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‘ thin & contiming, cooperatiw prograsms betveon tho 0fflcs do 2t
la Recherche ucientifiuue ot Technique Outresber (OeReSelsOsdle) 4n Noumoa, and ‘;_':‘:
. the University of new Bouth Veles, Australis, several continuous seismic reﬂeeticn
profiles were obtained seross the Loyalty Basin, using a 650 co (40 ou.in.) aim;lm :
. peisupic sources. Continuous bath;ymetria (P.D.h.) end total field magnetio profilea
. fron a proton mageatometer were also recordods The locations of the profiles m,'ea S
shovn in Figure 1« They vere recorded during 1971 from H.keieSe Kxi_ﬁ.l.....& on oruitzoa

K3/71 end K4/71. end from o.u. Cog.;olig on cruise c1/1971.

, Uithin the ovarall swdy, designed to contr:l.bute to an improveﬂ,
understanding of the geodynamie history of the Southest Pecific, the purpos@
of these particular profiles wus to etudy the Loyelty Basin, and its relation
to New Caledonis to the,southweat and to the loyalty Island archipelago to thﬂi L
northeaste These lineer, perallel structurel elements lie within the northeasfm'xf
morgin of the Indo=fustralisn Plate, close to the present plate boundary at. the

paralleling the Australian continental marg:m. .

B e This system of ridg:es and basins has the appearance of continsntal
. bo intermediate crustel blocks rifted from the iustralien continentsl mergine Tn
the case of the Tesmen tea Basin, Ringls (1972) end Hayes end Ringls (1973) have
shown the Lord Howe Idse to have been rifted from iustrelia and displaced by a
scufloor spreeding accretion process at & nov extinet mid-ocean ridge, betwe@n
80 and 60 WeYebeps The origin of the remaining basins and ridges in this area.
and the ridges, plateaus and bagins in the general area of this plate margin iﬂ
sti1l controversialg Several hypotheses have been advenced to explain specific. or
general evolution of such features within the areas These include the evolution 4
of couplex are systems (Geze, 1963, Dubois, 1969), erc ricration and the developmen‘
of morginal basins (Kerig, 1971 § Packham and Felvey 1971), and the creation of
moerpinal bogins by expension due to second order edjuctucnts ot the lirmdte of ‘T

plates (+ndrevs et al., 197)&)
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itn the case O:L" the Loyulfﬂr Basin and Loyalty kidge; holte'v’eﬁ ‘th@

situation is further oompl:i.cated bWuthesis which proposes the e:d.s‘cenc@ of

Pm& mw

delvvinined,
¢ fosell trench systenm &-‘3‘:-&3~poai‘b on immediately %o the northesst of Netrﬁaiz;a@iéﬁm

This was proposed by Geze in 1963, and the presence of & subduction zone in thiis

T;u,)‘ or%ed by seismological

i

pouition during Locene=Uppex olﬂ.gocene time, has been

" atudies of Dubois (1969, 1971) and heat flow studies of l'cDonald et ale (19’?3)»

The inferred precenve of thig previous Bu?aduotion <one implies that the LOyal't;y'
Islund chuin may veprevent the sneient wadesibie voleunic are ebove the old Beailwfi’
zonos This ares of study is therefore one of particular interest v.ithin this

broul orea of sig,miicant geodymmic actn.v:.ty. . RS
j

Rerdonal setbting

© ¥rom northeast to sou'thuegt across the c"oneral ares (i‘igura 1)@

e

(1) o ’lhe Hen‘ He‘bra.des Tranch mhich strilfes et 190° B betveon latimd.,a E
1198 and 260 where :Lt bends sharply to acquire an easterly %rend.ay

(ii)i o tl“he Nor‘hh Loya.l‘ky Basin which is triangular in shepe and 1:198 ‘na&;m e
‘ ween this trench and the Lqulty Islands. : . ) o

(i14)  The Loyulty nge which is largely submarine with its hi&,hest po:z.ntm
' forming the Layall;y Islends and supporting raided coral atolla. o

(iv) . .Lhe Loyalty Basin.

(v) - The islcnd of New Caledonia, ‘the, southeastern extension of which i&'s
- ' esscntially continuous with the northern paxrt of the IIorfolk R.Ldga
which has a north-south trend in that area. U

(vi) .- The Hew Caledonis Basin nhich seperates the Kew (,aledonia - Iforfolk N
© iddge fostures fron the Lord Hove Fdoes il i
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- Grustal, thickness gnd heat i‘lo;i -
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values for the Loyalty Babin of 1 to 2 Hl'Ua vheress to the east of the New chﬁ&es

_ The results obtained hove been. revorted by Burns gj;_ 2l {4972), indrens et g;!,.

'to divide the reg:.on into eastern and we..te'r'n prov:mces.

the Mew Coledonis Basin and the Norfolk Ridges vhile the oldest sediments presents

(] 3‘ “ R
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The variations in erustal thickmss in this reglon underline m
complemtys beiumoloL 1ol determinntions of Dubois (19869) show the orust ‘%o r@aﬂh
g thickness of 35 km in New Caledonia end 17 lm in the Loyelty Zolfnds bt Lifon |
Islands Farine seiumdc refragiion profiles recorded during the Lova cruigen (sior
&t nls 19'71) whow the :uollouing axuubal thﬂ.ckmasee, with tha depths to mcm‘bl@ -k
shown dn bmckcts I e a , LR o “;

