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FOREWORD

T™e Economic and Social Council, by resolution 675 (XXV) of 2 May 1958,
requested the Secretary-General to take appropriate measures for the establishment,
within the Secretariat, of a centre to promote co-ordinated efforts for the
development of water resources. It also singled out ground-water problems as one
of the priority subjects in the development of a programme of studies, which was
initiated in 1960 with the publication of Large-scale Ground Water Development. 1/
By resolution 1761 B (LIV) of 18 May 1973, the Economic and Social Council
requested the Secretary-General to take the necessary measures, within the
budgetary limitations, to improve and strengthen the existing United Nations
services for the analysis, evaluation and dissemination of world-wide data on
natural resources, including water resources,

As regards ground water, a first comprehensive review of the African continent
was published in 1972 and 1973 under the title Ground Water in Africa 2/ as a
synthesis of material available in the records and files of the United Nations.
The material of the second and third volumes in this series, Ground Water in the
Western Hemisphere 3/ and Ground Water in the Eastern Mediterranean and Western
Agia, 4/ was drawn from country papers which were prepared by hydrogeologists and
by ground-water engineering specialists of the countries concerned. Due to the
abundance of interesting and specialized information obtained on a country basis
and to the necessarily limited format of the publications, it was not possible -
nor was it appropriate - to present a broad overview of the occurrence and
development of ground water in those two regions, as was the case with part I of
Ground Water in Africa.

As regards the pracific region, which includes exclusively island countries and
a couhtry - Australia - which in itself is a continent, such an overview appears
even less possible and less appropriate, However, in the introduction which
follows, the general features of the area in terms of geological and
physiographical structure, and climate, with special attention given to the smaller
islands of various types: atolls, raised atolls and high-rise islands, have been
briefly described.

It is hoped that this publication, the first to provide a comprehensive view
of the ground-water resources of the Pacific region, will contribute to their
development and conservation, especially in the smaller isgland countries which are
experiencing increasing difficulties in making adequate water supplies available to
their populations, and that, to some extent, it will serve the purposes of the
International Drinking Water Supply and Sanitation becade, which was launched by
the Secretary-General of the United Nations on 10 November 1980,

The United Nations wishes to acknowledge the valuable contributions made to
this publication by such government organizations as the Australian Water Resources
Council; the Mineral Resources Department of Fiji; the Bureau de Recherches
Géologiques et Minidres (France); the Institute of Hydraulic Engineering of the
Ministry of Public Works of Indonegia; the Directorate of Environmental Geology of
the Directorate General of Mines of Indonesiaj the Geological Survey of Japan; the
Geological Survey of New Zealand; the Department of Minerals and Energy of Papua
-New Guinea; the Natural Resources Council of the Philippines; the Ministry of
Natural Resources of Solomon Islands; the United States Geological Survey; and the
Water Resources Research Center of the University of Hawaii. The United Nations
also wishes to acknowledge the valuable contributions of the consultants and
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specialists who prepared country papers, in particular, Profeasor J. Avias,

Mr. M, C, Baekisapa, Mr., C. Brands, Mr, J. H. Carter, Dr. J. Coudray,

Dr. I. N. Gale, Mr. P. IThnen, Mr. D. Kammer, Dr., D. Kear, Dr. L. S. Lau,

Mr. J. F. Mink, Dr. T. Murashita, Dr, B, Soenarto, Mr. R. Villot, Dr. W. Wagnher and
Dr. D. Wilson., The final draft was reviewed by Dr. L. S. Lau, Director of the
Water Resources& Research Center of the University of Hawaii.

Notes
1/ United Nations publication, Sales No. 60.II.B.3.
2/ United Nations publication, sSales No, E.7l.\I‘I.A.1l6.
3/ United Nations publication, Sales No. E.76.II.A,5.
4/ United Nations publication, Sales No. E.82,II.A.8.
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Explanatory notes

The following symbols have been used in the tables throughout the report:

Three dots (...) indicate that data are not available or are not separately
reported.

A blank indicates that the item is not applicable.
A full stop (.) is used to indicate decimals.

Use of a hyphen (-) between dates representing years, e.g., 1975-1978,
signifies the full period involved, including the beginning and end years.

