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Abstract. Rayleigh wave group velocities for 15-40-s periods have
been measured along paths parallel to the Reykjanes Ridge axis.
They have traversed age slices of lithosphere between 0 and 20 Ma.
Three groups of dispersion curves can be distinguished mainly
on the basis of their shapes: for age slices 0-3, 6-8, and 10-20 Ma.
The latter group of curves has also a significantly higher average
level. Since the group velocity determinations at individual periods
for anyone earthquake are not statistically independent, but the
individual curves of each group are rather shifted along the velocity
scale, we know their average shape better than their average level.
This allows a fairly detailed resolution of vertical structure in
the evolving lithosphere, particularly of S wave velocity, but only
less precise information about the evolution of the absolute S
velocities. Modelling has been carried out with the usual assump-
tion of horizontal layering. A low-velocity layer with top at about
60 km depth develops with age as the lid increases its S velocities.
One of the most interesting results is the suggestion of a low-
velocity zone between 20 and 30 km depth; it is not yet clearly
evident at 0-3 Ma age, it is distinct at 6-8 Ma age, and it appears
to decay again for older age. The interpretation involves extensive
melting of a peridotite mantle beneath the ridge axis; while upward
segregation of melt and its drainage in the volcanic zone forms
the crust, some melt may be trapped below the young thin cool
lid after a few million years of age. A depleted lower high-velocity
layer is left behind; it forms the lower lithosphere. Such a process
will produce a chemically layered lithosphere which may be also
evident at greater ages.

Key words: Lithosphere evolution — Rayleigh wave dispersion —
Reykjanes Ridge.

Introduction

Rayleigh wave group velocities are used in this study to learn
more about the development of the lithosphere as it is generated
at the Reykjanes Ridge axis. Surface waves from earthquakes
at the Charlie-Gibbs fracture zone and the southern Reykjanes
Ridge travel nearly parallel to the ridge axis to the WWSSN
station of Akureyri (AKU) in Northern Iceland. They sample
different age slices of the lithosphere (Fig. 1).

The present paper is an extension of an earlier one (Girardin
and Jacoby 1979; henceforth called ‘paper I’) where we treated
the same data from a somewhat different point of view. Treating
each group velocity determination at any period for any earth-
quake as statistically independent led to rather wide error bounds.

We could distinguish only two groups of dispersion curves for
paths through 0-8 and 10-20 Ma old lithosphere. We then at-
tempted to interpret them with the aid of theoretical dispersion
curves computed for horizontally layered models where we varied
systematically three parameters and accepted all models which
gave dispersion curves within the wide error bounds. We could
not resolve much vertical structure. All we could detect about
lithosphere evolution from 0-8 to 10-20 Ma was an increase in
average S velocity in the upper 60 km from 4.2 or 4.3 km/s (and
no obvious low-velocity layer) to 4.5 or 4.6 km/s (with a significant
low-velocity layer underneath).

The reason for extending the study is that it is justified to
look at the data accuracy more optimistically than in paper I,
if one does not take the individual group velocity determinations
as statistically independent. As shown below, the shapes of the
dispersion curves are, actually, better known and one can, in
fact, distinguish three groups by lithospheric age of the paths
(through 0-3, 6-8, and 10-20 Ma old lithosphere). Consequently
vertical structure and evolution with age can be resolved in more
detail. This in turn sheds new light on thermodynamic and petro-
logic models of the evolving lithosphere at the Reykjanes Ridge.
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Fig. 1. Map of North Atlantic showing earthquake epicentres and
station used (AKU), as well as great circle paths of Rayleigh
waves between them

0340-062X /80/0047/0271/S01.40



Table 1. Earthquake

parameters No. Date Origin time Coordinates Depth  Distance N
(degrees) (km) (degrees)
1 July 3, 1965 0222 18.2 52.73N 32.05W 30 14.8 107
2 September 20, 1969 00 56 52.0 58.19N 32.05W 36 9.9 83
3 September 20, 1969 0107 42.1 58.29N 32.03W 61 99 113
4 September 24, 1969 03 58 58.0 52.6IN 32.01W 28 14.9 162
5 September 24, 1969 04 20 51.3 52.64N 31.83W 18 14.8 172
6 January 31, 1970 16 3503.9 53.77N 35.51W 33 14.7 143
7 April 26, 1970 06 39 54.0 55.55N 35.18W 59 13.1 130
8 August 23, 1970 1107 18.8 53.11N 35.14W 33 15.2 128
9 September 18, 1970 16 12 08.0 51.03N 29.56W 43 15.8 189
10 September 8, 1971 20 32 30.0 53.93N 35.31W 27 14.6 89
11 April 3, 1972 18 52 59.8 54.28N 35.14W 32 14.2 242
12 April 3, 1972 2036222 54.33N 35.20W 13 14.2 247
13 June 19, 1972 06 00 51.1 57.37N 33.43W 37 11.1 169
N is the number of stations reporting for epicenter determination
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Fig. 2. Rayleigh wave group velocities measured for the 13 earth-
quakes shown in Fig. 1, plotted versus period (after paper I)

