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Mid－Tertiary magmatic eventsin＿New Caledonia：

K－Ar dating of boninitic voIcanism and granitoidintrusives

PhilippaM．BLACKl，TetsumaruITAYA2，TakashiOHIRA2，IanE．M．SMITHl
＆Miki TAKAGI2

Abstract The Cenozoic geologlCalrecord of New Caledonia contains two autochthonous

magmatic associations，the Early Eocene Formation of Basalts and the・Late Oligocene－

Early Miocene granitoid suite of the Koumand St Louis areas．New K－Ar dates show

that the boninitesin the Nepoui reglOn，hitherto thought to be Early Eocene，are Late
Oligocene．Allochthonous ultramafic rocks of the New Caledonia Ophiolite were emplaced
in the Late Eocene or Early OligoCene．The similar age of the Nepoui boninites and the

Koum－St Louisgranitoids suggests thattheywerelinked to a shortlived subduction event
Which took place after ophiolite emplacement．
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lNTRODUCT10N

The geology of New Caledonia can be repre－
sented in terms of four dominant tectono－

stratigraphic units（Fig．1）：a COre Of Late Pale－

ozoic and Mesozoic clastic rocks，Variably de－

formed and metamorphosed，Whichincludes the

（蔦ntralChain complex and all other rocks ofthe

Same age range；Late Cretaceous and Early

Tertiary sedimentary successions depositedin ba－

Sins on the margln Of the Central Chain complex；
ocean floor basalts and　minor oceanic sediments

（Formation of Basalts）；and an obducted　ultra－

mafic sheet．Theislandis unusual among Pacific

Rim countriesin thatit has apparently been

tectonically stable since the Early Miocene when

the north－eaSt dipplng Pacific－Australian conver－

gent plate boundary shifted to the east of New

Caledoniaandnolongerinfluencedthetectonics of

theisland（Kroenke1984；Falvey＆Greene1988）．
New Caledonia　thereforelacks　the voluminous

Late Cenozoic arc－type VOIcanism which char－

acterises most other countriesin the reglOn．

The record of Cenozoic magmatismin New

Caledoniais fragmentory．Basaltsin　the For－
mation of Basalts have been K－Ar dated as42－59

Ma，ageS Which are compatable with the faunal

ages of associated sediments（Guillon＆Gonord

1972）．Spatially associated with the Formation of

Basaltsis the Nepouiboninitesuitewhich，although
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OfunCertainagewasbelievedalsotobeEarlyTertiary

by Cameron（1989）．The only record of

autochthonous magmatic activityis the occurrence

Of several small granodioriteintrusivesintruding

the ultramafic sheetin the St Louis area east of

Noumea and at Koum（Fig．1），（Guillon1975；

Rodgers1976）；biotites from these rocks have

beenK－Ardated as32Ma（Guillon1975）and軍5
Ma（Paris1981）．The allochthonous rocks of the

ultramafic complex are believed to have been

obducted onto the New Caledonian　microplatein

thelate Eocene（Paris1981）or Early Oligocene
（Gduon1975）．

In this paper we use K－Ar dating to elucidate

therelationship between the Formation of Basalts，

Ophiolite，Nepouiboninite suite andthe granitoids
thatintrude theultramafic sheet．

THE NEpouI BONINrTE SUITE

AftermovlngtO NewZealandin1973Professor

Teruhiko Sameshima made many trips back to

Japan．On one of these he made a stop overin

New Caledoniato see thegeology of that country．

While driving across the Plaine des Gaiacs，nOrth

ofNepoui，On theWest Coast（Fig．1）he stopped

by anunuSual concentration of bouldersin the

SaVannah－tyPe Vegetation．He recognised the abun－

dant phenocrysts weathered out on their surface
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Fig．1・Simplified geologlCal map of New Caledonia

享n terms ofthe main tectonostratigraphic units show－
1ng thelocalities of boninites and the Koum．？nd St
Louis granitoids．Area outlined shows posltlOn Of

