
Clays and Clay Minerals. 1969. VoJ. 17. pp. 241-243. Pergamon Press. Printed in Great Britain 

ANAUXITE AND KAOLINITE STRUCTURES 
IDENTICAL 

S. W. BAILEY 
Department of Geology and Geophysics, University of Wisconsin, Madison, Wisc. 53706 

and 

R. B. LANGSTON 
Department of Materials Science and Engineering. University of California, Berkeley, Calif. 94720 

Ifteceived 17 March 1969) 

Abstract-Single crystal X-ray diffraction patterns reveal that the structure of selected anauxite 
crystals is the same as the structure of macroscopic kaolinite crystals. Anauxite and kaolinite crystals 
are intergrowths on a domain scale of units in pseudotwin orientations. Individual domains in anauxite 
have the triclinic geometry of kaolinite, and give X-ray reflections that compare closely in intensity 
with those calculated from the atomic parameters of kaolinite. Large crushed crystals of anauxite 
give powder patterns identical with that of kaolinite. Because it has been shown recently that the 
chemical composition of anauxite is also identical with that of kaolinite , it is recommended that the 
term "anauxite" no longer be used. 

INTRODUCTION 

LANGSTON and Pask (1968) show that anauxite 
specimens contain a crystalline material with the 
chemical composition of kaolinite (2Si02 • Al20 3 • 

2H20) as well as amorphous silica. Their work 
accounts for the variable amounts of "excess 
silica" (above that found in kaolinite) that has been 
reported for anauxite specimens by Alien (1928), 
Ross and Foshag (1928) , and other workers. 
It is no longer necessary to postulate a kaolinite­
anauxite isomorphous series (Ross and Kerr. 
1930) or a structural interlayering of double 
silica sheets with kaolinite type layers (Hendricks. 
1942) to account for the variation in silica content 
that is found in different anauxite specimens. 

Hendricks (1929, 1936), Ross and Kerr (1930). 
Gruner (1932), Brindley (1961), and others 
indicate the X-ray diffraction powder patterns 
of anauxite and kaolinite are identical. The 
existence of a separate card (2-0204) for anauxite 
in the Powder Diffraction File. however. implies 
that this identity is not universally accepted. 
The work of Langston and Pask (1968) confirms 
that the anauxite structure is similar to that of 
kaolinite , but their work was not of sufficient 
precision to eliminate the possibility that there 
might be slight structural differences that would 
not show up in the powder patterns. 

(1968) were used in this investigation. The identi­
fication numbers used in this work correspond to 
their numbers. A more complete description of 
the materials can be found in their paper. 

Anauxite-2a and anauxite-2c were collected 
at a recent road cut in the southern portion of 
the lone Formation. Anauxite-3 and anauxite-4 
are considered to be type materials that were used 
in some of the early anauxite evaluations. Anaux­
ite-3 from the lone Formation was received from 
C. S. Ross of the U.S. Geological Survey and is 
a portion of the material collected and described 
by Alien (1928). Anauxite-4 , from near Bilin, 
Czechoslovakia, is described in Ross and Foshag 
(1928). This portion of their sample was received 
from the Smithsonian Institution. 

Six macroscopic "anauxite" crystals , about 
0·2-0·4 mm in diameter, were selected from 
each of the four "anauxite" rocks. Single crystal 
X-ray patterns (Laue, oscillation , precession, 
and Weissenberg) were taken of all of the 24 
crystals . The above flakes were selected as their 
basal surfaces were reasonably flat , rather than 
curled or crinkled. For this reason, the flakes 
examined tend to be the best ones. Some optical 
and X-ray diffraction studies were also made on 
flakes as large as 2·0 x 1·5 x 0·5 mm that were 
taken from the anauxite-2a specimen. 

MATERIALS RESULTS AND DISCUSSION 
Anauxite crYf.tals from four of the anauxite All of the single crystal X-ray diffraction 

rock specimens studied by Langston and Pask patterns taken were remarkably similar to one 
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another. despite some differences in morphology, 
color, and luster of the crystals. I n turn, these 
photographs were practically identical with similar 
photographs from over \ 00 macroscopic crystals 
of sedimentary kaolinites taken in a study by 
Mansfield and Bailey (in preparation). 

The distinctive feature about these crystals 
is that they are intergrowths on a domain scale of 
pseudotwin and twin units, which show up on the 
films as superimposed diffraction patterns. Because 
of this superimposition, it is possible to recon­
struct the geometric relationships of the domains 
despite the mosaic spread of the reflections. 
-All 24 of the anauxite crystals as well as most of 
the sedimentary kaolinites show two types of 
intergrowths. First, there is rotation of:±: 1200 

about the cleavage normal Z* to create three 
individual orientations of the lattice. The geometric 
orientations produced must be described as 
pseudotwin intergrowths because the "twin" 
axis Z* does not coincide exactly with any row 
line of the direct lattice. Z* deviates from the direct 
row line[103] by 20 03 ' because of the triclinic 
geometry of kaolinite. Second, a twinning operation 
that has not yet been defined precisely creates 
six lattice orientations from the original three. 
The geometric relations involved are to be describ­
ed in more detail by Mansfield and Bailey. 

The individual domains in anauxite were 
shown to be true kaolinite by several lines of 
evidence. 

(a) The pseudotwin intergrowths are identical 
with those observed for macroscopic crystals of 
known kaolinite. 

(b) Kaolinite X-ray powder patterns were 
obtained by crushing large crystals of anauxite. 

(c) Triclinic cell dimensions and cell angles 
obtained from the single crystal photographs 
are identical to those obtained for kaolinite by 
Newnham (in Brindley and Nakahira. 1958). 

