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I 
Filtered SEASAT data have been interpreted in ‘an area covering the Cook-‘Austral archipelagoes (South Central 

Pacific) in order to detect or confirm the existence of structural directions. SEABEAM data recorded by N/O “Jean 
Charcot” were also interpreted. Additionally to the Austral fracture zone and Cook-Austral archipelagoes trends, the 
SEASAT data reveal the existence of two directions, the azimuths of which are N150 O and N95 O respectively. The 

bump. It is interpreted as evidence for the existence of an ancient hot spot with a trace copolar to the Emperor chain. 
This result explains the very important thermal rejuvenation found previously in that area by several authors. It also 
explains the very disturbed ages and morphologies of volcanic structures recorded in the Austral archipelago. The 
second direction, located south of the Cook archipelago is underlined by geoid signatures of fracture zone type. These 
postulated linear features are probably of similar origin to the ones detected previously farther east. They are 
interpreted as a possible consequence of some recent intraplate deformation. 

I first, which intersects the Austral archipelago close to the island of Maria corresponds to a long linear topographic 

I 
I 
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1. Introduction 

In spite of the effort of many oceanographical 
institutions during the past decades, the seafloor 
topography is still very poorly known in many 
oceanic areas. Due to the lack of data, only very 
tentative geodynamic models of evolution of some 
oceanic areas have been proposed. Such a situa- 
tion holds for the South Central Pacific [l]. The 
recent knowledge of the marine geoid obtained 
with satellite altimeter data provides a large 
amount of information in vast areas previously 
unexplored. The high degree of correlation be- 
tween the seafloor topography and the short-wave- 
length geoid anomalies has been used in numerous 
studies in order to detect uncharted features [2-71. 
Maps of geoid [8-101 can be studied as well in 
order to analyse structural trends. In a recent 
study, Baudry et al. [7] presented the results of an 
investigation of unsurveyed seamounts and their 
precise location in the western part of the Austral 
archipelago, using SEASAT data. They detected 
ten previously unknown seamounts and located 

eight with a precision of 15 km. They also gave an 
estimation of the height of each seamount and of 
their morphological regularity. They confirmed too 
the result of Lambeck and Coleman [2] who pos- 
tulated that no bathymetric features were present 
on the charted position of Fabert Bank (Fig. 1). 
During the SEAPSO Leg V cruise onboard the 
N/O “Jean Charcot” (ORSTOM/IFREMER 
cruise, January 1986), SEABEAM surveys were 
achieved over the Austral archipelago on the 
charted location of Fabert Bank and on the loca- 
tions of the detected seamounts S6, S5 and S2. 
The SEABEAM survey confirmed the predictions 
of Baudry et al. [7]. The maximum deviation be- 
tween the predicted locations and the observed 
ones appeared to be of the order of 12 km [11,12]. 
Similar results were recently (February 1987) ob- 
tained over the seamounts S3 and S7 (see Fig. 1) 
during a cruise of the R/V “Sonne” (U. Von 
Stackelberg, personal communication). The sea- 
mounts detected in the Austral archipelago (S1 to 
SlO) lie on two well defined trends. Some are 
located on a northwest extension of the southern 
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Fig. 1. Bathymetry of thc area under study after Mammerickx et al. [l]. SI to*SlO ace the 10 seamounts detected and located by 
Baudry et al. [7] using SEASAT data. The route of N/O “Jean Charcot” during the SEAPSO Leg V transit is also represented. 
Magnetic anomalies are also shown [14]. 

Austral chain, aiid others along a lineation bearing 
N150 O which intersects the archipelago (Fig. 1). 

The purpose of the present paper is to carry out 
a more detailed investigation of these trends in 
order to discuss their possible origin from an 
analysis of SEASAT data complemented with the 
SEABEAM data gathered by N/O “Jean 
Charcot”. Our results will then be interpreted in 
terms of geodynamic evolution of the South 
Central Pacific. The area under study extends 
17OS to 31OS and 199”E to 222”E and therefore 
is larger than the one used for the detection of 
seamounts and covers part of the Society and 
Tuamotu Islands (see Fig. 1). 

2. The Southern Cook and Austral chain area 

Several linear bathymetric features are present 
in the area under study, such as the Cook-Austral 
chain, the southern part of the Society Islands, 

