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!Lineations in the Bicmarck Seat

by

L.A. Tilbury

The Bismarck Soa is a complex tectonic region lying in a zone
of interaction between tho Pacific and Auctralian plates. Soverol nnall
crustal platen have been outlined in the region. Although the Biomarck
Sea has a cruotal thioknoce of about 20 km it appearo to be oceanio in
ori(in.

Data from some 10 000 n.oll of traversing in the Binmarck Sea
has thrown EOMe lioht on the understandinor of the otructure and evolution
of the area. Oceanic basement occupieo tho northern two third° of the
Biomarck Sea region while the couthorn third appear to be primarily of
andonitio connonition. Minor northeast magnetic trondo underlie major
cant-weot trendo associated with volcanic ridcoo. Those minor trendo
appear to have arinen from nea floor spreading. Preliminary interpretation
indicates the anomalieo are possibly of Oligodono ago.

The structure and sediment distribution of the West Lolancsian
Arc ougmots that it is a sheared arc which formod ac a feature continuous •
with the row Britain Arc.

A simplo but npeculative evolution conoiatont with most of the
facts can be put forward.

a) The Bismarcl: Sea rer7ion formed during the Ofloocono on the southern
limb of a oproadin3 contre. The ex-tin-et ridoe io now possibly oituated
between Nanuo Island and the PC margin.

Until this tiro the Northorn Now Guinea Arc, New Britain Are and
the Wet F.olaneoian Arc formed a continuous inland arc to the south.

b) About lower Niocone the Northern Now Guinea Arc collided with the
_Australian plate. OubOuction c0000d along the iolood oro and a hoar zone
was formed along the southern boundary of the 'Jost Molanooian Arc to release
strops.

^

• o)^Between the lower 7,l000no o lower Pliocene the West Melanosian
Arc moved 1000 km northoost olono ohoar zono (;7oto obout 7 en/yr). ;Mooring.

could explain the absence of volcoorol.om durino this period, tho foroation of
tensional footoroo in tho eastern. Biomorck Sea, and the 'arc typo volcanic
of Oligocono/aoceno age on the northoust of the %Jost. l'islancnian Arc.

^a)^Post Pliocono saw the readjuotmont of plate boundaries and rooumotion
of oubduction under Now 11ritain. The loft-latcral Biomorck. Sea fault as
formed to accommodate movement originally along the Wont Molononian Arc, A
zone of andcoitio volcanism fro;: caotorn New Britain to the Schouten Inlonds
ford by oubduction of the Australian plate to the north and northeast.
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by 

David Denham 

Bureau of !1ineral Eesources, Canberra. 

Studies of the spatial distribution of shallo,'1 e~rthquakes define the 
presen t day plnte boundad es. In the Papua New' Guinea and Solomon Islands 
region (rrG31 ) these are veIl detel'!;)ined and indicate a mozaic of several 
small plates each movine relatively to the other (see fig. 1). Socie of 
the boundaries are zones of plate convergence \'lhere lithospheric material is 
being thrust (or sinks) deep into the mantle. '1'hese regions are revealed 
by earthquakes occurring at depths [;Teater than 100 lane 

. In the PIWS1 re~;ion there a}1pearS to be three_main zones vlhere the 
lithosphere is heing underthrust. 

1. '1'he Hainland 0:L1lf)JLGu:i,,)1ea. Here the situation is similar to a 
contfnent/continen~ colliuion zone \'lhere earthqua~~es do not tal:e place dee~;er 
thnn: 200 lane 'l'he absence of very denp earthquakes indicates th9.t the rate of 
subd~ction is low, because the slabs are being assi~ilated into the mantIc at 
compnrati vely nhal10,'1 depUw and also that a larGO part of the crut tal co~~.r:re8sion 
rasul ts in noun_tain building. The stress directions from the focal mechanis!2S 
do not produce a recognizable pattern a~'ld are indicative of the complicated 
tectonic situation in this re~ion. 

2 'I'} t' b l' l' t:' ')-' 1 P t:\, •• l-• _-1.flJl0l' 0.Qrn )Qjl.1J.LliJ'.1&~_Q.",.._,";lG ..'..J1."'O~OTl~~I'!. J:Illf:l reglon repre:-Jem,s 
an island arc enVirOllL1ent of rapid un;lerthru~ tine ( "" 1 Ocm/yr) \·;here earthqli5;"~es 
take place doml to 600 J::n. 'l'lle Ii thosrheric slabs appear to be continuous 
except beneath Bougainville Island ;"here the slab chances its strike beloi-l 
400 1m. 

