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Estimates of Stress Differences in the Crust From Isostatic Considerations
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Estimates of the stresses in the crust can be obtained from considerations of isostasy, and insofar as the
earth's topography is generally near a state ofisostatic compensation, these values reflect the strength of
the crust subjected to loads on a geological time sc¿le. While gravity is a poor indicator of the stress state
in the crust, some limits can be established. Lower limits can be found using Jeffreys' criterion that the
compensation is such as to mioimize the maximum stress differences that occur in the loaded cn¡st. AnaI-
ysis of several large gravity anomalies using this approach suggests an average value of about 500 bars'
with maximum values up to L5 kbar for the Tibetan plateau. This approach is only valid if the region is
free from contemporary and recent tectonics, which the latte¡ is not. An upper limit to the maximum
stress differences is given by modeling the features using elastic plate theory. Such models often indicate
stress differences in excess of 5 kbar, but they can be signi-ûcantly reduced; beneath the large seamount,
for example, stress differences need not exceed I kbar. Thus the limits of maximum stress differenc¿s are
about 500 to perhaps as high as l-1.5 kbar, with the maximum stress differences being confined to th€
upper cn¡st above 15-20 km in the continents and shallowe¡ in the oceans.

INTRoDUCTIoN

The strength of the earth's crust and lithosphere has been
deduced from a variety of physical cotrsiderations-labora-
tory measurements, inferences from steady state flow, in situ
measuremeûts of strain or stress, seismic stress drop measure-
ments--or from tectonic considerations. The resulting esti-
mates for the maximum deviatoric stresses at which lithos-
pheric materials begin to behave ûonelastically range from a
few tens of bars to several kilobars, but if the consensus of the
papers in this special issue points toward the upper limit, one
need only look at a recent comparable volume lllyss, 19771,
where the consensus seemed to point toward the lower limit,
although few additional observations have become available
in the intervening period. Laboratory measurements using
large strain rates and short loading cycles will always over-
estimate the strength or flow stress relevant to geological prob-
lems, since any additional mechanisms that operate under
geological conditions but not in the laboratory will only re-
duce the long-term strength, and any laboratory-important
mechanism will generally become important il geological sit-
uations at much lower temperatures [e.g., Paterson, 1976,
r9791.

In this paper we are concerned with the tectonic estimates
of stress di-fferences ia the crust, estimates which generally
point to kilobar values [e.g., Jeffreys, 1970; Hanks, 1977]. In
particular, it appears that one reason for a trend to higher
strength estimates is the renewed interest ia the elastic plate-
loading calculations. Elastic solutions for the seamount loads
typically indicate stress di-fferences of ¿bout 2 kbar per kilo-
meter of deflection, while the deflection attains several kilo-
meters under such large loads as the Hawaüan Archipelago.
However, gravity observations control neither deformation
nor stress particularþ well. That this is so is illustrated by
comparing elastic lWatts, 19781 and elastic-plastic [Liu and
Kosloff, 19781 solutions for the loading of the Pacific plate by
the Hawaü chain. Both solutions appear to be quite consistent
with observations, but the stress differences are signi-ûcantly
reduced in the latter case. This is further discussed by Lam-
beck and Nakiboglu [980], who show that the maximum
stress di-fferences computed in the -conventional elastic plate
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models can be reduced by a factor of about 5 by introducing a
number of modiflcations into the model, yet without obvi-
ously violatiag the gravity observations.

We will be concerned il this paper with some aspects of
these tectonic stresses and in particular with the possible rela-
tions between these stresses and gravity and topography. The
reason for this concern is twofold: estimates of the strength of
the crust are fundamental to (l) the understanding of the tec-
tonic processes and (2) the separation of density anomalies in
the lithosphere from those in the mantle. Long-wavelength
gravity anomalies provide direct evidence for the non-
hydrostatic state of the earth and, by implication, for con-
vection in the mantle. This is seen Particularly in the relation
between these anomalies and the kinematic expressions of
convection, namely, the plate margins fe.g., Kaula, 1972). De-
spite these correlations, however, the use of gravity data as
constrai¡ts on convection models has had only very limited
success for a number of well-k¡own reasons, of which only
some are of concern here, namely, the following: (l) The sepa-
ration of lithospheric and rnantle contributions to the anoma-
lous density structure has not yet been achieved. (2) The re-
sponse of the boundary layers to mantle flow remains unclear.
(3) The rheological parameters of the mantle remain in-