and the Austral fracture zone (Fig. 1). These fea- 
tures are emplaced on a wide bathymetric swell 
[13]. Identification of sea-floor spreading magnetic 
anomalies [14] shows that anomaly 18 is present 
close to the MacDonald seamount and anomaly 
32 south of Raivavae (Fig. 1). Therefore the age of 
the lithosphere varies from about 42 m.y. close to 
MacDonald to about 70 m.y. close to Rurutu [15], 
this last age being obtained assuming that the 
recorded anomaly 32 can be extended to the north. 
More to the west, the age can be only guessed but 
the crust is probably older than 80 m.y. west of 
Maria island. Thus the ocean floor in this area was 
created at the East Pacific Rise before its 20 m.y. 
reorganisation [1,16]. The Austral fracture zone is 
the fossil part of a transform fault which offsets 
the East Pacific Rise before the jump of the accre- 
tionary center to its new position. The Cook- 
Austral chain and the Society Islands are recent 
volcanic structures [17,18] with an orientation of 
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NllO O which has been interpreted as the traces of 
hot spots on the Pacific plate [18,19]. The mor- 
phology of the Austral archipelago consists of two 
parallel chains, but such a pattern does not seem 
to be an exception for mid-plate volcanic chains. 
Menard and McNutt [20] pointed out the ex- 
istence of features with very variable morphology 
in the Austral archipelago; for example the Presi- 
dent Thiers Bank is equally broad as Raivavae 
island but completely truncated (see Fig. 1). 
Therefore, from geomorphology, Menard and Mc- 
Nutt [20] proposed an older age for this bank. 
Indeed, the ages of islands and seamounts of the 
Austral and Southern Cook archipelagoes as de- 
duced from K/Ar dating do not show a consistent 
age progression to the northwest as required by a 
single hot spot model [21]. Of the eleven Cook- 
Austral islands for which age determinations are 
presently available, at least four (Aitutaki, Raro- 
tonga, Atiu and Mauke) have much younger 
volcanism that can be accounted for by a single 
hot spot presently located at McDonald seamount 
[21]. Some islands present two periods of volcanism 
separated by a very long period of quiescence 
[21,22]. For example, on Rurutu, volcanism took 
place about 12.5 m.y. ago and, more recently, 
about 1.9 to 0.6 m.y. ago. The existence of at least 
three hot spots in this area was then postulated 
[21] in order to explain this age pattern. The 
difficulty to account for the alignment of several 
hot spots along the absolute motion of the Pacific 
plate led Turner and Jarrard [21] to propose the 
existence of a “hot line”, as previously proposed 
by Bonatti and Harrison [23] and Bonatti et al. 
[24] on the Nazca plate. This assumed hot line 
would extend from Tonga trench to the Peru-Chile 
trench, across the East Pacific Ridge. It would 
include 12 of the 19 known Quaternary volcanoes 
associated with linear volcanic chains in the Pacific 
basin [21]. Turner and Jarrard [21] proposed that 
the origin of this hot line could be small convec- 
tion rolls similar to those described by Richter [25] 
and Richter and Parsons [26]. Many islands of the 
Cook-Austral chain present evidence for an im- 
portant uplift. McNutt and Menard [27] showed 
that the uplift of Mangia, Atiu, Mitaro and Mauke 
coral reefs could be explained by the effect of the 
loading of the lithosphere due to the recent em- 
placement of Aitutaki, Manuae and Rarotonga. 
But as pointed out by Turner and Jarrard [21] the 

cause of the uplifts of Rimatara, Rurutu and 
Tubuai is unkown. 

Analysis of the mechanical behaviour of the 
lithosphere supporting the Southern Cook and 
Austral islands and seamounts performed with 
various techniques [27-301, yields an abnormally 
thin equivalent elastic thickness for such old litho- 
sphere on which recent loads have been emplaced. 
Indeed the various datations [17,18] of the studied 
seamounts and islands give an age ranging from O 
m.y. (McDonald seamount) to 18 m.y. (Mangaia). 
These values, when compared to the ages of the 
neighbouring lithospheres [16] yield equivalent 
elastic thicknesses ranging approximately from 29 
km to 40 km. The observed ones [27-301 are 
comprised between 2.5 km to 15 km. Such a 
discrepancy cannot be explained assuming errors 
in datations, therefore several explanations were 
proposed in order to explain why the lithosphere 
supporting the features of the Cook-Austral ar- 
chipelagoes present a much smaller rigidity than 
the theoretical one. These low values of the 
equivalent elastic thickness were interpreted by 
Lambeck [29] as evidence for a viscoelastic be- 
haviour of the lithosphere. But this thin equivalent 
elastic thickness has been interpreted with more 
confidence by Menard and McNutt [20] and also 
by Calmant and Cazenave [30] as the effect of 
thermal rejuvenation proposed before by Detrick 
and Crough [31]. Yet it is surprising to notice that 
the thinning of the mechanical lithosphere is much 
higher for the Cook-Austral chain (almost 20 km) 
than for the Hawaiian-Emperor chain (6-10 km 
only) [20]. Various explanations have been pro- 
posed. Calmant and Cazenáve [30] point out that 
the Cook-Austral chain is located over a broad 
geoid high. This high may be associated with the 
small convection pattern [32] giving rise to an 
upwelling convection flow which causes the im- 
portant thinning of the mechanical lithosphere. 
Yet as shown by fig. 13 of Calmant and Cazenave 
[30] which displays the residual geoid (e.g. geoid 
anomalies filtered out of the wavelengths longer 
than 4000 km), the Hawaiian chain is also located 
over a geoid high. Moreover, as shown by Renkin 
and Sandwell [33], the interpretation of residual 
geoid in terms of evidence for mantle convection 
can be due to an artefact of data processing. 
Menard and McNutt [20] proposed that the 
Cook-Austral region has been subjected to several 

a 
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repeated thermal rejuvenations and therefore the 
effective elastic thickness should be very low as 
compared to other areas which undenyent.a single 
thermal rejuvenation as Hawaii is supposed .'to. 
Menard and McNutt [20] assumed that the Mc- 
Donald hot spot was activated by the passage of 
early Tertiary lineations, but until now there is no 
field data which really supports the assumption 
concerning these repeated thermal events. 