Data

Before coming to the new analysis we must briefly repeat from
paper I the essential facts about the data used. Table 1 presents
the earthquakes, their locations are shown in Fig. 1. The ages
of the oceanic paths are taken from Heirtzler et al. (1966, 1968)
and Talwani et al. (1971). The long-period records of AKU were
digitized, the vertical component was analized by multiple filtering
(Dzievonski et al. 1969); the group velocities for each earthquake
were computed from the arrival times of maximum energy in
a moving frequency window (corrected for instrumental group
delay) and the source time and distance.

The results are shown in Fig. 2. All individual dispersion curves
essentially rise in the 15 to 40 s period range from 3.7 to 4 km/s
(10-20 Ma paths) or from 3.6 to 3.8 km/s (0-8 Ma paths); they
group at two different velocity levels. In the ‘older’ group all
curves are very similar (with one exception at 15 s) rising monoto-
nously to 30 s and then levelling off or actually dropping. If the
curves are shifted along the velocity axis they can be made to
fit quite closely. There are several ways of doing this, but with
only four dispersion curves at hand, it hardly matters which way
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Fig. 3. Group velocities averaged for three age groups. Hatched
bands correspond to the error bounds chosen for modelling

is taken to estimate the best average shape. We have simply
taken the arithmetic mean at each period; for the error bounds
as related to shape only, we have taken half the standard deviation
at each period (Fig. 3), implying that over 80% of it is related
to uncertainty of velocity level.

The ‘younger’ group of Fig. 2 of nine dispersion curves for
the age slice 0-8 Ma does not show, at first glance, much more
structure than a nearly linear increase with period. Examining
the curves more carefully, one notices, however, two sub-groups
with different shapes; they are marked in Fig. 2 by dashed lines
and by solid lines and correspond to the age slices 0-3 and 6-8 Ma,
respectively. Again we have estimated their average shapes by
taking the arithmetic mean at each period (Fig. 3). The standard
error bands at each period are rather narrow; although they com-
prise both the scatter in level and random errors at each period,
we accept the standard errors as the error bounds for later model-
ling. These error bounds do not overlap for the two sub-groups
between 20 and 30 s period, but it would be difficult to argue
on this basis for a very significant difference in velocity level.
In shape, however, the difference appears to be more significant
at the lower period end with the 0-3 Ma curve rising monotonously



and the 6-8 Ma curve showing a clear dip if not a weak actual
minimum at 20 s.

For the assessment of the significance of the data it is important
to discuss briefly the errors of the group velocity determinations.
For more details the reader is referred to paper I. Errors of the
earthquake source parameters, particularly latitude, depth, and
origin time will mainly shift the dispersion curves along the velocity
axis, a type of scatter in fact observed. The focal depths given
in Table 1 (from ISC) are probably in most cases too great (Weid-
ner and Aki 1973); if this is so, the group velocities, particularly
for the 0-3 Ma age slice, could be lower by 1%, or so, than
given in Figs. 2 and 3; this would reduce the difference in level
between the 0-3 and the 6-8 Ma groups. Very small focal depths
also lessen the uncertainty of initial phase which is independent
from frequency for any focal mechanism at zero depth. We have,
nevertheless refrained from using phase velocities which could
still be critically affected by the unknown initial phase related
to the unknown focal mechanisms.

There are other effects hampering the interpretation. The possi-
bility of lateral refraction along paths particularly near the ridge
axis cannot be dismissed, although the polarization at AKU is
close to theoretical. The result will be one of smearing out the
effects of evolution with lithospheric age and thus will make us
rather underestimate than overestimate them. The same can be
said about the fact that the paths to some extent intersect the
lithospheric isochrons and that the precise age is not everywhere
known.

