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48,8 42) 1n one unit cell space {ca. 48.2 22).

After equllibrating the Na degraded-biotite at 5% RH,
it lost most of its water, and subsequent heating reduced it
completely to the anhydrous space. The 9.6 A spacing for
the anhydrous sample 1s evidence that the Na ions are imbedded
in the hexagonal holes and that the lattice is completely
closed (i.e., the tetrahedral sheets are touching each other).

The 14,52 and 14.3 A basal spacings for Mg degraded-
biotite (100 and 50-5% RH, respectively) are comparable to the
14,3 A spacing observed by Leonard (1966) for Mg degraded-
biotite (354 RH) and to the 14,47 A spacing reported by
Barshad (1948) for an air dried Mg degraded-blotite., Because
of the small number of orders used to obtain the 14.3 A spac-
ings, they are not considered to be significantly different
from the 14,52 or 14.47 A spacings, The 14.5 A4 spacing is
evidence that the double layer water complex is 4.9 A thick,
which is comparable to the 4,85 A thickness calculated for the
Mg-water complex, where Mg 1s octahedrally coordinated with
6 water molecules.

It 1s impossible to know the exact water content of the
sample because of the impurity known to be in the sample.
However, the water content appears to be between 6 and 7
Ho0/Mg. Both the thickness and the water content were
indicative of an octahedral arrangement of water molecules
around the interlayer Mg. Thls arrangement was further

corroborated by the 1-.D structural analysis.
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The basal spacings for Mg degraded-biotite after heating
at 110 and 300°C were discussed in the section on x-ray
diffraction analysis, and since the TGA and DTA data on this
sample are in question, the hydration status of the interlayer
Mg under these conditions will not be discussed further, As
in the case of Mg degraded-muscovite, the basal spacings
obtained are considered to represent the true basal spacings
of the Mg degraded-biotite, The 8.5 A spacing in the sample
heated at 300°C is probably a spacing for the impurity present
in the sample,

The 14.8 A basal spacing for Ca degraded-biotite
(50-30% RH) 1is signifidantly smaller than the 15.23 A spacing
for the fully hydrated sample. Thls suggests that water was
lost with a concurrent thinning of the double layer water
complex as the sample was equilibrated at 50% RH. The thinned
double layer complex has a thickness of 5.2 A which compares
with 5.19 A, the thickness calculated for the Ca-water complex,
Where Ca was octahedrally coordinated with 6 water molecules.
The water content from TGA, however, indicated the presence of
9.3 H,0/Ca in the sample at 50% BE instead of 6 H,0/Ca,
Because of the similarities between the thickness of the double
layer water complex and the calculated thickness of Ca in
octahedral coordination with water molecules, it was concluded
that the Ca in the sample is ootahedrally coordinated with 6
water molecules and that the extra 3 water molecules are

associated with but not directly attached to the Ca lon., The
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small endothermic peak at the low temperature end of the DTA
curve for the Ca degraded-biotite may indicate the loss of
some of these exira water molecules,

The 11.9 & basal spacing for Ca degraded-biotite
(5% RH - 110°C) is comparable to the 12,1 & spacing observed
by Leonard (1966) for Ca degraded-biotite (35% RH). The dif-
ference between these two spacings was not considered signif-
icant, but the moisture conditions under which these single
layer water complexes existed was considered to be sigrif.
icant, The K impurity in the sample prepared by Leonard (1966)
may have caused it to contract to its single layer water
complex at 35% RH while the Ca degraded-biotite in this study
had to be dried below 30% RH before it contracted to 1its
single layer water complex.

The apparent thickness of the single layer water complex
of Ca degraded-biotite is less than the diameter of a water
molecule, which indicates that the water molecules were im-
bedded in the tetrahedral sheets. The water content of the
single layer water complex decreased from 2.7 to 1.8 H20/u. C.
(3.3 to 2,1 Hy0/Ca) as the sample was heated over the
temperature range of its existence (90 to 140°C), These
conditions are similar to those previously discussed in rela-
tlon to the single layer water complex of Ca degraded-muscovite
and the structure of both single layer water complexes are
considered to be the same,

The 15.2 & basal spacing for Sr degraded-blotite (50% RH)
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is significantly smaller than the 15.49 A spacing for the
fully hydrated sample. This suggests that water was lost as
the sample was dried at 50% RH and that the remaining water
Was rearranged into a thinner Sr-water complex. The thinned
double layer water complex has a thickness of 5.6 A which is
significantly larger than 5.33 A, the thickness calculated
for the Sr-water complex where Sr 1s octahedrally coordinated
with 6 water molecules. The water content of this thinned
double layer water complex is 8.7 H20/Sr, which is als»
larger than the 6 HZO/Sr needed for an octahedral arrangement
of water around the Sr ion. From this evidence, it was con-
cluded that this double layer water complex has the same type
of nine-fold coordination complex described for the fully
hydrated Sr degraded-biotite in the 1.D structural analysls
section,

The 12.1 A& basal spacing for Sr degraded-biotite (30-5%
RH) is comparable with the 12,2 & spacing observed by
Leonard (1966) for Sr degraded-biotite (35% RH). The
difference between the apparent thickness of the single layer
water complex and the diameter of a water molecule indicates
that the water molecules in the water complex were imbedded
in the tetrahedrel sheets, The water content of the single
layer water complex decreased from 4,1 to 2,1 HoO u. ¢, as
the sample was heated from 55 to 113°C. These conditions
are similar to those previously discussed in relation to the

single layer water complex of Ca degraded-muscovite and the
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structure of both single layer water complexes are considered
to be the same,

The 12,4 2 basal spacing for Ba degraded-biotite
(100-30Z RH) was larger than the other single layer water
complexes and was large enough that water molecules were not
imbedded in the tetrahedral sheet. The water content of the
sample at 50% RH was 4.5 Hp0/u. ¢, which would ocoupy
approximately 45 of the 48,2 A2 available per unit cell., This
indicated that there was not room for the 0.78 Ba ions (with
5.73 AZ/Ba) to be located in the same plane as the water
molecules., The 1-D structural analysis verified this finding
and showed that the Ba ions were imbedded in the tetrahedral
sheet., The water molecules are apparently in a close pack
arrangement around the imbedded Ba ions.