Reference to "dollars" (§) indicates United States dollars.

Details and percentages in tables do not necessarily add to totals hecause of
rounding. -

The designations employed and the presentation of the material in this
publication do not imply the expression of any opinion whatsoever on the part of
the Secretariat of the United Nations concerning the legal status of any country,
territory, city or area or of its authorities, or concerning the delimitation of
its frontiers or boundaries,

The term "country"” as used in the text of this report also refers, as
appropriate, to territories or areas. ‘
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INTRODUCT ION

The Pacific Ocean, so named by Magellan, is the largest and deepest body of
water in the world. It extends from north to south over a distance of about
13,000 km from the Bering Straits - the gate of the Arctic Ocean - to the Southern
Ocean, the conventional limit of which is considered to be parallel 40° 8. The
maximum breadth, from east to west, between the western shores of the western
hemisphere and the shores of insular Asia, is about 15,000 km (see map 1).

The Pacific (rean covers an area of about 160 million km2, that is, more
than the total land surface of the world, and contains more than 30,000 islands,
most of which are located south of the equator.

The main geographical units are the continent of Australia, the largest island
in the world; the island of New Guineaj the large islands that compose the
following four countries; Japan, the Philippines, Indonesia (the fifth most
populated country in the world) and New Zealand; and the summits of a number of
volcanic submarine ridges and plateaux, which emerge in the form of high-rise
islands, mostly of volcanic rock, and low-rise islands, which are mainly of
coralline limestone. Most of the ridges have a general north-west/south-east
direction (Midway-Hawaii; Marshall-Kiribati-Tuvaluy Solomon Islands-Vanuatuj; Cook
Islands-Austral Island; Line Island-Tuamotu).

Regarding geological conditions, the following group divisions may, by and
large, be made:

(a) The Austral continent: Australia, where practically all geological
periods are represented by sedimentary formations;

(b) Japan, the Philippines and New Zealand, where most of the geological
periods are represented by sedimentary rocks, but where volcanics are also
substantially represented, as well as Neogene~-Quaternary formations;

(c) Large islands in Indonesia and the island of New Guinea, where volcanics
and sedimentary rocks (limestone, sandstone and marl) mainly of Cenozoic—
Quaternary, largely prevailj;

(d) Small islands, for example, in Hawaii, Fiji, Micronesia and French
Polynesia, where Cenozoic-Quaternary volcanics are overwhelmingly present, as well
as coralline limestone and debris;

(e) Coralline atolls: Micronesia, Kiribati, Tuvalu, the Tuamotu archipelago
and the outer Cook Islands.

An atoll is normally composed of a ring of coralline reefs surrounding a
shallow water lagoon. The soil elevation of the islands or islets above mean sea
level is in the ramge of 2-5 m. Some atolls have risen to a few tens of metres in
height, with the result that the lagoon area has emerged and the overall structure
presents itself as a solid limestone island with a depressed central area and a
coastal ridge. '
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As far as hydrogeological conditions are concerned, except in the case of the
larger countries or areas, three types of aquifer prevail: those related to
volcanic rocksa; thoge related to limestones, especially coralline limestone; and
those related to unconsolidated alluvium and coastal deposits.

Climatic conditions are quite diverse. Freezing temperatures and humid
weather conditions are experienced in the Aleutian Islands, while hot, dry weather
(average temperature 26° to 28° C) prevails in the north-west of Australia, The
jungles of the Philippines, Indonesia and Papua New Guinea are extremely hot and
humid. In general, the smaller islands enjoy mild and humid weather, Rainfall on
the volcanic summits of some islands may be as high as 10 m per year. The
south-eastern coastal regions of Australia enjoy a mediterranean type of climate.

In the sub-tropics, westerly winds prevail; in the tropics, trade winds cool
the equatorial area. Devastating hurricanes occur in tropical areas north and
south of the equator. They are named typhoons in the central and western Pacific
- and in Japan, baguios in the Philippines and willy-willies in Australia.

