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48.8 In one unit cell space (ça, 48.2 A^). 

After equilibrating the Na degraded-biotite at 5^ HH, 

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 is 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^ RE, respectively) are comparable to the 

14.3 A spacing observed by Leonard (1966) for Mg degraded-

biotite (35/^ EH) and to the 14,4? A spacing reported by 

Barshad (1948) for an air dried Mg degraded-biotite. 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 l4,52 or 14.4? A spacings. The l4,5 A 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 is octahedrally coordinated with 

6 water molecules. 

It is 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 

H20/Mg. Both the thickness and the water content were 

indicative of an octahedral arrangement of water molecules 

around the interlayer Mg. This arrangement was further 

corroborated by the l-D structural analysis. 
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The basal spacings for Mg degraded-blotIte after heating 

at 110 and 300®C were discussed In the section on z-ray 

diffraction analysis, and since the TGA and ÛTA 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-muscovlte, the basal spacings 

obtained are considered to represent the true basal spacings 

of the Mg degraded-blotite. 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 Ga degraded-biotite 

(50-30# HH) is significantly smaller than the 15.23 A spacing 

for the fully hydrated sample. This suggests that water was 

lost with a concurrent thinning of the double layer water 

complex as the sample was equilibrated at EE. The thinned 

double layer complex has a thickness of 5.2 A which compares 

with 5*19 A, the thickness calculated for the Ga-water complex, 

where Ga was octahedrally coordinated with 6 water molecules. 

The water content from TGA, however, indicated the presence of 

9.3 H20/Ca in the sample at 50# RE instead of 6 B20/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 seunple is octahedrally coordinated with 6 

water molecules and that the extra 3 water molecules are 

associated with but not directly attached to the Ca ion. The 
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small endothermlc peak at the low temperature end of the DTA 

curve for the Ga degraded-blotlte may Indicate the loss of 

some of these extra water molecules. 

The 11,9 & basal spacing for Ga degraded-blotite 

(5^ Rfl - 110®C) is comparable to the 12.1 A spacing observed 

by Leonard (1966) for Ga degraded-biotite (35^ RS). 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 signif

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 Ga degraded-biotite in this study 

had to be dried below 30^ RH before it contracted to its 

single layer water complex. 

The apparent thickness of the single layer water complex 

of Ga 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 HgO/u, c, 

(3.3 to 2,1 H20/Ca) as the sample was heated over the 

temperature range of its existence (90 to l40°G), These 

conditions are similar to those previously discussed in rela

tion to the single layer water complex of Ga degraded-muscovlte 

and the structure of both single layer water complexes are 

considered to be the same. 

The 15.2 A basal spacing for 3r degraded-biotite (50# RH) 
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is significantly smaller than the 15.^9 A spacing for the 

fully hydrated sample. This suggests that water was lost as 

the sample was dried at EH and that the remaining water 

was rearranged into a thinner Sr-water complex. The thinned 

double layer water complex has a thickness of ^.6 A which is 

significantly larger than 5.33 A, the thickness calculated 

for the Sr-water complex where Sr is octahedrally coordinated 

with 6 water molecules. The water content of this thinned 

double layer water complex is 8.7 H20/Sr, which is also 

larger than the 6 H^O/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 analysis 

section. 

The 12.1 A basal spacing for Sr degraded-biotite (30-5^ 

EH) is comparable with the 12.2 A 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 tetrahedral sheets. The water content of the single 

layer water complex decreased from 4.1 to 2.1 HgO u. c. 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 A basal spacing for Ba degraded-biotite 

(100-30^ 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 H2O/U. c. which would occupy 

approximately 45 of the 48.2 available per unit cell. This 

indicated that there was not room for the 0.78 Ba ions (with 

5.73 A^/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?^ HH, the sample 

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-muscos. 

vite. 

Degraded-phlogopite 

The 12.2 A 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-phiogopites that had 

been equilibrated at 35% and ca. RH, respectively. The 

apparent thickness of the single layer water complex is 2,6 A 

(12,2 - 9,6 A) and the difference between this thickness and 
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the diameter 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 Li degraded-phlogopite and -bio-

tite are very similar except for the slight decrease in basal 

spacing that occurred on drying the Li degraded-biotite. No 

reason is given for this difference. 

The 10.3 A 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 

this spacing is given in the discussion concerning the 

anhydrous Li degraded-muscovite. 

The 12.0 A basal spacing for Na degraded-phlogopite 

(50-30^ HH) 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. (196?) for a Na degraded-

phlogopite (air dried ^0% HH), The difference between 

the apparent thickness of the single layer water complex 

(2.4 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 this single layer water complex 
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decreased from 4.0 to 3,7 H2O/U. c. (2.3 to 1.8 H20/Na) as 

the sample was heated from 25 to 60°C, The arrangement of 

water molecules around the Na ions was considered similar to 

that described in the discussion on Li degraded-biotite, even 

though the Li ions were imbedded in the tetrahedral sheet and 

the Na ions were not. 

After drying the Na degraded-phlogopite at % HH, it had 

lost all its interlayer water. The basal spacing^bf the 

anhydrous sample, 9.6 A, is comparable to the 9.73 A spacing 

found by Thompson et al. (1967) after heating their Na 

degraded-phlogopite at 300°C. There was no significant 

difference between these two spacings and they were in line 

with what was expected. 

The l4.4 basal spacing for Mg degraded-phlogopite 

(100-50^ HH) is comparable to the 14.35 A spacing observed 

by Thompson et al. (1967) and the 14.3 A spacings observed by 

Leonard (1966) for Mg degraded-phiogopites equilibrated at 

ça, 50 and 35^ EE, respectively. The double 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^ BH) 

was found to be 7.2 H2O/U. c. (8.7 H2@/Mg) which was comparable 
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to 7.56 H^O/u. c. (8,75 HgO/Mg) and 7,^4 HgO/u, c, reported 

by Thompson et al. (I967) 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 (I966) for Mg-

vermiculite. In 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 located but 

where no Mg exists). The 1-D structural analysis gives added 

strength to this conslusion. 

The water content of the double layer water complex 

decreased from 3.7 to 8.0 to 7.1 H20/Mg as the Mg degraded-

phi ogopite was heated from 25 to 63 to 80°C, Along with 

these decreases in water content the basal spacing decreased 

from 14.4 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 A 

spacing for Mg vermiculite, suggested that this spacing 

occurred when the Mg ion was octahedrally coordinated between 

three oxygens in 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 

H20/Mg for Mg degraded-phiogopite (110®C) are the same as 
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those found by Thompson et al. (I967) for a Mg degraded-

phlogoptte 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 A 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 A 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 H20/Mg the single layer water complex became 

unstable and the sample contracted to its anhydrous form. 

