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CATION STACKING FAULTS IN LITHIUM FERRITE SPINEL 

0. Van der Biest and G. Thomas 

Department of Materials Science and Engineering,. College of Engineering, 
and Inorganic Materials Research Division, Lawrence Berkeley Laboratory, 

University of California, Berkeley, California94720. 

Classification: 22.8.2 

ABSTRACT 

Extended stacking faults were found in flux grown LiFe5o8 single 

crystals, using high voltage electron microscopy. The faults lie on 

{110} planes and have a displacement vector of 1/4<110> which is always 

perpendicular to the fault plane. The faults often form three-fold 

junctions but can also be terminated by a dislocation with Burgers 

vector b = 1/4<110>. From geometric and energetic arguments, it has 

been shown that for a 1/4<110> fault, the plane perpendicular to the 

displacement vector will have the lowe.st surface free energy in a 

stoichiometric spinel. The influence of non-stoichiometry is discussed. 
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I. INTRODUCTION 

Line and planar defects have been shown to·be very important in our 

understanding of phase transformations and mechanical properties irt 

metals. Accordingly, these crystalline defects have received consider-

able attention in the scferitific iiterature. By comparison, research 

on crystalline defects in ceramic compounds and minerals is iD: .. its 

infancy. Although the importance of these defects in the study of 

mechanical properties(!) and magnetic properties(2) has been demon-

.strated, the bulk of published work has been done on simple ionic struc

tures e.g. Mg0(3) and on layer structures(4). Recently publications 

have appeared dealing with transition metal carbide/5). 

The electron: microscope is the main experimental tool available 

for the study of crystalline defects. ·Recent advances in thinning 

techniques and the increased penetration power available through high 

voltage microscopes has made virtually every material accessable, and 

as a result, there is now an increase irt research in ceramics and min-

erals. 

In this paper a studyof cation stacking faults in lithium ferrite 

is .made. J~ithium ferrite (Li0•5Fe2•5o4) has an inverse spinel struc

ture (general formula AB2o4) with Fe3+on tetrahedrally coordinated 

sites (A-sites) and a 3:1 mixture of Fe3+ and Li+ on the octahedral 

sites (B-sites). 0 3+ + Below 750 C Fe and Li on the octahedral sites 

order. The implications of this order-disorder reaction will be 

described in a subsequent paper. 

A study of cation stacking faults in the normal spinel MgA12o
4 

has 

been made by Lewis(6) on crystals grown by the Verneuil method. He 
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found growth faults on {100} planes with a displacement vector R = 1/4<110> 

always at a45!1 angle to the fault plane. Planar defects were also found 

which did not lie on a single crystallographic plane. Glide dislocations 

were found to be dissociated into two partials on {110} planes with a 

shear fault in between. Lewis described in detail the. configuration of 

the ions around the fault plane. His method of analysis will be extended 

here. Baker and Whelan (7) found stacking faults in Fe3o4 , formed by 

decomposition of aFe
2
o3 in the electron microscope. These stacking 

faults were lying on: {110} planes and they were capable of forming triple 

junctions. In the spinel CoFe204 on the other hand, De Jonghe(S) did 

not find. any extended faults. However, he did find evidence for a slight 

dissociation of dislocations. 

· II. EXPERIMENTAL 

Flux grown single crystals of LiFe5o
8 

were obtained from Airtron 

Litton 'Industries·. · · Chelnical analysis by flame photometry indicated that 

the crystals were slightly lithium deficient with an Fe/Li ratio of 5.43. 

In diffraction patterns, the as received crystals displayed all the 

superlattice reflections which were reported by Anderson ~nd Schieber<9>. 
Thin foils were made by two techniques. One is a chemical dissolution 

technique. A thin slice of crystal is allowed to disolve partially in 

hot phosphoric acid (±250°C). At the edges of the crystal one.can 

usually find electron transparent regions. Foils were also obtained 

. (10) 
using an ion bombardment technique as described by Barber • 

Thin areas damaged in the electron microscope could also be removed 

by ion bombardment after which the specimen was ready for examination 

again. All observations were made using a Hitachi 650kV microscope 
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equipped with a double axis high angle tilt stage allowing a tilt of 

