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Abstract. Deciphering the seismic character of the young ward into the mantle along the trenches by the process of
lithosphere near mid-oceanic ridges (MORS) is a challengsubduction. In a broader perspective, the thermal contrac-
ing endeavor. In this study, we determine the seismic struction of lithosphere created at the ridge also defines the shape
ture of the oceanic plate near the MORs using théo-S of the mid-oceanic ridge (Parsons and Sclater, 1977). The
conversions isolated from quality data recorded at five broadfithosphere is the rigid outer shell, made up of the crust and
band seismological stations situated on ocean islands in thethe uppermost part of the mantle that floats over a lower-
vicinity. Estimates of the crustal and lithospheric thicknessviscosity asthenosphere that is seismically characterized by
values from waveform inversion of th@-receiver function  a low-velocity zone. The first seismic observation of the as-
stacks at individual stations reveal that the Moho depth varieshenospheric low-velocity layer was reported by Gutenberg,
between~ 10+ 1 km and~ 20+ 1 km with the depths of the  at a depth range of 50-200 km (Gutenberg, 1959). There-
lithosphere—asthenosphere boundary (LAB) varying betweetfiore, any velocity reduction in the uppermost mantle, similar
~40+4 and~ 65+ 7km. We found evidence for an ad- tothe one at the lithosphere—asthenosphere boundary (LAB),
ditional low-velocity layer below the expected LAB depths has been sometimes referred to as the Gutenberg (G) discon-
at stations on Ascension, S8o Jorge and Easter islands. Thimuity (Revenaugh and Jordan, 1991), which may define the
layer probably relates to the presence of a hot spot corretop of the low-velocity layer.
sponding to a magma chamber. Further, thinning of the up- Most of the seismological knowledge of the oceanic
per mantle transition zone suggests a hotter mantle transitioplates, particularly near the ridges, comes from high-
zone due to the possible presence of plumes in the mantleesolution 3-D seismic tomography studies using active
beneath the stations. source data (Evangelidis et al., 2004). The results reveal fine
layering within the crust in the volcanic edifices of Ascen-
sion. Seismic reflection/refraction studies have also been car-
ried out near the ridges (Bjarnson and Menke, 1993; Evange-
1 Introduction lidis et al., 2004; Rodgers and Harben, 1999) in and around
the Atlantic. All these studies reveal a highly variable crustal
Mid-oceanic ridges (MORs) are the largest sources ofgtrycture. Surface-wave dispersion studies first elucidated
magma on the earth. Being the locus of new lithosphere genthe nature of the oceanic plate and LAB (Kanamori and
eration and accretion to the existing ones, their study aspress, 1970: Leeds, 1975: Zhang and Tanimoto, 1993; Net-
sumes importance in understanding the dynamics of platgies and Dziewonski, 2008). However, the depth resolution
tectonics. These linear features on the ocean floor controps syrface-wave and body-wave tomography studies is lim-
the rheology of oceanic lithosphere, ridge topography, thejteq to > 40 km. Shear-wave anisotropy studies suggest hori-
style of oceanic crustal accretion and also affect the earth’yontally connected melts that characterize the LAB near the
deeper discontinuities. Created at the mid-oceanic ridgesy|OR and cause radial anisotropy at these depths (Nowacki et

new oceanic lithosphere undergoes cooling and thickeningy  2012). Attempts to understand the structure of the oceanic
as it subsequently spreads away and again plunges down-
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328 C. Haldar et al.: Seismic structure of the lithosphere