Therefore it seems that, as postulated by vari- 
ous authors [7,17,20], the Cook-Austral chain is 
anomalous and it appears that neither the isotopic 
dates nor the bathymetric information constrain a 
self-consistent geodynamic model of evolution of 
this area. The altimetric data can be tentatively 
interpreted in order to explain the following 
points: (1) the non-monotonic increase of age 
along the chain; (2) the very low elastic thickness 
of the lithosphere supporting the chain; (3) the 
disturbed morphology of the Cook-Austral archi- 
pelago. 

3. Detection and interpretation of new lithospheric 
features 

3. I .  The NI50 O lineament 
Baudry et al. [7] assumed that the detected 

seamounts S3, S4, S5 and S7 (Fig. 1) lie on the 
extension of some bathymetric features located 
farther south. According to the existing maps [14] 
obtained with limited ship tracks, these bathymet- 
ric features form a discontinuous lineament ori- 
ented N150". A continuous linear feature is pres- 
ent on the illumination map of the interpolated 
geoid of Sandwell [9, fig. loa] or on the geo- 
tectonic image of Haxby [lo]. One can notice that, 
on these maps, the Nl50 O direction seems to stop 
south of 33O, and that a N110" lineament seems 
to extend the N150 O trend to the southeast. Such 
a pattern closely resembles the Hawaiian-Emperor 
chain morphology. Fig. 2 displays all the available 
SEASAT tracks in the studied area. Since the 
direction of the descending tracks is about 296 O ,  
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Fig. 2. Location of SEASAT-profiles available in the area under study. 
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Fig. 3. Geoid heights along the descending SEASAT tracks. 
The long wavelengths as given by the first 12 harmonics of the 
GRIM 3B model being removed. Ma = Maria, Ru = Ruturu, 
Tu = Tubuai, Ru = Raivavae, Th = Thiers, Si = Simone, An = 
Annie, Rap = Rapa, Mo = Marotiri, GI = Gloucester, No = 
Nogonego, Ah = Ahunni, Va = Vanavana, Mu = Mururoa, Fu 
= Fangataufa, Ta = Tahiti. 

the signature of the N150 O trend should be detec- 
table. This is indeed the case (Fig. 3). The long- 
wavelength ge0i.d has been filtered out by remov- 

431 

ing the regional field given by the first 12 harmon- 
ics of the GRIM 3B model [34] and the linear 
residual trend. The seamounts and islands of the 
volcanic chains give rise to significant geoid 
anomalies which are easily correlated with the 
bathymetric map (Fig. 1). The signature of the 
Austral fracture zone appears clearly northeast of 
the Austral chain. Southwest, the prolongation of 
the Austral fracture zone corresponds to a mini- 
mum which flattens west (see tracks 14-59). The 
N150" direction is clearly marked by a small 
bump which correlates on profiles 16-48. This is 
an evidence for the existence of a continuous 
feature. The amplitude and width of this anomaly 
are of about 1 m and 250 km, respectively. North- 
west of profile 48 the signature softens and seems 
to diseappear after crossing the southern Austral 
chain. One can notice that, on the maps of Sand- 
well [9] or Haxby [lo], the linear anomaly also 
disappears north of the southern Austral chain. 
Therefore, from the examination of SEASAT data, 
we can conclude that a feature giving rise to a 
continuous linear geoid anomaly exists south of 
the southern Austral chain. We interpret this lin- 
ear geoid anomaly as the gravitational effect of a 
linear topographic bumping oriented N150 O .  

Baudry et al. [7] also noticed that the seamounts 
and islands S10, Neilson, Havaiki, Simone, and 
Kaivavae (see Fig. 1) form a lineation oriented 
N150 O .  

Two possible mechanisms can be advocated in 
order to explain the origin of these features. First, 
considering that the N150" direction is roughly 
parallel to the direction of identified magnetic 
anomalies (Fig. l), we can assume that the N150° 
ridge is due to an abnormal functioning or a jump 
of the East Pacific Ridge. Such a mechanism has 
been proposed in order to explain the formation 
of some linear seamount chains in the Indian 
Ocean [35] or of the Line Islands chain [36]. But, 
for the Line Islands chain, this postulated mecha- 
nism was rejected by Schlanger et al. [37] on the 
basis of paleomagnetic and petrographic data. 

If a ridge jump had occurred, the Austral frac- 
ture zone would show some reorientation which is 
not seen. In the pattern of magnetic anomalies 
there is no evidence (Fig. 1) that any sea floor was 
created at that ridge since the magnetic anomalies 
show a regular increase to the west. Yet, as previ- 
ously noted, identification of magnetic anomalies , 
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Fig. 4. (a) Route of the N/O "Jean Charcot" in the Austral archipelago. The real morphology of seamounts S6,  S5 and S2 has been 
added to Mammerickx's chart. (b) Bathymetry obtained from the central beam of SEABEAM. 



is poor in the area. The SEABEAM data gathered 
during the SEAPSO (Leg V) cruise of January 
1986 [11,38] revealed the existence of several intri- 
guing features in that region. Fig. 4a displays 
"Jean Charcot" 's route. The exact morphology of 
S6, S5 and S2 as deduced from the data gathered 
then has been added to Mammerickx's chart. As 
shown in Fig. 4b the sea-floor morphology given 
by the vertical beam is generally smooth except in 
the part between S6 and S5 where some grabens 
are present. SEABEAM data on this specific part 
reveal structural directions oriented from N155 O 
to N170" i.e. parallel to the magnetic anomalies. 
The morphology of these structural lineaments 
consists of important normal faults bordering 
grabens. The sea floor is displaced vertically by 
more than 500 ni. A very low gravity anomaly is 
observed over these features, due to the fact that 
short wavelengths of gravity anomalies are filtered 
out due to the depth of the ocean floor. We 
interpret these scarps as normal faults which were 
created during the accretion. Since there is no 
apparent connection between these scarps and the 
N150 O anomaly, we suggest that the N150 O ridge 
is not the result of a ridge jump. 

