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SUMMARY

-

Misima is a small island in the Louisiade Arxchipelago, 150
miles easit-south-east of the south-eastern tip of Papua. The island
was visited in 1959 for a period of four months by a Bureau field
party in order to establish the regional geological setting of the gold
mineralization.

Misima is composed mainly cf folded and faulted metamorphic
rocks of unkncwn age, covered in the north-east by some 1,300 feet of
Tertiary beds, and surrounded in the south and east by a rim of
raised Quaternary coral reefs.

The metamorphic rocks arc divided in a higher-grade meta-
morphic series in the west and a lower-gr24e metamorphic series in the
east. They are separated by a metamorphic unconformity but other
than that the character of the boundary is still Droblematlc,

The higher-grade metamorphlcs are composed of amphibolites
(Lalama Amphitolite) overlaini by gneisses and schists (Oiatau Gneiss),
and belong to the almandine amphibolite facics of metsmorphism.  The
amphibolites were probably igneous and tuffaceous depositss the
gneiss probably originated from normal clayey and siliy sediments,
Parts of the higher-grade metamorphics arc migmatized.

The lower-grade metamorphics consist of a vclcanic formation
(Ara Greenschist) overlain by a succession of irtergrading dark
graphitic and micaceous phyllitcs and schisis, guartzosc schists, and
banded schists (Umuna Schist). A marble and limestone horizon (St.
Patrick Limestone) sepavates the Umuna Schist frum the Ara Greenschist,
The lower-gradec metamorphics occur in the greenschist facies. '

. The Tertiary deposits include rocks of three different but
penscontemporaneous facies types: a volcanic facies in the cast

(Kobel Volcanics), a conglomeratic facies in the west (Liak Conglomerate),

and an intermediate clastic facies (Gulewa Formation)o

Quaternary sediments are represented by coral reefs which
were raised above sea level in several stages. The maximum elevation
is about 1400 feet. Alluvium is rarcly prssent because of the rugged,
rejuvenated topography. .

Pre-Tertiary igneous rocks include hornblendite (probably
pre-metamorphic ) and trondhjemite (syn-kinematio} in ithe west, and
dacitic and andesitic porphyrics in the east. Feot-metamorphic basic
and acid dykes cut across the higher-grade metamorphics,

Gold, first found in 1888, is resiricted in its occurrence
to the eastern part of the island. Total produstion from both
alluvial and lcde sources has becen of the crder of 240,000 ounces of
fine gold. Lede gold was successfully mined just before World War IIX.
The minerzlization is epithermal and connected with the intrusive por-
phyry. Native gold is the only orc minecra. miV'f, accompanied by

small quaniities of the base-metal quDhldc: pyriie, galena, sphalerite,

and some chalcopyrite. v,
Lode production was practically r:sstricited to the Umuna lode,
although othor lodes are known. The reserves in the cxidized portion
of the Ununa lcde are not large cnough to warrant re-cpening of +he
mine, bt 5 is-possible that an ore body of.sufiicient volume and
grade may be present in the primary zone, which h&s never been explored.

The only production in 1959 came from ithe Double Chance, a
poswwar discovery which is basically an open-cut on a seriesof thin
leaders which are spaced close cenough to allow profitable mining as a
one-man enterprise.
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There is evidence that further lcdes may be concealed
underneath overburden on castern Misima. Surface exploration by
panning alonc is probably not enough, and it is suggested that geo-
physical and drilling methods be tested and, when practicable, applied.

The most favourable areas to explore for gold are areas
where porphyry crops out abundantly and where the greenschist

boundary is nearby.

INTRODUCTION

General - Misima is a mountainous island in the Louisiade Archipelago,
TS0 miles from Samarai at the south-cast tip of Fapua. It has a
length of 25 miles, east to west, 2 maximum width of 6 miles,; and
covers about 90 square miles. The avcrage annual rainfall at Bwagaoia
is 123.4 inch  (Davies, 1958) but is much higher inland. The rain-
fall is fairly cvenly spread out over the year. During the south-cast
monsoon, when heavy scas arc commeon, the only recfuge for ships is in
Bwagaoia harbour, which can accommodate ships of up to 1,000 tons.

The native population, cstimated at roughly 4,000, is spread
out over a number of coastal villages. Because the island is .mountain-
ous, native gardens are small and few, and the supply of fruit and
vegetables is limited, The small liuropean population live mainly in
Bwagaoia, thce Government Station.

Contact with the outside world is maintained by radio
communication and by an irregular shipping scrvice.

e Ll

. Field work.

A geological field party of the Burcau, consisting of two
goologists (F.  de Keyser and D.S. Trail), a survey hand, and fifteen
carriers, mapped the island from May to October, 1959, with the object
of establishing the regional goeological setting of the gold mincralization.

The field work consisted mainly in compass and clinometer
traversos along the numerous crezks, where good outcrop is abundant in
contrast with thc slopes and ridges, where a2 thick mantle of decomposed
rocks and dense vegetation hides the lithology and structure and slows
down the rate of progress. The rugged and trackless south-western part
of the island was visited by chartered ship. Vertical aerial photo-
graphs on a scalc of 1:40,000 approximately taken by the U.S. Air Force
in 1947, and a basc map compiled from the photographs, were used by the
varty. Structural and lithological photo interpretation was virtually
impossible.

Barometric height rcadings indicate thot the altitudes of spot-elevations
given on Admiralty Chart No.1l477 arc generally cxaggerated by one hundred
to two hundred fect.

Prcvious investigations.

Apart from scattered obscrvations made by occasional visitors,
most of our knowledge of the geology of Misima was due to E.R. Stanley
(1915), who made the only systematic study of the island, including a
comprehensive report on the gold deposits, and the compilation of a gco-
logical map. Later reports on gold on WMisima.include those of King,
Mocdie & Thomas (1949), Palmer (1957, 1959), and Davies (1959). Davies
also summarised the mining history of the islard.
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PHYSIOGRAPHY

In its long and narrow western portion, Misima is very steep
and mountainous, and has. a single, sharp divide 2.000 to 3,000 feet
high. The highest top is Mount Oiatau (3,900 fees ). ~ Where the
island broadens to the ecast thce precipitous characier decreases, and
the eastern hills are not morc than a few hundred fcet high, This
difference is probably mainly due to differential uplift as evidenced
by the great variation in altitude of the clevated Quaternary reef
limestones, but is accontuated by the lithological differences be-
tween the higher-gradc metamorphics of western Misima and the lower—
gradc phyllites and schists of the eastern part.

Topography and drainage arc youthfuls thc croecks have cut
decp, narrow, v-shapced vallcys, and abound in waterfalls and rapidsy
alluvial deposits arc non-existent on western Misima and are only
small in the eastorn portionsy and convex mountain slepes are comrn
in the western part (Fig.l). The island is dreincd by numerous creeks
with a considecrable run=-off. On castern Misima the main watcershed
runs from Mt. Sisa to necar Bwagaoia, and most of the main crecks
originatec on the slopcs of Mt. Sisa.

The Quaternary uplift which raised Misima many hundreds of
feet above sea=lcevel took placc in several stages. Tnis is most
clearly illustrated in the raised coral reefs along The eastern and
southern coasts, The greatest number of terrace rermanis is found af
Ebora, in the west, where at least five, and possihiy seven, benches
may be counted. Stanley (1915) estimated the maximum height of the
limestone to be 700 or 800 feet, but 1,000 fecet is probebly more
correct, Still higher clevations arc noted west of Eiaus, whore the
Admiralty Chart shows altitudes of 1390 to 1,400 feet on a ridge covered
by these reefs. This illustrates the magnitude of the post-Tertiary
uplifts.,

East of Eiaus, altitudes of raised reefs decreasc rapidly, and at

Bwagaoia Point the rcef is only 20 fecet above sca levci; nevertheless,

a somewhat higher uplift has probably takon place aisc in this region,

as is evidenccd by what scem to be the morphological rommants of an

old crosion platform at 200 to 300 feet above sea level, north of Bwagaoia.

STRATIGRAFPHY

The geological units rccognisced in the fiold are placed in
the following succession:

C. Quaternary - alluvium and swamp depositss
raiscd coral rcefs;

B. Tertiary (Miocene) - 3. Lisk Conglomerates conslomerates
2. Gulewa Formations lutitcs, arenites,
limestoney
1, Kobcl Volcanics: agglomcrasc; flows,
tuffs, ash beds;

A, Palacozoic or Mesozoic(?)
(3. Umuna Schist - phyllites, mica schistss

W, lowe -
». lower-grade (2. St. Patrick Limestone: maxrbles

>t a, 3
metamorphics (1. 4ra Grecnschists
a. higher-gradc (2, Oiatau Gneciss;
motamorphics (1. Lalama Amphibolite

&, Palacozoic or Mesozoic(?)

Metamorphic rocks form most.of the island Their age 1is
unknown, but they may be the cquivalent of the Owen Stanlcy Metamorphics
on the mainland of Papua which arc probably Palacozoic or Mosozoic.
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The metamorphics on Misima arc divided into two distinct
groups of different metamorphic grede: higher-grade amphibolites and
gneiss, forming the narrow and clongated western portion of the island,
are placed in the amphibolitc facies; lower-grade phyllitcs and schists,
forming the castern part of Misima, arec placed in the grecnschist facies.
Their interrclation is not precisely known.

a. The higher-grade mctamorphics

In the ficld, the various amphibolites, gnecisses and sohists
that arc metamorphosed in thce higher metamorphic facies, werc grouped
into two formations for which the names Lalama Amphibolitc and Oiatau
Gneiss arc here introduced. Tho Oiatau Gneiss is the younger formation.

1. Lalama Amphibolite -

The name is derived from the village of Lalam2 on the north coast of
western Misima, where the formation is well exposed. Outcrops occur
along tho north coast and lowcr mountain slopcs betwecn Ewena and Liakg
along the south coast and southern slopes from about 3 miles west of
Bwagabwaga to ncar Awaibiy and on the west coast north of Ebora.
Between Awaibi and Liak these rocks arc gencrally strongly injectcd by
a gneissic quaertz-diorite, and from Liak to west of Lalama oxposurcs
show strong migmatisaticn and injcction by intrusive gnciss. (See page 1[3.
The thickness of the formation is unknown as thc base is not exposed,
but it.is at lcast 1,000 fcet.

“The main lithological types in the Lalama Amphibolite are:
massive, coarse-grained to medium-grained plagioclase amphibolites
finer—-grainced, foliated amphibolites bandcd amphibolitc or quartz-
plagioclase-hornblende gncissg hornblende-biotitc gneiss with varying
amounts of hornblende and biotite.

411 thesce rocks arc garnctiferous in places, The common
rock~forming mincrals in the formation are:

plagioclase (gecnerally oligoclase-andesinc); grecen hornblende,
quartz, brown biotite, commonly also garnct and an epidote
minerals accessories are sphenc, apatite, magnctite, and pyrite.
Chorite 1s gencerally prescnt as a sccondary mincral,

The coarsc massive plagioclasc amphibolite occupies prac-
tically .the whole areca of Lalama Amphibolite outcropping west of
Bwagabwaga. It also occurs cxtonsively in the crecks along the north
coast, but 1is herce associated with other rock types of the formation.
Schistosity and foliation arc typically absent or very coarsc and weak.
Plagioclase and hornblende arc the dominant constitucnts, geonerally in
crystals a few mm. across: sphene, apatite, pyrite, magnetite, and
possibly some quartz, ar¢ the common accessory mincrals. The massive
amphibolitc commonly contains remnants of finer—grained foliated
amphibolite.

The finer-grained foliatcd amphibolite has a good schistosity
and foliation, and pcssibly a lowcr feldspar content than the coarse
massive type described above. Small quantities of biotite and quartz
occur in some exposurcs. Typical outcrops were scen in the environs
of Ebora, and transitions into the banded amphlbollto or quartz-feldspar—
hornblende gnciss arc common.

