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Hemimorphism

Figure 1. Doubly terminated hemimorphite crystal, 1.5 cm high,
showing hemimorphic morphology, Santa Eulalia, Chihuahua,
Mexico. Jeff Scovil photo.

S

ome doubly terminated crystals seem to catch my
eye if the two ends of the crystal are distinctly different—such as the hemimorphite crystal in figure 1, for
example. Hemimorphite, Zn4Si2O7(OH)2•(H2O), derives its
name from the property of hemimorphism, wherein the
two ends of a crystal are terminated by different crystal
faces (hemi = half, morph = form). More precisely, the two
ends of a crystallographic axis are not related by symmetry;
thus, the faces that terminate the axis on opposing ends
are not symmetrically equivalent. Ironically, doubly terminated hemimorphite crystals, such as that shown in figure
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1, which show hemimorphic character in their morphology,
are extremely uncommon.
One of the minerals that best exemplifies hemimorphism
in its morphology is tourmaline. To understand this property it is instructive to compare tourmaline to beryl (figs.
2 and 3), two minerals that often form similar appearing
crystals. The crystal drawings of these two minerals (fig. 2)
show some of the symmetry elements that apply to their
c-axes. Both crystals are terminated on both ends by faces
that are perpendicular to the c-axis. These have the Miller
indices (001) and (001). In the case of beryl, because of its
crystal structure, there is a mirror symmetry plane (denoted
by “m”) that lies perpendicular to the c-axis. There is also a
center of symmetry (denoted by “i”), as well as other symmetry elements that are not shown in the diagram. These
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Figure 2. Diagrams of doubly terminated beryl (left) and tourmaline (right). Beryl has a mirror plane, m, and a center of
symmetry, i, that make the (001) and (001) faces symmetrically
equivalent. No such symmetry elements relate the two ends of
the c-axis in tourmaline, resulting in a polar axis and nonequivalence between (001) and (001) faces.

symmetry elements make the two ends of the c-axis in beryl
equivalent. This equivalence extends from the crystal structure to the physical and chemical properties of the ends of
the crystal. Thus, the (001) and (001 ) faces are equivalent
and compose a pinacoid form.* In contrast, there are no
symmetry elements in tourmaline’s crystal structure that
relate the positive and negative ends of its c-axis. Therefore,
the (001) and (001) are not equivalent, and each composes
a separate pedion form*. The hemimorphic nature of the
tourmaline (fig. 2) is also exemplified by the presence of
pyramid {214} faces on only one end of the crystal. Figure
3 shows beryl and tourmaline crystals terminated by the
(001) and (001) faces. Although the two ends of the tourmaline are terminated by parallel faces (often misidentified
as pinacoid faces), they are not equivalent. Interestingly, the
new variety of beryl, pezzottaite, has a lower symmetry than
standard beryl and is hemimorphic, although this is difficult
to detect from the typical crystal morphology.
The nonequivalence of the (001) and (001) faces in
tourmaline may be detectable by comparison of the microtopography found on them. If growth hillocks or etch pits
(Kulaszewski 1920; Dietrich 1985; Rakovan 2004) are present on both faces, they may exhibit different morphologies.
The physical properties of the two ends of a hemimorphic
crystal may also be different enough to reveal its asymmetric
nature. For example, the ease of applying a polish to the two
ends of a tourmaline that is bound by the (001) and (001)
faces is notably different, with one end being very difficult
to polish to a high luster (Paul Northrup, pers. com., 2007).
Another hemimorphic property of tourmaline crystals is
that they are pyroelectric (i.e., they develop opposite electrical charges at their two ends when heated). For example,
when heated, tourmaline develops a negative charge on its
+c end and a positive charge on its –c end (Dietrich 1985).
*A pinacoid is a set of two equivalent and parallel faces, whereas a pedion is a
set composed of only one equivalent face (Klein and Hurlbut 1985).
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By virtue of the lack of a center of symmetry, all hemimorphic crystals also exhibit the property of piezoelectricity.
However, the presence of piezoelectricity does not necessarily mean a crystal is hemimorphic. For example, quartz is
probably the best-known piezoelectric mineral. Nevertheless, because it has twofold axes of rotational symmetry oriented perpendicular to its c-axis (point group 32), the two
ends of quartz are symmetrically equivalent, and the crystal
is not hemimorphic.
Ultimately, it is the atomic arrangement or crystal structure of a mineral that dictates whether it is hemimorphic or
not. If the symmetry of the crystal structure does not equate
the two ends of all of its crystallographic axes, then the
crystal is hemimorphic. Of the 32 symmetry classes (point
groups) found in crystals, 9 are hemimorphic (see table). In
these 9 crystal classes, the two ends of the unique crystallographic axis are not equivalent by symmetry. This requires
the absence of the following symmetry elements: a center
of symmetry, a mirror plane oriented perpendicular to the
unique crystallographic axis, and a twofold axis of rotation
oriented perpendicular to the unique crystallographic axis.
These constraints can be fulfilled in all but the isometric
crystal system. Consequently, there are hemimorphic point
groups in all other systems (tetragonal, hexagonal, orthorhombic, monoclinic, and triclinic).
To show how hemimorphism is controlled by the symmetry of the atomic arrangement of a crystal, figure 6 compares
the structures of beryl and tourmaline. In the beryl structure the mirror plane perpendicular to the c-axis is shown.
One can see that the upper half of the structure diagram is