More serious is the uncertain influence of Iceland itself on
the group velocities since the waves traverse significant distances
through it. In paper I we could, however, show that the influence
is not too critical to our study. (1) It is not very large in the
period range considered. (2) It does not strongly depend on the
various Iceland models we had tested. (3) It does not strongly
depend on the different oceanic paths which closely converge on
AKU in Iceland. (4) The influence does, however, subdue rather
than enhance the differences between the dispersion curves for
the different age groups; this last point is perhaps the most impor-
tant one, because if we use the observed Rayleigh wave group
velocities of paper I without the ‘Iceland correction’ we are not
in danger of overestimating the variations related to lithospheric
evolution.

Shear Velocity Structure of Reykjanes Ridge

We use simple methods for the interpretation of the data. The
uncertainties discussed in the two previous paragraphs really have
to do with our incapability of modelling surface wave propagation
through a complex three-dimensional structure. For the computa-
tion of theoretical dispersion curves we had to assume horizontally
layered models for the three different age slices. We know that
this is a very crude approximation to reality. We must, however,
also economize; the kind of data we have does not warrant the
application of more sophisticated cumbersome methods which
would resolve more details only in connection with much more
precise data.

We repeat that we are not worried about the fact that the
use of horizontally layered models will ‘smear out’ the real lateral
variation of structure with lithospheric age; so will the neglect
of the influence of Iceland. We must, however, worry about unpre-
dictable effects of the simple modelling and keep this in mind
until better modelling becomes available. We warn the reader
to remain aware of this.

Table 2. Top parts of models for Rayleigh wave group velocity
computations: water depths and crustal structures

Age slice Depth P velocity S velocity Density
0-3 0.0 1.52 0.0 1.03
1.52 0.0 1.03
0.9
2.8 1.6 2.7
39 23 2.8
2.3
4.9 32 2.9
5.0 5.9 4.0 3.0
6-8 0.0 1.52 0.0 1.03
1.52 0.0 1.03
1.5
1.65 1.0 2.0
1.65 1.0 2.0
1.6
37 2.15 2.7
53 3.1 2.8
33
6.1 3.5 2.9
5.5 7.3 4.1 3.0
10-20 0.0 1.52 0.0 1.03
1.52 0.0 1.03
2.3
1.65 1.0 2.0
1.65 1.0 2.0
2.5
4.7 2.7 2.6
4.7 2.7 2.6
4.5
6.3 3.6 2.9
6.5 6.3 3.6 2.9

Velocities and densities vary linearly from top to bottom of layers

We believe that the interesting variations of vertical structure
which we do see are not grossly wrong and that they give us
hints to the thermodynamic and petrologic processes involved
in lithosphere generation.

In modelling we have constrained water depth and crustal
structure. Table 2 states our assumptions for the three age groups;
they are mainly based on P velocities found by Talwani et al.
(1971) for the NW flank of Reykjanes Ridge, supplemented by
recent results of the RRISP Working Group (1979) on the SE
flank. As average structures they are not without uncertainty;
To investigate what an effect an error in crustal structure and
water depth may have on the theoretical dispersion curves, we
did some of the model computations twice: 1. with the ‘correct’
water and crust of Table 2 (e.g. with the 0-3 Ma water/crust for
a 0-3 Ma mantle model) and 2. with the ‘wrong’ one (i.e., with
the 6-8 Ma water/crust for a 0-3 Ma mantle model and vice versa);
the effect in the period range considered is largely one of shifting
the dispersion curves.

In modelling the 0-3 and 6-8 Ma structures we also held the
S velocity below 70 km fixed at 4.1 km/s, indicated by a heavy
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Fig. 4. Range of models found for the three age slices. Each of
the shaded areas encompasses several models for which dispersion
curves have been computed to fall within the error bounds of
Fig. 3; wavelengths of vertical S velocity variation in the models
has generally been held above 20 km. Regions of velocity-depth
functions held fixed during modelling shown by heavy lines.
Hatched model area in the 0-3 Ma slice is taken from Keen et al.
(this volume) for comparison

line in Fig. 4 giving the modelling results. In the 10-20 Ma models
the S velocities below 70 km depth were allowed to vary (Fig. 4);
this will be discussed below.

The P velocities in the upper mantle were assumed to be linked
to the S velocities with Poisson’s ratios between 0.25 and 0.3; the
densities were computed with Birch’s (1960, 1961) velocity-density
relationship. The effect of these assumptions on the results is only
slight.

