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3B.3 PRACTICAL METHODS OF INTRODUCING THE INPUT
SIGNAL INTO THE EARTH—VIBRATOR
DESIGN PRINCIPLES

Having selected the signal needed, there remains the problem of introducing such a
primary signal into the ground. The conventional method {see Crawford, Doty, and
Lee, 1960) has been to vibrate a large plate (called the baseplate) which is kept in
contact with the ground during the time of generation of the signal. If the vibratory
signal desired has a range of force of 24 pounds, the baseplate must be held down on
the ground with a force of at least A4 pounds, since otherwise it would leave the ground
and hammering would result. The weight of the vehicle is used as the hold-down
weight, and the vehicle is isolated from the vibration by air bags or similar “soft”
springs. With the weight of the truck on it, the system corresponds to a very low-
frequency-damped resonant system. The period is kept well below the lowest frequency
to be generated by the vibrator. Large, heavy vehicles are therefore necessary tc have
a high enough mass to hold down the vibrator, as well as to carry the weight of the
diesel power supplies, vibrator units, and auxiliary equipment. With the continual
demand for increasing the low-frequency characteristics of vibrators, a compromise
is becoming necessary between the weight of vehicles, their maneuverability, and road
weight limits. o

The vibrator mechanism is attached to the lift system through the isolating air
bags, and it can be raised or lowered onto the ground by hydraulic cylinders capable
of lifting the entire truck off the ground so that its weight is fully on the baseplate.

Piate 1 A standard Conoco Model § vertical vibrator. Peak force 19.000 Ib: low-frequency limit 4.7 Hz.
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5960 Smithson et al.: Structure of Wind River Uplift From Deep Reflection Data

STATION NUMBER
2?0

TWC-WAY TIME(SEC)

Fig..S.
Station numbers along top.
surface down to 4.0-4.5 s.

Flat lying sedi

Unmigrated 24-fold, CDP-stacked Cocorp reflection profile showing lime 1.

mentary rocks of Green River Basin from
Excellent data quality ends at station 250, where the

Wind River thrust approaches the surface, bringing a wedge of Precambrian crystal-

line rocks above sedimentary rocks.
the sedimentary rocks at station 150.

Pacific Creek anticline 1is clearly visible in
A syncline on the west side of the anticline
gives the characteristic bow tie effect of a syncline with a buried focus 4.

High-

ly dipping events (B, 5-9 s) may be reflections from outside the plane of the section

(sideswipe).

higher peak frequency (about 12-15 Hz versus 20—
25 Hz) at 9-10 s in lines 1 and 1A, where Pre-
cambrian is exposed so that higher frequencies
are usable in crystalline rocks.

Signal-to-noise ratio is variable probably
because of wind on certain days, especially
later in the fall on bases of coherence and non-
coherent energy. A signal-to-noise ratio of 1
is reached at about 15 s on line 1, 13 s on line
1A, and 10 s on line 2. The data is presented un-
migrated in time sections so that true position
and geometry of structures are distorted. Read-
ers should note that seismic time sections do
not show the true position or even the true ge-
ometry of reflectors and that interpretation may
be complicated by events arriving obliquely from
outside the plane of the section.

Anomalous Events

Anomalous events on the seismic sections in-
clude multiple reflections, reflected refrac-
tions, diffractions, energy from events arriving
outside the plane of the section, and possibly
converted waves. Of these, multiple reflections
are the most common and constitute a significant
part of the events in parts of lines 1 and 2,

Recognition of multiple reflections on a

trong reflections continue down to 11 s,

broad scale is based on two criteria: (1) gen-
eral parallelism of deep reflectiens with sur-
face structure in sedimentary rocks (Figures 5
and 7) and (2) the total change character of
seismic sections between lines 1 and 2 (Figures

5 and 7), where sedimentary rocks cover the sur-
face, and line 1A (Figure 6) , where Precambrian
rocks crop out. 1In lines 1 and 2, reflections

as deep as 10-12 s mirror the dip of sedimen-
tary rocks in the first 2-4 s. The resulting
broad pattern is that numerous closely spaced
horizontal reflectors are found between 4 and

