 BUREAU OF MINERAL RESOURCES GROLOGY AND

REPORT 243

BMR MICROFORM MF197

CAINOZOIC VOLCANISM OF THE TABAR, LIHIR, TANGA,
AND FENI ISLANDS, PAPUA NEW GUINEA: GEOLOGY
WHOLE-ROCK ANALYSES, AND ROCK~FCRMING MINFRAL COMPOSITIONS

by
1 2 ' 3,4
D.A. Wallace , R.W. Johnscn, B.W. Chappell®, R.J. Arculus
M.R. Perfit3’5 and T.H. Crickl
Appendices by D.J. Belford and H.R. Lord

Formerly Geological Survey of Papua New Guinea.

Department of Geology, Australian National University, P.O. Box 4,
Canberra, A.C.T. 2600

Research School of Earth Sciences, Australian National University,
°.0. Box 4, .;anberra, A.C.T. 2600

Present address: Department of Geclogical Sciences, University of
Michigan, Ann Arbor, Michigan 48109, U.S.A.

Present address: Department of Geology, University of Florida,

1112 General Purpose Building A, Gainesville, Florida 32611, U.S.A.




DEPARTMENT CF RESOURCES & ENERGY .

Minister: Senator the Hon. Peter Walsh - “fh"'? _Vﬁ%’“"?“‘ -

Secretary: A.J. Woods.  o o o hb  T

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

Published for the Bureau of Mineral Resources, Geology and Geophysics

by the Australian Government Publighing Service
© Commonwealth of Australia 1983

ISSN 0084-7100



Abstract

Geological surveys have been made of the Tabar, Lihir,»Tangé,
and Feni island groups, which constitute a dominantly alkaline volcanic
chain, roughly parallel to, and northeast cf, the Tertiary island arc of
New Ireland in northeastern Papua New Guinea. The islands consist mainly
of Pliocene and Pleistocene lava flows and voleaniclastic depesits, but
pre-Middle Miocene volcanic rocks are known in the Tabar islands. Quartz
trachytes (the only silica-oversaturated rocks of the chain) represent
the youngest extrusive rocks in each island group. Raised Pleistocene
coral reefs form fringing terraces on many of the islands, and Miocene
reef limestone is preserved on Simberi Island in the Tabar Iglands.
Present-day thermal activity is found in each of the island groups,
but is best developed cn Lihir and Feni Islands, where the thermal
areas mostly occupy the calderas of Quaternary volcanoes. Whole-rock
chemical analyses have been compiled for 116 Tabar-to-Feni rocks
(major and trace elements, and, for some rocks, rare-earth-element
abundances and 87Sr/86Sr values). Rock-forming minerals in many rocks
have also been analyszd using the electron microprobe. The aﬁalysed
alkaline rocks are mainly phonolitic tephrite and trachybasalt, but
more mafic types are basanite, tephrite, alkali basalt, transitional

basalt, and ankaramite. Clinopyroxene-rich cumulate inclusions are

a common feature of some lava flows.
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INTRODUCTION

One of the most curious features of the,céinozoic ggology of‘Papué
New Guinea is the chain of dominantly alkaline volcances making up the Tabéx,
Lihir, Tanga, and Feni Islands off the northeastern coast of New-I;glandJ 
(Fig. 1). Their alkeline v. iracter was first reported by G;aéégﬁef7(;9;5>a"’
but the islands were neglected by petrologists and_geoiogisﬁs f9r more thah
fifty years - until 1969, when the late G.A.M. Taylor dndeftook a geological
investigation of them, and collected a suite cf rock specimens icx |

petrological study.

The alkaline compositions of most Tabar-to-Feﬁi rocks are the main
petrological feature of interest in this volecanic province, as.they‘are in
marked contrast to the dominantly silica-oversaturated character of rocks from
other volcanic provinces in Papua New Guinea. However, another equally |
important aspect of Tabar-to-Feni volcanism is the tectonic settiﬁg of the
islands. The analysed volcanic rocks are thought to have some chemical
features in common with arc-trench-type rocks, but there is no'consensus’on ‘
the nature of the tecténic'setting in which the magmas originated. All

suggestions made in the literature to date are little more than speculation

(see Johnson 1979 for a review).

Taylor's 1969 field study was the first of a2 series of geological
invegtigations of the Tabar-to-Feni Islands by the Bureau of Mineral Resources
(BMR) and Geological Survey of Papua New Guinea (GSPNG). Taylor returned to
the islands in 1971, and collected more rock samples. Wallace and Crick then
undertook surveys of the islands, in 1972 and 1973, 28 part of the routine
geological mapping of Papua New Guinea at 1:250 000 scale. Wallace and
Johnson visited the islands in 1974, specifically to collect additional rock
samples, as mos& 6f Taylor's original specimens had by then been lost(though

thin sections and rock powders of many of them survived).

Many of the rocks collected by Taylor and to a lesser extent, by
Wallace and Crick were analysed routinely for major elements in the aarly
1970s, but in recent years the entire collection of existing material I..s been
subjected to relatively intensive petrological and geochemical investigatinns -
particularly trace-element and isotopic analysis of whole-rock samples and
electron-microprobe determination of mineral compositions. Interpretation of
these analytical results is still underway, and our aim in this report is

mainly to present analytical data ~ together with geological descriptions of



the islands - as a ba31s for 1nterptetat1ve reports that are st11L 1n

progress. -Some initial 1nterpretat10ns are glven in the DlS»USSlJn sectlon.wE_,;f

Taylor did not- wrlte a report of his early work (he dled ‘in Augusp 1972).

but a preliminary (now ontdated) account of the geology and petrology of y

the islands was given by Johnson, Wallace, & Ellis (|976, see also: ArculuS»”_io_yv

Johnson, & Perfit, 1978; Arculus, Johnson, & Chappell !978. A ER o
Arculus & Johnson, 1981; Perfit, Johnson & Chappell 1981) Thé‘resglfS'of"
an indeperdent petrologlcal study of Ambltle Island (one of the Fenl ISL ﬁds)ii“

were also preseated by Heminy (1979) .

A breakdown of respon31olllt1es for the authors of thlS Report

ie as follows: ‘
Wallace - geologlcal mapping, rock—sample collectlon, geoxoglcal

interpretations, sample-locallty 1dent1f1cat10ns (plottlng on

maps, and grid references):

Johnson - rock-sample collection, overall compllatlon and edltlng of
report, tabulation of maJor-element and XRF trace-element

analyses, rock nomenclature;

Chappell - X-ray fluorescence (XRF) analysis, comﬁuter data storage,
tabulation programming; |
Arculus - electron-microprobe analysis, tabulation of mineral

compositions;
Perfit - spark-source mass spectrographic (SSMS) analysis of trace
elements, mass spectrometric analysis of Sr-isotopes, and

tabulation of results from both methods;

Crick - geological mapping, rock-sample collection, descriptions

of thermal areas on Lihir and Feni Islands.

Rock~sample numbering system and locality identification

Major-element chemical analyses of 116 Tabar~to-Feni rocks are
listed in ten Tables labelled TBI to FN2. The coding of these Tables allows
identification of each analysed sample. The island group of any one sample
is identified by a two-letter abbre&iation (T8, LH, TG, FN), followed by a

number that corresponds to one of the indiwvidual islands listed in Table 1,



followed by a slash and the number of the rock analy31s in the approprlate
Table. Analyses in each Table are listed in order of decreas1ng Mg0 content,
so, for example: TB2/12 refers to a sample from ‘Tatau Island in the Tabar
Islards (Table 1) that is twelfth in order of decreaslng MgO content in-
Table T32; FN1/2 is a sample from Ambitle Islaud that has the second hlghest
MgO content of all ;he analysed rocks from this island 11sted’1n Table FNI.

Rock names ars given in an:index at the bottom of each Table‘pege,
and these are followed by an eight-digit BMR reglstered sample number. Tﬁe
particular survey during which the sample was collected may Lbe 1oent1f1ed by
using the first two cigits of the BMR sample number in conjunction w1th‘Table I
Some samples from the Wallace-and-Crick surveys have two BMR registered numbers-

one prefixed 74, the other by 73.

Grid references and locality descriptions for each gample'follpw
the BMR registered sample number in Tables TB! to FN2. The grid references
refer to the following series of 1:100 000-scale topographic maps of the
Tabar-to-Feni Islands published in 1975 by the Royal Australian Survey Corps
(Series T601): Tabar Islands - Tatau 9292, Tabar, 9392; Lihir Group =~ Lihir;
94413 Tanga Islands -~ Tanga, 9591; Feni Islands - Feni, 9639, The topograpnic
maps have also been used as bases for the geological maps given in Figures

4-6, 9, 12, and 15. A legend for the geological maps is given in Figure 2.

The 1975 maps became available after the geological surveys had
been completed, so there wave problems in accurately relocating sample sites -
particularly those of rocks collected by Taylor. However, most other samples
are probably reasonably well located to within 100m or so. We have also used
the 1975 maps as our source for place names and spellings, even though these

may not necessarily conform to local usage.

A palaeomagnetic survey of the Bismarck Archipelago, including the
Tabar-to~Feni Islandc, was undertaken in 1979 and 1980 by D.A. Falvey then of
the Department of Geology and Geophysics, University of Sydney (now BMR) .
Sampling sites in the Tabar-to-Feri Islands are also plotted on the geological

maps (Figs 4-6, 9,12,15), by courtesy of Dr Falvey (personal communication, 1582).

Rock nomenclature

The rock names used in Tables TBI to FN2 derive from the CIPW-
normative system of rock nomenclature adopted by Johnson & others (1976; see
also Johnson, Mackenzie, & Smith, 1978). This system is based on a plot of
Differentiation Index (Thornton & Tuttle, 1960) against normative nepheline

or normative quartz plus the silica of normative hypersthene (Fig. 3), and the



-

fields are broken into arbitrarily defined areas which arevassigﬁed

familiar rock names. Two kinds of prefixes are given‘to ﬁost of tﬁé rock
names: (1) Q, hy, or ne, depending on whether the rock is quartz-, ﬁypetsthenee,
or nepheline-normative, respectively; (2) potassic or sodic, dependlng on

whether K O/Na20 values are, respectlvely, greater or less than 0.5.

The system is dependent on the CIPW norm, vhich, in turn, is
sensitive to the oxidation state of iron. Johnsdn & others (1976)'reca1cu1atedv'
all their analyses and standardised Fe203 values according to phe method‘of,
Irvine & Baragar (1971). Here, however, we have reverted to use of the ‘'raw’
major-e~lement analyses, and have neither recalculated analyses volatile-free
nor standardised the oxidation state, on the gfounds that the relativeiy high
Fe203/Fe0 values and high volatile contents o¢f Tabar-to-Feni'roéks may at least
in part be intrinsic features of the magmas, and that transforming the data
by the above criteria may be an overcompensation. The result of using raw
analysez rather than transformed ones is that Jdata points in Figure 3
correspond to slightly lower degrees of silica-undersaturation, and that two
anal&sed rocks formerly called nephelinites (because they were leucite |
normative) are now classified as tephrites (albite normative); no analysed
Tabar~to-Feni rocks are now termed nephelinites. The numbers of the different

analysed rcck types are listed in Table 2.

Analytical techniques

The samples collected between 1969 and 1974 were anaiysed for
major elements by the Australian Mineral Development Laboratories (Amdel),
Adelaide, between 1571 and 1978, on contract to BMR and GSPNG. Amdel
analytical techniques are a combination of atomic-absorption spectroscopy
and conventional gravimetric and colourimetric methods, and levels of precision
for many elements were probably not the same throughout the entire seven~-year
period of analysis. This contrasts with the 1976-series rocks, waich were all
analysed during the same period in late 1977 mainly by X-ray fluorescence
spectrometry. Consequently, the 1976-series values are probably the most
reliable of all the major-element data. XRF analyses were done on rock-powder
pellets, following the methods of Norrish & Chappell (1977) on the automated
Philips PW1220 zpectrometer at the Department of Geology, Australian National
University (ANU)., XRF techniques were also used for the determination of all

trace-element values listed in Tables TB! to FN2.



Abundances for 21 trace elements, 1nclud1ng the rare-earth
elements (REE), in 27 rocks have beer determined. These were obtalned
by spark-source mass spectrography, u51ng technlques descrlbed by Taylor & ‘
Gorton (1977), and (with one exception) using samples from the same powders :
uged for the nzjor-element and XRF analyses. Chondrltejnormallsed REE e
patterns for the 26 samples are shown for each ielene‘éroup in‘Figuree 8,f|1;

14, 17 and 18.

Strontium-isotope ratios (Table 3) were measured u81ng the Nucllde
Analysis Associates (NAA) machine (30.5 cm radlus, 60 sector) at the Research.
School of Farth Sc1ences (ANU; see also Page & Johnson, 1974). Rhenlum ;
triple-filament sources were used, and t samples were loaded as chlorldes
with water. The NAA mass spectrometer uses 6 kV acceleratlng voltage, a.
Faraday cup collector, and a Cary electrometer (model 31), and is operated
on-line by an HP-2116B computer, which also controls the magnetlcafleld peak
switching. One or two sets of twelve 87Sr/ Sr values were measured between
sets of 883r/868r measurements and normalised to a value of 8.3752 for | |
88Sr/86Sr. 85Rb was measured repcat:dly to correct for87Rb in 87Sr, but
correction; were mostly negligible. No¢ runs required tail corrections.
Tlie 87Sr/868r value measured by Page & Johnson (1974) for the Eimer and Amend
standard was 0.70813 + 0.00004, apd the mean value for standard NBS 987

measured during the new runs was 0.71032 + 0.00006.

About 2500 mineral analyses for analysed lava samples were carried
out on the TPD electron microprobe at the Research School of Earth Sciences.
Analytical procedures used were those of Reed & Ware (1973, 1975) and Ware
(1981). Samples of cumulate rocks whose bulk-rock compositions were not
determined have also been studied with the electron microprobe; a list of
these additional =smples is given in Table 4. The miheral analyses have been
compiled in an unprblished data catalogue (Arculus, 1982) two copies of which
"have been made. On: zopy has been lodged in the BMR Library, and the other

in the Library of the Research School of Earth Sciences.

Data presentation

The Sr—-isotope data for Tabar-to-~Feni samples are presented in
Table 3, but all other analytical data are listed in groups of tables after
the geclogical descriptions and illustrations for each island group. The
first table in each group is from the TBIl-to-FN2 series of tables, and is

followed by tables of SSMS analyses and mineral compositions.



Table 1. Rock-sg_ple codes and aumbers of ana‘ysed samples

,,“. .

on an Jslanduby-lsland and survey—by-survny ba51s

Island P E _ First two numbers of '
groups and ;nd;:;gugimgziznds BMR rgg;ste:ed‘sample no.* Totals
abbreviations Sty | 69, 71 | 74(73) } 76}
Tabar 1. Simberi 2 3 - 5
Islands 2, Tatau 5 _ 3 6 14
TB 3. Tabar = 3 6 1 2 I
. 1230
Lihir Group 1. Lihir , 1o iz |7 ) 230
LH | S L o
1. Malendok 6 1 4 Y
Tanga 2, Lif 3 1 1 5
Islands 3. Tefa 3 - ] 4
pie 4. Bitiik & Bitbok 3 1 - 4
224,
Feni Islands 1. Aubitle 7 11 10 | 28
FN 2- BabaSe J l - 4 i
32
Totals 46 39 31 116

*Collectors: 69, 71 ~ Taylor (1969 & 1971 surveys, respectively).
74(73) - Wallace & Crick (1972 and 1973 surveys).
76 ~ Wallace & Johmson (1974 survey).



Numbers of dszerent chem1ca112¥analysed

- Table 2.

rock types for each 1slaqd groqp

Tabar

Ankaramite §& cumulai:es
Transitional basalt
Alkali basalt
Tephrite

Basanite ,
Hy-trachyﬁagélt 
Né-trachybasglt'
Phonoliticvtephrite
Hy-trachyéndesite
Ne-trachyandesite
Tephritic phonolite
Q-trachyte
Ne~ttTachyte
(Phonolite)

SRR

B W o~

L1h1r :

l
4
7
1
1
9
5
2

Tanga .W*”

1

w

o Lo _ﬁ
S };;“
=]
=t

B I T o I TR U R ESRre 1-

VN VW 0N ® W W e O

w

Total 30

24

116




* Table 3. 87Sf)$68r v&lues’fer28 ‘{'  “T ﬁ%¥u 
/TabarutoéFeﬁf*Rocksv ‘ : o et
New resﬁltsa: Rb/Sfi*-vw'~ _fg?silsﬁsrjfrﬁh - ‘2125 ;;3,55:“ =
TB2/3 0.020 © 0.70400° 3
TB2/9 | 0.029 . 0.70408, 7 ;
TB2/12 | 0.031 . 0.,70436 3
TB2/ 14 0,039  .0.70432 4.
TB3/4 - 0.028 G.70365 o o5
TB3/10 , 0.075 | 0.7¢:22 5 s
1H1/3 0.010 0.70452 4
LH1/9 0.039 - 0.70435 s,
LH1/10 0.042 0.70398 e 5 0
LH1/22 0.052 0.70397 T
Lh1/23 . 0.036 0.70387 | 7
A ". ’ .

T61/1 0.041 - 0.70392 7
TG1/2 - 0.056 0.70410 3
TG1/8 0.038 - 0.70438 6
FN1/9 0.037 - 0.70392 5-

. FN1/10 0.036 0.70402 5
FN1/13 G.043 0.70422 4
FN1/22 0.033 © 0.70403 . 5
FN1/27 0.028 ‘ 0.70384 4

Page and Johnson (1974) resultsb:

TB2/12 0.031 0.7044
TB3/7 . 0.039 0.7041
LH1/12 0.090 0.7042
374 ‘ 0.038 0.7040
TG1/6 0.010 0.7041
TG1/7 0.030 G.7042
TG2/3 0.077 0.7040
TG3/1 0.059 0.704

FN1/19 : +0.030 0.7041
FN1/23 0.028 0.70C41

a Measured values for NBS 987 = 0.71032; 0.71026; 0.71029.
All values quoted to 2 standard errors of the mean (120).

b Rb/Sr values are new. Measured value for E and A 8§rCO4
standard = 0.70813 + .00004.
Sample 374 not analysed for major elements and hence not
listed in Tables TBI to FN2 (BMR registered number is

69400374)




 Table 4.

i

List of chﬁulate“samﬁlésfwﬁéaé'whnie;rQCkﬂcﬁenféﬁl

compositions have not been determined, but whose mlne:als nave ﬁfj:;vu

- been analysed bv the electron mlcroprobe.sA e

Samgle'No.v

TB2/15
TB2/16
T32/17
T82/18
TB2/19
TB2/20

1H1/31

FN1/32
FN1/33
FN1/34

FN1/35

Grid refetenCe'and 1dcalfg2;déi “otio

' LB816935. In srranded boulder on,aultlvated alluv1um at

Kopo Plantatlon, western side of Tatau. Island. - rﬁu4", _,V_fcQ .

LB806282. Im in 81tu 1ava flow lu stream east of Tuplngmlnda L
Bay, Tatau Island. o . L

L3863968. In looge boulder in atream southyeat of Pekxnberlu;f,
village, Tatau Island. : , D P RO T S ,

LB862967. In loose boulder 1n atream southwest of Pek1nber1uv'n'
village, Tatau 1 land. Same loca11ty a8’ T32/7.;. '

LB863968. In 1oo=e boleer in straam southwest of Pek1nber1u,
village, Ta*au Island. ~Same locallty as TBZ’I7. :

LB862829.. 1In loo ¢ boulder on flan& of r:gge across ‘bay westf
of Me¢*ua, Tatau Island. S . . IS

MB584604 . In situ highly pornhyrltlc lava flow in stream on
vestern part of Londelovit Plantation, Lihir. Island. Same

locality ag LE1/1."

NA680480 (approximate). Loose block on surface of Q-trachyte
dome, central Ambitle Island.

NA631469. In loose boulder on beach near Tabulam village,
Ambitle Island. |

NA655456. 1In in situ lava flow exposéd in road cut on southern
side of Nanum Bay, Ambitle Island.

NA656452. In in situ lava flew (analysed sample FN1/25) in
roadcut on southern s gside of Nanum Bay, Ambitle Island.
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components nepheline, quartz, orthoclase, albite, leucite, end
kalsilite (Thornton & Tuttle, 1960). X-Y is the arbitrary line
used by Coombs & Wilkinson (1969) to separate mildly undersaturated
rocks from strongly undersaturated ones (X = /I75, Ne 10;

Y = /125, Ne 5). The line through W (DI = 75, Q + SiOzof Hy = 15)
and Z (DI = 35, Q + SiO2 of Hy = 5) i5 also an arbitrary boundary
chosen specifically for rocks from Papua New Guinea (Johanson &
others, 1978). Basanites contzsin significant amounts of wmodal
olivine, whereas olivine is absent or rare (less than 1 percent

by voiume) in tephrites.




TABAR ISLANDS

Introdustion

et

The Tabar Islands are the northetnmost of tbe four 1sland groups,

and consist of three main 1alands (Flge i) - Slmberl ‘Flg. 4), in the north,k~
and *he larger Tatau and Tabar Talands whlch are separated by a narrow -
strait known as Saraware Passage (Figs. 5,6). The Tabar Islands con51st of
volcanic rocks of mid-Tertiary age - the oldest exposed in . the Tabar-to-Fenlvdf?f
chain - to Plelstocene, and Tatau Island is stlll thermally actlve, though fffd“

not as strongly as Lihir and Ambitle Islands.

Simberi: topography and general geology

Simberi Island covers about 56 kmz, ani isvmore—or—less‘Circular';
except in the south, where the coastiine is straight for about 7 km (Fig. 4).
Its maximum diameter is about 10 km from eouthﬂest to northeast. - The,higheéﬁﬁ'
point, Mount Manumbur, is northeast of the centre of the island, aﬂd is 292 m
above sea-level. Simberi has four copra plantations, rlve m1831ons, and ‘
several coastal villages. Except for the plantatlons, the island is thlckly
vegetated, and rock exposure is poor. Coral reef fringes the 1sland for most

of its perimeter, and swamp fills an embayment east of Simberi viilage (Fig. 4).

Simberi consists of a raised Quaternary coral-reef platform that
surrounds a high, steep-sided, central plateau of volcanic rocks, which is
partly capped and mantled by lower Miocene to Pliocene reef limestone (Fig. 4).
The top of the central plateau is an area of moderate iclizf, mostly 120-29C m
above sea~level; it is incised by radial valleys, and has a broad dome-like
profile. The Tertiary limestone crops out mainly at the western and northern
edges of the central plateau, and is exposed in many of the steep cliffs, up
to 160 m high, that mark the contact of the Quaternary reef platform with the
older rocks of the central plateau. The contact of the Tertiary limestone with
the volcanic rocks is also marked by cliffs, a few tens of metres high, that
face towards the centre of the island. The middle of the volcanic plateau
and, and the widest part of the Quaternary

bad

is east of the centre of the is
reef platform is in the west. Faulting has affected parts ol the cenfral area
of volcanic rocks; four faults shown in Figure 4 have a mainly northwesterly

trend. Thermal altaration of country rock is associated with the raulting.

Simberi therefore appears to be an old volcano that has been inactive
since the Miocene, and which, following submergence during the Miocene and

Pliocene, has been raised and tilted.




Simberi: voleanic rocks

The volcanic rocks of Simberi'Islanﬂ‘can'be diﬁide&‘intoQﬁwo‘breaﬁ
units - a younger one, conslstlng predomlnantly of volcanlclastlc deposxts,,w
and an older one that appears to be made up !argely of maflc-to-lntermedlate .
lava flows. The apparent 1ncrease in the relatlve volume Gf fragmental ek
rocks between the older and younger unit is probably an 1ndlcat10n that, 1n 7e@gir
its later stages, Simberi changed from a predomlnantly effu51ve to a more b B

explosive type of volcanism.

The rocks cf the older unlt are vxposed in the ﬂentral part of
Simberi, and its lava flows appear to dip away from the centre of the 1s]and..ui
This and the dome-like profile of the dissected central rlateau,‘are ev1dence f
that Simberi was originally a central-type volcano, Fragmenta1 rocks are H
known to be associated with the lava flows, and Slmberl could, therefore,

be a stratovolcano, although more detalled fieldwork is requlred to conflrm

this.

A distinctive volcaniclastic rock type crops out in the 1oWerf
reaches of a stream bed 2 km southeast of Napekur village. It‘consists‘bfv
fine-grained, grey, angular to sub-angular clasts of basalt in a yellow-
stained matrix, and forms a I-m thick horizon that underlies southwarﬂ-
dipping volcanic rudites. The clasts are roughly equidimensional, mostly
about 4 ¢m across, and their margins have been chilled against the matrix.
Differential weathering has resulted in the clasts showing higher relief
then then the matrix, giving a studded, or embossid, appearance on exposed
surfaces, and the apparent fit of adjacent clasts with one another produces
a 'jigsaw' effect. Hot lava may have come into rontact with water, producing

the rapid chilling and brecciation.

Thermal alteration of the rocks of thw older unit to white,
pyritised clay at least two localitieg, one of which coincides with a fault
showing evidence of shearing. 1In addition, the condition of boulders in a

stream west of Pigibut Plantation may be indicative of a third area of thermal

alteration.

The younger unit of volcanic rocks ronsists of rudites made up of
sub-angular tc rounded clasts of dark lava, from a few centimetres up to 40 cm
in diameter, in a weathered fine-grained matrix. The rudites are exposed
along the southern edge of the central plateau and on the upper parts of high

ridges in the south. They are crudely bedded, and dip at 30-40° away from



the centre of the 1sland clearly overlylng the older area of lavafrlows

to the north. The long axes of laroe elongate clasts are oughly parallelfw
to the dlrectlon of dlp. Lava flows and beds of voleanlc arenlte and |
scorize in some parts of " the un1t are 1nterca1ated with the rudltes.v Two

dykes cut rudites in the southeast, one of whlch 1s 1ntense1ysheared”!;At?”'

the southwest edge of the central plateau, where the older un1t crops

as a prominent tongue flanked by outcrops of - the younger un1t horlzon"'

volecanic arenite, dipping a few degrees to the northeast, are. expose

stream sectlon. These appear to be the youngest volcanlc dep051ts'on

Simberi. Their age is uncertain, but they may be Mlocene.

