcpou,th in various l sga;  
young rocondriy foiost (xiein- 
itovin-nibiscns) and  secondary 
mrest (Ar,oc",pr,s-Aibizi") 

As above: fall forest (TelmBmniin 
bmossii) lining incised torrents 
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(25) DEURO LAND SYSTEM (100 SQ MILES) 

Coarse-gained high denddtic ridges. 

Geomarphology.-High dendritic ridges e~oded from various folded volca~lic rocks. Homocliual ridges and 
fault-line scxps f o ~ m  stl.uctoral lineaments. Incised houldery torrents. 

Terrain Paraljteters.-Altitude: H.I., ID; lnin., 0 ft; max., 2500 ft. Relief: high (700 ft). Characteristic slope: 
steep. Grain: coarse (3000 ft). Plan-profile: 4L. 

Geology.-Volcanic sandstone, andcsitic lava and tuff, and doleritc; moderate dips, mainly to the \vest; 
(?)Oligocene. 

........ ....... ...... ..... .... 
Distribution - 

I mile 

Land Arc- 
unit (sqmiles) Land Form 
-- 

1 5 Ridge crest: very narrow or nar- 
row (15-50 fl)' very uneven. 
varkblc modorite crertal slap; 
(L25) 

Ail1 s l a ~ e :  medium length (50- 
1000 it); irrogu1ar; mainly steep 
(12-40°); with spurs of moderace 
uesta1 s1oge; slump microroliof 
of scarps and hummocks cam- 

Inelusio"s.--Kohina land system 

so i l  Land Class; 
M S R O  Soil 

On Dcuro Range, ,acid IIIo, 
clay soils: brown fnabls A61Rs 

vegetation 

Tall forest (Y;rex-Porirer;n Neo- 
n~~rclea-Slounc~ st higlie; alti- 
tudrs); nladcrate areas ofgardens 
and regrowth, t11c latter in areas 
with rack outcrops sccondrry 
scrub ( ~ n c n r s n - ~ ~ t e b ~ , ~ ~ )  

-I As above; fall forest (Tenninnllrr 
bmssii) Lining incised torrents 



R. M. SCO'M ETAL. 

Dendritic ridges subject to frequent ash showers. 

Geomorpho1ogy.-Moderately high dendritic ridges with very fine-textured drainage pattern of incised streams, 
subject to frequent severe ash showers. Incised bouldery tortents. 

Terrain Parametem-Altitude: H.I., IV; min., 600 ft; man., 4000 it. Rclicf: moderately high (400 ft). 
Characteristic slope: very steep. Grain: fine (800 ft). Plan-profile: 4L. 

Geology.-Probably andesitic lava ash and agglomerate; Middle Pleistocene. Overlain by thick stony ash; 
Recent. 

J 
1 mile 

Lend 
Unit 

1 

2 

Population nnd Land Use.-Nil. 
Forest Pofontial.-No forert. Access crtogory 111. 
Obsnrvaiionsl. 

Are% 
(str miles) 

-- 
I 

-- 
14 

Land Form 

Ridge crest: very narrav ( IS f0: 
very uneven; moderate or stccp 
crertal slope (10-253 

Hill s l a ~ a :  rhorl or very short; 
straight; very steep (407 

Land Class; 
AASHO Soil 

Vle.,sf.,n, 
A3+C 

VlUe st.,nr 
A3+8 

Soil 

Ash soils: grov fine rands 
(stany ohase) 

vegc1ation 

Scrub (Cyntl8en-Bn8rrbr.a); on 
ridges adjacent to Balbi land 
system, mixed herbaceous vem. 
tation ( L y c o n ~ d J ~ ~ ~ ~ ~ - C / ~ i c l ~ ~ ~ z ? u )  
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Moderately high ridges covered with bamboo scrub. 

Gwmorphology.-Moderately high dendritic ridges with steep upper slopes and h e l y  dissected very steep lower 
slopes, eroded from older sedimentary rocks. Topographically recessive below Keriaka land system. Thick ash 
tends to choke the valleys, forming a lake at one point. Incised houldery torrents, commonly with travertine 
dams. 

Terrain Parsmeters.-Altitude: H.I., IV; min., 300 ft;  max., 4500 ft. Relief: high (700 ft). Characteristic 
slope: steep. Grain: medium (2000 ft). Plan-profile: 4L. 

Geology.-Fine-grained volcanic sandstone; Palaeogene-Mesozoic. Silperficial ash with layers of lapilli; Recent. 

Distribution 

1 mile 

I 

Land 
unit 

2 

3 

Papuldion and Land Use.-Nil. 
Forest P o t ~ n t i a l l  sq miles mid-altitude upland forest, moderate yield, an units 1-3. Access category 111. 
Observations.--3. 

Area 
(sqmxcs) -- 

1 

-- 
5 

-- 
9 

Land Porn Land c1a.r; 
AASHO Soil 

Ridgecrest: verynnrrow; uneven; 
moderate crest=] slope with ~ap i~~ i t i c  horizons or e..n, 

A4lAIlA4 

Uppcr Inill dope: very short; Vlle,, n, 
stnigh$ sleep (25') A4Ial lA4 

Lower hill slope: short: straight; VIIle,,n, 
vewsfeep (40457: closely spaced AVAIlA4 
stcsp SOUIS 

vegetation 

Scrub (Cynlllsa-Burr~bnso)' locally 
1.11 forest ( N ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - S ~ ~ ~ ~ ~ I ~ ~ )  
or secondary forest (Allocnrprrs- 
Bn~nbusn. Anocnrn!rsAlblrkr) 



R. M. SCOTT ETAL. 

High ridges on older sedimentary rocks, with lapillitic ash soils. 

Gcomorpho1ogy.-High dendritic to subparallel ridges, eroded from a variety of stecply dipping rocks. Hogbacks 
and homoclinal ridges common. Bo~lldery torrents up to 20 ft wide and 6 in. deep, mainly incised. 

Terrain Parameters.-Altitude: H.I., III; min., 0 ft; max., 3500 ft. Relief: high (1000 ft). Characteristic slope: 
very stcep. Grain: medium (1500 ft). Plan-profile: 4L. 

Geology.-Volcanic sandstone, siltstone, and marl; strike N., dips near vertical; local minor intrusions; 
Palaeogene-Mesozoic. Superficial ash with layers of lapilli; Recent. 

Dirtr ibution 

1 mile 

I I I I I 

Pooulstion andLand Use.-12SOoeoolecurrentlvurinr 3.4 sq milo. of lower sections ot units 1 and  3. 0.7 r s  mile of non-indisnous . . ~ - 
plintafian.. 
Fo1estPot~nti~l.-28sqmileslow.altitudeu~l~ndfarest,~~d~~~t~~i~ld,on~~it~1 and2;7sqmilamid-altitudeuplandforest, modcrate 
yield, an units 1 and 2: small stands Tern~bmlin brnssii forest, h g h  yield, on unlt 3. Access catcgory 111. 
Observations-3. 

vegetation 

Tau forat (Vitex-Por,refi<r. Nro- 
norzclen-Slonnen) and secondary 
f o r e s t ( A r ~ ~ c ~ ~ ~ r s A ~ b i l i n ) ; ~ b b b b  
2500 ft, mid-height forest (Cnr- 
cinieEIeeocnr~rrs) 

 all forcrt (as above or Tennin~lm 
brrrrsii) 

Land Class; 
AASHO Soil 

Jn or VIc, 
or 5. n, 
~ 4 / A l / ~ 4  

VII-YITTe,-..n, 
A4/Al/A4 

vIIlf.,sl, 
A3+B 

Soil 

As11 soils: brown Imams 
k t h  lrp~lat~c horizons 

~ll~luvial  roils: brown 
mottlcd sends (stony 
phasm) 

Land F a r m  

Ridgc crest: very narrow (15.20 
n); m-"en; gentle to moderate 
creslal slope (3-207 
E U  slooe: very short (200 if); 
straight; very sleep (35); c l o s e l ~  
spaced prominent steep spurs 

valley soor: ultm-high gradient; 
up to 500 ff vide; 3-10 ft c h m -  
nellod microrelief 

Land 
u n i t  

1 

2 

3 

Area 
(sq miles) 

-- 
6 

-- 
90 

-- 
4 
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(29) MAINOKI LAND SYSTEM (50 SQ MILES) 

High ridges on older sedimentary rocks. 

Cn,morphology.-lligh dcndrit~c ridges erutletl fro111 it \aricly of \leeply dipping rocks. I'oorly dcvcluprtl karst 
klod forrnc uccur luc:~lly. Uouldcry torrL.nth up 10 20 1'1 \ride and h in. deep, nlainly inc.ised. 

Terrain Parameters.-Altitude: H.I., III; min., 0 ft; max., 2500 ft. Relief: high (900 ft). Characteristic slope: 
very steep. Grain: medium (2000 ft). Plan-profile: 4L. 

Geology.-Limestone, volcanic sandstone, siltstone, and marl; strike N., dips near vertical; local ninor 
intrusions; Palaeogene-Mesozoic. 

1 mile 

Po~ulation andLrnd Use.-500 people currently using I .O sq mile mostly on units 1 and 2. 
Porest Potsotia1.-8 sq miles mid-altiludeuplandforest, rnoderaie yield, onunits 1 and2; 7 sq m i l s  law-altitadeupland forcsf, moderate 
yield, on mils 1 and 2; I sq mile Toonhalie bmssiiforert. high yield, on unit 3. Access category m. 

Land 
unit 

1 

Ad/% 
spaced p~ominent stsep spurs; Locrlly fithosals, with VIIIea,ra 
some precipitous faces variable rack outuop Rs -- 

nclled microrelid ~ b a r e )  

Area 
(sqmilcs) 

3 

Tall Forest (Vitex-Pornelig Trv- 
ri~brnlia 61.assii) 

Land Form 

Ridge crest: very narrow (15-50 
ft). uneven: zcntle to moderate 
CI&~~I  dope (3-20~) 

Soil 

Ash soils: brown loams 

Lithosols, wit11 minor 
rock autcrol, 

Land Class: 
AASHO Soil 

IIIe, 
A4/Rs 
V l e . ~ ,  
Rs 

vegetation 

Tall forest (Vitex-Pomefin Neo- 
. . . C ~ ~ ~ - S I I ~ I ~ ~ ~ )  and sec;ndary 
iorat (Artocomz8s-Albizio) 



(30) POMAUA LAND SYSTEM (10 sa MILES) 

Structurally controlled high ridges. 

Geomorphology.-High structurally controlled subparallel ridges eroded from a variety of steeply dipping rocks. 
Maior ridges trend NNW.:  secondary ridges and spurs trend WNW. Incised bouldery torrents normally up to . . 
20 ft wideaand 6 in. deep. 

Terrain Parameters.-Altitude: H.I., IV; min., 500 ft; max., 2500 ft. Relief: high (700 ft). Characteristic slope: 
very steep. Grain: medium (1500 ft). Plan-profile: 4L//. 

Geology.-Volcanic sandstone, siltstone, and marl with prominent fractures trending WiiW.; Palaeogene- 
Mesozoic. Profuse surface debris of plateau volcanics; (?) Miocene. 

I 
1 mile 

vegetation 

 all forat  (Vilor-Por,~etin Neo- 
rmnclen-slonrzaa) and sec6ndary 
forest (Armcolgus-Bnnrbnlo, 
Arrocnrp~r~AIbizin) 

Tall forest (ViLx-Porrrelin); 
lnrgek culfivaled: locally sccond- 
rrv scrva (S""""L~<< colzfert"1 

Land Area Land Form Soil Unit (sq miles) 

1 Ash soils: brawn lorms 
n); uneven; steep czestal slope 
(15-254 

ft); straight; very steep ( 4 ~ 5 ~ ) ;  
closely spaced prominent steep 
rpurs anlowerpari.. Locally rsso- 
cialed with short sleep hill s laps  

-- (201 

(la0 ft); even; gentle to moderate 

-- 

Papulation and Lvld Use.-250 goople currently using 0 - 6  ss mile of units 1, 3, and 4. 
Forest Potential.-6 sq mils  mid-altitudr upland forest, moderate yield, on units 1 and 2. Access category IlT. 
Observations.-6. 

Land class: 
M S H O  Soil 

Vlle, 
A4/Rs 

- 

VT-vIue,-, 
A4/Rs 

lTCc8,Sla 
A4/& 
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Coarse-grained high subparallel ridges. 

Geomorphology.-High subparallel ridges of coarse grain, eroded from deeply weathered volcanic rocks. Long 
steep dopes dominated by slumping are only shallowly dissected by a finely dendritic pattern of bouldery 
torrents. 

Terrain Parameters.-Altitude: H.I., 111; min., 0 ft; max., 2500 ft. Relief: high (700 ft). Characteristic slope: 
steep. Grain: coarse (3000 ft). Plan-profile: 4L//. 

Geology.-(?)Andesitic agglomerate; Palaeogen.%Mesozoic. Profuse surface debris of plateau volcanics; 
(?)Miocene. 

I I 
1 mile 

I I I I I 
1nclusions.Soraken land rystcn,. 
Popula!ion and Landuse.-3050 peo!Ae currenlly using 7 sq miles ( ~ 5 %  for wsh crops) on unils 1 and 2. 1 . 8  sqmiles non-indigenous 
plantallons on Saraken land system indusions. 
Dorest Pot?ntial.-7 rq miles low-nltifudc upland forest, moderate to high yiold, on l tnits 1 and 2; 1 rq mile mid-altitude upland forest, 
moderate yreld, an units I and 2: small slnndn Tenabmllcz brnssii forest, high yiold, an unit 2. Access category 11. 
Obsorvstioos.-5. 

2 

58 

Land Form 

Ridgc C~CSL: narrow (50-100 ft> 
u n e v c n ; z e ~ t ~ ~ o r m ~ d ~ ~ ~ t ~  f ~ -  tti 
r l o ~ e  (50, rarely 151; some 
boulders 

Hill slope: very variabls length 
(100-1500 it); irregular, mainly 
steer1 (zoo): 3n hummocky micro- 
relief and inconspicuous step 
s"urs.Shallowslumpingcommon; 
tllnnclling occurs in re-entrants 

Soil 

Ash-coveredsails: brown 
loam5 over reddishfriabic 
clays 
Acidclrysoils:redfziibl~ 
clays 

Arh-covued soils: broivn 
loamsoverreddishfriablc 
clays 

Land Class' 
MSHO soii 

LlIe,,rt, 
A41A6 

me,,st, 
A6 

v&, 
A4lA6 

vegetation 

Gardens and plantations re- 
grawlh in various stages, Becon- 
dary forest (Artocomi,r-Bo,~zbr,.~a 
Arrocar~zdsAmei,~> at hizhehesi 
altimdes, !all for-f i~earrnrrclen 
Slonr,e") 

AS above: tall f o rm (rcvnzinn~in 
br<,rsii) alollg torrents 



R. M. SCOTT ETAL. 

(32) TOROMBEI LAND SYSTEM (15 SQ MILES) 

Sloping dissected basin floors. 

Geomorphology.-Basin fills of mudflow debris now stabilized and subject to very shallow dissection by sub- 
parallel sbea~ns; superficial thin volcanic ash. Incised bouldery torrents. 

Terrain Parameters.-Altitude: H.I., N; min., 100 ft;  max., 2500 ft. Relief: low (150 ft). Characteristic slope: 
low-moderate. Grain: very fine (400 ft). Plan-profle: 1LII. 

Geology.-Mudflow debris, mainly volcanic; Upper Pleistocene. 

I I 
1 mi le  

Population and Land Use.-550 pcople currently using 3.1 rq mila  (15% for cash crops) on units 1 s?d 2. Additionally, approx. 600 
~ ~ o p i e  living on surrounding land system. us- this land sywm. 1. I sq n~rles of non-indiscnous plantatronr. 
marcst Potential .4 sq mil- low-altitude "piand forest, high yield, qn units 1 ~ n d  2; 3 sq miles mid-altitude vpland forest, madcrate 
~ i ~ l d ,  on ""its ! and 2; stands TcnabinQu brorsii for-!, high yleld, on unit 3. Access category I (aceurrenccs m Alla and Arual 
valleys maccessblc). 
0bservatians.-7. 

Land Class: 
AASHO Soil 

TI-IIIc,-,,d, 
Ad/& 
YIIIst. 
B 

VIIr, 
AVRs  
Vmc.,rj 
Rs 

VllIF.,rt. 
A 3 t B  

Soil 

As11 soils: brown loams 
wich an ash pan 
~ o c a l  boulder ficldr 

on steep siopcs: brown 
larms 
on very steep slopes: 
lithosolr, with lacnl rock 
outcrop 

Alluvial soils: brown 
mottled sands (stony 
phase) 

vegetation 

Tall forest (Vilex-Pornnin, Nco- 
nurrcle~sl~aneo): locally Men- 
sively sardcncd and planled to 
s0s"nuts andcacao 

Tail forerf (Ternaimoiin brossiil: 
locally recondaryscrub (Snrrmojn 
co!~f~v,nl 

Land Form 

Terrace: of gentle or moderate 
slope (2-107- 200-800 ft mde. 
2 f t  humnlacdy re1z.f and fields ai 
hoalders and blocks 

Tc~race-front slope: very short 
(30-200 if); stoop or very s t e e ~  
(2WS01 

VsUeyfloor:ofgcntleor~npde~ate 
(80); 100 f t  w~de: 6 f f  

channelled relief 

Land 
Unit 

1 

1 

3 

Area 
(sq miles1 

-- 
10 

4 

1 
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High ridges of eroded volcanoes with lithosols. 

Geomorphology.-High or very high radiating or dendritic ridges eroded from the central parts of former 
volcanoes. Some high-altitude areas have only moderately high ridges without precipitous lower slopes. 
Incised bouldery torrents with many waterfalls. 

Terrain Parameters.-Altitude: H.I., IV; min., 2000 ft; niax., 7000 ft. Relief: very high (1200 ft). Characteristic 
slope: precipitous. Grain: coarse (2000-3000 ft). Plan-profile: 4L. 

Geology.-Andesitic lava, ash, and agglomerate; Middle Pleistocene. 

- 
1 mi le  

Laad 
Unit 

1 

2 

3 

Population m d  Land Use.-I050 people currently using 3.8 sq milrr of lower parts or units 1 and 2. 
F0re.t Potcdis1.-98 sq milor mid-altitude upland forest, moderate yield, on units 1-3; 9 sq milos high-sltitudcupland Forest, low yield, 
on units 1-3. Aeeor~ category UI. 
0bsorvafionn.-3, plus 2 aerial observations. 

Arc% 
(sqmiles) -- 

10 

-- 
110 

-- 
70 

Land Form 

Ridge crest: knife-edged or very 
nsrrorv(5-50f0:stepped;variable 
steepcre~lalrlopc(5-457 

Upper hill s l o ~ e :  shoct; straight: 
very stwp (427; very sleep rpurr; 
terraceuss 

Lover hill s1ope:short or medium 
lcn6tll; straight; PIEUP~~DYS ( 4 5  
70'); debris slide scars 

Soil 

Litharols. Locally ash 
soils: brown lorms 

Lifhorols, with localrock 
outcrao. 

Land Class: 
AASHO Soil 

IllorvI-\rlIle, 
or el-.,rs 
Rs orA4IRs 

VIIIe.,rf, 
Rs or A4/Rs 

vIITe.,r, 
RS 

Vc8etalion 

Mid-height forest (Gn"c;r,;n- 
EI,icocorprz.~); lo~rlly ,scrub !Cyrr- 
titea-Bonzbrmn); at hlgh altlfudes 
palm and panda" vogefaiian 
(Gnlrtbi-Pnnda,zrrs), and moun- 
lain scrub and low forest: below 
2500 ft, tall forest (~~eolrnrrc;sn- 
Sloarreo) 



R. M. SCOTT ET AL. 

High ridges of eroded volcanoes with lapillitic ash soils. 

Geomorphology.-High radiating or dendritic ridges eroded from the cenkal parts of former volcanoes. Incised 
bouldery torrents with many waterfalls. 

Terrain Parameters.-Altitude: H.I., V;  min., 1500 ft; max., 50Wft. Relief: high (750 ft). Characteristic slope: 
precipitous. Grain: medium (1000-2000 ft). Plan-profile: 4L. 

Geology.-Andesitic lava, ash, and agglomerate; Middle Pleistocene. Superficial ash with layers of lapilli; 
Recent. 

I 
1 mi le  

Land Area 
unit (ssrniles) LandForm Soil 
-- 

1 2 Ridge crests: knife-edgod or very Ash sails: brown lorms 
narrow(5-5oft)-stepped~vd.riihle with laplllitic horizons 
stoepcrestais~oie(us-j 

-- 
2 17 U D D ~ ~  hill slope: short; straight; 

v a v  steep (423; very steen spurs: 
,errasr<<es 

-- 
3 16 Lorrerltillsla~a: short or medium Ash roils: hro%n loams, 

length; straight; precipitous (45- with local rock aut~ropr 
70% debris slide scrrr 

Land Class; 
M S H O  Soil I vesetation 

Mid-height forcsl (Guvci,zin- 
Hlneacolpnr); on exposed crests 
a t  high altituds, palm and pan- 
da" vcgctation (GnI,,bi"-Pnri- 
d",.,,~, 

above sen level 

Population and Land Use.-Nil. 
nomt Polentia1.-I9 sq miles high-altitudc uglnnd forest, low yicld, on unilr 1-3; 16 sq miles mid-allitude uplmd forcst, moderate 
yield, on units 2 and 3. Access category 1LI. 
Observations.-5 
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Broad steep-floored high-altitude basins. 

Geornorphology.-Broad montane basins enclosed by precipitous ridges with irregular si~bplanar sloping floors 
largely destroyed by dissection. Incised bouldery torrents. 

Terrain Parameters.-Altitude: H.I., V; min., 2500 ft; max., 7000 ft. Relief: very high (1500 ft). Characteristic 
slope: very steep. Grain: coarse (3000 ft). Plan-profile: 4L. 

Geology.-Andesitic lava, ash, and agglomerate; Middle Pleistocene. 

I mile 

+a I Land Form Unit (sq rmlrml) 

Po~ulation aodLand Use.-125 people currently using0.2 sg mile of units I m d  3 and adjacent parts of Mslilup land system. 
Forest rotontia1.-2 sq miles mid-altitude upland far=,, moderate yidd, on unit 2. Access category m. 
Observations.--$ aerial observations. 

Soil Land Wrsr; I AASHO Soil I Vegetation 

1 

2 

3 

-- 
1, 

-- 
10 

-- 
10 

Ridgo crcst: knife-dad or very 
narrow; stepped; variable sfecp 
cresta~ slope 

Steeper slopc: short; straight; 
precipitous; very steep spurs; 
debris slides 

Gcntler slaw: medium length; 
undulating; moderats to stwp 

Lithosols 

~ s h  soils: brawn ~oams 

Lithosols, with localrock 
outcrop 

Ash soils: brown loarm 

LOC&UY ~Lhosols 

Vne, 
R s  
me, 
A 4 / b  

VIne,,r, 
RS 

VI-me.., 
A4IRs 
m e ,  
R 

Palm and paodan vegetation 
(Gr>fz,bia-Pandonus) some scrub 
(cwrhei.~or,rbrrm)' and mom. 
trin scrub and low forest 

Scrub (CynNico-Bornbrrsn) 



R. M. SCOTT ET AL. 

High dendritic ridges on older sedimentary rocks with lapillitic ash 

Geomorphology.-High dendritic ridges with very steep slopes and steep spurs leading down to moderately high 
dendritic ridges. Valley floors are dissected with very low ridges parallel to the valley axis. Bolildery torrents 
normally less than 50 ft wide, mainly incised. 

Terrain Parameters.-Altitude: H.I., IV; min., 300 ft; max., 3800 ft. Relief: high (1000 ft). Characteristic 
slope: very steep. Grain: coarse (2500 ft). Plan-profile: 4L. 

Geology.-Volcanic sandstone, tuff, and lava; Palaeogene-Mesozoic. Superficial ash with layers of lapilli; 
Recent. 

.... ... I 
I 

1 mile 

Population and Land Use: 125 peoplc curreofiy using 0.2 sq mile an "nits 3 and 4. 
Forest Potential.-29 s q  miles mid.alt$ude upland farcrt. moderate yield, on units 1.4: 4 s q  miles low-alfitnde upland forest moderate 
yield, an units 14;  1 rq  mile h~gh-aif~fude upland forpsf, law yreld, on units I and 2; small stands Tarnziriulin brnssii farst, high yield 
on unit 2. Access ca,egory 111. 
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(37) PIRURARI LAND SYSTEM (110 SQ m m )  

High dendritic ridges on older sedimentary rocks. 

Gcomurphology.-lligh dunrlrit~~. ridges hi t11 very c~ccp 4ol>r, :~od s1:r.p SPI IE  lc;~rli~~g rlotvn lo rno<lcrat:ly lhlgh 
dcndritic rldgei. V.~llcy flot>r< 3rr. ui<ie:red into vct y low r~rldcs P;II illcl 11) the v;~llc, xis .  RIIIIIJ~IY torrull~s 
normally less than 50 ft wide, mainly incised. 

Terrain Parameters.-Altitude: H.I., V;  mh., 50 ft; max., 5000 ft. Relief: high (800 ft). Characteristic slope: 
very steep. Grain: coarse (2500 ft). Platl-profile: 4L. 

Geology-Volcanic sandstone and tuff; Palaeogene-Mesozoic. Profuse surface debris of plateau volcanics; 
(?)Miocene. 

Distribution 

l mile 

Land Area Land Form Land c1rss: 
Unit (ssmiled M S H O  Soil Vegetation 

3 

4 

-- 
2 t  

-- 
2 t  

Valley Boor ~ i d g c  crest: narrow or 
broad- even: gentle to IOXV- 

cr.%stal slope (It-107; 
grading to terrace 

ValleyBoorrid~eslope:voryrl~ort 
(Soft); straight: steep; some 
slump microrelief 

- 
11-IIIC~-~ 
A4/Rs 

VIIe, 
A41Rs 

- 
Tall forcit [F'irex-t'orrreiin, Nee- 
nn~rclen-slom!~~) and recalldary 
forest (Ariocnv~~~s-A;b;z;cc) 

Forest an above; Locally fall forest 
(Tcrr>rBol;a blmd;) along torrents 



R. M. SCOTT ETAL. 

High dendritic ridges on largely intrusive rocks. 

Geomorphology.-High or moderately high dendritic ridges with very steep slopes and steep spurs; valley floors 
commonly are dissected into very low ridges parallel to the valley axis. Bouldcry torrents normally less than 
50 ft wide, mainly incised. 

Terrain Parameters.-Altitude: H.I., IV; min., 50 ft; max., 4000 ft. Relief: high (600 ft). Characteristic slope: 
very steep. Grain: coarse (2500 ft). Plan-profile: 4L. 

Geology.-Microdiorite and volcanic sandstone; Palaeogene-Mesozoic. Profuse surface debris of plateau 
volcanics; (?)Miocene. 

Distribution 

I I 
1 mile 

1ndusioos.-Kieta land system. 
ro~vla t ion and Lsod Use.-1000 people currently using 2.9 sq miles mortly on units 1, 3, and 4. 
Forest Poteoti31.-18 sq miles low-altitude uplandforest, moderate yield, on units 1 a+d 2; 13 sq miles mid-altitude vpland forest. 
modcrste yield, on units I and 2; z rq mllen high-altitude ~ p l a n d  forert, law yreld, on units 1 and 2; 1 sq mile Ter,ni,mi,o brossii forert, 
hieh vieid. an ""it 2. nccesn crfeaory 111. 

vsgetation 

 id-height forest (~arcinio- 
Bloeocnrpza-) tall f o r a t  (Neo- 
,zarrclen-sionhea) secondary for- 
est ( ~ ~ . t ~ ~ ~ ~ ~ ~ , ~ - A i b i ~ i ~ k  on hi&- 
ert exposed crests, palm and 
pandan vegetation (Gulubim- 
Panrlanzrs) 

rarest as above. locally tall forest 
(Tenuez~ii,~ bla;siiii) along torrents 

Culfivaced and with regro\rth: 
some recondary forest (Arlo- 
cnrpns-~lbirin) 

Land Class; 
AASHO Soil 

mar v1anele, 
T4"/"< 

Vllle. 
A4/% 

III or Vle, or e. 
A4IRs 

Vlle, 
A41Rs 

Soil 

a sh  brown loams 

Land 
unit 

I 

2 

3 

4 

Area 
(sq miles) 
-- 

4 

-- 
62 

--- 
2 

-- 
2 

Land Form 

 id^^ ~ ~ i f ~ - ~ d ~ ~ d  or very 
narrow: very uneven; moderate 
10 steep C I C E ~ ~ ~ I  slope 

Hill s l a ~ e :  shart or very short; 
straight; "cry sleep (459; closcly 
spaced steep spurs 

vallo. noorridge crest: narrow or 
broad: even; senfle to moderato 
uestai slope; grading ta tcrrace 

Valley floorridgeslope: vewrhorl 
(50 ft); straight: sfecp; some 
"lump mlcrorellof 
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(39) &ETA LAND SYSTEM (60 sa MILES) 

Remnants of agglomerate plateau. 

Geon~orphology.-Remnsnts of plateau of resistant volcanic rocks forming buttes and cuestas with finely 
dissected upper surfaces and discontinuous marginal scarps. Incised bouldery torrents. 

Terrain Parameters.-Altitude: H.I., IV; min, 0 ft: max., 5200 ft. Relief: high (800 ft). Characteristic slope: 
very steep. Grain: medium (1200 ft). Plan-profile: 411. 

Geology.-Andesitic agglomerate and conglomerate; (?)Miocene. 

I 
1 mile  

Land 
Unit 

1 

2 

3 

vsgctation 

 all forest (Vltrx-Pornrrin ~ e o -  
T ~ ~ u c ~ ~ ~ ~ I o . ~ ~ ~ ) :  much iecon- 
dnry forosl (A",ocn"pr,~Ailrizio); 
mid-height forest (Cul.ci>zin- 
Ei"eocn"~as); on exposed ridges, 
suub (Cynlizeo-Rnrsbmn) and 
palm and panda" vcgetrtion 
(Oz,i,,bia-Pa,,d"nr,s) 

Soil 

~ikhosols, with rack out- 
crops 

Area 
(rqmiler) -- 

5 

-- 
44 

-- 
11 

Land Class: 
AASIIO Soil 

VI-VTIe,.,,r, 
R,-I-RH 

Land Form 

 idg gee re^: knife-edged: ~meven; 
gent[s to stccp C.~S~.I slope 

Hill slooe: very shon or rarely 
h n g -  straight. s f e e ~  or very steep 
(25207: cldsely spaced stocp 
VP"S 

Scarp: short (up to 500 1,); 
straight: cliffed or precbifaus: 
irregular 

Acid slay roiir: brown 
friable clays 
Iacauy on stoep "loller, 
ash-covered soils: brown 
l oam over brown Criahle 
clays. ~oca l l y  boulder= 

Rock outcrop 

VII-VITIe,-,,r. 
A61Rs 
m-vIlIe,-.,r, 
A4/A6 

VIIIea,ra 
RE, 

Forwtar above: locally Lallforcst 
(~ennhroiin brnssii) along incised 
torrents 

Scrub (Cyarhec+Bo!>rbr,rn) 
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(40) KERIAKA LAND SYSTEM (115 SQ MILES) 

Very high dissected limestone plateau. 

Geomoroholoev.-Very high tilted limestone datean with upper surfaces completely dissected by karst erosion 

. 
either marginal to the land system or as pairs forming gorges. Structural linealions are prominent. The 
landscape is mantled with a thick ash cover. 

Terrain Paran1eters.-Altitude: H.I., N; min., 0 ft; man., 4200 ft. Relief: moderately high (400 ft); very high 
(4000 ft) at margins. Characteristic slope: steep. Grain: fine (900 ft). Plan-profile: 4L. 

Geology.--Dense creamy white organic limestone dipping genlly SW.; Lower Miocene. Superficial ash wilh 
layers of lapilli; Recent. 

Distribution 

I mile  

pooulation and   and Use.-125 people currently using 0.2 sq mile md adjacent parts otsilibai innd system. 
Forest Poteofis1.-12 rq mils3 iowv.aitilude upland fareit, moderate yield, on units 2-4: 9 sq mi le  mid-altitude upland forest, moderate 
yield, an units 2 d .  Amerr category 111. 
0br~rvafians.-9, including 4 on land unit 3. 

Land 
Unit 

1 

2 

3 

Land Form 

S E ~ ~ D :  very Long (4000 ft); con- 
cave precipitous or ciXed (45- 
80'); precipitous gullies m d  
debris slide tracks 

Ridge erest: wry narrow (20.50 
fr); saw-tooth: high-moderate or 
I~Cep cresfal slope (LO-3n0) 

Hill siapc: short or very rhort 
(20&500 ft). concave; srrding 
from very st& ((30-45') to steep 
(273; inonspicupus steep spurs 
120'): s lum~ed m~crorcher 

Are& 
(sq miles) 

-- 
6 

-- 
12 

-- 
90 

Sail 

Rock outcrop 

Ash roils; brown lpams 
wfh lap~llitic honzons 

Ash roil:: brown Loams 
w t h  iaprllilic horlrons. 
Vanable rock outcrop 

Land Class; 
AASHO Soil 

VllIr. 
RH 
VIUe.,n, 
A4IAilA4 

VI-VlIe,,.n,,r, 
A4/AI/A4 

V 
A4/AI/A4 

vcgc,n,ion 

Scrub (Cy<dlRea-Bnnlbusa),sa) 

Scrub (CynUeo-Bnn%busn); local- 
ired areas with lull Lbrest (Neo- 
muclcn-Sla,z!nerr, Vllrx-Por,tetin) 
or With secandrry rorest (Arlo- 
corpus-Bo?nbr<sn, Ar(ocarpns-Al- 
bhir,): oatcraps with low h r c s l  
( ~ ~ ~ y ~ ~ o n t i ~ n . ~ ~  
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PART 1%'. CLIMATE O F  BOUGAINVlLLE AND BUKA ISLANDS 

(a) Principal Climatic Features and Controls 

The climatic classification of Bougainville and Buka Islands is the tropical rain 
forest type (Af) of Koppen (1931) or the wet tropical type (AA'r) of Thornthwaite 
(1931). 