1z (14) ond 18 (20) te for the Layaity Basin. 20 (21) and 21 (21) for the Nowfolle
Ridge dmx lcdiatley %o the Louth of New (,aledomi.ag 9 (13) end 11 (14) km for the -
New Caledon:i.a Besin just to the southwest of et Caledonin, end 15 (17) end 7 (‘50)
lm in the liew Celedonie. Baain fut ther to {he souths On the Lord Howe Iise th:i.@.meaa
of 16 (18) end =8 (29) 1 vere calcuhted, while in the South rijl Basin to tha | '
cust of the Norfolls Ridge, calculated thicknesees vere 11 (15) and 8 (12) omt in

the northesst cnd 6 (10) end 8 (13) kn in the south central part of the basim

lNo erustal measurcments have been made in the north Loyalty Basine o

e |

’ ’.Lhe hea‘h £low measurements of IcDom,ld et al. (10 79) show nomal

Trench on the laorth l‘iai Ilateaug h:x.gh values of up to 5 HFU were obtainﬂ

DR

. Seversl holes heve been drilled into the sea floor within the efé'c{‘ T
of the Scuthwest Pacific during legm 21 end 30 of the Decp Sea Drilling ijeata 7

(1973 end 1975b) und Ven der Linrfm (19‘7)), and have led Andrevs __3; &l (19734)

i
i

The western province consis’cs essen‘tially of the Lord Howe Rﬁ.sag," '

in this rloviméézre of Upper Cretaceous egey ite essential charzoteristie is

the lack of sedimentation between the Upper Locene and idlddle Oligocenes Tho
Guration of thie bresl in sedimsntation is Veriable over the srea and greatest

on the Lord Howe Rises It is generally attributed to chonges in the ciroulation *
of oceon currents resulting fyom the initial separation of fustralia from Antartis

in the roceno some 55 Wmeyebede 4 o
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The sastord province ccmsists essentially of the uouth I‘;szh B&S‘ﬂ@“
wh.wh is suppoced to have comn dnto existence in the Oligoceney and fhe North
Loyelby Busin which probably formed in the Lower Locenss The regionsl lack of
Upper Locene/lidddle Oligocene sedimentution eharecteristis of the western pros |

vince, does hot occur in this provincc, chowing :L‘a t0 hoeve beon under differcﬁt .

influences to the 1omcrs o

Tt

Geology, of ilew Caledonia -

New Cealedonis io an isiand of 400 lan in length and 45 ¥n in wﬁ.dtﬁg
tiith e surfece area of 184000 Jm® s It do flenked to both the west and tho oast
by barrier reefs thet extend some 200 la to the morth of the moet northern tip
of the islands To the couthy Wew Celedonia extendsinto tho sutmarine Horfoll Riém

with which 4% eppears contmnuous fron &eicmological evidence (;mbom &t &_u 19‘71)¢

as well as in momq)hologicﬁi expresan.om S L

' The oldest known formatlon in New Caledonia ic & polycolous tufi‘ e
which has been ehtributed to Permien ags by sbies (1953) and Routhies (1953)s

irow the remmion to the Upper Loceney the rocks observed ere pyroolastie oud
clustic sediments (greyweclkes, 'eandatones,. polites; mrgillites and flysch),ﬂ L
acownlated in whet hes been ealled the lelanesien Trenchs i number of diffevent

~geotectonic phases have been obmerved on the islend, the last of which was on -

alpine type orogeny which begen subscquent o' the deposits of Locene flysch -

(conord, 1570)« The peridot:.dses and basalts vhich occur extensively over the :leandg

eppear to represent the inverse flunk of & reoumbent fold (Guillony; 1972) which

vag empluced et the end of the major :lpine type orogenesis, probelly in Olig&sané:}

time (Guillom & Kouthier, 1971)s This episode represents the lest orogenie ovent

to wlich tho islund wes subjected, al'ter which only the effcets of epirogenic woe
venents have been obsexveds The latter are represented by the presence of pen@piams

and successive ferraces (Devid, 1925 § Trescases, 1969)s (ihe peridotites which
cover some T,000 ki of the island, mey have covered a much larger area (Guﬁ.lloﬂ
end Routhdier, 1971)e They heve, however, been subuitted to considerable erosion,

mainly chemiocal in nature, the residual lateritic deposits of which may be obaewed

dn slbtr or redmstributed sleng the slopesy peneploins wnd terracem
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The Lgyulty Iaiand mhipelaga “Onﬁiotﬂ of ceral atollm x:m@h |
formed during the L«.‘Leiatooene (chevelier, 1968), as capp:tn@s on the su Mzs&@g&&wﬂé
& pubmerine ridge durin{) & period of subsidences, These pubssguently emergdd“io 4
forn the loyalty Islends (1abols ot els 1973)s The orly observed basaltio %:i.@maa
protrude through basement of the atolls 4o on kere Islund whore on theso pummddal '
basaltic the bottom of sn old lagootis Potussitn/argon neasurements mede formationg .
give en sge of 10 my (€ AT e *'@ewmnpmw%mﬁ, which probably mpﬁaa@n%ﬁ
the last epilsode of voleanie activity of the sttmarins ridges This ridpe eiztends
both to the north end south of the actual ﬁrchipelae,oa Neither the age of the |
bepinning of this volesnic sctivity,; noy the mumber of phases of volesnism 45
lmovn at this times The struchuve of the tddge end the relative contributions of .

volcenic, volcunoclaa uﬂ.c ehnd sedlmen‘cary rocks to the formation of the ridge ave

1180 unknovns

ngOMHOIDGY P

- 'i‘he bathymctmc nep publa.shed bJ Jche erdppe Insti‘t'ution of an&m;:em
‘ g,raphy (10'71) for tm uowbhva&fh Facdfiey shows a depresaion betveen Now Coledonda
gnd &he Loyalty falendss This ds elong,ated in & direetion northvestesotutheast
betyosn the latitudes of 09 and 230 5, and exceeds & depth of 2 150 me The bathye 'X
metric profiles from the present study are shown in Flgures 1 and 2y and prwﬁ_de
Eome further iniorma’cwn on the morphology =.nd extem: of this besing IR

covza proidle

The most comple‘ce profile across tho bau:m is profile T mhi@h pageeas ;
dm. ediatcly “ho the southeast of New Caledonia s the Isle of Tiness From soutinest .
4o northeast on this prefile (figs 2). uhere may be observed the extension e.‘sf Hewr _f’
Culedonia to the south of the Islo of 1:ine.cs, the Loyal‘cy Dasing the Loyal%y Ridga,@

