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A linear relationship between the sea floor depth and the square root of age has been found for ocean lithosphere 
spreading from mid-ocean ridges. The asymptotic solution of depth as a function of age for the thermally contract- 
ing lithosphere predicts a linear dependence of depth on N//t with a proportionality involving the initial lithosphere 
temperature, the thermal diffusivity, and the isostatic expansion coefficient averaged to include any temperature 
dependent phase changes. Empirical depth observations, when plotted as a function of the square root of age, bear 
out this prediction well, but there is a variation in the gradient, h/x/t, along the ridge on a fine scale (up to 20% over 
200 km). This implies a fundamental variation of the contraction parameter over the same scale, most probably of 
compositional origin. Details of a more complete cooling model near the ridge crest, including a crust of different 
thermal parameters than those of the mantle, predict a crestal height about 0.2 km below that of the simplified model. 
Individual profiles from the southeast Pacific show no such crestal deviation, and it is concluded that by quickly 
cooling the new crust, hydrothermal circulation may remove any effects of the crust which would be seen in the 
topography of a lithosphere cooled totally by conduction. The straightness of depth versus ,vf/-for older ocean data 
(to 80 m.y.) precludes any basal isothermal boundary shallower than 100 km. 

1. Introduction 

Several attempts have been made to model mid- 
ocean ridge topography by thermal contraction of the 

spreading oceanic lithosphere [1-8] .  In most cases, 
unnecessary details in the models have served to ob- 

scure the fundamental behavior of the ridge crest to- 
pography with respect to the thermal properties of 
the material. Parker and Oldenburg [8] have taken a 
major step toward examining the fundamentals of 
thermally produced topography and find their solution 
quickly approaches a simple asymptotic relationship 
with time away from the ridge crest. In this paper we 
will follow a natural progression of steps in analyzing 
the thermal nature of the lithosphere and the related 
topographic expression, beginning with a case which 
is oversimplified, but nonetheless provides valuable in- 
sight for further analysis. 

"The lesson, still to be learnt by many, is that a 
clear understanding of relatively shallow processes 
must be obtained before the more subtle, deep- 
seated forces will be revealed." 

Parker and Oldenburg, 1973 

2. Fundamentals of topographic behavior 

In the first simplified model, the lithosphere is created 

at a vertical plan e boundary which is fixed at temper- 
ature TI. The upper boundary of the lithosphere at z = 0 
is kept at T = 0, and the material is allowed to cool to 
unlimited depth. The model ignores horizontal conduc- 

tive heat transport and any latent heat carried by liquid 
phases. By moving the reference system with the 
spreading lithosphere such that x = Ut,.the solution for 
the temperature becomes simply [9, p.59 ]: 

T = Tx erf ( z / 2 ~ t )  

The topographic anomaly due to the thermal expansion 
of this material is: 

h = Ser  f of~ ( T , - T ( z )  }dz 

= ( 2 / v % % f f r ,  

where %ff is the effective thermal expansion coefficient, 
modified for isostatic equilibrium, and can be written: 

P O  

C t e f f  - _ _  Po-Pw 
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if Po = initial density, not a function of  depth, Pw = 
water density, ~ = thermal expansion coefficient, and 
K = thermal diffusivity. The result shows that the to- 
pographic height is a linear function of  x/t-with a pro- 
portionality constant of  (2X/~)aeffToX/~-. Thus we 
might expect that any plot of  topography versus 
x/{would produce a straight line in a region where the 
simplified model is applicable. 

Let us now examine a more general situation in 
which we allow temperature dependence of  the ther- 
mal parameters and phase changes. The full equation 
for constant initial temperature on a vertical bound- 
ary is given by Sclater and Francheteau [1 ]: 

3T i'32T 32T~ 
p C p U - - = K ,  + +H (1) 

3x \ 3x 2 3z 2 ! 

which can be rewritten as: 

1 3T 02 T 02 T 
- + ( 2 )  

Io 3x 3X 2 3Z 2 

for the case of  zero heat generation and constant Cp 
(specific heat) and K (conductivity), where lo =K/pCpU 
is the characteristic delay length for the flow. For a 
boundary layer with constant surface temperature , all 
temperature gradients become small as time and x = Ut 
increases. In fact, as Parker and Oldenburg [8] have 
pointed out, the solution is asymptotic to the one-di- 
mensional cooling case (considered above) with t =x/U. 
Therefore, as T decreases monotonically with increasing 
x at constant z, the first term on the right hand side of  
eq. 2 becomes negligible compared to the left hand side, 
and the asymptotic solution satisfies the simplified equa- 
tion: 

