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3. 4.1. Structure of palygorskite 

By means of the X-ray diagrams taken with the Guinier-de Wolff camera, 
on th(, basis of comparison of the intensities of the X-ray reflections with 
those of the fraction <1 µ, of the standard palygorskite from Attapulgus, 
Georgia (obtained from Ward's Natural Sci. Est.), palygorskite was found 
to be the dominant constituent in 42 of the approximately 250 clay fractions 
investigated. 
The X-ray reflections reported by BRADLEY(1940), on which also CAIL
LERE and HtNIN (in BROWN, 1961), MOLLOY and KERR(1961) and re
cently NATHAN(1969) and JMAI a.,d OTSUKA(1969) based their conclusions, 
served to identify- palygorskite. 
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The reflections observed in these 42 clay fractions which remained unre
corded by BRADLEY(!. c.) initially were attributed to other microminerals. 
The occurrence of cristobalite was inferred from the presence of reflec
tions around 4. 0; 3.12; 2. 85 and 2. 50A. It was taken into consideration 
that literature accords a rather wide range of locations to the characteris
tic cristobalite reflections. The presence of goethite was established in 
view of the reflection at about 4.18A which, given the moderate intensity 
of the reflection of palygorskite stated by BRADLEY, cannot be ascribed 
to the latter mineral only. The fact that reflections which I attributed to 
cristobalite occurred in the fraction < 1 µ. of the standard material from 
Attapulgus, which probably is genetically disparate from the material in
vestigated, was one of the considerations that led me to the conclusion 
that palygorskite contributed to the reflections I observed and BRADLEY 
(1. c.) did not mention. It should be noted, however, that BRADLEY tabu
lated hkO reflections only. To verify this conclusion the clay fractions of 
the standard palygorskite and Jor 303, in which sample palygorskite oc
curs in a very pure condition, were further investigated . Random, orien
ted, 'non-treated' , heated and glycerolated respectively glycolated speci
mens were investigated by means of the X-ray camera and the diffracto
meter. 
Diffractograms of the fraction < 1 µ.of Jor 303 are shown in Fig.14-18. 
Fig.19 shows a densitogram of an exposure of the oriented fraction < 1 µ 
of the standard palygorskite taken with the Guinier-de Wolff camera. Com
pared to the diffractograms the number of reflections that could be obser
ved in the X-ray camera exposures is larger. The palygorskite reflections 
of Jor 303 and of the standard mineral bear great resemblance in location 
and relative intensity in all analogous specimens investigated and they are 
pretty closely in line with the data given in literature. 

a. X-ray investigation of heated palygorskite. 

In Fig. 17 and 18 an oriented and a random diffractogram respectively are 
given of the fraction < 1 µof Jor 303 heated at about 55o0 c for two hours 
taken at room temperature. The assumed presence of cristobalite could 
n«;?t be ascert,ained from these diffractograms. The observation of CAIL
LERE and HENIN (in BROWN, 1961) that the 10.5ft. is replaced by a broad 
halo, as is also apparent from the diffractogram published by MOLLOY 
and KERR(l961), is not borne out by the diffractograms in Fig.17 and 18. 
On the other hand a fairly sharp reflection at about 9. 9A was found. MOL
LOY and K.ERR(1961) attribute the remaining reflections in their heated 
specimen to montmorillonite and quartz mainly. The reflections at about 
9. 8; 5. 06 and 3. 35A in Fig.17 bear similarity to the basal reflections of 
heated smectite, yet these reflections, in view of their poor stability at 
heating above 55o0 c, cannot be ascribed to this phy llosilicate. D. F. Karel 
(Phys. Geogr. Soil Sci. Lab.) made an exposure of the fraction < lµ of 
the standard palygorskite with the Guinier high temperature camera; o0 

-

940°C over 40 hours. It became apparent from this exposure that no chan
ge occurs in the diffraction pattern during heating up to 190°c, apart from 
a weakening and blurring of the reflections at approximately 3. 24 and 3. 10A 
and an increase in the intensity of the 110-reflection. This increase oc
curs especially between 50° and 190°c, and in the opinion of HELLER(l961) 

· and ™AI et al. (1969b) is a consequence of the escape of zeolitic water. At 
190°C new reflections occur at approximately 9. 4; 4. 77; 4. 38; 2. 40; 2. 32 and 
1. 70A. HELLER(1961) reports a new reflection at 9.12.A after heating to 
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Fig. 14-16. X-ray diffractograms of palygorskite from the fraction <1 µ of Jor 303. 
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Operating conditions, see section 2. 2. Ford-values of the indicated (hkl) re
flections, compare Table 11. 
Fig. 14: random, Na+ saturated. Fig. 15: oriented, Mg2+ saturated, 'non
treated'; S=smectite, K=7A mineral. Fig. 16: oriented, Mg2+ saturated, 
glycolated. 