After drying the Ba degraded-biotite at 5% RH, the sampie
was in its anhydrous state and had a basal spacing of 9.8 A.
This spacing is the same as that found for Ba degraded-muscox’
vite,

Degraded-phlogopite

The 12,2 £ basal spacing for Li degraded-phlogopite
(50-5% RH) is the same as that found by Leonard (1966) and
Thompson et al. (1967) for Li degraded-phlogopites that had
been equilibrated at 35% and ca. 50% RH, respectively. The
apparent thickness of the single layer water compiex is 2,6 A

(12,2 - 9.6 &) and the difference between this thickness and
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the dlameter of a water molecule indicates that the water
molecules were slightly imbedded in the tetrahedral sheets.,
The Li ions in the fully hydrated Li degraded-phlogopite
(14.63 A) were shown to be imbedded in the tetrahedral sheets
by 1-D structural analysis and they are probably in the same
location in the single layer water complex.

The water content and water loss characteristics of the
single layer water complex of L1 degraded-phlogonite and -bio-
tite are very similar except for the slight decrease in basal
spacing that occurred on drying the L1 degraded-biotite. No
reason is glven for thls difference.

The 10.3 & spacing for anhydrous Li degraded-phlogopite
(300°C) is comparable to the 10.1 A spacing found by Leonard
(1966) for a Li degraded-phlogopite (350°C) and the difference
was not considered significant. A possible explanation of
%hls spacing is given in the discussion concerning the
anhydrous 1Ll degraded-muscovite,

The 12,0 & basal spacing for Na degraded-phlogopite
(50-30% RH) is considerably smaller than the 14.85 A spacing
of the fully hydrated sample, but is comparable to the 11.89 A
spacing found by Thompson et al. (1967) for a Na degraded-
phlogopite (air dried ca. 50% RH), The difference between
the apparent thickness of the single layer water complex
(2.4 &) and the diameter of a water molecule (2.8 &) indicates
that the water molecules were imbedded in the tetrahedral

sheets. The water content of thls single layer water complex
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decreased from 4.0 to 3.7 Hy0/u. c. (2.3 to 1.8 Hy0/Na) as
the sample was heated from 25 to 60°C, The arrangement of
water molecules arcund the Na lons was considered similar to
that described in the discussion on L1 degraded-biotite, even
though the L1 ions were imbedded in the tetrahedral sheet and
the Na ions were not.

After drying the Na degraded-phlogopite at 5% BRH, it had
lost all its interlayer water, The basal spacing-¢f the
anhydrous sample, 9.6 4, 1s comparable to the 9.73 A spacing
found by Thompson et al. (1967) after heating their Na
degraded-phlogopite at 500°C., There was no significant
difference between these two spacings and they were in line
with what was expected.,

The 14.4% basal spacing for Mg degraded-phlogopite
(100-50% RH) is comparable to the 14,35 A spacing observed
by Thompson et 2l. (1967) and the 14.3 & spacings observed by
Leonard (1966) for Mg degraded-phlogopites equilibrated at
ca. 50 and 35% RH, respectively. The doublé layer water
complex is 4.8 A thick and is comparable to 4,85 A, the thick-
ness calculated for the Mg-water complex, where Mg was
octahedrally coordinated with 6 water molecules. The simi-
larity between these two values is strong evidence that the
Mg ions in the sample are octahedrally coordinated with water
molecules, |

The water content of Mg degraded-phlogopite (50% RH)
was found to be 7.2 H20/u. c¢. (8.7 Hp9/Mg) which was comparable
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to 7.56 HZO/u. c. (8.75 HZO/Mg) and 7.44 Hzo/u. ¢, reported

by Thompson et al. (1967) and Shirozu and Bailey (1966). On a
basis of this comparison and the strong evidence present above
for Mg in octahedral coordination with water molecules, it was
concluded that the structure of the interlayer region was sim-
ilar to that reported by Shirozu and Bailey (1966) for Mg-
vermiculite, 1In this structure Mg ions are octahedrally
coordinated with water molecules and the additional water
molecules are located in octahedral coordinations around empty
sites (i.e., sites similar to where the Mg is lozated but
where no Mg exists). The 1.D structural analysis glves added
strength to this conslusion,

The water content of the double layer water complex
decreased from 8.7 to 8.0 to 7.1 HZO/Mg as the Mg degraded-
phlogopite was heated from 25 to 63 to 80°C., Along with
these decreases in water content the basal spacing decreased
from 1l4.4% to 14.2 to 13.6 A, The changes in the interlayer
structure necessary to bring about these spacings are not
known; however, Walker and Cole (1957) who observed a 13.8 &
spacing for Mg vermicullte, suggested that this spacing
occurred when the Mg ion was octahedrally coordinated between
three oxygens 1in one tetrahedral sheet and three water mole-
cules, with an additional layer of water between these
coordinated water molecules and the other tetrahedral sheet,

The 11.6 A basal spacing and the water content of 2,8
HZO/Mg for Mg degraded-phlogopite (110°C) are the same as
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those found by Thompson et al., (1967) for a Mg degraded-
phlogopite which had been placed in a vacuum (0,005 mm Hg)
at 20°C. The apparent thinness of this single layer water
complex (2.0 A compared with 2.8 & for the diameter of a
water molecule) indicated that the water molecules were
imbedded quite deeply in the tetrahedral sheets. Thompson
et al, (1967) suggested that this single layer water complex
has the same structure as does the 13.6 & phase described
above except without the additional layer of water., From
the TGA and DTA data it is apparent that as the water content
decreased to 2 HpO0/Mg the single layer water complex became
unstable and the sample contracted to its anhydrous fornm.