adequately k¡own. The question of the stress state in the crust
and upper mantle is central to all three of the above stated
problems. Inversion and interpretation of gravity anomalies
associated with speciûc tectonic problems have gone some
way in elucidating the solutions of the above problems. Stud-
ies of the response of the lithosphere and mantle to the surface
loads, for example, give insight into the rheology and into the
way the boundary layers in the convection problem respond

to forces associated with convection. The ocean regions have,
in particular, lent themselves to studies of this ki¡d because
the thi¡ner oceanic lithosphere may respond more directly to

any underlying dynamic process thau its thicker and older
continental counterPart and also because the for.mer appears
to be less complex, with its main features reasonably well un-
derstood withi¡ the plate tectonics hypothesis. General inves-
tigations of the relationship between ocean bathymetry and
gravity in terms of mantle convection and boundary layer re-
sponse have recently been made by McKenzie [1977] and
Cochran and Talwani 11977, 19781. Studies of these relation-
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ships for speciûc ocean problems include the study of (l) the
ocean ridges lMcKenzie, 1967; Lambeck, 1972; Parker and
Oldenburg,1973; Sclater et al.,19751, (2) loading ofthe ocean
lithosphere by seamounts fllalcott, 1976; lVatts, 1978; Lam-
beck and Nakiboglu, 19801, and (3) the outer rise, which has
been attributed to the flexure of the ocean lithosphere seaward
of the ocean trenchlHankü l97l; Forsyth, 19801. Recent stud-
ies of the relationship between continental gravity, topogra-
phy, and crustal and upper mantle structure are given by Dor-
man and Lewis ll97ll, McNutt and Parker |9781, an'd. Banks
and Swain p9781. A general review of the relations between
long-wavelength gravity and global tectonic processes il the
terrestrial planets is given by Phillips and Lambeck ll980j.

A question central to all of these studies is the 'fi¡ite

strength' of the crust and upper mantle materials, for if the
strength of the lithosphere is of the order of several kilobars,
then much of the earth's gravity field can be attributed to den-
sity anomalies i¡ the lithosphere le.g., Lambeck, 19721; but if
the ûnite strength is less than a few hundred bars, or ifonly a
relatively thi:r part of the lithosphere can support kilobar
deviatoric stresses, much of the global gravity f.eld must be
due to mantle density anomalies that are dynarnically sup-
ported [e.g., Kaula, 19721. Conversely, gravity studies may
provide a measure of the strength of the crust if the models
can be tested i¡ a satisfactory manner against other geophysi-
cal and geological observations.

METHoDS oF ESTIMATING TEcToNIc STRESS
IN THE CRUST

As emphasized by Jefreys [970], there are several ways in
which deviatoric stresses can be estimated for a particular tec-
tonic problem. The most straightforward, but geologically not
always applicable method, is to fi¡d a solution of the appro-
priate elastic or viscoelastic equations based on the assump-
tion that the i¡itial state was one of hydrostatic equilibrium, a
state that was subsequently perturbed by either horizontal or
vertical forces such that a steady state situation is ultimately
attained. Geophysical situations where this approach is ap-
propriate are the passive loading of the crust by ice, water, or
sediments, except that the steady state may not have been
reached if the loadi¡g histories are of a duration comparable
to the relaxation times of the crust and mantle. An important
requirement in this approach is that the loading history is rea-
sonably well known. Another situation is the loadilg of the
crust by seamounts, but as these features are a consequence of
dynamic processes which remain largely unknown, the usual
elastic theory may not be entirely adequate unless the loads
have moved sufficiently far away from thei¡ source so that the
lithosphere has cooled and elastic forces become the dominant
suppof mechanism for the load. In the seamount problem the
total load comprises (l) the visible part relative to the sea floor
and (2) the usually more substantial part of the fill-in of the
depression caused by the load and the 'hidden' part of the
seamount. This second part is a consequence ofthe elastic de-
formation of the lithosphere and is generally unknown but is
deduced from the gravity observations over the seamount. A
third example is the flexure of the oceanic lithosphere before
it is subducted at the oceanic trenches. In all of these cases the
models can be tested by matching the computed gravity or to-
pography with the observed values or, in some cases, by seis-
mic studies. A frequently used observation is gravity, but at
least in the seamount problem, gravity is rather insensitive to
both deformation and stress fLambeck and Nakiboglu, 19801.