3. ThfLliolQ!1011 Isle.n,t0.9:Q.. 8(mt.LL9Dou{~?in'lilJ_\3 Island.. The 
situation here j,s very complex ldth curre,~t underthrustinG of the A',lstralian 
Plate benes th !::inn Cristobal Island ~ de;.)p remnants of Ii thospher:Lc slabs bene!:l.th 
the central part of the i:3land chain, and tmderthrusting of the Pacific Plate 
beneath SHnta Ysabel Island. 

. The earthquake eviclence sup:;>orts significant recent c}-wnGes in t!1e 
zonen of 1ll1:lerthrus-£ing beneath the ;:::olor.wn Chuin lmt suegests that the l~eH 
Britain Arc has only chanGed its posit:i.on sliGhtly, if at all, in the last 
6 m.Yn 

)i'ie. 2 shoHs the main zoneB of underthrus ting. 
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Fire Cation ^ 901"
Figure 1.^Locations of plate boundariee in the Papua New Guinea/

Solomon Island region.

Figure 2.^Location of undarthrust lithosphere. F .^. F
reprosent major discontinuities at depth. Section A.-.
portrays the complications beneath Bougainville Island.
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PLAT: MODEL TO F.XPLAIN LATE CAINOZOIC VOLCANISM AT TIE
SOUTRN 1•AE;GIN OF TL: Y3I:jAHCK ;1A, PA:T• N'.'ef GUINEA

R.W. Johnson*

Two Late Cainozoic volcanic arcs can be recognised at the

southern margin of the Bismarck Sea, Papua New Guinea. Both arcs provide

striking examples of the geodynamic complexity to be expected in regions

characterised by small plates whose instantaneous poles of rotation are

nearby (cf. Krause, 1973).

A western arc is associated with the boundary between the South

Bismarck and Indo-Australian plates.^The rocks are mainly tholeiitic

basalts and andesitos, but rare dacites are also present; rhyolites

appear to be absent.^The chemical compositions of the rocks change along

the arc - i.e., in a direction parallel to the strike of a postulated

nubducted lithospheric slab. These changes can be explained by identifying

Late Cainozoic poles of rotation in the northweetorn part of mainland Papua

Now Guinea, and by postulating eastwardly increasing rates of plate

convergence.

An eastern volcanic arc is associatcd with the boundary between

the South Bismarck and Solomon Sea plates.^The rocks-are mainly andosites,

but aloe includo tholoiitic bannits and dacitcs; rhyolites are present,

but rare. The volcanoes are arranged in an unusual zig-zag pattern, and the

compositions of the volcanic rocks change with increasing depths to the

northward dipping New Britain Benioff zone - i.e., in a direction at right

angles to the strike of tho Benioff zone, and to the axis of the New Britain

* Bureau of !qneral Reeourcen,
P.O. Box 378,
Canberra City, A.C.T. 2601
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submarine trench.^The existence of a thrust slice in the northwestern

corner of the Solomon Sea is postulated to account for the distribution

pattern of the eastern—arc volcanoes.

Reference 

1ORAUS2, D.C., 1973 — Crustal plates of the Bismarck and Solomon Seas.

In: Oceanography of the South Pacific 1972. Rd. R. Prazor, N.Z.

Nat, Comm, UNE3CO, Wellington, 1973, 271-280.
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Other tectonic features are the ridge between Neu 
Ireland and Manus Island

which appears to be of similar age to these islands and to have formed at

least in part by compression.^
The area of deep sediments and thick

continental crust east of Hadang which must have 
affinities with the

Adelbert and Finisterre Ranges and the broad rise parallel to the New

Guinea Coast which appears to have been formed by 
diapiric action.

•
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CRUSTAL VARIATIONS ACROSS THE A',:STRALiAN/PACIFIC PLATE BOUNDARY

IN THE PNG REGION BASE:^SEISIC INVESTIGATIONS

by

D. M. Finlayson,

Bureau of Mineral Resources, Canberra.

Explosion seismic investigations provide the definition required to
enable the variations in gross crustal structure over quite small areas
to be outlined.^Typifying the crustal structure in any particular area
may however be misleading. A number of seismic surveys have now been
conducted which outline the variations in crustal structure between the
Barkley Tablelands of northern Australia and the Ontong Java Plateau of

the western Pacific. These surveys involved a number of different
shooting/recording configurations;^land shooting and recording, marine
shooting/land recording and marine shooting and recording.