Thesc banded amphibolites or gneisscs arc well cxposed along
the coast just west of Lalama and arc characteriscd by a regular alter-
nation of light and dark bands, which vary from two to ten millimcters
in thickness and arc gencrally constant within onc outcrop. (Photos
3&4). The light bands consist of quartz and plagioclasc, the dark
bands prodom}naptly of hornblende and an cpidote mincral.

Quartz~rich hornblende-biotitc gneiss forms subordinatc
intercalations within the amphibolites., The ratio of hornblende to
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biotite varies greatly, ofton to the cxclusion of hornblende, and in
places the amphibolitcs and hornblende-biciite gneisses appear to grade
into each other, as on the southern mountain slopes north of
Bwagabwaga.

2. ODiatanu Gneciss-

The formation is namcd after Mount Oiatau, and occupies. the
higher part of the mountainous watershed of western Misima, descending
to sea level west of HEwena and along most of the south coast betwcen
Ebora and Bwagabwaga. It rises castwards and finally disappears above
the erosion surface north of Bwagabwaga, but may crop out again.in the
arca between Awaibl and Liak. :

The thickness of the preserved part of the Oiatau Gneiss
is probably about 2,500 feet.

The formation is little known becausc 1t occupies the most
rugged part of Misima, whorc tracks do not cxist and access is very
difficult. The gneisses and schists are composed of quartz, plagio-
clase (ranging from oligeoclase to andesina). and varying amounts of
muscovitc, biotite, garne (up to 6 mm. across) and epidote., Horn-
blende may be present in some beds, and in one thin scetion staurolite
and kyanite werc rccogniscd. fipatite, sphene,; and iron ore arc the
common accessory minerals, Some of the gneisscs arc highly quartzose
and granular; others are rich in muscovite and garnet, Gneissic
textures are well expresscd, but wherc an abundance of micas imparts a
strong sobistosity the rock is better called a schist.

Foliated amphibolite occurs within thc Oiatau Gneiss as a fow
subordinate intercalations and lenscs, particularly near the base of the
formation.,

.\‘\.

The Oiatau Gneiss clcarly overiices the Lalama fGmphibolites
and between Bwena and Lalama the boundary between the two formations is
sharp and unambiguous.  South of Mount Oiatau however the distinction
is not so obvious; massive plagioclasc amphibolitc is followed, to the
north, by foliatcd and bedded finer-grained amphibolite which graduvally
prasses into biotite-hornbtlende-quartz-~piaginclase gneiss and garnet-
muscovite-quartz-plagioclase gneiss stiil containing some thin bands of
amphibolite, The upper 1imit of the coarsc plagioclase amphibolite is
well defined in this arca and is therefore chosen as the boundary between
the two formations, although the actual boundary may lie in the tran-
sitional zonc to the north-west.

~ b, .The lower-grade mectamorphics

Lower-grade mctamorphic phyllites and schists occupy most of
eastern Misima, and are the host rocks of the gold mineralisation.
Broadly, the stratigraphical successicn mey be given as Pollows:

o= (upper?) dark schisi, phyllite, mica schist, banded schist,
. quartz schist:

d- dark calcarcous schistg

c- marbles

b- grecnschist:

?a~ (lower?) dark schist, phylllte, —ice <chist.

For(e) thc name Umuna Schist is introduced. (d) and () are contained
in the St. Patrick Limestone, and(b) forms the Ara Crock Greenschist.
The existence.of(a) is not really proved in thc field but only inferred,
end as horizons () and {c) are undistinguishablc in tho field, they arc ~—
both placed in the Unmun» Sehist on the geological map.

The complete sequencc is not necessarily found everywheres the marblc
and dark calcarcous schist appear to bc missirz in many places, and the
greenschist, on the other hand, may occur in morc than onc horizon, or
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may alternate with dark schists at its upper boundary.
1. The Ara Greenschist.

Ara Creek is the type locality of this formation, which is
there_very well exposed, The greenschist covers wide areas, mainly
in a belt extending from the north coast, between Siagara and Rokia
Point; southwards along Ara Creek to Mount Sisa and further to the upper
reaches of the creeks west of Kaubwaga. A second, narrower belt runs
from north of Eiaus cover the Quartz Mountain area to Ingubinaina Creek,
Both belts probably represent the same horizon. Smaller outcrops are
either structural repetitions or are thin intercalations of minor
importance within the Umuna Schist. A minimum thickness of 300 to 500
ft. is estimated for the formation.

The greenschists are typically fine-graired, massiwand struc~-
tureless . In outcrop they partly correspond to the "basic schists"
of Davies (1958). Schistosity is generally weak or absent. No traces
of stratification were found. Colours of fresh rock range from light
greyish~green to dark green and nearly black; on weathering the green-
schists become yellow brown. A variety of greenschist is a spotted
schist in which the white spots are micro-aggregates of albite. Where
schistosity is present, elongated spots and lenticles are aligned with
it. Magnetite is in places recognisable as small octahedra in hand
specimen, and pyrite is also common.

Thin sections reveal a mineralogical composition of albite,
chlorite, epidote, actinolite, magnetite, and pyrite, with locally some
sphene, muscovite, and calcite. Quartz is rarely present. The albite
is generally untwinned, and in some beds encloses all the other minerals.
Ifost thin sections reveal schistose structures to a greater or lesser
degree.

The Ara Greenschist is overlain by the St. Fatrick Limestone,
and may be underlain by dark schists and phyillites. Where the marble
is not present, the gresnschist and the overlying dark graphitic schist
and banded schist seem to have a transitional boundary in that they
intergrade and possibly al%ernate.

2, S t. Patrick Limesttone,

The formation is named after St. Patrick Creek, an alternative
name for Ara Creek, in which the marble is very well exposed in a gorge
and probably attains its maximum thickness of about 100 feet. Other
outcrops occur intermittently in a strip between the Quartz Mountain area
and the region north of Eiaus; in Ingubinaina Creck; on the Mararoa
tracks and halfway between Mararoa and Siagara. The formation is absent,
or at least not cxposed, in many places along the greenschist - Ununa
Schist boundary; and is in some localities only indicated by the presence
of a few pebbles and boulders.

The limestone is generallj a white to grey, massive, fine to

medium-grained marble, uniformly sugary in ouicrop. Ir some exposures

the rock is nearly bluck, Overlying the massive marble is a zone of
marble banded with sugary quartz parallel to the bedding. (Fig.2) These
bands are 1"-3" thick, are irregularly spaced with an average interval

of one foot, and are frequently interrupted, swelling and pinching, some-
times branching. They are held to be recrystallisod chert layers.

In places the marble contains sandy inch-thick bands, lenses
and tongues. Specks of galena, pyrite, and sphalerite aye visible in
some outcrops. :

The light-coloured marble of the St. Patrick Limestone is in
several areas overlain by a zone of dark impure limestone or calcareous
schist which may cortain thin dark marble bands, and which gradudlly
merges into the non-calcareous dark phyllites and schists of the Umuna
Schist. Pyrite is a common accessory mineral.
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3, Umuna Schist.

A thick series of intergrading graphitic phyllite and schist,
sericite schist, mica schist, banded schist, and micaceous quartz schist
overlies the St. Patrick Limestone and is here grou._dtogether under the
name of Umuna Schist, after the mining centre of Umuna where these rock
types abound. They form the bulk of the lower-grade metamorphics of
eastern Hisima. The thickness of the formation cannot be estimated as
the rocks arc folded; bedding is commonly not rccognisablc, and the upper
boundary is not scen.

It is possible that schists and phyllites, lithologically in-
distinguishable from the Umuna Schist proper, underlic thc Ara Grecnschist.

Black to dark grey are thc dominant colours, causcd by a black
opaque dust which is either carbonaccous raterial (assumed here) or
finely disseminated -iron orc. The "purer'" mica schists are more silvery.
The black graphitic schists decompose to a dark grey or, in places, brick
red soil, whereas thc more micaccous members give a lighter grey soil.,

Most types are very finc grained; but therec is a tondency for
the grain sizc to increasc with decreasing "graphite" content. The main

~mineral constituents are shown under the microscopc to be quartz, albite,

muscovite or scricite, and chlorite; minor quantitics of calcite and epi-
dote are found in some rock types. Apatite is an accessory mincral, and
pyrite commonly is disseminated throughout.

Schistosity and lineation are pronounced, 2nd in many places
the rocks are strongly crumpled and crenulated, parcticularly in central
castern Misima.

The bulk of the Umuna Schist consists of the graphitic schists
and phyllites grading into micaceous schists. They are generally very
fissile and soft. The banded schists arc hard,; poorly fissile rocks
typically consisting of alternating light and dark bands which vary
greatly in thickness but arc commonly 5-10 mm thick. They may be
tuffaccous: 1in one outcrop a lens or inclusion of a much altcred volcanic
rock was found. They arc distributed mainly in north-castcrn Misima,
Light colourcd micaccous quartz schists arc found in the Boiou area and
in the south-east corner of Misima, They arc thick-bedded to laminated,
and arc coarscr-graincd than the dark schists and phyllitcs. A thin
section rcvealed a composition of quartz-albite~chlorite-epidotc with some
muscovite,

c. Boundary betwecen thce lowcr—gradc and the higher-gradc metamorphics.

The boundary betwecn the lowcr-gradc and the higher-grade meta-
morphics is largely concealed by the Lisk Conglomcrate and the raiscd
Quaternary coral rcefs west of Eiaus, and only part of it is cxposcd in the
area north-wcst of Awaibi, where it can be scen in the Ulabwe and Awailu
Creeks and in one of the branches of Weipol: Creck. The lower-grade
metamorphics arc here roprescnted by dark graphitic schists, micaccous
schist; and altercd basic igneous rock; thc higher-gradc motamorphics
consist of amphibolites intrudecd by gneissic quartz-rich granodiorite.

In Weipoou Creck there seems to be 2 thin transition zonc lcss than 200 ft.
wide betwecn the two mctamorphic sequences: at the boundary, an amphibolite,
in which the hornblende still has actinolitic affinity and the plagioclase
is probably an albitc-oligoclase, has a gradc of mctamorphism intermcdiate
betwecn the altorcqafgéé%diﬁﬂgous rock of the grconschist facics and the
amphibolite of the 777 amphibolitc facics. In the other outcrops no
such transition could be traced, and the boundary line is gencrally marked
by the contrast in appcarance betwecn the dark, fine-graincd, lower~-grade
phyllitces and the underlying coarscr-grained rocks with their gncissic
texturce and higher degree of metamorphism.

Unfortunately no actual contact was found. The attitudes of
schistosity and foliation on cither side, however, and their changing
trends scem to corrcspond closely, and an angular unconformity could not
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be proved. Nor is it likely that the boundary is faulted, becausec it
secems too sinuous for this.

The secmingly rather sherp diffcercnce and sudden change in
mctamorphic gradc at the boundary is perhaps morc illusary than actual,
and may be duc to retardation of metamorphic rcaction by the high graphite
content of the lower grade schists.,. If this is the case, it may well be
that the lower—-grade mctamorphics overlic the highor—-grade mctamorphics
in a normal manncr, and the graphitic mica schists arc presumably the
lateral cquivalents of the Mt. Oiatau Gnoiss, as both overlic the Lalama
Amphibolitc, Also, the Ara Crcck Greenschist may then possibly be the
lowcr-grade cquivelcent of the Lalama Amphibolite. However, the contrast
botween the Mt. Oiatau Gneiss, which is notably poor in graphite (some
has been secn in thin sections, and the black graphitic Umuna Schist is

" disturbingly grecat, and onc has to rcsort to a very sudden change

in sedimentary cnvironment to explain the diffcrcnce.