plates have been made through a number of seismologicaleveralP-receiver functions after moveout correction, to en-
studies at different locations beneath the Pacific Ocean (Gahance the signal to noise ratio.
herty, 1999; Tan and Helmberger, 2007; Kawakatsu, 2009;
Kumar and Kawakatsu, 2011; Kumar et al,. 2012; Rychert
and Shearer, 2011; Schmerr, 2012, etc.). Logistic problemg Modeling of receiver functions
and the extreme costs compared to land surveys impose se-
vere constraints on obtaining similar information about the At each of the stations, the stacked receiver function traces
nature of other MORs. Another factor which hampers body-along with the 2 sigma error limits, computed utilizing the
wave observations from the oceanic data is the water reverbootstrap resampling technique, are shown in Fig. 2. In this
berations that mostly contaminate the vertical componentdootstrap analysis, a single receiver function stack is gen-
of the seismograms of the ocean bottom seismometers (Kuerated by summation of those traces indicated by a random
mar et al., 2012). In this study, we attempt to investigate thenumber generator where the number of traces for summation
seismic structure using the available data from five seismofemains the same as the total numbePafeceiver functions
logical stations situated on the islands located close to that a given station. This procedure is repeated 500 times, by
mid-oceanic ridges. Although the crustal structure may notstacking a totally different sequence of traces corresponding
truly represent the nature of the oceanic plate due to possito randomly generated trace numbers. The mean and stan-
ble influence of the islands, the deeper structure is devoid oflard deviations of the amplitudes from 500 realizations at
such effects. each point on the time axis are then calculated. In Fig. 2,
we marked the prominent phases, namely Moho, LAB and
another low-velocity layer (L). All these phases have their
2 Data and methods amplitudes above the 2 sigma error limit. Although the posi-
tive conversions from the Moho and a negative one from the
We used all the available teleseismic data recorded at sta-AB are prominent in this figure, the multiples from either
tions located on five oceanic islands near MORs. The lo-of these are not obvious. This could be because of to their
cations of the stations are shown in Fig. 1, together withannihilation due to interference from other phases.
the major plate boundaries and mid-oceanic ridges. In the In order to constrain the seismic structure of the litho-
present study, we use converted wave techniques, namelgphere, the stacks of the moveout-corrected traces at each
P-receiver functions (PRFs) (Burdick and Langston, 1977;station are inverted using a linearized time domain iterative
Langston, 1977; Vinnik, 1977). Receiver functions are time waveform inversion scheme (Ammon et al., 1990), where for
series, computed from three component seismograms, whichach model, the synthetic seismograms for the slowness cor-
show the relative response of the earth structure near the regesponding to the stacked trace are computed using the re-
ceiver. The events with magnitudes.5 Mb in the epicentral  flectivity method (Fuchs and Mdller, 1971; Kind, 1978). We
distance range of 30—9@re selected from all available back allowed the generation of all primary and multiple phases.
azimuths. We visually picked the waveforms having clar ~ The synthetic traces are rotated and deconvolved in the same
waves in the vertical component for further analysis. First,manner as the observed traces, for a meaningful comparison.
the Z, N and E components are rotated into Z (vertical), R The receiver function results are summarized in Table 1
(radial), and T (transverse) system using back azimuths deand the stacked traces observed are shown in Fig. 2. Since
rived from the waveforms. We further rotate the ZRT com- the islands are volcanic in nature, the velocities and crustal
ponents into the LQT system using the theoretical angle othickness values from other studies are used as constraints
incidence determined by the global velocity model IASP91in the inversion. While modeling th@-receiver functions
and also with the angle of maximum polarization direction at various stations, the velocity of the basaltic layer was
of P-wave. We chose only those events whose differencegdopted from the available published values (Rodgers and
in theoretical and waveform back-azimuth and incidence anHarben,1999; Christensen, 1973). Also, the velocities in the
gle are less than 3Gand %, respectively. Further, we derive crustal part are kept close to the estimates obtained regionally
the P-receiver functions in time domain by deconvolving the and globally from active seismic experiments (Shinohara,
radial components by their respective vertical ones. The de2008; White, 1992), except for the station ROSA, where the
convolution makes the equalization of source and propagaedata required a top layer to have very low shear velocity,
tion path effects. All of the above steps involved in compu- probably due to the presence of sediments near the surface.
tation of P-receiver functions are performed using the codes The piercing points of the-to-S conversions at a depth
written in Seismic Handlerttp://www.seismic-handler.org  of 100 km, plotted in the inset maps for each station in Fig. 1,
K. Stammler, 1992), a seismological analysis tool. The  reveal a maximum offset of 5Since we model the stacked
receiver functions thus obtained are then moveout correctettaces, any lateral heterogeneity withinOi®averaged. Fig-
to a reference slowness of 6.4 ¢¥uan, 1997) in order to ure 3 shows the corresponding L-components of our stack
remove the dependence of the travel times of the convertettaces, which essentially contain only tifewaves as first
phases on the source receiver distance. In addition, we stackrrivals. Figure 4 shows the velocity models obtained at each