Fig．2，

as clinoenstatite andidentified the rock as a

boninite；this was the first record of boninitesin

New Caledonia．Later，he and coworkers from

New Zealand and New Caledonia，COllaborated to

provide a descrlPtlOn Of thelocality together with

mineraloglCalandgeochemicaldatafor the Nepoui

boninite（SameshimaFtal・1983）・
Clinoenstatite－bearlng boninites（low－Ca boni－

nitesin the terminology of Crawford et al．1989）
are rare rocksand the Nepouioccurrence has at－

tractedtheinterest of several other petrologists．

Additionalboninite－tyPelithologleS Were described

fromthe samelocalitybyCampiglio et al．（1986）

and Cameron（1989）．A survey of New Cale－
donian basaltlocalities hasidentified a second

stratigraphic horizon of boninitesinthe Permian

or Triassic ophiolite complex of　the Massif de

Koh；however the Koh boninites are much older

than theNepouiboninite suite，Which althoughof
unCertain age，is believed to be Early Tertiary

（Cameron1989）．

TheNepouiboninitesarecloselyassociatedspa－

tially with the two ophiolite units which dominate

theGeologyofNew Caledonia（Fig．2）－theLate
Cretaceous to Eocene Formation of Basalts and

theultramaficsheet（Paris1981）－butthetempo－
ral relationship between the threeunitsis enlg－

matic．Theboninitesoccuras dykes（Shirakiet al．

1984），Pillowlavas and flows and residualblocks
which overliethe Formation of Basalts but out－

crop close to the thrust contact of the Kopeto－
Boulindaultramafic massif（Cameron1989）．The

petrology of the’Nepoui boninites has been de－

scribed by Sameshima et al．（1983），Campiglio et
al．（1986）and Cameron（1989）allof whom noted

that they contained freshglass，and wereunal－
tered and　undeformed．The Nepoui boninites，
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Fig．2　Simplified geologlCal map of the Nepoui area
showlng thelocalities of the boninites after Paris
（1981）and Cameron（1989）．

therefore，lack evidence of hydrothermalalteration

or metasomatism or shearlng thatmight be ex－

pected from their close proximitry to an exten－

sively serpentinised ultramafic sheet・Cameron
（1989）also noted thatthe Nepoui boninites had

chemiCal compositions whichindicated that they
were　unlikely to be either petrogenetically or

tectonically related to the weakly metamorphosed，

locally very deformed，Formation of Basalts・The

Nepouiarea also contains Late Eocene sediments

and exposures of Miocene littoral manne

sediments（Nepoui Series）thelatter containing
ultramafic debris and coral reef horizons（Paris

1981）but thereis no contact between them and
the boninites and boninite debris has not been re－

cordedintheNepouiSeries．Intheabsence of any

dates for the Nepouiboninitesitisimpossible to

placetheminastratlgraPhicortectonicsetting・

There have always been difficultiesin correlat－

1ng the N岳pouiboninites・Thereis no evidencein

thestratigraphicrecordoftheMainIsland of any

TertiaryvoIcanism younger than that containedin
the Late Cretaceous to Eocene Formation of

Basalts（Paris1981）．ApartfromtheFormationof
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Basaltsthe onlyknown magmatic eventsinthe
Tertiary arethose related totheultramafic sheet

andthe occurrence of the granitoidintrusivesin
the St Louis area and at Koum．

THE GRANITOID SUITE

Granitoidsformstocks and dykesinthe Koum

area and a smallpluton with associated dykesin

the St Louis area（Guillon1975；Rodgers1976）．

Rock types range from porphyritic　microdiorites

to granodiorites and adamellites．They show a

Clear intrusive relationship to the obducted
ultramafic sheet．

Geochemicaldata for the gTanitoid suiteinthe

St Louis area shows a close comparison with

Plutonic rocks associated with arc－type voIcanic
suitesin northern New Zealand andin