In conclusion it must be said that tho naturc of the boundary
between the lower—-grade and the higher-grade mctamorphics is still not

clear.

d. Mectamorphism, migmatisation, and origin.

In tho higher-gradc metamorphics various combinations of the’
following mincrals arc found: quartz, plagioclasc (oligoclasc-andcsine),
groecn hornblende, biotitc,; muscovite, garnet,; epidotc, staurolite, and cyan-
ite.

Rocks containing plagioclasc together with cpidote and horn-
blende, which are very common on Misima, arc placed in the "amphibolite"
facies by Turncr & Verhoogeny whorcas Ramberg groups them togcther with
albitc-cpidotc amphibolitcs in the "ipidote amphibolitce" facics (Fyfe,
Turncr, and Verhoogen, 1958).  As the optical distinction between horn-
blende and dceply coloured varictics of actinolite (a mincral charactoristic
of the greenschist facics) is difficult, and as cpidote is a mincral with
a wide rangec of stability within the limits of grcenschist facics and
amphibolite facics, Fyfc et al proposed to drop the "(albite-) epidote
amphibolite" facics and to recognisc only a grconschist facies and an
"almandinc amphibolite" facies. This has thc advantage of casy classific-
ation under the microscope, since there is a sharply defined and readily
recognisable transition betwcen albitc (greonschist facies) and oligo-
clase (amphibolitc facics),

Following thc definition of Fyfe ot al, the higher-gradc meta-
morphics of Misima occur in thc almandine amphibolite facies, mainly in
its staurolitce-quartz subfacies. The co-cxistcnce of plagioclase
(gencrally oligoclasc~andcsine) and an cpidote mincral is typical of this
subfacics, aa is also the bluc-grcen colour of the hornblendc. Of the
mincral combinations given by Fyfo, the following corrcspond with
combinations found on Misima:

for pelitic rocks -~ quartz, plagioclasc, muscovite, biotite, almandinc,
and cpidotce

quartz, plagioclase, cyanitc, staurolite, muscovite,
(biotite).

for basic rocks - hornblendc, piagioclasc, almandine, epidote,
(quartz, biotitc)s

hornblende, plagioclasc, cpidotc, (quartz,biotite).

This facics indicates a medium-gradc metamorphism under high prcssurc and
stress,

The higher-grade mctamorphics are, in some areas, intonsively
intruded and imprcgnated by syntocctonic quartz dioritic magma, which has
resulted in tho forming of migmatitc and hybrid rocks. Typical outcrops
of these mixed rocks occur along the coast botween Liak and lalamay ex-
posurcs generally consist of acid gneissic masses with numerous remnants
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of amphibolite (Fig.3., Photo 6.), thc outlines of which are sharp in

some places, blurred and absorbed in others. Hybridization and contam-
ination of the intrusive material is cevident from the inhomogenous
colouring of the gneissic masses, which show patches of different shades
of grey. A thin section of one of thesc gneisscs réveals a composition
of quartz, plagioclasc, hornblende, biotite, and pink garnet, with
accessory apatite and magnetite., The biotite is dark gree¢nish-brown,
like the biotitec of the trondhjemite intrusive mass (sec page]]}), and
unlike the reddish-brown biotite of the uncontaminated metamorphic Ut.
Oiatau para-gneiss.

It is likely that metasomatism has becen active in these migmatites, but
not enough laboratory work has been donc to dectormine its naturc and cextent.
The occurrence of largc feldspar porphyrcblasts in some outcrops mey be an
indication of such metasomatism.

Stenley (1915) considered all the higher-grade metamorphics to
be of ignoous origin, undoubtedly becausc his traverses took him mainly
through the migmatised arca between Liak and Ewena, However, the Oiatau
Gneiss is definitely a metamorphosed sequence of pelitic and perhaps
psammitic sediments, and part of the Lalama Amphibolitec has at least a
sedimentary componcnt,

An igneous origin is probable for the massive plagioclase amphibolites,
as their feldspars exhibit a strong rhythmic zoning and have largely
rctained their original crystal forms biotite and quartz are lacking, and
outcrops commonly contain inclusions of other types of amphibolite.,

The banded amphibolite or quartz-plagioclasc-hornblende-cpidote gneiss
was possibly a tuffaccous deposit, an impression thet is strongthened by
the obscrvation of coarse-grained hornblende inclusions in the banded
gneiss (photo 4), which arc regarded as possiblc volcanic bombs.

The lower - grade schists arc generally
metamorphoscd in the quartz-albite-muscovite-~chlorite subfacics of the
grocnschist facies. This implics regional metamorphism under conditions

of low temperature and moderatc pressurc (equivalent to a depth of burial
of roughly 10 kms. according to Fyfec et al.). Mincral asscmblages
mentioned by Fyfe et al (1958) and occurring on castern Misima include the
followings -

for pelitic rocks - quartz, muscovitc, chlorite, albite, (cpidote)s
for basic rocks --albite, epidote, chloritc, actinolite, sphcne(quartz);
albite, epidote, chlorite, sphcne (quartzs

albite, epidotc, chlorite, calcitc, sphene, (quartz
(actinolite).

It is possible that the grade of metamorphism slightly increases towards
the west; graphite schists west of Eiaus scem to contain biotite, though
this is difficult to ascertain without the holp of thin scctionss and mica
schists south of Gulewa contain occasional small pink garncts (spessartite?).
Banded schist in the Kobel Creck arca contains biotite-rich laminac,

Intercsting relationships between metamorphism and deformation
ar¢ shown in the thin section of a crcnulated graphito schist sampled in
the Ingubinaina Creck area, The schist is composed of very finc-grained
muscovite, sericitc, chloritc, and graphite (?) dust, arranged in very thin
laminac, and has undergone crenulation and false-cleavage. This deformat-
ion is apparcntly post-regional mctamorphiyrs: since small muscovite flakes
in the crenulated folds are bent. However, occasional prisms 0.5 to 1 mm
long cut across the bedding and crenulation without being disturbed, and
were evidently formed aftcer the dceformation. They arc composcd of tiny
granules of sphenc (?) forming clusters in the. cores of the prisms, with
generally a thin outer rim of indeterminate, colourless matcorial probably
consisting of quartz or scricite. The sphene is probably a replacement
of somc unknown mincral. The formaticn of the prisms, which are very
much coarser than the minerals constituting the rock, is a second stagc
of metamorphism, perhaps thormal (intrusive porphyry crops out noarby)-9 but
1t is hard to sec why in that case,no biotitc was formed.
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The graphitic schists, phyllites, mica schists, quartz schists
of the lower—-grade metamorphics were originally fine-grained pelitic sedi-
ments and muds with a high orgenic conient.
For the greenschists an igncous origin must be assumed,; in vicew of their
composition and appearance in the field. It scems that Stanley (1915),
end pcrhaps others, have mistaken many greenschist outcrops for basic
dykcs, Howcver, since their stratigraphical position is constant and
no intrusive contacts were noticed, they undoubtedly represent mctamorphos—
ed volcanic products:  lavas, ash beds, or tuffs,

B. Tertiary (Miocenc).

Tertiary deposits arc distributed alonéhthe north coast from
Liak to Rokia Point, and rcach inland for 2 to 2% milcs. A Tertiaxy
remnent occurs between Kulumalia and Lapipai, descending from the G00 ft.
contour to sea level, In all, somc 10 squarc miles arc covercd by tho
Tertiary rocks, which have a total thickncss of at least 1300 to 1500 fcet.

A subdivision has been made which is based mainly on latcral
facics difforences, and the following stratigraphic names arc introduccds
Kobel Volcanics, Gulews Formation, and iiak Conglomecrate, disiributed from
cast To west.

1. Kobel Volcanics.

\J
The best outcrops arc secn in Kobel Creek, where agglomerates
- or volzcanic conglomerates form thce walls of a decp gorge. The Kohal
- Volcanics occupy the castern portion of the Tertiary outcrop, and comprise
agglomerate, volcanic conglomecratc, tuffs, ash beds, and flows, gererally
- of trechytic and andesitic composition. A maximum thickness of about
1,000 feet is cstimated.

In the Kobel Creck-Kalotawa arce the principal rock-type is a
coarse volecanic conglomerate, with sub-ordinatc beds of coarse tuffs. The

. conglomerate is dark grey, and contains boulders with a maximum diamcter

of abocut 5 feet, mostly rounded and grading down into a poorly sorted,
coarses, angular, fragmental matrix. The boulders are a grey, porphyritic

) andesite (field tcrm) which contains light grey phenocrysts of feldspar,

2 to 4 mm long, and thin hornblendc prisms 2 to 3 mm long. The rether

‘high degree of rounding suggests deposition of agglomerate in an agueous

¢nvircnmenti, Tuff bands arc not common, may rcach a thickncss of 20

feet, and arc weathecred, light-grey to whitc, medium to coarsc grained,

and dominantly composed of sub-angular to sub--rounded feldspar crystals

which are uniform in size in cach individual horizon. Quartz may be

present in small quantity., The coarsce tuffs arc massive, the finoe-

grained tuffs have well-developed lamination. All tuffs contain cccasional
W, small pobbles of lava.

’ The number of tuff beds incrcases from Kobel Creck to Kalotawa, and the
volcanic rocks capping thc hills behind Kalotawa arc predominantly coarsc
- crystal tuffs and flows with some beds of agglomeratce, in which frzgments

rarcly cxccced 5" across.

Flows have also been reported from the Kalotawa-Guniuka shore
scction, and Gibb Maitland (1892) gave the following analysis of onc of
these iavas, which he called 2 trachytes

Si 68,02%
Al 14.08%
FeO 0.29%
fv2:3 5~19%
Mn trace
Ca 5.30%
K 1.26%
Na 5.17%
loss on

ignition __}.37%
100.68%
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The volcanics capping the hills around the mouth of Ara Creck
are weathcred red rocks, fine pebbly volconic conglomerate, agglomerate,
flows, and crystal tuffs (?). The Ara €reck agglomerate is a light
green-red rock with sub-angular fragments less than 8" across, grading
into a matrix of poorly sortcd angular end sub-angular fragmental material.
The pebblecs are vesicular lavas composed of small phenocrysts of feldspar,
and probably some quartz, with littlc matrix. The flows and crystal
tuffs in this arca are light grcenish-grey when fresh, but weather to red
and chocolate brown, They arc medium graincd, with feldspar and quartz
phenocrysts., Drusy quartz veins and quartz-filled cavities are common
in these rocks, A trachyte from Nigom shows, in thin scction, pheno-

. crysts of perthitic alkeli feldspar, 1-3 mm across, set in a much altcred

micro-crystalline matrix in which alkali feldspar could bc rccognised,and
a little quartz. Smz1l phenocrysts of a mafic mincral (hornblendc?) are
completely altcred.

The Tertiary remnants which occur on the 900 feet level near
Kulumalia, end down to sca level ncar the Mission Station and Lapipai,
consist of light-greoy, soft, weathcrcd tuffaccous sediment or tuff, end,
near tho' Mission Station, of grecnish-grey finc-grained volcanic breccia.
Microscopical cxamination of the breccia shows rounded fragments of finec-
groined trachytce with fluidal texture embedded in a fine-crystalline
quartz(?)-feldspar matrix. Crains of clino-pyroxene and brown hornblende
occur in the matrix as wcell as in the fragments. The fragments arc several
millimetres across. It is possible that the rock ropresents a vent
breccia; this would also explain its occurroncc at sca lcvel while less
than 2 mile to the north the basc of the tuffs is 900 feet above sea level.

