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One-dimensional XRD-Pattern Calculations of Clay Minerals
1. Dioctahedral and Trioctahedral Fe-rich Smectites
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ABSTRACT : XRD patterns of beidellite-nontronite and saponite-iron saponite series were
investigated using one-dimensional pattern simulation method. Ethylene-glycolated smectites
show stronger 002 and 003 reflections than hydrated specimens do. The intensities of the 002
and 003 reflections change systematically as a function of Fe enrichment in both types of
smectites. The intensity ratio of 002/003 increases with increasing Fe in both dioctahedral and
trioctahedral smectites that are ethylene-glycolated. Such intensity change is attributed to the
higher scattering factor of Fe than those of Al and Mg, and the scattering power of various
smectites can be compared quantitatively by calculating the scattering factors of octahedral
cations. Interlayer cations cause less effect on XRD profile than octahedral cations as Fe do.
Although 00/ reflections provide informations about the overall scattering power of the octahe-
dral sheet, some ferrous dioctahedral smectite cannot be distinguished unambiguously from
trioctahedral smectites on the basis of XRD profile.

Simulation showed that heterogeneous smectites exhibit 00/ intensity distribution that is
almost identical to that of homogeneous smectites having the average composition of
heterogeneous ones. The broadening of 00/ reflections may not be useful in evaluating the de-
gree of heterogeneity of smectite unless other factors affecting the broadening are well known.
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INTRODUCTION

Clay minerals have wide range of structures
and chemistry, and they constitute various mixed-
layered crystals. Powder X-ray diffraction (XRD)
is most widely used in characterizing and study-
ing clay minerals because of relatively easy ac-
cess to powder X-ray diffractometers and fine
particle size of clay minerals. Calculated one-di-
mensional XRD patterns are useful in interpret-
ing and analyzing experimental XRD patterns;
simulated XRD patterns can be calculated based
on mode] structures and experimental conditions,
and simulated XRD patterns can be compared
with experimental ones. The effect of structural
variation, chemistry, crystal size, and mixed lay-
ering on XRD profile can be investigated by cal-
culating XRD patterns.

Simulated diffraction patterns of clays have
been produced successfully by calculation meth-
od using computer. Reynolds (1967) and Reyn-
olds and Hower (1970) introduced one-dimen-
sional XRD patterns of mixed-layer illite/
smectite (I/S), and their result showed that order-
ing type and proportion of illite and smectite in
mixed-layer I/S can be accurately determined by
comparing experimental XRD patterns with cal-
culated patterns. Since the work by Reynolds and
Hower (1970), XRD pattern calculation was
vigorously used by many investigatiors in inter-
preting XRD patterns of actual mixed-layer clay
minerals (e.g., Perry and Hower, 1970; Hower et
al, 1976; Nadeau et al., 1984a, 1984b; Altaner and
Bethke, 1988).

The composition of smectite is in wide range
depending on its occurrence. Dioctahedral sme-
ctites such as montmorillonite are most abundant
among smectite, and they commonly occur as a
constituent of mixed-layer I/S in pelitic and
hydrothermally altered rocks and in unmet-
amorphosed bentonites. Nontronite and triocta-
hedral Fe-rich smectite are the predominant
authegenic clay minerals in deep-sea sediments,
and they also occur in basalts altered by seawater
and hydrothermal fluids (Guven, 1988).

Characterization of dioctahedral and trio-
ctahedral smectites and estimation of approxi-
mate chemical composition from XRD patterns

are complicated, although smectite can be easily
identified by comparing XRD patterns of air-
dried and ethylene glycol-solvated specimens. 00/
reflections of smectite are closely related to the
total scattering power of the octahedral layer, and
therefore those reflections can be used in obtain-
ing information about the chemistry of octahe-
dral sheet such as the substitution of Fe in octa-
hedral sites. The relationship between composi-
tion and 00/ reflections of dioctahedral and
trioctahedral smectites is in investigated in this
study by utilizing XRD pattern calculation meth-
od.

