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Thickness of lithosphere 
deduced from gravity edge effects 
across the Mendocino Fault - THE evolution of a lithospheric plate, as it migrates away 
from the accreting boundary (mid-ocean ridge crest). is mostly a 
result of vertical cooling by conduction. As density is a function 
of temperature and pressure, the density structure should be a 
function of the age of the plate and, in order to  preserve isostatic 
equilibriurn, the seafloor should subside as the plate cools1. 
Thus. the variation of heat flow, seafloor depth and the gravity 
field are different expressions of  the sarne process. progressive 
cooling, occurring over the whole thickness of the plate. 
Sclater and Francheteau2 have verified these properties through 
an analysis of the variation of heat flow and depth with the 
age of the plate. Their model assumed that the plate remains a 
constant thickness and is floating in hydrostatic equilibrium 
over the asthenosphere. This led to an estimate of 75 km for 
the thickness of the plate. - 

Unfortunately, analysis of variation of the gravity field gives 
little information about structures in isostatic equilibrium 
withsmall lateral variations. Beyond the fact that the underlying 
volumes are of equal weight, the only information it gives 
cornes from the influence of the lateral variation of density 
structure on the surface gravity field. As the evolution of the 
plate is slow, with a thermal constant of about 80 Myr(ref. 3). 
the lateral variations are small and dificult t o  detect, except 
perhaps near the accreting plate boundary4. Talwani et al.' 
have shown, however, that over the Mid-Atlantic Ridge, 
gravity data combined with crustal seisrnic refraction data8 
irnply the existence of a low density upper mantle body of  
so-called 'anornalous mantle' a t  shallow depth (less than 
40 km) below the surface. Their conclusion is in qualitative 
agreement with the low densities predicted by the plate tectonics 
model. But Morgan7 has argued that gravity data alone cannot 
rule out the existence of a much deeper compensating body. 
Keen and Tramontini8 have assurned that this compensation 
cornes from a rnass with a uniformly low density contrast, 
extending t a  depths of 200 km. 

This controversy could be settled3 with gravity data alone, 
by studying active or fossil transforrn fault areas with large 
offsets, which juxtapose lithospheric plates of different ages 
(Fig. 1). The resulting large gravity edge effects are quite 
sensitive to  the depths of the compensating masses. We show 
here that the gravity edge effect produced by the fossil Men- 
docino Fault-a transform faul t -can be explained with 
Sclater and Francheteau's plate mode12, and that the most 
probable thickness of the plate is 75&25 km. 

Figure 1 shows the location of three gravity  profile^^.'^ 
acrossthe Mendocino Fracture Zone. Magnetic lineations data" 

Fig. 1 Bathymetric map, after 
Chase et a1.18, showing gravity 
profiles a, 6,  and c (see text). 
Heavy lines, magnetic lineations 
with ages given in Myr (after 
Atwater and Menard"). The 
Mendocino Fracture Zone juxta- 
poses sections of lithosphere 
which are of different ages: 
across profile a, 0.3 and 31 Myr; 
b, 3 and 33 Myr; c, I I  and 40 

Myr. 

show that the lithosphere on each side of the fault differs in age 
by 30 Myr. Figure 2 shows the free-air gravity anornaly profiles 
and the corresponding density models proposedY.'" to  explain 
them. The crustal density structure adoptedY.lu for ~rof i les  a 
and b (Fig. 2) are based on nearby seismic refraction measure- 
ments12 using the Nafe and Drake velocityidensity rela- 
tionship13. There is no seisrnic refraction station near profile c 
(Fig. 1) but Dehlinger et a1.9.10 projected results frorn refraction 
stations hundreds of kilometres away. In addition, they did not 
allow for the velocity anisotropy at the Moho interface"-16. 
The density structure they obtained for the mantle is, conse- 
quently, rather heterogeneous. In spite of these limitations, their 
results show the existence, on profiles a and b (Fig. l ) ,  of an  
edge effect with a 70 mgal low about 100 km wide south of 
Mendocino. They explain this by invoking a cornpensating 
mass which is about 0.2 g lighter in the upper part of the 
mantle, as  originally proposed by Talwani et ~ 1 . ~ .  The edge 
effect decreases in amplitude but increases in width on profile c 
(Fig. l ) ,  as predicted by the plate tectonics hypothesis of thermal 
evolution of the lithosphere. 

We concentrate on profiles a and b (Fig. 1) which have a bet- 
ter crustal seismic refraction control and in which the contrast 
in thermal structure should be greatest. according to  the plate 
tectonics model. The crustal density structure adopted was given 
by Dehlinger er a1.9*10. The density structure of the rnantle is 
deduced from the vertical temperature distribution computed 
using Sclater and Francheteau's rnode12 for a lithospheric plate 
of corresponding age. We also use their constants. The tem- 
perature of the asthenosphere is taken as  1,300" C and the 
density of mantle material at  O" C as 3.4 g cm-3. The only 
variable parameter is the thickness of the lithosphere, which 
we choose to  Vary between 25 and 200 km. 

