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SUMMARY

The following late Cainozoic volcanoes and volcanic

centres along the central north coast of New Britain are

described:

(1)
(2)

(3)

(5)

minor centres in the Cape Reilnitz-~Uasilau area;

~ a cluster of major volcanoes in the Cape Hoskins

area, including Pago, an active volcano which was

-in eruption between 19T4 and 1918;

Wulai and Kimbe, small off-shore islands in Kimbe
Bay, both of which appear to be the summits of
deeply eroded volcanic centres;

Dufaure and Wego volcanoes on the southwest side of
Stettin éay;

Krummel,rGarbuna, Welcker, and Bangum volcanoes,

which make up the southern half of Willaumez Peninsula,

An acéount is also given of the volcanic Witu Iélands,

northuest of Willaumez Peninéula. These comprise:

(1)
(2)

(3)

(a)

Unea Island, consisting of temnants of a caldera,

and three post-caldera cones;

Garove Island, a central volcano with a steep&sided
breached caldera flooded by the sea;

Fundua, ¥ingoru, Chilling, Wambu, Lumboila; and
Undaks Islands, consisting of at least ten minor
eruntive centres;

Narage Island, a simple central-type volcano.
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Thermal areas are widespread throughout the volcanic areas.
The most extens1ve is in the summit area of uarbuna volcano° Other

notable localltleu are the Uagllau area, Pago volcano and

lNamfnura in the Cape Hoskins area, Narave Island, and areas

described by other writers from ‘the vicinity of'Talasea and from
inside Dakafaua caldera in the'northern part 6f Willaunez Peninsula.

The compositions of the volcanlc rocks range from basalt
(1ess than 53 wt. nercent Si02) to rhyolite (more than 73 wto.

percent Si02), and the most common composition aprears to be

" low-silica andesite (53 -.58 wt. percent SiOz)o The rocks are

generally highly porphyritic, with the notable exceptions of most
of those from the “itu Islands. The most common phenocryst
minerals are plagioclase, augite, and pleochroic orthopyroxene.
Also present are phenocrysts of olivine, hornblende, quartz,
iron-titanium oxides and, to a much lesser extent, apatite.

The volcanoes overlie the entire known depth range
of the New Britain Benioff Zoné, and there is a more or less
fegular.variation in chemical compositionvfrom rncks of volcanoes
in the south (overlying the shallow part'qf the Benioff Zone),'to
thnse making up thé volcanoes of Willaumez Peninsula and the Witu
Islands (overlying the deeper parts of the Benioff Zone).
In particular, the K20 and total—alkali'contenfs generally increase
northwards for rocks with the same silica content. Some lavas on
the “itu Islands have much higher inZ and PO cnntents than

275

those on mainland New Britain.
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INTRODUGTION

This account is the.last of a series of seven Records_descfibing'
the geélogy-and pétfblogy éf.Laté Céihoéoic VOlcaths aiong thé'éouthérh
margin of fhe Bismarck Sea (éee: Johnson,_1970a, cy, 1971; Johnson,
Hackenzie & Smith, 1970; Johnéon, Davies & Palfreyman, 1971; Johnson,
Taylor & Davies, 1972). Tt deals with the volcanoes of the Witu
Islands, and with eruptive centres along the central north coast of
New Britain west of Sulu Range, ingluaing-those of tﬁe southern but
not the northern part of Willaumez Peninsula (Fig.. 1). These
volcanoes cover an area that overlies the entire known deptﬁ
renge of the New Britain Benioff Zone, which is'70-f 100 km deep in

the south and more than 300 km deep in the north (sée Johnson, 1970b).

The volcanoes described here wére'surveyed indenendently
by the writers at various times between 1968 and 1970. During two
field seasons in 1968 and 1970, while with the Division of Land
Research, CSIRO, Blake manped the Cape Hoskins area and collected
& suite. of samples for petrological study (Blake &'Bleeker, 1970).
In October 1969, BMR geologists, R.P. llacnab, R.J. Ryburn, and Johnson,

surveyed all the volcanoes along the north coast of central New

Britain, except for (1) those of the Cape Hoskins area, and (2)

those at the northern end of Willaumez Pehinsula which were described
by Lowder & Carmichael (1970) and Lowder (1970). The 1969 BMR survey
was undertaken as part of the regicnal geological mapping of HNew
Britain, gnd used M,V. “Explorer' as a mobilérﬁase.. Geological
mapping and sampling of the Witu Islands were completed by Johnson
and R.A. DaviéS'(Cenfral Volcanologicai ObServatory,-Rabaul) in

Sentember 1970, using M.V. 'Kuranda' as a base.
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The volcanoes are of considerable interest, and aspects of
their geoiogy, volcanic activity, and petrology have been described
by several authors. Perhaps the most impressi#e feature of the |
area is Will&umez Peninsula, 60 km long, which:cbnsists of a series
of coalescing volcanoes aligned along a north-south fracture.
" The Peninsula is at right angles to the volcanicvarc that eitends
along the southern margin of the Bismarck Sea between Rabaul and the
Schouten Islands (Fig. 1)..

The volcgnic rocks range in-compoéifion from basalt to
rhyolite, and most areArichly porphyfitic.

Aithough there are numerous thermal emission points in
the area, only one volcano, Pago, south of Cape Héskins,is known to
have erupted this century. It is kept ﬁndér surveillancé by local
residents who report anomalous.activity to the Central Volcanological
Observatory, Rabaul. Eruptions from Pago could have seriousveffecté on
the Mosa 0il Palm Development area, the new bistrict Héadquarters at Kimbe
and other settlements thoughout the Cape Hoskins area, and the Hoskins

airstrip.

This report is divided int:four.parts. The first part
describes a restricted area of volCahic rocks and associated thermal
areas in the vicinity.of Cape Reilni*z. "In the seCOnd'part, an account
is given of the geolbgy and petrology of the Cape Hoskins area. The third
part deals with southern Willaumez Peninsula and related areas, and
the Witu Islands are described in Part 4. Johnson is the author of

parts one, three and four, and Blake is the author of part two.

The system of rock nomenclature adooted in this report

is that of Johnson, Taylor & Davies (1972), who used the following
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silica ranges as classification parameters:

basalt ; : £ 53 wt percent SiO2

low-silice andesite >53 58 vt ﬁercent 510,
high—silica andesite >58 £63 Wt pefcent SiO2
low-silica dacite >63 £68 ut ﬁercent Sid2
high-silica dacite >68 73 wt percent SiO2
rhyolite '- >73 wt percent 510,

The volcanic rocks range in conmposition from basalt to
rhyolite, the most common rock type probably being low-silica andesite.
ITost of the rocks are richly porphyritic, but some from the Witu

Islands are almost aphyric.

Accounts of the petrology of the various volcanoces and
volcenic centres will be given in more detail in later reports,

in which chemical analyses will be presented and discussed.
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PART I: CAPE RBILNITZ - UASILAU ARBA

INTRODUCTION.

On the central north coast of New Britain,‘Late Cainozoic
yblcanic rocké fqrm a préminent peninsula between Bangula Bay in thé east and
Commodore Bay iﬁ.thé west, and also crop oﬁt'south and soﬁtheasf‘of
Cape Reilnitz towards Uasilau (Fig. 2). Southeast of the peninsula,
northeast of Silanga Mission, there are éeveralareas of thermal

activity whiéh do not appear to be assgsociated with any. obvious eruntive

centres,

The existence of Late Cainozoic volcanic rocks in the Cape
Reilnitz area was not mentioned by earlier writers, although Fisher
(1939, 1957) recorded the nresence of the 'Walo solfatara field'
which is one of several thermal areas in the Silanga-Uasilau area
(see also Heming, 1969).

Hacnab, Ryburn, and Johnson visited the Cape Reilnitz-Uasilau
area on 7 and 8 October, 1969, and examined coastal exposures .
from larobi Point to south of Rock Point. Ryburn also visited two
thermal areas northeast of Silanga.
GEQLOGY

Coastal outcrops between Tarobi Point and Moimoi (Fig. 2)

‘ appear to be entirely of a wide range of volcaniclastic deposits.

Some outcrons are of weli—bedded arenaceous depoéits which appear to
have been laid down in water. Scoriaceous and lapillusﬂlayers crop
out at other localities, and at least one outcrop is of welded scroiae.

Also present are unbedded poorly sorted clastic deposits which were

probably laid down by-nuéés ardentes. In places, as at Tarobi Point,

these. show vertical columnar jointing.
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Along the coast west of Moimoi there are nuﬁerous oufcropsf
2 4

of lava. At Cape Reilnitz, a strongly flow-banded lava ié exposed,

some bands consisting of dark pitchstone. This lava is probably

- dacitic, and is almost certainly part of a cumulodome thét forms Saddle

Mountain, the highest point on the peninsula, which rises to 214 m
above sea level¥* about 1 km south of Cape Reilnitz., There are also
outcrops of clastic deposits west of Moimoi, including unsorted

varieties which may have been deposited by nﬁ%es'ardentes.

At Rock Point generally massive and fine-grained lava

is exposed. It contains olivine phenocrysts, and is probably basaltic.

Unlike the flow—banded lava of Cape Reilnitz, the source of this lava

is not apparent on aerial photographs.

Some inland parts of the peninsula probably also consist

of Late Cainozoic volcanic rocks, but as they are covered by rain
forest, they have not been examined. Four of the inland areas seem

to have the form of coulees or cunulodomes. Two other areas, however,

~ labelled with question marks in Figure 2, show no obvious constructional

volcanic forms on the aerial photographs, and may be outliers of the
oider-Cainozoic.formations'cropping out in the central parts of New

Britain (Ryburn, MacKenzie & Johnson, in prep.).

The volcanic rocks exposed probably range in composition from

basalt to dacite.

* Most of the summit altitude values quoted in this Record are taken
from the World Aeronautical Chart 1:1 .000 000 map, 'Lae, 2988'°
(Division of National llapping, Canberra, 1965) which, in the text,
will be referred to as the 'Lae Sheet!'.
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THERMAL

Fisher (1957) described a thermal area in the Silanga-
Uasilau area (the 'Yalo solfatara field') as follows: 1Solfataras
and mud springs occur on the coastal flat over an area 25 x 45 m.

Steam is given off together with HZS and probably CO Temperatures

2.
range up to 96°C', Examination of aerial photographs shows that
this area, labelled (1) in Figure 2, is - the largest of several

other thermal points in the vicinity.

In 1969, two hot pools, each 10-15 m in diameter, were
located by R.J. Ryburn on the road between Salelubu and Lasibu at
points 2 and 3 in Figure 2; these were pale yellow water-ponds that
emitted water vapour, and gaveuoff a sulphuretted odour. A detailed

ground survey of the area would probably find other emission points.

PETROLOGY

Sixteen rock samples from coastal outcrops on either side
of Cape Reilnitz have been examined in thin section. Many of these
rocks'are weathered, and few are suitable for chemical anélysis.
Some of the samples are of clasts from fragmental deposits, some are
of lava flows, ﬁnd one, 0218F, is a plutonié clast of probable
dioritic composition. Modal analyses of five samples, and the

sample lbcalities, are given in Tables 1 and 2 respectivelye.

The rocks show a range in composition from olivine-bearing
types which are prqbably basalts to rocks of andeéitié and probably
dacitic composition. A chemical analysis of one rock, sample 0208B,
shows a silica content of 55.6 wt percent, correséonding to a

low-silica andesite composition. The phenocryst content of the
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' samples ranges from less than 1 vercent to over 30 percent. The
principal vhenocryst minerals are plagioclase, augite*, pleochroic

orthopyroxene, and olivine.
o

in the basic rocks, olivine_phenocrysts are completely or
partly replaced by 'iddingsite'. In a few specimens the olivine has
coronas of low-calcium pyfoxene. In some rocks, orthopyroxene phenocrysts
are rimmed by augite.. A glomeroporphyritic texture consisting of augite,
orthopyroxene, and plagioclase phenocrysts, similar to that found in
some rocks-from.Sulu Range (Johnson, 1971), is present in sample 3051,
Iron-titanium oxide phenocrysts are found only in the less basic rocks.

A few samples have grains'of quartz rimmed by fine-grained augite.

In the groundmass of most samples, plagioclase, augite,
iron-titanium oxides, and orthopyroxene are the most easily recognized
minerals. oJome samples are flow-banded and extremely fine-grained;
others are coarser grained and have nmore uniform groundmass textures.
Low-2V clinopyroxenes** are probably present in the groundmass of most
of.the basaltic rocks, and have been recognized in sample 3052Aa‘
Tridymite and cristobalite are common interstitial minersals. ‘Tridymite
forms prominent groundmass lathé in a few rocks and is present in

some vesicles.,

* Throughout this Record the term %hugite! is used in a general sense f8§
all calcium=-rich, iron-poor clinopyroxenes shoéwing moderate 2V (25-60°),

4 covers the compositional fields of augite (sensu stricto), dionside,
endiopside, and salite (Deer, Howie & Zussman, 1966).

*# Low-2V clinopyroxenes as referred to here and elsewhere in'the text
are probably pigeonite or subcalcic augite, but elect?on @1croprobe
analyses are required to ensure their correct identiflcat}on,
as HacDonald (1968) and Stice (1968) showed that ferroaugites
in Samoan lavas also have low 2V.
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TABLE 1. MODAL ANALYSES OF 5 ROCKS FROM

THE _CAPE REILNITZ AREA

iﬁggii Volume % phenocrysts - _ TO;?I

: %x' ﬁiﬁ?" 0livine m(;:zi:;e- Augi te 52325 Jhenocrysts
0218B <1' - <1 o<t N <1
02186G 19 <1 4 7 - 30
02204 | 8 - 1 1 1 1
3046 36 | 2(a) <t | 2 - 40 N
50528(b) [ 2 1 - | o<« | - 3

(a) olivine completely pSeudoﬁorphed by"iddingsitel‘

(b). this sample contains a quartz phenocryst (<1%)

TABLE2 , LOCALITY INDEX FOR SAMPLES OF TABLE f

AND FOR THOSE REFERRED TO IN TEXT

Sample ' , Locality desciiption

0218B - ]| boulder near Tarobi lumber jetty

OZ,BF’; . pebbles on track above Moimoi lumber jetty

02186 ) |

02204 in situ flow-banded lava at Cape Reilnitz

3046 ‘I'lave clast from unsorted clastic deposit, west of Tarobi
3051 in situ basic lava flow at Rock Point

30524 | in situ lava, south of Rock Point

3052B - | beach boulder, south of Rock Point S
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PART 2: CAPL HCSKINS AREA

INTRODUCTION

Bleven volcanoces ranging in age from mid Pleistocene to Holocene
are oresent in the Ceape Hoskins area, on the central north coast of Hew
Britain (Fig. 1). ‘These volcanoes are, in apHroximate order of decreasing
age, To, Musa, Ranberg, Busui, Oto, Fululus, lHatazleloch, lLolo, Witori,
Buru, and Pago (Fig. 3). Pago last erunted in 1914-18 and is the only
one that is notentially active. The other volcanoes are extinct and are
in vafious stages of erosion. Details of the volcanoes are summarized

in Table 3%,

The volcanoes were described in a recent paper by Blake and
Bleeker (1970), and these descrintions are summarized here together with
a more detailed account of Witori and the results of subsequent laboratory
investigatioﬁs. O0f the eleven volcanoes, only Pago has been described
oreviously (3tanley, 1923; IFisher, 1939, 1957). The author visited the
area in 1968 and 1970 while with the Division of Land Research, CSIRO.
Tmrins the 1968 visit a reconnaissance survey of all the volcanoes were
carried out with P. Bleeker. Parts of Vitori were examined in greater
detail during the second visit, which tookx place after the results of

the first visit had been published.

The veclcanoes are of the central vent ty»e, and are strato-—
volcanoes built up of lava flows, pyroclastic denosits and clastic
sediments.A ixtensive ash deposits (tephra) mantle their flanks. The
volcanic products are mainly of intermediate end acid composition and
are low in potash, Twenty-nine samples havejbeen chemically analysed and the
results will be presented in a forthconming péper (Blake & Ewart, in prep.).
lodal analyses of 27 of the chemically analysed samples are given in

Table 6'
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Dense tropiéal rainforest covers the extinct volcances,
growing on mostly.déep volcanic ash soils, and rock exposures are hainly
confined'tO'stréam beds,.waterfalls'and_cliffé éldng inciséd valiéys
on the flanks of the volcanoes, Rainfbfest.aisbicéveré.much of Pago, except
for the'youngest lave flow and the summit cindef cone, which as yet are
only partly ve

qetated'(Paijmans,.in press)Q

5=}

The ages of the volcanoes given in this report are based on

potassium-argon ages determined by Dr I. licDougall, of the Australian

National University, Canberra; on C-14 dates obtained by Dr Kigoshi, of Gakusuin

University, Tokyo; on the relationships 6f the volcanoes_to one another;
and by comparing the erosional state of the volcanoes with that of
Hydrographers volcano of eastern Papue, which became extinét about 650 000
years ago (Ruxton & McDougall; 1967). Like most of the Cape ﬁoskins
volcanoes, Hydrogranhers is an andesific stratovolcano -that has been
eroded under wet tropical conditions., It is in a ;1ate nlaneze-early
residual stage' of erosion (terminology of Kear, 1957), and has little

of its orizinal constructional surface preserved. Potassium-argon and
C-14 ages of rocks from the Cape Hoskins area are listed in Tables

4 and 5 respectively.

KO, HUSA, KAPBERG, AND BUSUI VOLCANOES

Geology

The four oldest volcanoes, Ko, Husa, Kapberg and Busui, are in the

residual stage of erosion (Kear, 1957), and have none of the original
constructional surfaces preserved. Their erosional form indicates thet

they are probably older than the Hydrographers volcano of eastern Papua.

Ko (or Koa) and Husa were nanmed by Blake & Bleeker (1970) after
the main streams draining their flanks. They are steep sided, deepnly eroded

volcanic cones less than 600 m high situated 20 km west of‘Pago. The flanks
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are incised by 'V'-shaped valleys sep-arated by knife-edged ridge crests i‘ad—
iating outwar&s from the summit areas. Both are probably built up niainly
of andesitic lava flows. Ko is partly overlapped by Mululus and Oto,

and Husa by Oto and Busui volcanoes.

Potassium-argon ages have been determined on three specimens of
lava from Ko (Table 4). They indicate that Ko was active during the late

mid—Pleistoéene. Husa is probably of similar age.

Kapberg, 16 km northwest of Pago, is a steep-sided serrated cone
that is partly overlapped by lava flows from Lolo volcano to the east
(Figs 5 and 8). It was called Hapberg by Blake and Bleeker, but Kapberg

- is now considered to be the correct name (Ryburn et al., in prep.). Lava

in a similar erosional stage to Ko and Husa and is probably of comparable

age. The lavas are low-silica andesites.

.'Busui volcano, situated south of Husa, is named after Mount Busui,
370 m above sea level, the highest point on its flanks. ‘It is a broad low-
angle cone of which onlyAthe west flank and part of a caldera-like depression
to the eést are preserved. The west flank is incised by numerous valleys
radiating froﬁ thé caldera rim, which rises up to 70 m above the caldera
floor. Busui is probably built up mainly of pumiceous pyroclastic deposits.
Such deposits are exposed in gorges incised into the eastern part of the caldera
floor. To the north it partly overiaps onto Husa and is partly overlapped by

the south flank of Oto. Hence it is younger than Husa but older than Oto.

flows and agglomerate are éxposed on the flanks of the volcano, which is l
Petrography l
Seven specimens of lavas from Ko, and 3 of lavas and 5 of rock
fragments in agglomerate from Kapberg have been exa,mihed in thin section. l
Chemical analyses indicate that the lavas samples from both volcanoes are low-

silica andesites. The Ko lavas contain between 8 and 35 percent phenocrysts up to l

2.5 mm long enclosed in a fine to very fine-grained groundmass., The phenocrysts, l



MULULUS

MATALELOCH

Figure 4. The volcanoces Oto, Mululus and HMataleloch from
the north. Hoskins eirstrip is in the foreground.
Neg. No. L3658-3 (CSIRO)

0ALO LOLO KAPBERG QTo

St —_«__fxw,

Figure 5. View looking south of the well preserved cone of
Lolo volcano and the deeply eroded Kapberg volcano. Pago
and the east flank of Oto are visible on the skyline.