The 10,2 A basal spacing of the anhydrous Mg degraded-

phlogopite (300°C) is comparable to the 10,0 A spacing found 

by Leonard (1966) but larger than the 9.73 A spacing found by 

Thompson et al, (1967) for Mg degraded-phlogopltes heated at 

350 and 500°C, respectively. The spacing Is larger than was 

expected, and is 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-phlogoplte 

(50-30# SH) Is smaller than the 15.O8 A spacing for the 

fully hydrated sample and slightly smaller than the 14.98 A 

spacing observed by Thompson et al, (19^7) for Ca degraded-

phlogoplte air dried at ca. 50^ HH, The thickness of the 

double layer water complex is 5.1 A which compares with 5.19 A,, 
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the thickness calculated for the Ca-water complez, where Ca was 

octahedrally coordinated with 6 water molecules. The 

similarity between these two values Is strong evidence that 

Ca Is octahedrally coordinated with water molecules. The water 

content from TGA was 7,7 H^O/u. c, (9.3 HgO/Ca) which compares 

with 6,6 HgO/u. c. (7,6 H^O/Ga) 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-phlogoplte and 

-biotlte were so similar In thickness and water content It was 

concluded that their structural arrangements were the same. 

The 11.8 A basal spacing of the Ca degraded-phlogoplte 

(50^ HH - 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-phiogopltes which had been equilibrated 

in a vacuum (O.OO5 mm Eg) at 20®C and equilibrated at 35^ EH, 

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 

H2O/U, c, (3.8 to 2,3 H^O/Ca) on heating from 83 to 157°G. 

These values are comparable to 1.66 H2O/U. c. (1.92 H^O/Ca) 

found by Thompson et al, (1967). The difference between 2.3 

and 1,92 B^O/Ca is probably due to conditions under which the 

values were obtained (i,e,, dynamic heating vs, static drying 
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under vacuiim). The water contents and spacing of this single 

layer water complex are similar to those of the single layer 

water complexes of Ca degraded-biotite and -muscovite, thus the 

locations and arrangements of Ca and water in the interlayer 

region 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 5OO and 350°G, 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 l4.8 A basal spacing for Sr degraded-phlogopite 

(50^ BH) is significantly smaller than the 15.^0 A spacing 

for the fully hydrated sample. This suggests that water was 

lost as the sample dried at 50^ RS 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 is octahedrally coordinated with 6 

water molecules. The water content of this double layer water 

complex is 7,8 H^O/u, c. which is essentially the same as 

that of the Ca degraded-phlogopite sample. Because of the 

similarities between the water contents and thickness of the 

double layer water complexes of Sr and Ca degraded-phlogopite, 
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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 essentially the same. 

The 11,9 A basal spacing for Sr degraded-phlogopite 

(30-5^ HH) is comparable to the 12,2 A spacing found by 

Leonard (1966) for Sr degraded-phlogopite (35)^ HH), 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 H2O/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 consideasations. 

The 12,2 A basal spacing for Ba degraded-phlogopite 

(30^ HH) is considerably smaller than the 15.OI A spacing for 

the fully hydrated sample. This indicates that as the sample 

dried at 50/^ HH, 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 ions were imbedded 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 H^O/u. c. (4.3 to 3.8 H20/3a) as 

the sample was heated from 25 to 67°C. This would probably 

indicate a hexagonal array of water molecules around each 3a 

ion with sharing of 3 to 4 of the water molecules between 

adjacent Ba ions. This water complex, however, is 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 H20/Ba. 

The 9.9 A 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 is seen that the monovalent cations are less hydrated and 

cause less lattice expansion than divalent cations of the 

same size. Within valence series, the small cations resist 

dehydration and lattice contraction more than large cations. 

As 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-

niuscovites in this study would not have worked. Likewise, the 

great effectiveness of Ba as a K replacer that has been ob

served (fleichenbach and Hich, I968) 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 replacing agents. 

In addition to the effects of cations on the hydration 

characteristics of M degraded-micas, the degraded-mica also 

exerts its 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 cation, the layer charge of the 2:1 

layer and the distance between the cation and the charged 

surface. At 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-blotlte and 

-phlogoplte behave very similarly with respect to dehydration 

and contraction due to drying or heating, whereas M degraded-

muscovlte 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 energies of the degraded-

micas) values for the M degraded-muscovltes are generally lower 

than AH values for the M degraded-blotlte and -phlogoplte 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 energies are related and If 

layer charge Is the dominant factor In the contracting 

energy, the relation between AH and layer charge should 

Indicate the nature of the relationship, A plot of the 
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average AH, in Kcal/mole of water (Table 9, column 3» exclud

ing the value for Mg degraded-phiogopite), for each degraded-

mica against the reciprocal of the layer charge, in electrons/ 
2 100 A , 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. Mpre research 

is needed to determine the exact relation of layer charge to 

contracting energy of the degraded-micas. 



I I I I I I 1 
0.22 0.23 0.24 0.25 0.26 0.27 0.28 0.29 

1 /  l a y e r  c h a r g e  ( e l e c t r o n s / l O O A  ̂  )  

PlgiAr<3 42. A plot of AH V8' the reciprocal of the layer charge for the 
degraded-micas 



155 

LITEHATUEE CITED 

Allison, E, B. 1955. Quantitative thermal analysis of clay 
minerals. Clay Minerals Bulletin 2; 242-253. 

Bailey, S, W. 1966. The status of clay mineral structures. 
Clays and Clay Minerals l4: 1-23. 

Barshad, I. 1948. Vermiculite and its relation to biotite 
as revealed by base exchange reactions, x-ray analyses, 
differential thermal curves, and water content. American 
Mineralogist 33: 655-678, 

Barshad, I. 1950. The effect of the interlayer cations on 
the expansion of the mica type of crystal lattice, 
American Mineralogist 35: 225-238, 

Barshad, I. 1952. Temperature and heat of reaction calibra
tion of the differential thermal analysis apparatus. 
American Mineralogist 37: 667-694, 

Barshad, I. 1965. Thermal analysis technique for mineral 
identification and mineralogical ccxaposition. 
Agronomy 9: 699-742, 

Barta. H, and Bruthans, Z, 1961. Effect of grinding on the 
structure of crystalline substances, investigated by 
differential thermal analysis. Conference on the 
Silicate Industry Proceedings (Budapest) 6s 17-28, 

Bockris, J, 0. M. 195^. Modern aspects of electrochemistry, 
Butterworths, London, England, 

Boss, B, D, 1967. Differential thermal analysis of biotitlc 
vermiculite to determine vermiculite content, American 
Mineralogist 52: 294-298, 

Bradley, W, P., Weiss, E, J. and Rowland, R, A. 1963. 
A glycol-sodium vermiculite complex. Clays and Clay 
Minerals 10: 117-122. 

Bremner, J, M. 1965. Inorganic forms of nitrogen. Agronomy 
9: 1179-1237. 

Buerger, M, J, i960. Crystal-structure analysis, John Wiley 
and Sons, Inc,, New York, N.Y. 

