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Geometric Crystal Morphology on a Projective Basis
Towards the Complementarity of Morphology and Structure Theory

Renatus Ziegler

1. Introduction

Many people experience an inner delight when beholding regularly shaped crystals, a
quiet reverence for their wonderfully regular forms. And thus the question soon arises
regarding the nature of crystals, the lawfulness underlying their shapes and properties.

In textbooks, popular writings and in museum exhibitions, mineralogists and crystallog-
raphers mostly emphasize the lattice structure of crystalline matter, which is said to under-
lie the vast variety of crystal phenomena. Yet a certain disappointment may be felt as a
result of being unable to bring the inner experience into any sort of deeper relationship
with these lattice structures.

This essay will draw attention to the fact that the assumption of a lattice structure only
expresses one aspect of a crystal’s nature, and consequently that it can and must be em-
bedded in a more comprehensive relationship.

Phenomenological and experimental investigations of crystals reveal that the majority
of their physical and geometrical properties are dependent on entirely distinct spatial di-
rections, immanent in the individual crystals. For example, the level of hardness and the
formation of planar cleavages are not the same in all directions; they have maxima and
minima in different directions, thus laying the foundation for an initial (inner) orientation
of the crystal. Similar properties are exhibited in the thermal expansion, the electrical
conductivity, the piezo-electricity, the elastic vibrations, as well as in the refraction of
light and polarization phenomena of non-cubic crystallizing minerals.

Here the so-called Neumann principle holds: the symmetries of the physical properties
of a crystal at least contain the geometrical symmetries of the corresponding crystal poly-
hedron. This means that a geometrical examination of the shapes and symmetries of a
crystal within the context of geometric crystal morphology furnishes the higher order
symmetries which underlie all the symmetries of the specific physical properties. Hence
symmetries (especially axes and planes of symmetry) are naturally occurring properties,
which may indeed be discovered and ascertained in a specific, finite crystal polyhedron,
yet point beyond the boundaries of the individual crystal. For on the one hand the same
symmetries may be attributed to different crystals, while on the other the axes and planes
of symmetry point beyond the finite crystal body to the entire surrounding space. This
opens up the conceptual possibility of no longer simply comprehending crystals in a local-
additive manner, as structures solely arising from the reciprocal effects of elementary
particles. Therefore crystals may also be understood as distinctly unified forms, having
their origin in non-localized formative principles, which, considered geometrically, corre-
spond to configurations spanning the whole of space.

Among other things the present investigation is a case study of a central problem – how
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to undertake an anthroposophical/spiritual-scientific extension of traditional natural-sci-
entific knowledge. Using crystallography, it will be shown how out of a “sound instinct for
knowledge” (Steiner (1918), p. 107), crystal physicists have concentrated on the inner,
objectively conditioned necessity of one of the fundamental assumptions of scientific crys-
tallography. This at once paves the way for an extension into the conceptual possibility of
spiritual forces − yet without coming into conflict with any of the fundamental laws of
physics. This fundamental assumption concerns the infinite nature of a crystal lattice (see
section 6). It also opens the door to so-called reciprocal space, which plays such a vital
role in solid-state physics (section 7).

To start with, the present study provides a summary of the most important morphologi-
cal viewpoints (section 2) and the classic crystallographic laws (section 3), as well as
outlining the systematic construction of the theory of crystal forms (section 4). Section 5
on morphology and structure theory examines the two complementary interpretations of
the fundamental law of crystallography, the lattice structure hypothesis, and the crystal
morphological hypothesis. The relationship between the two will be discussed in greater
detail in section 6. This latter hypothesis will require some projective geometry, which
will be considered in section 5. The article concludes with a brief look at a number of
physical considerations (section 7), as well as the structure and morphogenesis of crystals
and their synthesis (section 8).

2. Geometric Crystal Morphology

Geometric crystallography or crystal geometry is not concerned with real crystals and
their abundance of specific morphological features, but only with idealized forms. In par-
ticular we will take our start from the fact that crystals are spatial bodies, bounded on all
sides by plane faces and furnished with clearly defined straight edges and vertices, called
crystal polyhedra. All in all the following study will confine itself to single crystals: the
discussion will neither include twinned and multiple formations, nor crystal aggregates.

As box 1 shows, this restriction still allows ample scope for the morphological diversity
of crystals of a single type. Nevertheless, the five different specimens of quartz crystal and
the three different specimens of fluorite crystal are only distinguished by the highly varied
development of their faces. We discover that every face of one of these specimens has a
corresponding face situated parallel to it; that is, it has a face in the same ‘position’ in
every other individual crystal. With respect to the specific symmetries, the ‘equivalent’
faces in a quartz specimen are denoted using the same letters.

Crystal polyhedra which are in a certain sense geometrically related are ordered into one
and the same crystal system.

The relative positions of the faces are alone significant for the properties of a crystal in
a crystal system. A characteristic feature of crystal polyhedra generally is the lack of a
uniquely defined centre. Among other things this also reveals that the location of the
crystal nucleus in the beginnings of crystallization can no longer be generally ascertained
in the outward growing crystal.

Thus for geometric crystallography, in addition to this first idealization – limiting our
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Figure 1. Two examples of capillary dynamolysis pictures prepared with gold
chloride before (upper) and during (lower) the total solar eclipse at Brussa in
Turkey on 19 June 1936 at 5.52 am. The upper picture was obtained exactly 24 h.
before totality. From Kolisko, L. (1936, Please see Ref. 11 for details.)
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Box 1: Morphology of ‘Distortion’, Law of Constancy of Angles
It follows from the comparative observation of different crystals, as well as from crys-
tal growth and phantom-crystals, that in the corresponding spatial ordering of crystal
specimens there exist crystal polyhedra of such a kind which give rise to genuine pairs
of parallel faces (apart from the completely non-symmetrical triclinic class). These
pairs of parallel faces belonging to the different crystal specimens are called corre-
sponding faces; we say that such faces have the same position. Corresponding crystal
specimens are ordered into the same crystal system. With regard to the distinct crystal
systems in crystal geometry, only the relative positions of the faces of the different
crystals are taken into consideration (i.e. neither the face’s size, exact location in space
or boundaries are relevant.) The foregoing is a consequence of the law of constancy of
angles.
Law of Constancy of Angles: The angles between the faces of different crystal
polyhedra belonging to the same crystal system are identical under constant
conditions.

Figure 1: Variations or ‘distortions’ of a regular octahedron
(from Kleber (1990), Figure 1.10, p. 26)

Figure 2a (above): Variations or ‘distortions’ of a trigonal crys-
tal form (from Niggli (1949), Figure 1, p. 54)

Figure 2b (left): Tangential polyhedron of the crystal forms
depicted in figure 2a.
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selves to crystal polyhedra – a second is now added: only the relative positions of the
faces shall be considered, independent of their spatial location.

A careful study shows that symmetries are the most essential principles of any geometric
shape, and characteristic for a crystal system; yet they only come to expression in the
external shape in a concealed manner. If the external shape is a perfect expression of the
corresponding symmetries then we may speak of ‘archetypal forms’; in crystallography
they are termed simple forms or ideal forms.

The following investigations are only concerned with general crystal morphology, that
is, with the principles underlying all crystal polyhedra in each crystal system, and not with
the specialized morphology of actual crystals. Hence, neither the conditions for crystal
growth and formation (see section 8), nor the constituents of their outer-surfaces, nor non-
polyhedral crystals (e.g. such as dendrites) will be in any way investigated.

The fundamental laws of general crystal morphology will be presented in the following
boxes 2-5 and in the relevant sections. They form the basis for the more detailed and
systematic examinations into the complementarity of morphology and structure theory
outlined in sections 5 & 6.
An extensive treatment of all the themes and problems discussed in this paper may be
found in Ziegler (1998), which also contains a more comprehensive list of specialized
literature. Nonetheless, the fundamental studies on the complementarity of crystal
morphology and structure theory have been revised, supplemented and more precisely
formulated for this paper.

3. Crystallographic Laws

Through the comparative observation and measurement of the external surfaces of crys-
tals two groups of laws have been discovered which lie at the very heart of classic crystal-
lography.

Fundamental laws of crystallography: Law of constancy of angles (box 1), law of ra-
tional indices (box 2), law of zones and the zonal relationship law (box 3).

Crystallographic symmetry laws: General law of crystal symmetry (box 4), crystallo-
graphic restriction (box 4), law of crystal classes (box 4), singular symmetry directions:
crystal systems (box 5).

Fundamental Laws of Crystallography
It is possible to show that the zonal relationship law is equivalent to the law of rational
indices.

The law of constancy of angles is a special case and therefore follows from the zonal
relationship law. The law of constancy of angles is connected with the arrangement of the
faces of different crystals, which are of the same type as the crystal polyhedra of a crystal
system; while the law of rational indices and the zonal relationship law relate to every
possible type of arrangement for the faces of crystal polyhedra belonging to any crystal
system.
In the final instance only one fundamental law remains, which we may designate as the
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Box 2: Law of Rational Indices.
Three faces α, β, γ of a crystal polyhedron, which have a point of intersection in com-
mon, jointly determine together with the common point of the three converging edges A,
B, C a general right-angled co-ordinate system. The position of any fourth face ε not
passing through the common point is then determined by the ratio of the intercepts on
the axes a : b : c relative to the axes A, B, C (Weiss index). Hence parallel faces, that is
faces in the same position, receive the same ratios for their axial intercepts.

By means of numerous empirical investigations (goniometric measurements of crys-
tals) it has been established that for a further crystal face position δ, with the ratios of its
axial intercepts a : b : c, the quotients of the corresponding intercepts

a/a’ : b/b’ : c/c’

essentially behave like small integers (including 0). If we choose the intercepts on the
axes of the faces to be units and therefore the four faces α, β, γ, ε to be the so-called co-
ordinate tetrahedron, then these parameters which are expanded or shortened respec-
tively to become the integral values h, k, l with

h: k: l = a/a’ : b/b’ : c/c’

are called the Miller indices for the position of the face δ, written (hkl), or simply, the
integral indices of the face. This results in the following:

Law of Rational Indices: The indices for all the positions of the faces of every possible
crystal polyhedron belonging to a distinct crystal system have small integral values, if
they can be referred to any four particular faces of one of the crystal polyhedron be-
longing to this crystal system, but which still constitutes a general (co-ordinate) tetra-
hedron.

Figure 3: Co-ordinate axes for
the indices of the faces with the
co-ordinate tetrahedron α, β, γ,

ε (from Ziegler (1998), figure
3.3, p. 20)
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is becoming an increasing concern in parallel with the recent rapid increase in the organic
food market and the ideological attacks on the organic method of farming. Indeed Balzer-
Graf’s work was given a prominent position in the UK Soil Association’s annual confer-
ence in January 2000.27 Ordinary chemical analyses, even with modern chromatographic
methods, are not considered satisfactory. Whilst of course they detect significant differ-
ences in levels of individual substances,28 they do not adequately assess the vitality or
wholesomeness of organic food by this method. Mandera,25 in a paper examining a wide
range of plants and a number of parameters of the capillary dynamolysis method, includ-
ing the effects of dilution of the plant extract and sampling the plant at different times of
the year, writes “through the Goethean approach to research we can learn to see the grow-
ing plant as a ‘picture’, in order to get a sense for the activity of the ether body.” But as the
foregoing discussion indicates, getting that sense makes considerable demands on the
faculties of observation of the investigator. Now that laboratory testing is extensively
computer-automated and results are expected in digital form, investigators have become
detached from the phenomena under investigation. In the light of this, will a new genera-
tion of investigators come forward willing to cultivate the necessary observational skills
for the capillary dynamolysis technique to work?
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fundamental law of crystallography. Mathematically speaking, it is immaterial whether
we choose this to be the law of rational indices or the zonal relationship law. From the
morphological standpoint more value is placed upon the zonal relationship law.

Box 3: Zonal Relationship Law (Weiss Zone Law)

A striking property of most crystal polyhedra are their sets of parallel edges (except for
the polyhedra of the completely non-symmetrical triclinic class.) We call the totality of
the positions of the faces which are parallel in one direction, i.e. parallel to the zonal
direction or to the zonal axis: a zone of faces or a zonal relationship; the directions of
the intersecting edges of the faces in a zone are parallel to one another and to the zonal
direction.