±30° in either direction. This attachment allowed the study of a parti-

cular defect under widely different diffracting conditions and helped 

considerably in the identification of the defects. Tilting into required. 

orientations was greatly facilitated by using the Kikuchi maps for sili-

con; which resemble closely those for the spinel structure • 

. III~ RESULTS 

A. Electron Microscopy ·' 

Stacking faults were sometimes abundantly present near the surface 

of a crystal (Fig. 1) but occasionally they were also found in foils 

taken from the interior. In Figure 1 some faults are seen edge on with 

their trace perpendicular to the operating reflection which is parallel 

with [Oll]. This shows that the fault plane is of the {110} type. Trace 

analysis of other faults in the photograph also show that they lie on 

{110} planes. This analysis was repeatedly confirmed in other foils. 

Two examples were found where the fault plane was not {110}, in one case 

it was (112) and in another (123). These were the only two exceptions 

found. Notice also that the faults often form three fold junctions. 

The contrast at these faults show a fringes, as they are symmetrical 

in bright field(ll). In fact for spinel reflections, and these are the 

only ones to be discussed irt the present paper, the faults have all the 

properties of~ faults, which were derived by Van Landuyt et al(l2). 

Characteristically at parallel overlapping fa.ults fringes disappear 

e.g., at A in Figure 1 and at intersecting and overlapping faults 

fringes remain continuous and parallel with the projected line of inter~ 

section e. g., at B in Figure 1. 
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Figure 2 shows. three faults meeting along a line under different 

diffracting conditions. This set of diffraction experiments allows one 

to derive uniquely the displacement vector. A fault is invisible when 

g•R is an integer, where g is the operating .reflection and R is the dis

placement vector characterizing the fault. However, one can always add 

a lattice vector to the displacement vector without altering the physi

cal configuration around the fault. The integer is thus in fact not 

uniquely determined •. When we find three reflections for which the fault 

is out of contrast we can write three equations: 

i(l,2,3) (1) 

where ni must be zero or an integer. 

In order to keep the integers on the right hand side completely 

arbitrary, it is necessary· to restrict the.gi used in these equations 

to the lowest order g along a systematic row for which a fault goes 

outof contrast. Otherwise one restricts the values of the integers 

e.g., if gi·i = ni then (2gi)·R = 2ni and the integer on the right 

hand side can only be even. 

At high voltages, it is.not always simple to determine along a 

systematic row of relections the lowest order reflection for which 

the reflection goes out of contrast. Because of dynamical interaction 

between lower and higher order reflections one may observe a fault, 

although the phase angle a = 21Tg•R is zero for the reflection which is 

used to form the dark field image. 

In order for the equations (1) to have a solution, it is necessary 

that the three vectors gi are linearly independent. Onecan further

more predict the foll9wing properties of the solutions of (1), where 
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the ni are now arbitrary integers: (i) Every lattice vector will be a 

solution of these equations. This solution is of course a trivial one. 

-(U) If R. is a solution of the system then -R is also a solution, and 

these two solutions are not necessarily equivalent unless the difference 

between the two vectors (viz., 2R) is also a lattice vector. (iii) A 

linear combination of two solutions is also a solution. 

For the stacking fault marked A in figure 2 we can write the follow-

ing equations : 

(R = [uvw] and p,q,r are zero or integers). 

u- 3v + w = p 

u + v - 3w = q 

u-v-w=r 

The solution of these equations yields: 

For p = 1, q = 1. and r = 0 this. yields: 

The first.two vectors.at the right hand side are lattice vectors 

(the lattice is f. c. c.). · Thus the smallest displacement vector describ-

ing the fault is R = l/4[0ll] which is perpendicular to the fault plane. 

This type of analysis has been repeated many times and for all faults 

the displacement vector was found to be the 1/4<110> type with the dis~ 

placement vector perpendicular to the fault plane. 

Figure 2 allows the verification to be made for the Burgers vector 
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of the dislocation confining fault A. A screw dislocation is out of con

trast when g.b = 0. The dislocation is out of contrast for g = 1II and 

i • 022. Hence b is parallel with the direction given by the cross pro

duct of these two vectors i.e., the '[Oll] direction. In general, a: dis-

location confines a region of a crystal which is displaced with respect 

to the rest of the crystal. From the analysiS of the stacking fault we 

have shown that the displacement is l/4[0ll] + a lattice vector. · From the 

-- ... - n -g.b analysis this can be reduced now to 1/4[011] + ~ [011]. ·The Burgers 

vector ·of the dislocation will be the shortest one of these, hence 

b • ±1/4 [Oll]. 

