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its metamorphic equivalent.

and still preserve the original usage of the term halloysite, we suggest

that the more hydrous mineral be called endellite in recognition of one

of its discoverers.a

1 Berthier, P., Ann. Chim. Phys.,32,332 (1826)'
2 Hofmann, U., Endell, K., and Wilm, D., Angew. Chem.,47, 539 (1934)'

3 Hendricks, S. 8., Am. M'inera\.,23,295 (1938).
a The name hofmannite has previousiy been given to a hydrocarbon; Dana, System o!

Mintralogy, p. 1013.
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The nature as well as the names of the minerars endellite and halloysite
have been the subject of much controversy. rt has generally been agreed,
although without satisfactory evidence, that the formula of endellite is
approximately AhOr. 2SiOr.4H2O. Three publications have appeared on
the crystal structure of endellite, in each of which a difierent structure
is Proposed.a'r 'o

The present study, which clarifies most of the questions which have
been raised, was made possible only by the development of the electron
microscope. The investigation was facilitated by the discovery of several
new deposits of endellite, in two of which its mode of formation could. be
followed.

Souncos ol MerBnrars

The halloysite (Al2Oo. 2SiOr. 2HzO) samples studied were obtained
from Dr. clarence S. Ross, of the united states Geologicar survey. These
included specimens already described in a paper by Ross and KerrT and
designated by them as follows:

No. 2 from Angleur, Liege, Belgium (type material)
No. 3 from Lawrence County, Indiana (,,indianaite")
No. 8 from Adams County, Ohio
No. 9 from Rankin County, Mississippi
No. 10 from Real County, Texas

Undescribed samples, also supplied by Dr. Ross, were from fyo, Japan,
Washoe County, Nevada, and Victor, Colorad.o. All of these specimens
were porcelainlike in appearance with a conchoidal fracture. The least
dimension of any one of the specimens was 1 centimeter and all probably
occurred in much larger masses.

Four samples of endellite which had been kept under water were avail-
able for examination. of these No. 21 was the type material from Djebal
Deber, Libya, kindly sent by Professor Hofmann of the University of
Rostock. Specimen No. 22 from the vicinity of Anamosa, fowa, was ob-
tained through the courtesy of Dr. p. G. Nutting of the united states
Geological survey. some of the best material (No. 23) was obtained from
the Dragon Consolidated mine, near Eureka, Utah. This apparently
authigenic hydrothermal deposit has recently been described by Schroter
and campbell.8 These endellite samples contained large areas of translu-

5 Mehmel, M., Zeits. Krist.,90,35 (1935).
6 Edelman, C. H., and Favejee, J. Ch. L., Zeits. Krist.,1O2,417.
7Ross, C. S., and Kerr, P. F., ProJ. paper l8S-G, Lt. S. Geol. Szraay, Washington

(1e34).
8 Schroter, G. A., and Campbell, I., Ann. Inst. Mining onil Met. Engrs., Tech. pub.

No. l l39- I f ,31 pp.  (1940).
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cent porcelainlike material with conchoidal fracture and, after drying

at 100oC., closely resembled the halloysite specimens.
A somewhat more impure sample (No. 2a) was collected in the vicinity

of Rockdale, near Baltimore, Md., where endellite had been formed by

alteration of plagioclase feldspar in an epidote amphibolite. Endellite

persisted in the "C" horizon of the associated soil.

Er,Bcrnou Mrcnoscopn Pnorocnapus

Electron microscope photographs of halloysite and endellite were made

in the laboratories of the National Bureau of Standards, using the ap-

paratus manufactured by the Radio Corporation of America. The initial

magnifications were usually about 10,000 diameters, but a few photo-

graphs were taken at about 18,000 diameters.
The specimens examined were first ground for a few minutes in an

agate mortar and then dispersed in water. In some instances it was

necessary to use a few d.rops of dilute ammonium hydroxide as a dis-

persing agent. After allowing the coarser material to settle, the suspended

sample was diluted to such a concentration that a drop would give a

mount of the desired density when applied to a thin collodion membrane.