White patches in the sea are small coral reefs.
Neg. No. L3656-8 (CSIRO)
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in decreasing order of abundance, are plagioclase zoned from cores of bytownite
to margins of labradorite, augite, pleochroié orthopyroxene, iron-titanium
oxides, and, in one sample only, olivine. Many of the phenocrysts occur in
glomeroporphyritic groups. The groundmass consists of plagioclase,
clinopyroxene, orthopnyroxene and opaque crystallites and interstitial

glass., The crystallites commonly show flow alignment. Tridymite_is nregent

in many small vesicles.

Compafed with those from Ko, the Kapberg specimens are less uniform
petrographically. Phenocrysts of plagioclase (bytownite-labradofite); augite,
either orthopyroxene or olivine, and in most but not all specimens,
iron-titanium oxides, comprise up to 3% percent of the total roqk. Clino-
pyroxene is more conmmon thén orthopyroxene in the grouhdmass. Biotite crysfals

are presenf in the matrix of some of the agglomerate.

070, MULULUS, MATALMLOCH, AND LOLO VOLCANOES

Geology

Oto, Mululus and Hataleloch, situated west of Pago, and Lolo to the
north are préminent steeé sided extinct volcanic cones which have parts of
their original constructional surfaces preserved (Figs 4 ahd 5). They are
younger.than thc:volcanoes decacribed above, and ére in the 'planeze stage!
of erosion.. The three western volcanoes are named according to Boas,

a local chieftaih (pers. COMI, o 1968), and not according to previously

published iaaps. he products of all four volcanoes are mainly endesitic.

Oto and jululus are the oldest and most eroded of the four volcenoes.
Both are incised by radial major valleys over 100 m deep, and by numerous
smaller valleys less than 50 m deep. OSmall planezes are preserved locally,
and lava flows on the upper parts of the volcanoes can be recognized on aerial
photosraphs. The two volcanoes are built up of lava flows and clastic
denosits, including some containing boulders several metres across. Such

boulder deposits are well éxposed in streams on Whe lower eastern flank of
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Mululus. Three satellite cumulodomes are present on the lower flénks

of Mululus and oﬁe is present on Oto. Each dome is less than 400 m high.

Oto has a partly preserved summit crater, breached tb the east; the top

of which is 1305 m above sea-level, the highest point in-thé area, A massive
- dome-shaped body of lava forms most of the upper part of Mululus, which

rises 1054 m above sea-level,

Potassium-argon ages of two lava specimens from Oto and three from
Mululus are given in Table 4., They indicate that both volcanoces are of late
Pleistocene age,.Oto being active about 190 000 years ago and IMululus 110 000
to 60 000 years ago. Both volcanoes are less eroded than the Hydrogravhers

volcano of eastern fapua.

Mataleloch, on the north side of Mululus, is a symmetrical cone
rising from sea level to 672 m. It is incised by valleys mostly less than 30 m
deep radiating outwards from a summit peak, and does not have a summit arater.
The southern flank of the volcano overlaps onto Mululus, indicating that it is

younger than that volcano.

Lolo (or Lollo), on the north coast, is a nearly symmetriéal qonical
volcano rising to 818 m (Figs- 5 and 8). It is less eroded than the volcanoes
to the west, and on aerial photographs lava flows can be readily identified
on its flanks. Sections through the youngest lava flows and interlayered
clastic deposits and lava rubble are exposed in the larger gullies that
radiate outwards from the summit. On the summit there is a well-preserved
crater about 250 m across and 60 m deep. The volcano is in the “'early

planeze ! stage of erosion and may only recently have become extincte.

Petrography
Sixteen specimens from Oto, 32 from Mululus, 3 from Hataleloch

and 16 from Lolo have been examined in thin section. The specimens were

collected from lava flows and from boulders in streams and laharic devosits.
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Those from Oto range from basalt to high-silica dacite, those from HMululus
range from low-silica andesite to high-silica dacite, and those from Hataleloch
and Lolo range from basalt to high-silica andesites. Modal analyses of some

of the rocks are given in Table 6.

Ali the specimens contain abundaﬁt phenocrysts (up to 384), generally
less than 2 mm.across, of plagioclase, augite, and pleochroic orthopyroxene.
lost also have iron-titanium oxide vhenocrysts and in a few, either or both
olivine and quartz phenocrysts are present. Quartz.xenocrysts, mantled by
augite, occur in one specimen from Lolo and one from Oto. Xenolithic crystal
clots are common in lavas from Muluius and are presentAbut less common in
lavas from Oto. In all the samples, plagioclase phenoéfysts are the most
abundsnt; they mostly have cores of bytownite and os;illatory and
nornelly zoned margins of labradorite. Some augite phenocrysts have cores
of orthopyroxene; and prism faces of many orthopyroxene phenocrysts have
narrow rims of clinopyroxene. Olivine pheﬁocrysts are-most-common in
lavas from Iolo, where in many cases they areiﬁartly altered to iddingsite,

and, except in the most basic ‘lavas, are mantled by orthopyroxene.

The phenocrysts are sef in a groundmass that is commonly flow-banded
and typicaliy consists of plagioclase microlites, minute prisms of either
or both clinopyroxene and orthopyroxene, opaque gfanules, and variable amounts
of clear or-altered volcanic glass. Clinopyroxene commonly predominates aver
orthopyroxené in the groundmass of basalt and loﬁ—silica andesite, and
orthopyroxene predominafes in some .dacite. 'Tridymite and less commonly

cristobalite are present in many vesicles.

Xenolithic clots in lavas from Mululus and Oto consist mainly of
eﬁhedrgl crystals of plagioclase, pleochroic orthopyroxene, augite,
iron-titanium oxides and commonly tridymite and interstitial volcanic

glass,
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WITORI VOLCANO
Geology

Witori is a stratovolcano made ﬁp’méinly of dacitig pumiceous
depoéifs and highly Qesicular-andesitic lava floﬁé; it is.a broad_low
angle cone with .a well preserved central célderé within vhich fhe:activé'
Pago- volcano is situated. . The volcano is n&amed affervMéunt Witori, weét'of

Pago} which is about 600 m above sea-level and is the highest point on

the caldera rim.

The central caldera is'roughly oval-and has a scalloped oﬁtline.
It is breached to the south, where only a small part of the soﬁthern flank
of the volcano is preserved. The sloping floor of the caldera rises
northwardsAfrom.near Sea level to over 200 m, and is bounded to the.
east, north and west by a caldera wall up to 500 m high. Near the centre
of the éaldera, paftly overlapped by lavas from Pago, a sharply pointed
pinnacle rises to'about 700 m above sea level'(Figs 6 and 11). It has
a precipitous west face over 250 m high and a less steep eastern side

consisting of two short lobes of lava separated by a knife-edged spur.

The flanks of Witori volcéno slope away from the caldera rim
mostly at less than 50. The upper slopes are incised by numerous closely
spaced, rédiallyarranged gorges generally over-30 m deep which are
separated by knife-edged ridges with precipitous sides (Fig. 6). On the lower
slopes the gorges join‘up to form major flat-floofed valleys separated by
plenezes which have gently undulating surfaces and a vériabie local relief,
The gorges and flat-floored valleys are dry except imnediately after héavy
rain. . To the southwest the flanks are cut-offfﬁy the caldera-like depression
of Buru volcano. . Two domteike hills and three thermal areas are

present on the low southeast flank (Fig. 3). The higher of the domes,

" Pyramid. Hountain, rises to 260 m above sea levele The thermal areas have

been described recently by Heming & Smith (1968). The main area, known
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as Hanagura, is shown in Figure 7. It lies between Kasolali .thermal
area to the northeast (Fig. 10) and a less active thefmal érea to the

southeast (Fig. 9).

The oldest rocks exposed on Witori are lava flows and associated
scoria and ash which crop out along the lower part of the caldera wall
and in vélleys on the upper flank of Oto; 'The lavas are overlain by |
pumiceous deposits which are ﬁell exposed along the sides of valle&s and
gofges oﬁ thé flanks of Vitori and also on the upper oart of the caldera
wall. However, nmany of the outcrop faces are obscured by landslip material,.
The thickest succession seeﬁ is in the caldera wall north of Pago. Here
gbout-70 m of pumice overlies a group abbut 200 m thick of highly vesicu;ar
dark grey to black lava flows and interlayered scorié and ash. The
individual lava flows are mostly less than 10 m thick. Some of the ash
beds Torm hard indurated banded layers and were described as densely
welded pyroclastic flow deposits by Blake and Bleeker (1970)._ Lavé flows
are also present at the base of the caldera wall southeast of Pago,
where some 50 m of lava flows and agglomerate are exposed. The agglomerate
is made'up of scoriaceous lava fragnents and lava bombs, some over 15 cm
long,.enclosed in a dark ashy matrix. The coarse fragments and bombs make
up about 10 percent of the depoéit aﬁd are arranged in poorly defined layers.
The upper 30 m of the 170 m high caldera wall here consists of pumice
deposits, but the central part of the succession is ébséured by landslios.
Similar ezxposures of lava and agglomerate were seen on tﬂe southwest
flank, overlain by punmice, but elsewhere on the flaﬁks only puniceous

denosits are exposed.

The two dome-like hills on the southeastern flank are formed

of zenolithic lava similar to that found on Mululus volcano. -



Figure 6.

Vertical aerial photograph taken in 1965 of part of Pago
and Witori volcanoes. The summit cinder cone of Pago
and its crater are largely devoid of vegetation,

whereas the lava flows show & mosaic of trees and shrubs
(dark tones) and grass and ferns (very pale tones).

The 1914-18 flow also has small patches of bare rock
(pale tone), mainly east-northeast of the pimnacle,
where surface features such as lava levess and transverse
arcuate ridges and furrows are visible. This flow has
partly overtopped the caldera wall of Witori volcano to
the east. The pinnacle within the caldera is almost
entirely surrounded by younger lava flows from Pago.

In marked contrast to Pago, the east flank of Witori

is entirely covered by dense forest, and is deeply and
closely dissected, although some flat summit surfaces,
representing the original constructional surface of the
volcano, can be seen preserved in the southeast.
CAJ5007-5691 .
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Figure 7.
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Namagura thermal area. Southeast lower flank of
Witori volcano, September 1968. Neg. No. L3661-3
(CSIRO)
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View north ffom the summit of Pago, overlooking

the steep side of the 1914-18 lava flow to the

east and an older flow to the west, both of which
are covered by dense forest. Part of the caldera
wall of Witori volcano is shown in the middle
distance., The north flank of this volcano descends
gently from the caldera rim to Lolo and the much
lower Kapberg volcanoes in the background.

Neg. No. L3660-7 (CSIRO).
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Figure 9. Pool of gently bubbling hot water in front of larger

pool of warm water. Thermal area 1 km SE Namagura,
southwest lower flank Witori volcano, September 1968.
Neg. No. L3674-2 (CSIRO)

Figure 10. Part of Kasolali thermal area, showing a cave that
contains boiling mud poolse. The bare area round the
cave consists of hydrothermally altered rock and
small solfataras. Southwest lower flank Witori
volcano, September 1968. Neg. No. L3659-5 (CSIRO).
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Pyroclastic deposits,

- The flanks of Witori are formed almost entirely of.voluminous
pumiceous.déposits, laid dowm mainiy by_pyroclastic:flpws but also by -

air-fall end alluvial processes. Iumice deposits also crop out within the

caldera, where they form hillocks, undulating terrain, and, in the northwest,

narrow ridges separzted by deep very sfeep sided. valleys and'gorgés.
Some of the pumice deposits within the caldera are overlapped by lava flows

from Papo.

The pyroclastic flow deposits are composed vredominantly of acidic

pumice, but also contain. up fo-ten.percent by volume of.angular andesitic,

dacitic, and basaltic lava fragnents. lNost of the deposits are unwelded, but

moderately welded pyroclastic flows are exposed on the northwest and
southwest flanks. Blocks of pyfoclastic flow material densely welded
to obsidian are present both along stream beds and in unwelded pyroclastic

flow devposits.

Unvelded pyroclastic flow denosits range in thickness up to more

‘than 30 m. They are formed mainly of pale grey to white pumice fragments

and minor.lava fragménts less than 5 cm across,'aithough larger blocks of
1dva, gome over_1 m across, are present locally, especialiy in flows
expoéed on the upper flanks of Witori. Separate flow units are indicated
By banding within the deposits.l The individual unité typically appear
chaotic and unsorted and are characterized by an abundanée of:very fine
matefialo However, some sorting is apparent'locally, as large lava
blocks, where present, tend to be concentrated in layers_;nd give the

denosit a crudely layéred appearance (Fig. 13). At severa1 1Qca1ities

- bedding and cross bedding are shown by layers and lenses, commonly less

than 1 m thick, of nartly water-worn coarse sandy to gravelly pumice.
The finest and lipghtest components of the flow deposits were probably
removed from these layers and lenses by water during deposition of the

pyroclastic flow,



The buried soil, which contains artifacts consisting of small chips of

laid down during a single eruptive sequence comprising several separate
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Moderately welded pyroclastic flow deposits are exposed in

J
—

gorges on the northwest and southwest flanks of Witori, where they
gradé-vertiqally and laterally into non welded flow deposits. Good
exposures occur along‘tﬁe Gavuvu River and its tributaries near

Waiéisi (Figs_v14 and 15), where the welded zone is overlain by over 10
m of non welded pumice.. The welded zone is af least 7 m thick, but its

base is not exposed.

On the southwest slope, at loéality 545, the following sequence is
ekposed in a vertical cliff section:
Top : : Thickness .

Inaccessible and obscured by
vegetation about 10 m

. ¥loderately welded part of .
pyroclastic flow deposit,

gradational lower boundary : 3 m
- ﬁnwelded part of flow‘deposit 6m
| Tephra layer . 0e3 m
. Unweldéd pyroclastic flow unit 1-6 m
Tephra layer ' 1.2 m

. Group of tephra layers with
buried soil on top ' 2.5 m

Base, 97 m above sea level

The basal tephra layers at this locality show undulating mantle beddinge.

Z,
obsidian and also carbonized wood dated at’/590,t'250 B.P., indicates that
there was a considerable time interval between the deposition of the tephra

below and the pumice deposits above. The younger deposits were probably

eruptions, during which the wood in the buried soil was carbonized.
The tephra layers within the younger deposits show layering or ‘'shower-

banding' of the type described from New Zealand (e.g., Cole, 1970)._ The
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moderately wélded part of the pyroclastic flow deposit grades laterally

into non~welded pumice downstream from this exposure.

The hoderately,wél&ed’pyroclaétic“flow‘depoéits, unlike the
unwéided’depoéits, are coherent raﬁhei than friable, and meny of the |
conSfituent pumiqe fragments are flattened and partly moulded around
other constituents. This can be seen both in h&nd_speéimen and under the
mic?oscope. 1arge lava fragménts, some over-1-m across, are present in the
moderately_welded aepoéits south of Waisisi. These debosits.characteristically
show vqlcano-karst erosion features qf the type described by Fairbridge (1968).

- Fluted guilies'(iapies) and small sink holes connecting with ﬁndérgrognd
channels are devéloped where the moderately welded depOsits are exposed
in valley floors (Fig. 13), and where they crop out on valley sides they
form wvertical cliffs below whi¢h are strewn large angular fallen blocks.
The karst-like feetures are attributed to the highiy porous.yet indurated
nature of the deposits and the abundance of volcanic acid glass that on
weathering isreédily altered to clay; such clay is highly susceptible to
erosion bylsolution.' The“non-welded pumice deposits on Witori do not
show the same features because they are highly friable and have little
or no secondarj'clay. - It is noteworthy that some of fhe older tephra
deposits on_Witofi and elsewhere in the Cape Hoskins area are Weéthéred

and indurated, and these also show'karst-like‘erosioﬁ features.

Fragments 6f.pitchstone representihg deﬁsely welded pyroclastic
flow materiéi are present on the flanks of Witori in pyroclastic flow
deposits, in tephra, and as floaf in streams. 'They are possibly
‘de£iv¢d from densely welded deposits within.the conduit of the volcano,
éé no such &epoéits,haﬁe'béen-found exposed either on thg flanks or in

the caldera wall,

Mechanical anclyses of several pyroclastic flow deposits and

dlso.tephra were carried out for the author by B.G. Griffiths at the
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Divi;ion of "Land ﬁeséarcﬁ,'QSIRO. Follbwiﬁg valker (1971), the two

parameters chosen to quantify the main characteristics of each cumulative
cufve are the median diameter Mﬂﬁ and. the deviétion or sorting céefficient

" 84 of Inman (1952), where d-is the diameter in millimetrés and d:logzd.

. The tﬁo parameters for the samples analysed are given in Table 7, togethér
with thévmedian diaﬁeters in millimetres. Plots of bﬁ‘against Mdd are

shown in Figure 17, which is based on Figure 2 of Walker (1971). The

sorting coefficients of the pyfoclastic fiow deposits are higher than those
of the'tephra and confirms their general lack of sortiné. Figure 15 shows that
most of the analysed samples éf pyroclastic flow depﬁsits and tephra fall

within'thé respective fields determined by Walker.

" Loose unconsolidated tephra consisting éf pumice and subordinate
’1itﬂicvfragments is preserved on ridge crests and planézes on the flanks
of Witori, and indurated tephra underlies some of the pyroclastic flow
deposits lower down in the flank succession. Buried soil horizons are present
within most of the tephra sequenées. The lithic fragments in the
'tephra are simiiar to those in the pyroclastic flow deposits. Rare
vésicular bomb-like lava fragments are present in some tephra laye;s.
The tgphra is made up of fragments whiéh range in grainsize from silt to
coarse gravel but most are less than 2 cm in diameter. Individual beds are
mostly-less'than 50 cm thick. They show undulating bedding, as they mantle
the pre-eiisting'topogrépﬁy, and commonly show internal 'shower-bedding's
The te?h:a'géngrally‘has a lower so;ting coefficientithan the pyroclastic
flow depoéits (Table Te Pige . 1T7)s Iﬁdurated téphra un&erlies pyroclastic
flow deposits on the northwest flank of Witori, near Mafaléloch. It includes
tﬁin<interbeds éf dark grey non pumiceous tephra, The indurated pumiceous
tephra is.yeiIOWish rather than pale grey and the original pumice glass is

hostly or-¢omp1ete1y altered to clay minerals.
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The thickest tephra layer on Witori is on the north and eést
flanks (Fig. 16),‘over1ying the youngest pyroclastic flow deposit. It
extends from the caldera rim, where it is about 5 m thick, to coastal cliffs
3m high=eastf§f'Lolq; ﬁhere it is about 2 m thick. On'the coast, the
tephra oierlies a buried soil containihg charcoal-ffagments dated af
1590 ¥ 300 years B.P., whereas near the ealdera Tim 1t pverliss a buried soil
cOntainingvcharcoal dated at 1530 £ 100 years B.P. This tephra layer was
described as a probably pyroclastic flow deposit by Blake & Bleeker (1970),

but as,unlike most flow deposits, it lacks fine material and is formed

_aimost entirely of coarse pumiée, it is now thought more likely to be an

air-fall depoéita Some pumice fragments within it are more than 25 cm across,
even on the coast 10 km from the céldera. ‘The coarsest punice fragments within
this deposit typically have pinkish interiors. Similar pumice fragments were
recdrded by Williams (1942) in tephra from Mount Mazama, Oregon, and he
attributed the pink colour to atmospheric oxidation of iroﬁ-bearing gases;
small fragments did not become pink as they chilled more rapidly and ceased

almost immediately after eruption to give off gas.

Alluvial deposits are present on the floors of the incised
valleys on the flanks of Witori, where they locally form terraces up
to 3 m high. They are also present on the caldera flbor, and underlie
tephra and pyroclastic flow deposits on the lower flanks. The alluvial
deposits consiét‘of w#terlain and éommonly cross—bedded coarse to fine

pumiceoussand and gravel and also gravel formedlmostly of lithic fragments.