Cahn, L, and Schultz, H, 1963, Aerodynamic forces In thermo-
gravimetry. Analytical Chemistry 35: 1729-1731. 



156 

ChatterJee, P. K. 1965. Application of thermogravimetrio 
techniques to reaction kinetics. Journal of Polymer 
Science, Part A, 3; 4252-4262. 

Cole, W, F. and. lancucki, G, J, 1966. Tabular data of layer 
structure factors for clay minerals. Acta Grystallog-
raphlca 21; 836-838, 

Cotton, P. A, and Wilkinson, G, 1962. Advanced inorganic 
chemistry, John Wiley and Sons, Inc., New York, N.Y. 

Cromer, D. T., Larson, A. C, and Waber, J. T. 1963. Hartree 
scattering factors for elements 2 through 98 and for 
several ions. Los Alamos Scientific Laboratory Report 
L6.-2987 (Los Alamos, New Mexico), 

David, D. J, £a, 1968. Introduction to theory and application 
of DTA and considerations of Stone Instrumentation 
features. Circular from R. L. Stone Co., Division of 
Tracer, Inc., Austin, Tezas. 

Donnay, G., Morimoto, N., Takeda, H, and Donnay, J. D. H. 
1964. Trloctahedral one-layer micas. I. Crystal 
structure of a synthetic iron mica. Acta Crystal-
lographla 17: I369-1374. 

Freeman, E, S, and Carroll, B, 1958. The application of 
thermoanalytlcal techniques to reaction kinetics. 
Journal of Physical Chemistry 62; 39^-397. 

Graham, J. 1964. Adsorbed water on clays. Reviews of Pure 
and Applied Chemistry l4; 8I-9O, 

Gutierrez Rlos, £. and Martin Vivaldi, J. L. 1950. 
Hydration of layer lattice silicates with exchangeable 
cations. 4th Congress of International Soil Science 
Society Transactions (Amsterdam) 2; 67-71. 

Hurst, C. A, and Jordine, E, St. A. 1964. Role of electro
static energy barriers in the expansion of lamellar 
crystals. Journal of Chemical Physics 4l; 2735-2745. 

Jackson, M. L. 1958. Soil chemical analysis. Prentice-Hall, 
Inc., Englewood Cliffs, New Jersey. 

Jonas, 2. C. and Roberson, H. E. 196O, Particle size as a 
factor influencing expansion of the three-layer clay 
mineral?i American Mineralogist S2S-S32, 

Keay, J, and Wild, A. 1961, Hydration properties of ver-
mlculite. Clay Minerals Bulletin 4: 221-228. 



157 

Leonard, H, A, 1966. Mica weathering In relation to 
structural and compositional chemistry. Unpublished 
Ha.D, thesis. Raleigh, North Carolina, Library, North 
Carolina State University, 

Llpson, H. and Cochran, W. 1957• The determination of 
crystal structures. G. Bell and Sons, Ltd., London, 
England. 

Loddlng, W, 1967. Determination of strain energy In 
muscovlte by simultaneous measurement of enthalpies and 
weight loss. Society of Mining Engineers Transactions 
238Î 1-6. 

Mackenzie, R. C. 1964. Hydration selgenschaften von Mont-
morlllonit. Berichte Deutsch Keramik Gesellschaft 
41: 696-707. 

Mackenzie, R. C. and Milne, A. A, 1953a-. The effect of 
grinding on micas. Clay Minerals Bulletin 2: 57-60, 

Mackenzie, R, C. and Milne, A. A, 1953t>. The effect of 
grinding on micas. I, Muscovite, Mlneraloglcal 
Magazine 3O: 178-I85. 

Mackenzie, R. C. and Mitchell, B. D. 1957. Apparatus and 
technique for differential thermal analysis. In 
Mackenzie, R, C., ed. The differential thermal 
investigation of clays. Pp. 23-64. The Central Press, 
Aberdeen, Scotland. 

Marques, J. M. and Scott, A.D. 1968. Preparation of sodium-
degraded mica. Clays and Clay Minerals 16; 321-322, 

Mathleson, A, McL, and Walker, G, F, 1952, The structure of 
vermlculite. Clay Minerals Bulletin 1; 272-275. 

Mathleson, A. McL, and Walker, G. P. 1954, Crystal structure 
of magnesium-vermlculite. American Mineralogist 39: 
231-255. 

McAdle, H, G. 1966. Simultaneous differential thermal 
analysis and quantitative thermogravlmetry. In Vaughn, 
H, P., ed. Some applications of thermal analysis: 
Proceedings of a seminar. Pp. 1-4. Mettler Instrument 
Corp,, Princeton, New Jersey, 

Murray. P. and White. J. iQbQ. Klnetine of thermal 
dehydration of clays, British Ceramic Society 
Transactions 48: 187-206, 



158 

Nelson, J. B. and Riley, D. P. 19^5. An ezperimental investi
gation of extrapolation methods in the derivation of ac
curate unit cell dimensions of crystals. Physical Society 
(London) Proceedings 57î l60. 

Hadoslovich. E, W, i960. The structure of Muscovite, KAI2 
(Si^l)Oio(OH)2. Acta Crystallographica 13; 919-932. 

Heed, M. G. and Scott, A. D. 1962. Kinetics of potassium 
release from biotite and muscovite in sodium tetraphenyl-
boron solutions. Soil Science Society of America Proceed
ings 26: 437-440. 

Reed, M. G. and Scott, A, D. 1966. Chemical extraction of 
potassium from soils and micaceous with solutions 
containing sodium tetraphenylboron. IV. Muscovite. 
Soil Science Society of America Proceedings 30; 185-188. 

Reichenbach, H. G. and Rich, C. I. 1968. Preparation of 
dioctahedral vermiculites from muscovite and subsequent 
exchange properties. 9th Congress of International Soil 
Society Transactions (Adelaide) 1; 709-717. 

Russell, J. D. and Farmer, V. C. 1964. Infra-red spectro
scopic study of the dehydration of montmorillonite and 
saponite. Clay Minerals Bulletin 5î 443-464. 

Scott, A. D. 1968. Effect of particle size on interlayer 
potassium exchange in micas. 9th Congress of International 
Soil Science Society Transactions (Adelaide) 2; 649-660. 

Scott, A. D. and Reed, M. G. 1962. Chemical extraction of 
potassium from soils and micaceous minerals with solu
tions containing sodium tetraphenylboron. II. Biotite, 
Soil Science Society of America Proceedings 26: 41-45. 

Scott, A. D, and Smith, S. J. I966. Susceptibility of 
interlayer potassium in micas to exchange with sodium. 
Clays and Clay Minerals 26s 69-8I, 

Scott, K. T. and Harrison, K. T. 1963. Some studies of the 
oxidation of uranium dioxide. Journal of Nuclear 
Materials 8s 307-319. 

