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Abstract: Geophysical and geological surveys m and around the Prmcess 

Elizabeth Trough, East Antarctica, we1 e earned out m the 1998-99 austral 

summer season The survey area covers the Pnncess Elizabeth Trough, the 

southern margm of the Kerguelen Plateau, and the Bruce Plateau Magnetic 

lmeat10ns, which were tentatively identified as anomalies M12 to MIO, were 

recogmzed on the abyssal plam m the F'nncess Elizabeth Trough Six se1sm1c 

sequences (A to F) are recogmzed m the Prmcess Elizabeth Trough and north of 

the Bruce Plateau On the southern Kerguelen Plateau, five se1sm1c sequences 

(KPl to KP5) are recogmzed 

The geological time of the se1sm1c sequences was estimated based on correlat10n 

with lithostrat1graph1c results of ODP Site 738 and relationship to tectomc history 

m this area The geological times of the sequences are as follows Sequence F 

on the contmental nse 1s a pre-nft sequence that was deposited m late Jurassic or 

older time On the abyssal plam m 1he Pnncess Elizabeth Trough, where 

magnetic lmeat10ns are observed, sequence F consists of oceamc crusts and was 

formed m the Early Cretaceous Sequence E 1s a syn-nft sediment formed durmg 

late Jurassic to Early Cretaceous time Sequence D 1s a post-nft sediments 

formed m the Early Cretaceous Sequence C was deposited with manne trans

gress10n, which occurred with regional crustal subsidence accompanymg the 

subsidence of the southern Kerguelen Plateau after approximately 90 Ma 

Sequences C and B are correlated with sediments formed dunng Late Cretaceous 

to middle Eocene time and sediments forrr ed after the middle Eocene, respectively 

Sequence A 1s sediments formed durmg c arly M10cene to Quaternary time 

key words Prmcess Elizabeth Trough, rnarme geophysical and geological sur

veys, se1sm1c sequence 

1. Introduction 

The Technology Research Center, Japan Nat10nal 011 Corporat10n, has been conduct
mg marme geophysical and geological surveys of the Antarctic contmental margms with 
R/V Hakure1-maru smce 1980 Some of the results of prev10us crmses have already been 

165 



166 F M urakam1 et al 

30
° 

s 

40
° 

s 

50
° 

s 

60
° 

s 

70
° 

s 

60
° 

E 90
° 

E 120
° 

E 

Fzg I Tectonic settzng of the TH98 survey area The box of thick broken lznes shows the 
TH98 survey area Thzn lznes show the magnetzc lzneatzons and fracture zones, whzch 
are drawn uszng data of the NOAA Natzonal Geophysical Data Center (NGDC) 
Global Relzef The topographic relzef zs drawn uszng the satellzte altzmetry by Smith 
and Sandwell (1992) Solid circles are the locatzons of drzllzng sites of ODP and 
DSDP AAB Australzan-Antarctic Baszn, BP Bruce Plateau, CB Contznent
Ocean Boundary, EB Enderby Baszn, EL Enderby Land, KP Kerguelen Plat
eau, NP Naturalzste Plateau, PAP Perth Abyssal Plazn, PB Prytz Bay, PET 
Przncess Elzzabeth Trough, SEIR Southeast Indian Rzdge, WA U Western Austra
lza, WL Wzlkes Land Numerals show anomaly numbers of magnetzc lzneatzon 
Many figures zncludzng this map were drawn with the Generzc Mappzng Tools (GMT) 
by Wessel and Smzth (1991) 

published (Kimura, 1982, Okuda et al , 1983, Sato et al , 1984, Tsumuraya et al , 1985, 
Mizukosh1 et al , 1986, Saki et al , 1987, Y ama$uchi et al , 1988, Shimizu et al , 1989, 
Ishihara et al ,  1996, Tanahash1 et al ,  1997, 1998, 1999) 

Figures 1 and 2 show a tectonic map and a topographic map of the survey area, 
respectively The survey area is located between the Austrahan-Antarct1c Basm and the 
Enderby Basm The Kerguelen Plateau extends approximately 2500 km between 46°S and 
64°S m the northwest-southwest direct10n as a basement anomaly on the Antarctic plate 
The Pnncess Elizabeth Trough extends between the Kerguelen Plateau and Antarctica 
The Bruce Plateau (Sproll and Dietz, 1969), which 1s located at the eastern part of the 
survey area, consists of folded sequences formed from Late Cretaceous to pre-Cretaceous 
time (Ishihara et al , 1996) 