12 s on the left-hand side of line 1 (Figure 8).
Here the basement is at 4.5 s or less. The na-
ture of the multiple problem is clearly illustra-
ted by observing a typical "bow tie' pattern frow
a syncline with a buried focus (Figure 9). This
pattern occurs at 3.5 and 4.0 s as primary re-
flections and is repeated as multiple reflections
at 6-7 s, a time far below the base of the Cam-
brian in this area. These multiple yreflections
appear best on the near-trace stack (Figure 9)
where the normal-moveout of the multiples is

too small for them to be cancelled. Multiples
repeated at 400-600 ms suggest that events are
being repeated by a relatively short path which
may be in the near surface. Similarity in char-
acter between horizontal events from 5 to 12 s
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2?0

30.

40

o
o

SYATION NUMBER
250 300

o
[=]

~
[

TWO-WAY TIME(SEC)

100...

1100

120.

130.

Fig. 6. Cocorp
continuous reflect
“of Precambrian cry

reflection profile showing line 1A.
ion to 9.0 s or 24 km. Strong reflection (A, upper left) marks wedge

talline rocks overlying sedimentary rocks to 3.9 s.

Wind River thrust (arrows) is a

Velocity up-

1ift, complex faulting, and possibly folding in sedimentary rocks under the thrust.

Precambrian rocks exposed at the surface from stations 100 to 175 of line 1A.

Complex

Precambrian structure in the deep crust (B at 8 s, C at 6 s) may be correlated across
the fault. Strong shallow reflection (D) in Precambrian crust.

and those in the sedimentary section is striking
(Figures 8 and 9). Likewise, the dipping events
on the left side of line 2 (Figure 7) strongly
mirror structure in sedimentary rocks and prob-
ably are multiple reflections. A dead zomne for
about 2 s beneath the sedimentary reflections
here probably represents the time interval in
which the CDP filter is successfully cancelling
multiples and in which trace amplitude is de-
creased by automatic gain control. In sharp
contrast is the general appearance or character
of reflections in the middle part of line 1A
(Figure 6). Here the reflections are much less
common and weaker and show divergent dips and
less regular character, exactly what would be
expected from complex basement rocks. Theory
tells us that any multiple reflections should
decrease rapidly in amplitude. The strength

of these multiple reflections is probably caused
by constructive interference within the multiple-
generating system. Certainly, this area, which
has been well prospected, is not known to be a
problem area for multiples caused by certain
high-amplitude reflectors [Elisworth, 1948;
Mouritsen, 1963] that interfere within the sed-
imentary reflections. Reflection coefficients
for single interfaces are up to 0.3 in sedi-
mentary rocks and 0.13 in crystalline rocks.
When we consider the capability for much strong-
er reflections in the sedimentary section, sedi-

mentary multiples may overwhelm primary reflec-
tions from within underlying basement, whereas
such multiples would simply go unnoticed within
record times for sedimentary rocks.

Reflected refractions seem to be a common

“kind of noise associated with faulted anti-

clines in Laramide structures. 7These events
are typically caused by a refraction from a
high-speed layer hitting a reflector such as a
fault and reversing their path along the high-
speed layer to return to the surface as a head
wave. They appear as crosscutting events with
high constant dips [swartz and Lindsey, 19421,
Good examples are found in the middle of line 2
(Figure 7), where an event dipping steeply to the
left comes off the Sand Draw anticline. It has
an apparent velocity of 5.9 km/s and probably
corresponds to a refraction that was reflected
from the vreverse fault in the:Sand Draw anti-
cline along the top of a sedimentary layer. A
similar event at 5 s beneath the Wind River
thrust (Figure 10) has an apparent velocity of
7.0 km/s and may be a primary event representing
important structure such as a crustal flake [Ox-
burgh, 1972] related to the fault, or it may be
a reflected refraction or other anomalous event
such as a veflection that traveled a complex
path underneath the Precambrian fault wedge.
Fnergy from a reflector lying outside the
plane of the section (sideswipe) [Tucker and
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74 OCEANIC CRUSTAL STRUCTURE

