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SUMMARY 

Mis ima is a smal l island in the Louisiade Arch ipe lago , 150 mi l e s eas t -south-east of the south­
eastern tip of Papua. The island was visi ted in 1959 for a per iod of four months by a Bureau 
field party in o rde r to establish the regional geo log ica l setting of the gold mineral izat ion. 
Mis ima is composed mainly of folded and faulted metamorphic rocks of unknown age , cove red 
in the north-east by some 1,300 feet of Ter t iary beds , and surrounded in the south and east 
by a r i m of ra ised Quaternary c o r a l r e e f s . 

The metamorphic rocks can be divided into a higher-grade metamorphic se r i e s 
to the west and a l ower -g rade metamorphic s e r i e s to the east . The nature of the boundary 
between the two se r i e s is still doubtful, because of lack of outcrop in c r i t i ca l a r eas , but the 
metamorphic unconformity is c l e a r . Amphiboli tes (Lalama Amphiboli te) and over ly ing 
gne i sses and schis ts (Oiatau Gneiss) in the almandine-amphibolite fac ies of regional meta-
morph i sm constitute the higher-grade metamorphics . The amphibolites w e r e probably 
or ig inal ly volcanic flows and tuffs; the gneiss and schist w e r e probably der ived f rom normal 
c layey and silty sediments . Par ts of the higher-grade metamorphic s e r i e s are migmat ized . 

The lower -g rade metamorphics consis t of a volcanic formation (Ara Greenschis t ) 
over la in by a success ion of intergrading dark graphitic and micaceous phyll i tes and sch i s t s , 
quar tzose sch i s t s , and banded schis ts (Umuna Schist) . A marble and l imestone hor izon (St 
Pa t r ick Limestone) separates the Umuna Schist f rom the A r a Greenschis t . The l o w e r -
grade metamorphics belong to the greenschis t facies of regional metamorph ism. 

Ter t iary deposi ts include rocks of three different penecontemporaneous types: 
a volcanic facies in the east (Kobel V o l c a n i c s ) , a conglomera t ic fac ies in the west (Liak 
Conglomera te ) , and an intermediate c las t ic facies (GulewaFormat ion) . Quaternary sediments 
are represented by cora l ree fs which were ra ised above sea level in severa l s tages , to a 
maximum elevation of about 1,400 ft. Alluvium is rare ly present because of the rugged, 
rejuvenated topography. P r e - T e r t i a r y igneous rocks include hornblendite (probably p r e -
metamorphic) and trondhjemite (syn-kinematic) in the wes t , and daci t ic and andesitic porphyr ies 
in the east . Pos t -metamorphic bas ic and acid dykes cut a c r o s s the h igher-grade metamorph ics . 

Native gold is the only o r e mineral mined; it is accompanied by small quantities 
o f the base-meta l sulphides pyr i te , galena, sphaleri te, and cha lcopyr i te . Go ld , first found in 
1888, is res t r ic ted in its o c c u r r e n c e to the eastern part of the island. Total production f rom 
both alluvial and lode sou rce s has been of the o rde r of 240,000 ounces of fine gold . Lode 
gold was successful ly mined just before Wor ld War II, but production was prac t ica l ly res t r ic ted 
to the Umuna lode , although other lodes are known. The r e s e r v e s in the oxidized port ion of 
the Umuna lode are not large enough to warrant re-opening of the mine , but an o rebody of 
sufficient volume and grade may be present in the pr imary zone , which has never been 
exp lored . Mineralization i s epi thermal and connected with intrusive porphyry . The only 
production in 1959 came f rom the Double Chance, a postwar d i s c o v e r y which is an open cut 
on a s e r i e s of thin leaders spaced c lo se enough to allow profitable mining as a one-man 
en terpr i se . 

Further lodes may be concealed beneath overburden on eas tern Mis ima , but it is 
unlikely that they could be located by surface exploration and panning alone. M o r e favourable 
resul ts are to be expected f rom geophysical surveys and fo l low-up dr i l l ing. The mos t 
favourable areas to explore for gold are areas where porphyry c r o p s out abundantly and near 
the greenschis t boundary. 
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INTRODUCTION 

Mis ima is a mountainous island in the Louisiade Arch ipe lago , 150 mi l e s f rom 
Samarai at the south-east tip o f Papua. It is 25 mi l e s long, east to wes t , and 6 mi l e s wide 
at i ts b roades t , and c o v e r s about 90 square m i l e s . The average annual rainfall at Bwagaoia i s 
123 inches (Min. Nat. Dev . 1951) , but inland it i s much higher; the rainfall is fairly evenly 
spread out over the yea r . During the south-east monsoon , when heavy seas are c o m m o n , the 
only refuge for ships i s in Bwagaoia harbour , which can accommodate ships of up to 1,000 tons. 

The native population, est imated at roughly 4 ,000, l ives in a number of vi l lages 
scat tered along the coas t . Because the island i s mountainous, native gardens are small and 
few, and the supply of fruit and vegetables i s l imited. The smal l European population l ives 
mainly in Bwagaoia , the Government Station. Contact with the outside wor ld i s maintained by 
radio communicat ion and by an i r regular shipping s e r v i c e . 

F ie ld work . A Bureau of Mineral R e s o u r c e s geo log ica l field party, consist ing of 
two geo log i s t s (F . de Keyse r and D.S. T ra i l ) , a survey hand, and fifteen c a r r i e r s , mapped the 
island f rom May to October 1959, with the object of establishing the regional geologica l 
setting o f the gold mineral izat ion. 

The field work consis ted mainly of compass and c l inometer t r ave r ses along the 
numerous c reeks where good outcrop i s readi ly found. By contrast , the s lopes and r idges have 
a thick mantle o f decomposed r o c k s and dense vegetation which obscu re the outcrop and s low 
down the rate of p r o g r e s s . The rugged and t rackless south-western part of the island was 
vis i ted by chartered ship. Ver t i ca l air photographs at a sca le of approximately 1:40,000, 
taken by the U.S. Ai r F o r c e in 1947, and a base map compi led f rom the photographs, w e r e 
used by the party. Structural and l i thological photo-interpretation was virtually imposs ib le . 

Ba rome t r i c height readings indicate that the altitudes of spot-elevat ions given 
on Admiral ty Chart No. 1477 are general ly exaggerated by one to two hundred feet. 

P rev ious invest igat ions. Apart f rom scat tered observat ions made by occas iona l 
v i s i t o r s , mos t o f our knowledge of the geo logy of Mis ima is due to E .R . Stanley, who made the 
only sys temat ic study o f the is land, including a comprehens ive repor t on the gold depos i t s , 
and the compila t ion of a geo log ica l map (Stanley, 1915). Later repor ts on gold on Mis ima 
include those of King, M o o d i e , & Thomas (1949), Pa lmer (1957, 1959), and Davies (1959). Davies 
a l so summar ized the mining his tory of the island. 

PHYSIOGRAPHY 

The long and nar row western portion of Mis ima is ve ry steep and mountainous, 
and has a single sharp divide 2,000 to 3,000 feet high. The highest point i s Mount Oiatau 
(3,400 fee t ) . Where the island broadens to the east the mountains b e c o m e l e s s prec ip i tous , 
and the eastern hil ls are not m o r e than a few hundred feet high. This difference is probably 
mainly due to differential uplift, as evidenced by the great variation in altitude of the elevated 
Quaternary r e e f l imes tones , but i s accentuated by the l i thological d i f ferences between the 
h igher -grade metamorph ics o f wes te rn Misima and the lower -g rade phylli tes and schists o f 
the eastern part . 
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Topography and drainage are youthful: the c r eeks have cut deep , nar row, v -
shaped va l l eys , and abound in waterfalls and rapids; alluvial deposi ts do not exist on western 
Mis ima and are only small in the eastern portion; and convex mountain s lopes are c o m m o n 
in the wes te rn part . The island is drained by numerous c reeks with a considerable run-off. 
On eastern Mis ima the main watershed runs f rom Mount Sisa to near Bwagaoia , and mos t o f 
the main c r e e k s originate on the s lopes of Mount Sisa. 

The Quarternary uplift which ra ised Mis ima hundreds of feet above sea - l eve l took 
p lace in severa l s tages . This is mos t c lear ly illustrated in the ra ised co ra l reefs along the 
eastern and southern coas ts (Fig. 1) . The greatest number of t e r race remnants is found at 
E b o r a , in the wes t , where at least f ive , and poss ib ly seven, benches may be counted. Stanley 
(1915) est imated the maximum height of the l imestone to be 700 o r 800 feet , but 1,000 feet i s 
probably m o r e c o r r e c t . Still higher elevations are noted west of Eiaus , where the Admiral ty 
Chart shows altitudes of 1,300 to 1,400 feet on a r idge c o v e r e d by these r e e f s . This i l lustrates 
the magnitude of the pos t -Ter t i a ry uplifts. East of Eiaus the altitude of ra ised reefs d e c r e a s e s 
rapid ly , and at Bwagaoia Point the ree f i s only 20 feet high; but north of Bwagaoia , remnants of 
an old e r o s i o n platform 200 to 300 feet above sea level point to a somewhat higher uplift in this 
r eg ion a l so . 

STRATIGRAPHY 
(Table 1) 

PALAEOZOIC OR MESOZOIC (?) 

Metamorphic rocks fo rm most of the island, but their age is unknown; they may 
be equivalent to the Owen Stanley Metamorphics on the mainland of Papua, which are probably 
of Pa laeozo ic o r M e s o z o i c age . The metamorphics on Mis ima are divided into two distinct 
groups of different metamorphic grade . Higher-grade amphibolites and gne i s s , forming the 
narrow and elongated western port ion of the island, are placed in the almandine-amphiboli te 
fac ies ; l ower -g rade phyllites and sch is t s , forming the eastern part of M i s i m a , are p laced in 
the greenschis t f ac ies . Their interrelation is not known. 

The Higher-grade Metamorphics 

The higher-grade metamorphic r o c k s , in the f ield, w e r e grouped into two f o r m ­
at ions , for which the names Lalama Amphiboli te and Oiatau Gneiss are introduced. The 
Oiatau Gneiss i s the younger formation. 

La lama Amphiboli te 

The name Lalama i s der ived f rom the vil lage of Lalama on the north coas t of 
wes t e rn Mis ima , where the formation is wel l exposed . Outcrops o c c u r along the north coas t 
and lower mountain s lopes between Ewena and Liak; along the south coas t and southern s lopes 
f r o m about 3 m i l e s west of Bwagabwagato near Awaibi; and on the west coas t north of Ebora , 
Between Awaibi and Liak these r o c k s are general ly strongly injected by a gne iss ic quartz 
d io r i t e , and f rom Liak to west of Lalama exposures show strong migmatizat ion and injection 
by intrusive gneiss (see page 7 ) . The thickness of the formation is unknown as the base i s 
not exposed , but it is at least 1,000 feet. 
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The main l i thological types in the Lalama Amphibolite are: m a s s i v e , c o a r s e ­
grained to medium-gra ined p lag ioc lase amphibolite; f iner-grained foliated amphibolite; 
l aye red amphibolite o r quar tz-plagioclase-hornblende gneiss ; and hornblende-bioti te gneiss 
with varying amounts o f hornblende and bioti te. Al l these r o c k s are garnetiferous in p l a c e s . 
The c o m m o n rock - fo rming minera ls in the formation are : p lag ioc lase (generally o l i g o c l a s e -
andesine) , g reen hornblende, quartz , brown biot i te , garnet , and epidote; a c c e s s o r i e s include 
sphene, apatite, magneti te , and pyrite; chlori te i s general ly present as a secondary minera l . 

A c o a r s e mass ive p lagioc lase ampnibolite constitutes prac t ica l ly the whole of the 
Lalama Amphibol i te cropping out wes t o f Bwagabwaga. It a lso o c c u r s extensively in the c r eeks 
along the north coas t , but i s here associa ted with other r o c k types of the formation. Schistosi ty 
and foliation are typical ly absent o r ve ry c o a r s e and weak. P lag ioc lase and hornblende are the 
dominant consti tuents, general ly in c rys ta l s a few mi l l imet res a c r o s s ; sphene, apatite, 
pyr i t e , magnet i te , and poss ib ly s o m e quartz, are the c o m m o n a c c e s s o r y minera ls . The 
m a s s i v e amphiboli te c o m m o n l y contains remnants o f f iner-grained foliated amphiboli te. The 
latter has good schis tosi ty and foliation, and poss ib ly a lower feldspar content than the c o a r s e 
m a s s i v e type desc r ibed above . Small quantities o f biotite and quartz o c c u r in some exposu res . 
Typ ica l ou tc rops w e r e seen near Ebora , and transit ions into the layered amphibolite o r quar tz-
fe ldspar-hornblende gneiss are c o m m o n . 

Layered amphiboli tes o r gne isses are wel l exposed along the coast just wes t o f 
Lalama and are charac te r ized by a regular alternation of light and dark l aye r s , which range 
f r o m two to ten mi l l ime t re s in thickness and are general ly constant within one outcrop (F igs . 
2 and 3 ) . The light l ayers cons is t of quartz and p lag ioc lase , the dark layers predominantly 
o f hornblende and epidote . Quar tz - r ich hornblende-bioti te gneiss f o rms subordinate in ter ­
calat ions within the amphibol i tes . The ratio of hornblende to biotite var ies great ly , often 
to the exc lus ion of hornblende, and in p laces the amphibolites and hornblende-bioti te gne i sses 
appear to grade into each o ther , as on the southern mountain s lopes north of Bwagabwaga. 

Oiatau Gneiss 

The Oiatau Gneiss i s named after Mount Oiatau, and occup ies the higher part of 
the mountainous watershed of wes tern Mis ima , descending to sea level west of Ewena and along 
m o s t o f the south coas t between Ebora and Bwagabwaga. It r i s e s eastwards and finally 
d i sappears above the e r o s i o n surface north of Bwagabwaga, but may c r o p out again in the area 
between Awaibi and Liak. The p re se rved part o f the Oiatau Gneiss i s probably about 2,500 
feet thick. 

