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HIGH-ALUX,IINA ALLOPHANE AS A WEATHERING

PRODUCT OF PLAGIOCLASE

KBNNrru G. SltBrsrNcvr., Department of Geology,

S t anJ or d LI nia er sity,l S t anf or d', C aliJ o r ni a'

Aesrnlcr

Allophane ivith an exceptionally high content of alumina occurs in granodiorite in the

northwest part of the Bass Lake quadrangle, Mariposa county, california. chemical

analysis of the mineral gives SiOz 15 1, AlrO3 47 7, CaO 0 29, NarO 0'2+, K,O 0'14, HzO+

20.8o/a, H2O- 15 7%, (alumina determined by difierence), corresponding to the formula

sior. 2Al!o3 ,SHzo. The alloohane is optically isotropic and is amorphous to infrared and X

radiation Occurrence as cores to plagioclase crystals suggests a secondary origin, and it is

probable that development of allophane lepresents the first stage of weathering of the rock.

INrnooucuox

During study of some sierra Nevadan igneous and metamorphic rocks

exposed in the northwest part of the Bass Lake quadrangle, Nfariposa

County, California (Snetsinger, 1965), transparent, isotropic material

with low refractive index was seen in thin section as cores to plagioclase

cr_vstals in granitic rock. A very small amount of this material was puri-

fi.ed from a sample of granodiorite, and X-ray and infrared study showed

it rvas amorphous, suggesting :rllophane. A larger amount from the same

sample was prepared for chemical work, but the anall'sis -vielded a for-

mula quite distinct from that usually found for allophane. Pertinent

chemical and physical data are given below.

PBtnocnapurc RELATToNS

The allophane makes up iess than a percent of the granodiorite from

which it was separated; major mineral content of this rock is qu&rtz,

78/s; plagioclase, 52/6; potash feldspar, t2/6; hornblende and biotite,

18/6. Allophane occurs most commonly at the cores of plagioclase cr1.s-

tals, but thin, anastomosing veinlets mav reach rims of grains, as ilius-

trated in Figure 1.

SBpenatonv PnocBounB

In order to free it from associated plagioclase, the allophane was finely

ground and centrifuged in bromoform diluted with acetone. Its hydrous

nature made air-drying necessary to prevent loss of water: at no point

during purif ication was the material washed with water. A few brown-

stained grains, presenl in the final pure fraction, were removed with

the Frantz electromagnetic separator. Before analysis, the pure allophane

1 present address: Space Sciences Division, National Aeronautics and Space Adminis-

fration, Ames Research Center, Moffett Field, California'
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was washed repeatedly with acetone to eliminate bromoform, and then
left to dry in air for two weeks at room temperature in a lightly covered
dish so that (1) all acetone was evaporated and (2) any water extracted
during acetone treatment was readsorbed. About 200 mg. of the mineral
were obtained for analvtical work.

Awervrrclr, Pnocnounn

Water loss at 110"C was determined by heating for 24 hours in an oven
adjusted to * 1o of that temperature, and total water was calculated as
loss upon ignition at red heat to constant weight. Following ignition, the
allophane was decomposed with HF and a l itt le HzSO+ and sil ica deter-

Frc. 1. Mode of occurrence of high-alumina allophane. The isotropic core to the plagio-
clase crystal in the center of the field of view is allophane; the plagioclase grain is sur-
rounded by grid-trvinned potash feldspar Crossed polarizers X 18.

mined by volatilization as SiFa. The residue contained mainly AIrOa
with minor amounts of calcium and the alkalies. Alumina was calculated
by difference after determination of all other oxides, a satisfactory pro-
cedure since the only other elements detected were barium and iron, and
these were present in spectrographic traces.

NouBNCr,arunp

The analysis of this mineral closely corresponds to that of a mineral
which previous workers have called collyrite. Des Cloiseaux (1862),
Dana (1885) and Doelter (1917) group collyrite with the clay minerals,
and present several early analyses of it, the most recent of which was
done over one hundred years ago. Analyses of optically isotropic clay
minerals made prior to the advent of X rays are, however, open to ques
tion since such materials may have consisted of minutely crystalline
clays or mixtures of clays. Indeed, Kerr and Hamilton (1949) reported
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X-ray examination of a sample of collyrite indicated it was actuailv
kaolinite, and they suggested that the name collyrite represents no defi'
nite mineral species, and should be dropped. Hey (1955) notes collyrite
as a doubtful species and Rost (1944) has studied examples that proved

to be mixtures of clays. Collyrite is not included in Brown's (1955) report

on nomenclature of clay minerals. It appears that "collyrite" is not

valid; at least, the name is not in recent usage. The mineral described in

this report is therefore called "high-alumina allophane."
Examination of the literature on amorphous clay materials shows that

these are, despite their noncrystalline nature, commonly referred to as

minerals, and the usage is adopted here, although some might prefer the

term "mineraloid."

