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R I N G T T A S A N

Bust* Iinw Sulauesi, yang tendini dari
Sulauesi Tirrur daxt Ienggata" eebagian besar
ditenrpati oleh suabt kontplek Luas te?dirL dayi
keLonpok batuan ultronafic gang dipenkirakan
bem,nmtt Mesosoik hingga Iensier "Bauah. Batuan-
baktcn. ters4but dijmpai betaona dengan intmt-
ei-intmLsi batuan beku yang bersusunan gabro.
Kontplek batuan ultronafik ini memtpakan suatu
Lqjw ymg tezpukts-putue, d.ut. dapat dtilafti
dni bagiol paling thru.r dari Sulaueei Iirrur
ke apah barat dan membelok nengikuti arah
stmtktur Sula'rcei I enggara,

KontpLek ini. terdiri daJ"i berbagai batuqn
uLtronafic temftana harabutgit dan Lersolit"
eerta danit, & piroksenit. Sebagian besa* dae-
rah yang dieelidiki tenditi dnyi batuan-batuan
ultnanafic Aqng mengaLoni berbagai derajat
eezpentinieaei.

Di beberapa bagian l<ontplek ini, batuan-
batuqn u,Ltranafic menuryjukko't adnnya korok-ko-
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rok dan intmtsi-intmtsi keeil yang bersualtnen
gabro Berta dioytt. Asosiasi batuan tersebut
dieirikan puLa oLeh bentuk dan penyebdxqrl Aang
tidnk tenatut.

Maksud dari pada tulisqn ini adalah untuk
nengerrukakmt data bamt mengenai petrologi dnn
tektonik dati asosiasi batuan-batuan basa dan
ultranafie ditinjatt dari perkembangm. teorL
da'tasa ini. Penyelidikan Aarlg bez.sifat penda-
huluan ini, di.dnsatkan pada hasil anaLisa pe-
trografi batuan, hubwtgan batuqt-batuan satu
sana Lainnya di Laparqan, se?ta penetaut yang
diLakukan selqna be:nlangsungwga kegiatmt. ea-
pLorasi geologi oleh P.T, Intermational Niekel
Indonesia.

A B S T R A C T

The East Are (East and South-Eaet Arne)
of Sulanesi is Largely oeeupied by a huge com-
pler of ultronafic roeks of preswnably Late
Mesozoie to ewLy Tertiatn1 age. The ultrqna-
fi.e nocks of SuLaxesi are eloseT,y associated
uith snall massea of gabbz,oie roeka. The
ultranafie cornplea takes the forn of diseon-
tinuoue belts ahich emr be tnaced fnom the
eastev,n-most patt of the Eastern Arrn ueat-ward
curuing to the South-East foLLouing the Sttue-
tural trend of the South-Eaet Am.

The contpler is made up ehiefly of harz-
burgite, LherzoLite, uith eome dunite and py-
rouenite. Oter moat pmts of the inuestigated
atea, tltese roeks haue been setpentinized to
uayiabLe d.egrees,

Dikes and smalL intzwsiue bodiee of Sab-
broie and dioritie contpositioni haoe been
eneountered in moty places ui.thin this belt.
This z,oek assemblage is characterized by ine-
gularity in fonn and distribution.

. The pltxTose of this p6per is to bring up-
to-date uhat is lopun on the petrology and
tectonie setting of the nafi,c and ultranafi,c
roeks in the Light of neu auatlable data and
auv,rent theoriee, The pnesent pneLinirnrg
study is mainly baeed upon petnogiaphi.c dnta,
and fieLd relattons obtained from reeent geo-
Logieal exploration aetirsities and mapping by
P.T, International Ni,ekel Indones'La.
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INTRODUCTION

The ultranafi.c rocks ln SulawesL are closely associated
with small masses of gabbrole rocks. This paper deals wlth
the distrlbutlon, petrology and petrochemlstry of the rocks.

Sanples which are petrographically described in the text
were all collected duri.ng the heJ-icopter supported flel-d ac-
tlvlt les of P.T. International Nickel Indonesia, with close
cooperation of the Geological Survey of Indonesia and the Geo-
logical Department of the Instltute of Technology, Bandung.
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ton of the United States Geologlcal Survey, Denver, Colorado
for valuable dlscusslons on the pJ-ate tectbnlcs of Sulawesl,
and crlt lcal revlew of thls manuscrlpt.