' Five volcanic rocks from Simberi have been whemlcally analysed
(Tabie TB1, Table 5, F1gs 7, 8). They range from a qu1te maflc basanlte,

to alkali basalt and trachybasalt, to trachyande81te,,u

Simberi: raised-reef limestones

The older reef limestone on Simberi'forms a aemi{eircular linedof"l

outcrop around the western, northern, and ~ to a lesser extent ~ eastern

edges of the central plateau of‘volcanic'rocka, only part of which is higher
than the limestore cappings. The limestone has a . -imum elevation of
about 180 m above sea level in the north, and must have been raised by at
least this amount to its present position. The limestone is not preSentvat
the southern edge of the central platform (Fig. 4). This may be due to a
southward tilt of the reef, which, seen on the aerial photographs and in the
field, dips beneath the Quaternary reef platform in the south. Other islands

of the Tabar-Feni chain also have a similar southward tilt of a few degrees

(see below).

The microfaunas of four limestone samples collected by G.A.M. Taylor

in 1969 were identified by D.J. Belford, whose report is given in Appendix 1.
The faunas of the three oldest samples, considered together, are c¢onsist-—-

ent with an early to late Miocene age, and the fourth saumple is Pliocene or
younger. The limestone is, therefore, stratigraphically equivalent to other
limestones that are widespread throughout the Bismarck Archipelago (for
example, the Lelet Limestone of New Ireland - Hohnen, 1978; and the Yalam
Limestone of New Britain - Davies, 1973) and which seem to mark a major

cessation of volecanic activity throughout the region.

Samples of the limestone examined in the field are typically
massive, containing limestone clasts ard remains of corals, algae, and

molluscs, most of which are fragmented. Some corals are seen in their



original growth positions, but much of the llmestone appears to be detrltal.
Primary volcanic rocks do not seem to be present w1th1n the 11mestone, and
no volc¢anism, therofore, appeacs to have taken place after the early Miocene. ﬁ;rh
Rudimentary wave-cut notchev in toral about 15 m above ground level east of Maragon
village, on the west coast, may 1nd1cate that upllft contlnued up to the o
Holocene. The Miocene reef may, therefore, have been uplifted in stages, Freb*“é'”
‘rather than in one perlod of rapld uplift. o

The Quaternary coral plathrm’surroundinglthe older;rocREgof |
Simberi represents a pericd of uplift'that'seems to have been‘distinct'from o
that which ralsed the Miocene 11mestone. Because the platform is w1dest in
the southwest (1.5 km) and narrowest in the northeast (lebs than 500 m),
the tilting was probably to the northeast, but this was 1nsuff1c1ent to -

drastically alter the older southward tilt of the Mlocene reez.

Tatau: topography

Tatau is the central island of the Tabar group‘(Eig; 1. Ittie
about 5 km south of Simberi Island and is separated'from Tabar Islandﬂto
the south by Sarawere Passage which, in parts, is‘oniy a few tens of metres
wide. Tatau is shaped like an.inverted comma, and covers about 120 kmz‘

(Fig. 5). Apart from low-lying coastal platforms in the north and east, the

island is mountainous and has rugged relief; many parts of the island are

more than 200 m above sea-level. The northeastern half of the island contains
the two highest points, Mount Panalia (about 360 m above sea-level) and Mount

Sokosung (320 m). The two highest points in the lower, southwestern part are

Mount Letam (283 m), in the west, and Mcunt Tiro (about 280m), in the extreme

south.

_The drainage of Tatau is controlled by an axial watershed that
follows a sinuous course northwards from Mount Tiro, west of the centre of
the island, to a point northwest of Mount Panalia, where it swings abruptly
northwestwards, passing tnrough Mount Sokosung towards Cape Tiwi.. A series
of prominent, steep-sided spurs falls steeply westwards from the watershed

to the coast between Maragat and Sambuari villages.

Apart from three coastal plantations and small cultivated village
gardens, the island is densely covered by thick primary vegetation. A wide,
almost unbroken, belt of mangrove swampe extends from Tupinaminda Bsy on the

northwest coast, around the south coast, to Mabua village in the east. Tatau
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is surrounded almost entlrely by frlnglng and- offshore reef; whlchJextehds;”m
up to 2 km from the shore, B*eaches in the reef allow acc*ss to many of
the small bays and 1n1ets around the island, whzch prov1de an;horages for"“

small vessels.

Tatau: geology

Tatau Island is a volcanic complex that has been so extéhsi?glyf
modified by erosion and tectonism that.its ofigina1~form has been,1a:ge1yf
destroyed. The age of the volcanism is also‘unceftain,valthough byvoomparison
with the volcanic area of Simberi Island, much of the central orea»oou1dkbe K

pre-Miocene (Fig. 5).

Lava flows and volcaniclastic focks, together with a Fewfdyﬁoég
form the bulk of the island. The watershed in the north lies close to.a .
major boundary between two major rock units, which are broadly comparable
with the two volcanic units identified on Simberi Island: (1) northward-.
dipping, volcaniclastic deposits, which crop out in the north (Fig. S)}f
(2) older flows and less common associated rocks, making up the centre of
the island. Mount Tifo appears to be the remnant flank of a younger volecanic

centre that has been modified by faulting.

The older effusive rocks are svhaerial in origin, and range widely
in grain-size. Some rocks have prominent phenocrysts of green pyroxene and
crystals of plagioclase up to 3 mm lcng. Nodules of pyroxenite, up to 4 cm
in diameter, are present as inclusions in many lava flows, particularly on
the western side of the island, between Sambuari and Maragat villages.
Spheroidal weathering is developed in jointed, fine-grained rocks that cover
much of the central part of the island. An outcrop of tough, compacted,’
brecciated lava, similar to that described from Simberi Island, is found at

20 m above sea-level, 2 km north of Tugitug village.

The younger volcaniclastie succession in the northern part of the
island is about 300 m thick, and consists of northward-dipping, interbedded
volcanic rudites, arenites, and argillites. Good exposures are in the middle
reaches of the stream draining into Tupinaminda Bay and cutting through the
succession parallel to the strike. There, massive blocks up to 20 m across
have been dislodged from a steep escarpment to the north, and are distributed
chaotically in the stream bed. The clastic succession, which can be

recognised ag the northern part of a large composite volcano, is downfaulted



in the west along an arcuate”fractureaf'
Most of tne younger volcanlclastlc succe581on 1s well consolldated

and c0n818t8 of north-dlpplng, beddea, angular to sub-angular, maflc clasts,

up to 50 cm across. These are suoord lnate to a maﬁr1x of unsorted

breccia, containing fragments of pumlce, and pyroxenlte nodules a f.ewh"va

centimetres w1de, The structure of the successlon 1s generally chaotlc, e

apart from some concentratlons of rudaceous clasts. that form dlscontlnuous f‘_
bands sub-parallel to the dip. - The generally unsorte_ﬁcharacter 1n th;fupper
100 m is replaced by progressrvely thlnner beds of lapllll tuffs, welded

scoriae, and 1nter1am1nated ash beds a few centlmetres thlck. Soft creamy-f?

yellow, tuffaceous blocks are found 1n some streams.' D1ps of up to 70 can

‘be seen in the western part of the succe381on, and they tend to decrease
eastwards. These dips are hlgher than would be expected for the flanks of

a stratovolcano (about 30-40° ). and may. be- ev1dence that t11t1ng has taken {>T
place towards the north and west, at least in. the western downfaulted sector. Q1

Highly weathered and brecciated lava flows underlle the volcanlclastlc

succession.

Raised reef limestone is exposed on the northern and eastern_
sides of the island, reaching a maximum height of 20 m above sea-level along
parts of the coast between Mabua and Peklnberlu villages, where it forms
prominent headlands. Raised reef‘in the north forms allow-lying coastal
platform that broadens westwards to widths of more than 2 km at Cape‘TiWi.v
Palaeontological investigation of limeetone samples yielded no conclusive
ages. The general disposition of the raised reefs, and the presence of
swampy ground around the west and south coasts, is indicative that Tatau ‘
Island may have been tilted a few degrees towards the southwest. Alternatively,"
the entire island may have been raised, except for the southern and western

parts, which were downfaulted along a fault running west of the axial

watershed (Fig. 5).

The island is strongly faulted. The two most prominent faults run
north-south on either side of the watershed (Fig. 5). The western one curves
northwestwards at its northern end, displaces the contact between the
volcaniclastic unit and the lava flows, and is downthrown to the west. In
general, cther faults are less well defined, but on the aerial photographs
most of them appear to have a northwesterly trend. A northwest-trending

fault zone appears to mark the boundary between the higher northeastern part



of the 1sland and the southwestern half. A northwe?l[if;ﬁf*f.ﬁ e

cuts MOunt Tlro,

welllng-up of water in Sarawere Passage. ThlS may 1nd1cate that faultlng 1s fL]QA
still taking place, P°881b1Y a10ng a northeast-trendlng fault that may mark T

the line of the. Passage.‘7«-‘

Flfteen rock samples from Tatau Island have been chemrcally i
analysed (Table TB2, Tab1e 5, F1°8 7 8), and a11 but one - an alkall basalt--ggid:
have relatively tractlonated comp031tlons - trachybasalt phonolltle teﬁhrlte, !;:

and trachyande51te.

‘Tatau: thermal act1v1ty and atteratlon

Several areas - of thermal alteratlon are present on the 181and. rhh”;
Each of these (marked 'tal Ln Flg. 5) appears to be 11m1ted in area, but they
are widespread throughout the 1sland. Therma1 altelatlon in the southeast of -
the island, within a lobe of volcanic rocks, appears to be assoclated w1th a

series of northwest-trendlng faults (Fig. 5).

The most obvious effect of thermal alteratlon is the gradual change
in colour from or1g1na11y dark rock, to shades of grey #nd, flnally, almost .
" to white. In addition, the rocks become much more tough and compact9 and "
develop a brittle fracture. Phenocrysts become less discernible‘and tend
to merge with the darker groundmass'minerals through”recrystailisation and
propylitisation. Pyritisation is a ubiquitous feature of the altered rocks.
Good examples of these gradations in thermal alteration are seen 1.5 km up’
the stream flowing past Tngitug village and also near the headwaters of the
stream to the southwest, where the alteration appears to have been related to
the intrusion of a dyke. Veins of quartz are found throughout the faulted,
lobe-shaped area north of Tomalabatt Plantation (Fig. 5). Minerals disseminated
in cavities throughout the quartz have been identified by X~-ray diffraction
as hematite, goethite, and amorphous iron oxides ('limonite'). Local people
reported that alluvial gold is found in streams draining this area, but no

traces were revealed by panuing during the field investigation of 1973.

Alluvial gold was mined on a small scale in the Tugitug stream
before the Second World War, and several adits, up to 10 m deep, are

scattered above the headwaters of the stream (Pearson, 1934). The bedrock
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of the upper parts of the stream, from whlch the go

was;presumably

derlved, is- thermally altered maflc lava.,rﬁw; 'H'7

necessary to. flrst remove the upper 50 cm of surface a11uV1um whlch y elded‘

no v181b1e colour.

sedlment but no quartz velns, or other bod1es were observedsln thelcount”

rocks.

_ Accordlng to the local people, present—day thermal act1v1ty
Tatau Island is limited to one small hOL sprlng at the nead of the bay HQ,,A
southeast of Sambuari v111age. In ‘973, thrs sprrng had7a temperaturt of 36 Cg

Grey, unconsolrdated, arluvral mud 1s belpg depoelted at the
present by streams flOWlng through tha swampy, 1ow~1y1n¢;“rea north of

- Tomalabatt Plantatlon, and resembles the mud currently belng generated 1n

hot bubbllng pools on Lihir and Fenl Ielandafﬁcee b low), and aleo 1n central
New Britain (Wallace, 19’6) Slmlrar thecmal phenomena may therefore have
existed in the recent past near tomalaoatt, probaoly w1th1n th e nearby,\

low~1lying swampy terralﬂ, which, however, is dlfflcult to penetrate on foot.

T

Tabar: topography and general geolog

Tabar Island is the sourbernmost of the rabar group (Flgs 1, 6)
It covers about 110 kmz, and con81sts of two hlgh areas connected by a
low-lying isthmus, forming an elongate, club-shaped structure about 20 km
long from northwest to southeast. The southern area is a steep-81ded
volcanic cone, modified by ercsion, the highest parts of which are about
600 m above sea~level (Mounts Belrarl, Wanwangar, Kambari). This cone is
radially inciced by steep-sided valleys. Its core is deeply dissected by
two major river systems: a northwestern one (Buka River), Wthh reaches
the west coast north of Tumundar village; and a larger southeasterly one
(Danolango River), which occupies the eroded remnant of an old breachea
crater, and which reaches the southeast coast at Banesa village. The
northern part of Tabar covers less than half the area of the southern part.
It is a relatively 1ow-1ying region of irregular topography, most of which
is- less than 200 m above sea, level, but part of which, in the north, rises

abruptly to a prominent peak calied Mount Soraramba (526 m above sea level).

Tabar Island therefore seems to consist of two volcanic centres,
about 12 km apart, which partly coalesced during their later stages ©f growth,

forming a single unit. The composite structure was subsequently modified to



its present form by faultlng, er031on, and exp1031ve volcanlsm.v

Tabar Island is thlckly vegetatedv except for fourmla e"

and limited cultlvatlon around coastal v111agos. Mang:;ovn swd ps aorde'

northern margin of the 1sland - along Sarawer€ Passage,‘and‘between Kowamab4ra
and Tumundar v111ages on the west coast. RaLsed frlnglng reef furms an almost

unbroken belt around the ooast narrow1ng to 1ess than 100 m along parts off

the eastern and southern coastllne (Flg. 6) The reef rarely extends more

than 500 m 1n1and, and reaches a maxlmum helght of about 50 m: between Matlt

village and Banesa Bay. o palaeontOIOglcal dates have been obtalned but the‘ v
transgressive nature of the reef agalnat the southern cone 1s con81stent w#}h
a Quaternary;age. The distribution of the reef is ev1denee that Tabar Island

may have been tilted towards the southwest.

Tabar: geologv of southern cone

The 3iouthern cone can be identified as a composxte volcanlc cove rh}“fﬂ
in the late ‘planeze-stage' of dissection (termlnology of Kear /.957) ig;ﬁfjj
Its central part has collapsed or has been destroyed by 19te-siage exp1031ve
activity and faulting, leaving a 3-5 km wide crater that is breached in the
southeast. The northwestern flank cf the cone is an exceptlonally 1arge
planeze. Applylng the scheme of Kear (1957), by which the age of a volcano
can be determined empirically from its degree of dlssectlon, and taklng 1nto
account the more rapid rates of erosion in tropical regions (Blake & MeDougall,

1973), a Pleistocene age can be assigned to the southern centre.

The rocks of the southern cone consist of roughly equal proportions
of mafic lava flows and volcanic rudites. Dips are directed radially
outwards from an area at the centre of the cone, and generally decrease from
about 30° to zero with increasing distance from the centre of the cone.

These observations are consistent with the southern cone being the remmant
of a central-type stratovolcano. The lava flows slso extend northwestwards
onto the narrow central part of the island, where they are largely covered

by reworked volcanic rudites.

Moderately well-consolidated rudaceous deposits mantle much of the
middle and lower flanks or the southern cone. Rounded and sub-~angular clasts,
ranging from 2 cm to | m across, are embedded in a fine-grained matrix of the
same composition. The rudites are reworked at the centre of the island, and
are horizontal or have dips of only a few degrees. Abcut | km up the Buka
River, the rudites have an abrupt contact with a 6-m thick succession of finely
bedded tephra. According to Tampier Mining (1974), these beds are as thin as

4 mm and graded from fine ye.low clay to particles of grey-~brown ash. The
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“beds are horizontal.

A northwesterly trending faplr runs through the ¢eﬁtr¢7Qf_;5é'
southern cone, from Banesa in the east tofthe’wesr”roastrnorth of
Tumundar. A branch of this fault extends northwards from a point abou;
2 km west of Banesa. Bédrock in the lower 2 kllometres of the Danolango
River, adjacent to the fault zone, 1s strongly weatbered and- fractured,'
up to'a point whe-e the subsidiary fault swings northwards away frOm the.
valley. There, a smail, porphyr1t1c, and somewhat altered 1ntruslon crops
out in the river bed below a waterfall. For a further 2 km upstream from
this point, the bedrock is thermally altered to b1u1sh-grey or whlte, and
is similar in anpearance to the altered rocks seen on Tatau Island. ;Eyrlrej'
is found in thin veins cad as crystals scattered throughout thls zone of .
alteration ('ta' in Fig. 6). The central position of the thermally alrered

zone within the southern cone probably means it marks the position of a

former vent. ;

Tabar: geology of northern cone

In contrast to the southern come, tne original form of the
northern volcanic complex between Fotowbar Point and Sarawere Passage has
been largely obscured by faulting, and possibly also by explosive volcanism
(Fig. 6). A major, north-south linear fault - here call-d the Tabar Fauit -
is colinear with the west coast of the island. In the novth, it cuts |
diagonally across the island to the northern tiy, and may cortinue (perhaps
after an eoff-set in Sarawere Passage) as the eastern north-trending major
fault on Tatau Island; it may even continue to Simberi Island (¢f. Figs 4,5).
Two other prominent faults intersect the Tabar Fault and appear to converge
westwards to a point west of Tiripats village, isolatizg thz triangular-
shaped pinnacle of Mount Sororamba (Fig. 6}. The most soucherly of these
faults also intersects a low-lying area t., the south, which appears to have
been downfaulted along an arcuate fracture, concave to the west, that may

represent an old crater.

Mount Sororamba is a sequence of interbedded lava flows and
volecanic rudites that dip steeply to the southeast. They contain rare
cognate xenolitns consisting mainly of clinopyroxene. Mafic dykes intrude
the sequence. The volcanic rocks are mainly lighter in colour than those
from the southern cone, and they are generally less mafic (compare analyses

in Table TB3). Four analysed samples from the southern area are mainly



transitional basalts, whereas most samgles from the northern part of the qe& 

island (except two quartz trachytes - see below) are trachybasalts (Table R
TB3, Table 5, Figs 7, 8). | |

The crater-like area: bounded by the arcuate fault (Flg. 6)
consists of thermally altered mafic rocks in which the or1g1na1 mizn erals
have been replaced by epidote, sericite, and calcite. ‘Thes r ks are :
typically pyritised, grey tec white, and weathered to rusaet-urown. J01nt1ng
is well~developed. Mafic dykes intrude the altered rocks, avd crop out -
along the coastal track as far as Fotombar Point. The dykes appear to be

associated with small northwest~trending 11neat10ns which can be *ecognlsed

on aerial photographs (Fig. 6).

The youngest feature of the thermally altered area is a'Q-tfachyte
cumulodome, about 300 m across, that crops out in the centre of the crater~
like area. The contact between the trachyte and the altered rocks can be
seen near the headwaters of a small stream that starts on the northern
flanks of the cumulodome and flows past the buildings of Tiripats Plantation.
Sediments in this stream are distinctively cream-coloured. Chehical analyses
of two Tabar trachyte samples are given in Table TB>, and a rare-earth-

element pattern (Table 5) is given in Figure 18.

K-Ar radiometric dating of the trachyte gave a Pleistocene age of
0.986 + 0.08 million years (Appendix 2). This is consistent with the
empirically derived Pleistocene age for the southern centre. The trachyte
is therefore thought to represent late stage volcanism in the north of the
island that was synchronous with volcanic activity in the south. The younger
age of the rocks of Tabar Island compared with the pre-middle-Miocene ages of
rocks from Simberi and, possibly, Tatau Islands appears to indicate a
southwerd migration of activity. The youthful appearance of the southern

cone may represent a further shift of activity to the south during the middie

or late Pleistocene.

No thermal activity has been observed, or repcrted, from Tabar
Island. However, a 6-m thick deposit of soft blue clay overlying the altered
rocks southeast of Tiripats Plantation (and overlying the trachyte cumuiodome)
resembles the thermally generated muds of Lihir and Feni Islands (see below),

and may have been produced by a similar process.
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2 3. 4 s
si0,  46.6  45.0  48.7  48.2  56.2
Ti0, 0.75 . 1.07 . 0.87 0.81  .0.51
1,04 12.9 15.1 16.8 171 .19.5
Fe,03 3.95 5.30 4.60 - 5.55 4.3
FeO 0 5.18 5.30 - 4.10 3.75 1.15
MnO 0.18 0.19 0.14 0.19 0.17
Mao 11.0 6.70  5.90 5.5 1.2
ca0 12.3 13.5 10.8 10.2  4.25
Na,O 2.7 2.75  3.20 3.65 4.8
K0 \ 1.6 0.65 1.62 . 2.0 - 4.4
Py05 0.38 0.41 .33 0.37  0.33
s 0.03 0.01 .02 0.06 0.02
H,0+ 1.79 11.35 1.68 1.76 1.63
H, 0~ 0.35 1.05 1.00 0.32 1.05
co, £ 0.25 1.35 0.20 0.05 <0.05
rest 0.34 - )
99.88 99.96 99.51 99,51 :
0=S 0.01 0.01 c.03 0.01°
Total  99.87  100.07 99.95 99.48 99.50

Trace elements

Ba 145
. Rb 10.0

Sr 1550

Zr 5]

Nb .0

Y 16

.La 18

Ce 45

N4 24

Sc 37

v 318

Cr 132

Co

Ni 31

Cu 101

Zn 81

Ga 17.5

1. Potassic basanite. 74400037 (also 73680045). LCB79115. Boulder in stream southeast of Napekur village.
2. Sodic alkali >asalt. 74400033 (also 75680041). LC909085. Lava at summit of small hill north of Pigibut Plantation.
3. Potassic me-trachybasalt. 74400032 (a-.J0 73680038). LC8&42099. Lava flow in escarpment east of Maragan village.
4. Potassic ne-trachybasalt. 69400377. LC847098. Sample at southeastern boundary of Maragan Plantation.
5. Potassic hy-trachyandesite. 69400387. LC891085. Near head of Darum Creck west of Pigibut Plantation.
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<Z2gb1é iB2; y?a;adfiglénd*§pf Rt

1 2 .f v 3 "n,‘v . . 235Avff,N.f }”6{; $f~;‘f“7j_;?
510, 46.6 43.4°  50.16  43.56  49.8 . 49.0 7  49.88
Ti0, . 0.91 0.86  0.80  0.74  1l.44 ° 0.78-  0.68
21,0, 15.5 15.6 - 17.82 17.60 - 16.9 .  16.6  18.14
 Fe,04 6.7 7.45 5.81  4.99  5.90  5.15 - 5.40 .
'FeO 3.95 3,75  2.65 3.35  3.20.  3.30  3.32
Mo 0.19 0.19 0.15 . 0.16 .21 . 0.17 . 0.1
Mgo0 6.75 5.95 5,13  4.95 4,50 - 4.30 4.21
Ca0 11.6 10.8 10.31  10.52 10.3°  9.50  9.75 |
Na, 2.6 1.90 3.19 3.55  3.50. 3.65 . 3.07 . 4.35
R0 2.4 3.1 2.25 2.42  2.10  2.80  2.83  2.58 -
P05 0.49 9.42 0.27 0.36 0.56  0.39 . 0.39  0.42
s 0.03 0.06 0.02 0.07 0.02  0.13 0,02  0.08
H,0+ - 1.22 2.15 0.80 0.81  0.78 1.02 . 1.21 - 1.03
H,0- 0.54 1.6 0.68 0.45 '0.86 0,54  0.70 0.2l
co, 0.05 2.45 0.06 1 0.26 0.05  2.65  0.04 0.26
rest 0.35 0.30 0.33 0.43  0.41 0.33
29.88 99.68  100.40  100.12  100.12  100.41  100.24  100.13
0=5 ~ 0.01 0.03 0.1 0.03 0.01 0.06 = 0.01  0.04
“otal 99.87 99.65  100.39  100.09  100.11  100.35 100,23  100.09

Trace elements ‘ R .
Ba 240 310 + 270 315 - 430 .,330"'

Rb 31.5 25.5 30.5 35.0 35.0  38.5
Sr 1580 1260 1580 2320 2067 - 1618
2r 87 65 77 - 101 71 72
¥b 1.5 1.5 1.5 2.0 1.0 1.0
Y 18 18 17 15 19 18
La _ 16 14 15 | 16 17 15
Ce 38 29 36 39 36 38
Nd 22 16 19 20 20 21
Sc 31 28 . 25 26 18 17
v 319 276 267 259 269 253
Cr 66 56 38 51 . 9 16
Co 31 28 33 26
Ni 29 27 20 21 - 13 10
Cu 188 145 135 104 153 109
Zn 74 73 75 90 78 74
Ga 17.0 19.5 20.0 21.0 20.0 18.5

1. Potassic alkali basalt. 69400395. 1B829952. Sample at summit of ridge east of Maragat Bay.
2. Potassic hy-trachybasalt. 69400412, LB872948. Sample in strcam northwest of Tugitug village.
3. Potassic hy-trachybasait. 76400002. 53811984; Clast in volcanic rudite east of Twpinaminda Bay.

4. Potassic ne-trachybasalt. 76400009. LB809982. Boulder in stream east of Tupiraminda Bay.

5. Potassic hy-trachybasalt.

74400029 (also 73680035). LB821933. Boulder in stream near eastern boundary of
Kopo Plantation. .