A face simultaneously lying in two zones and intersecting the faces of these zones
has two pairs of parallel edges as its boundaries. Conversely, if given two zones, we
can derive the position of the face that is parallel to the direction of the two edges.
Experience with actual crystals shows that this face is a possible crystal face.

This leads us to the question: can we derive from a certain number of positions all
possible positions of the faces of crystal polyhedra belonging to a distinct crystal sys-
tem, in such a manner that every new position of a face is determined by two of the
zones of the positions which are already present? An answer is supplied by the –

Zonal Relationship Law: The positions of the faces of every possible crystal polyhe-
dron of a particular crystal system may be derived in a few steps from any four se-
lected faces of a crystal polyhedron in this crystal system which nevertheless form a
general tetrahedron: each pair of lines of intersection (zones) of the faces already
present determines a new position of a face; if one of these new faces intersects one of
the faces already present, we obtain new zones etc.

Tangential Polyhedra
It especially follows from the law of constancy of angles that our morphological-geo-
metrical investigations needn’t concern the actual shape of the faces of crystal polyhedra,
but that we only need to acquire an overview of the ratios between the angles and posi-
tions of the respective faces. Hence the tangential representation of a crystal polyhedron
may be of use, in which the geometrically relevant elements are moved toward one an-
other in a parallel manner. Here only the spatial ‘position’ remains fixed, but this is neither
true of the exact spatial location nor of the face’s shape: if we choose any sphere within a
crystal polyhedron and move all the planes of the faces individually through parallel trans-
lation until they touch the sphere and allow the planes to intersect, we then obtain a poly-
hedron which may be termed the tangential polyhedron or the tangential representation
of a general crystal polyhedron. The centre of the sphere is also the centre of the tangential
polyhedron. Naturally, as a result of this construction every tangential polyhedron has an
inner sphere and all the distances between the faces and the centre (central-distances) are
of equal size, i.e. all the faces are equidistant. Hence the exact size of a tangential polyhe-
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the question arises as to the extent to which it involves inorganic or organic nature. This is
precisely the question raised by Knijpenga following the introduction he wrote to the
special issue of Elemente der Naturwissenschaft mentioned above.23 He points out that
after the methodological problems have been overcome there remains the cognitive task
of how the capillary dynamolysis patterns are to be read. He argues that the experimental
conditions and processes are not causes of, but conditions for the development of a pat-
tern which ultimately expresses pictorially something about the plant substance. That part
of the process whereby the experimenter can vary the patterns at will simply by changing
the physical conditions, Balthasar assigns to cognition of inorganic nature. However, the
actual pattern which arises he regards as a kind of evolved form of expression of the plant
type and it can be studied as such by the method of comparison. With this the observer can
contemplate the capillary dynamolysis patterns and, with sufficient mobility of thinking,
overcome their spatial aspect, ultimately seeing what is at work creating them. For this,
the observer has to cultivate intuitive judgement. Thus in my opinion, Balthasar, neatly
reconciles the two sides of the controversy.
  In contrast, Steffen regards the whole process as belonging to inorganic nature, i.e. as
lifeless and explainable in terms of physical causality.20 However, with a broader under-
standing of the meaning of ‘organic nature’ as embracing not only living organisms, but
also chemical substances, it is not difficult to see where organic nature participates in the
process. After all, when we taste the flavour of peppermint from an extract of the plant
prepared as tea, for instance, we are surely experiencing an expression of the plant type.
By analogy, the capillary dynamolysis pattern conveys another expression of the plant
type, in this case to the eye. Influences of the plant extract, such as those on the wetability
of the filter paper, are dependent on the chemical properties of the plant substances. Here
we have a manifestation, albeit complex, of the substance type. External causality, e.g.
temperature, humidity, porosity etc. is here relegated to a modifying role just as is the case
with a living organism.
  Despite the controversy in the eighties, the technique continues to be used and devel-
oped, for instance at Wala Heilmittel Gmbh in Germany, although its application cannot
be said to be significantly increasing globally. Strüh24 used the technique to compare the
methods of preparing plant tinctures with and without added alcohol. Wala tinctures are
generally based on alcohol-free extraction using rhythmic cycling of the extraction tem-
perature.
  Balzer-Graf has applied the technique over a period of 20 years to the study of food
quality. In ‘blind’ experiments, the method enabled wheat samples to be sorted according
to the kind of farming system, organic or conventional, that was used.25 The technique as
also been applied to comparing old and new varieties of grains; monitoring the ageing of
food products; studying effects of time of harvesting and comparing genetically engi-
neered potatoes with conventional ones.26 The latter work has so far been inconclusive
because of the difficulty of matching the age of transgenic tubers with controls and further
work has been delayed because of a ban by the authorities in Switzerland on growing the
transgenic tubers in the open.
  Finding satisfactory methods of distinguishing organic from conventionally grown food
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dron ceases to be relevant.
Sometimes crystallographers call the tangential polyhedron of an actual crystal polyhe-

dron an ideal form. The crystal shapes depicted in Box 1 are then termed distortions of
this ideal form – and which are only fixed with respect to the ratios between the angles of
the faces (without all of them having to have the same distance from the centre). The
polyhedron on the left in figure 1 is a tangential polyhedron of the two figures on the right;
a tangential polyhedron for the crystal forms in figure 2a is presented in figure 2b.

Crystallographic Symmetry Laws
Using clearly defined geometrical transformations it is possible to show that the tangential
polyhedra of a crystal polyhedron may be allowed to intersect with one another. Transfor-
mations of this type are called symmetry operations; here rotations about an axis, reflec-
tions in planes and through points as well as their combinations all play a role – every one
of these operations leaves the centre of the tangential polyhedron invariant. The geometri-
cal objects (points, lines, planes) left invariant by these operations are called symmetry
elements. The totality of symmetry operations of a tangential polyhedron is called the
symmetry group, while the totality of symmetry elements is called the symmetry frame-
work.

As an example we will describe the largest symmetry group of the cubic crystal system,
called by crystallographers the cubic holohedry. It possesses the following symmetry ele-
ments, which include all the possible symmetries of a cube, regular octahedron, rhombic
dodecahedron, and many other solids: 3 fourfold axes (tetrads), 4 threefold axes (triads),
6 twofold axes (diads), 9 planes of symmetry, 1 centre of symmetry (figure 4).

The fundamental law of crystallography and
the laws of crystal symmetry cannot be derived
from one another; this means that they represent
two independent restrictions of the total conceiv-
able diversity of forms. On the one hand the zonal
relationship law or the law of rational indices
fails to provide any information about the sym-
metrical configuration of the possible boundary
planes of a crystal polyhedron. Of course, there
is no crystal polyhedron that does not satisfy the
fundamental law of crystallography. Or expressed
in another way: every crystal form satisfying the
symmetry laws also satisfies the fundamental law
of crystallography. It is precisely the laws of crys-
tal symmetry which secure (from the mathemati-
cal standpoint) that there exist crystal polyhedra
for every crystal class, and not merely highly
symmetrical or completely non-symmetrical crys-
tal forms.

Figure 4. Symmetry framework of
the cube (from Ziegler (1998),
figure 4.15a, p. 68)
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Capillary dynamolysis and plant saps
Kolisko began applying capillary dynamolysis to plant saps in 1923 again following indi-
cations from Steiner.15 The method involves capillary dynamolysis first with an aqueous
extract of plant sap followed, with intermediate drying, by a metal salt, usually silver
nitrate, which serves as an indicator to develop the pattern. Since then it has been widely
applied in this form, though, of course, nowhere near as widely as its close relative, paper
chromatography. For a brief history of the common origins of the two paper methods see
Záveský .16 For a bibliography of the application of capillary dynamolysis to medical
diagnosis and to testing composts and soils see Steffen.17 Extensive pioneering work in the
application of the method to plant saps was undertaken by Fyfe18 who used it to provide
evidence of Moon influences on sap qualities later extending the work to other planets and
related plants. More recent published evidence of continued widespread interest in the
method can be found in the special issue of ‘Elemente der Naturwissenschaft’ devoted to
applications involving plant saps.19 These applications include quality control in the manu-
facture of herbal remedies and in the determination of optimal harvesting times for the
plants concerned.

Steffen experienced difficulties with the reproducibility of the method applied to Urtica
dioica leaf extracts and investigated in more detail the factors responsible.17,20 Whilst
much of the variability arises between harvesting the leaves and the finished extract, unac-
ceptable variations can arise in the capillary dynamolysis process itself. Particularly bad
reproducibility was obtained with extract-treated papers which showed a strong flow inhi-
bition in the second stage with the metal salt reagent. With the sessile drop penetration test
used as a size test by paper manufacturers, Steffen showed that the maximum flow inhibi-
tion corresponds with the zone of least wetability of the paper and that the richness of the
final pattern arises in the complex flow dynamics set up when the rising metal salt solution
breaks through the zone of flow inhibition at various points, carrying particulates and
redissolved plant substances with it. Steffen’s observations of the flow phenomena actu-
ally taking place within papers pre-treated with pure substances such as sugar led him to
conclude that ‘capillary dynamolysis is an inorganic, physical experimental situation’ in
the sense that Steiner uses the term ‘inorganic’ in his epistemological writings.21 This
clearly challenges the assumption by Fyfe18  and others that the patterns are visualising
‘formative forces’ in the plant sap. Steffen further challenged the conclusiveness of results
published by Fyfe and others purporting to demonstrate a correlation between planetary
positions and capillary dynamolysis of plant saps.20

  Balthasar22 defended Fyfe’s work by pointing out that Steffen was relatively new to the
field and that his documented observations were contradictory. Also, citing Kolisko’s
work purporting to show the effect on capillary dynamolysis patterns of high homeopathic
potencies of a particular substance corresponding to its absence in molecular terms,
Balthasar essentially argued that Steffen’s explanation of the patterns is reductionistic.
Both views in this controversy would appear to have a measure of validity and, because of
the epistemological issues raised, the background deserves closer investigation.
  Before looking at whether or not the method evidences the working of formative forces
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On the other hand, the crystal symmetry laws only relate to those faces of a tangential
polyhedron of a crystal that are joined with one another through the symmetry law, i.e.
through the symmetry operations of a group; that is, they only pertain to the possible faces
of one and the same simple crystal form. Nevertheless, as a rule crystals consist of combi-
nations of numerous simple crystal forms of this kind. Hence the symmetry law does not
say anything about the reciprocal relations for the indices of crystal faces belonging to
different simple crystal forms. Yet among those simple forms of faces belonging to one of
the 32 crystal classes there also exist limiting cases of polyhedra possessing symmetries
not permissible in crystallography (especially axes of multiplicity 5, 8 & 12, see Box 4) if
the limitation to integral indices is not explicitly demanded. (Example: considered math-
ematically, in a limiting case pyritohedra could also be regular dodecahedra; however, the
fundamental law of crystallography excludes this possibility because it is not consistent
with the irrational properties of the golden ratio underlying the regular dodecahedron.).

Box 4: Crystal Symmetry Laws

General Symmetry Law: The tangential polyhedra of crystal polyhedra are symmetri-
cal with respect to operations that leave the centre of the tangential polyhedron fixed.

We can show using the law of rational indices, that within the symmetry operations
only rotations through angles of 360°/2, 360º/3, 360°/4, and 360°/6 are compatible,
that is, rotations with periods of 2, 3, 4 & 6. This is the so-called

Crystallographic Restriction: The rotational components of the symmetry opera-
tions of tangential polyhedra only have periods of 2, 3, 4, & 6.

Together with the crystallographic restriction, establishing possible theoretical sym-
metry operations for the tangential polyhedra of general crystal polyhedra yields 32
different sets or classes of symmetry operations, which are closed with respect to their
combination. (These classes are also called crystallographic point groups.) – These are
the 32 so-called crystal classes:
Law of Crystal Classes: The symmetries of the tangential polyhedra of general
crystal polyhedra belong to one of 32 crystal classes.