Fig. 17. X-ray diffractogram of oriented palygorskite, heated at 550°C ; fraction < lµ of 
Jor 303. 
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Fig. 18. X-ray diffractogram of palygorskite, heated at 550°C; random, fraction < 11, of 
Jor 303. An=anatase. 
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Fig. 19. Densitogram of a Guinier-de Wolff camera exposure; oriented, 'non-treated', 
Mg2+ saturated fraction <lµof the standard palygorskite from Attapulgus. 
Q=quartz. Reflections in A. · 
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270°c and IMAI etal. (1969b) observed a new reflection at 9. 5A after heating 
to 250°c. Further it appears from the GUINIER RT-camera exposure that 
the 10. 5A reflection disappears at about 340°c. At this temperature the 
following reflections are present at approximately 9. 4; 6. 4; 5. 3; 4. 75; 4. 50; 
4. 38; 4. 08; 4. 06; 3. 70; 3. 24; 3. 05; 2. 63; 2. 58; 2. 40; 2. 32; 1. 70 and 1. 49A. 
In between 385° and 435°c the majority of these reflections shifts towards · 
higher angle values. The reflections mentioned may be attributed to palygor
skite 'anhydride', which in the opinion of PREISINGER(l 963) is formed after 
heating above 350°c and remains stable up to 680°c in the specimen inves
tigated by him. IMAI etal. (1969b) report that the reflection at 9. 5A persis
ted up to 780°C. In the standard palygorskite investigated, apart from a 
sharp reflection at 4. 50A and a broad reflection at 2. 61.A, the reflections 
disappeared at 715°c. At about 830°c crystallization of ( ?clino-)enstatite 
occurs and, in view of an exposure made under vacuum conditions by means 
of the Guinier RT-camera, of high-cristobalite as well. PREISINGER(1963) 
discusses the structure of the phases formed on heating and reports forma
tion of clino-enstatite and high-quartz. 

b. Investigation into the structure and the space-group of palygorskite. 

The electron diffractogram of palygorskite derived from the clay fraction 
of Jor 303 is given in Fig. 20; it represents a selected area diffractogram 
of the bundle located in the center of Fig. 21. To arrive at an identical o
rientation relative to the fibre diagram, the palygorskite bundle has to be 
turned in a clockwise direction over an angle of 205°. The distance between 
thelayer-lines corresponds with the reciprocal value of the c-axis, which 
is about 5·. 2A as given in literature. Loss of water resulting from heating 
in the electron beam caused the layer-lines to disappear in a matter of mi
nutes, although the specimen was cooled with a cold finger. Especially this 
electron diffractogram together with the X-ray diffraction data, provided 
further indication of the unit-cell and the space-group of the palygorskite 
investigated. 
The diffractograms of Fig.15 and 16 relate to oriented palygorskite from 
the fraction <1 µ, of Jor 303. They are superior to the diffractograms of 
the standard palygorskite from Attapulgus published by MOLLOY and KERR 
(1961). As stated on p. 33 , narrower slits were used for the oriented dif
fractograms; the remaining operating conditions were not changed. If, as 
is usually done, the c-axis is chosen along the elongation of the palygor
skite crystals, then comparison of Fig. 14 and 15 reveals that the h00-re
flections show an increase in intensity due to orientation. This is indica
tive of the palygorskite crystals having been developed in a lathlike way 
parallel to plane (100) and agrees with the observed weakening of the h00-
reflections in the electron diffractogram. It also agrees with the observa
tion of KUBLER(l 962), who states that the hO0-reflections in oriented 
Guinier exposures showed a strong decrease in intensity relative to the da
ta furnished by BRADLEY(1940). On the other hand investigation of the 
Guinier exposure of the standard palygorskite (see Fig.19) prepared ac
cording to the centrifuge method, however did not show this expected de
crease. It should be noted that BRADLEY(!. c.) analysed oriented palygor
skite aggregates with a Debye camera. Saturation with glycerol and ethy
leen glycol, compare Fig.15 and 16, appears to have only little effect on 
the reflections. 
BRADLEY(!. c.) assumes a monoclinic, C2/m, structure for the Attapul
gus palygorskite; however, application of a program that proceded from 
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Fig. 20. Electron diffractograrn of palygorskite; fibre diagram of the bundle shown in Fig. 
21. 75kV. 

Fig. 21. Electron micrograph of the clay fraction of Jor 303. x 12500. Palygorskite bundle 
has to be turned over 205° clockwise for same orientation as fibre diagram of 
Fig. 20. 
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This study Bradley (1940) Huggins et al. Christ et al. 