Buried soil horizons are present in some of the deposits, as at locality

68490125 on the lower northwest flank, where two such hofizons occur at
56~74 cm and 240-253 cm below the top of a terrace 3 m high. Charcoal

fragments in the upper soil have been dated at 1190 ¥ 90 years B.P. and

simiiar'fragments in the lower so0il have been dated at 1740 ¥ 900 years

B.P.
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Bruptive history

In its initial stages Witori volcano was built up mainly of
andesitic lava flows that probably formed a steep-sided cone similar
to most of the other volcanoes in the Cape Hoskins area. Later an abrupt
change in the tyge of activity occurred, and éubsequent eruptions
consisted of explosive activity accompanied by the emission of pumiceous
pyroclastic flows and tephra, but not lava flows. The caldera probably
foimed during.a major cétastrophic eruption towards the end of this phase,
when the welded pyroclastic deposits on the northwest and southwest flanks
and the thick air-fall layer on the north and east flank wefe laid down.
The pumice forming hills and ridges on the caldera floor ma& have been
deposited during later stages of the same eruption. Post-caldera activity
_ included the eruption of highly viscous dacitic magma to form the prominent
pinnacle inside the caldera. Subsequently, a series of lava flows were

erupted within the caldera of Witori to form Pago volcano.

Dates obtained on chércoal collected fr&m buried soil horizons
on the flanks of VWitori are given in Table 5. The ages giveh by charcoal
beneath the partly welded pyroclastic flow deposit on the southwest flank
and beneath the thick coarse téphra layer on the coast east of Lolo indicate
that the caldera-forming eruption probably took place about 2600 years agoe.
If this interpretation is correct, the date of 1530 % 100 years B.P. for the
charcoal beneath the thick tephra neaf the caldera rim at site 70490528
is anomalous. This charcoal, which was collected from a2 cliff exposure

at the head of a gully, may represent tree roots charred durins a later

eruption.

Whehlthe caldera eruption took place, pumice deposits probably
blaﬂketed the flanks of ¥Witori, partly or complétely filling pre-existing
valleys. 'If such was the case the incision of the present valleys on
the fiahké_did not begin until after the caldera eruption.. The dates

obtained on charcoal from the buried soils in terraces on the northwest
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flank incicates that the incision reached its present level about

1750 years ago.

The.age of 9460 ¥ 150 years B.P. on charcoal collectei’frqm_
‘cliffs on the’ coast north of Lolo umay date aniéarlief eruptién from Witori. .
Thé buried soil containing fﬁe charcoal undeflies nearly 5 metres of
bedded and cross;bedded water-lain pumiceous sand and gfavelf' The nearest

source for the pumice is Witori volcano.

Petrography

ﬁost of the lava flows underlying the pﬁmice deposits on
Witori.are high~silica andesites. They contain phenocrysts genefally
iess than 1 mm long of plagioclase (brtovmite cores and labradorite margins),
augite, pleochroic orthopyroxene and sparse iron—titanium oxides enclosed in
a very fine-grained and partly glaséy groundmass. Partly resorbed quartz
'xenocrysts! are present in some specimens., The lava flow at the base of
the succession expoéed in the northern caldera wall is a low-silica andesite
(sample no. 68490025) consisting of plagioclase phenocrysts, similar to those
in the high-silica andesites, and ﬁicrophenocrysts of'plagioelase; augite
and opaques, but not orthopyroxene, set in a mostly glassy groundmass.
This low-silica andesite is characterized by snall globﬁlar vesicles

whereas the high-silica andesites have highly irregular lens-like vesicles.

The pinnacle inside the caldera is formed of high-silica dacite
(sample no. 68490030) containing small phenocrysts enclosed in a very fihe—grained"
flow-banded groundmass consisting of plagioclase lathé, clinopyroxene and
orthopyroxene 6rystallites, opaque granules and interstitial glass or altered
glass. " _ , .
_ Specimens collected from the domesbon_the_southeast flank sre

dacite consisting of phenocrysts of plagioclase (normally zoned from

brtownite to labradorite), augite, pleochroic orthopyroxene, iron-titanium oxides,
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and guartz set in a groundmass of devitrified glass. The dacite contains
xenolithic clots made up of plagioclase, augite, pleochroic orthopyroxene,

tridynite, quartz and ownaque .crystals.

Over 100 samples of pumice from pyroclastic flow and air fall
deposits on Witori were examined microscopically to determine the
nhenocryst minerals and the refractive indices of the acid glass, as it was
Lhoned that these would serve to distinguish the various pyroclastic
depocits from one another and hence be an aid in correlation. However,
this proved unsuccessful, as the internal.variation within most of the
deposits_covers_the range betwee# different deposits. £L11 the samples of
pumice examined contain euhedral phenocrysts of plagiociase, pale green augite,
pleochroic pale pink to very paie green orthopyroxene and iron-titaniuvm
oxides. Green or brown hornblende is present as phenoérysts in some samples,
as élso is quartz. In addition a few samples contain rare crystals of
olivine and one has crystals of biotite. Augite, hypersthene and mégnetite are
conmonly vpresent in roughly equal proportions. Hornblende, where present,
ie generally subordinate to pyroxene but in some samples is the dominant
ferromagnesian minerai. The phenocrysts are enclosed in highly vesicular
glass which under the microscope is seen tc be clear and generally colourless
wnen fresh, though in some samples some clear pale brown glass is also
present. Very rarely the glass contains minute microlites, possibly of

feldspar.

Refractive indices of the fresh pumiceous glass range from 1.498
to 1.518 but mosfly fall into two groups, 1.500-1.504 and 1.510-1.514,
These indices indicate that the pumice is probebly dacitic, with silica
contents between 65 and 70 wt nercent (Huber & Rinehart; 1966), On
weathering, the ?umiceous glass becomes turbid due to the development
of clay minerals, and has a higher refractive index. Also, unlike fresh

¢lass, which is isotropic, turbid pumice is faintly birefringent.



27,
In the pqmice from moderately welded pyroclastic flow deposits
augite is generally subordinate to_hypersthene, and minor hormblende
and sparse quartz are commonly present. Thélrefracfiﬁe indices -of the

puniceous glaés are mostly:iﬁ fhéirange'i;502~td 1w512;.

Thes prides 4 “thie -thick- beghis Teyby oo the povtl mmd Seet
flanks contains phenocrysts of plagioclgse aﬁd roughly equal porpdrtiéns
of augite, pleochroic orthopyroxene and.ironpfitanium‘oxides in.pumiceous
glass that-mostly'has a refractive index inithe‘fgnge 1.512;1.516. Minor

hornblende and quartz phenocrysts are present in a few éamples.'

.The lit:ic fragments in the pyrogléstic deposits are
nmostly of high and low-silica andesiteiand éacite similar petrographically
to the lavas of Witori and Oto. Lesé éommoﬁ pitchstone fragments,
derived from densely welded pyroclastic flow deposits, contain scattered
euhedral to fragmentary crystals mainly 1éSs than 1 mm long of plagioclase
(mainly 1abradorit¢), pleochroic ofthopyroxene, augite, opaques and,
in some cases, hornblende and quartz, together with 1lithic fragﬁents.
"These are enclosed in a eutaxitic groundmass consisting of clear
colourless to pale brown glass formed of flattened bumice‘fragments.
The only pitchstone sample which has been chemically analysed, specimen

no. 68490036F, is a rhyolite containing 75 wttpercent silicae.



Figure 11+ Pago from the caldera wall of Witori to the north-
northwest, showing the summit cinder cone and a
densely forested pre 1914 lava flow. The 1914-18 lavg
flow, also covered by forest, is visible on the
extreme left, between the cinder cone and the pinnacle
to the east. Neg. No. L3656-10 (CSIRO).

Figure 12. Steam rising from a hot spring and swamp at the
toe of the 1914-18 lava flow from Pago volcano,
August 1970. Neg. No. L4143-4(CSIRO).



Figure 13,

Blocks of lava forming crude layering in a
pyroclastic flow deposit consisting mainly
of pumice. Site 70490514, northeast lower
flank of Witori. Neg. No. 14138410 (CSIRO).



Figure 14.

Volcano-karst. Narrow gully (lapie) with fluted
sides eroded in a moderately welded pyroclastic
flow deposit near Wasisisi. Site 70490590,
northwest lower flank of Witori.

Neg. No. L4194-8 (CSIRO).
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Figure 15, Moderately welded pyroclastic flow deposit, containing
large blocks of pumice, exposed in fluted side of
gully. The scale shown is 12 cm long. Near site
70490590, northwest lower flank of Witori.

Neg. No. 14195-3 (CSIRO)

(|
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Figure 16. Coarse pumiceous tephra (pale) overlying a buried
soil horizon (dark) developed on banded pumice
that is probably the upper part of a pyroclastic
flow deposit. The tephra is the youngest thick
deposit on the east flank of Witori. Site
70490513, Neg. No. 4138-3 (CSIRO).
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Fig 17. Grain - size characteristics of pumice. deposits. Plot of og against Mdg for the samples -
in Table 7. The fields of pyroclastic flow deposits and tephra are taken from Walker, 1971.
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Figure 18. Exposure of pumiceous tephra layers in a road cutting
on the caldera rim of Busui volcano. Layers labelled
H1 and H2 are buried soil horizons. H2 is overlain by

a layer showing shower bedding. Site 70490543,
Neg. No. L4141-5 (CSIRO)

Coarse and fine layers of pumiceous téphfé; road
cutting exposure on the caldera rim of Busui volcano.
Site 68490060. Neg. No. 13655-9 (CSIRO).
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PAGO VOLCANO

Geology

The.only.active volcaﬁo in the Cabe ﬁoskiné‘area, Pago is
a stratovolcano built up mainly pf thick dacific léﬁa flows erupted from a“
central vegt (Figs 5, 6 and 11)9 It-is situated within'the_éaldera'of
witori-voie;no- The summit érea of Pago consists of a cinder cone 250'm
high, the toélof whiéh is 724.m above sea-level. The cone has a roughly
circular crater 300 m aéross, breached to the northeast, inside which is a
small subsidiary crafer.' Several active fumaroles and steam vents occur

within the craters and on the sides of the cone.

Bight majér lave flows can be identified on the flanks,'fhe largest
flow being the youngest. This has a volume of about O.8Ikm3.A The flows
which are of the aa type, have sfeep bouldery sides and uneven locally Slocky
upper surfaces showing transverse arcuate pressure fidges and furrows and
in some cases marginal longitudinal lava levees and depressions. These
surface features are nartly or completely obscured by vegetation on all But
the yoﬁnggst flow, which is the site of humerous active fumaroles and has hot

springs issuing from beneath it (Figs 6 and 12).

Pago has been builf.up sihée the.formation of the éaldera of
Witori volcano, which was proﬁably formed about 2600 years ago, as described
above., It is also youhger than the pinnacle inside the balderé, which it
partly overlaps.. The date of the first Pégo eruption is uncertain, but the
following evidence indicates that it may have been less than 350 years ago.
Charcoal collectéd from a buried soil horizon near Rikau,'on the lower nofth
flank of Witori, has been dated at 320 z 170. years B.P. The buried soil is‘
developed on pumice and underlies about 0.5 m of thin-bedded mainl&'pumiceous
tephra that is capped by about O.fS m of non-pumiceous dacitic tephra and dark tor
soils . The non-pumiceous tephra probably came ffom Pago, butvthe thin-bedded

pumiceous tephra is probably derived from volcanic eruptions that took place
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outside the Cape Hoskins area. In any case it is significant that no
pumiceous tephra has been found on any of the Pago lavas, indicating that

the lavas are most likely younger than this tephra.

The last eruption éf fago started in 1914 and continued until

August 1918, according to the late Father Stamm, who witnessed part of

the eruption (personal letﬁer to R.W. Johnson dated 11 August1969),

and Boas, a local chieftain, who deécribed the eruption to the author

in 1968;' Fathér Stamm also reported that Pago was active at the turn of
the century. During the 1914-18 eruption highly'viscéus nagma was emitted
to férm the youngest lava flow. The eruption was relatively quiet and was
accompanied by only minor explosive activity. However, volcanic ash
caused extensive damage to gardens and plantations in the Cape Hoskins

area and can be expected to do so again in any future eruptions.

Petrography

Specimené from six of thé lava flows on Pago, including the
youngest, have Been examined pétrographically,and three have been chemically
analysed., .The 1a§as are uniform in composition, and the analyses show
that they are low-silica dacites, not basaltic andesites as suggested by
Blake &. Bleeker (1970). They aré made up of phenocrysts up to 1 mm long,
of vlagioclase, augité, pleochroic orthopyrdxene and iron-titanium oxide
(Table 6) enclosed in a very fine-grained highly vesicular groundmass.

The phenocrysté commonly occur in small glomeroporphyritic groups.

The. plagioclase phenocrysts have cores of bytownite (An 70-90)
bounded by oscillatory zoned narrow marging of labradorite (An 55 - 70) and
in some cases very narrow outer rims of andesine, ~Sma11‘inclusions of
volcanic glass and groundmass are commonly present, but are generally

restricted to particular compositional zones. Rare phenocrysts or

xenocrysts of plagioclase have honeycomb textures, with inclusions of

volcanic glass filling small cavities. Augite phenocrysts are equant,
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pale green-in thin secfion, non pleochroic, and many are twinned. Rarely
they have cores of orthopyroxene. Phenocrysts of orthopyroxene are
elongate and commonly ﬁave thin rins of clinopyroxene. The orthopyroxene

is pleochroic from péle pink to pale green. Irpnatiténium oxide phéndcrysts

are equant'and smaller thén'the other phenoérysts.

The_groundmass'of the lavas consists of flow-aligned crystallites
of plagioclase, clinépyroxene,"and minor orthopyroxene, together with
opaque granules and interstitial colourless silica minerals (either or both

tridymite and qristobalite) or isotropic brown glass.

BURU_VOICANO
Geology

Southwest éf ‘itori lies Buru volcano, which consists of a
partly nreserved volcanic cone about 150 m high and a swampy caldera-like
depression to the north. All that is left of the north part of the original
cone is a steep-sided semi-circular embayment that probably represents part
of a caldera or crater. In contrast the other sides of the cone have
relatively gently concave slopes which represent an original constructional
volcanic surface. These sides are dissected by gullies radiating outwards
from the 'cratér'. The caldera-like depression is bounded to the north
by an irregular cliff face that cuts into the dissected southwest flank of
Yitori. This indicates that thevdepression was probably formed after the
caldera eruption of Vitori, when’pumige deposits blanketed the flanks of

that volcano,

The east side of the cone was visited in 1970. It is incised by
gullies over 30 m high, on %he near vertical sides of which are exposed
thick unéorted pyroclastic deposits interpreted &s pyroclasfic flows.
Thesé consist largely of daciticvpumice, but also contain scattered

fragments up to 1 m across of porphyritic andesite or dacite and also
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vitchstone, a chemical analysis of which shows it to be a high-silica dacite

containing 69 wt nercent silica.

Eé_’gr_%*zéplll |

Thé porphyritic andesite or dacite fragments in the pyroclastic
flow deposits aré comparable petfographically to rocks of similar composition
elsewhere in the Cape Hoskins area. They confain abundant small phenocrysts
of plagioclase, augite, pleochroic orthopyroxene, andAiron-titanium oxides
enclosed in a very fine-grained to partly glassy groundhass. The
pitchstone contains the same minerals as phenocrysts in a clear non-euxatic
célourlesu glass. The same types of phenbcrysts; tosrrether Qith
very minor quartz, are present in the pumice thét makes up the bulk
of the pyroclastic déposits. The fresh pﬁmice glass has a refractive
index of i.522 X 0,003, which is highef than that of any of the fresh
punice fron Wifori'volcano, and indicates that the Buru punice is

probably slightly less acid in composition.
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TEPHRA

The surfaces of all the volcanoeé except'Pago, where they are
not bEing_actively eroded, are mahfled by tephra. At maﬁy iécalities the
tephra is several metres thick (Fig. 18). It consists of well defined
layers of different colours, textufes and compositions, and ranges in
graih—size from silt to coarse gravel. ‘The individual layers show
undulating bedding, as they mantle_the pre~-existing topogréphy; some show
internal banding termed 'shower-bedding'. Most are made up vredominantly
of.fresh pale_grey to white pumice (Fig. i9), but they'also'contain some
lithic fragments, nainly of andesitic and dacitic lava. Scoriaceous lava
bombs have also been observed at a few sites. The pumice contains
phenocrysts of plagioclase, augite, pleochroic orthopyroxene, iron-titanium
oxide, and in some cases either or both quarté and hornblende set in highly
vesicular colourless glass thet mostly has refractive indices betﬁeen
1,501 - 1.507. These refractive indices are similar to those of pumiceous
glass in the Tauvo area New Zealand and indicate probably silica

compositions of about 70 wt percent (Ewart, 1963; Huber & Rinehart, 1966).

Buried soil horizons.aré present at several levels within
the tephra deposits. They represent relatively long periods during
whiéh no pumiceﬁﬁs tephra was deposited, so that weathering and soil
formation were able to take place. In some instances these vperiods
nrobably iasted several hundreds of years. Buried soils are particularly
well displayed in road cuttings on the caldera rim of Busui volcano,
west_of Oto (Fig. 18). The lowest buried soil here, 7 m below the top
of the_eprsed succession and not visible in Figure 18, contains
charéoal datéd at 1990 t 90 years B.P., indicaiing that 7 m of tevhra

kas been demosited at this locality within the last 2000 years,
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Charcoal dates have also been obtained from the youngest buried soil
horizon near Rikau,éouth of ILolo, and on the track to Lavege east of
Witori. The two horizbns occur 0.7 m below the surface, and have Been

dated at 320 I 170 years and 830 ¥ 110 years B.P, respectively.

Not_all the tephra is pumicepus. For instance, dacitic non-
pumiceous tevhra was deposited during the 1asf efuption of Pago.
However, such tenhra is typiéally much less voluminous than pumiceous
' tephra and ﬁhere the land surface is densely vegetated, as on New.
Britain, it is readily incorporated into the existing topsoil. &s a

result, non—pumiCebus tephra can rarely be identified.

The tephra has been derived from a number of voléanic sources.
Some of the pumiceous tephra was no doubt deposited during eruntions of
of Buru and Witori volcanoes. Much, however, is probably younger than
the last major eruptions of these volcanoes, aﬁd must therefore be
derived from elsewhere in the New Britain area, such as volcanoes on
Willaumez Peniﬁsula and on'Lolobau Island. Non-pumiéeous tevhra
from recent eruptions of Ulawun and Langila volcanoes may be present with
that from Pago'invthe thick dark topsoils characteristic of the Cape

Hoskins area.
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SUMIARY OF VOICANIC HISORY OF “HE CAPE HOSKINS AREA

As a result of the field work undertaken in 1970'and subsequent
K-Ar and C-14 age data, some minor modifications'héed'to-be made to

the account of the volcanic history.giﬁen by Blake &'Bléeker (1970),

The oldést volcanoes are Ko and Husa in the west and possibly
Kapberg in the north, all thfee of which are in a similar residual
stage of efosion. Lavas from Ko have been dated at 0.8 to 0.9 m.y.,
indicating that this volcano was active during the mid Pleistocene.
Busui voicano in the southwest is younger than Husé, which it overlavs,
but is older thén Oto. It is probably formed of pumigeous pyroclastics
deposited during a series of eiplosive eruptions, and its activity may have
culminated in a paroxysmal caldera—forminé eruption. Oto volcano was
active about 190 000 years égo and is therefore of late Pleistocene age.
Mululus is somewhat younger, as lavas from it have been dated at 111 000
to 63 000 years. Mataleloch overlaps onto Mululus and hence is younger
still, It is more eroded and therefore probably older than Lolo to the
northeast, which is the only extinct volcano with a well preserved summit
crater. Lruptions of Oto, IMululus, Mataleloch and Lolo were probably
of the Vesuvian type, with explosive activity accompanying the extrusion

of lava flows,

0f the three remaining volcanoes in the area Witori is
considered to be the oldest. It had a paroxysmal eruption about 2600 years
ago, when the caldera is thought to have formed. During this eruption
largevvolﬁmes of pumice were emitted both as pyroclastic flows confined.
to the flanks of Witori and as tephra which .blanketé'd; most of the
surrounding erea. A similar eruption'of Buru - volcano pfobably took plade
shortly after. As a result of this eruétion the nofthern.part of the

cone of Buru disappeared and a oaldera-liké depression was formed to the
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north. Pago, the youngest volcano and the only one considered'potentially
active, has 5een built up inside the caldera of Witori volcano by a

series of eruptions during which thick viscoﬁs léva flows were emitted,

| accompanied by relatively minorvexplosife activity.‘ The first eruption of
Pago may have Bécurred less than 350 years égo and the last took place in
1914-18, when the youngest lava flow appeared and explgsive éctivity vas
sufficient to produce ash showers that caused serious demage to the

vegetation in the Cape Hoskins area.