«nd the doxmwax‘d ulopo to the New Iiebr:i.des yrenche
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The Loyalty Basin sppears ae & flat depression with a paslmom
depth of 2 150 m which is remarkebly constent over a distance of sbout 40 lms In
coneral sppeavencey there i ldttle sscymetry between the western and eastern

fienks of the busine In detsll, howevery two steps dn the profile mey be obacrved

on the vestern flmks The firsby between depths of 500 end 1 OCU my connects tho

pletewu vhich forms the southern exbtension of New Caledonie end the Isle of Pines,

t0 en wres of gentler slope uhich extends down to 1 600 ms At this levely the -
second repid decresse or step dn the profile cccurs which passes directfy to :;:
the level floor &f the basine Towards the emstern flanlt, the ﬂoor of the basin
progrescively rises until a gingle uharp otep occurs et the margin of the lﬁyai‘ty
hidges Vordetions vhich occur in mom)holog;y geross the busin both to the north
and south of proiile Iy ave also ghoim .‘n fige 24 o the north of profile I {ho
profiles 4y By Cy D and L are incompletes but show 'the vestern edge of the basin
to slope tp toverds the mmrgin of New Caledonies In the casty *ho limit of tha

basin is constituted by the Loyalty Hildges Howevery dercnding on the positimi PR

of the profiles relutive to the verlous dslends of the Loyslty groups they ‘
show differant chamctemsties. For ezmmpleg on profile I to the southeast @f
Mare Islznd there occu:cs a platesu at a depth of 1 500 ms Howevery on profil@ -
A t6 the northy two seperste ridges oocuzy seperated by a emell basin t:hi@h '
E\ppears to lis w:i.thin the ridge :Ltselfc . :

L]

From the ba‘chymetrid nap, there appeara to be a dn.scontim.t_.‘ty

' :tn ‘che :idge beyond istrolabd Reefs Liowevew, the profile of Cordolis/19664 whieh ‘
it shown in Tlegure Jy paf:Ses well to the northirest of this reof and shows thfa ré.dge
shructure todcontinue n:i.th ) relief of 1 650 m sbove the sea floor between tho

latitudes of 19° and 20°% 5 This ridge aprours Yo pereist es fur north es tho

Petrie leef at & lutimds of abou“a 169 509 5y and yrobably extends even ﬁu‘thaz‘ :

to the norths - M

To ‘che east of tho Loyalty x{idge, the sea floo blopes dmmz&ardﬂ
towards theNew Hebrides Trench but shows condiderable verdation in the differun‘t

profiless The slope is more regular on pzofile 5 thun those further to the nax‘th,

perticularly on p:roiiles 4 end G whez-e d:t.stz.nc‘b steps in the profiles oueurs

4 k ¥ = .’4 :;x
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regular ctructure of the seﬁ i‘loorrrx:hich constitutes the south Fijl Basine -

Longdtudinal profile‘ e :

in the scuth on profiles ¢y Hy I and J,; the eastern limdt ‘@:ﬁ‘ ':JhJ
norvholozical basin 4s cleawly marked by & ridge vhose direction bends to ths !
south withoud yuite voaching the northuaouth trend of the Norfoll lddpes From
the bathymetry, there appesrs to be no reason vhy this featurs does t‘m‘o repre=
sent the southern extension of the Loyolty Ride;m '

i

, © (n profiles ¢ aud U, there cccury & rise vhich forms the westowa
lizdt of Jche basine This drastically narrvows the basin foom a width of 60 Im A "
on fhe sdjucent northern profile F to a width of 47 m on these profiless Tids 4
narroving coincides with the benddng :i.ﬁq direction towards the souths -

#ith the chinge to an essterly trend by the Hew Hebrides Troush 7
£o the ocutheust of profile Hy neither of the wore southern proiilesy I and &y
displey the dovmwurd slope tovards this trenchs but chow the begdinnings of the

In order to -%m.ee tlne 1onggitudimi profile of the odsim a aynch:af
proiile hus bu,n constructed fc"mm the prmile of Coriolis/ 1666 and tho mawimm
depth pointe of the frensverss p:mz;ileei of the present surveys This is showa 49 .:

Flgs 4 fren which 4% nay be seer that thewe is a step of 750 m at the leveld of V
.;strolaba Re:f vhich raises the seafloor of '{:hc basin to & depth of 2 300 m,
Dhis depth pensins constant bet‘ueen proi“iles A und Fy efter which 1% decreases ‘

to 1 500 m at profile Gy before, inc,x'ee.sm ag,ain tomards yroiile Jé -

‘ In it (;eneral mo:c'phology. the Lovalty Basin appeers o8 an e.‘l@nva‘t@éi
derression v:i.th e widening or btlge at the latitude of 23° 5, vhere it bends - -
tovards the souths Neither the nortiern nor the southiern limit of the bas:m L
is deimcd on the morphology from the wesen'h buthymetmc datas D
c‘e/tb . ‘«

{
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In 1nif.a pection xr.i?' be du,cribed the geological structure aerw@
4he bopin, ntu uuuthorn oxtent; its weutern xuz.rg,m miwt Hew Caledoniag end,

ito em‘tcrn margin uw.um‘h the Loyflt‘y tddges

The selsmle Teiaeot on profiles ecross the. Loyelty Basin’ sheit
het the decp obructuze of the besin is more sccentusted than its morpholegleal
axpreusiom fhe sediment cover ove.x' accoua‘bic basexent is very thin et the edges
of the batin but at the C‘Ghtl’@g the depth *to bapement tras erester then could be

- pbeerved desn::.te & fmb«abo‘btem bene%ration in excess of 2.5 Bec on sone pmf:ﬁlesa