The membrane, which had been prepared by the spreading of a dilute

collodion solution on water, was supported on an electroplated 200-mesh

gauze. After drying at room temperature, the mounted sample was intro-

duced into the electron microscope. Since the microscope is necessarily

evacuated, the endellite samples were probably completely changed to

halloysite, but this should not have interfered with observations on the

morphology of individual particles.
Although the typical lath-shaped form of the halloysite fragments,

well shown in Figs. 1,2, and.3, has previously been observed in electron

microscope images by Shaw and Humbert,e the halloysite from Lawrence

County, fndiana (Fig. 1, 1) exhibits geometrical arrangements of laths,

serrations on the lath edges, and indentations on the lath ends not

hitherto noted . Thus, the portion of the object indicated by ,4 in Fig. 1, 1,

appears to be formed. from a number of related fragments between which

an angle of about 60o frequently occurs. This is perhaps more clearly

shown in Fig. 4 where the oriented portion of the photograph is sketched.

This arrangement was noted in other electron micrographs of the ma-

terial. ft is probable that the related fragments are only part of a much

larger system that had been degraded since the formation of the mineral.

Sot .  Am. ,6 '  146-149 (1941) .
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Frc. 1. (1) Halloysite ("indianaite,'), Lawrence County, Indiana.
(2) Endellite, Rockdale, Maryland.
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Frc. 2. (1) Endeltite, Anamosa, Iowa. (2) Kaolinite, Georgia.
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Ftc.3. (1) Halloysite, Iyo, Japan.
(2) Endellite, Djebal Deber, Libya.
(3) Hailoysite, Liege, Belgium.
(4) Halloysite, Real County, Texas.
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The endellite specimen from the vicinity of Rockdale, Md', was known

to contain a mixture of several clay minerals. Endellite relic laths are

kaolinite photograph is reproduced in Fig. 2, 2-

Many of the end.ellite and halloysite fragments display a true or ap-

Frc. 4. A tracing of a portion of Fig. 1 (1) showing related fragments of halloysite.

the material.

CouposrrroN o[ HALLoYSTTE AND DBnvnnarnD ENDELLTTE

chemical formulas for halloysite and dehydrated endellite which ex-

press the relationship between ions in tetrahedral and octahedral co-

ordination can be developed after certain assumptions are made. These

assumptions are:

1. There is a fi-red ratio, 5:4, of oxygen to hydroxyl ions.

2. The ratio of ions in tetrahedral coordination to oxygen ions is 2 : 5'

3. AII silicon ions are in tetrahedral coordination'

4. Possible isomorphous substitution of Mg++, Fe+#, Na+ or Li+ for Al#+ is neglected'

The formula then is of the tYPe

Al--" (Al,Siz-") os (oH)aX"

in which zz represents the total Al+++ presen t, n the number of ions to be
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added tosi++++ to bring the number of cations in tetrahedral coordination
to 2, and Xo represents the replaceable base. The value ol ain the ex-
pression X" is 0.02, corresponding to the usual exchange capacity of the
kaolin minerals, i.e., about 0.08 mill iequivalent per gram.

To illustrate the calculation of the formula, the analysis given by
Ross and KerrT of their sample No. 3 may be used. The analysis and the
corresponding atomic equivalents of Si++++ and Al+++ are:

SiOz
ALOa
FezO:
CaO
Naro, KzO
-HrO

HrO

Per cent

40.26
37 .95
0 . 3 0
0 . 2 2
0 . 7 4
4 . 4 5

15.94

Atomic eqaio.

si++++ 0.670
Al+++ 0.744

Since

(m) /0.7aa:  Q-t ' )  /0 .670
and

3 ( m ) t 4 ( 2 - n ) l a : 1 +

in order to balance the charge; consequently

3(2 - n) 0. 7 4 / 0. 670+4(2 - n) + a : t+. 00.