Another intriguing problem in studying clays
occurs when there is chemical and structural
heterogeneity from crystal to crystal or even at
unit-cell scale in investigated samples (Drits,
1987). Transmission electron microscopy (TEM)
studies of clay minerals by Ahn and Peacor
(1986) and Ahn and Buseck (1990) suggest that
there may be chemical and structural variation
even at a unit—cell scale. Soil or sediment samples
may contain mixtures of smectites having various
composition that are derived during transporta-
tion and deposition, but the mixtures of such
smectites cannot be separated physically for
XRD or chemical analyses. The effect of chemi-
cal heterogeneity of smectite on XRD profile was
also examined by using simulated XRD patterns.

XRD PATTERN CALCULATION
PROGRAM

X-ray diffraction intensities of smectites
were simulated using the Macintosh version of
the NEWMOD program (Reynolds, 1985). The
NEWMOD program is based on the same basic
theory as the previous MOD-series programs
that are described by Reynolds and Hower (1970)
and Reynolds (1980). The NEWMOD program is
strengthened by adding a recursive routine which
computes the statistical matrices (Bethke and
Reynolds, 1986).

The number of Al atoms per four tetrahedral
sites of the model structures are 0 and 0.35 for
dioctahedral and trioctahedral smectites, respe-
ctively. Ca was assumed to be the interlayer cati-
on for both types of smectites. The structure of



One-dimensional XRD-Pattern Calculations of Clay Minerals

Table 1. Instrumental variables used in XRD
pattern calculation.

Wavelength of X-ray 15418 A
Divergence slit 1.0 degree
Goniometer radius 20 cm

Soller slit 1 (incident beam slit) 1 degree
Soller slit 2 (diffracted beam slit) 2 degree
Sample length 36cm
6 compensationg slit 0

Table 2. Chemical and structural variables of
samples used in XRD pattern calculation.

Exchange capacity 036
Exchange cation Ca
Interlayer complex 2-glycol layers

or | -water layer
si(mean sample mass absorption coefTicient) 45
d(standard deviation of the orientation function) 12
Low N 3
High N 14

Table 3. Structure for ethylene-glycolated sme-
ctite (from Reynolds, 1965).

Atoms Atomic positions in Z(A)
Al Fe, Mg 0

0,0H 1.06

Si, Al 270

(0] 327

HLC-HO 6.12

CH,-OH 6.07

HO,Ca 794

two-layer ethylene glycol is from Reynolds
(1965)Table 1), and the one-layer water structure
was assumed that water molecules are located at
the center of the interlayer of smectite. Atomic
scattering factors are calculated based on the
method by Wright (1973). Half ionized atomic
scattering factors are used for Si, AL, O, and H of
the 2:1 layer structure, and fully ionized values
are used for Mg, Fe, and Ca. Neutral atomic
scattering factors are used for C, N, O, and H of
ethylene glycol and water at the interlayer.

The modeling of the program assumes that
crystals are oriented along the basal plane so only
00/ reflections are produced. The basal spacings
of 169 and 124A were used for ethylene-glyco-
lated and hydrated one-layer water smectites,
respectively. The NEWMOD program is made
for the caiculation of XRD patterns of mixed-
layer clays, and therefore two identical smectite
components are assumed to be randomly inter-
stratified (R =0) in 50:50 proportion in order to
calculate patterns of monomineralic smectites. In-
strumental parameters and structural variables
used in the calculations are in Tables 2 and 3.

XRD PATTERN CALCULATION
RESULTS

Dioctahedral Smectites
(Beidellite—Nontronite Series)

The diffraction patterns of Fig. 1 illustrate
the effects of Fe content in ethylene-glycolated
dioctahedral smectites. The 00/ reflections in the
patterns of smectites remain very strong regard-
less of the chemical changes. The intensities of the
002 and 003 reflections change systematically as a
function of Fe enrichment in the octahedral sheet.
The intensity of the 002 reflection increases with
increasing Fe, whereas the intensity of the 003 re-
flection decreases with Fe enrichment. The 004
reflections remain very weak, and the 005 and
006 reflections change little by increasing Fe.

Systematic intensity change of the 00/ reflec-
tions is also observed in hydrated dioctahedral
smectites(Fig. 2). The intensity of the 002 reflec-
tion decreases gradually with increasing Fe in
contrast to that of the 002 reflection in ethylene-
glycolated smectites. The 003 reflections are very
weak, and the 004 reflections remain relatively
strong in hydrated smectites.

