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nor brittle (as most hard materials). Jackson et al. (1988) reported the Young’s modulus of 
nacre in the bivalve Pinctada umbricata to be approximately 70 GPa and 60 GPa for dry and 
wet samples, respectively, whereas the tensile strength is a corresponding 170 MPa and 140 
MPa. The work of fracture varies between 350 and 1240 J/m2 (up to 3000! higher than that of 
CaCO3) (Jackson et al. 1988).

Figure 15. Schematic, not to scale, of a vertical cross-section of the outer edge of the shell and mantle of 
red abalone (Haliotis rufescens) with an enlargement indicating the thickness of each shell structure. The 
size of the extrapallial space is exaggerated for clarity. Used by permission of the American Chemical 
Society, from Zaremba et al. (1996) Chemistry of Materials, Vol. 8, Fig. 1a, p. 680.

Figure 16. A proposed model for the organic matrix structure in nacre of the bivavlve shell Atrina serrata, 
observed in the hydrated state by cryo-TEM. Note that silk was found to be present in both phases, the 
water-soluble and water-insoluble matrices. Reproduced with permission of Elsevier, from Levi-Kalisman 
et al. (2001), J. Structural Biology, Vol. 135, Fig. 1, p. 8-17.