Solid Earth, 5, 327-337, 2014 www.solid-earth.net/5/327/2014/


http://www.seismic-handler.org

C. Haldar et al.: Seismic structure of the lithosphere 329

I-30° T L] I-28°l T I-260l
North Atlan{ic[) ! + | i
o| ridge

40 /j T

I u/\l‘—\ ISA =+ +:
- _!,‘ PSCM

- | :I: !’\ 4

LU N B B S S e \\ T e e T e T T T T T T
: \\ \\f/_{ﬁ b T _60n
L fi L]
i E\ /;%PSCM q/ i
D'l I'TII?:':I;OIKE:UI e MR T ) W%\T\E OI\j :
26 é ridge : 1 IL_W_ L, S, do°
i hi I ren % /5\‘"’&-%;‘ -
! V-~ - i, \E ¥
-28°F 1 J/ mcQ &
-I\I | KT T T T T —:_/f‘fh“_{ _F'H—h H—\_“xw ;60“
R N R T - R
: PRI T B I |I| | IO T T T AU NN T N T (NI N N S A SN SN LA S O |-

-120° . -60° 0° 60° 120° ,/ 180°

I
£ T T T T T T T T T

-6“ T T T T T T T T T T L MvaUarie T
i . .F—-"): - ridge =:52

Lo O + | ] L+ ki®
8’ 7 v i - 4 * B
Y Th, ] - V —_-54

ot e \ - i + /mca i
107 Mid-Atlantic ] 3 88

[, | ridge | l:. o 5 | L gl 5 ]

-6 14 Y 156" 158° 160 162°

Figure 1. Location of the seismic stations (inverted triangles) used in the present study. Mid-oceanic ridge (MOR) boundaries are also shown
(blue lines) with their names in the inset maps. The color code of the stations corresponds to the colors of the lines in Figs. 2 and 4. Open
circles indicate the geographical distribution of the events corresponding to the stations of the same color. Insets corresponding to each statiol
show their relative position with respect to the mid-oceanic ridges. The crosses in the insetsPate-fieonversion points corresponding

to the depths at 100 km (cyan, nearest to the station) and at 520 km (same color as the corresponding station, farther away).

station from inversion, together with the waveform matching ter. ASCN is located in the South Atlantic Ocean on Ascen-
of the observed and synthetic traces. Apart from the Mohasion, a volcanic island located 100 km west of the MOR.
and LAB, the models reveal additional low-velocity layers  Near the station ASCN, wide-angle reflection seismic to-
(L) in the sub-lithospheric mantle below the three stationsmography studies indicate the Moho at a depth-df0.2 km
RPN, ROSA and ASCN. (Evangelidis et al., 2004). The depth to the LAB (see Table
1) beneath the stations PSCM, ROSA and ASCN @5
40+ 7 and 50+ 4 km, respectively. Here we define the LAB
4 Results and discussions as the depth corresponding to the middle part of the veloc-
ity decrease below the Moho (see Fig. 4). The result for
the station ASCN is consistent with observations by Li, et
al. (2003). The depths of the LAB beneath stations ROSA
(~ 40+ 4km) and PSCM+ 65+ 7 km) are quite different,
although they are separated by omtyl00 km. The older
crust (19 My) at PSCM shows a larger plate thickness com-
pared to a younger crust (13 My) at ROS#tp://www.ngdc.
noaa.gov/imgg/ocean_age/data/2008/grids)jagké inset of
Fig. 1 shows that station PSCM is located on Terceira, which

4.1 Mid-Atlantic Ridge (PSCM, ROSA and ASCN)

Our modeling results indicate that the crust—-mantle bound-
ary is located at depths of 12+ 1, 16+1 and 10+ 1 km

for ROSA, PSCM and ASCN respectively. Both the stations
PSCM (in Terceira) and ROSA (in S&o Jorge), in the middle
of the North Atlantic Ocean (see Fig. 1), are volcanic in ori-
gin and about 10 km away from the MOR, making them some.
of the closest landmasses to an active, oceanic spreading cen-
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Table 1. The Moho, LAB and LVL depths beneath the stations used in this study, together withtthe conversion times from the upper
mantle discontinuities.