Trioctahedral Smectites (Saponite-Iron
Saponite Series)

Fe substitution in ethylene-glycolated trio-
ctahedral smectite produces the effects that are
observed in XRD patterns of dioctahedral smec-
tites (Fig. 3); the 002 and 003 reflections decrease
gradually with increasing Fe. The 004 reflections
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are very weak, and the intensities of 005 and 006
reflections change little with Fe enrichment.

The 002 and 003 reflections of hydrated
smectites are relatively weak(Fig. 4). The 003 re-
flection become stronger with increasing Fe. The
002 peaks become weaker with increasing Fe, and
they are almost absent in smectites whose octahe-
dral cations are Mg, s Feis per formula. However,
the intensity of the 002 reflections increases with
increasing Fe starting from the octahedral com-
position of approximately Mg ;s Fe.s.

Heterogeneous Smectites
XRD patterns of smectites that are randomly
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Fig.1. Calculated XRD patterns (CuKa radia-
tion) of ethylene-glycolated dioctahedral smectites
having octahedral Fe of (a) 0, (b) 1.0, and (c) 1.7 per
formula. N=3to 14.

interstratified with smectite layers having differ-
ent octahedral composition were calculated using
the NEWMOD program. The effects of chemical
heterogeneity at a unit-cell scale to XRD profile
can be investigated by comparing calculated
XRD pattern of heterogeneous smectite and that
of homogeneous smectite having average compo-
sition of the heterogeneous smectite.

Fig. 5a shows the calculated pattern of ran-
domly interstratified beidellite and nontronite
having octahedral compositions of Al:¢Feoo and
Fei;Alys per formula, respectively. In XRD pat-
tern calculation, the ratio of beidellite and
nontronite was set to be 50:50, and they were as-
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Fig.2. Calculated XRD patterns (CuKa radia-
tion) of 1-water layer dioctahedral smectites having
octahedral Fe of (a) 0, (b) 1.5, and (¢) 3.0 per formula.
N=3to14.
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Fig.3. Calculated XRD patterns (CuKe radia-
tion) of ethylene-glycolated trioctahedral smectites
having octahedral Fe of (a) 0, (b) 1.5, and (c) 30 per
formula. N= 3 to0 14.

sumed to be randomly interstratified (R = 0). The
calculation results showed that there is little dif-
ference between the XRD patterns of hetero-
geneous smectite and homogeneous one whose
octahedral composition is Ali ;s Feos per formula
(Fig. 5b). No significant difference between heter-
ogeneous and homogeneous smectites was ob-
served in the calculated XRD patterns of
trioctahedral smectite (Fig. 6).

THE EFFECT OF CHEMISTRY ON
INTENSITY

The intensity of XRD patterns can be calcu-
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Fig.4. Calculated XRD patterns (CuKe radi-
tion) of 1-water layer trioctahedral smectites having
octahedral Fe of (a) 0, (b) 1.5, and (c) 30 per formula.
N=3t014.

lated by taking the products of the interference
function @, the layer scattering intensity G% and
the Lorentz-polarization factor L, , at each 0
(Reynolds, 1980; Moore and Reynolds, 1989),

1) = [G* ()] [ )] [L©6)] m

Lorentz-polarization factor Lpis a function
of 6, and it is not affected by the structure and
chemistry of minerals. The polarization factor ac-
counts for the increase in peak and background
internsities at low 26. The X-ray tube produces
unpolarized X-rays whose polarization is depen-
dent on the angles of the incident and diffracted
beam. The total energy of the scattered beam is
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Mixture of (Al2.0Feo.) and (Fe1.7Al0.3)
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Fig.5. Calculated XRD patterns (CuKa radia-
tion) of ethylene-glycolated dioctahedral smectites. (a)
heterogeneous smectite composed of randomly inter-
stratifed beidellite and nontronite having octahedral
compositions of AlgFeyo and Fe;Al; per formula,
respectively. (b) pure ferrous dioctahedral smectite
having octahedral composition of Al sFecs. N=3 to
14.

lost proportional to the factor (l+cos’26)/2
where 8 is the angle between the incident beam
and the reflected plane. The Lorentz factor is re-
lated to the volume of the crystals exposed to the
X-rays and the number of crystals favorably ori-
ented for diffraction at any Bragg angle. The Lo-
rentz factor for micaceous minerals showing high
degree of preferred orientation was discussed by
Reynolds (1976).