Sl in the dn.seus ion on morphology, since the northern préﬁleﬁé
Ay By Cy D end L nre :.ncomplete;a the main foatmo.g of the seismic section \ﬁ.ﬁﬁ
be deperibed from 'hhe continvous section across the besin obtained on profile

7 (see fige 5 Un defining the limite of the basing we thke the vestorn ddmdd

. a8 the prounine 0t step aguinﬁt which about the almoat horirontally lugered sedis
nents of ithe bosine lhe eastern limit is teken as tre steep bowndary beh:eeix

the basin sediments and the Loyalty hidges

’”ha mos% xemarkable feature of the bamin is :Lts Y yp ctrya Tkw

total t)ul.clmew of sodmments within the basn_n is greatmr on the western fide whera

they heve & nueh more reguler aspect then fthose .t{: the conte Un the eastern wldd,

the sediments ore reised end folded.

\ithin tAmed:..“entzmy uectlm, the seirnde profiles show ‘chx‘ae dlf.aw

confortaities,
Ig ITp IIl u.ﬂd IVa -

alloving four modn units to be dci‘ined. Thego cre shown in 1‘&@?@

s
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The upicr formation (I) has a maximum thiclmess corresponding ‘%:ﬁ :

o twositey veflection time of 131 cocs This oceurs in the deepest part of the Lmu
phologicel bapin and ds displeced towerds the western mergin of the geolopieal
bagin an defined aboves Towards the wesh, tho mmerous reflevtors within this
| formation are néar.‘ly horivontals Towerds the enst, wheve the thdtloess 48 much
C A leny 7(0-2 to 043 pee tuo=way *him@)g only the fiwt {*roup of rezlections mpy bo ’
‘ vbeerved due to the length 8 the bubble pulzse sequence of the reflectod siranise g
The lover boundury of thés formatlon lss howevery veedily observed oves the vholo
' - width of the busine ns with the othew wmatwm@ thess sediments oves thu Pedosd

' eastermn vart of the basin shmr foldings V )

\
\

the sevond formetion (II) has a mudmm thickness correspondine
to a twoeway ‘refle:otionftzime of 0s9 seds This ocours a*t the peint vhers base
of the formation beglus to rise Sowards the éas‘e, ‘and lies considerably furthew -
to the cuot hian the ma:ximmn sediment sectmmulation in foxuetion I, Un th@ .
wogtorn pert of the basing the formotion thins pradually to the west and app@wa
to pinch cut et the wes temn mwin of thc besine To the eastg the layer betomos

increosingly -deformed and thins abfuptly at the eastern narein nesr the Layed.i:y . '-:
wddges :

v
1

Thig implies thut some uplift on the eustern side of the basin
hop occurred between the deposition of foruation IT end formation I, with the lm:i.iﬁ
- axzie of sedimentation hoving mlgrated o the vest durdng the deposition of tho
latters The gradual 1enming out to the west :mlatixre to the ropid thimxiﬁg neng
the Loyalty Rddge to the eas‘t also irmolies that the mein area of provenante @i‘
aedlmeni Gurdng the, dex osition of formation 11 tms the Loy,xlt'y mi.dgm .

“

Formation III is clearly nerked over ‘che wholc w:i.dtho:t‘ the bazs:m B
by the raf;ulari’sy of ite uprer weflestors nt the western Largin of the basin
the layer pinches out repldly ageinst what sppears to be basement which 45 law
belled CI in Ficure 5e -To the easty Zhe leyer thins graduslly and beeotes
. 1ncreaam¢1y aefomed unbdl :ﬁ; temim‘l:es rather abruptly ageinst the Loyal"ty
hddees - :

u/u

v




The base of this luyer is noﬁ obeerved dn the centre of ‘the baﬁum
Houovcr. tha x'upid, thickening of tho iuyex’ from the western mergin towards tho
centre and the conporoble thicknesses on cuch pilde vwhere the base of the laya“e :
¢ observed ougiest (L) ‘thut the axis o.t‘ pedducntation durirg the de;ocitdon of
1ayer IIT was aghin further to the weet than during the deposition of luyoz I,

Cend (41) theb tho provensmec of sediment durdng the deposition of layer IIl
wen probelly frow both New Caledondu end the Loyulby iddge, possibly with &

creater contribuidon from the formers

Leyer IV ds only obscrved in the eastern pert of the vrofile tuh
ray correspond to the basement on the vesbern side shown as G1 on figure 5e
Laysr IV probably represents the busewent id the ecstern pert of the bosine

R The selomio refruc»lon prcfilc of Lhor et sle (1071)g nhieh'és '
located \lon! the exis of the basin betveea protiles D end Ey provides a model -
for compericon with repults of the reflection profiless Shor ah gls found
three layers which overlie a lsyer with & velocity of sbout 5:9 la/sec wh:i.@h 4
decpencd northwerd along the exds of the basins This velo;ity is high snd ia el
sistent with u crystallice ox his £hly wetamorphered oasemcntu The refraction
velocitles for the thres overlylng layers ave glven a® 242 li/se6, which vas
ag-umed for the surface leyery 345 lm/seeg‘and 5.2 km/secs The first two veled
' citied vure representuative of poofrly consdlidated end well concolidated sedimen=
tory matemial respectively, and the ;last of limes‘i;onég pertly retamorphered ox