The upper mantle Is usually taken to begin where the P wave velocity
approaches 8 km/s but over the region this is shown to vary between 7.7
and 8.6 km/s and occur at depths ranging from loss than 5 km to 43 km.
Some crustal thicknesses in "continental" Australia (27 km) appear to be
much thinner than those on the Ontong Java Plateau (43 km) with consid-
erable variation throughout the region in between.^The parameters con-
trolling the stability or otherwise of a region would therefore appear
not to be those of the crust but those of the deeper mantle.

f
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MAGNETIC AND GRAVITY MODELLING IN THE riSMARCK SEA
^

L

by

J. B. Connelly

Bureau of Mineral Resources, Canberra

A marine geophysical survey of the 3ismarck Sea was made by the BMR in
1970 and magnetic gravity and seismic reflection records were made along
north south traverses at a spacing of between 40 and 50 kms.

The geology of the land areas surrounding the Bismarck Sea indicates that

they all originated as island arc type structures and that activity along
these arcs ranges in age from Upper Cretaceous to Recent. Most of the arcs
have been reactivated several times.^1:!ater depth in the sea is about

2000m but with two fairly extensive rises over, which the water shallows to
1000m.^Sediment distribution shows a general thickening towards land

with a sediment free region in the centre and depths of up to 2 kms of
sediment at the edges.

The sediment free area is an elongate east west zone of recent extrusion

some 80 kms wide and the topography of this region is uniform in the east
but more rugged and with some areas of sediment in the west.^The
Bismarck Sea Seismic Lineament a zone of shallow earthquakes coincides
with the area of recent extrusion.^Earthquake focal mechanism solutions

along the lineament indicate that it is a major left lateral strike slip
fault.

Magnetic trends in the Sea generally strike east west but are not pronounced
except the eastern area of recent extrusions and along the coast of mainland
New Guinea.^Bouguer gravity values are very uniform except for lows over
the two rises.

Two dimensional magnetic and gravity modelling was undertaken along five
north south traverses comprising a total of 1800 kms.^The models were used
in combination with topographic and sedimentary features to delineate the
main tectonic provinces.

The sea, while having a rather thicker crust than most other seas behind

trenches, nonetheless appears to have originated by extension in a similar
manner to them.^The extension has occurred in a north south direction and

Is episodic rather than continuous. It is occurring at pre-

sent across the centre of the sea but is most regular in the eastern half

where an extension rate of 8 ems/year is indicated. The extension in the
east is being accommodated along an extensive series of NW trending faults
which extend from the Gazelle Peninsula to west of New Hanover.

I ^
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SO·'>i'llClTY ArJD EI\RTH,~UAKE FOCAL ME:CH;\NISr'\S IN THE NEW GUINEA 

I .0 • flt pp IH 

Bureauo f I'lino ~·2.1 Rasourcas 
Geophysical Observatory 

Port 1"10 rosby 
_. ______ ~_ PaQ.ua_.Na\~._~lJJ!_,e_a.;o.. _______ _ 

Th8re is gen~ral egreemant betw8en plate tectonic theory and seismicity 

for thn New Guinea Solomon Islands r~gion. Two minor plates, the Solomon 

Sa.'1 an(~ SO!Jth BismCll'cK plates, are sandwiched '.IIi thin thu collision zonl3 

/)Qt;\I/I3sn the continental fronts of th;':l Pacific .;1nd ~:\uB~i:'a~.ian platssJ 

and derive their r:elativB motions frofil the colliRion. The azimuth or coll­

ision is approxImately east-north~aDt. 

E.5rl:hqu8ke roeal mechanism solutions support the theory thr~t; f:;ubrJuction 

of the SolQ~Gn Sea plalo ia occurring ~9aln~t th~ Pacific plato. p although 

HIp. di~ Qr the .:mi$:·.jc; zone lJH~\'J8en Pougainvl1l8 and tho tr(;'nch in thB 5010-

ITl;)rI ~irj.-l ;~S ~·<),..Ur~al. f:.. clu',~pl' of dGep f'ocu:" earthquakes 100 km north of 

c:o.~;J",irr:: ·lc t to.:J q.,: (r'.:;:·t:r,e:ast. of' tt18 Do.i.smic 7lJna, may bo 8videnr;o of a near­

d,.r!1!8n~" VI~J..;(~r '3cI;l(Juctl.on of the Pftcifi(~ pl~,tr3. Subduction 01' the Solvffion 