The equatorial and oceanic position of these islands results in a markedly 
equable climate. Mean annual temperature is 80°F and the range of monthly means 
is only 30 degF. Diurnal temperature range is essentially constant at 13 degF, ranging 
from 74°F to 87°F. Spatially the greatest temperature variations are associated with 
increasing elevation. The marked seasonality of rainfall often found elsewhere in 
coastal Papua and New Guinea is not a feature of this area, noticeable rainfall 
seasonality occurring only in the north. Annual rainfall is, however, higher to the 
south (132 in.) than the north (105 in.) of Bougainvdle. 

No reliable data relating to surface winds or upper air movements are available, 
but, in general, the major climatic controls of Papua and New Guinea, as discussed 
by Hounam (1951), also apply here. The major controls are the seasonal wind 
systems and the aspect of the terrain in relation to these systems. The north-west 
season occurs between December and April and the south-east (trade) wind season 
between May and November. The winds of the south-east season are stronger, more 
persistent, and less variable in direction than those of the north-west season. 

These major controls are modified diurnally through the establishment of an 
orographic-convectional cell associated with land-sea breezes over the whole island 
as described by Malkus (1955). 

To the south-east of Bougainville lies the favoured zone of tropical cyclone 
tracks. While these have no direct effects, the proximity to this zone prodnces at 
times short periods of heavy rains and strong winds. 

Because the available climatic data are intermittent and sketchy, it has been 
impossible to select identical periods of record for all stations so as to allow the 
most reliable geographic comparison of average conditions. This mnst be kept in 
mind in the interpretation of the data presented here. 

(a) Rainfall 

The regional rainfall seasonality pattern within which Bougainville and Buka 
Islands are situated is discussed by Fitzpatrick, Hart, and Brooffield (1966). 

*Division of Land Research, CSIRO, Canberra. 



CLIMATE OF BOUGAINVILLE AND BUKA ISLANDS 63 



Rainfall data for 11 stations are shown in Table 1. All stations are situated 
on the coast and hence no clear picture of the overall rainfall pattern for inland areas 
can be gained. However, rainfall tends to increase in amount and frequency with 
ground elevation, particularly where there is a favourable aspect to prevailing winds. 

Fig. 4.-Annual distribution of rainfall (from January to December) at 10 recording 
stations. Values shown with station names are the mean annual rainfall for the stati~~n. 

The chief feature of rainfall distribution on these islands (Fig. 4) is the difference 
in seasonal variation of rainfall between northern and southern Bougainville. The 
continuunl of seasonal change from north-west to south-east is clearly seen and 
results from the combined effects of the dual system of climatic controls referred to 



CLIMATE OF BOUGAINYILLE AND BUKA ISLANDS 65 

previously. The north-west season produces approximately the same amount of 
rainfall throughout the islands between December and April. Thus variation in 
seasonal distribution of rainfall is due not to the north-west season, but to the varying 
effects over the islands of the south-east (trade) winds. The southern mountains of 
Bougainville induce instability in these warm and moist winds, which, in turn, results 
in heavy precipitation in southern Bougainville during this season between May and 
October. A sheltering lee effect causes rainfall from this source to diminish in a 
north-westerly direction, resdting in a considerable decline in rainfall at the north 
of the island. In fact, rainfall in the north is less than half that of the south during 
the south-east season and this gives the north its somewhat seasonal rainfall character. 

Records are too short to give a measure of rainfall variability. Highest and 
lowest annual totals recorded for each station are given in Table 1. The coefficient of 
variation of annual rainfall (standard deviation as percentage of means) determined 
from 26 years of records for Kieta, the longest period available, is 18 %. 

TaeLe 2 
I~II!AN DUMTION OE RAINLESS PERIODS AND LONGEST RATNLESS PWODS* OBSERVED (IN DAYS) FOR EACH 

MONTH AT THREE STATIONS 

Mean duration 
Longestobserved 

Buin 
Mean duration 2.3 2.1 3.0 2.0 2.2 2.1 1.5 2.1 2.1 2.1 2.0 2.1 
Longestobserved 8 6 1 0  4 5 9 5 9 7 7 6 5 

*Sequence of days without any observed rainfall. 

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

Soham 
2.2 2.1 2.0 2.0 2.4 2.3 2.1 2.7 2.0 2.2 2.3 2.3 

12 9 7 9 10 11 6 14 7 9 11 9 

Mean dwatian 
Langestobserved 

Table 2 indicates the mean and longest observed periods without rain. As the 
records for Kieta are much longer than those for Sohano and Buin, comparison of 
longest rainless periods between stations is not valid. Generally, there is little 
variation in this feature of rainfall over the year except at Sohano where longer 
rainless periods can occur during the south-east season. Rainless periods of over 10 
days are uncommon throughout the area. 

The frequency of daily rainfalls within specsed limits is given in Table 3. 
These data give an indication of the occurrence of heavy falls. There appears to be 
no seasonal trend of very heavy falls at Kieta or Buin; those heavy falls that do occur 
are distributed relatively evenly throughout the year. Sohano, by contrast, does 
exhibit a seasonal pattern; daily falls exceeding 1 in. are not common in the south-east 
season between June and October, whereas falls in the north-west season are heavier 
and more frequent. 

Kieta 
1.9 1.9 1.9 2.3 2.1 2.1 2.2 2.2 2.2 2.2 2.4 2.3 

11 7 9 13 9 10 9 16 12 13 10 11 



(b) Elements other than Rainfall 

The only other climate element for which data are available is temperature. 
These data are given in Table 4, and indicate the marked uniformity through the 
year and for the region. Mean annual temperatures are therefore meaningful. 
Generally, the mean annual temperature is 80"F, with mean monthly maximum 
temperature rising only to 87°F and mean minimum temperature falling to 74°F. 
The only exception to this uniformity is in the lowest monthly minimum temperatures 
on record. Kieta and Buin have consistently lower temperatures than Sohano. This 
difference results from the proximity of Kieta and Buin to cold descending mountain 

TABLE 3 
PERCENTAGE OF RAIN DAYS WlTH PALLS WITaW SPBCIPIEO RANGES FOR TBRBB STATIONS 

Amount 
(in.) 

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

Kieta 
45.5 46.7 45.9 43.3 47.0 46.8 46.6 42.8 43.8 43.9 47.1 43.7 
35.8 35.5 38.7 36.6 36.5 35.1 34.9 37.7 40.1 38.3 33.6 38.3 
14.0 12.4 9.8 13.6 12.0 12.2 12.4 12.6 12.6 11.1 12.1 12.4 
3 .4  4 .0  3.9 6.1 4.4 5.2 5.2 5.3 3.2 6.2 6.6 5.1 
0 .9  0.7 1.7 1.2 0.2 0.7 0.9 1.3 0.3 0.5 0.6 0.5 
0.4 0.7 - 0.2 - - - 0.3 - - - - 
p~ 

Buin 
43.6 55.3 51.6 52.3 55.0 42.7 35.0 36.2 36.4 55.2 43.4 47.8 
37.2 28.2 25.3 32.6 37.8 35.4 37.6 47.8 37.6 27.6 39.4 40.6 
11.6 10.6 14.3 9.3 5.8 14.6 17.1 10.6 12.9 11.5 10.1 7.3 
7.6 5.9 4.4 5.8 1.4 6.1 7.7 4.3 11.8 5.7 6.1 2.9 
- - 3.3 - - 1.2 0 .9  1.1 1.3 - 1.0 1.4 
- - 1.1 - a - 1 . 7 -  - - - - 

air masses (katabatic winds) as against the contrasting strong maritime influence 
affecting Sohano. Spatial temperature differences are lnostly due to elevation and, 
although no records are available, it may he assumed that normal lapse rate conditions 
apply (i.e. 3.5 degF drop in mean temperature for every 1000-ft ascent). Under the 
prevailing strong maritime influence there is no frost risk at any elevation on these 
islands. 

Table 5 illustrates similar uniformity with regard to relative humidity. The 
strong maritime influence on the island is clearly indicated in the slightness of 
differences between the 0900 and 1500 hr relative humidity conditions. 
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Fig. 5.-Monthly rainfall for five-year periods at four stations 



The greatest areal differences in cloudiness are related to elevation and the 
associated orographic and convectional processes. Day length varies only by about 
forty minutes though the year, and thus the low latitude in conjunction with uniform 
cloudiness results in little seasonal variation in insolation throughout the year. 

I t  is clear from the preceding discussion that temperature and other conditions 
on the coastal and subcoastal regions are generally suitable for plant growth throughout 
the year. No evaporation data are available but estimates related empirically to the 
standard Australian tank have been obtained from monthly mean maximum 
temperature, vapour pressure, and day length (Fitzpatrick 1963) and are given in 
Table 5. Potential evapotranspiration requirements roughly equivalent to these 
estimates may be assumed under the prevailing conditions of frequent and copious 
rainfall and high temperature. As seen from Figure 5, only occasionally at Buin and 
Kieta has rainfall failed to satisfy these requirements. At Sohano, deficit periods are 
slightly Inore frequent. Baniu has the longest periods with rainfall below the estimated 
evapotranspiration requirement. However, considering the ability of plants to draw 
upon stored soil moistue, no major restriction in plant growth due to inadequate 
water supply appears likely throughout the islands. Specific mention of soil moisture- 
plant growth relationships is made in Part VIII. 
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PART V. GEOLOGY OF BOUGAINVILLE AND BUKA ISLANDS 

By J. G. SPEIGHT* 

I. INTRODUCTION 

Of the total area (3475 sq miles) of the BougainviUe-Buka land mass, 650 sq 
ndes consists of Recent surficial deposits and more than half of the remainder 
comprises Pleistocene volcanic products. There is, however, a substantial area 
underlain by older lavas, volcanic sediments, and limestone, notably the Miocene 
organic limestone of the Keriaka Plateau. 

Up to 1964, reports on geological exploration of the islands had been concerned 
mainly with mineral prospects,'f active volcanoes (Fisher 1939, 1957; Taylor 1956), 
and the age of limestone samples (Mawson and Chapman 1935; Kicinski 1956).t 
The visit by the author in 1964 was followed by a geological reconnaissance in 1965 
by a party led by Dr. D. H. Blake, of the Australian Bureau of Mineral Resources, 
Geology, and Geophysics, with whom the author has had valuable discussions. 
Their work is embodied in a report (Blake and Miezitis 1967) in which the definitions 
of stratigraphic names employed here will be found. This report should also be 
consulted for information on economic geology. Regional geological relationships 
have been discussed by Glaessner (1950). 

Both the stratigraphy (Table 6) and the geological mapping depend heavily on 
interpretation of air photos, as palaeontological dating fixes the age of only the 
Keriaka Limestone (Lower Miocene), and field sampling and traversing have been 
rather restricted. 

11. STRATIGRAPHY 

(a) Pre-Miocene Roclcs 

It is clear from air-photo patterns that rocks with dips much greater than that 
of the Miocene limestone underlie the major part of the Crown Prince Range, as well 
as the Deuro Range in the far south and the Parkinson Range of Buka Island. These 
rocks consist mainly of volcanic sandstone, siltstone, and conglomerate, but also 
include agglomerate and tuff, andesite and basalt lava, pillow lava, and welded tuff. 
Air-photo lineaments, formed mostly of slightly curved ridge crests, are abundant 

*Division of Land Research, CSIRO, Canberra. 

t Fisher, N. H.-Geological report Kupei goldfield, Bougainville, T.N.G. Territory New 
Guinea Report (1936) (unpublished). 

Thompson, J. E.-Magnetite beach sands of Bougainviue Island, T.P.N.G. Bur. Min. 
Resour. Aust. Rec. 1961197 (unpublished). 

Thompson, 1. E.-The Pumkuna copper-gold prospect, Bougainville Island, T.P.N.G. 
Bur. Min. Resour. Aust. Rec. 1962139 (unpublished). 

f Crespin, I.-Micropalaeontological examination of a limestone from Numa-Numa-Balbi 
Track, Bougainville, Solomon Islands Group. Bur. Mh.  Resour. Aust. Rec. 1951118 (unpublished). 
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TABLE 6 
SIRATIGRAE'HY AND LAND SYSTEMS 

Land System 

Moila 
Silibai, Saua 
Jaba 
Soraken 

Siwai 
Buin, Numa (min- 

or part), Leikaia 
(minor part),  
Pauoka 

Balbi, Takuau, 
Sisivi, Erava 
@art) 

Torombei 

Lonahan, Kohino 

Dios 

Numa (major pt.), 
Leikaia (nlajor 
pt.), Erava (pt.) 

Rugen, Tumuri  
(major part) ,  
Mafahia,Bagana 

Umum (part), Pu- 
to, Ibu 

Melilup (major 
part), Chambers, 
Emperor 

Keriaka 

.- 
Kieta 

Deuo, Teopasino 

Doiabi ,  Boira,  
Mainoki, Pom- 
aua ,  Ka ra to ,  
Pirurari 

Osirei 

Nasioi ,  Umnm 
@art), Melilup 
(minor part),  
Tumuri (minor 
part) 

Lithology 

Peat, alluvial and littoral sand 
Volcanic alluvium 
Volcanic and coralline littoral sand, coral 
Coral, co~alliue and volcanic littoral sand 

Volcanic alluvium 
Agglomerate, volcanic conglomerate, 

tuff, and alluvium 

Andesite lava and agglomerate 

Mud-flow deposit 

Massive coralline and shelly limestone 

Agglomerate, volcanic conglomerate, 
tuff, and alluviuln 

Agglomerate, volcanic conglomerate, 
tu& and alluvium 

Agglomerate, volcanicconglomerate, and 
tuff 

Andesile lava 

Andesite lava, agglomc~ate, canglomer- 
ate, and tuff 

F o r a d e r a l ,  shelly, and coraUine 
limestone -. 

Andesitic agglome~ate and lava 

Volcanic sandstone and siltstone; tuff 
and agglomerate; basalt lava 

Volcanic sandstone, siltstone, and con- 
glomerate; agglomerate and tuff; an- 
desite and basalt lava; pillow lava; 
welded tuff 

Andesitic agglomerate and andesite lava 

Microdiorite, diorite, monzonite, grano- 
diorite, syenite, granophyre 

Age 

Recent 

Upper 
Pleistocene- 
Recent 

Middle 
Pleistocene 

?Middle 
Pleistocene 

Lower or 
Middle 
Pleistocene 

Lower 
Pleistocene 

Lower or Middle 
Miocene 

?Miocene 

?Oligocene 

?Pre-Oligocene 

?Oligocene- 
?Pleistocene 

Stratigraphic Unit 

All~iviilm 

Part of 
Bougainville 
Group 

Sohano 
Limestone 

Part of 
Bougainville 
Group 

Keriaka 
Limestone 

Part of Kieta 
Volcanics 

BukaVolcanics, 
part of Kieta 
v'i1canics 
(De~uo Range) 

Kieta Volcanics 

Diorite 
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except on the Deuro Range. Their trend is generally about 160" (true bearing). They 
represent bedding planes dipping at steep angles to the west on Buka Island and at 
moderate angles to the east a t  Teopasino, but elsewhere one cannot tell whether they 
express bedding, jointing, or perhaps the result of subparallel conseqnent drainage. 
A wide spacing of linear ridges is the basis for distinguishing Osirei land system, near 
Kieta, an area considered to be underlain largely by agglomerate. 

(6) Miocene Roclcs 

The Keriaka Limestone, a foraminiferal, shelly, and coralline limestone, forms 
the Keriaka Plateau, a spectacular massif on the west coast of Bougainville, as well 
as a number of smaller bodies towards the east. Micropalaeontological dating* has 
established that this formation falls withinthe Lower Miocene 'e' stage of the Indonesian 
classification. The planar summit surface of the plateau and the form of its marginal 
escarpments suggest that it is an ancient reef complex, elevated over 4000 ft and 
tilted through 3" towards the west (240") about an axis at 150". A tendency to sumnGt 
slopes in the opposite sense on bodies on the eastern side of the island suggests an 
overall anticlinal structure. 

TABLE 7 
APPROXUlhTB RELhnON OF MAPPING UNITS TO FORMATIONS OX T E E  BOUGhWYILLZ GROW 

This Report I Blake and Miezilis (1967) 

Lower to Middle Pleistocene Lava and pyroclastics Bakanovi Volcanics 
Numa Numa Volcanics 
Emperor RangeVolcanicBeds 

Upper P1eistOccnc to Recent 

Towards the sootll-east many of the summits of the Crown Prince Range are 
capped by bodies of resistant fanglomerate, agglomerate, and lava forming the 
plateaux and escarpments of Kieta land system. Their distribution suggests that they 
may have formed an extensive sheet overlying the pre-Miocene rocks, although 
Blake and Miezitis (1967) have not distinguished them from the remainder of the 
Kieta Volcanics. The prominent joints in the Pomaua area extend upward through 
this agglomerate capping. 

(c) Lower or. Middle Pleistocene Volcanics 

Volcanic alluvium 
{Lava and pyraclastics 

From the lithological point of view all post-Miocene volcanic rocks may be 
considered to comprise a single group, the Bougainville Group (Table 7) of Blake and 

Taroka Volcanics 
Takuan Volcanics 
Billy Mitchell Volcanics 
Balbi Volcanics 
Tore Volcanics Bougainville 
Bagana Volcanics 
Reini Volcanics Group 

* Terptra, G. R. 3.-Micropalaeontological examinations of outcrop sanlples from Bougain- 
ville, T.P.N.G. Bur. Min. Resour. Aust. Rec. 1966166 (unpublished). 
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Miezitis, since they are characterized by a monotony of lava type within the range 
siliceous mdesite to basaltic andesite and a dominance of ash-flow and mud-flow 
deposits. The land forms associated with the rocks, however, make it possible to 
differentiate between older and younger volcanoes. Volcanoes that are older than 
Upper Pleistocene are unlikely to show more than a few remnants of the original 
cone form (cf. Kear 1957, 1959), while younger volcanoes are better preserved. 

Older volcanoes, thought to be of Lower or Middle Pleistocene age, but possibly 
even older, form the mountains of northern Bougainville and the mountain called 
Chambers Hill south of Wah~nai .  These are mainly "residual mountains" in the 
terminology of Kear (1957), though surrounded by readily recognizable former 
volcano-alluvial fans. The land forms are discussed in Part VI. 

(4 Pleistocene Raised Coral Reef 

A former barrier reef, upwarped without faulting to nearly 300 ft above sea 
level at one point, extends from Cape Laverdy to the northern end of Buka Island. 
The radiocarbon age of a giant clam shell embedded in the former reef flat is greater 
than 33,000 years B.P., but the very slight degree of dissection and corrosion of the 
land surface suggests an age no greater than Upper Pleistocene. The roclc, the Sohano 
Limestone, is massive, coralline, and shelly, containing fossils indistinguishable from 
Recent species. The axis of uplift lies off the east coast of Buka Island and strikes at 
165", while the line of zero uplift skirts the western and southern margins of limestone 
outcrop, passing out to sea at Cape Laverdy. 

(e) Uppel. Pleistocene and Recent Volcanoes 

Younger volcanoes, similar lithologically to the older volcanoes mentioned 
above, form three complexes associated with Mounts Balbi, Bagana, and Takuan 
respectively. Volcanic phenomena and land forms are discussed at length as an 
aspect of geomorphology in Part VI. 

(f) Recent Alluvium and Coral 

ETluvial and littoral deposits and Recent coral reefs are discussed in Part VI. 
Recent mantles of volcanic ash are also considered there. 

(g )  Inhusive Roclcs 

Both the pre-Oligocene rocks and the Lower or Middle Pleistocene volcanic 
rocks are apparently intruded by stocks of microdiorite and other plutonics including 
diorite, monzonite, granodiorite, syenite, and granophyre (D. H. Blake, personal 
communication). The extent of these bodies is only tentatively mapped as yet, and 
their relationship to the Pleistocene volcanics is problematical, as an Upper 
Pleistocene age is unlikely. Copper-gold mineralization occurs near the divide 10 
miles south-west of Kieta. The regional significance of this n~ineralization has been 
considered by Thompson and Fisher (1967). 
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The most prominent large-scale topographic lineament of the Solomon Islands 
region is the sigmoidal chain of islands stretching from Guadalcanal in the south-east, 
through New Georgia and Bougainville to the Tabar Islands in the north-west (Fig. 6). 
The alignment of the islands is paralleled by submarine contours including those 
defining the walls of the Planet Deep, a trench 28,600 ft deep. In the British Solomon 
Islands this lineament marks the axis of the "volcanic province" of Coleman (1965) 
characterized by the abundance of Quaternary volcanoes. Sin~ilarly, on Bougainville 
the Quaternary volcanic vents are associated with the lineament, all vents lying within 
5 lniles of a line striking at 140°, parallel with it. 

Fig. 6.-Regional geological trends in the Solon~on Islands-New Britain area. Geology of New 
B~ititain after Noakes (1942), New Ireland a f t e~  Montgomery, Glaessner, and Osbol.ne (1950), and 
the Soloknon Islands after Coleman ef a/. (1965). Bathymetric contours at 1000 and 4000 fathoms 
interpreted on Admiralty charts 3860 and 214, or copied from U.S. Navy Hydrography OOmce map 

of the world, 1 : 12,233,000 (1961). 

The alignment of volcanic vents is, however, the only structural feature on 
Bougainville that has this trend. Both the well-marked regional strike and the 
preferred fault orientation diverge appreciably from it. 

Wherever the strike of warped or tilted rocks is apparent, as in some pre- 
Miocene rocks (16O0), the Keriaka Limestone (150°), and the Sohano Limestone 
(165"), it is niore southerly in trend than the volcanic axis. Most of the air-photo 
lineaments that have not been definitely identified as bedding planes have a similar 
orientation, averaging 160". 
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Certain persistent air-photo lineaments that mark abrupt changes in topography 
and have been interpreted as faults are indicated on the geological map. Their trend 
is consistently between 110" and 120°, and they tend to delineate a zone, oblique to 
the axis of the island, that contains the bnlk of the Miocene and pre-Miocene outcrop. 
I t  is significant that this zone is in line with the island of Choisetil (Coleman 1962) and 
the southern part of Santa Ysabel, which have similar faulted structure and comparable 
stratigraphy. I t  may thus be linked to Cole~nan's Central Province of the British 
Solomons (Coleman 1965). 

Further data for the study of the structiire of the Bougainville region are 
provided by a recent summary of seismic activity (Brooks 1965) and by a gravity 
survey (V. P. St. John, personal communication). Epicentres of strong earthquakes 
are extremely abundant beneath the southern half of Bougainville and beneath the 
sea to the west and south. To be precise, within an area of 12,000 sq miles there have 
been 46 earthquakes of magnitude 6 or greater in the last 55 years. This zone of 
activity is cut off abruptly at the Kieta coast, and at a line parallel to the major faults 
which passes north of the Keriaka Plateau. The area to the cast and north, including 
northern BougainviIle and Buka Island, is practically aseismic by comparison. The 
Upper Pleistocene or Recent uplift of Buka Island is therefore not associated with 
any noteworthy present seismicity. 

The gravimetric siuvey has indicated positive anomalies typically between 
+I00 and +I50 milligals at sea level stations around the Bo~igainviUe-Buka area, 
with an extreme positive anomaly of more than +240 milligals near Mt. Bei, on 
Buka Island, indicating that this uplifted area is a load on the Earth's crust supported 
only by horizontal compression. 

While geological factors are frequently the primary cause OF land system 
differences, their geomorphic expression is more important in practice. In Table 10 
(in Part VI) it can be seen that a distinction has been made between erosional 
landscapes underlain by Pleistocene and by pre-Pleistocene rocks. The significance 
of this is striictnral, the attitude of the Pleistocene rocks being practically undisturbed 
by tectonism. Many of the diagnostic land forms on pre-Pleistocene rocks, such as 
cuestas, homoclinal ridges, and ridges with parallel or rhomboidal arrangement, are 
strilctirrally determined. 

Lithology sets the limestone landscapes apart from the rest, but elsewhere 
monotonous andesite-tuff-volca~iic sandstone rocks are virliially ubiqiiitons, leading 
to a lack of lithologic contrast between land systems except in two cases, Osirei and 
Nasioi land systems. Osirei has a land form pattern of very broadly spaced parallel 
ridges that appears to be correlated with a body of deeply weathered agglomerate and 
lava. In Nasioi land system a pattern of dendritic ridges of rather uniform height is 
thought to be an expression of diorite outcrop. 

BLAKE, D. H., and MrEzms, Y. (1967).-The geology of Bougainville and Buka Islands, Territory of 
Papua and New Guinea. Bur. Min. Resour. Aust. Boll. No. 93. 
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PART VJ. GEOMORPHOLOGY OF BOUGAINVILLE AND BUKA ISLANDS 

By J. G. SPEJGHT* 

Bougainville and Buka Islands, separated only by a narrow tidal channel, form 
a high-standing land mass 150 miles long and up to 40 miles wide. Their major 
physical features are shown on the accompanying map. The remarkable north-west 
to south-east elongation conforms to a regional trend evident throughout the Solomon 
Islands chain and beyond it. 

The mountains forming the main watershed of Bougainville are divided into the 
Emperor Range in the north-west and the Crown Prince Range in the south-east, each 
with a number of peaks between 4000 ft and 5000 ft high. Active and dormant 
volcanoes in clusters down the axis of the island include numerous peaks over 5000 ft 
high, culminating in the 8500 ft Mt. Balbi. North-west of Mt. Balbi there is an 
unnamed volcano 7000 ft high, and in the centre of the island Mt. Bagana rises to 
5700 ft. To the south lies a spectacular volcanic complex that includes Mt. Taroka 
(7200 ft) and Mt. Takuan (7400 ft). The Bluff (4200 ft), near Mt. Balbi, is the most 
elevated corner of an ancient coral atoll. 

The lowlands of Bougainville consist mainly of sloping plains and fans of 
volcanic debris. The Buin Plain on the south coast is the most extensive, having an 
area of more than 350 sq miles. Large tracts of swamp are also common, particularly 
near the coast. On Buka Island and the adjacent parts of northern Bougainville, the 
lowlands are formed on a raised coral reef standing 290 ft above sea level at the 
highest point. 

The codguration of Bougainville inhibits the development of very large 
stream catchments, the largest being that of the Luluai River, 185 sq miles, which is 
only 5 % of the total land area. The 15 rivers whose upland catchments exceed 30 
sq miles are listed in Table 8. 

Bougainville, being situated on a particularly active part of the tectonically 
unstable margin of the Pacific Ocean basin, is subject to volcanism and tectonis~n to 
a high degree. Certain exogenous processes, such as weathering, landsliding, and 
stream transport, promoted by the high temperature and precipitation of the 
prevailing tropical rain-forest climate, act with comparable intensity so that the 
landscapes are in a state of incessant rapid change. 

While land forms rather thau land-forming processes provide the major criteria 
for differentiation and definition of land systems, the distribution and severity of the 

* Division of Land Research, CSIRO, Canberra. 
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processes discussed below are closely correlated with land system boundaries and 
significant differences occur between every pair of land systems. These relations are 
set out in Table 9. 

(a) Tectoizism 

In the southern part of the area severe earthquakes are as frequent as anywhere 
else in the world, but direct effects are difficult to identify because scarplets are 
obscured by the dense vegetation and landslides are a normal feature on precipitous 
slopes of the area, whether triggered by earthqnakes or not. Several prominent 
lineaments across the landscape are almost certainly traces of faults, probably with 
an important strike-slip component, but no recent movement can be detected. 

TABLB 8 
PRINCIPAL STREAM CAT-TS OP BOUGrUNV1LL!2 

I Area of Catchment (sg miles) 

River Silibai and 

Luluai 
Jaba 
Tagessi 
Wakunai 
Larurna 
Mivo 
Puriata 
Aita 
Silibai 
Uruai 
Aitara 
Sarime 
Red 
Ramazon 
Bakanovi 

The most significant aspect of tectonism appears to be the warping of the land 
surface, most clearly displayed where a former intertidal reef flat has been uplifted, 
as in both the Pleistocene and the Miocene coral reefs. On the Pleistocene raised 
reef of Bnka Island the maxinlum height of the reef flat, 290 ft, attained near Cape 
Kotopan, is considered to represent the uplift accomplished since the last interglacial 
high sea level, representing a rate of movement of 3 or 4 ft per 1000 years. Forty 
miles to the north-north-west, Nissan Island and Pinipel Island of the Green Islands 
group are raised atolls of an associated uplift zone. None of the atolls to the north- 
east of Bougaiuville (Kilinailau, Tauu, Nukumanu, Ontong Java) is signijicantly 
uplifted, a fact supporting the delineation of the Pacijic Basin margin between the 
two. South of BougainviUe, raised reefs on Shortland Island form a series of terraces 
tilted towards the north; the topography of the floor of Empress Augusta Bay, on the 
other hand, appears to be a sunken coral platform at a depth of about 350 ft. 
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The Keriaka Plateau is also considered to be an ancient coral reef (see Part V), 
and here the westward tilting since Lower Miocene times about 20 million years ago 
has amounted to nearly 3", the maximum uplift being 4400 ft. 

(b) Volcanism 

Volcanism is a major landscape-forming factor at present on BougaiuviUe, and 
the evidence of the rocks shows that it has had comparable importance through 
geological time. The main phenomena may be considered under the headings of 
lava flow, ash flow, ash fall, mud flow, and fumarole activity. 

(i) Lava F10ilow.-Lava flows, though generally subordinate to other volcanic 
deposits, are a sign5cant feature in many areas, for~ning sinuous, parallel-sided 
accumulations with moderate or steep axial slopes. Present-day lava flows on Mt. 
Bagana are viscous and slow-moving, and display a surface composed entirely of 
angular blocks and rubble. The form of well-preserved Pleistocene flows is similar to 
that of present-day flows, each flow being glacier-like, concave in cross-section at the 
upper end, and convex, with transverse pressure ridges, near the steep terminal face. 
Steep marginal ridges resembling stranded lateral moraines are characteristic (Plate 2, 
Fig. 1). 

(ii) Aslz Flow.-Hot ash flows, or nukes ardentes, involving the very rapid 
transport of gas-emitting particles across the ground surface and resulting in 
devastation of vegetation and even local erosion of the soil mantle, are a characteristic 
feature of Bougainville volcanism. Nukes ardentes were produced by Mt. Bagana 
in 1950 and 1952, one of them destroying forest up to 2 miles from the base of the 
mountain (Taylor 1956). Mt. Balbi is reputed to have produced a very destructive 
nuke ardente during the first half of the nineteenth centusy.* Their action in a 
siluilar environment in Papua has been graphically described by Taylor (1958). 
Depending on the nature of the ash flow, its deposits may consist either of a rather 
widely distributed ash mantle or of a valley-choking, bedded mass of unsorted debris. 
Enormous deposits of these types underlie the flanks of Bougainville volcanoes. 

(iii) Aslz Fall.--Volcanic ash has been distributed over practically the whole of 
the Bougainville-Buka area in Recent times, the northern and southern extremities 
being least affected (Fig. 7). Ash-free areas are limited to those dominated by fluvial 
or littoral deposition, or by extreme fluvial erosion, as in the northern mountains. 
The ash mantle is more than 3 ft thick only in central Bougainville, where it frequently 
contains layers of lapilli. These exceed 1 ft in aggregate thickness in a belt extending 
eastwards from Mt. Balbi. Areas affected by significant ash fall since European 
occupation are localized near Mounts Balbi and Bagana. 

Early Recent or Pleistocene ash, now immaturely weathered, is found on gentle 
and moderate slopes within 20 miles of Mt. Takuau and in an area to the west of 
Mt. Balbi. It forms an impermeable pan in the soil profile that is discussed in 
Part VIII. 

* Branch, C. D.-The Mt. Balbi volcano complex, Bougainville, T.P.N.G. Bm. Min. Resour. 
Aust. Rec. 1965121 (unp~iblished). 
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I VOLCANIC VENT 

Fig. 7.-Distribution of volcanic ash. 
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(iv) Mud F1o1v.-Volcanic mud flows, or lahars, result wheuever volcanic 
deposits are mobilized by the addition of water. They are particularly effective in 
humid climates such as that of BougainviUe, where frequent heavy rain showers and 
occasionally the overflowing of a volcanic lake are to be expected during a period of 
eruption, at a time when there is no vegetation to protect the landscape. Their 
action has resulted in the redistribution of debris from the volcanic slopes down the 
stream valleys and out onto the surface of the peripheral fans and plains. 

(v) Fumarole Activity.-Sulphurous steam vents are active at present on Mounts 
Bagana and Balbi (Plate 1) and on the dome at Lake Loloru in southern Bougainville. 

(c) Weatlzering and Solution 

The exposure of dominantly andesitic rocks rich in volcanic glass to a humid 
tropical climate might be expected to result in  deep, mature profiles of chemical 
weathering, but such profiles are not common. This is a result of the rapidity of 
erosion and deposition: alluvial soils, lithosols, and deep deposits of Recent ash make 
up the bulk of the superficial materials, and weathering of these must be described as 
skeletal at most. This is not to say that the rate of weathering is low: it is probably 
very high, particularly in the least weathered of the granular materials where no 
clayey weathering products impede the movement of water. The rate of loss of 
material from the landscape in solntion may be as great as the rate of removal of 
solid material (cf. Fig. 3-21 of Leopold, Wolman, and Miller 1964). I t  will vary 
from place to place with the relative rate of weathering, as crudely estimated in 
Table 9. 