Stanley (1915) placed thc source of the Tertiary volcanism 'some-
where in the decps off the coast line between Siagara and Patlilu Point!,
but there is littlc proof for this supposition. On thc contrary, somo
coarsc cross-bedding in agglomeratc or volcanic conglomeratc ncar Gulcwa
indicates a provenance from a roughly south-castern dircction, and the
occurrence of the vent(?) breccie near the Mission Station, as previously
mentioned, also suggests a source in a south-eastern dircction., The fact
that no cruption centres could be rccognisced with ccertainty morphologically
is perhaps duc to the ropid crosion following the post-tertiary uplifts.

To the west, ncar Gulewa, the volcanics intorfinger with, and
arc succecded by, the scdiments of the Gulewa Formation,

e 2, . Gulewa. Formatilon,

The Gulcewa Formation consists of a limestone member and a great

. variety of clastic scdiments, many of which scom to be tuffaccous. Its

name is derived from Gulewa village, necarby which the clastic scdiments
arc woll exposed. The formaticon is about 1300 feet thick and oxtends from
Gulewa to ncar Liak, whore it gives way to the Liak Conglomerate.

Th¢ limestone momber crops out about ¥ milc south of Gulewa.
In this locality it is scparated from thce metamorphic bascment by a thin
zonc of clastic sediments. The limcstonce is corallogenc in its thickest
parts, and is therc practically undistinguishable from the Quaternary raiscd
coral rcefs. Outcrops in Imgamanina Creck show that the limestonc is
interbedded with the Tertiary scdiments, It is not impossiblec, howcver,
that some of the limestonc outcrops mapped as Tertiary arc of Quatcrnary
agc, as for instancc the patch of limestonce south-cast of Gulewa.,

Typically the limcstone is white to crcam, and has abundant
fragments of lamellibranchs, corals, bryozoa, foraminifera, and othor
fossils. The corallogenc types are hard, but the other organic limcstones
arc commonly wcathcrcd to a soft and chalky substance.

In Imgamanina Creck the first signs of the approach of a recf cnvironment,
going upstecam, arc fragmcnts and pobbles of recf limestonec enclosed in
bedded calcarcous Tertiary scdiments. These fragments give way to tongues
and bods of limestone which arc intercalated with weatherced tuffaccous(?)
and calcarcous siltstone and marl, Furthcer upstream the limestone bands
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have congregated into quite massive, thick and rcef-like beds, represcnted
in the crcck by huge tumbled blocks and boulders.

‘The maximum thickness of the limcstonc, south of Gulewa, is 70 to 100 feet.

The limestone country is marked by numerous sink holcs and by subtcrranean
drainage, and is fairly difficult of access.

The latcral corrclation of the limestone to the cast is doubtful,
as the Gulewa outcrop is terminatcd by a fault. An intcrmittent limestone
horizon which is probably the equivelent of the limestone horizon des-
cribed, exists at the basc of thc volcanic conglomcratc in the Kobel Creck
arca, and dircctly ovcrlies the mctamorphic schists, This limestone is
generally impure, and in places contains calcarsous sandstonc beds, and
lenscs of calcareous conglomeratc. The calcarccus sandstone is dark
grcy, finc to medium grained, with small silt lonscs, and contains
nicaceous and carbonacecous material, fossil fragmchts and foraminifora.

The conglomerate lenscs consist mainly of quartz pcbbles with a few flat
mice schist pebiles in a calcarcous metrix.

West of Gulcwa the limcstonc thins repidly and becomcs a calce=-
arcni*tcy, mrinly composcd of forarinifern and small limestone fragmonts,
with other fragments of quartzite, gnciss, fcldspar, cpidotey, and horn-
blcnde, as obscrved in thin scction. Hear Liak, this czleq, .nitc is
overlain by the Liak Conglomcrate, '

The clastic scdiments of thoe Gulcwa Fermetieon arc very varied,
and includce such rock types as fine-greinced and coarse-grained sandstoncs,
siltstoncs, mudstoncs, coarsc greywacke, pebbly beds, conglomcrates, scdi-
mentary breccias. (Fig.4 ). Intcrczlations of agglomerate = .4 flows are
présent, which arc probably interfingcering members of the Kobel Creck
Volcanics. Somc beds scom to be tuffescous, others are calcarcous. Many
strata contain abundant clastic mica and carbonaccous matcrial, shell
fragments and micro-fossils., Glauconitec occurs locally.: ~The bulk of
fhrogmediments is above the limestone member, but a thin zone of Gulewa
sediments scparates this member fiom the metamorphic basement in most
places. Beds may be massive or thinly laminatcd. Conglonmcratos and
brececias are coarse, with pebbles up to onc foot across, or fine and
gravelly, They rangc from well-sorted to poorly sortcd, and pcbbles arc
well-rounded or angular to sub-angular. In some conglomcrates pebbles
consist of mctamorphic rocks, in others they arc derived from penccontem—
porancous dcposits of siltstonc and mudstone, The sandstcenes,which vary
from fine to very coarsc graincd with angular and sub-angular grains, arc
commonly poorly sorted. The greywackes are coarse to very cocarsc graincd,
poorly sorted; and composcd of angular rock frogments (including sore
volcanics), quartz and feldspar in an impurc sandy matrix composcd of a
grcat varicty of mincralss quartz, fecldspar, augite, hornblonde, chlorite,
cpidotc, biotite, ruscovite, tests of foraminifcra, calcite, ctc.

Mudstones and siltstones arc generally rather massive, but between Gulewa
and Kakama thcy arc very well-bedded, 2nd arc probably tuffaccous., A good
cxposurc of an intcrcalatcd agglomeratc horizon is found on thc north coast
about_ & mile west of Gulewa; its boulders and fragments range from grit
size to about 3 fcct across, and consisi of scoria and lavas, among then a
black basalt (small phenocrysts of labr:doritc and augite). The matrix

is sandy and tuffaccous., The lower part of the agglomerate is finer and

- better sorted, and shows some rough cross-bedding which indicates a proven-—

ance ¢f the matcrial from a roughly south-castern direction.

All these deposits are more or less grey when fresh, but become
whitc, ycllow, brown or greenish on weathering.

Bedding structurcs arc not commons  Some worm-burrows(?) and
fine rud cracks occur in the mudstonc, and cross-bedding is rarc. A
scction through somc load-cast structurc is shown in Fig. 5.

Maﬁy beds are fossiliferous, contain lamellibranchs and other
shells (Fig..), micro-foraminifera, and, according to Stanlcy (1915),
remnants of carbonizcd plant fossils in the mudstone,
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3. Liak Conglomerats

This uniform and massive conglomerate is well exposed in Gowa
Creek near Liak, and in the upper reaches of Ulabwe Creek, and covers
an area of approximately 3 square miles in the vicinity of Liak. Its
thickness is estimated at about 700 ft. Composiiicn and size of the
mostly well-rounded pebbles and boulders vary somewhat according to
locality., North of Awaibi, for instance, the bouiders are an average
2-3" across, with a maximum of more than foot., They consist mainly
of amphibolite, greenschist, porphyry, quartz, schisis, and dolerite,
with rare pebbles of Tertiary limestone. South of Liak, near the
boundary with the metamorphics, the conglomerate is finer and more sandy,
and the pebbles are generally coated with a film of limcnite, In Gowa
Creeck the proportion of pebbles of Tertiary rock types is somewhat higher.
In general, the content of metamorphic comprment~ “wcreases from south to
north,

Intercalated in the conglomerate are soma minor lenses and
tongues of moderately to pvorly sorted sandstone, which is locally
fossiliferous,

According to Stanley (1915), the conglomzrate overlies the
Tertiary sediments of the Gulewa Formation with an angular unconformity.
He based this opinion on differences in attitude heiweer . the Culewa
sediments and the Liak Conglomerate. However, our fieid work showed
that attitudes are the same for conglomerate and unlerlying calc-are.ite,
and that both appear to follow the same struciural undulations. It scems,
therefore,more likely that the conglomerate overlamps,; and probably inter-
fingors with, the sediments of the Gulewa Formation; and tha+t any uncon-
formities present are of a local character only.

The relationships of the Tertiary.lorm-.oong-dosoribeod” DOV’
are toentatively shown in the diagrammatic section of plate 1. Their
age was given by Stanley as late Tertiary, Micro-foraminifera sampled
during our survey include the following genera and syeciss determined
by D. Belfoxrd:

Globorotalia menardii, Globoquadrina altispira, Clobigerinoides
trilobus, Pulleniatina obliquiloculata, Sphaercidinella dehiscens,
Ervonides umbonatus, Plecctofrondicularia interrupia, Bolivinita
guadrilatera, Nodosaria arundinea, Bulimina acuieata,; Cassidulina cf.
subglobosa, and Siphogencrina sp. :

This association puts the Tertiary rocks on Misime in the upper Miocene.
Stanley, who in 1915 had included the Kobel Volcanics in the Tertiary,
stated in 1917 that they were "recent" but did nc* “iscuss his change of
opinion. This new supposition seems illogical since he himself had
written in 1915 that the volcanics just east of Gulewa were interstrati-
fied with the scdimentary rocks of proven Tertiary sge.

C. Quaternary

Deposits of Quaternary age consist mainiy «f raised coral
reefs; a few small swamps and accumulations of gravel alluvium occur on
castern Misima.

The raised coral reefs are a striking feaiuvrc of the island and
form %terraces and benches all along the southsrn and castern coasts,
rising locally to a maximum altitude of 1,400 feec® (=ee mago 3)(Photo 1)
Raised reefs with heights of 100 to 200 fcel lov. wwa leves cocur
along the east coast betwocen Rokia Point and Cape Henry (photo 2,)

Along the northern shore they arc notably abscnt.

The recfs normally have a corallogene facics ard are mainly
built up by foraminifera (Operculina, Cycloclypeus. and others ), algae,
bryozoa, and corals. Locally sub-ordinatc bedded impure limestone,
calcarcous sandstone, gravel patches, and in one place even a conglomerate,
arc also exposed.
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The limestone areas are characterised by their white cliffs,
subterrancan drainage, sinkholcs, caves with stalactites, deep canyons,
and the like,

On the map all raised reefs are shown as of Quaternary age.
This is certain for the lower levels, but it is 1likely that thc higher
lcvels may be Tertiary and perhaps be the equivalent of the Tertiary
coral limestone south of Gulewa. In that casec the uplift of the island
during Tertiary times must have been a one-sided, tilting movement:
the southern end must have risen rapidly, while the northemn zone was
comparatively stationary so that sedimentation could take place and
sands and conglomerates derived from the southern zone were cdeposited here.

Alluvial deposits arc few, and are restricted to eastern Misima
where uplifts with resulting rejuvenation of the drainage system appar—
ently were less vigorous. They consist of sago swamps and gravel
deposits, and occur at the mouths of the larger crcek, such as Ingubin-
aina creck, Cooktown creck, Ginesia creck, The "alluvium" s2own on the
geological map wost of Bwagaoia probably partly rocprescnts fine sandy
and silty lagunal deposits raised slightly above sea level,

INTRUSIVE IGNEOUS ROCKS

These are the hornblenditc, trondhjemitc, post-metamorphic acid
and basic dykes, and thc porphyrics, the Tertiary offusive rocks and the
amphibholites of uncertain origin arc excluded from this section.

Hornblendite

Hornblendite occurs on the divide betwecen Liak and Dwagabwaga,
and in Bwagabwaga itsclf. The rock is a massive, coarscly crystallince
aggregate mainly of hornblende, with varying amounts of interstitial
rlagioclasc and somc scapolitc and quariz. Pyroxene and epicotc arc
occasionally seen in some scctions, The hornblende is comm:aly 0.5
inch across, idiomorphic and short-prismatic. This habit is probably
the rcason that Stanley (1915) described the rock as a purc "cabbro
containing many large well-formed augite crystals." The mincral shows
some "schiller" structure, and is light grass green (thc horntlende in the
mctamorphics is deep bluish grecn). The scapolitc is clear ad frec from
inclusions, and the plagioclasc is albite twinncd and rather calcic. A
magmatic origin seems very likely.