Powell et al ( 1988) discussed pre-breakup continental extens10n m East Gond
wanaland and the early opening of the eastern Indian Ocean According to their recon-
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Fig 2 Topographic map of the TH98 survey area drawn uszng NOAA/ NGDC ETOP05 
data. Contour interval zs 400 m 

struct10n maps, a tnple Junct10n of Australia-Antarctica-India existed m Late Jurassic time 
(about 160 Ma) The western to southwestern margm of Australia, associated with the 
tnple Junct10n, has been well studied by geophysical and geological methods It has been 
md1cated that seafloor spreadmg between the western margm of Australia and India started 
at anomaly M 1 1  time (Leg 123 shipboard sc1ent1fic party, 1989) The breakup between 
Australia and Antarctica occurred some time between 1 10 and 90 Ma (Cande and Mutter, 
1982) On the Antarctic side, se1sm1c reflect10n surveys have been earned out m Prytz Bay, 
Enderby Basm, and the western margm of Wilkes Land (Stagg, 1985, M1zukosh1 et al , 
1986, Tsumuraya et al , 1985, Ishihara et al , 1996) The former reconstruct10n map of 
East Gondwana showed that the Antarctic contmental margm at around I00°E m longi
tude was close to the tnple Junct10n of Australia-Antarctica-India 

In this area, structural and strat1graph1c surveys with se1sm1c reflect10n and refract10n 
methods have not been earned out We surveyed this area usmg the geological and 
geophysical method to mvest1gate the structure of sedimentary basms m the contmental 
margm around 90°E m longitude, however, the survey was hm1ted to the area of contmen
tal nse and abyssal plam because of obstruct10n by pack ice F1rst, the prelimmary results 
of this cruise are reported m this paper Second, we descnbe the se1sm1c stratigraphy m 
Pnncess Elizabeth Trough and its v1cm1ty, and discuss the geological times of se1sm1c 
sequences 
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Table 1 Summary of the TH98 cruzse 

Survey penod 
Multichannel se1sm1c reflect10n survey 
Se1sm1c refract10n survey 
Magnetic and gravity survey 
Heat flow measurement 
Gravity conng 
Dredging 

35 days 
2490 km 

2 sites 
19214 km 

6 sites 
7 sites 
1 site 

Table 2 Summary of survey equzpment and operatzng condztzons 

Survey 

M ult1channel se1sm1c reflect10n 

Se1sm1c refract10n 

Gravity 
Magnetic 

Bottom samplmg 
Heat flow measurement 

Instruments and spec1ficat10n 

Source 16 XS SI G-Guns 
(240 cu m each, total= 4000 cu m ) 

Receiver SYNTRACK 480-24 bit d1g1tal streamer cable 
12 5 x 240 ch, cable length= 3000 m 
16 hydrophones m each sect10n 

Source 16 X G-Guns (Concurrent with MCS) 
Receiver DTC-6030 d1g1tal Ocean Bottom Seismometer 

(three geophones with a hydrophone) 
Lacoste & Romberg SL-2 gravimeter 
Geometncs G-866 proton magnetometer 
Tera Tekmka three components shipboard magnetometer 
Gravity corer and dredger 
N1ch1yu G1ken G S-type, six channels 
Thermal conduct1V1ty Kyoto Densh1 QTM-03 type 

2. Outline of cruise and survey method 

The manne geological and geophysical survey of the TH98 crmse was earned out from 
December 18, 1998 to December 31 and from January 20, 1999 to February 9 Data 
acqmred durmg this crmse are summanzed m Table 1 A summary of survey methods m 
TH98 crmse is outlmed m Table 2 

19214 km of gravity and magnetic data were obtamed, and 2490 km of multi-channel 
seismic reflect10n data were recorded with 4000 m3 G-guns and a 3000 m (240 channel) 
digital streamer cable An even shot mterval of 24 s was used durmg the seismic survey 
Ship speed was mamtamed at about 4 4 knots, correspondmg to about 50 m m the 24-s shot 
mterval Three ocean bottom seismometers were laid on the seafloor along the l 7SMG 
lme OBS-1 and OBS-3 were recovered after the refract10n seismic survey 