DISTRIBUTION

Sulawesi is characterLzed by the side by slde occurence
of two arcs ln whlch each ls marked by different lgneous rock
asseublages. Grani-te and granodiorite associations are widely
distrlbuted ln the Western Arc, whereas the Eastern Arc ls
characterized by the absence or scarcity of granltic rocks and
the abundance of nafl-c and ultramafLc rocks,

Large ultramafic complexes are extenslvely distributed in
the East Arn and the northern part of South-East Arm (Flg. 1).
The ultranaflc lntruslons in the East Arm occur as slightly
curvtng elongate bodi-es with thelr convex slde to the north.
The strlke of these bodles ls parallel to the strike of the
encloslng rocks and the dorninant structural trend ln the area.
The tectonlc setting of the ultramaflc nasses conforms to that
'of the Alpine-type. They extend dlscontinuously from the
eastern-most extremlty of the peninsula west-ward and curve
southwest-ward before they reach the neck of Sulawesi follow-
ing the South-East Arm.

The south-western one comprises a south - east trending
string of plutons each of relatively smal-1 outcrop area. The
trend starts at Sua-Sua on the east coast of the gulf of Bone
and continues along the shore to Pomalaa. There is a possi-
bll l ty that these bodies are connected via submarine outcrop-
pings.

At Ponalaa the trend branches, one branch gotng east
across the peninsula toward Kendari ernbracing ul-tramafics near
Andowengga, Makalelu and Benua while the other branch contin-
ues south-east through G. Watunohai and Bombakou to the'rlcin-
ity of Torobulu on the strait of Tioro. The two branches

\.
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could rejoln at the south-east corner of the peninsula around
the strait wawoni where there are numerous sna1l ultramafic
bodies, both on wawonl rsland and the nalnland. scattered
very small occurrences exist well to the south-west of here
near the west coast of Buton Island.

The other naJor belt lies to the north-east across the
central mass of crystall lne-schlsts. The ultramaflc bodies
are relatively large. ApproxlmateLy 707. of the quadrirateral
from Kolonodale to waibutoh peninsula on the north-west down
to Matarape and Lasolo on the East coast is underlain by ul--
trabasic rock. The ultrabasics appear to be assocLated wlth
cretaceous sedlments, donlnantly lLuestones and thinbedded
eherte, ln contrast to the south-west belt of ultranaflcs
whlch generally are associated wlth crystall ine-schlsts.

FIELD RELATIONS

Thi ultr"maflc belt ls nade up chlefly of harzburglte,
wlth some dunlte, therzolite serpentinite and pyroxenite.
closely assoclated wlth these rocks are intrusive bodles and
dlkes of gabbro, diorite, pyroxenlte, and basaltic l_avas (ba-
saLt, diabase, spll l te). Lavas of basaLtlc compositlons such
as diabase, dlabase tuff and nelaphyre rrere found ln the
northern part of Balantak peninsul.a at the eastern part of
East Arm. Accordlng to Kundlg (1956) this rock sulte repre-
senta a volcanlc facles of the ophlolite rock serles. rn
many places, basaltic lavas are intruded by dlorite dlkes
whlch have caused thermal effects ertthin the basalt and diaba-
se along the contact zone. The age relatlons with the ultra-
nafic ls not known, but the authors belleve that, posslbly,
there had been several phases of basaltic extruslons-prlor to
as well as subsequent to the empl"acement of the ultranaflc
mass. The relatlons of the above rock sulte are l ikel_y of
genetlc nature as suggested by the spatlal relatlonshlp. such
lgneous rock assembl-ages characterlze the outer-lsland arc of
rndonesia, and are wldel-y recognlzed ln igneous complexes of
the Alpine-type.

The ultramafic belt is characterized by the irregularity
in forn and dlstributlon, the lack of prlnary lnternal struc-
tures, and their occurrence along strongly deforned orogenlc
zones. The cot''mon occurrence of huge ultramafic masees with
sma11 amount of gabbroic rocks is very characteristLc.