1 3T 32 T 

lo 3x 3z z 

Now in general, lo is not really a constant, since both- 
specific heat and conductivity vary somewhat with 
temperature. Further, there may be mineral rearrange- 
ments (phase changes) when a rock is cooled slowly. 
These changes may liberate, or even absorb latent heat, 
but provided they are not depth sensitive, they may be 
handled by the generalization of  lo to l(T). We may 
then write the more general equation: 

1 3T 32T 

l(T) 3x 3z 2 

and with the simple substitution: 

T = O(z/x/x) 

obtain: 

1 1 z 0 '[  z ~ : ' l o " ( z - - ~  
2 l(O) x 3/2 ~,X/~] x ~X/~] 

o r  

1 1 
2 ZO) ~ O' (~) = 0"(.~) 

where ~ = z / x / x .  Whatever solution this equation has, 
it is a function o f  ~ only and its form is time (and dis- 
tance) invariant. The isostatically compensated topog- 
raphic height, at constant initial density Po, is given 
by: 

pol = pw h + fl h p(T) dz 

= Pw h + Pol - Poh + f l  (p-po)dz  

h - 1 fl  h (p-po)dz  A 1 fo  (p-po)dz  
Po-Pw Po -Pw 

since the thermal equation has to ignore the distortion 
of  the frame of  reference producing h, and the compen- 
sation depth l is defined as deep enough for a negligible 
temperature change to be present. Now, provided that 
p is a function o f  temperature only, that is, not modified 
by pressure, it is a function o f f ,  and V% d~ = dz, so: 

h - ~ foo [p(~) _ Po ] d~ 
PoPw o 

Whatever the details o f  the relation between p and T = O, 
and the relation between 0 and ~, the integral is a definit( 
integral with the dimensions of  density times square 
root of  length. Hence: 

h -  poVT 

Po-Pw 

and even in this rather general case, plots of  topographic 
height against the square root of  distance or time should 
be asymptotic to straight lines. 
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3. Topographic observations 

Topographic data from Sclater et al. [4] for the 
Pacific, Atlantic, and Indian oceans are plotted against 
Vq- in Fig. 1. All sets of data show remarkably good 
fits to straight lines as predicted by the discussion 
above. The slopes give only the product of 
( 2 / @ )  aeff TlX/~-, modified by effects of phase 
changes and temperature dependence of the parameters, 
but for the sake of example we have assigned reasonable 
values as follows: 

Po = 3.3 g cm - 3  

a =4.0X 10 - s  °C-1 

= 8.0 X 10 3 cm 2 s e c - 1  

With these assumed values we obtain values of T~ 
for the data sets in Fig. 1 : East Pacific Rise (North 
and South Pacific Ocean), Tt = 1120 °C; Mid-Atlantic 
Ridge (South Atlantic Ocean), Central Indian Ridge, 
Carlsberg Ridge (Indian Ocean), T1 = 1220°C. It is 
only speculation that this is the actual source of the 
differences in slope, but nevertheless both values are 
reasonable in light of experimental melting studies 
[10], and of observed basaltic magma eruptions and 
temperatures estimated by plagioclase geothermometry 
[11]. 

The slopes of h/x/t-do not decrease out to the time 
of the oldest topographic data, and this sets a minimum 
limit on the depth of any horizontal isothermal bound- 
ary. 

Eig. 1A. Averaged ocean depth versus the square root of age 
plotted for the Pacific Ocean (all points taken from Sclater 
et al. [4]). Depths are plotted relative to the crestal depth 
with the scale in 1-kin divisions. Error bars show the standard 
deviation of the individual depth averages. The crestal inter- 
cept is defined as the intersection of the line fitted to the 
flank data with the time origin; crestal deviation is defined as 
the difference between the crestal intercept and the actual 

crestal depth. 
Figure symbols are as follows: O = East Pacific Rise (North 
Pacific), [] = East Pacific Rise (South Pacific, < 3 cm/yr),  
A = East Pacific Rise (South Pacific, > 3 cm/yr). 

B. Averaged ocean depth versus the square root of age 
plotted for the Indian Ocean. Figure symbols are as follows: 
O = Carlsberg Ridge, [] = Southeast Indian Ridge, A = Central 
Indian Ridge. 