Present day volcanic activity is confined to solfataras and
fumaroles on Pago and three thermal areas on the southeast lower flank

of Witori.
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TABIE 3, STATISTICS OF VOLCANOES OF THE CAPE HOSKINS AREA

Hei Hei f .
Name a?;%?f e:iigzeo Form Composition of Age
(m) (n) Products.
Pago 724 . 700" High angle cone Low-giiica,dacite Holocene, last
: eruption 1914-18
Witori 700 700 Low angle cone Low=-silica Holocene, last major
with central andesite to eruption 2600) years
caldera rhyolite B.P,
Buru 300 250 Breached cone. ~ Dacite and . Holocene, last major
and caldera probably andesite eruption about 2500
' years B.P.
Lolo 818 810 High angle cone Low and high Late Pleistocene
silica andesite ‘ :
Mataleloch 672 670 High angle cone Low and high Late Pleistocene
: silica andesite- '
Mululus 1054 1050 High angle cone . Low-silica Late Pleistocene
andesite to high- 60 000-11C 000
silica dacite years B.P.
Oto 1305 1250 High angle cone Basalt to high-~ Late Pleistocene
silica dacite - about 190 000 years
B.P,
Busui 370 360 Low angle cone Probably Late Pleistocene,
with caldera andesite to older than Oto and
rhyolite younger than Husa
Ko 600 550 Eroded cone, Low~silica Mid Pleistocene,
no construct- andesite 750 000-950-000
ional surface years B.P.
preserved
Husa 550 500 Eroded cone, Probably low- Mid Pleistocene
no construct- 8ilica andesite
ional surface
preserved
Kapberg 384 380 Eroded cone, Low-silica Probably mid
no construct- andesite Pleistocene

ional surface
preserved




TABLE 4.

POTASSTUM~ARGON AGES ON VHOLE ROCK LAVAS IROM THE CAPE HOSKINS AREA. NEi/ BRITAIN

Determined by Dr I. McDougall,_Australian_Natidnal‘University,_Canberra

“BIR

0.7983 0.799

0.799

T1.2.

ANU . - K Rad. Ar40>Atm Ar40 % 100 Calculated ZI'WL'.”.. - )

iSample  Sample - (wt. %) (x10-13  Total Ar%™ m.y.)_,.-;” ' : Iff""_@‘“’ -

‘No. ‘No. . .- nd/g) - e |

-68490084  70-465 '--1.194; 1.197 2.36,3 96,9 04111 _+_ 0.008 .-,Mululus Volcano, north flank, 120 m a.s.1. Lava flow

3 1.200) .°° 2.033 97.3 0.095 + 0. 012 exposed on W bank of creek

684900924 70-466 0.621) 0.621 . 0929 96.9 0,084 + 0,006. Mululus Volcano, west. flank, 335 m a.s.1. Lava flow

. 0.622) ~*°°' 0,703 97.5 0.063 + 0.014 forming upper part of waterfall

68490162 T0-467 O. 739g0 740 _0;896 93.9 10.068 + 0,004 .  MNululus Volcano, southeast flank, 270 m a.s.l. Basal
0.741 : o - part thick lava flow forming waterfall

68490151 70-463 O. 2083 0.211 0.734 98.7 0.195.+ 0.029 Oto Volcano, northeast flank, 245 m a.s.l. Lava flow
0.214 . : ' - exposed on west bank of creek

.68490152C 70-464 0.462) 0 462' 100 £0.19 ' Oto Volcano, northeast flank, 315 m a.s.l. Lava flow

' g ! 0.463) ol - ~ v , exposed on east bank of creek : '
684901714 70-155 0.411) 0.411 '6.809, 90.9 | 0.931 + 0.031 Ko Volcano, south flank, 76 m a.s.l. Lava flow exposed
: 0.412) 7% g . ' in Ko Creek

68490172 70-156 O. 730) 0.730 10.20 62.6 0.785 .+ 0.011. Ko Volcano, south flahk; 90 m a.s.l. Lava flow exposed.
0. 731) : .on sides of Ko Creek :

68490176 70-157 11.24 0.792 + 0.015 ‘Ko Volcano, south flank, 135 m a.s.l. Lava flow

~exposed in southerly flowing tributary of Ko Creek

!

i

*Le
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TABLE 5. C-14 AGES OF CHARCOAL FROl BURIED SOIL nORI ONS IN THE CAPH HOSHINS ARmA, HE BRITAIN

—

Determined by Dr X, Kigoshi,’Gakushuin University, Tokyo

Sample No. _ igze B.Pe- ' . B A . Sample Site .
' (years belore 1950) L . 5o ,
GaK-2163 . A1190 X.90 - _ O 55 = 0.73 n. below top of" alluv1a1 terrace, 51te 68490125, lower northwest
" : - ok - flank of WITORT

GaK-2164 o '1740 ¥ 100 2,00 - 2.13 m below top of alluv1al terlace, site 6849u125, lower northwest

flank of WITORI .
GaK-2167 2590 300 3m below top of cliff, underlying layer 2 n thick of coarse tephra, site 6@490138
: _ : coast near Galilo, lower northeast flank of WITORI

- o L4 n ‘ ' \

GaK-30T71 . 830 110 : 0.65 = 0.7 m below surface, highest buried soil horizon in soil pit on Lavege .

track, site 70490593, lower east flank of WITORI : :
GaK-3072 ' - 1990't 90 T n below top of road cuttlng, site 70490504, rim of BUSUI caldera soutahwest of OTO
GaK-3074 : 9460 s 150 _ -5 m below top of cliff, underlylng water—lald pumiceous sands and gravels,

. site 70490594, coast north of LOIO

GakK-3076 - © 2590 ¥ 250 _ 'Underlylng pumice, including moderately welded pyroclastlc flow, site 70490545,

lower southwest flank of WITORI
GaK~-3077 . 1530 £ 100 Underlying thick coarse tephra and overlying unwelded pyroclastic clastic flow

' : . deposits, site 70490528, gully head near caldera rim, upper northeast flank WITORI

GaK~-3079 320 h 170 0.65 - 0.7 m below surface, highest buried soil horizon in soil pit near Rikau,

site 70490595, lower north flank YWITORI
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LODAT £7:TVSES OF 27 20CES FRGL T

I CATD TCSTINS AREE

Sampie Volure 7% thenocrysts Total
Voleano  Iunmzer Fiesmcclase OLivinme Ortko- dugite Fe-Ti %
Jvroxene Oxides Quartz vhenocrysts Rock twvoe Locality
o 684901712 13 - 1 1 - - 8 Low=silica andesite Lava flow, S. flank, 75 o a2.8.1.
68450174 23 - 3 4 1 - 32 Iow-silica sndesite Leva flow, S. flenk, 115 m a.s.i.
Karberg 6848007 27 - 4 2 1 - 34 Low=-silica andesite Lava fiow, NE flank, 130 & a.S.1.
Oto 684SC1478 16- - 1 A 1 - 18 digh-gilice dacite Boulder in siream, I flank, 32C z a.s.L
58420151 26 1 5 2 - - 33 Basalt Lava flow, XB flank, 245 = a.s.l.
684501528 26 1 3 3 1 - 32 Low=-silice endesite Lave flow, IE flank, 315 = &.2.l.
BELSCIES 18 - 1 2 1 - 22 Low-silice dacite Cumulodcme, IE flank, 39C 1 a.s.l.
6849C154 18 - 2 4 1 - 26 Low-silice dacite Youngest iava flow, LB flank, 430 m
2.S.1ls
Ydulus 684900823 21 - 1 2 1 - 25 Low-silice dacite? Boulder in streem, NV flank,?05 = a.s..
68450134¢C 18 - 1 3 1 - 23 Iow=-silica andesite Boulder in stresm, ¥ flank, 70 = =.s.l.
684901584 21 1 1 5 1 2 3 Low=-gsilice dacite Boulder in stream, E flank,125 = S.S.1.
6842C162 10 1 1 2 1 1 15 High-silica andesite Cunulodome, B flank, 270 = a.s.l.
58450164 24 - 1 3 1 1 30 Eigh-silica dacite Cumulodome, E flank, 240 & sg.s.l.
Hatalelock 68450077 29 1 5 4 1 - 38 Low-silica andesite Boulder in stream, E flank, 80 m a.s.l.
Iolo 68490003 26 1 5 3 - - 34 Low-silica andesite Boulder on steep ridge crest, SY flanic
: ) 435 m 8e8.1. '
68430013 22 - 1 1 1 - 24 Low-gilica andesite Lava flow, SW flank, 170 = a.s.l.
68420102 23 - 3 2 - - 28 Lovw~silica andesite Lava flow, ® flank, 170 &m a.s.l.
68430108 18 1 2 2 1 - 23 High-silica andesite Lava flow, Kd flank, 70 1 a.s.l.
¥itori 68490025 20 - 1 3 1 - 23 Iow-silica andesite Lava flow, base of ceglders wall K cof
Pago, 20. n a.s.l.
68490C36F 3 - 1 1 1 - 3 Rhyolite Boulder in stream, K flank, 30C = z.s.lL
704905484 3 - 1 1 1 - 5 High=gilica andesite?  Boulder in agglomerate at hase of
caléera wall SE of Pagc, 5C u a.s.l.
704505793 1) - 1 1 1 - 8 Eigh-silice andesite# - Lave flow, caldera wall ¥ of Pago,
. 330 I 8.S5.1.
684390030 7 - 1 1 1 - 8 Eigh-silica dacite Lava forming Nw side of pinnacle
inside caléera
Pago 68490031 6 - 1 1 1 - 8 Low-silice dacite 1914-18 lava flow, E of cone
68490033 6 - 1 1 1 - 8 Low-silica dacite Lave flow, NE of cone, 380 n &.S.is
70490557 8 - 1 i 1 - 10 Low-silice dacite Lava flow, 5 of cone, 45 m a.s.1.
Buru 70420557 13 - 1 i -t - 16 Eigh—silica dacite Boulder ir pyroclastic flow deposit,
HE flank of cone, 130 m a.s.l-
Totes: 1 - contains 5% vasicles 2 - contains 13> zenclitas 3 - conteins 18% vesicles 4 — contains 17% vesicles

‘6%
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TABLE 7. GRAINSIZE CHA3ACTE£ISTICS_OF PUMICE DEFOSITS
A, PYROCLASTIC FLOW DEPOSITS .
Upecimen No. Md(mm) Mdd _é Locality
70490514 - 0.2 2.2 3T Flow unit 1 m above base of composite flow
deposit 8 m thick; upper northeast flank
WITORI, 160 m a.8.1. h
70490524 0.4 1.0 BT Flow unit 5 m above base of composite flow
deposit 10 m thick; upper northeast flank
WITORI, 120 m a.8.1.
T70490528A 6.7 -2.8 5.0 - Flow unit 3 m below top of composite flow
deposit; caldera rim northeast aide WITORI,
365 ma.s.l.
70490528D 0.2 2.2 3.7 Flow unit 1 m above 704905284,
70490531 0.9 0.1 2.7 2 m above base of flow deposit 15 m thick;
upper northwest flank WITORI, 290 m a.s.l.
T70490533B 6.7 -2.8 - 2,55 Flow unit 3 m above basal expoéuré of
composite flow deposit over 60 m thickj
caldera rim northwest side WITORI, 475 m a.s.l.
70490533C 0.5 0.9 4.2 Flow unit 1 m below 70490533B.
70490541 1.2 0.3 3.2 Flow deposit 30 m above creek beds lower
southwest flank WITORI, 120 m a.8.1.
T0490546E 0.9 0.2 3.7 Lower unit of composite flow deposit 6 m
" thicks wupper southwest flank WITORI, 80 m a.s. 1.
70490546G 0.4 1.3 303 Upper unit of same flow deposit as T0490546E.
70490556 0.8 0.4 4.1 Massive flow deposit forming hill 15 m high;
southeast caldera floor WITORI, 110 m a.s8.1l.
70490558 1.2 ~0.3 3.8 Unit of composite flow deposit 30 m thiockj
gully on east flank of cone, BURU, 130 m a.s.l.
70490562 8.0 -3.0 2.4 Water-sorted part of flow deposit forming hill
"T m highg south caldera floor, WITORI, 75 m
a.8.1,
T0490567A 3.3 -1.7 3,5 Flow deposit 4 m thick; southeast caldera wall
-WITORI, 65 m a.s.l.
70490571 0.7 0.6 4.2 Flow deposit at base of cliff; upper southeast
flank WITORI, %5 m a.s.l.
70490573 1.0 0.1 4.1 Flow deposit forming h111'10 m high; caldera

flow WITORI east-southeast of Pago, 60 m a.s.l.
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TABLE 7 contd.

Specimen No. Md (mom) Mdd 4 Locality
70490585 11.9 -3.6 3.3 Flow deposit forming ridge 15 m high;
’ caldera floor WITORI west of PAGO,. 270 m a.s.l.
70490588 0.9 0.2 4.1 Flow deposit forming ridge 12 m high;
¢ caldera floor WITORI west-northwest PAGO,

205 m a.s.1,
704905924 0.7 0.5 4.6 Base of non-welded zone overlying moderately
: welded flow deposit, lower northwest flank
WITORI near Waisissi, 85 m a.s.l.

| 704905928 0.5 1.0 4.3 Flow deposit 13 m above 704905924,

B. AIRFALL DEPOSITS

704905458 8.0 ~3.0 2.4 Layer 2 m below top of buried soil underlying
partly welded flow deposit; 1lower southwest
flank WITORI, {00 m a.s.l.

T0490546A . ' 3.0 -1.57 1.8 Layer 3 m thick capping pyroclastic deposits;
. : upper southwest flank WITORI, 100 m a.s.l.
T70490569A 6.7 . =2.7 2.15% Layer 15 cm thick underlying pyroclastic

deposits 15 m thick; upper southeast
flank WITORI, 65 m a.s.l.
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:PART %:  WULAT AND KIMBE ISLANDS, DUPAURE AND WPGO VOLCANOES,

~AND VOLCANOES OF bOUTHERN WILLAUMEZ PbNINSULA

INTRODUCTION

Most of the volcanoes described in this section form an

~irregular chain that makes up the southern half of Willaumez

Peninsula and a restricted area at the base of the peninsula
(Fig. 1). Exceptions are Wulai and Kimbe, minor volcanic centres that form
small islands in Kimbe Bay: they were examined by Hacnab, Ryburn

and Johnson, with the part-time assistance of P, Pieters, at various

'..fimes between 10 and 27 October, 1969.

The geology and petrology of the northern half of Willaumez
Peninsula, including the area around Talasea (Fig. 1), has been
described by Lowder & Carmichael (1970) and Lowder (1970), and
by others. Consequently only a few localities in this part of the
penlnsula were visited by the 1969 BMR field party. Some aspects of
the overall geology of the peninsula are discussed at the end of

thispart.
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WULAT ISLAND
Geology

TheAsmall volcanic islands'of Wulai and Kimbe in Kimbe Bay
are isolated both from each other and_from the main groups of volcanoes
in the Cape Hoskins area and on ¥illgumes Penimsula (Fig. 1).

Wulai, the larger of the two islands, is about 9 km north
of thé New Britain coastliﬁg; and about 19 km southeast of Kimbe
Island. vit‘consists of two roughly triangular parts joined by a
narrow hprth—sduth.isfhmus, and has a prominent bay on:its eastern
side (Fig.'ZO). The island rises no more than a few tens of metres

- above sea—lével. It is uninhabited, but is visited by mainland |
villagers who grow coconuts there. Thick fégetafion covers most
of the island, and rocks are well éxpoéed only along the éhoreline.
Thé entire.island is fringed by coral reefs which join up northwards

" with an enclosing barrier reef through Which there are three entrances.

No constructional volcanic forms have been identified on
Yulai, and the island is presumed to be a deeply eroded volcanic
~ centre. Lava flows and volcanic rudites are exposed along the shoreline.
A strong fissility is developed in the lava flows of some outcrops,

and in others the lava is well-jointed.

Petrology -

Twenty-six samples were collected from Wulai Island by
Macnab and Johnson. Petrographic examination of these samples, and

four chemical analyses showing silica contents ranging between 52.2
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and 56,7 wt percent, indicate fhat the rocks are basalts and low-silica

andesites., Table 8 gives seven modal analyses of samples whose

localities are listed in Table 9.

Wulai rocks are highly porphyritic, the most abundant type
of phenocryst being zoned plagioclase. Pleochrbic orthopyroxene 1is
the second most common phenocrYét mineral, but is not present in
samples rich in olivine, In the other rocks it is moie abundant
than augite aﬁd commonly occurs in clusters. Augite phenocrysts are
.ﬁost abundant in olivine;rich rocks, and are generally poorly developed,
or absént, in rocks containing orthopyroieﬁe phenocrysts. Iron-titanium

" oxide phenocrysts are absent in samples rich in olivine.

0livine phenqcrysts are present in many samples, but mostly
in amounts less than 1 percent. lNMany are partiy or éompletely altered
to deep rust~red 'iron oxidéﬁ. In a few rocks altered olivine grains
have narrow overgrowths of_Colourless olivine, indicating that some
olivine crystallised after the alteration, which must have taken place
at a high temperature. Coronas of fine-grained pleochroic orthopyroxene
are present on the olivine phenocrysts of many rocks, and in some cases
the coronas also contain iron-titanium oxide grains. In a few samples,
olivine and pleochroic orthopyroxene form aggregates, and sample 02294 -

contains olivine phenocrysts intergrown with, as well as rimmed by,

orthopyroxene.

The groundmass of most rocks is fine-grained, and is composed
mainiy of plagioclase, augite, orthopyroxene, iron-titanium oxides,

low=-2V clinopyroxene, and high-temperature silica polymorphs.
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TABLE 8 . ~ MODAL ANALYSES OF 7 ROCKS FROM WULAI ISLAND
Sample Volﬁme % phenocrysts | . : Total
‘number : - %
(prefix Plagio- . .__ | Ortho- TN Fe-Ti _
51NG ) clase 01l?lne"pyroxene Augite . oxides phenocrysts_
02224 38 - 5 1| =<1(a) 44
0225 36 - 4 2 1 43
02298 34 <1 1 - <1(a) 35
0233 27 -1 2 1 < | 31
0236 24 = 1(b) 10 5 <1 39
0239 28 4 - 3 = 35
0241 30 ' 4 - v LB = 39
(a) rare microphenocrysts
(b) hole in slide rimmed by orthopyroxene and iron-titanium oxides.
TABLE 9 . LOCALITY INDEX FCR SAMPLES OF TABLE 8 . AND
FOR THOSE REFERRED TO IN TEXT
Sample | Locality description
0222A | clast in volcanic rudite, southern end of bay on eastern side.
0225 in situ lava flow, southern end of bay on eastern side.
0229A
0229 in situ lava outcrops on southeastern corner of island.
0233 in situ lava showing strong fissility, west coast.
0236 in situ lava, near northwestern tip of island.
0239 in situ lava flow, headland on north coast.
0241 boulder on headland, northeastern coast.
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KIMBE ISLAND

Geology
Kimbe Island is about 33 km east of Willaumez Peninsula, and 25 ¥m
north-northwest of the Cape Hoskins area (Fig. 1). No large-scale
maps or aerial photographs are availablé of the island, which is
more or less circular, a few hundred metres in diameter, and about
40-50 m high. It is thickly vegetated and uninhabited, and has no
fringing coral reefs. The island has a comparatively flat top, and its
sides rise steeply from the shoreline, having maximum slopes between

4 and 50 « cnab an ohnson visite imbe Island on ctober .
0° 50°. Macnab and Joh isited Kimbe Island on 11 October 1970

- Rock exposures are restricted to the coast, where lava crdps
out in many places. Deposits consisting of lava boulders are also
present, and oxidized scoriae is exposed at one locality in the
southeast. Some lava is massive, some is slightly scoriaceous, and
some shows flow-banding. Some also contains coarse-grained plutonic

inclusions up to a few centimetres in diameter.