The Interference function @ is also needed in
calculating XRD pattern profiles of specimens
composed of very thin crystals such as clay parti-
cles, because additional scattering occurs at 26
adjacent and even far from the Bragg angles in
thin crystals. @ is a continuous function of 6, and
it is expressed as

Mixture of (Mgs.oFeo.0) and (Fes.oMgo.0)
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Fig.6. Calculated XRD patterns (CuKa radia-
tion) of ethylenne—glycolated trioctahedral smectites.
(a) heterogeneous smectite composed of randomly int-
erstratified saponite and iron saponite having octahe-
dral compositions of Mgs,Feeo and FezoMgoo per for-
mula, respectively.(b) pure ferrous trioctahedral smec-
tite having octahedral composition of MgisFeis N=
3tol4.

sin*(2zND sinf/2)

°0= sin®(2zD sind/2)

(2)

where N is the number of unit cells stacked in co-
herent scattering array along the z-axis and D=4
(001).
The structure factor of an atomic layer is express-
ed as

F(00I) = f;d®!+ fLé*?+ - + f,é*"
= Zf;,eiﬁb"
= 21 f,cos¢ + i 2 f,sing 3)

where fand ¢ are scattering factor and phase
angle of each atoms of the unit cell. If the struc-
ture is centrosymmetric, the sine series equals
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zero and

F(00)) = 2 fycos¢,
= 2 P frcos(2xlz,/c). @)

B, is the number of atom P per atomic layer, / is
the order of the reflection, and z,is the displace-
ment of the atomic layer from the center of sym-
metry normal to (00) plane, and c is the length of
the unit-cell axis. Peak positions are insensitive
to changes of the structure factor F. However, cor-
rect intensities are more complicated, because
small changes in atomic positions and variations
in atoms will change significantly the structure
factor and therefore intensities of some reflec-
tions.

The layer scattering factor G is essentially the
same as the structure factor F except that it is
modified to result in a function that is continuous
with respect to 6 (see, Reynolds, 1980. Rearrang-
ing the Bragg law with the index /gives /= 2dsin6/
A, and structure factor F can be converted to G,
resulting

G(0) = 2B, f,cos(4nZ,sinb/ 1), 5)

where Z,= z,/c. | G*| at any 20 is the square of
the scattered amplitude from a unit cell, [001] of
which is oriented parallel to the incident beam.

Substitution of cations does not affect L,and
@ but G. Equation (5) indicates that the atomic
scattering factor, and number of atoms, and atom-
ic coordinates Z, are major factors in determi-
ning G and therefore intensities of XRD reflec-
tions. If substitution of cations does not result in
significant displacement of atoms in the structure,
the changes of atomic scattering factors will large-
ly account for the change of resulting G.

Atomic scattering factors of most atoms com-
mon in sheet silicates can be calculated using the
polynomial equation (Wright, 1973),

4 1 n
f(ﬂ)=r§oan(1+—2uz) , 6)
where £ = 1/d

= 2sinf/2.

Calculation result of atomic scattering factors of
major cations in smectite is in Table 4. The effects
of temperature on the atomic scattering factor
were not considered in the calculation for sim-
plicity. Scattering factors of Si and Al are very
similar. Thus, the substitution of Al tetrahedrally
coordinated Si will have little effect on the total
layer scattering factor. The substitution of Mg for
Al will cause only minor changes in G, because
scattering factors of Mg and Al are also similar.
However, the scattering factor of Fe is much
higher than that of Al and Mg, and thus the sub-
stitution of Fe for Al and Mg at octahedral sites
will cause significant changes in G.

Table 4. Atomic scattering factors of cations for
CuK« radiation. The calculation is based on the data
by Wright (1973).

Cations f£at001 f£at002 f£at003 fat004
0=261 (0=523) (6=787) (6=10519

AMS 1142 1117 1074 1040
Si* 1190 1167 1126 1081
Mg " 997 9.88 972 9.52
Fe* 2391 2359 2301 2246
DISCUSSION

Dioctahedral and Trioctahedral
Smec-tites

The 002 and 003 peaks of ethylene—glycolated
smectites are fairly prominent, and those two
peaks change gradually in accordance with in-
creasing Fe. However, the 002 and 003 reflections
of hydrated specimens are relatively weaker than
those of ethylene—glycolated smectites, suggesting
that the 002 and 003 reflections of hydrated Fe-
rich smectites may not be detectable on the dif-
fraction patterns unless the samples contain sig-
nificant amount of smectite. The intensity of the
002 reflection of hydrated trioctahedral smectite
decrease gradually with increasing Fe substitu-
tion, but reverse of such trend occurs starting
from the smectite having octahedral composition
of approximately Mg sFe,s.