All the reflect10n and refract10n seismic data were processed by JAPEX/GeoScience 
Inc after the crmse Coverage of common depth pomt (CDP) m the reflect10n seismic 
processmg was 3000% 

3. Geological sampling and terrestrial heat flow measurements 

3.1 Sea bottom samplings 
Unconsolidated sediments were obtamed by a gravity corer at seven sites (Fig 3) A 
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dredger was used to collect rocks at the east slope of the southern Kerguelen Plateau The 
results of bottom samplmgs are summarized m Table 3 A m1cropaleontolog1cal study of 
the obtamed samples was earned out. 
3 1 1. F oram1mferal fossils 

Planktomc foramm1ferals are abundant m eighteen samples from GC 1902, 1904, 1905 
and 1906 The assemblages are monospec1fic of Neogloboqu adrina pachyderma, which 
ranges m age from Pliocene to Holocene Two benthomc foram1mferal assemblages are 
recogmzed, Le, 1) calcareous Nuttallid es umbonif er, and 2) arenaceous Martinottzell a 
Antarctic a-Cycl ammina spp 
3 1 2 Diatom fossils 

Diatom fossils are contamed m all samples from seven cores obtamed on this crmse 
Diatom fossils can be d1v1ded mto three zones of assemblages based on the diatomaceous 
zonat10n of Akiba ( 1982), ie, 1) Nitzschia k erguel ensis Zone-Holocene to late Pleis
tocene (0 to O 2 Ma), 2) Hemidiscus karstenii Zone-late Pleistocene (0 2 to O 35 Ma), 3) 
Rouxia isopolica Zone-late Pleistocene (0 35 to O 62 Ma) The assemblages of diatom 
fossils correspondmg to all of the three zones are mcluded m cores GC 1902, 1903, 1904, 
1905 and 1907, while core GC1906 contams only the upper two zones Hemzdiscus 
k arstenii 1s m1ssmg from core GC 1901 
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E 
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E 

Fig 3 Locatwns of sea bottom samplings GC gravity core, D dredge, Numbers below 
GC core numbers show terrestrial heat flow values 
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Table 3 Summary of bottom sampling and heat flow measurements 

Lat 
(S) 

Long 
(E) 

Depth Recovery 
(m) 

D 190 1 

GCl901 

GC 1902 
GC 1903 

GC1904 

GC1905 

59 °46' 18" 85 ° 13'48" 3 193 

59 °46'2 1" 85 °07'08" 2480 
6 I 029'38" 90°00'33" 4062 

62 °28'36" 94 °56'54" 366 1 
60°52'27" 95°04'54" 428 1 

64 °09'41" 80°38' 19" 3638 

64 ° 10' 12" 85° 18'22" 3655 

GC 1906 65° 1 1'54" 85°59'59" 298 1 

GC 1907 62 °0 1' 56" 97°29' 16" 4 105 

3 76 

3 77 
2 85 

I 89 

3 82 

5 04 

4 49 

Descnpt10n 

Aplite, basalt, granite, d10nte 
and gneiss 

TC HF 

Siliceous clay intercalated with O 845 
silty clay layers 
Siliceous clay scattered granule O 904 69 38 
Siliceous clay to siliceous ooze O 857 63 90 
intercalated with silt to very 
fine sand layers 
Clay intercalated s1ty clay 1 087 57 04 
layers to siliceous silty clay 
Clay intercalated with very fine O 989 54 76 
sandy silt to silt layers in the 
upper 
Siliceous silty clay m the lower 
Clay with diatoms and I 034 56 28 
rad10lanans in the top and 
foramin1fers in the bottom 
Siliceous ooze in the upper and O 903 50 4 1  
the lower 
Siliceous clay intercalated with 
coarse sand and sandy silt 
layers in the middle 

Recovery Recovery length (m), TC Thermal conduct1V1ty (W /mk), HF Heat flow (mW /m2) 

3 1 3 Radiolanan fossils 
Seven cores from GC1901 to GC1907 contam s1m1lar Rad10lanan assemblages, which 

are correlated to the A ntarctzc a denticulat e Zone This suggests that these cores range m 
age from the latest Pleistocene to Recent 