Shirozu, H. and Bailey, S. W. 1966. Crystal structure of 
a two-layer Mg-vermiculite. American Mineralogist 51: 
1124-1143. 

Steinfink, H, 1962. Crystal structure of a trioctahedral 
micas Phlogoplte. American Mineralogist 47: 886-896, 



159 

Sudo, T., Shlmoda, S., Nlshigaki, S. and Aokl, M, 1967. 
Energy changes In dehydration processes of clay 
minerals. Clay Minerals ?; 33-^2. 

Swlndale, L. D. 1959» A one-dimensional Fourier investigation 
of a soil montmorillonite. New Zealand Journal of 
Geology and Geophysics 2; 342-349. 

Thompson, T. D., Wentworth, S. and Brindley, G. W. 1967. 
Hydration states of an expanded phlogoplte in relation 
to Interlayer cations. Clay minerals ?: 43-^9. 

van Olphen, H. 1965. Thermodynamics of Interlayer adsorption 
of water in clays. I, Sodium vermicullte. Journal of 
Colloid Science 20: 822-837. 

Walker, G. P. 19j6. Diffusion of interlayer water in 
vermicullte. Nature (London) 177î 239-240. 

Walker, G. P. and Cole, W. F. 1957. The vermicullte minerals. 
In Mackenzie, E. C., ed. The differential thermal 
investigation of clays. Pp. 191-206. The Central Press, 
Aberdeen, Scotland, 

Walker, G. F. and Milne, A. A. 1950. Hydration of 
vermicullte saturated with various cations, 4th Congress 
of International Soil Science Society Transactions 
(Amsterdam) 2: 62-67. 

War Shaw, C. M., Rosenberg, P. E, and Boy, H. 196O. Changes 
effected in layer silicates by heating below 550°C. 
Clay Minerals Bulletin 4: 113-126. 

Weiss, Armin, Hablch, A. and Weiss, Alarlch. 1964. Elnlge 
Eigenschaften der 1. bis 4. Wasserschlcht in quellungs-
fahigen Schlchtsllikaten, Berlchte Deutsch Keramlk 
Gesellschaft 4l: 687-690, 



lôO 

ACKNOWLEDGMENTS 

The author wishes to express his appreciation to 

Dr. A. D. Scott for his assistance in the preparation of this 

manuscript and for serving as chairman of his graduate 

committee. Appreciation is also expressed to Dr. S. J. Smith 

for his suggestions and encouragement throughout the 

investigation. The assistance of Mrs. Margit Nelson in 

typing the manuscript is gratefully acknowledged. The author 

is especially grateful to his wife and their children for 

their patience, encouragement and support during the course 

of this study. 



I6l 

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(OOL) - 8pacings calculated from Bragg's Law 

(d = n/V2 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 (19^5), i (ff|^ + 

INTENSITY - intensity of the x-ray diffraction maxima 

INT/LP - INTENSITY divided by the combined Lorentz and 

polarization factors ((1 + cos^26)/sin 26) 

I PI - 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 I PI to 

calculate values for the electron density function 
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4  
5  
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11 

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

D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY INT |F |  SIGN 
FUNCTION LP USED 

10 .05  10 .  05  12 .952 7520.0  582.04  24 .13  + 

4.98  9 .97  6 .296 1380.0  221.27  14 .88  -

3.33  9 .98  4 .065 3710.0  931.01  30 .51  + 

2.49  9 .98  2 .903 380.0  135.00  11 .62  
1 .99  9 .97  2 .171 1440.0  688.72  26 .24  -

1.66  9 .97  1 .  658 42 .  0  26 .08  5 .11  + 

1.42  9 .96  1 .269 85 .0  66 .  12  8 .  13  + 

1.25  9 .  97  0 .  962 97 .5  89 .80  9 .48  + 

1.12  10 .06  0 .725 11 .0  10 .  96  3 .31  + 

1.00  9-95  0 .484 14 .0  13 .  19  3 .  63  + 
0.91  9 .97  0 .298 24 .0  17 .88  4 .23  + 

o\ (\) 
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3 
4 
5  
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2.  X-RAY DIFFRACTION DATA USfcU FUR CALCULATING 1 -0  fcL iECTRON OLNSl  IY  
PLOTS FOR L I  OEGRAOED-MUSCOVITE (<  50  MICRONS)  

DIOOL)  C S IN(3ETA)  NEL-RlL  
FUNCTION 

INTENSITY iHI 
LH 

IFI S I  GN 
USt - i3  

11 .95  11 .  95  15 .426 18600.0  1207.81  14 .75  + 

6.01  12 .01  7 .652 1750.0  230.24  15 .  17  -

4.  00  12 .  01  4 .986 30 .0  6 .  10  2 .47  + 

3-01  12 .02  3 .  622 355 0 .  0  1003.26  31  .67  + 

2.41  12 .04  2 .  7713 50 .0  18 .  59  4 .31  + 

2.01  12 .04  2 .1  89 500.  0  237.07  15 .40  — 

1.72  12 .03  1 .749 in .o  10 .  63  3 .26  -

1.51  12 .  04  1 .407 45 .0  32 .2d  5 .6  8  + 

1.34  12 .04  1 .  124 44 .  0  37 .23  6 .10  + 

1.20  12 .04  0 .886 13 .0  12 .38  3 .52  + 

1.10  12 .  07  0 .  685 8 .  0  8 .00  2  .83  4 

o\ 
VjO 
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3.  X-RAY DIFFRACTION DATA USED FUR CALCULATING 1-D LLFCTiU lN DbNSI lY  
PLOTS FOR NA OtGRADED-MUSCUVITE (<  50  MiCRuNS)  

D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY J_NI IF |  SIGN 
FUNCTION LP USi rU 

12-  16  12 .16  15 .704 26100.0  1792.30  42 .34  + 

6.11  12 .22  7 .787 1250.0  161.55  12 .71  -

4.07  12 .20  5 .071 135.0  26 .99  5 .20  + 

3.06  12 .23  3 .  695 2760.0  764.18  27 .64  + 

2.45  12 .24  2 .  837 50 .0  1W.19 4 .26  + 

2.04  12 .25  2 .242 197.  0  91 .20  9 .55  -

1.75  12 .26  1 .800 52 .0  29 .  89  5 .47  — 

1.  53  12 .25  1 .  44  8  50 .0  35 .01  5 .92  + 

1.36  12 .24  1 .  Iu3  16 .4  13 .  5d  3 .63  + 

1.23  12 .26  0 .925 24 .0  22 .49  4 .74  4 
1 .11  12 .  19  0 .  706 7 .0  6 .99  2 ,64  4 