6.  Potassic hy-trachybasalt. 74400027 (also 73680033). LB874945. Boulder in stream ncrthwest of Tugitug village.

7. Potassic hy-trachybesalt. 76400016. LB8629567. Boulder in stream southwest of Pekinberiu village.

8. Potassic phonolitic tephrite. 76400005. LB816934. Boulder in stream near Kopo Plantation.
continued on next frame




ble TB2 cont.. Tatau Island

14,

8 10 REEREEE S I
sio0, 48.59  .50.9 . 51.3 50,3  58.0 55,02 -
740, 0.65 9.57  0.61  0.52 0.5 . .0.35
1,04 18.59  18.8  18.3  19.3 17.6 19.88 .
Fe,0, 4.30 4.4 - 3.85° © '3.95 . .3.54 251 7
e0 2.98 2.15 . 2.75° .- 2.55  2.00.  1.63 . -
MnO 0.19 0.17 . 6.21 - 0.38 . 0,13 . 0.20 - "
¥go 3.05 2.95 2,55 - 2,30 | 2,04 . 1.067
ca0 8.40 6.75 7.0 '7.95 . 5.85 - 5,71
Ha,0 4.76 5.3 3.80 5.85  4.69 " 6.40 .
K50 3.45 3.25 3.55 4,05 72.82 . 4.06;
P,0¢ 0.40 0.40 0.40 . 0.37 0.23 0.8 -
s 0.04 <0.01 0.03 0.27 . 0.06 .  0.40
H,0+ 3.73 3.1 1.43 1,79 0.92  1.84
H,0- 0.61 0.42 1.21 0.24 . 0.13 0.25
co, 0.12 0.34 2.40  0.11  0.95 0.58
rest 0.34 ' . 0.37 1 0.26  0.34

166.20 100.09  100.10 99.81  100.43
o=s 0.02 0.01 0.13 0.03  0.20
Total 100.18 99.50  100.08  99.97 99.78  100.23
Trace elements o
Ba 350 415 485 450
Rb 47.0 57 44.5 69
Sr 1624 1870 1050 1783
or 76 111 144 116
Nb 2.0 2 2.5 2.5
Y 18 19 28 22
La 19 25 16 27
Ce 42 59 32 55
Nd 22 26 16 24
Sc 12 6 14 3
v 252 195 151 119
Cr § 10 6 1
Co 24 7
Ni 7 4 6 4
Cu 142 131 51 42
Zn 70 64 48 74
Ga 19.5 20.5  20.5 22.0
8. Potassic phonolitic tephrite. 76400023. LB869939. Boulder in stream west of Tugituy village.
10. Potassic ne-trachybasalt. 69400402, LB823941, Sample from ridge east of Kopo Plantation.
11. Potassic hy-trachybasalt. 74400026. LB806890. Lava flow near hot spring east of !3ambuari Bay.
12. Potassic phonolitic tephrite. 69400404, LB823941. Sample from ridge east of Kopo Plantation.
13, Potassic hy-trachyandesite. 69400424. LB822874. Sample in stream north of Korumb: village.

Potassic ne-tfachyandesite. 76400002, LB818933. Boulder in stream east of Kopo Plantation.
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50,  48.4  47.1 49,0 " 490

Ti0,  0.73 ° . 0.80 1,18  1.50

31,0  11.8  12.3 138 4.2 %

Fe,05 - 5.3 - 6.05 - 4.50 . 5.30

FeO. 4.5 . 4.75 . 6.15 . 4.65

MpO 0.18 0,21 0.20 - 0.18

MgO. 9.15 . 8,35 .  7.50 - 5.65

Ca0 13.9 13,6 1.8 - 12.1

Nay0 2,05  1.96 . 2.36  2.80’

K,0 . 0.72 0.87 1.70 . 1.38°

P,0c 9.23  0.31  0.22 . 0.3l

s 0.03 1 0.03 . 0.02 - 0.92

H,0+ 1.58 1,88 1.08  0.68 . -

H,0- 1.16 1.38 0.80 " 1.50

co, 0.37 ~  0.62  0.10 . 0.80 0.1 “ s i

rest 0.23  0.27 | o.28 . 0.33  0.33 0,29

. 100.33  100.48  100.22  100.31 L welrys

0=5 0.01 0.01 p.01 .01 0.01 ¥

Total 109.32  100.47  106.21  i90.30  99.70  100.13  100.12 " 100.07

Trace elements . A o

Ba 220 270 s 500 330 325

Rb 18,5 77 ‘ - 23.0  36.5 60 27.0

Sr 595 795 | 835 - . 1360 1560 . 1174

%r 43 49 65 T2 88 - 86

Nb 1.5 1.5 1 - 2 3 2.5

Y 14 13 28 i 18 i 19

La 6 8 12 13- 18 12

Ce 14 20 28 | 31 37 29

Nd 9 12 16 15 . 19 16

Sc 38 33 30 | 15 19 25

v 254 270 261 - 239 230 249

Cr . 287 200 ' 125  ° 62 72 44

Co | | 32

Ni 47 43 29 14 30 16

Cu 119 110 145 | 156 95 95

Zn 71 78 81 7n 76 713

Ga 13,0 13.5 15.5 16.0 18.0 18.0
Sodic transitional basalt, 69400446. LB899710. Sample at shore of inlet at viliage on Dataru Plantation.
Sodic transitional basalt. 69400439. LB899710. Sample at shore of inlet at village on Dataru Plantation.
Potassic transitional basalt. 74400028 (also 73680034). L8903732., Lava flow south of Datava village.
Sodic transitional basalt. 744GC030 (also 73680036). LB855792. . Lava flow on track near Fotombar Point.
Potassic ne-trachybasalt. 74400034 (also 73680042). LB842840. Boulder in Cigaregare Plantation on
northwestern flank of Mount Sororamba.
Potassic hy-trachybasalt. 74406b36 (also 73680044). 18937733. Boulder near head of Danolango River.

Potassic ne-trachybasalt. 69400434, LB850810. Sample from southeastern base of crater wall southeast
of Tiripats Plantation.

. .Potassic ne-trachybasalt. 76400029. LB839843. Boulder in Cigaregare Plantation on northwestern flank

of Mount Sororamba.

continued on nexti frame
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e 10 o1

sio, 50.4  ° 67.95  68.5
TO, . 0.35  0.23 0,30
. A0; T 16,0 17.26 0 -16.3
Pej03 860 1.44  1.46
FeO 1.94 - 0.40 0.46
#n0 - .18  0.04 . 0.04
MgO . 4.40 - 0.44 0 0.62
Ca0 9.80  0.74 - 0.55
Na,0 3.20 6.76  5.85
K20 2.20 © 4.18 4.85
P,0 0.29  0.71 0.0
8 ¢.02 0.03 ~  0.02
0+ 0.6¢ 0.57 0.29
H,0- 1.14 0.15 0.33
co, 0.05 0.01 0.10
rest 0.26 - 0.20
£00.21  100.35 99.58
0=5 0.01 0.01 0.01
Total 100.20  i60.34 99,57

Trace elements

Ba 295 340
Pb 37.5 68

Sr 930 910 )
2r 79 164

Nb 1.5 7.5

Y 22 8

La 13 7

Ce 30 12

Nd 18 9

Sc - 2& 3

v 262 70

Cr 67 8

Co 4

Ni 22 5

Cu 109 12

Zn 75 20

Ga 18.5 24,0

9. Potassic hy-trachybasalt. 74400035 (also 73680043). LB8&0794. Lava flow in stream northeast of

- 10.

11.

Fotombar Point. &
Potassic Q-trachyte. 76400028. LB845815. Boulder from styeam east of Tiripats Plantation.

Potassic Q-trachyte. 74400031 (also 73680037). LB845815. Lava from cumulodome east of Tiripats Plantation.



Table 5.'

Addltlonal trace-elemeut dataéfor 32 rocks,,

phy.

from Tabar Islands determlned by spark—soutce mass spectrogra

g e
050 .

| m1/1__o11® TB2/3 TB¢/12 TBB/4 TB3/6 fst/v
s 0.0 0.40  0.31° 1.2 0.08 1.6 n;a;b 047

Pb 4.8 -8}5: 7.9 s 8 .13;,.;ff40 6.5 :7ﬁ39;7f~,',
La 17.4\ 4.7 12 2 g26.45; ' 8.51. 14.3 14 7. Efé}éi?ﬂf,_ ;

Ce 42.1 329 2.7  56.8 2l 5v} 3.0 3.8 el
Pr 5.87  4.35 3.6 6.30 2.9 4.3 4.2 2,000
CNd25.9  19.4 16,7 27.7  15.3 f; 212 21.8 s

Sm 5.75  4.35  3.83  5.83 . 3.90°  4.53 4. 87

Ea 1.6  1.31 1.16 5.59,_5;;.ga‘ ‘f_,45; ;”1 68 .

Gd  4.33  3.38  3.43  4.97 4.1 435 4.92 133
Tb 0.58  0.53  0.57  0.65  0.62  0:62 0.73 0. 20
"Dy 2,92 3.18 3,05 3.27  3.63 . 3.47 3.7 nar

Ho  0.56  0.62 . 0.64  0.66 0.79 0.76 ~0.68 0.26 -

Er 1.3  1.67 1.68 1.80 2.24 1.96 1.70° 0.82

Tm  0.16  0.23° 0.21  0.30° 0.30% 0.28° 0.28° 0.14

Yb 101 1.63  1.49  2.05  2.07  2.01 1.9%  1.14

w® 0.17 0.25 0.23 0.32 0.32 0.31 0.30 0.18

Th  1.10  1.56  1.52  3.05 0.5  0.9%  1.20  3.23

U 0.82 1.38  0.61 2.41 0.39  0.71 .89  3.10

HE 2,04 1.90  1.90  2.58  1.54  1.94  2.27  4.25

sn  0.77  0.95 0.67 0.96 0.9 1.2 1.0  0.57

Mo 0.51 0.76 n.d. 1.5  0.52 1.5 0.65  n.d.

a. Sample 011 from Tatau Island not analysed for major elementsvby
conventional methods, and hence not listed in Tables TB! to FN2.

Collected downstream from sample TB2/3.
76400011,

BMR registered number:

fused sample gave following results:
A1203 17 .8% by FeOt 8. 437 MgO 5. 507,

‘ b. n.d.:

Grid reference: 1B807982.
Electron-microprobe analysis of
- 8i0, 50.6%, TiO, 0.72%,
Ca0 11.0%, Nay,0 3.35%, K

Sample is therefore slightly more maflc than T§2/3.

not determined.

c. Interpolated value.

0 2.347,
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«Table’é,
~ Sample - Cllnqpyroxene
' \Lavas., ‘ g TR R E
TB1/1 o vdlops1de/A1-sallte/sallte \ﬂ:magne31ohast1ng81te' -
‘TB2/3 host  salite/augite = - - magnesiohastingsite = . ' - L ;
‘TB2/3 incl. salite/augite - ‘_4magne81ohast1n331t1c ho'nblende/edenl ,c hornblende:a;'f;gvf_;~ 2
- TB2/9 Al-galite/salite '}:magne31ohast1ngsmte , L S i :
TB3/3 sallte/auglte = L L "”j B s F g 3"
TB3/10 = » = ' o 'magnes1ohastlngs1te/act1n011te/magnes1oarfvedson1tef__ﬁ[f*gﬁe .“,V‘M ‘_ﬂﬂ B
TB3/11 : act1n011te/magnesLoarfvedsovlte/magnes1or1ebeck1te T e e T
Cumulates: N s b e - R A S TRE L e
TBZ/]S host .~ salite 'magne31ohast1ngs1te_‘ IR
incl. salite = . -magnesiohastingsite . o A4 . , SR .
-TB2/16 ' Al—salxte/sallte - magnesiohastingsite - - . . i e
TB2/17 . salite ”magne31ohast1ng81te_1k o : e : R T
TBZ/18 A1-sa11te/sa11te -magnesiohastingsite = -
TB2/19 diopside/salite .. magnesiohastingsite . ' =
TB2/20 Al-salite/salite E magne81ohast1ng81te»' L
Biotite Oxide i Feldsgar " Feldspathoid Other
Lavas: ' o _ o - - : '
TB1/1 - chromite/mt . An75-0r81 e o
TB2/3 host Mgs4.50 mt - Angg-Orgy. “haiiyne - zeolite - R
. TB2/3 incl. » "chromlan-mt/mt Angs-Orgg o opx'(Mg77 ;- ), zeolite
- TB2/9 Mg74-64 Mt An82-0r62 : 1:apat1te, analclte, ze011te
TBB/B ‘ mt _ 9l 5% 0r4 ’ ‘60 'ze‘)llte o :
TB3/10 Mggo exsolved mt 95 )Tq1 silica mineral
TB3/11 Mgsg exsolved mt ‘Ab87 0r4J ‘ sxllca mineral
Cumulates: |
TB2/15 host Mg mt Ab ~0rq. apatite
TB2/15 1nc1. ggg ;; mt Angg-Orgg'
TBZ/ 16 mt An86-0r55 . , ‘
TB2/17 spinel/mt Ang,_gg apatite, sulphide (po)
TB2/18 mt An92—88 calcite, sulphide (po)
TB2/19 Mg,7.75 chromian~mt/mt apat?te, calci?e, zeollye
TB2/20 Mg70_67 mt An86-56' apatite, analcite, zeolite
Abbreviations. incl.: inclusion; Fo: forsterite; —mt: magnetite; An: anorthite; Ab: albite;
Or: orthoclase; opx: orthopyroxene; po: pyrrhctlte. '

Slash between two mineral names refers to comp081t10na1 contlnulty (3011d solutlon) between the minerals.
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Figure 2, Legend to geological maps (Figs 4-6, 9, 12, 15).
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Legend to geological maps (Figs 4-6, 9, 12, 15).




o '.:':-'ZE'. quq .

| A S0 L vt N

=5 (echool, §id posi) %
INDLA ¢
Cape Tiwi i

“a, e
INSTOA L St

Py
.-

A L s ALFA®

§stand

TATAU/ISLAND
A S
SR {%&
S5
'\o j [4 ._:-:-_:'
Y .
A\ L MA A ISLAND
" [ofitant
\# Coconut
|
2050
%
S |
L] J
152° 00
5 I 2 3 4  5Km
L i 1 I 1 ]
Report 243 24/09/99

Figure 5b. Topography of Tarau Island, Iabar Islands.

Part of Sheet 9292 (Edition 1) Series T601, Papua New Guinea 1:1J0 000 g'.

~ Topographic Survey, reproduced by permission of the Survejor General, 5]}

Department of Lands and Surveys, Papua New Guinea.




TATAU
ISLAND

2, ,’!& &

P \Iul. \ "-_’.,.
e/ ~~ e - § : .
R \‘\ ? » B
~) Cigaregore®, :\’

Pitn

‘i'iripufséB \ * v v

pnn_J/aae v o \ v i)

Kowamargo v \IO,“ \
Ay ;

O\ VTSI N
Fotombar—-~- "= % 3 ‘V";'L'\'
Point o v v v gV Nt
EN v \j v
Mount \v
Kambari A
v
v v v
N/

Buke
LoL230

v v,aal 4

Mounf \

v Wanwangar b 35 V
b’ ase bR 2,

Tumundar

Vv v ’ v 234 f 2 _\ t /"....
yow v v233 '9// ‘Banesa
::" -.-. ¢q V Py / 4
, S XY v vVoOVNY, Y a ¥\ Banesa
: 1 Bo
T\Z v v oV o v v //"' Bay
’ HMaount, Y 4
~ v Be2irori v Y4
/u.-
v v v v I.,'.‘.':'
AW 4
~V v v
? N 7
.-,?\ v Vi "y, c
HIEERE N Va4
~ \\ v PV
v .25 St
H |

‘D

600 m

400

200 yaD; v

0 CL rA VARl A'] v \']
0] 5 km
L— -L A | A |

Figure 6a. Geclogy of Tabar Island, Tabar Islands (see legéhd in Fig

. 2).




HOLOCENE <

PLICTENE |
TO S |',"
HOLOCENE

OLIGOCENE | i
To 3 -
PLIOCENE ( |~ >

&
la
«

op
Raport 243

i Adwviem .

Swamp

Mangrove

‘Fringing coral reef = -

Raised coral reef

Lava flows and volcaniclastic deposits

Quartz ~frachyte lava

Raised coral reef

Lava flows and voicaniclostic deposits

Geo/ogica/ toundary - approximate
Foult scarp, buried fault frace
Fault

Strike and dip of strota

Caldera or crater wal/

Microfossil - sample locality

- Chemically analysed rock-sample locaiity

Ayge determination sample locality

. Solfataric area, including fumaroles and hot springs

Isoloted hot springs

Alluvial gold workings

Thermal! alferation
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Figure 2. Legend ro geological maps (Figs 4-6, 9, i2, 15).
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Chemical analyses listed in Tables TBl-3.
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Chondrite-normalised REE abundances in seven rocks from the Tabar
Islands (see also Fig. 18). Data listed in Table 5. Chondrite
normalising values and those used in Figures 11, 14, 17, 18 are as
follows: La 0.367, Ce 0.957, Pr 0.137, Nd 0.7!1, Sm 0.231, Eu 0.087,
Gd 6.306, Tb 0.058, Dy 0.381, Ho 0.085, Er 0.249, Tm 0.036, Yb 0.248
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LIHIR GROUP

Introductlon “

‘The Lihir Group of 1slands (152 40 E, 3 IO S) con31sts'oft
the main island of Llh‘t, the nearby 1slands of Mall and Sanamblet, ‘
the smaller 1slands of Masahet and Mahur to ‘the noxth (Flg. 9) Thefffbkf{ffld“?
group is almost mldway between the Tabar and Tanga groups, and 1s ‘about

50 km east of New lreland. L1h1r is the largest 1s1and 1n the Tabar-to—iﬂ;;hffy
Fani chaln, coverlng about 190 nmz, and also has the hlghest nopulatlon “?f'} |

(about 5000).

Linhir is trlangular-shaped -and 1ts hlgh and varled rellef 13 :ih;‘ffwlx
a refléction of youthful and .omplex volcanlc landforms.‘ Annual ralnfall :
is high (over 2500 mm), and the island is 1nclsed by a dense, malnly -
consequent, drainage network. Drainage is controlled by s1nuous ncrth-
south watershed that divides the island into four maln catchment areas,
the largest covering most of the western half. The average he;ght of the':
watershed above sea level is about 400 m, and thevtwo highest peaksdon-the

island rise to just over 700 m.

Lihir is mostly covered in dense, primary, tropical vegetation;‘
except along the low-lying cultivated coastal margin; where most of‘the
population lives. In addition to indigenous subsistence agriculture, there
are several cocoa and coconut plantations, the largest of which is |
Londolovit Plant:ation in the northeast\ There is a serviceable airstrip
suitable for light aircraft about 3 km north of Londolovit. Masahet and
Mahur, 7 and 22 km, respectively, north ¢f Lihir, are small dome-shaped
igslands, each covering about 8 km2 and about 202 m high. These islands,

as well as Sanambiet and Mali, are almost fully used for the cultivation

of subsistence crops.

General geology

Lihir Island is a Pliuvtene to Holocene volcanic complex built
up from several volcanoces, the oldest of which were partly destroyed by
faulting and partly buried under extrusives from younger volcanoes.
Coralgal reef accreted to the margins of the complex during the Quaternary.
Low-temperature (less than 100°C) fumarolic activity still takes place in
small, scattered solfataras that have developed around the base of a

volcanic plug inside the caldera of the youngest volcano, Luise. Masahet



and Mahur Islands are. the summlts of. ralsed volcanoes that are no younge

than Pleistocene, and wh1ch are entlrely overlald by terrace“ coralgal reef:

limestone. Sanambiet and Mali 1slands are ralsed Quaternary reefi latforms’

Five voleanlc morpholog1cal unlts can be recognlsed on L1h1r.,th_}
gondOIOVIt block, the Wurtol wedge ,‘and three younger volcanoes - thlhO
Kinami, and Luise. The oldest of the unlts is the. Londolov1t block whlch l&ﬂf}f

is the faulted, strongly dlssected northern segment of a large malnly ,o:
Pliocene stratovolcano. The Wurtol wedge is the block-faulted western S
remnant of a Plio-Pleistocene volecano, and the Hunlho, K1nam1,‘and Lu1se

volcanoes are recognlsable Pleistocene cones Wlth wholly or partly Preserveduvi'

summit craters.

The analysed rocks are malnly Lrachybasalt and alka11 basalt,
and rocks richer in normative nephelmn and of more felslc compo 'dns_
are rare or apparently absent (Table LHI, Fig. 10, Table . Q-trachyte
samples have not been analysed, but quartz trachyte may have or;glnally_
made up the altered volcanic plug at the'centrelof Luise'VOlcanof vMost of
the analysed samples have less than 50 weight percent 8102,*and more'than

5 percent MgO.

Londolovit block

The Londolovit block is a faulted, Pliccene (possibly as old as
Upper Miocene) volcanic unit covering abou: 20 km2 in the north of Lihir
Island (Fig. 9). The block consists of the oldest exposed strata on the
island, and is unconformebly bounded to the southwest and south by Huniho
volcano and the Wurtol 'wedge', respectively, and to the north by a narrow

fringing belt of raised Quaternary coralgal limestone.

The block is a 350-m thick sequence of northerly dipping mafic
lavas and volcaniclastic rocks, overlying a poorly exposed ankaramitic
basement. The block is an immaturely eroded volcanic landform, whose four
main river systems have cut back deeply almost to its southern boundary, so
creating a rugged, highly dissected terrain of broad headwall valleys and
subsequent drainage. Several northwest-trending faults intersect the block,
and a larger easterly striking fault, mostly concealed under Pleistocene

volcanic rocks, defines its southeastern margin.

The upper to middle lithologies of the block are mafic lava flows,
averaging about 10 m in thickness, that alternate with lithic-tuff breccias,
volcarenites, lahars, and conglomerates. Primary volcanic horizons thin out

northwards where they give way to a thick basal pile of laharic deposits,



bedded tuff, and conglomerate. Lahar deposits and tuff beds are best 1
exposed within a ]-km belt of low re11ef between the ralsed Quaternary
11mestone and the elevated rugged terraln at the northern margln of the‘
block. The upper parts of the Londolov1t plle are transgre331ve to

sub- 11ttora] Lower Pliocene foramlnlteral 11mestones. Londolovrt lavas N
are weathered, zeolitised and, in- places, 1ater1tlsed reflectlng thelr }h
Tertiary age. Stecep waterfalls-are developed in stream courses where 1aVa

flows crop out and overlle less resistant, undercut rocks.

The lahar dep031ts are typlcarly an: unsorted, structureleSs

mélange of wvolcanolithic blocks and clasts w1th1n a hlghly weathered tlayeyf“~

matrix. In contrast, the tuff deposits ‘are well sorted, lam1nated beds,"
consisting of winnowed, flne-gralned aggregates of airfall crystalvand
volcanolithic particles. Some ashfall and laharic strata along the .
northern base of the Londolovit block underlie coralgal limestone and
back-reef sediments. Calcareous volcarenites and tuffs, exposed in natural
caves developed under Pleistocene limestone about 2 km east of the airstrip,
include abundant Pliocene planktonic foraminiferal assemblages that‘provide

the only positive evidence for the age of the Londolovit block (Gallasch,
1974 ; Appendix 1).

The ankaramitic basement of the Londolovit block is partly exposed
in a stream near the western boundary of Londolovit Plantation. It consists
of massive, jointed, and weathered lava, which, near the plantation boundary
at least, is partly overlaid by thin, grey, pyritised, hydrothermally
derived clays. Pyritised clay is also present along major joint planes,

striking 240° and 3200, in the basement.

Wurtol wedge

Wurtol wedge is a collective term for three contiguous fault blocks
that form a narrow arcuate unit extending obliqnely for about 12 km across
the centre of the island (Fig. 9). These blocks are lithologically related,
and have morphological characteristics by which they can be identified as
segments of the western flanks of a large Plio~Pleistocene volcano. This
volcano was largely destroyed by faulting, and its remnant partially buried
under products from the younger Luise, Kinami, and Huniho volcanoes. The

Wurtol 'wedge' in the north unconformably overlies the mid-Tertiary




River.
The wedge 1s a 500~m thlck, westerly dlpplng sequence of 1nte
bedded mafic 1ava flows, tephra, and lahars, typ1ca1 of a stratovolcanc. .
The bulk of the or1g1na1 strvcture appears to have foundered along a maJor
north-nortneast—trendlng fault whose east-faclng scarp forms the eastern
boundary of the Wurtol wedge . Thls fault was 1ater cut, and the scarp
discontinously offset, by two east—northeast-trendlng faults that segmented i
the wedge 1nto the rtree blocks, downthrown to the seuth (Flg..9) o

Although deeply dlssected the present topography cf the wedge-eea_
retains an overall fan-shaped symmetry whose 'late-re81dua1' etage of
erosion (Kear, 1957) may be ev1dence that the voleano is a0 older than
Pliocene. Taking into account the dip of the strata, the area covered
by the flank remnant, and assuming a symmetrlcal cone shape, ‘we Judge the
original structure to have been a we11~developed, mature stratovo]cano.
Its basal diameter would have been about 15 km, and its vent would ﬁa»e beep

close to that of Luise volcano.

Kinami volcano

Kinami volcano covers about 25 km2 in the south of Lihir,_and is
a strongly faulted stratovolcano that disconformably bounds the Wurtol
wedge to the west and the older part of Luise volcano to the north. Kinami
is cut by both north-south and east-west striking faults, which have
disrupted most of original structure, except for the northern flanks and part
of a summit crater. A major north-trending, east-facing fault scarp,
coincident with the present~day coastline, represents the foundering of part
of the eastern flank of Kinami volcano. Further north, between Libuko and
Luise Harbour, this fault trace appears to be partly concealed under the

eastern flank of Luise volcano, but it may continue below sea level parallel

to the coastline north of Luise Harbour.

