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Abstract - A database of 70 teleseismic earthquakes is used to infer the lithospheric structure beneath PMSA and
ESPZ stations, deployed in Antarctic Peninsula respectively south of the intersection of the Hero Fracture Zone (HFZ)
with the South Shetland Trench (SST), and at the extreme tip of the Antarctic Peninsula. The inversion of receiver
function of teleseismic body waves is constrained by a group velocity tomographic study in the Scotia Sea region in
order to minimize the non-uniqueness problem that results from the velocity-depth trade-off. The high noise level,
typical of the oceanic environment, is overcome by stacking teleseisms with common receiver-station azimuthal angle
and distance, and by selecting events with mb > 6.0 within a range of distances betwe&%38-wave velocity

models found beneath ESPZ and PMSA stations have a common velocity profile characterized by a large velocity
gradient zone in the upper crust and by a smaller velocity gradient from the lower crust to the upper mantle. The depth
of the crust-mantle transition zone beneath ESPZ and PMSA is about 37 km and 40 km, respectively.

INTRODUCTION basement and control the distribution of volcanic provinces
on land (Hawkes, 1981). Two major oceanic fracture
The Pacific margin of the Antarctic Peninsula (AP) igones, the Hero and Shackleton fracture zones (HFZ and
characterised by a complex structural framework (BarkesFz) (Fig. 1), form the boundary of the part of the Former
1982; Larter & Barker, 1991). Its northern part showPhoenix Plate where the spreading center has not been yet
transverse megafractures that represent the continuatiibducted, although it stopped the activity about 4Ma ago.
of the oceanic fractures, involve the outcrop of th&he HFZ separates two different tectonic provinces; one
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Fig. 1- PMSA and ESPZ station locations

650 in Antarctic Peninsula, (HFZ=Hero
Fracture Zone; SFZ=Shackleton Fracture
Zone; FPP=Former Phoenix Plate;
BB=Bransfield Basin).
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characterized by recent tectonic changes, north of thaversion €.g.Burdick & Langston, 1977; Vinnik, 1977,
HFZ, while the second exhibits a low seismicity rateOwens etal., 1984; Ammon etal., 1990) on two permanent
(Fig. 1). Northeast of the HFZ, the tectonic setting of théroad band seismic stations, deployed at the extreme tip of
South Shetland margin is characterized by subduction ¢fie AP (ESPZ) and southwest of the HFZ at Palmer station
the Former Phoenix plate at the South Shetland TrendPMSA), to retrieve the related crustal and upper mantle S-
(SST). The Phoenix oceanic ridge is identified by thevave velocity models. The inversion is constrained by
symmetry of marine magnetic anomalies across its axiscal group velocity dispersion curves derived from surface
(the youngest anomaly is 4.5 Ma old, Larter & Barkerwave tomography.
1991). The South Shetland Trench between the HFZ and
SFZ, is characterized by normal faulting in sediments and
basement on the oceanic side and folding and reverse EXTANT S-WAVE VELOCITY MODELS
faulting of the sediments on the landward side. BENEATH ESPZ AND PMSA STATIONS
Southwest of the HFZ, subduction stopped after
collision between the segments of the Aluk ridge and the Crustal and upper mantle average S-wave velocity
trench. These segments were separated by fracture zomesdels beneath ESPZ and PMSA stations are represented
almost perpendicular to the margin that now divide sectionsy (1) local models obtained from the inversion of
of oceanic crust characterized by magnetic anomalies thedgionalized group velocity dispersion curves (Fig. 2;
become younger towards the continent (Herron &/uan et al., 2000) and by (2) models extracted from a
Tucholke, 1976; Barker, 1982). compilation of seismic refraction studies published in the
The composite section across the AP (Tectonic map qferiod 1948-1995 (CRUST 5.1 model; Mooney et al.,
the Scotia arc, 1985) shows that the cordillera has bed®98). As shown in figure 2a similar dispersion curves are
uplifted by the magmatic arc intrusions. The predominantbserved at ESPZ and PMSA stations from group velocity
outcrops are accretionary prism sequences, with abundaonimography. Although the spatial resolution of the
intrusives and few remnants of volcanic rocks (Hole et algeological and tectonic features by the two methods is
1991; Elliot et al., 1992). different we observed a good agreement in averaging
A significantamount of single and multichannel seismic
reflection surveys have been carried out across or adjacent PUA
to the continental margins of the AP in the last two decades T
(Cunningham et al., 1994). These data do notimage deep} 1 @
crustal structures. A coarse information about the structure
of the lithosphere in this region results from gravity an%"_
magnetic surveys (Renner et al., 1985; Parra et al., 198§; /—" .
Garrett, 1991; Gonzales-Ferran, 1991). No otheP
geophysical data, in relation with the deep crustal structure | — ESP7 |
of AP are available. e PMSA .
Early refraction work was performed by Ashcroft T
(1972) in the South Shetland-Bransfield Strait area, - 20 4 60
indicating that the crust in the central Bransfield basin
(BB) is probably oceanic, with a thickness less than 15 km,
underlained by a mantle with a low seismic velocity (7.6- ) 3
7.7 km/s). These results and other seismic investigations 0 trmmms — (b)
and geophysical studies (Henriet et al., 1992) combined
with existing seismic data, suggested that the Bransfield
Straitis floored by arifted continental crust with spreading 20 -
along the central volcanic area. Deep seismic refraction
measurements (Guterch etal., 1985; Guterch etal., 1991a;
Guterch et al., 1991b; Grad et al., 1993) did not provide a
solution about the nature of the crust and two different
hypothesis are still suggested: thin oceanic crust
characterized by incipient seafloor spreading in opposition
to a thicker anomalous crust, presently undergoing rifting.
A recent group velocity tomography of the Scotia Sea
region (Vuan et al., 2000) from the inversion of locally 80 Vuan et al., 2000 B
smoothed dispersion curves suggests that crustal shear 90 J ==== CRUSTS.1
wave velocities beneath the Bransfield Strait are typically
continental with an average Moho depth of 25 km. 100 . T

