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Introduction

The Tonga-Kermadec (T-K) subduction system in the southwest Paci c pre-
serves a series of crustal elements and sediments which have recorded
subduction initiation, rift and back-arc basin formation. The Norfolk Basin
(g. 1) lies between back-arc basins and stretched continen tal fragments
east of Australia and is the farthest landward of all back-arc basins formed
In the T-K region. However the evolution of the region is controversial. We
use multibeam bathymetry, magnetic, seismic re ection and refraction data
to constrain basin structure and the mode and timing of formation. Abyssal
hill fabric is present on either side of the Cook Fracture Zone north of the
Kingston Plateau ( g 2), indicating that sea oor spreading oc curred con-
temporaneously in the Norfolk and northern South Fiji basins. High ampli-
tude magnetic anomalies within the Cagou Trough, and Forster Basin are
possibly Miocene aged oceanic crust which formed more than 1000 km
landward of active subduction at the Tonga-Kermadec Trench (g 5). Seis-
mic re ection pro les show a fault interpreted as a reactiva ted low angle
thrust beneath the Kingston Plateau which may be related to compression
during the Eocene, followed by extension (g 4). We propose a 2 -stage
tectonic history: (1) a compressional tectonic regime between 38-34 Ma,
(alternatively related to island arc collision or subduction initiation), (2) litho-
spheric extension (after 34 Ma) was initially located within the Kingston and
Bates plateaus forming a rifted graben, and followed by sea o0 or spread-
Ing within the Forster Basin, western South Norfolk Basin and the Cagou
Trough (by 20 Ma).
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Figure 3: The Cagou Trough (LHRNR-B Figure 1). High amplitude re ect ions interpreted as sills beneath

the acoustic basement of the Cagou Trough may be evidence of a relict magma chamber indicating

extension led to sea oor spreading within the NB.

Discussion

The Kingston and Bates Plateaus are composed of the same magnetically
quiet crust as the majority of the Norfolk Basin including the North Nor-
folk Plateau and the South Norfolk Basin ( g 5b) and are likely conti nental
fragments. Refraction measurements from the North Norfolk Basin (g 1B)
show crustal velocities that are consistent with normal oceanic crust, how-
ever the crust is anomalously thick for oceanic crust and may be Cretaceous
oceanic crust. These observations in addition to numerous dredges within
the NB indicates the basin likely contains both continental fragments and
oceanic crust of Cretaceous and Miocene age. These fragments record a
history of compression and multi directional phases of extension. We have
identi ed a thrust fault beneath the Kingston Plateau (g 4) indicat ing a
phase of compression likely contemporaneous with obduction in New Cale-
donia. This compressional tectonic regime most likely occurred during the
Eocene ( 38 Ma -34 Ma) indicating that the north east-ward dipping Loy-
alty Trench continued southward into through the Norfolk Basin at this time.
This implies that eastward dipping thrusting and possible subduction within
the Norfolk Basin was concurrent with active subduction along the Tonga
Kermadec Trench consistent with previous hypotheses of dual subduction
zones active along the Tonga Kermadec trench and the Three Kings Ridge
(Herzer, et al., 1997, Herzer, 2000; Herzer and Mascle, 1996; Mortimer, et
al., 1998) during the Miocene.

We observe abyssal hill fabric within the Forster Basin and on either side
of the Cook Fracture Zone in multibeam bathymetry ( g 2) and a fea ture in-
terpreted as a relict magma chamber underneath the Cagou Trough (g 3).
This indicates that a phase of extension led to sea oor spreading wit hin the
Norfolk Basin and possibly into the northwestern South Fiji Basin. Miocene
extension within the Norfolk Basin suggests the Norfolk and South Fiji Basin
may opened synchronously consistent with previous models for the open-
iIng of the Norfolk Basin in which the Tonga Kermadec subduction system
opened in a windshield wiper fashion allowing sea oor spreading t o prop-