’

The volcano consists mainly of lava flows, tuff breccias, and
agglomerates, together with minor unconsolidated tephra and derived detrital
deposits. Sampled lavas include phonolitic tephrite, which, in common with
many of the Lihir Island samples, is markedly rich in clinopyroxene
Phenocrysts, some in large cumulated aggregates. Tuff breccias and

agglomerates are found most commonly as thick valley-fill deposits from which



to bulld up agalnst the scarp wall and d1vert1ng them north and soutz,f;'

sauthern part of Luise volcano was also a barrler, and the two volcanoes

‘coalesced formlng a promlnent 450—m hlgh saddle at thelr boundary.;t{ff“w'i

Huniho volcano

Hunlho volcano makes up the northwestern corner of: L1h1r. It 1s¥j
a 700-m high stratovolcano contalnlng tw1n summlt craters. A sma‘ler o
adventlve cone, 450 m high, rests on the flank of the maln cone,v3 km
southeast of the summit. Huniho volcano 1s 51m11ar in 31z te Klnaml
volcano, but is more completely preserved. Zhe volcanu gartly "11es
the Londolovit block to the northeast, and‘overlaps the Wurtol wedge aiong
a boundary marked by the Londolovit and‘Kunidolam Rivers. .The outer margins
of the volcano to the north and west are overlaid by the narrow belt of<

Quaternary coralgal limestone that extends round the coastline of the island.

In contrast to Luise and Kinami volcanoes, which are predominantly
made uo ofllava flows and tuffs, Huniho volcano is built up to a greater
extent from poorly consolidated volcanoclastic deposits. These are laid
down as a thick heterogeneous cover of tephra and lahars on the outer flanks
of the cone, overlying a relatively smaller inner core of mafic lavas,
indicating that the later stages of activity were primarily explosive and

accompanied by little or'ﬁo effusion of lava flows.

A 10-m thick semi-consolidated ash sequence at Gosmaium on the
western flank of Huniho is built up frowm o sub-~horizontal series’ of

laminated beds; ranging from several centimetres to about one metre thick.

ra
The overall fine grain size throughout the sequence is consistent with
derivation from a distant volcanic centre. Minerals identified microscop-

ically from ash beds are feldspar, clinopyroxene, opaque oxides, green



The flanks of the volcano are deepl} anlsed'_y a pseudo-?“”'"

dra1nage system, where headward er081on and subsequent ntreams havef‘, &

Er081on ofithe

back eaS11y through the tthk volcanlclastle cover.}r
has also been accelerated by slumplng of the unstable uoper slopes. Desolteff.ﬂf
1ts strong dlssectlon, the youthfulness of the cone 18 1nd1cated bY’thgv"‘ A
presence of small locallsed planezes and by the two well—deflned summlt

craters, both of Whlch retaln Well-preserved scarps., The larger crater 1s
breached to the west, and is partlally lnf111ed by dep031ts from a smaller
explosive centre, whose crater straddles the northern limb of the larger

creter. The volcano is probably Plelstocene,_Judglng by 1te morphology. ’

Luise volcano

Luise is a Quaternary stratovolceno. It hes an elllpticel'
breached caldera, 5.5 km across its long axis and 3.5 km dcross its short
axis, and is open to the sea in the northeast at Luise Harbour. The caldera
is the most promineht topographic feature on Lihir, and is the youngest
and most distinctive volcanic structure. The immature landform of Luise
volcano 1is also clearly emphasised by a youthful consequent drainage system

in the early planeze stage of development.

Luise volcano rests within the remains of an older volcanc that
was mostly destroyed, either by faulting or collapse, and partially buried
beneath products from the Luise and Kinami centres. A remnant of this older
structure, including part of a crater or caldera scarp, is preserved as a

prominent landform on the southern flank of Luise volcano.

The Luise caldera has.a uniformly steep-sided wall that rises to
700 m above sea level, the highest point on the volcano, and gives way to amn
inclined floor sloping towards Luise Harbour. The caldera is uniformly
elliptical, and does not have the cuspate outline of calderas thought to
have formed by a series of collapses. By extrapolating the dip slcpe of the
flanks, and assoming the former existence of a symmetrical cone, we estimate
the height of the original volcano before cauldron subsidence

to have been greater than 1000 m above present sealevel.

Luise volcano has undergone only minor post-caldera degradationm,
judging by its present landform. The flanks radiate from the caldera rim,
are only moderately dissected, and form a distinct disconformable boundary

along the Wurtol wedge fault scarp to the west. Like the flows of Kinami,



:, ’? :

those from the Lulse centre have ponded agalnst the raults scarp of tne_
Wurtol wedge near the middle of ‘the’ lsland and have been dlverted to the
north and south The contlnuatlon of the fault trace north rl the scar
}1s concealed under Lulse extruelves as far as;’ the Londolov1t Rlver; t

of Whlch it reappears about 1 km upstream from the rlver mouth.‘v

Much of the sequence is wel1 exposed in the inmer caldera wall to‘a\'“

extent along the COaSt but also along the 1ower reaches of the Londolelt

River, where massive JOlnLed lavae crop out as’ shear-81ded escarpments along
to 11ght -

the southern bank. The lavas range from dark and pyroxene-phyr1 i

and feldapAr—rlch, but v1rtually all of the chemlcally analysed rocks arnn,‘ﬁ&?'L

trachybasalt (Figs. 9, 10).

Near the centre of the caldera, a mas31ve re181c volcanlc plug
extends about 200 m inland from the shore of the harbour, where 1t termlnatesm
in a precipitous bluff. Thermal activity takes place ajong the marglns of = |
the plug within a series of small, patchlly developed solfataras, rrom whlcb
heated water is discharged into Luise Harbour at scattered points along the
strandline. The plug is massive, 120 m high, and fractured, and covers about,
2 km2. It has not been examined in detail, but itvappears to be extensivelv,
if not completely, hydrothermally altered to such an extent that its orlglnalv
chemical composition and mineralogy are obscure. Its 'felsic' composition
is not clearly established, but, originally, it could have been quartz
' trachyte, similar to that on Tabar Island. The light-grey rock is fine-—
grained and highly indurated, and has a brittle fracture. Minerals identified.
by X-ray diffraction are alunite, potassium feldspar (possibly sanidine),
pyvite, marcasite, and galena; Pb and Mo are present in trace amounts, and
Cu is between 2000 and 3000 ppm (D. Baines, personal communication, 1976).

The central position of the plug within the caldera, together with higk, but
locaiised, heat flow concentrated along peripheral solfataras, :learly
indicates that the plug fills a volcanic vent that still channels residual
heat to the surface. Thermal emanations from an underlying magma body ox

cooling intrusive presumably heat up groundwater that reaches the surface by

convection.,



Small quantltles of hydrothermally derlved mnds are belng

dep081ted in the solfdtaras,'and older vegetated deposrts up to.im: :" ‘;'g f‘ﬂ

thick are also found over a 11m1ted area., These light grey,:venerally
~pyritised muds -~ 1oca11y called 'simbawan® ~ are generated by the
degradation of country rock with b0111ng, ac1d1c, sulphate water. Wherejv
guriace discharge is llmlted, pools are formed and a convectlve system
established wherein the solid material is broken downyyoth mechanlcally'm
and by chemicai reactlen, eventually form. g a glutlnous suspenslnn‘

A subdstantial amount cf natlve sulphur 1s,1n places, 1ncorpczated in ther
muds, as well as pyrite. Farther details ‘on the thermal areas and thelr:“*

water chemlstry are given below.

The lacdform of Luise volcano and the thermal actirity‘are'
consistent with a Quaternary age fex ‘the voicano whose last stagee of
activity may have taken place well within the Holocene. There are no
‘records of aruption ouservatisas movw local ge1n° cen51stent Wlth modern

activity, but there are no valid reasons to assuue *bat volcanlc activity

could not take place again in the future.

Quaternary limestone and alluvium

Lihir is almost entirely bounded by a narrow belt of.raised,
Quaternary coralgal reef limestone. This belt is best developed on the
north coast, between Huniho and Londolovit, where it forms a continuous
50-m high platform with prominent cliffs and headlands. The islands of
Sanambiet and Mali, interconnected by shallow present—day reef,‘but ‘
separated from Lihir by 3 km of cpen sea, are a discontinuous easterrm
extension of this belt. Between the raised reef and ﬁhe high volcagiﬁ
interior is a nerrow low-relief zone of wixed littoral arenaceous to
rudaceous alluvial deposits. The raised reef is more discontinuous on
the southwestern and northeastern sides of the island, crbpping out
mainly as headlands, and isolated stacks standing less than 40 m above
sea level. These discontinuous areas correspond with major drainage

outlets and the Luise Harbour thermal activity.

4

The raised-reef limestone consists of recrystallisad, fore-
reef bioherm and back-reef facies, which extend up to 3 km inland. Back-
reef-facies deposits exposed at Gosmaium village are a chaotic assemblage

of coralgal debris, molluscan fragments, and organic casts. The assemblage

also includes lenses of littoral calcareous sediments and volcaniclastic



material. Identlfled benthonlc mlCtOfQShllv are Opercullna, Acervulzna

and fragments of Carpgntar1a (Appcnd1x 1.

‘Beds of littoral. sedlments, transgre&31ve to. back-reef fac1es;;‘.ffiaf

are rarely exposed. One such 3-m thick unlt south cf Lulse Harbour is. a~ff_":
horizontal stratiform sequence of unconsolldated calc1lutltes, made up :
mainly of fresh cllnopyroxene and opaque oxldes, and’ mlnor amounts of
weathered clasts and carbonaceous material, including plan: fragmenps_and;f

spores.

Thermal areas of Lihir Island

Thermal act1v1ty on Lihir Island is restrlcted to the»area T

* near the eastern coastline at Luise Harbour, Where ‘thermal pools, coastalf”
seepages, and fumaroles - whose temperatnres do not exceed 100 C - are :
found in two broadly defined fields about 1 km apart (Fig. 9). Descr1pt1ons
of the thermal areas were given by Reynolds (1956) and Fisher (1957), o
based mainly on information supplied by Mr. Sciortino, formerly of Lbhddlpvit
Plantation; and from September 1954 to August 19559'temperatureé of ;he mo:él
active fumarcles were ircluded in the monthly reports of the»Rabaul Volcano—~
logical Observatory. The thermal areas were again ViSited in February 1973
(Wallace and Crick) and October 1974 (Wallace). Notation used here for the
thermal areas is the same as that adopted by Reynolds and.Fisher;  Thermal
area 'E' of Fisher (1957) is difficult to locate on aerialfphotographs,'but

may be the area southwest of area B. ,

Thermal Area A, adjacent to the beach, is abcut 25 m in diameter

and contains a number of small bubbling hot pools. The most active pool
(called the 'Roaring Spring' by Reynolis, 1926), on the northern margin of
this area, is usually covered with stones by local people who use them in
cooking shell-fish. Water from this spring has a temperature of 99° C, and
froths up between the stones about every 30 seconds befcre subsiding again.
No water was observed discharging from this pool in 1973-74. A slight smell
of HZS permeates the area, and is more noticeable around this particular
spring. Temperatures of the nearby springs range from 81 to 95°c. Water is
discharged from this area onto the beach, and, in October 1974, had a
temperature of 39°C and a rate of discharge of about 0.5 1/sec. Sublimates
of native sulphur encrust fragmented blocks of lava, which are extensively
altered hydrothermally. Avnart from the frothing pool, all the other pools

were dry in 1974, and only wisps of vapour rose from small fissures inside
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the area. Thermal waters seep 1nto the bay below the hlgh-tlde mark and;;

along severa1 small water courses elther s1de of area A. One st‘eem, 200 m

to the south of 'A' had; in 1974, a rate of dlscharge of C. 75 l/sec, | '“l ¢
temperature of 37.5° ¢, aud a pH of 3.4. Thermal qnxck—sands may be present
in this area, as a local guide reeounted an’ 1nc1dent 1n whlch a ‘man lost -
Hrs life when he leaped from a canoe 1neo shallow water and was sucked 1nto:ﬁ
hot sand. Thermal activity also takes place along and adJacent to small

warm streams just 1n1and from Ao

Thermal area B 1s about 800 m southwest of A and 1is the largest

thermal area. It con51sts of numerous small spr"ngs, mud pools, and sulphur eﬁt
encrusted fumaroles. Fumarol1c emission 1s weak' mlnor gas ebullltlon takes —
place in the mud pools, and there is a smell of H2$. Tempﬂrattres of the - -
sprlngs and pools range from 83 to 96 C, and:- fumarole temperatures from 95

to 99°¢c. No springs or hot pools of water were visible when thls area was

again visited in October 1974, although water could be heard bubbllng

beneath dried-up mud crusts in depressions where hot bubblrng pools had

been visible in 1973. Occasional wisps of vapour were escaplng ‘from small
fissures and holes at temperatures of about 90°C. The smell of-HZS was »
pervasive and hydrothermal alteration of rock debris was extensive; sublimates

and native sulphur were abundant, but no siliceous sinter was seen.

A small ridge separates area B from another thermal area about .
200 m to the northeast, where the activity is confined to numerous small pools
that have temperatures ranging from 45 to 80°C. Minor gas ebuliition takes

place in several of these pools.

Thermal areas C and D are about ! km south of area B (Fig. 9).

Area C is divided in two by a small stream. Thermal activity is similarly
divided: the area to the northeast of the stream contains only hot pools,
whereas the area to the southeast contains only small sulphur-encrusted
fumaroles. The pools have temperatures ranging from 50 to 80°C, and are
arranged linearly in a depression 50 m long by 20 m wide. The pools are
placid and there is no gas ebullition. The fumaroles have temperatures
ranging from 93 to 98°C, and erit minor quantities of vapour, which has a
definite HZS smell. Area D was not visited in 1973-74, but Reynolds (1956)
reported that a temperature of 101°C had been measured from a fumarole there,

and that the gas emitted had a faint H,S smell.

Chemical analyses of thermal waters from areas A, B, and C are

listed in Table 9 (see also Appendix 3). All samples have a low pH, but
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have wide ranges of 1on1c concentratlons.' The role of meteorlc water in

these samples is probably conSLderable, as more than 2500 mm of rain falls”ﬁéj“*

on the island each year (Hart, 1970)

The two samples from area A (035) and B (036) are of the uld- IVJ:.iFZ
sulphate-chloride type of White (1957).  The Na/Cl value of the sample |
~ from area A (Table 10) is similar tosea-water but concentratlons are low,
apart from SO4 Sea-water,’ pOSSlbly from seepage or spray from the ne&vby‘
shore, may therefore have contributed to the chemical comp081ulon, and nhe
high SO4 and low pE may have been produced through the actlon of HZS
oxidising to form oxy-sulphur acids. The lowhoverall ;onlc,concentratlons
in this sample are consistent with supérficial meteorié watgf}being ammajo:' '
component. Sample 036 from area B, on the other hand, has higher conéehtra- hh”
tions of Na, Cl, and SO4 Ionic ratios (Table 10) are dlffnrent from those .
of sea-water, and the composition of this sample has pLobably been determlned
mainly by deep circulating meteroic waters that have become enriched in
NaCl (possibly through wall-rock interactions) and ac1d1fled and enrlched with

SO4 through near-surface oxldatlon of HZS'

Thermal water flowing onto the beach from area A (sampie 11) is
similar in composition to the sample collectec from area B, but ionic'
concentrations are less. Icnic ratios are dlfferent from those of sea—water,
and have probably been formed in much the same way as the sample fiom area B,
but diluted by superficial meteoric water. The 3102 content of thermal watets,
that have circulated within a geothermal system can give an indication of
subsurface temperatures (Fournier & Rowe, 1966), but in the case of sample L1
only a minimum subsurface temperature of 130°C can be given, because of

probable dilution of its SiO2 content by superficial meteoric water.

Sample 034, collected from a stagnant thermal pocl in a mud-
lined crater in thermal area C, is typical of the acid-sulphate type described
by White (1957), craracterised by a low pH and high SO4 content. The low
overall ionic concentrations of this sample, apart from 804, and the lack of
disturbance or any apparent outflow from this pool, may be evidence that the

water is almost entirely accumulated rainfall that has been acidified and

enhanced in SO4 by oxidised HZS'



Trace e¢lements

Ba
Rb
Sr
Zr
Nb
Y

La
Ce
Nd
Sc
v

Cr
Co
Ni
Cu
Zn
Ga

Teble 1AL Linic Tsland

B R
S10, 45.6.  47. .8 45.94  46.3 47.2 “47'759f-”
‘Tio, - 0.48 0.67 0.73 0.89 0.86 7 0,94’
31,0, 7.10  9.15  12.11 12 oAlex,_;a,g.Agj; 12,77
Fe 504 4.85 5.40  5.19 _ 6.05 ~ 4.70 . 4.70
FeO 4.25 3.45.  5.72 = 4.55 5.65 }Qf, 6.400 o 5.1
wno . 0.17 ‘.15 0.21  0.19 0.20  0.200 .0
Mgo 13.8  11.3  9.05 8.80 8.70 ."“’7 65 1.
Cao 17.4  17.2 14.65  15.2 12,9 = 13.3
Na,0 0.80 1,73 2.19 1,39'__'",1.57g jﬂf;2 15
K,0 0.49 0.40 0.44  1.5¢ . 1i51  2.25 . 1.06 .
Py05 0.13  0.23 0.35 . 0.37 0,28 0.43 . .0.41
s 0.07  0.02  <0.02 0.04 . .05  0.02 . _ |
H 0+ 2.30 1.58  2.09  1.82° - 1,95  1.21
H,0- ©1.36  0.82 0.37 1.0z ~ 0.87 .  0.45 L0093
co, 0.90 0.15 0.18 <0.05 - 0.20 .0.25 .2
rest 0.30 j 0.20 - 0. | | xﬁo 30
100.06  100.05 100.12  100.34  100.66  100.73  100.41 . -
0=s 0.03  e.01 0.02 0.02  0.01  ©0.03  0.01
Total 160.93  326.64  100.11  100.10  100.32  100.65 . 100.70 - 100.40

85 195 : 180 145 . 190

16.0 12.0 | ' S 41.5 '36.5 . 45.0
640 , 1175 1310 1050 1153
34 45 - 70 S 70 Y
2.0 1.5 1.5 0.5 1.5
9 15 . 17 . 18 18
6 13 : 12 12 14
18 _ 28 31 27~ .32
9 16 ' 18 ' 17 . 18
58 47 39 - 35 36
229 208 - 313 287 306
800 110 200 107 147
45 46
158 40 : 40 27 39
75 106 . 161 130 144
52 82 89 76 87
8.5 . 13.5 15.0 15.5 14.5

Ankaramite. 74400025 (also 73680030). MB584604. Lava flow in stream near western boundary of Londolovit
Plantation. v

Sodic alkali basalt. 69400361. MB477582. Sample near ridge east of Banam wvillage.
Sodic basanite. 76400035. MB582599. Boulder in stream on western part of Londolovit Plantation.
Potassic alkali basalt. 69400363. MB477582. Sample near ridge east of Banam village.

Potassic transitional basalt. 74400022 (also 73680027). MB559503. Boulder in stream northeast of
Wurtol village.

Potassic alkali basalt. 74400024 (also 73680029) . MBS79595. Lava flow in Londolovit River.

Sodic alkali basalt. 74400020 (also 73680024). MB592590. Boulder in stream south of Londolovit village.

Sodic alkali basalt. 76400037. MB581593. Block below lava flow in Londolovit River.
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~Table LHL cont. Lihir Island -

o g g g g S
510, . 45.7  46.55  4B.9  46.7 47.9 f 46.6 . 5C
T10, 1,08 0.90 . 0.82  1.04  0.87 - 0.95 °  0.96
AL,0,  15.6  14.50  15.2  16.1 15.2 15.4 o
Fe,0  5.85  5.45 5.0  5.40  5.70 6_30' f;
FeO  4.75  6.38  5.05  5.50 5,00 - 5.40
¥no. . 0.2z3  0.23  0.19 - 0.21 0.22 . 0.22
Mgo j“s.ss © 6.14 6.00 ° 5.85. 5. 85:; s, aoﬁ
cao 12.2  12.49  11.5 12,1 12.0  1I.8
Na,0  2.55 3.11  2.65  3.05 - 3.40  3.60
K0 1.51 2.90  2.15 1.87  2.90 1.75;
P05 0.41 0.55  0.35 0.5  .0.53  0.60"
s 0.03 <0.02  0.02 <0.01 © 0,02 /‘,o;oznj ‘ e 92
H,0+ 2.35 0.57 1.36 1.19 0.12 ' 1.30 0.81 - 1.75
H,0~ 0.95 0.19  0.70 0.32 0.20 0.36  0.75  0.65
co, - - 0.15 0.03 0.10 <0.05  0.10  6.05. 6,10  0.20
rest 0.28 0.33 0.32 0.33 . 0.38 S 0,28 oo
100.29 100.39 ~ 100.34 . 100.53 © 9$9.83  100.56
0=5 0.01 0.01 0,01 - 0.01 . 0.01 _ 0.01
Total ~  100.28  100.32  100.38  100.19  100.33  100.52 ©  99.82  100.55
Trace elements , 7
Ba 230 265 265 270 © 3% © 175
" Rb 44.5 57 128 59 59 B 40.0
Sr 1130 1360 1430 1440 ' 1780 140
Zr 93 57 74 67 65 _ - 82
Nb 2 1.5 2 2 2 o 1.5
Y 27 19 21 19 18 19
La 13 14 15 16 19 | 12
Ce 32 34 37 40 43 - 32
Nd 17 20 17 20 22 I 16
sc’ 25 31 o 21 24 15 | 30
v 245 347 251 275 264 284
Cr 72 31 24 94 18 a7
co | 50 |
wi 17 25 " 14 20 14 16
Cu 134 . 167 160 175 219 131
Zn 90 91 74 72 77 78
Ca 16.0 16.5 17.5 16.5 17.0 16.5

10.
11.
12,
13.

14

15.

16.

Potassic alkali basalt. 74400018 (also 73680022). MB518548. Lava flow in stream northeast of Lamboa village.f

Potassic tephrite. 76400039. MB601536. Boulder in stream south of Putput No. 1 village.

Potassic ne-trachybasalt. 74400016 (also 73680020). MB582535. Lava at base of western wall of Luise caldera.

Potassic alkali basalt. 69400338, MB559462. Sample near Pal1e Mission.

Potassic phenolitic tephrite. 74400017 (also 73680021). MB589477. Lava flow in stream near base of
escarpment west of Kinami village.®

Zudic phonolitic tephrlte 74400042, MB582535. Boulder in stream at base of western wall of Luise
caldera. This rock is classified as a sodic tephrite using the CIPW norm calculated volatile-free and
standardising the oxidation state of iron according to the equation of Irvine § Baragar (1971) - see

Johnson & others (1976, Teble .
Potassic hy-trachybasalt. 69400371. MB586551. Sample near base of northwestern wall of Luise caldera.

Potassic transitional basalt, 74400021 (also 73680025). MB476570. Lava flow in stream south of Gosmaium

village. continued on next frame




8i0p 513 . . 4B.2 4B.S . 49,6
Ti0p ~~  0.89 . 1.27 -~ 1.02 . -/0.82-
Alp03 - 15.€  16.2 . .16.8 15,6 . . 15.%
Feq0, 4.95. 6,00 5.70 .. 3.30. 5,00
FeO © 3.90 - 5.10 . 4.95 . . 6.80 . 4.
MO 0.17 - 0.20 °  0.20 . 0.18 = 0.17
Mgo  5.60  5.55 5,50 5.50 5,45
ca0 . 9.85  11.0 111 10.4 . . 10.4
Nay0 3.5 3.00 3,10 2,95 3.25
K0 2,60 1.69 - 1.22 . 1.87 . '2.50 2,74
P05 0.35 ~ 0.39 . 06.43 - 0,35 " [0.35
s S 0.02  0.03  0.04  0.02
H,0+ . 0.99 1.00 ~ 0.98 . 1.27. . o.
Hy0- 0.69 0.60  0.58 ° 0.71 . .0
co, 0.10 <0.05 ~ © <0.05 0.2
rest’ 0.24 _ o , S e

© 100.40  100.23  100.12  99.57 -
0=s . 0.01 6.01  0.02 0.01
Total ~ 100.39  100.22  100.10 = 99.56

Trace elements SRR AR
Ba 225 o SRR S o o225 285 .
. 46.0 o IR 49.0 - 39.0 .
St 905 B . es6 . 1085
3r 79 } ' ‘ - o 66 - 60
Nb 2.0 ’ | . S 1.5 1.0 .
| | 19 o S 200 .20

La 11 _ . S § T b
26 | 23 . 24
Ng 14 » , | o S 14 13
19 . | 22 S 21
v 196 , 224 266
108 SR - 113 14

' 33 37

Ni 32 32 16
Cu 87 | 105 139
Zn 66 S 68 . 78
16.0 16.5 17.0

17. Potassic hy-trachybasalt. 69400365B. MB594566. Sample near northern shore of Luise Harbour.

18. Potassic ne-trachybasalt. 69400356. MB477582. Sample near ridge east of Banam village.

19. 8odic transitional basalt. 69400343. MBS559462. Sample near Palie Mission.

20. Potassic hy-trachybasalt. 71400512. MB574541. Sample at southwestern wall of Luise caldera.

21. Potassic hy-trachybasslt. 69400369. MB594566. Sample near northern shore of Luise Harbo#r.

22, Potassic hy-trachybasslt. ¥6400045. MB594572. Boulder at northern shore of Luise Harbour.