The crustal root of the AP is at present poorly defmeq'—i . 2- (a) Smoothed local group velocity curves at station sites derived

and it seems, du? to the thic_kness of the C_I’UST{, no Slab_sff?in group velocity tomography (Vuan etal., 2000). (b) S-wave velocity
subducted material can be imaged by seismic refractiafiodels obtained from the inversion of the curves of figure 2a, overlayed

experiments. In this paper, we apply receiver functiore CRUST5.1 model (Mooney et al., 1998).
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crustal S-wave velocities and the depth of the crust-upper dataset 350 events M >6.0
mantle boundary (Fig. 2b). The average S-wave velocity
of the crust ranges between 3.6 km/s (upper crust) and 4.0
km/s (lower crust) while the Moho is about 35 km to 40 km
deep. Upper mantle S-wave velocity ranges from 4.5 km/
sto4.7 km/s. These models are quite similar to those found
for the southernmost part of South America and are typical
of stable continental regions (Vuan et al., 2000).

Smoothed group velocities obtained from the
regionalization of the dispersion properties at ESPZ and
PMSA locations (Fig. 2a) are used here to constrain the
receiver function waveform inversion.

TELESEISMIC BODY WAVES

We selected a database of 350 teleseismic events with
magnitude greater than 6. Preliminary processing revealed
that 80% of the data were not suitable for a further analysis
because of the high noise level. Furthermore the thick and
fast average crust of AP, producing highly attenuated
weak Pn arrivals, probably contributes to reject a large
part of the data. The receiver function, described by
Langston (1979), is formed from the spectral ratio of radial
(or transverse) and vertical components from teleseismic
P wavesrecorded at a single station. The functions obtained
in this way are assumed to be free of source, mantle
propagation and instrument response effects. The
deconvolution is performed in the frequency domain
(Owens et al., 1984) using a Gaussian filter width of 2.5
and trough filler value of 0.01.

As shown in figure 3 seventy events are clustered
mainly in two backazimuths (BAZ): northwest (epicentral
distances from 60 to 85) and southeast (epicentral distances
from 65 to 80). Receiver functions are stacked to improve
the signal to noise ratio in the data. Radial and transverse : . .

