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FLEXURE EXAMPLES 
(Copyright 2003, David T. Sandwell) 

 
 
Primary reference:  
Watts, A. B.,  Isostasy and Flexure of the Lithosphere, Cambridge University Press, 
2001. 
 
 

These notes provide practical examples of flexural models applied to structures in the 
oceanic and continental lithosphere.  The models are all basically solutions to the thin-
plate flexure equation with a variety of surface loads, sub surface loads, and boundary 
conditions.  Both gravity and topography data are used to constrain the models.  We’ll 
see in a following lecture that gravity data provide important constraints on the 
topography of the moho.  Figures and captions are provided on the following pages.  In 
addition, a reference is provided for each figure.  The features include: 

 Seamount - undersea volcano loading the oceanic lithosphere; 
 Trench – plate bending at a subduction zones; 
 Fracture zone – flexure that accumulates due to the differential subsidence across 

an oceanic fracture zone; 
 Normal fault – asymmetric topography due to normal faults mainly in continental 

crust; 
 Thrust fault – asymmetric topography due to a thrust fault in the foreland basin 

adjacent to continental mountains; 
 Rift – symmetrical but aborted continental rift which usually fills with sediment to 

form a steer head basin; 
 Passive margin – symmetrical rift that evolves into a young ocean basin and 

accumulates continental sediments to become a passive continental margin; and 
 Venus trench – flexural topography on Venus that is caused by thrust faulting and 

possibly earth-like subduction. 
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Seamount Data 

 
 

 
Watts, A. B., C. Pierce, C., J. Collier, R. Dalwood, J. Cannales, and T. J. Henstock, A 
seismic study of lithospheric flexure in the vicinity of Tenerife, Canary Islands, Earth 
Planet Sci. Lett.,  146, p. 431-447, 1997. 



 3 

Seamount Model 
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Seamount Flexure vs. Age 
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Trench Model 

 
Levitt, D. A. and D. T. Sandwell, Lithospheric bending at subduction zones based on 
depth soundings and satellite gravity, J. Geophys. Res., 100, 379-400, 1995. 
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Trench Data 

 
Levitt, D. A. and D. T. Sandwell, Lithospheric bending at subduction zones based on 
depth soundings and satellite gravity, J. Geophys. Res., 100, 379-400, 1995. 
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Outer Rise Normal Faults 

 
Massell, C., Large Scale Structural Variation of Trench Outer Slopes and Rises, Ph. D. 
Dissertation, Scripps Inst. of Oceanography, La Jolla, CA, 2002. 
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Brittle and Ductile Deformation 
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Trench Flexure and Earthquakes 
 

 
Seno, T. and Y. Yamanaka, Double seismic zones, compressional deep trench-outer rise 
events, and superplumes, in Bebout, G. E., D. Scholl, S. Kirby, and J. Platt, eds., Subduction 
Top to Bottom, Monograph, 36, Washington, DC, American Geophysical Union, pp. 347-355, 
1996. 
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 Trench Flexure and Saturation Bending Moment 
 

 
Levitt, D. A. and D. T. Sandwell, Lithospheric bending at subduction zones based on 
depth soundings and satellite gravity, J. Geophys. Res., 100, 379-400, 1995. 
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Continental Yield Strength and Earthquakes 

 

 
Chen, C. P., and P. Molnar, Focal depths of intracontinental and intraplate earthquakes 
and their implications for the thermal and mechanical properties of the lithosphere, J. 
Geophys. Res., 88, pp. 4183-4214, 1983. 
 
Weins, D.A. and S. Stein, Intraplate seismicity and stresses in young oceanic lithosphere, 
J. Geophys. Res., 89, pp. 11442-11464, 1984. 
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Fracture Zone Model 

 
 
Sandwell, D. T., and G. Schubert, Lithospheric Flexure at Fracture Zones, J. Geophys. 
Res., 87, 4657-4667, 1982. 
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Fracture Zone Data 

 
Sandwell, D. T., and G. Schubert, Lithospheric Flexure at Fracture Zones, J. Geophys. 
Res., 87, 4657-4667, 1982. 
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Normal Fault Model 
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Normal Fault Data 

 
Weissel, J. K., and G. D. Karner, Flexural uplift of rift flanks due to mechanical 
unloading of lithosphere during extension, J. Geophys. Res., 94, p. 13919-13950, 1989. 
 
Ebinger, C. J., G. D. Karner, and J. K. Weissel, Mechanical strength of extended 
continental lithosphere: Constraints from the western rift system, Tectonics, 10, pp. 1239-
1256, 1991. 
 



 16 

Thrust Fault 

 
Stewart, J. and A. B. Watts, Gravity anomalies and spatial variations of flexural rigidity 
at mountain ranges, J. Geophys. Res., 102, pp. 5327-5352, 1997. 
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Continental Rift and Basin Evolution 
 

 
Watts, A. B., G. D. Karner and M. S. Steckler, Lithospheric flexure and the evolution of 
sedimentary basins, in The Evolution of Sedimentary Basins, V. 305a, Phil. Trans. R. Soc. 
Lond., pp 249-281, 1982. 
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Passive Margin Model 
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Passive Margin Data  

 
Watts, A. B. and C. Marr, Gravity anomalies and the thermal and mechanical structure of 
rifted continental margins, in Rifted Ocean-Continent Boundaries, Kluwer Academic 
Publishers, Dordrecht, pp. 65-94, 1995. 
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Venus Trench Area 
 

 
Sandwell, D. T. and G. Schubert, Evidence for Retrograde Lithospheric Subduction on 
Venus, Science, 257, 766-770, 1992. 
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Venus Trench Model 

 

 
 
Sandwell, D. T. and G. Schubert, Evidence for Retrograde Lithospheric Subduction on 
Venus, Science, 257, 766-770, 1992. 