The formula, therefore, is Al2 62a(Al ogzSir.sos)Os(OH)aX.oz, which, con-
sidering the limits of analytical accuracy and the validity of assumptions
concerning base exchange and isomorphous substitution, may be simpli-
f ied to A12.02(AI.0esi1.e1)05(OH)4X.oz. Relative amounts of Al+++ in retra-
hedral and octahedral coordination are not significantly affected by the
above assumptions. The formulas for nine of the 13 hailoysite specimens,
the analyses of which are published by Ross and Kerr,7 are given in
Table 1.

'Irrnrl 
1. Iionruur,rs otr H,rttol.srtn SprcrtruNs

Ross-Kerr
no. Formula

3
4

o

7
8
9

l2
T J

Alz oz(Al oesir er)Ob(OH)t( o,
Alz oo(Al.ozSir es)O6(OH)4X o,
Alr oc( Siz oo)oa(oH)rX oz
Alz or(Al.orSir ge)Or(OH)aX u,
AL m(AI mSir g?)Os(OH)aX.m
Al2 or(Al o8si1 e2)O5(OH)t( ot
AIr.oo(Al uSir ss)O:(OH)t(.u
Al, or(Al.o'Sir go)Os(OH)rX u
Alr.o,(Al o8si1 etos(oH)t(.0'
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The foregoing method does not give a satisfactory formula for sample

2, the type maierial from Liege, Belgium, since the SiOr:AIzOr ratio of

th is  mater ia l  is  2.06:1 '00 and,  therefore,  is  in  excess of  the 2 '00:1 '00

limitation imposed by the formula. This high ratio may be the result of a

slight amount of sil ica as an impurity, either as a separate phase or as an

aoau*ite type material. Ross and Kerr's sample 11, from Newton county,

Arkansas, probably contains diaspore or gibbsite as an impurity, since

the water lost above 110" is relatively high, the SiOr:AlzOa ratio is low

and other samples from that locality contain such impurities' The

amounts of alkali in the samples, which were usually low and in some

cases not reported., were not considered in the caiculation of the formulas.

The formula of sample No. 10 has not been calculated because of the un-

usual ly  h igh conlent  of  a lka l ies (1.19 per  cent) '

Although halloysite has approximately the same formula as kaolinite'

AIzOr'2SiOs' 2H2O,7 analyses of halloysite always show more than 14'4

per  cent  o[  water  lost  above 110"C. ,  whereas pure kaol in te samples have

very nearly the 13.9 per cent required by the formula'

Analyses of f ive endell ite samples dried at 100oC', from the four locali-

t ies described above, are l isted in Table 2. Formulas for samples Nos. 21,

22, and,23, alter drying at 110oC., are:

i\lg oz(Al osSil sz)Or(OH)t( o:

AI, or(AI orSir.g5)Os(OH)rX o:

Alr oz(Al.osSir gz)Os(OH)J( oo

Sample No.22a, the fine fraction of the Anamosa, Iowa, material, was

,ho*r, by differential thermal analysis to contain about 20 per cent of

gibbsite. The material from Rockdale, Maryland, sample 24, contains

f,oth kaolinite and the iron-bearing clay mineral, nontronite, as shown

by examination with a petrographic microscope'

Taslr 2. Arar-vsns ol ENorlr-tro Seurr-ns DnrBn er 110'C'

(2r)
(22)
(23)

2 l

SiOz
AizOr
FezOs
CaO
Mso
Ignition loss

45.20
38.96
0 . 2 r
0 .00
0 .08

15  .35

44.51
39 .90
o . 2 l
0 . 0 0
0 . 0 5

l .) . ++

35.26
+5.2+
0 . 4 4
0 . 0 0
0 3 4

19.46

M . 3 5
40.35
o . 2 r
0 0 0
0.04

15 .54

4 ) . + O

36.69
J . J I

0.00
o . 3 2

14.34

TotaI 99 .80 100. 1 1 r00.74 100.49 100.32



10 ALEXANDER, FAUST, HENDRICKS, INSLEV AND M;MT]RDIE

2l Djebal, Deber, Libya.
22 Anamosa, Iowa, translucent piece.
22a Anamosa,Iowa, fraction less than 2 microns in size.
23 Eureka, Utah.
24 Rockdale, Md., fraction less tban 2 microns in size.

