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ABSTRACT 

Attention is called to the value to be derived from application of diffraction analysis 
of modern grade to specific, familiar, approximately known crystallizations. Features 
consequent to ordering of coordination polyhedra of differing sizes in layer structures 
are discussed, and their bearing upon relations between lattice parameters and chemical 
compositions are outlined. 

In the establishment of the principles of clay mineral structures through the 
last 30 years, clay mineral investigators have been almost totally indebted 
to the earlier analyses made on the better-organized macro crystalline silicate 
mineral groups. These analyses were conducted from the point of view that 
complex compositions need be understood in terms of few kinds of coordina­
tion polyhedra, specific ones of which could be considered as equivalent even 
though they represented chemically different entities. Analyses on this level 
.of schematic basis were so successful that the major silicate groups and their 
coordination schemes became relatively familiar. 

Current Fourier methods, aided by computing machines, now afford the 
opportunity to establish in detail some of the intimate complexities of these 
already familiar crystallizations. 

The feature of greatest import which emerges from such detailed analyses 
relates to the sizes of silica and alumina tetrahedra. A survey by Smith 
(1954) established consensus values of 1.60 ± o.OlA for the Si-O bond and 
1.78 ± 0.02A for the AI-O bond in tetrahedral coordination. The distinction 
is well within the resolving power of three-dimensional analyses. It is parti­
cularly well illustrated in Bailey and Taylor's (1955) analysis of a potassium 
feldspar. One specific tetrahedron is much larger than average, one is moder­
ately larger, and two are essentially typical for silicon occupancy. 

No analyses that include three-dimensional sections are yet published for 
any layer silicates, but chlorite studies by Steinfink (1958) include projections 
in which specific large and small tetrahedra are distinguished. 

Layer silicates conform substantially to hexagonal arrangement in their 
ab-planes and afford easy measurement of the reticulation periods. Frequent 
one-dimensional syntheses also strongly indicate that layers are essentially 
planar. The accommodation of polyhedra of known sizes into reticulation 
schemes of known lattice parameters is subject to solution. 
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For a purely siliceous net in open hexagonal array, the known bond 
lengths provide that a fully extended net have orthohexagonal a and b 
parameters of 5.22 ± 0.04A and 9.05 ± 0.06A. In an actual mineral com­
pound, these parameters must adjust to become commensurate with the 
rest of the structure. In the kaolin minerals the siliceous net is observed to 
reticulate at about bo = 8.9A. The articulated rotations of tetrahedra 
toward a trigonal array less open than the ideal hexagonal are illustrated in 
Newnham and Brindley's (1956) dickite structure (Fig. 1) and are probably 
a general compacting mechanism. 
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FIGUHE I.-Tetrahedral and octahedral coordination levels in dickite (after Newnham 

and Brindley, 1956) illustrating articulated rotations of triangular bases to modify 
the fundamental mesh of the respective ideal schemes. 

When tetrahedral nets include both silicon and aluminum occupants, both 
mesh gauge and order among the species are concerned in fitting . Disordered 
arrays including oversize units can only approach full net extensibility if 
averaged over large areas. The sharp diffraction effects of many crystals 
indicate that (at least partial) ordering is probably the common state. 

Speculative discussions of order inferences are subject to the fault that 
they may be found to be in error as soon as the subject mineral is aotually 
analyzed. In spite of this danger, a paper on this subjeot follows in the present 
Proceedings (DeVore, 1958), and the temptation is presented to view one 
attractive aspeot (not an item in the following discourse) of the subject here, 
which can be drawn upon later in discussion of chemical compositions. 

The basis for polymorphism in the micas is the displacement of i a o 
inherent in the hexagonal packing of the octahedral level. For biotite com­
positions, observed displacements do not deviate sensibly from the exact 1. 
For the muscovite crystallization the displacement does deviate perceptibly, 
and in Yoder and Eugster's (1955) 1M synthetic muscovite it deviates even 
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further. Figure 2 illustrates the unequal observed arrangement of spacings 
of muscovite powder diagram 02l and lIZ lines, drawn in the form of an 
imaginary c* rotation diagram. 