The 10.2 A basal spacing of the anhydrous Mg degraded-
phiogopite (300°%) is comparable to the 10.0 & spacing found
by Leonard (1966) but larger than the 9.73 A spacing found by
Thompson et al, (1967) for Mg degraded-phlogopites heated at
350 and 500°C, feSpectively. The spacing 1s larger than was
expected, and 1s probably due to small amounts of water
being readsorbed before the x-ray diffraction pattern was
obtained,

The 14.7 A basal spacing for the Ca degraded-phlogopite
(50-30% RH) is smaller than the 15.08 A spacing for the
fully hydrated sample and slightly smaller than the 14,98 A
spacing observed by Thompson et al, (1967) for Ca degraded-
phlogopite air dried at ca, 50% RH. The thickness of the
double layer water complex is 5.1 & which compares with 5.19 A,
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the thickness calculated for the Ca-water complex, where Ca was
octahedrally coordinated with 6 water molecules., The
Similarity between these two values 1s strong evidence that
Ca 1s octehedrally coordinated with water molecules, The water
content from TGA was 7.7 Hp0/u. c. (9.3 E>0/Ca) which compares
with 6.6 Hy0/u. c. (7.6 Hy0/Ca) reported by Thompson et al.
(1967). This difference is probably due to different moisture
conditions under which the samples were equilibrated. Since
the double layer water complexes of Ca degraded-phlogopite and
-biotite were so similar in thickness and water content it was
concluded tiat their structural arrangements were the same,
The 11.8 A basal spacing of the Ca degraded-phlogopite
(50% BH - 110°C) is comparable to the 11,76 spacing found by
Thompson et al. (1967) and 11.9 A spacing found by Leonard
(1966) for Ca degraded-phlogopites which had been equilibrated
in a vacuum (0.005 mm Hg) at 20°C and equilibrated at 35% BH,
respectively. The difference between the apparent thickness
of the single layer water complex (2,2 A) and the diameter of
a water molecule (2,8 A) indicates that the water molecules
were imbedded in the tetrahedral sheets., The water content of
the single layer water complex decreased from 3.1 to 1.9
H20/u. ¢, (3.8 to 2.3 Hp0/Ca) onheating from 83 to 157°C.
These values are comparable to 1.66 Hz0/u., ¢. (1.92 H,0/Ca)
found by Thompson et al, (1967). The difference between 2,3
and 1.92 Hy0/Ca is probably due to conditions under which the
values were obtained (i.e., dynamic heating vs., statlic drying
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under vacu;m). The water contents and spacing of this single
layer water complex are similar to those of the single layer
water complexes of Ca degraded-blotite and -muscovite, thus the
locations and arrangements of Ca and water in the interlayer
reglon are considered to be the same as previously described
for Ca degraded-muscovite.

The 9.9 A basal spacing for anhydrous Ca degraded-
phlogopite is comparable to the 9.63 spacing found by Thompson
et al., (1967) and the 10,1 A spacing found by Leonard (1966)
for degraded-phlogopites heated at 500 and 350°C, respectively.
No explanation is offered for the apparent difference between
9.9 and 9,63 A but 9.9 A is in line with other data in this
study.,.

The 14,8 A basal spacing for Sr degraded-phlogopite
(50% RH) is significantly smaller than the 15,40 &4 spacing
for the fully hydrated sample. Thls suggests that water was
- lost as the sample dried at 50% RH and that the remaining water
was rearranged into a thinner Sr-water complex. The thin
double layer water complex has a thickness of 5.2 A, which is
slightly smaller than 5.33 A, the thickness calculated for the
Sr-water complex, where Sr 1s octahedrally coordinated with 6
water molecules., The water content of this double layer water
complex is 7.8 H,0/u. c. which 1s essentially the same as
that of the Ca degraded-phlogopite sample., Because of the
similarities beiween the water contents and thickness of the

double layer water complexes of Sr and Ca degraded-phlogopilte,
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it was concluded that the coordination of water molecules
around the interlayer cation in the double layer water
complexes of these two samples are essentlally the same,

The 11.9 A basal spacing for Sr degraded-phlogoplte
(30-5% BRH) is comparable to the 12,2 A spacing found by
Leonard (1966) for Sr degraded-phlogoplite (35% RH), the
differences between the spacings are probably not real. The
thickness of the single layer complex (2.3 A) and the water
contents (3.7 to 2,0 Hy0/u, c,) are comparable to those of
the single layer water complex of Ca degraded-phlogopite,
therefore the two water complexes are considered to be the
same,

The 9,9 A basal spacing for anhydrous Sr degraded-
phlogopite (110-300°C) is the same as that found by Leonard
(1966) for Sr degraded-phlogopite (350°C), and is in line
with geometrical-:considerations.

The 12.2 A basal spacing for Ba degraded-phlogopite
(50% RH) is considerably smaller than the 15.01 A spacing for
the fully hydrated sample. This indicates that as the sample
dried at 50% RH, the interlayer region changed from a double
layer water complex to a single layer water complex. The
apparent thickness of the single layer water complex is less
than the diameter of a water molecule., This indicates that
the water molecules are imbedded in the tetrahedral sheets,
The 1-D structural analysis of the fully hydrated Ba degraded-
phlogopite showed that the Ba ilons were lmbedded in the tetra-
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hedral sheet., They are probably in the same location in the
single layer water complex.

The water content of the single layer water complex
decreased from 3.6 to 3.2 Hp0/u. c. (4.3 to 3.8 H,0/Ba) as
the sample was heated from 25 to 67°C. This would probably
indicate a hexagonal array of water molecules around each Ba
lon with sharing of 3 to 4 of the water molecules between
adjacent Ba ions, This water complex, however, 1s different
from the single layer water complexes for Ca and Sr in that
it does not remain stable if the water content falls much
below 4 H,0/Ba.