Gravity anomalies over the outer rise are also insensitive to
the stress state as shown by the calculations of .Forsylå [19g0]
ar.d DeBremaecker |9771, and these interpretations become
further complicated if the rise is partly or wholly a con-
sequence of the lithosphere's response to convection in the
mantle. McKenzie ll977l, for example, explained the outer
rise as a response ofthe ocean lithosphere to convection i¡ the
mantle i¡ which a temperature dependence of viscosity is con-
sidered.

A second approach for estimating the deviatoric stresses is
to state the mechanism that formed the tectonic feature and to
work out both its stress state and the associated geological and
geophysical consequences, but in general, the mechanisms are
not sufficiently well understood or constrained by other geo-
physical observations to make this approach very viable. A
thi¡d method is to abandon the linear stress-strain relations
and to search for a minimum estimate of the strength of the
crust fJefreys, 1943, 19701. The idealized elastic solutions,
while mathematically simple, are not appropriate for describ-
ing the major faulting and thrusting features found i¡ most
tectonic problems, while in the nonelastic solutions it is as-
sumed that failure may have occurred as stresses increased,
and solutions are sought that minimize the maximum stress
di-fferences that occur anywhere in the model. The initial re-
sponse to the load may well follow that described by elastic
plate theory, but if the stresses become excessive, failure or
creep will result until the stress di_fferences are reduced to a
level where they are compatible with the strength of the crus-
tal materials.

In the nonelastic solutions there is, for any distribution of
stress consistent with a surface or internal load and the rele-
vant boundary conditions, some place where the stress differ-
ences reach a m4ximum value, while for other stress distribu-
tions a m4ximum value less than this may be found. But if for
all consistent stress distributions a least maximum stresq dif-
ference is reached, we know that somewhere in the litho-
sphere this value occurs and that the material can support it.
This results in a mi¡imum estimate of the strength of the crust
or lithosphere. Jeflreys was able to solve the prpblem for only
some special geometries, but he found that generally, the
stress differences are reduced i¡ relation to the purely elastic
solutions by a factor of 2 or 3 in the case of loads on an io-
finite half space, while i¡ the case of loads on an elastic plate
overþing a fluid half space, this reduction may be as much as
an order of magnitude.

Jeffreys also found that these mi¡imum stress di-fference
modçls closely approximate the Airy model of local isostatic
compensation, although the two models should not be con-
fused. Jeffreys'model is an isostatic one i¡ the sense that when
applied to a layer overlying a fluid, the stresses are everywhere
hydrostatic beyond a cèrtain depth, but the thickness or distri-
bution of mass wiühin the layer is implicitþ determined by the
condition of minimizing the maximum stress diference. Thus
the a priori conditions of the Airy or Pratt models are not im-
posed, and compensation may not be entirely local. That the
û¡al state approaches the Airy model is not unexpected from
the nature of the stress state i¡ a loaded elastic plate, where
the maximum stress diflerences tend to occur somewhat
beyond the edges of loads of a relatively large areal extent,
particularly if a depth-dependent rheology is used, and this is
where failure will ûrst occur.

In the next section we used Jeffreys'approach to obtain es-
timates of the stress state that may exist in the crust owiñg to
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surface or internal loadilg. In the former case the load is

known, but in the latter case it is inferred by inverting the

sravity anomalies. This appears to be adequate, since we are

iot explicitly stating where the maximum stress di'fferences

occur in the crust.

Isosrnsv

The state of isostasy is usually defined as a competrsation of

surface loads by subsurface density anomalies distributed in

such a way that below some constant depth, pressures will be

everywhere hydrostatic. The manner in which these density

anomalies are distributed above this level gives rise to the spe-

cifrc compensation mechanism by which the isostatic state is

reached. The criteria for deflni:rg this distribution may be

based on the assumption of constaût pressure at a given

depth, as in the classical Airy and Pratt models; on a state of

mechanical equilibrium being achieved, as in the regional

compensation models of Vening Meinesz; or on a condition

that strain energy is minimized as suggested by Jefreys [1943,
1970]. While observations of gravity indicate that the isostatic