On the few landscapes where weathering has proceeded far enough to produce 
clay soils there is a correlation between slope and clay colour. Red clays are generally 
associated with slopes that are (or were originally) either gentle or moderate, while 
brown clays are related to rather steeper slopes. The maturity of development of the 
red clay soils (weathering maturity x X X X in Table 9) is considered to be greater than 
that of the brown clay soils ( x  x x )  in this context, so this correlation shows how 
profile development depends, in this case, on environment rather than time or 
lithology. 

(d) Slope Processes 

The inajor processes active on hill slopes in the area, in order of increasing role 
of water, are discussed below. I t  must be borne in mind that the widespread nlantle 
of permeable Recent ash has radically altered the effectiveness of these processes, and 
there is little evidence in most landscapes to indicate the nature of the lnantle material 
prevailing during the period of evolution of the present land forms. 

(i) Rock Fall.-Portions of cliffed and precipitous slopes occasionally break 
away as they are weakened by weathering or undermining, and great blocks fall 
freely to the base of the slope. Limestone cliffs appear to be much less affected than 
those of agglomerate, which are generally underlain by weak rock and have yielded 
large numbers of fallen blocks. 

(ii) Debris Avalanche.-Precipitous erosional slopes exceeding 45" show 
widespread evidence of the action of debris avalanches, slides of rock and soil material 
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lubricated by water. The vegetation and regolith have been removed along narrow 
avalanche trails that generally begin near tbe top of the precipitous slope and end in 
the stream bed, where the stream rapidly disposes of the deposited material. 
Earthquakes may trigger off some debris avalanches, but heavy rain storms alone are 
probably the major cause. Wehtworth (1943) has discussed similar "soil avalanches" 
on Oahn, Hawaii. 

(iii) Earth Flow.-Earth flow, initiated by a rotational slip or slump of the 
regolith and characterized by a slow movement of the material downslope to form a 
hunlmocky deposit, occurs on steep and very steep slopes in favourable situations, 
particularly in gully heads. The activity of springs helps to saturate the regolith, which 
slips away leaving a slump alcove with a precipitous or cliffed head wall a few feet 
high. The hulnmocky deposit in the gully below does not survive long under the 
effects of other slope processes. 

(iv) Soil Creep.-Of the conditions listed by Sharpe (1938) as influencing the 
development of soil creep, the unconsolidated ash mantle and prevailing steep or 
very steep slope on Bougainville are very favourable, but are balanced by the virtual 
absence of climatic alternations such as wetting and drying,'heating and cooling, or 
freezing and thawing. Consistently high moist~ire contents must encourage creep, 
however, by reducing the shear strength of the soil. 

Hummocky nlicrorelief wit11 an amplitude of about one foot, found under the 
forest, results primarily from the decay and occasional fall of trees and indicates the 
relative insignificance of slope processes as compared with vegetative effects on the 
mnicromorphology, although such disturbance must result in net downslope movement 
of the soil particles. Evidence of rapid creep, such as curving tree trunks or movement 
in artificial cuttings, is lacking. 

(v) Slope Wash.-The relative importance of slope wash as a slope process in 
the tropical rain-forest environment is the subject of long-standing debate. Ruxton 
(1967) has expressed the opinion that "slope wash is an important, if not major, 
process of erosion on slopes of over 5" in northern Papua under rainfalls varying 
from 1750 mm to over 5000 mm". In Bougainville, 500 miles away, with over 2500 mm 
rainfall it seems to be less important, although still sigdcant. 

The erosional eificiency of slope wash is increased if the subsoil is impermeable 
at shallow depth. This is the main basis for the severity indices shown in Table 9. 
Where ash bas been deposited over clay, thin ash layers have been rapidly removed 
while thicker ash layers have been allowed to remain and to accumulate. This applies 
particularly to the Buka raised reef. Rocky surfaces are also highly susceptible to 
slope wash but permeable deep ash mantles are practically unaffected. Where the 
ash overlies either an impermeable substratum due to former weathering or a highly 
permeable lapillitic layer the water may actually flow out to the streams quite rapidly 
by lateral movement through the soil, but any suspended particles will tend to be 
filtered out in its passage and effective erosion of solids will be accomplished only in 
the zone adjacent to the point of outflow. This is probably, however, a major 
mechanism for the transport of dissolved material. 

(vi) Gullying.-Gullies, consisting of narrow channels between convergent 
straight slopes, begin within 200 ft of the ridge crests in most landscapes. The 



confluence of a small number of &st-order gullies is sufficient to form one of the 
perennial stream channels that alternate with ridges in the typical elementary 
landscape of the islands. Where the soil consists of a layer of ash over clay the 
phenomenon of tunnelling occurs, the uppermost gullies consisting of a series of holes 
connected by tunnels at the base of the ash layer. 

(e)  Fluvial Processes 

Fluvial erosion is probably the most rapid of all exogenetic processes operating 
on the Bougainville landscape. Furnished with abundant abrasive sand and coarser 
detritus from both young pyroclastic deposits and little-weathered bed-rock, it has 
carved gorges up to 1500 ft deep in the flanks of volcanoes of probable Pleistocene 
age. Talus supplied from the mountain and hill slopes is immediately removed by 
the streams, preventing the formation of talus cones or of basal concavities in the 
slope proses. 

On attaining a certain size, the streams begin to erode laterally. In steeper 
reaches where they are still incised and are encumbered by barely transportable 
blocks and boulders such erosion is limited and irregular, but further downstream 
the streams migrate cyclically back and forth across their flood-plains by concurrent 
bank erosion and point-bar or channel-bar deposition of sand and gravel. Deposition 
of silt on the flood-plain surfaces occurs commonly, but the development by this 
means of natural levees along the channels is limited to certain reaches of very low 
gradient where channel migration is slow. 

At times of heavy rainfall, landsliding in the upland areas, particularly on very 
recent ash deposits, may contribute so much solid material to a river that its flow 
becomes a mud flow whose velocity and morphological effects may be as great as in 
a lahar related directly to volcanic activity. Bedded deposits of unsorted debris in 
valley floors are commonly produced in this way. 

In the absence of river flow records or inland rainfall records little can be said 
of the hydrology of Bougainville streams. Their relative sizes may he assessed 
approximately from the catclunent areas presented in Table 8. A distinction has been 
made between those parts of the catchments (Silibai and Moila land systems) that 
contribute only to low flows and other parts that form the effective catchment during 
high flows. Rivers with a high proportion of low-lying catchment, such as the Tagessi, 
may be expected to be the least variable in flow. Variability of daily flows is probably 
quitelow in nearly all streams as aresult of the frequency and reliability of orographic 
rainfall and the suppression of storm run-off by forest vegetation and permeable 
soils. Only streams flowing from the rocky slopes of the active volcano Mt. Balbi 
are highly variable. They are also the most susceptible to mud flows. 

(f) Littoral Processes 

The two dominant agencies determining the coastal morphology of Bougainville 
and Buka Islands are longshore drifting of sand and growth of coral. Calcareous 
sand, common on northern and eastern coasts, is much less abundant than sand 
derived from volcanic ash. The environment is not one of great energy as most 
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beaches are protected to some degree by barrier reefs and typhoons do not occur. 
The tidal range is also small, being of the order of 3 ft. Longshore drifting is, however, 
effective enough to prevent the formation of river deltas and to supply material for the 
building of cuspate forelands in favourable situations. The action of the winds is 
apparently insufficient to form dunes on any part of the Bougainville coast (cf. 
Jennings 1965). 

Vigorous coral growth is occurring on fringing or barrier reefs, or both, on 
most coasts. In Buka Passage an alternating tidal current of up to 4 knots (Anon. 
1956) inhibits this growth so as to maintain a parallel-sided open channel 2 miles long, 
1000 ft wide, and 50 to 80 ft deep (Plate 12, Fig. 1). 

Coastal erosion is limited in extent by the dominance of coral growth and 
littoral sedimentation. Certain headlands, particularly between Moila Point and 
Kieta, are under attack but have not receded very far. There is characteristically a 
nick and abrasion platform at, or possibly above, high tide level with a short precipitous 
or overhanging rock face above. Solution appears to be the dominant process. 

III. LANDSCAPES 

A comprehensive view of the types of landscape present on Bougainville and 
Buka Islands may be obtained from Table 10. The land system sequence of this 
table has been used for the tabular descriptions of land systems in Part I11 and for 
the reference to the land system map. The headings in the following discussion 
represent a further grouping of the geomorphic categories of Table 10. 

(a) Volcanic Landscapes and Volcano-Alluvial Ea~7s 

Although dissected to varying degrees, the landscapes described in this section 
are all formed on the products of Upper Pleistocene or Recent volcanism. Two types 
of volcano, lava cones and strata-volcanoes, are characteristic, but this is not the basis 
of any land system division. Volcanic cones, npper slopes, and summits have been 
placed in Balbi or Takuan land system depending on whether or not their activity has 
been recent enough to prevent forest growth. No volcano in either of these land 
systems can be classified as extinct. 

Lava cones, represented by Mt. Bagana, Mt. Talcnan, and several unnamed 
mountains (Plate 2, Figs. 1 and 2), are symmetrical cones with slopes that in gross 
form are straight and steep, of the order of 25", although local slopes average 35" and 
may be much steeper. If Mt. Bagana may be considered typical, the greater part of 
the surface of each cone is made up of blocky lava flows. Most of these originate near 
the apex of the cone, but some have breached the flanks without greatly modifying 
the straight proiile of the mountain. Some areas between the lava flows, designated 
debris slopes, appear to have been built mainly by alluvial outwash f ron~ the lava flows 
rather than by direct accumulation of ejected material. The unnamed 7000-ft peak 
at the head of theTore River, 8 miles NNW. of Mt. Balbi, also consists of sinuous lava 
flows, but in this case the lava was less viscous and the flows extend as far as 6 miles 
from the volcanic centre with an average slope of about 10". 
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In the formation of the strato-volcanoes, such as Mt. Balbi and the Lake Loloru 
volcano, lava flows played a subordinate role. There is typically a rugged suminit 
area diversified by craters and tholoids included in Takoan and Balbi land systems 
(Plate 1; Plate 2, Fig. 2), below which extensive debris slopes (Erava land system) 
form a concave outline with an inclination decreasing from 20" at the top to 6" at 
the base, where there is a transition to broad peripheral volcano-alluvial fans (Plate 3, 
Fig. 1). 

The very fine-textnred, radiating ridge and ravine topography of Erava land 
system is probably of complex origin, having been built up by debris thrown out of 
the volcanic vents or avalanched down from disintegrating tholoids or flows, and 
subsequently largely eroded away by the action of streams, mud flows, and nu6es 
ardentes. 

The caldera of Billy Mitchell crater lake, 4 miles north-east of Mt. Bagana, 
is included in Balbi land system. I t  is 1+ miles in diameter and has a rim between 
3000 ft and 5000 ft in altitude. This caldera, from which over half a cubic lnile of 
rock appears to have been removed, probably resulted from a catastrophic vnlcanian 
eruption (cf. Cotton 1952, pp. 302-12) with snbsequent collapse of the summit area. 
I t  suggests itself as a possible source of the layers of lapilli indicated in Figure 7, whose 
vol~une may be crudely estimated as about 0.2 cu mile. 

At the foot of each Bougainville volcano, whether lava cone or strato-volcano, 
there is a volcano-alluvial fan with slope diminishing from 6" to 0.5" with distance, 
formed through deposition by running water, mud flow, and ash flow in varying 
proportions. The initial form of such fans is exemplified by the major surface of 
Buin land system, which is somewhat undulating, with ultra-low ridges formed by 
deposition and erosion during the period when vegetation was absent. Althongh 
volcano-allnvial fans are durable features, to the extent that they may still be 
recogniiable when their parent volcanoes are not, those surrounding dormant or 
extinct volcanoes have become incised by the streams that traverse them in the time 
since the supply of fresh debris from upstream was cut off. The depth of insicion 
depends on the difference between the profile of volcanic equilibrium (Schmidt 1934, 
p. 118) and that of fluviatile equilibrium. A radial section of the Lake Loloru volcano, 
shown in Figure 8, illustrates how there is a zone of inaximlun incision midway down 
the slope, the valleys being cut as much as 800 ft below the original surface. Degree 
and depth of dissection have been made the major criteria for differentiating between 
land systems of the volcano-alluvial fans. Buin land system is only partially dissected, 
Numa and Rugen are dissected to valleys of low relief (200 ft), and Leikaia and 
Pauroka to valleys of moderate relief (400 ft). Further land system differentiation is 
on the basis of mantle characteristics. An impermeable weathered ash underlies a 
thin layer of Recent ash on Buin and Pauroka land systems, whereas deep Recent 
ash with lapillitic layers is found in Numa and Leikaia land systems. In Rugen land 
system a thin layer of Recent ash overlies a residual red clay. 

As well as the major volcanoes, and mainly independent of them, there are a 
number of fields of subhorizontal lava flows dissected to form moderately high 
accordant ridges. Three land systems are distinguished on the basis of mantle 
characteristics. Sisivi has a deep lapillitic ash cover, while Poto and Umum have a 
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shallow ash layer over residual red clay and brown clay respectively. Umunl also 
includes a large mesa-like land form that appears to he a cu~nulo-dome (Cotton 1952, 
p. 158), as well as less regular hills eroded from intrusive diorite. 

(b) Erosional Landscapes 

This section is concerned with mountain, hill, and basin landscapes whose land 
forlus have been sculptured by degradational processes to the point where their 
original constructional form is not readily recognizable. Karst landscapes are 
considered separately. Erosional hill slopes of the island are characteristically straight 
and very steep (30-45"), such slopes being common to landscapes of widely varying 
relief and geomorphic history. The main departures from this rule are found on 
eroded Pleistocene volcanoes, where the lower slopes are precipitous (45-72") (Plate 5, 
Figs. 1 and 2), and in certain landscapes with clay soils, where the slopes are merely 
steep (17-30") or high-moderate (10-17"). 

Fig. 8.-Topographic p1.06Ie from the Lake Lolorn volcano to thc coast at 
Moila Point. Vertical exaggeration x 10. 

(i) Erosional Mounfnins.-Mountains are distinguished from hills on the basis 
of terrain parameters, mountains being landscapes with relief greater than 500 ft 
satisfying at least two of the following three criteria: 

(1) a ~naximurn altitude greater than 3000 ft; 
(2) a hypsometric index greater than In, so that the average altitude of the 

land surface is greater than 1200 ft; and 
(3) characteristic slope greater than 30". 

Mountain landscapes that have suffered a long period of evolution occur on the 
Crown Prince Range. The landscape type most extensively developed here, classified 
in Karato and Pirnrari land systems, consists of very steep-sided dendritic mountain 
ridges characterized by a large difference between the heights of the largest and the 
smallest ridges, major ridges being flanked by several orders of subsidiary ridges. 
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Karato differs from Pirurari only in the presence of lapillitic layers in the ash mantle. 
The landscape of Nasioi land system is similar to these in most respects, including 
terrain parameters, but subsidiary ridges are, by contrast, little developed. This 
land-form pattern has been correlated with the outcrop of diorite rock deeply but 
immaturely weathered to an incoherent granular texture. 

The Emperor Range and other ranges of northern Bougainville, as well as Mt. 
Taroka and themountain mass south of Wakunai, are ancient volcanoes that have been 
very deeply dissected to form "residual mountains" in the classification of Kear 
(1957, 1959). Meliliip and Chambers land systems, differentiated because of the 
absence of ash from the former, consist of very high, widely spaced ridges with very 
steep side slopes that tend to become precipitous at the base. Even the stream beds 
have steep slopes, with many waterfalls. Within these mountain masses there are a 
number of large basins with precipitous walls standing above steep floors that are 
themselves quite deeply dissected. These basins comprise Emperor land system. 

Kieta land system (Plate 6, Fig. I), consisting largely of buttes at higher altitndes 
and cuestas at lower altitudes, comprises the dissected remnants of a structural plain 
or plains formed largely of andesitic agglomerate and fanglomerate. The agglomerate 
has strongly resisted weathering and the floors and sides of valleys adjacent to areas of 
Kieta land system are littered with large blocks of it. 

(ii) Erosional Hills.--Most of the land systems of the erosional hills are formed 
on pre-Pleistocene rocks, whose structural expression is the main criterion for 
differentiation. Subparallel hogback ridges trending NNW. are common in Boira, 
Mainoki, Osirei, and Pomaua land systcms. In Osirei these ridges are very widely 
spaced, with long sleep flanks dissected by shallow gullies; in Pomaua the NNW. 
trend of the major ridges is not as conspicuous as a fine pattern of straight parallel 
lineaments trending WNW., expressed in the orientation of spurs, minor ridges, and 
valleys. Mainoki land system, with its rather closely spaced ridges, differs from 
Boira in lacking lapilli in the ash mantle. 

A number of the ridges of Deuro land system are homoclinal ridges formed by 
moderately inclined strata, which also give rise locally to chevron spurs. More gently 
dipping beds form the cuestas of Teopasino land system. Expressions of structure are 
absent from Bagana and Doiabi land systems, which are both mantled by very great 
thicknesses of ash. The mantle of Bagana land system has been significantly added to 
by modern ash falls and ash flows. 

The flanks of the Pleistocene volcanic "residual mountains" are dissected to 
very steep and precipitous ridges similar to those of Melilup land system except that 
they have lower relief. They are assigned to Tumuri land system, or to Mafahia land 
system when their ash mantle is lapillitic. Of the two remaining hilly land systems 
Dios is an area of very fine dissection and very low relief consequent on the uplift of 
a cliffed coast, and Ib11, comprising low, accordant, dendritic ridges, may be the 
remnant of an ancient volcano-alluvial fan in an advanced stage of dissection. 

(iii) Basin Floors.-Many of the larger streams flow throngh upland basins, the 
floors of which are areas of low relief and low-moderate slopes. Such areas 
(Torombei land system) consist of irregular hnmmocky terraces grading into low 
accordant ridges. Fields of erratic blocks are common, suggesting deposition from 
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mud flows during an epoch of slope instability. A similar morphology is found 
forming tracts too narrow to map in the upper valleys of a number of large streams, 
particularly in the Crown Prince Range where there are ultra-low ridges with steep 
side slopes showing evidence of slumping. Tributary streams on reaching the valley- 
floor tract tend to run down-valley, forming a local sitbparallel drainage pattern. 

(c) Alluvial and Swarnp Landscapes 

In land systems of the erosional hills and dissected alluvial fans the major rivers 
are deeply entrenched. Their irregular bouldery channels are, however, colnlnonly 
bounded by narrow-channelled flood-plains up to 1000 ft wide. 

Snch flood-plains persist as the rivers traverse Siwai land system, the major 
plains of which now stand up to 80 ft above water level. These major plains of very 
high gradient are nearly 4 of volcano-alluvial origin, being relict from the phase of 
rapid alluviation following the latest episode of eruption; they are "piedmont-banjir 
plains" (Paterson 1964). Terraces characteristically occur between the plain and the 
flood-plain. The river channels are gravelly rather than boilldery in this land system 
and, although the channel pattern is generally angular, there are some active meanders 
and also some alluvial islands. 

Silibai land system is the main locus of alluvial activity at the present time. The 
river channels have actively migrating meanders (Plate 9, Fig. 1) and the main land 
surfaces are flood-plains built of point-bar and channel-bar deposits of sand and gravel 
with a veneer of fine sandy over-bank deposits. The high water-table of these plains 
makes them liable to surface flooding from local rains as well as from river overflow. 

Rivers traversing Moila land system, which includes all the major swamps of thc 
area, tend to have very low gradients and deep channels with either stable or migrating 
meanders. Natural levees are common and serve to delineate abandoned flood-plain 
scrolls. Little of the surface of this land system is normally above the water-table 
(Plate 10, Figs. 1 and 2). Nearly all Bougainville swamps result from coastal 
progradation and are impounded by beach ridges in the einbayments between alluvial 
tracts or at the foot of hills. 

At the base of the active volcano, Mt. Bagana, lie the plains of Saua land 
system (Plate 9, Fig. 2), built of the gravelly and sandy products of present-day 
volcanicity. Streams here have a high variability of flow as there is little vegetation 
to suppress storm run-off, and their channels are multiple or braided. There is no 
distinct boundary between the channel and the flood-plain, but zones up to + mile 
wide are kept free from woody vegetation by flooding and sediment movenlent. 
Towards the coast stream braiding is less conspicuous, but unstable distributary 
channels disperse the flow over the surface of the plain. The land system also includes 
ash plains that stand above the flood-plains and meet them at cliffs up to 50 it high. 

(d) Coastal Landsca]~es 

Two land systems have been distinguished according to whether longshore 
drifting or coral growth is the dominant process. The curving, prograding sandy 
beach ridges of Jaba land system, rising 5 or 10 ft above high-water mark, form 



96 J. G. SPEIGHT 

extensive beach ridge harrier systems, especially in the south (Plate 11, Fig. 1). Two 
large promontories, Motupena Point and Moila Point (Jennings 1955), have been 
constructed in this way. Coral coasts on which sandy beaches are relatively 
insignificant form Soraken land system. Submerged coral reefs extending up to I0 
miles from the shore are found everywhere except on the northern coast between 
Queen Carola Harbour and Cape Laverdy. Emergent barrier reefs bearing occasional 
islands or sand cays plate I I, Fig. 2) are characteristic of the outer margin of the 
submerged reef, especially along the east coast of Bougainville. 

Fringing reefs are ubiquitous on the shores of Soraken land system, but also 
occur near low-water mark at the foot of many prograding beaches of Jaba land 
system, so that some of the beach-ridge complexes may be partly or wholly underlain 
by coral. The dry-land part of Soraken land system consists largely of very flat coral 
platforms from 5 to 15 ft above sea level with very youthful (rendzina) soils. It  is 
probable that these platforms were developed at sea level during a Recent relatively 
higher stand of the sea. 

(e) Limestone Landscapes 

The raised reef of Buka Island and northern Bougainville is an almost perfectly 
preserved barrier reef, the northern part of which was almost 'an atoll (Plate 12, Fig. 2). 
One may distinguish a former reef flat of very little relief, patch reefs, and islands, with 
associated precipitous or cliffed reef front and gentle to moderate lagoon slope 
(Lonahan land system) and a former lagoon floor (Kohino land system) that has an 
uneven surface formerly about 100 ft below sea level. Former islands on the reef flat 
stand as a ridge up to 40 ft high. In the southern part of Buka Island there are several 
examples of raised tidal channels completely analogous to Buka Passage. 

The karst erosion of Lonahan and Kohino land systems is little developed as yet, 
consistingmainly of scattered dolines. Dolines tend to be smaller, shallower, and more 
numerous to the south, where the superficial volcanic ash layer is thick enough to 
prevent water from travelling so far over the ground surface. Such conditions may 
also have occurred after earlier ash showers, contributing to the contrast in develop- 
ment between south and north. A long deep trough cut in tbe former reef flat about 
1000 ft from the reef front where the uplift has been greatest may he a solntional 
feature, hut it is much better developed than the dolines. Some caves occi~r at the 
foot of the reef-front cliff, extending inland for a few hirndred feet. 

In the case of the Miocene limestone of Keriaka land system (Plate 4, Fig. I), 
the gross form of an ancient coral atoll is well preserved but the detail of the land 
surface is entirely erosional. The typical landscape is a karst of very closely spaced 
dolines, grading into valleys of integrated drainage and separated by a reticulate 
system of saw-tooth ridges about 400 ft high. The slopes tend to be concave and 
very steep. In some areas on the periphery of the former atoll pyran~idal hills are more 
conspicuous than conical dolines, resulting in a fine-textured type of kegel karst 
perhaps approaching the pyramid-and-doline karst of Jennings and Bik (1962). The 
landscape is at present mantled with many feet of ash and the development must have 
been influenced by this to some extent. 
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PART VII. TERRAIN OF BOUGATNVILLE AND BUKA ISLANDS 

By J. G. SPEIGHT* 

The physical l'mdscapes of Bougainville and Buka Islands have been discussed 
in Part VI in terms of their genesis and relationships. They may also be considered 
from the purely descriptive point of view and may be classified on the basis of the 
morphological parameters altitude, relief, slope, grain, and plan-prolile. Definitions 
of terms and schemes of categorization are set out in Appendix I, and values for the 
parameters have been assigned to each land system, as recorded in the tabular land 
system descriptions in Part 111. A summary of these terrain data is presented in 
Table 11, the categories employed being those defined in Appendix I, abbreviated to 
initial letters in the case of relief, characteristic slope, and grain. 

As a rule, land systems are areas of homogeneous terrain, and their boundaries 
tend to represent more or less abrupt discontinuities in terrain parameters. Mapping 
of the distribution of the several categories of a particular parameter for the area as 
a whole as in Figures 9-12 may thus be based on land system boundaries, except in 
the case of altitude. Land systems, as delineated in this survey in particular, commonly 
cover a considerable altitude range, so that the hypsometry is best represented by a 
conventional contour map such as the accompanying map of physical features, the 
hypsometric zones of which have boundary values based on a mathematical function 
chosen to even out the horizontal contour spacing. Measurement of the areas within 
the several zones shows that, although very little of the land stands above 7000 ft, 
fully half of it stands above 300 ft. Altitude, particularly as it affects climate, is 
therefore a significant terrain factor over much of the area. 

From the map of relief (Fig. 9) it will he seen that areas of very high relief are 
confined to the volcanoes, the northern mountains, and the Keriaka Plateau, but 

TAELB 11 
TERRAEi PARAMETERS OF LAND SYSTEMS 

Lai~d System 

Swamps 
Moila 1 2 5 0  1 r o 501 - 1 L o  I - l 7  

*Division of Land Research, CSIRO, Canberra 

Area 
(sq 

miles) 

I1 0 300 
I1 0 180 

I 0 15 
I 0 15 

Raised coral ~ r k f  
Lonahan 
Kohino 

Coasts 
Jaba 
Soraken 

Altitude 

H,I, Min, Max, 
(ft) (ft) 

70 
140 

60 
85 

Relief 
Characteristic 

Slope Grain 
Plan- 
prome 



TERRAIN OF BOUGAINVILLE AND BUKA ISLANDS 99 

Plains 
Saua 25 
Silibai 240 
Siwai 355 

Volcano-alluvial fans 
Buin 270 
Rugen 75 
Numa 115 
Leikaia 60 
Pauroka 195 

Land System 

I 
Volcanic landscapes 

Balbi 30 
Bagana 15 
Takuan 75 
Erava 115 
Sisivi 10 
Umum 20 
Pot0 35 

Erosional hills 
Dios 10 
Ibu 45 
T ~ ~ m u r i  120 
Mafahia 50 
Teapasino 10 
Deuro 100 
Doiabi 15 
Baira 100 
Mainoki 50 
Pornaua 10 
Osirei 60 

Basin floors 
Torombei 15 

Erosional mo~rntains 
Melilup 190 
Chambers 35 
Emperor 20 
Karato 45 
Pirurari 110 
Nasioi 70 
Kieta 60 

Karst plateau 
Keriaka 115 

Area 
(sq 

miles) 

VHG 
I 0  HG 

TABLE 11 (Cortfinr,ed) 

VHG 
LM 
LM 
VS 

S 

VS 
VS 

S 
VS 
VS 

S 
S 

S 
LM 
VS 

P 
HM 

S 
S 

VS 
VS 
VS 

S 

LM 

Altitude 

H.I. Min. Man. 
(ft) (ft) 

Grain 
Plan- 

profile 
Relief 

Characteristic 
Slope 



Fig. 9.-Dist~.ibution of relief. 
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Fig. 10.-Distribution of characteristic slope categories 
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Fig. 11.-Distribution of catego~.ies of grain size 
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Fig. 12.-Distribution of categories of plan-profile. 



areas of high and moderately high relief are very extensive along the axis of the 
islands and reach to the coast in the north and at Kieta, Toimonapu, and Tonolei. 
Low and very low relief is characteristic of volcano-alluvial fans and dissected plains, 
while negligible relief is found on flood-plains and sedimentary coasts. The histogram 
(Fig. 9) shows how relief is fairly evenly distributed through the categories, except that 
high relief (500-1000ft)isparticularly abundant andmay besaid to be the characteristic 
relief category of the area, and ultra-low relief (30-63 ft) is rare, being less than the 
relief of the lowest hills and greater than that of the deepest alluvial stream channels. 

Figure 10 illustrates the distribution and relative extenl of the various slope 
categories. The histogram, based on land unit rather than land system data, shows 
clearly how slopes are concentrated in the categories of "very steep" and "steep", the 
former prevailing over 25% of the planimetric area of the islands. Slopes of "very 
high gradient" (O"35'-l045') are also prominent, being characteristic of undissected 
volcano-alluvial fans and plains. Apart from these two modes, the histogram shows 
a practically uniform distribution of slope from "precipitous" through to "low 
gradient". Little significance can be attached to the relative frequencies of "high- 
gradient" and "low-gradient" slopes as the data are insufficiently precise. 

Figure 11 shows the distribution of grain, a textural parameter indicating the 
spacing of streams or ridges. Raised reefs, coral coasts, and s w a p s  cannot be said 
to have a characteristic grain, but the beach-ridge spacing of Jaba land system places 
it in the category of ultra-fine grain. Very fine grain of land surface is found only in 
three land systems which have an unusual genesis: Erava land system consists of 
former volcanic avalanche slopes, Torombei of finely dissected basin floors, and 
Dios of a coastal area dissected after an uplift of about 100 ft., Very coarse grain is 
found in two environments: the alluvial plains of Silibai and Siwai land systems 
where there is little local surface drainage and the landscape is compartmented only 
by through-going rivers, and the undissected volcanic cones of Balbi land system. 
Among the purely erosional land systems grain tends to be related to relief by a ratio 
from 2 : 1 to 4 : 1. Keriaka land system has relief comparable with the grain but here 
the grain has been measured on the dissected plateau surface while the relief is that 
of the escarpment. The histogram in Figure 11 shows how grain is evenly distributed 
through the categories from fine to very coarse, each category covering about 20 % of 
the area. Very fine, ultra-he, and "none" together make up the remaining 20 %. 

In the plan-proae map (Fig. 12) it is apparent that only 10 of the 25 possible 
categories are represented, and of these only 4 are of general occurrence: lL//, 4L, 
4L//, and 7. The simple erosional landscapes consist of randomly oriented sharp- 
crested ridges falling in category 4L. Where there is a preferred orientation of ridges, 
as a result either of geological structure or of radial drainage from a volcano, the 
plan-profile becomes 4L//. Alluvial plains, littoral plains, and swamps fall in category 
7, and plains traversed by subparallel incised rivers and streams in category lL//. 

Categories 1 and 1L occur on the raised coral reef, category 1 being related to 
the random incised drainage of the former lagoon floor, and category 1L to the 
subparallel zonation across the former reef front, reef flat, and lagoon slope. Saua 
land system, having plains at two levels, falls in category 2//. The volcanic cones of 
Balbi and Takuan land systems fall in category 4, while the alignment of the pinnacles 
of Kieta land system along geological fractures places them in category 4//. The 
beach ridges of Jaba land system, though of negligible relief, have been classed as 5L//. 



PART VIII. SOILS OF BOUGAINVILLE AND BUKA ISLANDS 

By R. M. Scorr* 

Over two-thirds of the survey area is covered by recent volcanic ash of varying 
depth, and the distribution of this ash n~antle suggests that at one time it was much 
more extensive. The variation in thickness of the ash mantle has given rise to ash and 
ash-covered soils. In areas where the ash is absent there are mature developed soils 
of a former Land surface as well as juvenile sedentary, depositional, and organic soils. 

Unlike many areas in Papua and New Guinea, Bougainville had already been 
the subject of a soil survey before the CSIRO survey was carried out. C. L. van Wijk's 
(1963) study of the distribution and main characteristics of the soils of Bougainville 
Island, together with some of his field notes, has proved most helpful in the compilation 
of this part of the report. 

11. Son FORMATION 

Soils differ according to the influence of clinlate, organisms, topography, parent 
material, and time (Jenny 1941). Thus soils will differ according to which soil-forming 
factor or factors exert the greatest influence. Should one or more factors be dominant 
over an area, then the soils will be uniform in spite of variations in the other soil- 
forming factors. 

The variations in the soils of Bougainville and Buka Islands are mainly a result 
of the time the climate factor has had to operate on various parent materials. The 
influence of time must be considered in conjunction with topography, since topography 
will influence the stability of the land surface. The processes of aggradation and 
degradation are active or have been recently active; aggradation tends to be episodic 
whereas degradation is more sustained and the rate is largely controlled by slope. 
These processes have caused the majority of the soils to be youthf~il, and it  is only 
where the old land surface is exposed or lies near the surface that mature developed 
soils occur. 

In Bougainville and Bnka Islands the influences of both climate and organisms 
appear to have little effect on soil differentiation. Although there are variations in 
both rainfall and temperature accompanied by changes in vegetation types, these 
variations do not appear to be suilicient to produce marked differences in the soils. 
Changes in soils by human interference are negligible since population is low and the 
regrowth of vegetation rapid. 

There is a variety of parent materials in the area, but they can be considered as 
two kinds. There are those of volcanic origin, which may vary in textnre but are all 
similar in mineralogical composition, and uniform coral limestone material. In some 

* Division of Land Research, CSIRO, Canberra. 
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areas the parent material of volcanic origin lies on coral limestone and both materials 
influence the soil formation. 

Many of the soils of Bougainville are polygenetic in origin and this gives rise to 
problems in classification. For the purpose of the survey, an ash-covered soil has 
a recognizable volcanic ash mantle less than 3 ft  deep overlying a buried soil. An ash 
soil, on the other hand, has a recognizable volcanic ash mantle to a depth greater than 
3 ft, or overlies weathered or fresh rock. The separation of ash and non-ash-covered 
soils is based on field observations and therefore many of the non-ash-covered soils 
may be ash-contaminated. 