Another hypothesis can be invoked in order to 
explain the origin of the N150" direction: the 
N150" ridge is the trace of a hot spot which may 
have been active during Late Cretaceous to Eocene. 
The ridge should be then copolar with the linear 
chains emplaced at the same time: the Emperor 
seamount chain, the Tuamotu archipelago and the 
Louisville ridge [17]. Using data on these three 
chains, Clague and Jarrard [39] computed a rota- 
tion pole of the Pacific plate which holds from 
42-44 to 67-70 m.y. and is located 17 O N, 107 O W. 
Using this pole, we computed the amplitude and 
azimuth of the displacement rate for various points 
of the N150 O anomaly. Results are summarized in 
Fig. 5 where black dots correspond to the maxi- 
mum of the anomaly as detected on SEASAT 
tracks. For the southern points, there is a perfect 
agreement between the computed azimuth and the 
detected anomaly. Only at the northern point, 
there is a discrepancy of about 10". Thus, it 
appears that the agreement between the computed 
azimuth and the N150° direction is good. From 
this result, combined with the various evidence 
against the ridge jump origin for the N150 O direc- 
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tion, we deduce a hot spot origin for the detected 
ridge. The total length of the ridge as detected on 
SEASAT tracks and the value of the computed 
displacement rate yield an emplacement time of 
about 15 m.y. 

It is also noteworthy that the N150 O lineament 
is very close to the trace of the Pacific-Farallon- 
Aluk triple junction as given by Cande et al. [40] 
although being located slightly northeast to the 
trace of the triple junction. Such a coincidence is 
probably not fortuitous but we do not believe that 
the N150 O ridge corresponds to the triple junction 
trace. Indeed the width of the bathymetric sig- 
nature of a triple junction trace were known, as 
for example in the Indian Ocean, is always more 
narrow than the one of the N150" lineament (see 
Fig. 3) (J. Ségoufin, personal communication). 
Moreover, as previously mentioned, careful ex- 
amination of geoid and geotectonics maps [9,10] 
shows that the N150" lineament stops south of 
33" but that another lineament oriented NllO O 

seems to extend to the southeast. Obvously, in 
order to study the possible interaction between the 
N150" lineament and the triple junction trace, it 
will be necessary to record other marine geophysi- 
cal data. 

3.2. Geodynamic implications 
The main criticism against the hot spot inter- 

pretation is the apparent lack of superficial 
volcanic activity giving rise to seamounts or is- 
lands, at least south of S7. The question whether 
the seamounts located on the N150" trend (S7, 
S5,  S4 and S3) were emplaced by our postulated 
hot spot or contemporarily with the Austral chain 
is still open. Again, more data are required to 
answer this question. In case these seamounts 
were created due to the activity of the "present" 
Austral hot spot, then no superficial volcanic ac- 
tivity apparently accompanies the N150 O trend. 
This explanation was proposed by Thiessen et al. 
[41] who argued that non-volcanic continental 
topographic domes may represent hot spots whose 
magma has not reached the surface. Duncan and 
Clague [42] also postulated that many lineaments 
whose existence is due to Late Cretaceous to Early 
Tertiary volcanic activity are still unsurveyed in 
many oceanic areas. Menard and McNutt [20] 
have also suggested that the Nl5O O lineation going 
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through President Thiers Bank is the superficial 
expression of a hot spot active at the same time as 
the Emperor hot spot. 

Our hypothesis explains the unusdkl óbserva- 
tions in the Austral archipelago mentioned in sec- 
tion 2. Indeed it appears that the Austral archi- 
pelago has been emplaced during late Eocene by a 
hot spot presently located under MacDonald 
volcano, on a lithosphere previously affected by a 
major late Cretaceous thermal event as postulated 
by Menard and McNutt [20]. The lithosphere was 
abnormally thinned and probably fractured when 
it passed over thc hot spot. Therefore. Eocene 
volcanoes could have been emplaced in a broad 
area and not on a single line as it is required in the 
framework of the hot spot model [19]. 

As concerns the low elastic thickness found for 
the lithosphere beneath the Cook-Austral archi- 
pelago, we can now confirm that this thinning is 
mainly due to the reheating of the lithosphere by 
the Creataceous hot spot. Therefore, this is a 
different mechanism from that observed over 
Hawaii [43,44] where the reheating of the litho- 
sphere appears to be only due to an effect of the 
hot spot creating the chain , 

This geodynamic evolution of the Cook-Austral 
archipelago can be compared to the one of the 
Line Islands archipelago. The Line Islands consist 
of a main linear chain oriented "E-SSE, copolar 
to the Emperor and Louisville chains. Some linear 
trends intersect the chain, such as the Cross Line 
seamount chain. These linear trends which are 
visible on the geotectonic map of Haxby [lo] have 
been interpreted by Schlanger et al. [37] as traces 
of hot spots intersecting the main chain. Similarly 
to the Cook-Austral chain area, slightly low equiv- 
alent elastic thickness was found in the Line Is- 
lands chain [45]. Therefore, the geodynamic evolu- 
tion of the Line Islands area can be modelled 
identically to the Cook-Austral one, except that 
the chronology is reversed. The Line Islands were 
emplaced during Cretaceous on a young litho- 
sphere, later on the màin chain was crossed by the 
traces of several hot spots copolar with the Hawai- 
ian and Cook-Austral chains. This explains satis- 
factorily the very disturbed distribution of 
volcanism along the chain [37]. 