4. Morphology of Crystal Forms

Morphology of Simple Crystal Forms
The symmetry elements of a crystal polyhedron are characteristic in that they are not
confined to the boundaries of this solid, but permeate the whole of space. Together they
form an object configuring the entire surrounding space or the ‘surrounding-periphery’
of the crystal polyhedron. Likewise, the corresponding symmetry groups are not limited
to this polyhedron. They are uniquely defined mathematically, independent of their
relationship with crystal polyhedra.

The 32 possible symmetry groups for the tangential polyhedra of real crystals are sum-
marized in the 32 crystal classes (box 5). Each of these well-defined mathematical groups
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As with other studies, this one involving three planets and two metal salts does not permit
a direct causal connection to be drawn between, in this case, tin and positions of Jupiter.
  The foregoing applies even more so with the Saturn-lead experiments which involve an
even greater level of complexity.8 A mixture of silver nitrate, iron (II) sulphate and lead
nitrate was used to study Saturn conjunctions and oppositions with various planets be-
tween 1926 and 1951. However, it should be added that here Kolisko used what she de-
scribes as a ‘control’, namely a silver nitrate-iron sulphate mixture without the lead. The
patterns with the three salts are far richer in form than those mentioned above. Although
Kolisko carefully describes the phenomena in the patterns, she makes no attempt to ex-
plain the chemistry behind the highly complex forms obtained. However, Pelikan report-
ing similar work by Theodor Schwenk during the 30th November/1st December 1949
Saturn-Mars conjunction,13 points out that precipitation of metallic silver and lead sul-
phate has already occurred during the initial mixing of the three salt solutions and that the
precipitation process of these two substances carries on within the paper thus giving rise
to the patterns. Over the 25 year period the results obtained are again very striking, with an
unmistakable loss of form in the patterns during the various planetary alignments. The
controls, i.e. without lead nitrate, showed the normal pre- post-alignment patterns. The
presence of the lead salt is clearly an essential condition for the phenomenon of the pattern
change during the alignment, but so also are the other two salts. Furthermore, as the Saturn
alignments include those with the Moon and with Mars, whose supposedly corresponding
metals are present in the salt mixture, it is not possible from these published experiments
to disentangle the interrelationships. Whether the silver nitrate and the iron sulphate are
visualisation reagents for a process taking place in the capillary dynamolysis of lead ni-
trate or whether the reverse is the case cannot be determined.
  What is clear, however, from Kolisko’s work is that correlations were shown between the
patterns and the planetary alignments. This has also been confirmed in other laboratories,
for instance with the above mentioned Saturn-Mars conjunction  in 1949. With the mix-
ture of the same three salts, Schwenk’s results republished by Pelikan13 are again very
striking. It is interesting to compare the two sets for this alignment. Partly because Kolisko8

used a different type of filter paper, her  patterns are not as distinctive as Schwenk’s on this
occasion, although the change during the conjunction is unmistakable. Kolisko’s silver-
iron ‘control’ also underwent a change, from which she implies a Mars-iron connection.
  More independent corroboration of the latter can be found in Fyfe’s work.14 After dis-
covering variability in capillary dynamolysis with silver nitrate and iron (II) sulphate mix-
tures she investigated the parameters more thoroughly. Mixing technique, delay in putting
the paper in the solution and of course salt concentration all had very marked effects on
the richness of form in the resulting capillary dynamolysis patterns. This allowed her to
conclude that speed of reaction between the salts and their concentration before dynamolysis
commenced were the main causes of previous variability. She also took the additional
precautions of maintaining temperature and humidity constant, as well as placing the ap-
paratus in the dark. Even so, with these experimental conditions she was able to demon-
strate loss of form in the patterns during three Moon-Mars conjunctions.14
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contains a well-defined set of symmetry operations. These operations may then be con-
versely employed to generate polyhedra – the so-called simple crystal forms – in that any
tangential plane of a sphere is moved according to all the symmetries of this group (leav-
ing the centre of the sphere invariant). These planes are then made to intersect, with their
common ‘nucleus’ forming the desired crystal form. Other crystal forms are produced,

Box 5: Crystal Systems
If we examine the reciprocal relations between the directions of the major symmetry
axes, or which amounts to the same thing: the relations of the zonal directions within a
zonal relationship, or even the relations between the edges of zonal tetrahedra in con-
nection with the zonal relationship law, then we discover that for every tangential poly-
hedron of a crystal polyhedron there only exist three significantly different types of
symmetry directions, or directions of the axes. These may be classified into seven
different systems, the so-called crystal systems:

Law of the Seven Crystal Systems: The geometrical arrangement of the symmetry
directions or the directions of the zone axes for crystal polyhedra may be divided into
seven systems.

These seven systems of crystal axes are simply called the seven crystal systems.

Figure 5: Symmetry and co-ordinate axial directions of the seven crystal systems
(from Parker (1975), figure 57, p. 84).
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obtained with silver nitrate was not so clear cut. Kolisko published one hundred and fifty
out of more than one thousand patterns, each developed over a 24 h. period at different
phases of the Moon for more than a year. Her method of publishing the photographic
results of capillary dynamolysis in loose-leaf form in folders helps the reader in the diffi-
cult process, especially in this case, of making comparisons. This is because selected
photographs can be arranged side by side and thus be more readily surveyed. The results
do not leap out at one as is more the case with quantitative experiments where the numeri-
cal data is presented in graphic form. Instead, the reader has to contemplate the phenom-
ena with care. In Kolisko’s own words, the book cannot simply be read, one must work at
it. This generally applies to all published results of capillary dynamolysis. However, as
Kolisko also points out, it should be remembered that, the monochrome photographs have
necessarily lost some of the detail of the original patterns. Presumably this will also apply
to some extent to those in colour, even in modern publications.
  Day and night stages of each picture are clearly visible. Kolisko’s assertion that the
forms obtained at full Moon are sharper than at new Moon seems supported by the pub-
lished photographs, but not her generalisation that the full Moon patterns are ‘without
exception’ richer in form and lighter than at new Moon. However, it can be conceded that
this generalisation applies to a majority of the patterns. The patterns change greatly from
month to month, but in general a full Moon pattern can be paired with its corresponding
pattern for new Moon. There are many other features observable in these pictures includ-
ing ones which correlate with a solar eclipse. On the whole, the results are a good prelimi-
nary indication of the possibility that capillary dynamolysis patterns with silver nitrate are
somehow connected with or dependent upon the phase of the Moon. This in turn is of
course dependent on a complex interaction of the positions of Earth, Sun and Moon and
means that any influences on the silver patterns have to be seen in a context wider than that
of merely Moon influences.
  Kolisko investigated the Jupiter-tin connection with tin (II) chloride and silver nitrate.12

Her published report is ambiguous as to whether she prepared a solution of tin chloride
from tin and hydrochloric acid or started with the crystalline salt. In any case the salt
solution was aged for a fortnight in the presence of air before use. It is thus difficult to
discern what cocktail of tin complexes actually entered the paper during capillary
dynamolysis. Silver nitrate solution was allowed to rise through the paper during the day
followed at night by the tin chloride with intermediate drying. This mixing adds another
level of complexity on top of the aged tin solution, because of the precipitation of silver
chloride. Kolisko does not comment on this, but the sharp white boundary at the tin ‘front’
on almost all the pictures is presumably the chloride precipitate. Despite the complex and
ill-defined experimental conditions, the results obtained around the times of many con-
junctions and oppositions of Jupiter with Sun and Moon over a period of four years are
very striking indeed. As with the Saturn-Sun and Moon-Sun alignments there was a very
distinct loss of complexity of form which returned after the alignment. Kolisko cautiously
concludes that ‘it is impossible to doubt that connections exist between planetary forces
and earthly substances.’ Nevertheless, she generally seems to imply that the position of
the particular planet has influenced the behaviour of the corresponding metal in solution.
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depending on the relative position of the planes to the symmetry framework.
  Let us now consider the simple crystal forms belonging to the largest symmetry group of
the cubic crystal system, called by crystallographers the cubic holohedry (figure 6). Among
others this group possesses the following symmetry elements: 3 fourfold axes, 4 threefold
axes, 6 twofold axes (see Section 3, figure 4).
  If we place a plane perpendicular to a fourfold axis and move it according to all the
symmetry operations of the group, there arises a regular hexahedron (cube). And in a
corresponding manner there arises a regular octahedron or a rhombic dodecahedron if the
so-called generating plane lies perpendicular to a threefold or a twofold axis respectively.
If the generating plane which lies perpendicular to the fourfold axis is slowly moved in the
direction of a twofold axis (where it always remains perpendicular to the plane of symme-
try joining the two axes), there arises the metamorphosed forms on the right-hand side of
the rounded triangle in figure 6. Corresponding metamorphoses arise in the transition
from the twofold to the threefold axis (lower side of the triangle) and from the threefold to
the fourfold axis (left side of the triangle). In the middle we have transitional forms in
which the generating plane neither lies perpendicular to an axis of symmetry nor to any of
the planes of symmetry.

Figure 6: Simple
crystal forms of the
cubic holohedry (from
Ziegler (1998), figure
5.30a, p. 133)
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salt solution. When the fluid front has either covered the desired distance or has stopped,
the paper is dried, examined and photographed if required. Salt solutions which leave
little or no trace on the paper need to be mixed with one or more others which help to
develop a ‘picture’. For instance, with lead, it was found that ideal results were obtained
with a mixture of lead nitrate, silver nitrate and iron (II) sulphate.8 The photoreduction of
silver nitrate and the resulting colours are essential to its part in the process.
  In contrast to chromatography, capillary dynamolysis is not analytical but picture-form-
ing. Also, whereas chromatography can contain its own controls in the form of standard
solutions applied, and thus allows comparisons to be made to a large extent independently
of the surroundings, capillary dynamolysis is applied in this context specifically to study-
ing environmental influences. Whilst Kolisko on the whole standardised such conditions
as the type and the orientation of the paper as well as the concentration, amount and age of
the salt solutions, ambient conditions were accepted for temperature, lighting and humid-
ity.
  With this at first apparently simple but in fact highly complex visualisation system, Kolisko
went on to examine the correlations in movements of the various planets with capillary
dynamolysis patterns of the salts of the particular metals which ancient tradition has asso-
ciated with particular planets. This tradition is at least as old as Egypto-Chaldean times
and the relationships were recorded in the sixth century AD, although not in quite the
same order as appeared in later alchemical works.9 Kolisko, following Steiner,10 assumed
the following relationships as the basis of her work:

Planet Metal
Saturn Lead
Jupiter Tin
Mars Iron
Sun Gold
Venus Copper
Mercury Mercury
Moon Silver

She obtained her first clear results with the Saturn-Sun conjunction of 1926.8 The pub-
lished photographs of patterns she obtained before, during and after the conjunction show
an unmistakable loss of complexity of form during the conjunction. During the 1927 solar
eclipse, patterns obtained with gold chloride or gold chloride-silver nitrate mixtures showed
similar loss of form accompanied by unusual spots and stripes.11 Kolisko repeated these
experiments during a total solar eclipse at Bursa in Turkey in 1936 with similar results.
Unfortunately, only three of nearly eighty published photographs are in colour (two exam-
ples are shown in Fig. 1 on page 55). These show a distinct darkening of the gold chloride
pattern from yellow and pink before the eclipse, to violet-brown during the eclipse, to
pink and yellow afterwards.11 The changes in the monochrome photographs are consistent
with this.
  In another series of experiments, the relationship between Moon phase and the patterns
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However, with all the groups and positions of the planes there not only exist closed poly-
hedra as crystal forms; there are also so-called open forms. With real crystals they only
appear in combination (see below) with other open or closed simple crystal forms. An
overview of all open and closed simple crystal forms is given in figure 7.

Morphology of Combination Forms
Crystal forms belonging to the same crystal system can appear in combination, that is,
they form so-called combination forms out of two or more simple crystal forms. In this
way the vertices and edges of the one polyhedron become truncated by the faces of an-
other polyhedron or vice-versa.
  Figure 8 illustrates in the form of a so-called combination trigon the combinations of the
faces for the polyhedra lying in the vertices of this trigon: the regular octahedron, the
hexahedron and the rhombic dodecahedron. The borders of the combination trigon ex-
hibit the combination forms out of the two polyhedra in the neighbouring vertices; the
combination forms out of all three polyhedra in the vertices lie in the middle.