Station Region No. of Lat Lon Period Elv Moho LAB L 410 (s) 660 (s) Age
traces (m) (km) (km) (km) (Ma)
ASCN  Ascension, 20 —7.93 —14.36 1994~ 173 10+1 50+ 4 75+4 46.0 68.4 5
Atlantic Ocean 2010 +0.2 +0.3
MCQ1 Macquarie Island, 7 —54.49  158.95 2005- 14 19+1 4242 - 48.6 70.6 3
Pacific Ocean 2012 +0.3 +0.3
MCQ2 8 46.8 -
+0.2
PSCM  Terceira, 7 38.70 —27.11 2000- 400 16+1 65+ 7 — 47.8 71.6 19
Atlantic Ocean 2002 +0.3 +0.2
ROSA  Séao Jorge, 18 38.72 —28.24 2008- 310 12+1 40+ 4 106+4 46.8 70.6 13
Atlantic Ocean 2012 +0.3 +0.3
RPN1 Easter Island, 29 —27.12 -109.33 1988- 110 12+1 46+ 2 75+ 2 45.2 - 6
Pacific Ocean 2012 +0.3
RPN2 58 46.8 69.4
+0.3 +0.3

=+ indicates thet2 SE in these values.

is much further from the main north Mid-Atlantic Ridge 4.3 Shear-wave velocity drop across LAB

compared to ROSA. These two stations are situated on a

complex triple junction. The possible reason for this discrep-There are a number of models that describe the generation
ancy might be due to the influence of the compositional na-2nd migration of melt in a ridge system (Spiegelman and

ture of the oceanic islands and structural complexity as eviMcKenzie, 1987; Phipps-Morgan, 1987; Sparks and Parmen-

dent from the surface bathymetry. tier, 1993; Garmany, 1989; Buck and Su, 1989; Kelemem et
al., 1997, etc.). However, geophysical studies, which help in

4.2 Rano Kau Ridge (RPN) and Macquarie Ridge constraining the existing models, are quite limited. The most
(MCQ) important geophysical study aimed at deciphering the melt

generation was the MELT experiment (Forsyth, 1992). Re-
Station RPN is situated on Easter Islan@50 km east from  syits from inversion of Love wave dispersion data from the
the Rano Kau Ridge in the Pacific, while station MCQ is l0- East Pacific Rise revealed an asymmetric velocity structure
cated on Macquarie |S|and, which lies in the middle of the across the ridge (Dunn and Forsyth, 2003), where a crustal
Macquarie Ridge (Duncan et al., 1998; Tapley et al., 2004) magma chamber is confined.
Both these volcanic islands are dominated by the presence Qur modeling results suggest variable shear-wave velocity
of basalt and gabbro (Duncan and Varne, 1988; Jorg, 2005k ontrasts across the LAB for the five stations on the oceanic
The results of receiver function modeling (Fig. 5) suggestisjands close to the mid-oceanic ridges. The inversion results
a crustal thickness of 12+ 1km and a plate thickness of reveal that the first-order discontinuities are not characterized
464+ 2 km at station RPN. On the other hand, the crust |Sby an abrupt Change in shear Ve|ocity_ The need for incorpo_
much thicker {- 19+ 1 km) below the station MCQ and the rating a gradational nature of the velocity interfaces in order
observation of LAB is dubious. The negative phases seefo fit the observed and computed waveforms is due to lack of
close to 6 and 10's are barely above the error limit (Fig. 2) multiples. The velocity contrast across the LAB varies from
Station MCQ is directly located on the MOR, but the re- ~ 104+ 4% to~ 12+ 3%, except for station ROSA, where
trieved Moho depth is larger than expected. This might bean abnormal reduction of 22 % is observed. This value may
due to the fact that the observations are more representativigot be so reliable in view of the large error associated with
of the islands. The LAB depth found below RPN is consis- the value (22:9%) Hence, in the present discussion we
tent with the results obtained earlier froshreceiver func- will not take into account the Ve|ocity Jump for the station
tions (Heit et al., 2007; Li, et al., 2003). This study suggestSROSA. Here, we estimated the velocity contrast by taking
that the numerical value corresponding to the negative disthe average lid velocity and minimum asthenospheric shear
continuity below RPN might correspond to an oceanic LAB. ve|ocity. Also, the drop across LAB is sharp in nature, imply-
ing the presence of partial melt in the asthenosphere (Holtz-
man and Kohlsedt, 2007; Mierdel et al., 2007; Kawakatsu et
al., 2009). The alteration of seismic velocities or attenuation
is often used to interpret the amount and spatial disposition
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Figure 2. ObservedP-receiver function stacks (solid lines) at the Fi 3. Stacked L t ver functi t dif i st
five stations. Before stacking, the receiver functions are low-pass fil'gure o. stacked L-component receiver functions at ditierent sta-
tions that essentially indicate thiewave at zero time.

