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tLineations in the Bismaxrck Seat

by
Tisiks ‘B Ybreey

The Biamarck Jea is a complex tectonic resion lying in a zone
of interaction between the Pacific and Australian plutes. Several amall
erugstal plates have heen outlined in the region. Althoush the Bicrarck

Sea has a orustal thiolmese of about 20 km it appears to be oceanio in
oxigin,

Data from sore 10 000 n.nl of traversing in the Bismarck Sea
has throvm come 1lisht on the understanding of the struoture and evolution
of the areca. Oceanic basement occuples the northern two thirds of tho
Bisriarck Sea rerion while the couthern third sppear to be primarily of
andonitic compenitions IMinor northeast magnetic trends underlio majox
cant-went trends associitad with volecanic »idreas. These minor trends
appear to have arisen from mec {loor spreading, Preliminary intﬂrprotation
indioaten tho anomalies are poasibly of Oligocens are.

The structure and sediment distribution of the Veat lMelancslan

Are pugmeatn that it 43 a sheared are which foimed ap a featuro centinuous -
with the licw Britain Arc,

A gimpleo hut apcculative evolution conalatent with mozt of the
faote can be put forward.

a) The Bismarc!: Sea region formed durinp the Olirocena on the southern
1imh of o apreading eontre. The extinct ridze is now possibly siliuated
betveon Manug Island and the PEG mersin,

Until this tirmo the Morthorn llow Guinea Are, New Britoin Arc end
tho Veat Folanesian Aro formed a continuous ipland aro to the south.

b) Avout lover ¥iocons tho Northern Kuw Guinea Are collided with the
Augtralian plate. osubductien crazed alenyg the ielmwl arc and a ghoar zone

wap formed along the southern boundory of the Yest lMelaneoian Arc to release
atrcon,

o) Detwoen the lower Miocene to lower Pliocens the VWest Melancaian

Arc moved 1000 ka northucat alonm shear zona (rato about 7 eanfyr). Shenring
could explain the abzence of volcanism éurinsg this neriod, the formation of
ftensional fcatures in tha eagtern 2ismarck Sea, and the '1rc typo! velcanics
of Oligocenc/iilocene age on the northeust of {he Ject Nelancsian Are,

d) Post Pliocene saw the readjuctmont of plate boundarien and remusntion

‘of subduotion under ilew Britain. The left~latcral Bismarck Sca fault vasm

formed to accommodate movement originally along the Vest Melapenian Ave. A

vone of andegitic volcanism from castern New Britain to the Schouten Inlands
foxied by uuhduction of the Australian plate to the north and northnast.
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DISTRIBUTION OF UHDLRTIDUICT LITHOSPRERIC SLABS AUD FOCAL NBCHANISHS-

PAFUA NEW GUINEA AND SOLCHON ISLANDS REGION

by

David Denham

Bureau of liineral Resources, Canberra.

Studies of the spatial distribution of shallow earthquakes define the
present day plate boundaries., In the Papua New Guinea and Solomon Islands
region (PrG31) these are well determined and indicate a mozaic of several
snall plates each moving relatively to tne other (see fig. 1). Some of
the boundaries are zones of plate convergence where lithospheric material is
being thrust (or sinks) deep into the mantle. These regions are revealed
by earthquakes occurring at depths greater than 100 km,

In the PWG31 region there appears to be three main zones where the
lithosphere is being underthrust.

1.  The Mainland of llew Guinea. Here the situation is similar to a

cont nent/contanAt collision zone where earthquales do not tale place deexer
than! 200 km. The absence of very deap earthquakes indicates that the rate of
subduction is low, because the siabs are being assinilated into the mantle ot
comparatively shallow depths and also that a large part of the cructal compression
results in nountain buildins. The stress directions from the fecal mechanisns

do not produce a recognizable pattern and are indicative of the complicated
tectonic situation in this region.

2. The nortrern boundaries of the Solemon Sea. This region represents
an island arc environnent of rapid underthrusting ( V~1Ocm/Jr) where earthousaze
take place down to 600 lm. The lithospheric slabs appear to be continuous

xcept beneath Bougainville Island wherce the slab changes its strike below
400 kn,

3. The Solormon Islends Are, south of Bougainville Islend. The
gituation here is very complex with current underthrusting of the Australian
Plate beneath San Cristobal lsland, desp remnants of lithospheric slabs benesth
the central part of the island chain, and underthrusting of the Pacific Piate
beneath Santa Ysabel Island. :

The earthquake evidence supnorts significant recent changes in the

‘zones of underthrusting beneath the @olonon Chain but suggests tha® the liew

Britain Arc has only changed its position slightly, if at all, in the last
6 n.y.