On the atolls, dramatic water shortage conditions may develop in periods of
drought, that is, three to four months without gignificant rainfall. 1In the past,
when the local supply of drinking water and fresh coconuts was almost exhausted,
-the inhabitants would leave by pirogue (canoe) for other islands in order to
survive,

The populations of the Pacific are extremely diverse. In Japan, the
Mongoloid-Asian group is represented; in the philippines and Indonesia, the
population is of diverse Malayan types with Chinese components, especially in the
Philippines. 1In Australia and New Zealand, the population is mainly of European
origin, In the Hawaiian islands populations of diverse origins are founds
Japanese, Chinese, European and Folynegsian.

The populations of the amaller islands of the central and southern Pacific
belong to three main groups:

{a) The Micronesians to the north (Mariana Islands, Caroline Islands,
Kiribati) , who are related to the Malaysian-pPhilippino group;

(b} The Melanesians to the south (the island of New Guinea, Fiji, Solomon
Islands, Vanuatu, New Caledonia);

(¢c) The Polynesians within the triangle made up of Hawaii, Tonga and Easﬁer
Island, and in New Zealand (where they are known as Maoris).

Some aborigine groups which have existed through the last millenium practically
unchanged are to be found in Japan (the Ainus), the philippines, Indonesia and
Australia, including the island of Tasmania. In Fiji, Indians constitute half the
population,

Insularity is the prevailing and common characteristic of all the countries of
the area, large and small., Land borders between countries are a rarity limjited to
the islands of Bornea and New Guinea,

The smaller islands of the Pacific in the Oceania group (the Micronesian,
Melanesian and Polynesian islands) have a population in the range of 3.5 million,
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which has traditionally lived on fish, coconuts, root crops (giant taro) fruit,
pigs and chickens, and which was completely isolated from the outside world until
the end of the eighteenth century.

The arrival of voyagers from the west had a number of adverse effects on the
inhabitants: they were exposed to diseases to which they were highly vulnerable,
and alcoholism became a serious problem. They were killed in conflicts that ensued
or were deported. In the Marquesas Islands, for example, the population fell from
about 60,000 to 5,000 in less than a century. Not least of the ill effects was
that the people came in contact with ways of life which local economies could not
sustain. As a result "emerging" small island countries are experiencing enormous
difficultles in trying to reach self-sufficiency, at least in certain areas.

Subsidies from the former colonial powers - present "protector"™ countries
which have retained foreign affairs and defence respongsibilities - and assistance
from bilateral, multilateral or international organizations constitute an essential
component of fragile local economies. Another is the migration of the best
elements of the labour force to areas where opportunities for employment exist,
thus generating income for their families in the homeland. Main local resources
are tourism and agricultural products which are heavily dependent on the uncertain
availability of surface water, except in some areas of Samoa and Fiji. The
assessment of ground-water resources and the determination of the optimal ways to
develop and use them are therefore an essential element of the economic development
plans of the small islands of the Pacific.

In the course of the past 10 years or so much knowledge has been acquired on
the precarious hydrological systems of the coralline atolls and on the overall
water conditions in the smaller islands. It is hoped that within the framework of
the International Drinking water Supply and Sanitation Decade more will be done
through co-operative efforts with the major countries present in the area and with
the United Nations system as a whole to permit further development of those water
resources s0 as to secure the future of the people in the beautiful land of their
ancestors, The experience that has already been gained in Hawaii in respect of the
hydrology of volcanic rocks and the management of water resources in volcanic
islands will probably also have benefited many other volcanic islands.

The spectacular development achieved in recent years in the knowledge of
ground-water resources in the Philippines, Indonesia and Australia, will probably
be pursued and accelerated, while in Japan the monitoring and control of subsidence
and pollution will remain among the main activities of hydrogeologists.

" “merefore, in the years ahead, the exploration, assessment, development and
management of ground-water resources in the Pacific area are likely to become
essential activities related to economic development, as they are in the rest of
the world but with a special character owing to the large number of small islands,
the occurrence of a specific geographical feature, the atoll, and the abundance and
complexity of volcanic terrains, ~



ALEUTIAN ISLANDS
(Alaska, United States of America)
Area: about 28,500 km?
Population; about 10,000 (United Nations estimate, 1977
The Aleutian Islands consist of an archipelago, 2,240 km long and less than
100 km wide, which extends from the western tip of the Alaska Peninsula towards the
coast of Asia. The total area of 28,500 km? is chiefly distributed among
33 islands, each with an area in excess of 65 km2, The largest island, Unimak,

at the tip of the Alaska Peningula, embraces more than 4,000 km2, The population
is concentrated in the eastern part of the chain.