Figure 3. Left: Aquamarine, about 10 cm high, Hunza Valley,
Northern Areas, Pakistan. The crystals are doubly terminated
by the symmetrically equivalent (001) and (001) pinacoid faces.
Jeff Fast specimen, Jesse Fisher photo. Right: Tourmaline, 6 cm
high, Himalaya mine, San Diego County, California. The crystal
is terminated by the pedion (001) on one end and the symmetrically nonequivalent pedion (001) on the other. Jesse Fisher
specimen and photo.

The 9 hemimorphic point groups (crystal classes).*
Class name
Pedial (asymmetric)
Sphenoidic
Orthorhombic-pyramidal
Trigonal-pyramidal
Ditrigonal-pyramidal
Hexagonal-pyramidal
Dihexagonal-pyramidal
Tetragonal-pyramidal
Ditetragonal-pyramidal

Herman Maughan
symbol
1
2
mm2
3
3m
6
6mm
4
4mm

Mineral examples
analcime, tridymite, astrophyllite
franklinfurnaceite, goosecreekite, mesolite
hemimorphite, boracite, stephanite, caledonite, prehnite
belovite-(Ce), carlinite, jarosite, parisite-(Ce)
tourmaline (group), merrillite-(Ca), pezzottaite, pyrargyrite, spangolite
ﬂuorcaphite, nepheline, gyrolite
zincite, greenockite, wurtzite
percleveite-(Ce), richellite, wulfenite(?)
diaboleite, fresnoite

*For a more extensive list of minerals and details on the hemimorphic point groups, see Web Mineral (http://www.webmineral.com/crystall.shtml).

Figure 4. Tourmaline, 5.5 cm long, terminated by the pedion
(001)on one end (right) and pyramid faces {214} on the other
(left), from Stak Nala, Northern Areas, Pakistan. Jesse Fisher
specimen and photo.

Figure 5. Beryl, feldspar, and tourmaline, 6 cm across, Erongo
Mountains, Namibia. The tourmaline is terminated with the
pyramid {214} on one end and a complex skeletal morphology
on the other. Bill and Diana Dameron specimen, Jesse Fisher
photo.

the mirror image of the lower half. Thus, the two ends are
symmetrically equivalent. In the case of the tourmaline, the
hemimorphic nature is best seen by looking at the SiO4 tetrahedra (shown in pink). Throughout the structure the apices of all the tetrahedra point in the direction of -c, whereas
the trigonal bases of the tetrahedra are all oriented toward
+c (Barton 1969; Dietrich 1985). Thus, the two ends of the
c-axis are not the same. A comparison of the characteristics
of the + and – ends of the polar c-axis in tourmaline is given
in table 2-2 of Dietrich (1985).
Tourmaline crystals that are terminated by pedions at
both ends are quite uncommon; however, they were found
in abundance at the Himalaya mine, San Diego, California
(fig. 3). Because the two ends of the c-axis are not symmetrically equivalent, they have different properties and typically
grow differently. Thus, much more commonly crystals are
terminated on one end by a pedion face and on the other
by pyramid faces (fig. 4), or they are terminated by pyramid
faces of different steepness on opposite ends of the c-axis.
An interesting feature of the tourmalines from the Erongo

Figure 6. The crystal
structures of beryl
(A) and tourmaline
(B). In both structures
the c-axis is oriented
vertically. Note that
in tourmaline all of
the silicate tetrahedra
(pink polyhedra) point
in the same direction,
toward -c. Consequently, the two ends of this
axial direction are symmetrically unrelated
(nonequivalent).