state is globally observed, the same observations do not

clearly indicate the manner i¡ which the compensating masses

are distributed-whether Airy or Pratt models are appropriate

or whether compensation is local or regional-and many situ-

ations probably contai¡ elements of all of these models. The

isostatic models are indicative of a relatively low fi¡ite

strength of the mantle below the depth of compensation in or-

der for isostatic adjustments to take place in response to sur-

face loads in a relatively short time span of 105 years, as is sug-
gested by the postglacial rebound observations le.g., Peltier

and Andrews, 1976]. While the response to loads of large areal

extent such as the Laurettide ice sheet is compatible with a

thick (= 100 km) elastic lithospheric layer superimposed upon
a low-strength layer, the smaller loads of Lake Bonneville sug-
gest that this elastic layer may be much thinner lCrittenden,
1963]. However, these thicknesses are model dependent, and
gravity observations alone do not permit the depth of com-
pensation to be estimated uniquely. For example, the degree

of regional compensation of a surface load can be traded off
with the depth of compensation in that a regional but shallow
compènsation of a surface load can result in a gravity anom-
aly that is very similar to that produced by a local but deeper
compeûsation of the same load. Other geophysical arguments
are required to establish a clear disti¡ction between these al-
ternatives. Compensation will no¡mally be concentrated near
Ievels of density contrast, and this has generally been attrib-
uted to be at the Moho. But a signiflcant part of the com-
pensation may already occur at shallower depths at the base
of some of the intermediate layers. Particularly in tectonically
active areas, where crustal temperatures are relatively high
and low seismic velocity layers are frequently observed in the
crust [e.g., Choudhury et al., l97l], and if these are also layers
of low strength, much of the compensation will occur at depths
above the Moho. That this is contradictory to the studies
that indic¿te a depth of local compensation near the Moho is

, readily resolved by attributing the compensation to be partly re-
' 

gional, that the surface or iniernal loads are supporæd over an
area that extends beyond the loaded area. The gravity per-
turbation of this partly horizontally distributed mass will be
the same as that for local compensation at greater depth. Thus
while stress differences will occur down to at least the Moho,
for otherwise there would be no crust-mantle topography, the
maximum stress differences, other than those near the sutface,

probably occur near the base of intermediate crustal layers.
This is clearly suggested by the regional seismicity of south-
east Australia, for example, where much of the activity is near
the surface but the larger events occur near d':pths of 10-15
km, with no events recorded at depths greater than 20 km.

While much of the earth's surface, both continental and
oceanic, is close to the isostatic state, there are some notable
exceptions to this; areas ofeither undercompensation or over-
compensation occur owing to the fact that the crust can sup-
port nonhydrostatic stress for long periods of time and that
the surface deformations are also controlled by horizontal
forces in the ciust and upper mantle. It is in part these depar-
tures from isostasy and in part the inherent nonuniqueness of
gravity inversions that make it di-ñcult to distinguish between
different models of comPensation.

In many discussions of isostasy the stress state in the layer is
ignored, it being implied that not only are the deviatoric

stresses a mi¡imum but they are also low enough for the crust
or lithosphere to be able to support them. This need not be so.
The isostatic state is not a hydrostatic state, and even if the
former state is attai-ned, further stress relaxation may occur
such that both the effective load and the compensation masses
are reduced in time, all the while the isostatic condition being
satisûed [see Phillips and Lambeck, 1980, Figure 7]. The pres-

ence of topography and of gravity anomalies therefore does
have some relevance to the question of the fi-nite strength of
the crust. [n particular, it may be surmised that if the fi¡ite
strength greatly exceeded the stress differences associated with
this state, then either topography would be greater than ob-
served, or the departures from isostasy would be more wide-
spread than is observed. Estimates of the associated stress
state can be obtained from the analysis of an elastic plate

overlying a fluid half space which is loaded at both its upper
and lower boundary by equal harmonic loads q such that
Airy isostasy is achieved. This model does not explain how
this state was achieved i¡ the first place, nor is it compatible
with a strict Airy model, but its attraction is that Jeffreys

!943, 19701 showed that this conflguration gives the mini-
mum strain energy or minimum deviatoric stress state' The re-
sultant stress differences throughout the plate are ofthe order
ofgo, provided that the variation of the loads along the sur-
face is not rapid lTimoshenko and Goodier, 19701. Shear
stresses are generally small but nonzero. Typically, they will

reach lgo,H / R, where 11 is the thickness of the elastic plate, /

the degree of the harmonic load og, and ,R the radius of the
earth. Thus if a topography ft of density p loads the crust such
that Airy isostasy is approached, the maximum stress di-ffer-
ences that will occur i¡ the crust are of the order

1^^* = pçh (l)

and there will be ûo compensation models that result in signif-
icantly lower maximum stress differences. Only if the wave-
length of the load becomes less than the thickness of the elas-
tic layer can rmax be reduced, to about halfor one third of(l).