(1961) (1969) 

obs. calc. h k obs. h k 0 obs . h k obs. h k 

+10. 49 10.461 1 0 10. 50 1 1 0 10.482 1 1 0 10.54 1 0 

8.88 8. 925 0 2 0 

+ 6.437 6.455 2 0 0 6.44 2 0 0 6.389 2 0 0 6 . 421 2 0 0 

+ 5. 411 5.404 3 0 5.42 1 3 0 5.397 3 0 5.418 3 0 

5.012 5.019 0 1 1 

4.685 4.678 1 

+ 4.458 4. 462 0 4 0 4.49 0 4 0 4.464 0 4 0 4.479 0 4 0 

+ 4.385 4.375 2 3 0 

+ 4.270 4. 260 1 2 4. 256 1 2 1 4.258 1 2 1 

4 . 142 4.183 3 0 4. 18 3 1 0 4.143 3 0 4. 137 3 1 0 

4.064 2 0 1 

3.997 3.962 2 1 1 

3.870 3. 876 3 2 0 

+ 3.668 3.671 2 4 0 3.69 2 4 0 3.676 2 4 0 3.681 2 2 1 

3.441 3.441 1 5 0 3. 50 3 3 0 3.444 5 0 

• 3. 356 2 3 5 0 

• 3. 323 3 0 1 

3.238 3. 227 4 0 0 3.23 4 0 0 3.230 4 0 0 3.246 3 1 

3.194 3.176 4 1 0 3.205 4 0 0 

3.105 3.124 2 5 0 

3.114 3 2 3.109 3 2 l 

3.098 3 4 0 

2. 970 3.004 2 4 l 3.03 4 2 0 3.033 4 2 0 

2. 975 0 6 0 

2.901 3 3 1•• 

2.874 l 5 1 .. 

2.810 2. 837 4 3 0 

2.748 3 5 0 

2. 738 2.747 4 1 1 

2. 715 4 0 1 

2.685 2.682 2 5 1 2.687 4 1 2.698 4 1 1 

f''"~ 
2 l 

+ 2.607 2.615 0 0 2 2.61 4 4 0 I 2.600 4 4 0 4 0 

I 
6 1 

2.588 2.587 0 1 2 

2.586 0 6 

2.557 2.563 1 0 2 

2.555 5 0 2.55 5 l 0 l l l 2. 536 2. 537 l l 2 0 2 

2.535 6 l 2.542 l 6 1 I 2. 548<'.'.'.'.1 6 1 

2.504 2.509 0 2 2 

2.502 1 7 0 

2.494 4 3 1 

unit-cell parameters(A), a=l2. 91 asln <>=12. 9 a=l2. 823(!0,024) 
measured from b=l7. 85 b=l8 b=l 7. 925 (!O. 030) 
+ reflections c= 5. 23 c= 5. 2 c= 5.199(!0. 006) 

space-group P212121 
C 2/m orthorhombisch P .. n 
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This study continued Bradley This study continued Bradley 