XRD patterns of ethylene-glycolated speci-
mens are more useful than those of hydrated
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specimens in obtaining informations about octa-
hedral composition using the 002 and 003 intensi-
ties because of the trend of 002 reflection intensity
of hydrated trioctahedral smectite and relatively
weak intensities of the 002 and 003 reflections of
hydrated smectites. Different 00/ intensity distri-
bution of ethylene-glycolated and hydrated
smectites is caused by the change of phase angles
(¢ in Eq.5) as a result of different basal spacings of
two types of specimens.

The major difference between XRD patterns
of ethylene-glycolated dioctahedral and trioct-
ahedral smectites is that the 003 reflections are
very weak or almost absent in trioctahedral
smectites whereas the 002 reflections are relative-
ly strong. Such simulation results indicate that
the intensities of 002 and 003 reflections are cor-
related to the scattering power of octahedral cati-
ons; the 002 reflection becomes stronger with in-
creasing scattering power of octahedral cations,
and the 003 reflection becomes weaker.

The scattering power by various octahedral
cations can be analyzed quantitatively by com-
paring their scattering factors. The scattering by
Fe is approximately 2.1 and 24 times that of Al
and Mg for the atomic scattering factors (Table
4). The ratio for Al ranges from 2.09 for 001 to
2.16 for 004, and the ratio for Mg ranges from 2.40
for 001 to 2.36 for 004. Although model structures
that are used for the calculaton do not take into
account the possible occurrence of unoccupied
sites, the effect of vacancies, denoted by O, can
be used in order to compare the scattering pow-
ers of smectites having different cations in octahe-
dral sites (Brown and Brindley, 1980). For exam-
ple, the intensity distributions of end-member
smectites having (Al:oFeoo) and (MgsdFeoo) in octa-
hedral sites per formula will be similar to those
of smectites having (Feoss O:0) and (Fei 2 O 27)
per formula, respectively.

XRD pattern of dioctahedral smectite having
(Fe.:Alis) in octahedral sites (Fig. la) exhibits
characteristics of higher scattering by octahedral
cations than that trioctahedral smectite having
(Mgso Feoo) in octahedral site by showing stronger
002 reflection and weaker 003 reflection. The
scattering by (Fe:-Alp.3) can be approximated by
(Fe.s. O 1) and its scattering power is similar to

that by (Mg: «Fe.a). Therefore, the layer scattering

factor of some dioctahedral smectite will be with-
in the range of that of trioctahedral smectite spe-
cies, and 00/ reflections of some ferrous saponite
will be similar to those of nontronite(e.g., Figs. 1a
and 3b). Such result indicates that some of ferrous
dioctahedral smectites cannot be easily distin-
guished from trioctahedral smectites directly
from 00/ reflections.

Various interlayer cations also cause changes
in 00/ intensities, but the changes are minor com-
pared to those caused by the substitution of octa-
hedral cations(Fig. 7). The intensity ratio of 002/
003 of Na smectite is slightly higher than that of
K smectite. Such effect on the 002 and 003 reflec-
tions caused by K is similar to the effect on those
two reflections caused by Fe enrichment. There-
fore, the modification of XRD profile caused by
the interlayer cations should also be taken into
account when octahedral characteristics is inves-
tigated using 00/ reflections. Such results indicate
that the dioctahedral smectites, especially Fe-

K Smectite
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Na Smectite

U 002 003 004 05 006
k A J\; N A N

a
3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
26

Fig.7. Calculated XRD patterns (CuKa radia-
tion) of ethylene—glycolated dioctahedral smectites
(octahedral composition of AldFew per formula)
whose interlayer cations are (a) K and (b) Na. N=3 to
14.
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rich smectites, can be hardly distinguished in
practice from trioctahedral smectites because of
number of factors affecting the intensity distribu-
tion.