. volcande weteriels

| Jthough some difforences oacurﬂbeh‘:éeﬁ the depth c‘ietermmaté,bﬁés ;
to the n‘.nte@retecl luyers dn the refraotion results and veflectl én profiles
results ucing the velocltles of Shor gf sle, 1t apyears poexsihle to correlute .
the twos The difference in calewloted depths hey result in wert from the pather
poor control on Lhc trevel«time curve of bhor et als (ibids p 2569) at the sovs

thern of the refraction profiles




Un t‘h:ts éox*relation@ we eselon layei' IV ep basemoﬁ’c (the 569 Vkm/t:’%é;e"
legtor) cnd layers Iy II snd I1I es sedimentary formations dnefelling the basins
The deepening of the bssin to the northwest along the sxle of the basin found bgr
Shor gb gl is supported by on as yet unpublished hesvy seismic reflection survay
by bubois et zls (dmppreparation)s Uhis shows that the total thickness of the
firet three Foruations iucresses in this dlrection to reach o tvcsway time of
at leact 4 secs The above results heve been combined dnto o longltudinel profile
along the rxie of the Lusin showing two=wny refleotioq times thedlr equwalent Laom
the relrvaction L&I‘VU,Y (i‘iw.z:e 6)@ i

Geolo fenl structure slons the Loyalty Besdn - »

The northern limdlt of the ‘:}asing tnzhieh a;ppedrs fron the ferdpud
bethynetric mep to cccur at the position of the d‘antrecaexteaux Fragture 5600
1s not covered by the present survey. On the southy the thiclmess of formatden
decreases considerablyy hoving a {wo=way time of ouly Ce5 sec on profiles H end
I, Formetion II which is charscterised by meny internsl reflectors, appsars 4
more varistbe in thictmess but has also deeleaued vt the level of profile Iva'

;
4
“

Between protiles I end J there appemizs a very strong reflector at the base of
{ornetion 11 vhich we M“Lex'pfe’c ag basgmenu with the rapz.d lcnoing out of
formation IIT between profiles H and Lo ' ‘

AL three seclmucntary iom tlons wi se following & riso in the mores N
p.liaology of uhu surface at the level of m'o;;ilc Ge slthough the beseuent (1&3@1‘ i )
probu.oly also follous ‘thi hymp, it is not recorded on profiles G and Hy zmd does
not vecur unkil profile I vhere it appesrs #o be quite shallows » ‘

i 2
]

From-the above cors idere stionyy ve place the muthom lizdt of the
peologiesl Loyulty Dusin et about the lc,vel of profile I. The northemlinit of
the bagin remains unueiluad with the aedmnantm,r xill .mthin the basin thialgemnr '

‘Lo the nortlwest over the ares of ‘surveys .
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Profdle I pazsos Just to the south of the Iale é:f:" Pines o vkl ok

the southermmogh sxposives of the perldobl tes of New Caledonie ooours The wgﬁim
od the profile whieh 48 adjecent bo the Iulo of Ploss ldles within the very shaiiey
plabforn vhidoh wapresentd the geu%he@st@fil szbonslon of the New Galedonde Ridgo. @
Hora, mulbiple roflootiond fwem the shallow Bea-floor obscure the selsuls vcoowd E
fron any possible subsurfaco siruebitres vhich ey be presents This widgs merks . 4
yostorn lindd of the wowphologioal bhsdn bub the Limdt of the geologh ca.L bagds .
ocours furkher to ths @a.kat a;ai Lnd#ca{:@d dn & %gue 5o

i On the vepdorn flank: bf the New Caledonis Ridge, betwesn 4 w grog

;and the ge‘@lcgiaai basin, fhves goologleel features sre distingulsheds The & TJ@: e
10 the tppesost foraation vhich de labaj.ied A dn Meuve B This vepresents ¢ *eéiic\'
sent dd which goms drwegularity dun veflsctions ds b‘ﬂea@nm suﬂg@sting hhcah s:zam 1: |
Es‘?vmping end midoz :i.ntemal uale‘ki hasy. bcmm'@da

: Aﬁ the ‘ba% o %MQ wmat:ion thesm, oeours & very sbrongg wbﬂ
howtzontal vo? 1ec3ﬁw ubideh 48 particularly marked din the eestern part of tb@ Qa’im H
flagls bovards the vesbtora ldmit bf the geologloel basin. The strength of *‘cL:)
roflegtion imbli@a e dndureted éurfaee bt & major wnconformity wilth the \wa
iyiﬁgg Layery the poflcoblons from vhich eve of en lrregiler end strongly ?:lpmﬁ
fnburo. Thero may wloo be progent & fadn Layer mrarly:i.ng Jnhe unconforind tgf UL a0
which has been eroded to fowm & platorme The uncommmty surface e.nd pcm ‘J.blf T
thin cwverly:i.nw Ii.a;yef 270 la‘belle& B in Fgurs 5o e el

. : K

dlps avd im’egulamtzes 4n ite Lnternal a'i;meture appeafs t@ hzve been @Lfbgwmd
b0 some tectonis aotivitys h eoastitutaei the basemen't of the meom@smty aa,@
- of the geologleal begin to the essb, and 4s, labelled Cﬁ sod 02 4o Imgufe ]

of soms intemal laye:mng trhie:h a'op@azﬂs 'ho ‘be presen%
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To the north of profile F; the centrel part of the ridges esmerges

to form th island of Hew Caledonia, but only profiles C and D heve eztended for
enough to the west to show the step that marks the western limit of the geological

basin.