B. Crystallographic Study of Cation Faults In Spinel 

In this section an analysis will be made of the configuration 

of the ions around the fault plane for different orientations of the 

plane with respect to the dis.placement· vector. 

All possible oriEmtations of a 1/4<110> displacement vector with 

respect to the {100.}, {110} and {111} planes have been investigated. 

These are the most important fault planes predicted or found in spinels. 

Throughout the discussion, the spinel structure will be idealized so 

that the anions form a perfect cubic closed packed lattice. The analysis 

will be done for a general spinel structure AB2o4• Assuming ideal 

stoichiometry in a normal spinel the average charges of the cations are 

A2+, Bl+... I i i 1 h h Al+ B2.S+ n an nverse sp ne t e average c arges, are , • 

In a mixed spinel intermediate values of these charges will be found 

depend~ng on the cation distribution. 

A model of a fault can be constructed as follows: starting out 

from a perfect crystal one choses.the location of the fault plane. It 

is better to chose this location between ionic layers so that it is 

I 
. I 
. ! 
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clear which ion belongs to which part of the crystal. If the displace-

ment vector does not lie in the plane of the fault a slice of material 

with thickness n.R (n: unit vector normal to the fault plane) has to be 

removed before the two parts can be joined by displacing one with respect 

to the other over the vector R. The resulting ionic configuration for 

a number of faults is depicted in Figures 3,4,5,6,7. 

A first question which will be relevant to the subsequent develop-

ment is: does a particular fault leave an initially st-oichiometric 

crystal stoichiometric? The answer will be yes when no material has to 

be removed to create the fault i.e., R.n = 0, or when the slice of 

material removed contains the species making up the crystal in stoichio-

metric proportions. This problem has been investigated for each orienta-

tion of the fault plane and the results are summarized in column 1 of 

Table 1. It can be seen that all various possible fault vectors in 

relation to the fault planes have been considered. ·In order to derive 

these results it is necessary to study the stacking of the ions in dif

ferent directions in particular the composition in each layer of ions 

has to be determined. 

In <100> directions the centers of the ions line up in planes par-

allel with {100} planes and spaced a distance a /8 apart. The arrangeo 

ment of the cations in these planes is shown in Figures 3, 4, 5, and 6. 

Choosing in each plane an identical two dimensional unit cell (see Fig-

ure 4), one can determine the composition in each plane. The sequence 

is B2o4/A/B2o4/A •••• In order to create a· {100} 1/4<110> type stacking 

fault it is· necessary to remove two of these planes. Hence the slice of 

material to be removed is stoichiometric. 
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A projection of the structure on {110} is shown in Figure 7. The 

composition, of successive planes is: 

AB02/B02/ AB02/B02/. • • " • • 

The planes· are spaced a distance a r2!8 apart. When a {110} 1/4<110> 
0 

fault is created two of these layers have to be removed. The composition 

of the composite layer is AB2o4• Hence creation of this fault leaves a 

stoichiometric crystal stoichiometric. 

A {110} 1/4<101> fault has a shear component and this requires 

removal.of only one of the {110} planes. Removal of an AB02 layer 

leaves the crystal cation deficient and with an excess of B compared to 

A. Moreover, whether the spinel is normal or inverse, the fault will 

acquire a net negative charge. Unless some ions can take a different 
/' 

valence, this ·type of fault will not be formed. Removal of a B02 layer 

leaves the crystal anion deficient, with an excess of A compared with B, 

but it leaves the fault positively charged. 

A similar analysis has-been performed for faults of the {111} 1/4<110> 

type. The stacking on {111} planes has been described in detail by 

(13) . . . 
Hornstra • He used an extended abc notation to preseni the position 

of each ion. The result is given in Table 2 together with the composi-

tion of an identical two dimensional unit cell in each plane. The dis-

b 1 
a/3 . tance etween the p anes is o and some of these planes may be empty. 