The base exchange capacities of samples Nos. 22. 23, and,24 were de-
termined by first saturating the clay at pE 7.0 with Ba++, from 0.2 N.
Baclz which was then displaced by treatment with NH4cl. The displaced
Ba++ was determined gravimetrically as the sulfate. observed capacities
a re :  No .  22 ,0 .08 ;  No .  23 .  0 .01 ;  No .  24 ,0 .21m.e .  pe r  g ram.  The  h igh
exchange capacity of the material from Rockdale, Md., No. 24, was due
to the nontronite in it.

These several samples of dehydrated enclellite have very nearly the
same composition as found for halloysite bv Ross and Kerr.

fnrNrrlrcauoN or. ENlerrrrn ny X-ney Drllnacrrow, Wernn
CoNreNrs, RulnecrrvB Innrcos, aNo DcrqsrrrBs

room temperatures causes it to give the diffraction pattern of halloysite.
Efiorts to obtain endellite by hydrating halloysite have not been success-
ful.

The four endellite specimens examined in this work gave mixed diffrac-
tion patterns of endellite and halloysite. All of the samples showed vary-
ing water contents, depending upon the humidity. Typical results, ob_
tained from the Eureka, Utah, sample (No. 23) that had been ground to

_ 
The endellite samples examined are partially reversible in their hydra-

tion. when samples of endellite (Eureka, utah) were dried at 300oc. and
again brought to equilibrium at 30oc. and 75 per cent relative humidity,
they readsorbed about 50 per cent of the water lost, but the intense dif-
fraction l ine at 10.14, characteristic of endell ite, did not reappear. It
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would seem that this water taken up by the dehydrated endellite is

merely adsorbed, as also is a part of the water in the original samples.

somewhat different results fnr the dehydration characteristics of

endellite were obtained by Hofmann, Endell, and Wilmz and by Correns

and Mehmel.10 The endell ite used by Hofmann, Endell, and Wilm prob-

ably contains gibbsite as an impurity, as indicated by the weight loss of

19 per cent at temperatures above 200oC., while that of Correns and

Mehmel contained. less admixed halloysite (their metahalloysite) than

did the material from Eureka, Utah.

Relot ive Humidi lY

Frc. 5. Effect of relative humidity at 30'C. upon loss of water from

partially dehydrated endellite.

Although Correns and Mehmello indicate that the refractive index of

endellite determined by use of the immersion method depends upon the

immersion liquid, careful measurements by one of the present authors

(G.T. Faust), using several l iquids, failed to show this efiect (Table 3).

When care was used to insure penetration of the specimen by the liquid,

no change was noted in the refractive index either with the liquid used

or with the length of time in contact with the liquid, after displacement

of the surface water in the first few seconds. If the surface film of water

10 Correns, C. W., and Mehmel, M., Zeits. Kris|.,94,337 (1936).
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were not completely removed, as in case of a totally immiscible l iquid,
values too low would be obtained.

Taslr 3. Appar-rNr Rul.necrrvn INorcts ol ENoBlurn SpncrunNs ron Nao l,rcrrr

(4,

Rohrbach's
solution in

glycerin

(.) Dehydrated(b)
Glycerine and

quinoline

Mineral oil endellite or
and monochloro- halloysite

naphthalene in (c)

1  . 5 5 6

1  . 5 5 1
I . .').)o

' rhe values of the refractive indices of endell ite l isted by correns and
Mehmelr. vary between 1.528 and 1.550, which includ.es the range shown
in Table 3. while correns and Mehmel consider these values to be those
of endell ite, they probably are values for mixtures of endell ite and halloy-
site. The true value, as shown later, is probably L.490+.005. Using this
f,gure for pure endell ite, none of the specimens so far measured contains
more than 50 per cent of endell ite, the remaincler being its dehydration
product, halloysite.