On vrofile G to the south, formation C is agein obzervod vhere it
exténds further to the east in the form of a bulge, llere, it is devoid of more
recent sediment cover and formations I and II of ‘the geological bcsin termdinate
at the eastern flank of the bulge. On profile H, however, both formation A and
the possible formation B are agsin present, limiting the extent of the depression

found on profile G,

FPurther to the south on profiles I and J, the western margin of
the morphological basin is not apparent end this besin may terminate between
profiles H and I. It 15 possible, however, that the last two profiles did not
extend for enough to the west, It is of note that the southern limit of the geo-
logical beesin was also placed between profiles H and I. The above nrofiles do
not cover or define the southern extension of the lendmass of Ilew Caledonia which

cnds at the Isle of Pines,

From the above it emerges that the western limit of the geologloal
Loyelly Buvin, which is congtituted by formation € and its unconformity surface,
runs parallel in direction to thet of the New Caledonia between proiles A and H,
it the level of profiles G and I, it bends southward towards the direction of the
Hew Caledonia - Norfolk Ridge in an area colnciding with,the extencsion of foruation

¢ further 4o the west,

In attempting to correlate the fomations described abcve, it appears
that formation ITITI of the geological basin rests on formation C (¢1) as basement

and that this formation probably correlates with formation IV tc the east. Formatlon

A is thought to be fairly recent and we correlate this with forwation I, Formations
IT and IIT1 o{ﬁﬁh@ geological basin would then be represented by the unconforpity
gurizce and postible formation Be The present position of tie unconfomity surface
which occurs at a depth of about 2 000 m, implies thut a considerable subpidence of
gbout this omount has taken place and that this has occurred muinly since the

deposdtion of formaliou 1IT und possibly cince foruition 1.

sr/ v




This would imply tonsideralbe mobilily of the earth's crust 14 this
reglon, which is rather to be expected. This is supported by the apparent shanges

in the axeo of sedimentation end provenance between the formations ITY; I and I
of the Loyalty Basin. It is also suggested by the indications of fauwlbing on the
profiles, some of which may represent major normal faulting of the crust (sew

Figure 5). |

Sastern marcin of the Loyalty Basin

- The eastern margin of both the lmorphological and geological bazdns
is constltuted by the Loyalty Ridges This ridge parallels the island of New
Caledonia in the north; and at & latitude of 220 « 25° g it also bends to the
gouth but divergzes slightly from the nogth-south direction of the Norfoll: Ridgs.

The seiémic‘profilea provide little information on the sompositien
(vhether sedimenbary or voleanie) or the mtructure of the ridges Vithin the peolo=
gleal basing the formations I, II aud IiI'gradually thin towards and terminste ah
the ridges The relation between formation IV, which has been teken as basement to
the geologicul basin, and the ridge is 1ot well enough defined and age relation
ships are ébscureaHQWQVer, it is guite possible that formation IV is of similar
age and possibly composition to that of the Loyalty Ridge. It is alse diffiould
t0 gay whether the ridge which may be followed from profile 4 to profile J; ds
& single strustural unit with e uniqde ages Lt close proximity to the Neyt Hobrides
Trench tovards the southern part of the ridge, and possible relations to the

Hunter Fracture Zone complicate this ploture.

MAGHETIC RESULTS

Total field magnetic profiles were obtained during the courss of
the scismic éurvey of the Loyalty features are part of a wider coverage whileh da
reported by LAPOUILLE gt al (1974). On the avea of the Loyalty Basin and Ridge,
however greater prominence is given here because of the entity of the area.
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Also, greatef ewphases has been placed on the mapnetic modelling of the Loyalty
Ridge in order to test the conzistency of the magnetiu enomalies assoclated tith
the ridge with that of & predominantly sedimentary or volcenic compositions This
s particularly in regard to the evolution of this feabure end its possible
relations o New Caledonide

The mégnetic anomaly profiles after the removel of the LiGeRels ave
ghovn in Figure 7o Included in this figure are profiles within this ares obbelnsd
by the Eobil 0il Corporstion from the R/V Fred H. Hoore in July 1972y which prévide‘f
sinilar and consistent anomaly profiles over the Loyalty features with there of :

this survey

Lovelty Bagiy

General observations regarding the Loyelty Basin are that it ds
characterised by long wavelength, negative anomalies which may be readily oarr@iatedﬂ
between profiles A and He This is consistent with the thick accumulation of sedi-

ments within the basin.

. South of profile I, the anomalies cannot be corrvelated and it ds
appzrent that between profiles H and I, there exists & magnetic discontinuity
vhich is probably related to a structural discontinuity across the strike of the
bagine This coincides with the position at which the southern limit of the geole- “:
cical (and morphologicai) basin was teken and enﬁances this‘conclusion dravm fyom

the selemic surveys

Loyelty Ridee = feéults of masnetic modelling

A major; normal magne%ic snomaly with en emplitude between sbout
600 snd 1100 gamma strikes slong the loyalty Ridge. This anomaly end henoe the
ridge ltselfy appears to terminate to the north neat latitude 18° S, To the south, .
it becomes complex and poorly defined at about 24° S, The positive anomalies cecur ,E
to the northeast of the islands and ave,centred on the northeastern edge of the B ;
ridge. In general; the.anomaly retains ﬂasically the pame form along the 1ength I

o/




of the Loyzlty Ridge, although it is often complicated by local snomalien of cone
siderable amplitude particularly to the west of the ridgeu '

1

The amplitude of the major anomaly’varies in responge to changes
in the water depth and broadens as the shipo tracks become less perpendiotlar
to the strike of the ridgeu These features sugpest that the source of the anomaly
da ESueﬂildlly a single wnitormly magnetized body reasonsbly close to the Ben floors

Tnitinl magnetic modelling along trascks normael to the ridge znd neaf;
the centre of the island chedn showed that the source of the msgnetic anomely could |
be roughly spproxzimated by a fwo-dimensional, vertically sided prism centrally 5
located bensath the ridge with a depth o the top of 1.9 lany a width of 22 5
and & normal macnetization of 140 emu (figure 8). To achieve this fif, a linesr
regional of about 2 geamma per km with velues increasing to the northeast was
incerteds This Jould be consiatent wmth & vencrally shallower masnetic busemont

to the east of the ridges

Purther two-dimensional computer modelling on ecentrally locabed
tracks was done using the polygon method of Talwani and Hiertrler (1964)& The
magnetie date along essentially perpehdicular tracks across the ridge were file ;
tered to reduce the influcence of locel snomalies and processed using vomptiter |
procedures developed at the Universlty bf NS.We for the treatment of merine
ceophysical data (Long, 1974). The couputed models were Lased on the initdal
mezgnebic interpretation and existing seismic information on the crustal strucs

ture in the region of Shor gh als (ﬁ971) and Duboms (1971).