Figure 7: The 47 forms

which crystals may take: (1)-
(7) Pyramids: orthorhombic,
trigonal, ditrigonal, tetragonal,
ditetragonal, hexagonal,
dihexagonal; (8)-(14)
bipyramids of the same types;
(15)-(21) prisms of the same
types; (22), (23), (25) tetrahe-
dra: orthorhombic, regular and
tetragonal; (24), (26), (28)
trapezohedra: trigonal, tetrago-
nal, hexagonal; (27)
rhombohedron; (34) scalene
triangle; (33), (35)
scalenohedra: tetragonal and
ditrigonal; (31) dihedron (axial
or nonaxial); (32) pinacoid;
(23), (29), (30), (36)-(47) sim-
ple forms of the cubic system;
(23) tetrahedron; (29) hexahe-
dron (cube); (30) octahedron;
(36) trigonal tristetrahedron;
(37) tetragonal tristetrahedron;
(38) pentagonal
tristetrahedron; (39) rhombic
dodecahedron; (40) pentagonal
dodecahedron; (41)
tetrahexahedron; (42)
hexatetrahedron; (43)
didodecahedron; (44) tetrago-
nal trisoctahedron; (45) trigo-
nal trisoctahedron; (46) pen-
tagonal trisoctahedron; (47)
hexoctahedron. The central
cross sections of all the figures
above the stepped line dividing
the table are the regular poly-
gons indicated in the top row.
(from Shubnikov/Koptsik

(1974), Figure 73, p. 74).
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Review article: Capillary Dynamolysis

David J. Heaf

Visualisation methods for planetary and etheric formative forces
The idea that cosmic bodies other than the Sun and the Moon influence life processes on
earth is an ancient one, but is nowadays regarded as superstition. However, if such influ-
ences really exist, then it ought to be possible to study them by appropriate scientific
methods. When Rudolf Steiner repeatedly reminded those listening to his lectures, espe-
cially farmers,1 doctors2 and scientists,3 of the vital significance of cosmic influences for
life on earth, a number of people became interested in developing the techniques neces-
sary for their study. When asked by scientists in 1920 how to do this Steiner said that
‘whilst the substances are in the solid state they are subject to the earthly laws, especially
gravity, whereas if a body is dissolved, thus entering the fluid state, it comes once again
into the sphere of influence of the planets’ (quoted by Kolisko,4 p. 32). Following ancient
tradition, the Sun will here be referred to as a planet.
  Steiner also gave indications which led to the development of techniques involving the
use of substances in the liquid state for the study of etheric formative forces (Pfeiffer,5 p.
8). Here we are particularly concerned with forces which mediate in bringing about form
manifest in physical substances, forces which put Isaac Newton’s legendary apple on the
tree in the first place. Like gravity and other forces of inorganic nature, etheric forces can
only be seen, in the usual sense of the word, if they are allowed to bring about changes in
visible objects. Just as iron filings can be used to visualise the pattern of magnetic forces,
so too the forms brought about by etheric forces can be visualised by appropriate tech-
niques. Fyfe6 emphasises that to bring these forces to manifestation ‘first of all, substances
must be in solution, secondly this must be brought into movement, thirdly there should be
some degree of chemical reaction, and fourthly the experiment should develop as far as
possible two dimensionally, on surfaces, and in relation to time.’

Capillary Dynamolysis and Planets
Correlations between terrestrial phenomena in the biosphere and planetary movements
have been the subject of several hundred scientific papers in the past few decades. Influ-
ences of the Moon and other planets on trees and herbaceous plants have been studied for
more than twenty years by Edwards and his colleagues.7

  Here, however, we are concerned with influences which can be detected with chemical
substances. In the 1920s Kolisko developed a visualisation method which in German is
referred to as the ‘Steigbildmethode’ (‘rising picture method) and in English – somewhat
less descriptively – as ‘capillary dynamolysis’. In the form applied to planetary influences
it involves allowing a salt solution to be absorbed by capillary attraction through filter
paper. Two variants are distinguished by either horizontal or vertical flow in the paper. For
horizontal flow, the solution is conducted by means of a wick to the centre of a square or
circular piece of filter paper supported above the solution. For vertical flow, a rectangular
sheet of paper is curled into a cylinder and placed with one circular end in the extract or



12

Figure 8: Combinations of
the faces of three simple
crystal forms belonging to
the cubic holohedry.

(from Ziegler (1998),
fig. 5.46a, p. 151)

The Law of Crystal Forms
Joining the law of crystal symmetry with the fundamental law of crystallography yields a
complete overview of every possible crystal polyhedron.

Law of Crystal Forms: There exist 47 different simple crystal forms. Every convex
polyhedron with the following properties is a general crystal polyhedron: Take a finite
number of simple crystallographic forms and combine them into a convex polyhedron,
then add a parallel displacement of one or more faces (‘distortions’).

The crystal polyhedra that arise in this manner are generally no longer symmetrical
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polyhedra if the parallel displacement of the faces is not an exact similarity. This type of
occurrence is termed in crystallography a distortion of the ideal shape. Without any loss
of generality our present discussion will be mostly confined to the symmetrical, ‘undistorted’
crystallographic forms of crystal faces.

In crystallography, the simple shapes of the faces that appear in combination in an actual
crystal polyhedron are technically designated as its form. The habit refers to the relative
size of the faces, and is greatly dependent on the degree of distortion. The form refers to
the ideal shape, the habit – to the actual concrete shape of a crystal.

5. Morphology and Structure Theory

In crystallography we distinguish between two standpoints: the morphological, and the
structural. The morphological or macroscopic standpoint views crystals as continuous
bodies of finite size, while in contrast the structural or (sub)-microscopic standpoint views
them as discontinuous aggregates. In the latter case one proceeds in crystallography and
theoretical solid-state physics from the fact that the number of particles (geometrical:
points; physical: atoms, ions, molecules) forming the discontinuum is so large in relation
to the macroscopic dimension that it can simply be set at infinity (see, for example, Kleber
(1990), p.16; or Landau/Lifschitz (1979), p. 382, note 1). This will be further discussed
below.

One of the crucial aims of this essay is to draw attention to the fact that each of these two
standpoints has an inner kernel independent of the other, yet which stand in a complemen-
tary relationship and may be united in a mathematically precise manner without either of
the two being replaced or rendered obsolete by the other.

Interpretations of the Fundamental Law of Crystallography
Fundamental to the whole of crystallography is the law of rational indices, also called the
fundamental law of crystallography (box 2); a law discovered in the first half of the 19th

century on the basis of comprehensive empirical-geometrical investigations (goniometric
measurements) of real crystals.

The two standpoints mentioned above lead to different interpretations of this law.
The following hypothesis suggested in contemporary crystallography tends to favour

the structural standpoint:

Lattice Structure Hypothesis: Crystal bodies may be understood as if consisting of a
finite number of congruent constitutive units (unit cells), which have as their basis an
infinite lattice with a translational periodicity in three different directions. These consti-
tutive units in turn consist of a finite number of particles (geometrical: points; physical:
atoms, ions, molecules) of finite size and finite distance.

With regard to any interpretation of the fundamental law of crystallography based on the
lattice structure hypothesis and the crystal morphological hypothesis outlined below, I
place especial value on the idea of ‘interpretation’ in contrast to ‘explanation’, ‘cause’ or
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something similar. In particular, our view concentrates on the conceptual relations be-
tween the concrete phenomena, in this case the geometrical-crystallographic configura-
tions, and not on ‘explanations’, ‘derivations’, ‘deductions’ or ‘reductions’ etc. of the
phenomena.

On the basis of the construction postulated here one also speaks of a modular or additive
formative principle existing in crystals. In addition to the periodicity, we discover that the
infinitude, discreteness and homogeneity of the underlying lattice structure are all deci-
sive; that is, the assumption that crystals consist of a finite number of particles with spe-
cific finite distances within a constitutive unit (unit cell), and that are equally distributed
according to the infinite lattice structure. The lattice structure hypothesis especially al-
lows us to determine metrical properties such as the lengths of the edges and the angles of
the unit cell.

Without any further assumptions, it is evident from the geometrical standpoint that the
polyhedral shape of crystalline matter cannot be inferred from its lattice-like structure. As
a consequence, it must be stated that, above all, crystals develop planar faces; this is the
law of crystal faces.

Law of Crystal Faces: Crystals develop planar faces.
As a rule faces don’t arbitrarily appear in crystal shapes, but in an entirely distinct manner.
This is established by the law of correspondence. This principle which is fundamental to
structure theory, implies that a very precise relationship exists between the morphological
properties and the lattice structure (figure 9).

Law of Correspondence: In the event that a crystal develops planar faces, these will
preferentially appear in lattice planes that are particularly densely packed with particles
(or that are parallel to planes with a large packing density).

a: Crystal Structure b: Morphology

Figure 9: Example of the correspondence between crystal structure and morphology in
galena (PbS) (from Borchardt-Ott (1997), p. 30, figure 5.1 a, b)
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The law of correspondence does not say anything about the existence of planar faces in
crystals – this is assumed – but concerns the reasons why certain faces appear to be domi-
nant.

Together with the law of crystal faces and the correspondence law, the lattice structure
hypothesis furnishes a possible interpretation of the law of rational indices, which means
in effect an interpretation of the fundamental law of crystallography. For lattice planes
with small integral indices are not only densely packed planes, but planes which may be
rationally constructed from the co-ordinate tetrahedron and hence also from the symmetry
framework; – or put another way: whose lines of intersection with the “plane at infinity”
belong to the projective representation of the symmetry framework, or may be rationally
constructed from it in a small number of steps (see further below). This means that the
lattice hypothesis fits in well with the empirical findings expressed in the law of crystal
faces, yet without thereby forfeiting its status as a hypothesis. Hence according to impar-
tial phenomenological methods of scientific investigation, it shouldn’t dominate the inter-
pretative discussions.

The Crystal Morphological Hypothesis and Projective Geometry
Taken in its strict sense the morphological standpoint leads to an altogether different
interpretation of the fundamental law of crystallography. This is not entirely obvious, as
nowadays the morphology of crystal forms is mostly presented from the outset in connec-
tion with the lattice hypothesis (see, for example, Vainshtein (1994), Kleber (1990)). Yet
a systematic morphology of crystal forms may also be developed without recourse to the
lattice structure hypothesis. Thus we must first of all work out an interpretation of the
fundamental law of crystallography that is appropriate for geometric crystal morphology.
Only when the domain of geometric crystal morphology is made into a completely inde-
pendent field will we be able to objectively tackle the problem of how to bring morphol-
ogy and lattice structure theory together, to form a unified theory of crystal form and
crystal structure.

From the geometrical standpoint, the fundamental law of crystallography is equivalent
to saying that every possible position of a crystal face belonging to a crystal polyhedron in
a crystal system, can be obtained from the faces forming a tetrahedron by simply intersect-
ing the faces and joining the intersecting lines through further faces. This is the so-called
zonal relationship law (Box 3).

Because only the positional relations between the points, lines and planes play a role in
the zonal relationship law, with no metrical relationships involved at all, this law directly
leads into the domain of projective geometry. Moreover, four planes determine a basic
harmonic configuration (box 6) in any arbitrary plane, especially in the ‘plane at infinity’
of three-dimensional Euclidean space. This ‘plane at infinity’ is a geometrical object which
behaves like a plane and contains both the ‘point of intersection’ of parallel lines and the
‘lines of intersection’ of parallel planes (cf. Ziegler (1998), section 2.1).

At the beginning of section 4 we described how the symmetry elements of a crystal
polyhedron represent a formation configuring the whole of space. Projective geometry
offers an objective context in which to understand formations of this kind, since it also
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Box 6: Basic Harmonic Configuration

The basic harmonic configuration is one of the most elementary and important figures
in projective geometry. The construction of the planar version of this figure starts with
four points or straight lines in a general position, i.e. no three of the four points or lines
respectively lie on a line or pass through a point.