.ll-H RNR ﬁ[ Velocity km/s Velocity km/s o - .
o Fiqure 1: B) N22. N23 refract " agate from the northern South Fiji Basin concurrently into the Norfolk and
. igure 1. : refraction crustal ve- : _ : .
AR g__ | | southern South Fiji Basins (Herzer, 2000; Mortimer, et al., 2007; Schellart,
ELE SR GRRC y locities (thick black line) (Shor, et al., 1971),
. | N et al., 2006). | | |
7\7?:___1 i1/ typical oceanic crustal velocities (shaded grey) Figure 6: Structural interpretation
30 4 n South |
” ) | pgrolq gg;sf;;;g (White, et al., 1992), gabbroic velocity ranges of Norfolk Basin crust and regional
Y Tasman \L'2dwil /7 ,‘;f ] ] ]
. L \‘yﬁ S NP8 (dashed lines) (Sobolev and Babeyko, 1994), reconstructions. Locations of key
! AN : * %WESTQMVI‘SO JNMV typical continental velocity ranges (thin black dredges: Brecciated rock (max
Hes e e e 16w 70 1 12 7w e 7 lines) (Christensen and Mooney, 1995). N23 age45 Ma) (GO350: Herzer and
[— |

has very thick crust, both sites show veloci- Mascle, 1996). Bathyal in llings

-5000 -4000 -3(;00 -2600 -1600 0
of photic zone rock (GO347, RE9302-
D1. Herzer and Mascle, 1996,
P69238. Meffre, etal., 2006). C1

IS a phase of compression here

Bathymetry [m] ties consistent with oceanic crust.

Figure 1:A) Data plotted on bathymetry (ETOPOZ2). Deep re ection seismic lines are labeled LHRNR-BA,B,C

or D. Adjacent seismic sections are highlighted in magenta (Cagou F3 Kingston F4). Multibeam and seismic -
related to east dipping subduc-

re ection lines from FAUST-2 are thin black tracks. Merged multib eam bathymetry from GEODAS is shown in : . :
tion and the ophiolite obduction

red. N22 and N23 two ship refraction sites. INSET) The Norfolk Basin west of the Tonga Kermadec Trench. _ _
in New Caledonian ( 34Ma). E1

LHR (Lord Howe Rise), NC (New Caledonia). Figure 4. The Kingston Plateau (LHRNR-B Figure 1) intracrustal re ections above the expected multiple

is the rst extensional phase fol-

depth are interpreted as listric normal faults connected to a detachment fault ( 8 seconds TWT), most

likely a thrust fault reactivated during extension. This thrust fault, together with previously published lowing C1. E1 stretched the crust

Bathymetry

within the Norfolk Basin forming
the Philip Trough and into the South

descriptions of a 38 Myr old metamorphic rock from the Bates Plateau (Meffre, et al., 2006) and andesitic

volcanism from the Three Kings Ridge (Mortimer, et al., 1998) is the rst direct evidence that the Norfolk

Basin contains a segment of the compressional plate boundary linking Northland, New Zealand and New Norfolk Basin. E2 refers to on-

Caledonian obduction events (Cluzel, et al., 2001). going extension resulting in new

oceanic crust formed in the Forster
Basin, South Norfolk Basin the
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Figure 5: Gridded magnetic anomalies A) Cagou Trough, continuing into the

Grid and pro le coverage in the Norfolk Basin northwestern South Fiji Basin.

and B) the same grid with a color scale re-

stricted to +- 60nTesla. This color scale high-

lights magnetically quieter nature of the Nor-

Figure 2: A)3D merged satellite and multibeam bathymetry (Smith and Sandwell, 1997; FAUST-2) of the
Norfolk Basin. (SE aspect elev. 40, vert scale = 0.0004) B) Interpreted bathymetry of the Cook Fracture Zone
(CFZ2) and Northern Forster Basin (NFB). Abyssal hill type fabric is interpreted perpendicular to the CFZ. An

extinct spreading ridge is interpreted on a ridge within the NFB and into the northern South Fiji Basin.

folk Basin which may indicate that the Nor-
folk Basin is largely composed of contiental
crust consistent with recently recovered pa-
leoproterozoic zircons from the Bates Plateau
(P69238 g 6:Meffre, et al., 2006). NS: The

Nepean Saddle.

Outstanding work

Further investigation of the crust in the Norfolk Basin and particularly in the
under sampled South Norfolk Basin is required in order to fully understand
the driving force for Miocene extension within the Norfolk Basin and the rela-
tionship of these compressional events to the Tonga-Kermadec subduction
system. For more information please visit my webpage:

http : /wwwgps.caltechedu/ ~ lydia