Little i s known of the Oiatau Gne i s s , for it occup ies the mos t rugged part of 
M i s i m a , where t racks do not exis t and a c c e s s i s ve ry difficult. The gne isses and schists are 
c o m p o s e d of quartz , p lag ioc lase (ranging f rom o l i goc l a se to andesine), and varying amounts o f 
m u s c o v i t e , b iot i te , garnet (up to 6 m m . a c r o s s ) , and epidote . Hornblende is present in s o m e 
b e d s , and in one thin sect ions taurol i te andkyanite w e r e r ecogn i sed . Apati te , sphene, and i ron 
ox ide a re the c o m m o n a c c e s s o r y minera l s . Some of the gneisses are highly quartzose and 
granular; o thers are r i ch in muscovi te and garnet. Gne i ss ic textures are wel l exp re s sed , but 
where an abundance of m i c a s imparts a strong schis tos i ty the r o c k is better cal led a schis t . 
Fol ia ted amphibolite o c c u r s within the Oiatau Gneiss as a few subordinate intercalations and 
l e n s e s , par t icular ly near the base o f the formation. 
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T A B L E 1 . — S U M M A R Y O F S T R A T I G R A P H Y . 

Age. Formation. Map 
Symbol. Thickness. Description. Distribution. Remarks. 

QUATERNARY . . Alluvium Qa Gravel deposits , sag o swamps , 
thick soi l cove r 

Locally o n eastern Misim a Rare 

Raised cora l reefs . . Q l Organic reef s (corals , algae , 
bryozoa), wit h locall y impur e 
bedded limestone , sand y lime -
stone, an d grave l patche s 

Benches alon g th e south -
ern an d eastern coast s 

Raised to a  maximum heigh t 
of 1,40 0 fee t abov e se a 
level 

TERTIARY Liak Conglomerat e T m l 700' + Coarse pebbl e conglomerate , wit h Area o f 3  squar e miles " 1 
(MIOCENE) pebbles o f metamorphi c base -

ment 
south-east o f Liak 

O 
Gulewa Formatio n Tmg 1,300' t o Conglomerate, sandstone , grey - Between Guntuk a an d a Tmg 

1,500' wacke, siltstone , mudstone , Liak to a  depth of abou t 
a 

1,500' 
pebbly sandstone , intra-forma -
tional breccia , tuffaceou s an d 
calcareous beds , and a limestone 
member (10 0 feet thick ) 

2 mile s inlan d 

•c
on

te
m

pc
 

fa
ci

es
. 

Kobel Volcanic s . . Tmk 1,000' Agglomerate, volcani c conglo -
merate, flows,  tuffs , as h beds . 
Composition andesiti c an d tra -
chytic; som e basal t 

Several isolate d area s o f 
outcrop: sout h o f Gun-
tuka-Kalotawa, o n 
either sid e o f lowe r Ar a 
Creek, an d betwee n 
Kulumalia an d Lapipai ^ 

T
h

re
e 

pe
ne

-

— A N G U L A R U N C O N F O R M I T Y 

Intrusion o f daciti c an d andesiti c porphyries . 

PALAEOZOIC OR 
MESOZOIC ? 

Umuna Schis t M /Pzu ? 

St Patric k Limeston e M / P Z S 0-100' 

Ara Greenschis t . . M /Pza At leas t 
300 t o 
500' 

Dark graphiti c an d micaceou s 
schists an d phyllites , bande d 
schist, quartzos e schist . Inter -
grading. 

White and dark marble and impure 
limestone, i n place s wit h silic a 
bands (recrystallized chert ? ) and 
lenses an d band s o f sand y lime -
stone 

Massive gree n rock s compose d o f 
albite, chlorite , epidote , an d 
actinolite. Volcani c origi n 

Main roc k type o n easter n 
Misima 

Sporadic. Mai n outcro p 
in Ar a Creek 

Main outcro p alon g Ar a 
Creek an d regio n eas t 
of Umun a 

Overlying St . Patric k Lime -
stone 

Overlying Ar a Creek Green-
schist 

Schistosity no t pronounced . 
Possibly underlai n b y 
schists o f Umun a typ e 

- ? - ? - ? - P O S S I B L E U N C O N F O R M I T Y - ? - ? - ? -

Intrusion o f Trodhjemite, followe d b y basi c an d aci d dykes . 

Various gneisse s an d schist s com -
posed o f quartz , plagioclase , 
muscovite, biotite , hornblende , 
garnet, som e staurolit e an d 
kyanite 

Massive plagioclas e amphibolite , 
schistose an d foliate d amphi -
bolite, an d layere d amphibolit e 
or quartz-plagioclase-hornblen -
de-epidote gneiss . Locall y rr.ig-
matitic. Predominantl y igneou s 
and tuffaceou s origin . Mis e e n 
place o f hornblendit e 

Oiatau Gneis s M/Pzo At leas t 
2,500' 

Lalama Amphibolit e M/Pzl ? 

Main part of the mountai n 
range of western Misima 

Mainly alon g nort h coas t 
between Lia k an d 
Ewena, an d aroun d 
Bwagabwaga 

Overlying th e Lalam a 
Amphibolite 

To face page 5 . 



The Oiatau Gneiss c lea r ly ove r l i e s the Lalama Amphibol i te , and between Ewena 
and Lalama the boundary between the two formations is sharp and unambiguous. South of 
Mount Oiatau, however , the distinction is not so obvious; mass ive p lag ioc lase amphibolite i s 
fo l lowed, to the north, by foliated and bedded finer-grained amphibolite which gradually 
pas se s into biot i te-hornblende-quar tz-plagioclase gneiss and garne t -muscovi te -quar tz -p lag io-
c l a se gneiss still containing some thin layers of amphibolite. The upper l imit of the c o a r s e 
p lag ioc lase amphibolite is well defined in this area and is therefore chosen as the boundary 
between the two format ions , although the actual boundary may lie in the transitional zone to 
the north-west . 

The Lower -g rade Metamorphics 

Lower -g rade metamorphic phylli tes and schists occupy mos t of eastern M i s i m a , 
and are the host r o c k s of the gold mineral izat ion. Broadly , the stratigraphical succes s ion may 
be given as fo l lows: 

(e) - (upper?) dark sch i s t , phylli te, m i c a schis t , layered schis t , quartz 
schist; 

(d) - dark ca lca reous schist; 
(c) - marble; 
(b) - greenschis t ; 
(?a) - ( lower?) dark schis t , phylli te, mica schis t . 

The name Umuna Schist is introduced for (e); (c) and (d) are included in the St 
Pa t r i ck Limestone; and (b) fo rms the A r a Greenschis t . The exis tence of (a) was not p r o v e d , 
only inferred; s ince units (a) and (e) are indistinguishable in the f ield, they are both p laced 
in the Umuna Schist on the geo log ica l map . A complete sequence is not necessa r i ly found 
everywhere ; the marble and dark ca l ca reous schist appear to be miss ing in many p laces ; 
the greensch is t , on the other hand, may o c c u r in m o r e than one unit, o r may alternate with 
dark schis ts at its upper boundary. 

A r a Greenschis t 

A r a Creek is the type local i ty for the A r a Greenschis t , which i s v e r y wel l 
exposed there . The greenschis t underl ies extensive a reas , mainly in a belt f rom the north 
c o a s t , between Siagara and Rokia Point , southwards along Ara C r e e k to Mount Sisa and further 
to the upper reaches of the c reeks west of Kaubwaga. A second , nar rower belt runs f rom 
north of Eiaus over the Quartz Mountain area to Ingubinaina Creek . Greenschis ts in both belts 
p robably belong to the same formation. Smaller outcrops are either structural repeti t ions o r 
a re thin intercalat ions of minor importance within the Umuna Schist . The A r a Greenschis t 
i s est imated to have a minimum thickness of 300 to 500 feet. 

The greenschis t s are typical ly f ine-grained, m a s s i v e , and s t ruc ture less . In 
outcrop they partly co r respond to the 'bas ic sch i s t s ' of Davies (1958). Schistosi ty i s general ly 
weak o r absent and no t races of stratification were found. The greenschis t s range f rom light 
g r ey i sh -g reen to dark green and nearly b lack when fresh and weather to ye l low-brown . One 
variety of greenschis t i s a spotted schist in which the white spots are m i c r o - a g g r e g a t e s ofa lb i te 
Where schis tos i ty is present , elongated spots and lenticles are aligned with it . Magnetite i s in 
p l aces recognisab le as smal l octahedra in hand spec imen , and pyri te i s a lso c o m m o n . 
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Thin sec t ions reveal a minera logica l composi t ion of albite, ch lo r i t e , epidote , 
act inol i te , magnet i te , and pyr i te , with loca l ly some sphene, muscov i te , and ca lc i t e . Quartz 
i s ra re ly present . The albite i s general ly untwinned, and in some beds enc loses all the 
other minera l s . Most thin sect ions reveal schis tose structures to a greater o r l e s s e r extent. 

The A r a Greenschis t i s over la in by the St Pa t r ick Limes tone , and may be under­
lain by dark schis ts and phyll i tes . Where marble of the St Pat r ick Limestone is not present , 
greenschis t and over ly ing dark graphitic schist and layered schis t s eem to grade into one 
another and to alternate. 

St Pa t r ick Limestone 

The formation i s named after St Patr ick C r e e k , an alternative name for A r a 
C r e e k , in which the marb le i s very wel l exposed in a gorge and here attains its probable m a x i ­
mum thickness of about 100 feet. Other outcrops occu r intermittently in a belt between the 
Quartz Mountain dis t r ic t and the reg ion north of Eiaus , in Ingubinaina Creek , on the Mararoa 
t rack , and halfway between Mararoa and Siagara. The formation is absent, o r at least not 
exposed , in many p laces along the greenschis t /Umuna Schist boundary, and i s in s o m e local i t ies 
only indicated by the p re sence of a few pebbles and bou lders . 

The St Pa t r ick Limestone is generally awhi te to g r e y , m a s s i v e , fine to m e d i u m -
grained marb l e , uniformly sugary in outcrop . In some exposures the r o c k is nearly b lack . 
Overlying the mass ive marb le is a zone of marble layered with sugary quartz paral le l to the 
bedding. These layers are 1 M - 3 M thick, are i r regular ly spaced with an average interval o f one 
foo t , and are frequently interrupted, swelling and pinching, somet imes branching; they are 
thought to be rec rys ta l l i zed cher t l aye r s . In p laces the marble contains inch-thick b e d s , lenses 
and tongues of sand. Specks of galena, pyri te , and sphalerite are vis ible in s o m e ou tc rops . 

The l ight -co loured marble of the St Patr ick Limestone is in severa l areas o v e r ­
lain by a zone of dark impure l imestone o r ca lcareous schist which in p laces contains thin 
dark marble l a y e r s , and which gradually merges into the non-ca lcareous dark phyllites and 
schis ts of the Umuna Schist . Pyri te is a common a c c e s s o r y minera l throughout the formation. 

Umuna Schist 

A thick s e r i e s o f intergrading graphitic phyllite and schis t , se r ic i te schis t , m i c a 
sch i s t , l ayered schis t , and micaceous quartz schist ove r l i e s the St Patr ick Limestone and i s 
grouped together under the name of Umuna Schist, after the mining centre of Umuna, where 
these r o c k types abound. They f o r m the bulk of the lower -g rade metamorphics o f eastern 
M i s i m a . The thickness of the formation cannot be estimated as the r o c k s are folded, bedding 
i s c o m m o n l y not r ecogn i sab le , and the upper boundary is not seen. It is poss ib le that schis ts 
and phyl l i tes , l i thological ly indistinguishable from the Umuna Schist p r o p e r , underlie the A r a 
Greensch i s t . 

The dominant b lack to dark grey colour ing of the Umuna Schist is caused by a 
b l ack opaque dust which is either carbonaceous mater ia l , as assumed he re , o r finely d i s semin­
ated i ron mine ra l s . ' P u r e r ' m i c a schists are m o r e s i lve ry . The b lack graphitic schists 
d e c o m p o s e to a dark g rey o r , in p l a c e s , b r i c k red s o i l , whereas the m o r e m i c a c e o u s m e m b e r s 
g ive a lighter g r e y so i l . Most of the schis ts are ve ry f ine-grained, but the grain s ize tends to 
inc rease with decreas ing 'graphite ' content. The main minera l constituents w e r e found by 
m i c r o s c o p e examination to be quartz , albite, muscovi te o r s e r i c i t e , and chlor i te ; minor 
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Figure 2.—Bande d amphibolit e o r quartz-plagioclase-hornblende-epldot e gneiss , dippin g 25- . 
north. Outcro p 20 0 feet wes t o f Lalama , north coast . (Photo : F . d e Keyser.) 



Figure 4.—Migmatite : remnant s o f amphibolit e (dar k grey ) an d hybri d rock s (mediu m grey ) 
in intrusiv e gneis s (ligh t grey ) Nort h coast , abou t 2  mile s wes t o f Lalama . (Photo : F  d e Keyser. ) 



quantities of calc i te and epidote are present in some r o c k types. Apatite and pyri te are c o m m o n 
a c c e s s o r y mine ra l s , and are widely disseminated. 

Schistosi ty and lineation are pronounced, and in many p laces the r o c k s are 
s t rongly crumpled and crenulated, part icularly in central eastern Mis ima. They are general ly 
ve ry f iss i le and soft, but the layered schists are hard, poor ly f issi le rocks typically consist ing 
of alternating light and dark layers which vary greatly in thickness but are commonly 5-10 
m m thick. They may be tuffaceous: in one outcrop a lens or inclusion of a much altered 
vo lcan ic r o c k was found. They are distributed mainly in north-eastern Mis ima . Light-
co loured m i c a c e o u s quartz schists are found in the Boiou area and in the south-east co rne r 
of Mis ima . They are thick-bedded to laminated, and are coa r se r -g ra ined than the dark schis ts 
and phyll i tes . A thin sect ion revealed a composi t ion of quar tz-albi te-chlor i te-epidote with 
s o m e muscov i t e . 