24 
The cations occur in two layers. One contains the octahedral ions in 

the so called kagome arrangement(14>. The two neighbouring planes of 

the kagome plane are empty. The-other layer is a mixed layer containing 

both tetrahedral and octahedral ions and is spread out over three planes. 

In order to create a {111}1/4<110> fault, four of these planes have 
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to be removed. The composition of the complete slice of material 

depends on the exact position of the fault plane. If a plane of oxygen 

ions forms the boundary then either acomplete kagomE! layer (composition 

B
3
o

4
) or a mixed layer (6omposition A2Bo4) is to be removed. If a B3o4 

layer is removed then the fault willbe negative if the spinel is inverse 

and will be positive if the spinel is normal. Hence for a specific dis

tribution of the cations it is possible that this non-stoichiometric 

fault is neutral. The case of removal of a mixed layer is analogous. 

If the fault plane breaks up a ridxed layer than the composition of 

removed material will be AB3o4 or AB04• In both cases however the 

fault created would be electrically charged. 

It is noted here that each non-stoichiometric fault has its comple

ment. The position'of the fault plane is the same for both and so is 

the displacement ·vector. It will not be possible to de.termine by con

ventional electron microscopy techniques what kind of faults one deals 

with. One needs some other information e.g~ the electro neutrality 

condition, or the exact local chemical composition of the crystal. 

Faults have always been modeled here as intrinsic faults (re

moval of material). In the present case, with a 1/4<110> displace

ment vector one arrives at identical ionic configurations if the 

faults are modeled as extrinsic ones. 

A 1/4<110> vector is a lattice vector of the oxygen sublattice. 

Hence only the stacking of cations will be a~fected and the faults 

can be called "cation stacking faults•. It also follows that a 1/4<110> 

vector will connect interstitial sites with the same coordination in 
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the oxygen f.c.c. sublattice. · Hence a 1/4 c:;llO> vector cannot change 

the coordination of the cation from octahedral to tetrahedral or vice-

versa. Moreover, in the case of the octahedral interstices, sites con-

nected by a 1/4 <:llO> vector are also nearest neighbour sites. In the 

perfectspinel structure, some of these adjacent octahedral interstices 

are already occupied, so that at a 1/4 <110> type fault these ions cannot 

be brought closer together. oOly the distance between an octahedral 

cation and a tetrahedral cation or between two tetrahedral cations can 

be affected. As was pointed.out by Lewis(6) one can describe these 

cation faults as anti-phase boundaries, between anti~phase domains 

within which the partial filling of interstices with cations has started 

at different points. 

It will be shown now that a {110}' 1/4 <110> fault is the fault with 

the lowest energy in an overall stoichiometric crystal. There are two 

major contributions to the surface free energy of a stacking fault in 

these ionic.structures. (i) There can be a change in the distance 

between first, second, third, etc •••• nearest neighbours. (ii) Ther.e 

can be a change in the number of first, second, third etc •••• nearest 

neighbours. 

The latter contribution will be largely ignored here. A detailed 

analysis of the change in number of nearest neighbours for every fault 

plane would be quite complicated. This analysis would amount to an 

actual calculation of the energy of each type of fault. This is out-

. side the scope of this paper. Instead, attention will be focused on 

the relative energies of each fault type and it will be sufficient to 

. I 

! 
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study how the intercation distances are changed for each orientation. of 

the fault plane. As was pointed out above the coordination of the cat-

ions with respect to the anions remains unchanged. Only the change in 

coordination of the cations relative to each other needs to be studied. 

It is useful here to consider the spinel structure as a stacking of 

coordination polyhedra with cations in the centers and oxygen ions at 

the corners. In the perfect spinel structure, the octahedra share edges 

with four other octahedra and share corners with six tetrahedra. The 

tetrahedra do not touch each other. Whenever these polyhedra share 

elements with a higher dimensionality then in the perfect structure, 

then the distance between the cation at the center of the polyhedra 

will be smaller. In spinels, these cations·are highly charged. The 

strong repulsion between cations is expected to make up the major part 

of the surface free energy of the fault. The shorter the intercation 

distance, the higher the surface free energy of the fault will be. The 

actual ionic configuration depends on the relative orientation of R and 

the fault plane. This has been studied with the help of projections of 

* the structure and a three dimensional model • The results have been 

summarised in Table 1 columns 2 to 5. 