The method and the program used for computing the theoreti-
cal dispersion curves are due to Derr (1967). The program gives
the eigenfunctions of spherical earth models for specified modes
and thence the phase and group velocities of Rayleigh and/or
Love waves.

In searching for models which give dispersion curves within
the error bounds of Fig. 3, we were guided by the models presented
in paper I; they had been found by a systematic search of three
parameters for only two average dispersion curves (0-8 and
10-20 Ma) with wide error bounds. For the present study we
used the traditional manual search by trial and error. We were,
however, not content with a single acceptable model for each
age group but rather repeated the search many times from different
starting points. In modelling we attempted to avoid unresolvable
detail by allowing the S velocity to vary only with ‘vertical wave-
lengths’ greater than 10 or 20 km, keeping in mind the trade-off
between the uncertainty of average velocity determination and
the (vertical) averaging distance (Backus and Gilbert 1968), but
we did not strictly apply inversion theory.

The results of our search for the three age groups are presented
in Fig. 4. Instead of showing the individual S velocity-depth mo-
dels we found to be compatible with the observations, we only
show the bands comprising all models. This does not mean that
a velocity-depth function which takes an arbitrary course through
such a band will necessarily give an acceptable dispersion curve;
a function meandering through the band has, however, a good
chance. We cannot claim that we have fully explored the extremes
of the model space, but we have attempted to carefully investigate
those features which appeared important to us. These are mainly
the upper low-velocity layer in the 20 to 30 km depth range,
particularly for the 6-8 and 10-20 Ma age slices, and the depth
to the deeper and broader low-velocity layer which is commonly
associated with the asthenosphere (tested mainly for 10-20 Ma).
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We attempted to find models (6-8, 10-20 Ma) without an upper
low-velocity channel but we were not successful, particularly if
we constrained the uppermost mantle S velocities to be >4.4 km/s,
according to the S, velocities found by Hart and Press (1973).
Without a high top velocity and a channel the computed dispersion
curves are convex upward at the low period end; introduction
of this feature brings about the correct shape. From this point
of view the upper low-velocity layer must be significant in the
6-8 Ma slice to produce the dip in the dispersion curve at 20 s
period. Although we found this feature without fixing the topmost
mantle velocity, we probably need this constraint because other
parameters as water depth and crustal structure are not known
precisely enough. This uncertainty does, in fact, cause the large
models scatter at shallow depth for 0-3 and 6-8 Ma (Fig. 4).

We also searched systematically for the depth to the top of
the deeper, i.e., ‘asthenospheric’ low-velocity layer whose bottom
we cannot ‘see’. Attempts to place the top as shallow as 50 km
or as deep as 90 km failed ; the significant velocity decrease occurs
at a depth of 60 or 70 km in agreement with Press (1970), Haigh
(1973), and Forsyth (1977), among others. The wide scatter of
the models for 10-20 Ma in this depth range reflecting the lack
of resolution from 15-40 s data leaves us sufficient confidence
in the 60 to 70 km top of the ‘asthenosphere’. The small scatter
in the 0-3 and 6-8 Ma models at depth is, of course, the result
of fixing the channel velocity and of avoiding drastic short-wave-
length variations directly above.

The development of the models (Fig. 4) in steps from 0-3
to 6-8 and 10-20 Ma involves a rise of the upper-lid velocity
by about 0.2 km/s and the upper channel becoming pronounced
at 6-8 Ma and perhaps weakening thereafter. The S velocity of
the lower high-velocity layer clearly increases in the third stage.
The bottom of this lower layer becomes more pronounced but
its depth does not significantly change. A square-root age growth
of lithospheric thickness (Parker and Oldenburg 1973) is not evi-
dent but, because the age span of our data is too short, we cannot
really test this. For the 0-20 Ma span a more complicated nature
of the lithospheric growth is, however, suggested. The definition
of the lithosphere as one high-velocity lid may break down if
both channels are ‘weak’ mechanically. Alternatively, if the upper
lid forms the ‘strong’ lithosphere of about 20-km thickness for
the first few million years, there may be an abrupt thickness in-
crease at about 10 Ma of age.

