
Depth vs. Age 

• Parsons and Sclater, 1977
careful analysis, basically correct answer

• Stein and Stein, 1992
careless analysis, basically wrong answer, Lake Wobegon Effect

• Doin and Fleitout, 1996
different interpretation for flattening 

• Hillier and Watts, 2005
more careful depth versus age, better answer – same as P&S 1977



oceanic lithosphere dominates mantle convection
largest surface area
greatest temperature drop across TBL = largest density contrast
> 1/2 of heat escapes in young oceanic lithosphere
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Data > 1,000 km from hotspots (n = 125)
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H(a) = H0 + ca
H0 = 5.73 ± 0.06 km
c = 0.010 ± 0.001 km Myr−1

H(a) = H0 + ca
H0 = 5.93 ± 0.06 km
c = 0.008 ± 0.001 km Myr−1

H(a) = H0 + ca
H0 = 4.60 ± 0.21 km
c = 0.022 ± 0.002 km Myr−1
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Regression:
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Figure 2 | Correlation between oceanic crustal thickness and plate age. a, Seismic crustal thickness data from all ocean basins (diamonds, Indian Ocean;
squares, Pacific Ocean; circles, Atlantic Ocean). Outliers repressed in the linear regression have a green outline. b, Seismic data and linear regression for
the Pacific Ocean basin alone. c, Seismic data and linear regression for the Atlantic and Indian Ocean basins. The red dashed line in b,c is added to compare
the least-squares fit of the Pacific Ocean data and the Atlantic and Indian Ocean data.

would then possibly have been between 18 �Cand 30 �Chotter in the
Jurassic, which is a smaller temperature anomaly than the 50–60 �C
that has been predicted from the geochemistry of the oldest Pacific
basalts16,17. Regional anomalies in mantle temperature beneath the
mid-ocean ridge system18 may account for the mismatch, because
there are few sites from the Ocean Drilling Program on old seafloor
where such a comparison can be made. The estimated thickening of
Pacific crust with age provides enough buoyancy to explain roughly
300m of the observed flattening of seafloor depth as a function
of plate age19, an amount that is comparable to the seafloor depth
misfit of current plate cooling models for the Pacific Ocean20. The
di�erence in isostasy of the oceanic plate over time may also have
influenced long-term changes in sea level21.

A recent report that the mantle of the incipient Atlantic Ocean
o�shore the eastern United States was 150 �C higher than beneath
modern mid-ocean ridges22 would be consistent with much thicker
old ocean crust than what we observe in the seismic data. The
Jurassic seafloor in the western central Atlantic Ocean is locally
smooth4,23, which lends proof that the uppermantle here was indeed

unusually hot 30Myr after North America and Africa separated.
On the other hand, a seismic refraction study has shown that the
oceanic crust in this area is locally 8 km thick24, which is more easily
explained by a past mantle potential temperature approximately
50 �C higher than that of the modern Mid-Atlantic Ridge system.
The long-term mantle cooling signal that can be seen in oceanic
basalt samples or marine seismic refraction data has a large amount
of scatter that arises from lateral heterogeneity in the temperature
and composition of the Earth’s mantle18,25.

It has been debated whether rifting and breakup of Pangaea
around 200Ma was accompanied by the arrival of a deep mantle
plume o�shore the southeastern United States26–28. The elevated
mantle temperature during early seafloor spreading there may be
consistent with a plume, but the strong positive correlation between
ocean crustal thickness and tectonic plate age appliesmore generally
to the Atlantic and Indian oceans (Fig. 2c). Continental insulation
beneath the central Pangaea warmed the underlying asthenosphere
before breakup of the supercontinent (Fig. 3)29, which contributed to
the extensive syn-rift magmatism between the eastern United States
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Is crustal thickness uniform with age?

[Van Avendonk et al., 2016]

The estimated thickening of 
Pacific crust with age provides 
enough buoyancy to explain 
roughly 300m of the observed 
flattening of seafloor depth as 
a function of plate age, an 
amount that is comparable to 
the seafloor depth misfit of 
current plate cooling models for 
the Pacific Ocean. 



Depth vs. Age – 28 years 

• Parsons and Sclater, 1977
• Stein and Stein, 1992
• Doin and Fleitout, 1996
• Hillier and Watts, 2005