The soil classification is shown in Table 12. The soils have been placed into 11 
soil groups according to profile morphology and parent material, and each soil group, 
with the exception of lithosols, has been further subdivided in soil families on the 
basis of colour and texture. The soil groups have been arranged in order of environ- 
mental "wetness", from permanently inundated to dry-land soils. 

Alongside this classification is that of the 7th Approximation of the United 
States Soil Conservation Service (1960) and the equivalent soils recognized by van 
Wijk. The 7th Approximation classification of the soils must be regarded as very 
tentative since not all the data required to classify soils into this system were available. 

m. DESCRIPTIONS OF THE SOIL GROUPS AND SOIL FAMILIES 

The ternlinology used in the following descriptions is that of the United States 
Department of Agriculture (1951). All soil colours refer to the moist condition and 
are those defined in the Munsell colour charts. The soil descriptions are all based on 
auger sampling, hence the information on structure of the si~bsnrfacc horizons is 
not reliable. 

(1) Sleainp Pests.-These organic soils are composed of a poorly decomposed 
vegetative layer more than 1 ft thick, and occur in swampy areas that are permanently 
inundated to depths generally greater than 4 ft. The soils have been separated into 
two families, based on environment and the depth of occurrence of a peat layer 
relative to the surface of the water. 

(la) SubmergedPeats.-These occur under at least 2 ft of flowing water. They 
consist of a very dark brown, mottled, poorly decomposed organic layer, consisting 
mainly of a fibrous root mass, overlying alluvial sands at depth. They are associated 
with open tall forest (Terminalia brassii-Carnpnospem). 

(lb) Surface Pests.-These consist of a fibrous root Inat overlying a poorly 
decomposed organic layer. Surface peats are found floating at or near the surface of 
stagnant water and support a mixed herbaceous vegetation. 

(2) Swamp Soils.-The soils show no profile development apart from peaty 
surface horizons. They occur in swampy situations and are permanently inundated 
by at least 6 in. of water. Two families have been distinguished on the basis of soil 
texture, which reflects mode of deposition of the parent material. 
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(2a) Neutral Peaty Sands.-A dark greyish brown, fine sandy peat up to 12 in. 
thick overlies a very dark grey, peaty h e  sand, which merges into a dark grey sand 
between 24 and 36 in. The sand fraction has been sorted by both wave and tidal 
action. These sands occur in swales of beach ridge colnplexes that are normally 
inundated by more than 6 in. of fresh water, but near tidal inlets the water ]nay be 
brackish. 

(2b) Neutral Peaty Clays.-A brown to dark greyish brown, poorly deco~nposed 
peaty clay not more than 6 in. thick overlies a grey, gleyed, silty to fine sandy clay. 
These soils, which are derived from water-laid fine-textured material, have a neutral 
reaction throughout and occur on swamp margins away from the beach ridge com- 
plexes. The peaty layer may be absent on the outernlost margins where fluctuations 
in water-table lead to partial drying out of the surface horizon. 

(3) Mangrove Soils.-Mangrove soils show no profle development apart from 
a thin peaty or organic surface horizon. They are tidally inundated and the land 
surface commonly has a hnn~mocky microrelief, not more than 1 ft high, due to the 
presence of crab mounds. These soils are found only on tidal flats. Separation into 
falnilies is based on depth and the prcsence or absence of a peaty snrface horizon. 

(3a) Sl?aNoi.v Alkaline Peaty Sands.-A dark brown, strongly alkaline, sandy 
peat, poorly decomposed, overlies coral at between 6 and 12 in. depth. 

(3b) Alkaline Sands.-A very dark greyish brown, neutral, loose sand with 
some pebbles merges at 12-18 in. into a dark greyish brown, moderately alkaline, 
loose sand containing some mangrove peat and pebbles. 

(4) Alluvial Soils.-The soil group includes relatively unstable soils, which have 
no profile development apart from the presence in nearly all cases of an organic 
surface soil. These soils are derived from waterborne sediments and are all at some 
period inundated by river flooding, during which deposition takes place. Three 
families have been recognized on the bases of depth, colour, and texture. 

(4a) Sl~allov Grey Mottled Sands.-A greyish brown to very dark grey, neutral, 
loose sand merges at  2-4 in. into a dark grey, slightly acid, mottled, loose sand, in 
which gravel and stones ]nay be present. Gravel, stones, and boulders become very 
frequent below 6 in. depth. Such soils occur on point bars of large rivers and also on 
debris slopes of active volcanoes. Normally the point bars are devoid of plants or 
have an open vegetation, but where there is a dense grass vegetation a thin, brown, 
massive, silty loam surface layer is formed by the vegetation trapping finer sediments 
during floods. Where these soils occur on debris slopes or are associated with rivers 
with sources near active volcanoes, a high content of soluble salts may be present. 
Shallow grey mottled sands are subject to frequent and irregular flooding and when 
not inundated they have a very high water-table. 

(4b) Brown Mottled Sands.-A dark brown, humic, weak crumbly, very strongly 
acid, fine sandy loam to loanly h e  sand merges at 3-6 in. into a greyish brown to 
brown, mottled, strongly acid, massive, loamy fine sand to single-grain fine sand. 
Between 12 and 24 in. the latter horizon nierges into a grey, mottled, strongly acid, 
loose fine sand to loamy fine sand that passes into a dark grey fine sand below the 
water-table. At greater depth a mixture of black and white fine sand grains (mainly 
hornblende and plagioclase crystals) may occur. Gravel and stones are occasionally 
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encountered below depths of 18 in. In wetter sites the grey, mottled horizon may he 
very close to the surface. These soils have a rapid permeability hut are poorly drained 
owing to a high water-table, which, when sampled after a relatively long dry spell, was 
generally within 4 ft of the surface. Brown, mottled sands occur on broad plains or 
terraces that are subject to only irregular and infrequent floods. However, a stony 
phase of this family has been distinguished, occurring on narrow flood-plains and 
valley flats associated with large rivers where flooding is more frequent. This phase, 
being less stable, has a less pronounced humic surface horizon. 

(4c) Stratified Mottled Loams and Clays.-These soils, which are slightly acid I 

throughout, are stratified, each layer being homogeneous and usnally showing an 
abrupt change to the adjacent layer. The textures of the layers range mainly from 
fine sandy loams to fine sandy clays, although occasionally a fine sandy layer may be 
present. This stratification occurs in no apparent order and is presumably due to 
variations in river regime and sediment load. 

They have a dark brown to brown, humic, weak cl.umhly snrface horizon up 
to 6 in. thick overlying a mottled, massive subsurface horizon that is brown in the 
upper part, becoming grey with depth. The permeability of these soils is slow and 
the drainage is poor owing to a high water-table. 

They occur on all~~vial plains and are subject to irregular flooding for short 
periods. 

(5) Lit1zosols.-LithosoIs are shallow and show no profile development apart 
from a thin, humic, loamy surface horizon. In many cases they are associated with 
rock outcrops. No differentiation into families has been made in this soil group. 

They consist of a thin (3-6-in.), brown to dark brown, humic, weak crumbly, 
sandy loam to sandy clay loam overlying weathered rock of variable thickness, colour, 
and texture that passes into hard rock within 20 in. Soil reaction is variable, ranging 
from very strongly acid to neutral. Lithosols occur on very narrow to knife-edge 
ridge crests and steep slopes where erosion does not allow s~~fficient time for the soils 
to develop. 

(6) Littoral Soils.-Such soils have a sandy texture and are derived from both 
wave- and tidal-sorted sands. A subdivision into two families has been based on the 
degree of profile development, which varies from no profile development to the 
presence of a thin humic surface soil. This development reflects the stability and 
age of the families. 

(6a) WhYhite Sands.-They consist of deep, loose, medium to fine, white sand 
grains with appreciable amounts of black mineral grains (ilmenite and magnetite 
crystals). Locally there may be a concentration of the black minerals by tidal sorting 
to form distinctive layers. This family has no A horizon and is very unstable, sand 
being continually added to or removed from it. They have a neutral surface reaction, 
become alkaline with depth, and occur on the outermost beach ridge. 

(6b) Brown Sands.-A thin, very dark brown, humic, loose, fine sand 1-2 in. 
thick overlies a dark brown, loose, fine sand. This merges at 10-15 in. into a very 
dark greyish brown, loose, fine sand. In the vicinity of the water-table, which occurs 
between depths of 3 to 10 ft, the sand becomes dark grey and mottling is apparent. 
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The soil reaction is medium acid throughout. This family represents an older and 
more stable soil than the white sands, as shown by the development of an A horizon 
and by the browner colours in the C horizon, which become more marked with 
distance inland. Brown sands occur on beach ridges. 

(71 Ash Soils.-The soils include all recent volcanic ash soils more than 3 ft 
deep or that overlie rock at a lesser depth. Four families have been recognized on the 
basis of profle development, which indicates differences in age and in source as 
shown by variations of texture. Many of these soils have buried humic horizons, 
pointing to intermittent volcanic activity. 

(7a) Grey Fine Sands.-A dark grey, loose, structureless, fine sand, 1-2 ft deep, 
passes abruptly into a slightly humic, dark brown to brown, massive, l o m y  fine sand 
to fine sandy loam. Below 30 in. the latter horizon passes into a dark greyish brown 
to dark grey sand with ejected blocks. They have very rapid permeability and are 
strongly acid throughout. 

The surface 1-2 ft represents very recent volcanic ash from the volcanoes of 
Balbi and Bagana. In fact, a thin cover of ash is at present being laid down with each 
slight explosion of Bagana. The colour, texture, and higher organic matter content in 
the second horizon indicate that this was once a surface horizon of an older ash shower. 

A stony phase of this family occurs in the vicinity of Balbi and Bagana volcanoes, 
the stones consisting of blocks ejected during eruptions. 

(7b) Byolvn Loams with an Ash Pan.-A very dark brown, humic, weak crumbly, 
fine sandy loam merges at 3-6 in. into a dark brown, humic, massive, fine sandy 
loam, which in turn merges into a thin, dark yellowish brown, slightly mottled, 
massive, loamy line sand between 12 and 18 in. Between 15 and 24 in. there is an 
abrupt change to a dark brown to brown, humic, massive, sandy loam up to 12 in. 
thick, representing a buried humic horizon which in turn merges into a yellowish 
brown, compact, loamy sand to sandy loam that may contain large boulders. These 
soils are strongly acid at the surface, become medium acid with depth, and occur on 
level to gently sloping land. 

The buried horizon indicates that the upper 15-18 in. are derived from a more 
recentvolcanic ash shower. In some areas this horizon is absent, and thus the compact 
horizon is nearer the surface. The compact horizon or ash pan reduces the permeability 
of the soil, leading to temporary waterlogging after heavy rainfall. At high altitudes 
the effects of this impedance and lower temperatures have resulted in a peaty sluface 
horizon. The compact layer has the appearance of a tuffaceous material, and varies 
from a few inches to over 30 ft thick. I t  overlies alluvial sands at lower altitudes and 
andesitic rock or buried acid clay soils at higher altitudes. Its origin may be associated 
with nuies ardentes. 

(7c) Brown Loams.-A very dark brown to black, humic, weak crumbly, fine 
sandy loam between 3 and 12 in. thick overlies a dark brown to brown, massive, fine 
sandy loam. This in turn merges at 12-18 in. into a dark yellowish brown to dark 
greyish brown, massive, fine sandy loam. At depths varying from 18 to 30 in., there is 
a sharp break from the above ash-derived soils to rock at varying stages of weathering. 

These soils are medium acid throughout, are well drained, and occur mainly 
on steep slopes. 
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( 7 4  Brown Loams with Lapillitic Horizons.-A dark brown to very dark brown, 
humic, weak c'umbly, fine sandy loam 3-6 in. thick merges into a brown to dark 
greyish brown, less humic, massive, loamy fine sand. Between 18 and 24 in. tbere is 
an abrupt change to a lapillitic horizon about 6 in. thick, consisting of black and 
white loose fine sand (mainly hornblende and plagioclase crystals) with varying 
amounts of lapilli. Below the lapillitic horizon there is a dark grey to brown, massive, 
loamy sand that passes abruptly into a dark brown, humic, massive, h e  sandy loam 
at depths varying from 30 to 46 in. This represents a buried humic horizon that 
overlies another lapillitic horizon up to 24 in. thick and similar to that which occurred 
above, and this in turn overlies a dark greyish brown, massive, Ioamy fine sand. At 
depths greater than 3 ft, buried acid clay soils were occasionally enconntered but 
normally there was a great thickness of ash. These soils are medium acid throughout 
and have a rapid permeability leading to good dminage.' 

The lapillitic ash is likely to have originated from Billy Mitchell crater, although 
Bagana or the cone east of it, or even Balbi, are other possible sources. 

One of the outstanding features of these soils is their resistance to erosion, since 
they cover all but precipitous slopes. However, on some of the steep slopes the buried 
humic horizon and its associated lapillitic horizon may be absent and rock is 
encountered in its place, indicating that erosion did take place before the latest 
volcanic activity. 

(8) Ash-covered Soils.-This group of soils has an ash cover less than 3 ft deep 
over buried soils. They have been separated into four families according to the 
nature of the buried soils, which include the acid clay soils, and some of the alluvial 
and terra rossa soils. 

(8a) Brown Loams over. Sands.-A very dark brown, humic, weak crumbly, 
fine sandy loam, from 4 to 6 in. thick, overlies a dark brown to dark yellowish brown, 
less humic, massive, loamy fine sand. Below 12-18 in. there is an abrupt change to 
a dark greyish brown, fine sand of alluvial origin in which rounded gravel and stones 
may be present. A buried humic horizon of the alluvial soils was occasionally present 
below the ash soils. The soils are medium to slightly acid throughout, have rapid 
permeability, and are confined to stable alluvial plains. 

(8b) Broun Loams over Bron~n Friable Clays.-A very dark brown to black, 
humic, weak crumbly, fine sandy loam, 3-12 in. thick, merges into a dark gseyish 
brown to brown, fine sandy loam to loamy fine sand. Between 14 and 30 in. tbere is 
an abrupt change to a brown or dark yellowish brown, friable clay that may be slightly 
mottled. Rock or weathered rock is frequently encountered between depths of 
30 and 48 in. The soils are slightly acid, have moderate per~neability, and occur on 
ridge crests and moderate to steep slopes. 

(8c) Brown Loams over Reddish Friable Clays.-A very dark brown, hun~ic, 
weak crumbly, fine sandy loam merges at 3-6 in. into a dark greyish brown to dark 
yellowish brown, massive, fine sandy loam. This in turn merges between 12 and 18 in. 
into an olive-brown, loarny fine sand to fine sand. Between 18 and 36 in. there is an 
abrupt change to a dark brown, humic, massive, line sandy clay loam, representing 
a buried hnmic horizon 6-12 in. thick. Below this horizon there is a reddish brown, 
subangular blocky, friable clay which merges into a yellow-red to red, friable clay 
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between 30 and 48 in. The buried humic horizon is not always present. The soils are 
slightly acid in reaction and are moderately permeable. They occur on ridge crests 
and on moderate to steep hill slopes. 

(84 Black Loams over Reddish Plastic Clays.-A black, humic, weak crumnbly, 
fine sandy loam merges at 8-15 in, into a very dark brown to dark greyish brown, 
humic, fine sandy loam. At depths varying from 12 to 30 in. there is a sharp boundary 
to a reddish brown, massive, sticky, plastic clay with faint mottling. This horizon in 
turn merges into coral at variable depth. These soils are medium to slightly acid in 
reaction and permeability is slow due to the underlying plastic clays. This soil family 
occurs on level to gently sloping lands. 

(9) Acid Clay Soils.-The soils of this gronp were formerly covered by volcanic 
ash. They have well-developed A and B horizons and are considered to be soils of a 
former land surface. They generally occur on steeper slopes in areas more removed 
from volcanic centres where the ash cover would have been thinner and therefore 
more susceptible to erosion. 

They have been separated into two families on the basis of colour and depth. 
There is no evidence that parent rock is responsible for the differences in colour or 
depth of these soils since each family overlies a variety of rocks, some of which are 
common to both. However, the red soils are always much deeper than the brown 
soils on similar sites, indicating that greater weathering has taken place and suggesting 
that the red are older than the brown soils. 

(9a) Brown Friable Clays.-A dark brown to dark greyish brown, humic, crumbly, 
friable clay to clay loam between 3 and 6 in. thick merges into a brown to dark 
yellowish brown, friable clay. This in turn merges at depths between 20 and 30 in. 
into a strong brown, mottled clay that passes into weathered volcanic rock or 
tuffaceous sediments between 24 and 40 in. A stony phase of this family has been 
recognized, usually associated with rock outcrops. The soils are slightly acid in 
reaction, have moderate permeability, and occur on ridge crests and slopes. 

(9b) Red Friable Clays.-A very dark brown to dark brown, humic, crumbly, 
friable clay to clay loam, 6-12 in. thick, merges into a reddish brown, subangular 
blocky, friable clay, which in turn merges between 12 and 24 in. into a yellow-red to 
red friable clay. Weathered volcanic rock or tuffaceous sediments were encountered 
at depths varying from 40 to 72 in. 

These soils are slightly acid, have moderate permeability, and occur on steeper 
slopes in association with the brown loams over reddish friable clays. 

(10) Rendzinas.-They consist of coral-derived soils that may be contaminated 
by wind-blown sands and volcanic ash, occurring on youthful coral platforms 5-15 ft 
above high-water mark. The lack of mantle-ash soil may be due to the youthfulness 
of the platform or to its removal by erosion. Rendzinas have been divided into two 
families, based on differences in colour and texture, the loamy family being considered 
a inore youthful variant of the clayey family. Both are shallow, with coral at various 
stages of weathering occurring at depths between 12 and 15 in. 

(10a) Shalloiv Greyish Broivn Loams.-A dark brown to very dark brown, 
humic, weak crumbly, sandy loam merges between 2 and 10 in. into a dark greyish 
brown to grey, massive, sandy loam to loamy sand that passes into weathered coral. 
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They are neutral in the surface horizon and mildly to moderately alkaline below, and 
have a moderate permeability. 

(lob) Sl~aNow Blaclc Clays.-About 3 in. of a black, humic, firm crumbly, sandy 
clay merges into a black, angular blocky clay which overlies weathered coral. They 
are moderately alkaline and have slow permeability. 

(11) Terra Rossa Soils.-The soils have well-developed A and B horizons and 
merge into weathering coral at depths varying from approximately 1 to 6 ft. They are 
largely ash-derived since the preservation of the atoll form suggests that the down- 
grading is less than 10 ft, whereas according to Mohr and van Baren (1954) several 
hundred feet of rock would be required to produce the deeper soils from relatively 
pure coral. The presence of a more recent ash cover in dolines indicates that a thin 
ash mantle was present but has been largely removed by sheet wash caused by the 
slow permeability of the subsurface soil. 

This soil group has been separated into three families based on depth and colour. 
(lla) Shallow Reddish Plastic Clays.-A dark reddish brown, humic, firm 

crumbly, clay to clay loam merges at 4-8 in. into a reddish brown, blocky, sticky, 
plastic clay. Weathered coral is normally between 12 and 24 in. from the surface. 
These soils are neutral at the surface, becoming mildly alkaline with depth, and have 
a slow permeability. They are associated with coral outcrops and occur on ridges and 
steep slopes. 

(Ilb) Reddislz Plastic Clays.-A dark reddish brown to dark brown, humic, 
6rm crumbly, clay to clay loam, 6-12 in. deep, merges into a dark reddish brown to 
reddish brown blocky, sticky, plastic clay to about 30 in. This in turn merges into 
a yellow-red, angular blocky, sticky, plastic clay with faint, strong brown mottling 
to a depth of over 5 ft. They are slightly acid to neutral, becoming mildly alkaline 
with depth, have slow permeability, and occur on plains. 

(llc) Brown Plastic Clays.-A dark brown, humic, 6rm crumbly, clay to clay 
loam merges between 3 and 6 in. into a brown to dark yellowish brown, blocky, 
sticky, plastic clay which merges at about 18 in. into a strong brown, sticky, plastic 
clay with yellow-red mottling to a depth of over 5 ft. They are slightly acid, have 
slow permeability, and occur in depressions and near stream channels where poor 
drainage conditions prevail. 

The air-photo patterns give a direct indication ofthe extent of soils and non-soils 
only when the vegetation cover is absent or very sparse. Where there is no direct 
indication, the distribution of soils may be based on a correlation with either land 
form or vegetation; or both. In the survey area the very recent ashes round active 
volcanoes, sands on point bars and beaches, boulders on flood-out plains, and exposed 
rock on cliff and landslide faces could be recognized directly from aerial photographs. 
Correlation between soils and both vegetation and land form was found in areas 
where there were marked differences in drainage or flooding by either fresh or saline 
water. Correlation between soils and vegetation alone was found only where very 
recent ash soils occurred under vegetation in an early sera1 stage. Correlation between 
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soils and land form alone was found on extremely dissected lands, well-drained plains, 
and low coral platforms. However, for a large part of the survey area, correlations 
between soil and vegetation and land form were not apparent and the estimation of 
soil distribution-had to be based on field sampling, and owing to the reconnaissance 
nature of the survey, precise locations of the soil boundaries were mainly arbitrarily 
adjusted to land system boundaries. 

Lack of correlation is caused by the recent volcanic ash mantle. AlthougJ~ the 
ash mantle is thick near the volcanic centres and becomes thinner with increasing 
distance from the source, it conforms with a previously developed landscape so that 
any modifications it has made to the land forms are not apparent on the small-scale 
air photos used. As previously stated, the distribution of vegetation types in these 
areas appears to be related mainly to climatic factors and gives no indication of the 
ash distribution. 

Distribution of the soils in the area can be obtained from three sources in this 
report; each source, which is listed below, shows the distribution from a different 
aspect. 

Table 13 shows the estimated area of each soil family occurring both in a land 
system and within the survey area. I t  illi~strates the widespread occurrence of a recent 
ash mantle, which is present in varying amounts in a11 the land systems with the 
exception of Jaba, Soraken, Moila, and Silibai. Table 13 also indicates that some 
families are restricted to particular land systems. 

The tabular land system descriptions in part show the detailed distribution of the 
soil families in relation to the land units within each land system. 

In reconnaissance surveys, the most convenient method of showing soil 
distribution on a small-scale map is by delineating soil associations. "A soil 
association is a group of defined and named taxonomic soil units, regularly geo- 
graphically associated in a defined proportional pattern" (United States Department 
of Agricidture 1951). In the context of this report, the soil unit is the family and 
generally the geographical area is the land system or systems, while the proportional 
pattern of soil units is controlled by the land unit. Thus, some of the soil associations 
shown on the soil map may differ because of different soil families making up the 
association, whilst others may have similar soil families but the pl.oportions of these 
may differ. 

As previously mentioned, the soil distribution has been based mainly on the 
land system boundaries. In Lonahan, Kohino, Deuro, and Saua land systems, 
however, an approximate boundary line based on field observations has been drawn, 
separating the ash-covered from non-ash-covered soils. 

Approximately half of the survey areais coveredby ash soils that are concentrated 
around volcanic centres in the central mountainous regions. In rugged and dissected 
terrain, such as is found in the Emperor Range, the ash soils are absent on the steeper 
slopes, having bee11 stripped by erosion, leaving lithosols, hare rock faces or boulder 
debris. Around the active volcanoes of Balbi and Bagana very youthful ash soils 
occur on the gentler slopes. In the north and south of Bougainville Island, ash- 
derived brown loams cover most of the mountainous areas and where there are. very 
gentle slopes an ash pan is present, while in the central portion of Bougainville 
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TABLE 
DISTRIBUTION OF SOLS IN THE OEOMORPHIC 

(Percentage area of 

*Including mck outcrop, gravel and boulder beds, and open water. 

Soil Families 

, 

Swamp peats 
l(a) S~~bnlergcd peats 
l(6) Surface peats 

Swamp soils 
2(n) Neutral peaty sands 
2(b) Neutral peaty clays 

Mangravesoils 
3(a) Shallow alkaline peaty sands 
3(6) Alkaline sands 

AUuvidl soils 
4(n) Shallow grey mottlcd sands 
4(b) Brawn mottled sands 
4(c) Stratified mottled hams and clays 
5 Lithosols 

Littoral soils 
G(a) White sands 
6(6) Brown sands 

Ash soils 
7(a) Grey 61e sands 
l(b) Brown loams with an ash pan 
7(c) Brown loams 
7(d) Brown loams with lapillitic horizons 

Ash-covered soils 
8(a) Brown lodnls over sands 
8(b) Brown loams over brown friable clays 
8(c) Brown loams over reddish friable clays 
8(d) Black loarns over reddish plastic clays 

Acid clay soils 
9(a) Brown f~iable clays 
9(b) Red friable clays 

Rendzinas 
10(a) Shallow greyish brown loans 
10(b) Shallow black clays 

Terra rassa soils 
ll(a) Shallow reddish plastic clays 
ll(b) Reddish plastic clays 
ll(c) Brown plastic clays 

Non-soils* 

Geornorphic Categories 

Raised 
Coral 
Reefs 

Coasts 

--- 
5 0 

m * i4 u m .- 

Plains Swamps 

25 23 

7 4 
66 51 

21 

2 1 

Volcano- 
Alluvial 

Fans 

--- 

--- 
48 

--- 
20 
9 --- 

8 
2 --- 

--- 
5 1 

47 --- 

--- 

--- 

--- 

59 
1 --- 

--- 
--- 

15 
60 

5 

5 

14 

1 

1 1 1  
5 0 9 4 2 4 1  

40 

97 

9 4 1  

1 1 

2 

88 10 
5 5 5 20 88 

92 79 

87 

5 

1 2 2 1 1  
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1 3  

CATEGORIES AND LAND SYSTEMS 

each land system) 

and Land Systems 

Volcanic Landscapes 
Basin 
Floor 

Erosional Karst 
Mountains Platear ' I Soil Of 

-Family 
6s 

miles) 

- -- - 

Total 3475 
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Island lapillitic ash soils are dominant. On the periphery of the ash soils are found 
ash-covered soils; the underlying buried soils include alluvial sand, red and brown 
friable clays, and reddish plastic clays. Within this peripheral zone, which includes 
Buka and the adjacent islands, there are areas where volcanic ash is absent as a result 
of moderate erosion or  recent deposition of alluvial materials. In areas of moderate 
erosion the acid clay and terra rossa soils occur, while recent depositional soils include 
the swamp, littoral, mangrove, and alluvial soils. Rendzinas and swamp peats also 
occur within this zone. 

SDlL PROFILES 

= 
, ALLUYIkL SOILS: BROWN MOTTLE0 SANDS 

ASH-covmeo SOIL9 BROWN LOAMS OVER SANDS - ASH 50115: BROWN L0A175 WIT$< AN ASH PAN - 
t, ' 

ASH 50115: BROWN LOAM5 
k 

k 0 = AClD CLAY SOL* BROWN FRIABLE CLAYS 

m 5 
z m LIIHoSOLS 
< rn 

z 
k 
b = 
U I 

: sra 
LEVEL 

DEUilO S IL l8 l l  EIWAI L.I. BUlN L.S. PAURONA L . I .  ERAYI L.S. TAKULN MELlLUP 
,LS .  L.5. , L Z . ,  L S  , 
0 5 10 15 ZQ 25 SO 

MILES 

Fig. 13.-Transect tlxough Kanggu Hill and Lake Laloru. Vertical scale of soil 
profiles greatly exaggerated. 

This sequence of dominantly ash soils radiating from volcanic centres, with 
lithosols on the steep slopes, passing into the ash-covered and non-ash soils on the 
periphery, is diagranlmatically illustrated in Figure 13. The section has been drawn 
through Kanggu hill and Lake Loloru; on the lower slopes the ash cover becomes 
thinner with increasing distance from the volcanic centres near Mt. Taroka. 

VI. SOIL ENGINEERING 

Soils have also been classified from the point of view of engineering. The 
engineering soil classification employed (Appendix I) is the American Association of 
State Highway Officials' (AASHO) system, based on the perfor~nance of soils beneath 
highways. The classification separates soils of about the same general load-carrying 
capacity and service into seven basic groups that are designated A1 through A7. The 
best soils for road subgrades are classified as A1 and the poorest soils as A7. The 
significance of the classification can be obtained by reference to the P.C.A. Soil 
Primer (Portland Cement Association 1962). 

The classification normally depends on sieve analysis and laboratory tests of 
liquid limit and plasticity index, but in view of the sparse sampling network it was not 
considered worth while to collect the large samples required for the latter tests. 
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TABLe 14 
AREAS OP AASHO SOIL CATEGORIES 

Soil 
(sq miles) 

A3 soils (sands) 
A3 alone 
A3 with cobble gravel 
A3 with boulders 

A4 soils (loams) 
A4 or A6 alone 
A4 over A1 over A4 
A4 over Rs 
A4 over A3 
A4 over A6 
A4 over A7 

Total 1 371 

A6 soils (friable clays) 
A6 alone 
A6 over Rs 

Total 1 2243 

A7 soils (plastic clays) 
A7 alone 
A7 over RS 
A7 over RH 

Total 

Total 1 156 

1 110 

A8 soils (peats) 
A8 alone 
A8 over Rs 
A8 over A3 

Total 1 245 
No soil (rock and stones) 

Rs I 220 

Total 1 350 

Total 1 3475 



120 R. M. SCOTT 

Instead, the probable category of each soil was assessed by comparison with descrip- 
tions in the P.C.A. Soil Primer. Sieve sizes could not be exactly matched with those 
specified by the American Association of State Highway Officials, but material 
passing BS 18 and retained on BS 30 was designated "coarse sand" and material 
passing BS 30 and retained on BS 200 was designated "fine sand". 

The proportions of various soil categories present in the area are indicated in 
Table 14. Considering the soils in the upper 1 or 2 ft of the profiles it is clear that the 
loamy category A4 soils are predominant. These soils are h e  sandy or silty loam 
rather deficient in both clay and coarse particles. Next in importance come the 
granular, but poorly graded, A3 soils comprising the sands of river beds, flood-plains, 
beaches, and recent volcanic ash; and after them are the areas of hard and soft rock, 
boulders, and cobble gravel. Swamp soils are classified as AS, but may not be 
completely intractable as the peat content is not always very high and sand is often 
present. Two types of clay soils occur: the friable clays developed on weathered 
volcanic and sedimentary rocks, classified as A6, and the more plastic clays developed 
over limestone, classified as A7. 

For many purposes the soil characteristics at greater depth are important. 
Considering layers at depths of 3 or 4 ft, the category Rs, comprising weathered rock 
and unconsolidated volcanic debris, is predominant. A3 soils are more abundant than 
in the surface layers, and A4 soils, though much less abundant than in the surface 
layers, are next in importance to A3 soils. 

The distribution of the engineering soil classes can be obtained from the tabular 
land system descriptions in Part III. The columns headed "land form" and "land 
class" in these descriptions are also of direct interest to the engineer. 

JENNY, H. (1941).-"Factors of Soil Formation." (McGraw-Hill: New York.) 
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Handb. No. 18. 
U-D STATES SOIL CONSERVATION S E R ~  (1960).-"Soil Classification: A Comprehensive System. 

7th Approximation," (US. Govt. Printer: Washington.) 
VAN W m ,  C. L. (1963).-The soils of Bougainville Island-Their distribution and main charac- 

teristics in relation to a~icultural development. Papea New Grri,r. agpic. J. 15, 123-32. 



PART IX. VEGETATION AND ECOLOGY OF BOUGAINVILLE 
AND BUKA ISLANDS 

I. IN~ODUCTION 

(a) Historical 

The botanical exploration of Bougainville started in 1905, when Rechinger and 
Rechinger (1908) visited several places on the east and south coasts. Kajewski (1946) 
collected for six months in 1930, mainly in the southern part and up into the mountains 
as far as Lake Loloru. In 1960, Corner (1963) visited Bougainville for a few days and 
found a very rich Ficus flora. 

Plants connected with indigenous usage and folklore received attention from 
several persons during the 1930s and have been listed by Blackwood (1935), Record 
(1945), and Kajewski (1946). 

In 1945 the Department of Forests carried out an aerial photographic inter- 
pretation of the vegetation cover of the whole district, recognizing only very broad 
types but mapping out the distribution of Terminalia brassii. An exploration of the 
forests of the Tonolei area in the south-eastern corner of Bougainville Island was made 
by this Department in 1962, and the Boku area was explored in 1964 just after the 
present survey. 

The botanical knowledge on the adjacent Solomon Islands, with which 
Bougainville Island forms a geographical entity, is just as scanty, although collecting 
began earlier. In 1884, Guppy (1887) collected on the Shortland Islands. Kajewski 
also visited several of the islands and in 1945 Waker assessed the timber resources 
of the protectorate (Walker 1962; White 1946, 1950). 

(6) Methods 

With this scanty information in mind the preliminary mapping of vegetation 
types from aerial photographs was carried out. This also contributed to the establish- 
ment of the preliminary land system mapping types, which were based primarily on 
land forms. 

The use of a helicopter during the field work greatly facilitated the examination 
of the distribution of those vegetation types readily recognizable from the air, e.g. 
vegetation types rich in bamboo, or forest dominated by Terminalia brassii. 

Observations were made and h a 1  mapping was done in close cooperation with 
the forest botanist. Herbarium material has been deposited at the Herbarium 
Australiense, Canberra, where identifications have been carried out by the staff. 

*Division of Land Research, CSIRO, Canberra. 
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TABLE 

Habitat 

Beach 
Open water 
Swamps 
River bars 
Volcano-sera1 
Mountain tops 

Swamps 
River banks 

Riverine 

Tidal 
Swamps 
>4000 ft a.s.1. 

Beach 
Beach ridge 
Boulder bars 
Boulder bars 
Precipitous slopes 
Ridge slopes 
Mountain tops 

Limestone outcrop 
> 3500 ft a.s.1. 