In practice, the density distribution within the lithosphere 
is computed by assuming that the ocean floor is the top of the 
lithosphere, but for the part of  the lithosphere corresponding 
t o  the crust we adopt the density distribution deduced from 
seismic refraction results. We divide the rernaining part of the 
lithosphere into layers of constant density differing by 0.01 g 

the rnean density of the layer is obtained from the Sclater 
and Francheteau rnode12. Corresponding colurnns o n  each 
side of the fracture zone d o  not have exactly the same weight, 
because the temperature has been computed for a constant 
volume lithosphere and because the crust is ignored in the 
ternperature-density model. We restore hydrostatic equilibrium 
between the two columns by applying to  the older a small 
thickness correction which is proportional to  the difference 
between the rnean computed density of a given layer and the 
density of the asthenosphere. We also ignore the modification 
of temperature structure which occurs because of heat flowing 
by conduction across the fossil transform fault. It car, be shown 
that both simplifications introduce only second order modifica- 
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tions. We felt that the rnany uncertainties in the data did not 
warrant testing more elaborate rnodels, such as that proposed 
by Parker and Oldenburg". Figure 3 shows the density models 
for profiles a and b. 

A thickness of 75 km also fits profile c where the crust is 
about 10 Myr older than it is near a and b (Fig. 4c). In the 
absence of nearby seismic refraction stations, we assumed that 
the crustal structures correspond to those given as a function of 
age by Goslin er al.'" In addition. the temperature structure 
may already be affected significantly by the conductive flow 
of heat through the fracture zone. Consequently, profile c is 
not as significant as the others. 

The lithospheric thickness of 75 km obtained here is identical 
to  that obtained by Sclater and FrancheteauQn the basis of 
different types of data (heat flow and depth). This confirms 
that such a plate tectonics model is successfui in accounting for 
the main physical characteristics of the evolution of a litho- 
spheric plate in its first 40 Myr or so. It also considerably 
strengthens the choice of physical parameters. The thickness is 
actually an  estirnate for a plate 30-40 Myr old. The tempera- 
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Fig. 2 Gravity profiles (free-air anomalies). and crustal sections 
along profiles a (along 127 2O'W). h (along 128 ZO'W) and c Fig. 3 Proposed density models across Mendocino Fracture Zone 
(along 132 30'W). In crustal sections, depth is shown from sea along profiles a and b. The thickness of the litho5phere chosen 
level, and densities (g cm-3) are given. Data from refs 9 and 10. for the rnodels is 75 km. The anomaly curves show the difference 

between observed and computed gravity anomalies for different 
lithosphere thicknesses. The density layers have been extended 

to infinity at both ends to avoid artificial edge effects. 

Figure 3 shows the difference between the observed anomaly 
and cornputed gravity anomaly for different models in which 
the only parameter changcd is the thickness of the lithosphere. 
If the plate tcctonics model is correct and if the thickness of 
lithosphere adopted corresponds to  reality. the resulting diffcr- 
ence would be zero everywhere. I f  the thickness is too large 
then the edge effect is too large and the difference should be 
positive south of Mendocino and negative north of it. Com- 
parison between cornputed and observed gravity anomalies 
shows that the best fits arc obtained for a thickness of 75 km 
(Figs 3 and 4). The data are not good enough to  exclude 
definitely a thickness as large as 100 km or as srnall as  50 km, 
but a thickness of 25 km is definitely too small and a thickness 
of 200 km too large. Thus, models of the type proposed by 
Morgan7 or Keen and Tramontinih are not compatible with the 
data. 

ture structure at the accreting plate boundary does not depend 
on the thickness of the plate; that is controlled by the vertical 
convection term and not by the conduction terrn. Thus, this 
model can be compared with that proposed by Parker and 
Oldenburg1' in which the thickness, Z, of the lithosphere 
changes with age roughly according to  the formula: 

where I is time in Myr. 
Thus. Z (30-40 Myr) - 55 km and the estirnate u e  obtain 

is in fair agreement with both models within the inherent 
uncertainties of the data and computations. We feel. however, 
that more systernatic studies, with better seismic refraction 
and reflection control. across transform faults which juxtapose 
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Fig. 4 Proposed density rnodels across Mendocino Fracture 
Zone along profiles a, b and c and the corresponding observed 
(solid lines) and cornputed (dotted lines) gravity anomalies. The 
thicknesses of the lithosphere chosen for the models is 75 km. 
For c, the density model of the crust is a function of the age" 

(see text). 

lithospheric plates of different ages should provide much 
better constraints t o  rnodels o f  lithospheric evolution. 
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