3.3. Other trends 
Examination of geoid and geotectonic maps in 

the area [9,10] reveals the probable existence of 
other lineament trends. In order to investigate 
these possible trends we analysed the SEASAT 
data in the southwestern part of the studied area, 
i.e. in the area where a priori the signature of the 
Austral archipelago would not dominate the geoid 
and thus makes any interpretation difficult. It 
appears that some ascending and descending 
SEASAT tracks located in that area show some 
steplike geoid anomalies. These anomalies are 
shown on the profiles with arrows (Fig. 6). One 
can notice that on the other tracks of the area 
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Fig. 6 .  Selected geoid heights along SEASAT tracks in the 
southwestern part of the studied area. Arrows show the loca- 
tion of fracture like anomalies detected. Dots correspond to 
the N150 o ridge. 
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(Fig. 2) no anomaly was detected. From these 
profiles, only the longest wavelengths given by the 
first 10 harmonics of the GRIM 3B model [35] 
and the residual linear trend were removed. There- 
fore all short and intermediate wavelength infor- 
mation, i.e. shorter than about 4000 km, are shown. 
The anomalies generally correlate from one profile 
to another and therefore form more or less con- 
tinuous features hereafter referred to as F1, F2 
and F3. Dots on the descending profiles corre- 
spond to the N150" ridge. The geoidal signature 
of the Austral fracture zone is visible on profiles 
58 and 84. F1 and F2 are clearly fracture zone-type 
signatures. Except on profile 58, F3 gives rise to a 
more tiny signature, yet of fracture zone type also. 
The locations of these features are also shown in 
Fig. 7. 

Fig. 7 shows that the detected anomalies form a 
lineament pattern with an N95 O orientation. Such 
a pattern closely resembles a transform fault 
geometry which generally consists in many step- 
ping fractures rather than a continuous uninter- 
rupted feature. On profiles 27-77, the amplitude 
of the jump of the geoid anomaly across F1 is of 
about 0.8 m. If the contrasting thermal structure 
of the lithosphere from each side of the fracture is 
caused by a time offset, such a jump corresponds 
to an offset of about 5 m.y. The existence of some 
fracture zones trending N95 O has been revealed 
earlier by Sailor and Okal [4] and Okal and 
Cazenave [6] in a zone located east of the present 
study area. They found two parallel fracture zones: 
FZ1 and FZ2, located between 130"W and 
120 O W respectively at 22" S and 25 O S. These 
fracture zones extend for about 400 km and 500 
km respectively, therefore on a smaller length than 

. 

Fig. 7, Location of profiles shown in Fig. 6. The anomalies are 
represented on each track by circles (descending tracks) and 
squares (ascending tracks). 

F1 or F3 do, and are apart from each other by 
about 400 km. The, fracture zone FZ1 is located 
just south of an abnormal seismic zone [46]. Our 
result indicates that other lineaments, which can 
be also interpreted as faults similarly oriented, 
exist in the southwest. These structures extend 
linearly over a length longer than 1000 km. 

3.4. Geodytiatnic ìinplications 
Since the azimuth of the linear features dis- 

covered by Okal and Cazenave [6] lies between the 
directions of the Austral fracture zone, absent in 
their studied area, and of major seamount linea- 
ments oriented NllO" (see 16, fig. l, p. 1001); they 
assumed that this proves an intermediate regime 
during the 20 m.y. old reorientation of the East 
Pacific Rise. From the length of the .discovered 
features interpreted as fracture zones, they also 
proposed that this regime lasted about 8 m.y. Our 
results demonstrate that the 95 O direction revealed 
by Okal and Cazenave [6] is present on a much 
wider area of the South Central Pacific. Therefore 
another explanation must be proposed. 

In the framework of plate tectonics, it is impos- 
sible to have at the same place two directions of 
fossil transform fault cutting each other. This is 
indeed the case in our studied area where the 
Austral fracture zone and the N95" oriented lin- 
ear features are present. Therefore, we propose 
that the N95" direction must be interpreted as a 
fault trace whose origin is not a transform fault. 
Some intraplate deformation might be supposed 
in order to explain the origin of these faults. 

A discrepancy between paleomagnetic pole 
position computed using data from seamounts 
and DSDP cores in the North Pacific and from 
Chatham Islands in the southern part of the Pacific 
plate has been interpreted by Suarez and Molnar 
[47] and Gordon and Cox [48] as an indication of 
some differential movement between the northern 
and southern parts of the Pacific plate since the 
Cretaceous. These authors suggest that the Pacific 
plate was composed of two or more plates be- 
tween about 80 and 40 m.y. ago and that relative 
motion has taken place between the postulated 
North and South Pacific plates along a boundary 
located along or parallel the Eltanin fracture zone 
system E471 or along the Louisville Ridge or older 
portions of the Udintsev fracture zone [48]. More 
recently, Stock and Molnar [49] preferred to as- 
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sunie that some deformation took place between 
Late Cretaceous and Late Eocene time in the 
Antarctic plate rather than in the Pacific plate. 
However, since the linear features intefgketed as 
faults and oriented N95" also affect a much 
younger lithosphere [6], one can grant that these 
linear features are a consequence of a recent dif- 
ferential movement between the north and the 
south parts of the Pacific plate. 