Sea ;}l.2.tr~ .;.'.1 clCCllrrtnq ~":'ngeth the N(~\~ Britain margin of the Sou";.l"! 8isr.wrck 

plCltG. r,lthcugh th8 siniatX'ctl sh€).,n between the Solomon Sea and ~Aus-
c'" 

lraHan ~11at8~1 tn SOlltheast Pep'J3 l'oqui red hy Johnson nd f'lo 1 n1r's{ 197).) 

pla~.c tocton.i.c ar rslY3is is SLlPPol't'od by two earthquake focal ITJEJchnlliGr:1 301-

,-,tip-l1!:!t it i13 r!l)t 8upporLcd by tile 1011' lfJv~l of sai9micity, U"'!8S8 thA Sh8-3X'· 

5Ba~nd ~!>dstr81i'Hl P1<3tEo)8 Ilih8rc the border curves ont.o a nr)l'th~8st8rly 

trend. 

rOC'f:l 'i,f'(;.:;;:ln':'!;m :~oll'tion3 hdv(! ne:. clarifi.8d the tectonic proce· S(!s 

ste8Dl.)' t·) Lho north fr_lll\ il ·':1(.'.)[.11 of' .l00 km b~Jnr)ath tho Huon Poninsula and 

n.::!~:h;)m H::!l~~I'~ to rJ r1CI,!-h .)f "·FJ LTI t·8nG.:Jth.th,:l volcanic ar·c, bnd appn3r9 to 

i,' ., con' .10:.:·" ;'):" of thp, NC'IJJ ~lr~t":·~ il)clil)8d 8IJiomic zon'3. Solutions con-

r; ~'_'''l'. ".(til ~~lroi8~.r.:d. ~he·t h~IV8 '··(Jon o~)tainFrd for 8arthqu.3k!3s of tho 8i.'3-

·~'.,r,~i< 3~;; sojsodc li.l)r),-:t-inn, althouqh the eptct'lntros erri1 sS::Jtt(:;·'~cj ov(:~[' too 

1')'I)"d i1 t'~'nd rCI(' il ';1n.J10 tr."nY(';tlrl~nt fault. 
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/ . . ' O.:ClJl" ~:Jove 8 depth of 70 km. The s8i~lic 10ne doo,> not. inciicfltp a 

!1illlpie subduction border bl.~twElen the ~i',u5tr[,11"Jn and p:::c:.ric p1.;:.tes, 

but appeBr2 t~ Indicato a buffer zone within the major triple junction 

of thB i\si~jn, Pacific and~,''l,ustralian piClt-as. 

The po~)8l" It.l3S :Jl'Psent8d "lith the permission of the Di r~'ctor or 
tl"n) flureau or ('lineral Resources. Th9 e£·.rtrqu:o'ko fucal I~echanism solutions 

shown on U-,t"1 sei~micity ,n;lps ar8 t.aken from Ripper (1975; in prape'ration) 

c.1. 
"nd ;I1,ll[',(",, P., 197'.', For.:al rr.8ch"):-aisms ;:;nd olRtr-? c3ctonic8 

I 
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The relation between basin evolution and marginal plateau subsidence in 

the Coral Sea

by

John C. ?utter

Marginal plateaus, such as the Coral Sea Plateau, may be thought

of as structures caught within the transition zone between continental and

ocean crust. They are continental structures which have been modified by

the effects of tectonism associated with the formation of an ocean basin.

The structure of a plateau owes as much to a parental relationship with the

continent adjoining it on one side, as it does to a tectonic relationship

with the ocean basin adjoining it on the opposite side. The history of

development of a marginal plateau is thus the manifestation of continent/

ocean interaction at a newly developing continental margin.

The Coral Sea Plateau lies between northern Queensland on its

western side, and the Coral Sea Basin on its eastern side. It was covered

by an extensive and systematic multisensor geophysical survey in 1971

(Mutter, 1974) and was tested by DSDP drilling (hole 209) in the same year

(Burns, Andrews et. al., 1973). Drilling revealed three basic linologic

units:

1) A basal unit consisting of shallow-water, largely terrigenous

sediments deposited during middle Eocene and an unknown time

interval before this (drilling did not penetrate to basement).