It is also true that the muscovite composition involves an inherently 
smaller octahedral coordination scheme parameter than that of common 
biotites. We can look then at the possibilities of compacting an ordered 
tetrahedral array of muscovite composition into the observed dimensions of 
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FIGURE 2.-Comparisons of the aspects which 1 M and 2 M muscovites would have 
if seen as the c* rotation diagrams with the corresponding diagrams for 1 M and 
2 M biotites of exact t a o displacements. Each 02l-Ul row assemblage should be 
read as if disposed with respect to the unoccupied OOl nodes as in the first instance. 

muscovite layers. Figure 3 represents an ordered distribution of one alum­
inum-bearing tetrahedron in four, articulated so that a 9.oA hexagonal net 
can accommodate it in the same space which would be available to a fully 
extended entirely siliceous net. The normally ideally hexagonal rings which 
seat potassium ions are seen to be distorted into two kinds of irregularly 
shaped rings each of which would be pIesumed to displace its potassium ion 
from the center of the ideal scheme. The keying of two nets by potassium 
ions consequently introduces a small displacement of one with respect to 
the other which is independent of the fundamental i a o hexagonal displace­
ment. In the schematic vectorial representation of polymorphs as employed 
by Smith and Yoder (1.956) the supplementary displacement takes the 
form of an addition to each vector inclined at about 15° and about one­
fifth as long. The displacement of reference grids in the superposition for the 
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assumed array of Fig. 3 i s illustrated in Fig. 4. It provides an increment of 
1.5° to the jJ angle of the 1M structure and about 0.5° to that of the 2M. 
If the 1M structure is truly single layer, it also introduces a deviation of 
about 0.5° from 90° into the y angle for t he 1M. Powder data do not 
permit that it be confirmed, but the probability of such a displacement was 
noted by Hendricks and Jefferson (1939) for their 6-layer monoclinic lepi­
dolite, later described by Smith and Yoder (1956) on the basis of the simpler 
2-layer monoclinic of a second kind. 

It is to be hoped that a modern refinement of t he 2M musoovite structure 
will be made soon. 

FIGURE 3.-ScaJed line drawing of an ordered array of a lUluinum tetrahedron bases 
and silicon tetrahedron bases in the ratio of 1 : 3, folded to reproduce the same 
lattice parameters which would characterize an unfolded entirely siliceous net. 
The resultant iITegular six-sided figures are of two k inds, only superficially alike. 

The differing sizes of silicon- and aluminum-occupied tetrahedra bear 
significantly on the parameters of layer silicates of variable compositions. 
For any given tetrahedral aluminum: silicon ratio at a given temperature, 
a limit of extensibility of a hexagonal net, averaged over many cells, must 
exist if layers are to be maintained. The limit is lowered by order, except 
for the 1 : 1 ratio, order being equivalent to reduction of the number of cells 
over which periodicities need be averaged. 

There is also a vague limit to the compressibility of nets of each composi­
tion. The articulated rotation of tetrahedron bases in the open hexagonal 
packing by 30° each would close the open hole and reduce layer parameters 
by about 15 perrent. Complete closure would greatly reduce Si-O- Si bond 
angles, however (from about 140° to about 120°), and is probably never 
achieved. Average rotations of 5° or 10° are probably most favorable. 

The above described elastic nets are articulated with octahedral layers 
which themselves have inherent layer parameters and their own degrees 
of elasticity, in turn dependent upon their composition and its order. 
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For octahedral layers, simple trioctahedral compositions are exemplified 
by the magnesium phases. The [Ill] section in periclase, with all octahedral 
edges equally shared, has dimensions 5.17 X 8.95 X 2.43A for units ana­
logous with the layer silicates. Brucite, with six edges shared (and shortened), 
has dimensions 5.45 X 9.44 X 2.lOA. Synthesized talc, of cross-section 
5.26 X 9.lOA, would require a 2.30A octahedral thickness to maintain the 

FIGURE 4.-An array of effective centers (potassium sites) of the distorted hexagons 
of Fig. 3 located by black lines with respect to one coordinate grid above and one 
coordinate grid below, illustrating the displacements inherent in all mica structures. 
Relative orientations of the 1 a o and the distortion shifts are indicated below on a 
magnified scale. . 

same bond lengths. The latter parameter has not been specifically deter­
mined, but a thicknesr, of this order of magnitude is suggested by the c sin jJ 
value of 9.26A, about O.lO greater than that for pyrophyllite. 

For octahedral layers of dioctahedral composition, only three edges are 
foreshortened by sharing, and shorter bond lengths are accommodated in a 
given mesh by this mechanism, which in turn can be modified by thickening 
or thinning as with the trioctahedral compositions. The scheme of accommo­
dation is well illustrated in Newnham and Brindley's (1956) dickite structure. 

Brindley and MacEwan (1953) reviewed a large number of observed 
lattice parameters from crystals of known chemical compositions which they 
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discuss in te rms of  three  convenient  quan t i t i e s :  a diffract ion p a r a m e t e r  
which m a y  be des igna ted  bobs. , a t e t r ahedrM cont r ibu t ion  which is a func t ion  
of t e t r ahedra l  composi t ion,  and  an oc tahedra l  con t r ibu t ion  which is a func- 
t ion of  octahedrM composi t ion.  Their  observat ions  requi red  two sets of  t e t r a -  
hedrM contr ibut ions,  bu t  we can use one quant i ty ,  bt as a t e t r ahed ra l  poten-  
t ial ,  and  deal  in t e rms  of  bobs. , bt, and a boct. for oc tahedra l  potent iM. 