Complete Quadrangle: There are 6 lines
(sides) joining the 4 points A, B, C, D in
a general position (vertices: indicated by
circles). These intersect 3 further points
R, S, T (adjoining vertices: indicated by
large filled circles), which are joined with
3 lines (adjoining sides).

The adjoining sides intersect the sides
in 6 new points (indicated by small filled
circles), three of them lying respectively
on one of the 4 (dashed) lines. This yields
the planar basic harmonic configura-
tion.

Complete Quadrilateral: There are 6 points
of intersection (indicated by small filled cir-
cles) for 4 (dashed) lines in a general posi-
tion (sides). These can be joined with 3 fur-
ther lines (adjoining sides), that intersect the
3 points R, S, T (adjoining vertices: indicated
by large filled circles).

The adjoining vertices are joined with the
vertices in 6 new lines, three of them pass-
ing respectively through one of the 4 points
A, B, C, D (indicated by circles). This yields
the planar basic harmonic configuration.

Figure 10: Particular (Euclidean symmetric) and general cases of the basic har-
monic configuration (from Ziegler (1998), Figure 6.1a, p. 169)
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includes the geometrical relationships (with respect to Euclidean geometry) in the ‘infi-
nitely-distant’ plane.

For a long time now crystallographers have employed stereographic projections to rep-
resent and measure crystal polyhedra. These projections involve nothing more than a dis-
tinct rendering of the geometrical properties of crystal polyhedra and crystal symmetries
with respect to the ‘plane at infinity’ of Euclidean space.

In order to visualise the concrete relationship between the basic harmonic configuration
and the symmetry framework of the entire cubic group, figure 11 in box 7 illustrates a
‘perspective’ representation of a cube or a regular hexahedron with its 13 axes of symme-
try and their intersection with the ‘plane at infinity’. The intersection of the symmetry
framework with the ‘plane at infinity’ essentially produces a basic harmonic configura-

Box 7: Symmetry framework of the cube in projective representation

The basic harmonic configuration in figure 11 lies in a plane representing the ‘plane
at infinity’; it passes from the top in the foreground down towards the back. Its
points and lines bear the same notation as figure 10 in Box 6. The 3 fourfold symme-
try axes of the cube pass through the adjoining vertices, the 4 threefold axes through
the vertices and the 6 twofold axes through the 6 additional points of the basic
harmonic configuration. The 9 planes of symmetry intersect the ‘plane at infinity’ in
the traverse lines of this figure. The four dashed lines correspond to the mirror-
rotational planes that are perpendicular to the threefold axis. These intersect the
cube’s outer-surface in regular hexagons.

Figure 11: Symmetry axes of the cube or regular hexahedron projectively repre-
sented with the basic harmonic configuration in the ‘plane at infinity’ (from Ziegler
(1998), figure 6.8, p. 176).
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crystallography which takes geometrical-mathematical viewpoints seriously (especially
the theory of symmetry groups). For the conception of the symmetry axis does not stand
apart by itself, and cannot be viewed in isolation, but must of necessity be embedded in
the entire symmetry relationship (group). On a basis such as this the classical division into
the seven crystal systems may then be established without any direct relation to a co-
ordinate system, which may seem unnatural from the phenomenological viewpoint (cf.
Ziegler (1998), chapter 4.4, p. 60).

Benesch (1990), Göbel (1981), Mackensen (1977b), Schad (1981), and Teichmann (1981)
all specifically refer to the complementary character of the shape (morphology) and sub-
stance (lattice-structure), without however examining the viewpoint of projective geom-
etry underlying the morphology.

Benesch (1990), Pfeiffer (1926), Schüpbach (1997) and Wimmenauer (1992) discuss
the chemical and physical properties in greater detail. Edelglass (1973) presents the con-
ventional viewpoint with respect to the lattice.

The formation of crystals as a part-process of all-encompassing geological and histori-
cal processes, both on and in the earth, are understood in different ways in Bosse/Goethe
(1994), as well as in the writings of Cloos (1951, 1956, 1958, 1966a), Knauer (1961),
Schmutz (1986) and Wimmenauer (1994).

The origin of the mineral kingdom from out of the organic kingdom, as well as a com-
parison between life and mineral processes, may be found in the works of Gehlig (1993,
1994). Also see Pfeiffer (1921/22, 1926) and Schornstein (1939).

The works of Ballivet (1993), Beckmann (1959), Goedings (1983), Keller (1961, 1964),
Knauer (1971), Neuhaus (1957, 1960), Nickel (1968), Pfeiffer (1927, 1930), and Selawry
(1957) all concentrate on crystallization in shallow dishes. In regard to the morphology of
individual crystals, reference is made to the known fact about the dependency of the form
of a crystal, particularly to related solvents, and more generally to their chemical and
physical environment. Keller (1961) contains a number of related experimental investiga-
tions with sodium sulphate; the (1964) continuation of these studies reports on the rel-
evant morphological influences of various types of light (sunlight, coloured light, star-
light, artificial light).

In conclusion, I mention the next few works because they stand in a close relationship
with the topic of the present paper, or seem especially valuable to me for more in-depth
researches leading to a morphology on a projective basis. In addition to the works of
Adams (1931, 1934), Stockmeyer (1931) and Kötter (1979), see the following: Keller
(1964), Kopp (1974, 1978), Nitschmann (1980, 1984, 1990), Schad (1981) & Schmutz
(1986).
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tion. This same idea also underlies the representations in figures 12 and 13b.
This allows us to deduce the following: if a basic harmonic configuration defined by the

zonal relationship law is joined with the symmetries of Euclidean space, then the more or
less symmetrical shape of this figure supplies us with the crystal system of the correspond-
ing crystal body. Every (so-called rationally) constructed extension of the basic harmonic
configuration arising through the union of points and intersecting lines leads to lines of
intersection (or points of intersection) of possible crystal faces (or edges of crystals). With
regard to the hexagonal crystal system this fact is illustrated in figure 12.

These preliminary considerations now enable us to precisely formulate the crystal mor-
phological hypothesis. Its hypothetical character lies in the assumption of continuity (in
contrast to discreteness), and in the finite boundary of crystals by means of planes.

Crystal Morphological Hypothesis: Crystals may be understood as continuous forms, in
particular as convex polyhedra bounded by a finite number of planes (faces); the planes
and edges of these polyhedra intersect in the ‘plane at infinity’ in the lines or points
respectively of a basic harmonic configuration with the rational addition of a small number
of steps.

It must be remembered that when considering the relationship between the hypotheses
under investigation here initially only the geometrical content is of significance. A
morpho-genetic interpretation that complements the traditional structural-genetic
interpretation will be examined below. We shall expressly leave open here whether or
not this also has a bearing on forces that up to now have not been considered in physics
or not thought to strictly belong in the domain of physics.

Why Projective Geometry?
By three-dimensional ‘projective geometry’ we generally understand concepts and rela-
tions, whose points, lines and planes or positional relations respectively don’t involve any
reference to parallel notions or to metrical concepts and relationships. We will treat this
mathematical domain as an independent system of concepts and relations capable of be-
ing defined by its own axiomatics. (cf. Ziegler (1998), Chapter 2).

Box 6 illustrates in two projectively equivalent representations a figure that is both char-
acteristic and fundamental to project geometry. This figure lies as a configuration in the
‘plane at infinity’ underlying figures 11, 12 & 13b.

In terms of understanding the geometric crystallography being developed here, three-
dimensional projective space serves as the ‘background’, as the structure lying at the basis
of all the individual relations. In this sense the expression ‘projective geometry’ is also
used for the embedding of Euclidean or affine geometry in the context of projective geom-
etry. This characterizes the very quality of the extension used here, in contrast to those
viewpoints that are mostly orientated toward Euclidean geometry.

The inclusion of projective geometry of three-dimensional space in crystal morphologi-
cal investigations may be justified by a number of different reasons:
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B. Literature on the Theme of Crystallography from the Domain of the Anthroposophically
Extended Natural Sciences.

The following list contains writings known to me from the domain of crystallography that
are more or less closely related to researches having their basis in an anthroposophically
extended view of natural science. Those works have been primarily selected that refer to
studies on the morphology of individual crystals.

Correspondingly, writings on diagnostic copper-chloride crystallization are not gener-
ally included, since they mostly treat of the morphology of crystal aggregates in solutions
containing organic substances (see further below). For a small charge a comprehensive
list of relevant literature may be obtained from the ‘Laboratorium für empfindliche
Kristallisation’ Goetheanum, CH-4143, Dornach 1, Switzerland.

A complete evaluation of these works cannot be carried out here. However, for most of
them a few indications about their content are provided.

The works of Adams (1931, 1934) and Stockmeyer (1931) are fundamental to the view
proposed here and in Ziegler (1998) concerning a geometric crystal morphology based on
projective geometry. Schwenk (1961) and Mackensen (1988, p. 155f.) explicitly refer to
the significance of these writings for a comprehensive understanding of crystal formation,
Teichmann (1981) implicitly refers to them. Kötter links on to the works of Adams and
Stockmeyer in a manner similar to ours; also see Bernhard (1984). Adams (1957), Halla
(1955) and Ziegler (1981) all discuss the significance of the reciprocal lattice.

An individual and original contribution on crystal morphology is furnished by Arnoth
(1997). This exposition is currently being developed and shall appear in expanded form in
the near future.

Vital (1976) examines the singular geometrical directions within the original area of
emergence in an alpine mineral cleft, as well as the effects of gravitation.

A differentiated phenomenological work on the natural morphology of salt crystals and
salt deposits in solid, dissolved and atmospheric formations may be found in Kopp (1974,
1978). The distinction between centrally and peripherally active forces included in the
latter work does not bear any directly recognisable connection to the methodological ap-
proaches of Adams and Stockmeyer. Nonetheless, it is (besides Adams) the only work
known to me going beyond a conventional presentation of crystal formative forces, and
which also goes beyond mere generalities. Göbel (1981) partly takes up these ideas, but
doesn’t add anything significantly new.

Nitschmann (1980) discusses the form-metamorphoses in the growth of cooking-salt
crystals; his (1984) work expands on these studies to include both other substances and
general regeneration processes in crystals. Ultimately, in (1990) these processes are illu-
minated by cognitive results derived from the spiritual science of Rudolf Steiner, and
further continued in (1992ab) in a somewhat speculative manner.

With pedagogical aims in mind, Mackensen (1977abc, 1988) provides a revised sketch
of the traditional morphologically orientated theory of crystals, placing the
phenomenological aspects in the foreground. In (1977b), his proposed phenomenological
ordering of ‘crystal families’ solely on the basis of the multiplicity of symmetry axes isn’t
entirely convincing. This ordering is not rigorous enough for a systematic and thorough
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(a) Mathematical reason: As mentioned above, the law of rational indices may be inter-
preted using the concepts of projective geometry and therefore embedded in a compre-
hensive mathematical relationship. Thus, in addition to symmetry theory (symmetry groups),
projective geometry becomes a significant mathematical foundation for the morphologi-
cal standpoint, and consequently for geometric crystal morphology. Moreover, because of
the symmetry framework, we find that symmetry theory may also be embedded in a pro-
jective context and therefore be grasped in its character spanning the whole of space. This
may be summarized in the following way: projective geometry plays a role in the math-
ematical background of morphology and the symmetry of crystal forms, similar to that of
lattice geometry in the mathematical background of structure theory and the theory of
space groups.

(b) Historical reason: Projective geometry had a major influence on 19th century crystal
geometry, not only enormously contributing to the visual-geometrical attraction of this
field, but also to the concrete application of projective methods in the representing of
crystals.

At the beginning of the 20th century the link between geometric crystallography and
projective geometry that had been developed in the 19th century virtually disappeared
from the relevant textbooks without a trace. There are two main reasons for this: firstly,

Figure 12: Projective representation of a hexagonal crystal with its axes of symmetry
and the correspondingly extended basic harmonic configuration in the ‘plane at
infinity’ (from Ziegler (1998), figure 6.10, p. 178).
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the dwindling interest in the study of projective geometry during the first half of the 20th

century; and secondly, the superior place accorded to the lattice structure hypothesis due
to the success of x-ray structural analysis and therefore lattice geometry.