2) A hemipelagic rock deposited during upper Eoc.mo. This is

separated by a depositional hiatus from

3) pelagic sediment deposited from upper Oligocene onward.

This lithologic zonation has been matched with the acoustic zonation

found on seismic reflection profiles. The Eocene/Oligocene hiatus in DSDP

209 corresponds well with a markn.d unconformity on the reflection profiles.

The unconformity is often angular and is widespread on the Plateau. The

lowest acoustic unit is a well stratified, structurally disturbed sequence

which pinobes out against b,:cment highs, whose tops have been levelled by
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erosion. The lower unit represents the products of erosion of the basement

highs and correlates with the basal rock unit in DSDP 209.

The geological history of the Coral Sea Plateau can be deduced

from'the - dis=lribijtiOn through time of the different litho-acoustic units...

The history consists of three major episodes:
1

1)
f

uplift of the basement, erosion of basement highs, and deposition

of the erosion products in shallow water. Uplift probably occurred in

Upper Cretaceous and erosion continued through to an4including middle Eocene.

2) differential, orogenic subsidence in which the outer edge of the

Plateau subsided with respect to the inner. The shallow-water sequence

was faulted, and, as terrigenous source areas diminished, a hemipel 4agic

sequence developed. This occurred during upper Eocene and Oligocene.

3) uniform, epeirogenic subsidence; source areas were lost and

wholly pelagic sediment blanketed the Plateau. This occurred from Niocene

onwards. The graben-troughs which form the western and southern margins of

the Plateau probably formed between episodes 2 and 3.

With the staaes in the evolution of the Coral Sea Plateau defined

it is now possible to relate these to the evolution of the Coral Sea Basin.

oc,e,0(
DSDP 210 drilled in the _Basin gave the age of formation of geeeteei-e crust as

early Eocene. Thus a temporal relation between basin and plateau evolution

can be defined and is shown schematically in Figure 1(a). The time scale

is drawn zero at continental breakup. The inter-relation of tectonic events

consists of plateau uplift and stabilization, followed by breakup and ocean

basin Genesis, followed by the two stages of plateau subsidence defined

.above. In Figure 1(b) this scheme is compared with the evolution of an

Atlantic type continental margin as envisaged by Falvey (1974). The same

time scale is employed so that a direct comparison can be made.

I•:ajor differences exist between the two models. 2he Ltiantic

model is characterized by a protracted rift valley stage which develops
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from about 40 m.y. before breakup, and the sequence of tectonic events

progresses from uplift (arching), to subsidence (collapse), and then

breakup. In the Coral Sea model the rift valley stage is absent ard the

sequence from subsidence to-breakup is reversed comparedawith-theeAtlantio-

model. Although Falvey's model was not intended to define precisely the

evolution of all Atlantic type margins, the significant differences observed

11^may imply that the Coral Sea Basin is not of the Atlantic type.

Kargi (1971) classified the Coral Sea -Basin as a Western Pacific

'marginal' basin. Such basins evolve by accretion of oceanic crust behind

an island-arc trench system. If his model applied to the Coral Sea Basin,

a south-dipping subduction zone should have been present in the position

now occupied by eastern Papua and the Louisiade Archipelago at the time of

basin formation in upper Paleocene and early Eocene. There is no geological

evidence for such a subduction zone, and hence Karigls model can be discounted.

11 ,
^The Coral Sea Basin must therefore be of a modified Atlantic type.

The absence of a rift Valley stage may be explained by invoking

rapid basin evolution; so rapid that the characteristic rift valley sediments

did not have time to develop. Beforehand,a protracted uplift stage occ=red.

To explain this it is necessary to postulate a warm thermal anomaly, or more

likely a hotter anomaly located some distance from the Coral Sea Basin.

This thermal anomaly must have been capable of causing uplift of the crust .

without inducing metamorphism at its base. If the influence of this

anomaly was later replaced by an intense but short-lived anomaly located

11 
in the Coral Sea Basin and associated with its opening, then the observed

evolutionary scheme presents no difficulties. Subsidence of the Plateau

will follow basin evolution as the intense anomaly would promote thermal

metamorphism and crustal subsidence. Lithospheric cooling and contraction

11^in the basin after spreading cease: would heighten this effect.
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Thus the continental margin of northern Queensland appears to

have formed by a modified type of Atlantic margin development, the key to

which is rapid evolution following some time after the action of a remote

thermal anomald located outside the Coral Sea Basin.______

R7F7R7NC7S 
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