tered with a corner frequency of 3 s and moveout corrected to a ref-
erence slowness of 6.£3ising the IASP91 Earth model. The two
gray lines on both sides of the mean lines represent thetandard .
error estimated using bootstrap resampling technique. The coloPf large velocity drops of more than 5% (Karato, 2012). In
codes correspond to different stations: Black, MCQ; Red, ASCN;the normal oceanic (not ocean island) plate, there is an indi-
Blue, PSCM; Green, RPN and Grey, ROSA. Different disconti- cation of an abrupt increase in electrical conductivity (Shank-
nuities are marked as M, Moho; LAB, lithosphere—asthenospherdand and Waff, 1977; Honkura, 1975; Utada and Baba, 2013),
boundary and L. sub-lithospheric low-velocity layer. often interpreted as the electrical asthenosphere, favoring the
idea of partial melts. Interestingly this layer corresponds to
the seismologically identified layer.

) . ) Figure 6 illustrates the variation of plate thickness with
of partial melts in the uppermost mantle (i.e., Humphreys,4e 1t is clearly seen that the seismologically estimated
and Dueker, 1994; Zhao et al., 1992; Sobolev et al., 1996jjihospheric thicknesses in oceanic environment generally
Xu and Wiens, 1997; Dunn and Toomey, 1997; KawakalSUshow an asymptotic increase with age, in agreement with
et al., 2009). The sharp and abrupt drop in shear-wave Vege thermally predicted models (e.g., Stein and Stein, 1992;
locity can be reconciled by the fact that the hot mantle up-i aakatsu et al., 2009). The presence of a significant scat-
welling near the ridges possibly enhances the reflectivity ofier i the data requires incorporation of additional controlling
the LAB (Schmerr, 2012). Moreover, the fraction of melt re- ¢,cors. The present values obtained from the receiver func-
tention in the asthenosphere may cause such a large drop gy, analysis (Table 1) seem to fill the existing gap in the
shear velocity. Inclusion of little more than 1% melt in the |gwer end of the age spectrum and are consistent with the

asthenosphere, in addition to the temperature contrast, progready observed values using the receiver function analysis.
vides a realistic explanation of this velocity drop (Hammond

and Humphreys, 2000; Rychert et al., 2012). Karato (1990)

indicated that the presence oL@ in olivine weakens the 5 Sub-lithospheric low-velocity layer

material. Recently, Karato (2013) argued against the vari-

ous partial melt models to explain the seismically observedThe observedP-receiver function traces (Figs. 2, 4 and 5)
anomalies and emphasized the important role played by thehow an additional negative phase for stations RPN, ROSA
geometry of melt. However, the presence of hydrogen in theand ASCN. We interpret the shallower LVLs as conversions
uppermost mantle may present an alternate model (Dai anffom the LAB, since they are consistent with previous re-
Karato, 2009). Anelastic relaxation caused by the elasticallyceiver function studies (Li et al., 2003; Heit et al., 2007,
accommodated grain-boundary sliding may also be a causRychert and Shearer, 2009 etc.). These values are close to
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bound the thick colored lines model in the upper panel of each subplot ate2IRE in the velocity models derived from inversion. The
dashed black line shows the 1-D starting velocity model used to invert the data.
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Figure 5. Same as Fig. 4 for the stations RPN and MCQ.