(c) Physical reason: The assumption of an infinite expansion of the crystal lattice finds
its natural context in projective geometry. This context at once allows a concrete (not
additive or local) connection between the morphological laws and the structural laws.

(d) Natural-philosophical reason: A complete morphology of crystal forms for all crys-
tal systems, that is, an insight into their geometric formative principles is also possible
without presupposing the lattice structure hypothesis. Here the ideas of projective geom-
etry play a vital role. Therefore we should also strive to conceive the lawfulness of the
micro-structure as an expression, as a possible consequence of the macro-structure, i.e. as
a result of the phenomenological shape of the crystal body, just as one normally pictures
the macroscopic shape from out of the microscopic structure. On the basis of reflections
of this kind it therefore makes sense to unite these two standpoints into a synthesis (see
further below).
   For the pragmatic standpoint based on the traditional physical knowledge of Nature,
the addition of projective geometry is not seen as relevant. It doesn’t question this
manner of perceiving in principle because it doesn’t contradict any of the physical facts.
However, the perspective of projective geometry opens up the possibility of also
considering crystallography from a non-reductionistic point of view (see the ‘remarks
on method’ at the start of the next section).

6. Towards a Complementary Relationship between Morphology and Structure
Theory

In this section the morphological principles of crystal forms will be united with the geo-
metrical principles of crystal structure theory. To begin with this will take place on a
geometric basis. The aim is to show that the principles of crystal structure and those of
general crystal morphology stand in a complementary relationship. This essentially means,
that starting from the concrete contents of these corresponding principles the one domain
cannot be ‘reduced to’ or ‘derived from’ the other, and that both must therefore be united
in a synthesis for an objective science of crystals.

Remarks on Method
The following exposition has at base a point of view requiring a few further comments. In
order to avoid misunderstandings it must be borne in mind that it is not in any way a matter
of calling into question the conventional physically orientated view of crystallography, or
of even trying to show that this view is contradictory (i.e. according to its own rules and
methods). I do not consider this standpoint (particularly the atomistic view of crystal
structure) to be false – but merely one-sided and hence in need of an extension.

To properly demonstrate this point another attitude to knowledge is necessary, an atti-
tude broader and deeper than the one prevailing today, especially among the natural sci-
ences. In my opinion the gulf between the contemporary views of science and an
anthroposophically extended natural and spiritual science cannot be bridged (if such a
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bridge is striven for at all), as long as we remain fixed in that pragmatic attitude to knowl-
edge held by natural scientists and which is primarily orientated towards measurable re-
sults. In the first instance this attitude is concerned with the construction of idealized
models (aided more or less by complex mathematical methods), which are able to repre-
sent or simulate all the empirical findings. A model is designated as appropriate as long as
it is compatible with other (accepted) models and doesn’t contradict any of the empirical
data. Furthermore, all the consequences capable of being derived from this model must
harmonize with the physical facts. Whether the mere indirectly accessible or inferential
particularities of this model, its inner presuppositions, its inner structures etc. directly
relate to the experiential reality or not, is only secondary for this viewpoint, and strictly
speaking even irrelevant. As long as the model adequately simulates the given data and we
are capable of making precise and verifiable predictions, there is no reason to call it into
question – a fact entirely independent of the model’s composition and structure.

Nevertheless, for the cognitive point of view advocated here concepts and ideas (con-
ceptual relations) are not simply a medium for constructing a model, but important princi-
ples for gaining insights into the constitution of experiential reality. And this can shed new
light upon the idealized assumptions (ideas) of mathematical-physical models, since they
may now be understood as necessary and objectively introduced ideas, and not simply as
arbitrary settings serving to adapt the model to the empirical data or mathematical condi-
tions.

One of these assumptions – the theoretical infinite nature of a lattice – will be more
closely examined in the following section.

Thus we will not attempt to refute the standpoint of physical crystallography in any of its
details, but simply try to bridge the gulf mentioned above. This will be done by showing
how the physical point of view may be supplemented through a view potentially embrac-
ing within it experiences other than merely physical and sensible ones.

Law of Crystal Forms and the Crystal Morphological Hypothesis
The law of crystal forms cannot be derived from the crystal morphological hypothesis,
which, according to its geometrical content is equivalent to the zonal relationship law. For
this hypothesis does not address the symmetry relations between crystal polyhedra, or to
be more exact between corresponding tangential polyhedra. The symmetry relations for
crystal polyhedra are provided by the crystal symmetry laws (box 4).

Those symmetry groups solely compatible with the crystal morphological hypothesis
(or the zonal relationship law respectively) are precisely the 32 crystallographic point
groups underlying the above mentioned simple crystallographic facial forms. Hence it is
clear that the law of crystal forms may be derived from the crystal morphological hypoth-
esis (or the zonal relationship law respectively) together with the crystal symmetry laws.

On the Relationship between the Law of Crystal Forms, the Crystal Morphological
Hypothesis and the Lattice Structure Hypothesis.
The lattice structure hypothesis and the crystal morphological hypothesis cannot be de-
rived from one another. For neither the law of crystal faces nor the fact that crystals be-
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  The applicability of mathematics to the mineral world is discussed at various times, e.g.
on the 18.3.1921, 21.3.1921, 7.4.1921, and 5.11.1921 and on 13.8.1924. On the 21.3.1921
Steiner particularly emphazises the significance of synthetic projective geometry as a means
for penetrating into the inner configuration of spatial forms:
“Synthetic geometry really shows that we can penetrate right into the geometrical forms,
something not possible in analytic geometry. […] Hence we pass from the surroundings
of the line, from the surroundings too of the spatial formation, right into their very inner
configurations. We are hereby given the possibility of developing the first stage in the
transition from pure mathematical knowledge – present in the most eminent sense in
analytic geometry – to Imaginative knowledge. Naturally, we do not possess Imagina-
tive knowledge in synthetic projective geometry, yet we approach it […].” (21.3.1921)
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have like a continuum may be inferred from the lattice structure hypothesis. On the other
hand, using the assumptions concerning the relation between the size of crystal particles
and the polyhedral shape, the lattice structure hypothesis is thoroughly compatible with
the assumption of planar faces (law of crystal faces) in the sense of the law of correspond-
ence. In contrast to the crystal morphological hypothesis, however, the law of crystal faces
is not contained in the lattice structure hypothesis – it only results from the combination
with the preferred (in terms of energy) densely packed lattice planes.

Furthermore, we also cannot derive from the crystal morphological hypothesis the fact
that crystal bodies consist of lattice-shaped, i.e. threefold translational-periodically ar-
ranged particles of finite size and finite distance. And again using the assumptions about
the relation between the size of the particles and the phenomenological shape – the crystal
morphological hypothesis is compatible with a lattice-shaped construction of this kind.

In addition, it must be kept in mind that neither of these hypotheses is true without some
sort of restriction: every experiment furnishing an indirect confirmation of the lattice struc-
ture hypothesis also demonstrates that this hypothesis is not perfectly fulfilled (lattice
faults and defects, inclusions, mosaic lattices: reciprocally dislocated lattice blocks). On
the other hand, an examination of every real crystal shows that the planar nature and
straightness of the faces and edges is also only approximately fulfilled. Here too neither of
the two hypotheses dominates.

The development of the law of crystal forms from the lattice structure hypothesis on the
basis of both the law of crystal faces and the law of correspondence, that is the assumption
that planar boundary faces tend to appear in densely packed lattice planes, belongs to the
standard fare of modern crystallography and symmetry theory. From the mathematical
standpoint it is crucial to understand the 230 space groups as symmetry groups of all types
of infinitely expanded lattice complexes, and the 32 crystallographic point groups as those
subgroups of space groups that are introduced to leave such a lattice and one of its points
invariant. This means that the crystal symmetry laws (box 4) can only be derived from the
lattice structure hypothesis if we proceed from the hypothesis of an infinite crystal lattice
filling the whole of space.

If we solely confine ourselves to the conditions of an infinitely expanded lattice, then
strictly speaking there is no longer such a thing as morphology. This principal objection
isn’t invalidated by reference to the ‘extremely large’ number of atoms in a crystal body,
which from the structural standpoint appears to be ‘practically infinitely large’. Without
any sort of pretension to knowledge the latter may be a useful working hypothesis for
obtaining numerical results and forming models. Yet in the sense of the above ‘remarks on
method’, if we demand more from a model than a simple harmonization between its theo-
retical-computational consequences and the empirical facts, then we must also demand
that all its defining properties agree with the observation. For instance, it is therefore
rather typical of crystals that they occupy a well-bounded finite area of space. Moreover,
considered mathematically, there also exists a principal difference between the finite and
the infinite, and not simply a gradual or approximate difference, however large ‘finite’
may actually be.

As a result of the foregoing considerations, if we then proceed from a finite lattice it is
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arises as a result of the free interplay of these cosmic currents. The earth is not a mirror for
the crystallized mineral. Nothing is reflected back into the earth. Everything is reflected
back into its own inherent element.

If you cast your eye upon a mountain and find a quartz crystal, it is usually situated
upright on its base; yet this is only because it has been disturbed by earthly factors,
Ahrimanic forces have destructively intruded. In reality it would be formed in such a way
so as to be pressured by the spiritual element from all sides, and reflected back upon itself;
and you behold the quartz crystal freely floating in spiritual cosmic space. In every single
crystal, which is completely formed on all sides, we can behold a tiny world. – Yet there
are many kinds of crystal forms: cubes, octahedra, tetrahedra, dodecahedra, rhombic,
dodecahedral, monoclinic and triclinic shapes – there exist all manner of possible shapes.
We behold them. We see how the currents converge, and encounter one another. Here we
have a quartz crystal, a hexagonal prism, enclosed by a hexagonal pyramid; there we have
a salt crystal, that is perhaps cubic in shape; here is a pyrite crystal, that is perhaps
dodecahedral in shape. We behold all these crystals. Every one of them comes into being
in the way I have described, and we must say: just as there are many differently formed
world-currents, so there exist many spatial worlds; there isn’t just one world, there are as
many spatial worlds as the earth is composed of crystals. – We discover an infinite number
of worlds. When we see a salt crystal we say to ourselves: out there in the universe it is
essential being; for us, the salt crystal is a manifestation of something that permeates the
essential being of the universe, that is a world unto itself. […] In the infinitely diverse
forms of crystals, we perceive the manifestation of a multitude of beings, revealing them-
selves in mathematical-spatial crystal shapes. In crystals, we gaze upon the Gods. ”
(13.8.1924)

Figure 15: Plate 3
from Rudolf
Steiner, “True and
False Paths in
Spiritual Investi-
gation”, lecture 3,
13th August 1924
(GA 243)
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only possible to derive the law of crystal forms from the lattice structure hypothesis in
conjunction with the law of crystal faces, the law of correspondence and the crystal sym-
metry laws.

The geometrical nucleus of the crystal morphological hypothesis is equivalent to the
zonal relationship law or the fundamental law of crystallography. Thus the law of crystal
forms follows from the crystal morphological hypothesis only in conjunction with the
symmetry laws, i.e. together with the fact that the tangential polyhedra defined by this
hypothesis are symmetrical.

Form Synthesis for Finite Lattices
If we join the crystal morphological hypothesis together with the symmetry law and lattice
structure hypothesis in such a manner that only those point formations are allowed to be
lattices that are possible according to the basic harmonic configuration set out in the crys-
tal morphological hypothesis (the so-called Möbius lattice, see box 8), then for a finite
lattice we obtain the following:

Form Synthesis (Finite Lattice): The law of correspondence follows from the lattice
structure hypothesis, the crystal symmetry laws and crystal morphological hypothesis.

For on the one hand the law of crystal forms may be derived from the crystal morphologi-
cal hypothesis with the help of the symmetry law, while on the other, by virtue of the
lattice structure hypothesis, the crystal morphological hypothesis restricts the possible
macroscopic forms precisely to those polyhedra whose faces are densely packed lattice
planes or lattice planes of a space lattice. The latter follows from the fact that because the
rational extension of the basic harmonic configuration in the ‘plane at infinity’ is restricted
to a small number of steps, precisely those lattice planes are chosen which are most densely
packed.