Boundary between Lower -g rade and Higher-grade Metamorphics 

The boundary between the lower -g rade and the higher-grade metamorphics is 
l a rge ly concea led by the Liak Conglomerate and the ra ised Quaternary co ra l reefs west of 
Eiaus , and only part of it is exposed in the area north-west of Awaibi , where it can be seen 
in the Ulabwe and Awailu Creeks and in one of the branches of Weipou Creek . The l o w e r -
grade metamorphics are here represented by dark graphitic sch is t s , m icaceous schis t , and 
altered bas ic igneous rock; the higher-grade metamorphics consis t of amphibolites intruded 
by gneiss ic quar tz - r ich granodiori te . In Weipoou Creek there s eems to be a thin transition 
zone l ess than 200 feet wide between the two metamorphic sequences: at the boundary an 
amphibol i te , in which the hornblende still has actinolit ic affinity and the p lagioclase is 
probably an a lb i t e -o l igoc lase , has a grade of metamorphism intermediate between the altered 
b a s i c igneous r o c k of the greenschis t fac ies and the amphibolite of the almandine-amphibolite 
f ac i e s . In the other outcrops no such transition could be t raced, and the boundary line is 
general ly marked by the contrast in appearance between the dark, f ine-grained, lower -g rade 
phylli tes and the underlying coa r se r -g ra ined rocks with their gneiss ic texture and higher 
deg ree of metamorphism. 

Unfortunately no actual contact was found. The attitudes of schistosi ty and 
foliation on either s ide , however , and their changing trends seem to cor respond c l o s e l y , and 
an angular unconformity could not be p roved . Nor is it likely that the boundary is faulted, 
because it s eems too sinuous for this. 

The seemingly rather sharp difference and sudden change in metamorphic grade 
at the boundary is perhaps m o r e i l lusory than rea l , and may be due to retardation of meta­
morph ic react ion by the high graphite content of the lower -grade sch is t s . If this is the c a s e , 
it may wel l be that the lower -grade metamorphics bound the higher-grade metamorphics in 
a normal manner , and that the graphitic m i c a schists are the lateral equivalents of the Oiatau 
G n e i s s , as both over l i e the Lalama Amphiboli te . A l s o , the A r a Greenschis t may then poss ib ly 
b e the l ower -g rade equivalent of the Lalama Amphibol i te . The contrast between the Oiatau 
G n e i s s , which is notably poo r in graphite although some was noted in thin sec t ions , and the 
b l ack graphitic Umuna Schist is disturbingly great , however , and there must have been a ve ry 
sudden change in sedimentary environment to cause the dif ference. 
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Metamorphism, migmatizat ion, and origin 

In the higher-grade metamorphics var ious combinations of the following minera ls 
are found: quartz, p lag ioc lase (o l igoc lase-andes ine) , green hornblende, bioti te , muscov i te , 
garnet , ep idote , staurolite, and cyanite. Accord ing to the definition of Fyfe , Turner & Verhoogen 
(1958), the higher-grade metamorphics of Misima o c c u r in the almandine-amphibolite f ac ie s , 
mainly in the s tauroli te-quartz subfacies . This would be the staurolite-almandine subfacies of 
Turner & Verhoogen (1960). The co -ex i s t ence of p lag ioc lase , generally o l igoc lase-andes ine , 
and epidote is typical of this subfac ies , as is a lso the b lue-green colour of the hornblende. Of 
the minera l combinations given by Fyfe et al . , the following cor respond to combinations found 
on Mis ima: 

for pel i t ic rocks - quar tz ,p lag ioc lase , muscovi te ,b io t i t e , almandine, and epidote; 
quartz , p lag ioc lase , kyanite, staurolite, muscovi te , (bioti te). 

for bas i c r ocks - hornblende, p lag ioc lase , almandine, epidote, (quartz, biotite); 
hornblende, p lag ioc lase , epidote , (quartz, bioti te) . 

These assemblages indicate a medium-grade regional metamorphism. 

The higher-grade metamorphics a r e , in some a reas , intensively intruded and 
impregnated by syntectonic quartz dior i t ic magma, which has resulted in the forming of m i g -
matite and hybrid r o c k s . Typica l outcrops of these mixed rocks occu r along the coast between 
Liak and Lalama; exposures general ly consis t of acid gne iss ic masses with numerous remnants 
of amphibolite (Fig. 4 and 5 ) , the outlines of which are sharp in some p l ace s , b lurred and 
absorbed in o thers . Hybridization and contamination of the intrusive material is evident f rom 
the colour ing of the gneiss ic m a s s e s , which show patches of different shades of g rey . A thin 
sec t ion o f one of these gne isses reveals a composi t ion of quartz, p lag ioc lase , hornblende, 
biot i te , and pink garnet, with a c c e s s o r y apatite and magnetite. The biotite is dark greenish-
b rown , like the biotite of the trondhjemite intrusive mass (see page 14) , and unlike the reddish-
brown biotite o f the uncontaminated metamorphic Oiatau paragneiss . It is l ikely that meta­
soma t i sm accompanied the development of these migmat i tes , but its nature and extent are 
unknown. The occu rence of large feldspar porphyroblasts in some outcrops may be an indication 
o f such metasomat i sm. 

Stanley (1915) considered all the higher-grade metamorphics to be of igneous 
o r ig in , undoubtedly because his t raverses took him mainly through the migmatized area be t ­
ween Liak and Ewena. However , the Oiatau Gneiss is definitely a metamorphosed sequence of 
pel i t ic and perhaps psammi t i c sediments , and part of the Lalama Amphibolite has at least a 
sedimentary component . The mass ive plagioclase amphibolites are probably of igneous or ig in , 
as their feldspars exhibit a strong rhythmic zoning and have largely retained their original 
c rys ta l form; biotite and quartz are lacking, and outcrops commonly contain inclusions of 
other types of amphibolite. The layered amphibolite o r quar tz-plagioclase-hornblende-epidote 
gneiss was poss ib ly a tuff, an impress ion that is strengthened by the observation of c o a r s e ­
grained hornblendite inclusions in the layered gneiss (Figure 5 ) , which are regarded as poss ib le 
volcanic b o m b s . 
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Fig 5  . Migmatit e •  Remnan t of amphibolite in 
intrusive hybri d gneiss . 

Black -  Amphibolit e 
Dark grey -  Hybri d gneiss. 
Light grey . - Intrusiv e gneiss . 
White. -  Qu*rt 3 veins . 

Bureau of  Mineral  Resources  Moy  /set. P N G I6B-25 

Figure 5: Migmatite ; Remnant s o f Amphibolit e i n Intrusiv e Hybri d Gneiss . 

The lower-grade metamorphic schists generally appear to fall into the quartz-
a lb i te -muscovi te-chlor i te subfacies of the greenschist facies of regional metamorphism. 
This impl ies metamorphism under conditions of low temperature and moderate pressure 
(equivalent to a depth of burial of roughly 10 km according to Fyfe et al . , 1958). Mineral 
assemblages mentioned by Fyfe et al. and occuring on eastern Misima include the following: 

for peli t ic rocks - quartz, muscovi te , chlor i te , albite, (epidote); 
for bas ic rocks - albite, epidote, chlor i te , actinolite, sphene, (quartz); albite, 

epidote, chlor i te , sphene, (quartz); albite, epidote, chlor i te , 
ca lc i t e , sphene, (quartz, actinolite). 

It is poss ib le that the grade of metamorphism slightly increases towards the west , for 
graphite schists west of Eiaus are believed to contain biotite, although this could not be verified 
without the help of thin sect ions , and mica schists south of Gulewa contain occasional small 
pink garnets (spessart i te?) , indicat ive of the highest subfacies of the greenschist facies . Lay­
e red schist in the Kobel Creek area contains biot i te-r ich laminae. 

Interesting relationships between metamorphism and deformation are shown in the 
thin section of a crenulated graphite schist sampled in the Ingubinaina Creek area. The schist 
is composed of very fine-grained muscov i te , se r i c i t e , ch lo r i t e , and graphite (?) dust, arranged 
in very thin laminae, which have developed crenulation and false cleavage. The deformation 
is apparently younger than the regional metamorphism, since small muscovite flakes in the 
crenulated folds are bent. Occasional p r i sms 0.5 to 1 m m . long consisting of clusters of tiny 
granules of sphene (?) generally surrounded by a thin outer r im of indeterminate, co lour less 
material (quartz o r se r i c i t e? ) , cut a c r o s s the bedding and crenulation without being disturbed, 
and were formed after the deformation. The p r i sms , which are very much coa r se r than the 
minerals constituting the rock , probably formed during a second thermal stage of meta­
morphism (intrusive porphyry c rops out nearby). It is hard to see why biotite did not develop, 
however . 
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The graphite sch is t s , phylli tes, mica sch is t s , and quartz schists of the l ower -
grade metamorphics are considered to have been originally fine-grained pelitic sediments and 
muds with a high organic content. An igneous origin must be assumed for the greenschists in 
view of their composi t ion and appearance in the field. It s e e m s that Stanley (1915), and perhaps 
others have mistaken many greenschist outcrops for bas ic dykes . However , since their strati-
graphical posit ion is constant and no intrusive contacts were noticed, they undoubtedly represent 
metamorphosed volcanic products such as lavas, ash beds , o r tuffs. 

TERTIARY (MIOCENE) 

Ter t iary rocks are distributed along the north coast f rom Liak to Rokia Point, 
and reach inland for 2 to 2 i /Z m i l e s . A Tert iary remnant o c c u r s between Kulumalia and 
Lapipai, descending from the 900 - foot contour to sea leve l . In all , some 10 square mi les are 
cove red by the Tert iary r o c k s , which have a total thickness of at least 1,300 to 1,500 feet. 

The Tert iary rocks have been subdivided into three stratigraphic units, based 
mainly on facies differences. They a re , in general outcrop distribution from east to west , 
the Kobel Vo lcan i c s , the Gulewa Format ion , and the Liak Conglomerate . 

Kobel Volcanics 

The best outcrops are along Kobel Creek , where agglomerate or volcanic 
conglomera tes form the wal ls of a deep g o r g e . The Kobel Volcanics occupy the eastern 
portion of the Ter t iary ou tc rop , and compr i s e agglomerate , volcanic cong lomera te , tuffs, ash 
beds , and f lows , generally of trachytic and andesitic composi t ion . A maximum thickness of 
about 1,000 feet is estimated. 

In the Kobel Creek-Kalotawa area the principal rock- type is a coa r se volcanic 
cong lomera te , with subordinate beds of coa r se tuffs. The conglomerate is dark g rey , and 
contains boulders with a maximum diameter of about 5 feet, most ly rounded and grading down 
into a poor ly sor ted , c o a r s e , angular, fragmental matrix. The boulders are of g rey , porphy-
ri t ic andesite (field term) and contain l ight-grey phenocrysts of feldspar, 2 to 4 mm long, and 
thin hornblende p r i sms 2 to 3 m m long. The rather high degree of rounding suggests deposit ion 
of agglomerate in an aqueous environment. Tuff beds are not c o m m o n , but may reach a thick­
ness of 20 feet; they are weathered, l ight-grey to white, medium to coa r se -g ra ined , and 
dominantly composed of sub-angular to sub-rounded feldspar c rys ta ls which are uniform in 
s ize in each individual horizon. A little quartz may be present. The c o a r s e tuffs are mass ive , 
the fine-grained tuffs have wel l -deve loped lamination. They all contain occas ional small 
pebbles of lava. The number of tuff beds increases from Kobel Creek to Kalotawa, and the 
volcanic r o c k s capping the hills behind Kalotawa are predominantly coa r se crys ta l tuffs and 
flows with s o m e beds of agglomera te , in which fragments ra re ly exceed 5" a c r o s s . 

F lows have also been reported from the Kalotawa-Guntuka shore sec t ion , and Gibb 
Maitland (1892) gave the following analysis of one of these lavas , which he called a trachyte: 

Si 68.02% 
Al 14.08% 
Fe 0 5.19% 

2 3 
5.19% 

Mn trace 
Ca 5.30% 
K 1.26% 
Na 5.17% 
loss on ignition 1.37% 

100.68% 
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The vo lcan ics capping the hills around the mouth of Ara Creek are weathered r ed , 
and include fine pebbly volcanic conglomera te , agglomerate , f l ows , and crys ta l tuffs ( ? ) . The 
A r a Creek agglomerate is a light g reen- red r o c k with sub-angular fragmental material . The 
pebbles were der ived f rom ves icular lavas composed of small phenocrysts of fe ldspar , and 
probably some quartz , with little matrix. The flows and crys ta l tuffs in this area are light 
g reen ish-grey when fresh, but weather to red and chocola te -brown. They are medium-grained 
and contain feldspar and quartz phenocrysts; drusyquar tz veins and quartz-f i l led cavi t ies are 
c o m m o n . A trachyte f rom Nigom shows, in thin sect ion, phenocrysts of perthitic alkali fe ld­
spar , 1-3 m m a c r o s s , set in a much altered mic ro -c rys t a l l ine matr ix in which alkali feldspar 
could be r ecogn i sed , together with minor quartz. Small phenocrysts of a mafic mineral 
(hornblende ?) are comple te ly al tered. 

The Ter t iary remnants which o c c u r on the 900-foot level near Kulumalia, and 
down to sea level near the Miss ion Station and Lapipai, consis t of l igh t -grey , soft, weathered, 
tuffaceous sediment o r tuff, and, near the Miss ion Station, of g reen i sh -grey fine-grained 
volcanic b r e c c i a . Rounded fragments of fine-grained trachyte with fluidal texture, embedded 
in a finely crystal l ine quartz (?) - feldspar matr ix , were seen during m i c r o s c o p e examination 
of the b r e c c i a . Grains of c l ino-pyroxene and brown hornblende o c c u r in the matr ix as wel l as 
in the fragments , which are severa l mi l l imet res a c r o s s . It is poss ib le that the r o c k represents 
a vent b recc ia ; this would also explain its occurence at sea level while less than a mile to the 
north the base of the tuffs is 900 feet above sea level . 