*

-

An example of thé final interpretation on enother centrally located !
rack st the position of profile B, iér shown in Fisure 9 together with the bathy- 1

metrys It can be seen that the messured megnetic snomaly can be closely fitted by

adjusting the top surface of the modeia Further minor adjustments could bs made

to achieve an ewen clozer it butthese were considered unnecessary in the . present

study. For this model; & somewhat higher magnetisation of 2350 emu was udedy which

suggests that the mource of the major enomalies over the Loyzlty Ridge conglsts of

intermediate to bagic volcanic and volcano~ciaatic pock which makes up the bull

of the ridges The Loyalty Ridge therwfomg a?pearﬂ to be essentially composed of

andesitic or basaltic material ratner uhan non VOlCaﬂlC sedimentary materdials
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It is therefore at least consistent with the hypothesis that the Loyalty Islends

represent the ancient sndesitle volcende arc above an old Benioff zohe yhich was

agsociated vith fthe inferred ancient New Caledonian Trench,

Bouthern exltension of the New Caledoniw Ridpe

‘ Profile ¥y which passes near the Igle of Pines, shows & 1afgé negatiﬁ
snouuly of about SOU gmmas to the south of the is lends Since the island wonthins
purt of the mass of peridotites which ocotr on Lcw Caledonisy the wnomely may be
produced ithe submarine extenslon of the perm&otmtes or basaltss Since the enemaly
is negative; this could be produced by edther a reversed marnotisation or overtura

ning of a normally polorieed sheet.

SEDILAITAC IO, I 'PEE LOY. LDY . BanTi

) Because of the thick aCGUmulation of sediments in the Loyalty Basin,gj
1t is pertinent to lock at the nature of the present and pqrt sedimentslogical ree

glmes within: the bagine

On New Celedonia, a study of the actuszl phenomena of ervslon of

the peridotites and the transportation of the erosional products by Balbzsr and

Presezsos (1071)s has shown the importance of chcmical erosion and transportation

of dissolved materail compoced' with mechanieal tr@n portation which occur in the

ratio of 45 to 1. Indeea,}mechanical‘erosion is less than the residusl deposits

of chemical erosions The products of mechanicel erosion which are trangrorted

nostly during the eyclonde floods, are deposited mainly in the alluvial plalue

end in ihe mouths of rivers near the coasty where mangroves act sg a filter (Bulboar,

1972) . Terrigenous deposits do no setuslly resch the lugoon st the present tims k

(Lownay, 1972 3 Dugss, 1974), which explains the bsence of terrigenous sedimentew |

tion in the Loyalty Basin at the present time. The guestion obviously ariaes'as

to whether erozional processes have been constsnt inrtherparf. Gertainly durdng

the Quarternary, both in the lagoon (Laungyg 1972) and to a d@pth>of 600 n on the
. continentzl slope of Hew Caledonis (OBSTpM, Jouméé,r1971 Anglada gt aley in ﬁrcpa)5

v
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terrigenous deposits are not an importunt factor although it is posaiblé bo £iad
episodic ferruginouss terrigenous depositss Alsoy from drilling on the westera
barrier reet down to basement st 226 m (Avias and Goud'aygé1967) shows reeltl

and pararveefnl Tormstions (Coudrey, 1971) of Quarternary sge without sny importent
tervigenous phaseb‘EVeﬁ in the marin liiocene of Hepoui; which iz the only lnown
occurrence in Hew Caledonia (Routhier, 1963), the terrigenous intercalations are

only a few metors thicke

Tt therefore sppesrs that liew Caledoniz has not been a sourde of
terrigenous deposits throughout the Quufternarya Howevery since the deposltd both
in the Luyolty Basin and in the New Caledonia Basin to the west; are thickest nesw
liew Caledonic (Dubvis e gles in preps)it*is reasonslbs ob sucpose that Keyw Calew
domia hes been an important source nvea in the parte Siuilerly, since voleands
active occurred in the Loyalty Islands before 10 meys ago (Baubron et als ot
presse); it is likely that the ridge occted ms a source of volecanic and detrital

mnterisl until subsidence occurred during the development of the atollss

ﬁredging from the surface of formation A wiere i% joins the slopd
of Hetr Caledonia, obtalned caleareous oose containing pslagic and banthic mioro-
fauna but no terrigenous materials Other dredsing in Loyalty Besin obtained wmuds
with less globigerina and no benthic microfauna or terrigenous materiel. Present
sedimentation within the Loyelty Basin is purely pelagic without terrigenous ox
neritic maberiel, despite the proximity of the reefal formations of e Oalsdonisa

und the Loyolty Islandss

-

Since the total thickness of Tormations I, IL and III do attaln &
twowwey reflection time in excess of 4 secy a purely pelagic sedimsntation regine
cannot have been in existence since thé'Oligocene; Toz comparisony drilihole‘BDé
of Leg ZXI of DeSsDsPs (Burns‘ gt aley 1972 ¢ indrews gb _@;L;,, 1975) found ths top
of ike 0Ll vcone under 426 m of purely peluglc sedimentss Hence, it io gloar
thut proviously, consideruble tefrigenous muternil was added tu the pelagle
pedimcntetion in the Loyalty Basine There depoults appear to have coue from both
the Heﬁ Caledonia Ridge and the Loyalbty Ridge at times during the history of

sedimentation.
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GONCTUSIONS

‘ Within the morphological basin between New Caledonia and the Loyalty |

Iulundoy sedowde reflection ppofiles'rcveul a thick aceumulstion of cediments dun &
regtrictenl busin within the broad morphological featurss This geological or medi<
ventary basin is limited dn the east by the gubmerine flank of the Loyalty Ridge,

and in the west by an exposed basemcnt écarps@ Botween this scarps end the donti=
nental slope of Wew Caledonia, this basement of the geolopical Loyzlty Zasin shous

a well developed platform which represents a warked wunconforudty with the relatively
$uin overlying sediment covers Dredging from the exposed scarp has obbained samples
of o well ¢ mented ferrusinous conglomerate which contains basaltic pebbles from

Hew Caledonias

The width of the geological basin is rougily 160 km wiile the tobul
width ol the worphologicul basin in which it ocerus is aboub Ime The dorthera
Limit of the goological Loyalty Basin resing wdefined from the present suiveys
with thick sediment accumulation continuing northwerd, perhops until the posibion
of the d'Bntrecastesux Fracture Lone. The southern limit of this gzological basin
is marked where the deep sediments of the basin terminate at a2 latitude of = 8

mhis is south of where the axis of the basin bends southwards.