continued continued 

obs. calc. h k obs. h k 0 obs. calc. h k obs. h k 0 

2.47 2.480 5 2 0 1.66 1.661 6 0 2 

2.463 1 2 2 1.659 1 3 3 

2. 37 2.394 0 3 2 2.38 5 3 0 1.63 1.634 2 10 1 

2.394 4 5 0 1.634 5 5 2 1.62 8 0 0 

2.372 2 7 0 1.61 1.614 8 0 0 

2.32 2.339 2 2 2 1.610 l 11 0 

2.315 5 0 1.600 6 3 0 

2. 25 2.257 1 7 1 1.56 1.568 9 2 

2.256 0 4 2 1.567 7 6 0 

2. 24 2. 241 5 2 1 1.563 5 6 2 1.56 6 8 0 

2.235 5 4 0 1. 559 3 3 3 

2.21 2.216 3 6 l 1.555 l 5 3 

2.199 l 8 0 1. 53 1.539 l 11 l 

2.17 2.168 3 2 2 1. 536 8 l l 

2.160 2 7 l 2.15 6 0 0 1.506 1. 506 5 9 l 

2.13 2.130 2 4 2 1.506 6 5 2 

2.11 2.110 0 5 2 1.504 0 6 3 1.50 0 12 0 

2.109 2 8 0 1.488 1.487 0 12 0 

2. 03 2.032 4 0 2 1.45 1. 451 4 4 3 

2.027 l 8 l 1. 449 2 12 0 

1.98 1. 981 4 2 2 1.43 1.430 l 7 3 

1. 981 3 8 0 1. 426 5 2 3 

1. 978 6 l l 1.40 1.406 3 12 0 

1.96 1. 960 l 9 0 + 1. 307 1. 307 0 0 4 

1.94 1. 942 6 2 l 

1. 942 6 2 

1. 89 1. 896 2 9 0 

1. 894 3 5 2 

1. 84 1. 843 6 5 0 

1. 837 5 0 2 

1. 836 1 9 l 1.82 3 9 0 

1.80 1. 806 7 2 0 

1. 801 3 9 0 

1.77 1. 785 0 10 0 

1. 76 1. 766 4 5 2 

1. 762 7 3 0 

1.74 1. 743 6 6 0 

1. 739 7 0 l 

1.71 1. 714 5 7 1 

1. 711 0 2 3 

1. 67 1. 675 2 10 1 • observable in electron diffractogram 

1. 673 0 3 3 
together with quartz upon X-ray analysis 

.. only in electron diffractogram 

Table 11. X-ray diffraction data (in A) for palygorskite from Attapulgus, Georgia. 
l"nit-cell parameters, space-group. 
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the structure proposed by him did not permit exhaustive indexing of the re
flections observed by me. 
Although my random diffractograms bear a resemblance to those of the va
riety of CHRIST et al. (1969) which has been indexed monoclinic, such a 
structure is not assumed for palygorskite investigated. The electron dif
fractogram of Jor 303 shown can be indexed according to an orthorhombic 
cell, which, in view of the great similarity in X-ray diffraction data, may 
be accepted for the standard palygorskite as well. HUGGINS et al. (1962) 
and CHRIST et al. (1969) also suggested a similar cell for this Attapulgus 
mineral. 
The generous assistance of Prof. C. H. MacGillavry permitted indexing of 
the fibre diagram of Fig. 20 and her helpful suggestions and those of Miss 
B. Koch and Dr G. W. Stephan (all of the Laboratory for Crystallography, 
University of Amsterdam) contributed highly to further interpretation of 
the X-ray reflections mentioned in Table 11. This table includes the X-ray 
data of the standard palygorskite from Attapulgus known to me from litera
ture, together with the personal observations obtained from oriented and 
random camera exposures and random diffractograms. The readings were 
calibrated with quartz reflections. Reflections mentioned by me and not by 
the other authors were mostly very weak lines on the Guinier diagrams. 
Also the better resolution, both on the Guinier films and on the diffracto
grams, permitted splitting of several strong bands into groups of seperate 
lines. This has been indicated by braces in the appropriate places in Table 
11. 
The unit-cell parameters of the Attapulgus material investigated were com
puted from single reflections indicated with a +sign in Table 11. There 
seemed to be no justification in stating computer-refined parameters, for 
a very considerable part of the X-ray reflections observed, also in view 
of information from the electron diffractogram, appears to be composed 
of various (hkl) reflections. Given the broadness of the reflections, espe
cially in the higher angle region, in many cases the d-values have been 
stated only to the second decimal. 
Indexing of the X-ray reflections observed occurred primarily by means 
of the electron diffractogram of Fig. 20, and although more weakly resol
ved than the X-ray diffraction patterns, still the reflections may be in
dexed with greater certainty. As a consequence the indexing of the X-ray 
reflections observed occasionally differs considerably from indexings gi
ven in literature. A strong reflection observed by me at 2. 607 A is index
ed as the 002-reflection, whereas the authors mentioned in Table 11 claim 
that it represents the 440-reflection. It is apparent from the electron fibre 
diagram of Fig. 20, however, that at the second layer-line on the inside of 
the annular reflection a strong reflection occurs which is absent at the 
zero layer-line. Furthermore, several authors, including BRADLEY(._1940) 
and IMAI et al. (1969a), index a rather strong reflection at about 1. 50.Jl as 
the O, 12, 0-reflection. Given the fibre diagram, however, the 063-reflec
tion must be considered here in particular, for the O, 12, 0 is weaker and 
has a somewhat lower d-value, see Fig. 14 and 19. 
From the reflections at i. a. , approximately 4. 38 and 3. 87 A in the X-ray 
diffraction patterns of the clay fraction of Jor 303 and in those of the 
standard palygorskite, and in view of reflections at the zero layer-line in 
the fibre diagram, the occurrence of admittedly weak hkO-reflections with 
h + k = odd is apparent. It follows that the space-group P . . n suggested 
by CHRIST et al. (1969) for the mineral investigated by them, also from 
Attapulgus, is incorrect, as is the space-group Pb m n which PREISIN"-
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GER(l963) proposes for palygorskite. A space-group P n c n proposed by 
GARD and FOLLETT(1968) for the orthorhombic variety asswned by them, 
in view of i. a., 023 and 0, 10, 1, is not possible either. It should be noted 
that, as is evident from their fig. 1, the space-group P m a m (a-axis a
long the elongation) mentioned in their text is probably a printer's error. 
The systematic extinctions of (h00), (0k0) and (001) with h, k and 1 respec
tively odd, which are apparent from both the electron- and the X-ray dif
fraction patterns, lead to the assumption that the space-group of both the 
palygorskite from the area investigated and the standard palygorskite from 
Attapulgus could be P 21 2

1 
2

1
. 

87 