Stanley (1915) placed the source of the Tert iary vulcanism ' somewhere in the 
deeps off the coas t line between Siagara and Patlilu Point ' , but there is little p roof of this 
supposition. On the cont rary , some coarse c ross -bedding in agglomerate o r volcanic c o n ­
glomerate near Gulewa indicates a provenance f rom a roughly south-eastern d i rec t ion , and 
the occu rence of the vent (?) b r e c c i a near the Miss ion Station also suggests a south-eastern 
s o u r c e . The fact that no eruption centres could be recognised with certainty is perhaps due to 
the rapid e r o s i o n that followed the pos t -Ter t ia ry uplifts. 

To the wes t , near Gulewa, the volcanics interfinger with„ and are succeeded by , 
the sediments o f the Gulewa Format ion. 

Gulewa Format ion 

The Gulewa Format ion consis ts of a l imestone m e m b e r and a great variety of 
c las t ic sediments , many of which seem to be tuffaceous. Its name is der ived f rom Gulewa 
vi l lage , near which the c las t ic sediments are well exposed . The formation is about 1,300 feet 
thick and extends f rom Gulewa to near Liak, where it gives way to the Liak Conglomera te . 

The l imestone m e m b e r c rops out about 2/4  mi le south of Gulewa. In this local i ty 
it is separated f rom the metamorphic basement by a thin zone of c las t ic sediments . The l i m e ­
stone is cora l logene in its thickest par ts , and is there pract ical ly undistinguishable f rom the 
Quaternary ra i sed co ra l r e e f s . Outcrops in Imgamanina Creek show the l imestone to be 
interbedded with other Ter t ia ry sediments . It is not imposs ib le , however , that some of the 
l imestone ou tc rops mapped as Ter t iary are of Quaternary age , as for instance the patch of 
l imestone south-east of Gulewa. 

Typica l ly the l imestone is white to c r e a m , and has abundant fragments of p e l e -
c y p o d s , c o r a l s , b r y o z o a , foraminifera , and other foss i l s . The cora l logene types are hard, but 
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the other organic l imestones are commonly weathered to a soft and chalky substance. In 
Imgamanina Creek the first signs o f the approach of a r ee f environment, going ups t ream, are 
fragments and pebbles of r ee f l imestone enclosed in bedded ca lcareous Ter t ia ry sediments . 
These fragments give way to tongues and beds of l imestone which are intercalated with 
weathered tuffaceous (?) and ca l ca reous siltstone and mar l . Further upstream the l imestone 
beds have congregated into quite m a s s i v e , thick and reef- l ike depos i t s , represented in the 
c r e e k by huge tumbled b locks and boulders . Maximum thickness of the l imes tone , south of 
Gulewa, i s 70 to 10 feet. The l imestone country is marked by numerous sink holes and by 
subterranean drainage, and i s fair ly difficult of a c c e s s . 

The lateral cor re la t ion of the l imestone to the east i s doubtful, as the Gulewa 
outcrop i s terminated by a fault. An intermittent l imestone hor izon , which is probably the 
equivalent of the l imestone hor izon desc r ibed , exis ts at the base of the volcanic conglomera te 
in the Kobel Creek area , and d i rec t ly ove r l i e s the metamorphic schis t s . The l imestone is 
genera l ly impure , and in p laces contains ca lca reous sandstone b e d s , and lenses of ca lca reous 
cong lomera t e . The ca lca reous sandstone is dark g r ey , fine to medium-gra ined , with small 
sil t l en se s , and contains m i c a c e o u s and carbonaceous mater ia l , fossi l fragments and foramin-
i fera . The conglomerate lenses cons is t mainly of quartz pebbles with a few flat m i c a schist 
pebbles in a ca lca reous matr ix . Wes t of Gulewa the l imestone thins rapidly and b e c o m e s a 
ca lca ren i te , mainly c o m p o s e d o f foraminifera and small l imestone fragments , with other 
fragments o f quartzi te, gne i s s , fe ldspar , epidote, and hornblende, as observed in thin sec t ion . 
Near Liak, this calcareni te is over la in by the Liak Conglomerate . 

The c las t ic sediments of the Gulewa Formation are very var ied , and include such 
r o c k types as f ine-grained and coa r se -g ra ined sandstones, si l tstone, mudstone, c o a r s e g r e y -
w a c k e , pebbly beds , conglomera te and sedimentary b r ecc i a (Fig. 6 ) . Intercalations of agg lom­
erate and flows probably o c c u r as interfingering m e m b e r s of the Kobel Vo lcan i c s . Some beds 
s e e m to be tuffaceous, others are ca l ca reous . Many strata contain abundant c las t ic m i c a and 
carbonaceous mater ia l , shell fragments and m i c r o - f o s s i l s . Glauconite o c c u r s loca l ly . The 
bulk of the sediments is above the l imestone m e m b e r , but a thin zone of Gulewa sediments 
separates this m e m b e r f rom the metamorphic basement inmos t p l aces . Beds may be mass ive 
o r thinly laminated. Conglomerate and b r e c c i a s are c o a r s e , with pebbles up to one foot a c r o s s , 
o r are fine and gravel ly . They range f rom wel l - so r ted to poor ly sor ted , and pebbles are w e l l -
rounded o r angular to sub-angular. In some conglomera tes pebbles cons is t of metamorphic 
r o c k s , in others they are der ived f rom penecontemporaneous deposi ts of siltstone and mud-
stone. The sandstones, which vary f rom fine to very coarse -g ra ined , contain angular and sub-
angular grains and are commonly poo r ly sor ted. The greywackes are c o a r s e to ve ry c o a r s e ­
grained, poo r ly sor ted , and c o m p o s e d of angular r o c k fragments (including some v o l c a n i c s ) , 
quar tz , and feldspar , in an impure sandy matrix of quartz, feldspar, augite, hornblende, ch lor i t e , 
epidote , biot i te , muscov i t e , tests of foraminifera, ca lc i t e , and other minor constitutents. 
Mudstones and siltstones are general ly rather m a s s i v e , but between Gulewa and Kakamwa they 
are we l l -bedded , and are probably tuffaceous. A good exposure of an intercalated agglomerate 
hor izon is found on the north coas t about half a mile west of Gulewa. The boulders and frag­
ments range f rom a few mi l l ime t re s to about 3 feet a c r o s s , and cons is t of s c o r i a and lavas , 
among them a black basalt containing smal l phenocrysts of labradorite and augite, in sandy and 
tuffaceous matr ix . The lower part of the agglomerate is f iner-grained and better so r t ed , and 
shows s o m e rough c ross -bedd ing which indicates a provenance for the material in a roughly 
south-easter ly direct ion. 
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DESCRIPTION 

A g g l o m e r a t e : pebbles  and  boulders  of 
scoria, andesite  and  basalt;  diameters 
from gravel  size  to  I  yard  approx  ; 
lower port  moderately  sorted  ; 
matrix sandy,  tuffaceous. 

Fine grained  tuff  ? 
Grey tuffaceous!?)  siltstone,  bluish  grey,  siliceous. 
Fine siliceous  siltstone 
Fine sandstone;  some  mud  pellets  and 
volcanic pebbles  ;  foraminifera. 

Cycles of  cracked  mudstone  or  fine 
siltstone (top  parts)  grading  into  fine 
sandstone (bottom  parts);  cycle  boundaries 
sharp; foraminifera. 

Finely laminated  fine  sandstone;  locally 
some fine  cross-  lamination. 

Tough, greyish-blue  siliceous  siltstone. 

Cycles of  cracked  mudstone  or  siltstone  and 
fine sandstone;  fine  lamination  and 
locally fine  cross-  lamination;  weathering 
colours creamy,yellow,pole  pinkish-white  . 

Grey massive  sandstone 

Cycles of  cracked  mudstone  or  siltstone  and 
fine sandstone. 

FIG R E 6  T Y P I C A L SECTIO N O F W E L L - BEDDE D TERTIAR Y SEDIMENT S ALON G 
U TH E SHOR E 50 0 YARD S WES T O F GULEWA . 

Bureau of  Mineral  Resources,  Geology  &  Geophysics.  March,  1961. P.N.6 I 6 B - 2 4 



All these deposi ts are more o r l e ss grey when fresh, but become white, ye l low, 
brown o r greenish on weathering. Bedding structures are not c o m m o n . Some worm-bur rows 
(?) and fine mud c racks o c c u r in the mudstone, but c ross -bedding is r a re . An example of 
load-cas t structure was a lso found. Many beds are foss i l i fe rous , containing pelecypods 
and other shells and foraminifera; and, according to Stanley (1915), there are carbonized 
plant remains in the mudstone. 

Liak Conglomerate 

The uniform and mass ive Liak Conglomerate is well exposed in Gowa Creek near 
Liak, and in the upper reaches of Ulabwe Creek , and c o v e r s an area of 3 square mi les in the 
vicinity of Liak. Its thickness is estimated at about 700 feet. The composi t ion and s ize of the 
most ly wel l - rounded pebbles and boulders vary somewhat according to local i ty. North of 
Awaibi , for instance, the boulders are most ly 2-3 inches a c r o s s , with a maximum of more than 
a foot. They consist mainly of amphibolite, greenschis t , porphyry, quartz, sch is t s , and 
doler i te , with ra re pebbles of Ter t ia ry l imestone . South of Liak, near the boundary with the 
me tamorph ics , the conglomerate is finer and m o r e sandy, and the pebbles are generally coated 
with a film of l imonite. In Gowa Greek the proport ion of pebbles of Ter t ia ry r o c k types is 
somewhat higher . In general , the content of metamorphic components inc reases f rom south to 
north. Intercalated in the conglomerate are some minor lenses and tongues of moderately to 
poor ly sorted sandstone, which is local ly foss i l i fe rous . 

Accord ing to Stanley (1915), the conglomerate ove r l i e s the Ter t ia ry sediments 
of the Gulewa Format ion with an angular unconformity. He based this opinion on differences 
in attitude between the Gulewa sediments and the Liak Conglomerate . However , our field 
work showed that attitudes are the same for the conglomera te and underlying ca lcareni te , and 
that both appear to follow the same structural undulations. It s e e m s , therefore , m o r e likely 
that the conglomera te over laps and probably interfingers with the sediments of the Gulewa 
Format ion , and that any unconformities present are only loca l . 

The relationships of the Tert iary formations desc r ibed above are tentatively shown 
in the d iagrammat ic section of Plate 1. Their age was given by Stanley as late Ter t iary . 
Foraminifera sampled during our survey include the following genera and spec ies determined 
by D . Belford : Globorotal ia cultrata (d 'Orbigny) , Globoquadrina altispira (Cushman & Jarv is ) , 
Globiger inoides quadrilobatus (d'Orbigny) tri lobus ^Reuss) , Pulleniatina obliquiloculata (Parker 
& Jones) , Sphaeroidinella dehiscens (Parker & Jones) , Eponides umbonatus (Reuss) , P l e c t o -
frondicularia interrupta (Kar re r ) , Bolivinita quadrilatera (Schwager) , Nodosaria arundinea 
Schwager , Bulimina aculeata d 'Orbigny, Cassidulina sp . cf. C . subglobosa Brady, Siphogenerina 
sp . 

This associat ion puts the Ter t iary rocks on Mis ima in the upper Miocene . Stanley, 
who in 1915 had included the Kobel Volcan ics in the Ter t ia ry , stated in 1917 that they were 
'Recen t ' but did not d iscuss his change of opinion. This later age s e e m s i l logical s ince 
Stanley himself had written in 1915 that the vo lcan ics just east of Gulewa were interstratified 
with the sedimentary rocks of proven Ter t iary age. 

QUATERNARY 

Deposi ts o f Quaternary age consis t mainly of ra ised cora l reefs ; a few smal l 
swamps and accumulat ions of gravel alluvium o c c u r on eastern Mis ima . 
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Figure 7.—Roki a Point , consistin g o f raise d Quaternar y cora l reef . Heigh t roughJ y 30 0 fee t 
above sea level . (Photo : D. S. Trail.) 

Figure 8.—Daciti c dyk e traversin g migmati c gneiss . Show s emplacemen t accompanie d b y 
faulting (displacemen t o f amphibolit e band , presenc e o f tensio n joint s an d "  lineation" o r flow 
banding). (Photo : F. de Keyser.) 



The raise d cora l reef s ar e a  strikin g featur e o f th e islan d an d form terrace s 
and benche s al l alon g th e souther n an d eastern coasts , risin g locall y t o a  maximum altitud e 
of 1,40 0 fee t (se e pag e 2  an d Fig . 1) . Raise d reef s wit h height s o f 1 0 to 20 0 feet abov e 
sea leve l occu r alon g th e eas t coas t betwee n Roki a Point an d Cap e Henr y (Fig . 7) . Alon g 
the norther n shor e the y ar e notabl y absent . Th e reefs normall y have a  corallogen e facie s 
and ar e mainl y buil t u p b y foraminifer a (Operculina , Cycloelypeus , an d others), algae , 
bryozoa, an d corals . Locall y subordinat e bedde d impur e limestone , calcareou s sandstone , 
gravel patches , an d i n on e plac e eve n a  conglomerate , are als o exposed . Th e limeston e 
areas ar e characterize d b y thei r whit e cliffs , subterranea n drainage , sinkholes , cave s wit h 
stalactites, dee p canyons , an d the like . 

On th e ma p al l raise d reef s ar e show n as Quaternary . Thi s ag e i s definit e fo r 
the lowe r levels , bu t the higher levels may well b e Tertiary , perhaps th e equivalen t o f Tertiar y 
coral limeston e sout h o f Gulewa . I n that case , uplif t o f the islan d durin g Tertiar y times mus t 
have bee n a  one-sided , tiltin g movement . Th e souther n en d must hav e rise n rapidl y whils t 
the norther n zon e remaine d comparativel y stationary , causing sands and conglomerate derive d 
from th e souther n zon e t o b e deposite d alon g the norther n coastline . 