Mangrove 
Beach ridge 
2500-4000 ft 

- 

8 
2 
'3 

g 
m - 
> 

-g ' 

DISTRIBZmON OF VEGETATION TYPE 

Vegetation Type 

Mixed herbaceous vegetation 
Spijrifex-Canavolia 
Nymphaea-Azolla 
Lceraia-Hanguann 
Pnspolrrm-Cassia 
Lyeopodircm-Gkiclzerlia 
Mountain , 

Tall grassland 
Phr.agmifesSacclia~.~~~~~ 
Soeehnrrtm robrisiftm 

Woodland and savannah 

Casriari~~a woodland 
Savannah 

Palm and pandan vegetation 

Nypn vegetation 
Pn,rda,rr,s vegetation 
G~lubin-Pandnnu,r vegetation 

Scrub 
Rhizop1,orn 
Hibiscrrs-PRtzrlnnr,s 
Trenm 
Ficm nrbrrscula 
Cyatlrea-Tre~nr! 
Cyathea-Bambtisa 
Mountain 

Low forest 

Phyllantlr~,~ 
Mountain 

Mid-height forest 

Rbizop1zor.a-Br~gr~iem 
Cerberrr-Caloplry1111111 
Gnreirzia-Elneoearpt,.~ 

Raised 
Coral 
Recf 

s o  

Swamps 

m 
D 
m 
m 

S 
m 

m 

m 

---- 

Coasts 

--- 

g 
.!4 

3 - g  r l g ~ r n  
--- 

ln m 
m 
S 

--- 

--- 

--- 

m m 

--- 

m m 
S m 

--- 

S 
S 

Plains 

.- 
. $ . a  

S m m  
S 

S 
m m m  

~n 

~n 

m 
m 

S 

Geon~orphic Categories 

Volcano- 
Alluvial 

Fans 

d 

e m . Z %  
F & g * *  

2 2 r - a  2 
m m i r i p l d ~ d h  

m 
m 

m 

m ln m 

m m 
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15 

IN RELAnON TO LAND SYSTEMS* 

and Land Systems 

Volcanic 
Landscapes 

Erosional Hills Erosional 
Mountains 

m m m  

S D  S S S  

- 
Approx. 

Karst Total 
Plateau Area 

(sq 
miles) 

4 .- 

8 
-- 

2 
5 

100 
17 
18 
5 

-- 
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I Geomorpl~ic Categories 

Vegetation Type 

- 

E .* 
2 

* D, dominant, area occupied > 50 % of land system; S, subdominant, area occupied 15-50%; m, minor, 
area occupied < 15%; +,areal extent undetermined. 

Habitat 

n 

8 
.- - 
d + 

5 
2 
r; 
8h o 
a 

Tall forest 
Vitex-Po,nelin 
Vitex-Octo,ncles 
E~rodin-Pometia 
Te,.miiralin brussii 

Coral 
Reef 

Lowlands 
Lowlands 
Riverine 
Rivcrine 

Gardens and plantations 

Indigenous gardens 
Plantations 

Mid-height grassland 
Inlperaln-Thenzeda 

Herbaceous regrowth? 
Polytoea-Gleiehenin 
Muss-Heiiconia 

Scrubby regrowtht 
Mn~nrrr,rga-Alphitonia 

Secondary scrubt 
Macarungn-Bnmbrrsn 
Sarirnnia eo,rferfn 

Young secondary forest? 
Macnrangn-Alplritorlia 
Kle6rhovia-Hibisats 
Altlroj$5a-A(phitoi~ia 

Secondary forest? 

A~.tocarp~is-Bafnbnsn 
A~~tocorn~,.~Alhizia 

Twminnlin br.assii-Ca~~Ip~~osper,>za Swamps 
Neo,rar,clea-Sloanea 1 1500-2500 ft 

9 0  8 

Coasts 

--- 

< 3500 ft a.s.1. 
< 1300 ft a.s.1. 

Lowland 

< 3500 ft a.s.1. 
Damp 

<3500 ft a.s.1. 

Rock outcrops 
Enclosed flats 

c 3500 ft a.s.1. 
Lowland 
Lowland 

< 3500 ft a.s.1. 

+ 4 
D 2 

m n 

+ E 

-I- i 

Swan~ps Plains All~~vial 
Fans 
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I + + + +  + + ,  1 + 30 
S S S  D m m D m  m S D S D m m m  S l S S l  1 490 

-1 Records for secondary vegetation types, except drtocn,prrs-dlbizia secondary forest, are incomplete 
as they could not be supplemented by air-photo interpretation. 

Approx. 
TOta1 

Area 
(ss 

miles) 