Beneath normal ocean basins, the Moho is about 11 kin below sea-level and the oceanic crust is about
6-7 km thick. Layer 1 which consists of sediments is locally absent on the flanks and crests of ridges
and at the other extreme it reaches over 3 km in parts of the Argentine basin (Ewing, 1965). As the
velocity within layer 1 increases with depth (see below), the thickness estimates based solely on
refraction data must somewhat underestimate the true thickness. Layer 2 is the most variable in
thickness and velocity, although accurate estimates of its velocity are difficult to obtain. In the normal
parts of the Pacific it averages 1-3 km but it is about 2-4 km thick beneath archipelagic aprons
(MENARD, 1964). Layer 3, which is the main oceanic crustal layer, is the most uniform in thickness
and velocity.
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Fig. 2.3 Oceanic crustal structure as determined by refraction lines in the Atlantic Ocean east of Argentine.
The line runs from (46-0° S, 60-3 “W) on the shelf to (42:7° S, 50-2 “W) in the ocean. Redrawn from EWING
(1965), Q. JI. R. astr. Soc., 6,19.

An example of the results of refraction surveys is shown in Figure 3.3. This is a profile over part of
the Argentine basin.

Seismic reflection profiling

A much more detailed picture of the structure within layer 1 and of the shape of the layer 1/layer 2
interface is obtained by seismic reflection profiling as described by pwing and zaunsre (1964). The
method is akin to echo-sounding except that the sound source is more powerful and has a lower
frequency content, enabling the waves to penetrate below the ocean-floor and to be reflected from
interfaces below before attenuation has reduced the amplitude below the detection limit. The early
method was to set off small explosive charges at regular time intervals while the ship was under way,
but nowadays other types of acoustic sources such as air-guns are mainly used. The return waves are
received by a towed hydrophone array and are recorded visually or on magnetic tape. A record is
shown in Figure 3.4.

The reflection records yield the two-way travel-time to the reflecting horizons. "This can only be
converted to depth if the velocity distribution below the seabed is assumed or determined by other
methods (see below), The prominence of a given reflection on the record depends on the amplitude
of the reflected wave. 'T'he relative amplitudes of reflected and incident waves at an interface is called
the reflection coeflicient #, and it is given by

= eV eV (Vs pe )
where p; and V; are the densities and P velocities of the rocks above and below the interface, A large
contrast in pl at an interface means a strong reflection.
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SPUDICH AND ORCUTT: VELOCITY STRUCTURE OF THE OCEANIC CRUST
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l;ig. 4. Data from which the models in Figure 3 were derived. PmP is the mantle reflection

layer 3 and mantle velocities. However, they differ sub-
. stantially regarding the nature of layer 2 and the crust-mantle
transition. A similar situation can be seen in Figure 3, which
shows three velocity-depth profiles presented by Orcutt et al.
[1977] which satisfy the first-arrival time data from a refrac-

- tion profile that they shot using ocean bottom seismometers.

Note that one of the velocity-depth profiles has a sharp crust-
mantle discontinuity, while another has practically no mantle
‘transition zone whatever. The same is true of the two velocity
profiles presented for DW34 in Figure 2. If one wislied to
learn about the thickness or existence of the Moho at these
sites, one could say nothing about it on the basis of the first-
amval travel time data, which are usually regarded as the pri-

1ary data in a refraction experiment.

To choose from among these velocity models, one must use
some of the additional information available in the seismo-
grams. For example, a ciear difference between the two differ-
ent velocity models for %34 is that the layered model pre-
dicts the existence of refiections from the top of layer 3 and
the mantle, labeled according to the nomenclature system
proposed by Spudich and Orcutt [1980] as P3P and PmP in
Figure 1. Similasly, from two of the three velocity profiles in
Figure 3 we would expect to see some sort of mantle reflection
in the seismograms, and from the third profile we expect none.
Examination of the data themselves in Figure 4 reveals a con-
spicuous mantle reflection, PmP. Thus we can immediately
rule out the velocity model with no Moho, although it is still
not clear without quantitative analysis which of the remaining
two profiles is more correct.