CouposrrroN AND PHYSrcAr, PnopBtrros

Chemical analysis of the allophane is given in Column (1) of Table 1.

Alumina, water and siiica are major constituents, and their molecular
proportions suggest the approximate formula SiOz'2AlzOa'8H2O, which
is in fair agreement with the four previous analyses of "collyrite" (Col-

umns (2)-(5), Table 1). Analysis (5) is especially comparable to the pres-

ent one, but analysis (4) is closer to normal allophane than "collyrite."
X{ineralogists interested in clays commonly identify as allophane any

isotropic material which does not diffract X rays, but the silica-alumina
ratios for this mineral cover a considerable range. Ross and Kerr (1934)

refer to twelve allophane analyses where the ratio varied from 0.74 to

1.98, about one-half being not far from 1.0. Birrell and Fieldes (1952)

record three New Zealand soil clay allophanes, the silica-alumina ratios

of which range from 1.01 to 1.78. Mitchell and Farmer (1962), studying
two Scottish soil clays, found that when these contained a high percen-

tage of allophane, ratios of 1.31 and 2.03 were obtained. The sil ica-

alumina ratio for the high-alumina allophane is 0.32, and thus the min-

eral is compositionally quite distinct from normal allophane. On the

other hand water content is similar to that of other allophanes: Ross and

Kerr (1934) cite a range of 33.06 to 43.96 weight percent of this consti-

tuent in allophanes, comparable to the present analysis.
X-ray examination of the high'alumina allophane fails to reveal any

crystalline phase, even after glycoiation. Infrared absorptionl (Fig. 2)

further indicates the mineral is amorphous, because areas of strong ab-

sorption corresponding to well directed bonds are absent. A poorly de-

fined absorption band occurs near the Al-O, Si-O stretching region
(1000 cm-l) and the band near 550 cm-r is a harmonic of that vibration.
No absorption line suggesting O-H bond development occursl the broad

I 1.8 mg. allophane in 400 mg. KBr.
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Tanrn 1. Cnrurclr- ANer,vsrs
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I t ' r  |  @ l(3) l r+r I  u,
Chemical Analyses in Weight Percent

SiOz
Alr03t

CaO
N.rO
KzO

COz
H:O+
HzO-

Total

1 5 . 1
47 .73
o 2 9
0 . 2 4
0 . 1 4

20.  8
15.7

1 4 . 0
4 5 . 0

4 2 . O

1 5  . 0
M . 5

4 0 . 5

Z J . J

4 2 . 8

34.7

14.49
47 .44
0 . 8 9

0 . 7 9
36.39

100.0 100.8 100.00

Molecular Prooortions

SiOz
Al203

CaO
NarO
K:O

COz
HzO+

H:O-

0 . 9 3
1 7 6

9 . 3 2

1 . 0 0
1  , n

8 . 9 9

1 . 5 5
1 . 6 8

7  . 7 0

0 .96
I  .86
0.06

0 .07
8 0 8

1 .00
t .87
0.020
0 .016
0.008

4 6 1  )- ' -^  
fs.on
I

3 .48  J

(t) High-alumina allophane, Bass Lake, Calif. Analyst, K. G. Snetsinger (alumina by
difference); calcium by N. H. Suhr, Pennsylvania State University, (spectrography);
potassium and sodium by C. O. Ingamells, Pennsylvania State University (flame photom-
etry); Ba and Fe present in spectrographic traces.

(2) 
"Collydte" (Klaproth, 1795).

(3)'(Collyrite" (Berthier, 1817).
(4) ('Collyrite" (Kersten, 1831).
is) "Colhrite" (Gladstone and Gladstone, 1862).
For sources of the earlier analyses see Dana, 1885, p. 420.

band near 3440 cm-l is considered due to adsorbed water, as is the weak
band at 1650 cm-l. The peak at 2375 cm-l may possibly be attributed to
atmospheric COz, but is more likely the result of slight instrument im-
balance.