Fully extended 
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FIGURE 5.--I~elations between observed /)-axis periods and chemical compositions of 
assorted layer silicates. Average tetrahedral potentiMs, empirical relations, and 
magnitudes for trioctahedral and dioetahedral compositions are indicated common 
with respect to observations cited in literature for a.nalyzed specmens. 

]~Sgure 5 summarizes  the  re la t ionship  between all the  d imensional  fea tures  
discussed above.  Fu l l  lines bound  the  range of  full  ex tens ion  and easy  con- 
t rac t ion  for t e t r ahed ra l  nets,  ha tched  areas indica te  common octahedrM 
composit ions,  and  dashed  lines indicate  the  empirieM t rends  observed b y  
Br ind ley  and 1VIacEwan (1953) on the  basis of  which a r i thmet i c  averages of  
t e t r ahedra l  and  ootahedra l  meshes could be re la ted  to  chemical  composit ion.  
The ind ica ted  d a t u m  poin ts  are  analyses  t a k e n  largely  f rom Brfi ldley and  
MacEwan (1953) and  Kova l ev  (1956). The larger  d i sp lacements  f rom the  
level of full extension are p resumed to be associated wi th  t he  be t t e r  degrees 
of order. 

Several  of the  analyses  of Fig.  5 are rep lo t ted  in Fig .  6 in te rms suggested 
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by the compilation of chlorite analyses by Kovalev (1956). Some value of 
b~ -- bobs. near about 0.15/~ probably represents a best strain-free tetrahedral 
mesh. Tetrahedral compositions stretched to bt --  bobs. values less than 0.15A 
have thickened the octahedral layers, and tetrahedral compositions exces- 
sively compacted (high b~ -- bobs. values) have stretched and thinned the 
oetahedral layers. The four open circles were located without regard for 
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FI(~u~E 6.--Relations between layer thickness and fit of polyhedra in selected chlorite 
and related analyses. 

probable occupancy of some tetrahedra by ferric ion, and probably all 
belong somewhat further to the right. 

The relationships reviewed here for the layer structures are also strongly 
supported by the general aspects of the crystallizations of related com- 
positions that  do not maintain the layer morphology. These were discussed 
in an earlier conference (Bradley, 1955) and will be only briefly cited here. 

Natural ehrysotiles and syntheses aimed at the 2SiO~-3MgO composition 
are variously described as curved, tubular and helical. Their composition 
lies well off the compatibility range in Fig. 4. Antigorite near the above 
composition is found to be corrugated, but introduction of alumina into 
synthesis batches permitted the synthesis of platy polymorphs (I~oy and 
l~oy, 1954). In  this case, improved fit is consequent to simultaneous intro- 
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duction of some larger te t rahedra  and  some smMler octahedra. Synthesis of 
material  of p la ty  hab i t  was also accomplished by  employing germanium to 
yield MgGGe4Oi0(OH)s (Roy and Roy,  1954). 

The high incidence of fibrous crystallizations in  high silica magnesian 
compositions was also discussed before. 

Consideration of the ad jus tmen t  of octahedral nets  discussed above leads 
to another  irtteresting consideration. The foreshortening of shared edges by 
dioet'ahedral compositions leaves a regularly disposed larger unoccupied 
octahedral interstice. Opposite displacements of the same oxygens would 
provide two large interstices and  one small interstice. A n  extension of this 
mechanism to mixed octahedral  populat ions would provide a s i tuat ion such 
tha t  the energy of the system obviously would be improved by  order among 
compositions near 2 : 1 or 5 : 1 ratios. Other arrangements ,  too, could well 
be imagined. 

I n  this cormectioa two per t inen t  unpubl ished analyses of iron-bearing 
chlorites have been called t o  my  a t t en t ion  by  the  respective authors. Dr  
Glaueo Got tardi  (personM communicat ion,  1957) has examined  a chlorite 
of composition Mgs.0sFe2+i.G2FeS+0.06AlrisSi2.s2All.lsOi0.0~OI-IT.gs for which 
a one-dimensional  Fourier  synthesis establishes t h a t  the iron is concentrated 
in the talc layer, and  Dr  Hugo Steinfink has a two-dimensional  analysis which 
establishes tha t  one specific oetahedron is preferential ly occupied by iron. 

T o  s u m m a r i z e  : order is a common phenomenon  among the layer silicates, 
and current  methods of analysis are sufficiently definitive to permit  direct 
observation of whatever  order may  exist in  a sui tably  crystallized example.  

I=~E FE !~E NCE S 
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