-- 

and Land Systems 

D D  

m m D  

Volcanic 
Landscapes 

.- . $ 4  .$.$",;, 

S S D D  D S S S  D 

ni ni m m m m m n~ m m 

m S S  rn S S m S m S S S  

~~~~t 
plateau 

4 
$ 

Erosional HiUs 

0 .- 
. m .s .- " 
a g i  p : a d z i g i i 4 p  g % a  2.2.2.2 

m c ~ % ~ ~ ~ f i c 2 ~ a m a m 2 E B r B u w ~ p 1 z G  

m m m  

m m m m  

S S S S  

Erosional 
Mountains 

m a *  .- 
i s  a s s  

$ %  5 E d . b  3 2 m . *  

865 
178 
28 
31 
95 

340 
-- 
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Species documented in this way are given their collection number between brackets 
when they are mentioned in Section 1V of this Part for the f i s t  time. Specimens 
supported by wood samples only are referred to in Part X. All other species and 
generic names used are based on field identification only. Trees and palms not 
satisfactorily identified are quoted with the name given by our tree-spotters, who were 
not indigenous to Bougainville, but from Madang. Their names in A~nele language 
do not necessarily refer to the same taxa as in their own district. 

Fig. 14.-Diagrammatic presentation of the principal vegetation types in their cnvironlnental setting. 

This Part is arranged so that the principles of vegetation classification are 
discussed first, followed by definitions and examples of the major groups of vegetation. 
This is followed by the detailed descriptions of the primary vegetation types, including 
sera1 vegetation due to volcanism, and of the anthropogenons vegetation types. 
Table 15 relates these types to the land systems and gives the approximate total area 
in square miles covered by each type. Figure 14 gives a generalized landscape setting 
of the more important types. A section on ecology concludes the Part and can be 
understood without reading the detailed description. I t  is accompanied by a separate 
map. 

For classification of the vegetation the same principles are followed as in the 
Port Moresby-Kairuku area (Heyligers 1965). Major groups are distinguished on 
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dominant life forms and include mixed herbaceous vegetation, grassland, woodland 
and savannah, palm and pandan vegetation, scrub, and forest. Grassland and 
forest have been separated into low, mid-height, and tall. Because the vegetation is 
evergreen the distinction between evergreen versus deciduous, on which some major 
groups in the Port Moresby-Kairuku area were subdivided, was irrelevant here and 
for the sake of brevity evergreen is omitted from the names. 

The major groups have been subdivided into vegetation types which are 
characterized partly by structural features and partly by floristics. Vegetation types 
are generally named after two characteristic or abundant genera, and only in some 
cases after a dominant species. These vegetation types are not meant to be equivalent 
to associations, as defined by several phytosociological schools; they have in fact a 
much wider variation in composition than one would allow for an association. 

-ties between vegetation types are expressed by the use of the same genus 
or species name in the name of two or more types. 

Some vegetation types for which data from aerial observations only were 
available have been given a general, habitat-indicating name. 

The idnence of the indigenous and European population on the vegetation has 
been considerable, especially at lower altitudes, and over large areas no primary 
vegetation is left. I t  was felt that the classification would gain in clarity if the types 
of an obviously secondary nature were brought together instead of treating them 
under the appropriate major group. Moreover, an addition in nomenclature has been 
adopted: the rather chaotic younger sera1 stages have been called "regrowth", viz. 
mixed herbaceous regrowth and scrubby regrowth; and for the already more balanced, 
older stages "secondary" has been tagged to the group name, viz. secondary scrub 
and secondary forest. 

(a) Mixed Herbaceous Vegetatioiz 

Non-graminoid herbs distingnish this group, although grass-like plants are 
generally not absent and some woody plants are occasionally present. They are often 
pioneer or early successional types, e.g. the Spinifex-Canavalia vegetation of beach 
shores, the Paspalum-Cassia vegetation on sand bars in river-beds, and the Polytoca- 
Gleichenia regrowth that occurs on frequently cleared sites around villages and 
gardens. Another mixed herbaceous regrowth vegetation is dominated by giant 
wild bananas and gingers. On the other hand, the Leersia-Hanguawa swamp vegetation 
and the herbaceous vegetation of mountain tops also belong to this major group. 

(b) Grasslands 

Grasslands are vegetation types dominated by grasses (excluding barnboos) and 
are subdivided according to their height into low grassland, up to 2 ft high; mid-height 
grassland, up to 5 ft high; and tall grassland, more than 5 ft high. Scattered trees or 
shrubs sometimes occur, especially near forest borders. 

Low grassland does not seem to occur in the BougainviUe area. The mid-height 
grasslands are classified into a single type: Impcrata-Tlwmeda grassland, which is 
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clearly induced and maintained by man through regular burning. Two types of tall 
grassland occur: Saccharum robustunz vegetation along river courses and Phragmites- 
Saccharum grassland, indicative of damp or swampy environment. 

(c) Woodland and Savannah 

WoodIand and savannah are both open tree communities of which woodland 
conlprises the denser stands with often more or less gregarious occurrence of the 
trees. They are only of minor importance in the Bougainville area. 

The only example of woodland was found on the banks of braiding streams, 
where Casuarina formed open stands in tall grassland. 

A savannah-like vegetation consisting of a dense herbaceous ground cover with 
scattered trees and bushes occurs on the slopes near Lake Billy Mitchell. Other 
representatives of savannah are the areas with scattered trees in Leersia-Hangnana 
vegetation, which forms the ecotone between herbaceous s w m p  vegetation and forest. 

(d) Palm and Pandan Vegetation 

In the vegetation types of this group either palms or pandans or both together 
occur in physiognomy-determining quantities. 

Except for coconut plantations and planted Metroxylon salomonense groves, 
scattered stands of Nypa in swales behind the first beach ridge form the only palm 
vegetation type. Pandan vegetation is characterized by an open canopy formed by 
Pandanus. I t  was seen only from the air because its occurrence is limited to some 
swamps with tall grass vegetation. 

A spectacular example of combined palm and pandan dominance is formed by 
the Gulubia-Pandanus vegetation which covers the part of the mountains that is 
shrouded in clouds daily. 

(e) Scrzrb 

Scrub comprises closed commul~ities dominated by shrubs, low gnarled trees, or 
trailing bamboo. Emergent trees are often present and climbers abound, especially in 
the secondary types, e.g. in Macaranga-Alyhitonia scrubby regrowth and Macaranga- 
Barnbusa secondary scrub. Other examples of scrub can be found along shores 
(Rlzizophora scrub, Hibiscus-Pandanus scrub), as sera1 vegetation in river beds (Trema 
scrub, Ficus arbuscula scrub), and on mountains, e.g. Cyathea-Bambusa scrub which 
is particularly common on mid-altitude ridges, and lnontane scrub formed by very 
low, bushy shrubs as was seen near the top of Mt. Balbi. 

(f) Forest 

Forest is a closed vegetation of trees and has been subdivided into low, mid- 
height, and tall, determined by the average height of the canopy: up to 50 ft for low, 
between 50 ft and 100 ft for mid-height, and over 100 ft for tall forest. Conlplexity in 
structure generally increases with increasing height. 
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To low forest belong several young secondary forest types, e.g. Macaranga- 
Alphitonia and Kleinhovia-Hibiscus young secondary forest, and some forest types 
occurring at higher altitudes. 

Rhizoplzora-Bruguiera forest, a type of mangrove, and Cerbera-Calophyllun? 
forest, usually called "Barringtonia fornlation", are typical examples of mid-height 
forests. In this category fall also Garcinia-Elaeocarpus forest of mid altitudes and the 
Artocarpus-Bambusa secondary forest. 

Tall forest comprises what is usually called "tropical rain forest". Vitex- 
Poinetia forest and Neonauclea-Sloanea forest occur on better-drained soils, 
Vitex-Octomeles forest and Euodia-Pometia forest on more poorly drained soils, and 
Terminalia brassii forest and Terminalia brassii-Campnosperma forest in swampy 
situations. 

IV. DESCRIPTION OF THE NATURAL VEGETATION TYPES 

(a) Mixed Herbaceous Vegetation 

(i) Spinifex-Canavalia Mixed Herbaceous Vegefation.-This vegetation, often 
called "pes-caprae formation" (van Steenis 1958), is dominated by sand-binding 
creepers, e.g. Ipomoea pes-caprae, Canavalia maritima, Spinifex littoreus, Thuarea 
involuta, and Cyperus pedunculatus. It occurs on beaches above the high-water mark. 
Ipoinoea yes-caprae often dominates over large stretches, probably favoured by the 
short, steeply sloping beaches with much-moved sand. 

(ii)Nymphaea-Azolla Mixed Herbaceous Vegetation.-Submerged Ceratophyllum 
and Nymphaea and floating Nymphoides, Nymphaea, Azolla, Lemna, and Spirodela 
form this community, which occurs in standing or slowly running fresh water. This 
habitat is of limited occnrrence because of lack of open water at lower altitudes; it is 
found in some swales of Jaba land system and locally in Moila land system. 

(iii) Leersia-Hanguana Mixed Herbaceons Vegetation.-This type, up to 6 ft 
high, consists of grasses (e.g. Leersia lzexandra, Hymenachne acutigluma, and 
Eclziizochloa), coarse sedges (e.g. Thoracostaclzyunz snmatranunz and Scleria), herbs 
(e.g. Hangliana malayana, Ludwigia, and Polygonum), and ferns (e.g. Cyclosorus, 
Blechnum, and the climbing Lygodium). It occurs in swainps as a floating mat or 
rooted in organic mud. 

Often special facies develop in which one or some of the spccies become 
dominant. From the ah this was observed in the swamp south-west of the Deuro 
Range (Plate 10, Fig. 1). The centre of the swamp was donlinated by a sedge-fern 
facies, while Hanguana malayana or Tl~oracostaclzyum sunzatranum dominated large, 
more n~arginal tracts. Pandanus and broad-leaved trees, e.g. Campnosperma, 
overgrown with herbaceous climbers occurred in the Tlzoracostachyuin facies near the 
forest border, which gives this facies a savannah-like appearance. The Haizguana 
facies is also found in inundated swales and along watercourses in Jaba land system 
(Plate 11, Fig. I), whereas a Thoracostacl7yum-Hangzrana facies with some Hibiscus 
and Pandanus occurs in old swales and channels in forest. 

(iv) Paspaltuncassia Mixed Herbaceous Vegetation.-This type is an open 
vegetation, colonizing sand-bars and boulder bars of meandering and braiding rivers 



(Plate 9, Fig. 1). It  consists of low tussock and creeping grasses (Paspalurn, 
Ischaemum muticunz (no. 1073)), weedy herbs (Stachytarplzeta, Polygala, Ludwigia, 
Rubiaceae, and Compositae), weedy low shrubs (Cassia alata, Mimosa pudica), and 
herbaceous creepers (Pass@ora foetida, Convolvulaceae, Wedelia bifEora, and Micania 
cordata), usually with some ferns, especially in braiding rivers. Sometimes tussocks 
of Saccharum robustum line very neatly the margins of older sand-bars, together with 
Melochia umbellata (no. 1074) shrubs. Very scattered higher shrubs and young trees 
occur, e.g. Trema, Albizia, Ficus arbuscula, Casuarina, and Macaranga aleuritoides. 

Soils are sandy or gravelly and liable to have a very variable ground-water 
regime, with wetter phases dominating, and frequent flooding. 

(v) Lycopodium-Gleichenia Mixed Herbaceous Vegetation.-This type is 
characterized by the dominance of club mosses and ferns, and occurs on slopes of 
bouldery volcanic material and higher flats of the upper part of braiding streams 
(Plate 9, Fig. 2). Its cover varies from almost nil on steep slopes and exposed flats to 
100% on crests and sheltered flats. Lycopodium cernuum is constantly common; 
Gleichenia is often common, sometimes strongly dominant, but is not found in 
frequently inundated localities. Other ferns (e.g. Davallia solida (no. 1047), 
Pityogramma calomelanos (no. 1048), Blechnum orientale (no. 1049), and Nephrolepis 
cordijolia (no. 1050)) generally occur and seem to be more common where the numbers 
of Gleicl?enia decline. Mosses and/or lichens are common in not too open vegetation. 
Herbs are generally absent but some Spatl~oglossis orchids occur on terraces. 
Scattered tussocks, up to 6 ft high, probably of Saccharum spontaneum and Imperata, 
glve the vertical accent to this vegetation which is otherwise lower than 2 ft. 
Sacchar.um is particularly common on the ridges. Imperata forms open single-species 
stands in the lower, dampest parts of the volcanic flats of Mt. Bagana. Shrubs are 
rare but in the braiding-river beds Melastoma malabatricum (no. 1053) occurs sparsely. 

Extreme hydrological conditions are characteristic of the habitats, not only in 
the fl~~ctuation of the moisture content but also in locally high content of volcano- 
derived sulphur and other minerals that may inhibit plant growth. 

In some of the largest herbaceous swamps of Moila land system the central area 
is occ~~pied by dense stands of Lycopodium-Gleiehenia vegetation, both taxa 
mentioned in this name being particularly common. Very small specimens of 
Hanguana malayana and of a sedge (?Fuirena) are indicators of the swamp conditions. 
The vegetation appears to occur on a dense floating mat of roots and organic debris, 
with water at about 8 in. Occurrence of this type in such a different situation may 
possibly be explained by physiologically extreme conditions, for instance swamp 
water with low nutrient status due to stagnancy. 

(vi) Herbaceous Vegetation Types of Mountain Tops.-From the air, herbaceous 
vegetation types have been seen on Mt. Balbi, on the rim of Billy Mitchell crater lake, 
and in a minor area in the Lake Loloru crater, which all belong to Balbi land system. 
Unfortunately, no ground observations could be made on these types. 

On Mt. Balbi large areas are covered with a vegetation in which a large tussock- 
form~ng species gives a characteristic physiognomy. 

Also on Mt. Balbi and near Lake Loloru, high-altitude bogs situated in old 
craters were observed. 
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(b) Tall Grassland 

(i) Phragmites-Saccharum TUN Grassland-This is 8-15 ft high and is dominated 
by Pl7ragmites I<arlca, often mixed with Saccharunz robustum, with a scanty under- 
growth of ferns, scattered herbaceous clinlbers, and some individuals of Kleinlzovia 
hospita, Hibiscus, Trema, or Pandanns. Habitats range from permanent swamps to 
periodically flooded areas. Phragr?zites-Sacchmum grassland occurs, for instance, in 
mosaic with several facies of the Leersia-Hanguana vegetation, but sonletimes 
dominates the whole swamp. It covers large areas of the bar plains IU Saua land 
system, where it is at  least partly successional, replacing died-off Terminalia brassii- 
Cam~~nosperma forest. 

(ii) Saccharum robustum TUN Grass Vegetation.-Stands of Sacclzmurn robusturn, 
up to 14 ft high, occur on lowest river terraces, on bars, and in old river channels 
(Plate 9, Fig. 1). Forbs and ferns are absent or scarce but climbers (e.g. Micanin 
cardata, Ipomoea, and Tetrastigma) are sometimes abundant. Scattered shrubs of 
Hibiscus, Kleinhovia hospita, and Macaranga aleuritoirles occur, and in local groups 
with Melochia unzbeNata and Albizia form a transitional stage to forest. 

(c) Woodland and Savadnah 

(i) Casuarina Woodland.-Casuarina vs. cunninghamiana, pioneering on higher 
sand-bars in the Paspalum-Cassia vegetation, forms gregarious stands on the higher 
banks of braiding streams in Saua land system. Trees are on the average 35 f t  tall, 
the tallest are 55 lt. The stands have a slight admixture of Macaranga aleurifoides, 
A@hitonia, and Melochia umbellata. Dense, 2-ft-high grass forms the ground cover 
in the more shaded areas and 12-ft-tall Saccharum robustum in the lighter spots. 
Abundant herbaceous climbers (e.g. Micania cordata, Pass@ora foetida, and 
Stenochlaena) scramble over trunks and branches and through the ground cover. 

(ii) Savannah.-Savannah is of very limited occurrence and was seen only from 
the air. One type was observed on the lower slopes of Lake Billy Mitchell; another 
seen near the border of herbaceous swamps was formed by Pandanus and trees over 
an understorey of Thoracostaclzyum sumatranurn or other plants of the Leersia- 
Hanguana vegetation (Plate 10, Fig. 1). 

(cl) Palm and Pandan Vegetation 

(i) Nypa Palm Vegetation.-This is a dense vegetation formed by the 12- to 
30-ft-high fronds of Nypafiuticans. It  is confined to some of the first swales in  Jaba 
land system and the lower reaches of creeks and tidal plains in Soraken land system. 

(ii) Pandanus Vegetation.-This vegetation type consists of a rather dense layer 
of Pandanus trees with herbaceous creepers often covering the trunks and branches 
and with an undergrowth of coarse sedges and Ha~zguana malayana. It occurs in 
some swamps and as enclosures in Terminalia brassii-Campnosperma forest. 

(iii) Gul~~bia-Pandanus Vegetation.-This is a vegetation about 65 ft high, which 
could well be classified as a mid-height forest were it not that, owing to an abundance 
of palms in the canopy and pandans in the lower storeys, it is more properly placed in 
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the major group of palm and panda11 vegetation. Gu/ubia and other palms form an 
important and often predominating constituent of the irregular, rather open canopy 
(Plate 2, Fig. 2). A number of them are often more or less emergent, giving this 
vegetation a very characteristic silhouette from the air, especially where it occurs on 
ridge crests. Trees in the canopy, e.g. Garcinia, Ti~nonius, Rapanea, and Ascarina, are 
microphyll and notophyll. Pandanus is very common in the lower tree layer, but is 
largely replaced by a bamboo species with whorled leaves where this vegetation type 
occurs on very steep slopes. Tree-ferns are common in the scattered shrub layer. The 
herb layer covers about 50 % of the ground and ferns are common. A layer of mosses 
covers about 70% of the ground, which is springy owing to a peaty topsoil layer. 
Climbers are present; they are mainly thin woody and include some bamboo. 
Ep~phytes are abundant; small ferns and particularly mosses are predominant, 
orchids and Freycinetia are cornmon. 

The Gulubia-Pandanus vegetation covers peaks, crcsts, slopes, and saddles 
above 4000 ft altitude, habitats that are clouded during part of almost every day. 

(e) Scrub 

(i) Rl~izophora Scrub.-Giant shrubs of Rliizophora up to 20 ft high, sometimes 
mixed with Sonneratia, line protected, tidally inundated sandy shores and shallow 
sandy mouths of creeks. Where the shore is not too steeply sloping, Rhizophora 
scrub is backed by Avicennia, Bruguiera, and Rhizophora trees, but where a low ridge 
exists behind the sc~ub line Excoecaria agallocha occurs. 

(ii) Hibiscus-Pandanu Scrub.-This scrub, of a height between 12 and 35 ft, 
consists of shrubs and low trees: Hibiscus tiliaceus, Pandanus odoratissinzc~s 
var. novoguineensis, Scaevola sericea, Cerbera manglias, Calo]~hyl/um inopliyllum, 
Barringtonia asiatica, Alstonia syectabilis, and young Cocos palms. In the understorey 
gingers are present to common, and sometimes palms occur, particularly in areas 
where they are also found in the adjacent forest. The herb layer varies in richness 
with grasses, ferns, orchids, and various seedlings. Crinum for~ns one of its typical 
constituents. Smilax, Wedelia, and other nlainly thin woody climbers are very 
conlmon. Epiphytic ferns arc present to common. 

Hibiscus-Pandanus scrub occurs on the k s t  beach ridge in Jaba and locally in 
Soraken land system. I t  forms a part of the so-called "Barringto~zia formation" 
(van Steenis 1958). 

Where the ridge is formed mainly of coral rubble, a variant less than 10 ft high 
is found dominated by Messerschmidia argentea and Acantlius ?ilicifolia. On low-lying 
inner ridges a depauperate variant occurs mainly consisting of Hibiscus tiliaceus and 
some Cerbera mariglias, in which Pandanus is rare and Flagellaria indica abounds. 
Tlzoracostaclzyum sumatranurn is indicative of the damp situation. 

(iii) TreJlla Scrub.-This 14-ft-high scrub formed by pure stands of Trer?za has 
a rather open canopy. Grasses, e.g. Imperafa exalfata (no. 1082) and Pogonatherum 
paniceurn (no. 1083), and ferns, e.g. Pityogramma calomelanos and Nephralepis 
cordifolia, dominate in the continuous, 2-ft-high ground cover. It occurs on higher 
boulder bars in braiding streams. 
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(iv) Ficus arbuscula Scr~tb.-A rather dense, 20-ft-high scrub of Ficus mbuscnla 
is found on some higher boi~ldery bars in river-beds of Siwai land system. The herb 
layer has a negligible cover and consists of grasses and some Elatostema (no. 1102) 
tussocks. Mosses cover the boulders. The ant-harbouring epiphytes Myrmecorlin 
and Phynzatodes sinuosa are common. 

(v) Cyathea-Trema Scrub.-On the precipitous, strongly dissected slopes of 
badlands in the volcano-alluvial fan land systems, irregular vegetation occurs 
dominated by Cyathea (no. 1043) and mixed with many shrubs and treelets, e.g. Trema, 
Albizia, and Lal~ortea, with Casuarina at higher altitudes. The understorey consists 
of ferns, tree-ferns, gingers, pandans, Sacchnruin sponta~zeum, and young Caryotn 
rumphiana palms. Perpendicular walls are covered by mosses and liverworts. 

(vi) Cyathea-Bambnsa Scrub.-This is a 10-14-ft-high, dense, continuous 
vegetation formed by climbing, scrubby bamboos, e.g. no. 1044 and Bambusa (no. 
1055), sometimes mixed with Saccharurn spontaneum (Plate 7, Fig. 1 ;  Plate 9, Fig. 2). 
Cyathea (no. 1043), scattered to abundant, is emergent, up to 25 ft tall, together with 
some Musapeekelii (no. 1031), and with Macaranga, Albizia, Casuarina, or other trees 
in varying numbers. The ground is covered by a thick springy layer of old leaves and 
stems, and the herb layer of ferns and grasses is open and irregular. 

Bccause of its inaccessibility Cyathea-Bambusa scrub has been sampled 
inadequately. I t  occurs in a variety of habitats from almost sea level up to altitudes 
of about 5000 ft, for which reason a number of subtypes are very likely to occur. 
Often it covers large areas in which it seems to be a rather stable vegetation. On the 
plain remnants in Saua land system, however, it is very likely to be a successional 
stage to forest. 

(vii) Mountairz Scrub.-On the upper slopes of Mounts Balbi, Takuan, and 
Taroka, scrub has been observed from the air, but no ground observations could be 
made (Plate I). 

(f) Low Forest 

(i) Phyllanthus Loll1 Forest.-On limestone outcrops in Keriaka land system a 
25-30-ft-high microphyll forest vegetation is dominated by Plzyllanthus (no. 1084) 
with some Dysoxylum and Ficus, whose roots embrace the rock outcrops. Gingers 
are present in the patchy open shrub laycr and Aspleniurn nichis features in the herb 
layer. 

(ii) Mountain Low Forest.-An example of this type was found on slopes of an 
entrenched valley in Takuan land system at an altitude of 3500 ft above sea level. The 
canopy was 45 ft high and had irregular gaps; trees were mainly notophyll and 
mesophyu. The shrub layer was evenly scattered and up to 20 ft high. Cyathea was 
very common in both layers. The herb layer covered about 70% and consisted of 
Elatostema spp., Begonia, and various ferns and seedlings. A thick layer of litter 
covered the ground. Climbers, mainly thin woody, were common. Epiphytes were 
abundant; mosses and small ferns, e.g. Asl~leniurn cf. sancti-christophori (no. 1089), 
were particularly conlmon. 
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Forests probably belonging to the low forest subgroup were observed from the 
air at altitudes above 6000 ft in more or less sheltered situations in Takuan, Erava, 
Melilup, and Emperor land systems. 

(g) Mid-height Forest 

(i) Rhizophora-Bruguiera Mid-height Foresf.-This forest is 50 to 80 ft high, has 
a canopy with irregular gaps, and is dominated by Rhizo~~hora and Bruguiera. I t  is 
subject to frequent tidal inundation. A ground cover, except for seedlings, is absent 
in the lower-lying parts; in the higher-lying areas, where Brziguiera is common, it is 
formed by Ac~ostichum ferns and scrambling Clerodei~drum inerme shrubs. This 
forest type occurs in sheltered embayments of Soraken land system and belongs to 
the "nlangrove" vegetation (van Steenis 1958). 

(ii) Cerbera-Calophyllum Mid-height Forest (Plate 11, Fig. I).-This forest, 
65-80 ft high with a comlnonly rather open canopy, consists of species characteristic 
of the "Barringtonia formation" (van Steenis 1958): Cerbera manghas, Caloplzylluiiz 
inopl~llurn, Terminalia catappa, Casuarina eguiseffolia, Barringtonia asiatica, Pandanus 
orloratissimus var. rzovoguineensis, and Hibiscus tiliaceus, with other genera such as 
Syzygilrm, Xylocarpus, Yitex, and Kleinhovia. The lower tree strata are open or rather 
dense, up to 50 ft high, with palms conunon, and a rather dense, 7-10-ft shrub layer 
with many gingers and saplings. The herb layer varies in cover; ferns occur, but no 
Selaginella or Elatosletna. Climbers in a variety of forms are present to very common. 
Epiphytes are present, and are mainly ferns, aroids are rare. 

Cerbera-Calophyllurn forest occurs on the first and the second beach ridge, 
locally fringed by Hibiscus-Pandanus scrub at the shore side. 

Locally, Casuurina equisetijolia 80 ft high forms an open canopy over a 50-ft- 
high lower stratum of the above-mentioned species and represents probably a 
successional stage to Cerbera-Calophyllum forest. 

(iii) Garcinia-Elaeocarpus Mid-height Forest (Plate 3, Fig. 1; Plate5, Figs. 1 and 
2).-This type has a rather open, irregular canopy 80-100 ft high, but rather dense 
lower tree strata up to 50 ft high. Blaeocarpus and Garcinia are often the predominating 
genera, others ase Schizomeria, Dillenia, Syzygium, Casua~ina, Abhitonia, Cryptocarya, 
and Bisclzofia. The straight stcnls have small or moderate girths, and medium-height 
buttresses are common. Leaves are inicrophyll, notophyll, and mnesophyll. The shrub 
layer, 10-15 ft high, is scattered. The 3-ft-high, open herb layer is formed by grasses, 
ferns, Elatostenia, Begonia, Tradescantia, Cyrtandra, and others. Climbers are rare 
to common; rattan is absent, but the presence of Rubus is noteworthy. Epiphytes are 
comnion to abundant; among then1 are conspicuous numbers of ferns, also club 
mosses and mosses. Stilt-rooted palms ("hehek") may be common; other palms are 
rare or absent. Tree-ferns are common or very c o m m o ~ ~  in shrub and lower tree layers; 
pandans are rare or present. Bamboo, gingers, and bananas are generally absent. 
The layer of leaf litter is several inches thick and often springy. 

Garcinia-Elaeocarptrs forest occurs at altitudes ranging from 2500 to 4000 ft. 
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(h) Tall Forest 

(i) Vitex-Pometia Tall Forest.-This forest belongs to van Steenis's (1958) 
category of "rain forest (sensn stricto)": "storeys generally two with emergents; 
generally exceedingly complex in composition and immensely rich in species in all 
storeys, with here and there subdominant species on special soil types, but always 
remaining very mixed. Conifers, tree ferns, bamboo, pandans, and palms present, 
the latter three categories often with many species; generally rich in epiphytes, lianas, 
saprophytes, and parasites, but percentages varied". This is only a part of his 
description, which is quoted here as an introduction to the description of the Vitex- 
Pometia tall forest because it seems exactly suited to this type, which is very widespread 
in the lowlands of the Bougainville area. 

Vitex-Pometia tau forest has a canopy, usually 100-115 ft high, which is 
irregularly closed or continuous but light, with irregularly scattered emergents up to 
130 f t  tall. Lower storeys are open or rather dense and up to 50 ft high. AU girth 
classes are represented; straight boles are predominant, but low strongly branching 
crowns are not rare (e.g. Vitex); buttresses of various heights are well represented. 
Leaf sizes fall mainly in the notophyll and mesophyll classes. Among the commonly 
represented genera are Vitex, Pometia, Ficus, Alstonia, Celtis, Elaeocarpus, Canarium, 
Syzygium, Cryptocmya, Dysoxylum, Terminalia, and Sterculia. Sometimes one or 
two species predominate, e.g. Vitex cofmsus on flatter country, Pometia pinnata on 
slopes, and Albizia ?salomonensis in some valleys. 

Many palms, e.g. Licuala, Caryota, Areca, "siliki", "welkabibi", "sibal", and 
"hehek", feature in the lower tree strata and are common to abundant in the shrub 
layer, which is usually dense or rather dense and 15-25 ft high. In this layer giant 
herbs such as gingers and bananas (mainly Heliconia indica) are also present, but 
rarely common. Bamboos as well as pandans are usually absent but may be rare or 
present in tree or shrub layers. Tree-ferns me absent in about one-third of the stands, 
rare or present in another one-third, and common in the rest; they are generally 
restricted to the shrub layer. 

The herb layer provides only anirregular and patchy ground cover and is of very 
mixed composition, often with abundant Selaginella. Climbers, such as lianes and 
rattans, are not particularly common; epiphytes, however, are common to abundant 
and occur in a great variety of forms. 

In  the lowlands Vitex-Pometia forest is of a widespread occurrence on well- 
drained soils. I t  is the type that has suffered most from disturbance by man, who now 
has large areas under permanent or shifting cultivation. 

(ii) Vitex-Octomeles Tall Forest.-Structurally very much the same as Vitex- 
Pometia forest, Vitex-Octomeles forest shows a dehi te  floristic trend towards species 
indicative of a moister soil environment. For example, Octomeles sumatrana, 
Euorlia sp., Cam~~nosperma ?brev@etiolata, Kleinhovia hospita, and Dillenia ingens 
(no. 11 15) are present or even common among the genera mentioned for Vitex-Pometia 
forest. Rattan predominates among the climbers. 

Vitex-Octomeles forest occurs on wetter parts of the plains and the former 
lagoon floors. Depth of ground water is 1 to 20 ft, and occasional flooding is likely. 
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(iii) Euodia-Pometia Tall Forest (Plate 9, Fig. I).-The structure of this type 
differs from Vitex-Pometia forest mainly in the canopy, of which the average height is 
about 20 ft lower and which is commonly more open, resulting in denser, lower tree 
strata. Low and medium-height buttresses are common. The floristic composition 
deviates more from Vitex-Pometia forest than that of Vitex-Octomeles forest does: 
Vitex is absent, Poinetia is still present, but Euodia is often common. Among the 
others are noted Kleinhovia hospita, BischoJia javanica, Cananga odorata, Terminalia 
brassii, and T. kaernbachii. Pandans usually occur in the shrub layer, and 
Marantaceae are found in the herb layer. 

A certain degree of human disturbance in some stands might he indicated by 
the presence of Althofia and the commonness of gingers. 

The Dillenia ingens variant is regarded as a sera1 stage. It is a mid-height forest 
type, 50 ft high, and hasan open canopy in which Kleinhovia hospita and Dillenia 
ingeus are predominant and Pandanus is present. Emergents up to 80 ft are Euodia 
and Terminalia. The characteristics of the lower storeys are much the same as in the 
mature Euodia-Ponzetia forest. 

Both Euodia-Pometia forest and the Dillenia variant are found on flood-plains 
and swamp margins. Leaf litter was scattered on the forest floor, which possibly 
indicates rather frequent flooding. 

(iv) Terminalia brassii Tal1Forest.-Terminalia brassii trees up to 140 ft tall with 
large, spreading crowns, notophyll leaves, and straight holes of large girths dominate 
in this forest type and give the canopy a very characteristic "cauliflower" appearance 
from the air (Plate 6, Fig. 2). Other species are scarce; Ficus spp. (e.g. "bameso") and 
Pometia tomenfosa are some of the more frequently found. Density of the lower tree 
strata varies, but the shrub layer is usually rather dense. The herb layer covers 
30-80% and is formed by ferns, Selaginella, Elatostema, Marantaceae, and aroids. 
Climbers are present and are mainly thin and woody; rattan is absent. Epiphytes are 
common to abundant. Palms are absent or rare except in stands occurring on the 
land systems of the dissected plains, where species such as "kabibi" and "siliki" are 
common. Tree-ferns and pandans may be present, gingers are usually common, and 
Heliconia indica is rare or present. 

Termirzalia brassii forest occurs in valleys, where soils are houldery and ground 
water is at shallow depth. Where the valleys are enclosed in mountain ridges, moss- 
covered stems and the numbers of tree-ferns present express the higher-than-average 
humidity of these habitats. 

(v) Terminalia brassii-Campnosperma Open Tall Forest (Plate 10, Fig. 2).-This 
forest type is related to the Terminalia brassii forest by the fact that T. brassii often 
forms the main constituent. The canopy, however, is more open and can reach a stage 
where it  is broken up to form a layer of emergents. Beside T. brassii occur 
Cainpnosperma ?brevipetiolata, Ocfomeles sumatrana, Ficus sp. ("bameso"), and 
Semecarpus. In the lower layers, which reach a height of about 80 ft, young specimens 
of these trees occur together with Kleinhovia haspita, Euodia, Dillenia ingens, Cananga 
odorata, Nauclea, and Syzygium. Characteristics of the lower layers are like those of 
Euodia-Pometia forest, except that tree-ferns are absent and gingers rarely occur. In 
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stands permanently inundated by through-going floods palms seem to be absent and 
pandans more numerous. 

Froin the air it was observed that in extensive areas of Moila land system west 
of Boku, T. brassii was dying. Comparison of the aerial photographs taken in 1962 
with those of 1947 revealed a forest with a closed canopy on the old pictures, in 
contrast with the pole-like appearance of the same stands on the recent photographs. 
Similar air-photo patterns were seen in the swamps near the lower course of the 
Luluai River south-east or Mangona. 

(vi) Neonauclea-Sloanea Tall Forest (Plate 2, Fig. 1; Plate 3, Fig. I).-The 
irregularly closed canopy of this type is usually about 100 ft high, but emergents are 
commonly up to 130 ft tall. Ficns spp. often dominate, perhaps indicating that this 
type is partly an advanced secondary forest. On the other hand, Bougainville seems 
to be naturally rich in Ficus spp. (Corner 1963), so this hypothesis might be wrong. 
Other commouly occurring genera include Neonauclea, Sloanea, Elaeocmpz~s, Crypto- 
carya, Palaquiurn, ?Terminalin ("ebel'kunon"), and Canariz~rn. Lower tree strata are 
rather dense or open. Boles of all size classes are rcpresented. Leaves are mainly 
notophyll or mesophyll. The shrub layer is 10-20 ft high and is dominated by 
saplings; Cordilyne angustfolin is commonly seen. The herb layer is mostly con- 
tinuous and gives a 90 or 100% cover. Begonia, Selaginella, Elatostema, aroids, 
ferns, and seedlings are constit~~ents. Clilnbers are present, common, or very common; 
thin and thick woody vines occur as well as son~e rattan. Epiphytes are colnmon or 
abundant, and ferns, aroids, and Freycinetia are common. Young rattans are often 
the only,palms in the shrub layer. Caryota rumphiana or "hehek" may be present in 
the lower tree layer. Tree-ferns as well as gingers are present in the shrub layer; 
bamboo, pandans, and Heliconio indica are absent or rare. The layer of leaf litter is of 
normal thickness. 

Neonauclea-Sloarzea forest has its main distribution between approxin~ately 
1500 and 2500 f t  above sea level. 

(a) Garderis and Plantations 

(i) Indigenous Gardens (Plate 3, Fig. 2; Plate 7, Fig. 2; Plate 8, Fig. 2).--Crops 
cultivated for subsistence are of a great variety, but sweet potato, manioc, taro (tuber), 
and banana seem to form the staple foods. Other crops include sugar-cane, papaw, 
corn, rice, yam, pineapple, taro (leaf), and cucumber; potato, tomato, and cabbage 
are cultivated at higher altitudes. 

Among the useful trees are Canarium and Barringtonia for nuts, and Artocarpus 
altilis, Mangifera, and Citrus for fruit. Useful palms are coconut, betel nut, "limbon", 
whose stems are used for flooring, and Metronylon snlornonense, froilds of which are 
used for thatching throughout the islands. 

Other aspects of the indigellous agriculture are treated in Part XI. A more 
complete account of indigenous crops can be found in the lists published by Blackwood 
(1935) and Kajewski (1946). 
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(ii) Plantations (Plate 11, Fig. 2).-Cash crops produced in European as well as 
in indigene-owned plantations are mainly copra, cacao, and coffee. Coconut planta- 
tions occupy especially large areas along the coast and are being extended inland at 
altitudes up to about 1300 ft. 

Cacao is often interplanted under Cocos palms, with or without Leucaena 
leucoceplzala for additional shade in the early stage. Erythrina is seldom used as a 
shade tree; locally the forest canopy has been left during clearing to provide shade. 

(6) Grassland 

(i) Imperata-Themeda Mid-height Grassland.-This grassland, up to 4 ft high 
and forming a dense cover, is dominated by Imperata; a coarse Themeda species occurs 
sporadically. Taller grasses such as Sacchnrnm spontaneum and PoPolytoca macrophylla 
are sometimes found along the forest border. Some scattered Nel~hrolepis hirsutula 
(no. 1032), herbs, and climbers are usually present. Shrubs are absent or occur as 
an odd individi~al or in small groups. 

Only minor areas concentrated in the north-western part of Bougainville Island 
are occupied by this grassland, which, according to local information, is burnt 
annually for hunting purposes. Its development is probably promoted by the rather 
pronounced seasonality in this region. 

(c) Secondary Vegetatio~z Types 

(i) Polytoca-Gleichenia Mixed Herbaceous Regrowt1i.-Herbaceons regrowth 
establishes in untended or abandoned gardens and unless it is regularly cut or weeded, 
as for instance along tracks, it will soon be superseded by scrubby regrowth. I t  is a 
dense vegetation of grasses, e.g. Polytoca mac~ophylla, Setaria yalmfolia, Paspalum, 
Pennisetum macrostachyum, and/or Impe~.ata, and ferns, e.g. Gleichenia, Pteridium 
esculentzlm, or Nephrolepis hirsutula, with abundant herbaceous creepers, especially 
Ipomoea, and sonietimes with Rubus. Gingers, bananas, and tree-ferns and fasl- 
growlng woody plants such as some enphorbs are mostly present. 

(ii) Musa-Heliconia Tall Herbaceous Regrowth.-A dense vegetation np to 25 ft  
high is formed by the wild bananas Heliconia indica and Mzrsapeelcelii; the latter often 
tends to occur in groups. The undergrowth is scanty and consists of large aroids, 
gingers, some tree-ferns, or Caryota palms. Nephrolepis himutula is thinning out in 
the herb layer. Usually some woody i-egrowth genera such as Kleinhovia, Hibiscus, 
Macaranga, and Ficus are present and sometimes form an open canopy 40 ft high over 
the banana storey. Trees up to 130 ft tall occur throughout this regrowth, especially 
when it covers large areas as in Kohino land system. They have been spared during 
the clearing of the forest and are often useful because of edible fruits or nuts, e.g. 
Artocarpus altilis, Pangium edule, and Canarium spp. 

Smaller stands occur regularly in areas at low altitude with other regrowth 
vegetation. Although in some situations there might be an indication that this 
vegetation favours less well-drained sites, this cannot be the only explanation for the 
frequent occurrence of this type. The length of the rotation cycleis probably important 
as it is not unhkely that a number of short cycles will favour development of bananas. 
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Awell-established banana regrowth seems to be capable of suppressingwoody regrowth 
for longer periods. 

(iii) Macaranga-Alphitonia Scrubby Regrowtl7.-Under this heading are 
grouped all stages between pioneering shrubs in herbaceous regrowth, and secondary 
scrub and young secondary forest. Height of the canopy varies from 10 to 30 or 40 ft. 
Iponloea and other herbaceous creepers, and Flage1/aria irzdica often make the canopy 
dense. Woody regrowtb taxa (e.g. Macaranga aleuritoides, M, tanarius, Alphitonia, 
Kleinhovia hospita, Hibiscus, Trerna, Tlzespesia (no. 1059), Dysoxylum, and Leucaena 
leucoaphala), juvenile trees of Alstonia, Artocarpus altilis, Ficus, Albizia falcata, and 
Casuari~?a, and palms, e.g. betel nut and "limbon", solnetilnes occur together; such 
stands, howevel; alternate with stands where one or another of the regrowth species 
has become predominant. These differences do not seem to correlate with soil or 
topography, and it is very likely that factors snch as clearing cycles, intensity of 
burning, availability of seed, and regeneration from vegetative parts will exercise 
iinportant influences. 

In the undergrowth, species of the herbaceous regrowth may persist for some 
time, but gradually gingers, bananas, and Elafostenza are becoming more numerous. 
Epiphytes are absent in tlie younger stages bnt aroids appear in older stages. 

(iv) Wdcaranga-Bambusa Secondau Scrub.-The canopy of this scrub, 15-25 ft 
high, is formed partly by Macaranga and such taxa as mentioned for Macarawga- 
Alphitonia regrowth, and partly by bamboo, which occurs also in the shrub layer, 
often together wit11 scattered or dense gingers and some Heliconia indica. The usually 
open herb layer is formed by ferns, Selaginella, E~atostelna, and other herbs. Climbers 
are common, particularly herbaceous creepers in the canopy, but some rattan and 
clinlbing bamboo also occur. Epiphytes are rare. Tree-rerns are absent. Emergent 
trees up to 100 ft (e.g. Canari~un, Artocaryus altilis, Altl?oj?a, Ficus, and Sterculia) 
occur in stands transitional to Artocar~~us-Bambusa secondary forest. 

Macaranga-Bambusa scrub is found on tops of ridges and steep upper slopes, 
often associated with rock outcrops. 

(v) Saurauja conferta Secondary Scrub.-This scrub, 15 ft high, is dominated 
by Saura~ija conferfa (no. 1101), the stems of which are covered with mosses, small 
and large ferns, aroids, and a Melastomacea (no. 1060). It is interspersed with 
bamboo, tree-ferns, and some gingers. The ground cover consists of grasses, fcrns, 
Elatostema, and Tradescantia. This scrub occurs on flats, enclosed by high ridges, 
at mnedium altitudes. 

(vi) Macaranga-Atphitonia Young Secondary Forest.-The open canopy up to 
50 or 60 ft  high, wilh irregular gaps, is formed by Macaranga spp. and other Euphor- 
biaceae, e.g. Clochidium, Mallofus, Melanolepis multiglandulosa, and by Alyhitonia, 
Ficus, Tl7esl1esia, and sonle coconut and betel nut palms. Scattered emnergents include 
Albizia falcata, Ficus, and Casuarinn. The shrub layer is rather dense; tree-ferns, e.g. 
Angiopteris erecta (no. 1046), are con~mon, bananas very common, and gingers present. 
The lierb layer is continuous and Elatostema spp. often predominate. Climbers are 
commom~ and are mainly herbaceous creepers, e.g. Micania cordata over the trunks. 
Rubus also occurs. Epiphytes, mainly ferns and aroids, are comnlon. 



140 P. C. HEYLIGERS 

Macararzga-Alphitonin forest occurs on crests and slopes up to 3500 ft altitude. 
(vii) Kleinhovia-Hibiscus Young Secondary Forest.-The canopy, about 50 ft 

high, is formed by Kleinhovia hospita, pure or mixed with Hibiscus ?tiliaceus, Macar- 
anga, and Alstonia. Among the very scattered emergents tip to 120 ft tall are Ficus, 
Albizia falcata, Alstonia, Artocarpus altilis, Canarium, Elaeocarpus, and Alphitonia. 
The branchy sten1 form of Kleinhovia hospita is a very conspici~ous structural feature 
of this forest type. Lower tree strata are absent and the shrub layer reaches a height 
of 25 ft. I t  is rather dense and is dominated by gingers and scattered bananas. Tree- 
ferns are absent and palms, pandans, and banlboo are absent or rare. Climbers ar'e 
ustially conimon; rattan is present and herbaceous creepers cover the canopy. 
Epiphytes are rare in the canopy, but prescnt to comnlon lower down. 

This type occurs in coastal lowland areas on plains, slopes, and crests. 

(viii) Althoffia-Alphitonia Young Secondary Forest.-The canopy is continuous 
but light, or has irregular gaps, and is 50-65 ft high. Canarium and Artocarpus altilis 
are sometimes emergent and up to about 100 ft tall. Altlzofla dominates in the canopy 
and Albizia falcata, Alstonia, Alplzitonia, Mangifera, and Tl~espesia are often present. 
Macaranga, Ficus, M))ristica, etc. occur in the lower bee storey, which is up to 45 €1 
high and usually rather dense. Straight stems of small girths predominate, low 
buttresses are common, leaf sizes are represented f roq  leptophyll (Albizia) to macro- 
phyll (Althofia). 

The shrub layer, about 15 ft high, is continnous and rather dense. The herb 
layer, u~p to 5 ft high, varies in cover between 10 and SO%, and is very mixed. Sela- 
ginella or Elatostema are solnetimes predominant, the mainly thin woody climbers 