Owing to lack of material, differential thermal analysis could not be
performed. Some data are, however, available regarding dehydration-
rehydration behavior at different temperatures, and these are summarized
in Table 2. At the end of 40 hours at nearly 100/6 humidity, the allophane
sample used to determine HzO- rehydrated partially, regaining 64 per-
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cent of the water it had lost. The same partially rehydrated material,
heated to 190'C for f ive hours, lost an additional 13.3 percent of the
weight of the original sample, but was not capable of being rehl'drated
after having been heated to that temperature: at the end of 16 hours, no
increase in weight of the sample was noted. Upon ignition at red heat a
further 7.5 percent H2O was lost; water given off at this temperature
could also not be readsorbed. Thus nearly 80 percent of the water in the

mineral is given off at temperatures below 190oC, and this is in contrast
to common allophane, which shows gradual water loss to over 800"C'
(Ross and Kerr, 1934). Apparently water is less tightly bound to the
high-alumina allophane than it is to common allophane. Non-rehl.dration

Frc. 2. Infrared absorption spectrum of high-alumina allophane.

after heating to 190"C is presumably the result of rearrangement of

constituent molecular groups to positions that do not permit readsorp-
tion of water after heat treatment.

X-ray study of the ignited allophane failed to reveal presence of any

crystall ine phases. Heating for one hour at 1075oC, however, produced

mullite, the cell dimensions o{ whichl [a 7.5S(a) +0.-02 A; 6 7.70(6) +0.01

A; c  2.880+0.004 A;  ce l l  vo lume:168.3+0.04 A3l  are near those of

synthetic, iron-free mullite (Agrell and Smith, 1960) . X-ray stud.v showed

mullite was the only crystall ine phase formed at 1075"C.
This high-alumina allophane is considered to be h)'drated amorphous

aiumina mixed with hydrated amorphous sil ica and minor bases. Water
content is adsorbed, and it may in large part represent what Searle and

Grimshaw (1959, p.419) refer to as colloidal water, water needed to

satisfy- unsaturated charges on surfaces of colloidal particles. I{olecular

1 Obtained by the least squares computer refinement program devised by Evans et al

(1e63).
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proportions of major oxides present in this allophane are close to even
numbers and it would be of interest to know if this is fortuitous or the

result of balancing of charges on molecular groups. The writer has been
unable, however, to decide the exact configurations of groups which may

be invoh'ed and therefore charge relations remain uncertain.
Fully-h-vdrated (i.e., untreated) material is isotropic, has a refractive

index of 1.487 and a density oI 2.10, f 0.05 g/cc. Water is evolved in
closed tube and the mineral is soluble in cold concentrated HCl. Loss of

adsorbed water has an effect on refractive index and density: after heat-
ing for 15 minutes at 75oC, refractive index is raised to 1.51, *0.01 and,

after ignition, refractive index and density are 1.53, *0.01 and 2.32,
*0.05 g/cc. Study of grain concentrates shows that the mineral has a
strong tendency of occurrence as large (0.1 mm) platelets.

T evtr 2. DnnvonerroN-Rnnvon.qtroN B rnevron ol

Hrcn-Ar-urrnrNe Ar,r,opnlltn
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Temperature
] 

Percent HzO loss Rehydration

20-1 10"C
1 10-190'C
190'C-red heat
1075"C

t . ) -  /

I J . J

7 . 5
(mullite formed)

64 percent

None
None

OnrcrN oF HrGH-ALUMTNA ArropnnNB

Occurrence at cores of plagioclase crystals indicates a secondary origin

of the high-alumina allophane, and probably it is a product o{ weathering
rather than deuteric alteration, for such efiects as chlorit ization of bi-

otite, sericitization of K-feldspar, and saussuritization of plagioclase are

completely absent from the rock in which the allophane occurs. Several
previous workers have noted formation of optically isotropic material in
plagioclase at early stages of rock weathering (Grant, 1963, 1964; Bates,
1962), and, so far as Sierranrocks areconcerned, Bateman et al- (1963,

p. 15), in speaking of plagioclase, observe: "under certain conditions the

cores have weathered out." That caicic plagioclase should be the first

mineral to break down under surficial conditions flts weil with the order
of stabil ity of minerals of igneous rocks towards weathering as established
by Goldich (1938).