(d) The intensities of about 80 single crystal 
reflections that are not overlapped by pseudotwin 
reflections compare closely with those calculated 
from the atomic parameters of kaolinite listed by 
Drits and Kashaev (1960). 

The anauxite crystals are just as well crys­
tallized as authigenic sedimentary kaolinites. 
Aside from appreciable mosaic spread found in 
all anauxite and kaolinite specimens, the k "" 3n 
reflections of anauxite are discrete and do not 
have any interconnecting streaks due to stacking 
disorder. Weissenberg photographs are necessary 
to resolve these reflections, however, because of 
the near overlap by reflections from the pseudotwin 
intergrowths. Precession photographs do not 
resolve these reflections sufficiently. and this 
'probably accounts for the statement by Alien 

et al. (1969) that lone Formation anauxite is 
partially disordered kaolinite. 

The above results. obtained on 0·2-0·4 mm 
crystals. were not changed when larger crystals 
(2·0 x 1·5 x 0·5 mm) were studied, although the 
X-ray spots were larger and the resolution was 
not as good. Petrographic examination of semi­
globular masses, up to 2 mm in size, revealed that 
the smaller single crystals can occur in closely­
intergrown aggregates , and that these may be 
cemented to one another within the aggregates 
by amorphous silica. The 0·\-1·0 mm crystals 
in such an aggregate do not have any close orienta­
tion relationship to one another and cannot be 
considered single crystals. 

CONCLUSIONS 

I. "Anauxite" crystals are not unique. Use 
of the term "anauxite" should be discontinued. 
The chemical composition and the crystal structure 
of the large crystals found in "anauxite" rock 
specimens are similar in all respects to the composi­
tion and structure of authigenic kaolinite examples. 

2. The perfection of crystallinity in these large 
crystals is also as good as in the kaolinite examples. 
No diffuse scattering between k "" 3n reflections 
was observed that would indicate any appreciable 
disorder of stacking. Amorphous silica may be 
cementing individual crystals together into 
aggregates , but the observed perfection of layer 
stacking precludes interruption of the periodicity 
by amorphous silica or by double silica sheets 
within individual crystals. 

3. Card No. 2-0204 for Bilin anauxite should 
be deleted from the Powder Diffraction File. 
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Resume - Des modeles de diffraction de rayons X par des cristaux simples revelent que la structure 
des cristaux d'anauxite choisis est la meme que celle des cristaux macroscopiques de kaolinite. Les 
cristaux d'anauxite et de kaolinite sont des enchevetrements, a l'echelle d'une region, d'elements pres­
entant des orientations pseudojumelees. 

Des regions entieres d'anauxite ont la geometrie triclinique du kaolinite et les reftexions de rayons 
X sont, en intensite, tres proches de celles calculees a partir des parametres atomiques du kaolin. De 
gros cristaux d'anauxite ecrases donnent des poudres identiques a celles du kaolinite. La composition 
chimique de l'anauxite, comme on l'a recemment montre, etant egalement identique a celle du kaolinite 
il est conseille de ne plus employer desormais le terme "anauxite". 

Kurzreferat - Aus den Rontgenbeugungsbildern von Einzelkristallen ergibt sich, dass das Geftige aus­
gewiihlter Anauxitkristalle dem Gefiige von makroskopischen Kaolinitkristallen gleich ist. Anauxit 
und Kaolinit Kristalle zeigen Pseudozwillingsverwachsungen. Einzelbereiche im Anauxit weisen die 
trikline Geometrie von Kaolonit auf und geben Rontgenbeugungen, die in ihrer Intensitat eng mit den 
aus den atomaren Parametern des Kaolinits berechneten iibereinstimmen. Grosse, zermahlene An­
auxitkristalle geben Pulverbilder, die mit denen des Kaolinit identisch sind. Da kiirzlich auch dargelegt 
wurde, dass die chemische Zusammensetzung des Anauxits identisch mit der des Kaolinits ist, wird 
empfohlen den Namen "Anauxit" in Zukunft nicht mehr zu gebrauchen. 

PelIOMe--KapTHHbI MOHOKPHCTaJIbHOH peHTreHoBcKOH C'beMKH IIOKa3bIBaIOT, 'ITO KpHCTaJlJlbl 
aHOKCHTa, BbllleJleHHble H3 ero arperaTOB, HMelOT Ty lICe CTPYKTYPY, 'ITO H MaKpOCKOIIH'IecKHe 
KpHCTaJlJlbl KaOJlHHHTa. KpHCTaJlJlbl aHOKCHTa H KaOJlHHHTa llpe,llCTaBJllIIOT CpOCTKH B ,llOMeHHOH 
06J1aCTH, HH,llHBH,llbl KOTOPblX HaXO,llllTClI B IICeB,llO,llBOHHHKOBOH opHeHTHpOBKe. OT,lleJlbHble 
,llOMeHbl B aHOKCHTe HMelOT TPHKJlHHHYIO reOMeTpHIO KaOJlHHHTa H ,llalOT peljJJleKCbl Ha peHTre­
HorpaMMax, KOTopble 110 HHTeHcHBHOCTH cpaBHHMbl C Bbl'lHCJleHHbIMH 110 aTOMHblM lIapaMeTpaM 
KaOJlHHHTa. KpYIIHble ,llp06J1eHHble KpHCTaJlJlbl aHOKCHTa ,llalOT 1I0pomKorpaMMbl, aHaJlOrH'IHble 
1I0p0U1KorpaMMaM KaOJlHHHTa. TaK KaK He,llaBHO 6blJlO ,llOKa3aHo, 'ITO aHOKCHT H 110 XHMH'IecKOMY 
COCTaBY aHaJlOrH'IeH KaOJlHHHTY, TO peKoMeH,llyeTclI Ha3BaHHe "aHOKcHT" Bllpe.l1b He YIIOTpe6mrrb. 
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