The 9.9 & basal spacing for the anhydrous Ba degraded-
phlogopite is in line with what is expected from geometrical
considerations, |

In comparing the effects of M on the M degraded-micas,
it 1s seen that the monovalent cations are less hydrated and
cause less lattice expanslion than divalent cations of the
same size, Within valence series, the small cations resist
dehydration and lattice contraction more than large cations.
Ls the smallest divalent cation (in this study), Mg, in the M
degraded-mica, resists dehydration and lattice contraction more
than the other cations, and Na and Ba, the largest mono- and
divalent cations (in this study), respectively, are closely
matched in resisting dehydration and lattice contraction the
least. Fortunately, this property of Na was not a limiting

factor in the replacement of K from the contracted mica,
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or the NaCl-NaTPB degradation used in preparing the M degraded-
muscovites in thls study would not have worked, Likewise, the
great effectiveness of Ba as a X replacer that has been ob-
served (Beichenbach and Rich, 1968) cannot stem from the
tendency for Ba to hydrate and expand the lattice,

Another apparent trend is that the small cations with the
highest hydration energies do not have the largest number of
water molecules surrounding them. The larger cations tend
to coordinate more water molecules by using more complex
coordination schemes, This trend breaks down when the hydra-
tion energy of cation is not sufficient to retain the number
of water molecules that it can coordinate, against the con-
tracting energy of the mica lattice (e.g., Ba degraded-micas),
These more complex coordination schemes, and even octahedral
coordination of water around the larger cations, are not as
stable as the octahedral coordination of water around Mg.
Apparently, the largest cations have least stable layer water
complexes. Perhaps this is the key to interlayer ion‘exchange
in micas. Cations with less stable cation-water complexes
may be more susceptible to exchange, and since they are not
strongly encumbered with water molecules, they may also be
better replaciag agents,

In addition to the effects of cations on the hydration
characteristics of M degraded-micas, the degraded-mica also
exerts 1ts effect, The contraction energy of the degraded-

micas is very complex, and has been related to the size and
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charge of the interlayer catlon, the layer charge of the 2:1
layer and the distance between the cation and the charged
surface, ALt the present state of knowledge, it is impossible
to measure the contraction energy of the mica, independent of
the other interrelated processes occurring during the con-
traction process (e.g., dehydration of the interlayer cations).
However, some of the observations in this study may prove
useful for future research in this area,

For samples with the same cation, M degraded-biotite and
~-phlogopite behave very similarly with respect to dehydration
and contraction due to drying or heating, whereas M degraded-
muscovite tends to be more dehydrated and more contracted at
the same degree of drying or heating, Put in a more quantita-
tive way, the AH (net energy required to dehydrate the M
degraded-micas, encompassing both the hydration energies of
the cations and the contracting energles of the degraded-
micas) values for the M degraded-muscovites are generally lower
than AH values for the M degraded-blotite and -phlogopite for
the same M. The differences between the AH values are
attributed to differences in the contracting energies of the
degraded-micas, with larger contracting energies producing
smaller AH values.

If AH values and contracting energiles are related and if
layer charge 1s the dominant factor in the contracting
energy, the relation between AH and layer charge should

indicate the nature of the relationship. & plot of the



average AH, in Kcal/mole of water (Table 9, column 3; exclud-
ing the value for Mg degraded-phlogopite), for each degraded-
mica against the reciprocal of the layer charge, in electrons/

100 &2

» Yields a linear relation (Figure 42). The linear
relation shows that there is a simple reciprocal relationship
between AH and layer charge and infers that layer charge is
the dominant factor in the contracting energy. More research

is needed to determine the exact relation of layer charge to

contracting energy of the degraded-micas.
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APPENDIX

The following notes are given to explain the abbreviated
column titles in the Appendix Tables:

ORDER - the order of the x-ray reflection

D(00OL) - spacings caloulated from Bragg's Law
(d = n¥2 sin6) with n = 1

C SIN(BETA) - spacings calculated from Bragg's Law with
n = ORDER

NEL-RIL FUNCTION - function described by Nelson and
Riley (1945), % (cosze + cosze)

sin® ]
INTENSITY - intensity of the x-ray diffraction maxima

INT/LP - INTENSITY divided by the combined Lorentz and
polarization factors ({1 + c0s228)/sin 26)

IFl - magnitude of the structure factor calculated from
intensity data, (INT/LP)%

SIGN USED - the signs obtained from the theoretical
structure factors which were used with |F| to

calculate values for the electron density function



TABLE 1. X—RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FOR MUSCOVITE (< 50 MICRONS)

GRDER D(00L) C SIN(BETA) NEL-RIL INTENSITY ANT iFl SIGN
FUNCTION LP USED
-1 10.05 10. 05 12.952 7520.0 582.04 24013 +
2 4.98 9.97 €.296 1380.0 221e 271 14.88 -
3 3.33 9.98 4.065 3710.0 931.01 30.51 +
4 2«49 9.98 2903 380.0 135.00 11.62 +
5 1.99 9.97 2171 1440.0 688472 2524 -
6 l.66 9,97 l.658 42.0 26.08 5011 +
7 l.42 9.96 1.269 85.0 664,12 8.13 +
8 1.25 9. 97 0. 962 97.5 89.80 9.48 +
9 1.12 10.06 0.725 11.0 10.96 3e31 +
10 1.00 9.95 0.484 14.0 13.19 3.63 +
11 0.91 9.97 0.298 24.0 17.88 4e23 +

291



TABLE

onBcR

—

O ONONS LN~

2« X—RAY DIFFRACTION DATA USED FUR
PLUTS FOR LI DEGRADED-MUSCCOVITE (L

0 {00L)

11.95
6.01
4. 00
3.01
2041
2.01
1.72
le51
1.34
1.20
1.10

C SINI3ETA)

11.35
12.01
12.01
12.02
12.04%
12.04
12.03
12.04
12.04
12. 07

NEL-RIL
FUNCTION

15.426
7652
44986
3.622
2. 1783
2.189
l.749
le4Q7
1.124
De886
Ua 685

INTENSITY

186C0.0
1750.0
30.0
3550 0
50.0
500.0
1.0
4560
4%e U
130
8e 0

CALCUL AT ING 1-1)
50 MICRUNS)