Volume 82, July/August 2007

331

Figure 7. Spangolite, 0.5 mm long, Mex Tex
mine, Hansonburg mining district, Bingham, New Mexico. John Jaszczak specimen
and photo.

Figure 8. Wurtzite crystal, 1 mm long, in
an ironstone concretion, from a railroad
cut near Donohoe Station, Pennsylvania.
John Jaszczak specimen and photo.

Mountains in Namibia is that many crystals are terminated
by simple, smooth faces on one end and complex skeletal
morphologies on the other (fig. 5).
The table gives examples of minerals from each of the
9 hemimorphic point groups. Some of the more common examples include hemimorphite, tourmaline, mesolite, boracite, stephanite, prehnite, parisite-(Ce), pezzottaite, spangolite (fig. 7), nepheline, zincite, greenockite, and
wurtzite. In an article on greenockite and other minerals
from the Huron River uranium prospect, in this issue of
Rocks & Minerals (Carlson et al. 2007), several pictures of
hemimorphic greenockites with an “ice cream cone” morphology are shown. These crystals are terminated on one
end by a pedion and on the other by steep pyramid faces.
This habit is common to zincite, greenockite, and wurtzite
(fig. 8), all of which belong to the dihexagonal-pyramidal
crystal system (see table).
In some hemimorphic minerals, such as prehnite, the
hemimorphism is obscured by twinning, where the twin
plane (of mirror symmetry) is perpendicular to the hemimorphic axis. The twin operation then acts as a symmetry
element that equates opposite ends of the composite crystal.
It is thought that wulfenite may also behave in this manner. However, the exact symmetry of wulfenite is a matter
of debate because of conflicting observations. It is commonly twinned on (001), and early structure determinations and physical tests indicated that wulfenite crystallized
in the tetragonal-pyramidal hemimorphic point group, 4.
Indeed, this point group is also known as the wulfenite type.
Nevertheless, more recent structure determinations from
X-ray and neutron diffraction data find that it belongs to
the nonhemimorphic point group 4/m (Leciejewicz 1965).
This symmetry, however, is inconsistent with piezoelectric
and etching data of Hurlbut (1955). The ultimate answer to
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Figure 9. Graphite, 0.2 mm, in feldspar,
Korani quarry, Kerala India. The crystal
exhibits a pseudohemimorphic morphology. John Jaszczak specimen and photo.

the hemimorphic nature of wulfenite may depend on how
and at what length scale it is determined. In other words,
diffraction, which is influenced by the ordered arrangement
of atoms throughout the entire crystal, may be insensitive to
small areas of the crystal with lower symmetry (short-range
order) that may have measurable influence on the physical
and optical properties of a crystal. Similar types of conflicting data complicate the determination of the symmetry of
vesuvianite (Charles Prewitt, pers. com., 2007).
It might come as a surprise to find analcime in the list
of hemimorphic minerals (see table). Certainly, the highly
symmetric trapezohedral morphologies of most analcime
crystals are not “half formed.” Indeed they are not, and
the morphology is reflective of an isometric symmetry
(which stated above cannot be hemimorphic). However,
some analcime crystals undergo a phase transition (Rakovan
2006) from isometric to hemimorphic-triclinic as a result of
ordering of silicon and aluminum on the tetrahedral sites
(Kato and Hattori 1998; Neuhoff, Stebbins, and Bird 2003).
Interestingly, such ordering can take place during growth
(rather than postgrowth), yet such crystals still form with
trapezohedral morphologies (Akizuki 1981).
Finally, some crystals show pseudohemimorphic morphologies. This is the result of growth conditions, crystal
defects, or growth dynamics and is not reflective of a polar
structure. For example, graphite crystals from India (fig. 9)
bear a striking resemblance to the “ice cream cone” morphology found in many hexagonal hemimorphic crystals.
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