There appears to be no unequivocal methocl of determining directly
the water content of endell ite because no samples unmixed with halloy-
site seem to be available. An indirect method was adopted, however,
based on the assumptions that the halloysite in the samples was derived
{rom endeli ite, that no volume change in the specimen accompanied the
change from endell ite to halloysite, and that the submicroscopic p,res
produced by the change are completely refi l lable with water. Dense,
coherent, and porcelain-l ike specimens were chosen as most nearly ful-
f i l l ing these conditions and density determinations were made on such
samples by determining their weights after drving at 110o, the weights
after the pores were fi l led with water, and the water displacement of the
wet samples. The percentages of water lost by wet specimens when dried
at 110"C. as shown in Table 4, column 4, agree within the l imits of
experimental error with the water loss accompanying the change of
Alrsirob(OH)n.2HzO to AlzSizos(OH)r. The results provide evidence that
the composition of endell ite is AlzSizOr(OIJ)4.2H2O.

Specimens with lower densities when the pores are water-fi l led, such
as that from Washoe County, Nevada, with density of 2.03 and that from
Adams County, Ohio, with density oI 2.02, are less coherent and porce-

2 I
22

24

1 .543
1 ..543

_t . .).) I

1 . . 5 4 3  1 . 5 4 0 - t . 5 4 . 5
1  .541
r . 5 4 2
1 .552
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lainJike than those listed in the table, indicating that the original samples
of endellite were not free from voids.

Teslr 4. Dnxsrrrns lon HallovsrrB ,rwo Dnnvnn,r.trn Exontr,trn Spncruoxs

Density
Per cent of water
in wet specimen
lost by drying

at  110'C.

Source of specimen

13

Specimen u'ith
pores filled
with water

Specimen
dried at
110 'C .

Dureka, Utah
Iyo, Japan
Larvrence County, Indiana

2 . 1 1 ; 2 . 1 3
2 . 1 7
2 . t 6

2 . 5 8
2 . 6 0
2 5 9

l . t .  /

1 n  n

1 t  <

Calculated values 2.673

1 Calculated for

2 Calculated for
3 Cal:ulated for

AlrSirOb(OH)4 2H:O with

oo:5.14,  bo:8.94,  co:  10.254,  l l :  1oo" l2 ' .

loss of 2HzO from AIrSigOs(OH)a' 2H:O.
Al,SirOb(OH)4 (halloysite) with

ao:  5.14,  bo:  8.94,  co:7.2f \ ,  g :  700"12' .

Cnvsrer Srnucrunn ol ENDELLTTE AND Her,tovsrrr

'Ihe atomic arrangement in endell ite was first studied by Mehmei,5 who
suggested that it is formed of alternate Alr(OH)s and SizOe(OH)2 layers.
Hendrickss showed that this type of structure does not accou,nt for the
intensities of the (001) reflections and proposed in its place one in which
AhSizOr(OH)a layers, similar to those of kaolinite, are interleaved with
layers of water molecules. For the latter structure the computed and ob-
served intensities are in agreement.

An alternative structure for endellite was proposed by Edelman and
Favejee,6 who considered it made up of Al2Si2On(OH)u layers with pos-

sibly some water adsorbed between layers. There are a number of objec-
tions to the structure. ft does not explain the intensities of the (001)

reflections and, in addition, calculations show that the second order

should have an appreciable intensity. Actually, this reflection' which
should appear with a spacing of 5.05A, is not present. This proposed