Alteration of plagioclase is the only indication of weathering in thin

section of the allophane-bearing rock: mafic minerals appear perfectly

fresh. There was, however, slight iron staining on the outcrop surface.
Considering the original composition (-Anno) of the cores of the



260 KENNETH G. SNETSINGER

plagioclase grains, weathering of them to form allophane has resulted in
considerable depletion in lime, soda and silica, and introduction of water.
The situation is illustrated in Table 3, wherein a calculated analysis of
plagioclase of composition Ana6 (column 2) is set out for comparison with
the analysis of anhydrous high-alumina allophane recalculated to 100
percent (column 3). Of the several oxides involved, alumina has probably
remained most constant, and the analysis of the fully-hydrated rnineral
(Table 1) has been recalculated (column 4) assuming constant AlzOa.

The specific gravity of Anao plagioclase is 2.67 g/cc but that of the
allophane is 2.1 g/cc.No volume increase has taken place during altera-
tion of plagioclase to allophane, however, because no evidence of expan-
sion of plagioclase grains-such as offset of twin lamellae, cracks in host

rerr.e3.cururcal"ocu-mrc;r:ili:H"'iff 
ilfr H.orPreorocr,asn

Oxide Anao
Plagioclase

Anhydrous
allophane

23 .8
75 .2
o.46
0 .38
0 . 2 2

Fully hydrated
allophane,

AlzOa constant

8 . 4
2 6 . 6
0 . 1 6
0 . 1 3
0 . 0 8

2 0 4

Sio:
AlzOa
CaO
NurO
KuO
HtO

5 8 . 1
2 6 . 6
8 . 4
6 . 9

trace?

minerals radiating from enclosed weathered plagioclase-has been seen.
(Fig. 1). Assuming AlrOs to have remained constant during reaction,
calculation of the actual amounts of material involved shows, on the
contrary, that appreciable volume loss has been produced by alteration
of plagioclase to allophane. There is, however, no textural evidence of
contraction, and the loss is assumed made up for by creation of minute
pore spaces in the mineral or possibly introduction of water in excess of
the amount adsorbed by the mineral.

Previous workers have suggested origins of amorphous alumina-silica
weathering products. For example, Bates (1962) studied plagioclase
weathering in Hawaiian andesites and found that halloysite forms first,
by alteration of the core and then the rim of the plagioclase, and gibbsite
is subsequently produced by desilication of halloysite. He observes (p.
315) than an (' . . . amorphous transition state, probably ranging in
composition from allophane to Al-gel exists as part of the change from
halloysite to gibbsite." This range of composition includes the high-
alumina allophane but as far as the present occurrence is concerned there
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is no evidence for such a transition state, because there is no evidence of

halloysite or gibbsite. Tamura and Jackson (1953) have suggested a

mechanism for allophane formatioa. The sequence involves (1) formation

of crystall ine gibbsite from amorphous Al(OH)a; (2) dehydroxylization of

gibbsite; and (3) addition of sil ica in solution, the oxygens in sil icon-

oxygen tetrahedra substituting for lost hydroxyls, and silica and alumina

then linking to form a random structure-allophane. But this mechanism

requires dehydration and sil ication, whereas formation of the allophane

has involved considerable hydration together with desil ication. The pres-

ent author would tentatively suggest the high-alumina allophane ma1'

have developed as an init ial amorphous weathering product of plagioclase

without an1,' intervening stages. Alteration most probably began when

water, introduced aiong fractures and cleavage traces, produced h.vdroly-

sis and dissolution; weathering solutions may well have been slightly acid

owing to dissolved COz, but andesine is slightly alkaline upon hydrolysis
(Stevens and Carron, 1938) and the situation could have been modified

accordingly. Desil ication of the feldspar must, however, have taken place

within a pH range of 5 to 9, an interval within which alumina is relatively

insoluble and sil ica is soluble in low concentration (Keller, 1964). The

writer is not prepared to suggest why high-alumina allophane has formed

instead of more normal products such as halloysite or common allophane,

but it is emphasized that conditions for development of the aluminous

mineral were not unusual or extreme. The allophane-bearing sample was

collected from the top of an outcrop of granodiorite in a very well drained

situation; no soil had developed and no vegetation was present' The oc-

currence is sufficiently commonplace as to raise the question why high-

alumina allophane has not been recognized more often as a weathering

product  of  p lagioc lase.
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