ernPapuaNew Guinea（Smith＆Clark

Papua New Guinea the granitoids show

intrusive relationship to an obducted

sheet（Smith＆　Davies1976）．On the

this comparison the New Caledonian

southeast－

1992）．In

a similar

ultramafic

basis of

granitoids

areinterpreted as representing a subduction re－

lated magmatic event．

DATING METHODOLOGY

Whole－rOCk samples of the boninites were

ground andgroundmass－richandclinoenstatite－rich

SeparateS Of60－80mesh sizewere usedfor the Ar

analysIS，and a portion of each of the separates

WaS also groundin an agate mortar for the K

analysIS．The60－80mesh size ofbiotites and horn－

blende separated from the granodiorites were used

for Ar analysIS and a portionthen ground for K

analysIS．

Analyses of K and Ar，and calculation of ages

and errors，Were Carried out according to the

method described by Nagao et al．（1984）and

Itayaetal．（1991）．Kwasanalysedbyflamepho－

tometry uslng a2000ppm Ce buffer．Ar analyses

Were Carried out on a15cm radius，SeCtOr－type

mass spectrometer with a slngle collector system

at OkayamaUniversity of Science．HIRU（Itaya
et al．1991）by anisotopic dilution methodusing

an38Ar spike．The errors of age shownhave2d
confidencelevels（Itaya et al．1991）．The decay

COnStantS uSedinthe age calculations are from

Steiger andJ柑er（1977）and are O．581×10rlO
／year and4．962×10‾10／year for40K to40Ar and

40Ca，reSPeCtively，andO．0001167for40K contentin

potassium．

RESULTS

Ourresults arepresentedin Tablel．Both sets
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Ofdata forthe boninitesindicatea Late Oligocene

age while the　minerals separated from　the
granitoids gave slightly younger ageS（Late
Oligocene to Early Miocene）．Our results for the

StLouisgranitoidconfirmstheEarlyMioceneage
recordedbyParis（1981）．

The crystalline clinenstatite－rich concentrates

COnSistentlygaveayoungerageandhadlargerer－

rorsthan theglassy matrix．Clinenstatiteis alow
temperature phase formed as the result of

POlymorphicinversion of metastable hightempera－
ture protoenstatite（Dallwitz et al．1966）；SuCh

POlymorphic transformations are usually sluggish

and would be expected tolead tolarge errors．
The date obtained would be that of the

POlymorphicinversion which would certainly be

after theboninitehadbeen extruded and quenched

and may also be a considerable time after the
boninite had cooled．

The K－Ar datesindicate that the close spatial

relationship between the Nepouiboninites and the

Only　known Miocene sediments exposed on the
mainisland was not fortuitous，

DISCUSS10N

Boninitic rocks are now known to be aminor

butimportant component of magmatic activityln

SeVeral tectonic settingsincluding ophiolite com－

plexes．forearc reglOnS Ofintra－OCeanic arcs and

COntinental margln COnVergent plate boundaries

（Crawford et al．1989）．While theboninites of the
Koh massif are clearly associated with tholeiitic

basaltsin an ophiolite complex（Cameron1989），

thisis not the case for theNepouiboninites．

The dating of　the Nepoui boninites as Late

Oligocene provides the firstindication of Mid

TertiaryvoIcanisminNewCaledonia．TheverylS0－
1ated occurrence of boninites without associated

andesites or tholeiitic basaltsis unusual．A very

wide geochemicalrange of basalt types（alkaline，
tholeiitic and calcalkaline）have been recordedin

the Formation of Basalts（PariS1981）and while

the age relations of the basalt types remain un－

known the possibility exists that other Mid

TertiaryvoIcanics maybe discovered．

The genesis of boninite magmas requres high
temperaturesatlow pressures anda source ofhy－

drous fluids（Crawford et al．1989）．Cameron

（1989）observed　that the geochemistry of the
Nepoui boninitesisunu声ualin that they are se－

verely depletedin CaO，Ti，V，Sc，Nb and P and
have thelowest CaO contents and the highest al－
kali contents recorded for any boninites．They

also have high　Zr contents，are LREE－enriched
and have Sr and NdisotopIC COmpOSitions which