1 .02  12 .21  0 .529 8 .4  8 .  13  2 .  85  + 

0.94  12 .23  0 .371 B.O 6 .  72  2 .59  + 

0.88  12 .27  0 .234 15 .  0  9 .  66  3 .11  4 

On 
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4 .  X-RAY DIFFRACTION DATA USEO FOR CALCULATING 1 -0  2LECTKUN UEMSITY 
PLOTS FOR MG DÉGRAOEb-MUSCGVITE C <  50 XICRHNS)  

D(  ODD C S IN(3 tTA)  NEL-RIL  
FUNCTION 

INTENSITY IMI 
LP 

I  F |  S I  GN 
USLU 

14 .30  
7 .  17  
4 .80  
3 .  60  
2 .Sâ 
2 .40  
2.06 
1.80 
1.60 
1.44  
1 .31  
1 .20  
1 . 1 2  
1.  03  

14 .  30  
14 .33  
14 .39  
14 .40  
14 .40  
14 .43  
14 .41  
14 .43  
14 .39  
14 .43  
14 .44  
14 .41  
14 .54  
14 .47  

18 .493 
9 .  180 
6 .047 
4 .438 
3 .446 
2 .774 
2 .269 
1 . 8 8 2  
1.560 
1 .  304 
1 .080 
0. 880 
0.725 
0 .561 

212 50 .0  
0. 0 

1 1 0 0 . 0  
700.0  

1210.0 
36.0  

160. 0 
48.0  
15 .0  
44 .  0  
10.0 
14.  0  
5 .2  
7 .0  

115C.47 33 .92  + 

0.  G 0 .  0  -

183.77  13 .56  -

160.  4 t»  12 .67  
360.06  18 .  98  + 

13.41  3 .66  -

73.  18  3 . -35  -

26.44  5 .  14  -

9.  85 3 .14  + 

33.  54  5 .79  + 

8.67  2 .94  + 

13.37  3 .66  + 

5.  18  2 .  28  + 

6.87  2 .62  + 

On 
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5 .  X-RAY DIFFRACTION DATA USfcO FOR CALCULATING 1-D ELbCTRdN DhNSITY 
PLOTS FOR CA DEGRADFD-MUSCOV IT  t  (<  50  MICRiJMS)  

î (  GOD C S IN(BETA)  NEL-RIL  INT ENS ITY INT i r - l  S IGN 
FUNCTIUN LP US ED 

14 .61  14 .61  18 .392 12  200.0  646.51  25 .43  4 
7 .37  14 .75  9 .454 4  0 .  0  4 .25  2 .06  -

4.^3  14 .78  6 .223 1100.0  178.48  13 .36  -

3.70  14 .80  4 .  575 380.0  84 .44  9 .19  + 

2.96  14 .82  3 .  5o4 1260.0  362.10  1  9 .  03  + 

2.49  14 .93  2 .894 20 .0  7 .13  2 .6  7  + 

2.12  14 .  86  2 .  362 22  0 .0  96 .5  b  9 .  8  3  -

1.86  14 .bb  1 .964 50 .0  26 .42  5 .  14  -

1.67  15 .03  1 .672 0 .0  0 .0  0 .0  4 
1 .49  14 .  86  1 .374 26 .  0  19 .01  4 .36  4 
1 .35  14 .38  1 .149 10 .0  a .  34  2 .  89  + 

1.24  14 .  86  0 .94 .3  15 .  0  13 .91  3 .73  + 

1.14  14 ,65  0 .771 5 .0  4 .94  2 .22  + 

1.  06  14-  87  0 .  61  7  6 .0  5 .97  2 .44  4 

o\ 
ON 
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2 
3 
4 
5  
6 
7 
8 
9 

1.0 

1.1 

I l  2 
1.3  
1 .4  
1 .5  
1.6 

1.7  

6 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  hLtCTRON DENSITY 
PLOTS FOR SR DEGRADED-MUSCOVITE (<  50  MICRONS)  

D(  GOD C S IN(BETA)  NEL-RIL  
FUNCTION 

INTENSITY INI 
LP 

I  F |  SIGN 
US to 

14.  85  
7 .60  
5 .03  
3 .78  
3 .03  
2 .52  
2 . 1 6  
l . y o  
1.68 
1.52  
1 .30  
1 . 26  
1.17  
1 . 0 8  
1 . 0 1  
0.95  
0 .  89  

14 .  85  
15 .  19  
15 .10  
15 .11  
15 .15  
15 .  13  
15 .  14  
15 .17  
15 .16  
15 .  17  
15 .15  
15 .15  
15 .16  
15 .17  
15 .20  
15 .19  
15 .  14  

19 .212 71600.0  3731 .  O S  6 1 .08  
9 .  743 65 .  0  6. 70 2 .59  
6 .364 6040.0  958.  05  30 .95  
4 .  681)  1840.0  399. 4 7 19 .99  
3 .656 9340.0  2614.  02  51 .  14  
2.942 425.0  148.  94  12  .  20 
2 .422 1225.0  524.  35  22 .90  
2 .023 450.0  230. 86 15 .  19  
1 .695 32 .0  19 .  47 4.41  
1 .  425 240.0  170.  33  13 .05  
1 .191 176.0  144.  9  3  12 .  04  
0 .991 117.0  106.  26  10 .  31  
0. 816 22 .  5  21 .  97  4 .69  
0 .659 25 .0  24 .  99  5 .00  
0 .  521 13 .6  13 .  11  3 .62  
0.369 31.6  27 .  17  '3 .21  
0 .264 20 .0  13 .  80  3 .73  

4 
+ 

4 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
4 

+ 
+ 

o\ 
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7.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELtCTRUN Ol . iNSITY 
PLOTS FOR BA DEGRADED-MUSC-JVIT t  (<  50  MICRONS)  

O(CQL)  C S IK(BETA)  NEL-RIL  INTENSITY l& I  |F |  SIGN 
FUNCTION LP USED 

14 .37  14 .37  18 .504 13250.0  713.04  26 .72  +  
7 .11  14 .22  9 .  lo t )  600 .0  66 .21  3.14  
4 .74  14 .23  5 .979 50 .0  8 .4% 2 .91  
3 .55  14 .22  4 .377 355.0  82 .55  9 .09  +  
2 .64  14 .22  3 .397 2100.0  634.16  25 .1U +  
2 .37  14 .21  2 .721 20 .0  7 .60  2 .76  +  
2 .03  14 .22  2 .228 665.0  309.84  17 .60  
1 .77  14 .20  1 .836 15 .0  8 .46  2 .91  +  
1 .58  14 .23  1 .531 24 .0  16 .02  4 .00  -  ^  
1.42  14 .21  1 .266 15 .0  11 .69  3 .42  +  
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8.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  ELECTRON DENSITY 
PLOTS FOR B IOTITE (<  50  MICRONS)  

D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY IK I  |F I  SIGN 
FUNCTION LP USED 

10 .09  10 .09  13 .011 7127.1  549.08  23 .43  + 

5.03  10 .07  6 .364 68 .7  10 .90  3 .30  + 
3.35  10 .05  4 .098 3251.5  809.04  28 .44  + 