Fig. 2 shows the main zones of underthrusting.
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Flgure Captions QN
Figure 1. Locations of plate boundaries in the Papua Rew Guinea/

Solomon Island region.

Figure 2. Location of underthrust lithosphere. F .. . F
; roeprosent najor discontinuities at depth. Section A... . A
portrays the complicatlona beneath Bougainville Island.
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PLATZ MODEL TO mXPLAIN LATE CAINOZOIC VOLCANISM AT THE
SOUTIRN MARGIN OF THI RIUHAHCH SBA, PAZUA BSW GUINEA

by

-
Coe

R.¥. Johnson*

Two Late Cainozoic volcanic arcs can be fecognised at the
southern margin of the Bismarck Sea, Papua lew Guineﬁ. " Both arcs provide
striking examples of the geodynamic complexity to be expected in regions
characterised by smhll plates whose instantancous poles of rotation are

noarby (cf. Xrause, 1973).

A western arc 1s associnted with the boundary between the South
Bismarck and Indo-Australian plates. The rocks are mainly tholeiitic
basalts anq andesites, but rare dacites are also present; rhyolites
appear to be absent. The chemicnl compositiona of the rocks change along
the are - i.e., in a direction parsllel to the strike of a postulated
subducted lithospheric slub. These changes can be explained by identifying
Late Cainozoic poles of rotation in the northwestern part of mainland Papua
New Guinea, and by postulating eastwardly inereesing rates of plate

convergence.,

in eastern volcanic arc is associated with the boundary between
the South Bismarck and Solonmon Sea plates. The rocks-are mainly nndosites;
but also includo tholeiitic bacsalis and dacites; rhyelites are preasent,
but rare. The volcanoces afe arranged in an unusual zig-sag pattern, and the
compositions of the volcanic rocks change wilth increasing depths to the
northvard dipping New Britain Benioff zone - i.e., in a direction at right

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

* Bureau of Mineral Resources,
P.0. Box 378,

Canberra City, A.C.T. 2601



Reference

4
i B i SR B P 1 e i i b i

2.

subparine trench, The existence of a thrust slice in tho northwestern
corner of the Solomon Seca is postulated to account for the distribution

pattern of the eastern-arc volcanoes.

KRAUSE, D.C., 1973 = Crustal plates of the Bismarck and Solomon Seas,
In: Ocecanography of the South Pacific 1972. Td. R. Prazer, N.Z.

Nat. Comm, UNESCO, Wellington, 1973, 271-280.
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Other tectonic features are the ridge between
which appears fo be of similar a
least in part by compression.

continental crust east of tadung wh
Adelbert and Finisterre Ranges and
Guinea Coast which appears

Neu lreland and Manus Island
ge to these isiands and to have formed at
The ares of deep sediments and thick

ich must have affinities wvith the

the broad rise parallel 7o the New

to have bezen formed Dy diapiric action.
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CRUSTAL VARIAT!ONS ACROSS THE AUSTRALIAN/PACIFIC PLATE BOUNDARY
h . 1 b
IN THE PNG REGION BASED N STISMIC INVESTIGATIONS

by

D. M. Finltaysen,

Bureau of Mineral Resources, Canberra

Explosion seismic investi ’
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MAGNETIC AND GRAVITY MODELLING IN THE TISMARCK SEA

by

J. B. Connelly

Bureau of Mineral Resources, Canberra

A marine geophysical survey of the Bismarck Sea was made by the BMR in
1870 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, Yater 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 extfrusion
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 zonc 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
fauld,

Magnetic trends in the Sea generally sirike east west but are not pronounced
except the eastern area of recent extrusions and along the coast of mainiand

New Guinea. Bouguer gravity values are very uniform except for lows over
the 1wo rises.