ELcCTRON
ANT 1F
Lp

1207.31 34,75
230.2% 1517
Ge 10 2647
1003, 26 31.67
1659 4631
23707 15.40
10.63 3.26
32423 S5e68
37.23 6e1ll)
12.33 3452
Be 0O 2e83

DENSLVY

SIGN
USkED

| + 4+ 4+ 1 &

FREFINFI

€91



TABLE 3. X—RAY DIFFRACTICN DATA USCD FUR CALCULATING 1-D CLECTRUN DENSITY
PLUTS FOR NA DEGRADED—-MUSCUVITE (< 50 MICROUNS)

OHDER D{OOL) C SIN(BETA) NEL-RIL INTENSITY INT IF{ STGN
FUNCTION Le usi-u
1 12.16 12.16 15 T04 25100 0 1792390 42.34 +
2 6.11 12.22 T1.787 12500 16155 12.71 -
3 4.07 12.20 5,071 135.0 26«99 520 +
4 3.06 12.23 34695 27600 154618 27.64 +
5 2e45 12.24 26837 50.0 18.19 426 +
6 204 12.25 26242 197.0 91. 20 FeH5 -
7 175 12.26 1.800 52.0 29a 89 S5¢47 -
8 1.53 12.25 1. 448 500 39501 392 +
9 l.36 12.24 la1lu3 l6e 4 13.53 3.63 +
10 1.23 12.26 0325 240 2249 474 +
11 l.11 12.19 Ce 706 7.0 b5a99 2eb4 +
12 1.02 12.21 0529 Be4 8.13 24 85 +
13 Oe 94 12.23 0.371 80 Ge T2 259 +
14 0.88 12,27 0.234 150 9e 66 3.11 +

HOT



TASLE 4. X—-RAY DIFFRACTION DATA USED FUR CALCULATING 1-0 cLeCTRON OENSITY
PLOTS FOR MG DEGRADEL-MUSCAVITE (< 50 MICRONS)

URDER bloocL) C SIN(BETA) NEL-RIL INTENSITY INT | Fl STGN
FUNCT IUN LP Usii

1 14.30 14.30 186493 21250,.0 115C.47 33.G2 +
2 Tel7 14.33 9.180 Ve O 0.0 Oe -
3 4.80 14,39 6.047 1100.0 133477 13.56 -
4 3. 60 14440 4e438 70060 153045 12467 +
5 2e0d 14440 3446 121040 3606 06 1593 +
6 2440 14.43 2. T74 36.0 13.41 360 -
K 206 l4. 41 20209 160.0 73.18 3eD5 -
8 1.80 14.43 l.8862 4840 20644 5614 -
9 1..60 14,39 1.560 15.0 Ye 35 3.14 +
10 le44 14.43 1.304 4544 0 33. 54 5«79 +
11 le31 l4 .44 1.080 10.0 B8e57 2.94 +
1.2 1.20 14.41 0. 380 144 C 1337 3606 +
13 l1.12 14.54 0725 5.2 He 18 2428 +
IR 1.03 l4s 47 0.561 7.0 687 2.62 +

¢oT



TABLE

ORDER

WO NOVWV SN -

5¢ X—RAY DIFFRACTIUN DATA USED FUR

PLOTS FOUR CA DEGRADED—-MUSCOVITE (< 50 MICRUNMS)

p{uoL)

l4.61
7.37
4.93
3. 70
2.96
2.49
2.12
le.86
leb?
le49
1.35%
1.24
lo14
1. 06

C SIN(BETA)

14.61
14.75
14.78
14.380
14.82
14.93
14.26
14.806
15.03
14. 86
14.88
14. 86
14,85
14.87

NEL-RIL
FURCTIUN

18.892
Q454
6.223
4e 575
2a504
28394
20362
1.964’
le72
le3274
1.149
0.943
O.771
0617

INTENSITY

12200.90
400
1100.0
3800
1260. 0
20.0
220.0
5C.0
0.0
266 0
10.0
15.0
5.0
6e0

INT
LpP

646,51
“4e 25
178448
34444
362410
7T.13
96 .58
26442
0.0
19.01
Ge3%
13.91
4.9%
597

2h%e43
2e06
13.36
YelS
19.03
ZathT
Ge i3
5. 14
0a0

4036
299
373
2622
2 eh4h

CALCULATING 1-D EFLLECTRJON DENSITY

SIGN
usten

-

P+ + &

N

991



TABLE 6. X—-RAY DIFFRACTION DATA USED FOR CALCULATING 1-0 HLECTRON DENSITY
PLOTS FOR SR DEGRADED-MUSCOVITE (< 50 MICRUNS)

ORDER D(UGL) C SIN(BETA) NEL-RIL INTENSITY INT IF} SIGN
FUNCTION Le USto
1 14.85 l4.85 19.212 7160040 3731.03 61.08 +
2 Te60 15.19 Qe 743 65.0 6o 10 2459 +
3 5.03 15.10 Ce364 604060 958.0¢% 30.9% +
4 3.78 15,11 4e 6810 184040 399.47 1999 +
5 3.03 15.15 3.06506 9340.0 2614e 87 ble 14 +
6 252 15.13 2~942 425.0 148 « 94 12.20 +
7 2.16 15.14% 2.422 1225. G 524439 22490 -
8 1.90 15.17 26023 45060 2304 86 15.1% -~
S l1a08 15.16 le 6395 3240 19.47 denrl -
1.0 1.52 15. 17 l. 425 240.0 170.33 13.05 1
11 1.38 15.15 1.191 178U 144.93 12. 04 +
L2 l.26 15.15 Ce991 117.0 10625 10. 351 +
13 le17 15.16 0.816 2245 21.97 4 e 69 +
1.4 1.08 15.17 0659 2560 24499 500 +
1.5 1.01 15.20 0. 521 13.6 13.11 3.62 -
16 0.95 15.19 O0«38Y9 31l.0 2717 521 +
1.7 0. 89 15. 14 O.264 20.0 13.88 3.73 +