C. Averaged ocean depth versus the square root of age 
plotted for the South Atlantic Ocean. Slopes, crestal devia- 
tions, and spreading rates for all profiles are given in Table 1. 
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TABLE 1 
Spreading rates, slopes of depth versus ~ and crestal deviations for averaged and individual depth profiles of Figs. 1 and 4. (All 
depths are taken at prominent magnetic anomalies.) 

Profile location Spreading rate Age range Ah/x/t- Crestal deviation 
(cm/yr) (m.y.) ( k m / ~  (km) 

Averaged profiles 
East Pacific Rise, North Pacific 
East Pacific Rise, South Pacific 
East Pacific Rise, South Pacific 
Carlsberg Ridge 
Southeast Indian Ridge 
Central Indian Ridge 
Mid-Atlantic Ridge, South Atlantic 

Individual Profiles (East Pacific Rise) 
36°S east flank 
38°S east flank 
40°S east flank 
40°S west flank 
42°S east flank 
43°S east flank 
43°S west flank 
45°S east flank 
45°S west flank 
50°S west flank 

-5*  78 0.35 0.25 
< 3* 78 0.35 0.20 
> 3* 29 0.35 0.20 

1.2 25 0.39 0.30 
3.0 63 0.39 0.20 
2.2 21 0.39 0.30 
2.0 71 0.39 0.25 

7.5 0.40 0 
8.5 0.52 0 
8.5 0.35 0 
7.5 0.35 0 
7.5 0.41 0 

10.0 0.40 0.05 
10.0 0.40 0.05 
10.0 0.33 0.05 

6.0 0.33 0.05 
7.5 0.51 0.05 

A Z  

* Spreading rates vary between profiles averaged. 

i i i , , v , , r 

C 
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Fig. 2. The effects o f  imposing a hor izonta l  isothermal bound-  
ary at 70 and 100 km are shown in curves (a) and (b) respec- 
t ively. Curve (c) shows the result of the topographic solution 
including horizontal heat transport and using a thermal balance 
boundary condition at the ridge crest. The crestal deviation from 
the simple asymptotic solution is 50 m. All solutions (a,b and c) 
use the parameters o f a  = 4.0 X 10 --s °C--1, K = 0.008 cm2sec -1 , 
and T1 = 1220°C which produce a slope (2/x/~)aeff Tlx/~= 
0.39 k m / ~ .  to match data from the Indian and South 
Atlantic Oceans (see Fig. 1 and Table 1). 

Shown in Fig. 2 are the  results o f  imposing an isother- 

mal boundary  at 70 and 100 km depth  as was done in 

the models  o f  McKenzie  [12], McKenzie  and Sclater 

[13],  Sclater and Franche teau  [ 1 ], ect. The empir ical  

data precludes a 70 km thick l i thosphere  and suggests 

that  cool ing is not  l imited even at 100 kin. 
One further  consequence  o f  the straightness o f  

the empirical  h/x/[ curves is that  it provides a new and 

independent  consis tency argument  for the l ineari ty o f  

the magnetic anomaly  t ime scale, a l though an absolute 

cal ibrat ion is not  possible. That  is, if  e i ther  the mag- 

netic chronology  or the topographic  mode l  were wrong 

they  would  b o t h  have to be sympathe t ica l ly  in error 

to produce  a straight line h/x/~-curve. 

4. Empirical  h / V ~ v a r i a t i o n  

Since there is a not iceable  variat ion f rom ocean to 

ocean in the slope h/x/t[ ", it is impor tan t  to test whether  

there is a variat ion on a finer scale. The  empir ical  depth  

curves f rom Sclater et al. [4] have been  averaged over 

large sections o f  ocean,  and the standard deviat ions o f  
the individual averaged depths  are rather large. Some 
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Fig. 3. A profile at 38°S exemplifying the smooth topography 
and well-defined magnetics of East Pacific Rise from which 
data were taken for Fig. 4. Magnetics are shown in gammas, 
free-air anomaty in regals, and depth below the crest in kin. 
Magnetic anomalies at depth sampling sites are numbered and 
distance from the crest is given. Only clear magnetic anomalies 
were used for assembling Fig. 4. Thus the plots are independent 
of complications due to fracture zone crossings or ridge crest 
jumps. 
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Fig. 4. Ocean depth versus the square root of age for individual 
profiles on the East Pacific Rise. Raw data for 38°S are shown 
in Fig. 3. Depths are plotted relative to the crestal depth with 
scale in 1-km divisions. As in Fig. 1, straight lines have been 
fitted through the data. Slopes and crestal deviations are listed 
in Table 1. Circles and triangles denote east and west flank 
data, respectively. Data sources: 40°S, 45°S [21 ]; 36°S, 50°S 
[22];43°S[231; 38°S, 42°S[24I. 

of this deviation may be due to real slope variation as 
well as topographic "noise".  

