Railsback's Some Fundamentals of Mineralogy and Geochemistry

The plot at left shows that
there is a general correlation
between melting temperature of
10.0 Of the bold labels, "Metallic" refers
minerals and their hardness. This
t
specifically to the minerals joined
Moissanite (SiC)
len Diamond (C)
a
v
relationship is most striking for the
o
(Note that diamond
by the gray curve, and "Molecular
C
would plot far higher
& van der Waals" refers specifically
native metals, which are conCorundum (Al2O3)
Osbornite (TiN) if a linear hardness
to the minerals to the left of the
nected by a curve here. However,
scale were used.)
9.0 black line, but "Ionic" and
the correlation holds for all the
"Covalent" refer more
Eskolaite (Cr2O3) Bromellite (BeO)
minerals shown with filled symbols
generally to the rest,
in a spectrum from
(r2 = 0.733).
8.0 diamond at the coThe reason for this relationship
valent extreme to
Spinel (MgAl2O4)
is
that
both melting temperature (a
niter and halite
(Tm estimated)
at the ionic
measure of susceptibility to
extreme.
Quartz - Cristobalite (SiO2)
thermal destruction) and hardness
7.0
Osmium (Os)
(a measure of susceptibility to
mechanical destruction) depend on
Rutile (TiO2)
Pyrite (FeS2)
lic Baddeleyite (ZrO2)
l
bond strength. Minerals with
a
6.0
Orthoclase (KAl Si3O8)
et
three-dimensional frameworks of
M Periclase (MgO)
Oxides
covalent bonds have great hardHematite (Fe2O3)
Halides
ness and high melting temperaUniform
Sulfides
bonding
tures; diamond is the ultimate
Sellaite (MgF2)
Perovskite (CaTiO3)
5.0
in three
Oxysalts
example. At the other extreme,
dimenOthers
minerals of molecules held
Griceite (LiF)
sions
Fluorite (CaF2)
Native
together by weak bonds like van
metals
Troilite (FeS)
Zincite (ZnO)
4.0
der Waals forces (for sulfur) and
Two bond
Iron (Fe)
Anhydrite (CaSO4)
types in
hydrogen bonds (the molecular
different
Nickel (Ni)
Shcherbinaite (V2O5)
bond for ice) have low hardness
directions
and melting temperature.
Bromargyrite
Millerite (NiS)
3.0
(AgBr)
Graphite falls off this trend, for
Copper and Gold (Cu and Au)
good
reason. Its strong covalent
Niter (KNO3)
Galena (PbS)
Covalent
bonding
in
twobonds in two dimensions preclude
Cryolite (Na3AlF6)
dimensional sheets; weak disintegration and melting except
Aluminum (Al)
Sulfur (S)
2.0
Halite (NaCl)
bonding between sheets at extremely high temperature, but
Molecular & Ice (H2O)
Stibnite (Sb2S3)
the weak bonds between sheets
Zinc (Zn)
van der Waals
Graphite (C)
(i.e., in the third dimension) allow
Lead (Pb) Iodargyrite (AgI)
1.0
mechanical deformation that we
recognize as a low hardness.
0
500
1000 1500 2000 2500 3000 3500 4000 4500

Io

ni

c

Mohs hardness

Melting temperature and hardness of minerals
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