Petrology

Niﬁeteen rocké from Kimbe Island have been examined in thin
gsection. DMost contain olivine phenocrysts,and chemical analyses of
four such éamples, which show silica values ranging between 49.2 and 52.6
wt percent, indicate that the most common rock type is basalt, A few
samples contain no olivine, and these are probably andesites. HModal
analyses of seven rocks are given in Table 10, and the localities of

the samples are listed in Table 11.

Most rocks contain more than 30 percent total phenocrysts.
4 few olivine-free rocks, such as samples 0243B and 0245A have less than 20
nercent phenocrysts, and one sample, 0246, is almost aphyric. Plagioclase

is the dominant phenocryst mineral, and none of the rocks in Table 10
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contains more than a few percent of any one type of ferro-magnesian
phenocryst.. In most. rocks, phenocrysts of augite oredominate
over those of orthopyroxene. ‘Iron~titanium oxide phenocrysts are absent

or sparse. 'Microphenoérysts of apatite are present in a few samples.

Olivine phenocrysts are present in most samples, but not in
amounts greater than 3 percent. In some rocks;.the olivine phenocrysts
are unaltered, but in many they are partly or wholly pseudomorphed

by ‘'iddingsite's They commbnly have narrow rims of iron-titanium

~oxides, and in a few samples are surrounded by a poorly-defined,

fine-grained, oxide-free zone that appears to be made up principally
of pyroxene. In a few cases coronas of orthopyroxene or augite are

present.

The groundmass minerals are plagioclase,iron-titanium oxides,
augite, pleochroic orthopyroxene, and low-2V clinovyroxene. Olivine is
also present in the groundmass of the sparsely porphyritic basalt, 0246,
and high-temperature silica polymofphs are present in some vesicles,

The groundmess of the olivine free samples (0243, 0245) is heterogeneous,
consisting of colourless_glassy areas, crowded with microlites that
appear to be mainly.plagioclase, enclosed in a dark brown, microlite-rich
glass. Similar textures have been observed in high-silica andesites

and dacites from other Late Cainozoic volcanoes in New Britsin, such

as those from Lolobau Island and the Lake Hargy area (thnson, 1970c, 1971).
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TABLE 10, MODAL ANALYSES OF 7 ROCKS

FROM KIMBE ISLAND

Sample Volume % phenocrysts ' Total
number ; _ %
(prefix| Plagio~ |[Olivine | Ortho- Augite Fe-Ti phenocrysts
51NG) clase pyroxene | oxides

0242 29 1 2 2 <1 34
0243B 14 < 1(a) 1 1 g 17
0245A(b] 14 - <1 1 <1 15
0245B 34 - 2 <1 1 -4 - 40
0246 << 9 <1 <1 <1 <1 ca 1
0248 29 3 <1 6 <1 38
0250A 35 1 ' 2 4 <1 42

(a) patches of secondary minerals which may be pseudomorphs'
of olivine. ' , .

(b) also contains a few microphenocrysts of apatite

TABLE 11. LOCALITY INDEX FOR SAMPLES OF TABIE 10 _

Sample : - Locality
0242 loose boulder, southeastern coast
0243B - in situ lava, south coast '
0245A; - loose boulders, southwestern coast
0245B _ '

0246 - loose boulder, west coast

0248 " loose boulder, northwestern coast
0250A - "loose boulder, northeastern coast
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DUFAURE AND WAGO VOLCANOES
Geology

Dufaure is a dissecfed, central voicanb‘on the southwestern
side of Stettin'Bay, southeast of the southérn end of Willaumez

Peninsular'(Figs 1 and 21).

The base of Dufaure-i$ roughly éircular,_and.has a diametér
of about 11 km (Fig. 21). 'Acéordiﬁg_to thé'Lée Shé;t, the volcano
rises to 752 m above sea-level. The average slope ofrthe buter flanké is
about 4°, In profile, Dufaure has subdued relief compared to the nearby
steep-sided volcanoes of the Cape Hoskins area ané southern Willaumez
Peninsula. There are no remnants of a summit crater,Aand no planezes
are preserved. This indicates that Dufaure has been dissected to a

‘residual mountain' stage of erosion (Kear, 1957), and much of its

Willaumez Peninsula were built. However, numerous satellite cones
are scattered around the periphery of Dufaﬁre, particularly in the south,
and indicete more recent activity. HMount Wago, the largest of these '

satellite cones, is on the northeastern edge of Dufaure.

An unsealed road from Talasea to Cepe Hoskins follows the
northern margin of Dufauré and cuts across the southe?n flank of ‘ago;
it vasses through Kimbe, the site of the new District Hesdguarters, and
through San Remo Plantation (Fig, 21). .Apart from these settlements
and a few villages close to the road, the Dufaure area is uninhabited,

and is covered entirely by rainforesto_

‘Jago is a crescentic remnant of a volcanic cone which originally
haé a basal cdiameter of =zbout 3.5 km. The crescent is concave to the

east, and the highest point on the rin is ebout 200 m above sea~level,

I activity may have taken place before many of the volcanoes on
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A steev crater well is »reserved on the concave side, and the convex
outer sloves are deeply dissected. Exposures are cvresent along

the coast and in a road-cut to.the south.-

The most extensive area of satellitic volcanic activity is

on the south side of Dufaure. In the extreme éouth, Lake Ruik occupies

a cratér; about SOO m in,diametér, in.an eiOngate hill that was probably

an 6ut1ying minor centre of activity. North of Lake Ruik a cluster

or hills and craters form,a volcanic area connected to the southern

nargin of Dufaure volcano. I'ive of these hills are minor cones with
craters ﬁiigned east-west, but others, to the southwest, appeaf to

be parts of the dissected walls of a crater within which there is

another satellite cone., Lake Umboi ié a second crater leke on the southern
periphery of Dufaure. Mount Mapana, about'3 km to the northwest, appears to
be a minor cone and Mount Kleiner, on the northeastern flank of Dufaure
imzediately southwest of Vago, is probably anofher site of satellitic

activity.

Ryburn and Macnab visited Vlago and exposures on the northern
flank of Dufaure at varioﬁs times between 13 and 15 October 1970, The
exﬁésures ohserved on Dufaure were of lava flows and volcanic rudites;
many of these rocks arnpeared to be weathered, and saﬁples suitable for
chemical anslysis were selected mainly from boulders in streams. Some
of the sambles are light-coloured aﬁd contain amphibole, suggesting
high-silica andeéite and dacite compositions} Lave flous also crop out
at the coast on the north side of Wago and in the roéd cutting in the
south, these flows eppear ic be more basic than those from Dufeaure,

and contain no amphibole.
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Petrology

Dufaure. Thin section exaﬁinatiohldf-seventeen rocks and
chemical anaiyses of five samples show thaf ﬁuféure is made up of
andesite and dacite, The silica range of the five aﬁaljsed samples
| is 57.6 to 63.4 percent. Ilodal analyses of eight rocks_aré shown

in Table 12 and the localities of these samples are given in Table 13,

The Dufaure rocks are highly porphyritic,‘some comprising
nearly 50 perceﬁt phenodrysts (Table 12); Plagioclasevphenocrysts are
fhe most abundant, forming 18 - 34 percent of the anélysed rocks.

i few percent of pleochroic orthopyrokéhe phehocrysts‘aré present
“in all the rbcks; and augite phenocrysts form over 10 percent in_
some samples but are absent or rare in sampiesvc§ntaining amphibole,
Some augite phenocrysts have cores of orthbpyroxene, and some
orthooyroxene phenocrysts are rimmed by augite. Most samﬁles contain

between 1 and 2 percent iron-titanium oxide phenocrysts.

Two samples contain 8'percent amphibolevphenocrysts and
up to 3 ﬁercent quartz phenocrysts (2683A,YC, Table 12). In both
samples the amphibsle is noieE hornblende with the
following pleoéhroic scheme: . =/9 dark reddish broﬁn.>ﬂl' pale yellowish

brown, and is partiy pseudonorphed by ironytifanium oxides and pyroxene,

Olivine phenocrysts are fare, and those present are either
pseudomorphed Bj fine-grained aggregates which ére probabiy tiddingsite’,
or are rimmed or pseudonorphed by iron-titenium oxides and pleochroic
orthopyroxene, Qlivine phenocrysts are not'present in samples

containing less than 5 vercent augite phenocrysts.

The groundmass minerals most easily recognized are plagioclase,

iron-titanium oxides, and less conmon augite and pleochroic orthopyroxene,
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Kost samples also contain colourless minerals that have a low
bi:efringencé, low refractive indices, aﬁd no:twinning; these are
probably high-tenperature silica pol&mbrphs;dnd'possiﬁly also alkali
feldspar. Amygdaloidal tridymité‘is prgSent‘in a few séﬁples.

The groundmass of the amphibole;bearing'samples is spherulitic

pitchstone.

Yago. Most of the seven rocks from Wago cone that have
been examined are more basic than those from Dufaure volcano.
Most contain olivine phenocrysts, and are probably basaltor lqw—silica
andesite. odal analyses of three rocks froﬁ Wago are given in

Table 12, and their localities are listed in Table 13.

The rocks examined all contain phenocrysts of plagioclase,
augite, and pleochroic orthopyroxene, and in most olivine and iron-
titanium oxide phenocrysts are also present. No amphibole phenocrysts

are present. In some samples, olivine phenocrysts are pseudomorphed

by brown, fine-grained aggregates which are probably 'iddingsite's

In two samples, one of which is 30624, olivine phenocrysts are rimmed

by orthopyroxene grains.

The phenocrysts are set in a fine-grained groundmass
consisting of plagioclase, iron~titanium oxides, augite, orthopyroxene, -

interstitial cristobalite, and amygdaloidal cristobalite and tridymite.
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TABLE 12. IMODAL ANALYSES OF 11 ROCKS

FROU DUFAURE'AND'HAGQ VOICANOES

Sample . Volume % phenocrysts . Total
Group| number ‘|Plagio~|0liv- [Ortho- [fugite|Fe-Ti |Quartz|Amphi- | %
(prefix|clase |[ine |pyroxene| Oxides| ~ . [bole |pheno-
51NG) ; _lcrysts
2682 - | 26 = 2 .. <l | - - 30
26834 34 - 2 <1 1 3 8 48
| 2683C 33 - 3 - 2 2 8 48
1e 2683D 18 = 2 1 <1 = - 21
2683E 24 ’Y (ag 4 . 5 1 - - 34
26854 23 <i(a 2 10 1 " - 36
26858 23 - '3 11 1 - - 38
2699 22 | <) .3 13 1l - | - 39
2686 14 | 1 <1 <1 - = - 14 -
2. | 3060 | 17 3af 3 6 <1 - - 29
30624 | -20 1 2 6 - - - 29

(a) maiﬁly pseudomorphed by orthopjroxéne and iron-titanium
oxides, or by "iddingsite"

' TABLE 13, _ILOCALITY INDEX FOR SANPLES OF TABLE 12

-Sample 

3062A

Group Locality
1. 2682 - 'in situ lava flow, stream on northern flank
26834 : ' '
Dufaurd 20050 i f ' ' :
2683D boulders in stream on northern flank
26878 ) ' - : '
Volcang
; 2685A'g boulders in stream on northeastern flank,
2685B southeast of Kimbe e
2699 boulder in stream on eastern flank
2. 2686 boulder on point, north coast
Jago 3060 in situ lava flow, road-cut in southern flank
cone boulder on southern slope

E '
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KRUILEL, GARBUNA, AND WELCKER VOLCANCES
Geology |

| | Krummel, Garbuna, and Welcker are tnree volcanlc peaks (Flsher,; Ll
. 1957) allgned from ‘south to north along the crest of an elllptlcal, Shleld—
llke, volcanlc foundatlon on the southern part of Wlllaumez Penlnsula
(Pig. 21).. The base of the elllptlcal shield is roughly 19 km by about

13 km, and its 1ong axis is oriented about north—nqrthwest.

_Knummol ﬁnd Welcker are smail cones with:bases no greater than

about 3 km in diémeter. The sides of thé two conos-have manimum slopes

of about 309, in contrast with the sloperof the shield, which is generally
Tous: tham 8%, Gibums woleans Lise o an Srregiles wige joining Krummel
to Welcker. It has a poorly defined conical form, probobly.due nainly to
~alteration and destruction of itS'centnal summit.anea by thenmal activity.
The presence of several minor‘eruptiVeocentres betweén Krummel and Welcker
is also suspected but these have not been.confirmed because of the poor
quality of tho available aerial photographs. No satellite cones appear

to be present either on thé onter flanks. of tne volconoes or on the

shield foundation.

The three volcanoes are incised by streams in deep V-shaped
gorges which radiate outwards from the summit areas. Planezes are
preserved on the lower slopes of the cones. The stréams have &lso cut

- into the low-angle shield, but less deeply than on the high-angle cones.

Lavas samples from Krummel are low-silica andesites, whereas

those from Garbuna and Welcker are high—siiicaVandesités and dacites.

Krummel (also known as Worrl) volcano rlses to 896 n above
sea—lenel (Lae Sheet), and has a sumnit crater, a few hundred metres
in diameter,which is breached to the northwest. . Tho volcano is covered
by raiﬂﬂforeét, and éxposnres are mainly.confined’to streamfsections.

On 27'0ctober 1969, Johnson ascended the southern flank of Krummel, and
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observed outcrops mainly of lave flows but also of clastic rocks,
showing that Krummel, like most steep-sided volcanoes in New Britain,

is a stratovolcano.

The summit region of Garbung volcano has extensive vegetation-free
areas due to thermal activity (Fig. 22); These cover about 4 kmz, and

probably form the most extensive area of presént-day thermal activity

hot patches of earth are all abundant fhroughout this summit region,.and

they have denosited sublimate minerals, including sulphur, .

Pisher visited Garbuna in 1938 (Fisher, 1939; TFisher & Noakes,
1942) and described (Fisher, 1957) the central part of the Garbuna

thermal area as:

'seo a moderately well defined crater about 200.m in
dianeter, breached'tqwards the SW. The cratef floor
is occupied at fhe northern end by én almost flat-lying
depqsit of soft mudstone, pfobably iaid_down originally

in a small crater lske. These beds are now being eroded.

Over an area 410 n loﬁg from north to south

by 200 m across, partly Within the crater which is at
the north end of.this area, and pa%tly on the gentle

" southern slopg, fumaroles (solfatafaé) gre_5poradically
distributed, together with hot springs, mua.springs and
quiétly steaﬁing areas of sulphur. Gases issue:from
some of the fumaroles under considerable pressure.and
around many of thém domes of crystalline sulphﬁr 2-3m
in height have been built up. H,S, $0,, CO,, HC1 were

all observed to be present.'

Fumaroles, solfataras, bubbling mud springs, and




Figure 22,

Cumulodome

Wi

View northwards along Willaumez Peninsula showing the Garbuna thermal area
in the foreground and Welcker volcano behind it. In the middle distance
are the twin peaks of Garua Island and the prominent cone of Bola. The
flat-lying rim of Dakataua caldera is visible in the far distance.

Neg. No. GA/62% .
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Conditions were similar in ley 1969, when thnsqn visited
Garbuna,although no tests were made to confirm the presence of HC1 and

‘ 002;'énd have'probab1y peréisted'fd# mdnyfyéaré'pfiof‘to 1938.

The thermai activity has resulted in severe alterafion gf
the,rocks in the summit region, so thét none of tHe_$amples collected
for petrological study are'comﬁléteiy fresh, and it avpears that the 
present relatively low altitude of_fhe summit region isAdue, at least
in part, to solution, undercutting, and subsequént collapse of th9

thermaliy altered rocks.

One part of the Garbuna thermal area that appears to have
resisted destruction by thermal activity is a prominent cumulodome
in the centre (Figs 21 and 22). This dome may be younger than much

of the thermal activity, and hence has suffered,léés alteration.

Thermal emission voints are also present elsewhere in the
gouthern ¥Willaumez area (Fig. 21). Two small areas are south and southwest
of Krummel, two others are west and southwést of Garbuna, and one hot
spring is situated south of Garili village on the east cbast, northeast
of Velcker. Many other outlying thermal points probably exist in the

area, but have not yet been located.

Welcker is similar in form to Krummél volcgno,_but is higher,
rising to 1110 m above sea-level (Lae‘Sheet), and has'én unbreached
sunmit crater a few hundred metres in diameterf, At one lOCa;ify in the
summit region a white, porcellanite-like rock is(eXposeé, and this is
interpreted as highly thermally alterea lava; because of the forest cover
the extent of thi§ alteration is not known. No active thermal meas were
found in the sumnit region on 13 October 1969 when Johnson climbed the

eastern flank of the volcano.
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Lerial photographs show the poorly defined margins of three
lobéte flows oﬁ the east éoast of the.peninsula:(Fig. 21). These:flows
aﬁpear to have originated from Welcker, although it is not_known whether
they are older or the saume agé as_the high-anélé g§n§. Chem;cal'
analyses of samples from each of the thfee flows shows that the lavas
are dacites. Possible flow margins in other pérts of southern Willaumez
Peninsula are élso visible on serial bhotographs, as for example, west of
Garbuna, but most of fhese.are poorly defined and are not shown in

Figure 21s

The aerial photographs also show feafures in the easfern part
of the ﬁeﬁinsuia that indicate.possible faults. These are a ridge ﬁith a sinuous
crest east of Gabuna, lineations west and southWést of this ridge, an
ércuate scarp facing.southﬁestwards east of Wéléker, and west-facing
scarps to the north. Such faﬁlts may have been formed during subsidence
of the cehtral-ana Westerﬁ parts of the Peninsﬁla, perhaps as a result of
east-west rifting or, élternatively, of:slighf foundering of the

Krummel-Welcker volcanic line on a soft, perhaps'sedimentary, basement,

Petrology

Thirty-nine rocks from the three volcanoes have been examined in
thin section. Chemical analyses show that thé rocks from Krummel and from'
the ridge to the east are basalts and low=silica andesites, vhereas those
from Garbuna and Welcker are high-silica'andesites and dacites. The silica
range of the analysed samples is 53.00't9 68.5 wt perdent. Table 14 gives

\ ’

modal analyses of fourteen rocks, the localities of which are listed in

Te.ble 1 5 .
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Krummel. The ten rocks from the soﬁthern flank of Krummel
which rave been exanlned anpear to be unlform low-31llca ande81ues, the flve

ChCElCallJ analysed samples hav1ng a range of swllca of only 53 T to 55 2

wt percent.

 The rocks containfabundsnt phenoerysts of plaéidelase,.augife,
and pleochroiC'brthopyroxene. épsrse olivine phesdefysfs_are'pfesehf
in & few rocks, some being'rimmed~ﬁy erthopyquenevor‘partly'reélaqed by
iddingsite. Augite and-orthepyroxene phenbcfysts aré'present in more of
less equalvpronortions. oome auglte pbenocrysts are rimmed - by orthopyroxene.
A striking fea ture of the samples is the scarc1ty of 1ron—t1tan1um oxide
phenocrysts., These are present in a few rocks; moStlysenclosed in -
silicate phenocrysts, but are absent in most samﬁles. Minerals present
in the groundmass are’plegioclase, augite, orthépyrbxene, low=2V clihopyroxene,
and iron-titanium oxides. Sample 0282, a flow-banded {ve'athered rock that
has not been chemically analysed;.has less groundmsss pyroxene than'the,

other samnles and may be more silica-rich.

