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Abstract. The quality factor Q has been measured 
in the Pacific ocean along many paths using long period 
seismograms of the Geoscope and IDA networks. The Love 
and Rayleigh phase velocity and Q• have been regionalised 
in the period range 60s to 200s, and then simultaneously in- 
verted at depth to obtain 3D images of S-wave velocity and 
attenuation Q• in the depth range 60-300kin. Up to 100s, 
three very attenuating zones appear, one under the East 
Pacific Rise (E.P.R), another one around tta.waii, a third 
one east of Kermadec. By inversion, those three anoma- 
lies are found stable down to 160km. Below 200km, lateral 
variations are less intense and differently distributed; the 
maximum attenuation seems to concentrate along a north- 
east trend in the North Central Pacific. 

Introduction 

The structure of the lithosphere in the Pacific Ocean has 
been studied extensively using surface wave data, which 
have revealed a good correlation between seismic velocities 
and age of the sea-floor down to a depth of 200km, in good 
agreement with a model of thickening of the lithosphere 
with age compatible with a now classical view of global 
geodynamics [e.g., Leeds, 1975; Parsons and $clater, 1977]. 
More recent global tomographic studies of upper mantle 
elastic structure have confirmed the correlation of veloci- 

ties with age down to a. depth of 200km [Woodhouse and 
Dziewonski, 1984; Natal ½t al., 1986]. At greater depths, 
one of the low velocity lobes of the dominant degree 2 pat- 
tern is centered under the Central Pacific, resulting in a 
shift of the locus of lowest velocities to the West with re- 

spect to shallow structure [Montagncr and Tanimoto, 1991; 
3,Iontagner and •omanowicz, 1992]. On the other hand, 
significant departures from the simple age-dependent model 
have been brought to light in studies of the ocean floor to- 
pography, showlug shallower than expected sea floor and 
smaller elastic thickeness in regions where the oceanic litho- 
sphere is older than 80Myr, in particular under Hawaii 
and the South and Central Pacific "Superswells" [C, alman! 
and Cazcnavc, 1986; McNutt and Judge, 1990; Renkin and 
Sclatcr, 1988]. These regions are also the site of active in- 
traplate volcanism. One of the fundan•ental questions now 
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remaining is to determine whether these "anomalies" are 
of shallow or deep origin, and to find a physical interpre- 
tation for them. Because of the likely thermal nature of 
the features observed in the Pacific Ocean, the study of 
surface wave attenua,tion is particularly well suited to try 
and gain more insight on the spatial and depth distribu- 
tion of heterogeneity in the upper mantle. Regionalization 
of Rayleigh wave attenuatiou as a function of age [Canas 
and Mitchell, 1978] has revealed high attenuation down to 
200kin in the vicinity of the East Pacific rise, with a de- 
crease in Qj• (dissipation function in shear) with age. Re- 
cent global studies of mantle wave attenuation [Roult et al., 
1990; Roma•owicz, 1990] have confirmed good correlations 
between high Q-• and low velocities (and vice-versa), as 
evidenced by earlier studies [Nakanishi, 1979; Dziewonski 
and $teim, 1982]; and provided some evidence for a contrast 
between a shallow origin (< 200km) of the East Pacific Rise 
"hot" anomaly a.nd a deeper origin of the Central Pacific 
one. The resolution of the global studies is however still 
poor. 

In this paper, we present preliminary results of a tomo- 
graphic study of Rayleigh wave attenuation and velocity 
beneath the Pacific Ocean, using low frequency data from 
the Geoscope and IDA networks. The inversion proceeds 
in two steps and utilizes the continuous parametrization of 
Agontagner [1986], called "regionalization without a-priori". 
We first, present the data and method used and then discuss 
the resulting tomographic maps. 
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Fig. 1. Distribution of paths available for Q• regional- 
isation. Geoscope and IDA stations are indicated. The 
interior rectangle delineates the region inside which resolu- 
tion is best, and corresponding to figures 2 and 3. 