Alluvial deposit s ar e few , an d ar e restricte d t o easter n Misima , where uplift s 
with resultin g rejuvenatio n o f th e drainag e syste m apparentl y wer e les s vigorous . The y 
consist o f sag o swamp s an d grave l deposits , an d occu r a t the mouth s o f th e large r creeks , 
such a s Ingubinain a Creek, Cooktown Creek, and Ginesia Creek . Th e 'alluvium * show n o n the 
geological ma p west of Bwagaoia probably partly presents fine sand y an d silty lagoona l deposit s 
raised slightl y abov e se a level . 

INTRUSIVE IGNEOU S ROCK S 

Hornblendite, trondhjemite, post-metamorphic aci d an d basic dykes , and porphy-
ries ar e th e intrusiv e rock s me t wit h o n Misima . Th e Tertiary effusive rock s an d the 
amphibolites o f uncertai n origi n ar e no t considere d i n this section . 

Hornblendite occur s o n th e divid e betwee n Lia k an d Bwagabwaga, and in Bwagabwaga itself . 
The roc k is a  massive, coarsel y crystallin e aggregat e o f hornblende , with varyin g amount s o f 
interstitial plagioclas e an d some scapolit e an d quartz. Pyroxen e an d epidote ar e occasionall y 
seen i n som e sections . Th e hornblend e i s commonl y about 1  1/2  cm. across , euhedra l an d 
short-prismatic. Thi s habi t i s probabl y the reaso n why Stanley (1915 ) describe d th e roc k a s 
a pur e gabbr o containin g man y large well-forme d augit e crystals . Th e mineral show s som e 
schiller structure , and is ligh t grass-green , i n contras t with hornblend e i n the metamorphics , 
which i s dee p bluish-green . Scapolit e i s clea r an d free fro m inclusions , an d plagioclase i s 
albite-twinned an d rather calcic . A  magmatic origin seem s ver y likely . 

Age o f emplacemen t o f th e hornblendit e i s i n doubt . I t is mos t probabl y pre-
metamorphic, becaus e inclusion s o f th e roc k wer e foun d i n layere d amphibolit e o r quartz -
plagioclase-hornblende gneis s nea r Lalam a (Fig . 3) , an d remnant s occu r i n the migmatit e 
between Lia k an d Ewena . Th e inclusions i n the layere d amphibolit e were perhap s deposite d 
as volcani c bomb s in tuff or ash beds. O n the othe r hand , no sign o f metamorphi c effect s coul d 
be recognise d i n thin section . Possibl y th e hornblendit e ha s withstood metamorphi c stresse s 
thanks t o it s coarsenes s an d massiveness. Possibl y als o th e inclusion s i n the layere d gneis s 
are no t related t o the hornblendite but are coarsely recrystaHize d amphibolite ; i n other word s 
the similarit y coul d have bee n cause d b y convergence o f two differen t processes . 
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Contact relationship s wer e unfortunatel y no t seen , bu t in a  fe w places th e horn -
blendite seem s t o grad e int o th e coars e plagioclas e amphibolite . 

Trondhjemite, whic h i s a  leucocratic aci d plutonic roc k essentially compose d of 
soda-rich plagioclas e an d quartz , occupie s muc h o f th e are a betwee n Lia k an d Awaibi and 
forms th e mai n mass o f Moun t Apatikaiogeian. I t may also b e th e origina l intrudin g compon -
ent i n th e migmatites . N o outcrop s wer e see n in the lower-grad e metamorphics . I n thin 
section th e plagioclas e appear s t o be oligoclas e o r albite-oligoclase ; quartz , one o f the mai n 
constituents, show s strai n shadows ; biotit e i s presen t a s smal l dar k green-brow n shreds , 
often accompanie d by epidote. Sphene , apatite , and zircon ar e presen t a s accessor y minerals . 

Emplacement o f th e trondhjemit e wa s probabl y largel y syntectonic , a s a 
gneissic structur e i s generall y apparent . Injectio n o f smalle r vein s wa s rathe r forcible . 
This i s demonstrate d i n a n outcrop abou t 1  1/ 2 miles eas t o f Ebor a (Fig . 9) , where a  trondhj -
emite dyk e show s fain t flo w layerin g curve d downward s strongl y alon g the walls owin g t o 
friction, whils t th e gneis s an d amphibolit e formin g th e wal l rock s hav e bee n dragged in th e 
direction o f movement . A  thi n sectio n o f th e dyke-roc k reveals pronounce d granulation o r 
protoclastic structure . Th e trondhjemit e mus t hav e bee n emplaced under condition s o f hig h 
temperature an d pressure, t o account for the protoclastic structure an d the smoot h ruptureles s 
plastic dra g show n by the wallroc k gneiss . 

Post-met amorphic aci d an d basi c dyke s intrud e th e higher-grad e metamorphic s i n severa l 
places, bu t wer e no t foun d in the lower-grad e metamorphics . Th e dykes occu r mainl y in th e 
area betwee n Ewen a an d Liak , locall y i n swarms , and generally strik e eithe r east-north-eas t 
or west-north-west . Thicknesse s rang e fro m 6  inches t o 5  feet . 

Two thi n section s wer e made , one o f a n acid, one o f a  basic dyke . Th e aci d roc k 
(Fig. 8 ) i s a  mica dacite containing phenocrysts 0.5 to 1  mm across . The y are mainl y feldspar , 
together wit h som e muscovit e and quartz, and are embedded in a  fine-grained matri x of quartz , 
feldspar, an d green-brown biotite . Th e feldspars are twinned plagioclase (oligoclas e o r ande -
sine-oligoclase) an d potash feldspar . Th e crenulated margin s o f the phenocryst s sugges t tha t 
the fina l stag e o f thei r growt h has coincide d with the crystallizatio n o f the matrix . 

The basi c dyk e roc k sectione d appear s t o be a  hornblende-albite lamprophyre . 
Phenocrysts o f a  reddish-brow n barkevikiti c hornblend e ar e embedde d i n a  fine an d even -
grained panidiomorphi c networ k o f brow n hornblend e an d a  plagioclas e whic h i s probabl y 
albite. Cluster s o f epidot e an d chlorit e ar e probabl y fillings o f amygdale s o r ar e pseudo -
morphic afte r som e unknow n basic phenocryst , perhaps olivine . Quart z i s a  rare constituen t 
in th e matrix , and pyrite an d chlorit e ar e accessory . 

Porphyries includ e a  variet y o f generall y porphyrini c intermediat e t o aci d intrusiv e rock s 
that cro p ou t extensivel y i n the lower-grad e metamorphic s in easter n Misim a an d are consid -
ered t o b e responsibl e fo r th e gol d mineralization. The y occur a s sil ls , dykes , an d irregular 
bosses o f variou s dimensions , an d were probabl y intruded a t the en d of th e paroxysma l phase 
of deformation , althoug h the y themselve s ar e affecte d b y continue d faultin g an d shearing . 
They wer e emplaced in more than one stage, as som e porphyries ar e see n to cu t through others ; 
felsitic varietie s ar e generall y younge r tha n the porphyriti c types. I n places th e countr y rock 
is hornfelse d nea r th e intrusiv e contact . 

The mos t commo n types are porphyries of dacitic or andesiti c composition . The y 
are ligh t o r dar k gre y when fresh , an d contain man y phenocrysts abou t 2  to 4  m m acros s i n a 
microcrystalline matrix . Th e phenocryst s ar e mainl y whit e euhedra l feldspars , with som e 
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quartz in the m o r e acid r o c k s . Plagioclase (o l igoclase o r o l igoclase-andesine) predominates 
ove r potassium feldspar. Mafic phenocrysts are euhedral bioti te, o r green hornblende, or 
both. 

In s o m e local i t ies the porphyr ies grade into m o r e plutonic, phanerocrystall ine 
r o c k s . An ex t reme example is found in the intrusive mass north of Sikekeu; no matrix is 
present in this r o c k , which is a quartz d ior i te , made up of p lag ioc lase , some potassium 
feldspar, biot i te , and s o m e quartz. Another variety is a very fine-grained, aphanitic, 
greenish , felsi t ic r o c k in which no phenocrysts are v is ib le . It generally o c c u r s in dyke fo rm, 
and never fo rms large bod ies . A thin sect ion shows a trachytic composi t ion with strong 
si l icif icat ion in the form of impregnation and veining with quartz. Phenocrysts of potassium 
feldspar , though not visible in hand spec imen , are present , embedded in a fine-grained quartz-
feldspar matr ix . 

Many of the porphyry outcrops are much altered to a ye l low, ye l low-brown, pink, 
o r white c layey substance, in which quartz phenocrys t s , and in p laces white specks of kaolinized 
feldspar , are conspicuous . The mafic minerals are chlori t ized; biotite is commonly bleached 
to a w h i t e ' m i c a ' w h i c h could be mistaken for muscovi te in hand spec imen. Other decomposi t ion 
products are ca l c i t e , s e r i c i t e , and epidote, generally in the form of saussuri te . 

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

Other intrusives. Doleri te dykes and veins have been reported by severa l authors (Stanley, 
1915; Davies , 1958) from the lower-grade metamorphics ,but we did not see any. One poss ib le 
example o c c u r s at the Double Chance mine (Fig. 10) , but extreme decomposi t ion and weather­
ing have obliterated the original mineralogical composi t ion . It is highly probable that Stanley 
(1915) mistook cer ta in greenschist exposures for bas ic dykes . 

Outcrops of what are thought to be metamorphosed basic dykes o c c u r in the 
higher-grade metamorph ics . A thin sec t ionof one of these rocks shows pale green hornblende 
and epidote enc losed in i r regular porphyroblasts of albite, the main constituent. Quartz and 
chlor i te are spa r se . The hornblende is still actinolitic and the r o c k probably belongs to the 
greenschis t fac ies . This is in strong contrast to the almandine amphibolite facies of the 
surrounding gne i s s , and it i s therefore suggested that the dyke was intruded when conditions 
of metamorphism had become l e s s s eve re . 

STRUCTURE 

As can be expected in areas of regional metamorphism, folding and faulting are 
conspicuous in the metamorphic basement; the Ter t iary and Quaternary sediments are also 
tectonically disturbed, though to a much l e s se r d e g r e e . 

It is difficult to present a p r ec i se structural picture of the metamorphic 
format ions , because airphoto interpretation is virtually imposs ib l e , outcrops are scat tered 
and not t raceable ove r any dis tance , and no marker beds , with the exception of the St Pat r ick 
Limes tone , were found. M o r e o v e r , bedding i s commonly not r ecogn i sab le , and measured 
dips and str ikes therefore general ly refer to the attitudes of schis tosi ty and foliation, which 
may o r may not co inc ide with the original bedding. The sect ions (PI. 1) give an interpretation 
rather than a true picture and demonstrate only qualitatively the regional s tructure. 
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Figure 12.—Mino r disturbance s i n amphibolit e an d gneiss . Sout h coast , 1 1 mil e sout-eas t 
of Ebora. (Photo : D. S. Trail.) 



Folding. The regional strike o f fold axes on Mis ima i s roughly eas t -wes t . Several 
o r d e r s o f magnitude o f folding are present in the metamorphic r o c k s ; on a smal l s c a l e , 
sch i s t s and phyll i tes are p l ica ted and c rumpled , l oca l ly to such an extent that the schis t i s 
rodded . This f ine - sca le crenulat ion is exp re s sed on planes of f iss i l i ty as a distinct l ineation, 
w h i c h , where o b s e r v e d , is para l le l to the axes of l a rger folds (b- l ineat ion) . It i s a s sumed , 
and in s o m e p l a c e s demonst ra ted , that the plunge of lineation co inc ides with the plunge of 
l a rge r s t ructures which cannot be r ecogn i sed in ou t c rop , and the measur ing of lineation in the 
f ie ld may be of much value in trying to unravel the o b s c u r e major s t ruc tu res . 

L a r g e r - s c a l e s t ructures are represented by folds of s e v e r a l feet o r yards in 
ampli tude, and may be r e c o g n i s e d in good e x p o s u r e s . They show steep plunges in s o m e 
o u t c r o p s , but may be rather flat in other p l a c e s . With increas ing d imens ions s t ructures 
b e c o m e m o r e difficult to interpret . The Double Chance anticline (F ig . 1 1 ) , fo r instance, could 
b e r ecogn i sed only by the p r e s e n c e of the boundary plane between A r a Greensch i s t and Umuna 
Schis t , combined with information given by the lineation. 

The overa l l s tructure o f eas tern Mis ima i s probably undulating with predominantly 
shallow to modera te dips and plunges (Sections A - B and C - D , PI , 1); the many s teep dips o f 
the planes of schis tos i ty are attributed to secondary shear folding. Dips and s t r ikes appear to 
be much m o r e constant and regular in areas where ou tc rops of porphyry are smal l and 
s c a r c e than in the densely intruded r e g i o n s , where the porphyry bod ie s s e e m to have b e e n , 
d i r ec t ly o r indi rec t ly , respons ib le for the confused s t ruc tures . One such undisturbed area i s 
the south-east c o r n e r of eas tern M i s i m a , where an east-plunging anticline is p resent . C r o s s -
folds o c c u r on eas tern Mis ima in the reg ion between Rokia Point and Cape Henry, where the 
format ion boundaries indicate a genera l str ike to the south-east , but where individual attitudes 
o f schis tos i ty and lineation are c o m m o n l y at right angles to this d i rec t ion . 

Dips may be gentle in the h igher-grade m e t a m o r p h i c s , as along the north coas t 
wes t of Lalama and in many p l a c e s along the south coas t , o r they may be s t eep , as in the reg ion 
wes t of Bwagabwaga. It i s a ssumed that bedding and schis tos i ty in the Oiatau Gneiss l a rge ly 
co inc ide : planes of schis tos i ty and l ayers of different compos i t ion and gra in s i ze are genera l ly 
para l le l . P las t ic folding suggests that deformation o c c u r red under condi t ions of high p re s su re 
and temperature . An interpretation of the overa l l structure i s given in sec t ions EF and GH 
(PI . 1 ) . 

o 
Folding in the Ter t i a ry sediments was much weaker . Dips r e a c h 40 at the m o s t , 

but are general ly much l e s s . The regional dip is towards the sea , away f r o m the metamorphic 
basement . 