2.51  10 .04  2 .926 355.6  125.30  11 .19  + 

2.01  10 .03  2 .  190 339.3  160.83  12 .68  -

1.67  10 .04  1 .677 86 .9  53 .40  7 .31  + 

1.43  10 .04  1 .288 72 .6  55 .85  7 .47  + 

1.25  10 .04  0 .977 52 .  8  48 .28  6 .95  + 

1.12  10 .04  0 .720 7 .6  7 .58  2 .75  + 

1.00  10 .04  0 .501 14 .8  14 .11  3 .76  + 
On 
VO 
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9 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR L I  Oi iGRADfD-BIOTITE (<  50  MICRUNS)  

D(OOL )  C S IN(BETA)  NEL-RIL  
FUNCTION 

INTENSITY im. 
LP 

I P I  S I G N  
USED 

13-60  13 .60  17 .57  8 69000.0  3930.68  62 .70  + 

6.  34 13 .67  3 .740 590.  0  67 .  81  6. 23 + 

4.53  13 .  59  5 .  691 10 .  0  1 .70  1 .33  4 

3 .40  13 .60  4 .167 7400.0  1309.97  42 .  54  H 

2 .72  13 .  62  3 .223 2325.0  740.17  27 .21  4 

2 .27  13 .62  2 .  530 170.0  68 .  21  8 .26  4 

1 .95  13 .63  2 .  100 238.0  117.63  10 .  85  — 

1.70  13 .63  1 .  72  6  35 .  0  20 .94  4 .58  + 

1.51  13 .63  1 .421 148.0  105.31  10 .  2o  4 

1 .3  6  13 .63  1 .  167 92 .0  75 .98  8 .72  + 

1.24  13 .63  0 .  949 46 .  0  42 .64  53 + 

1.14  13 .64  0 .761 10 .0  9 .  90  3 .  15  4-

1 .  05  13 .63  0 .590 23 .0  22 .77  4 .77  + 

0.97  13 .64  0 .442 16 .  0  14 .  57  3 .  82  + 

0.91  13 .63  0 .304 32 .0  24 .  10  4 .91  

->0 

o 



1 
2 
3 
4  
5 
6 
7 
8 
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1 0  
1 1 
1 2  

10.  X - R A Y  DIFFRACTION DATA USED FOR CALCULATING 1-U I rLhCTRDN UtNSITY 
PLOTS FOR NA ù tGRAOED-BlOT ITh i  (<  jO MICRONS)  

D(OOL)  C S INJBtTA)  NEL-RIL  INTENSITY IN l  IF |  SIGN 
FUNCTION LP USl :D 

14 .85  14 .  35  19 .212 6500-0  3 3  8.71  1 .-3.40  + 

7.48  14 .96  9 .592 0 .  0  0 .  0  0 .  0  + 

4.98  14 .95  6 .296 270.0  43 .29  6 .  58  -

3.74  14 .94  4 .62  3  140.  0  30 .  7  -1 5. 55 + 

2.98 14.92  3 .591 640.0  1H2.50  13 .51  
2 .49  14 .97  2 .903 38 .0  13 .50  3 .67  + 

2.13 14.92  2 .376 25 .  0  10 .  91  1 .  3  0  -

1.87  14 .93  1 .978 5 .0  2.G2 1.62  -

1.68  15 .08  1 .681 0 .0  0 .  0  0 .0  + 

1.49  14 .91  1.3 83 0.0  0 .0  0 .0  + 

1.36  14 .93  1 ,158 18 .  0  14 .  94  3 .87  
1 .24  14 .93  0 .959 10 .0  9 .  23  3  .  04 



TABLE 11 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1-D ELECTRON DENSITY 
PLOTS FOR MG DEGRADED-BIOTITE (<  50  MICRONS)  

ORDER D(OOL)  C S INIBETA)  NEL-RIL  
FUNCTION 

INTENSITY liil 
LP 

|F |  SIGN 
USED 

I 14.54 14.54 18.799 6700.0 356.82 18.89 + 

2 7.25 14.51 9.296 800.0 86.46 9.30 + 
3 4.85 14.54 6.117 0.0 0.0 0.0 + 

4 3.63 14. 50 4.474 100.0 22.74 4.77 + 

5 2.90 14.51 3. 479 850. 0 250.45 15.83 + 
6 2.43 14.58 2.810 5.0 1.84 1.36 + 
7 2.07 14. 50 2.287 0.0 0.0 0.0 -

8 1.82 14.57 1.908 8.0 4.35 2.08 + 
9 1.61 14.50 1.578 6.0 3.90 1.97 + 

10 1.45 14-50 1.315 9.0 6.82 2.61 + 

LI 1.32 14.51 1.091 5.0 4.31 2.08 + 

12 1.21 14.52 0.896 5.0 4.74 2.18 + 
13 1.12 14.51 0.722 2.0 1.99 1.41 + 

-o 
ro 
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12 .  X-RAY DIFFRACTION DATA USF.U PGR CALCULATING 1 -0  I rL i iCTKGN UENSITY 
PLOTS FOR CA DtGRAOED-BIOTIT£ (<  50  MICRONS)  

D(OOL > C  S INIBFTA)  NEL-RIL  
FUNCTION 

INTENSITY JLM 
LP 

IF 1 SIGN 
USt iD 

15.18  15 .18  19 .643 63800.0  1251.48  57 .  02  + 

7.  58  15 .  15  9 .713 3720.0  384.42  19 .61  + 

5.07  15 .20  6 .409 390.0  61 .41  7 .  84  -

3.  8C 15 .20  4 .  710 •460 .0 314.89  1  7 .75  + 

3.04  15 .22  3 .677 2  720.  0  75  7 .00  2  7 .51  + 

2.54  15 .21  2 .961 101.0  35 .  15  5 .93  
2 .17  15 .  20  2 .43  5  79 .  0  33 .63  5 .80  -

1.90  15 .20  2 .029 27 .0  13 .  81  3 .  72  -

1.70  15 .28  1 .716 10 ,0  6 .02  2 .45  -

1.52  15 .22  1 .433 52 .  1  J6 .  80  6 .07  
1 .  3  B 15 .20  1 .200 35 .0  2  8 .  36  5 .  33  + 

1.26  15 .  14  0 .  990 18 .0  16 .36  4 .04  
1 .17  15 .26  0 .830 11 .0  10 .  69  3 .27  + 

1.08  15 .17  0 .659 16 .0  16 .00  4 .00  + 

1.02  15 .24  0 .  526 20 .0  19 .33  4 .40  

-o w 



:o 

1 
2 
3 
4  
5  
6 
7 
8 
9  

1.0 

1 
1 .2  

1.3  
4  

i .5  

13 .  X-RAY DIFFRACTION DATA USED FOK CALCULATING l -D  ELECTKON Dh iMSITY 
PLOTS FOR SR DtGRADED-BIOTITE (<  50  MICRONS)  

D(OOL)  C S IN(BETA)  NEL-RIL  INTENSITY INT |F |  SIGi  
FUNCTION!  LP USE!  