The agc of emplacement is opcn to discussion. Mosv probably
the hornblendite is pre-metamorphic, becauge inclusions of the rock were
found in banded amphibolite or quartz-plagioclasc-hornblende gaeiss near
Lalama (photo 4), and remnants occur in the migmatite between Liak and
Ewena. The inclusions in the banded amphibolite were pcrhaps deposited
as volcanic bombs in tuff or ash beds. On the other hand, no sign of
metamorphic effects could be recognised in thin section. Possibly the
hornblondite has withstood metamorphic stresses thanks to its :0ATSENEss
and massive naturc, Possibly also the inclusions in the band-:d gneiss
are nos related to the hornblendite but arc coarsely recrystal_ised
amphibolites; in other words the similarity could have been caused by con-
vergence of two different. processcs,

Contact rclationships were unfortunately not se:n, but in a fow
places the hornblendite secems to grade into the coarsc plagiociasc
amphibolite.

Trondhjemite

Trondhjemites are quartz-rich tonalites, and werc defined by
Goldschmidt ass 'leucocratic acid plutonic rocks, whose essential con-
stituents are soda-rich plagioclasc and quartz, Potash feldsrar is
essoentially wanting or is present only in subordinatc amounts. Biotite
is the most important of the mafic constitucnts, although it is present
in smell quantities., The ores arc usually absent!. A rock type



~15-

corresponding to this definition occupies much of the areca between Liak
and Awaibi and forms the main mass of Mount Apatikaiogeian, It may

also be the original intruding componcnt in the migmatites. No outcrops
were seen in the lower-grade metamorphics.

In thin section the plagioclase appears to be an oligoclase or
albite-oligoclase: quartz, one of the main constituents, shows strain
shadows: biotitc is present as small dark grcen-brown shreds, often
accompanied by epidote. Sphene, apatite, and zircon arc present as
accessory minerals,

The cmplacement of the trondhjemite was probably largely syn-
tectonic, as a gneissic structure is generally apparent. - Injection of
smal ler veins was rather forcible. This is demonstrated in an outcrop
about 1.5 mile east of Ebora (Fig.7), wherc a trondhjemite vein shows
faint flow banding strongly curving dovnwards duec to friction against the
walls, and the gneiss and amphibolite forming the wall rocks are dragged
in the dircction of movement, A thin section of the vein rcveals. pro-
nounced granulation or protoclastic structure. The cmplacement of the
trondhjemitc must have taken place under conditions of high tcmperature
and prcssurce, to account for the smooth ruptureless plastic drag shown
by the wallrock gneiss.

Post-metamorphic acid and basic dykes

Acid and basic dykos of post-mctamorphic age intrude the higher—
grade metamorphics in a number of places, but were not found in the
lower~grade metamorphics, The dykes occur mainly in the area betwcen
Bwena and Liak, locally in swarms, and generally strike cither east-north-
cast or west-north-west. Thicknessos range from 0.5 to 5 feet approxi-
mately.

Two thin sections were made, one of an acid, one of a basic dyke.
The acid rock (Photo 7) is a mica dacitec, containing phenocrysts, 0.5 to
1 mm across, mainly of fcldspars with some muscovite and quartz, embedded
in a fine-grained matrix of quartz, feldspar, and grecen-brown biotite. The
feldspars are twinned plagioclase (oligoclase or andesinc-oligoclasc) and
potash fcldspar.

The crenulated margins of the phenocrysts suggest that the final stage of
their growth has coincided with the crystallization of the matrix.

The basic dyke rock sectionecd appears to be an hornblende-albite
lampronhyre. Phenocrysts of a reddish-brown barkevikitic hornblende are
embedded in & fine and cven~gra'ned, panidiomorphic nctwork of brown horn-
blende and a plagioclasc which is probably albite. Clusters of cpidote
and chioritc arc probably fillings of amygdales or are pseudomorphic after
some unknown basic phenocryst, perhaps clivinc, Quartz is a rare con-
stituent in the matrix, and pyrite and chlorite are acccssory.

Porphyries

Under this heading arc grouped o variety of generally porphyritic
intermcdiate to acidic intrusive rocks that crop out extensively in the
Lower-;rade metamorphics in ecastorn Misima and are held to be rcsponsible
for the gold mineralization, They occur as sills, dykes, and irregular
bosses of various dimensions, (Fig.8), and werc probably intruded at the
end of “he paroxysmal phase of deformation, although they themsclves arc
affected by continued faulting and shearing. Their emplaccmont took placc
in morc than one stage, as somc porphyrics are scen to cut through othcrsg
folsiti~ varieties are generally youngcr than the porphyritic types. In
places the country rock is hornfclsed ncar the intrusive contact.

The most cormon types are porphyrics of dacitic or andesitic
composition, They are light or dark grey when fresh, and contain many
phenocrysts of 2 to 4 mm across in a micro-crystalline matrix. The pheno-~
crysts are mainly white, idiomorphic feldspars, with some quartz in the
more acid rocks. Plagioclase (oligoclase or oligoclase~andesine) prodomi-
nates over potassium feldspar. Mafic phenocrysts arc idiomorphic biotite,
or grecn hornblende, or both.
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In some localities the porphyries grade into rocks with a more
plutonic, phanerocrystalline character. An extreme example is found in
the intrusive mass north of Sikekeu, No matrix is present in this rock,
which is a quartz diorite, made up of plagioclase, some potassium feldspar,
biotite, and some quariz.

Another variety is very fine~grained, aphanitic; greenish

_ felsitic rock in which no phenocrysts are visible. It generally occurs

“\in dykc form, and never forms large bodies. A thin scction shows &
trachytic composition with strong silification in the form of impregnation
and veining with quartz. Phenocrysts of potassium .feldspar, though not
visible in hand specimen, are present, embedded in a fine~grained quartz-
feldspar matrix).

Many of the porphyry outcrops arc much altered to a yellow,
yellow-brown, pink, or white clayey substance, in which quartz pheno-
crysts, and in places white specks of kaolinised feldspar, are conspicuous.
The mafic minerals are chloritized; biotite is commonly bleached to a
white "mica" which could be mistaken for muscovite in hand specimen.

Other decomposition products are calcite, sericite and epidote; generally
in the form of saussurite.

A few outcrops of a hornblende dacite porphyry are present in
the higher-grade metamorphics (Fig.7), but it is not known whether they
arc related to the porphyries in the lower—-grade metamorphics.

Other intrusives

Dolerite dykes and veins have been reported by several authors
(Stanley, 19155 Davies, 1958) from the lower-grade metamorphics, but these-
were not seen by members of the 1959 patty. One possible example occurs
at the Double Chance mine (Fig.9), but extreme decomposition and weathering
have obliterated the original mincralogical composition., It is highly
probable that Stanley (1915) mistook ccrtain greenschist exposures for
basic dykes.

Outcrops of what are thought to be metamorphosed basic dykes
occur locally in thc higher-grade metamorphics. A thin section made of
one of these rocks shows a mineralogical composition of pale green horne-
blende and epidote enclosed in irregular porphyroblasts of albite, the main
constituent. Quartz and chloritc arc sparse. The hornblende is still
very poor in alumina and has actinolitic affinity and the rock probably
belongs to the greenschist facics. This is in strong contrast to the
almandine amphibolito facies of the surrounding gneiss, and it is therefore

. suggested that intrusion of the dyke took placc whon conditions of meta-

morphism had become less severe.

STRUCTURE

As can be expected in areas of regional metamorphism, folding
and faulting arc conspicuous in the metamorphic bascment; but the
Tertiery and Quatcrnary sediments are also tectonically disturbed, though
to & much lesser degrec.

It is difficult to present a precisc structural picture of the
metamorphic formations, bccause airphoto interpretation is virtually
impossible, outcrops arc scatterecd and not traceable over any distance, and
marker beds are absent, with the exception of the St, Patrick Limestone.
Moreover, bedding is commonly not recognisable and measured dips and
strikes therefore generally refer to the attitudes of schistosity and
foliation, which may or may not coineide with the original bedding.

The scctions (Platoﬂgﬁye an interpretat’lon rather than a true picture
and demonstrate only qualitaiively the regional w.ructure.

Folding-=- The regional strike of fold axes on Misima is roughly
east-west, Folding in the metamorphic rocks is represented in different
orders of magnitude; on a small scale, schists and phyllites are plicated
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and crumpled, locally to such extent that rodding of the schist has taken
place. This fine~-scalc crenulation is expressced on planes of fissility

as a distinet lineation, which, where observed, is parallel to the axes of
larger folds (b-lineation). It is assumed, and in some placos demonstrat-
ed, that the plunge of lineation coincides with the plunge of larger
structures which cannot be rocognised in outcrop, and the mecasuring of
lincation in the field may be of much value in trying to unravel the
obscurc major structurcs.

Folds of scveral foet or yards of amplitude are the next order
of magnitude, ani may be rccognised in good cxposures. They show siceop
plunges in some outcrops, but may be rather flat in other places.

With increasing dimensions structures become morc difficult to
interpret. The Double Chance anticline (Fig.l1l0) for instance, could be
recognised only by the presence of the boundary planc between Ara Creck
Greenschist and Ununa Schist, combined with information given by tho
lincation.

The overall structurc of eastern Misima is probably undulating
with prodominantiy shallow to moderatc dips and plunges (Sections A-B and
C-D, Plate?); the many stecp dips of the plancs of schistosity are ~ttri-
buted to secondaxy shear folding. It is notcd that dips and strikes
appecar to bc much more constant and regular in areas where outcrops of
porphyry are smalil and scarce than in the densely intruded regions, wherc
the porphyry bodices secm to have beon, directly or indirectly, respomsible
for the confuscd structures. One such "gquiet" areca is the south~east
corner of eastorwn Misimas here an east-plunging anticline is present.

Cross folds probably occur on castern Misima in the rogion be-
tween Rokia Point and Cape Henry, wherc the formation boundarics indicate
a general sirike to the south-cast, but whcere individual attitudes cf
schistosity and lincation are commonly at right angles to this direction.

In the higher-grade motamorphics dips may be gentle, as along
the north coast wost of Lalama and in many places along the south coast,
or they may be stecp, as in the rcgion wcst of Bwagabwaga, + is assumod
that bedding and schistosity in the Oiatau Gneiss ldrgely coincides:
planes of schistosity and bands of differcent composition and grain sizc
are gencrally parallel. Deformation apparently occurrcd under cenditions
of high pretusure and tcmperature, as is suggestod by exemples of plastic
folding (Fig.11).

An intcrpretation of thc overall structure is given in sections EF and GH
(Plate *1).

o Folding in the Tertiary sodiments was much weaker. Dips reach
407 at the most, hut arc eonerallv much less. The regional dip is to-
wards the sea, away from the mctamorphic bascment.

"y Faulting- Fzulting is common on the island and occurs in all
rock units. Although definite fault planes in the metamorphics can rarely
be traced in the fiocld, sufficicnt evidence is shown by brecciation and
shearing, in many places combined with ¢aartz veining. The Umuna l-ode

is the best known example. Many exposures show small-scale faulting and
thrusting (Fig.12 and Photo 5).

The Tortiary sediments are also affccted by faulting: small-
scale faultirg in exposures often show low-anglc thrust movements,

' Even the Quaternary coral reefs have beon under tectonic stresses
as can be expecte” in view oi their consi*derahec post-Tertiary uplift,
Vortical off-sets in raiscd coral benches have becn noticed on the south
coast, and Bwagaoia harbour has probably becn formed as a sunken wedgo
bounded by fault plancs, West of IFiaus the raised coral reefs show low
dips in opposite directions, perhaps owing to drag movements causcd by
block faulting.