structure, moreover, leads to a composition of AlzSizOn(OH)o'XIIIO,
which is not in agreement with the probable water content as adduced in
the last section. Perhaps worst of all, i t is not a structure that by loss of
water could form halloysite with a separation of silicate layers near
7.24.
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Part of the confusion concerning the structure of these minerals arises
from the fact that the powder patterns of kaolinite and halloysite difier
only in the character and strength of the reflections from lattice planes
oblique to the base. They are always diffuse and weak in halloysite,
whereas the corresponding reflections in kaolinite are usually sharp.lt
These diffuse reflections are evidence of great disorder in the stacking of
the AhSizOs(OH)r layers. There appears to be no essential objection to
the structure of endellite originally proposed by Hendrickss and to the
conclusions that halloysite is a kaolin-type mineral and that it usually
has considerable disorder in the stacking of the silicate layers.

The refractive index calculated for AlrSi+Oro(OH)s.4HrO, assuming a
uni t  s t ructure having oo:5.1A,  Do:8.94,  co:  10.254,  g:  100'12 ' ,  wi th
Al.rSirOro(OH)s having the molecular refractivity found for kaolinite and
that  of  water ,  is  1.490 +.005.

GrNrsrs oF ENDELLTTE AND Har-rovsrrp

Evidence that halloysite is f.ormed from endell ite is:
1. Samples of halloysite and endell ite subjected only to changes

brought about by pressure and temperature conditions within the elec-
tron microscope have identical geometrical arrangements, crystal habits,
and shapes.

2. These habits and shapes are quite difierent from those of kaolinite,
although the latter is almost identical with halloysite in cc-ray structure.

3. Many porcelain-like specimens of endellite-halloysite when their
pores are filled with water have the density calculated for endellite
(Atrsiro3 (oH) r. 2HrO) .

4. The content of the water lost above 110o is always greater in halloy-
site than in kaolinite.12

Ross and Kerr's7 discussion of the origin of halloysite thus really refers
to endell ite. To this can be added the surmise that endell ite is formed only
in the presence of l iquid water or an almost saturated vapor.

The absence of preferred orientation in a number of the halloysite
fragments is shown by the nature of the *-ray diffraction photographs
made on a Weissenberg goniometer, and also by the lack or very low order
of birefringence observed in the polarizing microscope. Thus, while the
large original pieces probably did not contain voids, they were poly-

il Some samples of kaolinite also give difiuse reflections from these planes (private

communication from H. F. Carl of the United States Bureau of Mines)
12 This additional water is probably adsorbed on the very fine material left by dehydra-

tion of the endellite since measurements of surface area by the nitrogen adsorption method

made by R. A. Nelson on dehydrated endellite from Eureka, Utah, gave 90 sq. meters per

gram, which is greater than that of any kaolinite yet measured.
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crystalline on a microscopic or possibly sub-microscopic scale. The con-
nected remnants of the crystal shown in Fig. 1, and sketched in Fig' 4,

indicate that the original platelike crystal of endellite was at least 2

microns in greatest dimensions.
The genesis of endellite is well illustrated in the occurrence near Rock-

dale in Baltimore County, Maryland. Here the rocks consist of gabbros

'Co Horizon

Segregotions of
Endell i te

Columnor seclions ot locoltfies in Bollimore Co., Morylond'

Frc. 6. Columnar sections illustrating occurrence of endellite near

Rockdale, Baltimore County, Maryland.

which have undergone varying degrees of metamorphism. Endellite oc-

curs as segregations in the zone of weathered rock, or as small pockets

disseminated in the weathered rock itself. Columnar sections i l lustrating

the occurrence are given in Fig. 6.