Apart from the mentioned possible late Creta- 
ceous differential movement between the North 
and South Pacific, evidence for a late Miocene- 
Pliocene change in the absolute motion of the 
Pacific plate was given by various authors ('50,511; 
Vanpe, personal communication). Such a change 
in the direction of the absolute motion of the 
Pacific plate is very likely associated with internal 
deformation. But there is no evidence that such 
internal deformation would give rise to a long 
linear fault system. 

Other remarks have to be made. First, as men- 
tioned by Oka1 and Cazenave [$], fracture zones 
FZ1 and FZ2 are close to the Easter microplate 
and so there might be some relationship between 
the microplate and the fracture zone system. Also 
the existence of these long linear features could be 
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associated with the proposed hot line [21,24] ex- 
tending from the Tonga trench to the Peru-Chile 
trench across the Easter microplate. Then it can 
be also noticed that the Chile Ridge [52] has an 
orientation close to the one of the discovered 
linear features, such a coincidence might not be 
fortuitous. 

Therefore it is difficult to correlate the ex- 
istence of the N95O trend to any known tectonic 
event. Clearly, the SEASAT data have revealed 
here some intriguing intra-plate features but their 
origin cannot be really addressed using only these 
data. It would be indeed necessary to record more 
marine data on these features. 

4. Summary and conclusions 

The interpretation of SEASAT geoid anomalies 
in connection with SEABEAM data in a zone of 
the South Central Pacific (17-31°S, 199-222" E) 
has revealed or confirmed the existence of distinct 
structural trends (Fig. 8): 

(1) The NllO O direction corresponds to the 
present absolute motion of the Pacific plate and is 
formed by volcanic chains. The Cook-Austral ar- 
chipelagoes appear to be formed of two distinct 
and parallel seamounts chains. 

I 

I- . .  Simone 

Fig. 8. Structural directions in the area as revealed from this study (see text). Dots represent seamounts and islands. C correspond to 
unnamed seamounts charted by various authors. 
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(2) The N70 O direction, formed by the Austral 
fracture zone. 

(3) A N150” direction, distinct from the 
N160 O-Nl75 O orientation of the magnetic anom- 
alies, interpreted as the trace of a Late Cretaceous 
or Early Cenozoic hot spot. 

(4) The SEASAT data reveal the existence of a 
N95 O lineaments system, interpreted as faults. 
This shows that the linear features previously dis- 
covered by Sailor and Okal [4] and Okal and 
Cazenave [6] and interpreted as fracture zones 
extend farther west. 

We have derived a scenario for the emplace- 
ment of the Autral archipelago which probably 
also holds for the Line Islands chain. The 
volcanoes belonging to the Austral archipelago 
were emplaced by a hot spot presently located at 
MacDonald; the lithosphere in that area was pre- 
viously heated by a former hot spot. This hypothe- 
sis, put forward by Menard and McNutt [20], 
explains the various observations made in this 
area which are specific to the Austral archipelago 
and not to other volcanic chains presumably 
created by the action of a hot spot. It explains 
well the low equivalent elastic thickness found 
there and it is not necessary to invoke a viscoelas- 
tic relaxation of the lithosphere. 

The existence of faults with a direction ap- 
parently incompatible with the plate movement 
has been interpreted as a possible consequence of 
a recent intraplate deformation, but there is no 
clear relationship between such a deformation and 
the detected features. 

Finally, this study confirms that the short- 
wavelength geoid anomalies provided by satellite 
altimeter are a very powerful tool for geodynamic 
studies, and that they can be used in order to 
prepare future marine geophysical cruises. 

Acknowledgements 

We are grateful to B. Pontoise from ORSTOM, 
chief scientist of the SEAPSO Leg V cruise of 
N/O “Jean Charcot” who gave us enough time 
during the transit to Tahiti. J. Butscher efficiently 
drew the figures and we benefited of kinematic 
softwares of R. Louat. Comments of A. Stevenson 
on an early version of the manuscript were very 
helpful. This paper benefited of discussion with J. 
Francheteau, of comments of L. Fleitout and of 

an anonymous reviewer. Computations were per- 
formed at CIRCE (computer center of CNRS) in 
Orsay. This study was supported by ATP 
Télédétection (Océanographie et Géophysique 
Spatiales) . 

Reference 

1 J. Mammerickx, R.N. Anderson, H.W. Menard and S.M. 
Smith, Morphology and tectonic evolution of the East- 
Central Pacific, Geol. Soc. Am. Bull. 86, 111-118, 1980. 

2 K. Lambeck and R. Coleman, A search for seamounts in 
the Southern Cook and Austral region, Geophys. Res. Lett. 
9, 389-392, 1982. 

3 A.R. Lazarewicz and D.C. Schwank, Detection of un- 
charted seamounts using satellite altimetry, Geophys. Res. 
Lett. 9, 385-388, 1982. 

4 R.V. Sailor and E. Okal, Applications of SEASAT altimeter 
data in seismotectonic studies of the South-Central Pacific, 
J. Geophys. Res. 88 (C3), 1572-1580, 1983. 