those predicted by the cooling model for the ocean litho-zontal layers of connected melt pockets has been proposed
sphere. The converted phases related to the deeper lovased on the nature of shear-wave anisotropy (Nowacki et
velocity layers (Fig. 2) below RPN, ROSA and ASCN are al, 2012). The mid-oceanic ridges receive magma from the
observed much beyond the error limits. Owing to the prox-plume that feeds the hot magma from below. The most
imity of these stations to the mid-oceanic ridges, the possiblevolatiie magmas reside at deeper depths. For example, As-
source for the generation of these LVLs may be related tocension is supposed to be a product of flow from an off-axis
the source of magma at a depth range-agf5—106 km, from  plume to the spreading axis (Brozena, 1986). These locations
where the magma ascends along narrow lithospheric operare where the MORs interact with the mantle plume (Mon-
ings. For the region close to the ridges, occurrence of horitagner and Ritsema, 2001) and possibly produce the second
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and RPN2. Similarly, we made two clusters for MCQ. Other
stations like ASCN, ROSA and PSCM have only one cluster,
since the other clusters had much fewer traces. FHe-

S conversion times from the 410 and 660 km discontinuities

it with their errors are depicted in Table 1. The oceanic stations

] reveal a delay in both the phases (see Table 1). These seis-
mic discontinuities are globally observed and generally inter-
preted to be formed due to a phase transformation in the man-
tle from olivine to spinel and from spinel-structured gamma
phase to perovskite-structured magnesiowustite (Duffy and
Anderson, 1989) respectively. These phases are in a state
of equilibrium governed by the temperature and pressure at
those depths, described by the Clapeyron slope. The Clapey-
ron slope is positive and negative for the 410 and 660 km
Figure 6. Observed lithospheric thickness values plotted againstdiscontinuities respectively (e.g., Bina and Helffrich, 1994).
their age. Different color symbols denote data from different Thus, the respective locations of these phases can be inter-
sources and red open circles denote the observations from thpreted in terms of the temperature in the upper mantle. For
present study. Isotherms (gray contour lines with aZDinterval)  temperatures in excess 6f200°C, the separation between
and the t_estimated top of partial melting region (the black, dashednese discontinuities can be reducedbR0-30 km (Helf-
contour line) are taken from Kawakatsu et al. (2009). KK: Kumar frich, 2000). TheP-to-S conversion times of the upper man-
and Kawakatsu et al. (2011). tle discontinuities also depend on the average shear velocity
in the upper mantle, implying that any discrepancies in these
timings are related to the velocity perturbation in the upper-
dnost mantle. The delays in both the phases might also indi-
cate the lower average velocity in the upper mantle implying
a thinner mantle lid and/or higher temperature of the oceanic
lithosphere as compared to the continental mantle, corrobo-
ted by the LAB at shallower depths.
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low-velocity layers (L), as observed along the Mid-Atlantic
Ridge, where regions affected by the shallow mantle plume
are detected.

An interesting review by Sinton and Detrick (1992) pre-
sented geophysical and petrological evidence for the distribu
tion and behavior of magma bodies beneath the ridges. Whelf* o
these magma bodies assume a crystalline form greater thar| In the'prese.nt ;tudy, the conversion times fr'om the 410km
about 50 %, rheologically they behave much like a solid. Thed obal d|scont|nU|ty vary from 46 to 48.6 s, while those from
presence of melts in the lower crust and also in the uppeFhe 660_km discontinuity range betweer_l 68‘4.5 a.”?' 71'(.55‘ Al
mantle is suggested by active source tomography (Toome)t}qe stations show a delay in both the dlspont|nU|t|es with re-
et al., 1990; Dunn and Toomey, 1997) and compliance techSPect to the global average value_f, predicted by the IASP91
niques (Crawford et al., 1991; Crawford et al., 1998; CraW_model. These observed delays might be related to elevated