In Soroako (South-East Arm) the ultranafics show a very
slight change in composltion toward the intrusive marglns.
The rocks are structureless except that foliation (mylonLtlza-
tlon) is more conflned to perlpheral zones of the intrusive
body' and thls seems to be a general feature of the ultramafic
complexes ln the East Are.
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Over most parts of the investigated area, the ultramafic
rocks exhlblt various stages of serpentinizatlon. Outcrops of
these rocks in the Soroako area show crosscuttlng fractures
and veinlets of serpentlne materials. In many pJ-aces the
rocks g-lve evidence of shearing. The effect of deformation
has been observed as narron zones of intense brecciation in
whlch ultramaflc fragments of varlous slzes are cemented by
flnely crushed materials. Field observatlons ln Soroako sug-
gest that serpe.ntinlzatlon ls lntenslve aLong zones of brecci-
at1on.

The age of the ultramaflc rocks ls stl l l  lnsufflclently
known. Previous reports mentloned that the contacts of the
lntrusi.ve bodies wlth the encLosing rocks are obscured by tec-
tonic movement, and therefore precluded reLative age datlng.
A tectonlc map of the East Arn complled by Kundlg (1956) dis-
plays fault-and overthrust-contact. The nature of the con-
tacts of ultramaflc intruslons wlth the adJacent country rock
was later confirmed by recent aerlal photographlc studles
(Francken and Jones, 1971). Kundlg (1956) consldered the maln
phase of the magmatlc activity to be Upper Cretaceous/Paleo-
cene, although the whoLe phase may range fron Upper Cretaceous
to Early Tertlary.

Van Bemnelen (1949) found mlnor thermaL effects withln
the rocks encloslng the ultranafic bodles ln the area of Lake
Matano (South-East Arro), and suggested that the ternperature of
the perldotlte nagna durlng the emplacement was not blgh. In
the southern part of the South-East Arm, ultramaflc rocks were
found ln Jurasslc sedlments without a dlstlnct thernal meta-
morphlsm. This might indicate a Cretaceous age (post-Juras-
sl-c), and that the rocks represent low-temperafure intruslon.
However, many examples of hlgh-teruperalure peridotltes from
other countries have been reported by several authors (Ctrat-
11s, 1955; Green, L967), where the mlneral associatlons in the
contact zones lndlcate low-temperature metasouatlc reactlons
which accompanled serpentlnlzatlon subpequent to the magmatlc
intrusion.

Brourser (L947) suggests different age of the ultramafic
lntruslons from Cretaceous to Early Tertiaty.

PETROLOGY

Ultz,anafic Rocks

A J-arge number of handspecimens of ul-tramafLc rocks have
been collected from the South-East Arm. Samples of their as-
sociates originated mostly fron the East Arm.

TexturaL features indLcate that the fresh rocks are most-
ly al.lotrlonorphic-granular wlth some hypidiomorphtc-granular
textures. Thelr gralnslze varles from medlum to very coarse.
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The rocks exhlbit features lndlcative of cataclastlc deforma-
tion and recrystallizatlon. The developnent of porphyroclas-
tic textures and suturing aud fracturing of mineraL gralns are
very cortrmon in these rocks.

In the pbrtlally serpentlnlzed rocks there ls a narked
reductlon in grainsize, ar,d. they deveLop pseudo-porphyrltlc
textures. In these rocks, remnants of ollvlne occur as sub-
sequent granular clusters floatlng ln fine nets of serpentlne
veinlets. In many strongLy serpentLnlzed rocks the orlginal
texture ls often preserved.

Ollvlne occurs as fractured rounded gralns varylng in
slze from 2-6 m. Strong undul-atory extinctlon and klnk band-
lng paral-le"l to (100) in ollvlne crystals are evidence of high
temperature strain. The presence of sub-parallel oriented
elongate gralns of ollvlne and schlieren of flnely granulated
materLals at a high angle to the klnk banding, make the rock
appear foliated.

Ortho-pyroxene occurs as short prlsns wlth ragged crystal
edges. It shows exaolutlon lamel-lae of cllno-pyroxene aLong
CLeavage tracbs of the ortho-pyroxene host. .Cllno-pyroxene is
also present as lndlvldual grains intelstttlal to ollvtrne.
Intergrowth textures of ollvlne and pyroxene suggest slmul-ta-
neous crystalllzation. Small unaLtered exsol-utLon lanelLae of
clino-pyroxene are'often found ln conrpletely serpentlnized
ortho-pyroxene gralns (bastlte) .