Faulting. Faulting i s c o m m o n throughout the island and affects all r o c k units. 
Definite fault-planes in the me tamorph ic s can ra re ly be t raced in the f ie ld , but are r ecogn i sed 
by b recc ia t ion and shearing, in many p laces combined with quartz veining; the Umuna lode 
i s the best known example . Many exposures show s m a l l - s c a l e faulting and thrusting (Fig. 12) . 
Te r t i a ry sediments are a lso affected by faulting; exposures show that s m a l l - s c a l e faulting 
has frequently o c c u r r e d as low-angle thrust movemen t s . 

Even the Quaternary c o r a l reefs w e r e subjected to tec tonic s t r e s s , resulting in 
cons ide rab le pos t -Te r t i a ry uplift. Ver t i ca l o f f - se t s in ra i sed c o r a l benches have been not iced 
on the south coas t , and Bwagaoia harbour was probably fo rmed as a sunken wedge bounded by 
fault p lanes . Wes t o f Eiaus the r a i sed c o r a l reefs show low dips in opposi te d i r ec t i ons , perhaps 
owing to drag movements caused by b l o c k faulting. 
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Although g e o l o g i c a l and structural photo-interpretat ion was genera l ly not p o s s i b l e , 
a pattern of l ineaments was detected by c l o s e study of the air photographs (see inser t on P L 1 ) . 
This l ineament pattern, which has s o m e influence on the drainage s y s t e m , undoubtedly includes 
joint s y s t e m s as wel l as fault p lanes . Bwagaoia harbour , for ins tance, is bounded by a set o f 
l ineaments , and probably o w e s its a r t i f ic ia l - looking, canal- l ike appearance to differential m o v e ­
ments along these l ines: a smal l wedge has subsided below sea l e v e l , a wes te rn b l o c k has 
sl ightly e m e r g e d , and an eas te rn b lock has remained stationary. The c o r a l r e e f wes t o f 
Bwagaoia has been ra ised about 20 feet , and its f o r m e r lagoon i s now just above sea level and 
i s be ing fil led by alluvium. The Umuna lode also s e e m s to fit in the pattern, and the l ineaments 
d e s e r v e c l o s e attention in the explora t ion for go ld , as they may guide and concentra te act ivi t ies 
along l ines o f structural weakness which are log ica l structural traps for the mineral izat ion. 

GEOLOGICAL HISTORY 

The oldes t r o c k s in the area now occup ied by the h igher-grade metamorph ics 
w e r e b a s i c vo lcan ics and p lu ton ics , fol lowed by c l ays and si l ts with occas iona l tuff beds and 
f lows . These deposi ts w e r e deeply buried and regional ly metamorphosed; subsequently they 
w e r e de fo rmed , loca l ly migmat i zed , and intruded by trondhjemite under deep-sea ted condi t ions . 
At a somewhat later s tage , after the condit ions fo r regional me tamorph i sm had largely 
d isappeared , l amprophyr ic and ac id ic dykes w e r e injected. 

In the eas tern r eg ion , a pe r iod of bas i c vulcanism was s u c c e e d e d , and perhaps 
a l so p r e c e d e d , by a pe r iod o f deposi t ion o f dark organic muds and s i l t s , which c o m m e n c e d with 
the format ion of l imestone banks, pos s ib ly as c o r a l reefs o r other o rgan ic s t ruc tures . These 
vo lcan ic and sedimentary r o c k s subsided and w e r e t ransformed by regional me tamorph i sm into 
phyll i tes and sch i s t s , with accompanying faulting and folding. Porphyry m a s s e s and dykes 
w e r e p robab ly emplaced in the later s tages of deformation after regional me tamorph i sm and 
w e r e accompanied by gold and sulphide mineral izat ion. 

Both suites o f me tamorph ic rocks w e r e then ra ised above sea level and e roded . 
In Te r t i a ry t imes the outl ines o f the island became roughly defined, and fringing ree fs fo rmed 
in p l a c e s . Continuing e m e r g e n c e s s e e m to have been much s t ronger in the south than in the 
north, with the result that c o r a l r e e f s (which continued to develop into Quaternary t imes) w e r e 
r a i s e d , in s t ages , to a cons ide rab le height in the south, while Miocene shal low-water sediments 
and v o l c a n i c s w e r e deposi ted in the north. Andesi t ic and trachytic lavas and tuffs w e r e laid 
down o v e r the nor th-eastern par t o f M i s i m a , whereas farther west c o a r s e c las t ic sediments 
and cong lomera t e s w e r e depos i ted . Finally, the emergence which began on the south coas t 
extended to the north and both Ter t i a ry beds and Quaternary co ra l r ee f s o f the entire island 
w e r e r a i sed above sea l eve l . 

Faulting accompan ied all these stages o f uplift and o c c u r r e d in Recent t i m e s , as 
i s demonst ra ted in the format ion of Bwagaoia harbour. 

ECONOMIC GEOLOGY 

Apart f rom one t r ia l p a r c e l of base -meta l sulphide o r e , gold has been the only 
mine ra l mined on M i s i m a , yielding s i l ve r as a by-product . Small quantities o f lead, z inc , and 
coppe r sulphides o c c u r , but a re not o f e c o n o m i c interest . 
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T A B L E 2 .—TH E U M U N A L O D E : M I N I N G C O M P A N I E S A N D P R O D U C T I O N FIGURES. 

Period. Mining Company. Tons of ore. Ounces o f 
fine gold. 

Average grade 
dwt/ton. 

1949 . . 

1935-1942 
1928-1935 
1922-1928 
1914-1922 

7-1914 

C E N T R A L SECTIO N A T U M U N A 
Cuthbert's Misim a Goldmin e Ltd . (attemp t t o re-ope n th e 

mine) 
Cuthbert's Misim a Goldmin e Ltd . 
New Misim a Goldmine s Ltd . 
Misima Goldminin g Company , and various other syndicate s 
Block 1 0 Misim a Gol d Mines , N.L . 
St. Aigna n Minin g Compan y 

2,117 
199,474 

75,167 
? 

101,637 
? 

351 
52,346 
20,900 

713,000 
40,700 

7 

3.3 
5 . 2 
5 .5 
7 
8 .0 
? 

378,395 + 127,297+ 6 .0 

1933-1940 
1947-1948 
1953-1955 

N O R T H E R N SECTIO N A T M T . SIS A 
Gold Mine s o f Papu a Ltd . 
Mararoa Goldmine s N .L . 
Scottish Quee n (Mr . H. Gladstone ) 

40,000 
7 

1,200 

8,500 
150 

1,225 

4 . 2 
7 

20 

1940-1942 
1935-1940 

S O U T H E R N SECTIO N A T K U L U M A L I A 
Gordon's Misim a Compan y 
Misima Gol d Reef s (N.G. ) N .L . 

TOTAL 419 ,595+ 137,172+ ± 6 . 0 

To face page 23 . 



Misima cam e int o existenc e a s a  minin g fiel d i n 1888 , when alluvia l gol d wa s 
found an d worke d i n Ginesi a Cree k and subsequentl y i n other creeks . I t was on e o f the firs t 
times tha t gol d wa s discovere d i n Papua . I n 1904 R. Boyd, a prospector, traced lode-quart z 
boulders i n Cooktow n Cree k upstrea m t o thei r origi n an d so locate d th e firs t lode , which h e 
called th e Massive , now the centra l sectio n o f th e Umun a lode. 

A successio n o f syndicate s an d companie s attempte d th e minin g o f th e lod e 
(see Tabl e 2 ) bu t onl y a  few o f them were financiall y successful . Th e mine was i n a  stat e o f 
healthy production , th e monthl y outpu t wa s continuousl y increasing , an d record productio n 
figures wer e bein g obtained , whe n World Wa r n force d i t t o close . Afte r th e wa r a n attempt 
to re-ope n the min e failed , and the workings have sinc e bee n abandoned. Durin g the successfu l 
mining o f this centra l sectio n o f th e Umun a lode othe r companie s were activ e o n the souther n 
section a t Kulumalia , an d th e norther n sectio n a t Moun t Sisa , bu t production remaine d fa r 
below expectations , owin g partly to operationa l difficulties . 

The Quart z Mountai n lode s ar e th e bes t know n of other smalle r an d less well -
defined lode s o n th e island , bu t negligibl e amount s o f gol d have bee n produced from them . 
The onl y productio n o f gol d afte r th e wa r cam e fro m a  few scattere d localities , wher e th e 
metal wa s mine d fo r shor t period s an d yield s o f u p to 2,00 0 ounce s wer e obtained , a s a t 
Mararoa, th e Scottis h Queen , an d th e Doubl e Chance . Th e Double Chance is th e lates t find , 
and wa s stil l bein g worked in 195 9 by its discoverer , M r H.Gladstone. Native s ar e stil l pro -
ducing a  few ounce s o f gol d per yea r fro m cree k alluvium . 

Estimated total productio n of gol d fro m the lodes and alluvial deposit s o f Misima 
Island i s o f th e orde r o f 236,00 0 t o 239,00 0 ounce s (Davies , 1959) , o f which a t leas t 127,00 0 
ounces wer e obtaine d from the centra l sectio n o f the Umun a lode. 

Alluvial Workings 

Until 1904 , alluvia l deposit s wer e th e onl y sourc e o f Misima' s gold. Th e bes t 
known deposit s wer e alon g th e Ginesia , Ara , Ingubinaina, Inhabit, and Maika Creek s an d the 
two to p branche s o f Kobe l Creek , bu t som e gol d was foun d in nearl y ai l creek s o n easter n 
Misima. Th e larges t known , tested , deposi t i s o n Tauhi k Creek, south of Quartz Mountain. 
The alluviu m wa s drille d an d sample d i n 1939 , an d the reserve s wer e calculate d a t abou t 
1 VZ millio n cubi c yard s o f was h carryin g 10. 5 grains pe r cubi c yard . Abou t 8 0 percent o f 
this gol d i s ver y fine , an d difficul t t o recover . Dredgin g was no t considered practicabl e 
because individua l deposit s wer e small, scattered, and at considerable dept h (Donaldson , 1939) . 
Potential deposit s ma y exist a t the mouths of the gold-bearin g Ingubinain a and Ginesia Creeks; 
these swamp y flats have never been tested, although their area s ar e large r the n th e Tauhi k area. 

The tota l productio n o f alluvia l gol d o n Misim a i s give n a s 80,00 0 t o 100,00 0 
ounces, but much may not have bee n officall y recorded . 

The Lode s 

Known lode mineralizatio n occur s i n the Umun a area, the Quart z Mountain area, 
and th e Ingubinain a Cree k area, an d there i s evidenc e tha t further lode s ma y be hidden unde r 
the decompose d roc k mantle. Mos t o f th e workings ar e collapse d an d inaccessible a t present , 
with the exception of a few adits such as th e No , 7  at Umun a and the Waterfall adi t a t Kulumalia. 
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The Umuna Line of Lodes 

The Umuna line s tr ikes north-north-west f rom Kulumalia via Umuna to Mount 
Sisa o v e r a distance of about 1 1 /2, m i l e s , and perhaps continues for another 2 1 /2 m i l e s to the 
vicini ty of A r a Creek . The known por t ion, between Kulumalia and Mount Sisa, is wel l -def ined. 
Its continuation to the north-north-west i s inferred only f rom a number of old leases situated 
near A r a C r e e k , s o m e of which reportedly have shown good gold values in lode mater ia l 
s imi la r to that of the known Umuna lode . The known port ion o f the Umuna lode fo l lows a 
prominent r idge and i s subdivided into three sect ions: a central sec t ion at Umuna, a northern 
sec t ion at Mount Sisa , and a southern sect ion at Kulumalia. The lode i s best defined in the 
central sect ion; in the other two the lode seems to branch and weaken. The central sec t ion 
has a l so shown the highest values and has produced the bulk of the gold . 

The Central o r Umuna Section. The lode i s not we l l known geolog ica l ly because 
the mining companies did not employ qualified geo log i s t s and workings have now co l lapsed . 
A c c o r d i n g to Stanley (1915) the lode cons is t s of . . two apparent wal ls which, in rea l i ty , 
represent two r e v e r s e d faults, highly brecc ia ted . . . ' . King et al . (1949) desc r ibed the lode 
as a fault b r e c c i a with quartz , soft pug, and rocky gangue der ived f rom the schis t and 
p o r p h y r y . . . ' . At Umuna the fault dips steeply to the wes t . Boulders o f sugary, vuggy, 
occas iona l l y l ayered , white o r yel low quartz mark the trend of the lode at the surface . 
Never the less the lode is not s t r ic t ly a quartz reef , but a shear zone t raversed by veins and 
s t r ingers o f quartz. Pa lmer (1959) be l ieves that the main o r e b o d y , in which gold values are 
e r ra t i c and v e r y unevenly distributed, is enveloped in a halo of ve ry low-grade mineral izat ion 
with a max imum width of 250 feet . 

Only the oxid ized zone o f the lode has been worked because , owing to the sof t­
ness o f the r o c k , the easy-mi l l ing charac ter o f the o r e , and the fact that no expensive winzing 
and ra is ing was requi red , cos t s w e r e ve ry low. A c c e s s to the lode was obtained by adits driven 
into the hill s ide . Seven leve l s w e r e developed, mainly by B l o c k 10 Mis ima Gold Mines , N .L . 
(1914-1922) , and by Cuthbert 's Mis ima Gold Mine Ltd (1935-1942). These two companies 
a l so accounted for about 73% of the r eco rded total production of 127,000 ounces fine gold , 
which c a m e f rom s o m e 400,000 tons o f o r e with a r e c o v e r y grade averaging 6 dwt per ton, and 
was extracted mainly f rom the No. 5 and No. 7 leve ls (Pa lmer , 1959). 