ford and Webb, 2002). In the latter technique, the pressurégpper-mantletemperatu_resjust below the mid-oceanic ri_dges
field caused by the long-period ocean waves that deform thdvhere hot magmas contmu_ously pour out to make new litho-
sea floor is studied. The relation between pressure and d sphere. These values are In general agreement with the ear-

formation is called compliance and used to investigate th ier results in oceanic environments obtained from receiver
structure under MOR locations function analysis (Li et al., 2003) and SS precursors (Gu

and Dziewonski, 2002). The observed values suggest that the
thickness of the upper mantle transition zone varies between
22's (~220km) and 24 s+ 240 km) compared to the global
average value of 24 $(240km). This thinning of the tran-
Figure 7 shows theé-receiver function stacks at individual sition zone favors a hotter mantle (e.g., Agee, 1997; Shearer,
stations after the application of a low-pass filter with a corner2000; Deuss, 2007). For the station ASCN, the transition
frequency of 6 s in the time domain. The stacks clearly reveakone is~16km (1.6 s) thinner on the western side of the
the global upper mantle seismic discontinuities typically de-ridge compared to the global average value (Fig. 7). For the
tected at 44.1 and 68.1 s. The lateral extent ofRke-S con- eastern side, we do not have enough data to arrive at a con-
version points at a depth of 520 km (insets in Fig. 1) suggestglusive result. For the station MCQ, the transition zone on
that they sample regions far away from the ridges. Stackedhe western side of ridge s 20 km thinner (2s). For sta-
traces, in fact, represent an average character of the uppd¢ions PSCM and ROSA, our conversion point plots show that
mantle below the station. Due to the large sampling of uppetthe data sample a similar upper mantle region (Fig. 7) and
mantle P-to-S conversions, we grouped the traces in such athe upper mantle transition zone (within the error limits) is
way that one group is far from the ridge and other nearer tonormal compared to the global average value. On the other
it. Station RPN (in Fig. 7) has two groups labeled as RPN1

6 Upper mantle discontinuities
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Figure 7. Stacked receiver functions similar to Fig. 2 but shown to deeper depths in order to display the upper mantle discontinuities. The
traces are low-pass filtered with corner frequency of 6 s and moveout corrected to a reference slowness ugi6gitsle IASP91 Earth

model prior to stacking. Two bounding blue lines parallel to the mean represent 2 sigma error bounds. The stack traces are based on the
geographical locations at a depth of 520 km foto-S conversions. We grouped those data that fall near and far away from the mid-oceanic
ridge in order to avoid any structural complexities. For the station ASCN we made only one cluster since the data near the ridge are too scant
to make a meaningful stack. All stations show clear arrivals of the Ps conversions from the 410 and 660 km discontinuities (marked by short
red lines) and they are delayed with respect to the predicted times from the IASP91 global Earth models (dashed lines).

hand, for the station RPN, the transition zone is thinner oncated. Further, we observe sufficient converted energy from

the eastern side of the ridge byldkm (1.4 s) . the upper mantle discontinuities, namely 410 km and 660 km.
These phases are delayed (see Table 1) with respect to the
global average. Also, the thickness of the transition zone is

7 Conclusions found to be small, due to a deepening of the 410 km and shal-
lowing of the 660 km discontinuities. This thinning of the

P-receiver function analysis at the five stations located neatransition zone indicates the existence of mantle plumes be-

the mid-ocean ridges reveals significant converted energyeath the stations (e.g., ASCN and RPN). These findings are

from the crust-mantle boundary, LAB and an additional very much coherent with the fact that the present observa-

deeper low-velocity layer (L). Modeling results reveal that tions are in close vicinity of the mid-oceanic ridges. How-

the Moho depths vary from-10km to ~20km. Hence, ever, it must be borne in mind that the data are from the sta-

we conclude that the crustal thickness beneath the MOR$ions located on oceanic islands, and hence the uppermost

is ~15km. The LAB depths beneath the MORs vary from mantle observations may not be an exact proxy for the true

~40km to ~65km. The observed LAB depths are con- oceanic plate.

sistent with the thermal cooling model (Stein and Stein,

1992); however, the depth estimates may not represent a pure

oceanic plate in view of the contamination from the com-

position of the ocean islands on which the stations are lo-
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