In the partlally serpentlnlzed rocks the prl,mary mlnerals
(ollvlne and pyroxene) are fractured and dissected by numerous
veinlets of pale-green serpentine. 011vine ls typlcalLy re-
placed by serpentlne wlth mesh structure, wtrereas pyroxene ls
comronly replaced by bastlte. The aLteratlon patterrr within
the ollvlne gralns are controlled by the orlglnal lrregular
rectangular fractures. SerpentLne can be found as pale.green
to brownish green flakes; messlve ssrmsr cross-fiber veinlets,
and nearly lsotropic matrlx. Several- graLns of pyroxene dis-
play rims and veLnlets of talc aggregates. Talc and tremollte
are the alterations of pyroxene. Muscovlte flakes are occa-
slonally present In some sectlons.

Flne parti-cles cf nagnetite, native ferro-nlckel alloy
and chrome-splnel are usually assoclated with serpentlne mass-
es. Tralns of magnetite partlcJ-es occur as discontinuous
string foJ-lowlng the origlnal crystal outline .of ollvLne
grains. Magnetite ls partly representlng the iron that nas
set free during serpentlnlzatlon. These opaque particles are
also present as lrregular blebs ln serpentine masses, as veln-
lets aod thin rins encJ-osing ollvlne crystals.

Within the Soroako ultrabasic complex (Fig. 2) there are
three areas underlying the domlnant hllls east of the naln
road north of Wowondula to Soroako in which the bedrock ls a
partially to strongLy serpentlnlzed therzol-lte. The prlnery

{t
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'lgneous 
mlnerals are subhedral ol-ivLne wlth cups-shaped lnter-

etltl,al ortho-py:'?oxene and dlal-lage. The ollvlne has some
straln lamellae, and the pyroxene shows some bent cleavege
traces.

PerlodLtite sampJ-ee from Soroako and Pomalaa are Lme-
dtately distingulshable by the absence of stral-n effects ln
the Ponalaa one6.

Elsewhere ln the Soroako area, the bedrock ls essentlally
r.rnserpentlnlzed, serpentl,ne belng restricted to the Lmedlate
vicinLty of Joints as a thln rLm, or to the fl"ne-grai.ned ma-
trlx of tectonlc breccias

Anorthoaite, Gabbro qtd Diori,te

.Anorthosl"te aeerna to be the leaet comon rock type €rmong
the three lntrusive rocks. Thege rocks are mostly rnedlum-,
coarse-graioed to.pegnoattttc wLth hypldlomorphlc-granular tex-
tures. Ophitlc and porphyritLc texturea were observed in
several sectLone of gabbros. Flne-fralned varletles of gab-
brolc rocks whlch have been found ln some places are llkely
chllLed marglns of the f-ntrusJ.ve bodLes agaLnst the enclosing
couDtry rock.

Cllno-pyroxene and labradorlte are the prlnclpal nlnerals
ln the gabbrolc rocks; the for:ner !s also present ln some dl-
orLtee. C1lno - pyroxene exhlblts partlal serpentlnLzatlon,
chlorltlzatlon, a.nd uralLtizatlon along fractures and cleavage
traces. In several sectLons, prlsmatic cryetal-s of pyroxene
are partly lntergrown wlth labradorite ln an ophltic fashlon.

Olivlne ls present l-n a few sectlone of gabbroic rocks.
It ls usually fractured and le partial-ly serpentlnlzed along
the fractures.

Greea to ollve green hornblende ls the prlnclpal mlneral
ln the dlorltes. It ls present as ragged crystal- graLns and
as flbrous actinollt lc aggregates (secondary). The latter ls
comonly accompanled by chl-orite and epldote granulee. Em-
baynents of several pl-aglocl-ase gralns bu hornblende suggest
replaeement relationahlp. IlornbLende Ls partly derLved frou
the al-teratlon of pyroxene.

PJ.agloclase shows conpoeltlonaL zonlng and polysynthetlc
alblte twlnnlng. The crystals are often fracttrred and show
ragged crystal faces. In many sectlons plagloclase grains are
clouded by cJ.ay particl-es, serlclte, chlorlte, epldote and
calcite. The conpositLons of plagloclase ln the dlorltes and
gabbros vary from intemediate bndeslne to J.ntermedl,ate labra-
dor l te .