To examine this possibility, we have chosen topog- 
raphic data from the southeast Pacific from profiles 
whose topography is smooth and whose magnetic 
anomaly patterns are clearly defined. An example is 
shown in Fig. 3. The data from these are plotted again 
in the from of  h versus x/~-in Fig. 4. The results show 
a large variation in slope (as much as 20% in just 2 ° 
latitude along the crest), but each individual profile 
falls very closely on a straight line. Data available from 
opposite flanks of  the crest along individual lines 
(roughly perpendicular to the crestal axis) yield iden- 
tical slopes. Therefore, there is good reason to believe 
that the slope variation among profiles is real. Again, 
the source of the variation can only be speculated 
upon, but it is likely that several or all of the factors in- 
volved in determining the slope (i.e. T~ ,a,x,temperature 
dependence of  these, and phase changes)may be in- 
volved in the variation. 

That there are differences in the fundamental  be- 
havior of the crestal topography over such a fine scale 
sheds doubt on the accuracy often assumed when using 
depth as a tool to determine the age of  oceanic litho- 
sphere (e.g. Sclater, et al. [4], Anderson and Sclater [19], 
Anderson and Davis [20]). To give an example, the age 
of  the 10 m.y. old crust of  38°S (magnetically well- 
defined) would be predicted at more than 20 m.y. by 
the averaged curves used by previous authors (compare 
the North Pacific, Fig. 1, with 38°S, Fig. 4). Hence 
suitable caution must be used when applying depth 
data as an age predicting tool.  

5. Crestal topography 

Observed topography at the crests of  ridges, as plotted 
in Fig. 1, deviates significantly from the straight lines 
fitted through the data. Crestal depths systematically fall 
below where linear extrapolat ion of  the flank points 
would predict by about 0.2 kin. However, none of  the 
individual profiles from the southeast Pacific discussed 
in section 4 show significant crestal deviation. Ridge- 
crest depths in Fig. 4 all lie on or less than 0.05 km 
below the fitted straight lines. The low crestal depths 
of  Fig. 1 may result from the way the depths were 
chosen, whereas the smooth profiles used in Fig. 4 
leave little doubt that at least on this part of  the East 
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Pacific Rise, the crestal deviation is negligibly small. In 
this section we shall discuss how deviations from sim- 
ple one-dimensional conductive cooling near the 
ridgecrest will affect the topographic behavior there. 
The treatments are simplified, but they should provide 
a rough estimate of  the amount of  topographic crestal 
deviation to be expected from the conductive model. 

An obvious contribution to the deviation arises 
from the significant horizontal conduction of  heat 
near the ridgecrest, the amount of  heat conducted 
away from the crest being available to expand the 
adjacent lithosphere. This expansion is not included 
in the simplified model above, and would tend to 
lower the relative position of  the crest. Horizontal con- 
duction has been accounted for in the thermal solution 
of  McKenzie [12], and is found to produce about 40 m 
of relative crestal depression. 

The spreading model of  McKenzie is still incomplete, 
however, as it does not account for the basic convective 
nature of  the accreting boundary. If heat is conducted 
away horizontally as well as convected by the new 
lithosphere, the boundary cannot remain at T~. That 
is, there must be a balance of  heat at the origin, not an 
indefinite supply as the earlier models require. Parker 
and Oldenburg [8] have treated this problem by sup- 
plying latent heat at the accreting boundary when a 
liquid phase condenses to a solid at the melting point 
isotherm. As the amount of  melt is probably small 
relative to the amount of  solid phase over the bulk 
of  the accreting lithosphere, we have chosen to ignore 
the latent heat. Rather, we have chosen a simple but 
realistic boundary condition, one of  convective and 
conductive heat balance. Following the solution of  
McKenzie [12] for the temperature distribution in 
a moving slab, we have: 

t o o  ~ . r 

T =1 + z ' + 2  A nexp(c~nx)sm(nnz)  (3) 
n=l 

where 

~ r t  = R - - ~  11.2 

R = pCpUI/2K 

and where T = T1 T ' ,  

x = lx ' , 

Z = l z  t , 

l is the lithosphere thickness, allowed to be arbitrarily 
deep, and ~ is the material supply temperature. The 

boundary condition desired at x = 0 will balance the 
total heat flux, convective plus conductive, from the 
origin with that convected at the supply temperature 
TI:  