Form Synthesis for Infinite Lattices
We are now faced with the following situation: either we hold fast to the finite nature of
the crystal’s lattice structure, thereby necessarily renouncing not only a mathematical theory
of structure but also the founding of a morphology based on such a theory. Or we postulate
the infinite nature of a crystal lattice as the basis of crystal physics with the avowal that we
are not in a position to directly establish it empirically in the usual sense.

At heart it is not a question of striking a preference for one of the two alternatives: the
assumption of an infinitely extended lattice is fundamental to the entire theoretical phys-
ics of crystals, and an especially important basis for the relevant theory of space groups in
crystal physics.

Nevertheless, the assumption of a crystal lattice spanning the whole of space cannot be
justified on the basis of traditional physical fundamental principles alone, for it is neither
present as an empirical fact, nor can be conceived in its totality as a result of the assumed
reciprocally active forces (the latter only establish that locally, lattice-shaped arrange-
ments of particles are preferred in terms of energy). If such particles are absent, then the
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works upon matter, since matter only consists of the array of effects from the converging
rays of force. […] – Mathematics is the abstracted sum of forces that are active in space.”
(1919).

“Certain physicists nowadays have as much right to say that they have photographed the
configuration of atoms, as spiritists do when they claim to have photographed spirits.
Certainly one can bombard crystals with x-rays; one can reflect the x-rays, bring the re-
flected rays into interference and photograph this, and claim to have photographed the
configuration of atoms. However, the crucial point is this: does one really photograph
atomistic agents or merely certain effects stemming from the macrocosm, that only show
up as points, leading one to believe that atoms are present? The fact is we must discover
methods of conceiving and thinking that are capable of proceeding in the right way from
the phenomena to the actual being of things.” (24.3.1920).

“In reality, our spiritual scientific studies lead us to view a crystal in such a way that we
do not merely derive it from certain inward plastic forces present in some sort of material
substance, but that we relate it to the outer aspect of the cosmos, and seek the directions in
the cosmos which yield the individual crystal form through the distribution of their points
of origin. In the individual crystal form we really receive, as it were, impresses of mighty
cosmic relationships. This will be studied in all its details.” (7.4.1921)

“If we bring the archetypal shape of the mineral kingdom before our eyes, then it is the
crystal shape, the polyhedral shape (see drawing [Plate 13: left octahedron, right oblong
quadrate]); the mineral somehow confronts us as polyhedral in nature. This polyhedral
shape confronts us in one kind of mineral in one particular form, in another mineral in a
different form; it cannot be comprehended in any other way than by initially beholding the
mineral, that has formed itself out of the forces active within the mineral realm. We have
to imagine: if we have any sort of mineral extended in length, then the forces working in
this direction (right in drawing), are suitable for extending the mineral lengthways. While
the forces working in this direction (right, horizontal line in the middle), perhaps unfold
diminished in strength – or as we would then express it – that make the mineral narrower
in this direction and so on. In short, so as to be able to speak about minerals at all, whether
the forces are active from without inwards or within outwards, we have to imagine that
these forces stand at angles to one another, that they work in certain directions. We have to
above all imagine that these forces are really present in the universe, and active within the
earthly domain.” (5.11.1921, pp. 140-141)

“In the universe everything is ordered in a crystalline fashion. What we see there (in
crystals) is of such a nature because the forces in the universe are ordered just as they are
in crystals. One type are active in this way, another in that way, and thus crystals are
fashioned out of the entire universe.” (9.8.1922, p. 56)

“As for minerals, we are not only compelled to look at what is above us, but also to the
entire periphery [Figure 15]. […] We glimpse on all sides converging cosmic currents.
They encounter one another. […] However, if we contemplate a current for the mineral
kingdom, we also have here a counter-current, and through this interplay there emerges
the form of the mineral kingdom. Here we have a current, there we have the counter-
current; here again a current, there the counter-current, and so on. And thus the mineral
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corresponding lattice structure also cannot be established.
Consequently, this assumption must be justified in another way, even if it is perhaps

already viewed as established in a pragmatic sense because the corresponding model sup-
plies useful predictions.
Interestingly enough, it is precisely the crystal morphological hypothesis that offers a
suitable geometrical context for a lattice of this nature – i.e. one that is structured
throughout the whole of space – and not merely for that portion of it that is ‘occupied’
by tiny particles (see section 7.2 in Ziegler (1998)). This means that the assumption of
the lattice structure hypothesis really only makes sense together with the assumption of
the crystal morphological hypothesis.

Thus, the assumption of an infinite lattice yields the crystallographic symmetry laws: the
32 crystal classes are precisely those symmetry groups leaving a lattice and one of the
lattice’s points invariant.

With regard to the lattice structure hypothesis, if we proceed from an infinitely extended
lattice underlying the crystal, then we can derive the symmetry laws and hence the law of
crystal forms as well. We do this by integrating the crystal lattice in the determined spatial
configuration, using the morphological hypothesis with its basic harmonic configuration
in the ‘plane at infinity’ (Möbius net, see box 8). As indicated in the foregoing discussion
on the finite lattice, by virtue of the lattice structure hypothesis, the crystal morphological
hypothesis restricts the possible macroscopic forms to precisely those polyhedra whose
faces are lattice planes of the space lattice and densely packed with points (cf. Ziegler
(1998), sections 7.2 & 7.3). These presuppositions also yield the law of correspondence.

Form Synthesis (Infinite Lattice Structure): Both the law of crystal forms and the law of
correspondence follow from the synthesis of the lattice structure hypothesis and the crys-
tal morphological hypothesis.

Complementarity of Morphology and Structure Theory
It is interesting, and not only significant from the mathematical point of view, that when
considered in isolation, neither the lattice structure hypothesis (both for finite and infinite
lattices) nor the crystal morphological hypothesis, is sufficient to determine the law of
crystal forms. Moreover, both these hypotheses are not mutually exclusive, but supple-
ment each other in a complementary fashion, in the sense that one of them contains con-
ceptual components that together with the other (and in the finite case in connection with
both the crystal symmetry laws and the law of correspondence) constitutes the law of
crystal forms.

Thus an objective science of crystallography hoping to give all the known phenomena
their due, can neither dispense with the one nor the other hypothesis (box 9).

In summary the following holds: The crystal morphological hypothesis and the lattice
structure hypothesis stand in a complementary relationship.

A Formative Principle for Crystals
If we start from the fact that the principles constituting a crystal polyhedron permeate the
entire crystal, then it is obvious to say that the formative principles appearing in its exter-
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vation discovers that the entire cosmos, the entire universe with all its beings is also in-
volved in the development of crystals (25.10.1906, 9.8.1922, 21.6.1924, 13.8.1924).

In the mineral kingdom crystallization does not form an exception but is the rule, at least
in accordance with its tendency (22.9.1918, 22.8.1910, 13.1.1923). The earth is most
inclined to crystallization in the so-called ‘warmth-night’ (7.3.1920). Finally, the mineral
world has come into being out of the solidification or ossification of the plant world
(8.12.1910, 9.2.1911).

Steiner has set down the main aspects of crystal development in his book Theosophy
(1908):

“And crystal forms stand between the shapeless type of mineral matter that we find in
gases and fluids, and the living shapes of the plant world. We find in crystals the transition
from the shapeless mineral world to the formative ability of the plant kingdom. – In this
formative process present to the external senses, we behold in both the mineral and plant
kingdoms the sensible solidification of a purely spiritual process, that occurs when the
spiritual seeds of the three higher regions of spirit land develop into the spirit shapes of the
lower regions. In the spiritual world, the process of crystallization corresponds in its ar-
chetypal image to the transition from the formless spiritual seed to the formed structure. If
this transition solidifies in such a way that the senses can perceive its outcome, then this is
exhibited in the sense world as the process of mineral crystallization.” (Theosophy, 1908,
pp. 149-151).

“The first region [of spirit land] contains the archetypes of the physical world, insofar as
it is devoid of life. The archetypes of minerals are also to be found there […]. The objects
and beings embodied in the physical world are present there as ‘hollow spaces’, while the
mobile activity of the archetypes (and the ‘spiritual-music’) takes place in the intervening
spaces. In the process of physical embodiment the hollow spaces become more or less
filled. Whoever is able to perceive this space with both physical and spiritual eyes would
see physical bodies, and between them the mobile activity of the creative archetypes.”
(Theosophy, 1908, pp. 124-125).

Rudolf Steiner refers to this account in many different lectures, for example, on the
6.8.1908, 22.8.1910, 18.1.1912, 8.3.1920, 13.8.1924. The centre of crystal forming spir-
itual forces may be found on the Arupa-plane (higher Devachan) (19.10.1905, 4.12.1907).
These forces originate from regions lying far beyond our solar system (12.8.1908,
14.4.1912). World-Thoughts are embodied in crystals (13.1.1923).

Steiner likewise discusses the cosmic configuration of forces underlying the formation
of crystals on many different occasions (cf. for example, 6.8.1908 for a reference to the
etheric body, astral body and ego of a mineral). Also interesting in this connection is the
statement that matter is condensed light (27.5.1910). The following couple of passages
are cited because they appear to be particularly helpful in understanding the themes under
discussion here.

“Crystals result from complicated encounters of force; atoms from simpler ones. –
Amorphic masses arise from the neutralization of the directions of force. – Force is the
manifestation of spirit viewed in a one-sided spatial manner. We cannot say that force
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Box 8: Möbius Nets and Möbius Lattices

The construction of a complete quadrilateral or quadrangle (box 6) can be continued in
such a way that ultimately (after infinitely many steps) a simple pattern arises covering
the entire plane (figure 13a), a so-called Möbius net. It corresponds to the Euclidean
parqueting of the plane by parallelograms, in particular rectangles, quadrates and rhombi.
If we start with a complete quadrangle ABCD with 6 sides and an adjoining triangle
RST, then a side s of the triangle RST with its 4 points of intersection MRNT with the 6
sides remains fixed.
Essentially, a basic harmonic configuration in the ‘plane at infinity’ is determined by
means of a cubic-shaped starting cell (figure 11). It then follows that an unbounded
connected spatial array of cells of this kind – a so-called Möbius lattice (figure 13b)
– may be uniquely constructed by extending and continuing the construction of the
corresponding Möbius net. This may be understood as a projective multiplying of
the starting cell.

Figure 13a: Möbius net (from Ziegler
(1998), figure 7.1, p. 208)

Figure 13b: Möbius lattice
 (from Ziegler (1998), figure 7.2,

p.209)
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APPENDIX

A. Rudolf Steiner on Crystals

The following tables contain all the references known to me in the work of Rudolf Steiner
in which he writes or speaks about crystals in some way. The dates enclosed in square
brackets do not mention crystals, yet treat of topics that I believe are important for a
deeper understanding of crystals. Since crystals are the archetypal form of the mineral
kingdom (22. 9. 1918), it is possible to enlarge this collection to include all the places
bearing any sort of reference to mineralization and minerals etc. However, because Steiner
frequently spoke or wrote on this theme it would entail referring to a huge number of
passages in the written works and therefore be virtually impossible to survey.

The dates of especially detailed or significant places are indicated in bold face. Steiner’s
expositions in Theosophy (1908) and the lectures from 7.4.1921 & 13.8.1924 belong
among the most central references.

The following section contains a few passages that discuss crystals and crystallization.
Only the dates are given as all further information may be obtained from the tables. The
polyhedral shape having its origins in lunar forces is especially important for crystals
(5.11.1921), in contrast to the rounded, spherical forms of the organic kingdom (7.6.1905,
7.4.1921, 5.11.1921). Crystals essentially constitute a whole: crystallography is an em-
pirical science having its basis in reality (15.8.1916, 29.12.1919). Yet a more exact obser-
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Box 9: Complementarity of Morphology and Structure Theory

nal shape (planar faces, symmetry of tangential polyhedra, ‘distortion’) also underlie its
inner formation.