The accessory mlnerals ln ttre rock include quartz, anal-
clte, zeolite- and carbonate-mineral-s which are often present
as velnlets and openspace flJ-l-lng.

rk
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THE OR]GIN OF ULTRA},IAFIC ROCKS

GeneraL

The asso_ci.ation of mafic-ultrarnafie rocks of the Al-pine-
type 1s known from many orogenic zones in various parts of the
globe. Coleman (I97L) plotted the ul-trarnafic belts on a world
map along with the plate boundarles, and found out that they
display very cloce correlatlon in space and time. Another
significant feature whlch he noted was the intimate assocla-
Lion of Phanerozol-c ultramafic rocks wlth blue-schLsts. This
rock assembl.age is also known from the East Arc of Sulawesl.
Hamilton (1.970) interpreted the geology of the East Arc 1n
terms of subduction geol-ogy, and accepted two subductlon com-
plexes. The western subduction zone (Mesozoic) dipped east-
ward, the eastern one (Tertiary) dipped west-ward. Zwaxt
(1967) considered Sulawesi as paired Circr:mpaciflc belts con-
sisting of a hlgh-pressure belt on the ocean side and a low-
pressure belt on the contlnental side. According to Mitchell
and Reading (l-971-) many of the ultramafic rock assoclations ln
such high-pressure belt were emplaced as cold lntrrlsions. dur-
ing metamorphism.

The origin of Alpine ultramaflc within orogenlc zones
have been argued among petrologists over many years. The main
disagreement has been the mechanism of emplacement, whether
the rock represents col-d intrusion or hlgh temperature em-
placement of lntruslon derived from igneous melt. Several au-
thors have ascribed the origln of ultramafic lntrusive bodles
to either crystal accuoulatlon from a maflc magma, crystall i-
zation of an ultramafic magma, or residuum from partial melt-
ing of a primitive mantle (Chall ls, 1965; Davies, 1968; Thayer
& Hi- runelberg,  1968;  Loney et  a l ,  1971).

The main dlfferences of opinlon in the concept l le 1n the
depth at whlch magmatic differentiation takes pJ-ace, the mech-
ani-sm of empJ-acement, and differentiatlon ln sltu. In revlew-
ing the current hypotheses for the origln of Alplne ultramafic
rocks it is signlficant to note that the theorles have two
features in cornmon; these are:

1. the upper uranEle ls the source of ultramaflcs and
2. the tectonlc setting and re-lntruslon of the ultrama-

f ic  rocks ( tectonic  emplacement) .

Intv,usion of the ULtrunafic Rocks

The ultramafic belt of the East Arc displays many
feattires of the Alpine-type peridotite, these are: the irregu-
larity in form and distrlbution; close relationship of nafic-
ultra.mafic rocks with preferential occurrence of the latter
with gabbro rather than diorite; predominance of olivine over
pyroxene in many ultraurafic bodies; borders of the ultramafic
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intrusions are cornmonly serpentlnized and faulted/thrusted
agalnst the enclosing rocks; the occurrence of chromite with
nodul-ar and orbicular textures in the . dunitlc parts of the
ultramaflcs.

Previous investlgations and results of recent geol-ogic
reconnaissance ln many parts of the East Arc nentioned that
most ultranaflc intrusions are bounded by fault contacts.
Aerial photographlc interpretations provide evldence of elther
tectonic or uoconfornable contact with the surrounding country
rock. Similar to other known AJ-pine-type perldotites, the
ultramafic rocks 1n the area under consideration exhiblt evi-
dence of tectcnic deformation which has compllcated the con-
tact  ef fects.

Prlnrary therroal contacts of these lntruslve bodies with
the pdJacent rocks have never been observed in the field.
Since detail observatlons along the contact zones were never
carrled out, nothlng can be said on the nature of the reactlon
zones.

Beslde tectonlc defornation, the failure to recognlze'tl:.e
nature of thernal metamorphlsm at the contact of ultrama."ic
bodles nray be the result of Ca-metasomatlsm at the contact
rocks by the release of Ca during the process of serpentiniza-
tion. Coleman (1967) suggested that the reaction zones
developed at the same time of the tectonlc enplacement of Pe-
ridotite. Serpentlnization and tectonic movement occured at
the same time, and therefore the al-teration ls not related to
the igneous intrusion.