OT 
- K  - ~  + pCpUT = pCpUT 1 

This boundary condition implies a discontinuity between 
the supply temperature and the temperature at the origin. 
It reflects the fact that the accretion must be discontinous 
in time near the surface to satisfy both the heat balance 
and the requirement of  magma fluidity in any model 
ignoring vertical flow. Removing the dimensions, we 
have: 

- K  ~T' + T'  = 1 
pceut 
or: 

- 1  ~T'  
2R Ox' + T'  = 1 

With this we may solve forA n in eq. 3: 

t o o  . t . ! 
= (Ansln(nnz)-~-~ anSln(nrrz )}  1 1 - z  + nZ=l An 

Anan 
= 2 f01 z' sin (nnz')dz' An 2R 

2( -  1) n+l 

n ~  

Thus: A n = 2 ( - 1 )  n+l/nrr 1 -  (4) 

This temperature distribution (eq. 3 with A n from 
eq. 4) may now be applied to the topography of  thermal 
expansion in the normal way. The resulting topography 
is plotted in Fig. 2 with the same thermal parameters 
found to fit the asymptotic Atlantic Ocean case. Again, 
we have ignored any modification of the kernel 
(2/X/n)~et't'Tl ~ by phase changes, or temperature depen- 
dent parameters. As expected, the relative height of  the 
crest is lower than that predicted by the vertical cooling 
model, but by an amount of  only 50 m. This is a mere 
10 m more than the deviation produced by the 

McKenzie solution; likewise, any reasonable statement 
of the initial boundary conditions will probably yield 
only a similar small crestal deviation. 

If the crust-mantle boundary consists of  a chemical 
change of  material, then it is likely that the thermal 
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parameters of the two layers of the lithosphere are 
somewhat different. This, in turn, will affect the tem- 
perature distribution and the contraction of  this 
layered case, and could produce a sizeable crestal de- 
viation. We may estimate such a deviation due to a 
contrast in the expansion coefficients in the following 
way: if  we assume a gabbroic composit ion (roughly 
50% anorthite,  a = 2.0 X 10 -s , and 50% pyroxene,  
c~ = 3.2 X: 10 s [17]) for the crust, we obtain an 
average value o f a  = 2.6 × 10 "s for the temperature 
range from 20°C to 800°C. A 5-km crust, completely 
cooled through 1200°C for example, will contract  
0.24 km, whereas material having the same a as used 
for the mantle, c~ = 4.0 X 10 - s  , will contract 0.35 km. 
The resulting deviation is merely the difference between 
the two cases, or 0.1 kin. 

A rough estimate may also be obtained of  the crestal 
deviation produced by a difference in thermal diffu- 
sitivities between the crust and mantle. The diffusivity 

appears in the slope h / x / F  = (2/x/n-) O~effT1v~, and as an 
approximation,  we will let the asymptotic slopes for 
the crust and mantle intersect at 1 m.y;, a time in 
which a 5-km crust will be about 3/4 cooled, on average. 
Using reasonable values for diffusivity of  6.7 × 10 3 
and 8.0 × 10 3 for the crust and mantle, respectively, 

we obtain a ratio in slopes of  ~ / x / ~ m a n t l e )  = 
0.91. When applied from t = 1 m.y. to the origin, the 
lower crustal slope will produce 45 m of  crestal devia- 

tion. 
The contributions from differences in thermal param- 

eters for the crust and mantle and from a realistic 
boundary condit ion are additive, and when combined 
produc e a total crestal deviation of about 0.2 km. 
Thus it becomes interesting that the individual profiles 
examined show no significant crestal deviation, and we 
are led to consider one further detail of  the cooling of  
lithosphere. 