5 J.V. White, R.V. Sailor, A.R. Lazarewicz and A.R. Le 
Schack, Detection of seamount signature in SEASAT altim- 
eter data using matched filters. J. Geophys. Res. 88 (C3), 

6 E. Okal and A. Cazenave, A model for the plate tectonic 
evolution of the East-Central Pacific on SEASAT investiga- 
tions, Earth Planet. Sci. Lett. 72, 99-116, 1985. 

7 N. Baudry, M. Diament and Y. Albouy, Precise location of 
unsurveyed seamounts in the Austral archipelago area using 
SEASAT data, Geophys. J.R. Astron. Soc. 89, 869-888, 
1987. 

8 T.H. Dixon and M.E. Parke, Bathymetry estimates in the 
southern ocean from SEASAT altimetry, Naturë 304, 

9 D.T. Sandwell, A detailed view of the South Pacific geoid 
from satellite altimetry, J. Geophys. Res. 89 (B2), 
1089-1104,1984. 

10 W.F. Haxby, Gravity Field of the World’s Oceans, 
NOAA/NGDC, Boulder, Colo., 1987. 

11 B. Pontoise, N. Baudry, M. Diament, J. Aubouin, R. 
Blanchet, J. Butscher, P. Chotin, J. Dupont, J.P. Eissen, J. 
Ferrikre, R. Herzer, A. Lapouille, R. Louat, L. d’ozouville, 
B. Pelletier, S. Soakai, A. Stevenson, Levés SEABEAM 
dans l’Archipel des Iles Australes: confirmation d‘une 
nouvelle méthode de localisation des monts sous-marins 
basée sur l’analyse des données SEASAT, C.R. Acad. Sci. 
Pans, Ser. II, 303 (7), 563-568, 1986. 

12 N. Baudry and M. Diament, Shipboard confirmation of 
SEASAT bathymetric predictions in the South Central 
Pacific, in: Seamounts, Islands and Atolls, R. Batiza, G. 
Boehlert, P. Fryer and B. Keating, eds., Am. Ceophys. 
Union, Geophys. Monogr., in press, 1987. 

13 S.T. Crough, Thermal origin of mid-plate hot-spot swells, 
Geophys. J. R. Astron. Soc. 55, 451-469, 1978. 

14 J.A. Reinemund, Plate-tectonic map of the circum-Pacific 
region, scale: 1/17000000. Circum-Pacific Council for En- 
ergy and Mineral Resources, AAPG, Tulsa, Okla., 1984. 

15 R. Schlich, Echelle chronologique des inversions du champ 
magnétique terrestre pour l’Eocène, le Paléocène et le 

1541-1551, 1983. 

406-411, 1983. 



438 

Crbtacb Supérieur, Phys. Earth Planet. Inter. 24. 191-196, 
1981. 

16 E.M. Herron, Sea-floor spreading and the Cenozoic history 
of the East-Central Pacific, Geol. Soc. M. Bull. 83; 

17 R. Jarrard and D.A. Clague, Implications of Pacific islands 
and seamounts ages for the origin of volcanic chains, Rev. 
Geophys. Space Phys. 15, 57-76,1977. 

18 I. McDougall and R.A. Duncan, Linear volcanic chains 
recording plate motion?, Tectonophysics 63, 275-295,1980. 

19 W.J. Morgan, Deep mantle convection plumes and plate 
motions, Am. Assoc. Pet. Geol. Bull. 56, 203-213, 1972. 

20 H.W. Menard and M. McNutt, Evidence for and conse- 
quences of thermal rejuvenation, J. Geophys. Res. 87 (BlO), 

21 D.L. Tumer and R.D. Jarrard, K-Ar dating of the Cook- 
Austral chain: a test for the hot-spot hypothesis, J. Volcanol. 
Geotherm. Res. 12, 187-220, 1982. 

22 H.W. Menard, Marine Geology of the Pacific, pp. 70-71, 
McGraw-Hill, New York, N.Y., 1964. 

23 E. Bonatti and C.G.A. Harrison, Hot lines in the Earth's 
mantle, Nature 263,402-404, 1976. 

24 E. Bonatti, C.G.A. Harrison, D.E. Fisher, J. Honnorez, J.G. 
Schilling, J.J. Stipp and M. Zentilli, Eastem volcanic chain 
(southeast Pacific): a mantle hot line, J. Geophys. Res. 82, 
2457-2478, 1977. 

25 F. Richter, Convection and large-scale circulation of the 
mantle, J. Geophys. Res. 78, 8735-8745, 1973. 

26 F. Richter and B. Parsons, The interaction of two scales of 
convection in the mantle, J. Geophys. Res. 80, 2529-2541, 
1975. 

27 M. McNutt and H.W. Menard, Lithospheric flexure and 
uplifted atolls, J. Geophys. Res. 83 (B3), 1206-1212, 1978. 

28 K. Lambeck, Lithospheric response to volcanic loading in 
the Southern Cook Islands, Earth Planet. Sci. Lett. 55, 
482-496,1981. 

29 K. Lambeck, Flexure of the Ocean lithosphere from islands 
uplift, bathymetry and geoid height observations: the 
Society Islands, Geophys. J.R. Astron. Soc. 67, 91-114, 
1981. 

30 S. Calmant and A. Cazenave, The effective elastic litho- 
sphere under the Cook-Austral and Society islands, Earth 
Planet. Sci. Lett. 77, 187-202, 1986. 