. I9. 3- (a) The database of events before processing for receiver function
components are shown in figure 4 for ESPZ and PMSAnayysis. (b) Resulting database after rejection of noisy records.
stations. Wave shape details and phase timing are distinct
for different BAZ while at common BAZ the receiver
function waveforms for the two stations are similar. Orof the average crustal velocities.§ deep seismic
other BAZ quadrants (NE, SW) no sufficient amount osoundings, surface wave dispersion data) can provide a
data is available to make possible the stacking proceduteetter constrained model. We try to obtain S-wave velocity

The transverse-component energy is a measure of thendels beneath ESPZ and PMSA able to fit both P-S
deviation from isotropic and planar structure (Ammon &onversions observed on receiver functions and group
Zandt,1993). Normally the transverse-component ofelocity curves derived from ourtomographic study (Vuan
receiver function arrivals are characterized by a compleat al., 2000). We modified the Ammon et al., (1990)
near surface scattering in the upper crust which cannot heethod that consists of a linearized iterative, least squares
modeled in any simple way (Langston, 1979). Thereforeraveform fitting to include surface wave group or phase
taking into account the better signal to noise ratio (seeelocity constraints. Solutions must satisfy both receiver
Fig. 4) we decide to invert only radial receiver functionsfunction waveforms and group velocity dispersion curves.

To compute modeled receiver functions for a given velocity
structure, a technique based on propagator matrix method
INVERSION OF RECEIVER FUNCTIONS AND is used (Kennet, 1983; Muller, 1985).
GROUP VELOCITIES Previous published papers used a joint inversion of
phase velocity data with receiver function waveforms

Receiver function analysis reveals the presence of $dzalaybey etal., 1997; Du & Foulger, 1999). We used the
wave velocity discontinuities at depth, but the absolutsame inversion method proposed by Du & Foulger, (1999)
velocities and depths of the boundaries are not wetlomputing the partial derivatives of the group velocity
resolved, as shown by the fit to the data provided by a suitéth respect to model parameters and the theoretical
of models (Ammon etal., 1990). Independent determinatiatispersion curves with the algorithms developed by
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RESULTS
. ﬁ R—NWESPZ
PV WA A A A A Figures 5 and 6 summarize the results obtained in
the joint inversion of receiver function waveforms
o T-NW ESPZ and group velocity dispersion curves beneath ESPZ
Mt A Y T e A A and PMSA stations. We show only the smoothest
solution of the Vs profile able to fit the observations.
j\ R-NW PMSA ESPZ receiver functions from NW and SE BAZ are
N WA L AN A A A A selected and inverted together with the group velocity.
‘ NW receiver functions are simpler than the SE one
and display almost the same arrivals for slightly
N U A different BAZ and epicentral distances. The velocity
20 e a0 60®  models (Fig. 5a) found are able to fit both the receiver
) function and observed group velocity (Fig. 5b, Fig.
5d). The main features of the NW BAZ Vs model are
(1) asharp velocity increase in the upper 10 km (2 km/
sto 3.5km/s), (2) agradational crust-mantle transition
zone with an upper mantle velocity value reached at
about 35-37 km. The poor quality SE BAZ receiver
function (Fig. 5c) is also inverted showing large
differences from NW BAZ solutions in the uppermost
5 km. The upper crust is unconstrained by surface
wave observations. Partial derivatives of group
) R-NE PMSA velocity with respect of S-wave velocity at 20 s are
M NS unable to constrain the upper 5 km.

Results from PMSA (Fig. 6) can be discussed
o \ o R PMSA mainly for NW BAZ where receiver function is better
20 0 20 VSV VR 40 60 b)  defined Wlth t|ght_er standard deviation bounds than

) NE receiver function. The features observed for ESPZ
i ) ] ) NW BAZ velocity model are repeated here for PMSA
Fig. 4 - Examples of radial and transverse receiver functions observed fi

PMSA and ESPZ station at NW, SE and NE BAZ. To the upper right part of eﬂW BAZ: a sharp increase in the S-wave VeIOCIty n

the receiver functions the component (R=radial, T=transverse), the BAZ aHd€ upper 10 km_ and (2) a gradational_ crust-mantle
the station are shown. Amplitudes of radial components are considerably lartf@nsition zone with upper mantle velocity reached at

than amplitudes of transverse components. 40 km. On receiver function waveform we observe a
broad Moho Pphase clearly seen arriving at nearly 5s
(Fig. 6b) implying a slightly thicker crust at this

Herrmann (1987). S-wave velocity represents thétation. The NE BAZ receiver function (Fig. 6c), poorly

independent parameter in our inversion while P-wavélefined by our data set, is here inverted too. It gives as

velocity and density were set assuming respectively gesult a faster velocity profile with similar large and small

Poisson’s ratio of 0.25 and the relationghi0.32Vp+0.77  Velocity gradients for respectively the upper crust and the

(Berteussen, 1977). lower crust-upper mantle.