491



TABLE

ORDER

-t

COUC~NOOVNLHWN -

Te X—-RAY DIFFRACTION DATA USED FOR CALCULATING
PLUTS FOR BA DEGRADED-MUSCOVITE

D(COL)

14.371
Te1ll
hel4
3.55
2e4
2437
2403
1a77
le 538
le4?2

C SIN(BETA)

14.37
14.22
14.23
14.22
14.22
14.21
14,22
14.20
14.23
14.21

NEL-RIL
FUNCTION

lde584
G105
5.979
4e3717
36397
2eT21
26228
le836
1.531
le266

INTENSITY

13250.0
600. G
500
355.0
210040
20.0
6650
15.0
240
15,0

1-0D ELECTRUN

(< 50 MICRONS)

InT
LP

T13.84
66e 2}
Be4b
B2e55
634.16
Te60
309. 84
Be 40
16.02
11.69

(|

2oeT2
e l4
291
EPNVLY
25618
dall
17.60
2e91
400
3e4?2

JENSITTY

SIGN
uskD

+

A1 4+ 1 4 4+ 4]

G971



TABLE

ORDER

s

CVOSNOCUVDWN

D(ooL)

10.09
503
3.35
2.51
201
1.67
1.43
1.25
le.12

DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FOR BIOTITE (< 50 MICRONS)

C SIN(BETA)

10.09
10.07
10.05
10.04
10.03
1004
10. 04
10.04
10.04
10. 04

NEL-RIL
FUNCTION

13.011
6.364
4.098
2926
2190
l.677
1.288
0.977
0.720
0.501

INTENSITY

7127.1
68.7
3251.5
355.6
339.3
86.9
72«6
52.8
Te6
14.8

INT
LpP

549, 08
10.90
809. 04
125.30
160.83
53.40
55.85
48.28
T7.58
14,11

IF 1

23.43
3430
28.44
11.19
12.68
7«31
Tatl
6.95
2.75
3.76

SIGN
USED

e I o

691



TABLE

ORDER

Doo~NCVH W

Y« X—RAY DIFFRACTION DATA USED FOR CALCULATING 1-D CLECTRON GENSITY

PLOTS FOR LI DEGRADED-BIOTITE (<

D(OOL)

13.60C
6e 34
4,53
3e40
2. 72
2.27
1.95
1.70
l1.51
1.36
l. 24
lol4
1.05
0.97
0.91

C SIN(BETA)

13.60
13.67
13.59
13.60
13.062
13.062
13.63
13.63
13.63
13.63
13,63
13 .04
13.63
13.64
13.63

NEL-RIL
FUNCT ION

17578
Be 7140
5. 691
4.167
3223
25380
2100
1. 726
1.421
le167
0. 949
D761
0.590
Qo442
0304

INTENSITY

69000 0
5500
180
7400.0
2325.90
1700
2380
35. 0
148.0
9240
464 O
10.0
23.0
1620
32.0

50 MICRURNS)

INT
LP

3830, 58
6Te81
178
1809,97
T40e 17
68e 21
11763
2049%
105.31
75.94
42. Cllf
Fe HU
22«17
ideb?
<4610

1F

l32¢ 70
CGelh
133

42654

2Te21
826

1V0. 8%
G oS E

10.24
Rall2
Ve
3.1
477
382
491

SIGN
useD

SR IR N B

+

041



X—RAY DIFFRACTION DATA USED FOR CALCULATING

1I-0 ELECTRON OUENSITY

PLUTS FOR NA DCEGRADED-BIOTITE (< 50 MICRUNS)

TABLE 10.
ORDER D(aOL)
1 14.85
2 T.48
3 4.98
4 3.74
5 2.78
6 2e 49
1 2413
8 le87
9 l1.68
10 l. 49
11 l.36

l.24

C SIN(BETA)

l4. 35
14.95
14.94
14.92
14.97
14.92
14.93
15.08
14.91
14.63
14.493

NEL-RIL

FUNCTION

19.212
Je 532
6.296
4.623
3591
2903
23706
1.973
1.681
L.3283
1.153
0.959

INTENSITY

650040
Ue O
2700
140.0
640.,0
254 C

cCol owv
[ ]
ccCcCcCco

P

INT
LP

33be 11
Va0
43429
306 74
132.50
1350
1091
2.(72
Oe U
Oeu
14.94
9.23

¥

1 (Jo ‘f()
Oa O
Ve9H8
Heb5

1351
3e67
3430
le?2
Ne O
UeU
a7
3.04

SIGN
ust:b

+ 1+ 4

+ 4+

oo ot |

T4T



TABLE 1le X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FOR MG DEGRADED-BIOTITE (< 50 MICRONS)

DRDER D(OOL) C SIN(BETA) NEL-RIL INTENSITY JINT iF1 SIGN

FUNCTION Le USED
1 14.54 14.54 18.799 6700.0 356« 82 18.89 +
2 Te25 14.51 9.296 800.0 86446 9.30 +
3 4 .85 14.54% 6117 0.0 0.0 0.0 +
4 3463 14.50 b4e 414 100.0 22.74 411 +
5 290 14,51 3. 479 850. 0 2504 45 15.83 +
6 2¢43 14.58 2.810 5.0 1.84 - 1le36 +
T 2007 14.50 2287 0.0 0.0 0.0 -
8 1.82 14,57 1.908 8.0 4e35 208 +
9 1.61 14.50 1.578 6.0 390 1.97 +
10 145 14,50 1. 315 9.0 6482 261 +
L1 1.32 14.51 1.091 5.0 4e31 2.08 +
12 1.21 14,52 0.896 50 G.74 2.18 +
13 1l.12 14.51 0.722 20 1.99 l.41 +

rAAS



PLDOTS FOR CA

TABLE 12.
OrDER p(aoL)
1 15.18
2 7.58
3 5.07
4 3. 8¢C
5 3.04
6 2-54
K 217
<] 190
9 1.70
10 152
11 le38
12 le 26
13 lel?7
14 1.08
15 1.02

C SINIBETA)