Conditions of ground-water occurrence

The islands are the extension of the Aleutian Range, which is part of the
Pacific Mountain System covering the southern portion of the Alaska Peninsula,
They are chiefly products of Quaternary volcanism imposed on older (enozoic rocks.
Fifty-seven Quaternary volcanoes have been identified, 27 of which are still
active, Topography is rolling to rugged with mountain summits rising to 2,750 m
above sea level, Wave-cut platforms are common below an elevation of 180 m.
Normally the coast is bordered by low sea cliffs,

A northern maritime climate characterized by persistent high cloudiness and
abundant moisture envelops the chain, Temperatures are always cool but are rarely
severely cold at sea level., The annual average temperature is 4" C, but the
average minimum January temperature is only minus 2' C. The highest monthly
average of 11° C occurs in July and August. In the most easterly islands the snow
line lies at 915 m and in the westerly islands at 1,370 m. The Aleutian Islands
fall outside the range of permafrost. Average annual rainfall varies from 1,520 mm
in the east to 760 mm in the west. On the island of shemya, where 2,900 nmm of snow
fall each year, annual precipitation of water is 1,105 mm.

Surface drainage is short and run-off is swift. where porous permeable
volcanic rocks occur, streams flow only during heavy rains. Many small ice-created
lakes exist. Glaciers are rare but periglacial processes dominate erosion., The
islands are not forested, Grass, shrubs, wild flowers, mosses and lichens grow on
the rolling hille, and ferns are common in valleys.

The northern half of the archipelago is formed of a linear chain of volcanoes
of late Cenozoic age. The southern portion consists of emerged tilted fault blocks
composed of early Cenozoic volcanic rocks that were locally metamorphosed.

Granitic intrusions occur on a few of the islands, among them the sizeable island
of Unalaska. Sedimentary rocks include glacial deposits, mud flows, landslides,
alluvium and beach deposits.

Volcanic rocks are predominantly the basic varieties and include marine and
subaerial lavas in addition to pyroclastics. Dykes and sills are common.
Assemblages of argillite, greywacke and metamorphosed rocks are gsometimes visibly
associated with basic and acidic igneous intrusions,
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Ground-water resources and development

Ground water was probably not necessary for the inhabitants of prehistoric
Aleut settlements., Streams, lakes and high precipitation served their needs. Few
attempts have been made to develope a supply of ground-water. Wells and galleries
have been constructed on Shemya and Amchitka for military use, and a few wells may
exist elsewhere. However, ground-water exploitation has not generally been
successful,

Except on Amchitka, where, in preparation for undersea nuclear tests,
hydrogeclogical studies were conducted, no extensive ground-water surveys of the
islands have been made. The Aleutian Islands are not likely to be more densely
inhabited in the future than they are at present.

The ground water that has been developed is extracted from volcanic rocks.
The aquifer struck by a well drilled on Shemya is dense, unfractured and of low
permeability. In the Pribilof Islands, which are composed of basaltic lavas, the
rock is permeable but the CGhyben—-Herzberg lenses are thin and therefore difficult
to exploit. A considerable hydrogeological effort would have to be undertaken
before the ground-water potential of the archipelago is known. At present,
apparently, no significant effort is being made to investigate or explore for
ground water in the Aleutian Islands,

Conclusions

Most of the Aleutian Islands are uninhabited. Several of the easterly islands
have military bases and a few Aleut villages but these communities are not pressed
for a water supply. Significant population and economic expansion is not foreseen.
However, should the population increase and spread for some reason, ground water in
Quaternary volcanic rocks would proably be the most reliable water supply.

Selected references

The most extensive hydrogeological bibliography for the Aleutian Islands deals
with the island of Amchitka. At least 25 reports, most of them in the United
States Geological Survey 474 series, have been issued.

Regional studies are few and are chiefly concerned with geology. No
bydrogeological maps have been made, but reconnaissance geological maps of each
island have been published by the United States Geological Survey.