The correlation between ¢c-dimenion and oc-
tahedral cations can be determined in chlorites
(Radoslovich, 1962; Baily, 1972), but such correla-
tion is difficcult to be established for smectite se-
ries. The basal spacing of ethylene-glycolated
smectite may vary depending on the degree of
interlayer expansion, and the 4(001) value of
hydrated specimens varies continuously depend-
ing on available water or relative humidity
(Nagelschmidt, 1936; Bradley et al, 1937). The in-
vestigations of synthetic biotites with various pro-
portion of Fe replacing Mg indicate that there is
little variation of basal spacings (Wones, 1963;
Hewitt and Wones, 1975). However, b-dimension
is very sensitive to the substitution of octahedral
cations (Radoslovich, 1962).

The 060 reflection may used in distinguishing
dioctahedral and trioctahedral types, although
the peak may be weak because of preferred ori-
entation of clay particles. The length of b-axis is
more sensitive to the size of octahedral cations
and site occupancy in the octahedral sites than
that of a or ¢ dimension. Most dioctahedral and
trioctahedral sheet silicates can be identified
from 060 reflection using the data by Brindley
(1980) and Bailey (1980). However, nontronite (d
(060)=1.521A) and saponite (d(060)=1.5204)
have almost identical values (Brindley, 1980), and
these two minerals cannot be unambiguously
differentiated without additional data by other
analytical methods.

Chemical and X-ray characteristics of dioc-
tahedral Fe-rich smectites were studied by
Brigatti (1983), and she obtained a regression
equation, b(A)+0009=8.893+0.124{total Fel.
Brigatti (1983) suggested that the total octahedral
occupancy of dioctahedral smectite may not be
exactly 2. Furthermore, she suggested that there is
not a continuous isomorphous series in smectite
group as would be expected on the basis of chem-
ical formula. The presence of smectite whose
structural state is intermediate between dioct-
ahedral and trioctahedral state is still unsolved,
and possible occurrence of intermediate phases

would cause problems in unambiguous identifica-
tion of dioctahedral smectites from trioctahedral

types.
The Effect of Heterogeneity

Simulations showed that heterogeneous sme-
ctites result in intense and relatively sharp XRD
peaks despite random mixed-layering and com-
positional variation of component layers (Figs. 5
and 6). Calculation results of mixed-layer I/S by
Drits(1987) also showed that XRD profiles are
generally not sensitive to the degree of hetero-
geneity. The similarity of XRD profiles of
heterogeneous smectites and homogeneous smec-
tites having average compositions of hetero-
geneous ones (Figs. 5 and 6) suggests that the de-
gree of heterogeneity of smectites cannot be easily
evaluated from XRD profile.

Chemical heterogeneity of component smec-
tite layers may case slightly different basal spac-
ings, and therefore resulting XRD peaks will be
slightly broadened. However, the broadening of
XRD peaks is also a function of the size of crystal
domains (N in Eq. 2) that produce coherent
scattering (Reynolds, 1980), and structural defects
such as stacking faults will also result in broaden-
ing. Therefore, the broadening of 00/ reflections
cannot be used in examining the degree of
heterogeneity of the crystals unless other factors
affecting the peak broadening are well under-
stood.

CONCLUSIONS

The 002 and 003 reflections of smectite show
systematic changes with increasing Fe in octahe-
dral sites. However, these two reflections of
hydrated smectites are much weaker that those of
ethylene-glycolated smectites, indicating that
hydrated specimens may not be useful in obtain-
ing information about the chemistry of octahe-
dral cations. The intensity of the 002 relfection in-
creases with increasing Fe in ethylene-glycolated
smectites, but that of the 003 reflection decrease
with Fe enrichment. Dioctahedral Fe-rich sme-
ctites such as nontronite show XRD charate-
ristics that are similar to that of trioctahedral
Mg-rich smectite as a result of relatively high
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scattering power of the octahedral sheets, and
therefore some dioctahedral smectites cannot be
distinguished from triocahedral ones only from
00/ reflections. The types of interlayer cations do
not cause critical effect in determining the inten-
sity distribution of the basal reflections.

Heterogeneous smectites that are composed
of randomly interstratified layers having variable
compositions show XRD profiles that are almost
identical to that of pure smectites having the
average composition of heterogeneous ones. This
result suggests that the presence of heterogeneous
smectites in sediments and soils cannot be
unambiguously identified on the basis of the pro-
file of 00/ reflections.
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