15 .29  15 .29  19 .779 60900.0  30d2.21  3  3 .  52  + 

7.70  15 .40  9 .882 6310.0  641.18  25 .32  
5 .15  15 .44  6 .  514 880.  0  136.31  i i .oa  -

3.87  15 .46  4 .793 2350.0  497.29  22 .  30  + 

3.09  15 .45  3 .740 4760.0  1301.77  36 .08  + 
2.58  15 .47  3 ,022 480.  0  163.62  12 .79  + 
2.21  15 .47  2 .492 250.0  103.94  1  0 .  20  -

1.93  15 .47  2 .  080 50 .0  24 .95  5 .00  + 

1.72  15 .50  1 .754 17 .5  10 .31  3 .  21  -

1.  55  15 .48  1 .476 124.9  36 .03  9 .2  8  + 

1.41  15 .47  1 .241 41 .  0  32 .  43  5 .69  + 

1.29  15 .48  1 .040 37 .5  33 .22  5 .76  + 

1.  19  15 .42  0 .  852 13 .0  12 .54  3 .54  + 

1.10  15 .47  0 .  700 12 .  0  11 .  99  3 .46  
1 .03  15 .52  0 .564 11 .0  10 .80  3 .29  



1 
2 
3 
4  
5 
6 
7 
8 
9  

1 0  

14.  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  ELECTRON CbNSITY 
PLOTS FOR BA DEGRAi )EU-BI  ÛT IT  E (<  50  MICRONS)  

D(COL)  C S IN(BETA)  NEL-RIL  INTENSITY UH |P |  SI  UN 
FUNCTION L f  USED 

12 .45  12 .45  16 .081 11000.0  685.14  2o .  I fe  + 

6.  19  12 .39  7 .  900 50 .  0  6 .3  7  2 .52  + 

4.14  12 .42  5 .  167 400.0  78 .46  8. B6 + 

3.11  12 .43  3 .764 1800.0  4W8.92 2  2 .11  + 

2.49  12 .42  2 .  889 120.  0  42 .  85  6 .  55  + 

2.07  12 .43  2 .287 128.0  58 .08  7 .62  -

1.77  12 .33  1 .  826 10 .0  5 .67  2 .38  + 

1.35  12 .43  1 .485 72 .0  49 .33  7 .  02  + 

1.38  12 .44  1 .200 30 .0  24 .31  4 .93  + 

1.24  12 .43  0 .956 27 .  0  24 .  95  4 .99  4-
-O 
Vn 



ÛRDi  

1 
2 
3 
4  
5  
6 
7 
8 
9  

1 0  
1 1  

15.  X-RAY DIFFRACTION DATA USED FOR CALCULATING i -U  uLECTKON D iNSI lY  
PLOTS FOR PHLOGOPITfc  (<  50  MICRONS)  

D(OUL)  C S IN(BFTA)  NEL-KIL  
FUNCTION 

INTENSITY -LNX 
LP 

I F I SIGN 
us i - i ;  

10.07  1  0 .  07  12 .  931 15000.0  115 8 .30  34 .03  4 
5.04  10 .08  6  .  371 190.0  30 .  10  5 .  4 'J  -

3.  35  10 .05  4 .  098 5850.0  1455.61  38 .15  H 
2.52  10 .08  2 .  940 590.  0  206.90  14 .38  + 

2.01  10 .07  2 .  201 900.0  424.51  2  0 .60  -

1.68  10 .06  1 .  684 62 .0  37 .95  6 .16  + 

1.44  10 .07  1 .  296 164.0  12  5 .  62  11 .21  + 

1.2o  10 .06  0 .  983 68 .8  62 .76  7 .92  
1 .12  10 .  09  0 .  731 7 .4  7 .  37  2 .71  + 

1.01  10 .08  0 .  509 21 .0  20 .  11  4 .48  4 
0.92  10 .  08  0 .  320 36 .6  28 .37  5 .33  4-

•n3 
ON 



/-.u 

PD 

1 
2 
3 
4  
5  
6 

7 
8 
9 

1 0  
1 1 
1 2  
13 
14  

16 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING l -D  ELECTRON DENSITY 
PLOTS FOR L I  DEGRADED-PHLOGOPITE (<  50  MICRONS)  

D(QOL)  C S IN(BETA)  N tL-R iL  INTENSITY |F I  SIGN 
FUNCTION LP USLn 

14 .54  14-54  
7 .30  14 ,59  
4 .87  14 .62  
3 .65  14 .61  
2 .92  14 .62  
2 .46  14 .73  
2 .09  14 .62  
1 .83  14 .65  
1 .63  14 .63  1 .602 15 .0  9 .61  3 .10  +  ->3 

1.46  14 .62  '  ^  
1.33  14 .61  
1 .22  14 .65  
1 .13  14 .66  
1 .04  14 .63  

18 .  799 41850.0  2  2 2 3 . 30 47-21  + 

9.  350 290.  0  31 .  l o  5 .58  -

C. .152  350.0  57 .  46  7 .  58  -

4.510 940.0  211.98  14 .56  + 

3.508 2045.  0  597.51  24 .44  
2 .847 30 .0  10 .08  3 .30  + 

2.  313 103.0  43 .45  6  .  96 -

1.924 50 .0  26 .  96  5 .  19  -

1.602 15 .0  9 .61  3 .  10  + 

1.  334 48 .  0  35 .  93  5 .99  + 

1.107 12 .0  10 .25  3 .  20  
0 .  916 11 .0  10 .35  3 .22  
0 .744 4 .4  4 .37  2 .  09  + 

0.583 8 .0  7 .91  2 .81  + 



1 
2 
3 
4  
5  
6 
7 
8 
9 

j lO  
j . l  
12 

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

D(OOL)  C S INCBETA)  NEL-RIL  INTENSITY INT |F |  SIGN 
FUNCTION LP USED 

14-83  14 .83  19 .179 2000.0  
7 .44  14 .87  9 .535 130.0  
4 .96  14 .87  6 .260 50 .0  
3 .72  14 .87  4 .600 130.0  
2 .97  14 .85  3 .574 400.0  
2 .46  14 .73  2 .847 0 .0  
2 .12  14 .86  2 .364 20 .0  
1 .86  14 .84  1 .961 5 .0  
1 .67  15 .01  1 .668 0 .0  
1 .48  14 .85  1 .373 0 .0  0 .0  0 .0  +  
1 .35  14 .87  1 .147 2 .0  
1 .24  14 .84  0 .945 4 .0  

