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INTRODUCTION

The Mohs scale has been a part of geoscience research and 
teaching for nearly two centuries. Originally developed as a guide 
for mineral identiÞ cation, it qualitatively ranks ten standard min-
erals according to their increasing resistance to scratching with a 
Þ le or other standard mineral. The degree of scratch resistance is 
judged by the width and depth of the residual scratch, but there is 
no systematic method of testing (Mohs 1825). This measurement 
of scratch resistance is frequently referred to as hardness, and 
varies with crystal orientation in minerals�including isometric 
minerals�because atomic structure and bonding characteristics 
vary in different directions. Scratch resistance is related to hard-
ness, which is resistance to plastic (permanent) deformation, but 
the Mohs scale is not technically a hardness scale because resis-
tance to scratching of brittle materials is a complex function of a 
combination of factors, including hardness, fracture toughness, 
and elastic modulus. Because scratch resistance and the modern 
deÞ nition of hardness are not equivalent, their relationship needs 
to be explored.

Hardness is the resistance of a material to permanent (plas-
tic) deformation, or, the mean supported contact stress under a 
static local load (Hertz 1896; Williams 1942; Tabor 1970; Oliver 
and Pharr 1992). Hardness therefore lends itself to quantitative 
measurement using static indentation experiments, but not neces-
sarily to development of a quantitative hardness scale because 
hardness values are a function of the experimental parameters 
(e.g., indenter shape, dwell time, etc.). Conventional indentation 
experiments involve applying and removing a speciÞ ed load 
onto a ß at, polished surface of a specimen via an indenter probe. 
Measurement of the residual plastic deformation zone yields 
hardness, while measurement of the length of cracks often gener-
ated at the contact relates to the fracture toughness (resistance 

to fracture) of the material.
Many researchers have studied the hardness of the Mohs 

minerals using a variety of techniques, and it is well known that 
the minerals in the Mohs scale do not increase linearly in hardness 
(e.g., Hodge and McKay 1934; Knoop et al. 1939). However, 
scratch resistance is not dependent on hardness alone; it is a 
complicated function of hardness, fracture toughness, elastic 
modulus (resistance to elastic deformation), and loading method. 
To develop a better understanding of the mechanics of scratch 
resistance, we performed microindentation and depth-sensing 
indentation (DSI) experiments to quantify various physical 
properties of nine of the Mohs minerals, excluding diamond: 
talc, gypsum, calcite, ß uorite, apatite, orthoclase (feldspar), 
quartz, topaz, and corundum. Our aims were to determine what 
parameters inß uence the scratch resistance of minerals, and to use 
our quantitative data for mineral properties (hardness, toughness, 
modulus) to evaluate why the Mohs minerals have a theoretical 
linearity according to the qualitative scale.

OVERVIEW OF HARDNESS AND RELATED PROPERTIES

Geoscientists use resistance to scratching as a proxy for 
hardness because a qualitative scratching scale is a useful tool 
for mineral identiÞ cation and is amenable to wide use. Quan-
titative values for hardness do not increase linearly with Mohs 
hardness number, implying that scratch resistance depends on 
hardness�and modulus and toughness�in a complicated man-
ner. Other considerations, such as the effect of the coefÞ cient 
of friction, porosity, and strain hardening characteristics may 
also play a role. 

Because of the long history of qualitative hardness testing of 
minerals, a century of quantitative hardness testing, and recent 
advances in DSI (�nanoindentation�) techniques, it is useful to 
survey the evolution of these techniques and describe current 
methods, including those used in the present study.* E-mail: broz@cems.umn.edu
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ABSTRACT

We report new results of microhardness and depth-sensing indentation (DSI) experiments for the Þ rst 
nine minerals in the Mohs scale: talc, gypsum, calcite, ß uorite, apatite, orthoclase, quartz, topaz, and 
corundum. The Mohs scale is based on a relative measure of scratch resistance, but because scratching 
involves both loading and shearing, scratch resistance is not equivalent to hardness as measured by 
modern loading (indentation) methods; scratch resistance is also related to other material properties 
(fracture toughness, elastic modulus). To better understand the relationship of hardness to scratch 
resistance, we systematically determined hardness, fracture toughness, and elastic modulus for Mohs 
minerals. We measured hardness and toughness using microindentation, and modulus and hardness 
with DSI (�nanoindentation�) experiments. None of the measured properties increases consistently 
or linearly with Mohs number for the entire scale.
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