The above examples show that.considerably more informa-
tion about the earth’s velocity structure can be extracted from
seismograms if we use the existence and amplitudes of seismic
phases as well as first-arrival times as data. It is the consid-
eration of these additional data which has helped change our
view of the oceanic crust. In the above example we used a
qualitative argument about the size of PmP to learn about the
Moho transition at a particular site (as does Prodeh! [1977] for
Furopean and North American sites), but this can also be
done in a more quantitative way by using recently developed
theoretical and computational techniques to model observed

“eismograms’ arrival times, amplitudes, and waveforms.

J This approach to analyzing real seismograms was pioncered
by Helmberger [1968), Helmberger and Morris [1969, 1970},
and Fuchs and Miiller [1971]. The methods that they devel-
oped allow them to test the reality of hypothetical earth mod-
els, consisting of P and S wave velocity-depth profiles and a

density-depth profile, by first specifying the locations of a seis-
mic source and receiver at or near the surface of their earth
model and then computing the seismograms which would be
observed at the receiver because of the propagation of seismic
waves through their hypothetical earth model from the source.

_Using this approach, one could propose a hypothetical veloc-

ity and density model of the oceanic crust and upper mantle,
for example, and compute the seismogram which would be
observed at 20-km range from a 5-kg shot. Comparison of
these synthetic seismograms with observed seismograms pro-
vides a powerful means for testing hypothetical earth modeis,
since this method enables one to insist that both the seismic
wave travel times and the amplitudes predicted by a trial
earth model agree with observations.

To show the utility of this method, we can test the often
cited ‘average oceanic crust’ model which Raitt [1963] ob-
tained by averaging together all the layered crustal models
available at that time from deep ocean refraction stations. The
specific velocity model that we have used consists of Raitt’s
average P velocities in layers 2 and 3 and the mantle, ovarlain
by 170 m of unconsolidated sediraent and a uniform 5-km-
deep ocean, as shown in Figure 5. Crustal shear velocities
have been obtained by assuming a Poisson’s ratio of 0.25. As
seismic sources we have used the pressure functions appropri-
ate to explosive charges of 1- to 45-kg weight detonated at
typical depths (quarter-wave depth, ~50 m) beneath the wa-

AVERAGE OCEANIC CRUST
VELOCGITY (KM/9)

0.1 2 3 4.5 6.7 8 910
i T
= |
§ 51‘.\,,k,_7,,,w,
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o i
W oo Vs { | P
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Fig. 5. Average oceanic crust model. The top two layers are water
and unconsolidated sediment. P velocities and layer thicknesses are
taken from Raitt {1963]. Crustal S velocities are dertved from the as-
sumption of a 0.25 value of crustal Poisson’s ratio.
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GRADIENT SOLUTION-KENNETT & ORCUTT (1976)
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Fig. 1. DW34 first-arrival travel time data and travel time curves from the two velocity models in Figure 2. P3P and PmP
are reflections off the tops of layer 3 and the mantle in the layer solution model in Figure 2.

mogeneous layers bounded by horizontal or dipping planes,
derived from the assumption that the compressional or shear
wave arrivals observed in a seismic experiment have been crit-
ically refracted as head waves or conical waves along the tops
of various layers. The layered structures derived from ex-
plosion seismology, such as those of Shor et al. [1970), fall into
this category, as do the basal layers of Maynard [1970] and
Sutton et al. [1971] and the layers 2A, 2B, and 2C of Houtz
and Ewing [1976). We shall refer to such layered models as
‘layer solutions.’

The choice of a layered velocity structure to describe the
crust arose from one of the fundamental characteristics of ex-
plosion refraction travel time data. In general, such data can
te fit quite well by a few straight-line segments, as can be seen

| the data from station DW34 of Shor et al. {1970} in Figure
1. From the slopes of these straight lines, early marine seis-
mologists could infer the seismic velocities of various zones
within the earth which were not necessarily in contact with
each other vertically. To determine the depth of each zone, it
was necessary to assume veocities for the intervening regions
in which the velocity was unknown. The simplest assumption
was that each region of unknown velocity had the same veloc-
ity as an immediately overlying zone of known velocity. Al-
though the net result of this procedure was a homogeneously
layered velocity profile having as many layers as straight-line
segments fit through the data, it is clear that the homogeneity
of the observed ‘layers’ and the existence of interfaces be-
tween them are artifacts of the assumptions about the veloci-
ties in unobserved depth regions.