are usually rare; epiphytes are present in the canopy, but more common lower down. 
Tree-ferns are present to very common in the lower tree layer as well as in the shrub 
layer, and gingers are present to common in the shrub layer. Palms usually occur, bot 
bamboo, pandans, and bananas are ~nostly absent. 

This type is found on plains and flat crests up to an altitude of 1800 ft. 

(ix) Artocarpus-Bambusa Secondary Forest.--This is an open forest with a 
canopy with irregular gaps, usually 65-80 ft high, with emergents up to 110 ft. It is 
formed of a mixed and varied assortment of trees of secondary as well as primary 
forest, e.g. Artocarpus altilis, Alphifonia, Albizia falcafa, Althofia, Alstonia, Burclcelln 
obovata (no. 1045), Ficus, Elaeocarpus, Neonnuclea, Mangijera, Pomeiia, Canarium, 
Sterculia, Celtis, Palaquium, and Litsea. Bamboo, usually of the giant-clunlp type, 
characterizes this type because it is common in the lower storey and sometimes 
occupies about half of it. This lower layer is up to 50 ft  high and rather dense. The 
shrub layer, up to 15 ft high, is rather dense or scattered, and often patchy. The herb 
layer, up to 4 ft high, is mostly continnous and covers 50% or more of the ground. 
I t  is of mixed composition; ferns or SelagineNa are often predominant. 

Climbers are usually present, sometimes common, and son~e rattan can be 
present. Epiphytes are generally scarce. Tree-ferns are usually present or common 
in shrub and/or lower tree layer. Gingers are absent, present, or common. Bananas 
are usually present. Palms and pandans are absent or rare. A layer of leaf litter up 
to 1 in. thick covers the ground. 
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Artocarpus-Barnbusa forest occurs on crests and slopes, even very steep slopes, 
np  to approximately 3500 ft above sea level. A variant in which AIthofla is rather 
colnnlon is limited to lower altitudes, up to about 1500 ft. 

(x) Artocarpus-Albizia Secondary Forest.-The canopy, which has irregular 
gaps, is up to 115 ft high, usually with scattered emergents up to 130 ft. Lower tree 
strata are rather dense or open and up to 65 ft high. Boles are straight and belong 
mainly in the small and moderate girth classes. Leaf classes represented are leptophyll, 
notophyll, and mesophyll. Species colnposition is very mixed and rather related to 
Avtoca,pz~s-Bambusa forest; however, there are more primary forest elements, e.g. 
Vitex cofassus, Sloanea, and Cryptocarya. Altl~ofia has not been recorded in this type. 
The structure of the shrub and herb layers resembles that of the Artocar~~tcs-Bambusa 
forest. Climbers are colnmon or very co~n~non  and rattan is often present. Epiphytes 
are colnmon or abundant. Palms, pandans, tree-ferns, bamboo, and bananas are absent 
or rare, sometiines present. Gingers are usually present or connnon. The layer of 
leaf litter is thin or thick. 

This type is found on crests and slopes, even on very steep slopes, up to altitudes 
of about 2000 ft. I t  does not appear to occur on Siwai land system, where primary 
forest probably develops from Kleinhovia-Hibiscus or Altlzofla-Alphitonia young 
secondary forest. 

VI. ECOLOGY 

(a) General 

I n  the vegetation no elements were seen indicating seasonal drought stress, as 
all the forest types are evergreen. It is therefore probable that monthly precipitation 
is nowhere less than about 5 in. and annual totals are in the range of at least 80 to 100 
in. in the lowlands, which is confirmed by the data available (Part IV). In the moun- 
tains, rainfall figures will be higher and, presuming an increase of 4 in. for every 100 ft 
of ascent (Beckinsdale 1957), could be in the order of 200 to 300 in. Almost every day 
in the late morning clouds gather around peaks and envelop the mountains for the 
rest of the day, causing a high degree of humidity. Moreover, the vegetation will 
intercept a part of the cloud water, which may add something of the order of 30 in. 
per annum to the amount of precipitation (cf. Ekern 1964). Temperatures will follow 
the pattern associated with increasing altitnde, but no observations are available. 
Localized patches of higher soil temperatures due to volcanisul may be expected. 

Four major environments are distinguished, of which the first two are lnainly 
controlled by drainage conditions and the last two by climatic differences dne to 
altitude. They are swalnps and frequently flooded plains, better-drained lowlands, 
a lower mount.& environment from about 2000 to 4000 f t  above sea level, and an 
upper mountain environment above this altitude. They occ~~py about 9, 63, 24, and 
4 %  of the Bougainville area, and are distinguished and mapped on the basis of 
characteristic vegetation types (see map of major environments). Because factors 
related to altitude largely caused the differences between three of the major environ- 
ments, there is a good agreement between their boundaries and the altitude zones 
shown on the physical features map. 



142 P. C. HEYLIGERS 

The following sections deal with each environment separately. 
As volcanoes form snch a conspicuous p a t  of the landscape this Part concludes 

with a section on volcano seres. 

(b) Svsamps and Frequently FloodedPlains 

AU freshwater swamps are included in Moila land system (Plate 10, Figs. 1 and 
2). Frequently flooded plains form parts of Silibai and Saua land systems (Plate 9, 
Fig I ) .  More or less stagnant swamps are covered with Lee~sia-Hangnana mixed 
herbaceous vegetation or Plzragmites-Saccharurn tall grassland. Oligotrophic con- 
ditions perhaps prevail in the centre of larger swamps where Lycoyodium-Gleichenia 
mixed herbaceous vegetation occurs on a thick floating mat of roots and organic 
debris. Areas under permanently flowing water or frequently flooded such as dwinage 
intake zones, swamp margins, and low riverine tracts are covered by Terminalia 
brassii-Campnospermn open tall forest, the degree of openness presumably being 
largely determined by the flooding conditions. The decline in vigour of this forest 
type in the B O ~ I  and Mangona areas (cf. Section IV(h)(v)) is probably caused by 
local changes in the flooding regime. The ecotone between mixed herbaceous vegeta- 
tion and grassland, and open tall forest is generally broad and comprises savannah- 
like aspects of mixed herbaceous vegetation, Pandanus vegetation, and seral stages of 
Terminalia brassii-Campnosperma forest. 

Less swampy riverine tracts are characterized by Euodia-Pometia tall forest and 
its seral stages. 

Tidally flooded areas, which form a part of Soraken land system, are covered 
by mangrove of the Rhizoplzora-Bruguie~a mid-height forest type. 

(c) Better-drained Lowlands 

This environment comprises Lonalian and Siwai land systems, and the land 
systems of the volcano-alluvial fans and of the volcanic and erosional hills (Plate 8, 
Fig. 1). The altitudinal range is from sea level up to 2000 ft. Conditions for tropical 
rain forest are approaching their optimum, and Vilex-Pomefia tall forest is regarded 
as the climax vegetation under these conditions. However, an abundance of one or 
another or some of the canopy tree species, e.g. of Vitex, Pometia, or Ficus, may 
indicate that some factor in the environment interferes with optimal conditions. 
Volcanic activity, for instance, could be this factor. Species respond perhaps differently 
to the impact of ash fall, or a certain species is more favoured by fresh nutrient supply 
than other species. 

Within this tropical rain forest country some edaphoclimaxes are found. On 
the moderately drained soils, characteristic for the ecotonal transition to the swamp 
environment (Kohino and Silibai land systems), Vitex-Octomeles tall forest occurs. 
The sandy soils of the beach ridges (Jaha land system), especially of the iirst ridge, are 
vegetated with Cerbera-Caloplgvllum mid-height forest, or its seral stages Spinif-x- 
Canavalia mixed herbaceous vegetation, Hibiscus-Pandanus scrub, or the Casuarina 
equisetifolia phase of Cerbera-Calophyllum forest. Bouldery waterlogged flood-plains, 
often found in incised valleys, bear Terminalia brassii tall forest. 
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. 
About 90% of the population lives in the better-drained lowland environment 

(i.e. 24 people to the square mile). The impact of this on the natural vegetation has 
been and still is very severe in many regions. Vegetation types caused by anthropo- 
genous factors, as well as the relationships between regrowth stages, have been 
described in Section V. Altocarpus-Albizia secondary forest is regarded as the 
ultimate type, which grades into primary forest. The map of forest resources on 
which Vitex-Pometia and Artocarpus-Albizia forests appear as a combined type, 
shows how little of the tall forest is left in some regions. 

(d) Lo,ver Mountain Eizvironment 

Between approximately 2000 and 4000 ft above sea lcvel Gai.cinia-Elaeocarl~z~s 
mid-height forest forms the c h a x  vegetation, which is a form of lower montane 
forest. I t  is found on dormant volcanoes and debris slopes (Takuan and Erava land 
systems) and on erosional mountains (Plate 2, Fig. 1; Plate 3, Fig. 1). A floristic 
composition very different from the lowland forests, a less complicated structure, 
smaller average leaf sizes, commonness of tree-ferns, and an increased messiness of 
the trunks are related to the change in climate to lower temperatures and especially 
to increased humidity and rainfall. 

The ecotonal zone to the better-drained lowlands is rather broad and 
characterized by Neonauclea-Sloanea tall forest. The lower boundary of this forest 
has been used as the boundary of the lower mountain environment against the 
lowlands. 

Human impact on the vegetation is only slight; 10% of the population, or eight 
people to the square mile, live in this environment. Regrowth succession leads to 
A~.tocarpus-Bambusa secondary forest. 

Cyathea-Bambusa scrub occupies minor areas on ridge crests and steep slopes 
throughout this zone, but is more common in the northern part of Bougainville 
Island and is particularly extensive in Bagana, Keriaka, and Doiabi land systems. 
Its ecological status is not well understood. Minor occurrences are probably 
edaphoclimaxes, stoniness and shallowness of soil being prohibitive for forest growth. 
I t  is not unlikely that in the larger areas Cyathea-Bambusa scrub has been promoted 
by deposits of rather recent volcanic eruptions that would have destroyed the forest, 
giving fast-regenerating bamboos a chance for temporary dominance, which retards 
the succession to forest. 

(e) Upper Mountain Environment 

Above 4000 ft above sea level the only topographic features are volcanic peaks, 
mountain crests, and their associated upper slopes and basins (Balbi, Takuan, Erava, 
Melilup, Chambers, Karato, and Emperor land systems). Cloud banks envelop these 
habitats for shorter or longer periods every day and high humidity, high precipitation, 
lower temperatures, and strong, gusty winds prevail in this environment. Observations 
on the vegetation were made mainly from the helicopter and showed that Gulubia- 
Pandanus vegetation is the dominant type (Plate 2, Fig. 2) interspersed with bamboo 
thickets on steep slopes or low forest in more sheltered positions. Cyathea-Bamb~~sa 



scrub covers basin floors of Emperor land system. Mountain scrub and herbaceous 
vegetation, including high-altitude bogs, occur only above approximately 6500 ft on 
some of the highcst tops, mainly in Balbi and Talil~an land systems. 

(f) Volcano Seres 

Balbi and Saua land systems contain the most obvious volcano seres, successions 
in vegetation due to volcanic activity. Terrestrial observations are limited to one at 
the foot of Mt. Bagana and two along the Saua River. 

The upper part of the cone of Mt. Bagana emits steam through several solfatara 
fields and is bare of vegetation. The lower part, consisting of steep debris slopes, bears 
a sparse herbaceoils vegetation of the Lycopodium-Gleichenia type. The gentlest 
debris slopes at the foot of the cone are practically bare except for the lowest parts, 
where finer washed-out material has been accumulated against the adjacent ridges 
and moisture conditions allow the growth of Imperata or a tall sedge species. On 
some of these flats water is ponded up against the ridges and an algal growth seems 
to occur in some of these pools. Where the ridges, mapped as Bagaua land system, 
border the volcanic flats they bear denser stands of Lycopodiurn-Gleichenia vegetation 
with Saccharum spontuneum as a conunon constituent. Other parts have Cyatlzea- 
Bambz~sa scrub (and possibly also Musn-Heliconia tall herbaceous vegetation), which 
becomes more densely interspersed with trees as the distance from Mt. Baganaincreases. 

The slopes of Lake Billy Mitchell are covered with a dense herbaceous vegetation 
with an increasing number of trees and shrubs downslope. 

Solfatara fields and bare young debris deposits also occur on the slopes of the 
active crater of the Mt. Balbi complex (Plate 1, Fig. 1). The vegetation on the adjacent 
inactive craters, domes, and slopes probably includes both sera1 types and types in 
equilibrium with the high-altitude climatic and soil conditions. Comparison with the 
vegetation on the highest pasts of Mt. Takuan, the southern dominant volcano, does 
not rule out this latter postulate. 

The high plain in Saua land system, probably formed during the 1950 eruption 
of Mt. Bagana, is covered with a Cyathea facies of Cyatliea-Bambusa scrub, which is 
very rich in Cyathea (no. 1043) and in which emergent Albizia is indicative of succession 
towards forest (Plate 9, Fig. 2). Erosion of the plain is severe and the subsequently 
formed bar-plains are covered by Pl~ragmites-Saccharunz tall grassland. The flood-out 
areas have Lycol~odiunz-Gleicl7e~fia mixed herbaceous vegetation on the tracts with 
very strongly fluctuating water-tables and Pas~~nlum-Cassia mixed herbaceous 
vegetation in areas with a Inore nornlal river regime. 

These observations, scattered and sketchy as they are, do not permit a detailed 
description of the successions from bare deposits to climax vegetation such as that 
given for volcanoes on il~ainland New Guinea (Taylor 1957) and on New Britain 
(van Royeu 1963). They confirm the conclusion by these authors that edaphic 
conditions are more important than other environmental factors in determining the 
pattern of succession. Floristically, however, the volcano seres in Bougainville are 
different from those described by Taylor and van Royen. 
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PART X. FOREST RESOURCES OF BOUGAINVILLE AND 
BUKA ISLANDS 

The aim of this Part and its associated map is to describe the forest resources 
of the area, indicating the location and extent of forests and assigning estimated 
stocking rates to each forest type. The land has also been classified into categories 
giving indices of accessibility. 

Forest (as dehed in Section V of this part) covers 42% of the area, occurring 
in a wide range of environments from sea level to approximately 4000 ft. Within this 
range the forest exhibits a discontinuous distribution pattern due largely to clearing 
prior to cropping, and in some parts to volcanism. The woody vegetation above 
4000 ft has no yield? potential and in many cases should not be disturbed as it plays 
a valuable role in watershed protection. 

Generally the higher-yield forest types occur on the well-drained plains and on 
volcano-alluvial fans and low-altitude uplands with gentle to moderate slopes. These 
forests encircle the central mountain ranges but occur predominantly at the south- 
eastern end of Bougainville Island. Scattered, sometimes large, stands of high-yield 
forest also occur in swamps with through-flowing drainage. 

Approximately 45% of the forested areas is found on rugged terrain (slopes 
exceeding 30") along the central mountain ranges. Another 8 % occurs in permanent 
swamps along the coastal fringe. Thus on 53 % of the forested area, exploitation is 
rendered difficult or even impossible. 

Some milling operations take place in the area. At the time of writing, three 
private timber permits had been issued, covering the exploitation of 123,332 acrest 
on Bougainville Island. 

Previous forest surveys of the area carried out by the Department of Forests, 
Territoly of Papna-New Guinea, inclnde a vegetation map of Bougainville 
(unpublished) compiled from air-photo interpretation by Carron in 1945, and a 
detailed survey ofTonoleiHarbour, proposed timber permit area,in 1962. Immediately 
following the CSIRO resources survey, the Department of Forests carried out a 
detailed investigation of the proposed Empress Augusta Bay timber area. 

The forest potential of each land system is described in terms of area, forest 
type, yield, and access category at the foot of each land syste~u's tabular description. 

*Division of Land Research, CSIRO, Canberra. 
7 For the purposes of this paper, yield is equivalent to estimated stocking rate. 

Territory of New Guinea. -Annual Report for 1963-64. Appendix XI, Table 3. pp. 232-3. 
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Preliminary air-photo interpretation was carried out in close association with 
the other team members, particularly the plant ecologist. The photo patterns of 
forests within each preliminary land system were described and delineated, and field 
sampling was carried out following the procedure set out in Part I. Where possible, 
each unit of the preliminary land system visited was sampled by three circular plots, 
each + ac in extent. Data recorded for aU emergent and canopy layer trees whose 
girth exceeded 5 ft included girth at breast height (outside bark), merchantable length, 
total height, botanical name, and local name in Amele (Madang) language. Each 
tree was also classed on form and external symptoms of defect as suitable, orunsuitable, 
for milling. This information was augmented by visual observation when flying over 
forests at low altitude and by the observations of the plant ecologist. 

From the quantitative information collected in each plot, combmed with a visual 
photo appraisal of each plot's representative value, estimated stocking rates were 
assigned to each forest type. These figures give a very approximate indication of 
timber volume and must be used with caution as the total area of sample plots was 
only 250 ac approximately. Volumes quoted were based on a form factor of 0.5 and 
no allowance for internal defect was made. 

Identifications of unknown trees were based on the comparison of wood 
san~ples with wood specimens supported by herbarium matcrial largely collected by 
Messrs. R. Schodde and L. Craven. 

Final mapping of the forest types appears on the map of forest types at a scale 
of 1 : 600,000. To permit their inclusion, areas of Te~minalia brassii and Casual.ina 
forests have been grossly exaggerated on the map; however, the areas quoted in the 
text are Inore accurate. Where wartime photography was used no allowance was 
made for subsequent change in forest pallern. 

A generalized access category map is shown in Figure 15. 

IV. ACCESS CATEGORIES 

The area has been divided into three major categories (I, 11, and Im on the 
basis of dominant slope. Lower-case lctters (s, f, a) modify some of the major 
categories, giving seven categories in all. 

Category Is inclndes all land with slopes less than 10" either permanently 
inundated or flooded for long periods. I t  includes both freshwater swamps and tidal 
flats and covers 9 % of the area, mainly in the southern half of Bougainville Island, 
on the inland side of and often impounded by the beach ridges. 

Category If includes all land with slopes less than 10" liable to flooding for 
short to moderate periods. I t  includes the wetter flood-plains, covering 7 % of the 
area mainly in the southern half of Bongainville Island. 



Fig. 15.-Access categories for forestl-y puuposes: I, land with dominant slope <lo"; 
Is, land with dominant slope < 10' but permanently inundated; If, land with dominant 
slope < 10- but subject to flooding; Ia, land with dominant slope < 10" but up to 20% may 
exceed 10"; 11, land with dominant slope 10-30"; IIa, land with dominant slope 10-30" but 

up to 20% may exceed 30"; III, land with dominant slope > 30". 
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Category I inclitdes all well-drained land with slopes less than 10". It inclitdes 
the drier alluvial plains throughout the area and the volcano-alluvial fans of Buin 
land system, and covers 28 % of the area. 

Category Ia includes all land with doininant slopes less than 10" but with 11p to 
20% of slopes exceeding this angle. This includes the gentle to low-moderate sloping 
volcano-alluvial fans found in the northern half of Bougainville Island, amounting to 
5 % of the area. 

Category I1 includes land with a slope of 10-30". This includes the high- 
moderate to steeply sloping erosional hills and volcanic landscapes. I t  covers 3 % of 
the area along the north-eastern side of Bongainville Island. 

Category IIa includes land with a dominant slope of 10-30" but with up to 20% 
of the slopes exceeding 30". Its scattered occurrence amounts to 8 % of the area. 

Category 111 includes all land with a dominant slope angle greater than 30". 
This covers 40 % of the area mainly along the central mountain ranges of Bougainville 
Island. 

The access categories were mapped using the land systems as a basis. Where 
subdivision was necessary, slope angles were checked using a Leitz (Hackman) stereo 
slope comparator. Table 16 includes areas of forest types in each access category 
within each land system. 

The categories give an indication of accessibility both to and within forest 
types. In categories Is and 111, access is difficult or even impossible because of swampy 
conditions in the former and very steep slopes in the latter. Category I land is readily 
accessible and this is generally also true for category If between floods and category Ia 
except in its steepest parts. Categories 11 and IIa may present moderate difficulty 
only, except for the latter in its steepest parts. 

Access to and within the survey area as a whole, covering existing roads and 
port facilities, is discussed in Par1 I and shown on Figure 2. 

The area has been subdivided into "forest" and "other areas". For the purposes 
of this report, a forest is defined as containing at least 3000 super ft  of standing timber 
per acre from trees over 5 ft in girth at breast height (or above buttresses). Stands of 
timber excluded by this definition have thus been included in "other areas". The 
only exception to the above definition is "mangrove", because of its possible value in 
the cutch industry. 

The forests of the area fall into five broad types of habitat: coastal, swamp, 
riparian, plains, and upland. Upland inclitdes all dissected country, fans, hills, and 
mountains, above sea level. Within each type of habitat the forest has been classfied 
into forest types based on characteristics observed on aerial photographs, such as 
density, height, and recognizable species in the canopy or emergent layers. Forests in 
the coast, swamp, and riparian habitats were mapped on species recognition and, in 
the case of Terminalia-Carnpnospe~ma, on density. The plains and upland forest are 
of mixed species composition and were mapped on canopy characters. 
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I 
i Forest Type 

Albizia falcnta 
Albizia ?salomo~rensis 
Aiphifonia 
Alsfonia scholoris 
Alsfonia spectabilis 
Alfhgefa pleiostigma 
Antiarix foxica~ia 
Artocarpur altilis 
Barringtonia asiatica 
Bischofia javarzica 
Bischofia sp. 
Brug~~iera 
Buchwania 
CalophyRurn b~opizyllttm 
Carnpnosperma 
Cananga odorafn 
Canarium spp. 
Casuarina equisetifolia 
Cosuarina 
Celtis latifolia 
Celtis nymanii 
Cellis philippensis 
Cerbera manghas 
Cinnamomxnz 
Cr'yptocar.ya spp. 
Dillenia ingens 
Dillenia 
Dysoxylum spp. 
Elaeocorpr~s spp. 
Etrodia 
Ficus spp. (strangler) 
Ficus spp. 
Garcinia 
Garrtga floribunda 
Gynotrocl~es axillar'is 
Harpullia 
Herna~dia ovigern 
Hornonoia javerrsis 
Kin~iodendron alterrrifolir!m 

Botanical Name 

" 

* PD, predominant, >SO%; D, dominant, 50-80%; SD, siibdominant, 20-50%; VC, very 
common, 15-20%; C, common, 10-15%; 0, occasional, 5-10%; R, rare, <5%; ( ),locally. 

Q u 
m m 
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I Forest Type 

Botanical Name 

+ 0 

8 " '  

Lifsea spp. 
Mangifra spp. 
Nmrrartclea 
Oeto~ncles sritnntmra 
Palaqriit~~n 
Pmtgirrrn erlrrle 
Parinari 
Pimeleodenrhrr arnboinicr,m 
PlarrchoneNa 
Polrrctia tornentosa 
Pternca~prts irrdinrs 
Pteroeymnbi~,rrr 
Pygelc~7z 
Rlrizopholn 
Schizomerio 
Senecarpus 
Sloanea spp. 
Spirneopsis 
Spoirdias dr~lcis 
Slerculia spp. 
Syzygirrrn spp. 
Tcmrinalia brnssii 
Terrninalia catoppa 
Termincilia kaer.,rbaclzii 
Teimi,zalia spp. 
Tootla 
Trisfir.opsis 
V i t a  e o f m i s  
Xylocorprcr 

R R  
R 

R  R R  
R R R R R R  

R  R  0 
R  

R  
R  

0 R  
R  SD SD VC 

R  R  
R  

R  R  
D 

R  VC 
R  R R  

R  R O R  
R  R  
R 
R R  

R  R R R R R  
PD PD PD R  (R) 

0 
R R  R 

R R R R  
R 
R 

0 SD SD C R  
R  

Table 16 lists the forest types with their estimated stocking rates and areas in 
each access category within each land system. In the following descriptions of the 
forest types, only the common and more frequently occurring trees are quoted in the 
text. The remaining recorded trees, including their frequency of occurrence in the 
plots, are listed in Table 17. 

(a) Coastal 

Two forest types, based on habitat and species recognition, have been recognized. 
(i) Mangrove Forest (20 sq miles).-Generally there is a nioderately high forest 

in a narrow band bordering the dendritic pattern of stream channels. Away from the 
stream channels the height of the mangrove tapers rapidly to a low, often open, scrub. 
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No attempt has been made to map the individual communities. The moderately high 
forest (50-80 ft) has an even canopy composed of smaU crowns with irregular gaps. 
Rhizophora sp. and Bruguiera sp., with boles ranging between 20 and 50 ft and girths 
averaging 3 ft, are co-dominant. 

Mangrove is subject to tidal inundation (access category Is) and is fonnd in 
parts of Soraken land system mainly on the west and south coasts of Bnka Island. 

(ii) Casi~arina Forest (2 sq miles).-This forest conlprises an open layer of 
Casuarina equisetifolia, 80 ft high, over a layer of mixed littoral trees 50 ft high. The 
C. equisetifolia boles are straight but often low-branching and girths are generally 
small, mostly less than 5 ft. Trees in the lower layer often have short, pending, or 
twistcd boles with occasionally large girths. No plots were measured in this type but 
a visual estimated stocking rate is 3000 super ft per ac. 

I t  is found on the outer two beach ridges in some parts of Jaba land system 
(access categories I and Is), almost exclusively on the sonth-west coast of Bougainville 
Island. 

(b) Snmnzp 

Two forest types have been recognized based on density of the dominant species. 
(i) Dense Terminalia-Campnosperma Forest (30 sq miles).-This forest has an 

even, slightly open canopy of light-coloured large crowns up to 140 ft high. Terminalia 
b~assii is the predominant species with Canlpnosperma sp. as the common associate. 
Boles are clear and straight, ranging between 45 and 85 ft but frequently 60-65 ft. 
Girths are well spread over 5-1 1 ft. The estimated stocking rate is 8000 snper ft per ac 
from 6 trees per ac. 

I t  is found in swamps containing flowing water (access category Is) in Moila 
land system and occurs in scattered, sometimes large stands around Bougainville 
Island, but mainly in the Empress Augusta Bay and Lulnai River areas. 

(ii) Open Terminalia-Campnosperma Forest (63 sq miles).-This forest type is 
in all respects similar to the previous type but the canopy trees are scattered. The 
estimated stocking rate is 3000 super ft per ac from 2 trees per ac. 

Its distribution is similar to that of the dense type, occurring on access category 
Is land in Moila land system. 

(c) Riparian 

(i) Terminalia brassii Forest (21 sq miles).-T. b~assii forest is generally 110-140 
ft high with large light-coloured crowns of even height. I t  consists of an allnost pure 
stand of T. brnssii with straight clear boles up to 85 ft long but usually 60-65 ft. 
Girths range from 5 to I1  ft and the estimated stocking rate is 12,000 super ft per ac 
from 8 trees per ac. 

The forest is found on bouldery soils with a shallow water-table as discontinuous 
linear stands, often only two trees wide, along stream channels. I t  occurs throughout 
BougainviUe Island on all land systems between theplainsand4000ft altitude. Mapped 
areas have been exaggerated to indicate distribution of the type, but many stands are 
not mapped. The total area of the forest estimated from percentage occurrence on 
land units is 31 sq miles. Although uumappable, the access category is considered 
to be If. 
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(d) Plains 

Two forest types have been recognized based on drainage status as reflected in 
the canopy appearance. 

(i) Irregular. Tall Plains Forest (170 sq iuiles).-This forest type has a rather open 
canopy 80-115 ft high withirregular gaps. Scattered elnergents, particularly Octomeles 
surntrtrnna, reach a height of 130 ft. It is of mixed species composition. Vitex cofassus 
and Pon~etia spp. are subdonlinant although there is a greater proportion of V. cofassus. 
Octorneles sumatrana may be locally dominant. Boles are 10-70 ft long and are 
straight and clear except for V.  cofassus and strangling figs. Most of the 38 % of trees 
rejected as unfit for milling belonged to these last species. Girths range from 5 to 14 ft  
but are rnostly 8-9 ft, 0. sumatrannusually accounting for the large sizes. The estimated 
stocking rate is 4750 super ft per ac from 5 trees per ac but this is considerably 
increased in locally dominant stands of 0. sumatrana. 

I t  occurs on the wetter parts of alluvium subject to intcrlnitlent flooding, mainly 
on Silibai and Soraken land systems and on the inlperfectly drained soils of raised 
coral reefs in Kohino land system. 

The forest is concentratcd mainly at the southevn end of Bougainville Island 
on access category If land, with another large area in the north of Buka Island on 
access category 1 land. Small scattered stands occur throughout the plains. 

(ii) Tall Plairls Forest (142 sq miles).-The forest has an uneven usually closed 
canopy 100-115 ft high with scattered e~nergents rising to 130 ft. Crown sizes are 
variable but generally larger than the above type. Species composition is mixed. 
Vitex cofassus and Pometia spp. are both subdoininant and occur in equal proportions. 
Bole sizes range from 5 to 85 ft with a modal length of 50 ft. All arc straight and clear 
except V .  cofassus and strangling figs, which together account for the 36 % rejection of 
trees as unsuitable for milling. Girths are evenly spread in the 5-114 range and the 
estimated stocking rate is 8000 super ft per ac fronl 7 trees per ac. 

The tall plains forest is found exclusively on access category I land scattered 
throughout the area on better-drained soils of Siwai, Lonahan, and Torombei land 
systems. However, the main occurrence is at the southern end of Bougainville Island. 
Large areas of the original forest have been cleared for cropping. 

(e) Upland 

Three forest types recognized oncanopy appearaucc occnr in altitudiwal sequence. 

(i) Loll,-altitude Uplantl Forest (578 sq miles).-At optullun~ developnlent this 
forest is similar to the tall plains forest, having an uneven usually closed canopy 
100-115 ft high with occasional elnergenls rising to 130 ft. Crown sizes are variable 
but tend to be moderate to large. Pornetia spp. are very common with Vitex cofnssus 
and Ficus spp. as co~nmonly occurring associates. Boles are generally straight and 
clear, 5-80 ft long, but mainly in the 30-60-ft range. The lower rejection percentage 
(22%) is probably due to the lower proportion of V. cofasszis present. Girths are well 
distributed over the 5-14-ft range. 



The forest has been cleared extensively for cropping and the resulting secondary 
forests, often dominated by Albizia falcata, Artocarpus altilis, and Canarium spp., 
are also included in this forest type. 

The stocking rate is extremely variable, depending mainly upon status (climax 
or secondary) and slope angle. Although the estimated stocking rate has been set at 
5750 super ft per ac from 7 trees per ac for the overan forest type, stands on gentle 
to moderate slopes, particularly those on the volcano-alluvial fans, would have a 
stocking rate of approximately 8000 super ft per ac. 

The forest occurs throughout the area in all access categories on upland land 
systems below approximately 1500 ft  altitude. Large areas of the original forest have 
been cleared for cropping. 

(ii) Mid-altifz~de Uplancl Forest (339 sq miles).-This forest type has a more or 
less closed canopy 100 ft high with occasional emergents to 130 ft. Crown size is 
generally moderate to small. Ficus spp. are common and in secondary forest Albizia 
jalcata may be locally dominant. Boles are generally straight and clear and cover a 
good range up to 80 ft long. Girths are spread over the 5-12-ft range and the rejection 
percentage is 19 %. The estimated stocking rate is 6500 super ft per ac from 8 trees 
per ac. 

The forest is found on all land systems between approximately 1500 and 2500 ft 
altitude. It occurs mainly on access category I11 land, along the central mountain 
ranges of Bongainville Island. 

(iii) High-altitude Upland Fo~est (79 sq miles).-This forest has a more or less 
open canopy 80-100 ft high composed of small crow~is. Elaeocaipus spp. and 
Schizomeria spp. are very common, with Ficus spp. as the common associate species. 
Casuarina sp. is often locally very common on ridges. Boles fall into the 5-55-ft range, 
generally straight but sometimes low branching, and girths are generally small to 
moderate, 5-10 ft. The estimated stocking rate is low, 3000 super ft per ac from 9 trees 
per ac, the rejection percentage being 23 %. 

The forest is found on access category 111 land between 2500 and 4000 ft 
altitude. I t  occurs on several land systems in the Chambers Hill, Negrohead 
Mountain, Mt. Takuan, and Mt. Taroka areas. 



PART XI. POPULATION AND LAND USE OF BOUGAINVILLE AND 
BUKA ISLANDS 

By J. R. MCALPINZ* 

The population and land use of Bougainville and Buka Islands are discussed in 
this Part with emphasis on quantitative measures and relations with land forms 
rather than on description. 

Descriptions of these. aspects are covered by Blackwood (1935), Oliver (1949, 
1955), and in numerous other papers quoted by Oliver (1949). Population and land 
use data are then related to the land systems described in Part 111. Thc relationship 
between present land use and land use potential is stated in Part XII. 

Indigenous population data have been obtained from the quasi-annual censuses 
of Bougainville district. McArthur (1955) has dealt with the inconsistencies and 
qualified the reliability of these censuses, but the village popnlation totals given are 
considered sulliciently reliable for the purposes of this Part. 

The islands are inhabited by Melanesian people and the population is: 

Indigenoust 59,250 1963-64 
Non-indigenous1 438 1961 
lniported labour$ 2,853 1963-64 

The indigenous population of Bougainville District, which includes the distant 
atolls, is 64,080, by sex consisting of 33,764 males and 30,316 females, and by age 
29,310 children and 34,770 adults. 

Census figures indicate a rising population for the district in the post-war period. 
Pre-war population statistics were based partly on estimates bnt they indicated a 
population of 50,206 at the outbreak of was. The next census, in 1950, recorded 
41,191 persons. Since then, the average annual increase in population appears to have 

*Division of Land Research, CSIRO, Canberra. 

t Source: 1963-64 quasi-annual census of villages listed in the "Village Directory, 1960", 
Department of Native Affairs, Port Moresby. 

$ Source: Territory of New Guinea Report for 1963-64, Cornluonwealth of Auskalia. 
§ Source: Labour Information Bulletin No. 2, March 1965, Departrncnt of Labour, Teuitory 

of Papua and New Guinea. 



Fig. 16.-Language distribution (after Allen aud Hurd 1965). 
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been 2.9% per annum. As the annual totals show large variations they are listed in 
detail below: 

1949-50 41,191 1956-57 51,608 
1950-51 44,267 1957-58 51,764 
1951-52 44,143 1958-59 53,130 
1952-53 48,758 1959-60 54,627 
1953-54 48,990 1960-61 56,330 
195455 49,042 1961-62 59,619 
1955-56 49,071 1962-63 62,372 

1963-1964 64,080 
The indigenous population is engaged chiefly in subsistence cultivation except 

for 1968 persons employed for wages within the district and 587 employed outside 
Bougainville district. Another important source of cash income occurs in basket 
manufacture from a fern of the Lygodium genus in the Buin area. The non-indigenous 
population of 438 is employed in government, commercial (mainly plantation), and 
mission activity. 

BOUCihlNYILLE LANGUAGES 

AUSTRONESIAN 

STOCK 

B O U G A ~ N V I L L ~  AUSTRONESLAN 

I 

Fig. 17.-Diagrammatic presenlalion of the rellationships of the languages in the area (after M e n  
and Hurd 1965). 

Overall population density is 17 persons per sq mile and the population 
distributionis indicated on the accompanying map. This map was derived from a more 
precise village location map compiled in the field using the 1960 Village Directory, 
the previous 1945 Army Snrvey Corps map being out of date in this respect. The 
heaviest concentrations of population are found on the north-east coast of Buka 
Island where densities on village lands reach over 300 persons per sq mile. The 
Buin plain also possesses local areas of high density. 

The population resides in village and hamlet settlements which can be generally 
classified in terms of the administrative subdistricts shown in Figure 1. The villages 
of Buka Passage suhdistrict tend to he the largest in the area surveyed and a1.e 
concentrated on the coast; those of Kieta suhdistrict are smaller and more dispersed; 
those of Bnin subdistrict are small, situated inland, and concentrated in groups. 

Village settlements have changed in form and location since European contact. 
Generally, inhabitants or the original smaller and scattered hamlet settlements have 



grouped under government influence into "line villages" (F'late 3, Fig. 2). The process 
is described by Oliver (1955). In consequence, the size and possibly the importance of 
hamlets have diminished, particularly in recent years and after the period covered by 
Oliver. Village settlements do shift but only rarely and usually only over short 
distances within a tribal area. 

In the absence of a full ethnographic survey of the area, thelanguage distribution 
map (Fig. 16) and language relation diagram (Fig. 17) are included to indicate broad 
cultural groupings. Both figures have been adapted from Allen and Hurd (1965). 
Comparison of this map with the population distribution and land system maps 
indicates that except in areas of rugged relief each group tends to be concentrated in 
one relatively compact region. Generally, large tracts of unoccupied areas occur 
between each of these groups. This areal and social separation is diminishing due to 
various intluences including economic development schemes, the widespread use of 
pidgin English (Neo-Melanesian) as a lingua franca, and the extension of adequate 
comunications. 

Land use information in this Part and on the land nse map has been compiled 
from an analysis of cultivation and regrowth patterns on the air photographs in 
conjunction with limited field observations and official statistics. The small scale and 
indifferent quality of the air photographs have necessitated an arbitrary grouping of 
land use categories on the map. These are: 

(i) Current Subsistence Cultivation.-Areas currently used for subsistence 
agriculture have been mapped from visible activity. They include present cultivation 
and clearing together with the previous two years' garden regrowth. 

(ii) Current Subsistence Cultivation and Cash Cropping.-These are areas of 
current subsistence cultivation that are also known to include the major areas of 
cash cropping by the indigenous population. 

(iii) Plantations.-These are the areas of non-indigenously owned plantations. 
(iv) Other Anthropogenous Vegetation.-These areas have been deter~nined 

empirically by eliminating all areas showing no visible signs of current or previous 
use, i.e. all areas of primary and naturally occurring secondary vegetation. This 
mapping type indicates roughly the areas used for cultivation in the past 80-100 years. 
In populated areas it also indicates very broadly the maximum usable areas for 
subsistence cultivation. It occupies 1050 sq miles or 30% of the area surveyed. 

Current cultivation and cash cropping occupy 163 sq miles or 5 % of the area, 
and 49 sq miles or la % is used for non-indigenous plantations. 

Three main types of agricultural land use occur in Bougainville district. 

(a) Subsistence Cultivatioiz 

The system of subsistence cultivation can be described generally as bush 
fallowing or long fallow cultivation and not as true shifting cultivation (the general 
lin~itations of these terms are discussed by Brookfield and Brown (1963) and by 
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Barrau (1958)). While the gardens are shifted regularly, their rotation is restricted to 
a clearly defined area and, as will be seen below, particular social groups tend to confine 
their land use to certain land forms within this area. Plantings are non-seasonal and 
take place throughout the year. 

From Table 18, 59,000 people have 76,000 acres in current use for subsistence 
cultivation after excluding an estimate for areas of cash crop. As the area in current 
use consists of three years of the garden rotation cycle, it appears that 0 .4  ac is under 
garden per head per annum. 

Subsistence cultivation is based mainly on root crops. Before World War II, 
taro was the chief staple but its dominance was reduced by the effects of the fungus, 
Phytophora colocasiae (Dumbleton 1954). At present, sweet potato, yam, and taro 
together form the chief crop plantings. 

The main crops planted are listed below. Sweet potato (Iponzoea batatas), 
banana (Musa sapienturn), taro (Colocasia esculenta), yam (Dioscorea sp.), sugar-cane 
(Saccharurn officinurum), papaw (Carica papaya), edible pit-pit (Setaria palrnifoIia), 
bread-fruit (Arfocarpus sp.), coconuts (Cocos nucifera), and cassava (Manihot sp.). 
Sago (Melroxylon salomonense) is collected and processed throughout Bougainville 
and is used together with other palms in house construction. European vegetables 
such as maize, tomatoes, pineapples, and beans are widespread and potatoes and 
cabbages are grown in those higher-altitude areas that are populated. Pigs and fowls 
are also raised domestically. 

The types of land form used for subsistence agriculture are not uniform 
throughout the area, but may be grouped as follows into six regionally distinct 
associations of land use with land form indicated 011 Figure 18. 

(1) Raised former reef flats on Bnka Island. 
(2) Ridge crest and upper hill slopes on northern Bougainville. 
(3) Terraces in central Bougainville. 
(4) Hill slopes of Kieta subdistrict. 
(5) Plains or plateaux on the greater Buin plain. 
(6) Low emerged coral platforms and beach ridges fringing BougainvilIe. 

On Buka Island and the northern tip of Bougainville the use of raised former 
reef flats is characteristic of the association of land use with land form occurring on 
Lonahan land system (Plate 12, Fig. 2). 

The seaward margin of the raised reef is fringed by a narrow discontinuous 
beach (Soraken land system) on which the village sites often occur. Beyond this, a 
coral reef flat provides the chief area for gathering seafood, a major part of the diet 
in this region. Inland from the top edge of the raised reef (Lonahan land system) lies 
a narrow coral ridge with remnant forest, behind which lies a belt of coconuts 
frequently interplanted with cacao. Village sites also occur in this area. Further 
inland on the plain lies the area used for subsistence agriculture divided into small 
strips running at right angles to the coast. This whole area is distinctive as it consists 
of only a narrow strip running parallel to the coastal escarpment. The recent large 
increase in cash cropping near the coast has caused the area under subsistence 



Fig. 18.-Regional associations of land use with land form. 
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agriculture to extend inland. Former small isolated patch reefs further inland have a 
similar intensive land-use pattern but the large areas of inland undulating plains 
are unused. 

In northern Bougainville and particularly on Ibu, Pauroka, and Rugen land 
systems, the use of ridge crests and upper hill slopes for subsistence agriculture is 
typical. In these areas land use is generally restricted to the broader ridge crests and 
less severe upper hill slopes. Village sites and cash cropping are similarly restricted to 
the same land fonns. Commonly this results in a fingering pattern of land use where 
groups of broader ridge crests are completely cleared down to the coastal lowlands, 