663 



664 

Data and Method 

¾Ve have selected 164 oceanic paths (Figure 1) recorded 
by eight, three component, Geoscope [Romanowicz e! al., 
1991] stations (SCZ, HDC, KIP, PPT, NOC, INU, CAN, 
DRV) and seven IDA [Asnew et al., 1986] stations (NNA, 
RAR, BJT, ERM, GUA, SJG, TWO). Events are mostly 
located on the Pacific Rim and some on the South Pacific 
Ridge. Their magnitudes (Ms) are between 6-7 and depths 
between 10-30 kin. The measurements are performed on 
the vertical component, in the tYequency domain. For each 
source-station path, we measure the average Rayleigh wave 
attenuation coefficient q(•), and phase Love and Rayleigh 
velocity C(•) as a function of angular kequency •, assum- 
ing that the source mechanism is known. 
The following expressions define the attenuation coefficient: 

i in A, (1) 

and the dissipation function: 
2U 

= (2) 

where x is the epicentral distance in km and U is the group 
velocity. 
Moment tensors are obtained t•om NEIC (National Earth- 
quake Information Center) bulletins as well as h'om low 
fi-equency determinations based on data from the Geoscope 
network [e.g., Romanowicz and Monfret, 1986]. In order to 
minimize the error due to the source term, we only consider 
paths corresponding to lobes in the radiation pattern of the 
source. 

The inversion then proceeds in two steps. F•rst, we de- 
termine spatial maps of q(w) and C(w) at a discrete set 
of periods, for the region inside the rectangle defined in 
figure(1), where sampling is su•cient to warrant good res- 
olution. The method used is that introduced by Montagner 
[1986], it requires no a priori regionaliza.tion and relies on 
the introduction of a correlation length. The correlation 
length which optimizes the trade off between resolution and 
error is here Lm2000km. In a. second step, we retrieve maps 

of Q• and 14 in the depth range 60 to 300km by simulta- 
neous inversion of phase velocity and dissipation function 
maps, as previously attempted by Lee and Solomon [1975]. 
We assume a simple dispersion relation, corresponding to 
an absorption band model of the Earth [Liu ef al., 1976]: 

ca() = ca(0)(1 + (3) 
• •0 

where w0 is the reference frequency (1Hz). 
We also assume that dissipation in compression Q•i is re- 
lated to dissipation in shear O2• by [Anderson e! al., 1965]' 

4/3 -1 
Q•I- •Q/3 ' (4) 

The general expressions for perturbations in velocity and 
anelasticity are 

ac = 0W'a"a:+ o50'; 1 

(5) 

where we assume r0=300km, and equation (3) is used to 
calculate partial crossderivatives. 
We do not consider any lateral variations below 300km, be- 
cause of the limited resolution of our data at those depths. 
The reference model used is PREM [Dziewonski aT•d An- 
derson, 1981]. Equa.tions (5) a.re solved using the algorithm 
of Tarantola and Valette [1982]. 

Results 

When dealing with attenuation data, the estimation of 
errors is critical. The main sburces of errors come from un- 
certainties in the seismic moment of the source and from 
propagation effects such as focusing and defocusing, which 
we do not attempt to model here [cf. Romanøwicz, 1990]. 
Since we are considering only minor arc data, the latter 
should be relatively small [V irieux, 1989]. Another source 
of bias is the a priori assumption on the frequency depen- 
dence of Q (equation 3). We have assumed a conservative 
error of 40% on the attenuation data. Figure 2 shows maps 