3 2 Terr estn al heat flow me asur ements 
Terrestnal heat flow data were obtamed from the product of the geothermal gradient 

and the thermal conductivity of the sediments at six samplmg sites from GC1902 to 
GC 1907 by the gravity corer The geothermal gradient was measured dunng the samplmg 
operat10n by six sensors mstalled at 80 cm mtervals on the corer, while the thermal 
conduct1V1ty of the collected sediment samples was measured on board after the samplmg 
operat10n 

Heat flow values of 50 to 70 mW /m2 were obtamed (Fig 3) They are approximate
ly equal to the world average value 

4. Gravity and magnetic surveys 

The relative gravity value measured by the onboard gravimeter was connected with the 
absolute gravity value at the port of Fremantle before and after the crmse Absolute 
gravity values on the sea were obtamed after dnft and Eotvos correct10ns Free-a1r gravity 
anomalies were calculated by subtractmg normal gravity values based on IAG 1967 from 
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Fzg 4 Free-azr gravzty anomaly profiles along the shzp's track 

10o·E 

the absolute values Profiles of Free-air gravity anomaly data along the track Imes are 
shown m Fig 4 Relatively large positive anomalies correspond to the Kerguelen Plateau 
Positive anomalies are observed on the contmental nse and the abyssal plam of the Pnncess 
Elizabeth Trough Negative anomalies are observed at the foot of the Kerguelen Plateau 
and m the basm around the Bruce Plateau 

The magnetic anomaly value was obtamed by subtractmg the IGRF1995 reference 
field (IAGA D1vis10n V, Workmg Group 8, 1995) from the measured total magnetic field 
No correct10n was made for magnetic storms Figure 5 shows profiles of magnetic 
anomalies along the track Imes Magnetic anomalies with large amplitude are observed 
on the Kerguelen Plateau Usmg magnetic anomaly data observed on this crmse and 
older available data, Ishihara et al ( 1999) recogmzed eastward or east-northeastward 
trendmg magnetic lmeat10ns on the abyssal plam m the Prmcess Elizabeth Trough They 
tentatively identified as anomalies Ml2 to MIO m the Mesoz01c magnetic anomaly 
sequence 

5. Seismic survey 

5.1. Seismic refraction survey 
A seismic refract10n survey was camed out usmg ocean bottom seismometers (OBS) 

deployed at three sites along the seismic reflect10n survey lme ( 17SMG) as shown m Fig 
6 Two of the three OBS umts, OBS 1 and OBS3, were recovered Three components of 
seismometer and hydrophone data were recorded The hydrophone record sect10n for 
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Fig 5 Magnetic anomaly profil,es along the ship's track Dotted Imes correspond to the 
locatwn of magnetic lzneatwns identified as magnetic anomalzes M 12 to M 10 by 
Ishihara et al (1999) 1 M12, 2 MJJA, 3 Mll, 4 MJON, 5 MIO 

OBS3 is shown m Fig 7 as an example Velocities and layer thicknesses at the OBSl and 
OBS3 sites were calculated from least square fits to the travel time data, assummg honzontal 
layenng Velocity structures denved from the analysis are illustrated on the migrated 
depth section of reflection seismic profile l 7SMG (Fig 8) 

The velocity structure at the OBS-3 site is divided mto four layers The layers with 
I 63 to 4 64 km/s m velocity approximately correspond to the sequences A to E m the 
seismic reflection profile 17SMG descnbed m Section 5 2 The lowest layer with velocity 
5 65 km/s corresponds to an acoustic basement (sequence F) m the seismic reflection 
profile The velocity structure is different from it at the OBS site on the oceamc crust off 
western Wilkes Land (Ishihara et al, 1996) Th� velocity structure is similar to that m 
the magnetic qmet zone off southern Australia (Talwam et al , 1979, Fmlayson et al , 
1998) 

5.2 Sezsmzc reflect ion survey 
Seismic reflection data were collected along 14 lmes (Fig 6) They were processed 

accordmg to a conventional seismic data processmg flow Basic parameters and the 
processmg sequence are shown m Table 4 In addition to conventional processmg, time 
migration and depth conversion processmg were earned out 
5 2 I Seismic sequences 