23. Potassic ne-trachybasilt. 76400041A. M8601536. Boulder in stream south of Putput No. 1 village.

24, Bodic ne-trachybasalt., 69400348. MB55946”. Sample near Palie Mission.

continued on next frame




siD

TiO, . 0.99 g,,n.sl,
 Bl03 - 16.91 16.66

FeO
MnO
MgO
Ca0
xzo

S

co,

O=5

Total 99.83  100.23 99.81 100. 22 '{100.44- 1100.08

Na0 313 3.3 255 2,65 4.05  3.80
P05 0.39 - 0. 3?”jj_” 0. 61,',f"b;37;15,,go 38 g~5o 37¢;;»'*-~~~~

H,0+ 0.96. ,° asﬂ,‘i]_l 69 C1.37 iiﬁn 50 1. 1o¢, [
Hy0- . 0.54 0.25 -~1;27f*~~“&5%zrmjj“-*o au go.zp‘*“' S

Lihir Island

Table LHI ont;_[

"‘fzs;; ,y ? 26fJ;7

7 as.e4 4o, 55

' 5.38 ,’5;91,;zvx55.1o;_f'f 6 R L
0.21 . 0.20  0.26 . 019 /- 08 S
471 470 . 4.65 0 455/ T35 ';7‘ i
8.46 10239 . 11.0 . 9.08.  8.50 7.60

2.33  2.28 -2.40 2155;;#,7{2-5°fy[ui12 45ﬁg§l'f;g1f‘ﬁjy,;ff;df

0.01  0.04  1.30 0,05 _ 0.25 . 1.15 *

99.84 o 99.83 +100.45  100.11
0.01 . 0.02 0,01 0.03 -

Trace elements

Ba
Rb
Sr
2z
Nb
Y

La
. Ce
Nd
Sc
v

Cr
Co
Ni
Cu
Zn
Ga

220 260
40.0 36.5
1021 1039
70 50
1.0 1.5
24 20
10 10
28 27
17 14
22 25
285 297
11 i8
37 38
14 13
170 151
93 83
17.5 17.0

4

25.
26.
27.

28.

29,

30.

wall of Luise caldera.

Potassic hy-trachybasalt. 76400038. MB601536. Boulder in stream south of Putput No. 1 village.
Potassic ne-trachybasalt. 76400041B. MB601536. Boulder in stream south of Putput No. 1 village.

Potassic hy-trachybasalt 74400019 (also 73680023). MB585447. Lava flow in stream north of Linmel

village.
&

Potassic transitional basalt. 71400514. MB57454]. Sample at southwestern wall of Luise caldera.

Potassic hy-trachybasalt. 74400023 (also 73680028}. MB616518. Boulder from small rise northwest
of Libuko village.

Potassic hy-trachybasalt. 74400015 (also 73680019). MB585531. Lava flow at base of southwestern




LHl‘/l‘Z

Mo

| 0 58 i}gl; 
31
10 3
44-»& _«5.-'; '
3. 14 L
15, 5
4,18
C1.37
4.76
- 0.71
bol7
0.93
2.40
0.31
2.17
0.34
.79
' 0.56
1.98
1.0
0.64

| 15;41_;3%””‘ |
o360
4. 7r!; ;y
214 ':“.
- 546
1. 73ﬂ5f"‘p
1{s 40,  5 s
076
4,26

2. 18¥g5

"0. 3 0

PN 05

0032

137
0.83

1.87
lel
1.0

" 0.89

-Interpola,tedﬁ value.



Table 8. Summary of mineral coﬁpositioﬁél5&étéJf&t?tﬁé?ﬂihifiG}dﬁP;{;fpfﬂ7mFJ

BTG

- Olivine " Biotite

Sample Clinoperxene'  ',~~1 al;”ff;lAmghibdlef-ﬂ”,z
Lavas: : ~ S R R e e '»fw;,; q~:4 3f;2' .
LH}/3 ' d10p31de/A1-sa11te/sallte e V'F°87-56“'“ T
LH1/10 Al-sallte/sallte"”gvﬁj, - magnesiohastingsite 775068-45’- LT e
LH1/14 Al-galite/salite . 0 0. 0o i ' Mgy_s8
LH1/23 dlops1de/A1—sallte/sallte " L e : F°54.42 ig, N

Cumulate: B e R R T R
LH1/31 diopside/A1~saIite/salitef S s T F09!,8,;'ﬂ Mggg -

Qﬁiﬂi . Felngar‘ . Feldspathoid - Other
Lavas: » e ST
LH1/3 mt | v .An65 S et e analcite gl
LH1/10 mt Angg- r20 . haliyne, leucite = apatite, sulphide. (po)
LH1/14 mt : An82_34 - haliyne, sodalite ~ apatite, sulphide (cpo)
’LHI/23 _ mt o A_.”“An79-0r64 e e - apatite, zeolite

APV

Cumulate: v , : : : , .
LH1/31 chromite/mt Angg : o ' . calcite

Abbreviations, Fos - forsterlte, mt magnetite; An: andrthite; Or: -orthoclase

po: pyrrhotite; cpo: chalcopyrite.
Slash between two mineral names refers to compositional continuity (solid solutlon)

between the minerals.




o mbles.

~ Location '

Compositions of theimal watérs from Lihir

ﬂoutflowgw "T

S5 m

Sample no.:’f

. Collectlon date;

1‘,Temp. oC B
~pi (20°C)

E. c. (Mlcro-s/cm)

Total dlssolved

solids (mg/l)v "

AL
cu
Fe
Mn .
ﬁ Zn
As
Hg
Sr"%
Rb’
Ca
, e

Va

HCO3
Sio

lﬁlnland g

1698

‘ne.d.

3

3388

6.7
o 0.01
833
0n4l? 
0.29°
0.1
0.0005
0435
0.43
31
i4
495
63
0.35
2.7
0.15
308
<2
695
2
n.d.

110

3.2

19
%0

177.3

840

1489

1050

36. 1

12.1

2075
250

8.8
9.5
18,9

17.0

70.9

3220

400

1272

| 10800 -
| 380"

0.17
46
1.3

18580

65
2649

140
6.4

n.d.:

not detected.

Analyses by Mines Division Laboratory (Port Moresby),

except for sample L1 which was analysed by Amdel.




 Table 10.;: :

Location

Tonic ratios. for thermal

i Area A

'Outflowbl

15 m

1n1an§ -

pool
,' 20-m.
e n‘and

’d”flnlandg:;

Na/Cl
- B/c1
50, /C1
C;/n§
K/Na
Li/Na
'MS/Ca

L1

1.244

s

0.063
0;127
71 x 10
0.5

-5

0.6

‘ 763§;, ;¢-_
.0.508

©oo.3s1
00072 ‘

. l°394 :
-..‘.'_0 017

- 0.3 :Jl

 {1036”2’G i;C _  | :
- 0004
0414,  .»_
~0.038
 ﬁ'0 036
1.6 x 10

;'45 42 ,;;f;
o 466
10.899

Ior[v‘”

fOQSSSM,

s
32
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Figure 9a.  Geology of the Lihir Group (see legend in Fig. 2).
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Figure 2. Legfnd to geological maps (Figs 4-6, 9, 12, 15).
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Chemical anslyses listed in Table LHI.
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Figure 10. Rock-nomenclature diagram for rocks from Lihir Island (see Fig.3).




100~ o .
LIHIR ISLAND

SAMPLE/CHONDRITE

o
1

5-

I 1 1 i H I i ! T | X I ¥ §] R
Le Ce Pr Nd Sm Eu Gd ~ Tb Dy Ho Er Tm  Yb' I

.. 24/09/79 |

Report 243

JHFigﬁre lfpm‘ ”éhoﬁdrité-nbrmélised REE abundances in four rocks from Lihir Island.g‘:ﬁff

_ Data listed in Table 7.




'>f23;:1"v'

TANGA TSLANDS

Introduction

The Tanga Islands are mldway between the L:.h:.r and Fem. island
groups (Fig. 1), and are the smallest of the four groups in’ the Tabar—to-f}>;;¥j5
Feni chain {Fig. 12). The Tanga group 1s made up of four mnhablted 1slands-v :ﬁ’i?
Malendok, Lif, Tefa, and Boang - and two- unlnhablted 181et8 Eltllk and . _
Bitbok. Malendok and Boang are 6 km apart cover 30 and 29 kmz, respectlvely,ﬁnf
and are the two largest islands in the group, supportxng most of the. populatzon. :
Lif and Tefa each cover about 2 kmz, -and extend in an arc southwards from ' )
Malendok. Lif is separated from Malendok by a deep l-km wide channel and is,f
connected to Tefa by a shallow neck of coral reef that can be crossed on foot'f
at low tide. Bitlik and Bitbok are mldway between Tefa and Melendok, apd

- are also connected by shallow coral reef.

Apart from small cultivated areas around scéttered'coastal villages,
and two large plantations at Put and Nono, Malendok - the main volcanlc 1sland~
is covered in dense primary rain forest. A coastal track skirts the 1s1and, y
but access to the interior can be gained Ly following stream courses and
hunting tracks. The terrain in the centre‘and seuth of Malendok is deebly
dissected. Peaks and ridges rising to over 400 m above sea level are bounded
in the south by a steep fault escarpment, and on the west by a series'pf steep
spurs and deep intervening stream velleys. Country towards the north and

east is deeply incised, but relief decreases towards the coast.

Structure and general geology

The Tanga Islands represent the efoded remnant of a Plio-Pleistocene
stratovolcano, Tanga volcano, the summit of nhich was largelv destroyed by’
caldera collapse during the Lower Pleistocene, and by later complex Iaulting.
Bitlik and Bitbok are the remains of a trachtye cumulodomr built up on the
caldera floor durlng a post-caldera phase of volcanism. Fringing csralgal
limestone, which may have once girdied the original volcano, is in part
preserved as a raised peripheral belt around the northern and eastern margins

of Malendok. Boang Island consists entirely of limestone.

Tanga caldera is mainly below sea-level, but its arcuate outline
can be partially traced as sheer fault escarpments bordering Put Bay‘on the
south ,coast of Malenddk, and on Lif and Tefa Islands (Fig. 12). No bathy-

metric data are available, but the sense of curvature of the fault scarps is



\.fzsr,**

con51stent Wlth an e111pt1cal form for a caldera centred on B1tbok ané
Bitlik. The distance across the w1dest part of the caldera between Tefa?‘;f°ff
and Put village is 6 km. The caldera wall on Madendok ST- represented byJ??“' “
two concentric arcuate fractures, both concave to the south and the }

outermost ring fault truncates the belt of ralsed, rrlnglng coralgal

limestone near Klam.

The structure of Tanga volcano;has been modifiedvbyscdmplex f
faulting, and the volcanic rocks are commonly strongly JOlnted.' A maJor~
north~-trending fault crosses Malendok, 1ntersect1ng the caldera scarp a ‘ffhi,ﬁ
few hundred metres west of Put village, where the fault trace can be ' L
recognised by a narrow zone of indurated hydrothermally altered breccla
projecting out from the scarp face. A break in contlnulty of llthologles
in the west of Malendck may be ev1dence that another major fault pa831ng
through the caldera is part of a fault zone between Lif and Malendok '

runnlng roughly parallel to the west coast.

The volcanic rocks of Tanga volcano fall into three composit—
ionally separate ;roups (Fig, 13): (a) a dominantly intermediate group
consisting mainly of trachybasalt and phonolitic tephrlte, which are
confined to Malendok, Lif, and Tefa; (b) e—trachyte, Whlch is restricted
to Malendok: and (¢) Q-trachyte, confined to Bltbok and BltllP 1n the centre
of the caldera (Tables TGl-4, Tables 2, 11, Flgs. 13, 14).

The intermediate lavas are invariably fine-graine., dark blue to
grey, and typically studded with tiny pyroxenes, which are the only type of
phenocryst. In addition to vertical jsints, many individual lava flows
throughout the sequence have a prominent sub-horizontal cleavage that gives
the impression of an undulose pile of closely fitting slabs, each about 20 cm
thick. The slab-like effect is thought to be a cooling feature of the lava
flows, that was accentuated by later faulting. Spheroidal weathering is also

seen in lavas cropping out aiong the southern coast of Malendok and in high

ground near the centre of the island.

Malendok Island

Malendok is the largest subaerial remmant of the original Tanga
volcano, and consists of a thick succession of lava flows and inter-
stratified volcaniclastic deposits. The most complete section is between Put

and Salkangkis villages (Fig. 12), where a 200~m thick series of lav+is in the



- caldera wall dlps northwards towards sea-level. The 11thology of the E

volecanic pile changes progre851ve1y northwards., the lava flows thln out'__gn__n_?

and interbedded tuffs and voleanic rudltes become more prom1nent. The ;?fag”

northerly dep081t10na1 dips of the clastlc dep081ts range from 10 to 30 .
Volecanic rocks at the coast, 1nc1ud1ng dep031ts of fine grey tuff are
unconformably overlaid by-a perlpheral belt of ralsed coral 11mestone,

which forms an 80-m high escarpment.

The raised reef limestone partialiy eneircles Mhlendok3aiong}v”

a belt extending around the northern and eastern margln of the island from :
Fangwel tc Kiam (Fig. 12). The limestone between Fangwel and Nonu Plantatlon‘?'
forms an 80-m high plateau, which, at its widest, extends Just over 1 km ‘ ’
south of Balanwaransau village and rises inland to about 120 m above sea-level.

.rom Nonu plantation to Kiam the limestone is eroded aleng a sloping wave-cut‘
platform, and has a scarp that extends up to 50( m inland, but which is
discontinuous because of breaching by easterly flowing streams. ‘Lenses of
light-grey material exposed high’in the cliff f.'e near Gargarievvi}lagev
conifrast with yellow-to-white limestonme. These lenses are possibly volcanic
ash deposited at the same time as the limestone, possiblyvtowards thelend of

eruptive activity of Tanga volcano.

A thin cover of unconsolidated trachyte tephra on Malendok in
places overlies more mafic rocks. The tephra is best exposed in a narrow
zone between the two arcuate fault scarps on the south side of~the island,
where it crops out as a poorly sortad mixture of line, crezmy colouredrlutite
and coarser fragments of trachyte ranging up to angular blocks of eobble size.
Welded trachyte tuff is exposed near Salkangis village, for about 100 m along
the strandline, as a chaotic broken assemblage of large blocks. The beds
consist of numerous layers of welded scoriae of differing sizes that form a
compact, indurated unit about 4 m thick. Etching of the unit by differential
weathering has highlighted individual beds that range in thickness from less
than 1 cm up to several cgentimetres. Disruption of the unit into chaotic
blocks may have resuited from faulting within the caldera, but also from
subsequent wave and tidal action.

Present-day thermal ‘activity in the Tanga Islands is minimal and

confined to the south coast of Malendok. A hot spring about 1 km west of

Kiam village trickles from .mall hole in a lava outcrop and fcrms a pool



=

naarthe beach. In 1974 the temperarute was 35 ’c and the_water ‘hed:a p
of about 3. Rocks 1n contact Wlth the SPrlng water are st ined by iron
oxides and there is a falnt smell of HZS': Near Salkangls i11ag
east side. of Put Bay, mlnor amounts of HZS gas bubble dlffuselyufrom a [
lava outerop within the tldal margln.; These hot sprlngs probably derlve

from 1e81dua1 heat (possibly from a coollng 1ntru31ve) belng channelled

through the caldera r1ng faults.

Lif, Tefa,'thllk and Bltbok Islands

Llf and Tefa Islands each cover about 3 km2 and represent smally;: '%;t}
remnants of Tanga voleano,.- Q”m*ﬁg“aﬂdr"cﬁnf““ﬁous arc south of Malendok- ;':J°” 8
The eastern side of Lif and the northern 81de of Tefa are curved, steep B

escarnments that mazrk che Lfend of the caldera fault.

Both Lif and Tefa are made up of vm%icu]ar interme&iate'lavaa‘v"
similar in comp081llon to those of Malendok. The lava pile on L1f 13 over,_
280 m thick. Vesicles tend to form elongate flow—orlentated cav1t1es up to
12 cm long in some lavas, suggestlng that the flows,were more v;scousvthan,

say, those of tholeiitic c-mposition. The orientation of the vesicies is

- westerly, indicating that the lavas may have flowed in this direction.

Basal lavas on Tefa are overlain by poorly considated trachybasalteéolcahié'~
clastic deposits dipping about 15° south, and these are covered by weathered

trachyte tephra.

’ Raised limestone is present on both islands as flat, eroded
platforms which form apical spits ﬁp to a metre above sea-level. Younger
raised beach deposits.of rounded volcanic pebbles, cotal fragments, and
layered shelly material, unconformably overlie volcanic rocks along parts‘of
the southern side of Tefa. Black beach sands on the south coast of Tefa
contain high concentrations of ferromagnesian minerals and some magnetite,

but not in economically exploitable quantities.

Bitlik and Bitbok are sparsely vegetated rock pinnacles. Bitbok
is the larger - about 90 m above sea~level and about 600 m long. The Q-~trachyte
exposed on the islets is porphyritic and pale grey, weathering to creamy white;
small, rare, angular mafic xenoliths are also found which, vtewed in thin
section, appear to have undergone reervstallisation. - Feldspar, mostly
anorthoclase, up tec 6 mm long, is the main phenocryst type, together with small

flakes of biotite. The groundmass in thin section is flow-banded.



Boang Island.

Bo oang 1s arcuate, 10 km 1ong, 4 km W1de, and about 6dkm:northeast'
of Malendok. It 1s a flat-topped broken plateau of ralsed coralllne f_ L
limestone, titled s feu dearees to the south and has a maxlmum helght of

140 m above sea-level. Boang s 1esa densely forested than Malendok, and

most of it ie'covere?3 by coconut plantatlons. The permeable naturelofxﬁhe

limestone terrain is reflected by 1mmature dollne development, and by rhe
rarity of surface dralnage, which is 11m1ted to two small streams flow1ng
into the large bay on the south coast. Apart from a low-lylng flat strlp :ff3~¢~u
up to 600 m broad, extendlng around the southern and Western margln, the ”
coastline generally rises abruptly as a serles of steep terraces and sheer
cliffs. The terraces are best developed on the nortn coast, and may representztgi

stages of uplift or eustatic. changes 1n sea—level during the Plelstocene. 1fi

Geological history

‘Malendok, Lif, and Tefa Islands are the remnants of the summlt
of a stratovolcano of dominantly 1ntermedlare comp081tlon. If the or1g1na1
subaerial cone before cauldron subsidence was symmetr1ca1 and had a clrcular
base and a radius of 8.5 km (the_distance between Bltbok and Balanwaransau”““”“““
village - see Fig. 12), then it would- -have covered about 230 km®. “The :
latest stage of volcanism from this cone was ma’nly ne-trachytic in comp031t10n;du
and may have taken place at the time the caldera, or calderas formed. Fore R
than one stage of subsidence.is indicated by the double caldera r1ng fault
on Malendok Island. The final stages of activity were the formation of

Bitbok and Bitlik Q-trachytes, presumably as a post-caldera cumulodome,

K/Ar dating of two biotite extracts from Bitbok trachyte samples
(Appendix 2) yielded ages of 1.08 and 1.14 + 0.08 m.y. The'se ages establish
the time of the latest volcanism as early Pleistocene. Whole-~rock K/Ar dating
of a Lif trachybasalt gave a younger age of 0.187 + 0.02 m.y., but this
determination is considered to be in error (the sample is vesicular, and
there may have been argon loss). Samples of limestone from the Tanga Islands
submitted for palaeontological age determination were found to be either
barren of fauna or tc have non-diagnostic faunal assemblages. The early
Pleistocene age for the Q-trachyte volcanism requires that the older,
intermediate stage of volcanism for the main part of the volcano must have
been Pliocene or older. However, the freshness of the lava and the immature

weathering profile are indicative of an age not older than Pliocene.
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© 810,

'Ti0, 0.75.

21,0, . 14.86

‘Fey0y 5.01

FeO 4.64

MnO 0,22 18, -

 Mgo 6.18 4 4485

cao 11.07 10.18 . 10.04 © -9 _“;'h;_,,xfff*ﬁ9 55

Na,0 3.55 3.63 3.89 }.”3 80 4440 0 74,85

K50 3.53 3.74 4.02 3,10 2,00 .. 3. 10

P,0¢ 0.58 0.64 0.62 v_“'0,53,_ff‘fo;4§}?f7ffo 55 .18

s $0.02 <0.02 0.02 . 0.0l 0,02 10,03 .0
H,0+ 0.57 0.53 0.54 1.67 3,90 - 2.20 .58
H,0- 0.19 0.20 0.20 0.25 ‘\-1;§3k-, '{o 82 . “70.23
co, £.17 10.40 0.19 0.05 ~  0.26 | 0.21 <o 02 04
rest 6.39 0.39 0.39 . 31 o, 37f,.;’wcg31

100.39 - 99.80 100.18 - 100 n.

O=S 0.01 e 0112‘, 9.01 f f0.93 0 ‘
Total 100.44 99.22  100.38  99.77 79 100,37 1ca oa@;;5100}14ﬁ S
Trace elements R L R §
Ba 310 32t 345 340 . 385 - 530 .
Ph 70 97 es C17.2. 87 R Y S5
sr 1725 1720 1785 1780 1890 ’1534»
Zr 7 74 72 75 88 147

Nb 2.5 3.5 2.0 2 3 6. 5

b 4 18 20 29 18 15 11

La 18 19 19 19 19 f\15.~
Ce 42 44 45 43 44 33
NG 23 23 23 23 i8 14
Sc 26 23 “22 15 12 6
v 284 307 291 261 203 134

T 107 33 47 54 12 1

Co 43 39 39 | 9
Ni 24 13 17 17 10 3
Cu 190 203 195 158 155 14
Zn 85 95 85 88 73 47
Ga 15.5 16.5 16.5 16.0 18.5 1 22.0

1. Potassic phonolitic tephrite. 76400048, NB239145. Lava flow haif way up fault scarp near Put village,

76400051. NB242142. Block on track from fault-scarp rim to shove.

2. Pocassic phonolitic tephrite.

3. Potassic phonolitic tephrite.

4. Potassic ne-trachybasalt.

5. Sodic ne-trachybasalt.

6. Potassic phonolitic tephrite.

7. Potassic 1honolitic iephrite.

8. Sodic‘Q-‘;AJhyte.

76400050.

71400488,

69400295 .

76400049. NB242142.

69400286.

69400292,

NB234145,

&iB225200.

NB255134,

NB208162.

Boulder on track from fault-scsrp rim to shore.

Sample in stream near Fang village.

Sample 2t base of fault scarp near Put village.

Sample near track on south coast west of Kiam village.

-Sample on ridge near coast south of Sinaudo village.

NB242142. Boulder on rim of fault scarp near Put village.

~continued on next frame



rest

O=S
Tota

Hy0-
C02

0.65  “0.45° . 1.4
<0.05  0.10  0.05
: SRR : - : b?39
99.65 100,06
0.02 . 0.07 o
1 99,74 99.63  99.99 oo

Trace elements

Ea ' 465
Rb C 114 L , o
Sr 2080 SR
Zr 113 " R -
Nb 4
Y L 17
La 23
Ce 48
Nd 19
Sc 2
v 123
Cr 25
Co
Ni 2
Cu 74
Zn 94
Ga 20.5
9. Potassic ne-trachyte. 71400490. NB240146. Sample at fault scarp near Put village,
Y
10. Potassic ne-trachyte. 714005%2. NB260167. Sample near coast at Nonu Plantation.
11. Potassic ne-trachyte. 74400012 (also 73680013) . NB234151. Lava flow at summit of fault

scarp north of Put village.



48,0

5i0, 48.5 0
Ti0, 0,71 . 0.7%  0.80.
'A1,0, 13.7 . 15.0  15.0
Fe,Cy 6.05 5.10 - 4.95
<e0 4.30 - .5.25 ' 5.10
Mno 0.18 0.21 0.21
Mgo 6.80 5.55 5.45
cao 11.6 10.9 10.1
Na,O0 3.30 3.65 3.85°
K0 1.76 3.35 3.95
P20 0.44 0.54 0.51
s 0.01 6.02 . 0.02 0.1
HoO+ 1.93 0.13 1.37 3.8
H,0- 0.55 0.15 0.40 1.
co, 0.1 0.10  0.02 0.17 0.4
rest | | 9.36 0.36
99.94  100.09 £ 99.80
=S . 0.01 0.01 0,02
Total 99.87 99.93  100.08  100.13  99.78
Trace elements
Ba ‘350 325
Rb 127 - 63
Sr 1650 1552
2r 74 - 69
Nb 2 2.0
Y | 17 ig
La 19 l8.
Ce 43 39
Nd - 22 21
Sc 19 25
\' 275 297
Cr 28 23
Co 37
Ni 17 17
Cu 178 211
Zn 82 91
Ga 17.0 16.5
1. Potassic ne-trachybasalt., 71400479. NB202117. Sample on ridge norihwest of Lubun village.
2. Potassic phonolitic tephrite. .74400014. NB204126. Boulder below cliff on northern coast.
3. Potassic phonolitic tephrite. §9400267. NB201127. Sample at cliff on northern coast.
4. Potassic phonolitic tephrite. 7640005¢. NB20§126. Boulder below cliff on northern coast.
5. Potassic transitional basalt. 71400486. NB206119. Sample on eastern cecast.



si0, 47,7 47 2

_; 15;

Ti0, - G. 73 “? ” 0. 74&{  N
Al,03 14,2 15.3 15.64
Fe203 . 5.30 5, esv,Tjgj“;;
FeO . 3.20 . 3.55 5,67
MnO 0.20  0.15 0.24
Mgo 6.25  5.45
Ca0 1.1 9.60 . -
Na,0 3.35 3,90
K50 3.80° 2,45
P30g 0.45  0.58
s 0.02 0.03
H,0+ 1.28 3.05
H,0- 0.41 1.33
ce, 0.02 = 0.37
rest 0.36 o
| 100.17 = 99.55 | 99
 o=s 000 001 - 001
Total 100.16 = 99.54  100.36 - 99.65

'i‘rai:e elements

Ba
Rb
Sr
or
Nb
Y

La -

Ce
Nd
Sc
A
Cr
Co
Ni
Cu
Zn
Ga

365 _ 325 AR - T -

94 20:5 T L R R T SR
1600 : 1829 | SN R

61 S 75

2 ' 2,5

16 22

18 ' 19

40 . 87

20 26

25 21

258 326

66 20

4

21 14

190 214

85 95

16.0 17.5

. Potassic phonolitic tephrite. 69400271. NB219091. Sample at or near fault scarp on northern coast,.