Within the peological basin, three vrincipal formations have beon
{dentifiods There have been labslled formations I, IT and III. There have beot ledd
down on « bagement which waz too deep to be observed in the central part of the "
basin, but iz oboerved on the flanks, The basemen%vto,hhe wést, on which the Uhcon- -
foraity surface is located, has been labelled tormation C o thetecst, the bapement
is taken as a iayer which ig labelled formation IV end aépears to correlate wlth
the basemeﬁt with o velocity of sbout 5.9 kn/se¢ found by Shor gf als (1971} fzom :
marine refraction dates Tids basement rises towards, and may be continious wilth, ‘
the formations of the Loyelty Ridges It is correlated with the basement d on the

western side of the basias
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The relatively thin sedimont overlying the worked wnconfoutulty 6o

the west of the geologicdl basin iz teken to be mainly equivalent to formation I
witldn the basing snd relatively youn:. The very strong reflections at or new
the uncouformibty surfuce do not preclude the existence of & very thin overlying
loyers Phis possible but uncertain layer could represent the equivalont of formae

tion 11 within the basin and just pogsibly formotion ITIL.

However, irrespectlve of whether a very fhin layer is presenf Ve
lying the strong unconformity, it is cleer that this old erosioncl surface mugt
have submerged about 2 00U m to its present position, and that 1t must have besn
ub or tieurt the surfuce at the time of deposition of formwtion IIT wnd probably
of formabion IIs This implied subsidence of the erosional platfora and;y indeed |
basin, would be due %o major mormal faulting vr possibly felding along the easu

tern continental slope of Hew Caledonis, -

It is known that a major orogenic phasey related to a readjuﬂﬁmeﬂt'
between lithoepheric platesg affected the region of Few Ca 7edon1~ and the Loyalby
Islands during the Upper Bocenes Since the formations labelled I IT and IIT withda
the Loyelty Basin have nob sufferred any serious deformations; it must be concludsd
thet they were not zffected by that major orogenys It follows that they must huvo
been deposited after this phase, that is since the begimning of the Oligocens. 7
However, the precise age of the onset of this sedimentation is not lmowns The
aubzidence of the old erosional platform or unéonformity, howevery would ‘therefore

appear to be post OL 1goceneg pOS"lDlJ in the ldocene even Pliocens.

Llthourh sedimentation in thé‘LoyaiLy Dasin hes besn-restricted to
pelegic sedimentation during the Quarternary, the large accuaulstion of sediment
in the Loyalty Basin and the varying distribﬁfipn of the sediment in the differeunt
ieyers, points to both the New Caledonia and the Loyalty Ridges as haviag been |

imnportant sources of uedlmont at vardous times frow the Oligocenc. Alsoy the pancn@m,

of thiee mujor dedlmcutary formations seperated by disconformities implies the
ezistence of thres different morpho-tectonic end sedimentolo lcul phases in the

development of the Loycl oy Bagivs

; .
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Because the Loyalty Ridge av well as tho Dew Culedondis Hidges; dofi-
nately appears to have acted os an important souree of sediment for foruntion TIT
and purticulurly formation I1, it is implied that it connot be considercd only e
u bugullicy voleunic whain developed over a rolutively shoxd period priow to fhy
cecoablon of volvanic Activity 10 moys agoe LU mudt huve buoen in existence priow ‘
to the Olivocene and it muet probably represents the andesitic volcanic~Vo1&anGcia3~f
tic islind arc associated with en inferred Benioff sone of the ancient Wew Calodorlen
Trenchs The resultc of precise magmetic wodelling of the anomalics over the Ioyalty
Ridge being eucentially compesed of moterisl with a uhiform mesmetisation vwhileh
1y eppropricte to rocks of intermediste to basic composition, This is totally
consivtent with the chove hypothesis that the Loyalty Ridge regr:sents an ancieﬁt ,
andesitic volcznic arc which has sufferred subsequent phases of basaltis voluanieity i
probably related %o major, tensionel block feulting during its subsecuent hisbovy
up until 10 meys agos ' ’

Fin;lly; from the magnetic profilos acroed the Loyslty Ridges aud
the precice modelling of these profiles, it emerges that nok only is the pidge i
couwposed gspentlally of wndlormily megnetised meberizl of intermedinte o buasis %
]

N i
composliion, but that there is s cormistent though minor associatcd ridge of similay |

wagnetisation within but on the western edge of the main ridge. This gives the i

ridge a double aspect with the minor associated ridge on its western side providing

an intre-ridge basin which has been dlearly observed on seismic profiles,
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Fi gures Captions

1« LOCALISATICN (¥ THE PROFVILES .
Heavy lines selemic tracks
Dashed lines, bathymebric profile Cordolis 1866
Hachnred zone, Loyalty Basin
Bathymetry for the Scripps map

2¢ BATHYMETRIC PROFILES

% BATHYMETRIC PROFILE (DRICLIS 1966

! 4+ LONGITUDINAL PROFILE OF THE BASIN

%. P PROFILE? SEISMIC AND MAGKBIISH

6. LONGITUDIWAL SECTION OF THE BASIN .
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