We divided seismic sequences based on the existence of unconformity and difference 
of acoustic patterns Six seismic sequences, A, B, C, D, E, and F (acoustic basement), are 
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Fzg 6 Lines of multzchannel sezsmzc rejlectwn survey Solzd squares show OBS sites 
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recogmzed from the top downward m Pnncess Elizabeth Trough and the northern basm 
of Bruce Plateau (Figs. 9a-h). On the Kerguelen Plateau, five se1sm1c sequences, KPI, 
KP2, KP3, KP4 and KP5 (acoustic basement), are recogmzed (Fig 11) Se1sm1c reflect10n 
patterns of the se1sm1c sequences are summanzed as follows The descnpt10n of 
configurat10n patterns of reflectors m the se1sm1c sequences 1s based on Mitchum et al 
(1977) 

Sequence A 1s charactenzed by high amplitude reflectors with good contmmty The 
sequence 1s well stratified and has parallel to subparallel configurat10n patterns on the 
lower contmental nse and the abyssal plam (Fig 9a) The patterns suggest umform rates 
of depos1t10n on a stable basm plam (Mitchum et al, 1977) We mterpret this to mean 
that sequence A mamly consists of turb1d1tes and ice raftmg sediments In contrast, the 
sequence has a complicated structure on the upper contmental nse, where wavy, chaotic, 
and contorted patterns are recogmzed (Figs 9b and 9c) On the 20SMG profile, the 
reflectors are truncated m some places It 1s considered that the truncat10n occurred by 
eros10n with development of submanne canyons, which are topographically recogmzed on 
the contmental nse Some of the submarme canyons extend to the abyssal plam On the 
l 7SMG profile, sediment mounds with a chaotic reflector pattern probably consist of slump 
sediments 

Sequence B has subparallel to parallel configurat10n patterns with good to fair 
contmmty and medmm to low amplitude (Fig 9a) The low amplitude suggests that 
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Fzg 7 Hydrophone record section of OBS-3 on MCS lzne I 7SMG 

OBS-1 
a I 

I I 

TH98-17SMG 0BS·3 
I •  t > t  1 1 . , , I'; 

2km 
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8 

Fzg 8 Veloczty depth solutions of sezsmzc refraction surveys, OBS-I and OBS-3 along MCS 
lzne l 7SMG The sezsmzc reflection profile zs a depth mzgration section of l 7SMG 
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Table 4 Baszc parameters and sequence zn process
zng of sezsmzc reffectzon data 

( 1) Basic parameters m data processmg 
Samplmg rate 4 ms 
Record length 9 5 s 
Receiver channels 240 ch 
Stackmg folds 30 
CDP mterval 12 5 m 

(2) Processmg sequence 
1 Format convers10n (SEG D to SEG Y) 
2 Trace edit 
3 CDP sort 
4 Prestack band-pass filter 
5 Mmimum phase convers10n 
6 Fmt break suppress10n 
7 Amplitude recovery 
8 Prestack deconvolut10n 
9 Velocity analysis 

10 Normal moveout correct10n 
1 1  Mute 
1 2  CDP stack 
1 3  Poststack band-pass filter 
1 4  Datum correct10n 
1 5  Trace scalmg 

sequence B consists of more homogeneous sediments than sequence A The unconformity 
between sequences A and B 1s well recogmzed on the contmental nse (Figs 9b and 9c) 

Sequence C has a subparallel configurat10n pattern with medmm to fa1r contmmty 
and medmm amplitude (Fig 9a) Normal faults, which cut the acoustic basement, extend 
mto sequence C on the abyssal plam (Fig. 9e) Sequence C onlaps sequence E (shown by 
an arrow m Fig 9f) to the south and the thickness mcreases to the north 

A boundary reflector between sequences C and D 1s high amplitude and has good 
contmmty Reflectors m sequence D have fa1r contmmty and low amplitude (Fig 9g) 
Sequence D fills the lower sequences (E or F) unconformably The sequence 1s absent to 
the north, where 1t onlaps the lower sequence (Fig 9h), and to the south where 1t 1s 
obliterated by eros10n 