Potassic ne-trachybasalt. 69400275. NB219091. Sample at or near fault scarp on northern coast.
‘ L
Potassic ne-trachybasalt. 76400054. NB216085. Lava flow at southwestern coast,

Potassic ne-trachybasalt. 71400475. 4B219091. uample &t or near fault scarp on northern coast.



T102
Al203
F8203
fe0 -
MnO
Mg0
Ca0
.Nazo
K40
P,0g
s
Hy0+
HyO-
C02

" reat

0=§
_Total

1

0.45

2.95

8.31

0,:03
0.75

2,46
\61.80 :

2.55

0.5

0.07

0.57
0.59

- 06.05

99.77

0.03
99.74

Trace elements

Ba
Rb
Er
2r
Wb

&
La
Ce
Nd
Sc
v
Cr
Co
Ni
Cu
Zn
Ga °

2 DL s
63.6 ., 63.2  63.2
.49 .0 0.48 .
18,7 188 18
2,80 2085
0.40 - 6.54
0.03 - 0.03
0.74 0.58
2,10 2.05
6.10  6.05 6.35
2.65 2.65 2.6
0.19 0.10
0,11 1 0.35°
1.50 1.53
0.40 0.48 ‘
<0.05 0.05  <0.05
99.60  99.44 99,10 - oa
0.05 0.17 - 0.40 " '
99.55 99.27 98.70

Sodic Q-trachyte.
Sodic Q-trachyte.
Sodic Q-trachyte.

Sodic Q-trachyte.

71400503.
71400501.

71400496,

74400013 (also 73680017). NB232121. Lava on north coast of Bitbok Island.

#18233123. Lava making up Bitiik Island.
NB233123. Lava making up Bitlik Island.

NBz33118. Lava at eastern end of Bitbok Island.



| Table 11.
Tanga Islands determlnad by spark-source mass spectrography T

ﬁdd:tlonal«:race-element data for 7 zocks frcm ,

TGI/1 __ Telf6  TG1/7__ TG1/8 TGI/11 TG2/3
€s 091 1.6 1.6 032 3.8 0.83 11
™ 9.8 7.9 8.9 6.6 21 6.3 66
La  18.2  17.0  23.3 1.0 ZB.5  17.1 [ 17.9
Ce  41.9  30.7 52.8 27.8  48.3 38.0  45.7
Pr 4.78  4.95  6.89  3.7Z 6.1  4.16  5.05
N 20.7  22.9  30.7  15.0  23.8 17.7  22.1
sm 4.77 5.9 6.2z  3.07  5.05 4.62  '5.58
Eu 1.43 1.82  1.96  0.89  1.63 1.41 - 1.80
cd 4.48  4.45  5.33 2,60 4u45  4.15 4.8
b 0.61 0.70  0.70  0.42  0.60  0.59 _ 0.65 -
Dy 3.42 4.01  3.83  2.40  3.29  3.20  3.26
Ho 0.60  0.71  0.60 0.36 Q.61 0.55  0.62
Er 1.5 1.90  1.30 0.9  1.70  1.33  1.55
Tm 0.21 0.27 0.21* 0.13 0.28% 0.20® ¢.23°%
b 1.42 1.86  1.42  0.91  1.92  1.42 1.62
Le® 072 0.29  0.22 0.4 031 £.22  0.25
Th 1.75  1.79  2.04  1.83  3.80  1.67  1.56
U 0.98  0.85 1.42  1.12 2,30 0.97  1.02
Hf 1.9 2.19 2,17 3.3 2.46  1.66  1.6s
sn 0.91 1.3 1.1 0.92 2.6  0.95 1.2
o nd” 14 2.5 nd. L5 1.6 1.4
a. Interpolated value.
b. n.d.: not dete’ 1ined.




vTabie 12. Summary of mlnezal cemposztlonal data
‘ for the Tanga Islands. S '

6171 i‘:'rclkls""

Clinopyroxene ‘Alfsaiiéé/éaiit e dxopslde/sallte A
Amphibole  *:“7'~, f ?  .‘fﬁmagnes1ohast1ngslte
Olivine | Foy5_27 - "'; | v

Bicotite . ‘ : -~ Mgz, B
Oxide mt . : exsolvéd‘mt“,
Feldspax- Any, -0z, Anzg-Orgg
Feldspathoid leucite,'sqdalite - .

Others apatite | opx,(Hgaé)'

é

Abbreviations. Fo: forsterite; mt: magnetite;

An: anorthite; Or: orthoclase;  opx: orthopyroxene. .
Slash between two mineral uames refers to cumpositional
continuity {(861id soiution) between the minerals.
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Figure 1Za. Geology of the Tanga Islands (see legend in Fig. 2).
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Chemical analyses listed in Tables TGI!-4.

Rock-nomenclature diagram for rocks from the Tanga Islands (see Fig. 3).
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FENI ISLANDS

Introduction

The Feni Islands is a collectlve name for two adJacent 1slands, f§~h

Ambitle and Babase, separated by a shallow 400-m w1de passage known as
Salat Strait (Flg. 15). The islands are dt the southeastern end of the
Tabar-to-Feni chain, about 70 km from the Tanga Islands and 60 km east -

of‘New Ireland (Fig. 1). Both islands are dlssected Late Terr:rr"'to
Quaternary volcanoes whose vestigial, but topographlcally recognlsable,

volearic landforms include traces of small satellite centres and the

J
G

remains of an eroded central caldera and crater. Active thermal areas.
on Ambitle are probably an indication that volcanic activity contlnued
well into the Quaternary and that the volcano ‘may not-be extlnct Ambltl-,

the larger island (also known as Anir or Feni. Island), covers about 87”km2. :

Babase covers about 23 kmz.

Ambitle is mantled by thick rain forest, and apart from some -
exploitation of cleared’ground along the lower reaches of the three main
vrivers - the Nanum, Olu, and Niffin = cultivation is confined to the
narrow alluvial coastal margin. Cultivation on Babase is more general,
except on the upper slopes of a volcano in the east of the 1sland and in
its swampy interior. The Feni Islands support a population of just over
1000, who live by subsistence agriculture, supplemented by fishing and
cash cropping of cocoa and copra. There are several large cocoa and
coconut plantations throughout the islands, and a well-maintained airstrip :

at Malekolen on the western tip of Babase is suitable for light aircraft.

Geology of Ambitie Island

Ambitle is a truncated Plio-Pleistocene stratovolcano built
on a poorly exposed tilted basement of middle-to-upper Oligocene marine
limestone (Fig. 15). The volcano is a typical, composite, central-vent
structure consisting of a thick succession of interbedded lavas, lahar
deposits, tuffs and scoriae. The volcano incliudes the remnant of a small

eroded caldera, about 3 km in diameter, that lies west of the centre of the



mass1f almost to Fatkarson, and eastwards to Balenkolen, the reef 11mestone

is found as a narrow, poorly exposed platform, eroded down to sea-level .
‘and mostly covered by alluV1um. A narrow contlnuous belt of present-day
fringing reef glrdles the 1sland extendlng locally in. the north and south gf

up to 500 m offshore.-

Scattered low-temperature (less than" 100 C) thermal areas 1n the,‘,aﬁu
caldera and on the western flank of the volcano are ev1dence that heat and L
gases - perhaps from a cooling intrusive - are belng cnannelled to the surface., "
through the conduit system of the volcano. These thermal phenomena c0n818t of o
a small solfatara field on the western. rim of the caldera b0111ng sprlngs e
within the caldera, and further scattered b0111ng sprlngs and mud pools along

the shere and on 1ow-1y1ng ground between Waramung and Danlam (see below)

The island has rugged relief, resultlng from collapse of the
central part of the structure, breaching of the central caldera, and radlal
dissection of the flanks of the volcano by a well-developed consequent v ‘
dralnage network. The maturity of the drainage system is partlcularly ev1dent
on the northern and eastern flanks of the volcano where several of the larger
rivers have cut to depths of over 200 m. The ektent to nhich the centre of
the structure has been modified, leaving a truncated residual profile, is
illustrated by the cross section in Figure 15. Overall relief decreases
uniformly from the central caldera towards the coastal margin, and the volcano
is best preserved north of a line between Fatkarson and Nalula villages.

The highest peaks on the island rise to almost 500 m and are mostly adjacent
to the caldera and to two fault scarps bounding the Niffin River catchment
area. These two scarps define the limits of a northwest-southeast, Z2=km wide
graben on the southeastern flank of the volcano. Another fault, trending

northeast from Nanum Bay, intersects the crater in the south.

. i
The volcano of Ambitle consists of an older succession of mainly 5

mafic and Intermediate lava flows and pyroclastic deposits, overlaid by a 5
younger, relatively thin mantle of trachyte tephra, and by the trachyte

cumulodome. The mafic and intermediate lava flows crop out along the coast

’
.

L



in many places throughout the 1sland but are best exposed}along :the

western coast between Tanambla and Matoff Bayo Inland lava flowsvare

lnvarlably concealed under tthk tephra and. are best exposed'

in streams. Between Tanambla and Danlam several thln flows ex :

the foreshore, but between Warangusplk and Nanum Bay composlte l:va”unlts i

crop out as massive steep bluffs rlslng to several hundred metres.t rgi -

The analysed volcanlc—rock samples frmm Ambltle cover a W1der
compositional range than those from any c* the o\ her ;sland groups. Mbst
of the samgles are strongly undersaturated and 1ntermed1ate in comp081t10n
(phonolitic tephrite and tephrltlc phonollte) but a1<a11 basalt, tephrlte,' fﬁ
and basanite are also represented as werr as trachybaaalt and trachyand;:}?'
esite (Table FNI1, Tables 13, 14, Flgs 16— 18) Hemlng (1979) presented 10

Ambitle rock analyses, one of wh1ch was of a Q-trachyte.‘ The other plne were

said to be tephrite and basanlte, but, as shown in Flgure ‘6, none of demlng s R
samples are tephrite and basanite ia the sense usea throughoat this report-g'
Rather, they are trachybasalt, phonol1t1c tephrlte, and tephr1t1c phonollte.-~
The strongly 5111ca—undersaturated character of Ambitle Island rocks was |
flrst recognised by Glaessner (1915), and promlnent, strlklngly blue
phenocrysts of the feldspathoid hauyne are seen in the thrn(sectlons_of

many Ambitle samples.

The lavas in the field range in texture from fine-grained to
porphyritic and from light grey through to dark blue and dark green. Many
lavas are zeolitised. In common with rocks from the other islands; pyroxeneg-
phyric lavas are ubiquitous throughout Ambitle, although some, believed to
be generally older than the rest, include a larger amount of olivine.
Clinopyroxene phenocrysts are found both as large crystals, up to 2 cm in
length, and as cognate cumulate clots; some pyroxenes have a bright irri-
descence in hand specimen. Inclusions made up almost entirely of clinopyroxene,
as distinct from the cognate glomer~porphyritic pyroxenes, are common to
several lavas cropping out along the west coast between Fatkarson and Waramung.
These pyroxenite samples are rare.in some of the lavas, but they can make up
to 10 percdnt of some rock outcrops. One collected pyroxenite sample weighed
over 30 kg. The pyroxenites are dense cumulates incorporating only a small

fraction of intercumulus plagioclase which, in the larger nodules, imparts

a faint pseudclayering to the rock.,

Beds partly filling the Nanum and Niffin fault valleys consist of

trachyte tephra. They unconformably overlie intermediate lavas, and were

4
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apparently emplaced after dlsruptlon of the central p’rt of the-volcano. T

‘There may, therefore, have been a szgnlflcant tlme-breakzbetween the per:ods}

of 1ntermed1ate and trachytlc volcan1sm on Ambltle. The N1ff1n Rryer oy
trachyte tephra crops out as a sheer, 20-m hlgh escarpment about 2 km up~:5”wl B
river from Niffin Bay. ihe bed 1s a creamy coloured, graded arenaceous ‘
tuff breccla, contarnlng a smal‘ fractlon of maflc clasts.‘ Near the base

" of the tuff bed are two tnln beds, a 50-cm thlck layer of weathere ﬁred clayi,,;
(thought to be a former 3011 horlzon), and a RO-cm thck layer oflgrey g

muds tone 51m11ar in texture and comp081tlon to the muds nurrentl,'

generateu in the thermal area behlnd Waramung Plantatlon ‘on’ the westdcoast.'jh};f”

The Nanam Rlver tephra 1s an exten51ve, valley-frl] melange of trachyte tuffta'
reccia similar in comp031t10n and thlckness to the lefrn Rlver brec01a. |

The unit underlles Nis- le plantatlun, where it is 600 m w1de and l 5 km

long, and where it slopes towards the present river bed in a serleﬂ of

terraces, prooably resultlng from westward mlgratlon of the rlver course by

lateral corr381on.

The oldest exposed 11tholog1ca1 unit 1n the Fen1 group - also the
oldest datable strata found in any part of the Tabar—to—Fcnl 1sland chain -
is a small inlier of bedded Oligocene calcilutites cropang out at the base
of volcano on the mnorthwestern part of Ambltle. The inli erflsvoverlald by,
reworked tephra and lahar deposits, and is exposed along a SOem"stream section
about | km east of Kurkur village (see sample site on Fig. 15). - The calcilu~
‘tites are an unconsolidated, banded series of planktonlc marine oozes, each
-band distinctively coloured in shades of green, brown, or yellow. The beds
are tilted towards the nbrth and have an aVerage dip‘of 25°, 'Examination of
the abundant microfaunal assemblage by D.J. Belford (Appendix !) yielded a
middle—late Oligocene age (planktonic zone Ni-N3). The limestone appears to
be limited to this particular locality; no further exposures were found elrher

in adjacent steams or elsewhere on the island. N .

The youngest rock type on Ambitle is a discontinuous, horizontal
bed of Holocene beach conglomerate that is exposed along the foreshore between
Nanum Bay and Waramung. The conglomerate is about | m‘thick, aud consists of
a’moderate to poorly sorted graded assemblage of trachyte pebbles, a small
proportion of mafic-lava pebkies, and mixed coral and molluscan fragments, all,
ceme~ted by micrite. Slabs of coralline limestone are}incorporated in its

upper part. Most voids in fossil tests are incompletely filled by sparry

.



calcite. Interst1t1a1 mlnerals derlved from trachyte - notably ollgoclaSe,
anorthoclase, and blotlte - are mostly fresh and unaltered.v The conglomerate
is thought to represent a post-trachyte strandllne sedlment that was ralsed -

about im above present sea level 1n the Holocene.f“ z

Thermal areas of Ambltle Island

Most thermal areas on” Ambltla Island are near the western coast

and on the western part of the valdera floor near the breaches 1n the calderagi~f‘”

wall, and near the western edge of the central trachyte cumulccome (Flg. 15) ,ﬂwk
The areas on the ocuter slopes are close to streams in two de ply 1nclsed -

valleys. Thermal act1v1ty consists malnly of hot to b0111ng mud- pools and

springs, and few small low—temperature fumaroles. Reynolds (1956,vsee alsof""'
Fisher, 1957) identified and descrlbed three thermal areas. and referred to- |

them as areas A, B and C (Flg. 15). Reynolds was also aware of a dlscharge

of hot water into the Nanum River, but was . unsble to locate the- source area,

which is in the headwaters of the river and 1abelch D in Flgure 15. The

thermal areas were investigated again in January 1973 and 1n October 1974..

Thermal area A is partly within Waramung Plantation and extends

from the coast inland for about 1.6 km, in a narrow belt adJacent_tova small
stream. Thermal activity consists mainly of warm to hot springs and mud poo1s,
which have temperatures ranging from 67 to 99°C, scattered in patéhes along
almost the entire length of, the stream that runs along the northwestern edge of
the plantation. Minor geyser activity is present in one of two, adjacent;
clear-water pools, 2m in diameter, about 200 m from the coast., Water
(temperature of 100%¢) is ejected spasmodically about (.5m above its surface.
Two nearby mud pools are inactive, but have temperatures of 84°c and 87°C.

A crust of siliceous sinter covers most of this area, indicating that the pools
can Pverflow. No overflow was observed at the time' of both investigations in
1973 and 1974, but the springs may discharge underground at a nearby beach,
where minor ebullition was observed from small fissures in a lava flow
cropping out below the high-tide mark. Some of the mud pools farther inland
are within craters up to 5 m across and 3 m deep. One area near the south-
eastern boundary of the plantation contains three mud pools that had
temperatures ranging from 67 to 99°C. The area.is about 40 m in diameter, and
is devoid of vegetation apart from clumps of grass, bracken, and bamboo. Minor
gas ebullition takes p”ice im one of the pools, and a small mud-spatter cone
haa beenvdeveloped on the edge of another, through which water vapour at a
temperature of 98°¢ and having a slight HZS smell, was bPeing emitted. Another

area nearby in a swampy region contains numerous -~mall, hot to boiling mud pools.

’



A small b0111ng sprlng eJects water up to a helght of 30'cm”abouh ever

30 seconds, and dlscharges at less than 1 lltre per mlnLte 1nto a:small

stream. A sllght sme11 of HZS was: ev1dent in. thlS area. ;5;rg‘*

Thermal area B is an adJacent valley to the north of A._ Severa

hot to b0111ng ‘mud pools and sprlngs are w1th1n an area 120 m 1n dlameter,

whlch is mostly covered w1fh thlck bracken, apart from small%r areas covered

by sinter. Water temperatures ranged from 95 to 99%. An HZS smell is.
norlceable, espec1a11y near a. b0111ng sprlng in a small cavernous openlng,; fTHVik

which has a temperature of 99°¢, One large pool has a temperature of“95 C,;

is Surrounded by sxnter, and wells up and overflows 1nto a nearby stream

every f1ve to ten mlnutes.

Tbermal area C is the largest on" the island, and is 2 km 1nland

east of area B It con31sts of one, large, 1rregu1arly shaped area denuded

of vegetation and straddllng a saddle in ‘the caldera wall. solated perlpherallwr
smaller areas are found mainly to the east within the caldera. A large RO
elongated crater about 20 m wide and 40 m long 1s present on the summlt of the‘-
saddle. Several small thermal pools are on the northern boundary (thelr
temperatures range from 46 to 96 C), and minor gas ebullltlon takes place in

one of them. The northwestern section of the large thermal area is 1naccess— o
ible without the aid of ropes or ladders. Seve=al hot to b0111ng pools, and
springs and fumaroles, are within the large thermal area and give rise to a

warm minera’ised stream that has a temperature of 45°C 200 m downstream from

this area. A small stream that joins the Nanum River drains thetsouthern'

part of the main thermal area, and several small springs and mud pools
(temperatures ranging from 77 to 87°C) are found near its banks. Several

other isolatled, steep-sided craters containing hot mud pools (surrounded by

thick rain forest) are present to the west and southwest of the main area.

The largest one observed had a diameter of about 25 m. A temperature of 96°¢C

was measured from one such mud pool which was vigorously bubbling, on the

northern edge of a sinter-covered area about 30 m in diameter. Nearby, a

small mud-spatter cone shaped like a tree trunk emitted minor but variable

amounts of vapour smelling of HZS at a temperature of 95°C.

Thermal area D is on the upper recaches o. the Namum River, and

. . -, . o
consists of numerous, small, hot springs with temperatures ranging up to 99 C.

One such spring'%ischarged water with a temperature of 99°C ar less than

aw
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1 litre per second from a fissures at the base of the trachyte cumulodome.
The rocks over which it flows are stained red and brown, and a smell of

HZS is weak but noticeable.

The compositions of the thermal waters on Ambitle Island
(Tables 15, 16; see also Appendix 3) fall into two distinct groups: (1)

those having pH values ranging from 8.1 to 9.1, and enriched in NaCl; (2)

those having low pH values between 1.9 and 2.0, and having low, cverall,

ionic concentrations, but relatively high SO4 concentrations. Sample FI,
collected from a small thermal spring issuing from a fissure in the cerntral
trachyte cumuledomz, and sample F2, from another small thermal spring about

| km inland in area A, are in the first group and are similar in composition

to the NaCl-type thermal waters discussed by White (1957). Some Nall-type
waters have been analysed for stable isotopes, and have been shown to derive
from cold, local, meteoric water modified by wall-rock interactions (White,
Barnes, & 0'Neill, 1973). Ionic ratios of the two samples from Ambitle Island
are different from those of seawater, suggesting that the compesitions cf these

waters too have been derived from meteoric waters that have interacted with

subsurface wall rocks.

Two samples (F3,029) collected from the same spring near the beach
in area A, but at different times, and sample 03! from area B, 0.9 km inland,
could be classifi:1 as NaCl-type waters. However, their concentrations of
Na, K, and CI ~ . igh, and although their ionic ratios are dissimilar to
seawater, some contamination by seawater, which may have been modif’ed by
wall-rock interactions, is suspected. Minimum subsurface temperatures of

1460°C are indicated by the SiO2 contents of some of these samples.

Samples in the low-pH group are of the acid-sulphate type. Three
of these samrles came from bubbling mud pools that had no apparent out-—flow
(samples 030, 031, 033) and a fourth was collected from a stream flowing to
the west and draining part of area C (sample 032). One sample from this
group (028) was collected from a bubbling mud pool in area A, within 100 m of
a small spring where sample F2, which is typically NaCl .type, was collected.
Semples from the second group have low overall ionic concentrations, but
relatively high SO, values, indicating tl .t the waters are predominately

4
.superficial and meteoric and have been acidified by oxidised HZS'



-4 1~

Geology of Babase Island

Babase is & club-sn. ped isiand, 10 km long, consisting of two
Plio-Pleistocene volcanoes c¢- .nected by a narrow isthmus of coral reef and =
alluvium (Fig. 16). A platform of fringing coral reef girdles the entire
island. The larger of the two volcanoes forms most of the eastern part of
the island, and is a near-circular cone containing an eroded summit crater.
The smaller volcano, ou the western tip of the island, is a Q-trachyte
cumulodome completely overiaid by a 20 m thick cap of coralgal limestone.
Micropalaeontolngical dating of a sample from the limestone yielded a

Pleistocene age (Appendix 1).

The eastern volcano on Babase is a relatively small, but topo-
graphically well-defined, youthful Pleistocene landform, made up mainly of
basaltic and trachybasaltic lava flows and minor interbedded scoria deposits
that radiate steeply and uniformly from the centril crater. The flanks of
the volcaro rise steeply from a narrow reef-fringed base to the crater rium,
which is about 200m high in several places. The steep-walled crater is
breached in the southwest along a narrow, mangrove-filled tidal inlet, and
is poorly drained, swampy, and quite thickly vegetated. Hot springs are
reputed to exist in the crater, but these covld not be located, as a guide
was reluctant to enter the crater because of its spiritual significance to
local people (in Pidgin Englich, 'pler massalai' - apirits' place), Three
analysed rocks from the eastern volcano are two trachybasalts and a trans-

itional basalt (Table FN2, Fig. 16).

The Q-trachyte cumulodome in the west of Babase (sample FN2/4)
crops out as the 'core' of a raiged block of coralgal limestone similar in
size to the nearby raised limestone block on Ambitle Island (Fig. 16). The
cumulodome is best expused in section at the base of a sheer escarpment about
40 m high, borderiny the beach on the south side of the island. There, the
trachyte is layered, and dips away on either side of a breccia-filled volcanic
vent. The nearby raised limesione block on Ambitle is similar in size and
shape to the Babase trachyte and limestone cap, and possibly it may be under-

laid by trachyte. However, the trachyte is not exposed.

Samples of both the Ambitle and Babase trachytes have been dated
radiometrically (Appendix 2). Hornblende concentrates from Babase yielded a

Pleistocene age of 1.53 +0.15 million years and determinations on biotite
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extracted from the Ambitle trachyte gave ages of 0.68 + 0,10 and 0.49 + 0.10
million years. Paleontological examination of limestone overlying the Babase
trachyte yielded a microfaunal assemblage not oider than Pleistocene (Appendix
1). On the basis of these age determinations, supplemented by‘age estimates
based on geomorphological characteristies, the Babase trachyte and the mafic
and intermediate rocks of Ambitle are believed to have been formed in the Upper
Pliocene to Lower Pleistocene, separated by a significant time span from the

later Ambitle Q-trachyte volcanism.



‘7able FNl. Ambitle Island

1 2 3 4 5 6 7 8

510, 43.0 45.1 5.2 26.2 #5.8 45,9 50.79  46.33
T10, 1.21 0.72 .77 0.78 - 0.67 .80  0.88 8.83 .
A1,04 6.35 11.0 1.4 10.7 10,2 12.1 16.16 12.33
Fe,0, 1.5 4.70 5.25 5.75 5.60 5.80  3.57 5.87
FeO 4.90 5.55 5.05 5.55 4.90 5.00 3.41 5,20
MnoO e.10 n.20 0.17 0.18 6.20 0.20 .16 0.20
MqO 12.3 .12.0 9.10 9.10 9.05 8.30 7,75 7.58
Ca0 18.5 12.3 15.4 14.6 14.7 14.4  6.85 13,50
Na,0 0.80 - 2.80 2.75 2.65 2.85 3.65 5.66  3.82
K50 0.13 1.16 0.75 0.90 2.15 2.15 3.36 2.94
P,0g 0.07 0.47 0.51 0.53 0.58 0.53 0.29 . 0.62
s <0.01 0.01 0.03 0.05 <0.01 0.01 0.1  <0.02
H,0+ 0.71 2.75 2.00 2.25 . 1.54 1.29 0.42 0.41
H,0- 0.23 0.71 .37 0.41 1.70 6.03  0.13 0,10
co, 0.15 0.25 0.45 0.15 0.05 0.05 0.74 0.8
rest 6.19 0.32 0.35 0.40 0.35
99,80 99.80 100.09
0=5 6.01 0.02 | 0.69
Total 100. 23 99.72 99.79 99.78  100.31 100,56 99.91  160.1%

Trace elements

Ba 35 155 215 386 180
Rb l.8 30.5 56 53 58
Sy 329 1283 1570 1439 1473
Zr 51 76 13 76 69
Nb <0.5 2.0 2 4.5 2.5
Y 3 12 i5 13 16
La 3 19 22 14 18
Ce i3 44 51 29 43
da 13 24 26 14 26
Sc 67 34 24 12 34
v 454 281 289 227 345
Cr 90 147 84 342 80
Co 36 48
Ni &5 54 45 220 54
Cu 92 169 164 165 170
Zn 62 87 84 69 91
Ga 15.0 15.0 15.5 21.5 17.5

1. Clinopyroxene-rich cumulate. 74400006 (also 73680006) . NA640498. Inclusion in lava flow (represented
by sample FNI-6) north of Waramumg Bay.