From a.model of a {100} 1/4<110> fault (Figure 3) it can be 

deduced that across the faUlt plane tetrahedra will share corners and 

octahedra will share faces with tetrahedra. The latter point was missed 

by Lewis (
6
), who described a model for a shear fault on {100}, pointing 

* The following part of the analysis can be moreeasily understood with 
the help of a three dimensional model of the spinel structure. These 
models are available commercially e.g. by LAPINE, 6001 South Knox Ave. 
Chicago, Illinois 60629. 
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out correctly that tetrahedra would share edges across the fault plane. 

However, there is another possible ionic configuration when one chooses 

another <110> direc.tion as the shear direction (see Figure 4) or another 

position of the fault plane. Such a configuration is also one with high 

energy, as octahedra and tetrahedra share faces across the fault plane. 

Figure 5 depicts a shear fault on {110}. Again across the fault plane 

octahedra and tetrahedra share faces. This reduces the distance between 

octahedra and tetrahedra from 0.414a in the perfect structure to 0~217a 
0 0 

in the faulted structure i.e. a 49% reduction. 

In Figures 6 and 7 a model of a {ilO}l/4<110> fault is represented. 

The octahedra and tetrahedra retain their distance. The distance between 

tetrahedral ions has been reduced from 0.434a to 0.354a • This is only 
. . 0 0 

a reduction of 18% and Oo354a is exactly the shortest distance betlleen 
0 

octahed·ral ions in the spinel structure.· 

Faults of the {111} l/4<ll0>. typ.e were discussed by Hornstra (1J) 

who also pointed out that octahedra and tetrahedra have a face in com-

mon at the fault plane. For fault planes where the stoichiometry is 

not conserved the ionic configuration will also depend on the particular 

species one has removed to create a fault. For the faults of type 

· {110} 1/4<101> and {111} 1/4<110>, fault planes can be found with low 

energy from the point of view of cation separation. However, in an 

overall stoichiometric crystal an equal surface area of the comple-

mentary fault plane has to exist. The latter has then a very high 

energy. Moreover some of these faults have to be excluded if they 
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would leave the fault plane elecb:ically charged. 

It can be seen from Table 1 that a { liO} 1/4<110> fault will have 

the lowest energy in a stoichiometric crystal. For this particular 

orientation of the fault plane only the distance between the tetrahedral 

ions is changed. But this distance does not become smaller than the 

smallest intercation distance in the spinel structure. 

IV~ SUMMARY OF FACTS 

It has been found experimentally that lithium ferrite contains 

faults on {110} planes. From contrast experiments it was shown that 

the displacement vector characterizing these faults is 1/4<110> with 

this vector always perpendicular to the fault plane. From the properties 

of the spinel structure it· follows that these faults affect only the 

cations. From geometric and energetic arguments it has been shown that 

in a stoichiometric spinel a {110} ·1/4<110> fault has the lowest sur

face free energy. The stoichiometry of the crystal is not affected by 

the introduction'of such a fault. 

V. DISCUSSION 

The frequent occurence of three fold junctions in Figure 1 can now 

easily be explained, if we allow only faults with the displacement 

vector perpendicular to the plane. It is clear that such a fault cannot 

simply change planes. This would necessarily involve a dislocation 

(Figure 7a). An example of this can be seen at C in Figure 1, where 

one of the faults is edge-on. However, when three faults meet 

along a line (necessarily a <111> direction) there is no need to intro

duce a dislocation, as a Burgers circuit around the line would yield 
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a zero displacement (Fig. 7b). Cation faults forming three fold jUnc

tions were also observed in magnetite by Baker and Whelan<7>. These 

faults are presumably of the same type as the ones found here. In 

contrast a (100) 1/4[110] fault, found in MgA12o4 can easily change to 

the (010) plane without' the need for a dislocation. 

A central assumption in our analysis of cation faults in spinels 

has been that the crystal is stoichiometric. Once this restriction is 

removed one cannot analyse the faults anymore using as a model a rigid 

structure of point atoms. Hence one cannot predict from simple geo-

metric arguments what the fault plane with the lowest energy will be. 