Sequence E has d1scontmuous reflectors with low amplitude The boundary reflector 
between the upper sequence and E has high amplitude and good contmmty. The 
sequence unconformably fills faulted sequence F (Figs 9b, 9c, and 9f) The thickness of 
sequence E decreases to the north (Fig 9c) and 1s absent at approximately the foot of the 
contmental nse (Figs 9f and 9g) 

Sequence F 1s the acoustic basement and the top reflector has very high amplitude 
The bottom boundary of sequence F 1s not recogmzed D1ffract10n 1s observed m the 
upper part of sequence F (Figs 9a and 9b ), suggestmg that the surface of sequence F 1s 
megular The sequence 1s highly cut by normal faults with northward d1ppmg (Figs 9c 
and 9f) We estimated the pre-faulted topography of sequence F by sh1ftmg the fault 
blocks of F strata along the faults scarp (Fig 10) The estimated topography of sequence 
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Fzg 9a Multzchannel sezsmzc reffectwn profile wzth the znterpretatwn of the southern part of 
lzne 3SMG (SP number 535 to 2230) 

20SMG 

SP100 
-� 

500 
I 

Fzg 9b Same as Fzg 9a except the western part of lzne 20SMG (SP number 60 to 1 750) 

17SMG 

SP3100 
-1.._ _ 

2500 
_f -

Fzg 9c Same as Fzg 9a except the southern part of lzne 1 7SMG (SP number 1650 to 3150) 
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21SMG 

Fzg 9d Same as Fig 9a except the southern part of lzne 21SMG (SP number 1 to 1470) 

3-

1 1  

3SMG 
SP¥5Um�- " .. -.......... �����"' ���......1..�_;_�.-·-- .--�'-' -·--�� ........ � 

Fzg 9e Same as Fzg 9a except the northern part of lzne 3SMG (SP number 3210 to 4850) 

29SMG 

Fzg 9f Same as Fzg 9a except the southern part of lzne 29SMG (SP number 120 to 2130) 
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9SMG 

2500 
______ [ __ _ 

Fig 9g Same as Fzg 9a except the central part of lzne 9SMG (SP number 1630 to 31 70) 

9SMG 

S.1:700 __:. ______ ...._ __ _ 

Fzg 9h Same as Fzg 9a except the northern part of lzne 9SMG (SP number 3690 to 5110) 

F 1s nch m undulat10n 
Five se1sm1c sequences, KPl, KP2, KP3, KP4 and KP5 (acoustic basement), can be 

traced from the top downward on the southern Kerguelen Plateau (Fig 11) KPl 1s very 
thm The reflectors m sequence KP2 have very low amplitude and the configurat10n 
pattern 1s similar to that of sequence B Sequence KP3 1s thm, and the reflectors have high 
amplitude Sequence KP4 unconformably fills the faulted acoustic basement (KP5) 
Sequence KP5 undulates and 1s highly cut by faults, which extend mto KP4 
5 2 2 D1stnbut10n of se1sm1c sequences 

An 1sopack map of total thickness of sediments above the acoustic basement (sequence 
F) 1s shown m Fig 12 The thickness 1s less than 1 s on the Kerguelen Plateau and the 
Bruce Plateau The area of 2 to 3 s m thickness of sediments covers most of the southern 
part of Pnncess Elizabeth Trough 

Sequences A and B are widely d1stnbuted m the surveyed area They are only absent, 
due to eros10n, on the northern slope of the Bruce Plateau Sequence C 1s absent on the 
Bruce Plateau and m the shallowest area of se1sm1c profile l 7SMG It seems to be m1ssmg 
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Fzg JOa 

29SMG 

Fzg JOb 

Fzg 10 Estimated reconstruction section of the topography of top of sequence F before 
rifting a reconstruction section along 20SMG, b reconstruction section along 
29SMG In both sections, A zs the present structure and B is the reconstruction 
section 

m an area shallower than the contmental slope The depos1t10nal and d1stnbut10nal 
features of sequence C suggest that the sequence was deposited dunng marme transgress10n 
The thickness of D 1s generally less than O 4 s, but 1t exceeds 1 0 s m the area along 9SMG 
The area 1s probably the depos1t10nal center of the sequence The d1stnbuted area of 
sequences D and E 1s shown m Fig 13 
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2500 , 
_L_ ------- - -