Ridge east of Krumnel. Seven rocks from a valley cut into the
ridge east of Krummel have been examined. They»a:e.slmilar te fhose of -
the main cone of Krummel, except that they abpear to be slightly more .
basic. Olivine phenocrysts are more common,.snd chemicslianalyses qf two
rocks show lower silica values (53.0 and 53.5'ﬁt pe;ceh#),indicating.basalt‘

and low-silica andesite compositions.

The rocks are highly porphyritic, coﬁtaininglphenocr&sts of
Olagloclase, auglte, pleochr01c orthopyroxene and, in most samples, olivine.
In common with theé rocks from Krummel, 1ron-t1tan1um ox1de phenocrjsts are elther
absent, or present only as rare microphenocrysts. The ol;v1ne phenocrysts
of several rocks are pseudomorphed byﬂiddiﬁgsite, and.in_One sample the |

pseudomorpins are rimmed by pyroxene and oxide grains. Groundmass minerals
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TABLE 14, HODAL ANALYSKS OF 14 ROCKS FROM

KRUIMIEBL, GARBUNA, AND WELCKER VOLCANOES

: Sample ' ___Volume ;> phenocrysts Total
Group number Plagio- Oliv- Ortho- Augite Fe-Ti Amphi- %
(prefix clase ine pyrox- ~  Oxides bole  pheno-
511G) ene ; crysts
1. 0269 - 19 3 2 8 (a) - 32
0270B 11 <1 <! 2 - - 13
o274 . 28 - 7 7 - -
0276 - - 27 - 7 5 - - 39
e 0277 14 1 3 6 - - 24
0279 24 2t 3 3 (a) - 30
0283 29 - 5 2 - - 36
3.  0145B(b) 28 - 3 6 1 . 38
0154X 17 - 1 1 1 1 -2
0262(1v) -8 - <1 o <t = - | 9
3063 26 <i1(c) 4 10 1 = 41
4. 3064 7 - <1 <1 <l <1 7
3065 23 <1 2 5 1 - 31
4004C 26 <1 1 5 1 - 33

(a) rare microphenocrysts
" (b) rock contains a few small phenocrysts of apatite

(¢) pseudomorphed by orthopyroxene and iron-titanium oxides
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IABLE 15. LOCALITY. INDEX FOR SAMPIES OF

TABLE 14, AND OF THOSE REFERRED 70 IH TEXT

-

Group Sample Locality:description
1. 0269 in situ lava; ca. 200 m @eSele )  stream on
lidoe east |0270B boulder; ca. 215 m a«.s.1l, ) eastern flanl
of
Krummel
2e 0274 in gitu lava flow in gully; ca. 335 m 8.S.1.
Krumnmel 0276 boulder in gully; ca. 420 m a.8.1.
lvolcano 0277 in situ lava in gully; ca. 410 m a.s.l.
(southern 0279 boulder in gully, ca. 425 m a.s.l.
flank) . 0282 ‘boulder on ridge; ca. 760 m a.s.l,
‘ : 0283 in'situ lava near thermal area ca. 75 m a.s.l.
e
Garbuna 01453 boulder in thermal area east of summit
volcano 0154X bounder beneath lava outcrop in gorge southwest of
summai
4, 0262 . boulder, eastern rim of summit crater
ielcker 3063 in situ lava flow, north of Kilu village g cast
volcano 3064 in situ lava flow, north of Patanga village cHamt
3065 in situ lava flow, north of Girili villege )
4004C ' e ;
4004D; boulders in stream low on western flank
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are plagioclase, augite, orthopyroxene, possibly low-2V clinopyroxene,
and iron-titanium oxides., Tridymite is present in one rock, and

cristobalite in another.

Welcker and Garbuna. The rocks examined from Welcker (12

samples) and Garbﬁha (10 samples) all appear to be richer in silica
than those from Krummel and the eastern ridge. Olivine pﬁenocrysts
are rare and there is a relative.deficiency‘of gfoundmass pyroxenes;
six chemical analyses (five of rocks from Welcker and one from Garbuna)
| show a silica fange of 59.6 fo 68.5 wt vercent, indicating high-silica

andesite and dacite compositions.

All the samples contain, in order of decreasing abundance,
phenocrysts of plagioclase, augite, pleochroic orthopyroxene, and
iron—titanium.oxides. A-few rocks contain sparse olivine grains which
in some éamples are rimmed by orthopyroxene or are pseudomorphed completely
by orthopyroxene and iron-titanium oxides. In §né sample, 4004D,

olivine grains are iddingsitised, and are rimmed by pyroxene.

" Phenocrysts of hornblende are'present.in a few rocks,
including the most silica-rich of the six analysed samples, 3964. The
pleochroic scheme of hornblende phenocrysts in sample 3064 is:

Y (dark brown) = /b’ (greenish brown)>A (1light brown). Small phenocrysts

of apatite are also found in a few samples.

The groundmass of the Welcker and Garbuna samples is typical
of silica-rich lavas. Augite and orthopyroxene are relatively deficient,
conpared with more basic lavas, and salic minerals are much more abundant,
However, because of the very fine grain-size it is not aiways possible to
identify the different salic minerals,which include plagioclase and
probébly also éikali feldspar; tridymite and cristobalite. Some samples

have a heterogeneous groundmass in which light-coloured patches and lenses

. -
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ére containéd_in>a darker matrix. In other rocks, the groundmass is
dgrk,'very fine-grained, and_crowded with numeroﬁs g;ains_of iron-titanium
oxides; | |
BANGUM ‘VOLCANO
Geoiégi |

Bangun (or Bagum) is a simple, conical, central-type volcano
forming a prominent.headland on the west coast of Willaumez Peninsula
(Fig. 21). Remnants of a breached crafer afe preserved in the summit
area which rises to 1050 it e Eeaemel (Lae Sheet). The volcano
is'coﬁered by.rainforost, and is dissected to much the same stage as
Krunnel, Garbuna, and Welqker. However, unlike thesé volcanoes, Bangum
rises as a single cone from sea-level, and does not appear to be

underlain by a low-angle shield. HNo thermal areas have been recorded

from Bgngum,.

Ryburn and Piefers examined outcrops on the western and southern
sides of Bangum on chober 21 and 22, 1969, and Pieters climbed to the
sumiit crater. Outcrops of flow-banded lavas are common iﬁ coaétal
outcrons, and several of these lavds.confaih igneous xenoliths up to
1 min diameter. Clastic rocks are present in at least one outcrop on

the southern flank of the volcano.

Petrology

Hineteen rocks from Bangum volcano have -been examined in thin
section,. Modéi analyses of seven rocks are giﬁen in Table 16 and fheir
1ocali£ies are listed in Table 17. All nineteen samples Wére»cdllected
from coastal exposures, and all except one, sample 2707A, are andesites.
Sevén roclzs heve been chemically analysed: six are high-silica andesites
showing a range of silica content between 5%.0 and 62.4 wt'percént, and

the seventh,Lsample 27074, is a gabbroic xenolith that has a silica content

of 50.9 wt peréent.
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"TABLE 16, FODAL ANALYSES OF 7 ROCKS

~ FROM _BANGUM VOLCANO

Samole Volume % phenocrysts | Total
number. -+ |.Plagio- | Olivine | Ortho- [ Augite| Fe-Ti | %
(prefix | clase ; pyroxene Oxides| phenocrysts
51HG) | - . ¥ I -
27074(a) | - 38 <1 1 36 2 -
2707B- |27 <1(1v) 1 7 1. 36
L. pros 26 [ 0 - 2 10 2 40
2109 (e) | 23 . <1 2 9 2 36
27134 |r 26 <1 2 7 1 36
2713C . - 20 <] 1 8 2 31-
2714C - - 22 | - 2 7 1 32
(é)‘ coarse-grained, gabbroic xenolith in which there is
'no distinction between phenocrysts and groundmass;
_-in this analysis, all mineral grains irrespective
of size have been counted; interstitial glass makes
up 23 percent of the rock. .
(b) aggregates of orthopyroxene and iron-titanium oxides
~which are assumed to be pseudomorphs of olivine
(c¢) this rock contains a quartz phenocryst (less than 1 percent)
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LOCALITY WOR SAMPILAS OF wABLM 16

2714C

Sample Locality description
2707A xenolith in sample 2707B 7
2707B in situ lava (probably a flow) at Cape Schellong, |
western flank
2708 in situ lava (probably a flow), western flank i
2709 in gitu lava flow, noréhwesternflank |
127134 3 boulders in stream draining wesfern flank, southesst
2713C ) of Bangum village

boulder st coast on northwestern flank
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The lavas are highly porphyritic, and similar in petrogravhy
to most other Late Cainozoic andesites in New Britain. They contain
phenocrysts of plagioclase, augite, pleochroic orthopyroxene, iron-titanium

oxides, sparse olivine, rare quartz, and minor apatite.

Phenocrysts of augite are more abﬁndant than those:of ortho- 0
pyrdxene; some of which are rimmed by augite., Olivine phénocrysts
are present in a few rocks, but not in amounts gfeater than about
1 percent. Some oliine grains areieuhedral, some are rimmed by pyroxene
and iron—titaniuﬁ'okides, gome are iddingsitised, gnd édme are pseudomorphed

by orthopyroxene and iron-titanium oxides,

The grouﬁdmass of most samples is very fine-grained, Plagioclase
and iron-titanium oxides are the most comnon minerals. Augite'and
orthopyroxene are present in smaller amounts, but are clearly identified
only in rocks that have a coarser than average grdundmass. Several rocks
have heterogeneous groundmass textures typical of siliceous rocks, similar
to those described from Welcker and Garbuna volcanoes. Cristobalite and
tridymite are present in a.few rocks and some interstitiai patches have

been tentatively identified as alkali feldspar.

Sample 2707A, a zxenolith contained in a lava flow (sample 2707B),
is a coarse-grained rock composed mainly of plagioclase and augite
showing sector and oscillatory zoning, accompanied by iron-titanium oxides,
pleochroic orthopyroxene (some of which is'rimmed by augite), apatite,

and iaterstitial vesicles and brown glass.

DISCUSSION

Descriptions of the volcanic geology, thermal activity, and
netrology of ‘illaumez Peninsula north of Bsngum volcano have been given

by Stanley (1923), Fisher (1939, 1957), Reynolds (1954b), Branch (1965, 1967),
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Heming & Smith (1969), Heming (1969) and, in particular, by Lowder

& Carmichael (1970) and Lowder (1970). Because of this previous work,
the 1969 BER field’party did not survéy the volcanqgs on this_part." -
of'Wiilauméz'Penihgﬁia}. A lisf'of éhéVv§icéﬁbeé, bﬁévnb désbriptions)
are given below, However, it is planned to present in a iater, report

summary accounts of these volcanoes and their petrology and to compare

them with other Late Cainozoic volcanoes in New Britain.

Two aspects of the general geology of Willaumez Peninsula are
briefly discussed here: firstly;the'evolution of the Peninsula by the
progressive migration of eruptive centres; and secondly, the abundance

of acid rocks in the central part of the Peninsula.

The volcanoes of the northern half of Willaumez Peninsula
can be grouped as follows*: (1) in the south, a sefies of minor centres
consisting predominantly of coulees and cumulodomés formed of high-silica
dacite and rhyolite; these partly encircle Garua Harbours (2) thomgan,
Tolokemba, and Luligi volcanoes further north; (3) Bola, a steep-sided
conical volcano at whose summit Stanley (1923) reported seeing emissions
of water vapour iﬁ 1921§ (4) Dakataua caldera atlthe northern end of

the Peninsula, containing Leke Dakataua and Makalia volcano.

From a consideration of their relative degrees of dissection and

published reports of volcanic activity, it appears that, in general, the

. volcanoes of VWillaumez Peninsula become progressively younger

northwards. Dufaure, the southernmost volcano, is also the most deeply
dissected. Krummel, Garbuna, %elcker, and Bangum volcanoes are much less

dissected, but they appear to be more deeply eroded than any of the

#* TPor geological maps of northern Villaumez Peninsula, see figure 1 in
Lowder & Carmichael (1970), and BMR Talasea-Gasmata 1:250 000 map-

(preliminary edltlon)
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volcanoes further north. 'Krummel, Garbuna, and Welcker rise from a
broad, low-angle shield that waé probaﬁly an active voicano before
the volcanoes of northern Willaumez Peninsula were bﬁilt up. Makalia
at the northern end.of the Peninsula éppears to be the most recently
active centre, and is thought tq have erupted in the late nineteenth
century (Branch, 1§67).. Boia, immediately southﬁest of Hakalia, may

also be classified as an active volcano if its summit thernal activity

(Stenley, 1923; Lowder & Carmichael, 1970) is taken to indicate a potential

for further eruptions (Fisher, 1957). Tolokemba, Luligi, Lotomgan, and
Humugari volcanoes, all south of Bola, aprear to be older than Bola

of :
'on the basis/more advanced erosion' (Lowder & Carmichael, 1970).

Extinction of volcanic activity along the Peninsula therefore
apnears to have taken place firstly in the south, and to have moved
progressively, though not necessarily regularly and systematically,
northwards. A similar northward migration of eruptive centres was
suggested by Jonnson, Davies & Palfreyman (1971) in the Cape Gloucester
area at the western end of New Britain (Fig. 1)« Both lines of volcandes
are at right angles to the east—west axis of New Britain, and may

indicate undérlying north~south fractures that were propagated northwsrds.

Lowder & Carmichale (1970) mapped most of the rocks surrounding

Garua Harbour in the Talasea area as 'fhyolite and rhyodacite lava',
containing more than 70 wt percent silica. These lavas were érupted
from several centres, the most important of which are Garua Island (two

* centres), Schleuther, Big Mount Worri, Humugari (or Little Mount Wori),
Big Gulu, and Little Gulu. These centres, which are afranged in a
'roughly ring-like pattern, aﬁpear to have been responsible for the
extrusion of most, if not all, of the high-silica dacite and rhyolite

lavas on Willaumez Peninsula.
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The ring-pattern of the Talasea centres and the abundance of
acid lava is Sfrongly reminiscent of the volcanic St Andrew Strait Islands
in the northerh Bismarck Sea ares (Fig. 1; Johnéon & Davies, 1972).' The
St  Andrew Strait islands trend northfnortheast; oblique to the east-west
northern margin of the Bismarck Sea and comparable in Orieﬁtation to
willaﬁmez Peninsula. Acid rocks are abundant on the cenfralbislands of
the St Andrew Strait chain, and form the entire exnosed part of Lou,
the largest island, where there are twelve principal centres of acid
volcanisi, These centres define a prqminent arc which, according to
Johnson & Davies (1972), may be part of a ring fracture along which
cauldron subsidence might take place in the future. By analogy, the
acid centres of the central part of Willaumez Peninsula may also mark
a possible site for future cauldron subsidence. However, if the
veninsula has grown by the northward migration of volcanic centres,
new eruptive sites would be éxpected north of the Dakataua area.

Hence the possibility of future eruptions and of cauldron subsidence in the

Talasea area is much less than in St Andrew Strait.
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PART 4: WITU TSLANDS

INTROLUCTION

The &olcanoes of the "itu, br French fslénds are of conéiderable
petrologicel interest, as they are.further from the axis of the New
Britain submarine trench than the New Britain volcanoes, and'they
overlie thé deepest part of the New Britain Benioff Zone (Fig. 1).

Because compositions of volcanic rocks are, in many cases, related to the
depth of an underlying Benioff Zone, the rocks of the Witu Islands can be

expected to be chemically distinct from those on mainland New Britain.

The Witu group consists of four principal islands, Garove,
Unea, Mundua, and Narage, and five smaller_islands off the west end of
Mundua (Fig. 23). There are.also three isolated areas of coral reefs.

The most extensive is Ottilien Reefs in the extreme west, which partly break

sea-level to form Sand Island. A second area, Widu Reef, lies between Garove

liundua Islands, and is reported to break surface at low tide (AGS, 1943),
Both these areas of reefs are probably built on volcanic foundations.
The third area is west of Unea Island. Coral also forms fringing and

offshore reefs around all the volcanic islands.

With fhe exception of Unea Island in the sogth,.the Witu Islands
and Ottilien Reefs lie within a zone 80 km léng and 10 -km ﬁide, which can
be exfrapolated 170 km eastwards to join the volcanic zone containing
Banban Island, Lolobau Island, and Likuruanga volcano in New Britain
(Fig. 1, and Johnson, 1970c). This alignment may be fortuitous, esvecially
_as'the extravolation is over arlong distnace, but it may indicate a major
structural i'eature, with associated volcanism at either'eﬁd, crossing the

southeast part of the Bismarck Sea. However, except for Unea, the Vitu
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'Fig.24 Bathymetry in the vicinity of the Witu Islands.
Adapted from unpublished data obtained by B.MR. Bismarck
Sea Marine Geophysical Survey (1970). Depths in metres.

Dashes on deeper side of bathymetric contours.
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Islands lie on a narrow submarine ridge which drops into deep water
at its eestern and western ends, and there appéars to be no submarine

topogranhic feature that links the ridge with the Banban-Lolobau-Likuruanca

zone (Fig. 24).

' The‘béthymetry”of the Bismarck Sea* also shows that the ¥itu
Islands risé from a broad submarine ridge that extends northwestwards
across the Bismarck Sea from Willaumez Peninsula to the St Andrew
Strait Islands south of .Fanus Island (Fig. 1). Circular Reef, Sherburne
Reef, the Purdy Islands, and Alim Island‘élso rise from this ridge northwest
of the WituJISIandSa'rThiswridéenpossibly~represents a submarine volcanic

Zone.

Thé Vitu Islands and Ottilien Reefs lie opposite a section on
Wew Britain Island, between the Cape Gloucester area and Willaumez
Peninsula, whefe there appears to have been little, if any, late Queternary
volcanism.(Fig, 1), Older volcanic rocks (Plio-Pleistocene) make up
lounts Andewa and Schrader in the western part of the section, and are also
thought to be associated with Mount Penck in the eastern part, but in between
there is a low-lying stretch of land with no volcanoes. The i/itu Islands
could therefore be thought of as a section of the New Britain Quaternery
volcaenic -arc which has a northward 'off-set'. However, there is no

evidence for such an off-set being bounded by transcurrent faults.

The depth of the Benioff Zone beneath the Vitu Islands is not
Jtnown precisely since very few seismic events from the deep parts of the
Zone have been accurately located. Only two events in the Witu region were
used in the deScripfion of seismicity given by Johnson (1970b): +these had
devnths -of 565 and 322 km, the former being the deepest event recorded in
Papua Hew Guinea up to June 1969. lowever, bofh sei§5ic events, in

* See, for example, the 1:2-500 000 map of. Papua New Guinea (DlVlSlOP of
National lMapping, Canberra, 1970). .
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conjunction with the known seismicity of the remainder of the Bismarck
Volcanic ..rc, leave little doubt that the Witu Islands overlie the

deevest part of the northward-dip»ing New Britain Benioff Zone.

Progressive northward inéreases_in K20 and HaZO + KZO contents
have been recognized in the volcanoes of Hew Britain,for rocks with the
sare silica content, and have been corellated with incfeasing depth to
the underlving Benioff Zone (Johnson, fackenzie, & Smith, 1970, 1971).
'urther increases in HaZO + K20 cdnfent for eguivalent silica values
are shown by three of five rocks from the Witu Islands for which chemical
anclyvses are available; the remaining two sampnles have values ébout
the same as rocks from the northern part of Willaumez feninsula.
However, the five Witu samples do not show increases in K20 content:
four have KZO values similer to rocks with the same silica content from
northern'ﬂillauﬁez Peninsula, and the fiffh has é value only slightly

highers

Two other distinctive chemical features are shown by the
analysed vitu rocks. The first is that two of the samples have P2O5
contents of 0,39 and 0.40 wt percent. These values are much higher
than those of analysed rocks from volcanoes in New Britain, most of
which contein less than 0.2 wt percent P205. Secondly, all five samples
contein over 1,0 wt percent Tioz, in contrest with analysed rocks from
_ othef Late Cainozoic volcanoes in the southern Bismarck Sea area, which
nmostly contain less than 1 wt percent TiOz. The highest ’;‘iO2 conient
is 1.91 wt ercent, in an olivine tholeiites This T102 valﬁe is sinilar to tlose

of many oceanic basalts (Chayes, 1965).
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UHZA TSLANT

Introduction

Unea, -also known as Ba1i~Island,is'the‘most southgrly of the
Vitu Islands (PFig. 23).: It is;rougﬁijﬁ5iréula£”(ﬁig.725), and‘thé
highest »noint is HbﬁntﬁKumbﬁ,”in~the:centre of the island, Vhich.is
about 590 m above‘sea—levei:(éécgfdihg:to the Germa# Adniralty chart,
1909), The island iseheavilyfpopulatéd,.and thepe'are fourteen
principal villageé.’uBali'ﬁlantation'covers an extensive flat area
in the west), a Roman-Catholic :Mission (Unea) is situated on the
north coast. Coral reefs:fringe. the -entire coastline, and form small

natches off-shore.