If we understand lattice points as bearers of centrally harmonic bundles of planes, each
containing the basic harmonic configuration (and their rational supplements) in the ‘plane
at infinity’ underlying the lattice, then instead of the idea of a point lattice consisting of
locally connected particles, we have the idea of a lattice consisting of formative centres
that are distantly (globally) connected by planes.

Together with the crystal symmetry laws we therefore obtain the formative principle for
crystals.

Formative Principle for Crystals: Crystals may be understood as continuous forms, in
particular as convex polyhedra bounded by a finite number of planes (faces) and whose
tangential polyhedra are symmetric. These faces consist of planes of the basic harmonic
configurations (with a few rational additions) which are concentric and immanent in the
crystal body and whose centres lie in the points of a lattice, and whose planes contain, in
the ‘plane at infinity’, the basic harmonic configuration underlying the lattice.

The conceptual components of this principle are sufficient to derive the law of crystal
forms.

7. Physical Points of View

In this section we will discuss some physical points of view that may lend support to the
previous considerations. Naturally, it is not possible to more closely examine all the con-
ceptions that will be mentioned.

The lattice structure hypothesis for crystal bodies discussed in the previous section turns
out to be particularly important in interpreting the phenomena of growth, the constituents
of the outer-surface, faults, dislocations, the spiral structure etc. In investigations of this
kind, the information contained in the hypothesis regarding the precise arrangement of the
particles in space (especially the content of the unit cell) proves to be significant.
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A central area of specialized morphology is the morphology and metamorphosis of forms
of growth. For a given mineral, or any general crystallized substance, the actual final
shape of the crystal polyhedron (form and habit) as well as the intermediary forms that
emerge in the course of these processes, considerably depend on the conditions in which
they arise (concentration of the crystallizing substance, presence of other substances in
the solution and their rate of concentration, relations for the temperature and pressure
etc.), and not so much on the physical and chemical properties of the substance. The latter
especially come to expression in the concrete shape of the lattice in the form of a lattice
complex (composite lattice) with its unit cell, that is, in the specialized way in which the
substance is arranged within the general symmetry relations (represented by the crystal
system and crystal class). Both the morphology of growth forms of particular substances,
as well as their actual lattice structure, underlie the respective crystal system or crystal
class as a higher order, as a comprehensive formative principle.

By extending the view that commonly concentrates on the lattice structure, the inde-
pendent and complementary formative principles underlying the morphology allow the
world of crystals to be embedded in an all-embracing relationship. This comprehensive
view which encompasses not only the morphological but also the structural formative
principles, does greater justice to our immediate experience of the beauty, harmony and
purity of crystals, than a confinement to the lattice structure.

There naturally emerges here a whole host of further tasks and problems whose resolu-
tion is still in its infancy. For example, how do the morphological formative principles
relate to the corresponding formative principles in the other kingdoms of Nature, or even
to the domains of lifeless Nature? Are the known physical effects of force connected with
the morphological principles, or do other forces play a role? These questions must remain
unanswered here.
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Yet this is not the case for many of the properties treated in the solid-state physics of
ideal crystals concerning dynamic, thermal and electrical processes. When devising physical
theories for properties of this nature, the location in space with its information about the
spatial arrangement of the particles is scarcely a factor. Here so-called ‘Fourier space’
plays a highly important role (see for example Kittel’s (1999) standard textbook).

Symmetries of Laue Diffraction Images
From a crystal polyhedron’s given configuration of points and lines in a plane of projec-
tion, particularly in the ‘plane at infinity’, i.e. from both its symmetry framework and its
faces and edges, it is impossible to know whether or not the symmetry group of the corre-
sponding tangential polyhedron contains the inversion (point reflection). This is because
the plane configuration is invariant with respect to the inversion. Hence on the basis of the
configuration alone we can only tell if the symmetry belongs to one of the 11 crystallo-
graphic groups with a centre of inversion, or to one of the subgroups of these groups.

In specific experimental arrangements (Laue diagrams), the diffraction images of crys-
tals using electronic, neutron or x-rays, generally exhibit the same behaviour. The
symmetries of the point distributions in these crystal diffraction images are exactly the
same as the symmetries of the above mentioned crystal polyhedral configuration in the
‘plane at infinity’. In connection with the x-ray structural analysis of crystals, the 11 crys-
tallographic groups are called Laue classes or Friedel classes.

Under the physical conditions of x-ray diffraction (or the diffraction of other ‘rays’)
crystals manifest the primary symmetry components of their formative principles. Hence
with respect to their symmetric quality, diffraction images may be interpreted as the repre-
sentation of the symmetry relations in the ‘plane at infinity’, penetrating into the inside of
the crystal.

Geometry of Lattice Planes
An investigation of the conceptual interpretation of these experimental findings in the
context of conventional solid-state physics, particularly in the domain of crystal diffrac-
tion, shows that structures determined by planes are actually of great importance. As we
shall see, it is also quite natural to embed these structures into projective space.

In the interpretation of Laue diffraction images Ewald (1921) introduces the so-called
reciprocal lattice of a primary lattice (also called a direct lattice). This is a representation
of the space of lattice planes by the points (hkl), with the indices hkl from the direct lattice
(cf. Buerger (1977), sections 4 & 5; Kleber (1990), section 5.1.4; Vainshtein (1994),
section 3.4.3).

The lattice planes of a lattice form sets of parallel planes, each having a constant dis-
tance and weight (point or packing density) within the set. Every one of these sets corre-
sponds to one point of the reciprocal lattice; this point’s location vector is perpendicular
to the planes of ‘its’ set of lattice planes; its distance from the origin is inverse to the value
of the distance for the planes of the corresponding set of lattice planes.

One and the same lattice can accordingly be described by the positions of its points or by
the positions of its lattice planes. Every set of lattice planes contains all the points of the
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From the standpoint of the morphogenesis of crystals, which is complementary with the
conventional one, it is important that the essential elements of the lattice structure (con-
nected with a crystal polyhedron) prove to be the expression of the morphological fea-
tures, i.e. that they may be conceived as a possible consequence of the form, and not
necessarily as the ‘cause’ of the form.

Genetic Synthesis
If we also assume the crystal symmetry laws, then on the basis of a genetic interpretation
of the principle of crystal forms, we arrive at the following synthetic principle of crystal
development:

Crystal-Genetic Principle: Crystals are formed by finitely many planes (faces) into
continuous convex polyhedra, whose tangential polyhedra are symmetrical. These
faces lie in planes of the basic harmonic configurations (with a few rational supple-
ments) immanent in the crystal, whose centres lie in the points of the lattice, and whose
planes contain the basic harmonic configuration in the ‘plane at infinity’ underlying
the lattice.

9. Conclusion and Outlook

The present investigation shows that assuming an infinite expansion of the crystal lattice
for the interpretation of different kinds of experimental results, at once furnishes a justifi-
cation for broadening the viewpoint of crystallography: this assumption demands the de-
velopment of a morphology on a projective basis that is complementary with structure
theory, as we have tentatively outlined here.

In conclusion we shall refer to a few further aspects of crystallography, which cannot be
expanded upon at the present time. In particular, there does not currently exist any special-
ized morphology of natural crystal forms based on the viewpoints set out in this paper.

Figure 14: Quartz crystal showing its step-
wise growth (from Borchardt-Ott (1997),
figure 5.5, p. 34)
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lattice, hence representations from all the sets of lattice planes of a lattice pass through any
arbitrary point of the lattice. They form a bundle of planes with the same point-symmetry
as the original direct lattice. Furthermore, the lattice planes intersect the ‘plane at infinity’
in configurations that arise from rational constructions starting with the basic harmonic
configuration, which contains the intersecting elements of the symmetry framework (cf.
Ziegler (1998), chapter 7.2).  Consequently, the geometry of lattice planes is determined
by the basic harmonic configuration that is characteristic for each of these crystal systems
(apart from the purely metrical properties).

The following holds in the transition from a lattice to a lattice-complex (a composite
lattice): (1) The arrangement of the sets of lattice planes do not change, i.e. every lattice
plane of a partial lattice is also a lattice plane of the lattice complex, and every lattice
plane of a lattice complex is also a lattice plane of one of its partial lattices. (2) The weight
and distances between the planes of a parallel set of lattice planes are not equal, but peri-
odically arranged. Thus the corresponding reciprocal configuration is no longer a lattice
having a translational periodicity, but a weighted lattice – the so-called reciprocal struc-
ture. (3) The representations of the sets of lattice planes through any arbitrary point of a
lattice complex form a bundle of planes with the same point-symmetry as those belonging
to the crystal system of the direct lattice.

Bundle Structure Hypothesis
The observational results, particularly from crystal diffraction experiments, do not there-
fore really correspond to the spatial information about a lattice, but to the character and
distribution of the sets of lattice planes – represented by the reciprocal structure. This
interpretation is based on the following hypothesis:

Bundle Structure Hypothesis: Crystals may be understood as sets of parallel planes
possessing a periodic distribution of ‘density’ and distance.

Both the reciprocal structure representing this bundle structure and the corresponding
reciprocal lattice play a central role in the Fourier representation of lattice-periodic func-
tions (charge density, electron density etc.). Essentially, the bundle structure hypothesis is
geometrically equivalent to the lattice structure hypothesis and may be easily integrated
with the principle of crystal formation formulated in the previous section. However, its
pre-eminent place in the solid-state physics of ideal crystals is due to the fact, that any
interpretation of a crystal as a composition of elementary particles in a periodic array, has
to give way to an interpretation of the crystal that emphasizes the combined working of
sets of parallel planes.

Therefore this once again justifies the use of projective geometry as an all-embracing
background: for only in projective geometry can planes – in addition to points – be con-
sidered as independent and fundamental elements. This means that planar formations, and
consequently projective geometry, have a role to play in both the conceptual understand-
ing of morphology, as well as in structure theory.
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8. Crystal Genesis

By crystal genesis we mean the origin of crystal polyhedra. Up to now we have mainly
argued geometrically and concentrated on the final, developed form, i.e. its shape and
lawfulness, without a consideration of the genetic factors and formative forces. Let us
now outline a few basic reflections on the genesis of crystals.

Every investigation of crystal genesis must take into account the basic principles of its
form and structure. For this reason, crystal genesis will be treated as the problem of ge-
netically interpreting those two hypotheses discussed in the previous sections – the crys-
tal morphological hypothesis and the lattice hypothesis. Moreover, the complementary
character of these hypotheses suggests that we can also establish the corresponding com-
plementary genetic principles (for a more detailed treatment of this point see Ziegler (1998),
section 7.7).

Structural Genesis of Crystals
In the study of the structural genesis, we begin with an interpretation of the fundamental
law of crystallography using the lattice structure hypothesis. On the basis of this interpre-
tation, and from the standpoint of traditional physics, all the macroscopic properties of
crystals are considered to be a consequence of the micro-structure, or to be more precise:
are understood as being compatible with the lattice structure hypothesis.

To summarize, we arrive at the following genetic interpretation of the lattice structure
hypothesis in conjunction with the law of crystal faces and the law of correspondence:

Structural-Genetic Principle of Crystal Development: According to the combination of
a finite number of particles, crystals develop in a local and successive (additive) manner
into lattice complexes with an external polyhedral shape, on the basis of the properties
and laws of reciprocal effects of these particles, as well as on the basis of the principle of
energy minimization.

Morphogenesis of Crystals
When studying the morphogenesis of crystals, we start with an the interpretation of the
fundamental law of crystallography using the crystal morphological hypothesis. On the
basis of this interpretation, all the (sub)-microscopic properties of crystals are considered
to be the consequence of morphological principles, or to be more precise: are understood
as being compatible with the crystal morphological hypothesis.

To summarize, we arrive at the following genetic interpretation of the crystal morpho-
logical hypothesis in conjunction with the law of correspondence:

Morpho-Genetic Principle of Crystal Development: Crystal polyhedra develop in an
entirely uniform manner, according to the configuration of the infinitely distant lines of
the faces under the conditions of being a part of a basic harmonic configuration, and in
their inner structure according to the corresponding lattice.