It is conceivable that point defects which necessarily have to be intro

duced in a non-stoichiometric crystal, will preferentially be found at 

the fault plane. For example in the case of a {100} 1/4<110> fault 

(Fig. 3) vacancies on tetrahedral sites could preferentially occupy 

those tetrahedral sites which are simultaneously close to an octahedral 

site and a tetrahedral site. This would lower drastically the free . 

energy of the fault. The observations on MgA12o4 were done indeed on 

3+ a crystal with excess Al , which is expected to introduce excess 

vacancies on tetrahedral sites. 

In the case of LiFe5o8 , a characterization Of the point defect 

structure is hampered by the fact that: (i) rio reliable method of 

analysis for lithium content exists; (ii) one needs the exact oxygen 

content of the sample, because iron can occur as either divalent or 

trivalent ions. This problem is further being studied. In the present 

case, although chemical analysis indicated a lithium deficiency in the 

crystals, this does not necessarily prove that the crystals contain 
.I 

I 
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P'IGURE CAPTIONS 

FIG. l. Typical arrangement of cation stacking faults in lithium ferrite. 

Notice at A, the disappearance of fringes at overlapping faults. 

At B. three faults meet along a line. One fault is seen edge on. 

In the region where the other two overlap'· fringes run parallel 

with the line of intersection. This arrangement of faults cor

responds with the one in Fig. 8b. At C there is an arrangement 

corresponding with Fig. Sa (one fault seen edge-on). 

FIG. 2. Three faults meeting at a function in fully ordered lithium 

ferrite. Only spinel reflections .have been used in these photo

graphs. These diffraction experiments allow one to determine the 

displacement vector of these faults and the Burgers vector of the 

dislocation confining fault A. 

FlG. 3. Projection of ari ideal spinel structure on the (001) plane. 

Oxygen ions have been omitted. A fault on (100) was introduced 

into the structure, with the displacement vector at 45° to the 

fault plane. For some ions the coordination polyhedra are shown. 

Octahedra and tetrahedra project as squares. In the perfect 

structuJ:'e, octahedra and tetrahedra share corners, while across 

the fault plane they share faces (hatched area). Across the 

fault plane tetrahedra share corners, whereas in the perfect 

structure they do not touch. 

FIG. :4. Only three layers of ions are shown here. The shear necessary 

for a {001} 1/4<110> type fault are sholm. The plane of the fault 

is parallel with the plane of the paper, and is located between 

the layer at 0 and the layer at 1. Coordination tetrahedra 

. I 
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project as the smaller squares, octahedra as the larger one. 

After shear in the [IiO] direction, tetrahedra share an edge 

(indicated by - • - • ) at C. After shear in the [llO] direction 

a tetrahedron shares a face (hatched) with the octahedron at A 

and also with the octahedron at B (riot shown). 

FIG. 5. Same type of projection as in Figure 3. A fault on (110) 

.was introduced with the displacement vector :in the plane of the 

fault. Across the fault plane octahedra and tetrahedra share 

faces. 

FIG. 6. ·Same type of projection as in Figure 3. A fault on (110) 

was introduced with the displacement vector orthogonal to the 

fault plane. Notice that octahedra and tetrahedra are not dis-

placed relative to one another. Tetrahedra, however, share corners 

across the fault plane. 

FIG •. 7. Projection of an ideal spinel structure on the (110) planes• 

A two dimensional unit cell is shown, which can be used to deter

mine the composition in successive (i.lO) planes. A (llO) l/4[ll0] 

fault has been introduced. Across the fault plane tetrahedral 

ions have an oxygen ion in common as a nearest neighbour. 

FIG. 8. Two possible modes by which a {110} 1/4<110> fault can change 

fault planes.· (a) By leaving a dislocation at the junction. 

(b) When· the three faults meet at a junction a dislocation is 

not necessary. 