In a number of situations, large gravity anomalies oucur
without signiûcant accompanying topography, and the inter-
nal load has to be determined from the gravity data, an in-
ve¡sion that is nonunique. The simplest approach is to repre-
sent the load as a density layer o, and the maximum stress
difference within the crust will be of the order go (insofar as
the depth of this layer is small in comparison with both the
wavelength of the anomaly and the radius of the earth, the at-
tenuation factor i¡ the gravity-density inversion can be ig-
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nored). These stress diferences will .concentrate at the level of
the density discontinuities.

With (l) the stress diferences required to maintain high
mountains in an isostatic state will be of the order of 300 bars
per kilometer of elevation. Hence for the 5-km-high Tibetan
plateau, maximum stress difference of the order of 1.5 kbar
can be expected in the underlying crust if (l) is valid, but if
the long-term flnite strength of the lithosphere is only of the
order of a few hundred bars, this estimate places some severe
constraints on the validity of the isostatic models. The width
of the plateau is i¡ excess of 1000 km, and the height varia-
tions of the plateau proper, to the north of the Himalayas' are
small. The underlying crust apPears to be anomalously thick,
about 75 km, yet both the lower crust and the mantle appear
to be. hotter and consequently weaker than i¡ stabler regions

lBird and Toksö2, 19771, ar'd much of the support for the load
must come from the finite strength of the colder upper regions
of the crust. The steep slopes occurring in the Himalayas also
require a considerable flnite strength i-n the upper parts of this
crust. The topography here can be modeled by two-dimen-
sional triangular cross-section loads for which r^u = Lpgh,
with the maximum stress di.fferences occurri-ng at a depth of
about L/4, where I, is the width of the load. For l¡ = 5 km and
Z = 100 km, r^"* = 700 bars at 25-km depth. This calculation
assumes that isostatic equitibrium is not attained over these
shorter wavelengths, in keeping with the gravity observations
of Kono ll974l.

One reason why these tectonic stress estimates may be too
high is that the calculations do not adequately represent the
tnre state of affai¡s in the crust and lithosphere in mountain-
forming areas. Areas of high topography such as the Tibetan
plateau or the Andes cordillera are also areas of tectonic activ-
ity, and that this topography exists at all is more a reflection of
compressive forces at the plate margias and/or of mantle up-
welling than of the filite strength of the crust' The role of
these 'tectonic forces' in supporting the load is also seen in the
ongoing uplift of the elevated areas. Tectonically active re-
gions do not provide the best examples for stress calculations
using either the conventional elastic loadilg models or the
minimum deviatoric stress approach, for, as emphasized by
Crittenden [967], to provide a signifrcant measure of fi¡ite
strength, it is important that the region i-n question is free
from contemporary and recent tectonics. Where this condition
is not met, a more viable alternative may be to develop spe-
cifrc formation models and to evaluate the associated stress
state as attempted by Bird [978] for the Himalayas and the
Tibetan plateau. There are numerous areas where this condi-
tion of an absence of signiûcant contemporary tectonic activ-
ity is satisûed. One is in central Australia, where a parallel se-
ries of large gravity anomalies occur in a tectonically
relatively quiet area. These anomalies, of wavelength À = 300
km and with a peak-to-peak amplitude of about A8o : 160
mgal, are roughly equivalent to what one would expect from a
surface load of

"1x): þ*'l+'l Q)'  z1T1r l^  I

and the maximum stress di-fference with (l) becomes

r^*: g\g6/2nG = 375 bars (3)

This estimate is a lower limit to the maximuìn stress di-ffer-
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ences in the crust. An estimate of the upper limit would be ob-
tained by adopting a purely elastic solution, but the occur-
rence of Late Tertiary to recent fault movements along old
laults lBurek et al., 19781 and the presence of some present-
day microseismic activity make such a solution inappropriate,
since both point to an ongoing relaxation of the deviatoric
stresses. Also difficult to evaluate is the eflect of past erosion.
The major sedimentary basins appear to have been maidy
filled contemporaneously with the initial compressional mo-
tion that formed the present feature, so the early load may not
have been very different from that observed now.