Principal regional titles

Péwé, T. L. 1975. Quaternary geology of Alaska. Professional Paper 835, United
States Geological Survey,

United States Geological Survey (multiple papers and authors). Investigation of
Alaska Volcanoes. Bulletin 1028, United States Geological Survey.

Wharhaftig, C. 1965. Physicographic divisions of Alaska. Professional Paper 482,
United States Geological Survey.

Zenoen, C., and G. S. Anderson. 1978. Summary appraisal of the nation's
ground-water resources -~ Alaska. Professional Paper 813-P, United States
Geological Survey.



AMERICAN SAMOA

(Territory administered by the United States of America)

Area: 197 km2

Population: 34,000 (United Nations estimate, 1977)

American Samoa comprises a group of seven islands in the South Pacific Ocean,
lying at approximately, longitude 170° W and latitude 14° S (see map 2). The
largest island, Tutuila, has an area of 137 km2, while the next largest, Ofu, has
an area of only 5.2 km2, Of the total estimated population, more than
30,000 people live on the main island of Tutuila. One of the islands, a tiny coral
atoll, is uninhabited gsince there is not enough fresh water to support life,

onditions of ground-water occurrence

The five major islands inherited a rugged, mountainous topography from their
volecanic origin. The maximum elevation in the group is a peak on the island of
Ta'u at 969 m. The highest point on Mutuila is 653 m, on Aunu'u it is 85 m, on
Ofu, 494 m, and on Olosega, 638 m., The two small atolls, Rose Island and Swain's
Island, lie near sea level, Erosion has created small, often deep, narrow valleys
on the volcanic islands. Areas of gently sloping or flat land, caused by erosion,
are small and scattered. The largest sector of relatively level land is the
Tafuna-Ieone Plain on the island of Tutuila., It encompasses 35 kmz, and was
formed by volcanic extrusive rocks that covered an older eroded surface. The
coastline is irregular and frequently precipitous. where breaks occur they are
small, consisting principally of marine sand and volcanic gravel at the edge of a
narrow coastal shelf,

American Samoa lies at the margin of equatorial climatic influence. Two
seasons occur, a wet season from November to the end of April and a dry one from
May to the end of October. The intertropical convergence zone cauges the wet
season, which is dominated by weak and variable windg, and by high temperature,
rainfall and humidity. During the dry season the south-east trade winds of the
southern hemisphere prevail, the rainfall is moderate, and the temperature is
8lightly lower than in the wet season. Maximum temperature does not exceed 35" C
and minimums are not less than 16° C, The average annual temperature is 27° ¢, the
mean geasonal range is only 2° C and the mean daily range is 7° C. Average annual
rainfall at Pago Pago harbour is 5,080 mm, while at the summit of Mt. Alava it is
more than 6,350 mm. In spite of such high annual rainfall, droughts occasionally
occur. Hurricanes may be experienced in the summer months but they are infrequent,
averaging less than one occurrence every three years,

brainage basins are small, short and steep. Streams respond quickly to
rainfall but do not sustain significant flows when the showers cease. On Tutuila a
few streams yield perennial flows of several litres per second, which originate as
ground-water seepage, In droughts even these flows cease or are reduced to
trickles., The valleys are not suitable for reservoir sites because of their
steepness,

The five major islands consist of volcanic rocks of predominantly basaltic
composition. fTerrestrial sedimentary deposits of alluvium and talus are found as
narrow wedges and terraces at the mouth of the main valleys. Marine biogenic
calcareous deposits form a thin veneer along some sections of the coast.
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Map 2.

American Samoa
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Tutuila was built by four volcanoes from Pliocene time to early Pleistocene.
A fifth volcano, more recent but probably no younger than mid-Pleistocene, erupted
after the initial period of erosion and created the Tafuna-Leone Plain by filling
valleys and covering sediments. The volcanic formations consist of extrusive flows
of aa and pahoehoe, among which pyroclastic materials settled. Dykes intrude the

formations.

The small island of Aunu'u off the east coast of Tutuila is the remnant of a
tuff cone. A single-shield volcano of thin basaltic lava flows resulted in Ta'u
Island. Ofu and Olosega at one time were a single island of two coalesced shield,
volcanoes but are now separated by a narrow strait.