Fzg 11  Same as Fzg 9a except 14-2SMG (SP number 1 780 to 3360) on the Kerguelen 
Plateau The locatwn of ODP Szte 738 zs shown on the profil.e 
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D 0 - 1 sec 

·1 - 2sec 

ffll 2 - 3sec 

· 3 - 4sec 

Fzg 12 Total thickness of sediments zn seconds of two-way tzme based on the multichannel 
ref!ectwn sezsmzc survey 

6. Discussion and conclusions 

We discuss the geological time of seismic sequences and geological history of the 

surveyed area The seismic sequences observed on this cruise are only correlated with the 

dn llmg results at Site 738 of ODP Leg 1 1 9 on the southern Kerguelen Plateau Figure 14 
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Fig 13 Dtstnbutwn area of the sequences D and the northern lzmzt of the sedzmentatwn of 
the sequence D- D wzth dotted area dtstnbuted area of the sequence D, E -E 
northern lzmzt of the sedzmentatwn of the sequence E 

shows the correlat10n between the se1sm1c sequences of a part of l 4-2SMG and the 
strat1graph1c summary of Site 738 The acoustic basement KP5 1s correlated with the 
lower Turoman or older basalts, which erupted sub-aenally (Shipboard Sc1ent1fic Party, 
1989) Sequence KP4 1s absent at the locat10n of Site 738 KP3 1s correlated with 
sediments durmg early Turoman to early Eocene time The lowest part of the umt 
consists of calc1clast1c limestone, which was deposited m a shallow water environment 
Sequences KP2 and KPl are correlated with sediments deposited dunng early Eocene to 
early Oligocene time and the late M10cene to Quaternary, respectively 

The reconstruct10n map of East Gondwana at 160 Ma (Powell et al , 1988) shows that 
the locat10n of the Antarctica-Australia-India tnple JUnct10n approximately corresponds on 
the Bruce Plateau on the Antarctic side and the N aturaliste Plateau on the Australian side 
Seafloor spreadmg between Australia and India started at anomaly Ml I time ( 134 Ma), 
and magnetic lmeat10n, identified as anomalies M2 to Ml  1, was observed on the Perth 
Abyssal Plam off southwestern Australia (Marki, 1974) Magnetic lmeat10ns m Pnncess 
Elizabeth Trough are identified as anomalies Ml2 to MIO, which seem to correspond to 
magnetic lmeat10ns observed north of the Bruce Plateau (Ishihara et al , 1999) The 
conJugate fracture zones are recogmzed on both the Australian and Antarctic sides on the 
satellite denved Free-a1r gravity map (T1kku and Cande, 1999) The fracture zones trend 
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NW-SE and are located southeast of the Naturahste Plateau, and northeast of the Bruce 
Plateau, respectively These probably suggest that the Naturahste Plateau 1s the conJugate 
one of the Bruce Plateau and oceanic crusts m Pnncess Elizabeth Trough and north of the 
Bruce Plateau were formed after the breakup between Antarctica and India in the Early 
Cretaceous 

Rifted marginal basins were formed by continental extens10n in the margins of 
Antarctica and Australia pnor to the breakup (Veevers and Elttreim, 1988) The highly 
faulted structures of sequence F on the continental nse (seismic profiles l 7SMG and 
29SMG) may be formed with continental extens10n dunng the nfting stage of East 
Gondwana The undulating topography of sequence F, which formed before the faulting, 
seems to be the eros10nal surface in the pre-nft stage According to the reconstruct10n of 
East Gondwana in the late Jurassic by Falvey and Mutter ( 198 1), thick nft-phase sedimen
tary accumulat10ns are shown in nft basins off western and southwestern Australia On 
the Antarctica-India side of East Gondwana, the depos1t10n of nft-phase sediments 
probably also started in the late Jurassic From the above discuss10n, we mterpreted the 
evidence to mean that sequence F on the continental nse 1s a pre-nft sequence and was 
deposited in late Jurassic or older time On the abyssal plain in Pnncess Elizabeth 
Trough, the existence of magnetic lmeat10ns suggests that sequence F on the abyssal plain 
consists of oceamc crusts and was formed in the Early Cretaceous, from the ident1ficat10n 
of the magnetic lmeat10ns The locat10n of continent and ocean boundary (COB) 1s 
uncertain on our se1sm1c profiles and magnetic anomaly data 
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Sequence E unconformably fills the nfted basm of sequence F Normal faults cut 
sequence F and extend mto sequence E These suggest that sequence E consists of syn-nft 
sediments The mterpretat10n of magnetic profile data suggests that seafloor spreadmg 
between Antarctica and India started around 135 Ma m Pnncess Elizabeth Trough and 
north of the Bruce Plateau. The sed1mentat10n time of sequence E 1s estimated to have 
been after the onset of nftmg and before the onset of the seafloor spreadmg, which 1s dunng 
late Jurassic to Early Cretaceous time 