Although geological and structural photo interprctation was
gonerally not possiblc, a pattcrn of lineaments may be secn on close study
of the aocrial photographs (Sce insert on Platc). This lineament pattcmn,
which has somc influcncc on the dreinage system, undoubtedlyincludes joint

-/
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systems as well as fault planes. Bwagaoia harbour, for instance, is
bounded by a set of lincaments, and probably owes its artificial-looking,
canal-like appearance to differcntial movemcents along these liness: a
small wedge has subsided below sea level,; a western block has slightly
emerged, and an eastern block has remained stationary, The coral reef
west of Bwagaoia is raised about 20 fect, and its former lagoon is now
just above sea lovel and is being filled by alluvium. The Ununa lode
also scems to fit in the pattern, and the lineaments deservc close
attention in' the exploration for gold, as thcy may guide and concentrate
activities along lincs of structural weekness which are logical structural
traps for the mincralization.

GEOLOGICAL HISTORY

Since the relationship between the higher-grade and the lower-
gradc motamorphics is still problematical, the two regions will be dealt
with separately.

In the area now occupiced by the higher-grade metamorphics,; the
first stages of dcposition werc charactcrized by besic - ulcanism and
plutonism, latcr followcd by deposition of clays and silts with occasional
tuff bods and flows., These deposits were dceply buried and regionally
metamorphoseds subscquently deformation took place, accompanizd by local
migmatization and intrusion of trodhjemite, still under decep-seated con-
ditions, In a somewhat later stage, after the conditions for regional
netamorphism had largely disappeared, lamprophyric and acidic dykes were
injected.
In the eastern regions,; a pcriod of basic volcenism was succeedod,
and perhaps also prcccded, by a pcriod of deposition of “ark organic muds
and silts, starting of with the formation of limcstone banks, possibly as
coral reefs or other organic structures. Thesc volcanic and scdimentary
rocks subsided and werc transformed by recgional metamorphism into phyllites
and schists, with accompanying faulting and folding. Probably in the
later stages of doformation, and aftcer the rogional mciamorpbism, the
porphyry massos and dykes worc cmplaced, with accompanying gold and
sulphide mineralization,

The lowcr-~grade and thce higher-grade metamorphiss weee then

. raised above sea level and eroded. In Tertiary times thc outlines of the

island bocame roughly defincd, and fringing reefs forme® in placcs.

Continuing cmergence secems to have becn much stronger in the south than

in the north, with the result that coral rcefs (which coniinuei to develop -
into Quatcrnary times) were raised, in stages, to a considerable height in

the south, while Mioconce shallow-water scdiments and volcanics werc deposited
in the north. Andesitic and trachytic -lavas and tuffs were 1mid down over

the castern part of ecast Misima, whercas farther wes* cc.rse ciastic sedi-
ments and conglomeratos wore deposited. Finally, thc cmorgonzc which bogan

on the south coast cxtondcd to the north . and both tertiary beds .and quater- ™~
nary coral reofs of the entire island were raised above sea lovel,

Faulting accompanied a2ll thesc stages and lasted until most
recent times, as is demonstrated in the formation of Bwagaoia harbour,

ECONOMIC GEOLOGY

Apart from onec trial parcecl of base mctal sulpride ore, gold
has been the only minerel mined on Misima, yielding silver as 2 by—product
Small quantities of lead, zinc, and copper sulphides occur but arc not of
sconomical intercst.

History

Misima began its existence as a mining ficld in 1888, when
alluvial gold was found and worked in Ginesia Creek and subsequently in
other crecks, It was the first time gold was discovered in Papua,
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In 1904 a prospector, R. Boyd, traced lode~quartz boulders in
Cooktown Creek upstream to their origin and so located the first lode,
which he called the Massive, now the central scction of the Umuna lode.

A succcssionhﬂ§¢S- dicates and companies attempted the mining
of the lode (sce char@,; Ut“Only a few of them were financially success-
ful, The mine was in a state of hcalthy production, the monthly output
was continuously increasing and rccord production figures wore being ob-
tained when World War II forced it to close. Aftcer the war an attempt
to re-open the mine failed, and the workings have since becn abandoned.

During the successful mining of this central section of the
Ununa lode other companies were active on the southern and northern
sections, at Kulumalia and Mount Sisa respectively, but production ro-
mained far bclow expectations, owing partly to operational difficulties,

Othcr lcdes found on the island are smaller and less well-
defined. The Quartz Mountain lodes are the best known among these.
Production here was negligible.

After the war the only production of gold came from a fow
scattercd localities wherc the metal was mined for short periods for a
yield of 2,000 finec ounces at the mostg - these werc at Mararoa, tho
Scottish Queen, and thc Double Chance; Of these, the Double Chancc is
the latest find, and was still being worked in 1959 by its discovercr, Mr.
H. Gladstonc.

The estimated total production of gold from the lodes and alluvial

deposits of Misima Island is of the order of 236,000 to 239,000 ounres

* (Davies, 1959), of which at least 114,000 ounces were obtained from the
central scection of the Umuna lode.

‘The dcposits

Alluvial workings — Up to 1904, alluvial deposits wcre the only
source of Misima's gold, The best known crecks. were the Gincsia, Ara,
Ingubinaina, Inhabit, and Maika Creeks and the two top branches of Kobcl
Creck, but some gold was found in nearly all crecks on castern Misinma.

The largest known, tesicd deposit is on Tauhik Creck, near
Quartz Mountain, The 2lliviunm herc was drilled and sampled in 1939,
and the reserves were calculated at about 1% million cubic yards of wash
carrying 10.5 grain per cubic yard. - Approximatcly 80% of this gold is
very fine, and difficult to recover. Dredging was not considered prac-
ticable besause of the scattered occurrence and the small size of the
scparatc scotions and the deepness of the ground (Donaldson, 1939),

The total production of alluvial gold on Misima is given as
roughly 80,000 to 100,000 ounces, but much gold may not have becn
officially rccorded, A few ounces of gold per year are still being won
from soveral crecks by natives,

Potential deposits may cxist at the mouths of the gold bearing
Ingubinaina and Ginesia Crecks; these swanpy flats have ncver been tested,
although their arces arc larger thaa the Tauhik area.

The lodes - The known arcas of lode mincralization arc: the Ununa
line of lodes, thc Quartz Mountain arca, and the Ingubinaina Creck area,
Therc is evidencc that further lodes may be hidden under the decomposcd
rock mantle, Most or the workings arc collapsed and inaccessiblec .ai
presenty; with the oxception of a fow adits such as the No.T7 level adit at
Umuna and tho Waterfall adit at Kulumalia. (Fig.13)

A. THE UMUNA LINE OF LODES

This line strikecs north-north-west from Kulumalia via Umuna
to Mount Sisa over 2. distance of about lé-miles, and perhaps continucs
for another 2% miles to the vicinity of Ara Creck. The known portion,
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between Kulumalia and Mount Sisa, is wcll-lefined. Its continuation to
the north-north-west is inferred only from a number of old lcases situated
near Ara Creck, some of which rcportedly have shown good gold values in
lodc material similar to that of the Umuna lode sensu stricto.

The known portion of the Umuna lode¢ follows a prominent ridge
and is sub-divided into three secctiongs a central section at Umuna, a
northern scction at Mount Sisa, and a southern section at Kulumalia. The
lode is best defined in the ccntral sectiong in the other two the lode
scems to branch and wcaken. The central section has also shown the
highest values and has produced the bulk of thc gold.

(a) The central or Umuna scction.

The lode is not well known geologically as the mining companics
did not cmploy qualified gcologists and workings have now mostly collapsed.
According to Stanloy (1915) the lode consists of '...two apparcnt walls
which, in recality, represcnt two reversed faults, highly brecciated...'.
Haddon King ct a2l (1949) described the lode as '...a fault breccia with
quartz, soft pug, and rocky ganguc derived from the schists and porphyry...'.
At Umuna the fault dips stceply to the west, Bouldcers of a sugary,
vuggy, occasionally banded, whitc or ycllow quartz mark the trend of the
lode at the surfacc. Nevertheless the lode is not strictly a quartz rcef,
but is a shcar zonc traversed by vecins and stringers of quartz.

According to Palmer (1959), the main ore body, in which gold
valucs arc erratic and very uncvenly distributed. is enveloped in a halo
of very low-grade mincralization with a maximum width of 250 foot.,

Only thc oxidised zone of the lode has been worked: this could
be done cheaply because of the softness of the rock, the casy-milling
charactcr of the ore, the cheap labour, and the fact that no expensive
winging and raising was required. Access to the lode was obtaincd by
adits driven into the hill side. Scven levels were developed, mainly by
Block 10 Misima Gold Mincs, N.L. (1914-1922), and by Cuthbert's Misima
Gold Mine Ltd. (1935-1942), which together produced 97% of thc rocorded
total production of about 114,000 finc ounces. (Table 2). This yield
came from some 376,000 tons of ore, extracted mainly frcm the No.5 and No,
7 lovels, and with a rccovery grade avcraging 6 dwts per ton (Palmer,1959).
A maximum length of 4,000 fect was devcloped to a maximum depth of 600 feotg
thosc portions of the load extracted averaged 15 feet ir. width with a maxi-
mum width of 30 fcet. The part of thce various companies in the production
is shown on the chart, \THOIE 2).

Below the bottom level (No.7 level) the primary sulphide zono
gradually mekes its appearance in the form of patches of scmi-oxidized
sulphides of lead, zinc, and some coppcr. The possible valuc of the
sulphides was recalized by minc managers since 1937, but no exploration in
depth was undcrtaken, undoubtedly because the easy gold in the oxidized
zonc was by no mcans cxhausted. After the war Cuthbert's Misima Gold
Minc Ltd., during an effort to re-open the minc, attompted to test the
primary zone by means of three D.D. holes, but met with little succoss
bececause of very poor corc rccovery and failure to reach targets owing
to collapsc of thc;polos in the soft country rock.

Reserves in the oxidized zone have been cstimatced at approximatcly
270,000 tons by King ct al (1949) and at 400,000 tons by Palmcr (1957).
These estimates include the 'probable' and 'possible' reserves. Few, if
any, assay and survey records exist; however, 33 samples from the No.6 and
T levels, though not considcred represcntative, gave an average of 2.5 dwt
of gold per ton (with 0.6 oz. of silver, 0.3% of lead, and 0.4% of zinc),
and King thcrcfore feared that much of the ore rcscrves may have a lower
grade than the ore prcviously worked. Depth and +tecnor of the primary zonec
arc virtually unknown factors, and itis impossible to give even a rough
estimatc of any possible rescrves. On production figures, gold valucs
have not declined in depth, but it must be said that the bottom level is
$t11l meinly in the oxidized zone where secondary cnrichment of the gold may
have taken place, and gold values may therefore decreasc to some cxtent in
the actual sulphide zone. The only figures on the tcnor of thc orc in the
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sulphide zone may be obtained from two assayss one is a bulk assay of a
52~ton parcel of semi-oxidised ore which in 1952 was extracted from the
bottom level by two prospectors and consigned overseas, and which showed

the following valuess
Au 18.5 dwts per ton, Ag 3.0 oz per ton, Pb 20.2%, Zn 36,1%.

The other assay was of a sample handpicked from a dump of high-grade
sulphide ore near the portal of a drainage tunnels it gave the following

resultss
Au 3.6 dwts per ton, Ag 3.0 oz per ton, Pb 23%, Zn 25.5%, Cu 0.56%.

(b) The northern section near Mount Sisa,

The lode here is not so clearly expressed as at Umuna, and cross lodes are
probably present, as for instance at Mararoa. There is even some doubt
whether the lode worked by Goldmines of Papua Ltd. was the main branch of
the Umuna lode. After a five year period of testing and development work,
the prodaction of 8,500 ounces of fine gold and 24,000 ounces of silver,
obtained from about 40,000 tons of ore in 1938-1939, remained below expec-
tation, notwithstanding the fact that the mine was modern and well equipped,
and assay results appeared to be satisfactory. .- ~orong discrepancy be-
tween assay values and recovery grade has never been fully explained
(tailing assays showed that most of the gold should have been recovered ),
but mining Warden'd reports suggest that theft may have been one of the
reasons, The mine was closed in 1940.