15.18
15.15%
15.20
15,20
15,22
15.21
15.20
15.20
1528
15.22
15.20
15.14
1526
1517
1524

DEGRADED-BIOTITE

NEL-RIL
FUNCTIOCN

19.6413
9.713
64409
4710
3.677
2961
2435
2.029
le716
1. 433
1.200
0. 990
0.830
Qe 659
Qe 526

X~-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D

(< 50 MICRINS)

INTENSITY

6380060
37200
35040
146040
2720. 0
101.0
(S0
10.0
52«1
35«0
18.0
11.0
16.0
20.0

ANT
LP

3251e 48
38442
Ole4l
3144389
157+ 00
35415
33.63
13« 31
602
Jbe 30
283e6 36
].6. 3()
10e 69
16.00
19633

ELECTRON

IF i

bTa G2
19a¢1
Te 34
1775
271651
593
e 12
Lehh
6e 07
Ya 33
4 e 04
327
4 o 41)

DENSITY

SIGN
ustep

(I 2 T B

EEEEER

€41



TABLE 13+ X-—-RAY DIFFRACTICON UATA USED FUOK CALCULATING 1-D ELECTRUN DENSITY

PLOTS FOR SR DEGRADED—-BIOTITE (< 50 MICRONS)

UHDER D(30L) C SIN(BETA) NEL-RIL INTENSITY INT 1F1 SIGH
FUNCT ION LP useo

1 15.29 15.29 19.779 60900.0 3042621 5552 +
2 7«70 15.40 Y.882 631040 6%lelid 2532 +
3 515 15.44 6e 514 880.0 136.31 ll.048 -
4 3.87 15.406 4.793 2350.0 4976 279 22630 +
5 3.09 1545 3.740 4760.0 1301.77 36.08 +
6 2.58 15.47 3,022 480.0 163. 62 1279 +
7 2621 15.47 2.492 250.0 103.94 10620 -
8 1.93 15.47 2080 50.0 24 .95 500 +
9 l.72 15.50 1,754 17.5 10.31 3.21 -
1C 1.55 15.48 14706 124.9 3603 G928 +
i1 l.41 1547 1.241 4le.0 32+ 43 Y5e6H9 +
12 1.29 15.48 1.040 37.5 33.22 Se 1 +
13 1.19 15.42 0.852 13.0 12.54 354 +
14 l.10 15.47 0. 700 12.0 11.99 3.46 +
15 1.03 15.52 0.564 11.0 10.890 3e29 +

HeT



TABLE l4. X—RAY
PLOTS FOR BA DEGRADED-BIOTITE (< 50 MICRUNS)

ORDER

st

OCOVXT NN H Wi

D(COL)

1245
6.19
414
3.11
2«48
207
l.77
1.55
138
l.24

DIFFRACTION DATA USED FOR CALCULATING

C SINIBETA)

12.45
12.39
12.42
12.43
12.42
12.43
12.33
12.43
12.44
12.43

NEL-RIL
FUNCTIUN

16081
7.900
5.167
3764
2389
2287
l« 826
1.485
1.200
0.956

INTENSITY

11000.0
50.0
400.90
1800.0
120.0
128.0
10.0
30.0
27.0

1-0 ELECTRON LCENSITY

INT
Le

685414
6e37
78+ 46
488,92
424385
58.08
567
4933
24431
2%e 95

IF1

20e.1%
2652
B8e BO
22.11
Ge b
T62
238
T« 02
Lte93
4e 99

STuLN
USED

O I S

TA



TABLE 15.

JRDER

ot

O LNV SN

btaoL)

10.07
5«04
3e35
252
2.01
1.68
l.44
le20
l.12
1.01
0.92

C

SIN(BETA)

1007
10.08
10.05
10.08
10.07
10.006
10.07
10.06
1009
10.08
10.08

X-RAY DIFFRACTION DATA USED £0OR
PLOTS FOR PHLOGOPITE

NEL—-RIL

FUNCT IGN

12.981
6e371
4. 098
2940
2201
l. 684
1.296
0.983
0.731
0.909
0.320

CALCULATING 1-b CLECTRON DoNSITY
(< 50 MICRUNS)

INTENSITY

150009
190.0
585040
590. 0
9000
62.0
164.0
68.8
1.4
21.0
36.6

AN
Le

115830
30.10
1455.61
2066 90
424451
3795
125. &2
02.”’6
Te27
2Ce 11
28637

1 F|

34403
He 4
58415
l14.38
20e 60
6106
11.21
192
Zell
533

SIGN
Usti

PO S S R R

941



TABLE 16e X—RAY DIFFRACTION DATA USED FUR CALCULATING 1-D GLLECTRUN DENSITY
PLOTS FOR LI DEGRADED-PHLOGUPITE (< 50 MICRUNS)

OFDER DLCOL) C SIN{(BETA) NEL-RIL INTENSITY INT 1F | SIGN
FUNCTION LP usS =n

1 l4.54 14.54 18799 41850.0 222330 47.21 +
2 T.30 14.59 9350 2906 0 3le1lo Seb8 -
3 4.87 14.62 vel52 35060 57«46 Te b8 -
4 365 14.61 44510 940.0 21194 14.50 +
5 292 l4.62 3.508 2045, 0 597« 51 24644 +
6 2446 14.73 2.847 30.0 10.88 3630 +
7 2609 14.062 2313 108.0 48 845 6696 -
8 1.383 14.65 1924 5040 26496 519 -
G l.63 14,03 l1.602 15.0 9.61 310 +
10 l.46 14.62 1.334 48.0 35493 Se 99 +
11 1.33 14.561 1.107 12.0 10.25 320 +
12 1.22 1465 0.916 11.0 1035 3.22 +
13 l1.13 14.606 De 744 4o 4a37 2. 09 +
14 1. 04 1463 Ue583 Bel) T«91 2.81 +

AA



TABLE 17. X—RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FOR NA DEGRADED—-PHLOGOPITE (< 50 MICRONS)