Many of the pioneer marine seismologists, such as Ewing
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et al. [1937, 1939], explicitly pointed out the assumption of
layering. Raitt [1956] states:
Calculation of the velocity-depth-structure from the observed
travel times was based ofi a simplified model of layers of constant
velocity as determined from the travel-time plots . ... . This model
represents a simplification of the actual situation, where veloci-
ties probably vary continuously with depth and possibly with
horizontal distance, but it is a rough approximation and provides
a basis for comparison of results.

In other carly papers these assumptions were presumed to be
known to the reader and were not stated explicitly.
Although we shall show that certain parameters of the tra-
ditional layered models are still useful, enough additional
data have amassed to necessitate a significant refinement of
our view of the oceanic crust. As was mentioned carlier, ho-
mogencously layered velocity models can be used to fit the
first arrival travel time data from a marine refraction profile
very well. Such modcls are not the only models which will fit
the data, however. For example, the travel time data from re-
fraction station DW34 of Sher et al. 11970] are shown in Fig~
ure 1 along with the travel time curves from their layer solu-
tion and from the velocity profile for DW34 obtained by
Kennei: and Orcutr [1976). The two velocity models are shown
in Figure 2. Clearly, both models satisfy the data almost
cqually well. and they are in reasonable agreement on the

Op==""1 ; .
E & -
6 .
el
}__
& ab MOHO
o =
i
i
o _
%
12[— i 1 ]

5 e 7 8 9
VELOCITY (KM/S)
bag 3 Three velowaty profiles which fit the observed travel times

2 s o3 I . ] 3 £¥,
;( !‘.‘c ; )\u\m in Figure 4. Note the different Moho transitions at 8-
i depih Depiby s measured from the top of the crust
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Cable: SPRENCO

m Spring Resonance above 20 Hz

8 Excellent Period and Coil
Constant Invariance With
Boom Position and Amplitude

B fnde,benden? Calibration Coil

1 Displacement Transducer

g HN B g Ll

SRy ks ¢

The Sprengnether model S-5100-V has been developed specifically to
overcome difficulties experienced when operating standard long period
vertical seismomelers in unconventional applications (i.e. other than with
long period galvanometers) requiringlarge bhandwidth or gain. Exampies
are: broadband recording (0-20 Hz); very highgainnoriow hand systems
(1-5 Hz short period, 5-15 Hz high frequency, 2u-40 sec. surface wave);
or accurate large motion measurement /92 mm range with less than 5%
variation in response parameters}.

The insirument resulting from studies of these problems is a long period
vertical seismometer at uncqualled performance specifications. Basice
ally, the excellent independence of natural period and transducer sensie
tivity upon boom position choracteristic of the 8~-5007-V has been retained,
while factors adversely affectin~ performance in the special applications
have been removed. ~
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INVERSION AND INFERENCE FOR TELESEISMIC RAY DATA
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CREAGER AND JORDAN: SLAB PENETRATION INTO THE LOWER MANTLE 3039
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Fig. 3. Earthquakes epicenters (solid circles) and smoothed residual sphere diagrams on a Mercator projection of

the northwest Pacific. Pacific plate boundary (heavy solid line) and seismicity contours in kilometers (dashed lines)

are indicated. Smoothed residual spheres are the middle diagrams of Figure 2, annotated by the event numbers of

Table 1.
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346 THE DEEP MANTLE