Two dimensional magnetic and gravity modelling was undertaken altong five
north south traverses comprising a fotal of 1800 kms. The models were used

in combination with fopographic 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, i1+ is occurring at pre=-
sent across the centre of the sca but is most reqular in the eastern half
where an exitension rate of 8 cms/year is indicated. The extension in the
east is being accommodated along an extensive series of N trending foults
which extend from the Gazelle Peninsula to west of New Hanover.
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SEISAICITY AND EARTHJUAKE FOCAL MECHANISMS IN THE NEW GUINEA
' SPLOMGY ISLANDS REGIGN

1,0, Rippar
Bureauof Mineral Rasourcas
Geoophysical Observatory
Port Morasby
Pspua New Guinaa

There {8 genaral egreement between plate tectonic thaory and seismicity
for the New Guinea Solomon Islands region. Two minor plates, the Solomon
Sea and South Bismarck plates, are sandwiched within the collision zons
hetwaen the continental Fronts of ths Pacific and Tmte~fusbialian plates,
and derive their relative motions from the collision. The szimuth of coll-
ision is approximately east-nurtﬁeast. '

Esrthquske focs) mechanism solutlons support the thoory that subduction
of the Soloron Sea plate 1s ccecurcing against the Racific plate#, although
the div af the seiswic zene bslween Pougainville and tha ﬁranch in the Solo=-
man Sqa.}u vortinal, K cluafer of doeen Pocus earthqueskes 1G0 km norﬁh of
ﬂo¢gcinv2'la; to tto noctheast of the seismic zoney may bo svidence of a near
gormant, caclier sdbduction of the Pacific plate, Subduction of the Soulomon
Sea plete L9 ncecurring honesth the New Britaln margin of tha South Bienmsrck
plate, Aleheugh the sinistral shear betwesn tho Solomon Sea and Trrehs Aus-
tralian nlatsa inm Southeast Pepua reauired by Johnson nd meln?f%(1972)
plate tactonic analysis ig 5upporfed by two earthquake focal mechanism sol-
uticns, 1t {2 not supporied by the low level of selsmicity, unless tha sh3ar:
poours largely by Fiow withautl the jolease of colsmic ensrgy. There appears

' sk Hyon GULF, south of ths

to be g sedsan zong BoL0na woegianeod feom e

fisphan Vallay which soggests 1 ¢ npressiosnal contact between the Solomon

Ssa and e fgstralian plates wihere the hordar curves anto a northwesterly
t rend,

Focal mecoanism solutions have nel clarified the tectonic proce-ses
currently czxevering in northeon New Guinga ab Lhe bordsr of the South 3is-
e e 20 Sy enustralian pLates, tocause strike-slip, dipwslip over-thrust
stid din-slin aoper)! solutions have Laen obtained, The seismic zone dips
steenly to Lhe north from a sdepth of 100 km bsnrath tho Huon ﬁeninsula and
futktham Vzeloy to o deprh of 30 kaw tangath the volecanic src, and appears to
P socont esiion af the New Srit=in faclined gsaismic zonse, Solutions con-
€0 :5ent with ainisnral she-tv havs ~een obtainad for aarthquakss of the ais-
warsk 3es saismic Linoation, althounh the eplcentres are scattcoed over too
brood & kend fopr a single transcurrent fault.

Toe lrian Jaya salgnic zone is Lpeoad 20t ciffuse. aost earthqu«kss
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,/aucur auove z depth of 70 km, The seismic zone doss not indicate a
“aimple subduction border bitwesn the Fedeeitustrzlizn and Pacilic pleates,
‘but appears tz indicste a buffer zone within the wajor triple junction

of the iAsian, Pacific and tw<da~Australian plates,

Tha paner was presented with the permission of the Jirector of
tha Buresu of Mineral Resources. Ths ecrthquske focal mechanism solutions

shown on tha seismicity waps are taken from Ripper (19753 in prepsration)

EURICas

a . . . i
Johnson, 1., s~nd Molrgr, P., 1977, Foecal mechanisms and plate tactonics
/

o of Ltha sxotheest Pacific.  Juur, Cocphys. Rese-rch, v, 77, p. 5000-5012,

rppety 1.0, 1970 trrehgueke  focal mechanism solutinng in the tew Guinca

Soluner “slargs region, 1707-1308.  Sur. Minor., dzsours Rust, Fepnct 173,

Praer, 1,0., fin oeedipation), Earkihiucke (ocal wechanisn sotctiong in

the New Guinas S0loma Tal.onds peyjon, 1469-1971.  Bur, Miner. Resouvr.