of Q• and I/• at three representative depths: 80km,160km 
and 280kin. Q• mean values are respectively: 1.67 10 -•, 
1.53 10 -=, 7.18 10-a; and exceed slightly PREM values 
(1.25 10 -•, 1•25 10 -•, 6.99 10 -3, respectively) a.s can be 
expected for this entirely oceanic region. The inversion 
method of Tarantola and l/alette [1982] allows us to &lso 
obtain maps of a posteriori errors. In the region for which 
results are shown, these errors are distributed uniformly 
and are on the order of 3.10 -a, for lateral variations in Qj1 
of 4-18.10 -3 and 4-6.10 -a, respectively at 80 and 160km. 
Beyond 200kin, maximum errors become 1.5 10 -3 for lat- 
eral variations of 4-2.10 -3. Therefore, while errors are large, 
the main large scale features of model are well resolved 
down to 200kin, but must be interpreted with caution be- 
low that depth. We note three zones of higher than aver- 
age attenuation, which have distinctive depth dependences. 
These zones roughly correspond to (1) the East Pacific Rise, 
centered near the Pacific-Nazca-Coco junction; (2) around 
Tonga Kermadec; (3) around Hawaii. The high attenuation 
in zones (1) and (2) is limited to depths above 200km. In 
constrast, the Central Pacific anomaly persists to greater 
depths and represents the strongest feature at a depth of 
280kin, slightly above the standard error, which, we recall, 
is calculated very conservatively. 
'•he I/• maps, which we present for comparison in figure 3 
are in good agreement with large scale tomographic 1nodels 
found in the literature [Zhang•an'il Tanimoto, 1989; Suet- 
sugu and Nakanishi, 1985]. We find no, obvious effect on 
the velocity maps when inverting Qn and C simultaneously, 
contrary to what we would expect. This is probably due 
to the low weight given to the influence of Q in the inver- 
sion for I/•, resulting t¾om errors in the data which are an 
order of magnitude larger for On than for C. This point 
will be addressed elsewhere. We will here only discuss the 
attenuation results. 
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Fig. 2. O•l maps' a)z=80km. O•]moy- 1.6710-2; 
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Fig. 3. l,q ma,ps at the same depths as in figure 2. 
5Q• 1 = -4-18.10-3; b)z=160km. Q•]rn. oy = 1.5310-2; 
5Qj' - +6.10 -3- c)z=280km. Qj•moy = 7.1710-3; 5Qj• = 
-4-2.10 -3 . Contours are drawn at regular intervals equal 
to the standard error in the model (3.10 -3 at 80km, and 
160kin; 1.10 -3 at 280kin). The zero line corresponds to the 
limit between yellow and green; red is for high attenuation 
and blue is for low attenuation. 

z=80km. k•moy - 4.377km..s -•- 51,• - +0.15km..s -•. b) 
z=160km. ¾.qmoy - 4.377k'm.s -•- 5•,'• = +0.1km...s -•. c) 
z=280km. l,'•m, oy - 4.650k•..s -•' 5•,'• - +0.07km.s -•. 
C, ontours are drawn at. regular intervals equal to the stan- 
dm'd error in the model (4.10-2km.s -• at each depth). The 
zero line corresponds to the limit between yellow and green; 
red is for low velocity and 1)lue is for high velocity. 

The depth variation of Q•l under the East Pacific rise is 
in good agreement with the results of Canas and Mitchell 
[19781 which show a maximum of Q•i in the depth range 
100-200km. In this region the correlation of high attenua- 
tion and low velocities is in good agreement with the sim- 
ple model of lithospheric t. hickening with age, for regions 
younger than 80 Myr. On the other hand, the shallow at- 
tenuating zone around Tonga Kermadec may be associated 
with back arc spreading. There is no obvious signature of 

the South Pacific Superswell, in agreement with inferences 
based on heatflow data analysis [Stein and Abort, 1991]. In 
contrast, a region of high attenuation appears at depths 
greater than 180kin, roughly corresponding to the location 
of the Darwin rise. with an extension to the North East 

towards western North America. This feature seems to be 

relatively well correlated with low velocities, indicating a 
possible thermal origin. 
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Discussion and Conclusion 

The results presented here are still very preliminary and 
have to be considered critically in view of the numerous 
sources of error in the data. Nevertheless, the large scale 
features discussed above appear to be stable: while they 
may represent blurred images of narrower structures, and 
their precise position or depth extent warrants some further 
studies, it is encouraging to find that, where relevant, they 
are in good agreelnent with previous regional as well as 
global studies. In particular, the low Q, high temperature 
feature associated with the East Pacific Rise is clearly of 
shallow (depth< 200kin) origin. In this region, the highest 
attenuation is found under the Galapagos triple junction 
and may be related to differences in temperature along the 
ridge axis, as proposed in recent studies of axial depths 
and zero age mid-ocean ridge basalts (MORBs) chemistry 
[Klein and LaT•#m, uir, 1987]. On the other hand, the cen- 
tral low Q region associated with the Darwin, Hawaiian and 
north eastern hotspots may be a. manifestation of a deeply 
rooted plume which would be the cause of the shift to the 
west of the global degree 2 pattern below a depth of 200kin 
[Montagner and Romanowicz, 1992]. 
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