Sequence D fills sequences E and F unconformably, suggestmg that the sequence 
consists of post-nft sediments The d1stnbut10n area of sequence D 1s not so wide and the 
thickness 1s about O 3 s on average It 1s considered that the depos1t10nal basm was a small 
area m the depos1t10nal penod of sequence D Results at Site 1 136 (water depth, 1930 m) 
of ODP Leg 183 on the South Kerguelen Plateau suggest that the age of lavas underlam 
by shallow water sands and clays 1s close to 1 10 Ma, and the lavas erupted m sub-aenal 
cond1t10n (Shipboard Sc1ent1fic Party, 2000) The format10n of the Kerguelen Plateau by 
volcamc erupt10n may have prevented w1denmg of the depos1t10nal basm The same 
environment presumably contmued until around the onset of breakup between Australia 
and Antarctica These facts suggest that sequence D may have been deposited m the Early 
Cretaceous. 

At Site 738 of ODP Leg 119 on the southern Kerguelen Plateau, the volcamclast1c 
rocks erupted by sub-aenal volcamsm are overlam by Turoman limestone deposited m a 
shallow water envHonment After the depos1t10n of the limestone, the surface of the 
basaltic basement subsided about 2740 m dunng approximately 90 Ma to the present 
(Shipboard Sc1ent1fic Party, 1989) It seems likely that the subsidence of the southern 
Kerguelen Plateau occurred under broad reg10nal crustal subsidence, and sequence C was 
deposited dunng manne transgress10n associated with the reg10nal crustal subsidence. 

The unconformity and different reflect10n patterns between sequences C and B are 
mterpreted as a result of depos1t10n of both sequences m different environments The 
spreadmg rate between Australia and Antarctica was very slow (4 5 mm/yr) dunng 
anomalies 34 to 19 and dramatically mcreased at anomaly 19 m the middle Eocene around 
42 Ma (Cande and Mutter, 1982) In the sedimentary basms m and around the Prmcess 
Elizabeth Trough, the sed1mentat10n environment was probably changed by the rapid 
w1denmg of the gap between Australia and Antarctica, at an mcreasmg spreadmg rate 
The boundary between sequences C and B may be correlated with the change m the 
sed1mentat10n environment From the above d1scuss10ns, we deduced that sequences C 
and B are correlated with sediments deposited durmg Late Cretaceous to middle Eocene 
time and sediments after the middle Eocene, respectively 

Sequences A and B on our se1sm1c profiles are correlated with se1sm1c sequences A 
and B reported by Ishihara et al (1996) m the western part off Wilkes Land The 
correlat10n between the se1sm1c sequences by Ishihara et al ( 1996) and litholog1c umts of 
DSDP Leg 28 Site 268 (Shipboard Sc1ent1fic Party, 1975) shows that sequence A 1s 
correlated with the early M10cene to Quaternary sediments (Umt 1 + 2 m litholog1c umts 
at Site 268), and sequence B 1s correlated with the middle Oligocene to early M10cene 
sediments (U mt 3) In the late Oligocene, unrestncted CHcum Antarctic circulat10n 
developed through the opened Drake Passage (Barker and Burrell, 1977) We deduced 
that sequences B and A are correlated with sediments dunng middle Eocene to early 
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Miocene time and sediments dunng early M10cene to Quaternary time, respectively 

In conclus10n, the geological times of se1 sm1c sequences and tectomc history m the 

Prmcess Elizabeth Trough and the northern part of the Bruce Plateau and on the Kerguelen 

Plateau are shown m Fig 1 5  
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