ORDER btooL) C SIN(BETA) NEL-RIL INTENSITY INT IFl SIGN
FUNCTION LP USED

1 14.83 14.83 19.179 2000.0 104. 40 10.22 +
2 Te 44 14.87 9.535 130.0 13.69 370 +
3 4«96 14.87 6. 260 50.0 8.06 284 -
4 3.72 14.87 4.600 130.0 28.73 5.36 +
5 2.97 14.85 3.574 400.0 114.64 10.71 +
6 2446 14.73 2847 0.0 0.0 0.0 -
1 2.12 14.86 20364 20.0 8. 77 2.96 -
8 1.86 14.84 1.961 5.0 2465 1.63 -
9 1.67 15.01 1.668 0.0 0.0 0.0 +
10 1.48 14.85 1.373 0.0 0.0 0.0 +
i1 1.35 14.87 le 147 2.0 l.67 1.29 +
1.2 1.24 14.84 0.945 40 3.71 1.93 +

841



TABLE 18. X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FOR MG DEGRADED-PHLOGOPITE (< 50 MICRONS)

ORDER D(C0oL) C SIN(BETA) NEL-RIL INTENSITY INTY iF 1 SIGN
FUNCTION LP USED
1 14,37 14.37 - 18584 3250.0 175.09 13.23 +
3 4.80 14 .41 6.058 80.0 13. 34 3.65 -
4 3.60 1l4.41 4e442 0.0 0.0 0.0 +
5 2.88 14.41 3451 40.0 11.88 345 +
8 1.80 14.43 1.882 20,0 11. 02 3.32 +
9 1.60 14.4‘2 1.565 8.0 5.24 2.29 +
10 l.44 1l4.42 1.302 7.0 534 2.31 +
1.1 1.31 14 .41 1.075 0.0 0.0 0.0 +
12 1.20 14,41 0.879 3.0 2487 1l.69 +
1.3 l.11 14.49 0719 0.0 0.0 0.0 +

641



THBLE 19« X—RAY DIFFRACTIUN DATA USED FUOR CALCULATING 1-D ELECTRON DENSITY
PLOTS FUR CA DEGRADED-PHLOGOP ITE (< 50 MICRUENS)

UHDER D(OOL) C SIN(BETA) NEL-RIL INTENSITY INd ¥ SIGN

FUNCTIUN Lp Usih
1 14,73 14,78 194115 2025060 10606 5% 3257 +
2 71.50 15400 e 617 50040 52622 Tel3 +
3 5.01 15.03 te333 4C0.0 6375 Ta S -
4 3.75 15.02 4643 400.0 dTe4b Ja3H +
5 3.01 15. 05 3.528 1020.C 28731 1690 +
6 250 15.01 2913 20.0 708 2e 65 +
7 2.15 15.02 243917 700 30.27 He bl -
8 1.88 15.04 2.000 206 G 10.38 322 -
9 leo? 15.05 le676 Ye0O 5«53 2«35 +
1.0 le51 15.06 1. 407 20.0 14435 379 +
11 1.38 1514 1.196 290 23463 4eBO +
12 1.26 15.10 0.984 11.0 10.03 317 +
13 la15 14.96 0.737 7.0 6.89 2¢62 +
14 1.08 1515 0e657 10.0 10.00 3a16 +

021



TABLE 20. X—-RAY ODIFFRACTION DATA USED FUR CALCULATING 1-D ELECTRGN DENSITY
PLCTS FOR SR DEGRADED-PHLOGOPITE (< 50 MICRONS)

ORDER DLOGL) C SIN(BETA) NEL-RIL INTENSITY INT |- SIGN
FUNCT ION LF UsLD
1 15.03 1503 19.441 6655C0. C 3527.25 5939 +
2 Te63 15.26 9.786 527C.0 540477 23625 +
3 5.11 15.33 be 467 3020.0 471e25 21.71 -
4 3.84 15.35 44762 2350.0 50110 226 3% +
5 3.07 15.35 3.712 6210.0 1711.24 4le3d +
6 2.56 15.38 . 3.001 530 0 181.982 13.49 +
7 219 1534 2465 639.0 268459 1639 -~
8 le92 15.36 2« 065 130.0 65435 8408 -
9 1.71 15.39 le 730 14.0 8. 33 VA N -
10 le 54 15439 l.461 22040 152485 12.306 +
11 l.4C 15,39 le229 530 424722 Geb 0 +
12 le28 1539 1.026 580 5le 75 Tel9 +
13 l.18 15.38 0e847 18.0 17.39 4e17 +
14 1.10 15.28 0.689 12.0 12. 00 346 +
15 1.03 15.40 OD.547 9.0 Selw 24506 +

161



PLUTS FOR

TABLE 21
UFDER D{OOoL)
1 14.78
2 T« 51
3 500
4 3.75
5 3.00
6 2.50
7 2.14
8 1.87
9 L7
10 le49
11 1.37
12 1.25
13 l.15

C SIN(BETA)

14.78
15.01
15.00
14.99
14.99
15.02
14499
14.99
15.02
14.92
15.11
15.01
15. 01

NEL-RIL
FUNCTICN

19.115
Y 625
6.316
4e637
3.610
2917
2391
1.989Y
1.670
1.385
1.185
0.970
0. 794

INTENSITY

17260.0
36440
142.C
186.0
516.0

27.0
4640
16. 0
17.0
11.0
37«9
7.4
6.2

PEVA
LP

903,99
37.98
226 63
4070

l46.91

Te b5
194 9%
e 35
10.49
Te9%
30. 96
615
(’JQ 09

IF |

3007
Vel
Mo 101
e 3¢
12.1/
34 U9
4e4
2eH9
3.24
283
S5eHh
2e61
2641

X—-RAY ODIFFRACTION DATA USED FOR CALCULATING L1—-D eLECTRUN DENSITY
BEA DEGRAUED—-PHLAOGOPITE (< 50 MICRUNS)

SIGN
UusSkn

+

P+ 4+ 4+ |

+ + o+ Lo

-

N