Be low the bot tom level (No. 7 level) the p r imary sulphide zone gradually makes its 
appearance .in the f o r m o f patches of s emi -ox id ized sulphides of lead, z inc , and s o m e coppe r . 
The pos s ib l e value of the sulphides has been rea l ized by mine managers s ince 1937, but no 
exploitat ion at depth was undertaken, undoubtedly because the cheaply Droduce d gold in the 
ox id ized zone was by no means exhausted. After the war Cuthbert 's Mis ima Gold Mine Ltd, 
during an effort to r e - o p e n the mine , attempted to test the p r imary zone by means o f three 
diamond dr i l l h o l e s , but met with little success because of ve ry p o o r c o r e r e c o v e r y and failure 
to r each targets when holes co l l apsed in the soft country r o c k . 

R e s e r v e s in the ox id ized zone have been est imated at approximately 270,000 tons 
by King et a l . (1949) and at 400,000 tons by Pa lmer (1957). These est imates include the 
' p robab le ' and ' p o s s i b l e ' r e s e r v e s . F e w , if any, assay and survey r e c o r d s exist; however , 33 
samples f r o m the No. 6 and 7 l e v e l s , though not cons ide red representat ive , gave an average 
o f 2,5 dwt of gold per ton (with 0,6 o z s i lve r , 0,3% lead, and 0.4% z inc ) , and King therefore 
feared that much of the o r e r e s e r v e s may have a lower grade than the o r e prev ious ly worked . 
Depth and tenor o f the p r imary zone are virtually unknown fac to r s , and it i s imposs ib le to give 
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even a rough estimate of any possible r e s e r v e s . On production f igures , gold values do not 
decl ine with depth; but the bottom level is still mainly in the oxidized zone, where secondary 
enrichment of the gold may have taken place,and gold values may therefore decrease to some 
extent in the actual sulphide zone. The only figures on the tenor of the ore in the sulphide 
zone are to be found in two assays . One is a bulk assay of a 52-ton parcel of semi-oxid ized 
o r e which in 1952 was extracted from the bottom level by two p rospec to r s and consigned 
o v e r s e a s , and which showed the following values: 

Au 18.5 dwt per ton, Ag 3.0 o z 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 tunnel, and gave the following values: 

Au 3.6 dwt per ton, Ag 3.0 o z per ton, Pb 23%, Zn 25.5%, Cu 0.56%. 

The Northern Section near Mount Sisa. The lode at Mount Sisa is not so c lear ly expressed as 
at Umuna, and c r o s s - l o d e s are probably present, as for instance at Mararoa. There is even 
some doubt whether the lode worked by Gold Mines of Papua Ltd was the main branch of the 
Umuna lode . After a f ive-year per iod of testing and development work , the production of 
8,500 ounces of fine gold and 24,000 ounces of s i lve r , obtained from about 40,000 tons of ore 
in 1938-1939, remained below expectation, notwithstanding the fact that the mine was modern 
and wel l equipped and assay results appeared to be satisfactory. A strong discrepancy 
between assay values and r ecove ry grade has never been fully explained (tailing assays 
suggest that most of the gold was r e c o v e r e d ) , but mining warden's reports suggest that theft 
may have been one of the reasons . The mine was c losed in 1940. 

A smal ler lode , developed west of the main lode , differed in that it had a high 
propor t ion of ca lc i t e . 

The only other production in the northern sector came from Mararoa, where 
Mararoa Goldmines N.L. extracted some 150 o z of gold in 1947-48, and from the Scottish 
Queen, where H. Gladstone, its d i s cove re r in 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 
o c c u r r e d in this deposi t , and the warden 's reports mention monthly returns of, for example , 
95 ounces from 60 tons of o r e , and 40 ounces from another 60 tons of o r e . Gladstone abandoned 
the mine when the gold values dropped below 5 dwt per ton (Pa lmer , 1957). The Scottish 
Queen is now complete ly overgrown, but Davies (1959) states that the gold occur red in a 
shallow-dipping layer of grey pug probably lying in a fault-zone. Pa lmer (1957) suggests that 
the orebody may have a pipe fo rm, presumably at the intersection of two planes of weakness. 

Good values were reported elsewhere in the northern section of the Umuna lode 
and its poss ib le north-western extension. A very rich find was made by A . Alexander in 1941 
on leases abandoned by Goldmines of Papua Ltd. One parce l was said to assay 44 ounces per 
ton, and a check sample confirmed 5 ounces per ton (Warden's Repor t s ) . Apparently the find 
was a smal l , r ich pocket , and nothing more has been heard of it. Farther north near Ara 
Creek , m o r e of l e s s on the projected strike of the Umuna lode , some good gold values were 
obtained in 1939 from costeans and adits on leases held by Mis ima North Gold Mines. 
Donaldson reported 24 dwt over a width of 18 feet, and 12.9 dwt over a width of 23 feet, in 
two lodes 12 feet apart, and estimated that 75,000 tons with an average grade of 6 dwt per ton 
were present to a depth of 80 feet below the surface (King et al . , 1949). However , no attempts 
were made to develop and produce this o r e . 
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CONCENTRATION O F MAGNETI C IRONSTON E FLOATER S 
FIGURE 13 

AND BOULDER S I N T H E MARAROA—KULUMALI A ARE A 



The Souther n or Kulumali a Section. Misim a Gold Reefs (Ne w Guinea) N.L., under th e manage -
ment o f Majo r Stuar t Love , an d Gordon' s Misim a Company , which took over i n 1940 , were 
active i n th e Kulumali a area . Thre e main lodes an d at leas t fiv e othe r lode s wer e reporte d 
from th e are a (Palmer , 1957) . Th e main lode i s a  branch of the Umun a lode. 

No reliabl e estimat e ca n be mad e fro m the availabl e report s o f the valu e o f th e 
lodes. I n 193 4 th e averag e valu e wa s establishe d a t abou t 9  dwt per ton , an d in 193 6 the or e 
reserves wer e estimate d t o b e som e 52,00 0 ton s wit h a n average grad e o f 4. 8 dw t per to n 
(Love, 1936) . I n 1938 , however , thes e estimate s wer e reduce d t o abou t 40,000 ton s o f 
'payable ore' , a  discouragin g conclusio n afte r th e year s o f extensiv e developmen t work; 
nevertheless th e compan y wa s read y to star t productio n when war intervene d i n 1942 . Afte r 
the war , H . Gladstone milled abou t 15 0 tons of the bette r or e fro m the are a (Davies , 1959) , but 
when production did not confir m th e reporte d assays , h e abandone d the project . 

The Quart z Mountain Area 

The Quart z Mountai n are a i s situate d abou t 5  miles wes t o f Bwagaoi a an d 1  \Jl 
miles south-wes t o f Umuna . Accordin g t o Donaldson (1939 ) th e mineralizatio n follow s sub -
ordinate tectoni c lines , bu t it s patter n ha s bee n obscure d by sli p an d creep o f the or e dow n 
the stee p hillsides . Si x o r mor e lode s hav e bee n foun d within a n area o f abou t three quarter s 
of a  squar e mile . The y are simila r t o those a t Umuna , and are characterize d b y drusy zone d 
quartz, an d b y muc h earth y manganiferou s materia l i n places . Som e lode s ar e i n leached , 
honeycombed an d partl y silicifie d limestone . Pyrite , galena , sphalerite , an d som e chalcopy -
rite ar e disseminate d throughou t th e quart z matri x an d occu r locall y i n the limestone , but 
there ha s bee n little o r n o production, owing to the generall y lo w value s encountered . Quart z 
Mountain (Papua ) Ltd , a  Ne w Zealan d company , too k over th e lease s i n 1934 , and started t o 
build roads , bring in machinery, and to construct a mill , al l befor e an y values wer e ascertaine d 
or a n estimat e o f reserve s wa s made . No t surprisingly th e onl y production (i n 1937 ) was 5 5 
ounces o f gol d fro m 1,00 0 ton s o f ore , whic h correspond s t o a  recovery grad e o f abou t 1, 1 
dwt pe r ton , agains t a n assa y valu e o f abou t 6  dwt per ton . I n 1938 C.H. Donaldson was 
employed a s manager . H e carrie d ou t a  samplin g an d assaying programme , but was disap -
pointed wit h th e results , a s h e foun d tha t goo d ore value s ar e ver y patchy an d rapidly pete r 
out with depth (Donaldson , 1939) . Lo w values ar e presen t ove r a  large area . 

Only the 'Ope n Cut', th e No . 4 or Waipuna lode an d the Quart z Mountain Extended 
zone sho w an y possibilit y o f containin g economi c gol d deposits . Value s have bee n found to 
exceed 1 0 dw t pe r to n ove r shor t distance s i n these lodes . Th e 'Ope n Cut' is a n area of 
quartz boulder s se t i n clay ; th e boulders assay abou t 5.2 dw t per to n over a  length o f 30 0 feet ; 
and th e cla y matri x average s abou t 1  dw t pe r ton . I t is reporte d (Donaldson , 1939) that 1 9 
feet o f materia l assayin g 12. 6 dw t pe r to n were intersecte d i n the No . 2 cross-cut , 30 0 fee t 
south-west o f the 'Ope n Cut'. A  low cliff o f vugg y quartz to the west o f th e cross-cut , repres -
enting a  fault-zone 6  feet wide , was reporte d to contai n a  stretch o f 40 feet averagin g 15. 6 dwt 
per ton . Chec k sample s take n fro m thi s clif f i n 195 8 gave a n average o f 8. 1 dwt per to n 
(Davies, 1959) . Afte r th e Secon d Worl d War , Quart z Investment Lt d attempted to star t 
production fro m th e Ope n Cut , bu t in 195 1 a cyclon e badl y damaged the plan t before th e mil l 
was i n full production , and the projec t was abandone d for lac k of capital . 

The Ingubinain a Creek Area 

Several smal l prospect s an d lease s wer e locate d alon g Ingubinain a Cree k or i n 
its vicinity , amon g whic h were Grant' s Claim, Well's Tunnel , and Mount Sisa West (Fig . 13). 
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The Double Chance was d i s c o v e r e d by H. Gladstone in 1957 and was still being worked in 1959. 
Grant ' s Cla im lode cons i s t s o f quar tzose ironstone containing pyr i te , magneti te , and probably 
gold (Stanley, 1915). Boulders o f ironstone are a lso concentrated in the upper reaches of 
Ingubinaina Creek and Cooktown C r e e k (Figure . 13); some are stained with green and bluish-
g reen secondary copper minera l s such as malachite and probably c h r y s o c o l l a . It is poss ib le 
that the ironstone lode is r espons ib le for the magnetic anomalies in this area mentioned by 
Stanley (1915). W e l l ' s Tunnel was dr iven for roughly 70 feet through strongly quartz-veined 
dark phyllite and m i c a c e o u s schis t intruded by feldspar porphyry. The Mount Sisa Wes t lease 
i s situated along Gubinaina C r e e k , a small tributary of Ingubinaina C r e e k (Fig. 13) . It has a 
few sma l l , i r regular , lode ou tc rops which consis t mainly of fine, b lack , gritty quartz. P roduc t ­
ion f igures for these o ld p r o s p e c t s and workings are not known but are probably ve ry smal l . 

The Double Chance was the only gold producer in 1959, and is fully desc r ibed by 
Davies (1959). It i s an open cut situated on a hill side above Ingubinaina Creek , on the north­
e r n l imb of an east-plunging anticline (Fig. 11) . The open cut trends paral le l to the strike 
o f the surrounding schis ts in an east -nor th-east d i rec t ion , and i s 12 to 15 feet wide and at least 
120 feet long. It i s located approximately at the boundary of underlying greenschis t and o v e r ­
lying phyllite and m i c a c e o u s schist; the walls are defined by ver t ica l shea r s , and the entrance 
to the cut i s marked by a fault striking 135 magnetic (Fig. 10) . Gold i s i r regula r ly concent ra ­
ted, part ly as w i r e - g o l d , in steep northwest-trending fractures o r leaders which are filled with 
quartz o r coated with i ron and manganese ox ides . High gold values o c c u r between the two 
ver t ica l shears ; beyond these the grade is repor ted as uneconomic and the values in the 
intervals between the fractures are ve ry low-grade . To the north-east the number and gold 
content o f the fractures appear to decl ine rapidly. The material mined i s a weathered fe ld-
spathie sch is t , poss ib ly a sheared greenschis t . Gladstone sank a prospect ing shaft here in 
1959, but the higher values w e r e not picked up again, perhaps because o f a poss ib le pitch of 
the o r e - s h o o t to the east . 

Product ion in a twelve-month per iod (1957-1958) was about 230 fine ounces f rom 
s o m e 2,400 tons of o r e , cor responding to a r e c o v e r y grade of almost 2 dwt per ton. It is not 
cer ta in whether values i m p r o v e with depth; Pa lmer repor ted a gradual inc rease f rom 2 to 7 
dwt per ton, but accord ing to Gladstone the values vary i r regular ly . In September 1959, Glad­
stone produced roughly 6 to 8 ounces per week by deepening the open cut and treating the o r e in 
a smal l three-head stamp bat tery. The gold is r e c o v e r e d by amalgamation. 

Mineralization 

The minera logy o f the deposits i s fairly s imple: gold o c c u r s only in its native 
f o r m , general ly very f ine-grained with loca l development of w i r e - g o l d . The sulphides are mainly 
pyr i t e , galena, sphaleri te , and s o m e chalcopyr i te . Secondary o r e minera ls obse rved o r 
repor ted are: malachite and c h r y s o c o l l a , pyromorphi te , ce russ i t e , and chromate of lead. 
M i c r o s c o p i c examination by Stilwell (1936) revealed some tetrahedri te, cove l l i t e , and c h a l c o c -
i te , the last two replacing galena and sphaleri te . The gangue i s , as a ru le , c o m p o s e d of quartz 
together with al tered and b recc ia t ed r o c k fragments; in the Mount Sisa s ec to r calci te i s 
p resen t , and barytes o c c u r s between Umuna and Mount Sisa. Manganese staining and i ron 
compounds are c o m m o n . 

It i s evident f rom the repor t s that the gold is very unevenly and er ra t ica l ly d i s ­
tributed throughout the o r e b o d i e s , and that many r ich patches are scat tered within a wide 
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zone of low-grade mineralization. Stanley (1915) noted that the best values at Umuna were 
found ' . . . o n the footwall side in the breccia ted porphyry por t ions , in which much w e l l -
crystal l ine pyromorphite is found occurr ing in vugs with a little chromate of lead . . . ' . Love 
(1936) reported that the best and most consistent values at Kulumalia occu r where the lode 
has been most heavily leached and altered. 