2. Sodic basanite. 74400001 (also 73680001). NA699499. Lava flow in strean southwest of Balankolon village.
3. Sodic alkali basalt. 71400547. NA647464. Sample on or near roadside east of Waranguspik village.
4. Sodic alkali basalt. 71400541. NA647464. Sample on ¢r near roadside east of Waranguspik village.

5. Potassic tephrite. 74400007 (also 73680007) . NA6G43462. Lava flow in road cutting east of Waranguspik
village. This rock is classified as an olivine nephelinite (normative leucite) using the CIPW norm
calculated volatile-free and standurdising the oxidation of iron according to the equation of I.vine
and Baragar (1971) - see Johnson § others (1976, Table 1).

6. Potassic tephrite. 74400047. NA6404S8. Lava flow by roadside north of Waramung Bay. Above comment
for sample FNI-5 also applies to this sample.

7. Potassic phonolitic tephrite. 76400061. NA644498. Boulder in stream north of Waramung Bay.

8. Potassic phonolitic tephrite. 76400085. NA647464. Boulder in stream near road cutting east of

Waranguspik village.
continued on next freme



Table PNl cont, Ambitle Ioland

9 10 i1 12 13 4 15 16
sio, 51.65 45.58 51.3 45.6 47.32 46.6 46.0 48.91
Ti0, 0.64 5.92 £.63 6.9z 0.85 0.79 6.70 0.77
Al,0; 16.63 13.96 17.0 14.0 15,73 15.3 17.4  16.83
Fe,04 3.62 5.31 3.75 7,05 5.46 6.30 5.65 5.04
FeO 3.21 6.62 3,05 4.75 1.48 4.65 4.15 4.36
¥no 0.15 0.23 0.16 0.21 €.20 0.21 0.24 0.20
MO €.95 6.16 5.70 5.55 5.24 5.00 4.40 4.26
C20 6.65 12.15 6.85 10.8 10.24 11.1 11.1 8.96 ]
Na,0 6.04 4.16 6.15 4.20 5.26 2.30 3.50 4.76
K,0 3.46 3.21 3.55 3.05 3.84 2.95 3.35 3.01
P,0¢ 0.31 0.71 0.34 0.66 0.58 0.66 0.64 0.60
5 0.20 <0.02 0.18 6.14 <0.02 <0.01 0.03 <0.02
H,0+ 9,36 0.42 0.54 2.05 0.47 1.91 2.25 1.89
H,0- 0.09 0.22 0.34 0.28 0.11 1.93 0.59 0.2¢
co, 0.38 5.13 0.10 0.30 0.27 0.25 0.15 0.17
rest 0.40 .38 0.37 0.31
100.14 99.64 99.56 100.15
0=5 0.10 0.09 0.07 0.01
Total 100.04  100.06 89.55 99.49  100.42 99.95  100.14  100.27

Trece elements

Ba 405 205 2990 235
Rb 56 61 70 48.0
Sr 1506 1709 1622 1555
P 78 76 78 68
Nb 5.0 2.5 3.0 2.5
Y 13 19 17 17
La 15 23 ’ 20 16
Ce 3| 50 47 40
Wd 14 28 23 20
Sc 11 26 19 16
v 225 376 327 294
Cr 292 16 21 11
Co 3¢ 48 38 34
Ni 191 31 - 28 21
Cu 174 209 198 11
Zn 67 109 88 84
Ga 21.5 18.5 20.5 18.0

- Potassic phonclitic tephrite. 76400063. NA644498. Boulder in stream north of Waramung Bay.

- Potassic phonolitic tephrite. 76400077. NA647464. Boulder in stream near road cutting east of
Waranguspik village.

. Potassic phonolitic tephrite. 74400911 (also 73680012). NA664513. Boulder in stream south of Fatkarson village.

- Potassic phonolitic tephrite. 71400539. NA664477. Sample from Nanum River at northwestern edge of
Nanum Plantation.

- Potassic phonolitic tephrite. 76400082. #&A633467. Boulder on beach near Tabulam village.

. Potassic ne-trachybasalt. 74400003 (also 73680003). NA666483. Lava flow in Nanum River north of
Nanum Plantatioa.

. Potassic phonolitic tephrite. 74400009 (also 73680010). NA699464. Lava flow in Niffin River.

- Potassic phonolitic tephrite. 76400065. NA640498. Boulder in stream near roadside north of Waramung Bay.

continued on next frame
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Table FN1 cont. Ambitle Island

17 18 19 20 21 22 23 24
510, 55.40 17.2 54.0 48.8 54.5 49.21 53.3 55.8
Ti0, 0.57 0.86 0.68 0.65 0.80 0.78 0.70 0.68
A,04 1€.51 17.1 16.8 18.0 17.9 18.63 18.4 17.7
Fe,03 4.31 5.70 4.50 4.65 4.35 4.35 3.75 3.90
FeO 2.96 3.10 2.20 3.00 2.50 3.05 2.60 2.20
MnO 0.15 . 0.19 0.11 0.18 0.13 0.19 0.14 0.12
MgO 4.20 3.75 3.20 3.20 3.05 3.02 2.70 2.70
Ca0 7.08 - 8.55 5.65 §.65 5.75 7.20 5.45 5.30
Na,0 5.39 3.25 6.25 5.80 6.55 6.79 6.85 6.85
K50 2.66 3.95 3.55 4.95 3.40 4.48 3.95 3.35
P,0¢ 0.36 0.67 0.5" 0.45 0.43 0.64 0.44 0.40
s <0.02 0.02 0.05 0.05 . 0.03 0.29 0.10 0.05
H,0+ 0.27 3.25 1.70 2.20 0.25 0.55 0.59 0.15
H,0- 0.13 1.03 0.44 0.68 0.09 0.15 0.42 6.13
co, 0.06 1.20 0.02 0.08 <0.05 0.09 0.05 0.05
rest 0.34 0.35 0.36 0.45 0.37
99.82 95.89 99.38 100,09 99.87 99 .82 99.38
0=g 0.01 0.02 0.02 0.01 0.14 0.05 - 0.02
Total 100.39 99.81 99.87 99.36  100.08 99.73 98.77 99.36

Trace elements

Ba 400 450 440 365 445
Rb 48.0 54 61 73 53
Sr 1635 1780 1830 2185 1920
ir 88 87 90 103 921
Nk 3.5 4 4 5.0 4
Y 14 11 12 18 12
La 13 12 14 22 14
Ce 32 29 34 54 32
Naé 16 13 15 26 15
Sc 14 10 9 9 7
v : 204 2117 217 319 224
Cr 47 15 il 3 10
Co 26 26

Ni 31 10 5 8 6
Cu 80 103 131 266 136
Zn 63 42 51 66 51
Ga 18.5 22.0 22.5 24.5 22.0

;-

17, Suldic ne-trachybasalt. 76400067. NA636496. Lava flow by roadside north of Waramung Bay.

18. Potasszic ne-trachybasalt. 71400545, NA647464. Sample on or near roadside east of Waranguspik village.
19. Potassic ne-trachyandesite. 69400312. NA670469. Sample on ridge east of Nanum Plantation.

20. Potassic phonolitic tephrite. 69400334. NA641482. Sample from near hot springs in Waramung Plantation.
21. Potassic tephritic phonolite. 74400048. NA655456. Boulder near roadside south of Nanum Bay.

22. Potassic phonolitic tephrite. 76400089. NA655456. Boulder near roadside south of Nanum Bay.

23, Potassic tephritic phonolite. 69400314. NA670469. Sample from ridge east of Nanum Plantation.

24, Sodic ne-trachyandesite. 74400010 (also 73680011). NA655452. Boulder in roadcut on southern side of
Napum Bay.

continued on next frame



5i0,
TiO,
Al,04
P9203
FeO
an0
Mq0d
Can
Na,O
KoC
P205
S
HoO0+
Hy O~
€O,
rest

O=S
Total

25

55.93
0.67
17.95
3.74
2.09
0.11
2.64
5.14
7.00
3.38
0.38
0.09
0.18
0.12
0.20
0.35

99.97
0.04
99.93

Trace elewents

Ba
Rb
St
2r
Nb
Y

La
Ce
Nd
Sc¢
v

Cr
Co
Ni
Cu
Zn
Ga

420
57
1773
86
4.0
11
12
28
13
9
217

17
110

46
22.5

26

57.3
0.60
18.2
.50
0.67
0.13
2.20
5.35
5.60
3.30
0.35
<0.01
0.50
0.30
<0.05

100.90

Tsble £N1 cont. Ambitle Island

27

55.29
0.61
19.26
3.37
1.99
0.13
2.14
5.22
6.61
3,76
0.41
0.09
0.46
0.17
0.26
0,39

100.16
C.04
100.22

395
57
2016
23
4.0
13
17
38
17

202
15
162

55
22.5

24

69.0
0.17

15.9
0.84.
0.51
0.02
1.02
0.30
7.85
2.50
0.08
6.02
1.13
0.23
0.05
0.20

99.82
D.01
99.81

450
£4.5
935

1¢é

30

36
18.5

25. 8odic ne-trachyandesite.

26. Potassic hy-trachyandesite.
north of Waramung Bay.

27. Potassic ne-trachyandesite.

28. Sodic Q-trachyte.
of the central crater.

74400004

76400090.

25400008 (also 75580008).

76400058.

(also 73680004).

NA643502.

MAE696489.

NA644505.

NA656452. lava flow in roadcut on southern side o Nanum Bay.

Lava flow near roadside

Boulder in stream north of Waramung Bay.

Volcanic rudite on western rim



Table FN2., ©Babase Island

1 2 3 4

510, 48.6 50.3 53.4 64.7
TiO0, 1.03 0.75 0.77 0.39
Al,04 17.9 18,7 19.0 18.9
Fe,0, 4.75 4.95 4.70 1.85
FeO 5.15 3.20 2.75 0.99
Mno 0.19 - 0.26 0.20 0.06
M5O 5.10 2.85 2.80 0.92
Ca0 9.65 9.55 7.55 3.25
Na,0 2.70 4.60 4.15 5.60
K,0 1.87 2.75 3.00 2.25
P,0¢ 0.37 0.48 0.38 0.13
S 0,03 0.02 0.063 0.01
H, 0+ 1.48 0.67 0.73 0.87
H,0- 0.66 0.67 0.52 0.29
co, 0.20 0.20 <0.0% 0.05
rest

99.68 99,95 99,39
0=s 0.01 0.01 0.01
Total 99,57 99,94 99,98 10C.26 ‘

Trace elerents

Ba
Rb
Sr
2r
Nb
Y

La
Ce
Nd
Sc
\'4

Cr
Co
Ni
Cu
Zn
Ga

Potassic transitional basalt. 71400517, NA776552 (approximate). Exact locality uncertain.

Potassic ne-trachybasalt. 74400005 (also 73680005). NA776557. Lava flow on western flank of Babase
volcano. This rock is classjfied as a potassic phonolitic tephrite using the CIPW norm calculated
voiatile-free and standardising the oxidation state of iron according to the equation of Irvine § Baragar

(1971} - see Johnson § others (1976, Table 1).
&
Potassic hy-trachybasalt. 71400516. NA776552 (approximate). Exact locality uncertain.

Sodic Q-trachyte. 71400522. NA775552 (approximate). Exact locality uncertain. This sarmple is the

most silica-saturated of all the analysed Q-trachytes from the Tabar-to-Feni Islands, and becruse its
Fez03/F>0 value has not been adjusted, it plots just to the right of the field of Q-trachytes in Figure 16
Stricily speaking it is an alkali-rich dacite, but for converience it is here called a trachyte.



Table 13.°

Addltlonal *race-element aata ror 8 rocks ;rom R

Feni Islands determzned by spark-Sﬂarﬁe mass spectrography =

ENV/23 EN1/27

FN:S?8

FN1/6  FH1/10 FN1/13 FN1/19 FN!/ZI
Cs  ©.66  0.77 145 0.8 1.0 1.03 1.4 1.8
Pb 16 0 14 12 14 4 2 %
La 206 20,3 22.9 1206 144 156 19.8° 078
Ce  50.1  50.0  56.1 27.0 31.5 354  43.9  1.90
Pr 6.60  6.85  6.47  3.68  4.06  4.42  4.80 0.2
N 30,6 3.2 28.2  16.3  18.1  18.8  21.0  1.11
Smo 6.65  7.26  6.17  3.61  3.70  3.91 4.3 0.3
Eu 1.93 2,12 1.78  1.15 1.3 1.19  1.29 Q.12
Gd 5.60 6.3+  4.82  3.30 3.40 3.32  3.60 0.30
b 0.65  0.80  0.66  0.42  0.41  0.46  0.51  0.05
Dy ~ 3.26  4.16  3.44  2.40 2,17 2.57  2.86  0.30
Ho 0.57  0.68  0.62  0.42  0.41  0.42  0.49  0.06
Er .28 1.69  1.58  1.01  1.00  1.03  1.35  0.18
Tm 0.17%  0.19  0.18  0.15% 0.15% 0.16° 0.18 0.04°
b .20 1.42  1.37  1.06  0.99  1.02  1.25  0.25
L 0.19  0.22  0.21 0.7 0.16  0.18 .20 0.04
Th .29 1.69  2.16  1.67  1.58  1.59  2.07  0.29
i 0.81 1.0 .28  1.46  1.24  1.22  1.33  0.53
HE 1.76 2.3 2.1 2.68  2.28  2.07 3.0 1.60
sn 0.92 1.2 1.2 0.89 1.0 0.88 1.1 0.81
Mo 1.6 n.d. n.d. 2.1 3.5 2.6 n.d. 0.74

a. Internolated value,

b. n.d

¢! not determined.



Table 14. Summary of mineral compositional‘data’for?the Feni Islands.

Sample

Tavasé
FNi,6

FN1/9

FN1/190
FN1/13
FNi/15
FN1/21
FN1/22
FN1/24

Cumulates:
FN1/1
FN1/32
FN1/33
FN1/34
FN1/35

Lavas:
FN1/6

FN1/9

FN1/10
FN1/13
FN1/15
FNi/21
FN1/22
FN1/24

Cunmulates:
FN1/1
FN1/32
FN1/33
FN1/34
FN1/35

Abbreviations.

Clinopyroxene

diopside/Al-salite
diopside/salite
diopside/Al-salite
diopside/salite
salite/Al--salite
salite

salite
salite
salite
diopside
diopside/salite
diopside/salite
diopside

Oxide
mt Ansz_17
me Angg-Orsg
me Or34-42
mt Anga-35
mt An88—72’ 0r66
mt A1157—0r33
me Angg.-2 |
mt An42“0r54
mt
mt An23-0r52
mt Anyg-Orgg

chromian-mt/mt An41—0r48

Fo: forsterite;

Feldspar

Amphibole

tzchermakitic hornblende
macnesiohastingsite

magnesiohastingsite
magnesiohastingsite

magnesiohastingsite

Feldspatho{d

leucite, <odalite

nggvine

Fog7.43

Fo93-74
Fogo—47

 Fog,
' F086“84

Fogs_g1

Fogs.33
Fog1-79
Fog7-81

leucite, hailiyne/sodalite

leucite
lencite

haliyne/sodalite

haiiyne
haliyne, sodalite

leucite, sodalite

hailiyne, sodalite
hatiyne

magnetite; An: anorthite;

Or:

Biotite

M6
Mggs5-82

Other

. apatite

apatite
analcite, zeolite
apatite
apatite
avatite

apatite
zeolite, glass
apatite
apatite

orthoelase,

Slash between two mineral names refers to compositional continuity (sclid sclution) between

the minerals.



Compositions of thermal waters from Ambitle Island

Table 15.
Area h  Area B

Location gﬁiasg g&iaﬁ? ;n¥25d ;n§:hd gﬁiéﬁg.'gyg_
Sample no. F3 029 F2 028 031
Collection date 22 Oct 1974 10 Jan 1973 22 Oct 1974 10 Jan 1973 |11 Jan.1973 i
Temp. °C 99 99 99 99 | o5 ‘
pH (20°) 9.1 8.8 8.3 3.0 8.2
E.C.
micro--s/cm 31086 - 2766 - -
Total dis.olved
solids (mg/1) 35968 - 1576 - -
Al 0.04 - 0.22 - -
Cu <0.01 - <0.01 - -
Fe 0.255 - 0.045 - -
Mn 0.025 - <0.005 - -
Zn 0.02 - <0.005 - -
As 5.9 - 0.6 -~
Hg <0.0001 - <0.00901 - -
Sr 2.7 - 0.08 - -
Rb 2.62 - 0.46 - -
Ca 10 9.6 2 37.4 5.5
Mg n.d. 0.4 n.d. 56.0 0.9
Na 11975 >5000 528 8.1 >5000
K 1820 2025 63 8.5 1525
Li 5.20 - 0.45 - -

50 - 4.3 - -

6.55 - 3.0 - -
Cl 14465 14640 464 - 11486
Br 36 - <2 - -
SO4 7501 8900 477 650 6120
NO3 <l - <1 - -
CO3 118 - ne.d. - -
HCO3 147 - 80 -~ -
si0, 145 - 121 - -

n.a.: not detected

continued on next frame



‘Table 15 cont.

Area C v ,
Main area o o Baseof | .
Location 2.0 km St?eam~fr°m ~ Mudpool .‘d°me* ‘ A;epage;v
inland main area - 2.1 km Ocean
" inland -
Sample no. 030 032 ‘033‘» f .Ff‘f‘
Collection date | 11 Jan 1973 11 Jan 1973 11 Jan 1973 22 Oct 1974 | =
Temp. °C 73 45 77 9
pi (20°) 1.9 2.5 1.9 8.1 8.3
E.C. " v
micro-s/cm - - - 6454
Total dissolved -
solids (mg/1) - - - 4342 _
Al ~ - - 0.02 0.01
cu - - - 0.0l 0.003
Fe ~ - - 0.125 1.3
Mn - - - 0.055 0.002
Zn - - - 0.01 0.01
As - - - 5.6 0.003
Hg - - - 0.0001 3 x 107
Sr - - - 0.75 8
Rb - - - 0.49 0.12
Ca 1.3 5.2 7.2 3 400
Mg 2.5 10.0 1.4 n.d. 1272
Na 29,2 34.1 54.5 1550 10600
K 2.8 18.8 3.7 130 380
Li - - - 1.80 0.17
B - - - 13.5 4.6
- - - 3.25 1.3
Cl 284 70.9 31.9 1769 18980
Br - - - 6 65
SO4 1200 310 1000 782 2649
NO, - ~ - <1 -
CO3 - - - n.d. -
HCO, - - - 214 140
$10, - - ~ 131 6.4

—.

Anialyses by Mines Division Laboratory (Port Moresby), except
for samples Fl1, F2, and F3 which were analysed by Amdel.



Table 16. Tonic ratios for thermal waters from Ambitle Island;:

Area A Area B

0.1 km 0.1 km 1 km 1 ki 0.9 km
Location inland iniand inland inland inland .
Sample no- F3 023 F2 028 031
Na/C]. 00828 >00342 ]- ]38 - >0¢435 ‘
B/C1 0.0035 - 0.0093 - - .
$0,/c1 0.52 0.46 1.03 - 0.53
Ca/Na 0.001 <0.002 0.004 4.617 0.001
Li/Na 43 x 107 - 85 x 107 - -

Area C

Main Stream Base

area from of dome

2.0 km main Mudpool 2.1 km Average
Lo~ation inland area inland Ocean
Sample no. 030 032 033 Fl
Na/Cl 0.103 0.481 P71 0,876 0.558
804/01 4.23 4 .37 31.4 0.44 0.14
Ca/Na 00045 F‘a !52 00022 00002 0(038
K/Na 0.099 0.551 0.068 0.084 0.036
Li/Na - - - 116 x 10> | 1.6 x 107
Mg/Ca 1.9 1.9 1.2 - 3.2
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Figure 2. Legend to geological maps (Figs 4-6, 9, 12, 15).
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Figure 16, Rock-=~merclature diagram for rocks from the Feni Islands (see Fig. ;).

Chemical analyses listed in Tables FNI-2.
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Data listed in Table 13.
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Figure 13, Chondrite-normalised REE abundances for two Q-trachytes from Tabar

and Feni Islands. Data listed in Tables 5, 13.



ASPECTC OF REGIONAL GEOLOGY AND STRUCTURE

Some aspects of the regional, largely submarine geology wf
the Tabar-to~Feni chain are especially pertinent in evaluating,the
significance of the subaerial geology described above. These will not
be dealt with here in detail, but opportunity is taken to present some
of the regional information that is not readily available to thé general
reader, and to update previous interpretations of regional structure |

(Johnson & others, 19763 Johnson, 1979).

Bathymetry

The Tabar~to-Feni Islands rise from a shelf that extends. from
the northeastern coast of New Ireland northeastwards to the Lyra-
Filinailau Trough (Fig. 19). Tanga volcano and the Ambitle-Babase complex
are bioth slightly elliptical cones whose basal diameters on the shelf
floor are about 25 km, whereas the Tabar and Lihir complexes are less

symmetrical and are elongated roughly north-south.

Striking morphological features of the shel® between New
Ireland and the Lyra-Kilinailau Trough are: (1) a step-like increase
in depth towards the southeast; (2) the siting of each island group on
one of the 'steps'. The Tabar and Lihir complexes rise from seafloor
about 1200m and 1600m deep, respectively, and the Tanga and Feni complexes
rise from seafloor about 2000 m and 2400m deep, respectively (Fig. 19).

Seismicity

The New Britain, southern New Ireland, and Bougainville
Island region represents one of the most seismically active areas anywhere
in the world. In contrast, the Tabar-to-Feni chain has much less
seismicity (Fig. 20). However, two seismological features of interest are
shown on the epicentre map for earthquakes recorded in 1960-1979: (1) a
linear zone of shallow (less than 70 km deep) earthquakes that trends

north~northeastwards through Lihir, Mahur, and Masahet Islands, and which




-

extends southwestwards towards the Ramat Fault (Hohnen, 1978)‘bh New
Ireland; (2) a cluster of deep (342-476 km) earthquakés betweéh‘Bébésé'
Island (Feni Islands) and the Lyra-Xilianailau chugﬁ; ‘The shallow
earthquakes of the liﬁéar zone (1) are thought to represéht movement
along an active fault zone, members of which crop out on Lihir Island.
The cluster of deep seismicity, on the other hand probably’represenﬁé'the
dezeper, more north rly parts of the Solomon Sea lithosphéric pléte that
is being subducted northeastwards beneath Bougainville Islahd} ~The Feni
Islands therefore overlie the deep parts of this downgoing slab, but not

the Tabar, Lihir, and Tanga Islands.

Seismic-reflection profiles

The most systematic and comprehensive marine seismic survey to date
of tlie area east and north of New Ireland, was that carried out by the Gulf oil
company as part of a world-wide study (Gulf 0il Research and Development, 1973;
see also, however: Murauchi, Ludwig, Den, Hotta, Asanuma, Yoshi , Kubotesa, &
Hagiwara, 1973; Furumoto, Webb, Odegard, & Hussong, 1976; De Broin, Aubertin,

& Ravenne, 1977). The Gulf seismic-reflection data were obtained using an
Aquapulse (oxygen-propane) multi-channel system, and seismic profiles were run
from the St Matthias Islands in the northwest to the southern tip of New Ireland,
including the shelf between New Ireland and the Lyra-Kilinailau Trough (Figs

20, 21). A general interpretation of the zone east of Wew Ireland given by

Gulf (page 42-43) is as follows:

"This sector is occupiad by a deep sedimentary trough partially filled
by a layered sequence which appears subdivided into two major units. The break
between these units may be correlative with eastward tilting of New Ireland during
the lower Miocene. The lower unit is tentatively correlated with the lower Miocene‘
massive limestones that rest on the basement. In spite of some thickening of th=z
lower portions of the trough, this unit generally parallels the inferred gross
morphology of the basement from gide to side of the depression and perhaps
contributes to the building of the topographic high which represents the northern
shoulder of the trough. The seismic appearance of the layer is indicative of a
rather monotonous lithology possibly lacking major velocity discontinuities both
within itself and at the contact with the basement. This partially accouats for

the frequent failure of the data to resolve the basement topography. The overall




~45-

structural attitude and relatively constant thickness (up to 1.5;se¢bndsfor.‘
about 10,000 feet) of this lower unit suggests that it was depqsitedVOn a
relatively planar surface and that the diastrophic process began'toWérdsvthev

end of the deposition phase.

'The building of the upper unit was evidentiy subsequent to the mainl
diastrophic episode, as shown by various diagnostic characteristiés-(P:bfile |
NI~20 and Profile NI-22). This upper unit shows evidehce of a number of rqék
units or sedimentary aprons, that are derived largely from the uplifted'NeW
Ireland. Each of these sub-units rest [sic] at an unconformity surface. This
upper unit is probably composed primarily of clastic rpcks which vere deposited
in an environment dominated by variable sedimentological regimes, including

slumping of semi-consclidated and unstable layers'.

The Gulf survey recognised a prominent, faulted, volcanic-basement
ridge between the St Matthias Group and the Tabar Islands (Fig 201-N), which is
presumbly the northwestern end of the 'North Eastern Ridge' identified by De
Broin & others (1977). This ridge is said to extend southeastwards, according
to De Broin & others (1976), and to be offset by two or three, dextral, trans-
current faults before breaking sea-level and following the main axis of
Bougainville Island. However, the ridge southeast of the Tabar Islands is not
shown on the bathymetric map of Mammerickx, Chase, Smith &.Taylor (1971; Fig.19).
Ridge-like outlines seen on many of the Gulf reflection profiles run close
to the Tabar-to~Feni Islands (Figs. 21A-C,E,F), bﬁt these may be individual

diapir-like structures related to the Tsbar-to-Feni volcanoes rather than parts

of a continuous ridge.