A Model for Lithosphere Generated at Reykjanes Ridge

In the following discussion we attempt to give a plausible explana-
tion for the S velocity structure presented above. The model is
largely based on work by Forsyth (1977), Green and Lieberman
(1976), Bottinga (1974), Bottinga and Allégre (1976) and others.
We assume a predominantly peridotitic upper mantle or one that
is chemically a mixture of peridotite and tholeiite basalt (Ring-
wood 1966) with small traces of water and adopt Green and
Liebermann’s (1976, Fig. 1) phase diagram for <0.4% H,O con-
tent and CO,<H,0 (Fig. 5). In Fig. 5 we also show Forsyth’s
(1977) geotherms (long-dashed lines) computed for a cooling half-
space with heat sources in the upper 300 km. The lithosphere
in this model represents a thermal boundary layer. In the age
range of interest, however, there is little difference between this
and the cooling slab model (e.g. McKenzie 1967, Sclater and
Francheteau 1970) if equivalent boundary conditions are chosen.
The solidi are then mapped into the cooling lithosphere shown
in Fig. 6 as stippled bands; also shown are average S velocities
in four depth intervals and three age zones taken from Fig. 4.
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Fig. 5. Phase diagram of peridotite with 0.4% of water after Green
and Liebermann (1976); geotherms after Forsyth (1977): long-
dashed lines ; qualitatively drawn distortions of geotherms, caused
by two-phase convection: short-dashed lines
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Fig. 6. Cartoon of the structure of Reykjanes Ridge based on
theoretical geotherms (Forsyth 1977) and peridotite phase diagram
with traces of water (Green and Liebermann 1976). Heavy numbers
are average model S velocities in km/s for depth ranges shown
(taken from Fig. 4). Solidi of conduction solution (Forsyth 1977):
dotted bands ; distortions of solidi by two-phase convection: bands
of irregular vertical lines. Arrows depict flow lines qualitatively,
their lengths approximately depict the flow velocities). See text
for further discussion

If we now compare on Fig. 6 our S velocities with the solidi
(stippled) taken from Forsyth, we find a fairly good agreement
except in the region of the top low-velocity layer between 20
and 30 km depth at ages beyond 5 Ma or so. This suggests to
us that the model for the young lithosphere should be somewhat

modified. While Forsyth argued only for melt removal from, and
depletion of, the lower lithosphere (to explain its apparently rapid
thickening till 10 Ma, or so, and its constant thickness thereafter),
we propose that we also ‘see’ melt accumulation near the top,
forming the 20 to 30 km low-velocity zone after a few million
years of cooling of the uppermost lithosphere forming a kind
of ‘magma-tight’ lid. Melt depletion at depth and accumulation
higher up might be looked upon as two-phase convection described
by Frank (1968). As a consequence the geotherms would be
distorted (as intuitively sketched by the short-dashed lines in
Fig. 5) and so would the solidi. The resulting chemical differentia-
tion would, however, make the application of the solidi problemat-
ical for parts of the structure. The low-velocity layer beyond 10 Ma
would probably decay or could be frozen into the lithosphere
as its chemical layering.

The essential features of the above picture were, in fact,
predicted by quantitative petrological model calculations of Bot-
tinga (1974), Bottinga and Allégre (1976) and Steinmetz et al.
(1976). For a ridge with a half-spreading rate of 1 cm/a their models
display a similar region where melt is concentrated between 20
and 30 or 40 km depth and between 10 and 50 km from the
axis. The small amount of melt will cause a distinct low-velocity
layer; the S velocity structure predicted is thus quite similar to
the one we found. The distortion of the geotherms with respect
to the conduction solution is also similar to the one we only
guessed (Fig. 5). The upper low P velocity layer of Steinmetz
et al. (1976) is at a slightly shallower depth than our § velocity
channel. The physical reason for the ‘asthenospheric upwelling
model’ of Bottinga and colleagues doing the trick explaining the
upper low-velocity layer seems to be that it includes the two-phase
convection of melt advancing from a residue.

Complimentary evidence for the top low-velocity layer has
recently been presented by Yu and Mitchell (1979) who used re-
gionalized group and phase velocities of Rayleigh and Love waves
to deduce mantle shear velocities for Pacific Plate age slices of
0-20, 20-50, 50-100, and > 100 Ma. They found a ‘lithospheric’
low-velocity layer in the same depth range, but at older ages
(20-50 Ma) than we found; they state that its existence still must
be scrutinized.