Table 9-4 CHANGES IN P VELOCITY AND
DENSITY ACROSS SOME

% PHASE TRANSFORMATIONS.
-,," (After Liebermann and Ringwood,
é 1973, and Liebermann, 1974)
%, AV,/Ap
: g , Phase transformation [(kan/sec)/(g/cm®)]
3 Quartz-coesite (SiO,) 5.7
&2 Quartz-rutile (SiO,) 3.0
& Coesite-rutile (SiOp) 2.5
i Qnartz-rutile (GeG,) 2.2
2 Olivine-spinel (Mg,GeO,) 3.5
2 Olivine-spinel (Fe,SiO,) 2.3
32 Olivine-spinel (Ni;SiO,) 2.2
%5 Olivine-beta (Mn,GeO,) 3.2
i Pyroxene-ilmenite .6
g (MgGeOy)
Pyroxene-ilmenite i.0
£ (MnGeOy)
§ “Pyroxene”’-garnet 1.5
: é (CaGeOy)
s “Pyroxene’’-garnet 1.2
= (CdGeO,)
‘3 Ilmenite-perovskite 2.0
2] (CATiO,)
: ﬁ Felspar-hollandite 1.3
(NaAlGe;0g)

SR

ek

of AV,/Ap (average B = 1.9) are generally smaller than given by Birch’s rule
H applied to compounds of similar mean atomic weight (8 = 3.1). They are also
3 smaller than the B values applying during compression or thermal expansion of
homogeneous material. Similar behaviour has been noted by Davies (1974) in the
case of transformations into isochemical mixed oxides; moreover, it extends to
the relationship between bulk sound velocity and density."?

These results indicate that the velocity-density trajectories foilowed during
the compression of homogeneous materials are likely to be offset if these materials
transform to phase assemblages characterized by higher cation-oxygen coordina-
tions. In general, these offsets will be similar to the offset caused by an increase of
mean atomic weight amounting to abont one unit in M. It follows that inferred off-
sets of this magnitude in the bulk sound velocity-density relationship in the mantie
at a depth of about 650 km,? where it is believed that phase changes involving an
increase of silicon coordination from fourfold to sixfold occur,* do not necessar-
ily constitute evidence favouring an increase in M at this depth. This topic is

taken up again in Chap. 14.
Liebermann (1974).

2Davies (1974).

3E.g., Press (1970).

“Chapter 14.
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NEWS AND VIEWS

MANTLE -GEOPHYSICS

Mineralogical phase change at
the 670-km discontinuity

Bernard J. Wood

THE boundary between the upper and
lower portions of the Earth’s mantle is
generally taken to correspond to the
worldwide seismic discontinuity at 670 km
depth, at which the seismic-wave velocity
increases by a few per cent' and the density
of the silicate minerals increases. The
simplest explanation, that the discon-
tinuity is due to an isochemical phase
transformation in a mantle of uniform
composition, is disputed in the light of
incompatible experimental data® on the
thermodynamic and elastic properties of
high pressure phases. An alternative
model is that the mantle is chemically
stratified with at least one major composi-
tional discontinuity at
possibly other distinct layers at shallower
depths’. But in a new experimental study’,
Ito and Takahashi show that an iso-
chemical transformation in (Mg,Fe), SiO,,
the dominant component of the upper
mantle, has many of the properties
required to explain the 670-km discon-
tinuity. Their results would thus be consis-
tent with both upper and lower parts of the
mantle being peridotitic in composition.

The question of whether the mantle,
which is convecting vigorously, is chemi-
cally layered is crucial to understanding its
dynamics and its chemical and physical
history. Numerical simulations’ indicate
that even small compositional differences,
equivalent to a 3-per-cent change in
density, would be sufficient to inhibit
convective exchange between the upper
and lower mantle and hence to isolate the
lower mantle from most plate-tectonic
processes. Many geochemists have argued
that such isolation occurs, on the grounds
that it explains the apparent depletion of
the source region of oceanic basalts in
lithophile elements such as K, Rb, Cs, U
and Th relative to the inferred composi-
tion of the bulk Earth. Modelling® of the
isotopic evolution of this source region
implies that it corresponds to about 30 per
cent of the volume of the mantle, which
happens to equal the volume of the mantle
above 670 km.

Seismologically, the 670-km discon-
tinuity is extremely sharp, giving rise to
underside primary-wave reflections that
require’ the velocity increase to take place
over a depth interval of less than 4 km.
Isochemical transformations in complex
systems are generally continuous and
spread out, however, implying that they
cannot, in general, give rise to reflections
at the wavelengths of concern. Chemical
stratification, on the other hand, would
give a true discontinuity.