HO'previous descriptions of the géology and petrology

of the island have been made.

Geology

Unea consists-of the remnants of a caldera, and three
princinal post-caldera: volcanoes (Figs 25 and 26), all of which ere
extinct. The volcanic rocks are low-silica andesites and basalts

containing variable amounts of phenocrysts.,

Pre-caldera rocks are found on two narrow arcuate ridges in the
western and northeasteitn parts of the island (Fig. 25), The concave
sides of the ridges have mostly steeper slones .than the convex sides,
‘and they are internreted.as the remnant walls of the caldera. Originally,
- the caldera must have ‘had-a diameter of about 6 km, similar to the
caldera on Lolobau Island:CJohnson, 1970¢) but smaller than many other
calderas in the southern Bismarck.Sea area. The missing southeastern

half of the caldera escarpment has presumably been destroyed by marine



Figure 25 © Unea Island. Contours (50r‘n' intervals)
adapted from German Admiralty chart(1909)
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Pigure 26.

Unea Island from the southeast, showing the calders
rim on left and extreme right, and the three post-

caldera volcanoes Kumbu (left), Temangoni (centre),
and Kombosi (right). Neg. No. GA/6233.

Figure 27,

Entrance to Johann Albrecht Harbour, Gsrove
Island, from the northern rim of the caldera
looking south, showing littoral shelf (L) and
Benukansakare Island (B) in the east, and the
mission peninsula (M) in the west.

Neg. No. G4/5931.
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erosion. In the north, the Bea has also breached the caldera
escarnnent to form two nrominent bays on either side of the peninsula

upon which Makiri village is built (Fig. 25).

Thé remnant caldera walls are covered by vegetation, and
exposures of the pré-caldera rocks are mainly confined to the coast.
On the west coast, cliffs up to 25 m high'shdw a single coiumnar-jointed
lava flow. On the northwest coast, a 6 m-thick massive bed of oxidized
scoriae; spindle bombs, and welded spattér suggests the presence of a
nearby eruntive centre. Flow-banded lava flows are exposed at other

voints along the coastline,

Rocks produced by post-ealdera activity make up the greater
part of the surface area of Unea, and form the high central peaks of
the island. Three principal post-caldera volcanoes are preserved.
These are Kumbu, the highest cone, which risés.to 590 m above sea-level
in the centre of the island; and Tamangoni, 500 m, and Kombosi (a1so
known as Kumbuzﬁ} 462 m, in the southeast, where their southeastern
flanks drop steeply to sea-level (Fig. 26). Mo summit.craters are
present on any of the three volcanoes. The cones are not deeply
dissected, although there is a prominent gully on the northwestern
flank of Kumbu which runs in an almost straight line from near the
summit of the volcano to the bay west of Makiri village. This gully
may be fault-controlled. There is also a deep gully on the south
flank of Kombosi which has cut back to the summit, forming én

ampitheatre-like headwall (Fig. 26).

The pbst-caldera volcanoes are covered by vegetation, and

there are few good exposures. Rock outcrops observed in 1970 on Kumbu

and Tamcengoni were of méssive, columnar-jointed lava forming cliffs up to 30 m
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high, indicating that either or both thick coulées and cumulodomes make ﬁp

at least part of the volcanoes. Further_evidenceAfor this is given by

the slopés of the cones, which'are bartly convex like the flanks df
cunulodomes. However, in other parts of the island, some post-calderé

lava flows are thinner; for example, a lava flow 5-6 m thick is well—expoéed
behind the wharf at Bali Harbogr. These lavas may represent more extensive
fluid»fiows pre—dating the eruntion of the more viscous extrusions that.formed

 the post-caldera volcanoes.,

‘Petrology

Pifty-one rocks from Unea Island have been examined in thin
section, and fifteen modal enalyses have been made (Table 18). Table 19
lists the localities of the fifteen samples, which are divided into pre-

and post-caldera groups.

Unea rocks are porphyritiec, but‘generally Iesé so than rocks from
"the volcanoes bn New Britaine As shown in Table 18, some rocks have more
than 30 percent phenocrysts, But others, for example 0020, are almost
‘aphyric. . Oliviﬁe phenocrysts are present in most samples, and the
rocks probebly range from basalt to low-silica andesité. Chemical analyses of
two olivine-free samples, 0013 and 0022, show silica comtents of 53.7 and

57.5 wt percenf, indicating low-silica andesite compositions.

In common with the 1éte Cainozoic volcanic rocks in New Britain,
plagioclase is the most common phenocryst, but in no samplé from Unea
does it exceed 30 percent of the total rock Qolume. Thévplagioclase
vphenocrysts show complex zoning and confain’mineral grains and inclusions.
" They comronly form aggregates with other phenocryst minerals. The compositiqns

of plagioclase phenocrysts in pre-caldera sample 0010 are An 71, 71 80,
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79, and 77 (bytownite). In samples 0505 and 0506, both post-caldera
rocks, plagioclase_compositibns are An 68, 48, 59, and An 59,

69, 71, respectively (mainly 1abradorité).

hugite phenocrysts are preéent in all the samples, and in
several they nake up between 10 and 15 percent of the.fock. They

are most sbundant in olivine-rich samples.

Pleochroic orfhopyroxene phenécrysts are commonly vresent
~ in post-caldera focks (group 2) but are raré in pre-caldera‘rocks
(group 1). This is verhaps due to most of the post-caldera rocks
being slightly more silicéous, as indicated by the plagioclase
compositions given above, than the pre-caldera rocks. No rock
contains more than 1 percent orthopyroxene phenocrysts, and in some
only a few small grains are present. Orthopyroxene is rimmed by
augite in some rocks, and is present as cores of augife phenocrysts

in sample 05CO,

Olivine.phenocrysts are present in most samples, but are
rare or absent in those that are sparsely porphyritic. In most samples, the
olivine is at least slightly altered, and in a few is replaced by
'iddingsite'. Host olivine phenocrysts do not héve coronas of
pyroxene or iron-titanium oxide, and in this respect are similar to
those in many of the olivine -riéh lavas from volcanoes off thé north
coast of New Guinea (Johnson, Taylbr, & Daviés, 1972). In a few
samples, however, narrow coronas of orthopyfoxene are developed} in one
sample, 0524, olivine phenocrysts have narrOW'coronas.of:augite,
in sample 0517 coronas of iron-titanium oxides aﬁe developed, and two
samples, 0001 and 0506, contain aggregates of orthopyroxene and

iron-titanium oxide which appear to be pseudomorphs after olivine.
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Iron titanium oxide phenocrysts are present in most rocks, except
those rich in olivine, but rarely exceed 1 percent. Sparse micro-

phenocryéts of apatite are also present in many rocks.

Thé groundmass of moét Unea samples is glassy or very
fine-grained. The most readiij recognised minerals are plégioclase,
iron-titanium oxides, and pyroxene. In rocks which are coarser grained
the groundmasé pyroxenes can be identified as augite, orthopyroxene,

and low-2V clinopyroxene.

Groundmass orthopyroxene appears to be most common in
those rocks of group 2 that contain orthopyroxene phenocrysts.
Olivine is present in the groundmass of some rocks containing several

vercent olivine phenocrysts. Tridymite and cristobalite are present

in some vesicles.

- GAROVE TSLAND

Introduction

- Garove Island, also known as Witu, Vitu, or Widu, is the
largest of the Witu Islands (Fig. 1), and covers about 50 km? (Fig. 28).
The highest point on the island (apcording to the German Admiralty
chart) is 350 m above sea-level, on the southeastern side of a 5 km-wide
central caldera. Formation of a narrow breach in the south caused
the sea to flood the caldera, forming Johann Albrecht Harbour (Figs
27 and 28). Coral. reefs fringe most of the northern and eastern
coastline but are poorly developed in thelwest and along the south

coast.

The outer flanks of Gafove Island mostly slope at less than

10°, except where they are interrupted by steep-sided satellite cones.



O localities of samples in Tables 20 & 21

/(\/\’ eécarpments (possible crater wall remnants)
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Figure 28. Garove Island. Adapted from German Admiralty
chart (1909) and aerial photographs taken 6/7/66
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TABLE 18. MODAL ANALYSES OF 15 ROCKS FROM UNEA ISLAND

- which have been counted as microphenocrysts

Semple Volume % phenocrysts -
number : Total
Group (prefix , Ortho — _ Fe-Ti
48NG) Plagioclase Olivine pyroxene | Augite oxides phenocrysts
0006 12 ; 9 - 13 - 34
0008 4 - - c f oot <1 4
T 0010(a) 29 -1 - 3 2 35
0013 1 - - <1 | <1 1
0020 <1 - | - <1 <1 <1
0022(b) 61 | 3 - n" 1 76
0004 6 - <1 1 =<1 7
10500(¢c) 17 3 1 14 1 36
0505 28 1 9 1T 1 38
0506 24 2 1 9 1 37
2, 0509 T <1 <1 2 <1 3
0510 11 <1 _ 1 2 1 15
0517 13 <1 =<1 5 1 19
0520 19 . <1 1 6 1 271
0523 3 1 1 5 <1 38
(a.)' coarse-grained groundmess in which plagioclase laths are
prominent; many of these have been counted as micro-
phenocrysts .
(b) coarse-grained sample in which there is no distinction
between phenocrysts and 'groundmess'; in this analysis,
all mineral grains, irrespective of their size, have been
counted, except for 24 percent indeterminate interstitial
materials,
(¢) coarse-grained groundmass containing large grains, some of



TABLE 19.  LOCALITY INDEX FOR SAMPLES OF TABLE 18 AND OF THOSE

8.

T REFERRED TO IN TEXY

Sample

' Locality description

Group
0006 loose block on northeastern rim of caldera.
1, OOOBg beach boulders, southwestern coast.
0010 ' ;
Pre- 0013 in situ lava, columhar-jointed flow exposed in 25 m-
T — high cliff on west coast.
— 0020 in situ lava on northeastern coast.
0022 beach boulder; north side of islet off northeastern
‘coast (probably on outlier of pre-caldera volcano).
0001 boulder in stream 250 m east of Catholic Mission.
0004 boulder in stream west of Navandau village .

2. 0500 in situ lava flow, 4 m thick, Bali Harbour wharf.
Post- 0505 in gitu lava, 30 m-high cliff, east flank of Kumbu.
caldera | 0506 same lava mass as 0505, exposed in 15 m high cliff,
rocks 0509 talus boulder, southeastern flank of Tamangone.

0510 talus boulder, southemstern flank of Kombosi.

0517 in -gitu fissile lava, southeastern boast°

0520 in situ columnar-jointed lava,;. southeastern coast.
0523 in situ flow, south of Makirifillage. .

0524 in situ flow, islet off northwestern coast,
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- The flanks are genérally uniform and.are not deeply incised. This
suggests that aétivity from the main eruptive centres dn_Garove Island
ceésed'relatively récently,.and also that the'caldera.méy bé a
cbmparatively.young feature, verhaps less than one thousand years.old.'

The lavas on Garove are generally sparsely porphyritic and probably

range in composition from basalt to dacite.

Because Gerove is neither deeply dissected nor steep-sided,
much of it has been utilized for copra producfion,.énd there are four
plantations on the island.. The Westefn planfation, Langu, oécupies
a flat low-lying coastal.area consiéting mainly of alluvium

(Fig. 28).

On Garove there are seven villages and a Romah Catholic

nmission whose station is built on a small veninsula overlooking Johann
Albrecht Harbour (Figs 27, 28 and 29)5 On the_western gide of the
mission peninsula there is a sheltered wharf. A second wharf at Peter

Harbour on the east coast serves the four plantations.

No published information is available on the geology and
petrology of Garove, but thermal areas were described by Reynolds (1954a;
see also F&sher, 1957), and brief descriptions of volcanic landforms

were given by Fishér (1939, 1957).

Main volcano

Garove Island is a simple central-type volcano on whose flanks
several satellite cones were built. Rocks of thefiain volcano are best
exposed in the walls of the central caldera and, to a lesser extent,

along the southern and possibly: western coasts. Very few exposures
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Figure 29.

Figure 30,

Southwestern side of Johann Albrecht Harbour,

f SRS B

Garove Island, from the northwest, showing
entrance to harbour on the extreme left, and the
mission peninsula (M) and second peninsula (P).
Neg. No. M/1104.,

<

View northwards from thermal area C (cf. figure
29) on southeastern side of Johann Albrecht
Harbour, Garove Island, showing the southern
end of a narrow shelf (L), Benukanakare

Island (B), and the northern caldera wall,

Neg. No. M/1104.
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of the main volcano are found along the northern and eastern coastline.

Lava flows, pyroclastic deposits, wellebedded sediments
consisting of volcanic debris, and dykéé afé.ail consﬁicuous in the
caldera wall. Single lava flows.commdnly'form.cliffs over 15 m high, and in
the higher parts of the caldera wall séme flows are up to 30 m thick.
Colwanar-jointing is common, and a sub-horizontal platy jointing
is found in some outcrops. At sample point 0559 (Fig. 28), a lava
flow contains numerous pale relatively coarse-grained kenoliths, Qome

several centimetres in diameter,

Clastic rocks crop out at sea-level in the caldera wall,
where they consist of massive, crudely bedded, scoriaceous layers, and
sequences of wll-bedded volcanic deposits. Scoriaceous and other
rudaceous deposits are especially abundant in the southeastern part
of the caldera, and in the eastern cliffs at the entrance to Johann
Albrecht Harbour. In one exposure examined these deposits are

intercalated with lava flows.

The well-bedded clastic rocks crop out in the southwestern,
northwestern, and southeastern parts of the caldera. They consist of
ruditey arenites and lutites, some of which show burrent bedding and
graded bedding. Some beds are unsorted and consist of lava clasts
up to several centimetres across enclosed in a very fine matrix,

In places the beds are gently warped. The Well—bédded devosits are
overlain by a lava flow at one locality in the northwest, and in the
southeast, similar beds are faulted against scoriae an& lava flows,.

These well-bedded clastic deposits were probably laid down in water.
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Humerous near-vertical dykes are exposed in the caldera wall,
narticularly in the southeast'and southwest, Tor example; in a section
betweén samﬁle points 0534 éﬁd 0537 (Fig.AZS), niﬁe dykes are exposed.
The dykes which trend soufheaétwards are mostly less than 1 m but range
up to 3 n wide. They have chilled margins and show crude jointing
perpendicular to their contacts. Well-bedded clastic deposits which

theyAintrude are baked.

Hormal faults are exposed in several parts of the caldera
wall, and there are numerous faults in the cliff on the east side of
the entranée fo Johann Albrecht Harboﬁr. In no case could the
amount of movemeﬁt along a féult bé estimated, because of the lack of

marker horizons.

Outside the caldera most coastal exposures ére of rocks that
anpear to have been erupted fromsntéllite centres. However, lava
flows and beds of volcanic érenaceous and rudaceous deposits belonging
to the main volcano are found aloﬁg the south coast east of the harbour.

entrance,

On the northvest céast there are several prominent rounded
headlands of lava, which may be flow fronts, Saméle 0036 (Tuble 20
and Fig. 28) was collected from one of thé headlands. The exposed
lavas have spinose and flat scdriaceous surfaces, and deep clefts.
formed by rupture during flow  (Fig. 31). The preservatién of
these structures suggests that the lava flows may-be only a few hundred
years old. The source of the flows could not be located on aerial

photographs. The flows may be the youngest'oh the main VOlcano,



Figure 31. Surface of lava flow exposed on west coast of
Garove Island, showing a large tension gash
between a scoriaceous surface on the right,
and a rilled scoriaceous surface on the left,

Neg. No. M/1104.

Figure 32, Narage Island from the south, showing the twin
sumnit peaks and the prominent breask in slope
on the western flank. Neg. No. M/1109.
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erupted from sumnit vents which were later engulfed by cauldron subsidence.

However, because of their very young appearance, it is more likely that

‘they originated from inconspicuous satellite vents on the western flank

of the island.

As both lava flowé and clastic rocks méké up the main
volcano of the island, Garove is thought to be a stratbvolcano. |
However, Garove shows features which'are'different from those of
most other stfafovoléanoés in the southern Bismarck Sea area.

Firstly, the slopes of the outer flanks are #niform, ahd mostly less
than 10°., 1In contrast, stratovolcanoes such as Ulawun and Bamué,

New Britain (Johnson, 1970a, 1971l have concave flanks that increase
upvards to maximum slopes of more than 35°, Secohdly, perhaps because
of the gentle sldpes, many flows exvosed in the caldera wall of Garove
are over 15 m thiék, whereas lava flows exposed on most stratovolcanoces

in New Britain rarely exceed a few metres in thickness.

The caldera end related features

The Garove Island caldera is roughly circular (Fig. 28)
and has a diameter of about 5 km, slightly smaller than the remnant
caldera on Unea Island. The walls of the caldera are precipitous,
and rise to between 100 and 150 m above sea-level; the highest point

on the caldera rim, in the southeast, is about 350 m above sea-level.

According to the bathymetry on the German Admiralty chart,
the floor of the caldera lies 140-150 m below sea-level (Fig. 33 s
The western wall of the caldera drops abruptly into water over 100 m
deep, but in the east there is a gently sloping submarine shelf which
extends southwesfwards to form a submafine ridge just ﬁofth of the

entrance to Johann Albrecht Harbour.



Figure 33 Bathymetry of Johann Albr,'e'c'ht.- Harbour, Garove
lsland. Adapted from German Admiralty Chart (1909),
‘showing 100, 120,and 140m depth contours. Depths in metres.
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The breach in the southern wall of the caldera is about 1 km
wide, and bathymetry.indicates that beneath the hérbour entrance the sesa
reaches depths of over 200 m. Thé_b:eéch»mayjhavé ﬁeeﬁ_causgd.either
sbléiy by‘marine éfésidn;-or by'éollépéé éf péffzbfrtﬁe.caidefé rim;
perhaps at the.tihe of 6§uldrbﬁ éubsidénce, and-subéeqﬁent enlargemént

by marine erosion.

Two peniﬁsulas in the‘soutﬁe¥n paft of fhe.céldera, and
Benukanakare Island in the east ére formed of sgb—horizonfél lava
flows (Figs 27, 28, 29 and 31); the mission has been Puilt on
the eastern peninsula. Thé peninsulas and islaﬁd afe.a few tenﬁ of
netres above sea-~level and rise from'thé submariné ridge north of the
harbour entrance. The two peninsulas descend.gently northwards before
ending in cliffs 12-15 m high, and both are formed of pétrographically
similar lava (samples 0025 and O526_in-Table 20). Marine shells are
preserved on faces up to about 10 m above sea-level in cliffs
surrounding both peninsulas indicating that both peninsulas may have
been raised. Reynolds (1954&) first drew attention -to the poésibility

of this ﬁplift, and recorded stories by Garove Island villégers:

Yeos unusual‘phénomena'... accompanied a change'in

sea levél nany years ago0 ese The inference of the

stories was that the éhange was sudden and

accompanied by increased emissions of steam from

thermal éones. Itlwas impossifle to éééess from

natives interrogated how long this occﬁrred,‘but

palms estimated to be about 40 yea;s-old grow >
near the shore in the area to which the stories

refer. This area embraces the Catholic Mission,
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Balangori No. 2 village and Mt Utopi on the ridge
south of the villége and, according to the legend,
most of the coastal portion to an height of about

300 feet was previously submerged.'