Most explosion seismic studies at ocean ridges (e.g. Orcutt
et al. 1976; Steinmetz et al. 1976; and many others) did not reach
sufficient depth. Steinmetz et al. (1976), for a profile along the
9 Ma isochron west of the Azores, report a high velocity layer
at 30 km depth which might correspond to the bottom of our
proposed channel. A long-range refraction experiment along the
SE flank of Reykjanes Ridge and across Iceland (RRISP Working
Group, 1979; this volume; Gebrande et al., this volume) gave
indirect evidence of a ‘lithospheric’ low-velocity channel; very
low-amplitude first arrivals on Iceland from marine shots at >200
and 400 km distance may be interpreted as indicating the shadow
zone corresponding to it.

Support for an initially very thin lithosphere comes from a
study of topography and gravity near the Mid-Atlantic Ridge
axis (McKenzie and Bowin 1976) suggesting that the elastically
bending part of the lithosphere to some distance from the ridge
axis is only about 10 km thick. The value is expected to be lower
than the seismic thickness. The mushroom shaped low-density
body under Reykjanes Ridge of Talwani et al. (1965) also resem-
bles our velocity model.

Further seismological support, though only in a gross sense,
may be taken from the Q structure of the southern Reykjanes
Ridge proposed by Solomon (1973) and from its § velocity struc-
ture assumed by Solomon and Julian (1971) to explain anomalous
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fault-plane solutions. In an even cruder sense, support for low
mantle velocities and partial melting below the ridge comes from
the travel time residuals in the Reykjanes Ridge Iceland area
for P waves (Francis 1969) and S waves (Girardin and Poupinet
1974 ; Duschenes and Solomon 1977).

Conclusions

Surface wave dispersion data have been interpreted to indicate
a peculiar S velocity structure of Reykjanes Ridge with a ‘litho-
spheric’ low-velocity zone which comes into being at some distance
from the axis and may then decay again. The surface wave evidence
may not be totally convincing by itself, but additional seismolog-
ical constraints make the interpretation plausible. The structure
has then been explained by a thermodynamic-petrological model
in line with Bottinga’s (1974) and its extensions.

The model would, in principle, be expected to apply to all
spreading ridges; but it is, of course, quite possible that the struc-
ture of Reykjanes Ridge is unique, related to the closeness of
the hot spot of Iceland (Vogt and Johnson 1975). We shall, never-
theless, conclude this paper by sketching a cartoon of how we
envisage the formation of the lithosphere (at Reykjanes Ridge).

Mantle material is assumed to rise adiabatically from great
depth beneath the ridge axis. The mantle solidus is probably
depressed to a certain extent (to the wet solidus) by water activity;
the amount of partial melting will depend on the quantity of
water present (Bottinga and Allegre 1978; Wyllie 1971). Thus,
the material passes through a region between the wet and dry
solidi in which incipient melting will occur; the melt fraction
is probably too small to lead to extensive gravitational upward
filtering. Above the dry solidus at ~60 km, melting becomes exten-
sive, the fraction increases, and the melt will begin to buoyantly
rise more rapidly through the crystal mush than the bulk moves.
At depth, melt removal and crystal accumulation will prevail;
this part will ‘dry out’ Higher up, melt will accumulate; this
part will be enriched in volatiles, magma chambers will form
and will tend to spill out, predominantly at thr ridge axis to
form the chemically distinct crust.

The shape of the barriers to this process of two-phase conven-
tion is determined by the geotherms intersecting the wet and dry
solidi. In the zone of depletion the dry solidus will mark the
boundary between the ‘fluid’ rising asthenosphere and the ‘solid’
lithosphere; the wet solidus will be irrelevant here. The tempera-
ture will be lower than in the conduction case. At shallower levels
where melt accumulates it will probably be the wet solidus that
is important. The temperature will be higher than in the conduc-
tion case. A thin lid will nevertheless form by cooling and this
will help trapping and concentrating the melt, the lid may not
be perfectly magma-tight as suggested by volcanoes off the ridge
axis. The effect of these processes will be to widen the rising
column of asthenosphere at shallow depth and perhaps to narrow
it at depth, as illustrated by Fig. 6. A mushroom shape will develop
as is familiar from diapiric structures. The physical reasons, how-
ever, are quite different in both cases. In diapirs it is the bulk
that spreads laterally at high levels; in our model of rising astheno-
sphere it is the light melt which moves faster and more steeply
than the bulk before it accumulates. The resulting density structure
is quite similar. But as the lithosphere spreads as a whole (in
contrast to diapiric processes) it will be chemically layered. Future
experiments may test this feature.

Further thorough research is needed to verify, or to decide
against, our model of lithosphere generation.
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