Van Bemrnelen (L949) recognlzed the presence of crystal.-
l lne-schists, arnphiboJ-ltes, epldote -. rocks, garnet-epidote-
muscovite-schist near the horder of a peridotlte intrusion in
the central part of the Soirth-East Arm (Lasolo area). l le
thouhgt'that thelr position suggests genetic relationship with
the emplacement of the lntrusion. To the present authors it
seems that the rocks ate the result of regional metamorPhism
prior to the ultramafic intrusion. However, forcefully em-
pl-aced intrusions could generate thermal aureoles containing
mi.nerals and structures comrnonly associated with regional met-
anorphic rocks (Pltcher & Read in Joplin, 1968). If the above
mentioned rocks are thermal metamorphic rocks as the conse-
quence of peridotite intrusion, the facies would place then in
the hornblende-hornfels facies or higher, indicating a temPer-
atur  range of  550" -  700oC (Turner  & Verhoogen,  1960).

Examlntaioo of ultramaflc rocks under the microscope
reveals that the rocks are nostly allotriomorphic-granular and
are made up of inteilocking anhedra of pyroxene and olivine in
variable proportions; hypidiomorphic textures are also conmon.
Intergrowths of olivlne and pyroxene suggest typical igneous
textures indicating simul-taneous crystall ization in a fluid
magma. Evidence of cataclastic deformation is reflected by

cr&.
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the presence of stralned crystal-s, fracturing and granulatr.on
of the prLmary constituents (malnly ollvlne) ana ttJ formation
of ultramaflc nylonrtes. olivlne grains in these rocks dls-
pJ-ay klnk banding and strong undulitory extinctlon, indicatlng
that the rocks have been subJected to conslderable strees.
The presence of these textures seems to suggest defornatlon
(plastlc?) after the rocks have developea prri lry-"ry"t.rLtza-
tlon textures. such defornatlon was very-1Lke1y acconpanled
by recrystall lzation, both processes have oblit"."t"d nuch of
the priuary textures, and the rock obtalned uetamorphlc tex-
tures.

A sanple of unserpentlnlzed therzolite collected near
soroako was analyseci and found to contaln about L,6o% cao and
L.44% Alurnlna.

=====================---===I3!19==1-===========================
Fe CaO StO2 Cr2O3 MnO Ni MgO A12O3 TLOZ Co Total

6 . 2 4  L . 6 0  4 4 . L  . 4 2 . r 3  . 2 3  4 4 , 2  I . 4 4 .031 .009 l-00 .00
=============================================E===E==__========

As such the therzoll"te ls less calclc than most and night best
be described as a harzburgitlc therzolite.

X-Ray FLuorescence analyses of ortho-pyroxene, cllno-
pyroxene and olivine separated frcin thts sanple are glven in
the tab1e.

Table 2
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = _ = = E = = = = = =

Ollvlne Enstat l te ' Cllno-pyroxene

Fe

sio2

Mgo

A1203

CaO

ctzo3

MnO

Ni

Tio2

LOI

6  " 9 3
4 0 . 3

s0 .8

. 4 L

. 0 7

. 0 2

. 1 3

. 2 9

.010

,o2
, 2 3

4 . 4 9

44.L

3 3 . 5

3 . 2 3

1 . 8 6

. 5 8

. L 4

. 0 6

.005

.05

. 4 0

l_ .96

53.2

r .8 .5

3 . 4 1

2L.7

. 8 6

. 0 8

. 0 4

.005

. 0 9

. 6 4
==============================================================
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The proJectlons of the mlneral composLtlons onto the CaO-
I'IgO-FeO phase trlangLe ls shown in Fig. 3. The chenical com-
posltlons are,' in a general sense, quite couparable to norral
ultranaflc plutonic mlnerals. In particuLar, the ollvlne ls
about 91 nole Z forsterlte wlth the nomal mlnor substltutlon
of about .29 welght % of ntckel. The pyroxenee 1n cbntrast
are virtually devold of nickel and contaln ,abundant chroulum
and aLumlnum. The physical separatlon of the cllno-pyroxene
from'ortho-pyroxene was not complete. This has a noticeable
effect on the caLclum analyses of each phase but othervise
they are so sinllar ln composLtion that the error due to con-
tamlnatlon is nell wlthln the accuracy of the analyses.

The mlneral analyses can be used to yleld rough estlmates
of the ,temperature and pressure of crystall lzation of the
therzollt lc sanple. These estimatee (Table 3) are based on
the Al-content to cll-no-pyroxene and the fe/Mg ratios of the
tno pyroxene and olivlne. Incomplete seParation of the two
p)rroxene makes lt irnposslble to use the Ca analyses, but the
Fe, Mg and A1 are relatlvely unaffected.