A notable fezture of the northwest basement ridge is that the over-
lying lower sedimentary cover appears to be deformed by the basement and to
conform to its topographic profile (Figs 21I-N). Basement is not so clearly
recognised from the Tabar Islands to the Feni Islands (Figs. 21A-G), but a
similar style of localised deformation of basal sediments may be indicative of
diapir-like processes. The Tabar-to-Feni volcanoes therefore appear to lie un
a narrow zone of structural weakness which, at least in the northwest, may have
a horst-like form and along which igneous diapirs may have been sufficiently
forceful to breach the ocean-floor sedimentary pile and produce magma at the

surface. Other diapirs or horsts may exist off the main structural axis (see,
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for example, Fig. 21B).

Diapirically deformed sediments apparently mantling an igneous
corz are seen in Fig. 21a, a profile through the northern flank 5f the Feni-
Babase complex (see also Furumoto & others, 1976, Fig. 11), and the upwarped
sedimentary cover appears Lo correlate with the inlier of middle Oligocené,
formainiferal calcilutite exposed in the north of Ambitle Island. However,
this age conflicts with the early Miocene age tentatively proposed by Gulf
(see above) for the lower sedimentary unit which is therefore not equivalent
to the Lelet Limestone on New Ireland (Hohnen, 1978) but older. Possibly‘it
is a time-stratigraphic equivalent of middle Eocene to upper Oligecene lime-
stone (Hohnen, 1978) found within the adjacent Jaulu Volcanics of New Ireland.
Determining the age of the deformed sediments may in future studies, provide an
important means of dating the orset of the Tabar~to~Feni volcanism. The omset
of volcanism was post-0ligocene in the case of the Feni Islands, and other
minimum ages could be determined elsewhere in the chain by obtaining palaeon-
otological dates from other parts of the deformed-sedimentary sequence off-shore

from the Tabar-to-Feni Islands.

The evidence for a series of dextral transcurrent faults between Lihir
and Feni (De B.roin & others, 1977) is not compelling, as these presumed faults
offset neither the Tabar~to-Feni chain nor New Ireland. Any submarine fractures
are more likely to be normal faults that have caused the apparent southeastward

downstepping of the seafloor on which the Tabar~to-Feni volcanism seems to have

taken place.

Tectonic provenance

Coleman & Packham (1976) suggested that a major tectonic boundary
runs between New Ireland and the Tabar-to-Feni chain - that is, between the
Bismarck Archipelago to the west and a 'Solomon Block' to the east. There is,
however, little direct support for this concept. Neither the seismic-reflection
profiles (see above) nor the deep-seismic refraction studies of the region
(Murauchi & others, 1973; Finlayson & Cull, 1973; Furumoto & others, 1976)
provide any evidence for major dislocations between New Ireland and the Tabar-
to-Feni chain. The chain is parallel to and colinear with New Ireland, and tae
available evidence, albeit incomplete, is consistent with both the volcanic

chain and New Ireland having been part of the same tectonic unit for most, if

not all, of the Cainozoic.



DISCUSSION

Geological history

The Tabar~to-Feni volcanoes were probably created ln the mld-
Tertiary, and they continued to be active certalnly unt11 the 1ate Plelstocene |
and possibly into the Holocene. Middle Ollgocene basal llmestone unccnformably |
underlies the volcanic rocks of Ambitle Island in the Fen1 Islands, and
volecanic rocks underlie lower~to-upper Miocene reef 11mestone on Slmberl Island
(Tabar Islands), but these are the only constralnts on the t1me that voltanlsm jt
began in the ieland chain. Most of the volcanism may have taken place durlng B
the Pliocene and Pleistocene, but this is based mainly on qualltatlve comparlsons
of relative degrees of dissection, rather than on a comprehen31ve set of radto-
metric and palaeonotological dates. There is a clear need for a sys -ematic v

geochronological study of the Tabar-to-Feni Islands.

The duration and time of volcanic activity may be more or less the
same in each of the four island groups, and there is no evidence, so far, of
volcanism having migrated along the island chain. The oldest known subaerial
volcanic rocks are in the Tabar and Lihir groups, but the youngest rocks in all
four island groups appear to have similar Quaternary ages. Furthermore, low-
temperature (less than 100°C) thermal activity is foend in a1l four island groups
(especially on Lihir and Ambitle Islands), signifying that a high geothermal
gradient persists thrcughout the volcanic chain, and that some of the volcanoes

should be regarded as dormant.

Subsidence and uplift of the volcanoes took place throughout the Tabar-
to~Feni province, as shown by raised limestone cappings and platforms on the
suthaarisl wolzauie rocks on many of the isiaiis; ep co three phases of uplift
are indicated by terraced limestone on Boang, Mahur and Masahet Islands. The
orientations of the raised limestone are conmsistent with a general tilting
towards the south and southwest in each of the four island groups during the
Pleistocene; there is no clear evidence for any pre-Quaternary phases of tilting.
The southerly sense of tilt in the Tabar~to-Feni Islands is almost opposite to
that of the New Ireland horst, where northeasterly tilting accompanied uplift
after the upper Pliocene (Hohnen, 1978). This southerly tilt may relate to the

apparent step-faulting that resulted im the segmentation of the New Ireland/
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Lyra-Kilinailau shelf into fault blocks dUWnthrown progress1ve1y to the“

southeast (see previous section).

The timing of these events appears to be 81mllar to that of the g
later tectonic history of New Ireland outlined by Hohnen (1978) New Ireland
was built up as a volcanic pile in the lower and mlddle Ollgocene, and thls
was followed by erosion, submergence, and accretion of onlapplng frlnglng reef»
in the Miocene. The area was then intruded by the last phéseé of the Léméu o
Intrusive Complex, and the submerged ridge became separated by a pbstulafed
graben. Volcanic activity took place within the graben from the uppér Miotene
to the lower Pliocene, together with general suksidence, and the ptéaenf island
was raised during the upper Pliocene and onwards as a fault-bounded hOrét,'and'
progressively tilted to the northeast. The younger part of this hictory cloéely
follows that thought to have taken place in the Tabar-to-Feni Islands ~ that
is, block faulting, graben and horst formation, volcanism (and possihly attendant

diapirism), and tilting of fault blocks.

The quartz trachytes of the Tabar~to-Feni Islands represent one of the
more striking igneous features of the islands as they are in marked compositional
contrast to the mainly alkaline mafic and intermediate rocks in the remainder of
the chain. Quartz trachytes from the Tabar, Tanga, and Feni Islands have been
chemically analysed, and the altered central plug of Luise caldera on Lihir
Island was probably originally quartz trachyte in composition. The quartz
trachytes appecr to represent the youngest extrusions in each of the four island
groups, and all are probably as young as Middle to Upper Pleistocene. They may
therefore represent a dramatic and synchronous change in magma composition
throughout the island chain, possibly even marking the final stages of volcanism

throughout the Tabar-to-Feni chain.

An active Benioff zone is absent beneath the length of the Tabar-to-
Feni chain, although a downgoing slab could have existed in the Tertiary. The
relationship between the composition of the Tabar-to-Feni magmas and this
postulated subduction system is still uncertain, but the extensive Pliocene and
Pleistocene volcanism represented cn the islands may have been triggered by

normal faulting related to the Pliocene opening of the Manus Basin west of New

Ireland (Johnson, Mutter & Arculus, 1979).
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Summary of geochemical results

The range of rock types in the Tabar-taern chain is e ceptzonally
wide - from basalt (ankaramite, tran-itional and alkali basalt tepnllte, and :
basanite), to voluminous intermediate types (both nephellne and quartz normatlve). 7
Most of the analysed rocks are nepheline normative, and some of them strongly 80 -
(greater than 16 percent). There is a considerable overlap of rock;eomp051tlons
between the four island groups, but those of the Tabarvand‘Lihir grouﬁs are

generally more mafic and lees undersaturated than are those from Tanga and Feni

(Figs. 7,10,13,16; Table 2).

Most analysed rocks from the Tabar-to-~Feni Islands have high ﬁotal—
alkali contents (mainly 5.5~11.0 weight percent), and K O/NaZO values between
0.5 and 1.1. Fe0+Fe203 values 2ve less than 12 weight percent and 1n most
samples Fe203 is greafter than FeC. There is no trend of iron-enrichmeni: as
degrees of differentiaticn increases. Low TiO2 (lese than 1.2 weight percent),
high A1203,
rocks. Zr, Ba, Ga, Al, Na, and K correlate positively with SiO2 whereas Cr, Ni,

low Th/U, and high Zr/Nb are typical islaund~arc features of these

Se, v, Mg, Fe, Ca, Ti, Mn, Cu, Zn, and P205 correlate inversely with SiOZ.
Sulphur values are relatively high (most between 0.3 and 0.4 weight percent),

but there are no systematic differences. CaO/A1203 values decrease markedly as
Mg/Fe values decrease. Low abundances of Zr, Hf, and Nb, and enrichments in

some large-ion-lithophile (LIL) elements, relative to the light rare-earth
elements (REE), are all typical islarnd-arc features of these rocks. The
enrichments in incompatible elements are similar to those in alkaline mafic

rocks from other island ares, but the high abundances of Sr (about 1400-2195 ppm),
Pb (up to 45 ppm), and K20 (greater than 4.5 weight percent) are unusual for
island-arc volcanic rocks. Tabar-to-Feni volcanic rocks have moderate light-

REE to heavy-REE fractionation (LaN/YbN = 2.8~11.6, where N represents chondrite-
normalised value) which is not as extreme as in intraplate or continental-rift
alkalic suites. The degree of light-REE enrichment correlates with increases in

the contents of P205, Sr, and 520.

Tebar-to-Feni rocks can be divided into four groups on the basis of
normative mineralogy and geochemistry: (1) silica-saturated to slightly under-~
saturated transitional basalts and alkali basalts, together with associated
trachybasalts and trachyandesites; (2) strongly undersaturated taphrites, ne-

trachybasalts, ne-trachytes, and phonolitic tephrites; (3) rarer basanites and
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potassic tephrites; and (4) quartz trachytes. Rocks of group 1 (found malnly

on the Tabar and Lihir island groups) are characterlsed by 1ower total—alkall

cortents, lower LIL-element abundances, higher CaO/Al2 3 and hlgher Zr/Nb
(20-70) values, and by less fractionated chondrite~normalised REE patterns

(Fig. 22), compared with rocks from groups 2 and 3. Group 2 rocks (partlcularly
abundant in the Tanga and Feni Isiands) have higher contents of alxall and LLL N
elements (especially Sr), lower CaO/AI2 3 and lower Zr/Nb (20-30) values, and

more fractionated REE patterns (Fig. 22). than do the alkali and tran51t10na1
basalts of group 1. Rocks of the third group appear to be uncommon, but have

been found in all but the Tanga Isiands. They have tota’-alka11 contents and
CaO/AI2 3 values gimilar to those of the transitional basalts (group i) but

have more fractionated REE patterns (Fig. 22) and greater depletions in heavy

REE. Group 3 rocks have higher LIL-element contents. yet lower LIL-element/
light~REE values than do rocks in the other two groups (BaN/LaN values of

about 1). The quartz trachytes are found in all four island groups and may
represent young crustal meits. They are extremely depleted in P205 and REE

(Fig. 22), and have exceptionally high LIL-element/REE values.

The results of least-squares-mixing calculations do not support the
interpretation that the three alkalic rock groups are related by crystal
fractionation. However, the chemical evolution within suites 1,2 and 3 can be
modelled satisfactorily by crystal fractionation of different proportions cf
clinopyroxene + olivine + amphitole + magnetite. This interpretation is

supported by the differences in trace-~element contents.

The 87Sr/868r values for 28 samples range from 0.70365 to 0.70452
(Table 2). These values do not correlate with differences in major-element
compositions, except that the quartz-trachytes have Sr-isotopic ratios in the
143 /144

upper part of the range. Nd values for seven samples (M.T. McCullough,

unpubllshed data) range from end = 8.6 to 5.4 and roughly correspond to increasing
87Sr/ Sr values. The €ge values fall within the range (8.6-5.3) of a variety of
other volcanic rock types from west Melancsian island arcs (Perfit, McCullough,

& Johnson, 1982). Tabar-to-Feai isotopic data plot within, and slightly to the
right of, the 'mantle array', in common with those for other intraoceanic island-
arc suites. Samples with the least fractionated REE (group 1) generally have the
highest €Nd values, and those with more fractionated REE patterns (group 3) have

lower end values. One quartz-trachyte from Tabar Island has Sr and Nd ratios
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similar to those of the undersaturated volcanlc rocks of the Tabar Islands,br
suggesting a close genetic relatlonshlp. ‘The volcanlc rocks of the Tabar-to-al
Feni Islands were eV1dent1y derlved from sources with 1ong-term depletlons of
1ight-REE and Rb relative to heavy-REE and Sr, respehtlvely.‘ These sources are
not isotopically distinet from those which generated volcanlc rocks 1n the
‘other arc provinces in Papua New Guinea and the Solomon Islands. Sllght but
significant, differences between isotopic ratios, trace-element ratlos, and
REE patterns for each cof the three alkalic groups on the Tabar-to-Fen1 Islands
are evidence that ditferent mantle sources, or a heterogeneous source “may have
been involved in their petrogenesis. Substant1a1 enrlchments of some 1ncompat1b1e;'
elements and light-REE in many of the samples may be evidence that the mantle
beneath the Tabar-..-Feni Islands was enriched relatively recently and in
different degrees irn different areas. Intra-crustal melting leading to the
production of quartz-trachytes, and geochemical modification of mafic lavas

caused by crustal contamination, are also likely.

Summary of mineralogir2l results

The mineralogy of Tabar-to-Feni volcanic rocks is diverse and is
dominated in mafic rocks by olivine, clinopyroxene, plagioclase, and magnetite.
Amphibcle and biotite are abundant in some types, and there are lesser amounts
of apatite, haliyne-sodalite, analcite, leucite, nepheline, alkali feldspar, and
pyrrhotite-chalcoypyrite. The quartz trachytes contain alkali feldspar,
orthopyroxene, and quartz that co-exist with amphibole and magnetite. Groundmass
zeolites and calcite are present in a few samples. Clinopyroxene-rich and
amphibole-rich (o» both) plutcnic cnmulate blocks and inclusions are also present
in the suite.

Olivine ranges widely in composition from phenocryst cores as mafic
as F093’ to FOSO, to rim and groundmass compositions of Fo42_ Clinopyroxene is
salitic and contains inclusions of feldspar, magnetite, and apatite. Rims are
typically enriched in Ti and Al relative to cores, and main compositional changes
are in the components CaTiA1206 NaFeb1206 CaA128106 Feldspar compositions
range widely throughout the suite, from An92 in the plutonic cumulates, througn
An89 in phenocryst cores, to co-existing groundmass oligoclase-anorthoclase/
K-rich feldspar. Sanidine phenocrysts are present in the quartz trachytes.

The most abundant spinel is a low-Ti magnetite (mostly much less than 10 weight



percent T10 ) which is found both in the groundmass and as phenocrysts.v ¢?'
However, there is an extensive overall compOS1t10na1 range - from chrom1te,y;}le5“
through chromian magnetite, to magnetite. Rare, Cr-poor, Al—rlch splnels e

are also present.

Amphibole compositions range ma1n1y from magne31ohast1ng31te,
through magnesiohastingsitic hornblende, to endenltlc hornblende.a Phenocryst‘ o
tremolite co-exists with groundmass riebeckite 1n SOme quartz trachytes.,. vv5‘”
Some amphiboles fall outside strict comp051t10na1 limits (less than 5 75 Si-
cations per 23 oxygens). Fel contents in amphibole separates from cumulates
and lavas (E. Kiss, personal communications, 1981) have 5ééﬁ:detérmiﬁed, én& .
these correspond to relatively high oxidation states (Fe0 (anéijsed);; 0.427
FeO-total). Mica ranges from phlogopite to biotite. The félsﬁathoi&s*haﬁyne
and sodalite have complex and unusual zoning patterns. For éxample;’haﬁyﬁéé
rich cores in some phonolitic tephrites and trachyandesites are zoﬁed through
to rims that are intermediate in composition between haiiyne and sbdélité, to
groundmass SO3-free sodalite. Analcite is typically present in samples with
high H20+ contents and high Na20/K20 values. They appear to be secondary after
leucite. Haliyne is present in rocks with high NazO contents (greater than 4.2
weight percent) and low H20+ values (less than 0.6 weight percent).

Noteworthy mineralogical features of these rocks are the persistently
low Ti02 contents of minerals such as clinopyroxene, amphibole, biotite, and
magnetite which, in most other strongly silica-undersaturated rocks, are rich
in Tioz. The low TiO2 contents are a reflection of the low TiO2 content of
the host magmas which, together with the overall low Nb contents in the suite,
appears to be a feature of other island~arc volcanic rocks. The presence of
haliyne phenocrysts, high Fe3+/Fe2+ values for amphiboles (and whole rocks), and
possibly some high Mg/Fe values in minerals such as olivine and pyroxene are
consistent with high oxygen fugacities. However, more reduced groundmass
equilibration conditions are indicated by the results of thermodynamic

calculations for the assemblage olivine+plagioclase+leucite+magnetite (about
22

750°¢, £0, 107°° bars).
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APPENDIX 1. MICROPALAEONTOLOGICAL REPORT

By D.J. Belford

Sample locations are shown on the relevant maps accompanying the

main part of thig report.
Simberi Island (Fig. 4)

The first three samples from Simberi Island all have the grid

reference LC849092, and all four samples were collected by G.A.M. Taylor.

Sample 69400380. This sample is a fine-grained limestone containing

abundant planktonic foraminifera - mainly Globigerinidae, including Orbulina,
Sphaeroidinellopsis, and Globoguadrina dehiscens; rare Globorotaliideae,
including Globorotalia of the cultrata type, are also present.

The sample is regarded as middle to late Miocene in age {Zones N.1}1

to K.i18).

fample 69400381. This detrital limestone contains foraminifera and

algae. Larger foraminifera include Lepidocyclina (Nephrolepidina) sp.,
Miogypsina (M) sp., Amphistegina sp., and Planorbulinella sp. Planktonic
foraminifera are similar %o those in sample 0380, but are interpreted to be in
channel infillings in an older limestone. The sample is thought to be early

Miocene in age, and the infillings to be middle to late Miocene.

Sample 69400382. This sample is a detrital limestone similar to 0381,

and contains larger and planktonic foraminifera. The larger foraminifera
include Lepidocyclina (N) sp., Miogypsina (M) sp., Amphistegina sp.,Carpenteria
$p., and Heterostegina sp. Planktonic foraminifera include Orbulina,

Sphaeroidinellopsis, and Globorutalia of the cultrata group.
This sample is regarded as middle to late Miocene in age with reworked
larger foraminifera.

Sample 69400453 (grid reference E385600, N9709900). This sample

ccntains foramins fera, algae, mollusca, bryozoa, corals, and echinoid spines.

Fo-aminifera ave Amphistegina sp. (abundant), Cycloclypeus sp., Planorbulinella
sp , Gypsina sp., Carpenteria sp., Elphidium sp., Pulleniatina obligquiloculata,

Glcborotalia (G) tumida, and ? Sphaeroidinella. The sample is regarded as



Pliocene or ycunger.

Lihir Island (Fig. 9)

Samples 730680049 and 73680050 (both collected at grld reference“
MB474579) and sample 73680066 from Mahur Islang’ (M3609908) contain rare
foraminifera (Operculina, Acervuiina, fragments ofrCazpenterla), but thesé

are insufficient for 232 determination.

Dr. B, Yvrdham has forwarded a cave sample from Lihir Island for
examinaticn; a yeport on thi: material has been made previously (Fordham, 1974).
Free specimens “dentified from the sample are Globorotalia (G.) tumida tumida
(Brady), G. (G) cultrata (d'Orbigny) group, &. (Turborotalia) acostaensis .
pseudopima Blow, Globigerinoides quadrilobatus (d'Orbigny) group, Orbulina
universa d°'Orbigny, 0.? suturalis Bronnimann,. Sphaeroidinellopsis subdehiscens
subdehiscens (Blow) and Amphistegina sp. 1lhe thin section exawmined contains
rare Globorotalia (G.) cultrata group, Dentoglobigerina altispira altispira

(Cushman & Jarvis), possible Sphaeroidinellopsis sp., and indetermimable
globigerinids.

This fauna is considered to be latest Miocene to Pliocene age (Zone
N.18 to Zone N.20) using the zonation of Blow (1969). However, Berggren (1973)
placed the base of the Pliocene for all practical purposes at the base of Zone

N.18, and in this scheme the fauna is early Pliocene (PL1 to PL3).

Ambitle Island (Fig. 15)

Sample 73680056 (grid reference NA693538) contains abundant, well-
preserved planktonic and benthonic smaller foraminifera. Planktonic foraminifera
are: Globigerina tripartita Koch, G. sellii (Borsetti), Gipraebulloides
praebulloides Blow, G. ouachitaensis ciperoensis Bolli, G. angustiumbilicata
Bolli, G. sp Globigerinita dissimilis (Cushman & Bermudez), G. unicava
vnicava (Bolli, Loeblich & Tappan). This sample is middle to late Oligocene in

age (planktonic zones No. 1 to No. 3).

Babase Island (Fig. 15)

Sample 73680057 (grid reference NA745549) contains Calcarina,

Acervulina, and fragments of Carpentaria or Sporadotrema, and is not older than

Pleistocene.
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APP?“DIK 2 ISOTOPIC ACE DETERMINATTONS OF

FIVE VOLCANIC ROCKS 'ht.iﬁff~fa—**ff*?i**~

F1ve samples of volcanlc rocks from the Tabar to Venl Islands
were submitted to Amdel for K—Ar age determlnatlon. Sample 1ocat10ns are

shown on the relevant maps accompanylng thxs report.. Results are as

follows:
Samziz No. Rock Method o 7 K ', _7 Atmospﬁeylc Rad:ogenlc Age m.y.:
Locality ‘."" ’ FAréo‘  f» Ar o/K40 'inf;f’*“'“
73680002, Mafic lava Hornblende 0.916  77.2 ,0;0000894214&}53§o;1571ﬁ;
Babase concen-~ 0.918 R L RS Ot S i
Island, trate “
grid ref.
NA742546
FN1/28, Q-trachyte Biotite 5.97 85.0  0.00003982 0. 68+o 10
Ambitle extract 5.98 84.3 - 0.00002870 0. 49 .
Island, ‘
grid ref.
NA696489
TG4/ 1, Q-trachyte Bioti:e 6.68 67.0 0.00006679 1.14 0.08
Bitbok extract 6.69 69.9 0.00006307 1.08-
Island,
grid ref.
NB232121
73680018, Mafic Total 3.23 78.2 0.00001094 0.187+0.02
Lif lava rock 3.22
Island,
grid ref.
NB204 126
TB3/11, Q-trachyte Plagio- 3.57 70.1 0.00005762 0.986+0.08
Tabar clase 3.58
Island,
grid ref.

LB845815
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APPENDIX 3. ANALYSES OF THERMAI, WATERS

COLLECTED BY G.A.M. TAYLOR%, BY H.R. LORD

Sample 1 2 3 ' .4‘ I 5 ‘Jh
Temp. °C 42 95 98 8 | 45 {101 i
pH 6.9 6.2 6.7 2.0 5.5 7.0
s.c. at 23°% 4290 4740 12,150 3430 17,286 7090 |
(micromho/cm) . . -
T.DsS. at 3480 3450 9910 1285 12,460 5470
180°C (ppm) '

ppm me/lt | ppm me/it] ppm me/lt | ppm me/lt! ppm me/lt| ppm .mélltfi
Ca 337 16.8 | 4¢ 2.0l 80 4.0{ 8 0.4 232 11.6] 10 - 0.5]
Mg 56 4.4 3 0.3 12 1.0[ n.d. 300 24.6 n.d. |
Na 725  31.6 |1150  50.4| 3075 134 2 0.1 3750 163.0 1925 83.7 |
K 12 0.3 | 49 1.3 336 8.6] 8 0.2 131  3.4] 154 3.9 |
Fe ! n.d. 1.1 u.d, 13.4 0.7 n.d. n.d. :
Al n.d. n.d. n.d. 4.8 0.5/ n.d. n.d.
Mn n.d. n.d. 0.5 n.d. 0.6 n.d.
Zn n.d. n.d. 0.02 0.01 0.05 n.d.
£ cations 53,1 54.0 148 2 203 88.1
c1 1200 33.8 [1300 36.7] 2990 84.5 7 0.2 6560 185 | 2170 61.2
HCO, 123 2.0 ) 265 4.4 260 4.3 nil 460  7.6| 54 0.9
50, 930 19.4 | 634 13.2| 3080 64.1| 930 19.4] 800 16.7)] 1260 26.2
Z anions 55.2 54 .4 153 19.6 210 88.3
5 ions 3200 3687 12,284 1275 11,839 5767
510, 119 164 161 282 168 80
R203 <12 <12 <12 26 <12 <12

continued on
next frame

*The analyses listed here were originally presented in an unpublished BMR Laboratory
Report (No. 98), dated 15 October 1969. No further details on the sample localities
are known. S.C. refers to specific conductance, T.D.S. to total dissolved solids,
and we/lt, to m’cro-equivalents per litre. n.d. prestmably means 'not detected’,
although no detection limits are given in the original report.
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Appendix 3 continued =

Sample localities

1.
2.
3.
4.

Sambuari Baj, Tatau Island, Tabatslslénds;
Nis Nis, Ambitle Island, Feni 1sléndé. |
Luise Harbour (Sample A), Lihi:'Island.
Luise Harbour (Sample B), Lihir Island.
Malendok Island, Tanga Islands.

Waramung, Ambitle Island, Feni Islands.
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