Sulphides occu r as scattered crys ta ls and grains disseminated throughout the 
quartz lodes . In the Quartz Mountain area they are found at the surface as a sprinkling of 
pyr i te , galena, sphalerite, and more rare ly chalcopyri te , in the quartz veins and altered 
l imes tone . In the Umuna lode they are rare ly visible at the surface, where they have been 
ox id ized , but o c c u r more in depth. The o re becomes r icher with increasing depth, and local ly 
in the bottom level galena and sphalerite may each constitute more than 20 percent of the o re 
though res t r ic ted to small bodies only. The parcel of 52 tons of sulphide o re taken from the 
bottom level in 1952 (see page 25) was obtained from a lens tapering from 2 - 3 feet in the 
middle to 2 - 3 inches at the ends. Loose boulders of base metal o re are known from the 
north-eastern s lopes of Mount Sisa. 

The presence of barytes , the very light honey colour of the sphalerite (pointing 
to low temperatures during crystal l izat ion) , and the boulders of saccharoidal , drusy, and vuggy, 
banded quartz indicate that the lodes are epithermal. 

No specif ic host rocks are known: gold o c c u r s in brecciated porphyry as well 
as in sheared greenschis t , graphitic phylli te, and micaceous schist . It may, however , be 
significant that all lode gold occur rences roughly follow the greenschist contact. The Double 
Chance is right on the contact (Fig. 11),and the other prospec ts in the Ingubinaina Creek area 
are a lso ve ry near the contact. Greenschist outcrops are not far from the Quartz Mountain 
lodes . The Waterfall adit at Kulumalia passes through greenschis t , and greenschist is known 
by drill ing to underlie the Umuna workings at no great depth. Ara Creek and Ginesia Creek , 
where alluvial gold was abundant, both run through a greenschist region. 

The lodes are all situated in a region where porphyry outcrops are large and 
abundant and probably represent the roof of a large intrusive consisting of numerous roof 
pendants, dykes and irregular masses of porphyry. This is a common environment for 
gold deposi ts . 

Previous worker s tend to bel ieve that the feldspar porphyry has introduced the 
gold into the greenschist and sediments. However , the possibi l i ty that the greenschists are 
source beds at depth should not be excluded. Such an or igin is proposed by Boyle (1959) for 
the Yellowknife gold deposit in Canada, where greenstone is overlain by sediments and is 
intruded by quartz-feldspar porphyry. Boyle determined that the gold and other elements 
in the lode could have been derived from the sheared greenstone and that they need not 
necessar i ly have been deposited from magmatic mineralizing solutions. The intrusive 
porphyr ies m e r e l y served to induce a steep thermal gradient f rom which the elements 
migrated upwards by diffusion, to be precipitated in zones of dilatation such as shear zones. 
Nochemica l analyses have been made of Misima greenschis t s , but the concentration of the gold 
on o r above the greenschist boundary in areas of intense porphyry intrusion could suggest that 
a p r o c e s s s imi lar to that descr ibed by Boyle may have been active on Mis ima. 

No gold has ever been found in the higher-grade metamorphics of western Mis ima, 
although p rospec to r s were active along the north coas t , and it appears that the gold is restr icted 
to the lower -grade metamorphics of eastern Mis ima. 
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The quest ion o f secondary enrichment has r e c e i v e d s o m e attention, and all 
p rev ious invest igators ag ree that gold has probably been enr iched. They genera l ly have in 
mind secondary solution enr ichment , but res idual surf ace enrichment must a l so be cons ide red 
p r o b a b l e , par t icular ly in the Quartz Mountain area . The supposit ion of secondary solution 
enr ichment i s based on the observat ion that e c o n o m i c o rebod ie s w e r e r a re ly indicated by 
g o o d values at the su r face . Exper iments have shown that gold is soluble in surface waters only 
in the p r e s e n c e of f ree ch lo r ine , which can be produced by the interact ion of sulphuric ac id , 
sod ium ch lo r ide , and manganese d iox ide . On Mis ima , sulphuric acid is generated by the o x i d ­
ation of pyr i t e , sodium ch lor ide may have blown in f rom the sea , and manganese ox ides are 
p resen t . The chemica l reac t ions are as fo l lows: 

MnO + 2NaCl + 3H SO —* MnSO 4- 2NaHSO + 2H 04- 2 C I ; 
2 2 4 4 4 2 

3 C 1 - 4 A U > A u C 1 3 ( s o l u b l e ) « 

The gold and manganese solut ions wi l l t r ickle downwards until a reducing environment , such as 
would exis t in the p r e s e n c e of ca rbona tes , sulphides, o r organic mat ter , is met where e x c e s s 
ac id is r e m o v e d . Gold and manganese wil l then be reprecipi ta ted. The acidity may also be 
reduced by kaolinization of fe ldspars : this could se rve as an explanation for the fact that the 
bes t gold values at Kulumalia w e r e repor ted to o c c u r where the lode is m o s t thoroughly 
leached and al tered. 

In the Quartz Mountain area the ra re good values appear to peter out rapidly at 
depth, and quartz bou lders are c o m m o n l y r i cher in gold on the outside than in their cent res 
(Donaldson, 1939) indicating residual enr ichment . McKins t ry (1955) mentions that gold i s 
genera l ly enr iched in an oxid ized zone owing to the r emova l o f other e lements (residual 
enr ichment ) , whereas secondary solution enrichment i s usually a l oca l p r o c e s s only and 
p roduces smal l r i ch s e a m s and pocke ts rather than a wel l -def ined zone of enr ichment . In out­
c r o p s of the oxidized zone it i s usually ve ry difficult if not imposs ib l e to distinguish between 
res idual o r secondary solution enrichment and hypogenetic go ld , s ince the metal everywhere 
o c c u r s in its native f o r m and other c r i t e r i a are general ly lacking. 

D i scuss ion 

Gold product ion was terminated on Mis ima in 1942 so le ly owing to the intervention 
o f w a r . Product ion c u r v e s in the previous yea r s show a steadily increas ing output, and it i s 
evident that there was no quest ion of exhaustion of the o r e (Fig, 15) . 

At Umuna, B l o c k 10 Mis ima Gold Mines N .L . (1914-1922) worked o r e with an 
average grade of 8 dwt pe r ton, whereas Cuthbert 's Mis ima Company, which produced just 
be fo r e the w a r , averaged a r e c o v e r y of 5.2 dwt per ton, and the tenor was s lowly but steadily 
dec reas ing (Fig. 14) , A c c o r d i n g to Pa lmer (personal communicat ion) this was caused by 
dec reas ing values in the lateral d i rec t ion then fol lowed by development work; values are 
be l ieved to remain constant ver t i ca l ly . However , ver t ica l development would be accompanied 
by an inc rease in mining and treatment cos t s brought about by m o r e expensive development 
and the complexi ty o f treatment of sulphide o r e , and the cut -of f grade for the p r imary zone 
would therefore be higher than for the oxid ized zone. 

That the grade of o r e has always been dangerously near the cut -of f level i s 
i l lustrated by the fact that m o s t companies worked at a l o s s . Even the B l o c k 10 Mis ima g roup , 
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notwithstanding its compara t ive ly high r e c o v e r y grade of 8 dwt per ton, had to spend too much 
capital on the construct ion o f a t ramway and other non-product ive development work . New 
M i s i m a Goldmines Ltd was the f irst company to make a profi t , thanks mainly to a splendid 
t eam o f men who all worked at modera te wages (Warden's Repor t ) . Cuthbert ' s Mis ima was 
s u c c e s s f u l , mainly because it took o v e r a going conce rn in which all non-product ive deve lop ­
ment w o r k had already been c a r r i e d out. King et al . (1949) point out that to start afresh would 
involve the expenditure o f much capi tal , m o r e than is warranted in view o f the low grade and 
the l imi ted r e s e r v e s . 

Never the less , P a l m e r (1959) takes the view that mode rn techniques and machinery 
would la rge ly offset these dif f icul t ies , and that the increas ing sulphide content in depth may 
make the base metals attractive as a by-produc t . Sufficiently large r e s e r v e s in the p r imary 
zone and sat isfactory tenor are requi red to counter-balance the high initial and mining c o s t s . 

The best site for test dri l l ing of the p r imary zone would be near where Cooktown 
C r e e k c r o s s e s the l ode . Highest consistent values have been found h e r e , and the p r imary 
sulphide zone has the thinnest c o v e r , probably no m o r e than 150 feet . To g ive an idea of the 
c o s t s involved when se r ious attempts at explorat ion and development a re made , it may 
be c i ted that after the second W o r l d War Cuthbert 's Mis ima spent about £120,000 during its 
e f for ts to r e - o p e n the mine . This amount included £12,000 on the three diamond dr i l l holes 
which had an aggregate length o f 1,883 feet , £11,000 on the recondit ioning o f the mi l l , and 
£36,000 on new buildings, equipment , and power plant (King et a l , , 1949) . 

Much depends on the quest ion of secondary enrichment of go ld . If l a rge - sca l e 
enr ichment o c c u r r e d in the Umuna l o d e , then the p r imary zone has not much chance as a 
go ld p r o s p e c t , for a d e c r e a s e in average grade can be expected . Although no indication of a 
dec l ine in gold values has been found in the bot tom level o f the mine , it must be r e m e m b e r e d 
that this leve l i s still mainly in the ox id ized zone. However , if base -meta l sulphides increase 
sufficiently in depth to make them a worthwhile by-p roduc t , then the poss ib i l i ty o f an economic 
p r o s p e c t in depth at Umuna cannot be excluded. In the Quartz Mountain a rea res idual enr ich­
ment s e e m s to have predominated , and there i s not much hope for a success fu l future for 
this region; nor can it be expec ted that the base metals wil l inc rease in depth, for they o c c u r 
in their sulphide fo rm at the surface with little evidence of leaching. 

The poss ib i l i ty that other lodes are hidden on the island i s good . Evidence is 
furnished by the concentrat ion of large boulders of ye l low, Umuna-type lode quartz in the 
upper r eaches o f many c r e e k s , mos t o f which have yielded alluvial go ld . In mos t of these 
c r e e k s it i s improbab le , geograph ica l ly , that the boulders were der ived f rom the Umuna lode . 
One lode may be present just east o f Ingubinaina Creek and stretch f rom near Bwagaoia in 
a nor th-wester ly d i rec t ion approximately paral lel to the Umuna lode . * Stanley mentions the 
winning of gold f rom a deposi t of quartz boulders in Gera Gera Creek , about 1 mi le above 
Bwagao ia , which could be in line with this lode . The Double Chance might be an off-shoot 
depos i t o f the l o d e , and the alignment of Grant 's C la im , Double Chance , and var ious other 
sma l l e r c l a ims led P a l m e r a l so to the conclus ion that a lode paral le l to the Umuna might 
ex i s t in this general a rea . 

* Since this repor t was wri t ten, Pac i f ic Island Mines Ltd repor ted that costeaning 
approximately along this l ine , north-north-west of the Double Chance , has revealed 
manganese minera l iza t ion with gold values . 
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A zone of slipped pyri t iferous rubble, boulders of quartz and i ronstone, and copper 
staining can be t raced in a north-north-easter ly d i rec t ion a c r o s s the Umuna lode at Mararoa , 
and may be the surface indication of another lode . Large concentrat ions of lode-quar tz 
boulders are found in Ara Creek , where they may have been der ived f rom a north-western 
extension of the Umuna lode . Many other c reeks ca r ry go ld , but where accumulations of l o d e -
quartz are absent the gold is bel ieved to have been derived from s tockworks of thin leaders which 
do not attain lode propor t ions . This appl ies , for instance, to the smal l c reeks wes t of the 
Quartz Mountain area. 

The Umuna lode is deeply cut by Cooktown Creek , and this factor may have led 
to its ear ly d i s c o v e r y . Other lodes may exist which have not been cut into by deep eros ional 
features. 

Enrichment has probably taken place on Mis ima and surface explorat ion by 
soi l panning alone is not sufficient to locate concealed l odes , because values encountered at 
the surface c o m m o n l y bear no relationship to those found in depth. Other, m o r e expensive 
means of detect ion such as geophysical and dril l ing methods wi l l have to be employed . A 
geophysical survey might be ca r r i ed out to determine locat ion, extent, depth, and inclination 
o f the lode which i s thought to be present east of Ingubinaina Creek . It would first be necessa ry 
to test the pract icabi l i ty and suitability of the various methods as difficulties might ar ise owing 
to dense vegetation, topographic rel ief , and the p resence of graphitic schis ts which could inter­
fere with the interpretations. It i s suggested that t es t - surveys be first conducted o v e r the 
Umuna lode . Explora tory surveys could then be run to investigate the hypothetical Ingubinaina 
l o d e , which is in a dis tr ict not far f rom Bwagaoia, access ib l e by road , and which could be the 
'mother lode* of the Double Chance deposit . If geophysical evidence conf i rms the p re sence of 
an Ingubinaina l o d e , then fol low-up work by drill ing o r tunnelling would be required to determine 
its gold content. 

Conclusion and recommendat ions 

The Quartz Mountain area is not cons idered a valuable gold o r base metal 
p rospec t . 

Nothing is known of the Umuna lode p r imary sulphide zone and it is poss ib le 
that r e s e r v e s are present of sufficient grade and volume to warrant mining in depth. The mos t 
favourable site for test dril l ing would be near where Cooktown Creek c r o s s e s the lode . 

The mos t favourable local i t ies to p rospec t for gold are those border ing zones 
of greenschis t in reg ions where porphyry outcrops are large and abundant. 

It i s r ecommended that geophysical methods should be tested and, if shown 
prac t icab le , be employed in an attempt to locate other lodes which are thought to be concea led 
by overburden. The first target should be a north-west-s tr iking strip stretching f rom 
Bwagaoia and running just east of Ingubinaina Creek . 
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