The Fe/Mg determlnatlons are rnutually conpatlble and are
plotted at B of Fig. 4 which gives the tenperature/depth de-
pendence of the nlneralogy of therzollt lc rock compositlops.

Table 3

Method
Estinated

Temperature-Pressure

ln

:
tlv,

B 1. Fe/Mg :

2. I.e/ltLg z

Ollvine-
Orthopyroxene

Clincipyroxene-
0rthopyroxene

of Cllnopyro-
xene

The A1 determinatlon glves
sure,  and ls  p lot ted at  A.
hlgh tenperature/low depth
curves for the mantle.

1025'CGt kb-900'c@7kb

925.oC

1100 9 cGSkb-1250'ce5kb

a much higher temperature or pres-
The polnts are both welL on the

side of ttnormaltt depth temperature

41203 + CrrO,
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. It ls suggested that the two pressure-temperature palrs
are conpatlble with the fo1J-owing abrldged htstory of the So-
roako ultrabaslc complex:

Stage 1 consists of crystall izatlon or partlal- nelting at
a depth of about 30 kllometres (upper mantle?) represented by
the TrP pair A. The AL and Cr content of the cLlno-pyroxene
are guenched in at thls polnt. Feldspar - bearing pegrnatltes
may have segregated at thls ttme; note that A ls Just at the
upper pressure l lnit for stabll ity of fel-dspar. Within the
framework of plate tectonlcs thls would likel-y occur at a mid-
oceanlc ridge after a slow adlabatlc rlse up through the man-
t l e .

Stage 2 conslsts of coollng wlth attendant cataclasis and
defornatlon from A through TrP palr B. RelatLvely moblle, Fe
and Mg are able to react quickly enough to follow the thermal
coollng equll ibrium down to thls polnt.

Stage 3 conslsts of deformatlon with access of water and
atten{lant serpentlnlzatlon to parts of the complex when cool-
lng dropped T to below 500'C. Retentlon of origlnal water ln
the rel-atlvely undeforned therzolit lc rocks may have aided
preferential serpentlnization there. This could be complenen-
tary to the harzburgltes and dunltes belng refractory resldues
that remained after partlal roeltLng of therzollte and reuovpl
(carrylng any t{20 wlth tt) of a basaltlc l- lquid. However,
this ls speculati-ve and access of nater during col-d intrusl-on
lnto the present location cannot be excluded. Such nater from
the country rock 1s an acceptable explanatlon of the serpen-
tlnlzed mylonite on the rtrest edge of the Soroako area. The
last two stages in any case could occur at any tlme after the
flrst. But the serpentlnlzatton and.cataclasls, slnce they
seem to have been orlented relatlve to loca1 structural ele-
ments ln Sulawesi, J.lkely occurred durlng the final emplace-
ment of the present compl-ex.

The mineral assemblage of the ultranafic rocks under con-
slderatlon conforms wlth the splnel-peridotl-te facies (fleld /l
II in Flg. 4) (forsterite-enstatlte-dlopslde-chrome splnel),
which accordlng to MacGregor (ln Loney et al, 1971) has rela-
tively small stablllty field at high temperatures and moder-
ately hlgh pressuree. On ttrls basls lt nay be lnferred that
the deformatlon and recrystall lzation of the rocks occurred ln
the upper mantle; irystal envlronment should have produced
plagioclase-perldotite, or garnet-perldotl.te, dependlng on the
pressure (Loney et  a l ,  1971).

For the ?apuan ultramafic beLt Davles (1968) suggested
that the ultrauafics represent prinary mantLe materiaL and the
nafic rocks represent prinit ive oceanic crust. I le belleved
that the ultramaflc belt was forned tectonically by obductlon
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of the oceanLc.plate onto continental- crust from east ro west.
chalLts (i965) stated rhat the New Zealand ultramafics

have forred fron fractional crystallLzation of a tholeiit ic
nagna.

The present authors are very much influenced bu the fact
that snall inirusive masses of gabbro are closely associater:l
with the ultramaflc rocks.

0n the basis of the present avalleble lnformations it has
been tentatively concluded that the ultranaflcs of the East
Arc fiave gone through a complicated histor). which involved:

; ,' i 1. fractionatlon of a basaltl_c or therzollt ic magma
2, deformatlon and recrystal_l. izatlon at great aettn

per  mant le?) ;
3. tectonlc transport of the semi-solld material

higher levels in the crust.

( ? ) ;
(up-

lnto
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