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stress and bring high-pressure minerals into their fields of stability at depths 
where they would normally be unstable at the prevailing temperature. 

The real basis of the stress mineral concept is petrographic observation, 
although Harker (1939) also cited the experimental evidence then available 
in its support. The concept is not the result of any single observation, but 
rather the result of accumulated experience that certain minerals, one of which 
is kyanite, characteristically oocur in strongly deformed rocks. Although 
Harker's explanation of it is probably wrong, the association of kyanite with 
deformation nonetheless exists. An attractive feature of the hypothesis of tec­
tonic overpressures is that it provides a natural explanation of some of the ob­
servations that formed the basis of the stress mineral concept. 

It cannot, of course, be inferred that all kyanite is produced in regions of 
tectonic overpressure. Considerable depths of burial are undoubtedly necessary 
as well. It is highly desirable that the rough calculations used here to arrive at 
an upper limit to the tectonic overpressure be refined and improved as experi­
mental data on the strength of rocks accumulated. A better understanding of 
the stresses and movements that have affected the Earth's crust can emerge 
from such work, and this is almost certain to advance our knowledge of oro­
genic and metamorphic processes. 

ACKNOWLEDGMENTS 

I am indebted to T. N. Clifford for calling my attention to the kyanites of 
Ankole and to G. A. Chinner for reading the manuscript and making numerous 
suggestions which led to its improvement. 

REFERENCES 

Aramaki, S., and Roy, R., 1958, Further equilibrium studies in the system AJ..(h-SiOz-H20 
under hydrostatic and uniaxial pressure [abs.]: Geol. Soc. America Bull., v. 69, p. 1530. 

Billings, M. P., 1956, The geology of New Hampshire. Part II. Bedrock geology: New 
Hampshire State Planning and Devel. Comm. [Concord, N. H.1, 203 p. 

Birch, Francis, 1950, Flow of heat in the Front Range, Colorado: GeoI. Soc. America Bull., 
v. 61, p. 567-630. 

1955, Physics of the crust, in Poldervaart, Arie, ed., Crust of the earth-a 
symposium: Geol. Soc. America Spec. Paper 67, p. 101-117. 

Birch, Francis, Schairer, J. F ., and Spicer, H. C., 1942, Handbook of physical constants: 
GeoI. Soc. America Spec. Paper 36, ix, 325 p. 

Boyd, F. R., and England, J. L., 1960, Apparatus for phase-equilibrium measurements at 
pressures up to 50 kilobars and temperatures up to 1750°C: Jour. Geophys. Research, 
v. 65, p. 741-74S. 

Clark, S. P., and Niblett, E. R., 1956, Terrestrial heat flow in the Swiss Alps: Royal 
Astronom. Soc. Mon. Not., Geophys. Suppl., v. 7, p. 176-195. 

Clark, S. P., Robertson, E. C., -and Birch, Franois, 1957, Experimental determination of 
kyanite-sillimanite equilibrium relations at high temperatures and pressures: Am. 
Jour. Sci., v. 2505, p. 628-640. 

Combe, A. D., 1932, The geology of Southwest Ankole: Uganda GeoI. Survey Mem. 2 
[Entebbe], 236 p. 

Griggs, D. T., Turner, F. 1., and Heard, H. G, 1960, Deformation of rocks at SOOo to 
800°C: GeoI. Soc. America Mem. 79, p. 39-104. 

Harker, AJired, 1939, Metamorphism, 2nd ed.: London, Methuen and Co., Ltd., 362 p. 
Hill, R., 1950, The mathematical theory of plasticity: Oxford, The Clarendon Press, 354 p. 
Kelley, K. K, 1949, Contributions to the data on theoretical metallurgy. X. High-tem-

perature heat-content, heat-capacity, and entropy data for inorganic compounds: U. S. 
Bur. Mines Bull. 476. 

Macdonald, G. J. F., 1957, Thermodynamics of solids under non-hydrostatic stress with 
geological applications: Am. Jour. Sci., v. 255, p. 266-281. 



650 Sydney P. Clark, Jr. 

Miyashiro, Akiho, 1949, A note on "stress-minerals": Geo!. Soc. Japan Jour., v. 55, p. 
211-217. 

---- 1951, Kyanites in druses in kyanite-quartz veins from Saiho-ri in the Fukushin­
zan District, Korea: Ceo!. Soc. Japan Jour., v. 57, p. 59-63. 

Pratt, ], H., and Lewis, J. V., 1905, Corundum and the peridotites of western North 
Carolina: Raleigh, North Carolina Geological Survey, 464 p. 

Skinner, B. ]" Clark, S. P., and .A;ppleman, Daniel, 1961, Molar volumes and thermal ex­
pansions of andalusite, kyanite, and sillimanite: Am. Jour. Sci., v. 259, p. 651-668. 

Todd, S. S., 1950, Heat capacities at low temperatures and entropies at 298.16°K of an­
dalusite, kyanite, and sillimaruite: Am. Chem. Soc. Jour., v. 72, p. 4742-4743. 

Verhoogen, Jean, 1951, The chemical potential of a stressed solid, Am. Geophys. Union 
Trans., v. 32, p. 251-258. 

Yoder, H S., and Schreyer, W., 1959, Mullite-H20 system: Carnegie Inst. Washington Year 
Book 58, p. 132-134. 