The experiments of Ito and Takahashi*
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670 km and |

relate to the conditions under which
(Mg,Fe),SiO,in the spinel structure trans-
forms isochemically to (Mg,Fe)SiO,
perovskite plus (Mg,Fe)O magnesio-
wustite at high pressures. The authors
show that the transformation is extremely
sharp for compositions with upper-mantle
ratios of Fe*/(Fe** +Mg) of about 0.1 and
that it takes place under pressure condi-
tions — 23 gigapascal (GPa) at 1,600 °C —
that closely approximate those present at
the 670-km discontinuity. For these low
iron contents, the experimental data
indicate that there exists a narrow tran-
sition interval of coexistence of high- and

24.84

24.4 Perovskite + Magnesiowustite
a

Spinel

Mantie C

22.0 T T T
0.0 0.1 0.2 0.3 0.4

Fe/Fe +Mg

The breakdown of (Mg,Fe),SiO, spinel to
perovskite and magnesiowustite at 1,600 °C
(after ref. 4). Note that the transition interval
of coexistence of all three phases has a
maximum width of 0.2 GPa (6 km) if we use
possible geometry a. The most likely geo-
metries, however, are b or ¢ which give
extremely narrow transition intervals for
upper-mantle values of Fez*/(Fe2*+Mg).

low-pressure phases and that the trans-
formation pressure may either increase
slightly or decrease as Fe is substituted for
Mg (see figure). But even if we assume
large uncertainties in the partitioning of
Fe and Mg between low- and high-pressure
phases, it is virtually impossible to
generate an interval wider than 0.2 GPa
(6-km depth interval) and values less than
0.05 GPa (1.5 km) are most likely. This
leads to the unexpected conclusion that
the isochemical transformation of
(Mg,Fe),SiO, spinel to perovskite plus
oxide is essentially discontinuous and is
thus capable of acting as a seismic-wave
reflector.

The phase transformation may exhibit
one of the main features of the 670-km
discontinuity, but is it consistent with
other geophysical and geochemical data?
Jeanloz and Knittle argue in another new
paper® that the density of the lower
mantle (known to an accuracy of about 0.5
per cent) is too high for it to be composi-
tionally equivalent to upper mantle

peridotite. From their measurements of
the compressibility and thermal expansion
of the perovskite phase, they infer that the
lower mantle is enriched in iron relative to
the upper mantle and hence, by implica-
tion, that the 670-km discontinuity corres-
ponds to both a chemical boundary and
a phase transformation. This argument
depends, however, on measurements of
the thermal expansion of perovskite at low
pressure, well outside the perovskite
stability field’, that gave a high coefficient
of thermal expansion. There is doubt
about the applicability of these data,
collected on a metastable phase and
requiring much extrapolation in pressure
and temperature, because measurements
of other perovskite-like phases’ yield
lower thermal expansions. Adoption of a
smaller thermal - expansion coefficient
brings the density of lower mantle into
approximate agreement with that expected
for peridotite compositions (C.R. Bina
and P.G. Silver, personal communciation).
Although geochemical data clearly
show long-term segregation of the mantle
into regions distinct in isotope and trace-
element evolution, there is no require-
ment that these reservoirs exhibit gross
differences in major-element composition
or that they be radially distributed above
and below 670 km depth. Furthermore,
there is increasing seismological evidence
that, at plate boundaries, subducting slabs
penetrate into the lower mantle', imply-
ing that there must be at least limited
chemical interchange across the 670-km
discontinuity. Although chemical strati-
fication at 670 km provides a convenient
explanation for the isotope data, mixing
of the upper and lower mantle would also
be inhibited, but not completely stopped,
by a phase transition with a slightly nega-
tive pressure-temperature dependence.
The transformation studied by Ito and
Takahashi fulfils this requirement. Thus
the new experimental data indicate that a
simple phase change explains the discon-
tinuity. Measurements of the density of
perovskite plus magnesiowustite under
actual lower-mantle conditions are
required to refute or confirm this. O

Bernard J. Wood is in the Department of Geo-
logy, University of Bristol, Bristol BS8 1RJ, UK.
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