A smaller lode, developed west of the main lode, differed in that
it had a high proportion of calcite.

The only other production in the northern sector came from
lMararoca, where Mararoa Goldmines N.L. extrasted some 150 oz in the post-
war period of 1947-1948; and from the Scottish Queen nearby, where H.
Gladstone, its discoverer (1953), drained a small lake to expose the lode
and produced about 1,225 fine ounces from 1,200 tons of ore within 22
months. Good values occurred in this deposit: the warden's reports
mention monthly returns of, for example, 95 ounces from 60 tons of ore,
and 40 ounces from ancther 60 tons of ore. Gladstone abandoned the mine
when the gold values dropped below 5 dwis per fon (Palmer, 1957), The
Scottish Queen is now completely overgrown, but Davies (1959) states that
the gold occurred in a shallow-dipring band of grey pug probably represen=~
ting a fault gzone. Palmer (1957) suggests that the orebody may have a
pipe form, presumably at the intersection of two planes of weakness.

Good values were reported elscwhere *n *he normthern section
of the Umuna lode and its possible north-western extension. A very
rich find was made by A. Alexander in 1941 on leases abandoned by Gold-
mines of Papua Ltd. One parcel was said to assay 44 ounces per ton,
and a check sample confirmed 5 ounces per ton (Warden's Reports).
Apparently the find was a small, rich pocket only, and nathine more has
beon heard of it.

Farther north, near Ara Creek, and more or less on the projected
strike of the Ununa lode, some good gold valucs were obtained in 1939
from costeans and adits on leases held by Misima North Gold Mines.
Donaldson reported 24 dwts over a width of 18 feet, and 12.9 dwts over a
width of 23 feet, in two lodes 12 feet apart, and estimated that 75,000
tons with an average grade of 6 dwts per ton werc present to a depth of
80 feet below the surface (King et al, 1949). However; no attempts were
made to develop and produce this ore.

¢) The southern or Kulumalia section.

The two mining companies active in this area were the Misima
Gold Reefs (New CGuinca) N.L. under management of Major Stuart Love, and
Gordon's Misima Company, which took over in 1940, Three main lodes and
at least five other lodes were reported from the area (Palmer, 1957).
The main lode is a branch of the Umuna lode,
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From the available reports no reliable estimate can be made
of the value of the lodes. In 1934 the average value was "established"
at about 9 dwts per tong in 1936 the ore reserves were estimated to be
some 52,000 tons with an average grade of 4,8 dwts per ton (Stuart Love,
1936); and in 1938 these estimates were reduced to about 40,000 tons of
"payable ore" - a discouraging conclusion after the ycars of extensive
development work. Nevertheless the company was ready to start product-
ion when war intervencd in 1942. After the war, H. Gladstone milled
about 150 tons of the better ore from the area (Davies, 1959), but when
production did not confirm the reported assays he abandoncd the project.

B. THE QUARTZ MOUNTAIN AREA

The Quartz Mountain arca is situated about 5 miles west of
Bwagaoia and lé-mile south-west of Umuna. Robert Boyd was again the
first to take out leases here in 1904, the yecar in which he discovered
the Umuna lode.

According to Donaldson (1939) thce mineralization follows sub-
ordinate tectonic lines but its pattern has becn obscured by slip and
crecp of the ore down the steep hill sides, Six or more lodes have becn
found within an area of about % square mile. They are similar to those
at Ununa, and are characterised by drusy, banded quartz, with much earthy
manganiferous material in places., Some lodes are in leached, honey-combed
and partly silicified limestone. Pyrite, galcna, sphalerite and some
chalcopyrite are disseminated throughout the quartz matrix and occur
locally in the limestone. There was little or no production, owing to
the gencrally low values cncountered. In 103/ Muamte Mas- o (Papua)
Ltd., a New Zealand company, took over the leases, and started to build
roads, bring in machinery, and to construct a mill, all before any values
were ascertained or an estimate of reserves was made, Not surprisingly
the only production (in 1937) was 55 ounces of gold from 1,000 tons ofore,
which corresponded to a recovery grade of about 1.1 dwt per ton, against
an assay value of about 6 dwts per ton,

In 1938 C.H. Donaldson was cmployed as manager. He carricd out
a sampling and assaying programme, but was disappointed with the results,
as he found that good ore values werc very patchy and rapidly petercd out
with depth (Donaldson, 1939). Low values were present over large areas.,

At present the only possibilities appear to be in the former
Quartz Mountain lease, containing the "Open Cut" and the No.4 or Waipuna
lode, and in thc Quartz Mountain Extended (sec plan in Davies, 1959).

om

Valucs here in placcs exceced 10 dwts per ton over shart -zt los,

The "Open Cut" is an arca of quartz boulders set in clay, the
boulders assaying about 5.2 dwts per ton over a lcngth of 300 fcet, the
clay matrix averaging about 1 dwt per ton.

In the No.2 cross-—cut, 300 feet to the south-wcst of the Open
Cut, 19 fect of material reportedly assaying 12.6 dwts per ton werc intcr-
sected.,

A low cliff of vuggy quartz to the west of the cross-cut, rep-
resenting a fault zonec 6 feet wide, was reported to contain a stretch of
40 fcet averaging 15.6 dwts per ton. Check samples taken from this cliff
in 1958 gave an average of 8.1 dwts per ton (Davies, 1959).

After the war, Quartz Investment Ltd. attempted to start produc-
tion from the Cpen Cut, but before the mill was in full production a
cyclone, in 1951, badly damaged +the nlant. and +hn w=nasnn+ wae shandnned
for lack of capital.
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C. THE INGUBINAINA CREEK AREA

Several small prospects and leases were located along Ingubinaina
Creek or in its vicinity, among which werc Grant's Claim, Well's Tunnel,
and Mount Sisa West. A new find in this region is the Doublc Chance,
discovered by H. Gladstone in 1957 and still being worked in 1959.

The Grant's Claimlode consists of quartzosc ironstone containing
pyrite, magnetite, and probably gold (Stanley, 1915). Boulders of iron-
stone are also concentrated in the upper reaches of Ingubinaina Crcek and
Cooktown Creck (Fig.l4); some are staincd with green and bluish green
. secondary copper minerals such as malachitc and probably chrysocolla. It

is possible that the ironstone lodc is responsible for the magnetic anom-
alies in this area, mentioned by Stanley (1915).

Well's Tunnel was driven for roughly 70 feet through strongly
quartz-veined dark phyllitc and micaccous schist intruded by feldspar

porphyry.

The Mount Sisa West lcase is situated along the Gubinaina Creck,
a tributary of Ingubinaina Creck. It has a few small, irregular lode
outcrops which consist mainly of a fine, black, gritty quartz.

Production figures for these old prospects and workings are not
known but are probably very small,

The Double Chance was the only gold producer in 1959, and is
fully described by Davies (1959). It is an open cut situatcd on a hill
side above Ingubinaina Creck, on the northern limb of an east-plunging
anticline (Fig.lO). The open cut trends parallel to the strike of the
surrounding schists in an east-north-east direction, is 12 to 15 feet wide,
and at lcast 120 feet long. It is located approximately at the boundary
of underlying greecnschist and ovorlying phyllitc and micacous schist; the
walls are defincd by vertical shears, and the entrance to the cut is marked
by a fault striking 1350 magnetic (Fig.9). The gold is irregularly con-
 coentrated, partly as wire gold, in steep north-west trending fractures or
leaders which are quartz-filled or coated with iron and manganesc oxides.
The high gold values occur in the portion contained betwcen the two
vertical shears; beyond these the grade is reported as uncconomic. The
material mined is a weathered feldspathic schist, possibly a sheared grecn-
schist. The values in the intervals between the fractures arc very low-
grade. To the north-east the number and gold content of the fractures
appear to decline rapidly. Gladstone sank a prospecting shaft here in
1959, but the higher values were not picked up again, perhaps because of
a possible pitch of the ore-shoot to the cast,

Production in a twelve month period (1957-1958) was about 230
fine ounces from some 2,400 tons of orc, corrcsponding to a rccovery grade
of almost 2 dwts per ton. It is not certain whether values improve with
depths Palmer reported a gradual increasc from 2 to 7 dwts per ton, but
according to Gladstone the values vary irregularly. In September, 1959,
Gladstone produced roughly 6 to 8 ounces per weck by deepening the open cut
and treating the orc in a small threc-hcad stamp battery. The gold is
recovercd by amalgamation.

Mineralization

The mineralogy of the deposits is fairly simples gold occurs
only in its native form, generally very fine-grained with local development
of wire gold. The sulphides are mainly pyrite, galcna, sphalerite, and
some chalcopyrite. Sccondary ore minerals observed or reported arcs
malachite and chrysocoila, pyromorphitc, cerussite, and chromate of lead,
Microscopical examination by Stillwell (1936) revealed some tetrahedrito,
covellite, and chalcocite, the last two rcplacing galena and sphalerite.
The gangue is, as a rule, composcd of quartz together with altered and
brecciated rock fragments; in the Mount Sisa sector calcite is prcsent, and
barytes occurs betwcen Umuna and Mount Sisa. Mangancse staining and iron
compounds arc common. '
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It is evident from the reports that the gold is very unevenly
and erractically distributed throughout the orebodies, and that many rich
patches are scattered within a wide zone of low-grade mineralization.
Stanley (1915) noted that the best values at Umuna were found ',..on the
footwall side in the brecciated porphyry portions, in which much well-
crystalline pyromorphite is found occurring in wvugs with a little chromate
of lead,..'. At Kulumalia, Major Stuart Love (1936) reported that the best
and most consistent values occur where the lode has been most heavily
leached and altered.

The sulphides occur as scattered crystals and grains disseminated
throughout the quartz lodes. In the Quartz Mountain area they are found
at the surface as a sprinkling of pyrite, gelcna, sphalerite, and more
rarcly chalcopyrite, in the quartz veins and altered limestone, In the
Umuna lode they arce rarely visible at the surface, where they have been
oxidized, but occur more in depth. The ore becomes richer with increasing
depth, and locally in the bottom levecl gelena and sphalerite may each
constitute more than 20% of the orcy, though restricted to small bodies only.
The parcel.of 52 tons of sulphide ore taken from the bottom level in 1952
(sce page Q1) was obtained from a lens tapcring from 2 to 3 fect in the
middle to 2 to 3 inches at the cndc,

Leoose boulders of base mctal corc are known from the north-eastern slopes
of Mount Sisa.

The lodes arc cpithermal, as is indicated by the presence of
barytes, the very light honey colour of the sphalerite (pointing to low
temporatures during crystallisation), and the boulders of saccharoidal,
drusy, and vuggy, banded quartz.