Locolity 1[o. 1. The specimen was taken from a trench, along the west side of the road

from Rockdale to Scotts Level, at a point 250 feet south of the intersection of the road and

the stream. The site is on the wooded flank of a hill along which a trench about 6 feet deep

had been dug for some distance up the hill, The rock from which the endellite was derived

1 (

Legend

ffiw
Soil Weofhered

'C'Horlzon Rock

W
Meto-gobbro

Ys_;:7+:-_@--F*

Locoli ty No. l . Locol i ty No.2.
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is an epidote amphibolite. This rock has a porphyroblastic texture, a fine to medium grain

size, and a blackish green-gray color. The principal constituent is hornblende with a well
developed prismatic cleavage and strong pleochroism (Z:deep bluish green, Y: Yellowish
green, X:pale greenish yellow). Some of the crystals possess schiller inclusions, a relic of
the former hypersthene. It is biaxial negative, with 2V almost 90o, and the p index of re-
fraction 1.661. Epidote occurs as subhedral grains and is abundant in the plagioclase, from
which it is derived through metamorphism. The epidote is optically biaxial; 2V is variable
but near 90', and A is 1.734. Plagioclase of bytownite composition, AbzrAnzc, occurs as
Iath-shaped crystals showing good twinning. It contains epidote grains and tiny needles
of actinolite showing extinction angles up to 21". The accessories are sphene and magnetite.
A micrometric analysis made with the Wentworth-Hunt recording micrometer is given in
Table 5, and a photomicrograph of a typical thin section is shown in Fig. 7, b.

l-rc. 7. Photographs of thin sections from rocks occurring at Rockdale, Maryland.
(a) Uralitizeil. hyperite. Opaque areas are magnetite, pyroxene (P), showing uralite.

(U) rims, set in a bytownite (By) base.
(b) Epidote amphibolite (meta-gabbro): Epidote (E) developing at the expense of

plagioclase through metamorphism. Hornblende (H) exhibits lower relief.
(c) Weathered. epidote amphibollla. Displaying "worms" of kaolinite in a base of endellite

and halloysite with some nontronite.

As this rock weathers, its color lightens and it develops a mottled appearance of white
areas in a grayish green base. The hornblende, still the dominant constituent, is similar to
that in the fresh rock except for incipient alteration, in part to a brownish aggregate which
is here condidered to be nontronite, and in part to iron oxides. The plagioclase is in various
stages of freshpess, but is being replaced by the clay minerals, The magnetite and sphene
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are accessories. The mineralogical composition is given in Table 5, and a photomicrograph

"C" horizon of the soil.

in deternining the course of kaolinization of feldspathic materials'

SuruuanY

Halloysite, AlrSirOr(OH)a, and endell ite, AlzSizOr(OH)a' 2HzO' have

been studied by means of chemical, electron-microscopic, r-ray difirac-

tion, and petrographic methods. The observations indicate that halloy-

site is formed by dehydration of endellite'



Ta*n 5. Mrcnol*rnrc Alve.rvsns, Expnrssnn rr Wrrcnr pnn CnNr, or run
Snvnnal Rocrs OccunntNc ar Rocroarl, Mo.

18 ,'lLEXjNDILR, FALTST, IIENDRICKS, INSLET. ,tND McMLTRDIE

Epidote
amphibolitc

Per cent by weight Per cent by weight Per cent b5z u'eight

Hornblende
Plagioclase
Epidote
Sphene
Magnetite
Endellite I
Halloysite I
Kaolinite J
Nontronite and l

small amounts of I
iron oxide stains J

Biotite
Pyroxenes

69.6
10.3 AbgrAnT6
1 8  . 6
0 . 4
1 . 1

53  .4
5.7 AbzoAnz
3 . 3
1 . 0
0 . 3

28.6

7 . 7

100.00

10.6 (ural i te)
48.3 AblAnzs

5 . 0

0 . 4
3 5 . 7

Halloysite has the same type of aluminum sil icate layers as kaorinite,
but the layers usually are superimposed in a ress ord.erly manner. Endel-
lite has a structure in which kaorinite-type layers arternate with single
layers of water molecules.

rt is proposed that halloysite be retained as the name for materiars
similar to the type mineral f irst described by Berthier. For the more
highly hydrated mineral, which has variously been called hallovsite and
hydrated halloysite, the name endell ite is suggested in recogniti 'on of one
of its discoverers.