Another example is the tectonically quiet midcontinent
gravity high in the United States, which has a maximum
peak-to-peak amplitude of about 200 mgal, and with (2) and
(3) this implies maximum stress di-fference of about 400 bars
somewhere in the underlying crust. This is again a lower limit
to the maximum stress di-fference, since Cohen and Meyer
[966] have suggested that there may be an element of re-
gional compensation and that the midcontinent high can be
modeled by the elastic plate theory. This conclusion follows
from their assumption that compensation occurs at and above
the Moho, but if it partly occurs at greater depth, a more local
compensation model will also fit the data. Birch 11964l gives
an example of a gravity anomaly over Green Mountains in
Vermont with resulting maximum stress diferences of some
500 bars at l0-km depth. The South Africa gravity map pro-
vides several further examples of large anomalies in tectoni-
cally quiet areas, The Trompsburg anomaly, some 100 km
south of Bloemfontein, with an amplitude of nearþ 100 mgal
and a radius of about 50 km [.ltlales and Gough, 1959], requires
stress differences of the order of 250 bars in the crust, and
these have apparently persisted for nearly 1.9 x lOe years. The
large Southern Cape anomaly lHales and Gough, 196ll re-
quires similar stress differences that have persisted for about
108 years.

Possibly a useful global estimate of the stress di-fferences as-
sociated with the isostatically supported topography is ob-
tained from (l) by using the spherical harmonic expansion of
the topography, namely lsee Phillips and Lambeck, 19801,

h= i , i  f  t  n -yu^
and with (l),

with the equivalent rock spectrum given by Balmino et al.

[973] for the harmonics up to degree 36,

, r-.* = 400 bars

The equivalent rock power spectrum Vl(h), deû¡ed as

}Ð^hu^', decays following the approximate rulelPhillþs and
Lambeck, 1980}

V?(h) = r0-'/l(l + l)

to very high degree (/> lOs) [Bills,19781, and these higher de-
grees only increase the total power in the topographic spec-
trum by some 107a.

CoNctuslous

The above considerations of isostasy suggest that the stress
differences in the crust due to topographic loading or density

1^*:Pltx É f  o,^,)" '
Lr - t  u :0  r : l  l
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anomalies in the crust are of the order of 500 bars. On the one
hand, the fiiite strength of the crust could be somewhat less
than this, since the topographic and density anomalies are
predominantly a consequence of dynamic processes that in
many instances are still operative. On the other hand, the esti-
mates are lower limits in that they are based on Jeffreys' crite-
rion of isostasy, namely, that the compensation is such as to
rninimize the maximum stress difference that will occur any-
where in the loaded crust. Upper values of these maximum
strèss differences can be obtained by assuming that the crustal
response to loading can be modeled by elastic plate theory
and that these values will generally exceed the above estimate
by about I order of magnitude with the widely used but sim-
plistic elastic models. The seamount calculations by Lambeck
and Nakiboglø [980] illustrate some of the ways i¡ which
these elastic plate models may lead to a gross overestimation
of stress, and they indicate that the stress estimates based on
simple elastic plate theory can be reduced by a factor of 5
without violating the gravity or geoid data. In particular, the
stress differences near the upper surface of the plate can be re-
duced to about pgh, while the stress differences tear the lower
surface of the plate need not exceed a few hundred bars or
even less. These results illustrate that in seamounts, as in
many other tectonic problems, gravity data are poor in-
dicators ofthe itress state, and it is usually not possible to dis-
criminate between models of regional elastic compensation
and more local compensation. The presence of fault motions,
vertical motion, and microseismic activity even in old and rel-
atively quiet tectonic features is evidence either of relaxation
of stresses or of dynamic processes that are still supporting the
feature; and the static models, whether based on local or re-
gional isostatic support, are not appropriate.

The real answer to the question of stress in the crust prob-
ably lies between the lower limits given by Jeffreys' criterion
and an upper limit given by the elastic plate theory appropri-
ately modified to represent geological situations rather than
engineering problems. This points to stress di-fferences ranging
from about 500 bars to perhaps the 1500 bars required to sup-
port the Tibetan plateau in the absence of compressional
forces or upwelling. These maximum stress di-fferences prob-
ably occur down to depths of perhaps 20 km, beyond which
the stress diflerences would decrease'
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