Ausle  Hagor!
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The relation between basin evolution and marginal plateau subsidence in

the Coral Sea o S | -

by

John €, Hutter

Marginal plateaus, such as the Coral Sea Plateau, may be thought
of as structures causht within the transition zone between cortinental and
ocean crust, They are continental structures which have been modified by
the effects of tectonism asscciated 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 relatioﬁship
with the ocean basin adjoining it on the opposite side., Theé history of
development of a marginal plateau is thus the manifestation of continent/

ocean interaction at a newly developing continental margin.

The Coral Sea Flateau 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) ard was tesied by DSDP drilling (hole 209) in the same year
(Burns, indrews et. al., 1973)., Drilling revealed three basic lithologic
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 Foc:ine. This is
separated by.a devositional hiatus from

3) pelagic sediment deposited from upper Oligocene onvard,

This lithologic zonaticn has been matched with the acoustic zonation
found on seismic reflection profiles. The Bocene/Oligocene hiatus in D3DP
2@9 correspronds well with a marked unconformity on the reflection profiles.
The unconformiﬁy is often angnlar and is widespread on the Plateau. The

lowest acoustic unit is a well stratified, structurally disturbed seauence

which pinches out against bhusement highs, whose tops have been levelled by S



erosion., The lower unit represents the products of erosion of the basement

highs and correlates with the basal rock unit in D3DP 2C9.

The geological history of the Coral Sea Plateau can be deduced

from the distribiition through time of the different litho-acoustic units,.

: Th? history consists of three major episodes:

f .
1) uplift of the hasement, erosion of basement highs, and deposition

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

Upper Cretaceous and erosion continued through to andincluding middle Eocene.
2) differential, orogenic subsidence in which the cuter edge of the
Platean subsided with respect to the inner. The shallow=water sequence

was faulted, and, as terrigencus source areas diminished, a hemipelagic
sequence developgd. This occurred during upper hkocene and Oligocene,

3) uniform, epeirogenic subsidence; source areas were lost and
wholly pelagic sediment blanketed the Plateau. This occurred from llioccene
onwards. The éraben-troughs which form the western and southern margins of

the Plateau probably formed between episodes 2 and 3,

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

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

S0P 210 drilled in the RPasin gave the age of ferwation of 3§§;;¥E crust asg
early Docene, Thus a temporal relation between basin and plateaun 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 tectionic evenis
consists of plateaw uplift and stabilization, Tollowed by breakur and ocean
basin genesgis, followed by the tuo stages of plateaun subsidence defined
above. In Tigure 1(b) this scheme is compared with the evelution of an
Atlantic type continental margin as envisaped by Palvey (i1974). The same

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

ajor differsnces exist betusen the tue models, Ihe ftlantic

model is characterized by a protracted rift valley stage wnich develops
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from about 40 m,y. before b&eakup, and the seguence of tectonic events
vrogresses {rom uplift (arching), to subsidence (collapse), and then
breakup. In the Coral Sea model the rift valley stage is absent aird the
sequence from subsidence to -breakup is reversed compared»wiiﬁ:the_Atlanticn
model. Although Falvey's model was not intended to define precisely the
evolution of all Atlantic type margins, the significant differences observed

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

Kargi (1971) classified the Coral Sea Iasin as a Western Pacific
'ﬁarginal' basin. Such basins evolve by accretion of oceanic ¢rust hehind
an island-arc trench system. If hig model applied to the Coral Sea Basin,
a south-dipping subduction zone should have bheen present in the position
now occupied by eastern Tapua and the Louisiade Archipelago at the time of

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

evidence for such a subduction zone, and hence Karig's model czn bhe discounted.

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

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

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

did not have time to develop. 3Beforehand,a protracted uplifi stape occurred,
To explain this it is necessary to postulate a warm thermal anomaly, or more
lirely a hotter aromaly located some distance from the Coral Sea Basin.

This thermal anomaly must have béen capable of causing uplift of the crust
without inducing metamorvhism at its base., If the influence of this

anoualy was later replaced by an intense but shori-lived anomaly located

in the Coral Sea Basin and associnted with its orening, tnen the obscrved
evolutionary scheme presents no difficulties, Subsidence of the Platean

will follow basin evolution as the intense anomzly wonld promote thermal
metamorphism and crustal subsidence. Lithospheric coeoling and coniracticn

in the basin alter spreading cease: would heighten this effect.

\p



~ thermal anomaly located outside the Coral Sea Basin, _.

4=

Thus the continental margin of northern Queensland anpears to
have formed by a modified type of Atlantic margin developrent, the key to

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