104.40  10 .22  + 

13.69  3 .70  + 

8.06  2 .84  -

28.73  5 .36  + 

114.64  10 .71  + 

0.  0  0 .0  -

8.77  2 .96  -

2.65  1 .63  -

0.  0  0 .0  + 

0.0  0 .0  + 

1.67  1 .29  + 

3.71  1 .93  + 



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

OWDER D(OOL)  C S IN(BETA)  NEL-RIL  
FUNCTION 

INTENSITY im 
LP 

IF !  SIGN 
USED 

1 
2 
3 
4  
5  
6 
7 
8 
9 

]10 
].l 

]L2 
J .3  

14 .37  
7 .21  
4 .80  
3 .60  
2.88 
2.40  
2 .06  
1 .80  
1 .60  
1 .44  
1 .31  
1.20 
1 .11 

14.37  
14 .41  
14 .41  
14 .41  
14 .41  
14 .39  
14 .41  
14 .43  
14 .42  
14 .42  
14 .41  
14 .41  
14 .49  

18 .584 
9 .234 
6 .058 
4 .442 
3 .451 
2 .765 
2 .268 
1.882 
1.565 
1 .302 
1 .075 
0 .879 
0 .719 

3250.0  
75 .0  
80.0 
0.0 

40.0  
5 .0  
5 .0  

20.0 
8.0 
7.0  
0 . 0  
3.0  
0 .0  

175.09  13 .23  + 

8.16  2 .86  — 

13.34  3 .65  — 

0.0  0 .0  + 

11.  88  3 .45  + 

1.87  1 .37  — 

2.29  1 .51  -

11.02  3 .32  + 

5.24  2 .29  
5 .34  2 .31  + 

0.0  0 .0  + 

2.87  1 .69  + 

0.0  0 .0  + 

-o 
NO 



KD 

1 
2 
3 
4  
5  
6 
7 
8 
9 

1.0 

J  1  
] 2 
1 3  
1  4  

19-  X-RAY DIFFRACTION DATA USED FOR CALCULATING l -D  HLI^CTHON DENS IT  Y 
PLOTS FOR CA DEGRAOEO-Pi lLDGOP ITL-  (<  50  MICRONS)  

D iOOL)  C S IN  (  BETA)  NHL-RIL  INTENSITY iJ^J  |F  |  SIGN 
FUNCTION LP US. -D 

14 .78  14 .73  19 .115 20250.0  10  60 .5  9  32 .  5  7  + 

7.  50  15 .00  9 .617 500.0  52 .22  7 .2  i  
5.01  15 .03  6 .  333 4  00 .  0  63 .  75  7 .9 ' )  -

3.75  15 .02  4 .643 400.0  3  7 .45  V.  35  + 

3.01  15 .05  3 .  628 1  020.  C 287 .81  1  6  .  96 + 

2.50  15 .01  2 .913 20 .0  7 .  OS 2 .  66  + 

2.  15  15 .02  2  .  3 9  El  70 .0  30 .27  5 .  50  — 

1.88  15 .04  2 .000 20 .  0  10 .  30  3 .22  -

1 .  o 7 15 .05  1 .676 9 .0  5 .5-5  2 .35  + 

1.51  15 .06  1 .407 20 .  0  14 .35  3 .79  + 

1.38  15 .14  1 .  190 29 .0  23 .  63  4 .  86  + 

1.26  15 .  10  0 .984 11 .0  10 .03  3 .17  + 

1.15  14 .96  0 .  787 7 .  0  6 .09  2 .62  + 

l .OU 15.15  0 .657 10 .0  10 .  00  3 .  16  + 

on 
o 



1 
2 
3 
4  
5  
6 
7  
8 
9  

1 0 
1 1 
1 2  
1 3  
14  
1 5  

20 .  X-RAY DIFFRACTION DATA UStD FUR CALCULATING 1-U ELECTRON DENSITY 
PLOTS FOR SR OEGKADED-PHLOGOPI  TE (<  50 MICRONS)  

D(QOL)  C S IN(BETA)  NEL-RIL  
FUNCTION 

INTENSITY jjn 
LP 

|F |  SIGN 
USLO 

15 .03  15 .03  19 .441 665C0.0  3527.25  5  9 .39  
7 .63  15 .26  9 .  786 5270.0  540.77  23 .2  5  + 

5.  11  15 .33  6 .  467 3020.G 471.2  5  21 .71  -

3.84  15 .35  4 .762 2350.0  501.  10  2  2 .  39  + 

3.07  15 .35  3 .712 6210.0  1711.24  41 .37  + 

2.56  15 .38  3 .001 530.  0  181.92  13 .49  + 

2.19  15 .34  2 .465 639.0  • 268 .59  16 .39  — 

1.92  15 .39  2 .  065 130.0  65 .35  8 .08  -

1.71  15 .39  1 .  73  5  14 .0  8 .  33  2 .  69  — 

1.  54  15 .39  1 .461 220.0  152.86  12 .36  • f  
1 .40  15 .39  1 .229 53 .  0  42 .  22  6 .5  0  + 

1.28  15 .39  1 .026 5( : .0  51 .  75  7 .  19  + 

1.  18  15 .38  0 .84  7  18 .0  17 .39  4 .17  4-
1.10  15 .36  0 .609 12 .  0  12 .  00  3.4  6  + 

1.03  15 .40  0 .  54  7  9 .0  b . l u  2.96  + 

CO 



iF;D 

1 
2 
3 
4  
5  
6 
7 
8 
9 

] 0 
1 1 
1 2 
13 

21 .  X-RAY DIFFRACTION DATA USED FOR CALCULATING 1 -0  cLECTRGN DIENSITY 
PLOTS FOR UA DEGRAUED-PHLOGOP IT t  (<  50 MIC ' tUNS)  

D(OOL)  C S IN (BETA)  NEL-KIL  INTENSITY JL j^J  |F |  SIGN 
FUNCTION LP UShO 

14 .78  14 .78  19 .115 17260.0  903.99  30 .07  +  
7 .51  lb .01  9 .625 3  64 .0  37 .98  6 .16  
5 .00  15 .00  6 .319 142.C 22 .69  4 .76  
3 .75  14 .99  4 .637 1H6-0  40 .7o  6 . 3d  +  
3.00  14 .99  3 .610 516.0  146.91  12 .12  +  
2 .50  15 .02  2 .917 27 .0  9 .55  3 .09  +  
2 .14  14 .99  2 .391 46 .0  19 .94  4 .47  
1 .87  14 .99  1 .989 16 .0  b .3  5  2 .89  I-» 

oo 1.67  15 .02  1 .670 17 .0  10 .49  3 .24  +  
1 .49  14 .92  1 .335 11 .0  7 .99  2 .83  +  
1 .37  15 .11  1 .  183 37 .9  30 .96  5 .5 : ,  <-
1 .25  15 .01  0 .970 7 .4  6 .79  2 .61  +  
1 .15  15 .01  0 .794 6 .2  6 .09  2 .47  +  