Seven geological volcanic formations have been assigned to Tutuila. The 4
oldest (Pliocene?) is the Masefau dyke complex, which was succeeded by the
Olomoana, Alofau, Pago and Taputopu volcanic series, all consisting predominantly

of basaltic rocks. Trachytic rocks were then emplaced as dykes, plugs and crater
£ill,. A long period of erosion ensued, followed by the extrusion of the basaltic

Leone volcanics.

The geological stucture of the islands reflects, and is dominated by, volcanic
processes. Rift zones, shields and calderas are principal features; tuff cones and
other pyroclastic phenomena are secondary features. Deformation has not taken
place, and significant faulting has not occurred.

Ground—-water resources

Before the Second World War, little attention was given to organizing a
water-supply system., Villages relied on perennial streams and springs and on dug
wells. In this sense their basic water supply consisted of ground water. Not
until 1943 was a deliberate attempt made to develop a ground-water supply. At that
time the United States Navy constructed an infiltration gallery 100 m long in
volcanic rock near Pago Pago. It yielded 12 1/sec of fresh water,

In 1960 a few wells were drilled, but not until 1973 was full-scale
exploitation of the ground-water resources attempted. Although hydrogeological
studies were initiated by the United States Geological Survey in 1962, the first
comprehensive investigation of the aguifers was not started by that agency until
1973, Both the United States Geological Survey and the United States Army Corps of
Engineers have made studies since 1973. Currently the government of American Samoa
supports a well-drilling programme directed by a hydrogeologist. Investigatory and
drilling efforts have been devoted almost entirely to the principal island, Tutuila.

The ground-water resources have been identified by classical methods of
hydrogeological observations, measurements, and mapping in conjunction with the
drilling of exploratory and producing wells. Geophysical methods of prospecting
have not been employed; their applicability is severely limited by the small-scale
complexities of ground~water occurrence.

All ground waters are classified as either high level of basal, depending on
whether the aquifer is not in hydraulic continuity with sea water (high level) or
occurs as a form of Ghyben-Herzberg lens (basal). High-level aquifers are often
found between dykes, or perched on poorly permeable strata or in the caldera rock
assemblage. These aquifers and their yields are small. Basal aquifers occur in



lavas that are almost free of intrusive rocks and in sedimentary deposits near the
sea coast., The largest continuous aquifers are basal.

The principal and only truly extensive aquifer occurs in the Tafuna-ILeone
Plain on the island of Tutuila. It is basal and the only aquifer that has
undergone appreciable investigation, testing and development. Small high-level
aquifers are common in the mountainous areas of the island.

On Aunu'u a thin basal lens underlies a narrow coastal plan, and inland very
small high-level aquifers yield seepage. Similarly on Ta'u small basal and
high-level aquifers are found, while on Ofu and Olosega the aquifers are chiefly
basal, but small.

The Tafuna-Leone aquifer is composed of Holocene basaltic lavas and older
terrestrial and marine sedimentsa underlying them, Ground-water heads ascend to
between 1,2 and 1.5 m above gsea level at the aguifer's inland margin,

The aquifers of American Samoa are highly heterogeneous and exhibit a wide
range in parameter values. Their characteristics are summarized in table 1 below.

Table 1, BAmerican Samoa: aquifer characteristics

Ground- Depth Depth
water Geological to of Well Specific ‘Trans-
Location type Age water well yield vield  missivity
' m ~ (m (l/sec) (l/sec/m) (m2/day)
Small alluvial Basal Recent 1-10 2-10 <2 <10 cae
aquifers, all
islands
Tafuna-leone, Basal Holocene 18-60 28-73 3-21 6-39 230-4,070
Tutuila
Older volcanic High Tertiary 20 25 10 1.1 -

rock, Tutuila level

Neither hydraulic conductivity nor coefficient of storage has been determined. It
is evident from the above that a relatively slim hydrogeological data-base has been
accumulated to date. Exploitation of ground water on Tutuila has proceeded without
adequate arrangements for testing and data collection., At present data on
ground-water are not being collected systematically.

Ground-water development

A centralized water-supply system ig a recent innovation in American Samoa.
Only within the past two decades did the government construct a central systenm to
serve the main poplation centre of Tutila. Even so, village water systems continue
to operate on the main island and on all of the smaller islands.
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