No spccific host rocks arc knowns gold occurs in brecciated por-
rhyry as well as in shecarcd grecenschist and graphitic phyllites and micac-
cous schists, It is striking, though, that all lodc gold occurrances
roughly follow the greenschist boundary, The Double Chance is right on
the boundary (Fig,lo), and the other prospects in the Ingubinaina Crcek area
are also very near the boundary. Greenschist outcrops are not far from
the Quartz Mountain lodes. The Waterfall adit at Kulumalia passes through
greenschist, and greenschist is known by drilling to underlie the Umuna
workings at no great depth. Ara Crcek md Ginesia Creck, where alluvial
gold was abundant, both run through a grcenschist region.,

The lodes are all situatcd in a region where porphyry outcrops
arc large and abundant, probably the roof area of a large complex of in-
trusives with numerous roof pendants and dykes and irregular masses of
porphyry. This is a common cnvironment for gold deposits.,

The common opinion of provious workers is that the feldspar
porphyry has introduccd the gold into thc greenschist and sediments. How-
cver; the possibility of thce groenschists being source beds at depth
should not be oxcluded.  Such an origin is proposced by Boylc (1959) for
the Yellowknife gold deposit in Canada, where grecenstone is overlain by
scdiments and is intruded by quartz-feldspar porphyry. Boyle calculated
that the gold and other clements in the lode could have been derived from
the shearcd groenstonc and that therc is no neod to call upon magmatic
solutions from thc outside. The intrusive porphyries merely served to
inducc a stcep thermal gradiont from which the clements migrated upwards
by diffusion, to be precipitated in zcnes of dilatation such as shear
zones, No chemical analysces have been made of Misima greenschists, but
the concentration of thc gold on or above the grecnschist boundary in areas
of intense porphyry intrusion could suggest that a process similar to that
described by Boyle may have been active on Misima,

No gold has cver been found in the higher-grade metamorphics of
wostern Misima, although prospectors were active along the north coast, and
it appears that the gold is restricted to the lower-grade mctamorphics of
eastern Misima.

The question of secondary cnrichment has received some attention,
and all previcus investigators agree that such enrichment of gold has
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probably taken place. They generally have in mind secondary solution
enrichment, but residual surface enrichment must also be considered prob-
able, particularly in the Quartz Mountain areca,

The supposition of secondary solution enrichment is bascd on
the observation that economic orcbodies were rarely indicated by good
values at the surfacec. Experiments have shown that gold is soluble in
surface waters only in the presence of frce chlorinc; which can be produced
by the interaction of sulphuric acid, sodium chloride, and manganese dioxide.
On Misima, sulphuric acid is generated by the oxidation of pyrite, sodium
chloride may have blown in from the sca, and manganese oxides arc present.
The chemical reactions involved are as followss

0, +2NaCl + 3H,50,—= 150 J+2NaHS0, +2H,0 + 2 C1 3

31 + Au =3 AuCl, (soluble).

The gold and manganesc solutions will tricklce downwards until a reducing
environment is met, where cxcess acid is removed, such as would exist in
tho presence of carbonates, sulphides, or organic matter. Gold and man-
ganese will then be reprecipitated. The acidity may also be reduced by
kaolinisation of fecldspars: this could serve as an cxplanation for the fact
that the best gold values at Kulumalia were reported to occur therc where
the lode is most thoroughly leached and altered.

In the Quartz Mountain area the rarc good valucs appear to peter
out rapidly in depth, and quartz boulders are commonly richer in gold on
the outside than in their centros (Donaldson, 1939) indicating residual
enrichment. McKinstry (1955) mentions that cnriched gold in an oxidized
zone generally owes its velue to thc romoval of other elements (residual
enrichment ), whereas secondary solution enrichment is usually a local pro-
cess only and produces small rich scams and pockets rather than a well-
defined zone of enrichment. In outcrops of the oxidizcd zone it is
usually very difficult if not impessible to distinguish botween residual
or secondary solution enrichment and hypogenctic gold, since the metal every-
where occurs in its native form and other criteria are generally lacking.

Discussion

The only rcason production on Misima terminated in 1942 was the
intervention of warg the production curve in the years before shows a
stcady rise, with ever increasing monthly output, and it is evident that
there was no question of exhaustion of the ore. (Fig.l15).

A differcnt matter is the grade of the ore. At Umuna, Block 10
Misima Gold Mincs N.L. (1914-1922) worked ore with an averagc gradc of 8
dwts pcr ton, whereas Cuthbert's Misima Company, which produced just before
the war, averaged a rccovery of 5.2 dwts per ton, and the tenor was slowly
but steadily decreasing (Fig.l5). According to Palmer (personal communi-~
cation) this was causcd by dccrcasing values in the lateral direction then
followed by devclopment works; valucs skould remein constant vertically.
However, vertical developmont would be accompanied by an increase in mining
and trcatmont costs brought uson by more expensive development and the
complexity of trcatment of sulphide orc, and the cut-off grade for the
primary zonc would thereforc be higher than for the oxidized zone.

That the gradc of orc has always beocon dangorously low and necar
cut-off level is illustrated by the fact that most companies worked at a
loss, Even the Block 10 Misima group, which, notwithstanding its compar-
atively high rccovery grade of 8 dwts per ton, had to spend too much
capital on the construction of a tramway and other non-productive development
work. New Misima Goldmines Ltd. was the first company to make a profit,
thanks mainly to a splendid team of men engaged, all at moderatc wages
(Warden's Report). Cuthbert's Misima was successful , mainly because it
took over a going concern in which all non-productive devclopment work had
already been carried out. King et al (1949) point out that to start
afresh now would involve the expenditure of much capital, morc than is
warranted in view of the low grade and the limited rescrves.
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Nevertheless, Palmer (1959) takes the view that modern tech-
niques and machinery would largely off-set these difficultics, and that
the increasing sulphide content -in depth may make the base metals attract-
ive as a by-product. ~ Sufficiently large rescrves in the primary zone and
satisfactory tenor are rcquired to counter-balance the high initial and
mining costs,

The best. site for test drilling of the primary zone would be the
areca where Cooktown Crock crosses the lode, as it is here that the highest
consistent values have been found and the vertical distance to the primary
sulphide zonc is shortest, probably within 150 fect. To give an idea of
the costs involved when serious attempts at cxploration and development are
madc, it may be cited that aftcr the war Cuthbert's Misima spent about
£120,000 during its efforts to re-open the mine; included in this amcunt
were £12,000 on the threc D.D. holes (which had a total length of 1,883
feet), some £11,000 on the rcconditioning of the mill, and £36,000 on new
buildings, equipment, and power plant (King ct al, 1949).

The question of sccondary cnrichment gold is of importance since
much dcpends on it. If large scalc cnrichment has taken place in the
Unmuna lode,then the primary zone has not nuch chance as a gold prospect; as
a decrease in average grade can be cxpected.  And although no indication
of a decline in gold valucs has been found in the bottom level of the mine,
it must be noted that this level is still mainly in the oxidized zone.
Howevers if base metal sulphides incrcasc sufficicntly in depth to make
them a worthwhile by-product, the possibility of an economic prospect in

depth at Umuna cannot be cxcluded. In the Quartz Mountain arca residual
chrichment scems to have predominated, and there is not much hope for a
successful future of this region. Nor can it be oxpectcd that the base

metals will increase in depth, as they occur here in their sulphidc form
at the surface and not much cevidonce of lcaching can be scen.

The prospect that other lodes arc hidden on the island is good. ~
Evidence is furnished by the concentration of large boulders of ycllow,
Ununa-type lode quartz in the upper rcaches of many crecks,most of which
have yielded alluvial gold. In most of these creccks it is improbable,
geographically, that the boulders were derived from the Umuna lode. One
lode may be present just cast of Ingubinaina Crcck and stretch from ncar
Bwagaoia in a north-westerly dircction approximately parallel to the Ununa
lode.* Stanlcy mentions the winning of gold from a deposit of quartz
boulders in Gera Gera Crecek, about 1 mile above Bwagaoia. which could be
in line with this lode. The Double Chance might be an off-shoot deposit
of the lode, and the alignment of Grant's Claim, Doublc Chance and various
othcr smaller claims led Palmer also to the conclusion that a lode parallcel
to the Umuna lode might exist in this goneral arca. ‘

Another possible lode, crossing the Ununa lodce at Mararoa in an
east-north-casterly dircction, can be traccd at the surface by slipped
pyritiferous rubblec and boulders of quartz and ironstone, with coppcr
staining in places.

large concentrations of lode quartz boulders are also found in
Ara Creck, where they may have becn derived from a north-western extension
of the Umuna lodo.

Many morc crecks carry gold, but wherc accumulations of lode quarisz

arc absent thce gold is believed to bc derived from a stockwork of thin
leaders which do not attain lodc proportions. This applics, for instance,
to the small crecks west of the Quartz Mountain. area.

One of the rcasons why only the Umuna lode has been discovered
so far may be that the lode is dceply cut by Cooktown Creck, and that such

favourable circumstancos do not seem te occur in the other possible lode areas,

* Since this report was written, Pacific Island Mines Ltd. reported that
costeaning approximately along this linc, north-north-west of the Double
Chance has rcvéaled mangancsc mineralization with gold values.
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As cnrichment has probably taken place on Misima, surface ex-
ploration by soil panning alonc is not sufficicnt to locate these concealed
lodes, because values encountercd at the surface commonly bcar no relation-
ship to those found in depth. Other, more expensive means of detection

will heve to be employcd cventually, such as geophysical and drilling mecthods.

A geophysical survey might be carried out,; for instance; to
determine location, cxtcent, depth, and inclination of the lode which is
thought to be prescnt east of Ingubinaina Creck. It would first bc nce-
egssary to test the practicability and suitability of the various methods,
as there are somc difficulties to cope with, such as the donse vegetation,
the topographic rclicf, ond the proscnce of graphitic schists which might
interferc with the interprctations. Testing could wcll be done at the
site of the known Umuna lode; if successful, the first target should be
the hypothctical Ingubinaina lodey, which has rcad access in its vicinity,
is not far from Bwagaoia, and may bc the mother lode of the Double Chance.
If the presence of such a lode could bce shown, it would then be necessary to
ascertain its gold values, either by drilling or by tunnslling.

Conclusion and rccommendations

The Quartz Mountain area is not considered a valuablc gold or
basc metal prospect.

In the Ununa lode, thc primary sulphide zone is unknown and it
is not excluded that rescrves are prescnt of sufficient grade and volume
to warrant mining in depth. The most favourable site for test drilling
would be thc arca where Cooktown Crcek crosses the lode.

The most favourablc arcas to prospect for geld are the arcas
bordering zones of grocenschist in regions where porphyry outcrops are large
and abundant.

It is recommendcd that geophysical methods should bc tested and, if
shown practicable, be employed in an attempt to locate other lodes which
are thought to be concealed by overburden. The first target should be a
north-wcst striking strip stretching from Bwagaoia just cast of Ingubinaina
Creck,
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: MINING COMPANILIAES AND PRODUCTION FIGURES

TABLE 2.

TABLE 2 — THE UMUNA LODE
‘
NORTHERN SECTION SOUTHERN SECTION
CENTRAL SECTION AT UKUNA % AT MT', SISA AT KULUMALIA
) Tons of Fine ounces Average grade
Period bining Company ore of gold in cwts/ton
1
TOTAL: 378,395 114,297 6,0 ‘;
1949 Attempt to re-open 2,117 351 3.3
the mine,
1942 194 Gordon's iiisima
) ‘ 1940 Company.
Cuthbert's liisima Goldmine Ltd. 199,470 52,346 5.2 hoso
Gold iiines of Papua Fisima Gold Reefs
Ltd. (N.G.) N,L,
1935 1933 193>
8,500 fine ounces
"New Misima Goldmines Litd, 75,167 20,900 5.5 of gold
from 40,000 tons of
1928 .\ h ore.
£ Misima Goldmining Company, ? 13,000 ? ?
‘and various other syndicates.
1922 .
Block 10 Misima Gold Mines, N.L, 101,637 40,700 8.0
1914
? ? ?

St. Adignan Mining Company.




FIGURE | : CONVEX PROFILE OF WNORTH-WEST MISIMA
LOOKING WEST.

Figure 2: Quarcz bands (? recrystallised ches L‘)

in n)e&mnr/.)é/c himestore

) mile north ¢% Eiaus

FIGURE 3 : MIGMATITE ; REMNANTS OF AMPHIBOLITE
IN INTRUSIVE HYBRID GNEISS.
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