All conductively cooled models suffer a common 
failure of  not being able to account for the measured 
heat flow distribution over mid-ocean ridges. Heat 
flow values are far too low and scattered to justify 
a model  whose lithosphere is cooled purely by con- 
duction. This inability of  conductive models to match 

the observed heat  flow boundary condit ion is easily 
overcome if hydrothermal  circulation takes place in 
the hot  crust near the ridge crest. This process allows 
advection of  heat directly from the crust, thereby 
reducing the conductive heat flow that is measured 

through the surface. Hydrothermal  activity has been 
suggested by several authors [16, 14], and the evidence 
has been summarized by Lister [14, 15]. The nature 
of the circulation, its depth of penetrat ion,  and its 
duration are not well understood; a simple first guess 
to determine its influence on heat flow was suggested 
by Lister [14], and this was used by Sclater and 
Klitgord [7] in their topographic model. This guess 
was one in which the hydrothermal  circulation in the 
immediate vicinity of the crest established a linear 
gradient from zero temperature at the surface to T1 
at the depth of  its maximum penetration.  Circulation 
quickly ceased away from the crest and cooling was 
purely conductive from that point onward. 

A slightly more realistic representation of  the initi- 
ally cooled temperature distribution might be one in 
which the cooled layer was isothermally at the hot 
water temperature,  a reasonable approximation if the 
water temperature is not too high. If the scatter and 
anomalously low values in heat flow are caused by 
hydrothermal  activity as suggested by Talwani et al. 
[16] and Lister [14], then the data (e.g. Le Pichon and 
Langseth [2], fig. 4) would suggest that some circulation 
exists out to at least 40 m.y. A crustal layer in which 
convection continues would merely cause a nearly con- 
stant vertical offset in the shrinking topography of  the 
lithosphere, since a slow reduction in the hydrothermal  
temperature as activity fades would cause a negligible 
height change. The mean initial temperature of the 
convecting layer is likely to be 200°C or less [15] and, 
because the rock is chilled and rigid, the applicable 
expansion coefficient should be closer to linear than 
volumetric. Complete cooling from 200°C to 0°C 
would cause a 5 km thick layer to shrink a mere 14 m. 
Hence we would expect no crestal deviation to be caused 
by continuing hydrothermal  circulation in the crust; further 
more, the rapid convective cooling will obscure any 
topographic effects produced by contrasts between ther- 
mal parameters e f  the crust and mantle. Thus we would 
invoke this hydrothermal  process to account for the lack 
of  crestal deviation on the East Pacific Rise. Careful 
topographic study of  other areas may show similar 
topographic behavior. 

6. Conclusions 

Sclater and Francheteau [ 1 ] have determined that the 
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general topography produced by sea-floor spreading 
systems can be accounted for by thermal contraction 
of the lithosphere as it spreads from its origin and 
cools from its initial temperature. By considering an 
oversimplified model of the oceanic lithosphere which 
allows cooling in the vertical direction only, a linear 
relationship between topography and the square root 
of time results, namely h = ( 2 / @ )  t~ef f T 0 x ~ .  This 
relationship can be extended to a more generalized 
case where temperature dependence of the thermal 
parameters and temperature dependent phase changes 
are permitted as long as there is no significant varia- 
tion with depth. Empirical sea floor topographic data 
follows a x/7 dependence rather closely. 

From a detailed comparison between the empirical 
curves of depth versus x/}-and curves produced by 
calculation we can conclude: 

(1) The oldest reliable topographic points do not 
show any of the curve flattening that would be 
caused by an isothermal boundary at depth, by signif- 
icant internal heat generation, or by encroachment 
into the stability field of a major new rock mineral. 
More good data on the isostatic basement depth and 
age of older oceanic crust is needed if these phenomena 
are to be detected. 

(2) There is a large variation in the slopes of closely 
spaced crestal profiles across the East Pacific Rise. The 
topographic data only extend out to 10 m.y., and may 
not reflect the long-time average slopes, but there is 
good reason to suppose that the variation is caused 
by changes in the slope parameter (2 /x /~)  o%ff T1 X/~-, 

presumably of compositional origin. Crustal age 
dating solely by means of absolute depth is therefore 
an unreliable tool. 

(3) If the averaged depths from topographic data 
of Sclater et al. [4] are correct, then there is a devia- 
tion of the actual depth at the crest from the depth 
predicted by simplified theory. Such a deviation is 
expected if conductive cooling takes place in a crust 
and mantle whose thermal parameters vary. However, 
ind iv idual  profi les  f rom the  sou theas t  Pacific show 
no s ignif icant  crestal  dev ia t ion ,  and  it is bel ieved 

tha t  h y d r o t h e r m a l  c i rcu la t ion  qu ick ly  cools the  crust  

and removes  the  ef fec ts  o f  d i f fe ren t  crus ta l  p rame te r s  
f rom the  t o p o g r a p h y  o f  the  cool ing l i thosphere .  
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