' Composition of Octahedra-
Fault Type Removed Material Tetrahedra 

Share 

Perfect --- corners 

(100) 1/4[110) A B2 04 faces 

(100) 1/4[011)1) 

I 
--- faces 

corners 

(110) 1/4[110) A B2 04 corners 

(110) l/4[ll0) --- faces 

(110) 1/4[101) I A B 02 
corners 

B 02 faces 

(111) 1/4[110) I B3 04 
corners 

A2 B o4 corners I A Bj 04 
corners 

. A B o4 faces 

(111) 1/4[110) --- faces 

---2) faces 

TABLE 1 

I Shortest 
A-B 

Distance 

d113 • .414a
0 

d111 = .217a
0 

d111 = • 217a
0 

d113 • • 414a 
0 

d113-- .414a0 

d11i = .217a
0 

d113 • .414a
0 

d111 ... 217a
0 

d113 = .414a
0 

d113 = .414a
0 

d113 = • 414a
0 

d111 • .217a
0 

d111 = .217a
0 

d - 2 111 - • 17a 0 

Tetrahedra 
Tetrahedra 

Share 

---

corners 

--
edges 

corners 

---

---
edges 

edges 

---
corners 

corners 

-

---
edges 

Shortest 
A-A 

Distance 

d111 • .434a
0 

d110 • .354a
0 

d111 = .434a
0 

d100 = .250a
0 

d110 • .354a
0 

d111 "" .434a
0 

d111 • .434a
0 

.· d
100 

• .250a
0 

d100 • .250a
0 

d111 • .434a
0 

d110 • .354a
0 

d110 • .354a
0 

d111 ... 434a
0 

dlOO '"" .250a 0 

1) The configuration of the ions depends on the exact position of the fault plane and the direction of shear. 

2) In case the fault plane breaks up a "mixed" cation layer. 
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\ Composition of Octahedra-
Fault Type Removed Material Tetrahedra 

Share 

Perfect -- corners 

(100) 1/4[110] A B2 o4 faces 

(100) 1/4[011]1) 

I 
-- faces 

corners 

(110) 1/4[110] A B2 o4 corners 

(110) l/4[ll0] --- faces 

(110) 1/4[101] r B 02 
corners 

B o2 faces 

(111) 1/4[110] I B3 04 
corners 

A2 B o4 corners I A B3 04 
corners 

A B o4 faces 

·-

(111) 1/4[110] -- faces 

---2) ·faces 

TABLE 1 

I Shortest ' 

A-B·. 
Distance 

d113 "" o414a
0 

d111 .. o217a
0 

d111 • o217a
0 

d
113 

• o414a
0 

d113-• o414a
0 

d111 • .217a
0 

d113 • o414a
0 

d111 • .217a
0 

d113 • .414a
0 

d113 • .414a
0 

d113 • .414a
0 

d111 • .217a
0 

d111 • o217a
0 

dlll • .217a . 0 

Tetrahedra 
Tetrahedra 

Share 

---

corners 

--
edges 

corners 

---
----

edges 

edges 

--
corners 

corners 

--
edges 

\ Shortest 
A-A 

Distance 

d111 • o434a
0 

d110 • .354a
0 

d111 • o434a
0 

d100 • o250a
0 

_d110 • o 354a
0 

d111 • .434a
0 

d111 • o434a
0 

d100 • o 250a
0 

d100 • .250a
0 

d111 • .434a
0 

d110 ,. o354a
0 

d110 • o354a
0 

d111 • o434a
0 

dlOO • o250a 0 

l) The configuration of the ions depends on the exact position of the fault plane and the direction of shear. 

2) In case . the fault plane breaks up a "inixed" cation. layer. 
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;·TABLE 2 
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· (111): Stackin(( of .tons in th.e Spinel :structure: {13): 

'. Occupied. Position .. v. 

a 1,2,3,4 

,,,· 

c 2,3,4 

--·· :-~ 

b '1,2,3~4 

a 1 

b 1 

c 1,2,3,4 -· ...... 

b .2,3,4 

a 1;2,3,4 

b.1 

c 1 

a 1· 

.< 

··~··· . . . 

Compos.ition 

··· .. 

.. 
04 __ , .. 

B3 

04 

A 

B 

A 

0 ' 
·4 

---· .. 
B ·. 3 

. 04 

A 

.·.B 

A 

) .. 

J 

' 

B304·· (kagom~) 

~,. 

·," 

' ., 

" '· 

A2Bo4· . (mixed) 
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