SuggeSt thatthey have onginated from a depleted

refractoryharzburgite sourCe（CanerOn1989）and

hydrousfluids derived from a young Sediment－free
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Tablel KArdates forboninites andgranitoidsintrudingtheultramafic sheet，New Caledonia．

Sample

NepouiBomimites

I GMR

CER

2GMR

CER

StI．βukIn打usives

3Ho

3Bi

4Bi

K Rd．叫gO㌦NonRad．　Age

（凧％）（10‾暮ccsT打g）血gon（％）（Ma）

0．541土0．011　63．41士0．‡3

0．187土0．009　19．25土0．43

0．541±0．011　57．79土0．83

0．300土0．015　2毛．55土0．77

1．474士0．029　11＄．5士1．5

7．329土0．147　725．7土＄．1

22．6　　30．0±0．7

47．1　26．4土1．4

27．5　　27．3士0．7

55．1．24．2土1．4

20．2　　20．6士0．5

14．5　　25．3土0．6

7．431土0．149　716．0±8．0　14．3　　24．7±0．6

l Boninite（Clinoensta山elava）describedbySa皿eShimaetal・，1983（sampleAU37211）．

2　　BoninitebouldersfromroadsidebetweenRiviereBlancheandRouge（sample AU45529）．

GMR＝grOundmass一richconcentrate；CER＝Clinoenstatite－richconcentrate・

3aJld4homblendeandbiodteseparatedfromtwoStLeuisgrmitoidsiJ］trudiJlgthe

ultramaficnappe（sample3＝AU45608；SamPle4＝AU45609）・

Bi＝三biodte；Ho＝homblende・

boninites

generated

0…慧C〔

Fig・3　Cartoonillustrating the tectonic setting and rriechanism of generatlng boninites and granitoidsin the
New Caledonian areain the Mid Tertiary．

crust（Crawford et al．1989）．This poses prob－

lems as far as generating a model to explain the

Mid Tertiary magmatismis concerned since there

WaS nO SPreading knownin theimmediate area

duringthat time．Thelast spreading event west of

New Caledoniais associated with the openlng Of

the New Caledonia Basin andis believed to have

CeaSed bythe end of the Eocene（Kroenke1984；
Eade1988）．

The data presentedinthis paper provide evi－
dencefortwo magmatic events which postdate the

Obduction of the　ultramafic sheet．The Early
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Miocene granitoid suite shows an arc－type
geochemical sl訂lature Whichislackingin the

Slightly older Nepoui boninites soitis unlikely
that they are genetically related．　Nonetheless

their close temporal relationship suggests that

they belong to the same tectonic event．Seismic

PrOfileshaveshownawedgeofearlyTertiarysedi－

ments dipplngfrom the west under New Caledonia

and this has、beeninterpreted as an Eocene
subduction zone（Dubois et al．1974）．Kroenke

（1984）has postulated that a brief reactivation of

this Eocene subduction zonein the Early Miocene

resultedin the generation of granodioritic magma

which then rose tointrude the ultramafic sheet．

Weproposethattheyounghotoceaniccrustgener－
ated by Eocene spreading was also subducted be－

neath the New Caledonianlithosphericmicro－Plate

（asrepresentedbytheCentralChainComplex）dur－

lng a Very Short tectonic eventin the Late

Oligocene to Early Miocene producing a small

pulse of boninite magma erupted throughTertiary
sediments on the west of the Central Chain while

downdip to　the east and beneath　the Central

Chain granitoids were generatedbycrustalmelting

andintruded throughthe ultramafic sheet（Fig．
3）．
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