while the lower valleys between remain untouched. Where plains occur in this region 
they are only very lightly used. 

The use of stream terraces in valleys and basins is typical of central Bougainville 
but also occurs to a minor degree throughout the area surveyed, usually in association 
with Siwai land system. This type of use is characteristic of Torombei land system 
and to a minor extent of Numa land system. Where terraces are used, cultivation is 
intensive but is limited chiefly to the higher terraces out of flood reach. Elsewhere in 
this region the use of plains, ridge crests, and hill slopes is only minimal. 

Cultivation in southern and central Kieta subdistrict occurs typically on hill 
slopes and particularly on Pirurari and Osirei land systems. Land use in this area is 
distinguished by its disperse distribution over hill slopes. Ridge crests are sometimes 
used but this is not a distinctive feature in this association of land use with land form. 
Those plains and terraces that do occur are only lightly used. 

The greater Buin plain is characterized by the use of inland plains and plateaux 
for cultivation, particularly on Buin and Siwai land systems. The most notable feature 
of this association of land use with land form is the tendency for land use to occur in 
separate compact regions possessing one language. The large and lower coastal plains 
and hills in the region are unused. 

In the littoral region of BougainviUe and Buka Islands the use of low emerged 
coral platforms and beach ridges is typical, particularly on the coral platforms of 
Soraken land system and the beach ridges of Jaba land system. Where the coral 
platforms consist of barrier reef islands they support higher population densities than 
where they are attached directly to the main islands. Intensive use is made of this 
land form for cultivation. By contrast the use of beach ridges for cultivation is light 
both in intensity and in occurrence. Subsistence from both of these land forms is 
largely supplemented by fishing and coconut cultivation. 

(b) Cash Cropping 

Cash cropping by the indigenous population is based almost wholly on tree 
crops, with some upland rice grown in the Buin area. Cash cropping is included as a 
separate land use type because it d se r s  from subsistence cultivation both in the crops 
grown andin its more permanent use of land. Althoughit consists chiefly of plantation 
crops it is distinguished from the non-indigenously owned plantations by its disperse 
distribution, which results from its close areal association with subsistence agriculture 



and its considerably smaller plot sizes. Approximate production and areas* of the 
different crops in 1963-64 were: 

Crop Area (ac) Production (tons) 

Coconuts 24,000 (% immature) 2991 (copra) 
Cacao 5000 ($ immature) 168 
Coffee (robusta) 300 (3 immature) 4.8 
Rice 430 I32 

As can be seen from the areas of immature crops, cash cropping is at present 
undergoing a large expansion. Recently, arabica coffee has been introduced as a 
cash crop at higher altitudes and rubber trees are being test planted in the Buin area. 

Although cash cropping is widespread, the chief areas of production are 
localized, as indicated on the land use map. Individual areas of cash crops are small 
and consist of scattered plots. Only where individual plots are contiguous, as on 
Buka Island, could they he mapped separately at the scale used. Generally, cash 
cropping does not occur in areas specifically separated and laid aside but takes place 
within the same general area used for subsistence cultivation. Thus the association of 
cash cropping with land forms is generally the same as with subsistence cultivation. 
The importance of adequate transport in the distribution of cash crops is obvious from 
the comparison of the land use map and Figure 2. 

(c) Plantations 

Non-indigenously owned plantations are based almost wholly on copra and 
cocoa production. Areas and production of individual cropst are: 

Crop Area (ac) Production (tons) 

Coconuts 32,777 (+ immature) 13,270 (1964) 
Cacao 18,443 (+ immature) 3112 (1964) 

Ninety-five per cent of the cacao grown is interplanted between coconuts and this 
accounts for most of the discrepancy between the areas of individual crops and the 
total of 49 sq miles for the total area of plantations derived from the land use map. 

Of the larger copra- and cocoa-producing districts within the Territory of 
Papua and New Guinea, Bougainville district has the highest yields per acre, which 
must partly result from the lack of seasonality of the climate in this area. Areas of 
both crops are rising, cacao in particular increased 10% from the previous year while 
coconut areas increased 3 %. Non-indigenous plantations are restricted ahuost solely 
to the north-east coast of Bougainville Island and the north-west coast of Buka 
Island, where the only suitable anchorages are found. 

* Figures supplied by Department of'~gricultme, Stock and Fisheries. 
t Source: Rural Industries Production Bull. No. 6, Bureau gf Statistics, Territory Papua-New 

Guinea, March 1964. 
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IV. POPULATION AND LAND USE IN RELATION TO LAND SYSTEMS 

Table 18 lists the population and areas of the types of agricultural land-use 
groupings for each land system. For the purposes of defining laud system population 
figures the total population for each village occurring within the land system has 
been added. No allowance has been made for those few cases where the population 
may reside on one land system but carry out part of its gardening on another, but 
details of this are given in the land system descriptions. The data in Table 18 have 
been extended to give percentages of current use (including non-indigenous 
plantations) and of other anthropogenous vegetation for each land system. The 
detailed distribution of land use within the land systems is given in the land system 
descriptions in Part 111. I t  must be emphasized that figures for subsistence cultivation 
in Table 18 refer to only three years of the rotation cycle. Actual total use will depend 
on the length of the rotation cycle and this in turn will vary with environmental 
factors and the adequacy of the tribal territories. 

In Table 18 the land systems have been grouped according to the percentage of 
the area of current land use present on the area of each land system. Most apparent 
anomalies in these groupings are explained by three different factors. 

(1) Land systems in which the degree of use is largely determined by the 
incl~ision of non-indigenous plantations in their areas. 

In Dios land system most of the currently used land is occupied by non- 
indigenous plantations. Population density on the remainder is 43 persons per sq mile. 
In  Soraken land system one-third of the land is unusable mangrove swamp and 
another third is alienated. Thus, in effect, the percentage use of the remaining third 
is extremely high. Teopasino land system ranks in the moderately used group only 
through the inclusion of a non-indigenous plantation. I t  is not currently used for 
subsistence cultivation. Umum land system is nsed only for non-indigenous 
plantations and some cultivation by people living on adjacent areas of Lonahan and 
Soraken land systems. 

(2) Land systems with few people but intensive land use. 
Where Torombei land system occurs near the coast it is used intensively, while 

at  higher altitudes it is little used. Most of the people who use it reside on adjoining 
land systems. Considerable use of the Kohino land system is made by the inhabitants 
of the adjoining Soraken land system. Deuro land system, similarly, is used by the 
inhabitants of Soraken land system. Numa land system contains large areas of land 
use associated with Waknnai patrol post and one individual indigenous plantation. 

(3) Land systems with many people but little land use. 
Soraken land system has been mentioned above. Fish forms a considerable 

part of the subsistence diet on Jaba land system. People on Kieta land system derive 
their subsistence mostly from the sea and adjoining laud systems. 

ALLEN, J., and HURD, C. (1965).-Languages of Bougainville district. Summer Inst. Linguistics, 
Ukarumpa, Territory of Papua-New Guinea. 



TABLE 18 
POFULATlON AND LAND USE WITHIN LAND SYSTEMS 
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PART XII. LAND USE CAPABILITY OF BOUGAINVILLE AND 
BUKA ISLANDS 

By R. M. SCOTT* 

In Part XI it was indicated that the most widespread form of agriculture practised 
at present is that of bush fallow subsistence cropping. This type of agriculture is very 
different from modern European-type farming, since only a minimum of clearing and 
cultivation is undertaken and the use of machinery is not considered. Yield levels have 
very little meaning with subsistence cropping because there is no apparent land 
pressure and the marketing of produce does not arise. Thus, the site quality for 
subsistence cropping may greatly differ from that required for mechanized agriculture. 
For this reason the intensity of gardening in a particular area is not always an indica- 
tion of the suitability of the land for other agricultural purposes. 

The rapid introduction of cash cropping, which at present is largely confined to 
tree crops, will result in a more permanent form of agriculture in which the site 
quality will have to he assessed in relation to modern agricultural usage. The 
assessment of the land use capability of the area must be based on such methods rather 
than those of shifting cultivation. 

The method of classifying land devised by the United States Soil Conservation 
Service (Klingebiel and Montgomery 1961) and adapted by Haantjens (1963) to New 
Guinea conditions has been adopted in this report. Minor alterations have been 
made to suit local conditions in the area. The scheme is given in Appendix I (Table 
26), in which there are eight classes indicating the degree of suitability of the land 
for different uses of agricultural production. Land classes I-IV are all suitable for 
cultivation but with increasing limitations, class N being marginal for this form of 
land use. Classes V-VII are unsuitable for dry-land cultivation and vary in potential 
land use for improved pastures and tree crops, while class VIII land is unsuitable for 
commercial production. Native pastures need not he considered as grasslands are 
practically non-existent in the Bougainville area. All classes are defined by limiting 
factors or hazards, which are based on varying degrees of erosion, drainage, flooding, 
surface stones, rockiness, fertility, workability, and alkalinity. Tlie greatest hazard 
will decide the capability class of any land, e.g. land that has a number of limiting 
factors of class I1 and one of class VII will be placed in class VII lands. The additional 
hazard of soil moisture deficiency does not normally occur under the prevailing 
climate. In abnormally dry conditions, sandy-textured soils, shallow soils, or soils 

* Division of Land Research, CSIRO, Canberra. 
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with sticky plastic clays will be most affected. On the other hand, although the 
climate provides for optimal vegetative growth throughout the year, the absence of 
a marked dry season may be a limiting factor for certain crops. 

The land capability classification is based on dry-land farming and does not 
take into account wet-land crops such as rice or sago. It does not give a productivity 
rating nor does it aim at a productivity prediction for any specific crop. The 
limitations of this scheme have been discussed by Haantjens and Stewart (1964). 

During the survey, the limiting factors were noted and an assessment made of 
the land capability class of each land unit studied within a sample area. Information 
was also obtained from agricultural officers, planters, and indigenes of the area on 
some of the limiting factors that were di5cult to assess in the field: in particular, the 
drainage and flooding conditions during wet periods. These assessments have been 
included in the tabular descriptions of land systems, which record not onIy the land 
capability class, but also the limiting factors from which the class is deduced. I t  is 
from the land system descriptions that the detailed distribution of the land classes 
within a land system can be obtained. 

The distribution of the land classes as a percentage of the land system area 
together with the main limiting factor is shown in Table 19. The order in which the 
land systems are arranged in the table is according to whether the area of the highest 
significant capability class within a land system is predominant (>go%), dominant 
(50-80 %), or suhdolninant (20-50 %). These categories have been enclosed in boxes 
in the table. This gives only a general picture of the distribution of the land capability 
classes and the main limiting factor of that class, since inany of these lands will have 
a number of limiting factors. It will be seen that the main limiting factor for the area 
is that of varying erosion hazards. 

A comparison of Table 19 with Table 18 (Part XI) illustrates that the intensity 
of present land use is generally a good indication of the suitability of the land for 
modern agricult~ue. Discrepancies between the tables are mainly due to the fact that 
slopes are not a hazard in subsistence cultivation. An exception is in Numa land 
system in central Bougainville where suitable agricultural lands on the broad ridge 
crests and on the moderate hill slopes are only sparsely used for subsistence cropping. 

The land use capability map is based on the boxed percentages of land classes 
shown in Table 19. The boundaries of the land use capability categories are based on 
land system boundaries, except in south Bougainville where a boundary has been drawn 
separating the more dissected from the less dissected parts of Pauroka land system. 

In the following discussion, areas are considered in square miles and not as a 
percentage area of the laud system; therefore, the order of importance of the land 
systems dzers from the order shown in Table 19 and in the map reference. 



PBRCEmAGE AREA OF LAND C A P A B E m  CLA3SE.S AND MADJ L m G  FACTOR WTTHW LNVD SYSTEMS 

(Boxes enclose highest significant land class in each land system) 
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(a) Lands Snitable for Cultivation ~vitli No Limiting Factors (Class I Lands) 

Lands of very high potential were not encountered during the survey. This class 
of land is unlikely to occur in the area since the physiography is such that where the 
terrain is favourable the soils have limitations, and vice versa. 

(ZI) Lands Suitable for Cziltivation wit17 Minor Limiting Factors (Class IILands) 

Lands of high potential cover about 870 sq miles, and are suitable for the 
cultivation of crops adapted to the climatic conditions of the area. The main areas 
lie in Siwai, Buin, Kohino, and Lonahanlandsystems, which account for approximately 
770 sq miles. This category of land mainly occurs on plains in the above land systenis 
but the limiting factors vary. In Siwai land system thc soils are sandy and, in spite of 
the recent ash cover with its high organic topsoils, available analyses of cation exchange 
capacity indicate that they have low fertility. The ash soils of Buin land system also 
have low fertility and, in addition, the ash-pan horizon may cause sligl~t drainage 
problems and possibly restrict rooting. Similar lands also occur on the ridges and 
plateaux of this land system where the sloping nature of the terrain may introduce 
the additional hazard of erosion. Jn Lonahan and ICohino land systems the soils are 
fertile, but the sticky, plastic, impelmeablc clays niay make cultivation difficult, 
iotrodi~ce drainage problems, and even cause shcet erosion. On the southern mainland 
areas of thesc land systems there are about 13 sq miles of lands where an ash cover 
has eliminated the cultivation difliculty and erosion hazard, but the slow permeability 
or the underlying buried soil is still liable to introduce drainage problems. However, 
they are largely intermingled with dolines, which greatly reduce their worth. 

Apart from small areas of Siwai land system on the west coast of Bongainville 
all these lands have easy access from the coast and, as they are mainly on plains, 
movement between them is simple, except in Buin land system where deep parallel 
valleys are liable to restrict easy movement to the interfli~ves. 

Similar lands also occur in Torombei, Jaba, Numa, and Rugen land systems, but 
here they are only subdominant to other lands and cover approximately 75 sq miles. 
In Numa and Rugen land systems, class I1 lands are mainly confined to ridge crests 
where the gentle slopes give rise to slight erosion hazards; Nulna land system, in 
addition, has youthful lapillitic ash soils that have low fertility. The lands in 
Torombei land system occur on terraces and have similar soils and slopes to those of 
Buin land system; therefore, drainage, low fertility, restricted rooting, and slight 
erosion hazards are possible. In Jaba land system they occur on beach ridges where 
the sandy soils have low fertility. 

Access to this category of land in Rugen, the southern areas of Toro~nbei, and 
most of Numa land systems is easy. However, in the northern areas of Torombei, the 
western and southern areas of Numa, and most of Jaba land systems, access is much 
more difficult: in Numa and Torombei the useful areas are encircled by hilly dissected 
terrain while in Jaba such lands are separated by inundated swales, with swamps on 
the inland margins and surf beaches on thc coast. Easy movement within these land 
systems is restricted Lo the ridges and terraces. 

Finally, there are very small areas of class I1 lands in Dios, Pauroka, Takuan, 
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Sisivi, Umum, Puto, Ibu, and Pirurari land systems, amounting to about 25 sq miles, 
where access is difficult and easy movement restricted. 

(c) Lands Suitable for Cultivation ~vitlz Moderate Limiting Factors (Class III Lands) 

Lands of moderately high potential cover approximately 245 sq miles of which 
the dominant area (approximately 60 sq miles) occurs on thecoral platforms of Soraken 
land system. Here the main limiting factors are the shallowness and alkalinity of the 
soils, which will limit the choice of their use. Access onto and movement within these 
lands is generally easy. 

Snbdominant areas of class 111 lands, amounting to about 95 sq miles, occur on 
the hill slopes of Ibu, Rugen, and Nullla land systems, where the presence of moderate 
slopes leads to erosion hazards. In addition, the soils of both Ibu and Numa land 
systems are low in fertility. These lands are suitable for most types of agricultural 
production provided that intensive measures are taken against erosion. At present, 
the lapillitic ash soils on the slopes of Ibu and Numa land systems appear stable but 
with intensive cropping thisstate may change. Access to these lands is generally easy, 
but easy movement tends to be restricted. 

The remaining areas of this category of land are in sniall pockets whcrc access is 
diificult and easy movement is very restricted. They occur mainly on inoderate slopes 
or in low-lying situations where there are possible moderate erosion or drainage 
hazards. 

(d) Marginal Lands far Czfltivation a~itlz Major Limiting Factors (Class N Lands) 

Lands of moderate potential cover approxilnately 235 sq miles, of which 205 sq 
miles occur on the plains of Silibai land system. The plains are poorly drained and 
liable to be flooded for short periods at any time of the year. They are easily accessible 
where adjacent to the better lands of Siwai land system in sonthern Bougainville, but 
elsewhere access is more difficult. Movement within Silibai land system is not easy 
owing to the poor drainage conditions, flooding, water in drainage depressions, and the 
presence of many rivers. A fi~rther 15 sq miles of similar lauds occur along rivers in 
Moila land system where access to these areas is very difficult. There are also another 
10 sq i d e s  of class IV marginal lands on the high plains of Saua land system. The 
very nature of the plains, and the extremely yonthful ash soils of low fertility that occur 
upon theni, give rise to a severe erosion hazard if these lands are cultivated. Both 
access to and movement on these lands is restricted. The remaining approximate 
5 sq miles of class IV lands occur in narrow strips on the beach and foredunes of Jaba 
and Soraken land systems. Here the soils are very unstable, have low fertility, and 
are alkaline at depth. At present these lands have limited use owing to the nature of 
the hazards. 

(e) Lands Suitable for Improved Pastures (Class V Lands) 

These lands were encountered only on the ridge crests of Umum land system 
and only account for about 2 sq ides .  The presence of rock outcrops restricts the use 
of this land to improved pastures. Access is difficult due to the steep slopes 
surrounding it. 
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(f)L,ands Suitable for Impl.oved Pastures or Tree Crops, with Moderate Limiting Factors 
(Class V I  Lands) 

The main areas of class VI lands are found in Deuro, ~au roka ,  Tumuri, Erava, 
and Silibai land systems where they occur either on slopes with moderate erosion 
hazards or on flood-plains and valley floors liable to irregular flooding. The above 
land systems account for about 150 sq miles o ~ l t  of an approximate 240 sq miles of 
class VI lands and access is generally easy to moderate, except to those occurring on 
Erava land system. 

(g )  Lands Su;table for Tree Crops, lvitlz Severe Limiting Factors (Class VIILands) 

Generally these lands occur on slopes where there are severe erosion hazards. 
The main areas are in Numa, Rugen, Umum, Osirei, Keriaka, Deuro, Takuan, Boira, 
Pauroka, Kieta, and Leikaia land systems, covering about 363 sq miles out of a total 
425 sq miles of class V11 lands. Access to the lands varies from easy to difficult. 

(12) Lands Unsuitable for any Commercial Land Use (Class VIII Lands) 

Class VIIl lands, which cover approximately 1455 sq miles, occur mainly in 
swamps and river beds in Lhe lowlands and on very steep slopes in the upland areas. 
Varying amounts of these lands are present in every land system, the greatest areas 
being in Moila and Mclilup land systems. 

In BongainviUe and Buka Islands about 32% of the area has class I1 and III 
lands and nearly all of this is easily accessible. The most promising area previously 
surveyed by the Division of Land Research was the Safia-Pongani area, with 
approximately 22% of class 1-111 lands. 

VI. REFERENCES 

HAANTJENS, R. A. (1963).-Land capability classification in recomaissance surveys in Papua and New 
Guinea. J.  Atwt. Inst. ng,ic. Sci. 29, 104-7. 

I%MNTJENS, H. A,, and STEWART, G. A. (1964).-Land use potential of the Buna-Kokoda area. 
CSIRO Aust. Land Res. Ser. No. 10, 99-106. 

KLINGEBIEL, A. A,, and MONTGOMERY, P. H. (1961).--Land capability classification. U.S.D.A. agric. 
Handb. NO. 210. 



APPENDIX I 

The following explanation of content, terms, and paralnelers of the tabular 
descriptions of land systems in Part III is arranged in the same order as the descriptions 
themsclves. These descriptions comprise data from several scientific disciplines, 
contributed by members of the survey team, as follows: geomorphology, geology, 
terrain, and land form by Mr. J. G. Speight; soil and land class by Mr. R. M. Scott; 
vegetation by Dr. P. C. Heyligers; forest resources by Mr. J. C. Saunders; population 
and land use by Mr. J. R. McAlpine. 

11. HEADING AND SUM~MARY DESCKIPTION 

The heading consists of the sequence number of the land system, its formal name, 
and the area as estimated by a dot grid with 2.44 dots per sq mile. I t  is followed by 
a very brief sumrary of the diagnostic features of the land system. 

The geomorphic statenlent describes and attenlpts to explain the land foruls of 
the land system, and specifies the areal arrangenlent, or pattern, of the land form 
elements described in the land unit tabulation, and the nature of the streams, as 
observed at the time of the survey. 

IV. TERRAIN PARAMETERS 

Symbolic or nunlerical terrain parameters categorize the altitude, relief, slope, 
grain, and pattern of the land systenl as a whole. 

(a) Altitude 

Three altitudinal parameters are used: 
Hypsonletric index, the altitudinal zone expressed in terms of Table 20, con- 

taining the contour that divides the land system into two equal parts. 
Generalized minimum altitude above mean sea level. 
Generalized maxinlum altitude above mean sea level. 

*Division of Land Research, CSIRO, Cauber~a, 
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(b) Relief 

Relief, defined as the largest difference commonly occurring within a land 
system between the altititde of a major ridge crest or summit and that of the nearest 
adjacent major valley floor, is categorized as in Table 21. 

TABLE 20 
DEFINITION OF HYPSOMETRIC INDEX 

Hypsometric Index 
(H.I.) 

I 
I1 
IlI 
IV 
V 
VI 
W 

Altitude Range 
(ft) 

0-50 
50-300 

300-1200 
1200-3000 
3000-7000 
7000-15,000 

15,000-30,000 

(c) Slope 

Slope categories are set out in Table 22. The scale is rationalized in terms of 
equal increments of the logarithm of the slope tangent. The term "gradient" is 
employed for plains, the term "slope" being restricted to angles greater than half a 
degree. The characteristic slope is the slope category that is typical of the largest 
land unit. 

TABLE 21 
DEmNlTlON OF RELEF CATEGORIES 

Relief Category 

Negligible 
Ultra-low I- Ultra-shdUow 
very low l- Very shallow 

Shallow I- 
(d) Grain 

Grain (cf. Wood and Snell 1960) is defined here as the modal value of half the 
distance between major stream beds, as assessed by inspection of air photos. 
Categories are defined in Table 23. 

(e) Plan-pr.oJile 

The pattern of topographic highs and lows is categorized by use of the plan- 
profile index of van Lopik and Kolb (1959), as indicated in Figure 19. The minimum 
relief considered in the classification is 30 ft, but an exception has been made of low 
parallel beach ridges (category 5L//). 

(ft) 

< 30 

30-63 

63-125 

125-250 

Relief Category 

Moderately high 
Moderately deep } 
High> Deep 

very Very deep high) 

Relief 
(ft) 

250-500 

500-1000 

> 1000 



Block diagrams illustrating the typical expression of each land system have 
been drawn by Mrs. N. Geier with the aid of vertical air photos. There is no vertical 
exaggeration except where it is indicated, but the scale varies considerably. An inset 
map shows the distribution of the land system. 

VI. LAND UNITS 

(a) Area 

TABLE 22 

Area, expressed in square miles, is an estlmate based on the apparent proportion 
of the land system taken up by the land unit. Such estimates may be reliable only 
within f 30 %. 

GRADIENT AND 

Category 

Cliffed slope 

Precipitous slope 

Very steep slope 
Steep slope 

High- moderate 1 - Low- slope 

Gentle slope 
(ultra-high gradient) 

Very high gradient 
(very gentle slope) 

High gradient 

Low gradient 

Very low gradient 

Level 

SLOPE CATBGORES: 

Angle 

>90% 

72" 

45" 

30" 

17" 

10" 

590' 

1-45, 

0-35' 

0"lV 

0°04' 

O0O1' 

0" 

LOGARmHMLC 

Tangent 

(Neg.1 

3.00 

1 .oo 

0.56 

0.30 

0.17 

0.10 

0.03 

0.01 

0.003 

0.001 

0.0003 

0~0000 

SLOPE 

% 

( N e d  

300 

100 

56 

30 

17 

10 

3 

1 

0.3 

0.1 

0.03 

0 

TANGENT SCALE 

G~ade  

(Neg.1 

1 : 0.33 

1 : 1  

1 : 1.8 

1 : 3.3 

1 : 5.7 

1 : I0 

1 : 33 

1 : 100 

1 : 330 

1 : 1000 

1 : 3300 

- 

Ft/Mile 

530 

160 

53 

16 

5.3 

1.6 

0 
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(b) Land  for^?? 

Five major categories of land form are distinguished in order to simplify their 
description in the standardized terms and parameters defined in Table 24. 

TABLE 23 

DEFINITION OF CATEGONES OF GRAIN 

I 
Grain Category 

Ultra-fine 
VeIy k c  
Fine 
Medium 
Coarse 
Very coarse 

Grain (ft) 

CHARACTERISTIC PLAN-PROFILE 

NO PRONOUNCED 
HlClS5 OR LOW*. 

REPRESENTATIVE PLAN-PROFILES 

Fig. 19.-Categories of plan-profile (after van Lopik and Kolb 1959). 



Land Form Categor) 

Crest 
(e.g. ridge crest) 

High-angle planes 
(e.g. scarp, hillslope, 
valley side slope. 
bench) 

Low-angle planes 
(e.g. plain, terrace, 
flood-plain, valley 
floor) 

Parameter 1 How Measured 

Width Horizontal distance 
between limits of 
summit convexity 

Crestal slope / Along the ridge crest 
I 

I 

Profile Visual estimate 

I 
Curvature 

Slope 

Spur characteristics 

Visual estimate 

Down line of greatest 
slope 

Visual estimate 

Microrelief 

Width 

Visual estimate 

Gradient or slope 

Perpendicular to the 
major drainage, 
across uninter- 
rupted areas of the 
land umt 

Parallel to the major 
drainage 

Categories 

Knife-edged: 0-15 ft 
Very narrow: 15-50 ft 
Narrow: 50-150 ft 
Broad: 150-500 ft 
Vcry broad: 50S1500 ft 

Even: small variation in crestal 
slope; reversals rare 

Uneven: moderate variation in 
crestal slope; some reversals 

Very uneven: meat vaiation in 
crestal slope 

Stepped: few reversals 
Sawtooth: reversals common 

Defined in Table 22 

Ultra-short: < 125 ft 
Very short: 125-250 ft 
Short: 250-500 ft 
Mediumlength:500-1000 ft 
Long: 1000-2000 ft 
Very long: > 2000 ft 

Straight 
Concave 
Convex 
Irregular 
Undulating 

Dehed in Table 22 

Crestal slope: defined under 
land f o ~ m  category of crests 

Prominence: prominent 
inco~ispicuous 
absent 

Slump alcoves 
Slump scars 
Debris slide tr.acks 
Gullies 

Defined in Table 22 

Not classified; expressed in ft 
or miles 
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Blocks, boulders 
Cobble gravel 
Pebble gravel 
Granules 
Sand 
Silt 

Size Limits 

(mm) (in.) 

,256 1 1 1 0  
66256  2&10 

Categories 

Height: expressed in f t  
Type: undulating 

hummocky 
channelled 
terraced 

Local slope: defined in Table 22 

Defined in Table 22 

Not classified; expressed iu ft 

Not classified; expressed in ft, 
unless the stream is incised, 
when no depth is stated 

Contin~lous 
Discontinuous 
Abscnt 

Defined in Table 22 

Channel bars 
Point bars 
Bars absent 

How Measured 

Visual estimate 

Along the channel 

Between bank tops, 
or between the 
bases of confining 
hill slopes 

From bank-top level 
to mean talweg 
level 

- 

Visual estimate 

- 

Land Form Category 

Low-angle planes 
(e.g. plain, terrace, 
flood-plain, valley 
floor) (contirnted) 

Watercourses 
(c.g. river-bed) 

Paranleter 

Micro~elief 

Gradient 

Width 

Depth 

Levee character 

Bank slope 

Bar characteristics 

Miscellaneous 
(e.g. lava flow, 
doline, beach, 
swamp) 

Not specified; to be compatible with those defined for other land form 
categories 

(c) Soil 

Soil description includes statement of soil group and family, sonletimes preceded 
by reference to a particular part of the land unit. Soil classification is detailed in 
Part VIII, particularly in Table 12. Where particle size is mentioned the Wentworth 

TABLE 25 
WBNTWORTE PARTICLE SIZE CLASSIFICATION 

I 
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classification shown in Table 25 is implied. Water-table depth is cited on plains units. 
Shallow water-tables have been measured, but deeper ones have been estimated from 
stream channel depths. 

(d) Laid Class 

The suitability of land for agricultural development is indicated by a Roman 
numeral, from I for first-class land to VIII for unusable land, followed by a subscript 
lower-case letter indicating the hazards that limit land usefulness, e.g. erosion, flooding, 
or rockiness. The greatest subscript value determines the land class. Table 26 defines 
the categories used. 

(e) AASHO Soil Class$cation 

For engineering purposes the soils have been categorized tentatively in terms 
of the classiscation of the American Association of State Highway Officials (Portland 
Cement Association 1962) as follows: 

Granular. materials 

A1.-Well-graded (poorly sorled) mixtures from coarse to fine with a non-plastic 
or feebly plastic soil binder; also coarse materials without soil binder. 

A2.-As A1 but with excessive fine material or higher plasticity. 

A3.-Poorly graded (well-sorted) sands. 

Silt-clay materials 

A4.-Silty soils or loams, withoi~t much coarse material or colloidal clay. 

AS.-As A4 but very poorly graded and tending to be elastic. 

Ah.-Predominantly clay. 

A7.*-As A6 but very poorly graded and tending to be elastic. 

A8.t-Peat or muck. 

The following nou-soil materials are also indicated when occurring at a depth of 
less than 4 ft:  Rs, soft rock; RE, hard rock; B, boulders; and C, cobbles. 

Other symbols are: /, overlying at a depth of less than 4 ft; +, categories 
occurring together; "or", categories occurring at different places. 

(f) Vegetation 

Vegetation types, each named after two genera, are arranged into major groups, 
such as mixed herbaceous vegetation, mid-height and tall grassland, scrub, low, 
mid-height, and tall forest, on the basis of structural characteristics. The major group 
is mentioned first, and is followed by the name of the vegetation type, or types, between 
brackets. Plantations, gardening, and secondary vegetation are mentioned only when 
they cover a significant part of a land unit. 

* Soils of Lonahan land system have been placed in A7 because of lime carbonate content. 
j. Swamp soils placed in A8 include peaty sands and peaty clays. 
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VII. INCLUSIONS 

The scale of mapping may prevent the delineation of small but significant areas 
of other land systems within the land system boundaries. These are mentioned here. 

VIII. POPULATION AND LAND USE 

Population figures derived from district census data are stated, followed by 
assessments of the area under indigenous agriculture (wit11 an estimate of the 
proportion of it under cash crops) and the chief land units on which it occurs. The 
assessment depends on interpretation of air photos taken in July 1962, and includes 
land under that part of the subsistence cultivation cycle that lies between forest 
clearing and two years of garden regrowth. Fishing is nlentioned where i t  contributes 
to sobsistence. 

The popnlation of a land system is given as the lotal of the populations of the 
villages that occur on it. Where the popnlalion of one land system uses land of an 
adjoining land system to any large degree, this is stated. 

The area of non-indigenous plantation is also given. 

IX. FOREST POTENTIAL 

The forest potential of the land system is described in terms of the area and 
yield ratc of various forest types, and the land units on which they occur. 

(a) Yield 

Yield is specified in terms of stocking rate as follows: 

Low yield 3000-5000 super ft/ac 
Moderate yield 5000-8000 super ft/ac 
High yield > 8000 super ft/ac 

(6 )  Forest Type 

The following forest types are distinguished: 
Mangrove forest Irregular tall mixed plains forest 
Casuarina forest Tall mixed plains forest 
Dense Terminalia-Campno,~pern~a forest Low-altitude mixed upland forest 
Open Terminalia-Cam~~nosper~na forest Mid-altitude mixed upland forest 
Terminalin brassii forest High-altitude mixed upland forest 

(c) Access 

For forestry purposes ease of access is categorized primarily in terms of 
dominant slope: 
Category I, c 10" Category IT, 10-30" Category 111, > 30". 
Lower-case letters modify the major categories: s, swampy; f, flooded, i.e. seasonally 
inundated for short to moderate periods; a, up to 20% of slopes may exceed those 
specified by the major category. 



The number of field observations made within the land system is stated, and 
any special concentration of observations on a particular land unit is mentioned. 
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CSIRO Ausr. LAND RES. SER. NO. 20 PLATE 1 

Volcanoes. Uougainvillc Island is dominated b) volcnnoec of varying ase and form. M t .  Balbi 
l8700ft), the highest mountain, is n strato-volcano. This v i cu  towards the south over part of the 
summit area (Balbi land systcm) sho\\'i recently ncti\'c and inactive craters, and debris slopes. 
Two inactive craters in  the foreground contain muddy lakes and have mounr;!in scrub covcring the 

walls and debris slopes. The recently active crater i s  emitting a cloud of steam. 



CSIRO AUST. LAND RES. SER. NO. 20 PLATE 2 

Fig. 1.-Volcanoes. This view north-wesfnard along the mountain azis of Bougainville towards 
Mt. Balbi sho\vs the active lava cone Mt. Bagana (5700 ft) on the left, emitting rather less steam than 
usual, and a similar, but inactive lava cone on the right. Both are classified in Balbi land System 
because of the very youthful ash soils and the absence of forest on their slopes. Erosional mountains 
of Karato land system with very steep slopes clothed in A'rormr~clm-Slonr,en tall forest occupy the 

foreground. 

Fig. 2.-Valcanocs. Much of the south of Bougainville Island is built up from the products of the 
older MI. Tarokn-MI. Takuan \,alcanic complex. In the foreground is Lake Lolorn 14700 ft). with 
debris slopes of Erava land system to the right. The rest of the landscape is in Takuan land system, 
comprising lava cones and dames; this \\,hole area is covered by G~rl,tbio-Po,zda,~~~.v vegetation, a type 
of cloud forest \vith characteristic emergent palms. MI. Takuan (7400 ft) is the distant peak on the left. 



Fig. I.-\'olc;lno-nllu\ial kills. At the foot of e;!ch volcano i i  ;I grsnt \.olcano-;lllu\ial f.rn composed 
of volcanic mud Rows and glo\ving a\,alanches, as a.cll as fans of ordinary streams. Tall forest of high 
to moderate timber yield occurs below 2500ft and mid-height forest of lo\\. timber yield above this 
altitode. The fan shown here, part of  Buin land system belo\\, Lake Lalaru, has a slope of 6' and 
is cut by valleys 400 ft deep. In  the centre of  the picture is a lava flo\r. of Takuan land system. The 
vegetation is Nru,mnclm-Sl~~~~~,orrco tall forest, grading into Gorchrin-EIoeocr,r-p,,r mid-height forest 

on the upper slopes. 

Fig. 2.-\'~ilc;~no-;illuviiiI Tan\. Gci~ccnll! there I* ;I Ihnh p i lp~t l i i t i~~~l  ~ U I I C I I ?  011 11,csc f;u15. Sub- 
sistence cropping ih ch~~racteristicnil? confined la the plateaux and plains, whilst the sloping land is 
left ontouchcd. .Ash-co\,ercd roil5 occur on the northern fans. lapillitic ash soils on thc ccntral fans. 
and ash soils with n pan on the southern fans. The view ssho\\,s the "linc \,illage" of Lukauko. Kono 
Census Di\,ision, on a partly dissected volcano-alluvial fan at 1500 ft in Buin land syctem. The 
village is surrounded by gardens and secondary forect. Coconut palrnr are growing in front of the 

houses; somc fruiting sago palms can be seen at the back. 



Fig. I.-Karst. The Kerinka Plateau is a massif of Miocene limestone nith a tilted planar upper 
surface and precipitous marginal scarps. The northern scarp, seen here, is less than 1000 ft high, but 
further east a height of 3000 ft is attained. Karst erosion has been somewhat modified by thick 
deposits of volcanic ash giving rise to lapillitic ash soils. This landscape is mainly ca~rered by 
Cyr,rheo-BcrrnD!,sa scrub and is uninhabited. The erosional hills of Doiabi land system are seen in 

the foreground. 

Fig. 2.-Erosional hills. This \.ie\\- shosvs Kieta Harbour, sheltered by Puhpok Island and a barrier 
reef. The rugged topography o f  the island and pcnins~tla (Kieta land system) is farmed on a resistant 
agglomerate rock that gives rise to brown friable clay soils and lithosols. The widely spaced ridges 
with lesser slopcn in the foreground (Osirei land system) are based on weaker, deeply weathered racks 
overlain by ash-covered red friable clays. The latter land system has a large poprllation practising 
hill-slope cnltivation, as shown by the recent clearings and different stages of regroa,th \vegetation. 



Fig. I.-Erosional mountains. 1L;~ndscapes o f  high relief, fn\liioned mainl! hy the action o f  running 
water. dominate the northern and sooth-eastern portions of Bougainville. The view is o f  the eroded 
volcanic mountain3 of northern Bougainville which occupy the foreground. The high ridges to the 
left and right arc in  Meli lup land system, and the low ridges i n  the centre with Gnrchlin-Elorocarp!,~ 
mid-height forest are part of Eram land system. The distant hills on Ruka and Taiof  Islands are part 

of Deuro land system. 

Fig. 2.-Lcasionnl ni<,ontain\. ;\ \ ieu near \lelilop at 3100 i t  in  northern Bougnin\~ille shoa.s the 
typical high relief and stmight hi l l  slopcs that ale \cry steep or precipitous. giving rise to lithosolc. 
Thc Gn~.ci>>i<~-Elrr<,or<~~p~,s mid-height forest has some useful timber. though inaccessibility rnnkcs 
exploitation difficult. Access for the survey party was obtained by helicopter landings in village garden 

ulearingi such as that in  the fr>reground. 
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Fig. I.-Plains. Alluvial plains are best developed in suuthel-n Boogain\iilc. This \iev south- 
east\vard from the vicinity o f  Uuin airstrip, on n uolcanc-llluvial fan, illust~.ates the argecr of Siwai 
and Silibai land systems, alluvial plains formed by the re\\,orking of volcanic material. Stream 
entrenchment diminishes towards the coasts and the general gradient decreases from 2' to a very low 

value. Hills of Deuro land system appear in the distance. 

Fig. 2.-Plains. The stnhle plains of Siwni land system have h i ~ h  population concentl-iltions and 
consequently mast of the forcst i s  secondary, with only isolated areas of high-yielding timber. Both 
srlbsistence and plantation crops are grown on the ash-covered allu\,ial sands, the main plantation 
crops being cacao and coconuts, \\.hich are largel?, interplanted. This view is at Rumba on the 
Dnratui road (South Nasioi Census Division), where both farms o f  agriculture can be seen. 



Fig. I.-Plains. Thi, visn shows thc Abia River Rowing acrocs the unstable nlluvi;il lilniilr of Silibai 
land system. Meander migration len\,es paint bars built of gravel at I o n  le\,els and of sand at higher 
levels: the latter are colonized by Puspahrr~z-Cnrrio mixed herbaceous vegetation \r,hich is succeeded 
by S,,c,rcknr-snr r.obrrrrrr!rz rail gross \,egetation. Such strcams are not entrenched, so large nrcns of  the 
adjacent plain arc subject to frequent Rooding and high water-tables. The poorly drained, mottled 

alluvial sandc carry E,,orli~,-Po~r~elio 1.111 forest of moderate timber yield. 

Fig. 2.-l'l,~in\. Sittiit land s!itcm compr i i e~  thc plain, f ~ ~ s n , ~ i l  of maiciial crctpted froin \I[ .  Ragana. 
The continuing acti\.ity of the volcano rc,ults in  broad bar pl;iinr o f  hcnided \tseitrns. colonized by 
L~c,~/~oilirr,~~-GI~~icI~e,,iin mi\eil lherbaceous $egctntion. c i ~ t  slightly belo\\ ash plains with ;I vegetation 
of Cjrrrlierr-Ro,ribr<s<, scrub s i i h  emergent A/ /~ i - i r i  trees ilsbject to recurrent devnrtntion by el-nptions. 



Fis. I.-S\\,arnos. Extensive s$vamDs (Moila land os tem)  are de\,clo~cd in many favourable localities. - 
mainly adjacent to the coast. This anc has been trapped against the Deuro Range by aggradation 
of the Samici River. The staanant water is covered by f l oa t i n  peats, which support L~min-Ha,rpno,ro . - ~ ~ ~ 

mixed herbaceous vegetation, with scattered Po,tda,n,lss draped with climbers towards the margins. 

Fig. 2.-Snamps. Othcr svampi  arc n result of the impounding of \\atel- b! hrach ridge<. Some are 
partly or \\holly covered by Tc,-,rri,mlicz hr-rrnii-Cnr,,p,ro~~~<~r~t~n open tall forest. Thcse forests are 
associated with flowing water with submerged peats, and have varying timber yields according to 

density but are difficult to exploit. 
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Fig. I.-Cw3>11. Sii~ltl! c.v.lri\ compl-iiihz J;ih:r land system ;)re built iniili~il! n f  tliirh \ ~ i l c i i i ~ i c  sand. 
Dimes are n3t prcscnt. but cuccr,ci\el! cx i t r uc ted  low beach ridgsi form bnl-lier 5!qtems icp to 
I mile acrosi. The photo shows part of the barrier system n l  Moila Point wit11 peaty sand >\\ales 
u i t h  Ifn,~x,rn,rrr and sume :\',PO palms between sand? beach ridges. The outer ridges support Crhcro- 

Cr,l~~plrylltorr mid-height forest and the inner ridge, I/irrr-Po,,r~rir, tall forest. 

Fig. 2.-Coasts. ~I~Ic CL>.I\I> of  S L > K I ~ C I I  ILcncI ,!~tcni. cli,~r,~ctc~~iiecl I>> the ~ I~~T~~~~~;I I Icc ,~fccw;~l g~ns t l ,  
ob'cr beach buildins, provide better nnclioragr~ than tl loie of Jabn land >!rtem ;~nrl haw influenced 
thc siting of plantations. stich a i  Numn Numa plantation s h o \ ~ n  hcrc. Thcic land\ wit11 their shnllo\t 

rendrinac are almost entirely planted to coconuts and have a high population densit!. 



Fig. I.-Coasts. This vie\\. shous  Buka Passage, a deep channel separating Bougainville and Buka 
Islands, with Sohano, the administrative centre for Bougainville District, a t  the far end of the passage. 

Fig. 2.-Raised coral reef. Buka and the northern coast of Rougainviile island are \el.) larscly made 
up of nn upwarped Pleistocene coral reef (Lonahan and Kohino land systems), approaching 300 ft 
above sea level a t  one point. This vie\\. \vestwards near Lonahan shows the characteristic dense 
cultural pattern of coconut plantations, gardens. and regrowth on the red sticky plastic clays of 
Lonahnn land system. Further inland, 1'irr.x.-Orro,ral~~ tall forest of moderate to high timber yield 
occurs on Kohino land system. In  the background are the lo\\, hills of Deuro land system. 
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