Benukanakare Island, off the eastern side of the caldera,
is 10=12 m above sea level. East of the island a short stretch of
coastline beneath the caldera wall forms a narrow shelf (Figs 25,

28 and 31).

These low flat-lying areas within the caldera; the sﬁbmarine
ridge from which they rise, and possibly vart of the submarine shelf
in the eastern part of the caldera, may all be parts of an arcuate
segnent of the cauldron block which did not sink as faf as the main
part of the caldera. Such a structure is preserved on the eastern
side of the caldera on Ldng Island (Johnson, Teylor & Davies, 1972).
The evidence for récent upiift of the two peninsulas in the south

indicates that such an arcuate segment may be struéturally unstable,

A second possibility is that the lavas forming the two
peninsulas, Benukanakare Island, and the shelf-are remnants of a
series of post-caldera flows. bThis could explain the flat-lying attitude
of the lava flows. However, as the bathymetry of Johann Albrecht
Harbour shows no obvious submarine features which could Ee intervreted
as post-caldera in origin, two periods of cauldron subsidence have
to be postulated. After the first period, lava flows were ponded in
the original caldera. A second period of cauldron collapse followed,
during which most of the post-caldera rocks subsided to form the present
caldera floor, but remnants of the post-caldera rocks were left as the

two neninsulas, Benukanakare Island, and the littoral shelf,
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Large scale uplift of Garove Island, implied in the story.
recorded by Reynolds (1954&% is considered unlikely, as no raised
coral reefs, raised littoral depdsiﬁs; or raised wave-cut platforms are

present around the coast.

Satellite volcanoes

Satellitic volcanism has produced several minor cones and
craters, now'thickly vegetated, on the southwestern and northeastern

outer flanks of Garove Island (Fig. 28).

In the southwest, a prominent conebformed of‘well-bedded ash
and lapilli 1lies between Widu village and Langu. Part of the cone
has been destroyed by the sea. The western remnant of another cone and
its crater are preserved to the northeast, and two créscent—shaped breached cones
lie north of Balangori No. 1 village. Further east, where the topography
is rugged and irregular, arcuate cliffs may be remnants of crater walls.
These cliffs have mantles of unconsolidated ash and lapilli and in a
summit exnosure bombs 1.5 m in diameter were seen, indicating a nearby

vente.

'Three satellite cones are preserved in the northeastern part of

Garove Island. Two of the cones are symmetrical and have well-preserved
summit craters. The third has been breached, and forms Peter Harbour.
Lava and lapilli and oxidized scoriae crop out at various places around

the shoreline of this harbour.

Thermal areas

Reynolds (1954a) described four thermal areaé in the southern
part of Garove Island. In Figure 28, these areas are labelled A, B, C,
and D, following Reynolds designations. All four were located in 1970,

and no others were found on the island.
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Thermal area A is an emission of hot water below sea-level at
the base of a cliff-forming lava flow. A temperature of 42°C was nmeasured

here, and a temperature of 48°C was recorded in a nearby beach.

Fumaroles are present in area B, on the track between
Balangori No. 2 and Balangori No. 1 villages. Temperatures of 42 and

5800 vere recorded, and no sulphuretted smell was detected.

Thermal area C is the most conspicuoué of the four, and from
a distance if appears as a light-coloured, bare area in the lower part
of the eastern Qall of the caldera. In 1970, conditions appeared to
be the same as when observed by Reynolds in 1954. There vere numerous
fumaroles at the top of talus banks below an almost vertical cliff;
the talus denosits were thermally altered, and subliﬁates, including
sulphur, were widespread. Temperatures measured at points in the
fumaroles and in altered talus devosits were 91, 101, 98, 79, 92, and

97°C.

Reynoldsvdescribed thermal area D as '2 acres of hot ground',
and on his map marked the areé_by two crosses. At this locality, visited by
Davies in 1970, the extensive thermal area deséribed by Reynolds was npt
found, and only a small area of stunted vegetation was located. Temperatures
were below 30°C, and there was no suiphuretted smnell or emissions of

water vapour.

Petrology

Fifty-three rocks from Garove Island have been examined in thin
section. HModal analyses of 20 samples, together with their locality

descriptions, are given in Tables 20 and 21 respectivély.

A feature of these rocks is their low total phenocryst

content. Several samples are almost aphyric, containing less than
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1 percent phenocrysts, and only two of the‘samples in Teble 20 contain

more than 20 percent pheénocrysts.

Chemical énalyses are available for two rocks from Garove
Island. Sample 0538 ié.a low-silica andesite that confains 55;2 wt percent
silica, and sample.0549 is a’low-silica dapite'contaiﬁing 63.4 wt percent
silica. Olivine is conspicuoﬁs_in_Several rOCké-from_Garove, and it is

probable that basalts are present on the island.

Like the Unea rocks, zoned plagioclése is the most common
vhenocryst. Augite phenocrysts.are more abundant than those of
orthopyroxene but.thej rarely eﬁcéed a few percent of the rock.
Orthopyroxene phenocrysts are absent in many rocks and in some

sarnples are rimmed by augite.

0livine phenocrysts are commonly present but never in
- amounts greater than 1 percent. In most samples they do not have

coronas of pyroxene or iron-titanium oxides.,

Iron~titanium oxide phenocrysts are commonly present but
rarely exceed 1 vercent. A few samples, for example 0538, contain
sparse aggregates of iron-titanium oxides and pyroxene vhich may be
pseudonornhing amphibole, but no primary amphiBole has been recognized,

Several samples contain small phenocrysts of apatite.

The groundmass of most Garove Island samples is very
fine-grained or glassy. A few rocks are pitchstones, composed of glass
studded with micrélites, but most have crystalline groundmass in which
plagioclase, iron—titaniuﬁ oxides, and augite are the nost easily

recognized minerals. Groundmass drthopyroxene is present in less
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fine-grained rocks, and low-2V clinopyroxene has been identified in
some samples, for example 0559. Olivine is also present in the
groundmass of some samples, and is especially abundant in sample-

0572, waich contains nolqrthopyroxene..

Interstitial cristobalite is presént in samples 0026 and
0559, and well-déveloped crystals of tridymite are found in vesicles
in samnles 0025, 05%4, and 0550. Both minerals also occur in other

samples.

L9 Yot p et NSt g e e DT e e e . g o 7 T ; . 5
I L R A N S R .- PO St st Taen TR TN T e Y dee s ¢red voe MRbo B o Tty @ w o w gl




y
.
1

89,
TABLE 20,  MODAL ANALYSES OF 20 ROCKS FROM GAROVE ISLAND
iﬁﬁgi: Volume % phenocrysts | Total
Group ’ . e ‘ Ortho- . Fe-Ti
gg;ggix Plagioclage{.Ollvine pyroxene Augite exides phenocrysts
0028 8 - =1 1 =<1 9
: - total pyroxenes = 21" ;
0559(aa 14 =<1 (augite = orthopyr. ) >
0025 17 - 1 3 1 22
0526 16 =<1 1 3 2 22
1. 0532 14 - = 1 1 <1 15
0534 10 - =1 1 << 1 1
L 0537(1))} <1 - - <] - ca.1
0538(b)] <1 - - <1 <1 ca.1
0542 <1 << 1 - =1 - ca.1
0546 9 <1 - 1 - 10
0547 =1 =1 - =1 - ca.1l
0549 L] = 1 1 <;1' 11
0556 <1 <1 - =1 <1 ca.il
2, 0572(c)| =.1 <1 - - - 9
- 0575 3 - - <1 - 3
0034 3 - =1 1 - "
LN 0035 i< 1 - - = =1 ca.1
3. 0031 3 =<1 - 1 =1 4
0033 5 1 =1 1 =1 T
0036 7 <1 - 5 - 10
(a) coarse-grained sample in which all mineral. grains have been counted, except
for 2 percent indeterminate fine-grained materials.
(b) sample contains fine-grained pseudomorphs (=<1%) which may be after amphibole.
h
)/ﬁggm ggtggglned groundmass in which many ferromagnesian grains could be

considered as microphenocrysts,



TADLE 21.  LOCALITY INDEX FOR SANPLLS OF TAPLE 20, AND FOR
THOSE RSFERRED TO IN T3kT .
- Group Sample Locality description

0028 in situ lava on spur, western side of harbour entrance
0559 xenolith in in situ lava, western side of harbour
entrance . :
is 0025 block from east side of mission neninsula
Gelders 0024 in situ lava flow, west side of mission peninsula
L 0526 in situ columnar-jointed lava flow
i 0532 in situ lava flow, over 12 m thick
Jolenn 0534 block derived from lava flow in cliff above shoreline
Albrecht 0537 vertical dyke exposed at shore ‘
Hsrbour 0538 )
block derived from cliffs above shoreline
0542 )
0546 in situ lava flow, crudely jointed
0547 lin situ sample from same flow as 0546
0549 in situ lava flow forming Benukanakare Island
0550 block from in situ volcanic rudite
0026 talus block just north of thermal area C
2. 0556 in situ lava flow, 8 m thick
Coast 0572 block from in situ volcanic rudite
east of 0575 in situ lava outcrop, crudely jointed
harbour
entrance
o 9 0034 lin situ lava outcrop )
Coast 0035 in situ lava outcrop
west of 0031 in situ aa leva flow, headland near Bzlangori Ho. 1
. village
harbour .
) 0033 in situ lava flow near Langu »lantation house
entrance rmem——
00%6 in situ leva flow, west coast
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MUNDUA AND ASSOCIATED ISLANDS

A cluster of smallvvolcanic cones form Muhdua Island and the

nearby smaller islands to the west (Fig. 23). ‘'Mmese volcenoes

are much smaller than the main volcano of Gerove Island.

Ilundua anc ¥ingoru Islands

IMundua Island and ﬁinporu Island to the west are formed of
asries of coalescing basaltic volcanoes along a linear zone about
7 kn long and élightly more :than 1 km wide which trends a few
degrees south of due west (F&g. 34).. This zone cuts across the
general trend of the Yitu zdne, betwien Ottilien Reefs and Garove

Island, at about 15°.

There are three orincinal villages on lFundua Island and one
on Vingoru Island. Iuch of the central part of Iundua is covered b~
Hingau Plantetion. Both islands are vegetated and undissected,

and both are surrounded by coral reefs,

The largest volcanic céntre forms-Wingoru Island and the
western end of Mundua Island. Remnants of & crater wall are preserved in the
east and west separated by narrow sea-filled channels. BEast of this remmant
crater is the highest point on Mundua Island, 152 m above sea~level (Lae
Sheet). The peak is the summit of a craterless volcénic cone
which extends acréss the entire width of Murdua Island.
A small thermal aree was renorted at the top of the cone by loca; )
villagers in 1970, and a slightly warm spring was obgeerd:on'théJ o

wndred metres west of Karramatta village.

cecst a few

The central and eastern vart of Mundue Island consists of
a low ridge on which five small cones have been built. Two of these

cones, south and southeast of Korei village, have well-defined



NARAGE ISLAND
AoIs ez o localities of samples in Tables 22 & 23
o thermal areas _ '7:.—_;,-
referred to Lt crater walls
in text oo T~ coral reef € W
g ' +  summits of crater-less cones
"\ 0O villages
N .
lb,
0 11 .3 N
Ningau Plantation
(manager’s house)
UNDAKA ISLAND
A\ WINGORU
0038 ISLAND
_ WAMBU
0044 # ISLAND
/..
. —slet® Silen
7 ongerdiy . ] 3 3w
0042 CHILLING ISLAND '
LUMBOILA ;
ISLAND
Figure 34 Mundua, Wingoru, Chilling, Wambu, Lumboila, Undaka,
and Narage Islands. Adapted from German Admiralty chart
(1909) and aerial photographs taken 6/7/66.
To accompany Record 972h3
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circulér craters about 300 m in diameter, but the other three have

no craters.

The rocks exnosed around the coast are mostly well-bedded
clastic denosits of ash, lapilli, and scoriae, and they indicate that
the history of these'islands was probably dominated by explosive
eruptions., There are also exnosures of basaltic lava flows and dykes;
one dyke, due south of the manager's house at Ningau Plantation,

is about 6 m wide,

On the headland southeast of Karamatta village, 10 m of
bedded ash and scoriaceous lava clasts dip northwestwards at 18°,

These deposits may represent a remnant of another eruptive centre.

Yambu, Lumboila, Chilling, and Undaka Islands

These four islands lie west of FMundua and Wingoru (Fig. 34),
and are remnsnts of w lcanoes whose eruntions were alnost exclusively
explosive. Coral reefs fringe the islands and form an extensive

complex west of iambu Island (Fig. 25).

Wambu (or Vambu), the largest of the four islands, has
exposures of seaward-dipping clastic deposits around most of its
shoreline, indicating that there is probably an eruptive centre in
the middle of the island, although no crater is preserved there.

The denosits are arenaceous and rudaceous, and are composed predominantly
of lirht brown_to buff vesicular fragments, but they also contain
sproadic aengular blocks of poorly vesicular lava. The light brown to
buff colour is probably due to sideromélane and palagonite, which are
thought to be common constituents of the deposits. On the southeastern
end of the island, at sample points 0039 and 0040, the clastic deposits

are cut by two irregular sheets of vesicular lava, each about 30 cm wide.
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At the northwestern end of VWambu Islénd an oxidized,
scoriaceous lava flow is overlain by é pyroclastic cdne. This
flow also crops out on a neafby islet. Lumboila Island, an islet
less than 100 n long off the southwest coast of Wambu, consists of a
near vertical northeast trending dyke{ flanked by scoriaceous lava,
scoriae, and lapilli beds., This‘dyke also érops out on the southwest

shore of Wambu Island.

Chilling Island is the remnant of a volcanic cone, the eastern
part of which was presumably destroyed by the sea. The island is made
up of bedded volcanic arenaéeogg-and'rudaceous deposits similar to

those on Wambu Island.

volcano. The southwest side is_pait of a'comparativeiy steep crater
wall, and the northeastern side represents pért of the original flanks,
Clastic deposits similar to those on Wambu and Chilling IslandsAare
exposed on the southwestern side. Thin section examination of one

sample of arenaceous material from Undaka shows fragments of sideromelane,

partly altered to valagonite,

The presence of sideromelane and palagonite indicates that

during eruption the magma probably came into contact with water,

Petrology

Twentj one samples from these islands have been examined in
~thin section. All are characterized by the presence of olivine
phenocrysts and absence of orthonyroxene phenocrysts, suggesting
they are mainly, if not entirely, of basaltic composition. Sample 0042,
from Wambu Island, is a basalt having a silica content of 48.6 wt
percent. Modal analyses of ten samples are given in Table 22 (groups

Undaka Island is the elongate remnant of a much larger : l

1 to 4). Most samples have total-phenocryst contents of less than 20 percent.
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Zoned plagioclase phenocrysts are coﬁmon in mést rocks,
but in many are less abundant than olivine phenocrysts. . In sample
OO48A, an unusualffeéture is the presen¢e of .a plagioclase phenocryst

rimned by augite grains.

All the sﬁmples in Table 22 contain at least 1 percent olivine
phenocrysts, and in five samples olivine is the only phenocryst
forming one or nore percent of the fotal rock. Hany olivine phenocrysts
are euhedral, and none have coronas of pyroxené. However, in samples
0582 and 0043 olivine phenocrysts are rimmed and ih some cases

coupletely pseudomorphed by iron-titanium oxides.

Augite phenocrysts are present only in rocks from Munduas
and Wingoru Islands, and orthopyroxene phenocrysts have not been
recognized in any of the twenty one samples. Iron-titanium oxide
phenocrysts are present in a few rocks only, and in none do they

exceed 1 percent.

In the groundmass, plagioclase, augife and iron=-titanium
oxides are by far fhe most abundant minerals. Olivine is a common
constituent, and in several samples, low-2V clinopyroxene has also
been identified, but appears to be much 1ess abundant than augite.
Some grains of iron-titanium oxides have lath-like habits, and may

be ilmenite.

NARLGE TSLAND

Narage (or Narrage, North, or Gipps) Island overlies the
deepest part of the New Britain Benioff Zone, and is further from the

New Britain submarine trench than any of the other Witu Islands' volcanoes

(Fig. 33).
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Narage is a steep-sided central volcano which has a radial
vattern of incised streams (inset of Fig. 32). According to
the Lae - Sheet, the surmnit of the island is 315 m above sea-lewd.
Narage is uninﬁabited and thickly vegetated. Numerous thermal areas
occur around the coast, Thg island has a fringing reef and also an

offshqre barrier reef 2-3 km off the western and northern coasts.

At the sumnit of the volcano there are two peaks (Fig. 32)

winich nay be remnants of a summit crater. The summit is slightly southeast

of the centre of the island, and on the long ndrthwestern flank

- there is a prominent break in slope almost half way up the'vdlcano.

Lavé flows crop out where spurs reach the shoreline, and
clastic denosits ‘are exposed elgewhere around the coast. At sample
locality 0048 lava flows abouf 0.5 m thick are interlayed with
scoriae, indicating that Narage is a sfratovolcano. The lavas are

probably basalts.

Fisher (1957) described 'boiling springs' on the southeéstern
and southwestern sides of Narage Island. In 1970, numerous thermal areas
were found around the coast, five of which are numbered in PFigure 34,
and a more.detailed survey of the island would probebly establish several

more thermal points along the shoreline.

At (1) in Figure 34, hot waters bubble from beach sands, and
sand and water near boiling point are ejected to heights of 60-70 cum.,
The nost oxtensive tlhiermal area is at (2), bheneath a grass-covered
s-ur, where boiling water is thrown out of ca&ities bhetween boulders

of altered rock and areas of sublimates and oxidised soil and nud.
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Mazimum temveratures of a little-less than 100°C were measured here.

Smaller, but prominent, bubbling s»rings of hot water were also located at

points (3), (4) and (5).

" Petroloy

Five samplés from Naragé Island have been examined ih thin
section, and two mocdal analyses are given in Table 22 (group 5).
Phenocrysts of olivine, but not orthopyroxene, are present in all five
samples which are probably basalts similar in.chémical composition to
those from Mundua, Wambu, Lumboila, and Undeka Islands. The Narage
rocks are simiiar to the other rocks shown in Table 22 except that they

have much higher phenocryst contents.
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TABLE, 22, MODAL ANALYSES OF 12 ROCKS FROM MUNDUA,
&0 " 7/

WAMBU, LUMBOILA, UNDAKA, AND NARAGE ISLANDS

Sample . ' '
Group | Number Volume % phenocrysts Total
(prefix %
48NG)  Ipiagioclase |Olivine | Ortho- | Augie | Fe-ri |Fhemocrysts
pyroxene oxides
0582 - 10 = = » 10
0592 13 7 - 2 <1(a)|] 22
1.
0601 6 1 = <1 - 7
0605 14 R - 8 - 23
0039A <1 1 - - ~ 1
0040 <1 9 . - - 9
2. C . ’
0042 7 b - - < 1(b) 11
00kl - 9 - - <1 9
% 0043 6 10 - = = 16
4, | oozea <1 7 . . a4 7
ook 8A ko 3 - N <1 47
5. ' : -
0610 25 4 - 10 <1 39

(a) small, rare, microphenocryste

(b) one prominent grain only
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TABLE 23, LOCALITY INDEX FOR SAMPLES OF TABLE 22, .

Group  Sample Locality description
1. 0582 in situ lava flow, north coast
Mundua 0592 in situ lava flow, south coast
Island —_— S . :
0601 in situ lava flow, southwesterm tip of
island ' B
0605 " in situ lava flow, morth coast
20 0039A " lava vein:cutting c1ast1c deposlts,
Wambu southeastern coast
1sland 0040 another lava vein- cutting: clast1c deposlts,
southeastern coast :
ook2 in situ lava flow, southwestern coast
00k in situ lava flow, islet off northwestern
coast
3 0043 dyke forming central ridge of island
Lumboila S
Island
b4, 0038A lava fragment in clastic dépoéits
Undaka
Island
56 0048A in situ lava flow, east coast-
Napage 0610 in situ lava flow, southeastern coast

Island
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