We choose as initial model the CRUST5.1 model

(Mooney et al., 1998) for the tip of AP, able to satisfy well

the local group velocity curves for ESPZ and PMSA. We CONCLUSIONS

splitit with thin layers, 1 km thick for the first 14 km, and

2 km thick for intermediate layers until a depth of 40 km, ~ The locally smoothed dispersion curves obtained from

and from this initial model we generate 32 different initialthe regionalization of the group velocity measurements

models with a cubic perturbation of 0.75 km/s and 15% ofan be used to constrain better the receiver function

random Component_ A ha'f Space was p|aced be|0W 60 krjﬂversion. The Sheal’ wave VeIOCity mOdels del’ived from

We performed inversions for each perturbed initial modegroup velocity tomography are able to explain only partially

to find joint models that fit both receiver functions and P-S conversions observed in receiver function waveforms

group velocity data. We identify the Moho when S-waveat station locations.

velocity exceeds 4.5 km/s. NW BAZ stacked receiver A joint inversion able to satisfy both surface wave

functions are inverted both for PMSA and ESPZ station<data and P-S conversions beneath station sites can represent

We inverted also receiver functions calculated at differen Way to overcome the non-uniqueness problems related

BAZ quadrants (NE for PMSA, SE for ESPZ) to which thet0 receiver function waveform inversion (Ozalaybey et al.,

stacking procedure was not applied. This is done mainly t§997; Du & Foulger, 1999).

check the ability of the joint inversion to find solutions ~ Results obtained for the S-wave velocity models

able to fit accurate group velocity measurements togeth&€neath PMSA are close to the two gradient profile (large
with low quality receiver functions. velocity gradient in the upper crust and small velocity

Normalised amplitudes
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Fig. 5- (a) S-wave smoothest velocity models beneath
ESPZ obtained from the joint inversion. (b) NW BAZ
observation (solid line) compared with the synthetic
waveform computed using the model of figure 5a (dashed
line). c) SE BAZ observation (solid line) compared with
the synthetic waveform computed using the model of
figure 5a (dashed line). (d) Observed group velocity and
calculated from the models of figure 5a.
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Fig. 6 - (a) S-wave smoothest velocity
models beneath ESPZ obtained from
the joint inversion. (b) NW BAZ
observation compared (solid line) with
the synthetic waveform computed using
the model of figure 6a. c) SE BAZ
observation compared (solid line) with
the synthetic waveform computed using
the model of figure 6a (dashed line). (d)
Observed group velocity and calculated
from the models of figure 6a (dashed
line).
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gradient from the lower crust to the upper mantle) found Cambridge University Press, 251-256.
beneath ESPZ. The Moho discontinuity is deeper beneaadM., GuterchA. &T. Janik, 1993. Seismic structure of the lithosphere

- _ across the zone of subducted Drake plate under the Antarctic plate,
PMSA than beneath ESPZ (~40 km vs. ~37 km). Some West AntarcticaGeophysical Journal Int115 586-600.

diﬁerehces are observed on the upper crustal S'Wa‘(ﬁxterch A., Grad M., Janik T., Perchuc E. & Pajchel J., 1985. Seismic
velocities. Middle and lower crust beneath PMSA is studies of the crustal structure in west Antarctica 1979-1980 —

slightly faster than beneath ESPZ station. Results are preliminary resultsTectonophysicsl14, 411-429.

s ; ; uterch A., Grad M., Janik T. & Perchuc E., 1991a. Tectonophysical
prellmmary and are mamly based on observations on N\ﬁ models of the crust between the Antarctic Peninsula and the South

BAZ. ) ) ) ) ] ) Shetland Trench. In: M.R.A. Thomson, J.A. Crame & J.W. Thomson
Because of the high microseismic noise at the stations, (eds.) Geological evolution of Antarctic&ambridge, Cambridge
alarger database, including receiver functions on all BAZ ~ University Press, 499-504.

; : ; : terch A., Shimamura H. & the Polish-Japan-Argentina Research
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