31 R.S. Detrick and S.T. Crough, Island subsidence, hot spots, 
and lithospheric thinning, J. Geophys. Res. 83 (B3), 1978. 

32 A.B. Watts, D.P. McKenzie, B.E. Parsons and M. Roufosse, 
The relationship between gravity and bathymetry in the 
Pacific Ocean, Geophys. J.R. Astron. Soc. 83, 263-296, 
1985. 

33 M.L. Renkin and D.T. Sandwell, Compensation of swells 
and plateaus in the North Pacific; no direct evidence for 
mantle convection (abstract), EOS, Trans. Am. Geophys. 
Union 67, 362, 1986. 

34 C. Reigber, G. Balmino, B. Moynot, H. Mueller, C. Rizos 
and W. Bosch. An improved GRIM3 earth gravity model 
(GRIM3B), in: Proceedings of the International Associa- 
tion of Geodesy (IAG) Symposia, 18th General Assembly, 
IUGG, Hamburg, 1, 388-415, Department of Geodetic 
Science and Surveying, Ohio State University, Columbus, 
Ohio, 1984. 

35 M. Diament and J. Godin, Emplacement of the Marion 

1671-1692, 1972. 

8570-8580,1982. 

Dufresne, Lena and Ob seamounts (South Indian ocean) 
from a study of isostasy, Tectonophysics 121, 253-262, 
1986. 

36 E.L. Winterer, Anomalies in the tectonic evolution of the 
Pacific, in: The Geophysics of the Pacific Ocean and Its 
Margins, Sutton, Manghani and Moberly, eds., Am. Geo- 
phys. Union, Geophys. Monogr. 19, 1976. 

37 S.O. Schlanger, M.O. Garcia, B.H. Keating, J.J. Naughton, 
W.W. Sager, J.A. Haggerty, J.A. Philpotts and R.A. Duncan, 
Geology and Geochronology of the Line Islands, J. Geo- 
phys. Res. 89 (B13), 11261-11272, 1984. 

38 B. Pontoise, B. Pelletier, J. Aubouin, N. Baudry, R. 
Blanchet, J. Butscher, P. Chotin, J. Dupont, J.P. Eissen, J. 
FerriBre, R. Herzer, A. Lapouille, R. Louat, L. d'Ozouville, 
S. Soakai and A. Stevenson, La subduction de la ride de 
Louisville le long de la fosse des Tonga: premiers r6sultats 
de la campagne SEAPSO (Leg u), C.R. Acad. Sci. Paris, 
Ser. II, 303 (lo), 911-918, 1986. 

39 D.A. Clague and R.D. Jarrard, Tertiary Pacific plate mo- 
tion deduced from the Hawaiian-Emperor chain, Geol. Soc. 
Am. Bull. 84, 1135-1154, 1973. 

40 S.C. Cande, E.M. Herron and B. Hall, The early Cenozoic 
tectonic history of the southeast Pacific, Earth Planet. Sci. 
Lett. 57, 63-74, 1982, 

41 R. Thiessen, K. Burke and W.S. Kidd, African hot-spots 
and their relation to the underlying mantle, Geology 7, 
263-266, 1979. 

42 R.A. Duncan and DA. Clague, Pacific plate motion re- 
corded by linear volcanic chain, in: The Ocean basins and 
margins, 7, Nairn, SteNi and Uyeda, eds., Plenum, New 
York, N.Y., 1985. 

43 M.K. McNutt, Lithospheric flexure and thermal anomalies, 
J. Geophys. Res. 89, 11180-11194, 1984. 

44 U.S. Ten Brink and A.B. Watts, Seismic stratigraphy and 
the flexural moat flanking the Hawaiian Islands, Nature 
315, 421-424, 1985. 

45 A.B. Watts, J.H. Bodine and N.M. Ribe, Observations of 
flexure and the geological evolution of the Pacific Ocean 
basin, Nature 283, 532-537, 1980. 

46 E. Okal, Intraplate seismicity in the Southern part of the 
Pacific Plate, J. Geophys. Res. 89 (B12), 10053-10071, 
1984. 

47 G. Suarez and P. Molnar, Paleomagnetic data and pelagic 
sediment facies and the motion of the Pacific plate relative 
to the spin axis since the Late Cretaceous, J. Geophys. Res. 

48 R.G. Gordon and A. Cox, Paleomagnetic test of the Early 
Tertiary plate circuit between the Pacific basin plates and 
the Indian plate, J. Geophys. Res. 85 (Bll), 6534-6546, 
1980. 

49 J. Stock and P. Molnar, Uncertainties in the relative posi- 
tions of the Australia, Antarctica, Lord Howe, and Pacific 
plates since the Late Cretaceous, J. Geophys. Res. 87 (B7), 

50 A. Cox and D. Engebretson, Change in motion of Pacific 
Plate at 5 Myr B.P., Nature 313, 472-474, 1985. 

51 F.F. Pollitz, Pliocene change in Pacific plate motion, Na- 
ture 320, 738-741, 1986. 

52 K.D. Klitgord, J.D. Mudie, P.A. Larson and J.A. Grow, 
Fast sea-floor spreading on the Chile ridge, Earth Planet. 
Sci. Lett. 20, 93-99, 1973. 

85 (BIO), 5257-5280, 1980. 

4697-4714, 1982. 


